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A Enables significant speedups over message passing in

many types of applications, e.g.:
A Speedup of ~1.5 for communication patterns in irregular

workloads
A Speedup of ~1.4-2 in physics computations

[1] R. Gerstenberger et al. Enabling Highly-Scalable Remote Memory Access Programming with MPI-3 One-Sided. SC13
[2] D. Petrovic et al., High-performance RMA-based broadcast on the Intel SCC.SPAA’ 12
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[1] T. von Eicken et al. Active messages: a mechanism for integrated communication and computation. | SCA’ 92.
[2] J. J. Willcock et al. AM++: A generalized active message framework. P ALG. T’
[3] D. Bonachea, GASNet Specification, v1.1. Berkeley Technical Report. 2002.
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A : SR Handler Z 2N a s
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. AR ~
behavior
[1] T. von Eicken et al. Active messages: a mechanism for integrated communication and computation. | SCA’ 92.

[2] J. J. Willcock et al. AM++: A generalized active message framework. P ALG. T’
[3] D. Bonachea, GASNet Specification, v1.1. Berkeley Technical Report. 2002.
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[1] B. Fitzpatrick. Distributed caching with memcached. Linux journal, 2004.
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USE SEMANTICS FROM ACTIVE MESSAGES (AM) [1]
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3.3, Wikack et 3l AM++ A generaized active message framework. PACT'10,
1310, Bonachea, GASNet Specifcation, v1.1, Berkeley Technical Report, 2002

Al l evi ates RMA's probl ems with AMs
while preserving one-sided semantics




spcl.inf.ethz.ch

ETH:zurich

3y @spcl_eth

CONCLUSIONS

Active Access

UEMANTICS FROM ACTIVE MESSAGES (AM) [1] : U sSes comm Od |ty

-l Ry, & common |IOMMUs
M AM++[2] % = -

Process p

GASNet [3] Procass’d USE INPUT/OUTPUT MEMORY MANAGEMENT UNITS
Memory

As addr: IS Malpimemoly,
v Physical Physical
A addresses addressesl
Z'saddr: FUELEEFAR S JOMMU MMU
Device ¢ Virtual :
addresses IOTLB  addrosses | ~ TLB

21, 3, Wilcock o l. AW+ A generaized active message frameork PACT 10,
310 Bonachea, GASNet Speciicsbon.v1.1. Borkeley Tecica Report 2002 ErEE B0

Al l evi ates RMA' s pr t h AMs

' i i : osun =y |(@eD gz
while preserving one-sided semantics ‘




spcl.inf.ethz.ch . .
v o on ETH zlirich

CONCLUSIONS

Active Access

ETHzirich ‘\‘7"“"\‘ T s .
USE SEMANTICS FROM ACTIVE MESSAGES (AM) [1] Uses comn lOd Ity AcCTIVE PuTs
- MsI
] rezs Process p N — cPU
-l , & common IOMMUs R
c i =5 Amunvuho
: AM++[2] Ewirich ]
GASNet [3] USE INPUT/OUTPUT MEMORY MANAGEMENT UNITS 1
Me
i m‘m = LEECC HandierA Meih mermery T = User
e = = ] -
= e - 1\ | addresses| = addresses :
« Presene A CILE Hander2 200 IoMMU MMU AzM'D | -
behavior ) » ' AMD
ssssssssssssss IOTLB.  audrosses| | TLB BN
Wkt kbt A g e ensagsbepemerk, PACT 1, ——
F15 Bonacren GashetSpecheason v1 1 Bwheey TerenRepet 202 T i ARM

Al l evi ates RMA' s pr
while preserving one-sided semantics

oo e (@D gsiz| ¢ Exterfi$aging capabilities
in a distributed environment




spcl.inf.ethz.ch E’HZurlch

3y @spcl_eth

CONCLUSIONS

Active Access

Uses commodity —
MsI
Process p AnROMA g 1OMMU ¥ CPU
& common IOMMUs T o R
v °
& Accsss log table
S 1aTL8
AM++(2] % i — -
GASNet [3] Process q USE INPUT/OUTPUT MEMORY MANAGEMENT UNITS Fespas I 1
TEr Main memo: v
~ We need active puts/gets: S eod Mai Remapping strshuses System-nide faultlog
Preserve one-sided RMA SEak i‘;"i IOMMU MMU A:Mlo
) H }
L Wikt 3 Ak gt st mevsa amennk, ET 0 e accrennes | [GE]  oines.| (R I=xs i p
1310, Bonachea, GASNet Spectication, 1.1, Berkeley Technical Report, 2002 T @) ARM
. ’ . epes
Al'leviates RMA's prl — — (@o)me| ! Exterfidaging capabilities
in a distributed environment

while preserving one-sided semantics

Data-centric programming



spcl.inf.ethz.ch E’HZurlch

3y @spcl_eth

CONCLUSIONS

Active Access

Uses commodity —
MsI
Process p AnROMA g 1OMMU ¥ CPU
& common IOMMUs T o R
v °
& Accsss log table
S 1aTL8
AM++(2] % i — -
GASNet [3] Process q USE INPUT/OUTPUT MEMORY MANAGEMENT UNITS Fespas I 1
TEr Main memo: v
~ We need active puts/gets: S eod Mai Remapping strshuses System-nide faultlog
Preserve one-sided RMA SEak i‘;"i IOMMU MMU A:Mlo
) H }
L Wikt 3 Ak gt st mevsa amennk, ET 0 e accrennes | [GE]  oines.| (R I=xs i p
1310, Bonachea, GASNet Spectication, 1.1, Berkeley Technical Report, 2002 T @) ARM
. ’ . epes
Al'leviates RMA's prl — — (@o)me| ! Exterfidaging capabilities
in a distributed environment

while preserving one-sided semantics

Data-centric programming

Addresses of pages guide
the execution of handlers



spcl.inf.ethz.ch E'HZurlch

3y @spcl_eth

CONCLUSIONS

Active Access

Uses commaodity ACTVE PUTS
i “’;:a"“ . IOMMU *—MSI‘I CPU
& common IOMMUs wo  omerm R
= o
"¢ Access log table
S 1aTL8
AM++[2] % EMhzirich O & niE
GASNet [3] Process q USE INPUT/OUTPUT MEMORY MANAGEMENT UNITS Fespas I 1
[ Main memo: y
" vk anenderipon ] mel
-+ Preserve one-sided RMA Zs saer [CRERER 0, loMMU MMU A:MlD
: g Device : Virtual ¢ s
11T, von icken ot af Actve messages 1scasz addresses IOTLB  addresses B s -
B e e T e e s l prgni
. ) - agu, =
Al'leviates RMA's prl — — (@o)me| ! Exterfidaging capabilities
in a distributed environment

while preserving one-sided semantics

Data-centric programming

Hashtables, logging
schemes, counters, V-GAS,

Addresses of pages guide checkpointing...

the execution of handlers



spcl.inf.ethz.ch E'HZurlch

3y @spcl_eth

CONCLUSIONS

Active Access

Uses commaodity ACTVE PUTS :
i “":&"“ . IOMMU *—MSI‘I CPU
ol & common IOMMUs we | -
icom - %, Agcess iog tabis®
T AM++[2] % ez T LT M
GASNet [3] e USE INPUT/OUTPUT MEMORY MANAGEMENT UNITS M:: :;:tw 1 :
Memory
e S— e e
a } (3 addresses addresses i/
ekl LU Handor 2 0 IOMMU MMU AleD B
e Devios ¢ Vitusl : —_— Reast
[T von Bicken etal, i iscan addresses IOTLB  addrosses 8 iEs E
B e, A e ton vt 1o T e 202 T ey
levices CPU ARM
. ) - agu, =
Al'leviates RMA's prl — — (@o)me| ! Exterfidaging capabilities
in a distributed environment

while preserving one-sided semantics

Data-centric programming Performance

Hashtables, logging
schemes, counters, V-GAS,

checkpointing...

Addresses of pages guide
the execution of handlers



spcl.inf.ethz.ch E'HZurlch

3y @spcl_eth

CONCLUSIONS

Active Access

- [2lirich ¢
Uses commaodity ACTIVE PUTS
i “":?;’m . IOMMU % CPU
: & common IOMMUs v B R
icom s""’os Amtngmo
R AM++([2] % i T LT (2
GASNet [3] Process q USE INPUT/OUTPUT MEMORY MANAGEMENT UNITS M:: :;‘::w 1 :
Memory
We need active ets: 5 5 Mail Remapping structures System-wide fault log
e s o [ el ) ] ——
accessing a 3 e addresses addresses / 2
Preserve o':cmdm LU Handor 2 0 IOMMU MMU AleD s
hataor Dovico ! .| ; —— Recuest [
17, von Eicken st g 1scag2 addresses IOTLB  addresses LB iS5 el
LD omcnen Gaes et B T Popa 208 e
1/0 devices CPU ARM
Al l eviates RMA’s pr = t Eterfy i biliti
Qsun oples | (intel) |+B0I= e ging capabllities

in a distributed environment

while preserving one-sided semantics

Data-centric programming Performance

Bandwidih [Mois]
2 8 o8 g B

Hashtables, logging
schemes, counters, V-GAS, _
Accelerates various

Addresses of pages guide checkpointing... e
the execution of handlers distributed codes




MS|

L 22,
¢

A's addr:

s [T

CONSISTENCY

= Aweak consistency model [1]
* Consistency on-demand

« active_flush(int target_id)
* Enforces the completion of active accesses issued by the calling

process and targeted at target_id
« Implemented with an active get issued at a special flushing page
Process p Process q
Some

B A accesses

Access log

Fiushing
p:

1K 1scA'%0

INTERACTIONS WITH THE CPU

o
=55

Poling
[ E—

iaruts

hank you — HH B

or your attention

IOMMUS ano RMA

aanous o

3 Wicook s 3 Atk Agenrazed scive messagefamewotk PACT 10
SNet 2

UsE INPUT/OUTPUT MEMORY MANAGEMENT UNITS

Main memory
Physical Physical I
acresces addresses
IOMMU MMU
] H
mmsl IOTLB|  agiromses| | TLB
1/0 devices CPU ARM

@ Sun sougslane: +PoI>=

spcl.inf.ethz.ch . .
v o o ETH zlrich

AcTIVE Access Use-CASES
RCCELERATING LOGGMG FOR RIA AcTIVE AcCESS PROGRAMMING
ACCELERATING LOGGING FOR RMA
« Logging gets (traditional) [1]:
' = Logging puts:
qis
modified
eten e s
7 ety me ceT
1] B ana T Faoeter Fout tnssranse S emcte msTory BO0eSs, BRGRATIVAY) MO0ES, HPDC 14, Fetch the logs
Ac Ac Use-C/ - -
R G ACTIVE ACCESS PROGRAMMING - EeE
DISTRIBUTED HASHTABLE = - |
» Used to construct key-value stores (e.g., Memcached [1])
Loeal volume 0 Local velume 1 anlvdumeN1

(atprocess0)  (at process 1)

15 Pz Dt cactng i msaes Lo sl 2058

PERFORMANCE: LARGE-SCALE CODES
FAULT TOLERANCE SCHEME
Sorting lime
o
- St
PPERFORMANCE §
* Evaiation on CSCS Monte Rosa il
&
B
-3
L .
250 500 750 1000 20 _sho 70 1000
Processes. Processes

PERFORMANCE: LARGE-SCALE CODES o
DiSTRIBUTED HASHTABLE i

h
f

PERFORMANCE: MICROBENCHMARKS
Raw DaTa TRANSFER

Colisions: 5% Collisions: 25%

ey

T
PERFORMANCE: LARGE-SCALE COTES . Y - F5;
Commnon T P + Workosd simulstea win (1} T 950 Sp— %
p——
AA-TI aackal £3] £ %W 2 P,vw”,,xg“‘h‘
Nt an-sp AM-Exp AM-Ints £ H
cem5 § 850, H
H
RMA *  Data generated with: 2 3
Data e & a0 H
* Hetmap 3] e
o E S T E2NC S T

]
Packet size [B]
18 St e e o e e 1
1R uae e et i Lo
B s et e e s s 3
S ——




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging — a popular mechanism for fault-tolerance.



spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging — a popular mechanism for fault-tolerance.
A Remote communication (puts/gets) is logged.



spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

>\

Logging — a popular mechanism for fault-tolerance.

Remote communication (puts/gets) is logged.

Upon a process crash, it is restored and uses the logs to
replay its previous actions.

> I



spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

>\

Logging — a popular mechanism for fault-tolerance.

Remote communication (puts/gets) is logged.

Upon a process crash, it is restored and uses the logs to
replay its previous actions.

A Logs are stored in volatile memories.

> I



spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging puts:



spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging puts:



spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging puts:

PUT




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging puts:

qis

modified

PUT




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging puts:

qis

modified

PUT

Log the PUT



spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging puts:

qis
modified
PUT

Log the PUT




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging puts:

qis
modified
PUT

Log the PUT

Fetch the logs




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging puts:

qis
modified
PUT

Log the PUT

Fetch the logs




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (naive):




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (naive):

GET




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (naive):

pis GET
modified




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (naive):

pis GET
modified

Log the GET




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (naive):

pis GET
modified

Log the GET




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (naive):

pis GET
modified

Log the GET

Attempt to reply

D the GET




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (naive):

pis GET
modified

Log the GET

Attempt to reply
the GET

®

FAIL!




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (traditional) [1]:

pis GET

modified

[1] M. Besta and T. Hoefler. Fault tolerance for remote memory access programming models. HPDC’ 14 .



spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (traditional) [1]:

pis GET

modified

Log the GET

[1] M. Besta and T. Hoefler. Fault tolerance for remote memory access programming models. HPDC’ 14 .



spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (traditional) [1]:

pis GET
modified

Log the GET

[1] M. Besta and T. Hoefler. Fault tolerance for remote memory access programming models. HPDC’ 14 .



spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (traditional) [1]:

pis GET
modified

Log the GET

Fetch the logs

[1] M. Besta and T. Hoefler. Fault tolerance for remote memory access programming models. HPDC’ 14 .



spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (traditional) [1]:

pis GET
modified

Log the GET

Fetch the logs

&
-

D reply the GET

[1] M. Besta and T. Hoefler. Fault tolerance for remote memory access programming models. HPDC’ 14 .



spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (traditional) [1]:

pis
modified

Bandwidth
wasted

Fetch the logs

&
-

D reply the GET

[1] M. Besta and T. Hoefler. Fault tolerance for remote memory access programming models. HPDC’ 14 .



spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (AA):

pis GET
modified




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (AA):

pis GET
modified




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (AA):

pis GET
modified

\—> Log the GET




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (AA):

pis GET
modified

\—> Log the GET




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (AA):

pis GET
modified

\—> Log the GET

Fetch the logs

s—
—




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

A Logging gets (AA):

pis GET
modified

\—> Log the GET

Fetch the logs

—

P
s

) reply the GET




spcl.inf.ethz.ch . .
v o o ETH zlrich

ACTIVE ACCESS USE-CASES
INCREMENTAL CHECKPOINTING FOR RMA




spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA




spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA

compute
compute
compute
compute

compute

compute
compute
compute




spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA

barrier

compute
compute
compute
compute

compute

compute
compute
compute




spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA

barrier

compute

compute
compute




spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA

barrier

compute

barrier

compute
compute




spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA

barrier

barrier

compute




spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA

barrier

/
\

O
+—
>
o
&
o
&)

compute
compute

barrier




spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA

barrier
¢ SN —
2 2
> -]
o Q.
S S
barrier S S
¢
\”
global

rollback




spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA

barrier

/
\

O
+—
>
o
&
o
&)

compute
compute

barrier




ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA

spcl.inf.ethz.ch . .
v o on ETH zlirich

barrier
¢
g g 9 Q
3 3 3 2
- - = -
barrier 3 3 3 S
¢




spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA

barrier

O
+—
>
o
&
o
&)

barrier




spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA

barrier

barrier




spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA

barrier

O
+—
>
o
&
o
&)

barrier

compute




spcl.inf.ethz.ch . .
v o on ETH zlirich

ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA




spcl.inf.ethz.ch . .
v o o ETH zlrich

COORDINATED CHECKPOINTING (MP)

39



spcl.inf.ethz.ch

ETH:zurich

COORDINATED CHECKPOINTING (MP)

-

Node 1

~

3y @spcl_eth

-

Node N




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

4 ™ Ve ~
Node 1 Node N

compute
compute

QO
+—
-]
Qo
S
@)
&)

compute
compute
compute




COORDINATED CHECKPOINTING (MP)

spcl.inf.ethz.ch

3y @spcl_eth

ETH:zurich

N Y N o Y
Node 1 Node N
barrier
¢
Q (4]
S 5
o o
e -
@) (@)
(&) (@]
) )
é 2
=
3 3
Y J \




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

4 N\ Ve ~
Node 1 Node N

barrier




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

4 N\ Ve ~
Node 1 Node N

barrier

barrier




COORDINATED CHECKPOINTING (MP)

spcl.inf.ethz.ch

3y @spcl_eth

ETH:zurich

' Y ' Y
Node 1 Node N
barrier
[ .
V™ o>
barrier
[ .
D B il
4 /) 4




v oscen ETHzUrich
COORDINATED CHECKPOINTING (MP)

' =\ ' =\
Node 1 Node N

barrier

barrier

compute




v oscen ETHzUrich
COORDINATED CHECKPOINTING (MP)

' =\ ' =\
Node 1 Node N

barrier
[ .
o
=
barrier 3
[ .
o “‘g
= o
global %',/\ al
rollback | Nﬁ(




v oscen ETHzUrich
COORDINATED CHECKPOINTING (MP)

' =\ ' =\
Node 1 Node N

barrier

barrier

compute




spcl.inf.ethz.ch

3y @spcl_eth E'HZUFICh

COORDINATED CHECKPOINTING (MP)

' Y ' Y
Node 1 Node N
barrier
[ .
o
=
barrier =
[ .
D B il
4 /) 4 /)




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

4 N\ Ve ~
Node 1 Node N

barrier

barrier




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

4 N\ Ve ~
Node 1 Node N

barrier

barrier




spcl.inf.ethz.ch . .
v osc o ETHZzUrich

barrier

barrier




spcl.inf.ethz.ch

ETH:zurich

COORDINATED CHECKPOINTING (MP)

-

Node 1

~

3y @spcl_eth

-

Node N




spcl.inf.ethz.ch . .
v o o ETH zlrich

COORDINATED CHECKPOINTING (MP)

40



spcl.inf.ethz.ch . .
v o o ETH zlrich

COORDINATED CHECKPOINTING (MP)




spcl.inf.ethz.ch . .
v o o ETH zlrich

COORDINATED CHECKPOINTING (MP)

- S 5 =
o o 3 =
& = = g
@] o) S S
(&) O o S
L @ o o
- -] +— +—
Qo o > 35
E E o
Q o = c
© o @) (@)

(&) o




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

barrier

- S 5 =
o o 3 =
& = = g
@] o) S S
(&) O o S
L @ o o
- -] +— +—
Qo o > 35
E E o
Q o = c
© o @) (@)

(&) o




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

barrier

compute

compute




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

barrier

compute

barrier

compute




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

barrier

barrier




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

barrier

compute

barrier




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

barrier

barrier

compute

global
rollback




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

barrier

compute

barrier




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

barrier

barrier




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

barrier

barrier




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

barrier

barrier




spcl.inf.ethz.ch . .
v o on ETH zlirich

COORDINATED CHECKPOINTING (MP)

barrier

barrier




spcl.inf.ethz.ch . .
v o o ETH zlrich

COORDINATED CHECKPOINTING (MP)




spcl.inf.ethz.ch . .
v o on ETH zlirich

PERFORMANCE: LARGE-SCALE CODES
FAULT TOLERANCE SCHEME

Logging gets: Sorting time:

2 1ol

S 1e+08- 5

D RAPO

(7))

%)

(O]

O /P\MP‘

3

© - ~AM

D1e+07

(@)

1

250 500 750 1000 250 500 750 1000

Processes Processes



