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= Enables significant speedups over message passing in
many types of applications, e.g.:
= Speedup of ~1.5 for communication patterns in irregular
workloads
= 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. SPAA12
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[1] R. Gerstenberger et al. Enabling Highly-Scalable Remote Memory Access Programming with MPI-3 One-Sided. SC13
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[1] T. von Eicken et al. Active messages: a mechanism for integrated communication and computation. ISCA'92.
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[1] T. von Eicken et al. Active messages: a mechanism for integrated communication and computation. ISCA’'92.
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[1] T. von Eicken et al. Active messages: a mechanism for integrated communication and computation. ISCA’'92.
[2] J. J. Willcock et al. AM++: A generalized active message framework. PACT’10.
[3] D. Bonachea, GASNet Specification, v1.1. Berkeley Technical Report. 2002.
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Process p

AM++[2]
GASNet [3]

Process q

Memory

We need active puts/gets: Ns addr:

= Invoke a handler upon

accessing a given page s add -ﬁ g
: S addr: msER|EIe—~ 7
= Preserve one-sided RMA @ L

behavior

[1] T. von Eicken et al. Active messages: a mechanism for integrated communication and computation. ISCA’'92.
[2] J. J. Willcock et al. AM++: A generalized active message framework. PACT’10.
[3] D. Bonachea, GASNet Specification, v1.1. Berkeley Technical Report. 2002.
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= 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
accesses
Access log
Active get

[1] K. Gharachorloo et al. Memory consistency and event ordering in scalable shared-memory multiprocessors. ISCA '90
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Let's summarize...

USE SEMANTICS FROM ACTIVE MESSAGES (AM) [1]

Process p

iw e
AM++[2]

1| GASNet [3]

Process q

Memory
As addr: JEELEIIN

2o [

15CAS2

12]J. J. Willcock et al generaized active message framework. PACT'10,
13] 0. Bonachea, GASNet Specification, 1.1, Berkeley Technical Report. 2002
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|IOMMUSs

USE INPUT/OUTPUT MEMORY MANAGEMENT UNITS

3 ‘ : 'i PR Main memory
Y | casnet [3) Procass @ a::.y:ffe's[ 3’222;‘35[ a
Mewocy IOMMU MMU

AMD

LEECLS Handler A
- Device

Z's addr: ‘:}.\‘ addresses
1/0 devices CPU AR M ;

Virtual
I0TLB addresses

TLB

[1]7. von Eicken et . 15CAS2
[2]J. J. Willcock et al. AMs-+ A generaized active message framework PACT'10,
13] 0. Bonachea, GASNet Specification, 1.1, Berkeley Technical Report. 2002

Active Messages
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Qsun =pfee | (intel) |+ECLZ




Let's summarize...

AM++[2]

A | casnet [3)
Memory

Process q

A's addr: SEEULTEIT

s [T

15CAS2

[1]7. von Eicken et .
[2]J. J. Willcock et al. AMs-+ A generaized active message framework PACT'10,

13] 0. Bonachea, GASNet Specification, 1.1, Berkeley Technical Report. 2002

Active Mes

AcTiveE PuTts

AnROMA 1oMMU
peegy |

USE INPUT/OUTPUT MEMORY MANAGEMENT UNITS

Main memory

Physical
addresses

8

Physical
addresses

IOMMU . MMU AMD
ad[«)':‘eli::es 10TLB ad\grr;:asles LB E
1/0 devices CPU ARM g

e (i ) >
@Sun i(n}?FLARE' lntel & EPx(;ilvE?s

sages

Active Pu

msi
cPU

ts/Gets

AcTIVE PuTs

Process q

Attermpt ta
O write(x)

Process p
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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

2 Some
accesses
Access log

IOMMUSs =

page

USE INPUT/OUTPUT MEMORY MANAGEMENT UNITS

MK . Y y and in scalable ISCA ‘90
L Consistenc
AM++[2]
] | GAsNet (3] T Physical l Physical I y
addresses addresses n
Herr IOMMU MMU

A's addr: SEEULTEIT
e Device Virtual
) addresses [  1OTLB addresses B
YAXTLA Handler Z 2%
| arcer 2 S0 :
1/O devices CPU

[1]7. von Eicken et . 15CAS2
[2]J. J. Willcock et al. AMs-+ A generaized active message framework PACT'10,
13] 0. Bonachea, GASNet Specification, 1.1, Berkeley Technical Report. 2002

Active Messages

Active Puts/Gets

AcTIvE PuTs AcTIVE PuTs
MS|

AnROMA 1oMMU
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POl packets = .
Main memory 1 :

Request
data
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= 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 q

IOMMUs |

Process p

USE INPUT/OUTPUT MEMORY MANAGEMENT UNITS

[1] K. Gharachorico et al. Memory consistency and event ordering in scalable shared-memory multiprocessors. ISCA ‘90

7

) Ave2) Main memory Consistency
Gaste (3 S| a2 b
IOMMU MMU ‘
A's addr:
s Device Virtual

I0TLB addresses

TLB

= p
Z's addr- [T ﬁ. ~ addresses
A

1/0 devices CPU

[1]. von Eicken et al. Active messages: 15CAS2
[214. J. Willcock et al. AMe-+: A generaized active message framework PACT 10,
13] 0. Bonachea, GASNet Specification, 1.1, Berkeley Technical Report. 2002
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Active Puts/Gets
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packat - SMT cores.
we  [PEEE mE-B
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= Used to construct key-value stores (e.g., Memcached [1])

[1] B. Fitzpatrick. Distributed caching with memcached. Linux journal, 2004.
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= Used to construct key-value stores (e.g., Memcached [1])

Local volume O Local volume 1 Local volume N-1
(at process 0) (at process 1) (at process N-1)

[1] B. Fitzpatrick. Distributed caching with memcached. Linux journal, 2004.
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= Used to construct key-value stores (e.g., Memcached [1])

Local volume O Local volume 1 Local volume N-1

(at process 0) (at process 1) (at process N-1)
Table of Table of Table of
elements elements elements

[1] B. Fitzpatrick. Distributed caching with memcached. Linux journal, 2004.
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Local volume O Local volume 1 Local volume N-1
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[1] B. Fitzpatrick. Distributed caching with memcached. Linux journal, 2004.
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= Evaluation on CSCS Monte Rosa

= 1,496 computing Cray XE6 nodes .
= 47,872 schedulable cores ;SCS
= 46TB memory

= 3 microbenchmarks
4 use-cases
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=  Workload simulated with [1]:

¢d
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[1] N. Binkert et al. The gem5 simulator. SIGARCH Comput. Archit. News. 2011
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[1] N. Binkert et al. The gem5 simulator. SIGARCH Comput. Archit. News. 2011
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=  Workload simulated with [1]:

¢d

cembd

= Data generated with:
= PktGen [2]

[1] N. Binkert et al. The gem5 simulator. SIGARCH Comput. Archit. News. 2011
[2] R. Olsson. PktGen the linux packet generator. Linux Symposium. 2005
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=  Workload simulated with [1]:

¢d

cembd

= Data generated with:
= PktGen [2]
= Netmap [3]

[1] N. Binkert et al. The gem5 simulator. SIGARCH Comput. Archit. News. 2011
[2] R. Olsson. PktGen the linux packet generator. Linux Symposium. 2005
[3] L. Rizzo. netmap: A novel framework for fast packet i/o. USENIX Annual Technical Conference. 2012
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30 60 90 120 150
Packet size [B]

[1] N. Binkert et al. The gem5 simulator. SIGARCH Comput. Archit. News. 2011

[2] R. Olsson. PktGen the linux packet generator. Linux Symposium. 2005
[3] L. Rizzo. netmap: A novel framework for fast packet i/o. USENIX Annual Technical Conference. 2012



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

PERFORMANCE: LARGE-SCALE CODES
COMPARISON TARGETS



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

PERFORMANCE: LARGE-SCALE CODES
COMPARISON TARGETS

Active Access



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

PERFORMANCE: LARGE-SCALE CODES
COMPARISON TARGETS

Active Access

AA-Int



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

PERFORMANCE: LARGE-SCALE CODES
COMPARISON TARGETS

Active Access

AA-Int

AA-Poll



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

PERFORMANCE: LARGE-SCALE CODES
COMPARISON TARGETS

Active Access

AA-Poll
AA-Int AA-SP



spcl.inf.ethz.ch e .
; @spcl_eth E’HZUFICh

PERFORMANCE: LARGE-SCALE CODES
COMPARISON TARGETS




spcl.inf.ethz.ch e .
; @spcl_eth E’HZUFICh

PERFORMANCE: LARGE-SCALE CODES
COMPARISON TARGETS




spcl.inf.ethz.ch e .
; @spcl_eth E’HZUFICh

PERFORMANCE: LARGE-SCALE CODES
COMPARISON TARGETS




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

PERFORMANCE: LARGE-SCALE CODES
COMPARISON TARGETS

Active Access

AA-Poll
AA-Int AA-SP
RMA ?—__—:__-;
— PO o _Céll
DMAPP

;;i

INFINIBAND



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

PERFORMANCE: LARGE-SCALE CODES
COMPARISON TARGETS

Active Access AA- PO| |
AA-Int AA-SP
RMA ?—__—_—__—?
—=RaNy - _Céll
DMAPP

g Mellanox
INFTNIRANF‘ ROCE



Waw—] L/ = B v oo o ETH zlirich

PERFORMANCE: LARGE-SCALE CODES
COMPARISON TARGETS

Mellanox

TECHNOLOGIES




Waw—] L/ = B v oo o ETH zlirich

PERFORMANCE: LARGE-SCALE CODES
COMPARISON TARGETS

Mellanox

TECHNOLOGIES




Waw—] L/ = B v oo o ETH zlirich

PERFORMANCE: LARGE-SCALE CODES
COMPARISON TARGETS

Mellanox

TECHNOLOGIES




spcl.inf.ethz.ch e .
v ouc on ETHZzUrich

PERFORMANCE: LARGE-SCALE CODES

COMPARISON TARGETS
Active Messages

Active Access AA-Poll AM AM-Onload
AA-Int aAp_cp AM-Exp
RMA ——p
—— e Cell
DMAPP

A

i’;j, Mellanox

TECHNOLOGIES

mrTm-RAmr\ ROCE



spcl.inf.ethz.ch e .
v ouc on ETHZzUrich

PERFORMANCE: LARGE-SCALE CODES

COMPARISON TARGETS
Active Messages

Active Access
AA-Poll AM AM-Onload
AA-INt  Ap-sP AM-Exp AM-Ints
RMA T=2S
e Cal
DMAPP

EEEEEEEEEEEE



spcl.inf.ethz.ch e .
v ouc on ETHZzUrich

PERFORMANCE: LARGE-SCALE CODES

COMPARISON TARGETS
Active Messages

Active Access
AA-Poll AM AM-Onload
AA-Int  Ap_sp AM-Exp AM-Ints
RMA S B e ees
EE=5 DCMF LAPI
AN Cell PAMI
DMAPP

EEEEEEEEEEEE



spcl.inf.ethz.ch e .
v ouc on ETHZzUrich

PERFORMANCE: LARGE-SCALE CODES

COMPARISON TARGETS
Active Messages

Active Access
AA-Poll AM AM-Onload
AA-INt  Ap-sP AM-Exp AM-Ints
RMA - B e ees
S==E = DCMF LAPI
—— PO Cell PAMI
DMAPP v Myricom wmx
- Mellanox
e RoCE



spcl.inf.ethz.ch e .
v ouc on ETHZzUrich

PERFORMANCE: LARGE-SCALE CODES

COMPARISON TARGETS
Active Messages

Active Access
AA-Poll AM AM-Onload
AA-INt  Ap-sP AM-Exp AM-Ints
RMA - B e ees
S==E = DCMF LAPI
—— PO Cell PAMI
DMAPP v Myricom wmx
- Mellanox

U ROCE AM++GASNet



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

PERFORMANCE: LARGE-SCALE CODES - =
DISTRIBUTED HASHTABLE o @ -
N’ N’
Collisions: 5% Collisions: 25%
Comm. scheme: AA-SP= Comm. scheme:

200 - AA-Poll / 200 -
© ©

C c

O @]

S 150 - S 1504
o v
L] 2]

S 100 $ 100+
ge= c
c -
2 2
= 50- = 50
0- ] | | ] 0_ 1 1 1 ]
250 500 750 1000 250 500 750 1000

Processes Processes



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




spcl.inf.ethz.ch

3y @spcl_eth

ETH:zurich

T 0.51
c O_FT
o N
1e+08+
8 A‘PO\\ |—|0'4 7
% : .
Comm. scheme: AASP= | & >0 3
200 -e- AA-SP AA-Poll A + O 3
o |Eh S 5
—Ints
5 —+ AA-Ints /RMA 20.21
S (£ # AM-Onload O ©
o) s B3 ﬁM—Exp (] ~_ P\M 1
E %1 e+071 0.1
@ O
3100+ -
£ 004
< T T ] T T T
2 50 250 500 80 00 750 1000
= Process{ = Cesses
‘ o
= T T T T T T o
250 500 750 1000 250 50( §
Processes Proct o
&840+
p b d
'8 c A“reduc Nr of procs:
£ S E To i
8 S 204 RMA § 75 ] +
200 Comm. scheme: H:g : 7]
12 Aa-sp £ IOTLB design 2 |
o = AM—Ints @ o lru_af 1 : t G 50
5 ~+ AA-Ints = A af & | 250 Prg%% sses 750 | 2
i c ru_a I
Q150 & RH_EQF'PE“‘ 2 182 Moo : S 251
2 - AM = =
a “+# RMA : °s1 160 = !
& 100 02 04 06 08 1000 o - 5 -
£ Collision rate no-iomn| Processes (running handlers)
g - g‘ (TCP) —
2 . ted = 750 -~
= 501 nce impac Ta) = e-iommu
rma . o = TCP
= oy o isions (cf. 19 2 = (TCP)
= 2 500+ no-iommu
2 (UDP) ~,
0- T T T 5 \
250 750 1000 T T T T T T @ 250 e-jommu
Processes 16 32 64 128 256 512 (UDP)
IOTLB entries T
Packet size [B]




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

CONCLUSIONS



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

CONCLUSIONS

Active Access



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

CONCLUSIONS

Active Access

ETHziirich R A2

USE SEMANTICS FROM ACTIVE MESSAGES (AM) [1]

Me
fﬁ"m:% 3 As addr: [N
= ng -

- )
Zs addr: [IRRVTNER I~
scasz
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= 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.

= Logs are stored in volatile memories.
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