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REMOTE MEMORY ACCESS (RMA) PROGRAMMING
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= |Implemented in hardware in NICs in the majority of HPC
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REMOTE MEMORY ACCESS PROGRAMMING

= Enables significant speedups over message passing in
many types of applications, e.g.:

[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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= Enables significant speedups over message passing in

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

[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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REMOTE MEMORY ACCESS PROGRAMMING

= 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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Process p Process q
A
Memory A put " Memory
flush
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RMA:
Process p Process q
A
Memory A put " Memory
flush
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Message Passing:
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Process p Process q
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RMA VS. MESSAGE PASSING

=  Communication in RMA is one-sided

RMA:

Process p Process q

put
Memory / put t Memory
flush
R SR e e e ar S S0 P P T P S e e e e e o >

Message Passing:

Process p Process q

message

Memory IN\—

Memory
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RMA VS. MESSAGE PASSING

no active
= Communication in RMA is one-sided participation,
direct access
to memory
RMA:
Process p Process q
put
Memory / put [ __ t Memory
flush
R SR e e e ar S S0 P P T P S e e e e e o >
Message Passing:
Process p Process q
Memory _ message Memory
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RMA VS. MESSAGE PASSING

Nno active
=  Communication in RMA is one-sided p_aftICIpatlon,
direct access

to memory

RMA:
Process p Process q
put
Memory / put [ __ t Memory
flush

Message Passing:
Process p send

Memory /

explicit receive,
possible queueing

message \

Process q
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REMOTE MEMORY ACCESS PROGRAMMING

[1] R. Gerstenberger et al. Enabling Highly-Scalable Remote Memory Access Programming with MPI-3 One-Sided. SC13
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REMOTE MEMORY ACCESS PROGRAMMING

= |sitideal?

[1] R. Gerstenberger et al. Enabling Highly-Scalable Remote Memory Access Programming with MPI-3 One-Sided. SC13
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REMOTE MEMORY ACCESS PROGRAMMING

= |s it ideal? @

[1] R. Gerstenberger et al. Enabling Highly-Scalable Remote Memory Access Programming with MPI-3 One-Sided. SC13
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How to enable 1t?

* Use and extend I/O
MMUs and their paging
capabilities

Use “active”
semantics
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* We use itin syntax &

semantics to enable the
“active” behavior
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* We propose it as a way

to implement the “active”
behavior
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We could use it somehow. But...

IOMMUS AND RMA

An R[lzl\{[IA . IOMMU \ 4 4 CPU

pac © @ @ SMT cores

NIC Dev-to-PT

cache

L> |IOTLB No multiplexing

2 No parallelism (single log)... BAD
PCle packets (single log)... BAD
Main memory i

Remapping structures

.
’
/
.
’
/
/
’
/
/
/
/
/
/
.
/

System-wide fault log
> Faultenty . - ser &
handlers

Data Is
discarded...
Extremely BAD
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Stores addresses of

ACTIVE PUTS each access log
MSI

v CPU
SMT cores

An RDMA . IOMMU

packet

NIC
... Decide on

PCle packets keeping/discarding

Main memory the entry/data

Enables Request g
Maps each page to data-centric LEiE Data can be

an access log programming reused



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

ACT|VE PUTS Log both the entry and the

Do not modify data of an incoming put

the page

Process q

Attempt to

ite(X) Accessed
write
page
»
Process p —
@ Move(X)

-‘ @ Process(X)
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ACTIVE GETS
MSI
Ag;fm/* . IOMMU v v CPU

SMT cores

.?_—_»-_

PCle packets
Main memory i

¢
co..

Request Request
data data
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ACT|VE G ETS Log both the entry and the

Enable reading data accessed by a get

from the page

Process q

Accessed

page

@cet) __ oumu
Process p “— —>|

Access log
' © Copy(X) :
Sounds like we
can reuse most ST @ Process(X)
of the existing Main memory

Stuff!

@ L PCI>

EXPRESS
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INTERACTIONS WITH THE CPU
MSI

An RDMA . IOMMU * * CPU

packet
SMT cores
w [ #4
HER -

PCle packets
Main memory i

¢
co..

Request Request
data data
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C O N S I ST E N CY REMOTE MEMORY AcCESS (RMA) PROGRAMMING
= A weak consistency model [1] :
= Consistency on-demand [ﬂ
= 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
accesses

Access log

> —
XY Z
Active get I

Flushing

page

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

v CPU
SMT cores

Contains the addresses
of flushing pages

Maps flushing pages to
IUIDs and access logs



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

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 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

-
Active Messages Gy 22

Active Puts/Gets

AcTIvE PuTs AcTIVE PuTs
MS|
An RDMA IoMMU CcPU
packat - SMT cores.
we  [PEEE mE-B

Access g iabieD

1oTLB.

How can we
use Iit?

PCie packets

Main memory t :
o,
‘handlers.

ccess o (et o ech procese @ HBREIAL

Request
data
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ACTIVE ACCESS USE-CASES -l
DISTRIBUTED HASHTABLE = .

= 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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ACTIVE ACCESS USE-CAswlles;
DISTRIBUTED HASHTABLE: INSERTS (R

({{
{{d

({
{

CAS (insert attempt)

FAD (get and increment Ptr to the next free cell)

PUT (insert element)
FAD & CAS & PUT (update ptrs)
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ACTIVE ACCESS USE-CASES I e (R
DISTRIBUTED HASHTABLE: INSERTS (AA) . — =
PUT (in@As:(
@f%ﬁ)attmrnm/,mu) _,  Tableof
elements
FAD (get ang j
INCrement ptr to the next free cell) l
PUT (insert element) :

F
AD & CAS & PUT (update ptrs)

/

All other accesses
become local
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ACTIVE ACCESS USe-CASES £
VIRTUAL GLOBAL ADDRESS SPACE (V-GAYS)

Remote memory
protection

Machine O Machine 1 Machine N-1

Proc 0 Proc 1 Local memory  proc N-1

protection \\,
o

Fetch data (used

for logging, fault-
NIC uolerance, etc...) NIC

NIC
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PERFORMANCE ﬂ?ﬁ\m

l \V-_,

[ Ry L&

= 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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PERFORMANCE: MICROBENCHMARKS
RAW DATA TRANSFER

1000 A :
no-iommu
~
=  Workload simulated with [1]: ' 950~ ,
§ e-lommu
gs — 900+
=
O
cembd 2 850-
-
= Data generated with: ©
J 00 800 -
= PktGen [2]
= Netmap [3]

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
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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
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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
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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]
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CONCLUSIONS

Active Access

EMHurich e .0 Wyt 5 2irich
USE SEMANTICS FROM ACTIVE MESSAGES (AM) [1] Uses CommOdIty AcTIVE PuTs
Process p r«-; o [OMMU . 4 CcPU
.. & common IOMMUs o o R
Emineh IS v T M
UsE INPUT/OUTPUT MEMORY MANAGEMENT UNITS J;::;:tw 1 :
=1 ;:::;%LU = |4 o
—— lO'l"LB s | TI’.B ?‘;;f I re
. b b e : e : 1/0 devices cPU A_R_Ni
AII_eV|ates RMAS prob!ems with AMS ot T [P ) iz Extends paging capabilities
while preserving one-sided semantics in a distributed environment
Performance

Data-centric programming

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

Addresses of pages guide checkpointing... e
the execution of handlers distributed codes
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A's addr:
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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
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>=
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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 ——
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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.

= Logs are stored in volatile memories.
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ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

= Logging puts:

qis
modified
PUT

Log the PUT

Fetch the logs
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ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

= Logging gets (naive):

pis GET
modified

Log the GET

Attempt to reply
the GET

®

FAIL!
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ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

= 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.
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ACTIVE ACCESS USE-CASES
ACCELERATING LOGGING FOR RMA

= Logging gets (AA):

pis GET
modified

\—> Log the GET

Fetch the logs

—

P
s

) reply the GET
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ACTIVE ACCESS USE-CASES

INCREMENTAL CHECKPOINTING FOR RMA

barrier

barrier

global
rollback
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barrier

barrier

global
rollback
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COORDINATED CHECKPOINTING (MP)

barrier

barrier

global
rollback
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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



