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W e propos e an im plem enta t ion of the M P I s tandard, s u itab le for HP E C applic a t ions .

The HP E C requ irem ents addres s ed by the propos ed im plem enta t ion inc lude:

s upport o f "z ero c opy " t rans port m ec hanis m s

m em ory m anagem ent

hand ling heterogeneous c om m unic at ion topo log ies

Zero c opy c om m unic at ions are k ey for HP E C, in order to a lloc ate m em ory bandw ith to ac tua l

c om m unic at ions ra ther than to data trans fers between buf fers . T he s em ant ic s and

im plem enta t ion is s ues as s oc ia ted w ith the m apping of M P I prim it iv es on z ero c opy m ec hanis m s

s uc h as V IA [1 ] or RDM A [2] hav e been dis c us s ed [3 , 4 , 5 ] and the feas ib ility and perform anc e

benef its hav e been dem ons tra ted on the bas is of popu lar M P I im plem enta t ions s uc h as LA M [6]

or M P ICH [7] .

O pt im is ed, indus tria l M P I im plem enta t ions bas ed on z ero c opy trans port s hou ld be prov ided on

the h igh-perform anc e, low la tenc y m edia s u itab le for HP E C s y s tem s . The im plem enta t ion

des c ribed in th is paper us es a s eria l Rap id IO network ac ros s P owerP C c om put ing nodes . The

applic ab ility to In f in iband or G igab it e thernet is a ls o d is c us s ed.

Zero c opy c om m unic at ions im plies c ons tra in ts on m em ory a lloc at ion and buf fer m anagem ent;

m em ory buf fer m anagem ent is ne ither c ov ered nor prec luded by the M P I s tandard. Def in ing an

A P I a llow ing the needed lev e l o f m em ory buf fer m anagem ent, wh ile pres erv ing c om pat ib ility w ith

the M P I s tandard is one of the is s ues addres s ed by th is im plem enta t ion .

The paper f ina lly propos es a m ec hanis m , c om pat ib le w ith the M P I s tandard, to des c ribe the

c om m unic at ion topo logy of a HP E C s of tware, s uc h as a data f low , s igna l proc es s ing app lic a t ion .

S uc h an applic a t ion is des c ribed as a s et o f tas k s in terc onnec ted by v irtua l link s . The

applic a t ion graph, and its m apping on a pos s ib ly heterogeneous c om put ing and c om m unic at ion

in f ras truc ture , is def ined through an independent c onf igura t ion f ile , a llow ing to m odify the

app lic a t ion dep loy m ent w ithout rec om pila t ion . The trans la t ion of the app lic a t ion graph in term s of

M P I groups and c om m unic ators is c arried out a t run-t im e, and is t rans parent to the us er.
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THALES COMPUTERS

Heterogeneous HPEC systems

Systems used for Dataflow applications
Computing power requirements no evenly spread 
Various transport medium may coexist
Need for QoS type behaviour
Performance requirement for I/O between nodes

Requirements
Need to map process to computing node
Need to select specific link between process
Need to implement zero-copy feature
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THALES COMPUTERS

Using MPI in HPEC

PROs
Available on almost every parallel/cluster machine 
Ensures application code portability

CONs
Made for collective parallel apps, not distributed apps.
No choice of communication interface (only know receiver)
Does not care about transport medium
No control on timeouts
Not a communication library 
(no dynamic connection, no select feature)
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THALES COMPUTERS

Zero-copy Requirements

Zero-copy means memory management
Same memory buffer used by application and I/O system
At any given time, buffer must belong to application OR I/O

Zero-copy API
Buffer Get

Data buffer now part of application data
Can be used as any private memory

Buffer Release
Data buffer is not to be modified by application any more
Can be used by I/O system (likely hardware DMA)
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THALES COMPUTERS

Implementation choice

MPI Services (MPS) side to side with MPI
MPI application source portability

Links/Connector relationship

Real-Time support
Links to select communication channels (~ QoS)
Requests timeout support

Real zero-copy transfer
Buffer Management API (MPS)

Heterogeneous machine support
Topology files outside application

Topology
files

MPS MPI

COM

DDlink TCP/IP SHM...

HPEC Application
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THALES COMPUTERS

Dedicated MPI Communicator for Zero-copy Link

com12 com23

MPI_COMM_WORLD

p1

p2

p3
p4

p5

Link1 Link2



H
PE

C
 2

00
4  

Po
st

er
 C

5:
 O

pt
im

is
ed

 M
PI

 fo
r H

PE
C

 A
pp

lic
at

io
ns

THALES COMPUTERS

HPEC System Topology Description

System topology described outside the application code
External ASCII files with:

Process 
Process name
Process Hardware location (board, processor)

Link
Link name
Medium type (+medium-specific parameters)
Buffer size 
Buffer count

Link

Proc 
A

Proc 
B

VME link

RIO link
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THALES COMPUTERS

MPS API: processes and links

MPS_Channel_create
(*chan_name, * rendpoint, MPI_Comm *comm,  int *lrank,  int *rrank) ;

link name      ^                 ^                   | |                  |
remote end name   |                    |      |                  |

specific communicator for the link          v            |                  |
my rank in new communicator          v                 |

remote end rank in new communicator        v

MPS_Process_get_name  (int rank, char *name) ;
rank in MPI_COMM_WORLD      ^                 |

my name in link/process file   v

MPS_Process_get_rank  (char *name, int *rank) ;
name in link/process file         ^         |

my  rank in MPI_COMM_WORLD       v
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THALES COMPUTERS

MPS API: Buffers

MPS_Buf_pool_init
(MPI_Comm com,  way, * p_bufsize, * p_bufcount,  *p_mps_pool)

MPI communicator       ^        ^                |              |                  |
Send or Receive         |               v         v                 |

buffer size & count                  v
MPS pool handle

MPS_Buf_get (p_mps_pool, void **p_buffer)

get buffer from pool (may block, or return EEMPTY)

MPS_Buf_release (p_mps_pool, void *buffer)
give buffer to I/O system (compulsory at each use)  busy???

MPS_Buf_pool_finalize (p_mps_pool) 
free all buffers, all coms must have completed first
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THALES COMPUTERS

MPI/MPS example

MPI_Init(&argc, &argv);

MPS_Channel_create(“link1”, “proc2”, &com, &lrank, &rrank);
MPS_buf_pool_init(com,  (sender) ? MPS_SND : MPS_RCV, &bufsize, &bufcount, &pool);
if (sender) {

MPS_Buf_get(pool, &buf);
Fill in with data
MPI_Isend(buf, size/sizeof(int), MPI_INT, rrank, 99, com, &req);
MPI_Wait(req, &status);
MPS_Buf_release(pool, buf);

} else {
…

}
MPS_Buf_pool_finalize(pool);
MPI_Finalize();

Create Dedicated Link
Get Specific connector
Initialize memory pool

Take buffer ownership

Send on connector

p1

p2

p3

p4

p5

Link1 Link2

Release buffer
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THALES COMPUTERS

Portability

MPI application easily ported to MPI/MPS API
See example

MPI/MPS application can run on any platform: EMPS
EMPS is MPS emulation on top of standard MPI com
Allow to run MPI/MPS code unmodified

Includes buffer and link management

libmpi.a

MPI/MPS Application

libemps.a Topology
files
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THALES COMPUTERS

Current Implementation

Based on MICH ?? Version etc…
Software

IA32 Red Hat, PowerPC LynxOS 4.0 
HW Targets

PC, Thales multiprocessor VME boards
Multi-protocol support in COM layer

DDlink : Direct Deposit zero copy layer 
Fibre Channel RDMA, Shared Memory, VME 2eSST, RapidIO

Standard unix/posix I/O
Shared Memory, TCP/IP
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THALES COMPUTERS

Current Work

Finalize process mapping
MPI_RUN and HPEC compatible process mapping

Towards automatic code generation
Create MPS / MPI code from HPEC application tools

More support for MPI-aware debug tools 
Like TotalView™

Thank you
vincent.chuffart@thalescomputers.fr
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THALES COMPUTERS

Heterogeneous HPEC systems

Systems used for Dataflow applications
Computing power requirements not evenly spread 
Various transport medium may coexist
Need for QoS type behaviour
Performance requirement for I/O between nodes

Requirements
Need to map process to computing node
Need to select specific link between process
Need to implement zero-copy feature
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THALES COMPUTERS

Using MPI in HPEC

PROs
Available on almost every parallel/cluster machine 
Ensures application code portability

CONs
Made for collective parallel apps, not distributed apps.
No choice of communication interface (only know receiver)
Does not care about transport medium
No control on timeouts
Not a communication library 
(no dynamic connection, no select feature)



H
PE

C
 2

00
4  

Po
st

er
 C

5:
 O

pt
im

is
ed

 M
PI

 fo
r H

PE
C

 A
pp

lic
at

io
ns

THALES COMPUTERS

Zero-copy Requirements

Zero-copy means memory management
Same memory buffer used by application and I/O system
At any given time, buffer must belong to application OR I/O

Zero-copy API
Buffer Get

Data buffer now part of application data
Can be used as any private memory

Buffer Release
Data buffer is not to be modified by application any more
Can be used by I/O system (likely hardware DMA)
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THALES COMPUTERS

Dedicated MPI Communicator for Zero-copy Link

com12 com23

MPI_COMM_WORLD

p1

p2

p3
p4

p5

Link1 Link2
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THALES COMPUTERS

Implementation choice

MPI Services (MPS) side to side with MPI
MPI application source portability

Links/Connector relationship

Real-Time support
Links to select communication channels (~ QoS)
Requests timeout support

Real zero-copy transfer
Buffer Management API (MPS)

Heterogeneous machine support
Topology files outside application

Topology
files

MPS MPI

COM

DDlink TCP/IP SHM...

HPEC Application
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THALES COMPUTERS

HPEC System Topology File

System topology described outside the application code
External ASCII files with:

Process 
Process name
Process Hardware location (board, processor)

Link
Link name
Medium type (+medium-specific parameters)
Buffer size 
Buffer count

Link

Proc 
A

Proc 
B

VME link

RIO link
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THALES COMPUTERS

MPS API: processes and links

MPS_Channel_create
(*chan_name, * rendpoint, MPI_Comm *comm,  int *lrank,  int *rrank) ;

link name      ^                 ^                   | |                  |
remote end name   |                    |      | |

specific communicator for the link          v            |                  |
my rank in new communicator          v                 |

remote end rank in new communicator        v

MPS_Process_get_name  (int rank, char *name) ;
rank in MPI_COMM_WORLD      ^                 |

my name in link/process file   v

MPS_Process_get_rank  (char *name, int *rank) ;
name in link/process file ^                 |

my  rank in MPI_COMM_WORLD       v
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THALES COMPUTERS

MPS API: Buffers

MPS_Buf_pool_init
(MPI_Comm com,  way, * p_bufsize, * p_bufcount,  *p_mps_pool)

MPI communicator       ^        ^                |              |                  |
Send or Receive      |               v                   v                 |

buffer size & count                  v
MPS pool handle

MPS_Buf_get (p_mps_pool, void **p_buffer)

get buffer from pool (may block, or return EEMPTY)

MPS_Buf_release (p_mps_pool, void *buffer)
give buffer to I/O system (compulsory at each use)  busy???

MPS_Buf_pool_finalize (p_mps_pool) 
free all buffers, all coms must have completed first
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THALES COMPUTERS

MPI/MPS example

MPI_Init(&argc, &argv);

MPS_Channel_create(“link1”, “proc2”, &com, &lrank, &rrank);
MPS_buf_pool_init(com,  (sender) ? MPS_SND : MPS_RCV, &bufsize, &bufcount, &pool);
if (sender) {

MPS_Buf_get(pool, &buf);
Fill in with data
MPI_Isend(buf, size/sizeof(int), MPI_INT, rrank, 99, com, &req);
MPI_Wait(req, &status);
MPS_Buf_release(pool, buf);

} else {
…

}
MPS_Buf_pool_finalize(pool);
MPI_Finalize();

Create Dedicated Link
Get Specific connector
Initialize memory pool

Take buffer ownership

Send on connector

p1

p2

p3

p4

p5

Link1 Link2

Release buffer
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THALES COMPUTERS

Portability

MPI application easily ported to MPI/MPS API
See example

MPI/MPS application can run on any platform: EMPS
EMPS is MPS emulation on top of standard MPI com
Allow to run MPI/MPS code unmodified

Includes buffer and link management

libmpi.a

MPI/MPS Application

libemps.a Topology
files
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THALES COMPUTERS

Current Implementation

Software
Runs on IA32 Linux, PowerPC LynxOS 4.0 

HW Targets
PC, Thales Computers multiprocessor VME boards

Multi-protocol support in COM layer
DDlink : Direct Deposit zero copy layer 

Fibre Channel RDMA, Shared Memory, VME 2eSST, RapidIO

Standard Unix/Posix I/O
Shared Memory, TCP/IP
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THALES COMPUTERS

Future Work

Finalize process mapping
MPI_RUN and HPEC compatible process mapping

Towards automatic code generation
Create MPS / MPI code from HPEC application tools

Thank you
vincent.chuffart@thalescomputers.fr
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