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Implementation and Evaluation of Mechanisms for
MPI Derived Datatypes Communication on DIMMnet-2
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NOBORU TANABE,t HIRONORI NAKAJOt and HIDEHARU AMANOf?

MPI derived datatypes, which allow users to communicate noncontiguous data with a single
communication function, are useful for developing parallel applications. However, because of
the overhead for pack/unpack operations which requires noncontiguous accesses to/from tem-
porary memory space, the performance in many MPI implementations tends to be insufficient.
In this paper, we propose to accelerate its performance by omitting pack/unpack operations
using hardware mechanisms in a network interface. The mechanisms control noncontiguous
memory access to the on-board SDRAM modules efficiently by specifying the memory access
pattern in both the sender/receiver when starting RDMA (Remote Direct Memory Access)
transfer. We implemented the mechanisms in the DIMMnet-2 prototype board: a network
interface which is attached into a memory slot of the host PC, and developed the MPI library
based on them. Using the mechanisms, the bandwidth of submatrix transfer by using derived
datatypes is 5.2 times of the case without them, and the required time is also reduced by
78.3%.
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SO-DIMM 0000
goooooo Read Write
OovLooo ovsooo
gooooo VL VS
ooooooooo VLS VSS
goooooo VLI VSI

e Prefetch UnitD SO-DIMM OO 0OO0OOOOOO
oo

e Write UnitOd SO-DIMM OOO0O0OOOOOOOO
00000000000 0LLCMO Prefetch Win-
dow Register Write Window 0 40000000
DIMMnet-2 0000000000 OOODOOOOO
0doDodooogooogso-bDIMMODOOOO
0000000000000 0000 Prefetch Win-
dow O Write Window OO ODODOOOOOOODODOO
00000000 00o0o0O0ooooooooooog
000000000oo0oooooooooooood
000000O000DO0ooooooooooooog
0000000000000 00000O Prefetch
Unit O Write Unit 000000000 Unit 00O
Window Controller 0 0 0 O 0O 0O 0OSO-DIMM 0O
Prefetch Window 0 0 0 Write Window 0 0 00O
do0oo0oooooobooooooooono 10
OO0 Sso-bDIMMOOOOO0O0O0ODO VLOOO 30
oooso-DIMM OOOOOUODOOO vsSOOoO 3
Ooooooooso-bDIMMOOOOOOOOOO
O00000o00ooU0oDooooooooooood
000000o0ooO00oooooooooooooog
4/8/16/32/64/128 Byte 10 00O OO0O0O 1000
0000000 20000000 10000000
doooo0o0oOooooooooooooooooog/
J000000000D0000000000DTypel™d



Vol. 48 No. SIG 13(ACS 19)

0000000 teration D OO0OOOOOOOO
gooboboboooobD@moobooooooooo
00o00o0o00o0o0obDoobooboooboobooo
goooooooo

3.2 JO00O0DOOOODODOODOO

Jo0o0ooooOooboooobooo veLoooo
000D0DoDOoooooooooooDooooo Vs
gobooboooboboboobboooboob11o0o
goobobooobobobobooboobobooo
gobobdoooobooboobouoboobooo
000oooooooooond RDMA WriteD OO 0O
go0obo0oboboobooooobouoboobooo
00000000000 0000 RDMA ReadO O
000bO00o0ooOooooOooooobooooon

gooDooo0o0oDoDoOooDbOooDbooooboo
DType O Iteration DO O0OOD0OODOOOO0O 2
0o0oododboooooboobooooooooon
gooooobobobbbbooooooouoboooobo
oooooooo so-DIMMOOCODOOODOOO
gboobooboboooboobobobooboboobooobo
goobobooobOoboooboooboobooboooo
gooobOooooboobooboobooooo
00000000 o0o0obOOooDoOoooooobooo
gooooo

0 0O O0DIMMnet-2 O InfiniBand OO0 000 O
MTUO 2KByte 000 0O0O0ODOOOODDOOO
dooddooooobooooooboooooono
gooobobobobooboobooboobooo
gobooo0o0oooboboooooouoooooo
0000000000000 00 Window Controller
godobooboooooooooooooooooobo
goob0obo0ob0obo0oobooboobooooooooo
0oooooooooo So-DIMMOOOOOOO
gooDboooooooboooa

oo goooogdd
RDMAOOOOODOOODOODOOOOOOOOO
000000000000 InfiniBand O RDMA O
000 MPIOOO'™W OOORDMAODOOOOOO
gooboooobooboobboboobooobooo
gooobooo0o0oooooobooooooooo
OODIMMnet-2 0000000000 OO0ODOOO
0oooooogso-DIMMOOOOOOOOOOOO
0o0o0o0Oo0o0bOoDoOobOOooboooooboooo
LLCMOOOOO0ODOOO0DOOO0000ooooooo
OJ0O0OO0OORDMAOODOOOODODODOODOO
dooodoooooobooooooboooooono

MPIOOOOOOOOOOOOO DIMMnet-20000000 171

goboooooooobooooooooooobooo
gbooooboooooooobooooon

4. MPIOOOOOODOO

0000000000000 0000000000
0OMPIOOODODODOOOODDOOOOOD
4.1 MPICH2
MPICH2Y 00O0DOOOOOO0OOOOODOOO
00000000 MPIOODOOOODODOOOOOO
00000 MPICH2O0O DO OO DIMMnet-2000
OO0 MPIOOOOOOO'YOOOOOO0OO0OO0OO
000000000DIMMnet-2 000000000
0000000000000000000000000
0000DIMMnet-2 0 SO-DIMM O0ODOOOODO
00000000000 000000D0000000
000000000000 00000000DO0D
0000000O0DIMMnet-20 SO-DIMMODOODO
ooooooooo
MPICH200O00000000000000000
MPIOOOO0OO0O0O00O00O00000000OOOEa-
ger 000 Rendezvous 0 200000000000
000000000 MPICH200000000000
Eager 000000000000 O0OODOOODOO
000000000000000000000000
000000000000 000000000000
000000000000 000000DO0000D
00000000 DDOoO0n
O0OORendezvous 000 OOOD0OOODOOOO
000000000000000000000000
0000000000000000000DIMMnet-2
00000000000000000O0RDMA OO
000000000000000000000000
00000000000 0000000000000
00000000 DO0OO0O0oDoo
4.2 DIMMnet-2 000000000
O0O00OO0O0ORendezvous 00O O0O0O0OOODOO
000D00O0D0OO0O0ODORDMAOODOODOO Ren-
dezvous 00000000 DOOODOORDMA Write
OJ0O0OOOOORDMA Read 00000000 DOO
0O00ORDMA Read 000000 0RDMA Write O
0000000000 200000000
e N0DOIDONDONODODODODODOOODODO
e 0000 Rendezvous 000000000000
000000000 0000000000000
00000000000 00000O00O0O0DO
0000000000000 D0000000nO



172

Sender
1. Crate Datatype

Receiver
1. Crate Datatype
«

i <«
3-a. Start Sending -»| 3-b. Start Receiving

4-(1). Start RDMA

4~(3). Write Data
(VS series)

—>
5. End Receiving

4-(2). Read Data
(VL series)

DS
5. End Sending

0 8 DIMMnet-200000000000000D0

Fig.8 Protocol of derived datatypes communication over

DIMMnet-2.

. MPI_DOUBLE (8Byte)

CLTOT OO
€ . CERRRRRRE >
BlockLength= 5 ! BlockLength=5
Stride = 7
Count =2

Stride = 7

MPI_Type_vector(2, 5, 7, MPI_DOUBLE, &dataTytpe)

0 9 MPI_Type_vector 00
Fig.9 Example of MPI_Type_vector.

02 0O0ooooooooo
Table 2 Example of parameter list.
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