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Abstract Non-contiguous data communication means that the sender transfers multiple blocks of
data at discontinuous addresses to multiple memory regions with discontinuous addresses on the
receiver. This communication model is common in scientific computing applications, such as
solution calculation, FFT calculation, fluid dynamics simulation, etc. These applications include

data transfer operations such as the transfer of matrix transpose, the transfer of submatrix of 2D,
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3D and 4D matrices, unstructured data access, and other non-contiguous data communication.
Therefore, the communication performance of non-contiguous data has important influences on
many scientific computing applications. Currently, there are some offloading or non-offloading
methods to achieve non-contiguous data communication, but no one has measured these kinds of
methods on one platform. Further, nobody has analyzed or proposed a guideline of which situation
that each method is suitable for before now. We give the summary of implementation methods and
performance analysis of non-contiguous data communication in this paper. The main contributions
of this paper include: (1) a comprehensive summary of the implementation methods; (2) a series
of detailed performance experiments using dependable micro-benchmarks and applications by
different methods; (3) comparative analysis and useful conclusion for our experimental platform;
(4) potential problems and research points of non-contiguous data communication in future work.
Firstly, this paper summarizes the current implementation methods of non-contiguous data
communication. The non-offloading method consists mainly of manual copy and some callable
interfaces like MPI DDT (Message Passing Interface Derived Data Type) based on data movement
in memory. The offloading method includes different implementations that make use of RDMA
(Remote Direct Memory Access) technology to achieve different degree of decreasing data copy.
After that, we use both existing benchmarks and self-designed benchmarks to measure the
performance of non-contiguous data communication in different ways as we summarize in detail. All
these experiments are completed on the same experimental platform for comparison and analysis.
We also give the fine-grained analysis of the overhead of data copying and RDMA communication
in the case of different data distributions. Especially, we relatively analyze the offloading
performance based on RDMA sg_list (scatter gather list) and the offloading performance based on
UMR (User-mode Memory Registration) functions, and conclude the applicable situations and
potential problems of various methods of non-contiguous data communication. We list the data
table as a guideline for non-contiguous data communication on our platform. We find that RDMA
offloading methods truly have an advantage over memory copy in performance when the block size
is large, but some problems still exist. The low efficiency of UMR MTT (Memory Table Translation )
may cause performance degradation when block number becomes large. Finally, this paper verifies
the correctness of the analysis results through micro-application experiments, and proposes the
optimization direction of the technology related to the analysis results.

Keywords non-contiguous data communication; remote direct memory access offloading; sender

gather receiver scatter; user-mode memory registration; manual packing/unpacking
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Bl 10 Jr 7 (9 4 i 22 B e i £ . e33R o8 s L b
VRS2 B 00 114 B LR+ 8 B 30 1) A 3 2 K dhs T A
55 TS A R A A R S R AR S A R
4,12 B I

SCHRES T Hoxt KA, i1 T 2 R P AL 4R 55
TASBEA T BEAT 20 A L 6 Hrh R B AR i 2
Bla U MR AT TS R H o o =28 A 1

Y J5 FFFTH5

o[l [ <[ R

Unpack

9 2D FFT(A LI drf =)

X JjHFFTit4

P, || 1,1] L2 1,3 14‘ ‘21 2,2] 2,3 24‘

o | [oa o [0

Y J5 FFF T4

Pl |L1)21 .i 17 2,2.
P | |L3 23 i 1,4 2,4.

YIDDT Bk %

(Alltoall)

PADDT a1k
| ] B | s
\
 FEE

& 10 2D FFT(MPI DDT 775

@

i I S S AR A
P

P P A AT /
P D L A i L L T

(a) HR/RBE A

N elements

(b) AR T i

Rank a

N elements J

Rank b .

() X HHmekE
[# 11 DDTBench 14 % £ K4l 17 1) 45 =X
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Y,
&

(DEFEIREPEAZ . i1 WREF(Weather Research and
Forecasting) , NAS_ MG (NASA Advanced Super-
computing) Fl MILC(MIMD Lattice Computation) ;
(2) A 45t 4k B0 Vi ). I LAMMPS (Molecular
Dynamics Application) # SPECFEM3D _ GLOBE
( Spectral-element simulation of global seismic wave
propagation in 3D Earth models) ; (3) a8 X %5 5k &
HE. 4 FFT fi SPECFEM3D_GLOBE. 8 & i A
BN A, SCH B 45 Micro-Application DDT
Benchmark( H i@ 5§ & 43 A X it . Jg XK
DDTBench, 7 3¢ {fi A1 DDTBench # 17 ] i %} H
MPI DDT 5 A AT a4 Pk RE.

4.2 RDMA EH#HHF Rt

Aoy B A% ] verbs API #£ 47 verbs )2
1, T A Bl D 2007 S A PERE. Jy Ud B 1 AR
A PERERE . 2 A48 DLy 07 KAE 2 2% AT 4
Fe A B, X EL ) 7 AL (D BGH A TAT PR3 1
¥ )7 5 (2) SGRS, B 3 F sg_list 1) SEND/
RECEIVE J5 2 52 3Ll {5 W1 0-copy; (3) #F UMR
ity SEND/RECEIVE J7 2 52 B i {2 W 31 0-copy s
(4) 3 F UMR fy WRITE J5 28 52 5L 15 W02 0-copy.

A B A A S R 2 s (1) K 3% i AR
Wi s 1) 3 38 2 H A0 B ) B0 AH A L HLOOE R Y EiE B
Hh £ B RIS TR SCRR S 0 R i A % 2 K aiE
I35 (2) K 3% st A HE Wi 4 AF i 22 B0 B BOR AN
S5 R Db A i O R A (HR R U
W & R BN B R AH A T SCRR A R XS BR B E 1 22 4
o3 A

I3t 2 rh 2y DABSCHR B ) Bt s odf Heh
£, 55 0 E A D 7 e I A [) 9 R RN A&
fi 77 A PERE. 5 %008 B 80 Mg 30 (ConnectX-5
dev_attr. max_sge) B}, fE A UMR g1 F
BT osg_list Jr XN E 2 4> WR 58 i3k & 2 8 8
& o 1 UMR A RLA — A~ WR 58 ik % 2 5040
AR . SRR B E 2 Ol Sl £ 0, X L g i
UMR Fil sg_list i PERE.

J9 3 RDMA 851 288 7 278 52 B 2 b f9 PE RE
AL LA 2D stencil i {5 #l DDTBench 1 NAS_mg_z
A A RDMA (1 3CH: rb ¢ Al i 22 K i £,
O HEBE T sg list 12k 3T UMR #10f A TAT
AL YR B T RE.

5 XBERKDH

5.1 ZXBMXFA

ASCSLE MG R 2 AT A BT A R K
il R BC B AN 26 2 Fis.

k2 BIMTHREERS
¥ : Mellanox ConnectX-5
MPI A : mvapich2-2. 3. 1,openmpi-4. 0. 0
CPU: 72 Intel Xeon E5-2699 v3 2. 30 GHz CPUs
L3 4E47: 45 MB

FAE R G AS : SUSE Linux Enterprise Server 11 SP3
PR AR : 3. 0. 76-0. 11

HCA FE A - 12. 20. 1010

AR : MLNX_OFED_LINUX-4. 4-2.0. 7.0

RDMA 4% . RoCEv2

5.2 FHHFARMRIERRSN

Hy 20 85 BRI, S 0 b BT DL i CPU
Fot A B PR 3238 4 D BT A MIPT 3 78 34 R
R85 3 CPU £ 11 J5 30, DL AR IE It M 6E 804 1)
HERPE. IR B AR B T 4R 8 5 A W) MPI
DDT 7 il 5 v 003t L A 03k e i 4 B 25 50 DA I
A N 48 DL 7E B A58 15 o 7 v i o1 .
5.2.1 2D FFT

Sk TG S A B 5 DL RIGE (5 A JF A 56 &R L R AT TN
T AT P72 (pack/unpack) F1 44 38 {5 76 2 A4~
2D FFT 1158w 1 -85 i Lo, B 12 3 MVAPICH?
T g R A H R AN T AT AR 4 (pack/
unpack) { B[] 55 35 20 B0HE 1% i (Al 5) 1 i )
SEMAEAS 2D FET $H50mf (8] 49 | 23 . I 12 (a) LA
HERE R /N AR i B AN R L A kAR L A E ]
DL B 24 B0 RS /NI S i A0 A R SR 1
FTAAFELIY 5 b2 b B /N i U 2y o bl % 5080 ok i —
A BT AL PR AL I T4 7 2R 1 K T 4058 15 1
TF8 o Ho g ek 2 —4ERE R TE R N CAERE S N XN
JiBE) ik ] 40000 B, FT 4L PR 4 T 45 B2 0k 45265
B 12(b) Lk MPT i 7 550 o A% o 6 FF 58 1% 6 8k
10000 TG . f B AT UL, Bl 5 1F R 50t 38 L ik AT
A5 (AlltoalD i F1-485 4 o2 R3S 0, 3T 6 9% 02 T 4
TEANTE A0 A2 Ay FLAT S a3

ZEAE 12Ca) (b)) A AT, 5 40058 {5 M EE L 3T L3R
A T8 A2 5 e R 17 FE Dy T, L A2 B R B
K AT RAAR AT s ST S AT 55 95 2 30 0 5008 12 A8 K,
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A 3 252 M I 2% 3 {5 S B 5 TR AR RE S A
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50
45H© pack/unpack
Jol & diEfE
ES 35¢
33 30F
11 25F
=20
® 15t
10+
5 L
0 100 1000 10000 40000
FRFER NN

(a) 2NEERE T By S AT (5 TT A0

45

408 GX@/G//O
35k © pack/unpack
<30k & S
Bosf
£
¥ 15+
10F
5
O L L L L
2 8 16

4
MP ISR (P)
(b) AN [FIE AR AR N 4T AL 5 Al (s TRt L

Kl 12 2D FET w7 & 4% 6 5 4l £ 59 JT 45 0 1L

THEZMMRES 5 BUE 55 . BT A HE R 2 ) ik
17 alltoall {5 19 JF 4 23 Bt — A2 1 K, CPU i {5
PEATFT AL PR A0 (9 T 4 g HE— 2B 3 .

BN TAT A4 5 A [f] MPT 52875 51
DDT iy 4 8. AT AT 7 W F W3, 200 3L
2 AR AT 8 AR, R TEE N
G NXN 7B Jy 40000 AICRK BT R
S A TR P double 284, No DDT R
N TATR A6 84 77 20, send DDT 2R (U H %
3 MPI DDT,recv DDT 375 {3 fifi Ff 42 Wi 3 MPI
DDT,S&R DDT 7R 1 . & 3t 44 i MPI DDT. [
13 Jg OpenMPI il MVAPICH?2 i 45 %

S&RDDT

mvapich2
0 0penMPI

Hsend DDT

2
X recv DDT

No DDT

0 5 10 15 20 25 30
I 1E] /s

13 2D FFT # OpenMPI DDT,.MVAPICH2 DDT 5
N AT A 47 40280 X I

M 13 B0 (D A H 9 MPI ) DDT 4 #8
2 R R, 3% 5 AR E MPI i DDT 20 {4 i1 52 38 )y =X,
RIEA 3 (2) ff ] MPI DDT J %} i fi (2D FFET)
M BE 5 AR K, R AT AT LA #)“No DDT” B A
AT A ¥ £ 1Y 1 BB B 4F, T X T OpenMPT Al
MVAPICH2 e Wi i ] DDT 2% 5 Btk 6e W)
MR B CEP S&R DDT Ml recv DDT 4 fiE It send
DDT B 22),i% 5 2D FFT w42 o 1) £ 40 53 Aii &
R FE W T K ok B A AT RS DOt R
Sk B R B BB L B DDT Rk B 2, JF 4

K.

5.2.2 DDTBench

X DDTBench #4712 (9 25 5 A 3 Hr an

T4 P g B R 8 AN ERRE AL T, il
i MVAPICHZ, il iX#5 43 DDTBench # MPI DDT
AN TFT R R R T4 i S0 45 50 . i Bl 2
KBytes, Z\#l] Packing Overhead HF] @50 IF 45 5
H. . manual £/x AN T3 G35 6504 . mpi_pack_ddt
R MPT 2 1 A7 B 4T a9 £, el B mT WL
MPT #2942 A0 BT AN CAT et & o5 1
K TF4 It HAE SPECFEM3D_em CIE 25 #4 16 %0 4
YA T S MPT 42 F R4 55 3% 47 %0.

LAMMPS._full MILC_su3_zd SPECFEM3D_cm  SPECFEM3D_mt WRF_x_sa

45-
> 40-
<
]
&
51
<=
5}
=
<
O
0 k.
E 35
4
&
am)

30-

Packing Method
manual
25 - mpi_pack_ddt

"""" 7075 80 859060 90 120150
Test size/KB

B 14 ATAT @R MPLPack/Unpack JT 4 4 kb

P15 Ry 95 a5 B L 8 A HERR G BN L
 MVAPICHZ, il i #8 43 DDTBench i {5 47 %2 1)
FER L. Hodh mpi_ddt £I8 B MPI DDT
B2 DR 7 A9 $0HE 2 B, mpi_pack _ddt % R i
MPI_Pack/Unpack $2 1 3] 35353 , reference £/
fifi | ping-pong J7 23K 192254 6. I haf L,
8 F MPT £z 1 978 58389 e N AT a9 85040
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1132 it &
LAMMPS_tull MILC_su3_zd SPECFEM3D_cm  SPECFEM3D_mt WRF_x_sa

o

S.

S

<©
~
2
)
Ss Packing Method
&= g 4 manual
< « mpi_ddt
=} .
. ; mpi_pack_ddt
:g reference

seo—*

= &

S+ &

o o> *

*
> ¢ &

125150175 200 25 50 75 100 50 100 150 7075 8085 9060 90 120 150
Test Size/KB

B 15 A THT ¥ fl MPI DDT 4 58

OpenMPT B RCR 5 MVAPICH2 AH1{UL , %
F DDTBench H i1y Z 50 i, f# F§ MPI DDT %4
RARTNTATHEYF A0 BE . B Y 5dE o fi b 17
R o 4% e s By (a0 NAS_LU_x—— 47
x Y4B F I 2 A SRR i E 16, MPI DDT
2 2B WA A B B R B, MPT DDT 4 3
¥, MPI DDT FF444R /).

NAS LU WRF_x_vec
2
«©
40- =
=
=
It
& 30
5}
<
s
g
i)
3}
&
20~
»
..
10- 7 Packing Method
o / 4 manual
’:" » + mpi_pack_ddt
0 10 2 30 4060 90 120 150
Test Size/KB

B 16 A TITa#4 1 MPI_Pack/Unpack JF 55 /5 1t

FEIL S B AP O £ 23 U CPU 355 58
{1 [e Bt il 2 3 £ A B A 2o R B O o B O it
it 1A 3R 2 i 0 Bl AL ASE ) 9 R T A 19 . T
A3 25 5500 RS Rt o MR 1 — 2 38 R X 1

R UERRNT 5 T 22 Ak PP 508 2 A 0 AR X R
WA B IE R Y T 5 A 6 AR e, i MPT DDT
s N TPy A7 38 15 i B0 Jt o AH X A2
FE R XEF MPL DDT fit A T 4T 63 9% 13 19 1 BE F
il AN 25 PR kg BIUASE 114 28 Ak T 7= A 858 K R 52 T
5.2.3 /Ngh

AL & B, N TAT Ry X kA7 R i 42
ot aE {5 BAR BT B4 o A RCR 1 (5 T8 . (H
A& 5l & 5 M i MPI DDT A L, Z2 801K 00 F
2t F MPI DDT. MPI DDT & i 17 54 53 A 8k
i 2% (S I, W SPECFEM3D_em (3 45 #4 16 % 42
VilaD  FRIE A KN TATEIRA. H Ry, S E L5
W43 A & 2=t . MPI DDT 4% Z% , MPI fE%} DDT
PEAT A7 UG LA B I 55 4 K. MPT DDT 7 i 17
B 43 A0 B R TR B 8 A5 B 40 NAS_LU_x (K
SRR ) L RIS LT N AT IR, W Ry, X)
T 18] L B 4 A DDT 348 # 88, MPI £ Xf DDT
fEA VLT 85 AR /N s 225 MPT FE b B 22 )5 119 4
¥ D gt F E 8 AN T# DL ik, MPI DDT 4%
T AR % S B0 4y A RN L. JSie N TAT A
Prfwid j& MPT DDT , fiff F 4k #2807 10 17 9F 1% 228K
P A Bt 5 DL JF 8BRS B0E 5 PERE T %,
AT 0-copy HIZKAR A 2L,
5.3 RDMA HEFRMNXERKE DT
5.3.1 ANTATEYFM S SGRS X} L4 #r

5, X 35 F SEND/RECEIVE 7 2 (1) sg_list
(SGRO AN TAT WPt U5 SCH B #48 F copy
FeR) AT W28 43 Bl A O-copy U5 AT
I A SRR X R LR RA
FORE I T 2 e & v R FH X R 1) A % 2 808 o3
i B3 B8 & ol 30 (ConnectX-5 dev_attr. max_
sge) » BB s B 2z 8] 1y 8] B o 45 MB(CPU LLO)
FEHE K /Nl 2 Bytes~ 1 MBytes. |8 17(a) iy
/N B GBS R /N Ry 2 Bytes~ 1 KBytes) B #E
BFEE A, B 17 (b) S RO B CREAS B8 e K oy 2
KBytes~1MBytes) [1J 4E I 45 5, ] 18 i 56 4%

M 17 ) R B : (1D a5 e KN F
128 Bytes B o N TATWIFE I XL FHTF sg_list 19
0-copy J5 2 (2) MR ADEIEHI K /PN KT 128 Bytes
B, 0-copy =it F AN TATRIRa I . i & 17(b)
FE 18 BTN, Bl 25 2008 2 3 — 25 38, O-copy J5 3
S B B b U T 0 B L 2 R B Sk
NEE] ITM B N AT 3R A 1 4E B J& O-copy E B
) 3. 2 4% .4l i HA O-copy 19 1/3, af WRUE f 40K
i} . copy FFEH B K.
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-©-sgrs
i

28 16 52z 61 128 256 512 1K
TR/ Byte
(a) /NEEAERR

18 000
- CO

14 000 Py
12 000

!f
_E‘ 10 000
&) 8000
6000

4000+
2000+

PN & PN &5—0 ) )
4K 8K 16K 32K 64K 128K 256K 512K 1M
BAEARYR /N /Bytes

(b) KM 2 LRI

K 17  FERFMEE (copy v. s. sgrs)

14 000
12 000

vvvvv

—_
<
[=l
(=1
(=}

8000 -
6000
4000+
2000 -

N AAAAA

# 5 /(MB/s)

B
BMEAEHR /N Bytes g

K 18 i i iz (copy v. s. sgrs)

S it — 25 4y A SRR FR AR B UL R R
{EFE BT HFEAT T 40 S7 43 s 3045 &1 19 19 52 35 25 1.
19Ca) . (b) 43 31 R B B g i Ry 30 B 6 A R 4K
P He /NG LT IR g5 1. Hor, copy JF 85 M fH
AN TATE Y8 I X 58 il 7 o #2 20 45 DL iy
1) F 5 09 % A T B A 4% 3 A 1 IS R) O A
(FEANTATE IR A d . 48 WK 58 B — 1k 30 X
block_size 1Y % L4045 8 15 B9 AE I s 76 sgrs Hr 5l
H sg_list 58— KA 7 30 A~ i 22 5040 B3l {5 1
FEMD).

M 19 B L& B . (1) copy FF45 75 B4 He A /)
iKF| 128 Bytes Z HIT » 34 I BF 2218 . 15 5| 256 Bytes
ZJE LT ARG B s (2) 24 B8 He KN BN Y )
fi s N AT 3R 7 0 R 38 {5 TF 85 1 sgrs 9 #E
22 K F copy MRERT, At 2 5 80/ B L il
T ANTATEIFRE M XM F ™R 0-copy J5 s
(3) M dE He /NS FKmE, N T 37 07 209
30 {5 JFBS RN sgrs 9 FE B AR #2308 . BP i ] RDMA

&4 2211 3 22 J00 R R A i <5 M0 R i S s (]
SSCHHE PR 8] 22 30T i R KR 8 DL 3 3 2 4 (8] 1 T HS AR
KR PR 0-copy Jr AT AN TAT R4

14

o MR IS T4
12mcopy FH M
10f
12
L
=
=
4
2 I H
0 copy sgrs|copy sgrs|copy sgrs|copy sgrs|copy sgrs|copy sgrs|copy sgrs|copy sgrs|
4 8 16 32 64 128 256 512
BMARYR /N /Bytes
(a) /NE BT T
0 = = H |
copy sgrs|copy sgrs|copy sgrs|copy sgrslcopy sgrs|copy sgrs|copy sgrs|copy sgrs|
1K 2K 4K 8K 16K | 32K | 64K | 128K
A EHEHR N /Bytes

(b) KBTI b7
K 19 R4 43 Ccopy v. s. sgrs)

Ak L E D R I A B e — E 11 O
T A0 R S A B P A ) A = b TN
FIALHR 0 5 2P BB e 4 5 00 2R 154> B8 Je B d & 1y
Kt 5 Kl ] RDMA 0-copy J5 2 58 fic &
5.3.2 UMR 5 sg_list R85

FE R A B X N CAT 8R4 CHP copy)
sgrs (3T sg_list ) SEND/RECEIVE J53) .umr_sr
(3T UMR ¢y SEND/RECEIVE 77 &) fil umr_w
(R:F UMR 1y WRITE 75 ) ¥ RE#E1T % L.

FESEATIZ 43 WK Z 11 - A SCSE X} Create UMR
Ml Post UMR By H #5347 03 & 20 2 44> UMR
BEANFE MR & BT s Create UMR Fl Post
UMR /9 BsJ i) T 45 .

3500

-© post_umr
3000f A create_umr
2500
4
ﬁ 2000F
& 1500t
1000t
500f AM/@/@
mmmmmmm oD, n

4 8 16 32 64 128256 512 1K 2K 4K 8K16K 32K
MR &=

Kl 20 Create UMR,Post UMR J44
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MIE 20 AT L . Create UMR JF48 K . Post UMR s
JEHEE N B2 MR R (BT, Create UMR Il o[ S|
Post UMR I [1] 2545 B 48 Ji o {EL2: /6 MR $it 3k 5] PR
2048 Z Fif N2 18 L LR LA A 8 E T 4. 7R AR Bl
A LA H L e MPT S2 B A ol LI 3 1) UMR H
Pool il UMR Cache HLi1 % UMR £ fl 3 41 45 i

SE B FF R AR S T X O T E A i
]85 » S Bk UMR B @356 4 i 5.

(1) Wi A S of R 14 A 3 25 0000 A 0 3K

Wi A i AR i 2 R i 1 BOHE R AR 2O 16,
Wl Z 1]y 1] 8 45 MB(CPU LLC) , B4~ %48
PRI/NH 4 Bytes ~ 4 KBytes., i 17 5[] i {5 Il L.
B 21 Sy 2 i 3 s

30

©-sgrs -A- copy
25H~<-umr_sr & umr_w
% 20
=
g 151

16 32 64 128 256 512
BAEERHAKD /Bytes

P21 S AR Al 32 2 SO0 S A S

m & 21 shaf

D) G4 s e R/ /T 128 Bytes if, N
AT APERE SR, 5 5. 3. 1 9 iRl i i 25 18 A A 5

2) TERE Yoo — @ S B0 K L BT SEND/
RECEIVE J5 AU ] sg_list B4R AF 14 22804 7>
fii (sgrs) (P AE 5 3 F SEND/RECEIVE Jy 2 fifi F
UMR $ i 5048 43 A5 Cumr_st) §9 P BESE A ] 5

3) 4 A HdE B KR T 128 Bytes I, kT
WRITE 75 248 ] UMR 4 34 %038 23 75 Cumr_w) Y
PERE S, Py, UMR WRITE J5 2UA i 2 35 U8 sy
T & WR F1 poll_cq, > T T 44.

(2) Wi & i A Bk 1 i 2 E5 0 43 A D ik

W & S KM o3 AT AR XS AR UMR iy 7 R 3
PERIOL AT DR B 7 SCHF T sg_list W 5 2 4% I
B Al P die 22 1 — vt AT 2O 23 A 38 AN A5
Hh 30 i 5 B ) 5 i S i S A B B Y
5+ 2 326 it S H30HIE B O /N S 4 Wi s > 4R B R
ANEY Yy 22— Bt B 22 8] #Y )RRl 45 MB (CPU
LLO) , AT B 13845 3 0N AT 4R A Ceopy)
umr_sr/umr_w (F: T UMR ff§ SEND/RECEIVE
F X WRITE 5 2) Fl sgrs (F: F sg_list 1Y
SEND/RECEIVE J5 ) ) ZE i 4 fE. 22 M HE B}
I IRCE 2R S i AR A il DAy T 326 i 1 508 R ) R/

1K 2K 4K

BN Byte
22 AR X B AR 3 2 o 23 A HE s 1

B A 22 HoRT UL S S A AR Y AR % 2 A e
A3 AR D 25 B 5 X FR 0 Al 7% 2 8Os o A A A A
ZAb. BRSO P ek s N TAT iR i A0 4k
P K5, UMR WRITE J5 Ui ff. {H 2 UMR
WRITE L3 B A 3 ps~5 ps. I A ZR W] 2. 0]
U s 22 BOHE 0 A B A B A T sg_list AR IEAT
Bl ik . UMR 78 R 6 BA — @ W 7
PERE T I AT LAA) ] WRITE Jy 20 20 42 Wi i 19 I
B AR IERT E AR IEA B .

(3) Z 54 Yo ik

Mellanox ConnectX-5 f & % > ibv_send_wr
KR B R ibv_sge ¥y 30, 1M B UMR 32 4f
() MR % 5 Kl 65536, BRI Y 588 B iy B it 1R
KEF A sg_list 7 X FFE T & Z 4 WR.L M H
UMR H 2 —A WR B AT 52 B, A /N7 I3 [ 5
B B KN FEFE PR 2 kG R s BT %
It T 3 F SEND/RECEIVE 75 R 9 sg_list(sgrs) .
NTATE IR (copy) sumr_sr Hl umr_w f ZE I P E.
23(a) . (b) 4331l J& 45 A~ B9 B K/ A 1 KBytes Fll

300

©-sgrs  -A-copy
250 H<-umr_sr H-umr_w

0 200+
<

2
=150+

(a) ANFIHE SECE A e T B RN KBytes)

©-sgrs  A-copy
-o-umr_sr H-umr_w
20 H
1]
\i 15F
=
" 1or
5
0 I .__—‘; < : :
16 32 64 128 256 512

(b) ARG FE RIS Bl K64 KBytes )

23 7 [l B dhs e FCa 119 S
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64 KBytes, 50 R S (& H 16 ~512 B, copy. sgrs.
umr_sr Ml umr_w [ ZE i 32 2%

H 15 23 w0

D YR B BN BT s list H A IR
ZABEP 24> WR S8 AR 2 22 804 18 15 1y 1
AE 5 UMR #iik 2 A Feda P, A —4 WR 5%
T % 2 4 A PR R I 5

2) BRI PR BRI, B T UMR iy P fE 4
ST F% .75 block_size 2 1 KBytes B}, UMR f 4
REHL 2 T N AT QPR (M RE I % 22

FiF LA, AR AH ] UMR REAS 7E — 4~ WR H 58 i
DR B0 e i a5 44, {32 UMR 8@ H T %
I YL B B0 B DL A B PO BRI O
T.UMR iy RE 2 2R T B 2R, ] UMR /1
memory key 7% if] N 1 8 17 %% (Memory Translation
Table, MTT ") i A3 92— H 0 MTT %, &
T P AT R A RE AR B P A B e ) R S ik ik
SRR BURI Z 0 MTT R I 2, A1) 1 7] 22
1l AT sg_list AR RS . 451> WR i sg_list 4}
B P D s B B — 2 1R )t R 4k 2 S8 b ik
FR IS O 2 L A IR IR [R5, BE 8 S INE 14T B840 %

(4 0L

i B3 DAk 2 SR DL K A A ) o A A TR AT
WCE T 2D stencil 3815 A 3D H P I AL 4 52 56

1) 2D Stencil i@ {E

FE 2R 53 MK s stencil point % # ol 5~57,
stencil point £t 5 40 PR A 19 RN

(stencil point number—+1)/2=Dblock_num.

TZMAAE N TAT 3R A2 Ccopy) v sgrs (& T
sg_list i) SEND/RECEIVE 757 #l umr_w (3% F
UMR f#§ WRITE 7530 B 20 F - il U 2D stencil
A I [R] T 5 X0 LR 8. BT 24 i i 45 2R L i a) oy
S R YR BALT) stencil 3@ A{E B FE T,

0
Ocopy Oumr_w Bsgrs|

Ll

5 9 13 17 21 25 29 33 37 41 45 49 53 57
2D Stencil Point £ &

24 2D stencil 3@ {5 L& W3R,

& 24 A5 : D Y stencil point & /N T 21
s umr_w PERE SR AL - B A I o Eh 4 e gl b L A
i MTT JF 4§20, H WRITE J7 202> 1 42 Wi I
45 @ Y4 stencil point $& KT 21 B, copy 7 i

Nx©
=E=

] /s
DO W= 1Oy
coooo

=]

—
o o

e 0 stencil B0 73 A A 4 > point (Y X4 B
ARD .2 point B A8 KB B4l 5 DAY IF 5 /N T fif
MR 0-copy % %i Z 4> point [ JF £ (5 & 19 (a)
RSB A D . i UMR 8P REAE point B A8 K
JaAE 25 A MTT By FF858 848 K, 52 m UMR
)14 fiEg.
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verbs API 4%

ibv_send_wr: & %508k B K 5
ibv_recv_wr: 45 BCRUHE 1 4R VR T 5K
ibv_post_recv: [a] [ = & & H2 W4 1 5K
ibv_post_send: [n] ]~ T & & 3% FU 614 3K 5
ibv_poll_cq:: K % i 3K # A & 75 52 1 5

ibv_sge: wr [ FH F i 38 5008 53 A 1 B0 25 4 5
sg_list: wr AL & ) ibv_sge AYHEF ;
ibv_exp_create_mr: fi| & UMR;
ibv_exp_post_send: [i] M| F & 7 2 i 3K

x4 BERYEBNWALHE

Block_size= 256 Bytes latency/ps

Type\Bock_num 16 32 64 128 256 512
sgrs 6. 30 7.97 11. 38 17. 42 29. 14 60. 61
copy 6. 37 7.94 11. 46 17. 35 31. 30 63. 24
umr_sr 6.43 8. 40 14. 38 34. 87 138. 31 655.12
umr_w 4.21 6. 04 11. 85 32.29 132.59 649. 04
Block_size=1024 Bytes latency/p.s
Type\Bock_num 16 32 64 128 256 512
sgrs 8.18 11. 19 16. 41 26.23 46. 23 88. 04
copy 11. 01 16. 20 27.73 57. 84 121. 68 230. 25
umr_sr 7.94 10. 42 15. 80 30. 70 77. 88 271. 34
umr_w 5.45 8. 14 13. 56 27.11 74.55 267.59
Block_size=4096 Bytes latency/ps
Type\Bock_num 16 32 64 128 256 512
sgrs 15. 62 27.48 46. 09 85. 54 165. 46 324. 30
copy 24.07 46. 46 95. 85 195. 58 384. 35 765. 06
umr_sr 15. 54 27. 66 48.70 97. 30 280. 22 1069. 45
umr_w 13.11 23.69 45. 45 93. 05 276. 96 1063. 73
Block_size=16 384 Bytes latency/ps
Type\Bock_num 16 32 64 128 256 512
sgrs 46. 85 85. 30 164. 14 322. 39 640. 92 1272. 41
copy 94.59 195. 92 380. 18 758.42 1498. 22 2991. 63
umr_sr 48. 39 88. 70 170. 68 363. 48 1084. 78 4194. 10
umr_w 43.54 83.88 165. 10 359. 62 1081. 30 4205.76
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(8 )
Block_size=65536 Bytes latency/ps
Type\Bock_num 16 32 64 128 256 512
sgrs 165. 80 323.51 640. 21 1273.03 2541.63 5073. 39
copy 390. 39 777.05 1548. 12 3078. 61 6657. 21 20205.41
umr_sr 166. 79 325.93 648. 61 1416. 61 4304. 16 16615. 55
umr_w 162. 25 321.78 645. 80 1415. 69 4304. 53 16647.07
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Background

This research is about the implementation methods and
performance analysis of non-contiguous data communication
in HPC (High Performance Computing) area. Non-contiguous
data communication means that the sender transfers multiple
blocks of data at discontinuous addresses to multiple discon-
tinuous addresses of the receiver. This communication model
is common in scientific computing applications, such as solution
calculation, FFT calculation, fluid dynamics simulation, etc.
These applications involve the transfer of matrix transpose, the
transfer of submatrix of 2D, 3D and 4D matrices,
unstructured data access and other non-contiguous data
communication. Therefore, the communication performance
of non-contiguous data has important influence on many
scientific computing applications.

There are totally three kinds of methods to complement
non-contiguous data communication. Each of these methods has
its own merits and demerits, but no research has summarized
the characteristics of them in detail before now. This paper
summarizes the current three kinds of implementation
methods of discontinuous data communication: (1) manual
packing/unpacking data into continuous data space, and then

process continuous data communication; (2) Message Passing

Interface (MPI) Derived Data Type (DDT); (3) utilize RDMA

network.
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(Remote Direct Memory Access) technology to realize
0-copy data transmission. In this paper, the performance of
non-contiguous data communication in different ways is
tested in detail. Especially, we analyze the offloading
performance based on RDMA sg_list (scatter gather list) and
UMR (User-mode Memory Registration) function, and we
get the conclusion of the applicable situations and problems of
various non-contiguous data communication modes. Finally.
we prove the conclusion is correct by using two micro-
application. In addition, Based on our experiences, we get
the guideline of optimize non-contiguous data communication
in MPI application and the potential problems of RDMA
offloading methods.
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