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ANGARA INTERCONNECT



Angara interconnect

Key features / ' " "~

* Network topology: 1D..4D-torus 7 v Sy

* ASIC-based network card Wl ar o7 ol Vs

» Up to 8 communication channels e R i il
» Remote direct memory access (RDMA)  Li= = \X

Multi-core CPU support

Adaptive packet transfer

MPI ping-pong latency: 0,85 us

Single hop latency: 129 ns

Scaling: up to 32K nodes

Power consumption: up to 20 W

Data transmission bandwidth: 5-75 Gbit/s
Various physical transmission media




Interconnect

Angara interconnect

Mellanox
IB EDR 4x | OmniPath

Mellanox

IB EDR 4x Cray Aries

Year
TOP500

Topology

Bandwidth,
Gbit/s

MPI latency,
MS

Single hop
latency, ns

2011 2012 2015 2015
13 5 20 6
56 42 112 100

1 1.3 0.92 0.9-1.0
— /250 100 n/a n/a
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Desmos supercomputer

R A DE O N INSTINCT

IB FDR switch
36 ports
IJ |_| Xeon MI50
E5-1630v3 32Gb
/ / / IB FDR Angara
NIC NIC
/ / /
/ / /
L/ Vs Vs Head node
| | | | | | | | | | | | | Gigabit Ethernet switch
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NVIDIA GPUDirect RDMA technology for InfiniBand

No GPUDirect RDMA GPUDirect RDMA

SysMem | CPU SysMem

InfiniBand InfiniBand

|
A similar technology is under development for the Angara
interconnect and is being tested with AMD GPUs

=

i RADE O N NSTNCT
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Preliminary results: Khalilov M., Timofeev A., Polyakov D., Proceedings of RSD-2022, LNCS, vol. 13708, 2022.



Micro-benchmarks, target application and analysis

OSU Micro-B
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hmarks

ROCm/rocHPL

High Performance Linpack for Next-Generation

AMD HPC Accelerators

core-P

Scalable performance measurement
infrastructure for parallel codes
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Angara base operations

* Each process using the Angara interconnect is numbered consecutively starting from
zero and called the pe

* Angara interconnect support two base operations:
— angara_put(const u64_t *data, u64_t wroff, size_t len, u32_t dst)

* Copy data from *data to the Angara injection buffer and send it to the dst by wroff, where
wroff is the receive buffer offset in physical address space

— angara_get(u64_t wroff, u64_t rdoff, size_t len, u32_t src, u32_t dst)

* Send special package, which initiate data transmission from rdoffset of src to the wroffset
of dst

* angara_offload_get — dst is equal to the pe of the process that sent the request
* angara_offload_put —srcis equal to the pe of the process that sent the request

*For RDMA support is needing:
— Data pointer translation to the physical memory address space mechanism
— Data transfer confirmation mechanism

*Data transfer confirmation mechanism
— Based on the property of the Angara GET packets that cannot “overtake” each other

— In put_zcopy/get_zcopy scheme last GET packet send in the same way with predefined data
(Completions Marker)

pe:0

angara_put
Phys.
Addr. RAM Angara GPU
Space

angara_get
Phys.
Addr. RAM Angara GPU
Space

CPU

get_zcopy scheme
pe:1

angara_offload_get

After CM is
received - all done




Angara APl in UCX for GPU-aware MPI

r
( rocHPL / OSU
(mPI
-
UCX
g E L Eager J [L_sArR _J | LMT )
a |l S [_put_zcopy J|_get_zcopy |
a 1S ( tb | b |
2 - angara_put base angara_put/get base
libpkbardma.so
Memory Angara interconnect
translation operations wrappers
\ \
p
4 N\ (
amfmemreg.ko
Get physical memory >
~ | location by data pointer 03
(1) =
% RAM AMD GPU NVIDIA GPU |‘_’:
- Memory Memory Memory ) 2
(0]
amdgpu nvidia
\

AMF UCT - Transport in UCX implementing
support forremote GPU or HOST memory
reads and writes by extended Angara API.

libpkbardma.so — Extended Angara API for
reads and writes operations and memory
translation functions.

amfmemreg.ko — Kernel module for data
pointer translation to the physical memory
address space. Support:

* HOST (RAM) Memory

* NVIDIA GPU Memory

* AMD GPU Memory

External modules/software

Developed modules/software

13



OSU micro-benchmarks: Angara vs InfiniBand FDR

1000

100

10

T T

— osu_latency, usec

D-D Angara

. O H-HAngara
o D-D FDR
] H-H FDR

: |
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-8 8 Oo00og- . |
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5_; Eﬁ:’.ﬁgﬁgﬁﬁﬁg .O..mul vl Lol R | \..\E
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AT " R
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-
]
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rocHPL benchmark: Angara vs InfiniBand FDR
with Score-P, obtained in May

Interconnect MPI OMP | Q N with Rmax
ranks  threads Score-P  GFlops
FDR 1 4 1 1 64512 no 4.2486e+03
FDR | 4 1 | 64512 yes 4.2153e+03
Angara 1 4 1 1 64512 no 3.9523e+-03
Angara 1 4 1 1 64512 yes  3.8281e+03
FDR 2 4 1 o 90624 no 8.0394e+03
FDR 2 4 1 2 90624 yes  7.9619e+-03
Angara 2 4 1 2 90624 no 5.7822e+03
Angara & 4 L 2 90624 yes _ 5.5953e+03
FDR 4 1 ® 1 1 122000 no , 1.4299e+04 |
FDR 4 I 4 1 & 122000 yes | 1.4252e+04 |
Angara 1 I | 4 I, 122000  no | 1457let04 |
Angara 1 1 : 1 1 . 122000  yes : 1.4511e+04
suboptimal variant Rmax=53% of Rpeak

due to host memory
fragmentation problems 15



rocHPL benchmark: Angara
without Score-P, obtained in September

N

N

N

P Q VRAM
45312 1 1 51%
54912 1 1 74%
63360 1 1 97%
P Q VRAM
45312 1 2 27%
63360 1 2 51%
89472 1 2 98%
P Q VRAM
63360 2 2 27%
89472 2 2 51%
124800 2 2 96%
P Q VRAM
89472 2 4 42%
124800 2 4 65%
158208 2 4 88%
P Q VRAM
196992 4 4 61%
230400 4 4 82%

GFLOPS
4.7003e+03
4.7815e+03
4.8252e+03

GFLOPS
7.7335e+03
8.7673e+03
9.1389e+03

GFLOPS
1.4431e+04
1.6486e+04
1.6891e+04

GFLOPS
2.2392e+04
2.8304e+04
3.2262e+04

GFLOPS
6.2011e+04
6.2826e+04

70% of Rpeak

61% of Rpeak

57% of Rpeak



rocHPL benchmark: Angara
without Score-P, obtained in September

Interconnect N P Q VRAM GFLOPS
Angara 311040 6 5 80% 1.1271e+05 54% of Rpeak
FDR 311040 6 5 80%  1.1285e+05
Angara 322560 6 5 88% 1.1361e+05 55% of Rpeak
FDR 322560 6 5 88%  1.1368e+05

17



rocHPL benchmark: Angara vs InfiniBand FDR

it it - - - (B Q@S- B k& B

[0 ..hpl/hpl_4/hpl fdr_4_4_1_122000_384 1_scorep_api_kemel/sum/traces.oti2 | g i et el e e ' SO L
[ .hpl 4/hpl_angara 4 4 1 122000384 1 scorep_api_ kermel/sum/traces.otiz | sl I A I L g g g e
Timeline Message Summary Function Summary
00s 75s 150s 22.5s 300s 375s 450s I Number of Messages per Message Size  Accumulated Exclusive Time per Function
Master thread:0 [ 150 k 0k 0s
1 Bo0b ‘ ‘ ‘ X ) 3.03125 KiB 128.165 5 Cijk_Ailk_Bjlk..._\WG16_8_1_WGM8
L P 031258 s452... [ HPL_dgemm_omp
2 4,420] others (488) 5166... | hipEventSynchronize
3 10| 52904053 mis 352918 s [ mP1_send
4 105| 285 KiB 23.5907 s. MPI_Recv
95| 55.688477 MiB 793226 SI MPI_Waitall
Master thread:0 4.81698 sl hipStreamSynchronize
: 3.43527 sl hipModuleLoadData
2 2.34452 sl MPI_Sendrecv
2.25922 sI hipDeviceSynchronize
2 2.25783 sI hpl_randmat(int,...d long, double*)
4 176133 s} MPI_Wait
i
. o - Message Summary Function Summary
Master thread:0, Values of Metric "MPI Latencies" over Time Number of Messages per Message Size  Accumulated Exclusive Time per Function
0.20 150 k 0k Os
w 3.03125 KiB (EIREEERNE Cijk Ailk Bjlk... WG16 8 1 WGMS8
8 015 ) ; )
§ 010 6.03125 KiB 60.1...- hipEventSynchronize
3 - 4,429§ Others (488) 458 - HPL_dgemm_omp
0.05 IVIJIJ TN e m “VI”V“ J.V. AR A b A b Bk A f ) )
o AUABAAMALL, 105] 52904053 miB 36.155... J Jff MP1_send
E 105| 285 KiB 16.054 5! MPI_Recv
Master thread:0, Values of Metric "MPI Latencies” over Time 95| 55.688477 MiB 738836 SE MPI Waitall
0.20 6.57687 SE MPI_Sendrecv
3 o 553413 5|} hipModuleLoadData
= 4.8352 SE hipStreamSynchrenize
o 0.10 N )
2 2.26212 sE hipDeviceSynchronize
0.05 M\_ﬂ/\l\,\, :: ;ﬁ m: m: :m,; :M: :M“\JMM Q::!Mmf\i\wzmmmmt 2.25987 sE hpl_randmat(int,...d long, double*)
AASAA AN AA .
: 0.00 ! 1.86477 SE HPL_idamax_omp



rocHPL benchmark: InfiniBand FDR data rate

[ifi

Mo hEEE Q@BAN Bt 4= /(6

Timelin,

0.0 sl [I4E]2
41365

0.00s

~ Master thread:0

HIP[0:0]:.0

HIP[0:1]:0

HIP[0:2]:0

~ Master thread:1

HIP[0:0]:1

HIP[0:1]:1

HIP[0:2]:1

¥ Master thread:2

HIP[0:0]:2

HIP[0:1]:2

HIP[0:2]:2

¥ Master thread:3

HIP[0:0]:3

HIP[0:1]:3

HIP[0:2]:3

0755 150s 2255

hpl_randmr

hpl_randmat]

3.00s

hpl_randmat]

375s

Function Summary

[ Accumulated Exclusive Time per Function
2s 0s
hipModuleLoadData

Cijk_Ailk_Bj...G16_8_1_WGMS

hipDeviceSynchronize

hpl_randmaty(i...ong, double*)
HPL_dgemm_omp
MPI_Init
HPL_pdmatgen(H...at%, int, int)
1.10062 s- hipEventSynchronize
0924342 s| | hipStreamCreate
0849458 s [l me1_send
0.698866 s MPI_Recv
464882 s. hipHostMalloc
0.237231 Sl MPI_Waitall
0.137504 5 hipStreamSynchronize
0.095913 s MPI_Sendrecv
0.076736 s} hipLaunchKernel
0.064421 sf MPI_Allreduce
0.054576 sf MPI_Wait
0.05348 sf HPL_idamax_omp
0.038388 s} HPL_daxpy_omp
0.036836 sf HPL dscal omp
0.033983 s} Others (82)
0.033549 s} hipFree
0.029053 s} '$omp parallel @0x002bfe8b
0.025069 s} dlaswp04T(int, ...nt, int const*)
0.021542 s} dlaswp03T(int, ...nt, int const*)
0.019274 s} dlaswp10N(int,...t, int const*)
0.018514 s} HPL_pdmxswp(...nt, double*)

0.015389 st MPI Barrier

»

ontext View

ﬂ Master Timeline A X ,'
Property Value

Display Master Timeline
Type Message Burst

Number of Messages
Origin
Communicator

Tag

Burst Start Time
Burst End Time

Time Range

3

Master thread:2
MPI COMM 2

0

3.53659 s
3.601887 s

Set Zoom

Aggregated Message Volume
Minimum Message Size
Average Message Size

Maximum Message Size

155.37085 MiB
51.233398 MiB
51.790283 MiB
52.904053 MiB

Aggregated Message Transfer Time 0.065287 s

Shortest Transfer Time
Average Transfer Time

Longest Transfer Time

0.017537 s
0.0217623 s
0.025334 s

= =
Minimum Message Data Rate l, 2.039319 GiB/s\\
Maximum Message Data Rate \\ 2.852975 GiB/s,‘

TN
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rocHPL benchmark: Angara data rate

i

Context View

= | = Master Timeline A X o
Property Value
— T T T T Display Master Timeline
! ' ! R EE
osu bW MB/sec Type Message Burst
e 2
6000 - = s 1 Number of Messages 2
. Origin Master thread:2
Communicator MPI COMM 2
o o [
SO0 2, B 1 e 0
z ngara Burst Start Time 4.095194 s
| —=— D-DFDR o ] ‘
- H-H FDR & Burst End Time 412922 5
= 1]
4000 - _ Time Range Set Zoom
Aggregated Message Volume 102.466797 MiB
L < ®
] e Minimum Message Size 51.233398 MiB
[ ] Z g 0 ®@ © €@ @GN . .
3000 - (@ Average Message Size 51.233398 MiB
o o a2
e S~ - : — ¢ Maximum Message Size 51.233398 MiB
Aggregated Message Transfer Time 0.034021 s
L o Shortest Transfer Time 0.014965 s
™ i Average Transfer Time 0.0170105 s
a
Longest Transfer Time 0.019056 s
o o o S
1000 @ Minimum Message Data Rate I/ 2.625557 GiB/s
I ] o 7] ) 1
¢ o Maximum Message Data Rate \\ 5343309 GlBis,
L e @ | TS
5 g © o
B ge o Message size, B
O Tl et el 4 cevnal oppennl A g fondl
1 10 100 1000 10* 10° 10° 10
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RSF

Russian Science

3AKAKOYEHME Foundation

Grant No.20-71-10127
bbiAQ MpeacTaBAeHA TexHOAOTUS GPU-aware MPI AAd AHIQpbl, OCHOBAHHAS HA
NporpaMmMmHOM MmoayAae UCX RDMA.

BbIAM CPABHEHDI 3AAEPRXKM M MPOMNYCKHbIE CMOCOOHOCTM TOYKA-TOYKA KOMMYHUKALIMM
AHrapbl C AHAAOTMYHbIMM Y InfiniBand FDR.

AAS AHTApPbl ObIAG M3MEPEHA MPOM3BOAMTEABHOCTL TOCHPL C pA3AMYHBIMIM KOMOUMHALMAMM
NAPAMETPOB M CPABHEHA C MPOM3BOAMTEABHOCTLIO InfiniBand FDR.

beHYMapK rocHPL ObIA MHCTPYMEHTUMPOBAH C NMOMOLLLBIO Score-P, 1 ero MCrnoAHeHme BbIAO
NPOAHAAMIMPOBAHO AA9 AHIApPbI U INfiniBand FDR ¢ To4kM 3peHms TpACCUpPOBOK.

AHOAM3 MOKA3AA MMHUMOABHbBIE BbIYMCAUTEABHbBIE PACXOABI HO MCMOAB3OBAHME Score-P, 1
ObIAO OBHAPYXKEHO COOTBETCTBME MPOMYCKHbIX CMOCOBHOCTEMN HO OSU_DbW MPOMYCKHbIM

CMNOCOBHOCTIM, MOAYYEHHBIM CO Score-P.
21
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