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Elbrus processor

Moscow Center Institute of Electronic Control Machines
of SPARC Technologies named after |.S. Brook
MLCT =N
3J1bBPYC — "HSYM
WWW.mcst.ru WWW.ineum.ru

www.elbrus.ru
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Elbrus processor
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Elbrus processor

Moscow Center of ﬂ Applications server
SPARC Technologies d 3 M =
m MLI.CT Institute of Electronic ~

Control Machines
3NbbPYC named after |.S. Brook
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Own development of

« BIOS

« Operating system

« Optimizing compilers from C, C ++,
Fortran, Java, C #, Javascript and
other instruments for programming

« Mathematical Libraries

 Tools for servers and clusters
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Parallel Energy Efficient Architecture
« 125 GFlops on 8 cores

« VLIW architecture

« High single-threaded performance

e General Purpose Processor

Effective binary compatibility with

Intel x86, x86-64

« Execution of Windows XP, Windows 7
and above, Linux

« Compatibility layer for applications in
Xx86 / x86-64 code in Linux
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Elbrus processor

Applications server

Moscow Center of ﬂ
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other instruments for programming
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Parallel Energy Efficient Architecture
« 125 GFlops on 8 cores

 VLIW architecture (as Intel Itanium IA-64)
« High single-threaded performance

e General Purpose Processor

Effective binary compatibility with

Intel x86, x86-64

« Execution of Windows XP, Windows 7
and above, Linux

« Compatibility layer for applications in
Xx86 / x86-64 code in Linux
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MLUCT

r— NbBPYC Deyvelopment of server multiprocessors "Elbrus”
= WHOYM

Elbrus-4S Elbrus-8S

Elbrus-8SV Elbrus-16S

0.8 GHz, 4 ¢ 1.3GHz, 8¢ 1.5GHz, 8¢ 2.0GHz, 16 c
3*DDR3-1600 WACEIEEP4*DDR3-1600@eRVEEISP 4 DDR4-2400 EeRYEImp 4*DDR4-3200
50 Gflops sp 250 Gflops sp 580 Gflops sp 1500 Gflops sp

45 W 4-5x ~60...90 W 2x+ ~60...90 W 2Xx+ ~90...110 W

65 nm 28 nm

28 nm

16 nm

2013

On the basis of new multiprocessors computers and software are designed
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Two libraries for fast Fourier transform



FFT Libraries

FFTW EML
(Elbrus Mult. Library)

« The most popular library
 Itis considered the fastest
* Release 3.3.5 of July 31, 2016.

« Own development of the MCTS

Content:
Contents and features: . vector arithmetic:
« Multidimensional Fourier Transforms; . linear algebra;
* O (N logN) for any sizes of the incoming array; . signal processing:

« Parallelism (Posix, OpenMP, MPI) . image and video processing:

« 2-D and 3-D graphics.
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Two stages of the FFT algorithm

Initialization Execution
FFTW via ffttw_plan_dft(..), FFTW via fftw_execute_dft(p,in,out),
EML via eml_Signal_FFTInit(...). EML via eml_Signal FFTFwd(...).
- once for a given array size - one or many times
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Intel Xeon E5-2660v4 (2.0 GHz) vs Elbrus-8S (1.3 GHz)
for FFTW

Initialization Execution (1000 launches)
0.1 prrr———— 100 g
Intel Xeon E5-2660 = Intel Xeon E5-2660 ———fe— ]
Elbrus-8S ——pt— | i Elbrus-85 —st—
. _ 10 |
U E.. -
= £
- !
S 001} 5 1
S O
= n
S 0.1
0001 bl o il 001 Lol il 0
1000 10000 100000 1000 10000 100000
Size of input array Size of input array
Intel is three times faster Processors are nearly equal
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EML (Elbrus Math library) vs FFTW
on Elbrus-8S

Initialization Execution
0.1 — — T 100 g e
L EML ] C EML

FFTW —¢— FFTW —¢—

“ 0.01 | "

E 0.001 - — '-%

0.0001 ! T S S I SR S S| 0.01 Ll | L
1000 10000 100000 1000 10000 100000

Size of input array Size of input array

EML initialization is ten times faster EML is nearly equal to FFTW
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Computational materials science code VASP

on Elbrus-8S



Computation materials science as
supercomputer workload

« Example of statistics for the Edinburgh Parallel Computing Centre
Code Usage on ARCHER (2014-15) by CPU Time:

Rank Code Node hours Method
1 VASP 5,443,924 DET

3 CP2K 2121237 DFT

4 CASTEP 1,564,080 DET

9 LAMMPS 887,031 Classical
10 ONETEP 805,014 DET

12 NAMD 516,851 Classical
20 DEIPOLY 245,322 Classical

52% of all CPU time used by Chemistry / Materials
Science / Biomolecular Simulation
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The dependence of the time for the 1st iteration
of the liquid Si model test in VASP on the number of cores per socket

60 — 5 —
—4@— Elbrus-8S _
50 — — @& E5-2697v3 (MVS1P5)
—&— Eb5-1650v3

- 4_

=
o
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N
o
I

Time for iteration (sec)
l
Speedup
I

—@— Elbrus-8S
—@— E5-2697v3 (MVS1P5)
—A— E5-1650v3

10 —

Number of cores per socket Number of cores per socket
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Our way to compare “apples” to “oranges” -
l.e. different architectures

* We use reduced parameter to compare different
architectures — number of FLOP that could be executed
during computational time

- Number of operations, that
Theoretical peak iteration time 3 b .
performancg ( Rpeak) >< VASP ( iter = could possibly be done

during iteration time
[ FLOP /sec ] [ sec] [ FLOP ]

* We use balance paramater to characterize memory

subsystem
Theoretical peak R FLOP
performance ( peak) ! fsec] —_— Balance
Memory bandwidth [ Megabytes / sec ] [ FLOP / byte ]
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The dependence of the time for the first iteration of the liquid
Si test on the number of cores per socket in the reduced
parameters Rpeak*tau and balance B

3000 —
—4&— Elbrus-88
—4@— E5-2697v3 (MVS1P5)
—4— E5-1630v3
-1 — - Flops for computation

2000 —

RN
o
o
o
I

R .. X Time for iteration (GFlops)

0 I I 1 I | I
4 8 12
Balance (Flops/B)
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Conclusions

Hardware and software ecosystem of russian Elbrus
processors are mature enough for material science calculations
that has been checked on the example of VASP.

OOOOOOOO
ssssssssssssssssss

Elbrus-8S shows larger time-to-solution values,
however there is no large gap between performance AN
of Elbrus-8S and Xeon Haswell CPUs. Tee L

ssssssssss
ssssssssssssssss

B A new metric that allows us to compare the
processors of different architectures is proposed

FFTW performance on Elbrus-8S is
competitive with Intel Xeon Broadwell CPUs.
EML on Elbrus-8S (1.3GHz) appears to be close or even more |
effective than FFTW on Intel Xeon E5-2660v4 (2.2 GHz).
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Abstract—Elbrus is an explicitly parallel VLIW instructon set
archirecture developed by MCST. In this paper, we introduce
the microarchitecture of the 5th generation S-core Elbrus-8C
processor implemented on 28nm. Elbrus-8C has 5x the peak
performance for floating-point operations as compared with its
predecessor, the Elbrus4C processor, due to improved single-
core performance and doubled number of cores.
Microarchitecture enhancements include a 16 MB shared
third-level cache, high-bandwidth., low-latency on-chip
network. and a new cache coherence protocol. Elbrus-8C
improves bandwidths of memory and L'O subsystems using
four DDE3-1600 memory channels and a new 8 GBps full-
duplex I/'O link. The Elbrus-8C processor also offers energy
saving, reliability, and die yield improvement mechanisms
required due to large die area and power.

heterogeneous Elbrus-2C+ processor integrating two general
purpose Elbrus-S cores and a third-party 4-core DSP cluster
was produced [2]. In 2013 MCST released its fourth
generation processor — quad-core Elbrus-4C processor.
The goal of the fifth generation Elbms-8C processor was
to achieve the performance of more than 150 single-
precision GFLOPS and 75 double-precision GFLOPS,
making 1t about 3 times faster than ifs predecessor
Elbmus-4C. In order to meet the goal and achieve a balanced
design the MCST team had to:
« improve floating-point
Processor core,

 integrate 8 cores on a single die, thus doubling the
mumber of cores per die as compared with the
previous desion.

performance of each



XapaKkTepucTtuku npoueccopoB Anbbpyc-4C, 8C

TakToBag 4yacToTa
Yucno spep

[MnkoBasi nponssognTenbHOCTb MUKpocxembl, Gflops
(64 paspsiga, ABOMHAA TOYHOCTD)

[MnkoBasi nponssoanTenbHOCTb MUKpocxemsbl, Gflops
(32 pa3psaga, ogMHapHasi TOYHOCTb)
Kaw-namaTtb gaHHbIX 1-ro ypoBHS, Ha S4p0
Kaw-namsaTe kKomaHg 1-ro ypoBHs1, Ha 4p0
Kaw-namaTtb 2-ro ypoBHS (YHMBepCcanbHas)
OpraHusaunsi onepaTMBHOW NamMsATH

[MponyckHasi cnocoBHOCTL KaHanoB onepaTUBHOM
namaTu

Bo3aMOXHOCTb 06beANHEHNS B MHOTOMPOLLECCOPHYHO
CUCTEMY C KOrepeHTHOM o0LLEeN NaMSATbIO
KaHanbl mexnpoLeccopHoro obmeHa
[MponyckHaa cnocobHOCTbL Kaxaoro kaHasna
MEXMPOoLEeCcCOpHOro obmeHa

[Tnowaagb Kpuctanna

Anbopyc-4C Anbopyc-8C
800 MI'u 1300 My,
4 8
25 125
50 250
64 Kb
128 Kb 8 * 512 Kb
8 Mb 16 Mb
[1o 3 kaHanosB DDR3-1600 ECC DDR3-1600 ECC
38,4 'b/c
[10 4 npoueccopoB [10 4 npoueccopoB
3, AYMNneKCHble 3, KaHanbl gynnekcHble
12 'B/c 8 'b/cek
380 MMm? 321 mm



CpasHeHune MIT 9nbbpyc-16C c Intel Xeon

MUKpPOIIPOIIECCOPBI Intel Xeon E7-4850 v4 | Intel Xeon Platinum 8153 Dnpopyc-16C
MukpoapXxuTekTypa Broadwell Skylake Dnropyc V6
TakroBas yacrora (turbo), 2,8 2,0 (2,8) 2,0
[T

[TukoBast mp-HOCTH, S/ 1075/538 1200/600 (1600/800) 1500/750
(turbo), I'pmomnc

Yucno suep 16 16 16
O06beM koma, MoauT 40 38 >32
KananoB mamsru 4 6 >4
[TpomyckHas 85 119 >100
CITOCOOHOCTB MaMSITH,

["Gaitt/C

MHOromnpouneccopHoCTb o 4 o 8 Mo 4
TexHonor. npoiiecc, HM 14 14 16
Termnosoit maket, BT 115 125 120
['on BeITyCKa 2017 2017 2021

ConocTaBuM MO OCHOBHbIM XapaKTepUCTMKaM C CaMbIMU COBPEMEHHbIMM
npoueccopamu Intel Xeon, nmeeT NperMMyLLEeCcTBO 3a CYET apXUTEKTYPbI Aapa




