
ECRC Communication Meeting
29 September 2021



Plan of today’s meeting
• People

– new members, visitors, interns, departing

• Announcements
– Recent, near-term & semester activity overview

• Communication meeting calendar and content
• Blitz presentations of ECRC sponsored projects
• Roundtable



Fermi (2010)

Happy Birthday to one of the GPU Boys!



Enrico Fermi
• Born 29 September 1901 Rome

• Fermi was perhaps the last physicist who 
was equally respected in experiment 
and a theory.  Though he died in 1954, 
he was an early computing pioneer.

• Laurea, Scuola Normale Superiore, 1922
• Nobel Prize for transuranic elements, 1938
• Universita di Roma, Sapienza, 1926-1939 
• Columbia University, 1939-1944
• University of Chicago, 1944-1954

So is the DOE’s Fermi Laboratory complex in 
Illinois.

Fermium, Fm100, is the last stable element.
“Fermions” include quarks and leptons (of 
which there are 24 kinds) and anything that 
can be built from them, such as protons 
and neutrons.  So most of the matter in the 
universe, including you, is named after 
Fermi J.



Fermium #100

Fermium-Ytterbium alloy

Fermi’s Los Alamos security badge



There are 12 
Fermions: 
6 quarks and 
6 leptons.
Electrons (e-) 
are leptonic 
Fermions, so 
you are 
actually full 
of Fermions.

Fermions have half-integer spin and obey the exclusion principle, as opposed to Bosons 
(named for Satyendra Bose), which have integer spin (such as the Higgs Boson 
discovered in 2012 at CERN).



Fermi Laboratory, Illinois



Fermi Laboratory, Illinois



Fermi’s 
letter to 

the 
University 

of Pisa

11 August 1954
Professor Enrico Avanzi, Rector of the University of Pisa

Dear Professor,
On the occasion of my stay at the Varenna School, Professors Conversi and 
Salvini mentioned that the University of Pisa might have at its disposal a large 
amount of money to use for the development and progress of Italian research.
On being questioned about the various possibilities to use such funds. I thought 
that the idea of building an electronic computer in Pisa was by far the best. 

An electronic computer would constitute a research instrument from which all 
science and research activities would profit, in such a manner that is currently 
inestimable.

I know that the Institute for Applications of Computation, headed by Professor 
Picone, is in the process of buying a machine of the same kind. However, I do not 
think that this event would reduce the need for such a machine for a centre of 
study like the University of Pisa. Experience shows that the possibility of 
executing complex calculations with great speed and accuracy quickly creates 
such an enormous demand for these services which would soon be beyond the 
capacity of just one machine. Furthermore, there are the advantages for the 
students and researchers who will be trained in the use of these new tools for 
computation.

Yours sincerely,
Enrico Fermi



Quotations by Fermi

“Before I came here I was confused about this 
subject. Having listened to your lecture I am still 

confused. But on a higher level.” 



Quotations by Fermi

“There are two possible outcomes: if the result 
confirms the hypothesis, then you’ve made a 
measurement.  If the result is contrary to the 
hypothesis, then you’ve made a discovery. ” 



Quotations by Fermi

“If I could remember the names of all these 
particles, I'd be a botanist.” 



Quotations by Fermi

“I can’t think of a single one.  
Not even intelligence. ” 

When asked what characteristics Nobel Prize 
winning physicists had in common:



Fermi, the mentor
Fermi’s students include:
• T. D. Lee
• C. N Yang
• Mildred Dresselhaus
• Marvin Goldberger

Eight of Fermi’s students or close mentees went on to 
win Nobel Prizes.
But we celebrate in the ECRC his prescient ideas about 
scientific computing.



Promotion J

Sumathi has taken over the corner office as 
ECRC Executive Secretary.  Sumathi is 

currently on a short vacation leave in India.

Linzhi Gu has been recruited as our new 
Administrator and Workshop Coordinator.



Other introductions?
By self?

By sponsor?



ECRC @ HPEC’21
StressBench: A Configurable Full System Network and I/O 
Benchmark Framework [Best Paper Award]
Dean G Chester (University of Warwick); Taylor Groves (NERSC); 
Simon Hammond (Sandia National Laboratories); Tim Law (AWE); 
Steven Wright (University of York); Richard Smedley-Stevenson 
(AWE); Suhaib A. Fahmy (KAUST); Gihan Mudalige (University of 
Warwick); Stephen Jarvis (University of Birmingham)

Implications of Reduced Communication Precision in a Collocated 
Discontinuous Galerkin Finite Element Framework
Marcin Rogowski; Lisandro Dalcin; Matteo Parsani; David Keyes 
(KAUST)
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StressBench

c/o S. Fahmy

embargoed



Low-precision communication

c/o M. Rogowski



SANDS Lab – Marco Canini



SIGCOMM ’21

KAUST Discovery highlight | Video presentation
All-Reduce and other collectives are well known to HPC folks. Recently discovered by AI/ML 
to run data parallel training.
OmniReduce natively supports sparse inputs and adopts SwitchML’s streaming aggregation.
It’s currently the fastest All-Reduce method we know of. Implemented using RDMA.
Open sourced and adopted in production by Meituan (aka Uber Eat in China) where Jiawei 
is now for an internship.

https://discovery.kaust.edu.sa/en/article/1169/drop-the-zeros-for-a-perfomance-boost
https://dl.acm.org/doi/10.1145/3452296.3472904
https://sands.kaust.edu.sa/project/omnireduce/
https://sands.kaust.edu.sa/project/switchml/
https://about.meituan.com/en


SOSP ’21

Simon gave a CS seminar in Spring’21 on Assise, the predecessor to LineFS.
Both are distributed FSes that co-locate persistent memory (aka NVM) with the application.
The paper offloads a host of FS operations to a BlueField SmartNIC, which happens to be 
on the data path anyway. The main benefit is freeing up CPU cycles but also it beats Assise.

https://cemse.kaust.edu.sa/cs/events/event/building-better-datacenters-quest-low-latency


NeurIPS ’21 (less than 3% of 9122 submissions)

Introduce a new perspective to think about gradient sparsification in the context of data 
parallel ML training in which aim to optimize for the optimality for the entire training 
instead of the per-iteration optimality.
Advocate for absolute compression (based on a threshold) that adapts the amount of data 
volume exchanged at each iteration so as to minimize the total error under a 
communication budget. Solid theory work backed up by extensive evaluation.



KAUST Research Open Week
(second last week of semester)

Sunday Nov 28 Monday Nov 29 Tuesday Nov 30 Wednesday Dec 1 Thursday Dec 2
Thrust Water Food & Health Environment Energy Digital

Open Doors: All week each KAUST Core Labs and Research Centers are welcoming delegates to come to through their doors for interactive and engaging tours.
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18:00 Evening Activities: Sustainable Art 
Installation

Evening Activities: SME Interactive 
Session with KAUST Startups

Evening Activities: National Poster 
Session

Evening Activities: KAUST School F1 
Racing

Evening Activities: Closing Ceremony

KAUST Research Open Week Draft Agenda
November 28 – December 2, 2021
Theme: Sustainability: Science for the Future

Please not this agenda is subject to change.



KAUST Research Open Week
KROW is a campus-wide event: external keynote speakers, talks by 
KAUST researchers, posters, demonstrations, Science on the Spine, 
and visit from McLaren on Dec 1.

Open Doors: All Research Centers should take part in 
“Open Doors” for one day during the week. This should showcase 
your center to the wider research community and KAUST 
community, including the KAUST schools. The responsibility lies 
with each center to organize their Open Doors. Suggestion: 
parents of TKS students take the lead. Assistance available from 
Naadiya Carrim.

So far, Matteo Parsani and I are down to share the “popular” 
lecture period on Thursday, 2 December at 4pm.  Others 
interested in presenting at a lay person’s level, let me know!



IEEE IPDPS
Lyon

May-Jun ‘22
https://www.ipdps.org/

(abstracts due 8 Oct; 
papers due 15 Oct)

ECRC has so 
far up to six 
submissions 

planned



IEEE/ACM Supercomputing Conference
https://sc21.supercomputing.org/

https://sc21.supercomputing.org/


SC’21 keynote

• Vice President and Chief 
Evangelist for Google

• 2014
• Queen Elizabeth Prize for 

Engineering, 2013
• Presidential Medal of 

Freedom, 2005
• National Medal of 

Technology, 1997
• Coinvented TCP/IP while 

Assistant Prof at Stanford
• UCLA PhD
• Stanford BS 



SC’21 elements
• Top 500 unveiling
• keynote
• invited talks
• selected papers
• tutorials
• workshops
• posters
• panels
• emerging technology showcase
• scientific visualization showcase
• birds-of-a-feather sessions
• early career events

ECRC and KSL 
well represented

by panels and 
paper this year



IEEE/ACM Supercomputing Conference
https://sc21.supercomputing.org/

Early on-site registration closes on 15 October 
Late is $200 additional

Remote on-site registration closes 15 October
Late is $100 additional

https://sc21.supercomputing.org/


SC’21
• Began in 1988; today largest international 

conference for scientific supercomputing
• Typically >300 exhibitors from >100 different 

countries
• KAUST will be exhibiting for 13th time (began in 

2008, no exhibit at SC’20)
• Attendee trends:

• SC’16: 11,100 
• SC’17: 12,753 (+14.9%)
• SC’18: 13,071 (+2.5%)
• SC’19: 13,950 (+6.7%)
• SC’20:   7,440 (virtual)

Participants in a normal year:
• ECRC
• KSL/KVL
• IT/KAUST Smart
• HR
• Admissions
• CEMSE
• PSE
• SNA (KGSP)
• Aramco
• GBC



SC’19 (last physical meeting)



in Cray LibSciin NVIDIA cuBLAS Aramco ExaWave

ECRC Software advertised every SC’xy
https://github.com/ecrc

Aramco ExaWave

https://github.com/ecrc


ECRC short course, 11-13 October 
Theory and Application of Neural Networks

Professor Jinchao Xu (PennState) will give a self-contained introduction to the 
theory of the neural network function class and its application to image 
classification and numerical solution of partial differential equations (tentatively 
scheduled for the second week of October).

* Definition of the neural network function class as a generalization of classical finite 
element functions
* Deep ReLU neural networks versus the classic piecewise linear finite element functions
* Classical approximation theory of neural network functions
* New optimal approximate theory of stable neural network functions
* Classic machine learning methods: logistic regression and support vector machine
* Deep learning: convolutional neural networks (CNN) for image classification
* MgNet: a special CNN obtained from a minor modification of the classical multigrid 
method
* Application and error analysis of neural network for numerical solutions of partial 
differential equations (PDEs)
* Numerical quadrature and Rademacher complexity analysis
* Old and new training algorithms for machine learning and numerical PDEs





Upcoming external review
All KAUST Centers and Programs are being reviewed

Center reviews have started under the VPR.  Program reviews 
are beginning soon under the Provost.

Order:
• KCC
• CCRC
• KSC
• WDRC
• AMPM
• VCC
• ECRC
• …

• 5 committee members chosen by VPR
• 3 consecutive days, 1-5pm, if virtual
• Professionally produced virtual lab tour 
• 3-page templated description for each 

project 
• 4 hours of technical research talks
• Separate meetings with students, post-

docs, and research scientists
• Discuss the added value of a Center
• Discuss the translational accomplishments 

of the Center



TTO Briefing, 12 October

KAUST’s Technology Transfer Office will take 20 
minutes on 12 October to make a short 
presentation and lead a discussion on how they 
help in the research journey with:

• Patents
• Intellectual Property
• Commercialization of the research
• Developing and utilizing industry contacts



Extreme	Computing	Research	Center:	our	culture1	
 
This	document	describes	the	culture	we	seek	for	the	Extreme	Computing	Research	
Center	(ECRC)	at	KAUST.	We	have	not	achieved	it	in	full,	but	we	articulate	it	as	a	
shared	pursuit.	Describing	the	“culture”	of	a	research	group	should	include	
discussion	of:	What	are	our	key	goals	and	characteristics?	What	sets	us	apart	and	
makes	us	worthy	of	support?	How	can	we	achieve	a	good	work	atmosphere?	We	
provide	some	general	principles	in	the	KAUST	context	to	make	this	tangible.		
	
1.	The	KAUST	Mission	

2.	The	KAUST	Model	

3.	ECRC	Research	Culture	and	Best	Practices	

	
1.	The	KAUST	Mission	
	
The	first	mission	of	KAUST	is	to	revive	the	ideals	of	the	Bayt	al	Hikmah	(“House	of	
Wisdom”)	of	the	ninth	century	pan-Islamic	world	in	the	context	of	the	contemporary	
world	of	research.		The	Bayt	al	Hikmah	was	the	leading	repository	and	generator	of	
scientific	discovery	and	technological	innovation	of	its	period,	worldwide.		It	was	
especially	important	to	the	development	of	algebra.		The	word	“algorithm”	comes	
from	Al	Khwarizmi,	who	worked	there,	and	algorithms	are	key	deliverables	for	
those	of	us	who	work	in	the	ECRC	today,	who	thus	lay	claim	to	an	inspiring	heritage!		
We	strive	to	be	globally	influential,	through	research	that	is	ranked	near	the	top	of	
the	international	scale.		Without	quality,	nothing	else	matters.	Volume	without	
quality	certainly	does	not	matter;	it	accrues	only	to	KAUST’s	“denominator.”		The	
ECRC	must	strive	so	that	its	every	activity	or	investment	also	contributes	to	the	
“numerator”	in	a	significant	way.			
	
The	second	mission	of	KAUST	is	to	contribute	to	a	transformation	of	Saudi	Arabia’s	
economy	from	one	heavily	dependent	on	natural	resources	to	one	driven	by	human	
resources	and	powered	by	innovation:	a	“service	economy”	or	a	“knowledge	
economy.”		Our	goal	is	to	translate	from	discovery	to	delivery.		This	second	mission	
embraces	many	aspects,	from	supplying	a	creative	and	skilled	scientific	and	
engineering	workforce	for	national	academia,	industry,	and	agencies;	to	fostering	
the	creation	of	new	companies;	to	developing	and	licensing	technology	and	
software.		KAUST	research	need	not	be	limited	to	projects	for	which	there	is	a	clear	
and	immediate	pathway	to	economic	exploitation,	but	the	preponderance	of	the	
investment	should	contribute	to	environmentally	and	economically	sustainable	
advance	–	for	the	Kingdom,	the	region,	and	the	world.		The	ECRC	contributes	to	this	
mission	primarily	by	providing	core	capabilities.		The	quality	of	our	research	is	
measured	by	comparison	within	its	discipline;	the	relevance	of	our	research	is	
measured,	in	large	part,	by	how	it	enables	the	advance	of	other	disciplines	that	

	
1	This	document	substantially	follows	the	“Simula	Culture”	document	at	https://www.simula.no/about/simula-culture.	The	
imitation	is	without	apology	since	the	Simula	document	is	so	well	thought	out,	by	such	good	friends.	

ECRC Culture

For discussion on 
12 October, with this 
10-page document 

circulated in advance



Other announcements?
Other conference notices?
Other training coming up?



Calendar and content
ECRC Communication Meeting planned for every other 
week:
• Sep 14 (Tue, lunch)
• Sep 29 (Wed)
• Oct 12 (Tue, lunch)
• Oct 27 (Wed)

• Nov 9 (Tue, lunch)
• Nov 24 (Wed)
• Dec 7 (Tue, lunch)

The second Tuesday of every month will be a luncheon meeting 12:15-1:45pm and 
the fourth Wednesday of every month we will meet 1:15-2:45pm.  This schedule 
avoids conflicts with CS faculty meetings on the fourth Tuesday of each months and it 
avoids teaching conflicts with all Center faculty affiliates.



Calendar and content
Is this combination of people, announcements, and 
technical overview useful?

• We don’t need another seminar series!
• What is missing that ECRC can supply?
• Send ideas to david.keyes@kaust.edu.sa

mailto:david.keyes@kaust.edu.sa


Center-based funding

• Center baseline funds 
- support people on the organizational chart 

(administrators and research scientists)
• Center competitive funds (CCF) also called 

Center Applied Research Funds (CARF)
- support projects proposed every April for Jul 1-

Jun 30 fiscal year execution
• Center partnership funds (CPF)

- For 2021-2022, these support translational 
collaborations with in-Kingdom ministries and 
industries – deadline 1 November



ECRC project funding updates

CCF projects
• ExaGeoStat (Marc/Sameh)
• Hierarchical matrix technology at scale (George)
• High performance CFD (Matteo P)
• Optimization in machine learning (Peter)
• Exploring emerging architectures (Suhaib)
• Data compression and prediction (Panos)
• Hybrid discretizations for wave propagation (David/Longfei)
• Improving RTM-based petroleum exploration (David/Long)

Translational project
• Hardware-Software Solutions to the Challenges of Next-Gen Wireless 

Communication Networks (Adel)

AI initiative project
• Hierarchical Matrix Approximations of Hessians for Machine Learning Applications 

(George)



ExaGeoStat – Sameh Abdullah



Dynamic 
Runtime Systems

Advanced Numerical 
Algorithms

Supportive Techniques

ExaGeoStat Software: an effective 
approach based on a separation of 

concerns
Domain Science



ExaGeoStat V0.1.0/ExaGeoStatR 
V0.1.0 were released with large-

scale spatial data generator, exact 
modeling, and prediction 

capabilities.

2017 (Debut Year) 2021 (New heights)
• KAUST Spatial Statistics Competition.

• KAUST-NVIDIA Workshop - Geospatial data 
science competition.

• Space-Time modeling support.
• Parallel optimization with PSwarm algorithm.
• Non-Gaussian Modeling (Exact/TLR/HODLR).

2020 (Covid19 Year)
• ExaGeoStat V1.1.0/ ExaGeoStat V1.0.1 

were released.
• UTK PaRSEC runtime system integration.
• Three-level mixed-precision ExaGeoStat.

2018 (TLR Year)
ExaGeoStat V1.0.0/ ExaGeoStat 
V1.0.0 were released with TLR 
support through KAUST HiCMA 

library.

2019 (MP Year)
Two-level mixed-precision 

ExaGeoStat with high 
accuracy achievements.

ExaGeoStat Development Timeline



Spatial Statistics 
Benchmarking Framework

Provide a general framework to assess 
existing spatial statistics modeling/prediction 

algorithms with several metrics.

Non-Stationary 
Modeling

Large-scale non-stationary 
modeling using ExaGeoStat with the 

power of ML.

Big Spatial Data 
Sampling

Provide a tool to select a sample of 
existing large spatial dataset that does 

not affect the modeling/prediction 
operations.

TLR/MP Modeling

Develop a new approximation method 
that combines both TLR and MP 

approximation techniques.

ExaGeoStat Ongoing/Future Roadmap



ExaWave2 – Long Qu



• a stat-of-the-art seismic migration
technique used in the O&G industry 
for accurate imaging of subsurface
with great structural and velocity
complexities.

• based on 3D acoustic wave equation.

Overview on 3D Reverse Time Migration

Credential : Reverse time migration of transmitted wavefields for salt boundary 
imaging, C. Willacy, M. Kryvohuz, Geophysics V84 Issue 2



Rank Rmax

9 HPC5 - PowerEdge C4140, Xeon Gold 6252 24C 2.1GHz, NVIDIA Tesla V100, 
Mellanox HDR Infiniband, Dell EMC
Eni S.p.A.

35.4 Pflops

11 Dammam-7 - Cray CS-Storm, Xeon Gold 6248 20C 2.5GHz, NVIDIA Tesla V100 
SXM2, InfiniBand HDR 100, HPE
Saudi Aramco

22.4 Pflops

19 Ghawar-1 - HPE Cray EX, AMD EPYC 7702 64C 2GHz, Slingshot-10, HPE
Saudi Aramco

19.25 Pflops

21 PANGEA III - IBM Power System AC922, IBM POWER9 18C 3.45GHz, Dual-rail 
Mellanox EDR Infiniband, NVIDIA Volta GV100, IBM
Total Exploration Production

17.86 Pflops

….. Unpublished machine from other energy majors : BP, Exxon Mobile, Chevron,
etc.

Top500 list [2021/06] Oil and Gas industry

https://www.top500.org/system/179856
https://www.top500.org/site/50489
https://www.top500.org/system/179885
https://www.top500.org/site/48751
https://www.top500.org/system/179929
https://www.top500.org/site/48751
https://www.top500.org/system/179689
https://www.top500.org/site/49546


• Spatial blocking (X,Y,Z)
(classic method)

Stencil computation and Spatial Blocking

3D finite-difference stencil 
with 8th order in space 

with constant coefficients 1D 2D 3D

Illustration of Spatial Blocking applied to the stencil computation  



• Temporal blocking (X,Y,Z,t)
(new method)

• Combining diamond tiling for temporal
blocking and wavefront parallelism
techniques to enhance cache reuse

• GIRIH: https://github.com/ecrc/girih

Multi-Wavefront Diamond tiling Temporal Blocking

Y
t

Z

Well-balanced workload
among threads

https://github.com/ecrc/girih


Multi-Layered Buffer Storage (MLBS)

MLBS : caching and prefetching data in out-of-core scientific 
applications to perform expensive I/O operations asynchronously.

Reference : MLBS: Transparent Data Caching in Hierarchical Storage for Out-of-Core HPC Applications, T. Alturkestani, T. Tonellot, H. Ltaief, R. 
Abdelkhalak, V. Etienne & D. Keyes, HiPC, 2019



• Grid size : 
520 x 520 x 520

• Timesteps : 
5120

• CPML:
10 pixels

• Receivers : 
50 x 99

Modeling using Vp = 4000 m/s 

Modeling results with CPML
(Inline, Xline)

Modeling results without CPML
(Inline, Xline)



Modeling and Migration using 3D Marmousi dataset

Velocity Model

Modeling results (Inline, Xline)Migrated shot



HPC-Connect – Adel Dabah
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Technologies that make use of next-generation wireless 
communication networks.

Fields:
• Mobile communication
• Users with various terminals
• Smart buildings / smart cities
• IOTs
• UAVs
• Connected/Autonomous vehicles
• Augmented reality / Games
• ….

Mobile Network Massive MIMO Base station 

Figure 1: Massive MIMO for future wireless communication systems.

As depicted in Figure 2, the transmitter sends M data streams simultaneously to a receiver using multiple antennas via a flat-

fading channel. The system is described by the input-output relation in Equation 1:

y =Hs+ n, (1)

where the vector y = [y1, ...,yN]T represents the received signal. H is an N ⇥ M channel matrix, where each element hi j

is a complex Gaussian random variable that models the fading gain between the j-th transmitter and i-th receiver. The vector

s = [s1, ..., sM ] represents the transmitted vector, where si belongs to a finite alphabet set denoted by ⌦. Finally, n =

[n1, ..., nN ]T represents the additive white Gaussian noise with zero mean and covariance IN , where IN designates the

identity matrix of size N. For convenience, let us consider S as the set of all possible combinations of the transmitted vector s.

The possible number of combinations corresponds to the complexity of the M-MIMO system and can be determined as follows:

|S| = |⌦|M .

Transmitted  
Streams 

Received  
Streams

Channel
Matrix  

H 

y0
y1

yN-1

s0
s1

sM-1

Transmitted 
Vector s 

Received  
Signal y 

Figure 2: Example of a Massive MIMO system where the vector s is transmitted by M transmitter antennas (>> 10) using
channel matrix H . The received vector y represents the supposed transmitted vector obtained by combining the signals from
N receiver antennas (>> 10).
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Massive MIMO as a promising solution 

• MIMO technology marked the transition from 3G to 4G 
wireless communication network. 
MIMO Benefits: 

– Increasing the data-rate
– Increasing the diversity gain
– Increasing the area covered by the base station

• Massive MIMO: scale up the number of antennas up to 
several hundreds.

– High data-rate
– High accuracy
– Good network reliability 
– Reduce interference by focusing on a specific user 

(beamforming)

Issues:
– High communication latency  
– Accuracy of the detection 
– The base station's power budget

Multiple-antenna base station

beamforming 



When HPC meets Wireless:
HPC Hardware-Software Solutions for Massive MIMO systems.  

Massive MIMO detection algorithms:
– Linear 
– Nonlinear 

• Modeling the problem as search-tree 
• Complexity increases  exponentially with number 

of antennas 

Our Solution: 
• GPUs:  they deliver maximum performance 

per watt (flops/watt). 
• New algorithms based on Trade-offs 

between accuracy and complexity.
– Increase the arithmetic intensity by  

transforming the  problem to be more compute 
bound. 

– Using Half-precision computation to reduce the 
latency.  
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Figure 4: Accuracy and complexity of our proposed SD-K-best and K-best algorithms for a 100 ⇥ 100 MIMO system using
64-QAM modulation.

2 Impact Plan and Proposed Activities

2.1 Proposed Framework

Our main objective is to develop an e�cient real-time detection framework for Massive MIMO systems (M-MIMO), where the

number of antennas is significant, opening the possibility of supporting a large number of users and terminals in next-generation

wireless communication networks. To achieve our objective, we will exploit the recent advances in energy e�cient GPU

computing architectures (see Figure 5), by proposing highly parallel schemes for non-linear detection algorithms to overcome

their complexity and accuracy challenges. In order to develop such a framework, we divide our work into the following four

phases.

User 1 BPSK Freq. 1

User 2 64-QAM Freq. 51
User N 16-QAM Freq. 1

Parallel detection algorithms
 based on 5G Nvidia GPUs 

Base Station with 
energy-efficient 

HPC architectures 

Mobile Network

User 1 User 2 User 3 User N

1 Beamforming

2 Multi-User feature

Enabling Applications like : 

Edge computing3

Figure 5: Global scheme of our framework which will be deployed in M-MIMO base station equipped with latest energy-
e�cient GPU hardware accelerators.

2.1.1 Phase 1

The first phase focuses on increasing the accuracy of non-linear detectors by:

1. Reducing the memory size of the search tree for large constellation sizes. Indeed, in addition to the computation needed
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3
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s2 =-1 s2 =+1

s1 =-1 s1 =+1s1 =-1
s1 =+1

s0 =-1 s0 =+1
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Leaf
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Evaluation of this leaf node is equal to
9�= g(-1)+g(-1,+1)+g(-1, +1,-+1) 

s=(-1,-1,-1) s=(+1,-1,-1)s=(-1,+1,+1)
s=(-1,+1,-1)

s=(-1,-1,+1)

Updating the
radius r=7  

Pruning
12>r  

8

Pruning
19>r  

Figure 2: This figure represents an example of the SD search tree for a MIMO system with three transmit antennas.
At each level, one symbol is fixed, starting with the last one. The partial evaluation of each node (sub-problem)
is stored inside the circles. The pruning process uses the evaluation of the node and the sphere radius r to avoid
unpromising branches.

Algorithm 1: The Sphere Decoder (SD) Algo-
rithm.

Data: Received signal y
Constellation order ⌦
Channel estimation H

Noise variance estimation �2

Radius r

Result: Decoded vector ŝ

1 initialization;
2 List  root;
3 while List != ; do

4 P = select node (List);
5 List = List - {P};
6 Generate successors Pi o f P / i = {1, ..., |⌦|};
7 for each Pi do

8 if E(Pi) < r then

9 if Pi is a leaf node (complete solution) then

10 r= E(Pi);
11 (The evaluation of sub-problem Pi.)
12 ŝ = FPi ;
13 else

14 List = List [ Pi;
15 end

16 else

17 prune the branch;
18 end

19 end

20 end

the search space related to a search tree node P over
several successors (or sub-problems) Pi, i = 1, ..., |⌦|. Each
subsequent successor is eventually handled in the same
way until a complete solution is found, i.e., until the
number of symbols in the solution is equal to M. The
number of immediate successors depends on the size of
the alphabet. For example in Figure 2, the size of the
constellation in the BPSK modulation is two (-1 and +1).
In this case, we have two immediate successors (P1,P2) of
node P, where P1 is characterized by the set FP1=Fp[{�1}
and P2 is characterized by the set FP2=Fp [ {+1}. At
each level of the search tree, we perform branching
over one symbol. Since matrix R from the QR decom-
position is upper triangular, each level l of the search
tree corresponds to a symbol sM�l. For example, level 1
corresponds to symbol sM�1 and level M corresponds to
symbol s0. Thus, we begin by fixing sM�1, then symbol
sM�2, and so on, until we reach the leaf nodes where
symbol s0 is fixed.

2) Evaluation
the evaluation component represents the process of

computing the Partial Distance (PD) of each search
tree node from the received signal. After the branching
process, the evaluation, denoted by E in Algorithm 1,
is calculated for each successor using Equation 4. More
precisely, the evaluation of a search tree node P char-
acterized by L fixed symbols (Fp = {sM�1, ..., sM�L}) is
defined as E(P) =

PL
k=1 gk(sM�1, ...., sM�k).

3) Incremental Evaluation
Since the search tree for L-MIMO is huge, it is

paramount to optimize the evaluation in order to achieve
good performance. Here, the complexity of the evalua-
tion step can be reduced by avoiding redundant compu-
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