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Elaborate Sensors raw data
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Compu e Continuum: From Edge to ClI CF
Abstracts the edge/cloud 4 A 2 A
complexity : ” 23
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* Edge computing allows moving < g
analytics close to data-sources 3 ®

— Enables faster real-time processing,
higher privacy control and lower

network costs
— The use of powerful heterogeneous
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and parallel embedded processor Ll S
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rchi r mes fundamental i
architectures becomes fundamenta How are the data-analytics workflows

* Cloud computing proyides developed, deployed and efficiently
computatlongl intensive, batch executed on highly heterogeneous
processes and storage computing/communication resources?
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Host-centric paradigm: The parallel computation is orchestrated
by the general-purpose multi-core

Accelerator for optimized Reconfigurable logic

graphical processing, linear TPU/GPU <+ including dynamic partial
algebra and deep learning (Accelerator) (Accelerator) reconfiguration

General purpose multi-core for Multi
control-flow applications and | ulti-core
parallel orchestration (Host)

HW HW HW
func || func || func

Addressable memory by the
different computing elements

<+

Viemory

Optimised HW functions

Network on Chip (NoC)

Peripherals Interface with the
(physical) world
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* Inherited due to the cyber-physical interactions, e.g.,

— Real-time: The end-to-end response time (from sensor to
actuator) must be within a given time budget

— Power/Thermal: The energy/temperature of the computing
elements must be within a given budget due to power
supply/operational environment limitations

— Safety: Built guaranteeing the correctness and integrity of its
operation

— Security: Prevent external elements not to affect the
correctness and integrity of the system
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Exploit the parallel
performance capabilities of the
(different) processor
architectures

Efficiently distribute the data-
analytics workflow across the
compute continuum

Guarantee functional
correctness and the non-
functional requirements
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Lines of code/chip
x2 every 10 months

Transistors/chip
x2 every 18 months

Software
Productivity Gap
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X2 every 5 years
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Source: ITRS & Hardware-dependent Software, Ecker et al., Springer
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* Aset of programming elements to describe the parallel
behaviour of an application and abstract the
complexities of the underlying parallel platform

Granularity level of parallelism exploited: instruction,
statement, loop, procedural

Synchronization model: coarse-grain, fine-grain
Execution model: fork-join, thread-pool, etc.
Memory model: Shared, distributed
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Commonly built on top of a base programming language
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Parallel rogramming Models

Mandatory to enhance productivity

* Programmability. Abstracts the parallelism while
hiding the underlying computing platform
complexities

* Portability/scalability. The same source code is
valid in different parallel platforms

* Performance. Rely on run-time mechanisms to
exploit the performance capabilities of parallel

platforms ! !
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TIOBE Programming Community Index

Source: www.tiobe.com

Base Type of Type of
Language architect Parallelism

Ratings (%)

A

== Visual Basic

== Assembly language

CUDA C/C++, NVIDIA GPU  Struct/
Python Unstruct
OpenCL C/C++ GPU/ Struct
FPGAs
OpenMP C/C++ Shared Struct/
mem Unstruct
Pthreads C/C++ Shared Unstruct
mem
MPI C/C++, Distributed Unstruct
Python mem
COMPSs C++, Java Distributed Unstruct
Python mem
Spark Java, Distributed Struct
Python mem
Ray C++,Java Distributed Unstruct
Python mem
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Mature language constantly reviewed (last Programming distribute framework highly
release Nov 2024, v6.0) inspired in the OpenMP tasking model
e  Defacto industrial standard in HPC *  The code is annotated to describe task and
*  Active research community with an increasing data dependencies

interest on the edge domain L _
Productlwty in distributed programming

Productivity in parallel programming

You can choose any other task-based parallel

programming model you like!

*  Portability .
—  Supported by many chip vendors

Programmability

- — Interoperability with other programming models
*  Programmability (OpenMP)

— Interoperability with other models (CUDA, OpenCL) —  Allows incremental parallelization

Allows incremental parallelization
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Sequential version

void main() { fork
int x,y; 1. Open I
£1 (&%, &Y) ; parallelism main] |
£2 (%) ; Executes on the host I £1
£3(y) s Executes on the f2| £3
} accelerator
. jOIn TPU/GPU
OpenMP version (Accelerator)
void main () {
#pragma omp parallel Multi-core
#ipragma omp single @—— (Host)
{ ' ory
N 2.TtahsksheXfcuted W CEW FRV “
rys on e NosS
#pragma omp task depend(out:x,y) fune | fune J L func
{ fl(&x,&y); } ;
#pragma omp task depend(in:x)‘— l I I
{ f2(x); }
#pragma omp target map(to:y) depend(in:y)@
{ £3(y); } 3. Tasks executed on the host and

M
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accelerator when f1 completes ((
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COMRSs Taski

Sequential version COMPSs version
def f1(): @task (x=0UT,y=0UT) @
def f1():

return x,y

def f2(x): return x,y '.% '.%
= ¢ SRR TR

@taSk (x=IN) . i T’”MH‘!"I AN

def £3(y) def £2(x): 'g!uf.';.»!‘
def main(): o J
x,y=£f1() gtask (y=IN) @ o-? 0o &
£2 (%) def £3(y) Tasks executed
- e
£3(y) " across the compute ¢ | 11000,
def main() : . N 41101000 O12,
_ continuum Ll 1101100 O11¢
=tk () CLOUD
£2 (x) \_ ? J
£3(y)

compss_wait ()
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COMPSs version

@task (x=0OUT , y=OUT)
def f1():

return x,y

@task (x=IN)
def f2(x):

@task (y=IN)
def £3(y)

def %ain():
x,y=£1()
£2 (x)
£3(y)

main fl1 £2 £3

OpenMP version

void main () { :f&
#pragma omp parallel mainl _
#pragma omp master ; ifl
{ .

int x,y; f2| £3
#pragma omp task depend(out:x,y) s

{ fl(&x,&y); }

#pragma omp task depend(in:x)

{ £2(x); }

#pragma omp target map(to:y) depend(in:y)

{ £3(y)7 }
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Task ependency Graph (TD

A representation of the parallel nature of

#pragma omp parallel

a WOFkﬂOW ?prag‘ma omp master
. . . int x,y;
d |nC|UdES a” the |nformat|0n fOF funCtIOI’lal #prag‘mz omp task depend(out:x,y) shared(x,y) // T1
. { fl(&x,&y); }
and non_funCIOnal CorrECtness #pragma oxi:lp task depend(in:x) firstprivate(x) // T2
. . . 2(x) ;
- Para"el unl:ts and SynChronlzatlon itpf‘ag('m)a oer task depend(in:y) firstprivate(y) // T3
dependencies (£3(y); )
— Liveness analysis of variables and data- }
sharings involved in the parallel execution rask creation
* Independent from the targeted parallel SN

platform (but can include HW dependent
information)
— Execution characterisation of parallel units

(e.g., time, energy, memory behaviour) firstprivate (x)
live vars: x

. shared(x,y)
i livevars:x,y

firstprivate (y)
live vars: y
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* Tasking provides a great expressiveness to describe the parallel
nature of applications

— It specifies what the application does and not how it is done

Pri ncr——' behind Tas king M

— The framework is responsible of orchestrating the execution
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Resource 1
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workflow response time
new response time (after rescheduling)
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1. The compute continuum provides the computing capabilities to cope with
the performance requirements of complex data-analytics workflows, and...

2. ...task-based parallel programming models allows to reasoning about
functional and time predictability while removing from developers the
responsibilty of managing the complexity of the compute continuum

VERY INTERESTING RESEARCH IS
STILL PENDING!

Y
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