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RESSOURCES

Thoodle

Les différentes ressources numeériques sont accessibles sur la plateforme
pédagogique de I'ENSICAEN. Télécharger I'archive complete de travail opt.zip

https://foad.ensicaen.fr/course/view.php?id=117
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ARCHTECTURES POUR LE CALCUL

EVALUATION

OOO

Examen de pratique sur ordinateur (1h30)

L'évaluation de la compétence se fera sur machine personnelle ou machine
école et portera sur les points suivants :

Création d'un projet sous IDE CCS. A I'image du projet présent dans
cm/eval/examen_nom

Optimisation d'une fonction algorithmique élémentaire (cf. trame de TP)

[e]

écriture en C canonique
écriture ASM C6000 canonique
écriture ASM VLIW

écriture de I'algorithme optimisé avec I'une des techniques avancée
suivante :

Vectorisation en langage C par programmation intrinseque
Pipelining software en ASM C6000

\Vectorisation en base 2 ou 4 en ASM C6000
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ON THE DIVERSITY OF PROCESSOR ARCHITECTURES

Digital electronics history

Quick reminder

1947: Invention of the Bipolar Junction Transistor —
by Bardeen, Schokley and Brattain (Bell labs), Nobel Prize winners

2021-2022

ssssssssssssssssssssssss
sssssssssssssssss

1958/1959: Creation of Integrated Circuits
by Texas Instruments (hybrid IC), then Fairchild (true monolithic IC)

1960: Invention of the MOS Field-Effect Transistor —
by Mohammed Atalla and Dawon Kahng




ON THE DIVERSITY OF PROCESSOR ARCHITECTURES

First processor

The first ever commercialised processor is the Intel 4004 in 1971.

It has 2,300 transistors with a 10 pm etching process (4-bit processor, 16 pins, 740 kHz,
90 kIPS or kilo-Instructions Per Second).

Intel 4004 Architecture D0-D3 bidirectional
‘ Data Bus Intel 4004
Data Bus 5
integrated
circuilt
4 Bitinternal Data Bus
Accumulator Register
| Mutiplexer
0 1
Flag Stack 3
Flip Flops *| Muliplexer 5
Instruction .| program counter | |Z[ 4 5
Decoder and 8 i3 .
Machine o g todlNol g o | 7 Intel 4004 die
< z
Level No. 2
Encoding § g s g
Level No. 3 5
El 10 1
T Address a
Szl 12 13
14 | 1
I Scratch
Timing and Control Pad
ROM Control RAM Control Test_Sync_Clocks
e Intel 4004
CMROM  CMRAMO03 Test Sync Ph1 Ph2 arChlteCtU re

ON THE DIVERSITY OF PROCESSOR ARCHITECTURES

Processors evolution

Ever since, processors have evolved following natural selection.

Those that matched specific needs improved while others disappeared from markets
and research labs.
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Processors evolution EANESNI
As for animals and plants, the evolution process of processors is never-ending.
New processor architectures are likely to born in the next few years!
The future is now,old man.
Let's take a look at the current processor architectures.
I —
ON THE DIVERSITY OF PROCESSOR ARCHITECTURES
Common processor architectures EANESNI
MCU AP GPP SoC/SoB FPGA DSP (GP) GPU



General architecture

Control processors
MCU AP GPP
Micro Application General
Controller Processor Purpose
Unit Processor
Computer
General architecture
Control processors
MCU AP GPP
Micro Application General
Controller Processor Purpose
Unit Processor

Hybrid

architectures

SoC /SoB

System
on
Chip / Board

- FPGA-AP
- FPGA-MCU

- GPP-GPU

- AP

- MCU-analog

Hybrid

architectures
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Specialised architectures
Coprocessors or Calculus processors

FPGA DSP (GP) GPU
Field Digital Graphics
Programmable Signal Processing
Gate Array Processor Unit

General
Purpose
GPU
CALCULUS
-/---------
ENSI
CAEN
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Specialised architectures
Coprocessors or Calculus processors

/
/ DSP (GP) GPU
i Digital Graphics
Signal Processing
v Processor Unit
General
Purpose
GPU
CPU
7
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MCU — MICROCONTROLLER UNIT S
Applications ENSI

MCUs (Microcontroller Units, fr: micro-contréleurs) are the most common processors in
our environment (talking about quantity).

We use about 200 processors every day, without even being aware!
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Applications
P CAEN

ECOLE PUBLIGUE DINGENIEURS
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MCUs are control processors that are dedicated to the supervision of electronic
processes. They control their input/output interfaces with their application-custom
embedded firmware.

They aim fFor markets applications that require low-cost, low-consumption, small-size,
and big production volumes.

MCU - MICROCONTROLLER UNIT Ss==2sssES

Applications CAEN

sssssssssssssssssssssssss
sssssssssssssssss

The loT (Internet of Thing, fr: objets connectés) is the major market for MCUs. The loT is
the Internet extension to physical world objects and places. It is considered as the third
Internet evolution and has been therfore named « Web 3.0 ».

With 3.6 billions of active connections in 2015, 11.7 billions in 2020 and 30 billions
planned in 2025, the loT counted for 18% of MCUs population in 2019 and will be
around 29% in 2025.

weINTERNET o

THINGS

INTERNET
OfTHINGS




MCU - MICROCONTROLLER UNIT

Architecture

MCU processors are digital systems integrated onto an Integrated Circuit.
They are designed to be stand-alone (no need for external RAM, HDD ...).

MCU

Central
Processing
Unit

Main
memory

Peripherals . . . . .

specialized

functions . . . . .

MCU - MICROCONTROLLER UNIT

Board and schematic

Example of a schematic that uses a Microchip’s PIC18 MCU.
Olimex PIC-USB-4550 board.

Copyright (C) 2008, OLIMEX Lt
Fitp:fvneow Slimex. cormidey




MCU - MICROCONTROLLER UNIT

Board and schematic

Exercise: link these board devices to the schematic in the previous slide.

ENSI
CAEN

ECOLE PUBLIGUE DINGENIEURS
CENTRE DE RECHERCHE

ECOLE PUBLIQUE DIINGENIEURS
CENTRE DE RECHERCHE
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MCU families

There is a big number of MCU products from various designers and foundries, each
made for different uses.

MCUs from the same family possess the same CPU and associated buses. The ISA
(Instruction Set Architecture, fr: jeu d'instructions) and the toolchain are therefore
similar. The difference between same-family MCUs resides in the peripherals set and
the memory resources.

MCU

Central Main

Processing

memor
Unit v

< ﬁ\ Q b
MichocHe MicrocHI? MICROCHIP §

MCU - MICROCONTROLLER UNIT

Arduino project

The Arduino project is certainly the most famous MCU-based electronic project.
However it is too user-friendly (too magic, too many hidden things) and is not used in
professional environments, which is why it is not studied in engineer schools.

ARDUINO




MCU — MICROCONTROLLER UNIT
ARM'’s Cortex CPU

Even though the MCU market is very competitive, the vast majority of MCU founders
(e.g. STMicroelectronics, Renesas, Texas Instruments, NXP, ...) use similar CPU
architectures: the Cortex-M family, designed by the British company ARM

This guaranties an access to reliable development tools, libraries and software services.
Some tools can also be open-source (IP / Graphical / USB / Bluetooth, stack, RTOS, ...).

®
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MCU - MICROCONTROLLER UNIT
ARM'’s Cortex CPU

ARM offers the Cortex-M series, with ‘M’ standing for “MCU".
This includes a whole family of MCU cores that are suitable for a wide range of applications.

arm
CORTEX®-M7

ARMCORTEX

Processor Technology

Cortex-M7

CoreMark
per MHz

ARMCORTEX

Cortex-M0 Maximum DSC Performance

Digital Signal Control (DSC) Flexible Memory System
e R o
Lowest power Feature rich connectivity Acce!eracefi SIMD gl
Lowest cost Outstand!ng energy Floating point (FP)
Lowarea sy Digital Signal Control application space
|
‘8/16-bit’ Traditional application space *16/32-bit’ Traditional application space




MCU - MICROCONTROLLER UNIT

STMicroelectronics

ECOLE PUBLIGUE DINGENIEURS
CENTRE DE RECHERCHE

As an example let's take a look at the range of STM32. Those are 32-bit MCUs based on

a Cortex-M core.

They are designed by the French-Italian company STMicroelectronics, which also is the
main European manufacturer.

MCU - MICROCONTROLLER UNIT

STMicroelectronics

Common core peripherals
and amhiMrp::n i

" Multiple general- |
purpose timers
Integrated reset and
brown-out warning
Multiple DMA
2x watchdogs
Real-time clock
Integrated regulator
PLL and clock circuit
External memary
interface (FSMC).
Up to 3x 12-bit DAC
Up ta 4x 12-bit ADC
(Up to 5 M5PS)
Main oscillator and
32 kHz oscillator
Low-speed and
high-speed internal
RC oscillators
-40 to +85 °C and
up to 105 °C
operating
temperature range

Low voltage
20t 36V
or1.651.7t0 3.6V
(depending on series)

Temperature sensor

5TM32 F4 series - High performance with DSP (STM32F405/415/407/417) ECOLE PUBLIQUE DINGENIEURS

ZUSB 1 e ek || 2 caN i
20076 IMC timer 2.08
FSHS :

STM32 F3 series - Mixed-signal with DSP (STM32F302/303/313/372/373/383)

usB - CAN
20Fs i 2.08

performance (STM32F205/215/207/217)

3-phase | 2x CAN
MC timer | 208 |

STM32 F1 series - Mainstream - 5 product lines [STIIQZF“IUW‘INHW'Iand 105/107)

0. | usB20 | aphase | I
oraFs | Mcumer | 208

22
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STMicroelectronics

The STMicroelectronics Nucleo project offers low-cost (= €10) evaluation boards that
use ARM-based MCUs and industrial development tools.

Flash size (bytes)
4

2m 2 102 Wo0v-0
s e -Power supply
" NUCLED-476RG s
-Programmer
12K (JTAG emulator)
NUCLEO-LIS2RE
192K NUCLEO-LO73RZ
" ~Target MCU
0 -Switch and LED
NUCLEQ-LOS3R8 STM32
Jucie -External ports
o NUCLEO-LG31KS -Shields connectors
. .
16K NUCLEO-LO11K4 Nucleo type 'ArdU'LnO Shleld
Nuckeo-32 Nuckeo-64 Nucko-144 ’ connectors
E B what L
S 8 a8 §3
L.nge:;d:hSt ,L:::" ,:':M ||-. I I :' www st.com/stm32nucieo
lainstream “me
Ultra-low-power i
W High-performance NUC[EO'64

MCU - MICROCONTROLLER UNIT

Market shares

Let's take a look at an annual markets study.

ASPENCORE

2019 Embedded Markets Study

Integrating loT and Advanced Technology Designs,
Application Development & Processing Environments
March 2019

Presented By: EElTimes embedded

© 2019 AspenGore All Rights Reserved
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Market shares
My current embedded project is programmed G B

mostly in:
Y se%
< 56%
. 23%
C++ 22%
N s
Python 3%
B a%
4%

B2
Java 2%

Assembly language

MATLAB I 1%
2%

| 1
LabVIEW ¥ oo 2019 (N = 689)
2017 (N =880
JavaScript I 1:; { )
o 11%
2%
EE}Tilnes embedded 2019 Embedded Markets Study © 2019 Copyright by AspenCore. Al rights reserved.

MCU - MICROCONTROLLER UNIT

Market shares
Please select the processor vendors you are € Dl e

currently using.

Texas Instruments 27%
STMicroelectronics 26%
Atmel (now Microchip) 22%
Microchip Technology 22%
Freescale (now NXP) 21%
NXP 17%
Altera (Intel FPGA) 16%
Xilinx 16%
Intel 14%
Analog Devices 11%
Silicon Labs 10%
Renesas 9%
Cypress Semiconductor 9%
Lattice Semicond:\xo[: :9:{’ Microchip/Atmel/Microsemi (Net) 40
Maxim 4% NXP/Freescale (Net) 28
N e noRMCas) b Intel/Altera (Net) 26
NVIDIA 4% Silicon Labs/Energy (Net) 10
Quil,lc:r':'er“ 33926 Cypress/Spansion (Net) )
Energy Micro (now SiLabs) 3%
Digi/Rabbit Semiconductor 2% Top Four Brands by Region:
Samsung 2% Americas: Tl, Microchip, STMicro, Atmel
Seafies M'i:") ;;’Z' EMEA: STMicro, NXP, Tl, Atmel
Cavium 2% APAC: TI, Atmel, Freescale, STMicro
Cirrus Logic 1%
Toshiba 1% 2019 (N = 458)
Spansion (now Cypress) 1%
EE}TI“‘BS EmbEddEd 2019 Embedded Markets Study © 2019 Copyright by AspenCore. All rights reserved.
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Market shares
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Which of the following 32-bit chip families would
you consider for your next embedded project?

STMicroelectronics STM32 (ARM) I 31%
Atmel/Microchip SAMxx (ARM) - [T 21
Microchip PIC 32-bit (Mips) I 19%

Freescale/NXP iMX (ARM) [T 15%
NxpLPC (ARM) T 15%
Freescale/NXP Kinetis (ARM/Cortex-Ma/M0) [T 14%
Xilinx Zynq (with dual ARM Cortex-A9) [ 14%
nimspazz I 13%
Atmel/Microchip (AvR32) [ 12%
Altera (Intel FPGA) SoC-FPGA (with dual ARM Cortex-A9) [ 12%
Altera (Intel FPGA) Nios Il (soft core) [ 11%
Arduino [ 11%
Tisitara (aRM) [ 11%
Atmel/Microchip AT9Lxx/ATSAMxx (ARM) - [T 10%
Cypress PSOC 4 (ARM Cortex-MO0) / PSoc 5 (ARM... I 9%
Intel Atom, Pentium, Celeron, Core 2, Core iX [ 8%
SILABS EFM32/Tiny or Giant Gecko [ 8%
Ti SimpleLink (ARM) 0] 7%
Xilinx MicroBlaze (soft-core) [ 7%
Broadcom (any) [ 6%
TiTiva (arM) 0 6%
Renesas Synergy (ARM Cortex-M) [0 6%

miomap I 6%
EE‘Times embedded

2019 Embedded Markets Study

TIC2000 MCUs [0 5%
TITMACK (ARM) 0 5%
Renesas RZ (ARM Cortex-A) 1 5%

%
Xilinx Virtex-5 (with PowerPC 405) Wl 5%

Energy Micro/Silabs EFM32 W0 4%
Atmel/Microchip AT91xx 10 4%
Renesas RX [ 4%
Microsemi/Microchip SmartFusion SoC FPGA (Cortex-..
Microsemi/Microchip SmartFusion2 SoC FPGA..
Qualcomm (any) W 3%
NXPMPCSxx W 3%
Freescale/NXP PowerPC 55xx 1] 3%
Microsemi/Microchip FPGA (Cortex-M1, softcore) Wl 3%
NVIDIA Tegra Bl 3%
SiLABS Precision32 (ARM) 1 3%
TiHercules (ARM) 10 3%
AMD Fusion, Athlon, Sempron, Turion, Opteron,... B 3%
Xilinx Virtex-4 (with PowerPC 405) 2%
Freescale/NXP PowerPC 5xx, 6xx [l 2%
Infineon Tricore M 2%
Infineon XMC4000 (ARM) 11 2%
Marvell W 2%
Freescale/NXP PowerPC 7xx, 8xx 1l 2%
Freescale/NXP 68K, ColdFire 1 2%
Infineon AURIX (TriCore-based) M 2%
Renesas RH850 M 2%
Freescale/NXP Vybrid (ARM) 1 1%
Infineon XMC1000 (ARM Cortex-M0O) 1 1%
AMD Alchemy (MIPS) 1 1%
Freescale/NXP PowerQUICC 1 1%
Spansion/Cypress FM3 (ARM) 1 1%
AMCC PowerPCaxx | 1%
IBM PowerPC 4xx, 7xx | 1%
SPARC (any) | 1%
Infineon other TriCore-based 32-bit families (i.e...| %

= 2019 (N = 469)

© 2019 Copyright by AspenCore. All rights reserved.
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Market shares

ECOLE PUBLIQUE DIINGENIEURS
NTRE DE RECHERCHE

Which of the following 8-bit chip families would you
consider for your next embedded project?

Atmel/Microchip AVR
Microchip PIC
STMicroelectronics ST8

TI TMS370, 7000
Freescale/NXP HC

Intel 80xx, '251
Atmel/Microchip 80xx
Renesas H8

Xilinx PicoBlaze (soft core)
SiLabs 80xx

NXP/Philips P80x, P87x, P89x
CypressPSoC 1 (M8C) / PSoC 3 (8051)
Zilog Z8, 280, 7180, eZ80
Parallax

Maxim 80xx

Infineon XC800, C500

EFM8
Digi / Rabbit 2000, 3000
Toshiba

EEhim% embedded

2019 Embedded Markets Study

I 44%
43%
T ————_ 38
% 46%

T 25%
—
13%

| ligﬁ%
_-‘_11934'.%
qm’?f%
_9931%
] 99
— o vegions | wors | amercr | owia | soxc |
I 8% Atmel

10% 44% 44% %
— Microchip AVR  *4%° 6 | B | s
f— %, Microchip PIC  38% 41% 43%  23%
. 4%
-Z'ﬁ'% STMicro ST8 ~ 25% 22% 31%  28%

%

sy
N 3%
- 2019 (N = 351)
= 22&: 2017 (N = 462)

© 2019 Copyright by AspenCore. All rights reserved.
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GPP - GENERAL PURPOSE PROCESSOR
Applications

GPP (General Purpose Processors) have a complex CPU architecture that gives them a
great adaptability especially for executing non-optimised programs.

Most of the time, those programs contain sequential code with a lot of tests and
function calls, which are difficult to accelerate.

444 prev = NULL;

445 for (mpnt = oldmm->mmap; mpnt; mpnt = mpnt->vm_next) {

446 struct file *file;

447

448 if (mpnt->vm_flags & VM_DONTCOPY) {

449 vm_stat_account(mm, mpnt->vm_flags, -vma_pages(mpnt));
458 continue;

451 }

452 charge = 8;

453 if (mpnt->vm_flags & VM_ACCOUNT) {

454 unsigned long len = vma_pages(mpnt);

455

456 if (security_vm_enough_memory_mm(oldmm, len)) /* sic */
457 goto fail_nomem;

458 charge = len;

453 }

460 tmp = kmem_cache_alloc(vm_area_cachep, GFP_KERNEL);
461 if (!tmp)

462 goto fail_nomem;

463 *tmp = *mpnt;

464 INIT_LIST_HEAD(&tmp->anon_vma_chain);

465 retval = vma_dup_policy(mpnt, tmp);

466 if (retval)

467 goto fail_nomem_policy;

root/kernel/fork.c - www.kernel.org



GPP - GENERAL PURPOSE PROCESSOR
Applications

Their target market are personal and professional computer and laptops.

Thus their main usage is for general applications (i.e. not specific) for personal and
professional uses. Most of the time that does not require all the computing power that
is really available

Slideshow Development System monitor
(LibreOffice Impress) (Visual Studio Code) (Ubuntu)

GPP — GENERAL PURPOSE PROCESSOR dEEaEs=ag
Applications EANESNI

sssssssssssssssss

OFf course some applications are likely to need full capability of the hardware, even
though they are not the most common ones.

One can think of audio, image and video processing or software development as well-
known examples.

] 15,1 3> mlo/+ ] [+ Mo x|
fomowonn ]
B

SECTe— PRI (3

Audio editing (Ableton) Audio processing Image processing
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Applications ENSI
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Industrial applications are a historical part of GPP uses.

They are typically encountered on control tasks or specialised calculus functions. This
market tends to use integrated solutions, such as AP (Application Processor), SoC
(System on Chip), DSP (Digital Signal Processor), FPGA (Field Programmable Gate Array)

Radar GM400 Rafale Automatic bollard
(Thalés) (Dassault) Box j200

GPP - GENERAL PURPOSE PROCESSOR gssssssssS
Applications ENSI

zzzzzzzzzzzzzzzzzzzzzzzz
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Please note that GPPs can also be used in embedded systems applications.
For instance this is the NUC Core i5, an Intel motherboard.
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Intel architectures

Let's have a look on major Intel architectures. Note that Intel is the historical and
current leader of GPP market, but it is also the leader of semi-conductors market.

40 ANS DE COURSE A L'INNOVATION
1971 1981 1993 2006 2012

PROCESSEUR 4004 D'INTEL PROCESSEUR 8088 PENTIUM INTEL CORE 2 DUO PROCESSEURS IVY BRIDGE

Nombre de transistors : 2.300 Introduit dans les PC d’IBM Nombre de transistors : 3.1 millions | Nombre de transistors : Nombre de transistors :

Puissance : 108 kilohertz Nombre de transistors : 29.000 Puissance : 66 megahertz 291 millions 1.400 millions (3D)

10 microns Puissance : 5 megahertz 0,8 micron Puissance : 2.93 gigahertz Puissance non communiquée
3 microns 65 nanométres 22 nanométres

IDE / SOURCE ET PHOTOS : INTEL

GPP - GENERAL PURPOSE PROCESSOR

Intel architectures

Today's leading GPP architectures ar the Intel Core i3/i5/i7/i9 families.
However there are many other actors and manufacturers aiming for different markets.

Intel Technology Leadership

el 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18
90 nm 45 nm 22 nm 10nm

SiGe Strained Silicon
( in t6| High-k Metal Gate

7th Gen

|| ST
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Architecture ENSI

ECOLE PUBLIGUE DINGENIEURS
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A GPP consists of a are processing element, with no main memory.

A GPP possesses one or several CPU (of same architecture) that are associated with
their cache memories. They use an UMA (Uniform Memory Access) and and interface
controller.

CpPU CPU

L1 cache L1 cache

L2 cache (UMA)

Memory and I/O controller

GPP - GENERAL PURPOSE PROCESSOR Esssss=sss

Example: Intel Core i5 ENSI

sssssssssssssssssssssssss
ccccccccc

Example of the Intel Core i5 Family.

GPP

IGP
Integrated Graphical Processor
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Example: Intel Core i5 EANESNI
Intel Core 15 700/800 Lynnfield die

GPP - GENERAL PURPOSE PROCESSOR SERs=e=c=

Example: Intel Core i5 ENSI
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ccccccccc

GPP integrated into a motherboard

Main memory

Chipset
South bridge
(peripherals)

Intel Core 15 700/800 Lynnfield die
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Example: Intel Core i5 ENSI

GPP integrated into a motherboard

External Ch‘Psﬁt
interfaces South bridge

(peripherals)

| I 1 . I
[{ Shared L3 Cache

Intel Core 15 700/800 Lynnfield die

GPP - GENERAL PURPOSE PROCESSOR Esssss=sss

Motherboard ENSI

sssssssssssssssss

A GPP must be carried onto a motherboard, on which main memory (RAM) and external
interface peripherals will be placed.

Example of a motherboard from ASUS, second leader of world market in 2016.

I Interface

connectors
Peripheral slots
external peripherals
( perty / GPP socket
DDR slots

(main memory)
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Superscalar architecture

GPPs have CPU said to be superscalar. Processors with this type of CPU pipeline are
generally characterised by the implementation of the following hardware accelerating
mechanisms:

* Out-Of-Order execution stage: instructions are not executed in the programmed
order. A hardware scheduler looks for dependencies on data, the intermediate
results are stored in other registers and instructions are executed in another order (in
comparison to the “programmed” order).

* Branch-prediction stage: use statistics and counters to estimate the success rate of a
test statement (if, else, for, while, ...)

* RISC-like execution stage: even if the ISA (Instruction Set Architecture) is CISC.

GPP - GENERAL PURPOSE PROCESSOR

Superscalar architecture

Die of a Core i7 CPU (Intel Sandy Bridge generation).

Queue, Uncore
& I/0
i T

L1 Data Cache L2 Cache
. & Interrupt
Execution Servicing
Units i
Memory Ordering
& Execution Paging

Branch Prediction

Out-of-Order Instruction
Scheduling & Decode &
Retirement Microcode Instruction Fetch
& L1 Cache

Intel Core 17 Sandy Bridge CPU/Core




GPP - GENERAL PURPOSE PROCESSOR

Superscalar architecture

However, GPP's great adaptability and hardware
complexity leads to a lack of determinism and performance
when it comes to the execution of specific algorithms.

For GPPs, the calculation power is simply not good when
compared to the power consumption and the price.

GPPs are designed to support an high-end OS (Operating
System, fr: Systeme d'‘exploitation) and to execute
application code. As already mentioned, they are not
specialised for signal, image, audio and video processing
for instance.

GPP - GENERAL PURPOSE PROCESSOR

Summary

It's over Intel, | have the high core count

ol

T ,
You underestimate my overclocking pewer

f
\

Don't try it

zzzzzzzzzzzzzzzzzzzzzzzz
nnnnnnnnnnnnnnnnn
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AMD vs Intel Market Share (All CPUs)

Last updated on the 11th of February 2021

M/Intel @ AMD

100%

80%

20%

0%
Q1 Q1 01 Q1 Q1 Q1 Q1 Q1 Q1 Q1 01 Q1 Q1 Q1 Q1 Q1 Q1 Q1
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 202
Quarter
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The AP (Application Processor) market is recent and has started with mobile phones
and tablets.

APs embed many functionalities and hardware services, and even SoC (System on Chip).
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Applications

Mobile phones is the main target market for APs.

This market has led to an overwhelming use of the Android operating system in 2016
(Android is a Linux-kernel based OS).

Source:
Statista 2021

Market share

I
Iy
||||||||||

||||||||||| | | * Android 71.93%

*i0s 27.47%
Kaios 0.1%
* Unknown / Other 0.5%

0%
USRS 'b;b\g:xb\s\u\\« BT R Y '\@@@-@\@\qq\.q\.q\. o

Sy Sy
& @:ﬁ‘\ Q,Q & \-?3\ C,:Q & o @?Q & \'b @Q,Q 3@0 \fr-" ,,g,Q 3‘&0 @:ﬁ‘\ Q,Q & \-?3\ C,:Q & o @?Q & & @Q,Q \j\(‘

@ Android @ iOS KaioS @ Windows Phone @ Series 40 (Nokia)* Symbian 0S* @ Samsung
@ BlackBerry 0S @ Unknown | Other

AP — APPLICATION PROCESSOR

Applications

However application processors are seen in many other embedded systems as well,
whatever the final application: consumer, defence, transport, ...

In those cases they are usually embedded with an operating system and a graphical

interface.

Freebox Revolution Sony X94C 4K television Cook tablet

(EOLANE,

made in Caen)
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In most cases, APs are used by high-level operating systems. A
On those markets, GNU/Linux systems and customs versions reign supreme. y

Example of EOLANE (French, #2 in Europe): industrial platform working with a Freescale iMX6 SoC/AP based on
a GNU/Linux system.

SOM S0LO SOM QUAD STARTER KIT

AP — APPLICATION PROCESSOR
Applications

Here are the two major solutions of user-oriented AP-based boards:
Raspberry Pi (Broadcom BCMxxxx SoC) and Beaglebone (TI AM335x SoC) projects.
These solutions are also based on GNU/Linux operating systems.

They are more likely to be used for prototyping stages or in a teaching environment,
but cannot be industrialised. However hardened versions exist.
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An application processor has one or several superscalar generalist CPUs. Their work is
to execute the high-level operating systems (virtual or real) and application codes.

An AP may also have many calculus specialised
functions (such as GPU, DSP, cryptography, ...),
an evolved peripheral set and an internal

4 GB eMMC
memory. However the latter is not capable of (Flash)
containing the operating system but has a
bootloader instead. 512 MB

DDR3 RAM

AP:
TI AM3358

. . ARM Cortex A8
As a consequence a DDR volatile main memory

and a remanent mass storage (MMC, eMMC,
SDcard) must both be added as external
components.

Q!

https://beagleboard.org/black

AP — APPLICATION PROCESSOR f=ssissgss

Architecture ENSI

sssssssssssssssssssssssss
ccccccccc

APs are fully operational systems in an integrated circuit (heterogeneous architecture).
Nonetheless main memory must be added as an external component.

IIIIHHIIII Illliiilll
Internal
memor
L2 cache

Memory
controller

CPU

Peripherals
specialized
fonctions

]
]
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Comparison of control processors

Contrary to MCUs, which contain all hardware services in a single chip, application
processors require an important unitary cost and are therefore no the best solution for
low-cost or large-quantities productions.

Yet if the application needs evolved interface and/or connectivities, MCUs are not
suitable any more because of their low performances. APs then become the best
solution.

GPP
+ RAM
+ hard drive
+ mother board

AP — APPLICATION PROCESSOR

Architecture

Observe the point of a heterogeneous architecture for video games applications.

Advantages of heterogeneous architecture for gaming use cases
Heterogeneous hardware blocks and data flow

Final Frame
System Memory Audio Graphics Textures, v e
(DRAM) Files Shaders, Geometry ¢
To Speakers DSP Video Video Pixel Writes " <
(Audio Decoder) Decoder £
= Display To Display
3 Engine
] ~ £
< P
&

Panel
4 VeNum FPUs
High Precision Math

Command Processor
Shaders & Texture
Mapping Units

Adreno 430 GPU

Intelligence

‘Game logic
Artificial

CPUM  CPUAZ  CPU#3 CPUMuste.
Multi-Core 64bit CPUs
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Qualcomm Snapdragon solution
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The market leader is Qualcomm.

This is due to its Snapdragon family dedicated to mobile phones market.

AP — APPLICATION PROCESSOR

Qualcomm Snapdragon solution

ECOLE PUBLIQUE DIINGENIEURS
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Internal architecture and hardware functionalities of the Qualcomm Snapdragon 810.

Introducing the Snapdragon 810 Processor

Advanced Graphics & Compute Loc s ik
with the Adreno 430 - the best GPS, GLONASS, i W Cortex-AliZ |
GPU Qualcomm Technologies' ] ks &5 L
I J Cortex-A53 CPUs T
has ever made a Mobile industry’s FIRST announced dual
channel 1600 MHz LPDDR4 memory
Memory

4K primary & external display x LPDDR Qualcomm Technologies’ FIRST UFS 2.0
support with ecoPix and E 5 1 . E Support

TruPalette and 3:1 pixel Display Engine ]
compression 4K, Miracast, picture enhancement

FIRST Announced ARM®v8-A/64-bit
using Cortex®-A57+ Cortex®-A53

Greatly improved power management for
DSP/Sensor Engine, Low Power
Snapdragon Voice Activation (SVA), 12-

Mobile industry’s FIRST o channel surround sound decode
uitimedia

announced multi-channel 4G LTE Processing

SoC supporting Category 9 4% gen CAT 9 LTE ; K Encode/Decode

Carrier Aggregation Upto:3x20MHz CA SnaDdragﬂé!eg:::::SAct"it‘o" Qualcomm Technologies’ FIRST

Studio Access Security hardware implementation of 4K HEVC/

H.265 video encode. HEVC designed to
deliver up to 50% better video

compression

Not d

Qualcomm Technologies’ FIRST 14-bit Dual ISP for highest quality,
.. depth enabled photography. Up to 21IMP for main camera with depth
assist, phase detect, for sharper dual camera user experiences
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Les deux leaders du marché hors terminaux mobiles sont Texas Instruments et
Freescale, deux fondeurs offrant de larges communautés d'utilisateurs.

Observons la i.MX 6 Series At a Glance
. . Scalable series of six ARM Cortex A9-based SoC families
famille i.MX6 i o

. ; > i.MX 6Dual
de Freescale: . L MX 6Solo HMX BDualLite =SSt i o
i.MX 6SoloX _I. T + Dual ARM Cortex-A9  up to 1/1 2GHz
. P —— 0y
i.MX 6S0loLite — . e ot + 1MB L2 cache,
— - Single ARM Cortex- " oot S G oy + 1MB L2 cache, Neon,  Neon, VFPvd16,
e A9 up to 1GHz ot VFPvd18, Trustzone  Trustzone
. + 512KB L2 cache,
Cortex™-Ag at 1GHz + Single Cortex-M& " . 3D graphics . 8
- 512KB L2 cache, Neon, VFPud16, ot ELE—
+ 256KB L2 cache, at 166Mhz Neon, VFPudi, il with 4 shaders with 4 shaders
Neon, VFPvd16, + 256KB L2 cache, Trustzone - 30 graphics + Twe 2D GFXengines - Two 20 GFX engines
Trustzone "‘f:::"‘z»n":e”v + 3D graphics with 1 shader + 64-Dit DDR3and2-  + B4-bit DDR3 and 2-
+ 2D graphics with 1 shader ST channel 32-bit channel 32-bit
e * 30.and 20 Graphies , 50 graphics roon Dorsangg.  LPPDR2 alS33MHz  LPDDRY at 533z
LPDDR2 at 400MHz ~ + a'z;nn DDRSAan:‘ » 32.b4 DDR3 and ch;m'ms”ila" " . 1080p80 video + 1080p60 video
+ 10/100 Ethernet LPDDR2 at400MHz  *  poDRZ at 400MHz  LPDDR? at 400MHz + PCle (x1 lane) + PCle (x1 lane)
+ EPD controller = S + 1080530 video + 1080p30 video + Gigabit Ethernet - Gigabit Ethemet
« PCle {x1 fane) * Gigabit Ethernet * Gigabit Ethernet + SATAAI + SATAI
+ PCle (x1 fane) « PCle (x1 lane)

Pin-to-pin and Power Compatible

¢ ¢e¢
Software Compatible

+ ARM Cortex-A9 based solutions ranging up fo 1 2GHz
= HD 1080p encode and ¢ xcept 6SoloLite/8SoloX)
* 3D video playback in hi ion (except 6SoloL ite/6SoloX)

+ Integrated 10's may include HDMI vi 4, MIPI and LVDS, display ports, MIP| camera, Gigabit Ethemet, multiple USB 2.0 and PCI-Express
= SW support: Google Android™, Linux®, QNX, Windows® Embedded CE

‘e

-

freescale” ...

-
-
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ARM Cortex-A solution
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Outside of the mobile phones market, the ARM Cortex-A is the leading architecture in
embedded markets. The ‘A’ stands for “Application”.

ARM® Cortex® Processors across the Embedded Market

Cortex®-M processors Cortex®-R processors Cortex®-A processors

@ [ roos ]

Smallest footprint / lowest power Highest performance / real-time Highest performance

| G - I

¥
& A

2 CONFIDENTIAL
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are specialised dedicated for high

intensity calculus and processing.

The term of GPGPU (General Purpose GPU) appeared in the last few years. It relates to
massive computing in very sense. Applications are diverse: finance, research, science,
medical imagery, video games, ...

<

nviDIA

http://www.nvidia.com/content/gpu-applications/PDF/gpu-applications-catalog.pdf




GPU - GRAPHICS PROCESSING UNITS

Architecture

GPU possess a shared NUMA (Non Uniform Memory Access), allowing a cloning of data
to be processed and a execution parallelism. They integrated a massively parallel
architecture.

o Ll

BEENE ocototer
111
111
EEEN

Memory

Memory

controller

Memory
controller

o
controller “
o
o

GPU - GRAPHICS PROCESSING UNITS
Nvidia products: the Tesla P100 board
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Let’s take a look at the Tesla P100 board characteristics. It has been produced by Nvidia
in 2016 and it is dedicated to the then most advanced data centres.

The GPU is a Nvidia GP100.

https://www.nvidia.com/fr-fr/data-center/tesla-p100/
|

SPECIFICATIONS
GPU Architecture
NVIDIA CUDA® Cores

Double-Precision
Performance

Single-Precision
Performance

Half-Precision
Performance

GPU Memory

Memory Bandwidth
Interconnect

Max Power Consumption
ECC

Thermal Solution
Form Factor
Compute APIs

NVIDIA Pascal
3584
5.3 TeraFLOPS

10.6 TeraFLOPS
21.2 TeraFLOPS

16 GB CoWoS HBM2
732 GB/s

NVIDIA NVLink
300W

Native support with no
capacity or performance
overhead

Passive

SXM2

NVIDIA CUDA,
DirectCompute,
OpenCL™, OpenACC

TeraFLOPS measurements with NVIDIA GPU Boost™ technology
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Nvidia products: Pascal architecture

12X

TRAINING

PERFORMANCE

LEAP IN NEURAL NETWORK TRAINING PERFORMANCE
WITH NEW NVIDIA PASCAL ARCHITECTURE

IX

MEMORY
BANDWIDTH

1o B

TRANSISTORS

FABRICATED WITH 16 NANOMETER FINFET
FOR UNPRECEDENTED ENERGY EFFICIENCY

oX

INTERCONNECT
BANDWIDTH

WITH CoWoS® WITH HBM2 COMPARED TO
NVIDIA MAXWELL" ARCHITECTURE FOR
BIG DATA WORKLOADS

GPU - GRAPHICS PROCESSING UNITS
Nvidia products: GP100 GPU architecture

WITH NVIDIA NVLINK™ FOR MAXIMUM

APPLICATION SCALABILITY

PCI Express 3.0 Host Interface

i

High Bandwidth Memoary 2

Memory Conl

High Bandwidth Memary 2

NVLink NVLink

19jjonu0) Kiowepy

=
3
E]
g
3
o
]
s
g

aeponuog Kiowepy

il

o/l WIPIMPUEE UBIH

2 Kiowai Wap!

-

=

ECOLE PUBLIGUE DINGENIEURS
CENTRE DE RECHERCHE

|COLE PUBLIQUE D'INGENIEURS.
ENTRE DE RECHERCHE



GPU - GRAPHICS PROCESSING UNITS

The Nvidia GP100 GPU in a nutshell

6 Graphics Processing Clusters

30 Texture Processing Clusters (5 / GPC)
60 Streaming Multiprocessors (2 / TPC)
3840 single precision cores (64 / SM)
1920 double precision units (32 / SM)
240 texture units (4 / SM)

8 memory controllers
* 8x512KB =4096 KB L2 cache
* 4 pairs that control HBM2 DRAM

Note : the Tesla P100 board uses only 56 SMs
out of the 60 available in the GP100 GPU.

GPU - GRAPHICS PROCESSING UNITS

GPUs
number of classical pipeline
CPUs but with vectorial SIMD
execution units.

EU

SIMD = Single Instruction Multiple Data

GPC
TCP
SM

(multithreaded processor)

Warp

DP

LD/ST =Load/Store

SFU
Tex

integrate a large

= Execution Unit

= Graphics Processing Cluster
= Texture Processing Cluster
= Streaming Multiprocessor

= thread of SIMD instructions
= Double Precision

= Special Function Unit
= Texture

Nvidia products: GP100 GPU architecture

Nvidia products: GP100 GPU architecture

Tesla Products
GPU

SMs

TPCs

FP32 CUDA Cores / SM
FP32 CUDA Cores / GPU
FP64 CUDA Cores / SM
FP64 CUDA Cores / GPU
Base Clock

GPU Boost Clock

Peak FP32 GFLOPs!
Peak FP64 GFLOPs*
Texture Units

Memory Interface
Memory Size

L2 Cache Size

Register File Size / SM
Register File Size / GPU
TDP

Transistors

GPU Die Size

Manufacturing Process

Tesla K40
GK110 (Kepler)
15

15

192

2880

64

960

745 MHz
810/875 MHz
5040

1680

240

384-bit GDDRS
Upto 12 GB
1536 KB

256 KB

3840 KB

235 Watts
7.1 billion
551 mm?

28-nm

1 The GFLOPS in this chart are based on GPU Boost Clocks.

Instruction Buffer

Dispatch Unit

Regist:

Warp Scheduler

Dispatch Unit

er File (32,768 x 32-bit)

Core

Core

Instruction Cache

SFU
SFU
SFU
SFU

SFU

Texture / L1 Cache

B4KB Shared Memory

Tesla M40
GM200 (Maxwell)
24

24

128

3072

4

9%

948 MHz
1114 MHz
6840

210

192

384-bit GDDRS
Up to 24 GB
3072 KB
256 KB
6144 KB
250 Watts
8 billion
601 mm?*

28-nm

CENTRE DE RECHERCHE

Tesla P100
GP100 (Pascal)
56

28

64

3584

32

1792

1328 MHz
1480 MHz
10600

5300

224
4096-bit HBM2
16 GB

4096 KB
256 KB
14336 KB
300 Watts
15.3 billion
610 mm?

—» TSMC

16-nm FinFET

Instruction Buffer
Warp Scheduler

Dispatch Unit

Dispatch Unit

Register File (32,768 x 32-bit)

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core

Core



Communication and interconnection systems (Tesla P100)

4 NVlink / GPU

///”40 GB/s / Nvlink

1r

HIGH BANDWIDTH
GRAPHICS MEMORY

1L

HIGH BANDWIDTH
GRAPHICS MEMORY

HIGH BANDWIDTH

GRAPHICS MEMORY

B

/ -
;annk i ‘_ﬂvr4

GPU | GPU | =l GPU |— | GPU
I’ L I

1r

HIGH BANDWIDTH
GRAPHICS MEMORY

MEDILUM

BANDWIDTH LARGE

Example of an application using the Nvidia Tesla P100 board.

Q. S====.===0

y

3U - 3200W

7TB SSD

,éu._-A;:— ;
L ——=

f |
¥
¥
|

NVLink Hybrid Cube Mesh

8x Tesla P100 16GB

SYSTEM MEMORY

Quad IB 100Gbps, Dual 10GbE
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Markets

The undisputed leader of the GPU/IGP market is Intel, thanks to their graphics co-
processors IGPs (Integrated Graphics Units) embedded in a wide range of their GPPs
(more than 70% of market shares in 2016).

] M 1 | lvy Bridge
1 System | :
Core | /Agent2 .

L=  Memory |
tmd Controller :

including | =
MI, Display | =

T

- i {3
Shared L3 Cache**

Memory Controller I/0

GPU - GRAPHICS PROCESSING UNITS Es=sszss=s
Markets
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Nonetheless the leader of high-performance external solutions in the American
company Nvidia.

=
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=
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Tesla P100

Tesla K20C

S

NVIDIA.
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DSPs (Digital Signal Processors) are dedicated to applications with Digital Signal
Processing (fr: Traitement numérique du signal).




DSP - DIGITAL SIGNAL PROCESSOR

Architecture

DSPs are very close to MCUs: they are autonomous systems.

However their CPU is specialised for signal processing and calculus.

DSP-oriented Main
CPU memory

Peripherals . . . . .

specialized

functions . . . . .

DSP - DIGITAL SIGNAL PROCESSOR

Architecture

zzzzzzzzzzzzzzzzzzzzzzzz
sssssssssssssssss

DSP’s CPUs possess execution units dedicated for MAC (Multiply Accumulate) or SOP
(Som OF Products) operations. These are elementary operations met in almost every
signal processing algorithm.

Expansion of the Danielson-Lanczos Lemma to 8 terms:

Nfs—1 —j2wkn N/8—1 _j2ekn
Fn)= % =z(8kle & +WE > z(8k+4)e '™ +
k=0 Yok=0
N/&-1 —j2rkn Nig-1 —j2xkn
Wi S z(8k4+2)e @ +WEWE S o(8k+6)e & +
k=0 Tt k=0
Njg—1 —j2mkn N/&—1 —j2mkn
Wy Y z(8k+1)e = —I—l-‘I-"K—I-’I-’i\:-_ Y z(8k+5)e T +
k=0 k=0
N/8—1 —j2xkn N/G-1 _j2whn
WRWE Y z(8k+3)e B +WRWEWE Y 2(8k+7)e &
2 k=0 TT k=0
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Architecture

CPU with MAC/SOP dedicated execution units. The ISA (Instruction Set Architecture)
contains specific instructions for working with these EUs.

MAC = SOP
Main MAC : Multiply-Accumulate
memory SOP : Som of Products

ISA : Instruction Set Architecture
EU : Execution Unit

Peripherals . . . . .

specialized

functions . . . . .

DSP - DIGITAL SIGNAL PROCESSOR SERs=e=c=
Texas Instruments products: C5500 ENSI
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This is the Texas Instruments C5500 DSP, one of the leading DSP solutions.

DSP System

JTAG Interface| [ C55x™ DSP CPU

G 55)(1 M Input PLL/Clock FFT Hardware
Clock(s) =7} Generator Accelerator

Dual-Mac DSPs

Power 64 KB DARAM I
Management

=
Pin
" Multiplexing 128 KB ROM |
1§ TEXAS

INSTRUMENTS @ @

Switched Central Resource (SCR)

&

Peripherals

Interconnect Serial Interfaces Program/Data Storage
DMA ’s 2 NAND, NOR, MMC/SD
(x4) (x4) GG Skl UART srRaM, msorAM| | (x2)

App-Spec Display ‘Connectivity System

—— " —
10-Bit USB 2.0
SAR BLri‘;ge PHY (HS) RTC CEimer| | GE Timar LDOs
ADC [DEVICE]




DSP — DIGITAL SIGNAL PROCESSOR
Texas Instruments products: C5500

CENTRE DE RECHERCHE

Here is an extract of the C5500 datasheet, 1.1 Features
« CORE:
with a summary of its characteristics. — High-Performance, Low-Power, TMS320C55x

Fixed-Point Digital Signal Processor

» 20-, 10-ns Instruction Cycle Time

« 50-, 100-MHz Clock Rate

+ One or Two Instructions Executed per Cycle

» Dual Multiply-and-Accumulate Units (Up to
200 Million Multiply-Accumulates per Second
[MMACS])

»  Two Arithmetic and Logic Units (ALUs)

« Three Internal Data and Operand Read
Buses and Two Internal Data and Operand
Write Buses

+ Software-Compatible with C55x Devices

+ Industrial Temperature Devices Available

— 320KB of Zero-Wait State On-Chip RAM,

Composed of:

+ 64KB of Dual-Access RAM (DARAM),
8 Blocks of 4K x 16-Bit

+ 256KB of Single-Access RAM (SARAM), 32
Blocks of 4K x 16-Bit

— 128KB of Zero Wait-State On-Chip ROM
. . . (4 Blocks of 16K x 16-Bit)
https://www.ti.com/lit/ds/symlink/tms320c5533.pdf — Tightly Coupled FFT Hardware Accelerator
I e
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Texas Instruments products: C6600

Let’'s switch to the Keystone C6600. This Texas Instruments DSP is one of the highest

performances in the current market.

10
g 8
£ 6
3
E 4
: o D
0
C55xx C674x C66x
40
30
20
" e o
0
C66x ARM Cortex ARM Cortex
A15 A9

EGMACS uGFLOPS

DSP - DIGITAL SIGNAL PROCESSOR

Texas Instruments products: C6600

Texas Instruments C6600 CorePac.

Memory configurable as cache memory or
addressable SRAM with no bandwidth loss.

UMA or NUMA models configurable Ffor
each core.

Multicore Navigator

Memory system

Multicore memory
DDR3 controller
=64b Shared memory 4 MB

GigE switch

Peripherals and I/0

£ =
- &

Hyperlink

coprocessor

System elements

Power System
management |  monitor

"o |

sssssssssssssssss

= e
RAM/ RAM/
cache cache
256 256
Cache control 256 Cache control
Memory protect P .&. Memory protect | L2
Bandwidth mgmt Bandwidth mgmt
‘IZ5E 64
2561 Power down
Instruction fetch Interrupt
2 controller
C66x DSP
Register Register
file A file B
l - i . l
XMC EMC
Bandwidth mgmt
54 CFG
Memory protect LD
Cache control %
MDMA SDMA
8y 32 256 128

RAM/
cache

DMA
MSMC Switch Fabric

CFG
Switch
Fabric
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Texas Instruments products: C6600

C6600 core with: Fetcn _
| sTH [ STH | SADD | SADD [ SMPYH [ SMPY | suB | B | P&
- 14-stage VLIW hardware pipeline N T e T R I
(Very Long Instruction Word) | s™H | sTH [ sAaDD [ SADD [ sMPyH [ swmey | sus | B |Pw
[ow | tow | sabp ] SN T S EMPYH | _SHR_ | SHR ] PR
- Wlth a max Decods 32 32 32 32 i i 32 32 32 a2
Wldth OF 8 instructions [SH [ sH | SAD | SADD [ SMFYH | SMPY | suUB L B | OP
T
| :“‘v);' N |
%‘fs—w%u%l %% |35‘—|“|=—|Dc
Execute ¥ L 2 ¥ y k 4
IS""”II a || o i - E= =1
¥ ] [ 1Y 1 1+ | r || | | ]
- DDDDDDDDDD = nog -oogoogn D D
31302928 100876543210 31302028 100 B 7 65 4 3 0
Register file A 8T1| Datat LD 1 LD24 Data2 |ST2 Register file B
&4 64 647 84
v = o Data cache control 2t *
|
acsSEECCEE
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Texas Instruments products: C6600
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These DSPs are designed for both parallel and daisy-chain work.

Parallel configuration is suitable for massive parallel processing whereas daisy-chain
configuration is more suitable for deep processes algorithms.

KeyStone Powered
C-RAN

~800 Core
Virtual device
i3 Texas
INSTRUMENTS
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Solutions Texas Instruments : C6600
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Advantage of using daisy-chain configuration:

| |
DSP - DIGITAL SIGNAL PROCESSOR EEFEREEEE
Texas Instruments products: Keystone |l EANESNI
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That's not all, Tl also offers the Keystone Il family. It consists of an AP-SoC with
application processors dedicated for digital signal processing applications.

The main target is the telecommunications area.

C66x + ARM A15
DSP + ARM

SoCs

- - 352 GMACS
Seﬁx erfulticore {,’ Texas 198 GLOPS

igh performance INSTRUMENTS 8
Tk 15W @ 1.2GHz DSP
— 256 GMACS

C674x DSP i3 Texas 128 GLOPS
Low-power DSPs INSTRUMENTS ~10W @ 1GHz

— 3.6 GMACS

R S500 DS i3 Toxas 2.7 GLOPS
Ultra-fow-agfives B R%oweres ~750mW @ 456MHz

power DSPs

0.3 GMACS

&ip Texss 10mW @ 60MHz —
INSTRUMENTS  IEFSTeNY @ 150MHz



DSP - DIGITAL SIGNAL PROCESSOR
Texas Instruments products: Keystone |l

KeyStone
Multicore DSP+ARM®

Multicore Navigator

I3 TEXAS
INSTRUMENTS

System O E'r:ga . f%'.?‘.é".‘,'r

Services (i) Debug  ¢==p EDMA

tﬁ Security AccelerationPac

ueie  Multicore Shared Memory Coniroller = 6MEB &>¢=> Packet AccelerationPac

Ethernet Switch

X X
BEOBDEBEBA




DSP - DIGITAL SIGNAL PROCESSOR

Actors

The historical and current leader is by far Texas Instruments.
Tl was the first company to design DSP in 1982.

TMS320C66x
KeyStone™
Multicore DSP

g TEXAS
INSTRUMENTS

DSP - DIGITAL SIGNAL PROCESSOR

Actors

Here is the range of Texas Instruments processors.

Microcontrollers (MCUs) ARM®-based Processors Digital Signal Processors

32-bit ARM
Ultra Low Power

16-bit Ultra Low 32-bit Real-Time . Processors for Application . .
32-bit ARM MCU Singl DSP Multi DSP
Power MCU MCU ! Performance Processors inglecore uiticore DSP
Applications
« MSP430™ @ « C2000™ « TMS570 Cortex® R4« Sitara™ Cortex A « OMAP™ Processors  « CB000™ Power « KeyStone Multicore  « C5000™ @
« RM4 Cortex® R4F and ARM9 « DaVinci™ Video Optimized DSP+ARM

« TMS470M Cortex®  + KeyStone Cortex® Processors « CBO00™ Multicore

M3 Automotive A15 and Cortex®

A15 + DSP




DSP - DIGITAL SIGNAL PROCESSOR
Actors

Which of the following DSP chip families would you
consider for your next embedded project?

Microchip dsPIC

Analog Devices Blackfin

Tl DaVinci

Analog Devices SHARC
T1'C6000

T1'C5000

NXP Cortex M4 LPC4000

NXP Arm Cortex-M33

Analog Devices ADSP-21xx

Tl KeyStone DSPs

Analog Devices TigerSHARC
Freescale 563xx, 566xx, 568xx, 96xxx
Freescale/NXP StarCore 3900
Tl Jacinto

Freescale StarCore 71xx, 81xx

EE|Tim% embedded

2019 Embedded Markets Study

I 13% Microchip

i dsPIC 26% 26% 36%

m2019 (N=273)
2017 (N=371)

€

19%

© 2019 Copyright by AspenCore. Al rights reserved.
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EXECUTION MODELS

Classifying processors according to their execution model

AE

SISD - SIMD = MISD — MIMD ECOLE PUBLIQUE D'INGENIEURS

CENTRE DE RECHERCHE

2L 222t
EXECUTION MODELS PrEEEEEEE
Disclaimer EANESNI

zzzzzzzzzzzzzzzzzzzzzzzz
sssssssssssssssss

The next slides are not intended for proper
lecturing.

However you’ll hear those terms quite a
lot, so here are a few slides about
execution models.




EXECUTION MODELS

Flynn's classification

Flynn's classification (1972)

Data stream
Simple Multiple
[}
Elle
AE MISD MIMD
v =]
2=
c
R
O
2|2
al|g|| sISD SIMD
- n

CPU

Simple data stream : each operand contains only one piece
of data (one memory cell per operand).

Multiple data streams: each operand contains multiple
pieces of data (a fixed-size array per operand).

Single instruction stream: the CPU can execute one
instruction at once (sequential execution).

Multiple instruction streams : the CPU can execute multiple
instructions at once, either using data parallelism (e.g.
forall loop) or using control parallelism (e.g. parallel
sections).




EXECUTION MODELS

Flynn's classification

SISD - Single Instruction stream, Single Data stream

The processor execute one instruction at once, each
instruction operand containing a single memory cell.

Data stream

This is the typical mono-processor architecture:

I
: — Von Neumann architecture
EU ! — MCUs and old GPP generations
1
1
1

Execution Unit - Sequential processor (no parallelism)

Instruction stream

— Scalar processor

CPU — A single piece of data (a single memory cell) for each operand

EXECUTION MODELS

Flynn's classification

sssssssssssssssss

SISD - Single Instruction stream, Single Data stream

Example: TI C6600 assembly language Example canonical C:
Adding two floats Adding two floats

; Single Precision ADD float a, b ;

ADDSP Al17, A5, A5

// Initialising a and b ...

; Result: a=a+b;
; A5 = A5 + A17



EXECUTION MODELS

Flynn's classification

SIMD - Single Instruction stream, Multiple Data streams

The same instruction will be executed by multiple EUs,
each processing its own piece of data. It means the
whole CPU will execute a single instruction on multiple
pieces of data.

Data stream

E i .

[go) ! 1

Y : :

EA | llel archi ith centralised control uni
I | Eu||Eu||Eu | Parallel architecture with centralised control unit:
§ _‘ : T T T ! - Vectorial processor

5 - GPU

[ 1 .

- CPU """"""" - Intel SSE and AVR instructions set architecture for x86

SSE = Streaming SIMD Extension (SSE, SSE2, SSE3, SSE4)
AVR = Advanced Vector Extensions (AVX, AVX2, AVX512)

EXECUTION MODELS

Flynn's classification

sssssssssssssssss

SIMD - Single Instruction stream, Multiple Data streams

Example: TI C6600 assembly language
Adding two couples of floats

Example: x86 SSE C, adding four couples of floats

float A[N], B[N], C[N] ;
; Dual ADD Single Precision

DADDSP A21:A20, A25:A24, A25:A24 for(int 1 =0 ; 1<N; 1+=4) {
. m128 reg_b = _mm_load_ps( &B[1] );
. m128 reg_c = _mm_Lload_ps( &C[1] );
; Result: _ m128 reg_a = _mm_add_ps( reg_b , reg_c ) ;
;5 A25 = A25 + A21 __mm_store_pd( &A[1] , reg_a );
; A24 = A24 + A20 }
Lanes per type in a 128-bit SIMD register
; Just like the SSE for Intel, the C6600
; DSP has a C extension (C functions) | Intgx16 s0 | 51| s2 53‘54 s5 | s6 | s7 | s8 | 59 |s10 |s11 [s12 | 513 814 | 515
; for vectorial instructions
| int16x8 s0 | s1 | s2 ‘ s3 ‘ s4 ‘ s5 ‘ s6 ‘ s7
int32x4 / float32x4 s0 (x) ‘ s1(y) ‘ s2 (z) | s3 (w)
| float64x2 S0 (x) ‘ sty




EXECUTION MODELS

Flynn's classification

MISD - Multiple Instruction streams, Single Data stream

Data stream

Instruction stream
m
c

EXECUTION MODELS

Flynn's classification

Each EU execute its own instruction, with single pieces
of data.

Few practical applications

— code redundancy (for detection of execution errors)

- VLIW processors (Very Long Instruction Word)

e.g. C66xx Texas Instruments DSP

MISD - Multiple Instruction streams, Single Data stream
Fetch fiﬁ
E)fa”ple-' TI (6600 qsseFIbly lang'uag? [ 58 | ST | SADD | SADD | SMPvH | SWMeY | s | B ] r&
Sll’lultaneously addlng and I”ultlplylng m\f [ oW | SAoD | SADDI T ISMPYH [SMPYH | &HR | SHA | PS
. L | s™H [ STH [ SADD | RO | S | smey [ suB | B |Pw
; ADD Slngle.PreC'LSlon_ ) oW T oW | /o0 | om0 [ swevn poeve | S0 | o5& ] Fr
;5 MULTIPLY Single Precision i i
ecode 32 32 32 32 32 32 32 32
ADDSP A3, A9, A3 peces STH | _STH | SADD | SADD | SMPvH | swpY | sus | B | DP
I MPYSP B3, B9, B3 T o
| T |
e T T
; The pipes (]|]|) explicitly indicate that r“gqF%mfﬁTEﬁ§%$F%%vj \FTET1F§#m1r;%?1F=-—1m

; instructions must be executed in parallel Bte | i i i
; (use of software pipeline) =

; Result
;s A3 = A9 + A3
; B3 = B9 + B3

a0 P e
.1 81 M1 .D1 D2

palallall o o A 4%

[+ T Ty [ 1Ty [ [¥ | r || | \ ]
7008 -00590099000| T=R(04a0 -0009000004a]
31302928 1098 765432 1|JI 31302028 109 87 6543210
Register e A ST1] Daai D1 D2 § Daaz |sT2 Register file B
84 -} 64 84
2 paq 22

Data cache control




EXECUTION MODELS

Flynn's classification

MIMD - Multiple Instruction streams, Multiple Data streams

Data stream

= i‘ """""
o ¥ EU |
al |
6 ——> EU |
S| v
2 l :
c e E— '
CPU

EXECUTION MODELS

Flynn's classification

Each EU executes its own instructions flow on their own
data flow.

Execution Unit can be grouped as a cluster.

Parallel architectures with independent control units

— Super-scalar processors
- Any modern GPP: x86-x64 (CISC), Cortex-A (RISC)

- Includes use of SPMD (Single Program, Multiple Data)

sssssssssssssssss

MIMD - Multiple Instruction streams, Multiple Data streams

Example: TI C6600 assembly language Example: C and OpenMP
Simultaneously adding and multiplying two Parallelisation of for loop

different couples of data

; Dual ADD Single Precision
; Dual SUBSTRACT Single Precision

#pragma omp parallel reduction(+:acc)

DADDSP A21:A20, A25:A24, A25:A24 #pragma omp for schedule(static)
| DSUBSP B25:B24, B23:B22, B23:B22 for( k = 0; k < size; k ++ )
{

acc += A[1 * size + k] * x[k];

; The pipes (]|]|) explicitly indicate that
; instructions must be executed in parallel }

; (use of software pipeline)

; Result

; A25 = A25 + A21
; A24 = A24 + A20
; B23 = B25 - B23
; B22 = B24 - B22
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Choosing a
specialized CPU

it

@0e9

N\
&2
v

g &

CHOOSING A HIGH-PERFORMANCE CPU

Software: Applications + System

OMm
N

AE

ECOLE PUBLIQUE D'INGENIEURS
CENTRE DE RECHERCHE

The objective of an application is to fulfill specifications (or requirements).

18

Java, C, Python, C++, C#

A NET, JavaScript, SQL, PHP
S— : APPUCA’T]ONS ' Objective-C, Go, etc
Software layers model OPERATING SYSTEM). qq100Mb
(shell, std services, compilers, etc)
C, assembly
KERNEL qqMb

HARDWARE
(CPU, memory, peripherals, etc)

(scheduler, memory mngt, drivers, network, etc)

Electronic system (silicon industry)

2021-2022

sssssssssssssssss



CHOOSING A HIGH-PERFORMANCE CPU g=2S2ESc=C

Application
P CAEN

About 90 % of the time, the processing consists of a simple supervision.

Event

— Opt for MCU, AP or GPP architectures

3
CHOOSING A HIGH-PERFORMANCE CPU SERs=e=c=
Algorithm EANESNI

sssssssssssssssssssssssss
sssssssssssssssss

From time to time the function to process might be an algorithm,
i.e. apply a processing to a certain amount of data (information).

Algorithm examples: search, sort, digital signal processing (audio, radar, comms, ...), ...




CHOOSING A HIGH-PERFORMANCE CPU ESESESEss
Algorithm

zzzzzzzzzzzzzzzzzzzzzzzz
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The first choice of processor should always be a general-purpose processor.

However if it does not match the specifications, it is wise to switch to a processing-
specialized architecture so that we can:

* Reduce the processing time

* Reduce the code size and/or its memory footprint

Note that switching to a specialized processor
should be justified with measurements.

CHOOSING A HIGH-PERFORMANCE CPU :E---N:--s--i
DFT algorithm example
SonEhm examp CAEN

zzzzzzzzzzzzzzzzzzzzzzzz
sssssssssssssssss

Take for example the DFT algorithm:

N-1 —jZJrk%
S(k)= Z s(n) X e
n=0
Sum OFf Product (SOP)
Sum Product Multiply-Accumulate (MAC)

* Each product is independent from another
* — Parallelism available!
* Same for the processing every single frequency sample



CHOOSING A HIGH-PERFORMANCE CPU g=2S2ESc=C

DFT algorithm example ENSI
’ ’ CAEN
1.5 25 P N -
L 20 N "
T 0.5
z e ]l [ 11 :
< l I ‘ ’ ‘ ‘ I | r - 10
E -0.5
" i 1l
B 5 10 15 20 25 s 5 ‘1’0' 1l5' 20 25
0 0
|_
LL
(@)
(7))
N-1 N-1
I I —
CHOOSING A HIGH-PERFORMANCE CPU EEENEEESEEE
CPU architecture selection
CAEN

sssssssssssssssssssssssss
sssssssssssssssss

Finally, choose the CPU according to your needs.

DSP: low-power, low-cost, very low-level
development (C, asm)

GPU: high-power, high-cost, high-level
development (C++, OpenMP, Cuda, ...), high-
parallelism potential

MPPA: Massively Parallel Processor Array, not
widespread yet, but huge potential (dispatch
cores to specific algorithms)




ENSI ARCHTECTURES POUR LE CALCUL
CAEN

ARCHITECTURE CPU Cob /8 VLIW
DE TEXAS INSTRUMENTS



https://www.ensicaen.fr/

TI C6678's

Architecture
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TMS320C6678 PROCESSOR

Processor Architecture

The TI C6600 is a multicore DSP with a ]
homogeneous CPU architecture. oot et | 22,

It includes 8 RISC-like VLIW CPUs that can S I

be clocked up to 1.4 GHz. [Bootrom |+«
[Somspnors | «—>

— 44.8 GMAC/core for fixed point @1.4 GHz nomsmnant|
— 22.4 GFLOP/core for floating point @1.4 GHz ;3_' v

512KB L2 Cache

32KB L1
D-Cache

=3 8Cores @ up to 1.4 GHz

<HyperLink TeraNet

g b A b ry A
Multicore Navigator
Queue Packet
*| Manager DMA

y i

> Security

>

Packet
; it
@ x

w Network Coprocessor
A

P
+
<

<

+——
<

= EMIF16
«—+— GPIO
r’c

—1— PCle x2

UART

SPI
—1—+ TSIP x2
«——»| SRIO x4

TMS320C6678 functional block diagram l l

TMS320C6678 PROCESSOR

Core Architecture

The C66x CorePac consists of several components:

» The C66x DSP and associated C66x CorePac core \ 32KE|* L1p |
Y
* Level-one and level-two memories (L1P, L1D, L2) | e oo | 5
ST L2 Cache/
* Data Trace Formatter (DTF) e DJ;PCO,E 32 (1] shew
Instruction Fetch E g
* Embedded Trace Buffer (ETB) 16-/32-bit Instruction Dispatch 5 20
Control Registers -‘-Z
* Interrupt Controller Boot In-Gircuit Emulation S| | o L] e
Controller ¥ Instruction Decode § gg 4096KB
. - Data Path A Data Path B s 2x
Power-down controller sapahA_ 212 Path g =3 —
PLLC LPSC A Register File B Register File T gg 44’
« External Memory Controller [ AstAte | | [ B31-B6 | s|| 5
I [ A15A0 | | [ B15B0_| 3 wo
= H—
« Extended Memory Controller GpPsC i W 2 owA Switch
1| .81 xx | .D1|[| .D2| xx | .82| L2 =5 ld_| abric
. XX XX )
* A dedicated power/sleep controller (LPSC) ss@
Data M. C ller (DMC) With gt -
[ e o | | 88 H
L3 L)

TMS320C66x CorePac DSP Block Diagram | . 32KBL1t ]




TMS320C6678 PROCESSOR

Core Architecture

Each core has its own cache memories :
* 32 kB L1P cache memory
* 32 kB L1D cache memory
* 512 kB L2 cache memory

Figure 1-1 Flat Versus Hierarchical Memory Architecture
A
External memory Core
~100 MHz memory 600MHz
L1 cache
600 MHz
Core Speed/ U Memory
300MHz cost size
L2 cache
300 MHz
11 IE “Why Use Cache?”
On-ohip External memory Texas Instruments,
3800 MHz memol ~100 MHz memoi
& o . SPRUGY8-November 2010

TMS320C6678 PROCESSOR

Processor Architecture

Also, all cores can access to a 4 MB multicore

shared memory (MSM), which can be configured [ Momary Subeyson =
. T ot | 2

either as a cache memory or as an addressable | b e |

SRAM. T, L

Boot ROM |<—»
[semsghors |+

Power
it

PLL >

CorePac

32KB L1
P-Cache

eowa | 512KB L2 Cache
==

<3 8 Cores @ up to 1.25 GHz

32KB L1
D-Cache

<HyperLink TeraNet

A A A

Multicore Navigator
Packet

DMA

Security

o ol
Packet

3 et

Network Coprocessor

«—
<
<

+ Multicore Shared Memory Controller (MSMC)
- 4096KE M5M SRAM Memory Shared by Eight DSP
C66x CorePacs

— Memory Protection Unit for Both MSM SRAM and
DDR3_EMIF

EMIF 16
GPIO
1’c
PCle x2 |
UART
SPI
«—+——» TSIP x2
<«—1——> SRIO x4

sGmIl
x2

-«




TMS320C6678 PROCESSOR

Core Architecture

The IDMA (Internal Direct Memory Access)
is a DMA controller local to the CorePac.

It can be configured and is fully accessible
by the developer.

It can handle data transfer between local
memories, or  between peripheral
configuration space (CFG) and local
memories.

Local transfers to the CPU are determinist.

RAM/
cache

256

RAM/
cache

256

Cache control

256

Memory protect | L1P 236 )

Bandwidth mgmt

Cache control

Memory protect | L2

Bandwidth mgmt

1256 64

Instruction fetch

C66x DSP

Register
file A

Register
file B

256

Power down

Interrupt
controller

[ I

32

XMC EMC
Bandwidth mgmt
64 CFG
Memory protect | L1D o
pSop— ERa
NDMA SOMA
ax3 256 128
RAM/ DMA
cache MSMC Switch Fabric
—

CFG
Switch
Fabric
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C6600 HARDWARE PIPELINE Ss==2sssES
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ccccccccc

Reminder: a CPU is a sequential machine, but it can process simultaneously several
instructions thanks to the stages of its hardware pipeline.

TRI

~ Binary instructions flow
thread,
Data flow ( )

.




C6600 HARDWARE PIPELINE
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The C6600 pipeline has 16 stages (called phases)

Figure 5-5 Pipeline Phases
«—— Decode
l<—— Fetch —»| ¢ Execute >

1 I I !
IPG’PS|PW|PH‘DP|DC|E1‘E2|E3‘E4|E5|E6|E7|E8|E9|E10|

Figure 5-6 Pipeline Operation: One Execute Packet per Fetch Packet
Fetch
Packet 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17
n | PG PS PW PR | DP DC E1 E2 E3 E4 E5 E6 E7 E8 E9 E10
n+1 | PG Ps PW PR DP DC E1 E2 E3 E4 E5 E6 E7 E8 E9 E10
n+2 ‘ PG PS PW PR DP DC E1 E2 E3 E4 E5 E6 E7 E8 E9
n+3 | PG PS PW PR DP DC E1 E2 E3 E4 ES E6 E7 E8
n+4 | PG PS PW PR DP DC E1 E2 E3 E4 E5 E6 E7
n+5 | PG PS PW PR DP DC E1 E2 E3 E4 ES5 E6
n+6 | PG PS PW PR DP DC E1 E2 E3 E4 E5
n+7 | PG PS PW PR DP DC E1 E2 E3 E4
n+8 ‘ PG PS PW PR DP DC E1 E2 E3
n+9 ‘ PG PS PW PR DP DC E1 E2
n+10 | PG PS PW PR DP DC E1

C6600 HARDWARE PIPELINE

CPUs from the C6600 Ffamily are | =

. . [ stH [ stH [ sapD | sAaDD [ swmpyH | swpy | suB | B | PG
eqUIDDe_d Wlth a VLIW (Very Long | tow | ow | sApD | SADD‘ | ]SMPYH [sMPYH | sHR | SHR ] Ps
Instruction WOI’d) hardware plpellne. S S T T O N S T I
|t can proceSS Up tO 8 inStrUCtionS at | tow | ow | SADD | SADDJ | :SMPYH [SMPYH SHR | SHR | PR

I
once W|th |tS 8 execution UnitS. pecode [ sSTzH [ sBTzH [ S:;D | S:;D‘ | |SM3:YH | s;iv | 5?123 | 3B2 ] op

RS

| T |
f(wﬂl_ﬁ‘m | \ﬁ?w |%\%EWIDG
' ‘ y 1 ' Y v

Becte | 4 4 |

SADD | | B | SMPY | | || SMPYH | MVK LSADD E1

L S M1 D1 D2 M2 52 L2

é &P Y ﬁ‘. #A AI‘J_'} ;é Aé
é[ v | v | v | v | [ | I
good -00000iodiou] 1= oop -000o000000a0
31302928 109 8 7 65 43 2 10 31302928 109 87 65432 10
Register file A ST1| Datatl LD 1 LD2 4 Data2 |ST2 Register file B

64 64 64 64

32 pagy p4 DA2 32
Pipeline Phases Block Diagram Data cache contl




C6600 HARDWARE PIPELINE
FETCH stage

The FETCH stage is divided into four phases:

* PG: Program address generate
* PS: Program address send
* PW: Program access ready wait

* PR: Program fetch packet receive

Each fetch packet is 8-word long
(8 x 32 bits = 256 bits)

C6600 HARDWARE PIPELINE
FETCH stage

cPU
(a) m (b) Funct_ional
units W
PR | Memory
os|_PS
(c)
Fetch 256
=
[ ow [ tow | sHR | sHR [swpvH[smpyH] mv | nop |ea
1
| LDW | LDW |SMPYH| SMPY | SADD | SADD | B | MVK |ps
1
[ ow | ow [mwkiH] mv [smpyH[ smey [ B [ mvk |pw
1
|| ww [ ow | mvk [ Ao | suL | ww [ ow | mvk |pr
I
Decode
oe=EEEEEE
ENSI
CAEN

Each instruction has a 32-bit fixed size (RISC-like instruction set).

sssssssssssssssss

The very last bit of each instruction is named P (Parallel) and is set to 0 or 1 either
during the compilation phase or directly by the developer (in assembly language).

By reading this bit, the FETCH stage knows exactly how many instructions to search for,

with a maximum of 8.

Figure 3-3 Basic Format of a Fetch Packet
31 0 31 0 31 0 31 0 31 0 31 0 31 0 31 0
K P P K P E P K
Instruction Instruction  Instruction  Instruction Instruction  Instruction  Instruction  Instruction
A B (¢} D E F G H
LSBs of
the byte 00000b 00100b 01000b 01100b 10000b 10100b 11000b 11100b
address



C6600 HARDWARE PIPELINE
DECODE stage

With instructions arriving by packets, the decoding stage takes two phases.
1. The Dispatch phase redirects the instructions to their dedicated Execution Unit.

2. Each Execution Unit has its proper decoding unit.

Figure 5-3 Decode Phases of the Pipeline

(a) ﬁ

(b)

’ Decode 32 32 32 32 32 32 32 32
| \ ADD | ADD | STW [ STW | ADDK | NOP® | DP
o Il | [MPYH | | I [ | [MPYH ] | Il |pc
A 4 \d A4 \ A4 \4 A4 \4
Functional
L1 .S1 M1 .D1 units .D2 M2 .82 L2

(A) NOP is not dispatched to a functional unit.

C6600 HARDWARE PIPELINE
EXECUTION stage

The VLIW execution stage has 8 SIMD Execution Units (or Functional Units).
.L2, .S2, .M2, .D2, and some

The Execution Units are labeled .L1,

instructions are EU-specific.

S1, M1,

.D1,

They are split into two symmetrical sides, each side having its own 32-bit register Ffile.

Figure 5-4 Execute Phases of the Pipeline

@

(b)

Execute

SADD |

| SMPY | MPY Iﬁ]:l

pal

| S
3]

W
G20

31 30 29 28

3
i

5

10

QU] =]

31

]

3029 28

~[]
o]
o]
~[]

Register file A

32

5
64 64
ST1

LD1 LD2

64

DA1
Data address 1

L1 Data cache control

DA1
Data address 2

32




C6600 HARDWARE PIPELINE
EXECUTION stage

ECOLE PUBLIGUE DINGENIEURS
CENTRE DE RECHERCHE

Each EU has its own VLIW pipeline.

Table 5-1 Operations Occurring During Pipeline Phases (Part 2 of 2)
Stage Phase Symbol  During ThisPhase
Execute Execute 1 E1 Fcurdal\mstm(tlcmtypes.thecm\dltlcms for theinstructions are evaluated and operands are Execute 4 Eq For load instructions, data is brought to the CPU boundary.!
read.
. . " Far multiply extensians, results are written to a register file.s
For load and store instruc dd ion is performed and address modifications Py €9
arewritten to a register file.! For MPYl and MPYID instructions, the sources are read.!
For branch instructions, branch fetch packet in PG phasa is affected.! For MPYDP instruction, the upper 32 bits of the sources are read.!
For single-cydle instructions, results are written to a register file.! For MPYl and MPYID instructions, the sources are read.!
For DP compare, ADDDP/SUBDP, and MPYDP instructions, the lower 32-bits of the sources For 4-cycle instructions, results are written to a register file.!
i 1
areread. For all other instructions, the sources are read. For INTDP and MPYSP2DP instructions, the lower 32 bits of the result are written to a register
For MPYSPDP instruction, the srcl and the lower 32 bits of src2 are read.! file.!
For 2-cycle DP instructions, the lower 32 bits of the result are written to a register file.! Execute 5 ES For load instructions, data is writteninto a register.!
Execute 2 E2 For load instructions, the address is sentto memary. For stare instructions, the address and For INTDP and MPYSP20P instructions, the upper 32 bits of the result are written to a register
data are sentto memory.! file.!
Single-cycle instructions that saturate results set the SAT bit in the control status register Execute 6 E6 For ADDDP/SUBDP and MPYSPDP instructions, the lower 32 bits of the result are written to a
(CSR) if saturation occurs.! register file.!
For multiply unit, nonmultiply instructions, results are written to a register file.2 Execute 7 =4 For ADDDP/SUBDP and MPYSPDP instructions, the upper 32 bits of the result are written toa
register file.!
For multiply, 2-cycle DP, and DP compare instructions, results are written to a registerfile. hac]
Execute 8 £8 Nothing s read or written.
For DP compare and ADDDP/SUBDP instructions, the upper 32 bits of the source are read.!
Execute 9 E9 For MPYl instruction, the result is wiitten to a register file.!

For MPYDP instruction, the lower 32 bits of srcT and the upper 32bits of src2are read.!
For MPYDP and MPYID instructions, the lower 32 bits of the result are written to a register

For MPY| and MPYID instructions, the sources are read.’ flen
i
For MPYSPDR tnstruction the srct and the upper 12 bits of src2 are read. Execute 10 £10 For MPYDP and MPYID instructions, the upper 32 bits of the result are written to a register
Execute 3 E3 Data memory accesses are performed. Any multiply instructions that saturate results set the file.!
SAT bit in the control status register (CSR) if saturation occurs.! 1. This assumes that the conditions for the instructi luated as true. ion is evaluated as false, the instruction does notwrite any results or haveany

pipeline operation after E1.
Wultiply unit, nenmultip ly instructions are AVG2, AVGA, BITC4, BITR, DEAL, ROT, SHFL, SSHVL, and SSHVR.
Multiply extensions include MPYZ, MPY4, DOTPx2, DOTPU4, MPYHIx, MPYLix, and MVD.

For MPYDP instruction, the upper 32 bits of src7 and the lower 32 bits of src2are read.!

~

For MPY| and MPYID instructions, the sources are read.!

C6600 HARDWARE PIPELINE

EXECUTION stage EANESP}
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Instructions with a execution time greater than one cycle is followed by a delay slot,
written with a NOP instruction (No Operation).

The NOP instruction corresponds to the time of the instruction travelling through the
current Execution Unit.

Label:
LDW AO*, A2
NOP — [S’%iy
LDW Al*, A3
NOP 4

. MPYSP A2, A3, A2
.Instructlon ] MV A0, A1l
in parallel NOP 3



C6600 HARDWARE PIPELINE

EXECUTION stage
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As an example, here is the documentation for the MPYSP instruction.

4.212 MPYSP

Multiply Two Single-Precision Floating-Point Values

syntax ~ MPYSP (.unit) srcl, src2, dst

Parallel
unit =.M1 or .M2 .
Side —
Opcode
31 29 28 27 23 22 18
‘ creg | z | dst ‘ src2 |
3 1 5 5
17 13 12 1 10 9 8 7 6 5 4 B] 2 1 0
‘ srcl | X | 1 | 1 | 1 | 0 l 0 [ [ l 0 l 0 | 0 | 0 | s | 13 |
s ! Instruction Opcode ! !
Opcode map field used... For operand type... Unit
srcl sp M1, M2

src2
dst

Xsp
sp

Instruction Type FOllI‘—CYCle

Delay Slots 3

Functional Unit Latency 1

SeeAlso ~ MPY, MPYDP, MPYSP2DP

Example  MPYSP Al,B2,A3

Execution
unit
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PROGRAMMING A VLIW CPU

Example code

zzzzzzzzzzzzzzzzzzzzzzzz
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Let's see how a VLIW (Very Long Instruction Word) CPU works by focusing on the
execution units. We'll start with a canonical assembly code.

MPYSP  .M1 A2, A3, A4

NOP 3

ADDSP  .S1 A2, A4, A2
NOP 3

FADDSP .S1 A0, A1, A0
NOP 2

MV .D1 A0, Al

MV .D2 B9, B7



PROGRAMMING A VLIW CPU

Rewriting code

Now sort the instructions according to the data dependencies.
We'll get three instruction branches.

MPYSP  .M1 A2, A3, A4 3 CPU cycles
NOP 3

ADDSP  .S1 A2, A4, A2

NOP 3

FADDSP .S1 A0, Al, AO 4 CPU cycles
NOP 2

MV .D1 A0, Al

MV .D2 B9, B7 1 CPU cycle

PROGRAMMING A VLIW CPU

Rewriting code

In theory, these branches can be executed in parallel.

8 CPU cycles

MPYSP  .M1 A2, A3, A4

NOP 3 4 CPU cycles

ADDSP  .S1 A2, A4, A2  FADDSP .S1 AO, Al, AO

NOP 3 NOP 2 1 CPU cycle
MV .D1 A0, Al MV .D2

zzzzzzzzzzzzzzzzzzzzzzzz
sssssssssssssssss

zzzzzzzzzzzzzzzzzzzzzzzz
sssssssssssssssss

B9, B7



PROGRAMMING A VLIW CPU

Rewriting code

However, we must pay attention to functional dependencies!

.D2

8 CPU cycles
MPYSP  .M1 A2, A3, A4 Same unit
NOP 3 4 CPU cycles
ADDSP .S1 A2, A4, A2 FADDSP | .S1 A0, Al, AO
NOP 3 NOP 2 1 CPU cycle
MV .D1 A0, Al MV
I e ——
PROGRAMMING A VLIW CPU
Rewriting code
We shall rewrite the code (refactoring) to make parallelism possible.
8 CPU cycles
MPYSP  .M1 A2, A3, A4 4 CPUcycles
NOP 3 FADDSP .S1 A0, Al, AO
ADDSP  .S1 A2, A4, A2  NOP 3 1 CPU cycle
NOP 3 MV .D1 AO, Al MV

.D2

zzzzzzzzzzzzzzzzzzzzzzzz
sssssssssssssssss

B9, B7

zzzzzzzzzzzzzzzzzzzzzzzz
sssssssssssssssss

B9, B7



PROGRAMMING A VLIW CPU

Rewriting code

Here are the canonical and optimized versions of the same code.

Canonical asm - 13 CPU cycles

MPYSP  .M1
NOP
ADDSP  .S1
NOP
FADDSP .S1
NOP
MV .D1
MV .D2

A2,
3
A2,
3
A0,
2
A0,
B9,

PROGRAMMING A VLIW CPU

Code execution

Optimized asm - 8 CPU cycles

MPYSP M1

NOP
FADDSP .51
ADDSP .S1
NOP
MV .D1

|| My .D2

A2,
2

AO,
A2,

A0,
B9,

A3, A4 MPYSP  .M1
NOP
A4, A2 FADDSP  .S1
ADDSP  .S1
Al, AO NOP
MV .D1
Al || MV .D2
B7

Optimized asm - 8 CPU cycles

A2, A3, A4
2

AQ, Al, AO
A2, A4, A2
2

AO, Al

B9, B7

DATA MEMORY

uuuuuuuuuuuuuuuuuuuuuuuuu
sssssssssssssssss

27

sssssssssssssssssssssssss
ccccccccc

A3, A4 — 11311 1 1
Al, AO S 41 mM1oDp1 D2 M2 L2 82
A4, A2

Al

B7

DATA MEMORY

28



PROGRAMMING A VLIW CPU

Code execution

Optimized asm — 8 CPU cycles

sssssssssssssssss

DATA MEMORY

[T N A A R —

MPYSE ML A2, A3, A — 111 1 1 1
NOP 2
FADDSP  .S1 A0, Al, AO s1 11 M1 D1 D2 M2 L2 @S2
ADDSP .S1 A2, A4, A2
NOP 2
MV .D1 A0, Al
[| MV .D2 B9, B7
DATA MEMORY
29
PROGRAMMING A VLIW CPU gEEssEIzss
Code execution EANESNI
DATA MEMORY o s

Optimized asm — 8 CPU cycles

- -
MPYSP  .M1
NOP
FADDSP  .S1
ADDSP  .S1
NOP
MV .D1
[] MV .D2

A2,
2

A0,
A2,

A0,
B9,

A3, A4

Al, AO
A4, A2

Al
B7

vy 3§ 3§ 3§ —

.S1 JLil M1 .D1 .D2 M2 L2 .S2

DATA MEMORY

30




PROGRAMMING A VLIW CPU

Code execution

Optimized asm — 8 CPU cycles

sssssssssssssssss

DATA MEMORY

LEC BE DN 5 SN N N S
MPYSP
NOP 2
FADDSP  .S1 A0, Al, AO s1 11 M1 D1 D2 M2 L2 @S2
ADDSP .51 A2, A4, A2
NOP 2
MV .D1 A0, Al
[| MV .D2 B9, B7
DATA MEMORY
31
PROGRAMMING A VLIW CPU EEEEEEEREE
Code execution EANESNI
DATA MEMORY o s

Optimized asm — 8 CPU cycles

W MPYSP .Ml

NOP

FADDSP  .S1

ADDSP .51

NOP

MV .D1
[| MV .D2

A2,
2

A0,
A2,

A0,
B9,

A3, A4

Al, AO
A4, A2

Al
B7

FADDSPL, & b

.S1 JLil M1 .D1 .D2 M2 L2 .S2

DATA MEMORY

32




PROGRAMMING A VLIW CPU

Code execution

Optimized asm — 8 CPU cycles

MPYSP M1

sssssssssssssssss

DATA MEMORY

LGDETE I R A A ——

o AP B ety 3§ § 8§ §—
» Nop 2
FADDSP  .S1 A0, Al, AO s1 11 M1 D1 D2 M2 L2 @S2
ADDSP .51 A2, A4, A2 Ve
NOP 2
MV .D1 A0, Al
[| MV .D2 B9, B7
DATA MEMORY
33
PROGRAMMING A VLIW CPU EEEEEEEREE
Code execution EANESNI
DATA MEMORY o s

Optimized asm — 8 CPU cycles

MPYSP M1
3 NoP
FADDSP  .S1
ADDSP .51
NOP
MV .D1
[| MV .D2

A2,
2

A0,
A2,

A0,
B9,

A3, A4

Al, AO
A4, A2

Al
B7

FADDSP

.S1 JLil M1 .D1 .D2 M2 L2 .S2

DATA MEMORY

34




PROGRAMMING A VLIW CPU
Code execution

Optimized asm — 8 CPU cycles

MPYSP M1 A2, A3, A4

sssssssssssssssss

DATA MEMORY

NOP , —3—1—1 11 3
3» FADDSP .S1 A0, A1, AO s1 11 M1 D1 D2 M2 L2 @S2
ADDSP .S1 A2, A4, A2 FADDSP
NOP 2
MV .D1 AO, Al
[| MV .D2 B9, B7
DATA MEMORY
35
PROGRAMMING A VLIW CPU
Code execution EANESNI
DATA MEMORY m——

Optimized asm — 8 CPU cycles

MPYSP M1 A2, A3, A4

NOP 2

FADDSP  .S1 A0, A1, A0
2 ADDSP .51 A2, A4, A2

NOP 2
MV .D1 A0, Al
[| MV .D2 B9, B7

v Bow B B B

.S1 L1 M1 .D1 .D2 M2 L2 .S2
ADDSP
FADDSP

DATA MEMORY

36




PROGRAMMING A VLIW CPU

Code execution

Optimized asm — 8 CPU cycles

MPYSP M1

sssssssssssssssss

DATA MEMORY

Az, A3, Ad B M D DN S N
NOP 2
FADDSP  .S1 A0, Al, AO s1 11 M1 D1 D2 M2 L2 @S2
ADDSP .S1 A2, A4, A2 ADDSP
FADDSP
3 Nop 2
MV .D1 AO, Al
[| MV .D2 B9, B7
DATA MEMORY
37
PROGRAMMING A VLIW CPU
Code execution EANESNI
DATA MEMORY et chens

Optimized asm — 8 CPU cycles

MPYSP M1
NOP
FADDSP  .S1
ADDSP .51
2 Nop
MV .D1
[| MV .D2

A2,
2

A0,
A2,

A0,
B9,

A3, A4

Al, AO
A4, A2

Al
B7

T T —— —

.S1 JLil M1 .D1 .D2 M2 L2 .S2

DATA MEMORY

38




PROGRAMMING A VLIW CPU

Code execution

Optimized asm — 8 CPU cycles

MPYSP M1

sssssssssssssssss

DATA MEMORY

A2, A3, A4
\op , ——1—1—1 1 1 1
FADDSP  .S1 A0, Al, AO s1 11 M1 D1 D2 M2 L2 @S2
ADDSP .S1 A2, A4, A2 W
NOP 2 ADDSP
» M .D1 AO, Al
[| MV .D2 B9, B7
DATA MEMORY
39
PROGRAMMING A VLIW CPU
Code execution EANESNI
DATA MEMORY i

Optimized asm — 8 CPU cycles

MPYSP M1

NOP

FADDSP  .S1

ADDSP .51

NOP

MV .D1
[| MV .D2

A2,
2

A0,
A2,

A0,
B9,

A3, A4

Al, AO
A4, A2

Al
B7

.S1 JLil M1 .D1 .D2 M2 L2 .S2

DATA MEMORY

40




PROGRAMMING A VLIW CPU

VLIW CPU properties

One particularity of VLIW processors is that their assembly code (and binary code as
well) is out of order in the program memory, but they come out of the pipeline in order.

This very simple CPU has a very good performances/Watt ratio.

However, intelligence and skills belong to the developper and the toolchain.

memegenerator.net

PROGRAMMING A VLIW CPU

VLIW CPU properties

VLIW CPU

Intelligence bring by toolchain and engineer
Memory program code is out of order
Execution In Order

Determinist

Excellent performance/consumption ratio

<PROGRAMING>

Superscalar CPU

Intelligence lies within the execution stage
Memory program code is in order
Execution is Out Of Order (OOO execution)
Not determinist

Bad performance/consumption ratio




PROGRAMMING A VLIW CPU
VLIW CPU properties

On the one hand superscalar CPUs are designed to execute generic code with almost
no optimisation and that includes lots of branches and tests. Keyword is genericity.

On the other hand VLIW CPUs must run target-dependant code in order to use their
maximum capability. However this means architecture-specific code (no portability).

ptr_x2[11] = xtl * col + ytl * s5il;
ptr_x2[11 + 1] = ytl * col - xtl * 3il:
ptr_x2[h2] = xt0 * co2 + yt0 * 3i2;
ptr x2[h2 + 1] = ytl * co2 - xt0 * 3i2;
ptr x2[12] = xt2 * cod + yt2 * 31i3;
ptr_x2[l2 + 1] = yt2 * cold - xtd * 3i3;

% lo x 0o = _daddspixhl 0_xh0 0, xh2l_0_xh20_0);
% 30_x 20 = _daddsp{xhl_1_xh0_1, xh21_1_xh20_1);

y50_0_xt0_0 = _dsubsp(xhl_0_xh0 0, xh21_0_xh20_0) ;
yt0_1 xt0 1 = _dsubsp(xhl_1_xh0 1, xh21 1 xh20_1):;

TI DSPLIB, FFT algorithm, floating point TI DSPLIB, FFT algorithm, floating point
Canonical implementation Optimised implementation (intrinsec functions)
- PORTABLE - NOT PORTABLE

PROGRAMMING A VLIW CPU S
VLIW CPU properties EANESNI

sssssssssssssssss

IF one wants to use the Full capability of a processor, he must master the hardware
architecture as well as associated developping tools (i.e. toolchain).

Also one must be able to use math and rewrite the algorithm (and its implementation)
with the aim of a code acceleration.

As a matter of fact, the most performant codes are most of the time not portable.
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LAB'S EXAMPLE ALGORITHM E;EN;E;S:=i
Discrete convolution
CAEN
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Lab sessions will use a well known algorithm: the discrete convolution.

This algorithm has a very simple structure, but it is very difficult to accelerate without
mathematical refactoring.

0.5 r




LAB’'S EXAMPLE ALGORITHM EsSSEESEsS
Discrete convolution
CAEN

zzzzzzzzzzzzzzzzzzzzzzzz
sssssssssssssssss

Let's have a look at the mathematical definition of the discrete convolution

AE= 0 S el =

k=0 j=0

Where:
* X() is the input samples vector
* y() is the output samples vector
* a() is the coefficients vector
* Yisthe output vector size
* Nis the number of coefficients
* kisthe index of the current sample

LAB'S EXAMPLE ALGORITHM S=ssssssEs
Typical workflow for algorithm coding CAEN
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Before being coded in C onto the wanted processor, the algorithm is usually validated
with prototyping and simulation tools, such as Matlab/Simulink.

Validating the algorithm consists in coding its canonical implementation and check the
input and output vectors values.

MATLAB: 4\
SIMULINK®




LAB'S EXAMPLE ALGORITHM £
Typical workflow for algorithm coding ENSI

Here is the Matlab implementation of the discrete convolution algorithm.

function yk = fir_ sp(xk, coeff, coefflength, ykLength)
vk = single (zeros (1, ykLength) ) % output array preallocation

% ocutput array loop
for i=2:ykLength
vk(i) = =single(0):

% FIR filter algorithm - dot product
for j=l:coefflength
vk(i) = =single(yk(i})) + single(coeff(j)) * single (xk(i+j-1)):
end
end
end

This code is given with lab materials

LAB'S EXAMPLE ALGORITHM EEs=sss==:

Typical workflow for algorithm coding ENSI

zzzzzzzzzzzzzzzzzzzzzzzz
sssssssssssssssss
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% N 1 1 i A A0 R Y
y 101 1A 1. A1 1 011 a1 i
5 il il i il i T i il il
, 1k ) s i N n N I 1
filter coefficients (impulse response) - single precision magnitude bode - single precision
S i
i Bl i ’
0.02 i W - 10 10

Matlab sources given with lab materials



LAB’'S EXAMPLE ALGORITHM
Canonical C implementation ENSI
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Once the algorithm has been validated, it can be implemented in the processor.
First make a canonical Cimplementation, using IEEE-754 single-precision Floats.

void fir sp ( const float * restrict xk, \
const float * restrict a, A
float * restrict vk, \
int na, \
int nyk) {

int i, Jj-

for (i=0; i<nyk; i++) {
yk[i] = 0;

/* FIR filter algorithm - dot product */
for (j=0; j<na; j++){
vk[i] += a[jl*xk[i+]];

LAB'S EXAMPLE ALGORITHM

Canonical Cimplementation

sssssssssssssssss

Another canonical Cimplementation.
This one is given by Texas Instruments in its library dsplib.

#pragma CODE_SECTION(DSPF_sp fir gen_cn, ".text:ansi");
#include "DSPF_sp_fir_gen_cn.h"

void DSPF_sp_fir gen_cn{const float *x,
const fleocat *h,
float *y,
int nh,
int ny)

int i, 3;
float sum;

for(j = 0; § < ny; j++)
{

sum = 0;

// note: h coeffs given in reverse order: { hnh-1], hinh-2], ..., h[0] }
for(i = 0; 1 < nh; i++)
sum 4= x[1 + j]1 * h[i];

y[j] = sum;
}
}



LAB’S EXAMPLE ALGORITHM gSssssstes

Canonical Cimplementation
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Another canonical Cimplementation, from the Texas Instruments
But this time, it uses with the

#pragma CODE_SECTION(DSP_fir genm cn, ".text:ansi");

#include "DSP_fir gen cn.h"

void DSP fir gen cn (

const short *restrict x, /* Input array [nr+nh-1 elements] */
const short *restrict h, /* Coeff array [nh elements] */
short *restrict r, /* Output array [nr slements] */
int nh, /* Number of coefficients */
int nr /* Number of output samples */
)
{
int i, j, sum;
for (] = 0; j < nr; j++) {
sum = 0;
for (i = 0; i < nh; i++)
sum += x[i + j1 * h[i];
r[jl = sum >>
}
}
|
eeEEEEm
LAB’S EXAMPLE ALGORITHM ESESsgSsss

Goal

uuuuuuuuuuuuuuuuuuuuuuuu
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The main goal of the lab sessions is to present a generic methodology For optimizing
algorithms for a specific architecture.

In our case, we'll optimize a

BLACK BOX

Vectorized
Radix 4
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C6678 INSTRUCTION SET ARCHITECTURE gEssssssEs

Instruction fields ENSI
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Let's see the different fields of an instruction line in assembly language for the Texas
Instruments C6600 architectures.

Note that some fields are specific to VLIW architectures.

label: | [cond] Instr .Unit Operands ;comment
Parallel Condition Instruction unit With format:
(with prev. Instr.) (each instr. can be) (1 of the 8) sr¢, src, dest

C6678 INSTRUCTION SET ARCHITECTURE SZs=S=Ssss

Instruction fields ENS'
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Remember that all fields of an instruction in assembly language correspond to a field in
the binary code of the instruction (except for the label and the comment).

See for instance the MPYSP instruction.

Condition
(A1, A2, BO, B1, B2)
Opcode
31 29 28 27 23 22 18
| creg | z ‘ dst ‘ src2 |
3 1 5 5
17 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| srcl | X ‘ 1 | 1 | 1 ’ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 | s ‘ p |
5 1 1 1
Instruction Opcode | Side J
(MPYSP specific) Parallel




C6678 INSTRUCTION SET ARCHITECTURE

Execution units

In order to ease the understanding of the C6600 Instruction Set Architecture, we'll look
at the effects of the assembly instructions onto the execution stage.

Fetch 256
=]
[ sTH | STH | sSADD | SADD [ smPYH [ SwmPY | suB | B | PG
L L
[ tow [ 'tow T sADD [ SADD [ SMPYH | SMPYH | SHR | SHR | Ps
L Il
[ STH | STH | SADD | SADD | SMPYH | SMPY | sus | B | PW
L L
[ tow [ tow [ SADD | SADD | SMPYH [SMPYH [ SHR | SHR | PR
T T
1
Decode 32 32 32 2 | [ 32 32 32 32
STH [ STH [ SADD | SADD | swPYH [ smpy [ suB | B | opP

[ ] [ SHR | l SMPVH | LDW | | | SMPYH ] | v__]oc

T T

Erecuo | 7 + 4, + +
SADD. | B | SMPY ” Iﬁ' ||SMPYH|| MVK ” SADD |E‘
5] 1 M1 D1 D2
Al Al A 3
15 vy |

Al a la i
y | [ Tv | = I | \ |
ooog - DDDDDDDDDDl = ||][|[| -000E000BEaD
31302928 109 8 76 5432 10} 31302928 109 87 6 5432 10
Register flo A ST1] Daai FiD1 D2 § Dam2 [ST2 Register file B
64 64 64 64
32 paq 32

DA 2
Data cache control

C6678 INSTRUCTION SET ARCHITECTURE

Execution units

The C6000 CPU has a Load-Store architecture.

This means that some execution units (.D1 and .D2) are dedicated to memory access,
and both of them have a direct access to the L1 cache memory (64-bit bus).

The other execution units are used for control and processing.

Bewey § _y § R AR A
S s o R e | e || s ||
15] Yy | | I R Ar

Data bus (64-bit)
L1 cache «- Reg file A/B

Y I y
0000 -00080000800| J={{0000 -000a00000a0

31 30 29 28 10 5 4 1 313029 28 10
i : ST1 Data 1 LD 1 LD2 4 Data2 |ST Register file B
Memory address bus Register file A L . o o 9
(32-bit) -
.D1/.D2 - L1 cache 32 DA 1 DA2 %
»” Data cache control <




C6678 INSTRUCTION SET ARCHITECTURE §=88ES8SS=C
Addressing modes CAEN
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Only 3 addressing modes are supported by the C6000 ISA.

Remind that addressing modes correspond to data manipulation strategies , as used by
the instructions.

Being a calculation processor, the C6000 CPU heavily uses register addressing mode.

* Register addressing
* 324 instructions (Full ISA)
* Indirect addressing
* 18 instructions (load/store instructions)

* Immediate addressing

eeeeeeeeeeeeeeeeeeeeeeee
sssssssssssssssss
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DISCRETE CONVOLUTION ALGORITHM IN CANONICAL C6678 ASSEMBLY LANGUAGE SSSSSE=ssS
Presentation
| CAEN
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For the remaining part of this lecture, we'll translate the C algorithm into a C6678
assembly language program.

The canonical C version of the program is on the next slide.

For educational purpose, we will ignore the delay slots that are
associated to instructions execution time.

The absence of the NOP instructions will Facilitate the
understanding of the canonical assembly program.

Do not forget to add the delay slots when programming the
target DSP!
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Canonical Cimplementation ENSI

This is the algorithm that will be studied during the lab sessions.
It's a canonical C implementation, using IEEE-754 single-precision floats.

void fir sp ( const float * restrict xk, \

const float * restrict a, A
float * restrict vk, A
int na, \
int nyk) {

int i, J:

for (i=0; i<nyk; i++) {

yk[i] = 0¢

/* FIR filter algorithm - dot product */
for (j=0; j<na; j++){
yk[i] += a[jl*xk[i+]];
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Registers use

Registers used for passing parameters through function call:

void main(void)
{

Returned . B3 register used to
. fir_sp( xk_sp, a_sp, yk_sp, A_LENGTH, YK_LENGTH );
value in A4 -sp( xk_sp, a_sp, yk_sp, A_ ) save return address

while(1);

A4 B4 A6 B6 A8

We decide to use those registers:
« i=BO
< j=A1
* yk (temp) = A5

* xk_sp=A19 * xk=A9
* a_sp=B19 * a=B9
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Multiplication-Accumulation

The easiest way to translate the C into assembly
language is to start from the main operation,
inside the inner loop.

Like many other digital signal processing
algorithms, the discrete convolution uses MAC
(Multiply-Accumulate) or SOP (Sum Of Products)
instructions.

First let’s look at the MPYSP instruction.

4.212 MPYSP
Multiply Two Single-Precision Floating-Point Values

syntax ~ MPYSP (.unit) srcl, src2, dst

unit = .M1 or .M2
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Multiplication-Accumulation

The current example shows a cross path (i.e. the
two sources are not from the same side).

This brings some limitations:

* The destination register and the execution
unit must be on the same side

* Only one source register can be on the other
side

* Add the ‘x' suffix when specifying the
execution unit
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Multiplication-Accumulation

Now we can use an addition instruction.

4.14 ADDSP
Add Two Single-Precision Floating-Point Values

syntax ~ ADDSP (.unit) srcl, src2, dst

| unit= L1, 12,.51,.52 |

Well done!
You just implemented
a MAC operation!

3
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Multiplication-Accumulation
’ CAEN
Use of execution units:
Y Y Y Y Y Y Y Y
Functional
L1 51 M1 .D1 units .D2 M2 S2 L2
MPYSP — —
ADDSP — ——
16
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Data management

Move data from a CPU register to another one.

4.222 MV
Move From Register to Register

syntax MV (.unit) src2, dst

unit = L1, .12, .51, .52,.D1, .D2
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Data management

Before performing the MAC, we must load the
cells values (stored in the L1 cache memory) into
CPU registers.

We must use one of the LDx (load) instructions:
e DB, B = Byte = 1 byte = char

Half-word

e LDH, H 2 bytes = short int

e LDW, W Word

4 bytes = int, float
e LDDW, DW = Double-Word = 8 bytes = long, double

The .D1 and .D2 executions units are dedicated
to ST and LD instructions only.
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Data management ENSI

Use of execution units:

Y Y Y Y Y Y v Y
Functional
L1 S1 M1 .D1 units .D2 M2 .S2 L2
MPYSP — —
ADDSP S I
MV —— — — ——
LDx / STx — —
19
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Data management

Note that a pointer-like style is used.

In this example case, A19 and B19 registers
contain each an address. The “*' character before
the register name indicates the use of indirect
addressing mode.

This is equivalent to the use of pointersin C.

DISCRETE CONVOLUTION ALGORITHM IN CANONICAL C6678 ASSEMBLY LANGUAGE EssssssssS
Data management
J CAEN

Similarly to the pointers in C language, registers used in indirect addressing mode
support pre- and post-incrementations.

Also, load and store operations can be indexed with the [] notation, like arrays in C.

Table 3-10 Indirect Address Generation for Load/Store

No Modification of Preincrement or Predecrement of Postincrement or Postdecrement
Addressing Type Address Register Address Register of Address Register
Register indirect *R *++R *R+

*_ _R *R_ -

Register relative *+R[ucst5] *++R[ucst5] *R++[ucst5]

*-Rlucst5] *- -Rlucst5] *R- -[ucst5]
Register relative with 15-bit constant offset *+B14/B15[ucst15] not supported not supported
Base + index *+RloffsetR] *++R[offsetR] *R++[offsetR]

*-RloffsetR] *- -RloffsetR] *R- -[offsetR]

22
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Data management

To summarize:

The A19 and B19 registers contain the address
of the current cell of a[ ] and xk[] arrays.

The two LDW instructions load 4 bytes from the
L1 cache memory to the CPU registers A9 & B9.

The address value contained in A19 and B19
registers are incremented afterward, making
these registers pointing to the next cell.

24
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Control and branch

The C6000 family historically supported only one
branch instruction: the B (branch) instruction.

It allows to perform function calls as well as all
known control structures (if, for, while, ...).

The B instruction uses .S1 and .S2 execution
units.
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Control and branch ENSI
CAEN
Use of execution units:
Y Y Y Y Y Y Y Y
Functional

L1 51 M1 .D1 units .D2 M2 S2 L2

MPYSP — —

MV .| | | .|
LDx / STx — —
B —— ——
26
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Control and branch

A condition can be added to the execution of an
instruction.

Five registers (A1, A2, BO, B1, B2) can be used as
condition values.

Syntax:
* [R] =instruction executedifR#0

* [!R] =instruction executedifR=0

All instructions can be executed conditionally.
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Control and branch

Implement the internal loop’s counter.
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Control and branch

Implement the external loop.
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Control and branch

The return address of a function is always given
by the calling Function through the B3 register.
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Final version
Without the required delay slots!

void fir sp ( const float * restrict =k, \
; ; ; const float * restrict a, \
float * restrict yk, \
int na, \
; ; ; int nyk){
int i, j:

for (i=0; i<nyk; i++) {
 yk[il = 0

/* FIR filter algorithm - dot product */
for (j=0; j<na; j++){

: vk[i] += a[jl*xk[i+]]:

}




GLOSSAIRE

SYSTEMES EMBARQUES

ABI : Application Binary Interface

ADC : Analog to Digital Converter

ALU : Arithmetic and Logical Unit

AMD : Advanced Micro Devices

ANSI : American National Standards Institute

AP : Application Processor

API : Application Programming Interface

APU : Accelerrated Processor Unit

ARM : Société anglaise fabless concevant des CPU RISC 32bits
ASCII : American Standar Code for Information Interchange
ASIC : Application Specific Integrated Circuit

BP : Base Pointer
BSL : Board Support Library
BSP : Board Support Package

CCS : Code Composer Studio

CEM : Compatibilité ElectroMagnétique
CISC : Complex Instruction Set Computer
CMS : Composant Monté en Surface

CPU : Central Processing Unit

CSL : Chip Support Library

DAC : Digital to Analog Converter

DDR : Double Data Rate

DDR SDRAM: Double Data Rate Synchronous Dynamic Random Access
Memory

DMA : Dual Inline Package (boitier de composant)

DMA : Direct Memory Access

DSP : Digital Signal Processor

DSP : Digital Signal Processing

EDMA : Enhanced Direct Memory Access

EUSART : Enhanced Universal Synchronous Asynchronous Receiver
Transmitter

EMIF : External Memory Interface

EPIC : Explicitly Parallel Instruction Computing



GLOSSAIRE
SYSTEMES EMBARQUES

F
FPU : Floating Point Unit
FLOPS : Floating-Point Operations Per Second
FMA: Fused Multiply-Add
G
GCC : Gnu Collection Compiler
GLCD : Graphical Liquid Crytal Display
GNU : GNU's Not UNIX
GPIO : General Purpose Input Output
GPGPU : General Purpose GPU
GPP : General Purpose Processor ou MPU
GPU : Graphical Processing Unit
IA-64 : Intel Architecture 64bits
I2C : Inter Integrated Circuit
IC : Integrated Circuit
ICC : Intel C++ Compiler
ICC : Interface Chaise Clavier (main problem root)
IDE : Integrated Development Environment
IDMA : Internal Direct memory Access
IHM : Interface Homme Machine
IRQ : Interrupt ReQuest
ISR : Interrupt Software Routine
ISR : Interrupt Service Routine
L

L1D : Level 1 Data Memory

L1l : Level 1 Instruction Memory (idem L1P)
L1P : Level 1 Program Memory (idem L11)
LX : Level x Memory

LCD : Liquid Crytal Display

LRU : Least Recently Used



GLOSSAIRE
SYSTEMES EMBARQUES

MAC: Multiply Accumulate

MCU : Micro Controller Unit

MFLOPS : Mega Floating Point Operations Per Second
MIMD : Multiple Instructions Multiple Datas

MIPS : Mega Instructions Per Second

MISD : Multiple Instructions Single Data

MMACS : Mega MAC's Per Second (cf. définition MAC ci-dessus)
MMU : Memory Managment Unit

MPLABX : MicrochiP LABoratory 10, IDE Microchip
MPU : Micro Processor Unit ou GPP

MPU : Memory Protect Unit

MPPA : Massively Parallel Processor Array

OS : Operating System

PC : Program Counter

PC : Personal Computer

PCB : Printed Circuit Board

PIC18 : Famille MCU 8bits Microchip

PIC : Programmable Interrupt Controller

PLD : Programmable Logic Device

POSIX : Portable Operating System Interface (norme IEEE 1003)
PPC : Power PC

RAM : Random Access Memory

RISC : Reduced Instruction Set Computer

RS232 : Norme standardisant un protocole série asynchrone
RTOS : Real Time Operating System

RTS : Real Time System
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SYSTEMES EMBARQUES

SDK: Software Development Kit

SIMD : Single Instruction Multiple Date
SIP : System In Package

SOB : System On Board

SOC : System On Chip

SOP : Sums of products

SP : Stack Pointer

SP : Serial Port

SPI : Serial Peripheral Interface

SRAM : Static Random Access Memory
SSE : Streaming SIMD Extensions
STM32 : STMicroelectronics 32bits MCU

Tl : Texas Instruments

TNS : Traitement Numérique du Signal
TSC: Time Stamp Counter

TTM : Time To Market

UART : Universal Asynchronous Receiver Transmitter
USB : Universal Serial Bus

VHDL : VHSIC Hardware Description langage
VHSIC : Very High Speed Integrated Circuit
VLIW : Very Long Intruction Word
























