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KALRAY IN ANUTSHELL

We offer a new type of
processor targeting the
booming market of
intelligent systems

Breaktrough
technology from 10
years of development
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International Presence
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MPPA™ ARCHITECTURE BENEFITS

Computing power

Data processing in real time

Completion of dozens
of critical tasks in parallel

Low power consumption
Programmable / Open system

Security & Safety

00 Kalray 56 Al mghts reserved. Confidential informaton rJ KALRAY




A STEP BY STEP & FLEXIBLE APPROACH

m - IP MPPA®

pr— '3
= [ + IPBusiness Case Oﬁa
I E"{ ] -,s:"‘{fa
MPPA" as Accelerator Host Processor
Accalaratian MPPA® Us=e Cases: Accelerating Ferception & Decision
+  (Offload Inference to MPPA: Suppaort of main CHH framework
+  Offload ComputerVision: OpenCV, Open VX
. = +  Offload Computing Algorithms: OpenCL, FFT, BLIS
| +  Offload ofcustomer computing functions
L ¢ AEBC-QLO0
Host Processor Aocelerstion
Prasoes s
MPPA" . : : : e

Usze Cazes: Aggregating functions for Perception & Decision (& Controls)
+  Same as Accelerator mode

MPPA® as Companion . + + Execute applications: C/C+/RTOS

D :tiun E;, L +  + Ewecute Safety context: Cf Safety RTOS
- T RBEMRR + +mixed criticality suppaort
Haost Processar o anicn
l Prostes S0
MPPA®"

Uze Cazes: Comsolidating functions for Perception & Decision [& Controls)
*  Same as Companion Processor

MPPA® as StandAlone | ¢ +self-hosting (no need of Host Processor

Low Cast | + +5calable consolidation by assignment to clusters
Sell-Hosting

Autamidlive Proc &S50

B Applications

rJ K ALIRAY
Bl occelermtions




MPPA® ROADMAP
SCALABLE PRODUCT FAMILY

SAMPLES

FERFIRMANCE ATORSHY 25 TOPS ! 50 100 TORS Y 104 TOPS Hf 2040 TOPSH!

USE CASES [ MARKET yata Center | EDGE 1M Drata Center f EDGE Mext Gen Data Center [ EDGE
ST T e Autonomaous Vehicles Autonomous Vehicles Autonomous Objects
CONSUMPTION

IWATTS]

L 8 -bit ope raticns [“TOPS™]
= Initial target - may change

rJ HKALMIRAY




HARDUWHRE
OUERUIEW

MPPR®

The Intelligent Processors




STANDALONE SYSTEM BUILD ON MPPA

STANDALONE MODE

THE « FREEOF INTERFERENCE = and « DETERMINISTIC = MPPA® ARCHITECTUREALLOWS FOR COMPLEX CRITICAL SYSTEMS
INTEGRATION OM A SINGLE DME, RUNMNING NFFERENT OPERATIMNG SYSTEMSAND SOFTWARE ENVIROMMENT 5 AND DRAMATICALLY

High Performance Compute

Accelerations
Light 05 & OpenCL / CHMs App1l

High Performance Compute
Accelerations
Light O5; OpenCL / CHHKs App 2

High Performance Compute
Functions
Light 0% OpenCL /CHNs App 3

SIMPLIFYING CERTIFICATION EFFORT

Low Latency Data Transmission

Safety [ Security Critical
Deterministic
Real Time Code

Rich OS [eg. Linux)

& Non Safety-Critical Application

Code

[Open Frameworks, applications,,....]




MPPA" COOLIDGE SCALABLE APPROACH

for Next Generation Embedded Systems

MANYCORE PROCESSOR
Architecture updates
= 80 or 160 CPU cores

* 600,900/ 1200MHz frequency modes
Me mary

« L2 refillin DDR and Direct access to
O DR from clusters

Ate
E Local
Memaory
o . 4MB

2 3 SMEM
L25

B b

10 11

COMPUTE CLUSTER
Architecture updates

* 16 CPU 64-bit cores

* 16 Co-processor

* Safety/Security 64-bit core
Mem ory

* L1 cache coherency (configurable)
« 4MB memory (BW = 614GE/s)

3R0 GENERATIONVLIW CORE
Architecture updates

* G4-hit core

* G-issue VLW architecture

« MMU # 1&D cache (16KE+16KE)

* 16-bit/32-bit/64-bit IEEE 754-2008 FPU
* Vision/CNN Co-processor




Coolidge vs. Xavier

Performance
Coolidge-80 v1 Coolidge -80v2 Coolidge -160 v2 NVIDIA
@1.2 GHz @1.2 GHz @1.2 GHz Xavier
Core M4 M,/ M/A M/
INTS Copno 24.6TOPS 49,2 TOPS 98,4 TOPS 20+ 10
TOTAL 24.6 TOPS 49.2 TOPS 98.4TOPS 30 TOPS
Core 2 TOPS 2 TOPS 4 TOPS
INT16 Copno 12.3TOPS 246 TOPS 49,2 TOPS 10+ 5
TOTAL 14.3 TOPS 26.6 TOPS 53.2TOPS 15 TOPS
Core 1.15TFLOPS 1.ISTFLOPS 2. 3TFLOPS
FP1l& Copro 305 TFLOPS 305 TFLOPS G 1TFLOPS 10+ 5
TOTAL 4.2 TFLOPS 4.2 TFLOPS 8.4 TFLOPS 15 TFLOPS
Core 1.15TFLOPS L15TFLOPS 2. 3TFLOPS
FP32 Copro /A /A /A 1.3 TFLOPS
TOTAL 1.15 TFLOPS 1.15 TFLOPS 2.3 TFLOPS 1.3 TFLOPS
Power 25W 30W 60W 30W

l:' K ALNAY




Architecture

Core

* Gd-het/32 it architecure

* Emsue VLW

- 16KB imstruction cache [ 16KEd ata cache with MU
|EEE T54 -2 Flaating Paint Unit {FPL)

* Squareraatand mcipracal apamtionsin floating single precision

*  &d-hit integer mul tiplication Jsymmietric cryptography)

* Suppartupto 4 essoution rings

* Supportupto 256-hits percyce Load /Stare

Co-processor [one per Core)

* SuppartofINTE,INT1E aor FP16 accuracy

*  Upta 158 MAC per cycle

Cluster

* 16 xd-hit Cores + 1 dedicated safety/security Core

* 4 MBof Memary /L2 Cache - 600G B/s LowLatency [ High Speed

= Configurable chuster/chip cache coherency modes
Low Pow er |G00MHz] / Standard {300MHZ)/ High pedarmance {12
Gz | rmad e

lymm-on—dip

5 chusiers ftatal of 80 Cares + 5 security Cores)

Upta LISTFLOPs {SF) / 304 GFLOPs | DPF)

Upta ITFLOPs {16 bite) / 25 TOPs |Bhits) fardeep bearning

+  40GE/s High Speed /Low Latency Metwark-an-Chip

+ Suppart standslone o scoelera tion mode | K86 or ARM Host)

»  Support of chip-to-chip connection to scale performance

PCle Interface
1&-lane PO« GEN4 Endpaint | EP) ar Roat Cample |RC)
»  H-uréaation up ta 8 dawnstream parts in BC made
* SRAOVupta & Physical Functions | 248 virtual functions
*  Addess translation and pratection
Upta 2048 M5E-E & &4 MSIinenrupts
Suppart for Hat plug
Upta 517 Dkt fiar muliqueues | bernel bypass drivers
*  Direct POle-to-clusters and PCle-to-DDR transfers
*  Multichipextensian

DDIM Interface

G-t LPDDR4/DDR4- 2300 channel s with side band finfine ECC
Upta twa mnksper DDR4 Channels
Suppart far SaDibMMUDIMM arsaldered discrebe devices
Upta 20 DR channels with channel intedeaving

* Upta 16GE perDDRchannel

Oﬁlnadmg
RO MAprotacals RaCEvl v
H¥M eaF starage protocal
TCRJUDRIP stateless affload
Checksum offlaad

v Inberrupt coalescing

MACSe: [ IPSecf SSL [ TLS affload

Copmight & HI0Kokroy: Koy, the Kinlroy logp, MPPA®, Arresslove, ond ather desionoled products beluded hareds v the frodamorks of Koleay &8 olher irodemaorks o the

VDD O Sh R DT NG DS, WD OV DCIEADy NN, WA, D PO o

Ethernet Interface

* Bl Ax10/802 52040 (45022100 GBE

* ROMA using ReCEv1 V2

* HvMe-oF [RaCE] - NVMeTCP

=+ Jumba Frame Support (9 6KE]

+ Supportfor PTP 158842

= Priofity Flow Contred PFC), IEEE 802 10bh

+  Cheekium offioad Hesder & Payload

* Line rate packet classification load balancing
* Hash & Round-robin based dispatch palicy

Security

+ Secure Bootwith suthentication (ECDSA-256) & eneryplion

« True Random Number Generators [TRMG) compliant with FIPS
140-2, FIPS140-3, SPA00-00B

+ WS4, Diffe-Hellman, D54, ECC, EC-D5A and EC-DH acesleration

+ Meonvel stile Asset stare & Embedded Secure Elament

Cryptography Accelerators (optional)

+ AES-128/192/256 [ECE/ CEBC/ICWIC TR/GCM /GMAC/CCM)
= AESNTS for stor age application

+ MD5/SHA-1, SHA-2, SHA-3

+ HazumifSnaw 3G, 7UC

Hanagamanlftnnlml Interfaces
G0 /ULARTS/SPII2C/CAN PWM
+ 551 Controller for serial NOR Flash with optional boot
+ SDCARD UHS-| { @MME 451 marmary e onts ol lar
+ 20USE200TGULPI
+ JTAGIEEE 1143.1
= 16-bit Parallel Trace Interface

Sahhr & Predictability
Mix eritieality support

= Lackable eritic ol configur ation

= Capability to bank memaory and caches for non interferant &
tim e predictable execution

+ Ul Cache coherency enabling/disabling

AccessCore” SDK & Programmability

* Suppart of Eclipse iDE

- Suppart of apen tadlchaim GO, GDE, LLVM

* Programmable core (99 and Css 2014

Opemating Systemc Linuxand canfiguration ta partany RTOS

*  Deepleaming code generatar suppanting papularil framesa s
|KaNN™, Falray Neural Meteark)

* Suppart of Open Standard Computing Languag e for deployment
af paralleloade

» Suppart of OpenCV with aptimized backend

+ Suppart of Mathe matical Libraries: FFT, BLAS, LAPACK

* Debug and Trace perchuster and core

* Simulators and profiling ook

~ Standard HIC dritwers for hast CPLUs fibVerks, VIRTIO, SPDK, ..
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APPLICATIONS

KEY BENEFITS

Single chip forwhole app
acceleration with open APIs

High performance Al,
low latency, low power

Safety and high security

Seamless integration in existing
Al ecosystems

Accelerator card for Al
and beyond

Bringing Al & massive computing to the Edge

Limitations of cloud-based Al, such as bandwidth, latency, power
consumption, security and cost, have become bottlenecks for the
de ploy ment of Al in appliances close to data sources. The Edge is becoming
the perfect destination for local processing of data, such as machine
learning models trained in the cloud, enfched with context-adaptation and
lecal complex intelligent processing.

Kalray addresses the challenge of distributing the Al and data
processing across the Edge, bringing massive localized compute
capability to the nodes.

Iy wanmar

MFFA

H200™ card with MPPA® processor

TurboCard K200™ Specification and Performance

HW specifications

Power consumption 20W [MPPA%) [/ 35W [baard)
Interface PCle Gerd x 16, 2xQ5FF28

DDR 2x 4GB DD R4-3200

TOPS 25 TOPS percard [8-bit)

Floating point operations ITFLOPS [15h), 500 GFLOPS (32h)

M IPS 152 KDMIPS [Coolidge-80, 13 Ghe

Examples of neural network performance
GoogleNet 3025 fps
Faster-RCNN (VGG16) 302 fps
Yolo v3 310 fps

Dk basad an Caolidga MPPA*3-80







STANDARD DEVELOPMENT TOOLCHAINS

AccessCore™ Tools

Debug and develop Tools

C/C++ Tools and parallelization . o

OpenCL-C Tools

AccessCore™ Acceleration

ComputerVision Tools

Meural Metwork Inference Tools e

l:' KALRAY
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