<
oy
gy
p
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Agenda

1. Introduction to xCORE
Architecture and Technology
Products

2. Introducing xSOFTip
xs Software IP and Applications

3. Introducing xTIMEcomposer
XT xCORE Development Environment

4. Languages and parallelism
xC

Learn high level programming in xC

XK S. Introducing startKIT

Your startKIT development board

MULTICORE MICROCONTROLLERS
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4 1 Why Multicore...

v

...system functionality is partitioned into discrete tasks

...each core runs independently, unaffected by events on other
cores

...which makes your software code
completely timing-predictable

...and achieves up to x100 faster
response times to external events

CORE : multicore microcontrollers

X MOS
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v xCORE

Up to 8 logical 32bit cores per tile

4-16 core devices
Parallel multi-tasking
>60MIPS per core
64KB RAM per tile
DSP processing
Security (OTP)

Hardware Response™ 1/O

Guaranteed 1/O capture

100x faster response

Real-time logic processing
Automated serialize /deserialize
Software defined peripherals

X MOS

XTIME: schedulers

timers, cloc!

xCORI

xCORI
Hardware —

response I_ xCORE
el xCORI

|_
xCORI
) I II xCORI
I xCORL
I I xCORI

‘S

logical core

logical core

logical core

logical core

logical core

logical core

logical core

XxCONNECT
channels, links

logical core I

xTIME scheduler

*  Ensures 100% timing determinism

. 10ns resolution

Zero latency
switch
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4 1\ xCORE timing determinism
v

100ns 1/O response

10ns timed 1/O
60Mbps SerDes Single cycle ‘zero’ latency
RAM switching

xTIME™ |/O Ports Other
I xCOREs

via

Schedulers, 2 xCONNECT
timers &

synchronizers

e
processing

10ns resolution =l XCORE |OgiCCl| core

waiting for event

X MOS
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‘ Y xCORE Hardware-Response technology
v

X MOS

Interrupts
Application -- N
n AN A L |
Service n . Ssol TTTe--l L
routine #4 nY AN S~ ‘FI X
. AY
Service b 0!

1 “ \ Sso
1 Y
routine #3 [ AN AF,
1 N |
Service . P ! '
routine #2 A kl X
I 1
1

Service

ouine #1 | 1-: i | BRI 5 Traditional, single core
OS Kernel | H hl HH ! g

sercese oy MCU running an RTOS

latency

Worst case I 4
latency

Overhead Ii—il +|'—I| + H + I'—'H‘—'I

Application
stalled F

Events
Application
Co
o
Service

Service :'
A xCORE flexible
routine #3 ! S ° .
Service 4 multicore microcontroller
R -

routine #4

routine #2
Service
routine #1

Latency I
(best/worst)

No application stall..
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y % 100x faster in the real world

12,000ns

10,000ns

8,000ns

100x
faster

6,000ns

4,000ns

Worst case response time (ns)

2,000ns

100ns

Number of inputs

* Response time to asynchronous external |/O events

* Results normalized for 1T00MHz clock for fair comparison
* Atmel & Microchip devices running freeRTOS

* Link to white paper for full details
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Pre-loaded

/O ports: offload processing

value 10ns ~ PIN
timer
trigger
time
10ns
timer
Time
PIN > stamp
10ns
timer | Time
PIN | > stamp
Port input W L »
Clock D_,_ >
&
Valid
A\ VAN
|PIN >

X MOS

Timed Input /
Output

Time-
stamping

Predicated
Input

Clocked port
with strobe

Dedicated
serialization
hardware

* Generate arbitrary timed output
waveforms under software control

* Sample signals at specific times

* 10ns resolution

* Reads the current time in the port
* Provides an origin for timed /O
* 10ns timer

* Core waits for given pin state
* Responsive software state machines

* Synchronise to external clock domains
* Support for throttled data

* 32bit serialize /deserialize data
* Extends pin data rate beyond
instruction rate - 60Mbps
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4% xCORE products

General Purpose
4 — 16 Logical Cores
64KB — 128KB RAM
Hardware-Response | /O
46 family members

USB

8 — 16 Logical Cores
64KB — 128KB RAM
Integrated USB 2.0 PHY

Hardware-Response | /O
12 family members ”

Analog

6 — 16 Logical Cores
64KB — 128KB RAM

Low Power
24 family members

eXtended Architecture

7 Logical Cores + CORTEX M3
192KB RAM + 1024 FLASH

Hardware-Response |/O plus Analog 1/O Hardware-Response |/O + ARM GPIO

Dedicated low power peripherals

Ultra Low Power
2 family members

© XMOS Lid 2014
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4 v xCORE-XA

v

Multicore microcontroller
= Eight 32bit cores

= Core dedicated to ARM bridge XCORE-XA ™ : xCORE eXtended Architecture
= 500MIPS performance

= DSP and security processing xCORE logical core 1
xCORE logical core 2

Unique 1/O flexibility

= Hardware Response | /O ports
and ARM GPIO

= Low energy fixed peripherals

= Configurable xCORE |/O

xCORE logical core 3

l xCORE logical core 4 .

xCORE logical core 5

X

(@]
o
A
m
A
>
=

xCORE logical core 6

i Osuodsay sipmpinH

xCORE logical core 7

X

0
o
Z
Z
m
0
-

'

(%)

2
a
=

EIXED INTERFACES xCORE-
Integrated system memory UART / GPIO, 12€, SPI ARM CORTEX® M3 core _ [BiHiEEE

0K Pl “",' :“I’m‘ _
o FLASH 1024KB
= 1024KB Flash

Extremely low energy
= Down to 100nA

[
8T L
WVY WiV

© XMOS Lid 2014 Confidential Slide | 11
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y % XS1 Product Families
ey | Gorarupese | uss | aniog | xa

Device XS1-L XS1-U XST-A XS1-XA
Logical Cores 4,6,8,10,12,16 6,8,10,12,16 6,8,10,12,16 8

MIPS 400-1000 500-1000 500-1000 500
Total SRAM 64, 128, 256 KBytes 64,128 KBytes 64,128 KBytes 192 KBytes
Total Flash - - - 512, 1024 KBytes

. 3v3 or 5v0 core, 3v3 or 5v0 core,
Supplies 3v3, 1v0 3v3 1/0 3v3 1/0 3v3, 1v0
Low power mode 15mW <500pW <500pW 100nA

Analog functions

USB, ADC, POR, DC-

ADC, POR, DC-DC,

ADC, DAC, Analog

DC, Decouple RTC, Decouple Comparators, USB(option)
Fixed low power 3 Universal (UART/SPI/
0 - - - Smartcard/12S), 2 USART,
peripherals 2 UART, 2 12C
Packages TQFP48 (28) BGA96 (37) BGA96 (37)
(qudware QFP64 (36) + 4 Analog inputs + 4 Analog inputs FBGA265 (38)
QFP128 (64) BGA217(73) BGA217(73)
Response I/O) QFN124(84) + 8 Analog inputs + 8 Analog inputs

1 Power measured under typical conditions

X MOS



O Console
ontent from hetps://www.xmos.com
type filter text - N

L Problems | Z Tasks )

Software Block |
# 125 Master Audio Driver

% TOM Audio Driver Cor
¢ Component
“ MIDI Component Rosdmep

2 e Cemponen e |
- POIF Transmitter Compone
© Dot mitter Component Rosdmap
w Dsp
3 e DcosrComponar i
w <o
-

# SORAM Memory Translation Function Library
# SORAM Memory Controller
% External SRAM memory Controller
(3 SORAM Regression Application
© Slicekit SORAM Simple Demo
(3 SORAM Benchmark Application
& Networking
o Ethemnet
» Ethernet Board Support Definitions
5 Layer 2 Ethernet MAC
) SMI Ethernet Phy Protocol Library
 Embedded Webserver Function Library
3 Ethernet/TCP Module
% External WIFI Module Controller
3 Low Level Ethernet Demo
© Low Level Ethemet Loopback Demo
3 Embedded Webserver Demo (P Flash)

5 Embedded Webserver Demo (No SPLFlash)  Example
3 Simple HTTP Demo Example
(& Peripherals
on nersl Use
25" BC Master (Single Bit Ports) Function Library | Gener 1 Use

%xSOFTi[> AND APPLICATIONS

MULTICORE MICROCONTROLLERS

Slide | 13
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Ry IO
I\F ASOFI-”J

xCORE logical core

xCORE logical core
xCORE logical core
xCORE logical core

USB 2.0

Asynchronous
480Mbps

DSP

BiQuad
FIR

xCORE logical core

xCORE logical core
xCORE logical core

X

@)
0
d
m
-
0
o
-
n

YaHMmS S|UUBYD — 1DINNC

64KB RAM

Automotive

CANbus -+ many more...
AVB

© XMOS Lid 2014 Slide | 14
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= Audio & DSP
= Reverb
®= Loudness enhancement
= Biquad
= Networking
= Ethernet MAC
=  Webserver
= TCP/IP client
* Industrial
= COM port
= Multi UART
= CAN
* General Purpose
= LCD display
= SDRAM
= USB

'an 9 B A _ | Ill“ll’ 1IN E we

© XMQOS Lid 2014

\ XSOFrip Examples

Software Block
() Generic Uart Loopback Example

(3 Slicekit COM Port GPIO Demo
(2 Slicekit Simple GPIO Demo
PR Programming
4 |7 Misc
(% Lock Handling Library
() OTP Reading Library
() OTP Reading Library Example
4 [ Slicekit
4 |7 Demos
() 125 Master Slicekit Loopback Demo
{2 LCDDemo
{3 Multi-UART PC Com Port Demo Applicati
{2 Simple HTTP Demo
(2 Long-Delay Slicekit Audio Demo
(2 Long-Reverb Slicekit Audio Demo
(2 Short-Delay Slicekit Audio Demo
(2 Short-Reverb Slicekit Audio Demo
(2 Display Controller Demo
(2 Slicekit COM Port GPIO Demo
(2 Slicekit Simple GPIO Demo
4 UsB
4 | Interfaces
7 % USB High/Full Speed Device Controller
b @ XMOS Examples: Debugger
b @ XMOS Examples: Instrumentation and XSCOPE
o ?(MOS Examples: Programming in C and XC
4 |7 DSP Examples
(3 How to perform 64 bit arit
(3 How to target the the xCO

4 | Function Examples
[}

o H
« ow tn 1ige n:::(-hv-r#srpnrp in XC

hmetic operatic
RE's multiply-a,

Scope

Example
Example
Example

General Use

Early Developme

Example

Example
Example
Example
Example
Example
Example
Example
Example
Example
Example
Example

Roadmap

Example
Example

Fxamnle

m

3

MULTICORE MICROCONTROLLERS
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X MOS

2.0

SOFTin Applications

General Connectivity
USB-to-things| Ethernet-to-things

Vad

Automotive networking

“iPod [JiPhone |_iPad

Multichannel Audio Connectivity

i1 ROS

Robotics




USB—to—things
USB 2.0

USB 1.1

Host/slave

(Pl m"'% f‘
P ANy ‘ l;l
W, <. |

© XMOS Lid 2014

=
XMOS: bridging things—to—things

12C | SPI | UART | PWM | A/D | ...

!

Serial | GPIO

Fieldbus

——

c n " “ﬂodbus

Ethernet—to—things

100 Mbps MAC

TCP/IP

Daisy chain, Redundancy, Packet pass-through

';5/"'/"' / Y /"‘
"YIYSeYN |

Slide | 17



USB
2.0

device

Packet
Buffer
RAM

xCORE: U6-64

© XMQOS Lid 2014

onnectivity: USB 2.0-to—Quad-UART

xSOFTip [T
‘C’ code .
RAM .

Slide | 18



onnectivity: Ethernet DC-to—CAN
v "

<4

xSOFTip [
‘C’ code .
RAM -

Ethernet

CAN

% ' ' Ml Packet

Buffer
itch
IE[ l l Switc RAM

xCORE: L16-128

MULTICORE MICROCONTROLLERS
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MII
Ethernet

Packet
Buffer
RAM

Embedded
Web-server

xCORE: L8-128

© XMOS lLid 2014

onnectivity: Ethernet—=to—Octal-UART

xSOFTip [
‘C’ code .
RAM -

MULTICORE MICROCONTROLLERS

Slide | 20



Stereo
Audio
Functions
DSP | Mixing | Custom
Multi-
channel
ETHERNET
future...

.KS()FTqJ III
‘C’ code .
RAM .

Scalable, flexible, multi-standard multi-channel audio connectivity

MULTICORE MICROCONTROLLERS

© XMQOS Lid 2014 Slide | 21



AV3 ﬁ% Ethernet
controller

AB/Fampl

xCORE: XS1-L16

© XMOS lLid 2014

Routing and

buffer

management

FlexRAY

Avutomotive: network gateway

CAN
CAN

N

XSOFrip .
‘C’ code .

OOOOOOOOOOOOOOOOOOOOOOOOO

Slide | 22



Automotive: AVB Audio/Video endpoint

N

MPEG TS DVB-T Receiver xSOFTip .

: ‘C’ code .
\'4:}

DVB-T Receiver
controller MPTG TS

Endpoint
application

125 / SPI Digital Radio Tuner

125 / SPI Digital Radio Tuner

xCORE: XS1-L16

MULTICORE MICROCONTROLLERS

© XMQOS Lid 2014 Slide | 23



Avutomotive: telematics unit interface

Ethernet or
NS Gy /s
controller ol

controller
Interface

application

cn N “ “ Audio Codec |/f

xCORE: XS1-L16

MULTICORE MICROCONTROLLERS

© XMQOS Lid 2014 Slide | 24



Robotics: 4-axis mobile platform

KSOFI-I P .

]

Trajectory Control

— Gen 1 loop1
EtherCAT. ¥ EtherCAT

ASIC interface =svnopticom

B

Trajectory Control
Gen 2 loop2

.4

Trajectory Control
Gen 3 loop3

|

Customer
application

8N Trajectory Control
Gen 4 loop4

]

xCORE: 2 x L16-128

MULTICORE MICROCONTROLLERS
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4V, Development TOOLS

X MOS



ENTERPR\SE MULT\CORE

Enterprise class tools

Stable and verified xSOFTip
Licensed and maintained

Bug-fixes provided against historical

Enterprise releases
Supported via xmos.com

© XMQOS Lid 2014

Confidential

""llnunoolllllll".
.......... 10000110100

C°MMUNITY |
Mumcons
XMOs

Rolling tools beta program
Alpha & beta xSOFTip available
New features introduced first
User testing pre enterprise

Fixes provided against latest release

Supported via xcore.com

MULTICORE MICROCONTROLLERS

Slide | 27
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v

XMOS xCORE
target makefile project

. J

© XMQOS Lid 2014

File Edit Navigate Search Project Run Tools Window Help

HEE d8M- 8- %-0-0-7-

IRETRACRCRY T4

Programmable SoC - all in software

xCORE C code editing
within xTIMEcomposer

o /

[ | [ XMOS Edit >

4 (= bin

b g xscope_realtimexc
b @ Installed Targets
[ & Makefile
README txt
4 &S blink
» 4 Binaries
b @ am
4 (= armgcc
b @ build
exe
b %5 blink.out - [arm/le]
blink.bin
b G lst
Makefile.blink

1 %5 app_xscope_realtime_example.xe - [none/l

(25 Project Explorer &2 % ¥ = 0|[kd blinke 3 Ty 7 =5\
- 5 =
4 25 app_xscope_realtime_example [sw_snippets - 1.1.0 A uinmss T curiicks; ~ ww/ 2
Documentation ricks - meTicka: 2
» 4§ Binaries e e s . 7 #include <xscope.n> o=
while ((msTicks - curTicks) < dlyTicks) ;
b @) Includes R ®

int delay = 100;

F T T

* @brief Main function
R R KRR KRR

int main(void)
{
/* Setup SysTick Timer for 1 msec interrupts */
if (SysTick Config (CMU_ClockFregGet (cmuClock_CORE)

D000m0

/* Configure board. Select either EBI or SPI mode.
BSP_Init (BSP_INIT DK EBI);

/* If first word of user data page is non-zero, en:
BSP_TraceProfilerSetup():

/* Infinite blink loop */

Content from https://www.xmos.com

S @R~ ¢

while (1)

int i = 0;

type filter text

for (i = 0; i < 16; i++) {

Software Block
(3 Short-Delay Slicekit Audio Demo
(3 Short-Reverb Slicekit Audio Demo
(7 Interfaces.
(53 125 Master Audio Driver

"~ BSP_LedsSet (0x8000 >> 1i);
Delay (delay);
}
for (i = 0; i < 16; i++) {
BSP_LedsSet (0x0001 << i);
Delay (delay) ;

#define INTERVAL 1000000

void wait(int delay)
<
timer t;
int i:
ti>i;
t when timerafter(i + delay):>i;

void run()
{
int i = 0;

float j 0;

float sin_values[64] = { 0 };
float cos_values[64] = { 0 };
float tan values([64] = { 0 };
int wait_time = INTERVAL / 63;
for (i = 0; i < 63; i++) {
sin_values[i] = sin(j) * 100;
cos_values[i] = cos(j) * 100;
tan_values[i] = tan(j) * 100

3 +=0.1;
}

wait (1000000) ;

- ‘R Jux
3
Py L'Tg: Q"d"’ Driver Component ' The xscope_probe_data() function is used to send
- omponent } variable values to XSCOPE probe id 0 for real tir
<3 ADAT Transmitter ? example the program loops and continuously output
4 S/PDIF Receiver Component v [ LT T v
- S/PDIF Transmitter C S 2 < >
(& Display ) Console 53 [£1 Problems| ] Tasks| & Progress| 3 Debug| =8
&os C-Build [blink]
% JPEG Decoder Component =
& v | ###% Build of configuration Default for project blink ###+
< > v
ige
MULTICORE MICROCONTROLLERS
Confidential Slide | 28



xCORE
debugger

xCORE and ARM

Advanced debug

File Edit Navigate Search Project Run Tools Window Help
N-EHREIB i%-0-Q- R AREREIRE RCR R

BSP_Init (BSP_INIT DK EBI);

/* If first word of user data page is non-zero, enable eA Profiler trac
BSP_TraceProfilerSetup():

/* Infinite blink loop */
while (1)
‘ B
int i = 0;
for (i = 0; i < 16; i++)
BSP_LedsSet (0x8000 >> i)
Delay (delay);
}
for (i =0; i < 16; i++) {
BSP_LedsSet (0x0001 << i);
Delay(delay);
}

PR IR = Variab 2 % Break | iif Regist | =\ Modul | = O |82 Outline (& Develop 52 | Signals| =
Hqus(ope_realtime_mmple [xCORE Application] LEE|FRXR%R” TON D
4 & XMOS Debugger (19/08/2013 14:33) (Suspended) -
4 P tile[0] core[0] (Suspended: Signal 'SIGINT' received. Description: Interrupt.) Na:; I ;x;‘ bcd MOS :
tan_values <
4 run() xscope_realtime.xc:47 0x000101b8 -
3 _main_main_tile_00 <synthesized>:104 0x000101c2 (5 cos_values 0:0001fec8 o R NO0CHR e
2 _mecmaing001000 0+000101c 8 sin_values 0x0001fde? XTOOLS Resources
= 1main( 0x000102b4
s xgdb (19/08/2013 14:33)
| c xcorexa\app_xscope_realtime pp_xscope_realtime_examplexe (19/08/2013 14:33; v xTIMEcomposer
4 [T] blink [C/C++ Application] {100, 99.5004196, 98.0066605, ~
5@ blink.out 95.5336456, 92.106102, 87.758255, v xSOFTip
4¢P Thread [1] <main> (Suspended : Breakpoint) 82.5335617, 76.4842148, 69.6706696,
= main() at blink.:91 0x2c6a 62.1609879, 54.03022, 45.3596001, v Debugger
o gdb 36.2357597, 26.7498646, 16.9966927, v Simulator
o blink.out 7.07369661, -2.91997838, -12.8844776,
-22.7202396, -32.3289871, -41.6147041, v Instrumentation and XSCOPE
-50.484623, -58.8501167, -66.6276016,
-73.7393646, -80.1143494, -85.688858, v Timing and XTA v
G 5 ||-90.407196, -94.2222137, -97.0958023, || ¢ >
[:d blink.c &2 [ xscope_realtimexc &2
J usilGUiT DUSLG. SEiSCC Siciei £0I UL OFi WouS. 7

void wait(int delay)

{

}

void run()

{

int wait rime = TNTRRVAT.
<

#include <xscope.h>

#define INTERVAL 1000000

timer t;

int i;

ti>i;

t when timerafter(i + delay):

int 1=
float j 0;
float sin values[64] = { 0 };
float cos_values[64] = { 0 };
{
T

float tan_values[64] =
/ 63: v

© XMOS lLid 2014

Confidential

\
\

xCORE
source line shown
inside debug
perspective

MULTICORE MICROCONTROLLERS
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Ny 250
4% XTIMEcomposer

Eclipse graphical environment
Plus command line tool option

Industry leading LLVM C and C++ compilers

C language extensions for fine-grain
real-time control

xSOFTip Explorer fully integrated
XTA™
Static timing analyzer

xSCOPE™

In circuit instrumentation

Real-time logic analyzer
xSIM™
Cycle accurate simulator
xDEBUG™
GDB xCORE debugger
Free Download
| Windows | Apple OS-X | Linux |

Debug adapter

X MOS



Project
Explorer

4 Qe _master kit ¢ 00
4 Qe manter read reglint, ing, uncigned chad] ik, struct « Q¢
4 Qe master et uncigred chad] et struct  2¢)
5 Qe mater_write_reglied, int, unigned chad] ing, struct e 2¢)
» 1 Qommae
o @ Ynetaled Targets
1 modde Q¢ _matter metanto

% =0

B S0FT Browser 1
Content from hetps://best omon.com
Type fites test
Sclemare Block
O et
D Loy 2 et MAC
@ a e
) Ehermat TCO Module
% Etermal W Module Controder
O Low Level Ethamnet Demo.

xSOFTip
Browser

Scope
Ganersl Use
Ganersl Use
Fostoni
Enarrgle
Dema Exarrple
Camgle

3 Sengle MTTP Demo
& Perghenats

3
B MURUART Module

b Sevgle/Fast UART Transmates

I Ganent UART Racener

I SemgleFast UART Racener

5 Ganent UART Transmater

W XSohD SPT Master Functon Lavery

© XMQOS Lid 2014

B commean
)

static void waltHalf(stroct @ _i2¢ €i2e) (
veitQuarter(i2e):
waitQuartes(i2¢):

static int highfulse(stroot r_i2c ¢i2e, int doSample) (
int te=p:
1f (doSample) (
12c.ada 1> int _;
)
waitQuaztexr(i2e);
12c.scl vhen pinseq(i) 1> void:
waitQuaztes(i2¢):
1f (doSample) (
12¢.0da 1> Semp:
)
waitQuaztes(12¢):
12e.scl <1 02
waitQuaztex (i)
retarn temp:
) Sears
atatic void startBit(struct x_i2c €i2c, int waitforQuies) (
1 (veit¥orQuies) {
timor &

'O Conecle

© 1> time:
while(!done) (
meleot (
case 12c.ada when pinaneq(sda3tate)
t 1> time:
broak:
case 12¢.scl vhen pinsneq(sclitate) 1> scl3tater
€ :> cime;
Dreak:
case “«
done = 11
broak: -

LR 3 e F

1> sdastate:

*> ¢ when 2¢.¢1

. Protiems| B Toks|
C-Bld [app. 5k gpea sevgle,demo)

seee 3130 OF ceafiguratica Deboj 20T Project app_dk_Gpio_sizple_Gexo *eee

T for 12
Creatizg depesdescies or zais.xe

Teing modules: modile ilc _master
Cozpilizg mais.xs

Compiling ilc-mm.xe

Creatizg agp ok _cpic sizple dexo Deduoj.xe
Baiid Complete

¥ Flagh Programming

@ Desi3n 300 MAnAIAL0 SIS WD B340 memiey

Console and xSCOPE

Compiler output and printf output from xCORE

Developer

Column
Documentation

MULTICORE MICROCONTROLLERS
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7 p
4 % Debugging: XGDB with xTAG
v

XGDB

" Based on Gnu GDB, with GUI
support in xTIMEcomposer

= Set breakpoints
= Multicore debug support

* Command scripting

XTAG-2 v = Connects via 4-pin xCONNECT

interface

X MOS
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) A

X MOS

xSCOPE

xSCOPE library distributed
with xTIMEcomposer tools

Real-time view in tools

Stream data to file for
post analysis

Capture and view
meaningful data

Includes 10ns timestamp

Very low intrusiveness
Up to 1TMSPS capture rate

Includes fast printf feature

Connects via 4-pin

xCONNECT interface



N 4

. XMOS Timing Analysis

0.0ns / 4600.0ns.

0160.0ns { 4600.0ns

255
‘ [ [

) A XMOS Timing Analyzer (XTA)
v

|[L xta 2

#include <stdlib.h>

double rul (double one, double two)
¢
# double result = one * two:[]

@ t 1c:0]

)

int main()

(

# return 0: []

)

3= block : 600.
@ 3 block :200.0ns (x 1)/ 200,005 (x 1)
s function: main
< Disassembly | ¢/ test.
M Console || Log | () Info | €2 Function B3 Structure AKX KXQA=0
1.0us 2.0us 3.0us. 4.0us S50 6.0 7.0 8.0 9.0 10.0 11.0us
[ : : !
Idf3 1 1 T -
Cunrack IO ek d | Cpadcd =
i
_muldf3
_—pack d
= T (e P ] ==y
M Console | Log ® Info ;C') Function Structure a AR =
main

mul
__muldf3
__unpack_d __unpack_d
o o
=" e
n OG0 0 [0
o
o

|~

|a

X MOS

Static timing analysis of xCORE based
applications

Checks timing for routes through code
Highlights best /worst timing

Graphical display of routes through
code, including structural view

Command line verification mode
Test timing assertions using a script
Very fast operation

Analyzes code blocks and functions in
seconds

Integrate with build systems to check
timing at compile time

Unique tool due to determinism of
XMOS architecture
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C xC

How does xC compare with C?

xC is
principally

ANSI C

Types
port
clock
timer
chan

in port

> > >>
@ (time)
buffered

out port
< <:>>

@ (time)
buffered

Parallelism
par

Support for

Pointers

Volatile communication, O

timing, events and

Events
select

chan

> <
streaming
transaction
master
slave

parallelism

Use C, xC or a mixture of both

© XMOS Lid 2014

N

select
case
ordered
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y Yv xC : Learning Outcomes

xC multichannel extensions to C
Adds keywords for concurrency, |/O and timing
Handles multiple asynchronous events deterministically

xCORE offers a range of intelligent hardware resources

Logical Cores to run tasks
Channels and Channel Ends enable communication between tasks

Timers create events with precise timing or measure the precise timing of external events

Hardware Response™ | /O Ports interact with the outside world

Hardware Response™ |/O Ports are powerful and flexible

Create complex and fast | /O protocols
Create bit-level and cycle-level protocols without overloading a logical core

xTIMEcomposer How-to examples show how to write xC

X MOS
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y Yv xC extends C

Additional data types
port
timer
chan, chanend

Additional constructs

1> input

<: output

select event-driven processing
par fork-join

These features simplify programming.

Following slides show xC keywords in text.

X MOS
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2

Logical cores and concurrency

The par statement creates a number of task

Each task consumes one or more logical cores

Example

int main () {

{
£f(); // run tasks
g(); // concurrently

}

return 1;
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<4
y Yv Logical cores and concurrency

Par can be used to extend to multiple xCORE tiles
The on statement specifies on which tile to run a task

Multiple xCORE tiles are
int main () { / always defined as arrays
{

[0] : £(); // run tasks in
[1] : g(); // concurrently

f() runs on tile O

d() runs on tile 1

X MOS
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) 4 | Channels: communication between cores
v "
* Tasks communicate using channels
= Synchronous point-to-point communication
= Use the input (:>) and output (<:) operators
= Default data size is 32 bits

= Example

chan c; /* declare a channel */
c > X; /* input from ¢ and store in x */
c <: y; /* output y on c */

© XMOS Lid 2014 Slide | 41
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y Yv Interfaces

xC interfaces provide a logical abstraction
Allows easy partitioning between tiles/chips

Lower overhead and latency to shared memory

X MOS
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y Y. Ports
\ 4

= Ports provide direct access to pins
More powerful, faster and flexible than traditional ‘GPIO’

= xC port declaration
p = XS1 PORT 8A; // interface to 8 pins

= xC input operation on port
= p > X;

= xC output operation on port
= p <! X;

»MOS
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2

/O ports: architecture

reference clock —» clock «— 1-bit port
block
readyOut <«— readyln
4 1
e ] )
ort counter
conditional > port 4_E—|_ P I
value logic L stamp,/time
PORT — _t _______________________ )
: FIFO :
port ' transfer '
PINS «——» value —:-b SERDES —T> register <’I » CORE
| I
* ______________________________
\ J

<4—— output (drive)

all blocks optional

input (sample) —»

http://www.xmos.com /published /xs1-ports-introduction

»MOS
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4 'V, xCORE Ports — advanced functions
\ 4
Pre-loaded
valve Jons - (x> Timed outout * Generate timed waveforms such as
— ]@I IMea OUIRUL 1| D, PWM, MIl etc..
10ns
fimer — Time-stamped | ¢ Decode timed protocols such as IEEE
PIN > stamp input 1588 (801.1AS)
10ns
fimer — Conditional * Logical core waits for given pin state
PIN > stamp input * Very efficient state machines
Port input @ —> CIOCked p0r1'

* Synchronize to external clocks

Clock [PIN>—— D_I_D with data
Valid [P >——— * Support for throttled data
ready
- Dedicated * Serialize /deserialize data
AL A serialization * Extends pin data rate beyond
PIN hardware instruction rate

X MOS
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4 'V, xCORE Ports — advanced functions
\ 4
) * Generate timed waveforms such as
p Q@ t <: x; Timed output LCD, PWM, MIl efc.
1.0ns
e — Time-stamped | * Decode timed protocols such as IEEE
PIN > stamp input 1588 (801.1AS)
10ns
fimer — Conditional * Logical core waits for given pin state
PIN > stamp input * Very efficient state machines
Port input [PIN > > Clocked port S e sl ol
Clock [P >——— D_,—D with data ynchronize to external clocks
Valid [P >—— * Support for throttled data
ready
o Dedicated * Serialize /deserialize data
VAN SEVAX serialization * Extends pin data rate beyond
PIN hardware instruction rate

X MOS
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4 'V, xCORE Ports — advanced functions
v
) * Generate timed waveforms such as
P et <X Timed output | | 0 pwm, Ml etc..
p :>x @ t; Time-stamped | * Decode timed protocols such as IEEE
input 1588 (801.1AS)
10ns
fimer — Conditional * Logical core waits for given pin state
PIN > stamp input * Very efficient state machines
Port input [PIN > S > Clocked port o s ¢ t o
Clock  [PIN >——— . ®* dynchronize to external clocks
Valid DI VLD ClEE * Support for throttled data
ready
— Dedicated * Serialize /deserialize data
AL AT A LA serialization * Extends pin data rate beyond
PIN hqrdwqre instruction rate

»MOS
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y Y< xCORE Ports — advanced functions

v

p Q@ t <: x;

Timed output

* Generate timed waveforms such as
LCD, PWM, MIl etc..

p :>x @ t;

Time-stamped

* Decode timed protocols such as IEEE

PIN

hardware

input 1588 (801.1AS)
p when pinseq(0) :> x; Conditional | « Logical core waits for given pin state
input * Very efficient state machines
Port input [PIN > > Clocked port o s ¢ t o

Clock  [PIN >——— DID with data ynchronize to external clocks

Valid [P >—— * Support for throttled data
ready

— De.di.cq're.d * Serialize /deserialize data

AL AT A LA serialization * Extends pin data rate beyond

instruction rate

»MOS
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XCORE Ports — advanced functions

p Q@ t <: x;

Timed output

* Generate timed waveforms such as
LCD, PWM, MIl etc..

p :>x @ t;

Time-stamped

* Decode timed protocols such as IEEE

input 1588 (801.1AS)
p when pinseq(0) :> x; Conditional * Logical core waits for given pin state
input * Very efficient state machines

in port p, r;

Clocked port

PIN

hardware

clock ¢; . * Synchronize to external clocks
configure in strobed slave(p, r, c); with data .S f h led d
p > x; upport for throttled data
ready
De.dl.cq're.d * Serialize /deserialize data
B I e serialization

* Extends pin data rate beyond
instruction rate

»MOS
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y Y< xCORE Ports — advanced functions

\ 4
. * Generate timed waveforms such as
pEt<:x Timed output | | 0 pwm, Ml etc..
p :>x @ t; Time-stamped | ¢ Decode timed protocols such as IEEE
input 1588 (801.1AS)
p when pinseq(0) :> x; Conditional * Logical core waits for given pin state
input * Very efficient state machines

in port p, r;

Clocked port

clock c; . * Synchronize to external clocks
configure in strobed slave(p, r, c); with data S Smrsens for Trerled dme

P > x; ready

buffered port p:8 = XS1_PORT_1A; Dedicated * Serialize /deserialize data

serialization | *Extends pin data rate beyond

p <: 0b00110101; : .
hardware instruction rate

»MOS
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v
64 1/0O pins per xCORE

X MOS

2

Port I/O Mapping

Mix of 1, 4, 8, 16, 32 bit ports
Up to 256 1/O pins

High performance

Tightly integrated into the xCORE

Precise |/O timing, 10ns resolution

Time aware

= All1/O can be synchronized to internal or

external reference clock

Advanced modes

Logic to offload threads

XCore

T

32

16

16

» » B | S

IINRANANARIRIRIRININ]

MM MMM MmO MAMNHAD

A
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y V< Port 1/O Mapping
v .

Port
Pin 8bit 16bit 32bit

IXnD0OO :
IXnD01 :
IXnD02 P8AQ P16A0 | P32A20
IXnD03 P8A1 P16A1 | P32A21
XnD04 P8A2 P16A2 | P32A22
XnDO05 P8A3 P16A3 | P32A23
XnD06 P8A4 P16A4 | P32A24
XnDO7 P8AS5 P16A5 | P32A25
XnD08 P8A6 P16A6 | P32A26
XnD09 P8A7 P16A7 | P32A27
XnD10 :
XnD11

XnD12

XnD13
IXnD14 P8B0 P16A8 | P32A28 :
XnD15 P8B1 P16A9 | P32A29 :
XnD16 P8B2 | P16A10 :
IXnD17 P8B3 | P16A11

IXnD18 P8B4 | P16A12

IXnD19 P8B5 | P16A13
IXnD20 P8B6 | P16A14 | P32A30 :
IXnD21 P8B7 | P16A15 | P32A31 :
IXnD22 :
IXnD23

XnD24

XnD25

XnD26 P8CO P16B0

XnD27 P8C1 P16B1

XnD28 P8C2 P16B2

XnD29 P8C3 P16B3

XnD30 P8C4 P16B4

XnD31 P8C5 P16B5

XnD32 P8C6 P16B6

XnD33 P8C7 P16B7

IXnD34

XnD35

XnD36 P8DO P16B8

IXnD37 P8D1 P16B9

IXnD38 P8D2 | P16B10

IXnD39 P8D3 | P16B11

IXnD40 P8D4 | P16B12

IXnD41 P8D5 | P16B13

IXnD42 P8D6 | P16B14

IXnD43 P8D7 | P16B15

X MOS

* Naming
= Each port is named like
= ‘P1DO’ - 1-bit port “D”, bit O
= ‘P8A4’ - 8 bit port “A”, bit 4

* Mapping
= |/O Ports are mapped to specific
xCORE 1/O pins (e.g. X0D22)

* Independence

= Every port is an independent hardware
resource

* Ports may be overloaded
= QOverlapping ports may be activated together

= Lowest bit-width port takes precedence

* Devices and Portmaps

® Each xCORE device has a different portmap

= Check www.xmos.com/resources



Timers

¥ A timer is a special port used for inputting the time
= A timer runs at the frequency of the reference clock

= timer t; /* declare a timer */

= t :> x;/* input current time into x */

= Example: Function that waits for period of time
vold wait (timer t, 1nt period) {
t > x;

t when timerafter (x+period) :> void;

do something

© XMOS Lid 2014
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y Y< Events

Generated by ports, timers or channel ends
Used for scheduling within a logical core

Use “select’ construct — hardware equivalent of
“switch”
{

case p input X:

break;
case t (t + PERIOD):

break;

}
Woaits for one of the events to occur before continuing

Assign the event priority in the select-case by adding the
[ [ordered] ] attribute

X MOS



0y 2

‘ [ J [ J
4 1), Putting it all together
v

Combine port events, timer events, channel events in a single
select statement

Take control of your environment!

{

case p input X:

break;

case t when (t + PERIOD):

break;

X MOS



Putting it all together - example

N

= Combine port events, timer events, channel events in a single select statement
= Take control of your environment!

while(1l) {
select {
case chnlend a :> chnl input a

printstr("Channel Input A Received ");
printintln(chnl input a);
break;

case chnlend b :> chnl input b :
printstr("Channel Input B Received ");
printintln(chnl input b);
break;

case port a when pinseq(l) :> port input a:
printstr("Port Input A Recieved ");
printintln(port input a);
break;

case tmr_ a when timerafter(start time + 10000) :> start time:
printstrln("Timer A Fired ");
break;

MULTICORE MICROCONTROLLERS
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startKIT

= startKIT

= sliceKIT

®= Modular development system

" Up to four sliceCARDS for your exact

sliceKIT

configuration
USB 2.0 Audio

* Hardware platforms with
reference software
= USB Audio
= Motor Control

= Fthernet AVB

Motor control Ethernet AVB

X MOS
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4% stariKIT
v

Single XS1-A8-DEV device

500 MIPS / 8 cores
available to user

64KB RAM
8KB OTP memory

256KB SPI FLASH for
standalone operation

Powered directly from the
USB connector

X MOS

Push-button
switch

2 X 4-zone
touch sensors

xCORE-Analog A8-DEV
with integrated debugger

3x3 green LEDs
Raspberry Pi header/GPIO
0.1” header with 2 XMOS links

2 green LEDs 256KB SPI Flash

micro-USB Socket for debugger
Analog integration header
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Programming your startKIT
\ 4

Download the startKIT documentation and examples
http: / /www.xmos.com /startkit /started

Run xTIMEcomposer and run through the startKIT Tutorial

XT XMOS Welcome 52 - s
Home » Wel to xTIME P Studio
XTIMEcomposer 3 Getting started with real-time multicore applications Need help?

AMOS

Select your development board or xCORE device to display related

B startkIT Tutorial

B xTIMEcomposer Studio tutorial

Import startKIT demos (ciosss visicoms window - cicx Hetp=isicoms to rsopsn)
2 Spinning bar

2 Noughts and crosses (tic-tac-toe)

@ Spinning dot

2 Balance the ball (LED)

XTIME

P and progr

'@ XTIMEcomposer User Guide

) Developing multicore applications
) Multicore extensions for C

8 Example multicore applications

® XCore Q&A and Forums

startkiT »
documentation and downloads, or click DETECT HARDWARE button. EREER I CH I A C
h » commmunity of developers
sliceKIT ) provide the latest answers to most
Tutorials (cioses weicoms window - cick Heip>Weicome to rsopen) y
questions.
Development boards 3

* XTIMEcomposer Developer
Column
Integrated view of the xmos.com

XCORE General Purpose > site that allows you to browse and
b startkIT documentation download software and
XCORE-USB documentation from inside the
) startkiT Quick Start Guide XTIMEcomposer.
o . SOFTip E
{ B stankiT Hardware Manual O B A= EEES
An XTIMEcomposer perspective
b Extending startKIT with sliceCARDs that lets you browse and configure
DETECT CONNECTED » all our xSOFTip. Each component
HARDWARE

includes examples,
documentation and resource
estimation

* HowTo View
Documented executable examples
thatyou can drag into your
projects.

® Community View
Open source repository of projects
that you can drag into your
XTIMEcomposer project.
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y v: sliceKIT

® Modular development hardware system

"  Core boards with xCORE device:
= XS1-L16, XS1-U16, XS1-A16 core boards

* Range of slices:

=  Ethernet

= Multi-UART

= LCD Display

= GPIO

= ADC

= Audio (digital, analog & MIDI)
= SDRAM

= [SBUS (CAN, LIN, RS485)

=  WiFi

*  Range expanding rapidly...
= Third party slices

= BroadR-reach

X MOS
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& 1, Where to go next
v

Download xTIMEcomposer and run the tutorials
https: / /www.xmos.com/support/downloads/xtimecomposer

Purchase some hardware
sliceKIT — https: //www.xmos.com /products/xkits /slicekit

startKIT — http://www.xmos.com/startkit

Start developing

HowTo Examples: http://www.xmos.com/support/documentation, or in the
xTIMEcomposer 'HowTo Browser' view

xCORE Community — http://www.xcore.com/

Online support
Question and Answer section

Large user community ‘

Peripheral IP downloads

Software libraries and open-source code community

Design Partner Program 2
Github - https://github.com/xcore

Software libraries and open-source code

X MOS



AMOS

MULTICORE MICROCONTROLLERS

me /
N N N N N
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