MNavemniotiplo MNetpatwe — TuApa MAnpodoptkic Etepoyevn YITOAOYLOTIKA ZuoTHAT

MMZ «Mponyuéva 2uotripato MAnpodopkng»

ETEPOIrENH
YHNAOAOrIZTIKA
2Y2THMATA

2XEAIAZH 2Y2THMATQN
ME XPH2H FPGA

Emk.KaBnyntmg¢ MixaAng Wapdkng

Evornra 1
I | —
1 2X€0i00N EVOWNATWHUEVOU CUCTAUOTOG O€
FPGA
o Méoa amod Ta epyaAeia EDK (embedded
development kit) Tng Xilinx
= XPS: Xilinx platform studio
= SDK: Software development kit
o Mg xprion soft processor (Xilinx Microblaze)
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Integration of Functions

_l\,

Xpnon Twv FPGA otn
oXEdSiIiaon ocucTNUATWYV

d Software Tools |

Logic + Memory
+|P+
Processors +
RocketlO
(Virtex-Il Pro)

Logic Design Tools
Memory + IP +
High Speed 10
(4K & Virtex™)

Programmable systems

usher in a new era of system

design integration
possibilities

Logic Design Tools

Memory

Logic Design Tools

Time

Mnyn: Xilinx workshop material

2ZXESIAON EVOWHATWHEVOU
ocuoTipuarog o FPGA

o H oxediaon evég evowuaTWPEVOU CUCTANOTOG O€ £va

FPGA gptTepIEXEl T £EAG:
AVATITUEN TOU EVOWNATWHEVOU CUOTAUATOG (ETTEEEPYATTAG,
diaulol, TTEPIPEPEIOKA, PVAUEG)
AVATITUEN 0dnywv (drivers) yia TIG TTEPIPEPEIOKEG CUTKEUEG
AVATITUEN TOU EVOWPATWHEVOU AOYIGHIKOU
= Interrupt service routines
= Operating System (OS) rj Real Time Operating System (RTOS)
= /\OYIOMIKO €EQapuOyWwV

Etepoyevn YoAoyLoTIKA uoThHoTO
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Evowparwpévo ouoTnHa HE Baon Tov
ene§epyaoTn MicroBlaze (soft core)

I-Cache
Local Memory p 1: ™ BRAM
BRAM | » MicroBlaze
Bus 32-Bit RISC Core
D-Cache
I BRAM

Fast Simplex PLB OPB
Link
: On-Chip Peripheral Bus -

us
" Processor Local Bus o
I 0,1....15 I Bridge
Custom Custom I I I
Functions Functions

10/100 Memory On-Chip
CacheLink E-Net Controller Peripheral

L
Off-Chip Memory

O1 vedrepeg exdooeIg dev xpnaipotololv Siadhoug PLB, OPB, FSL aAa mv diaaivdean AXI-Advanced eXtensible
Interface (umroapietal amé TIg apyiTekTovikég Spartan-6, Virtex-6 kai perd).

Mnyn: Xilinx workshop material

Embedded Development Kit

- ‘EDKt

o ©@a To XpNoIYOTIOINOETE OTNV epyacia FPGA-2
o MNapéxel pia TAAT@OpPa yia TNV oxedioon
EVOWMOTWHEVWY CUCTNUATWY

o Mapéxen IP (intellectual property) cores kai epyalcia
yla Tnv oxediaon EVOWPATWHUEVWY CUCTNHATWY JE
Baon Toug emregepyacTég IBM PowerPC™ (hard core)
ka1 MicroBlaze™ (soft core)
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Etepoyevr] YIOAOYLOTIKA ZuoThaTA

AvanTtuin cuoTnUHATWYV
Pon oxediaong

Embedded

Standard Embedded
Development Kit

SW Development Flow
7 — LW
R upport System Netlist

Code Entry
Package
- [

C/C++ Cross Compiler
Data2MEM

[
Compiled BIT
[

Linker
A

Compiled ELF
-

Download Combined
Image to FPGA

RTO%CK&QQ

Load Software
Into FLASH

Debugger

VHDL or Verilog

Standard FPGA
HW Development Flow

HDL Entry
Simulation/Synthesis

Implementation

Download Bitstream
Into FPGA

Chipscope

Mnyn: Xilinx workshop material

$Comreiad Olivomecing M Mk

Xilinx Platform Studio (XPS)

o B B D bt

woax

[—— o T
B et @ Povag L Graghucal Cesp Ve
Al o |1 waren | @ #n
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ZXnHatTiko diaypappa tou MicroBlaze
; Optional MMU
Higher o for Linux2.6 and
performance bus bl s MPU block for
infrastructure 7 Memory Management Unit (MMU) N
T N ease of software
».1|xc:|__m <:| . 4 . oy _ > DXCL_M
1xCL_S |:> Program | [ O —— K 1 oxeLs
Counter Special [\ el E h n d FSL
fobees 1] | Bamel s ] Dlance
. fast simplex link)
i {} | Multiplier { @ (
Divider for CPU to hw/sw
05 4, N o | Feu 5 (D accelerator
F [ T X
[T C "l =] 75 1T GaiN :connectlons
Instruction /
Decode L 4
:> “3%?3;{22”3 <: > MFSL0.15
N <':| SFSLO.15
Optional MicroBlaze featurs nd
MicroBlaze Core Block Diagram
Mnyn: Xilinx workshop material

XapaKTNPICTIKA TOU
Microblaze

32-bit RISC eTegepyacTig
Mnyaviopdg dioxéteuang povrig ékdoang (Single-Issue pipeline)

3 (area optimized) ) 5 oTadiwv (performance optimised)
MpoypappaTiOuEVEG KPUPEG HVAMEG EVTOAWV Kal dedopévwy (instruction and
data caches)

Direct mapped
Movada diayeipiong Kal TTpooTaciag Pvripng (TTPOAIPETIKA)

ATTaiTeital yia Tnv evowpaTwaon Asiroupyikou Linux OS
Movéada kivntrg uttodiaoToAg (Floating-point unit - FPU)

ApIBUNTIKEG HOVADEG:

OMNioBnTA¢ (barrel shifter ), ToAMaTTAaGI00TAG 32x32, diaipéTng

Movdada amoo@aiudtwong (Hardware Debug and Trace Module)
AuvatotnTa yia oxediaon TTOAUTTUpNVOU CUCTANATOG

Mailk?ox: EMTPETTEI TO TIEPACHA UNVUPATWY (Message passing) petagu 2

TTUPAVWY

Processor ID register

Mnyn: Xilinx workshop material
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Araouvdéosig (interfaces)

Local Memory p 1:
IV = " MicroBlaze™
Bus | 32-Bit RISC Core
D-Cache
BRAM

Fast Simplex PLB OPB
Link

us
: Processor Local Bus . On-Chip Peripheral Bus -
I 0,1....151 I Bridge

Custom Custom I I I
Functions Functions
10/100 Memory UART GPIO
CacheLink E-Net Controller

Memory

Mnyn: Xilinx workshop material

Araocuvdéosig (interfaces)

R
- Processor Local Bus (PLB)

o MNa ouokeuég pe peydho e0pog dwvng (bandwidth), .. Ethernet
core

o 32-bit address, 32/64/128-bit data bus
o TotroMoyia shared bus ) point-to-point

o lMoAdtrAokn oxediaon (priority-based arbitration, address pipeline
support)

= On-Chip Peripheral Bus (OPB)

o o ouoKeuég PeE PIKPOTEPO €UpOg dwvng, T.X. UART, GPIO

o MikpdTePN TTOAUTTAOKOTNTA, OTTOCUVOEEI TIG «APYEGY OUTKEUEG QTTO
TOV «ypryopo» diauAo

32-bit address, 32-bit data bus
Totrohoyia shared bus

Etepoyevr] YIOAOYLOTIKA ZuoThaTA



MNavemniotiplo MNetpatwe — TuApa MAnpodoptkic
MMZ «MNponyuéva Zuotrpata MAnpodopkrg»

Araouvdéosig (interfaces)
AN | ———

n Local Memory Bus (LMB)
o Mapéxel ypriyopn Tpécacn oTIg evOwPaTWHEVES PvhuES (Block
RAM)

n Fast Simplex Links (FSL)

o TNa ypriyopn mpoéacBacn, 600 MHz Asitoupyia
o MicroBlaze™ C kal assembly evioA£g yia eUkoAn TTpooTTéAacn

o Xilinx Cache Link (XCL)

o Mapéxel uynAi amédoon 010 CUCTNPA PVAUNG
o Eival dia6éo1po povo otav evepyoTroinBouv o1 KPUPEG JVIAHES

Mepipepeiaka

I-Cache
Local Memory p s: ™ BRAM
I = 2 MicroBlaze
Bus 32-Bit RISC Core
D-Cache
BRAM

Fast Simplex PLB OPB
Link

Bus
: Processor Local Bus . On-Chip Peripheral Bus -
I 0,1....151 Bridge

Custom Custom I I I I
Functions Functions
10/100 Memory UART GPIO
CacheLink E-Net Controller

Memory

Mnyn: Xilinx workshop material

Etepoyevr] YIOAOYLOTIKA ZuoThaTA



MNaveniotAptlo MNetpotwg — TuRpa MAnpodopLkng Etepoyevn YoAoyLoTIKA uoThHoTO

NMMZ «Mponyuéva Zuotnpata MAnpodopkng»

Xilinx IP cores

MapExel pia peyaAn ykapa atro IP cores:

Emixoivwvia: High-Speed

10/100 Ethernet MAC, CAN controller, Flexray, USB
Emikoivwvia: Low-Speed

Serial Peripheral Interface, 12C Interface, UART
DMA kal xpovoueTpnTéG (timers)

Fixed interval timer, watchdog timer, DMA controller
Memory Controllers

Block RAM, DDR/DDR2/SDRAM, SRAM/Flash

General Purpose 1/0
General Purpose 1/0 (GPIO)

NMepi1PePEITKO TOU XpOTN

O xpAOTNG UTTOPEI Va dnuIoupyroel To BIKO TOU
TTEPIPEPEIOKO (UE TNV BOABEIa evdg wizard) Kal va TO
€10dyel oTnV oxediaon

To gpyaAcio TTapayel TNV ATTAITOUPEVN AOYIKN YIa TNV
O1a0UVOEDN TOU TTEPIPEPEIOKOU UE TOV ETTECEPYAOTN

O xpNoTng uTTopEi va eTMIAEEEI TUTTO Kl XOPAKTNPICTIKA
dlacuvdeong, eUpog dedopévwy Kal dleubuvoewyv

Kal va TpooBéael oTnv ouvéXEla TV AOYIKF Tou
TTEPIPEPEIAKOU
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Avanrtuin AoyioHIKOU
Pon oxediaong

# Platform Studio @ Platform Studio SDK

Generate Hardware
Platform

Create software
Platform Project

|

i Create software

E App Project

| libraries,
drivers | Create/Add

I : sources + Edit

I i
| T Debug / Profile
I !
Import ELF file, Yes
Download to board
L ]

Mnyn: Xilinx workshop material

Evéornra 2

2X£0i00N EVOWPATWHEVOU CUCTANATOG OTAV
TTAQTQOPUa Zynq
Apxitektovikry Zyng AP (All Programmable) SoC
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Etepoyevr] YIOAOYLOTIKA ZuoThaTA

dmm@ Silx)

function

o @

function

System-on-Board

System-on-Chip (SoC)

i ﬁ(x)ﬁ (A) functions

vmE

arithmetic

o ¥
— o)
interfacing decisions clocks

Y

System-on-Chip

Mnyn: The Zynq Book

APXITEKTOVIKN

TUTTIK) APXITEKTOVIKI
€vog SoC

AX|
Interfaces

Zynq

Programmable
Logic

ATtTAouoTeUpEVO UOVTEAO Zyng

ana

Peripheral
B

i

interconnection

=
l

Zynq (section)

==

Processor

f

interconnection

Operating System

Software Stack

Programmable
Logic

=

ATreikovion SoC oTnv Zynq apxITEKTOVIKI)
Mnyn: The Zynq Book
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Etepoyevn YoAoyLoTIKA uoThHoTO

Zynq processing system (PS)

Zyng-7000 AP SoC
= Procassing Systom
o Tk | . Application Procossor Uit
Seneration FPU ana NEON Enging FPU and NEON Engine
2 usB ARM Cartex-A9 AFRM Cortex-A8
2% GigE e | MM cFU MMU cru
2¢ SD Level ETE 32 KB 32 KB 32 K8
Conral -Cache D-Cache |-Cache D-Cache
IRQ Roge
} i || Snoop Goniroller, AWDT, Timer |-
] lef DMAE 512 KE L2 Cacha & Coniroliar
o) : Channel
= ]
[o.6]7)] 266K
Interconnect | SRAM
1
Cantral Memory
Interconnect Interfaces
T rtenaces [
SRAM
HCA
ONFT 10 } 4§
MAND DevC| | Programmable Logic to Mamary
oSl Interconnect
i it I
EMIC ADC General-Purpose DMA IRQ Config High-Performance Ports ACP
x Ports syne AES/
12 bt ADC SHA Programmable Logic
Salectio
Notes: f= =
1) ATow AIraCtion SNOWS CONITol (Master o siave)
2) Data flowe in both directions: AX| 320it/64bit, AX] 64bit, AXI 32bit, AHE 32hit, APE 3201, Custom
Cei0n 01 T
& Xilinx

MnynA: The Zyng Book

Application processing unit

(APU)

Memory Management Unit

NEON & floating point extensions

ARM Cortex-A9 processing core

Level 1 cache memory

(32KB each, data & instructions)

Shared Level 2 cache memory

APU
e
NEON/FPU 4
- ARM . ARM
U processor 0 u processor 1
EX;
‘ Snoop Control Unit (SCU) ‘
| i H
L2 Cache oCcM

(512KB, data & instructions)

On Chip Memory (256KB)

MnynA: The Zynq Book
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Zynq vs. FPGA

PS PS

oo

apan Coooen

P e e

Area-optimized Microblaze Performance-optimized Microblaze

Mnyn: The Zynq Book

Hard vs. soft processor

4000 -
£
S 3500
e T
8 000 2
& ® ]
; ; ;
¥ =0 ﬁ H
g ™~ a
E 2000 ;_ L]
= £ g
1500 - r&i‘ g a8
@ ] &=
i g8
1000 % % f
500 g 2 £
= = e}
Zyng-7000 SoC V5 PowerPC Soft processors

{hard p ) (hard p )

2Uykpion amodoong hard & soft processors
MnynA: The Zynq Book
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Etepoyevr] YIOAOYLOTIKA ZuoThaTA

Dynamic partial

D
reconfigurable modules .
O

(partial bitstreams)

reconfiﬂuration ‘DPRI

MoAAaTTAG
reconfigurable
partitions (RP)
KdaBe RP utTopei va
EXEI TTOAOATTAG
reconfigurable
modules (RM)

o MéyeBog RP woTe va
XWPAEI Kal TO
peyaAUTepo RM

o Precompiled bitstreams

Mnyn: The Zynq Book

DPR: NMNapadsiypa

Coding RM,

Coding RM, I Mod RM,
g

download partial bistreams

#:_‘_——l——__——‘?——/ =s conrolled by PS
Y [
' . '
[ Y H
v 5 N v Digital
" = igi
Coding g a Transform UnC: ~
RP E RP {common to all)

SDR Transmitter with DPR

EUEAIKTN apXITEKTOVIKN Yia
Software-Defined Radio (SDR)

MnynA: The Zynq Book
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Hardware/software
artitionin
P g9
T -
/  Vodle : w\
/-\\ Mo:lle -\_, 3 Mo:j-\
= @ =
: : Sy;em\l{ué;ﬂahty :
I‘ Mogde
(=) G
Hardware/software
artitionin
P g

ZnTAPaTa TTou Kabopidouv Tnv diapépion JETAEU UAIKOU
KAl AOYIOUIKOU

- To UNIKO €UVOEI TIC EQapPUOYEG E UWNAS BaBud
TTapaAAnAiag

o AvatrapdoTaon apIBuNTIKWY deSOPEVWY.

A A A F=C+D
Aplepr]T’IKr] KIVNTAG u1’T06|0(cho)\r]gK__G oty N
U)\O'ITOI&ITGI G'IT050TIKOT£p(] A B c D Operation to be load A

implemented load B

o€ eTMeCEPYAOTEG (%) mutply
E F

store E

load C

n EmBdapuvon © lac 0
ETTIKOIVWViAG

store F
load E
G load F

Hardware implementation add
(2 clock cycles) store &
Software implementation
(12 clock cycles)

MnynA: The Zynq Book
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Pon oxediaong pe Zynq

Xpnon Twv gpyaAciwv ISE/EDK (XPS, SDK)
Mapdpola pe TNV oxediaon ye Microblaze
XpAon Twv gpyaAgiwv Vivado
High-level synthesis (HLS)

Evornra 3

High-level synthesis (HLS)
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Emminteda apaipeong ornv
axe&iaon

C/C++/SystemC
design entry

>

— HDL design entry

level of abstraction
am,
21 Of Visible. gy

Structural

Mnyn: The Zynq Book

High-level vs. logic synthesis

L

L high level synthesis

HDL description
b
'
=

Structural —— logic synthesis

Netlist

|

MnynA: The Zynq Book
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AAyopi1Opog Kal S1aocuvoeon

Interface Synthesis
(or Manual Specification)

Interface Synthesis
(or Manual Specification)

Algorithm Synthesis

Mnyn: The Zynq Book

Pon oxediaong HLS

HEN : ey

-
|
|
|
|
|
|
=
-
k-
=1
e
=
o 1.8 C Functional Verification
1=
B
e rectives
[
18 Constraints
I
| High Level Synthesis
|
! \ design
’ iteration

|
S C/RTL Cosimulation Evaluate Implementation

hardware implementation
accepted

MnynA: The Zynq Book
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A10@OPETIKE €01a0¢€I1¢

I-c-)-op: for (i=3;i>=0;i--) {
if (i==0) {

acc+=x*c[0];
shift_reg[0]=x;
}else {

shift_reg[i]=shift_reg[i-1];
acc+=shift_reg[i]*c[i];

}

The same hardware is used for each Different hardware is used for each Different iterations are executed
iteration of the loop: iteration of the loop: concurrently:

*Small area *Higher area *Higher area

*Long latency *Short latency *Short latency

«Low throughput Better throughput *Best throughput

Mnyn: Xilinx workshop material

HLS: Baocikn 16€a
ey .|

o MNwg g¢ayetal UNIKG atrd kwdika C?
o Mapdyetal n povada eAéyxou (control unit) kai n
d1adpoun dedopévwy (datapath) o€ uynAod etitredo
m To idio emavaAapBaveTal kal oTig uTTopovadeg (T.X. MAC)
o MNwg n povada eAéyxou Kai n diadpoun
OeOOUEVWV LETATPETTOVTAI O€ KUKAWMA?
o Méow Twv dladikaoiwv dpopoAdynong (scheduling)
ka1 déopeuong (binding)

Mnyn: Xilinx workshop material
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Etepoyevn YITOAOYLOTIKA ZuoTHAT

HLS: EAeyxog
e,

Control Behavior

Finite State Machi
states

static data_t shift_reg[4];
acc_t acc;
inti;

acc=0;
Iot;p( for ;1‘4 1i>=0:i-) { SEEaEREREE=====55 For-Loop Start
i==0)

acc+=xtc[0];
shift_reg[0]=x;

Yelse {
shift_regfil=shift_regfi-1];
acc+=shift_regfil*cli;

}
} SEsssssssssssssssf--s==== For-Loop End

} ==sssss=s=ssss=ss=== Function End

From anx C code examele .. I The loops in the C code correlated to This behavior is extracted into a hardware
states of behavior state machine

Mnyn: Xilinx workshop material

HLS: EAgyxo¢ ka1 di1adpoun

OedouUEVWYV

Code Operations Control Behavior Control & Datapath
Behavior
void fir Finite State Machi Control Dataflow
data_t *y, states
coef_t c[4],
data_t x

M

static data_t shift_reg[4];
acc_t acc;

inti;

acc=0;

Ioop for (=3>=0-) {
i==0) {
acc+-x‘c[l)]
shift_reg[0]=x;
Yelse {
shift_reg[ij=shift_reg[i-1J;
acc=shift_regfi[*clil
}

}
“y=acc;

}
From any C code example... Operations are The control is A unified control dataflow behavior
extracted... known is crea&e&

Mnyn: Xilinx workshop material
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o Scheduling (8popoAdynon):
® Fllee MeTd@paon Twv evioAwyv RTL
| e T e OTIWG £XOUV EPUNVEUTET ATTO TOV
D' Lm,, 1 KWdIka C o€ éva oUvoAo
AeIToupyIwv kal amégacn oTe Ba
\/ \/ eKTEAETTOUV Kal TG00 Ba
dlapkéoouv. O1 amopdoElg o€ auTod
TO OTAOI0 £TTNPEGOVTAI ATTO TNV
ouxvoTNTA TOU POAOYIOU, TNV
Scheduling Binding TexvoAoyia TNG GUOKEUAG Kal Tig
00nyieg/TepIopIouoUg Tou XProTn
o Binding (8éopeuon):
JUOYETION TwV OPOUOAOYNUEVWV
AEITOUPYIWV PE PUOIKEG HOVADEG
TNG OUOKEUNG. Ta XapOKTNPIOTIKA
RTL Files (AeIToUpYIKG & XPOVIKA) QUTWV TWV
(Vatlog 4 MovAdwV UTTopEi va eTTNpedoouv
TNV OPOUOAGYNON KaI ETTOPEVWG VO
XPEIOOTEN va gavarpégel n dliepyacia
NG dpopoAdynong
MnynA: The Zyng Book
40|
o O1 Aermoupyieg oTov ypa@o porg 0edopévwy avTioTolxi(ovTal o€ KUKAOUG poAoyioU
voient |
tl=a*b; c Y
t2=c+tl; 3
B=d*12; d -
out=t3-¢; e EEE-— out

 — aaas

o H TexvoAoyia Kai ol TTepIopIGHOU Tou Xpron emnpeddouyv Tnv dpopoAdynon

Mia ypnyopotepn Texvoloyia (kal iowg Pe £va o apyd poAdI) uTTopei va eTTITpEWEl va
€KTEAEOTOUV TTEPIOOOTEPEG AEITOUPYiEG OTOV iBI0 KUKAO

o Kal o kwdIkag PTropei va emTnpedaoel Tnv 5pouoAdynon
M.x. o1 eGaptrioeig dedopévwy TTPETTEI va AngBouv UTrowIv

Mnyn: Xilinx workshop material
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Binding

O1 AeiToupyieg (TeAeoTéQ) avTioTolyiCovral o povadeg (functional cores) amrd
Mia BiIBAI0BAKN

ATTo@aon: va pyoipacTolv Toug ATTOQaoN: va unv poipacTouv
TTOPOUG TOUG TTOPOUG
Me Bdon autAv Tnv dpouoAdynon: Me Bdon autAv Tnv dpouoAdynon:
T . (I I I

Mrropei va atro@acioel va PoIpaoTEi
TOUG TTOAAATTAOCI0OTEG
(xpnoiyotrololvTal o€ dIAPOPETIKOUG

Mmopei va amogaacioel va Kikhoug)

XPNOILOTIOIRTEI £évav aBpoIoTh Kal 'H pmopei va amogagcioer 611 T0

évav aQaipétn A évav Koo KOOTOG TNG KOIVAG XProng

aBpoloTA/aQalpéTn (EAeyXOG+TTOAUTIAEKTEG) pTTOPET va
€TTNPEATOUV TNV aTred00n Kal dev
OUUQEPEI

Mpétrel va xpnoiyotroinoel 2
TIOAAQTTAQCI00TEG, agoU
XpPnoiyoTToloUvTal oToV idIo KUKAO

Mnyn: Xilinx workshop material
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