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What is covered in Labs 1, 2a & 2b

SystemC CPU/accelerator systems
— Accelerators (multiplier, JPEG)

— Binding, offloading, test-benches and
software execution on simulated CPU
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Initial Labs 1, 2a and 2b

» SystemC CPU/accelerator systems
— Just modeling the system

— Can't actually determine some of the system
characteristics such as:

.bmp .
Frequency i
Timing errors Bin o v .
Chip Area or logic utilization [*"~ ' |

Early estimations of power consumption
Etc ...
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o HPS/FPGA Systems
— Altera DE1-SoC
— ARM Cortex-A9 and Cyclone V FPGA

— Interfacing, emulating, simulating real HW/SW
systems

— Integrating IPs in your system as accelerators

— Creating software to execute on your CPU and
offloading to accelerators
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Main HPS/FPGA Systems

Altera DE1-SoC Xilinx Zyng 7000,
Cyclone V Zynqg 7XXX, etc
Arria V, etc.
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Prototyping SoCs

HPS/FPGA SYSTEM
ARCHITECTURES
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General Overview - FPGA/HPS

Single- or Dual-Core Processor
HPS 11O

l Hard Processor System (HPS)
ARM Cortex-A4A%9
FPGA NEOM/FPU US{E}{?}TG Et?:;;et
L1 Cacha
2
I GRIO ;xg}

JTAG G4-KB Timers SR CAaN
Debug/Tracad RAM x11) (%2 (x2)
MNAND Q5P SovsDICY OMA LUART
Hard Memary Flash rmhz) Flash Ctrl MMC (x2)
Controller*

Shared Mulliport DDR HPS 1o FPGA 1o FPGA
3.125-Gbps and 5-Gbps SDRAM Controlleri: FPGA HPS Configuration
Tranascaivars® T T T T l ? l
Hard PCle*

*ptional Configuration

Source: Intel Altera
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Mini-USB
2.0

Source: Intel Altera

General Overview - FPGA/HPS

LTC Power
MAX T LED ||DIPSW|| PE || USB2 CAN *— Pc Header
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HPS: ARM Cortex-A9

FPGA-to-HPS  HPS-to-FPGA LW HPS-to-FPGA FPGA-to-SDRAM

FPGA Multi-port AXI/
& Il A
IAXI-32/64/128 3264112 X132
L4. APB-32 v T“ e T
FPGA |[FPGA0-HPS|  |HPS-o-FPGA| | LW HPS-to-
Manager || Bridge Bridge | |FPGA Bridge
-
AXI-32 AXI-64 AXI-32
L3 Interconnect y AXI-64 11PU Subsystem
(NIC-301) ARM Cortex-A9 MP Care
s AHB-32 =
CPUO | CPU1
ETR L ACPID
AXI-64 ACP
(Trace) Vecrias scu
SD s
Mwc T%1L3 Master oo s
Peripheral L3 Main Switch L
Switch % e
M A » i |-64
2|
Axi32 | | Boot »
USB, 0| _’ > | SDRAM
> OZG wes | | Fomep Controller
@ RAM Subsystem
AXI-32
NAND (222 Ly,
t Axmzl [ AXi-64
AXI-32 |
AHB-32 , ,
AHB32 ] L3 Slave Peripheral Switch e G
T
L4, APB-32
T T T T '1 T T l T ‘ ‘1 >
’wmg‘ 0 Clock t || Scan |
U&F)" HW '5? o "(éf' G& m Manager lﬁﬁ'&"w Manager ?f)

Hard Processor System (HPS)

Hard Multiport DDR
SDRAM Controller 2

ARM Cortex-A9 ARM Cortex-A9 use
NEON / FPU NEON / FPU oTe Elt;‘;,rﬂft
L1 Cache L1 Cache (x2) M
2C
L2 Cache GPIO (x2)
QSPI JTAG
64-KB SPI CAN
Flash Debug/
Control RARS Trace(l 2} (x2)
NAND sp/ Timers DMA UART
Flash SDIO/
@ MMC () (x11) (8 Channels) (x2)
Shared Multiport DDR HPS to FPGA C':):(f%IAu
SDRAM Controller @ FPGA to HPS rati %
r 1 f 1 [ i

+28LP process
« 8-input ALMs
» Variable-precision DSP
» M10K memory and
640-bit MLABs
«fPLLs

3-, 5-, 6-,

and 10-Gbps
Transceivers
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AXI / HPS-FPGA Interconnects

L4, APB-32 d.‘r = 3 e" “ : HPS-to-FPGA:
| = %M ness Configurable 32, 64 or
I ' - 128bit AMBA AXI i/f
» e y o ey optimized for high
== oo | oo bandwidth
=3 ST — FPGA-to-HPS: - " -
W aster| | s | — Opposite direction
Switch —— ] X054
e <, — Ny ‘ (used for ACP mostly)
= e TR | L= sonmw
2 s o — Lw HPS-to-FPGA:
-, = — 32-bit AMBA AXI i/f
[ I optimized for low latency
P L3 Slave Peripheral Switch I -
. . . . '+l . ] l [ | ]. L4, APB-32
o ||| % | || e e | W
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HPS — FPGA Bridges

-Modifies data and clock

FPGA Fabric T
. signals to support
32, 64, or 128 Bits 32 Bits 32, 64, or 128 Bits i
(h2f_axi_clk) (h2f_tw_axi_clk) (f2h_axi_clk) tra ns po rtatl on ( p rOtOCO l SI
! s 25 Y clocking etc) between
AXI S (I4_mp_c|k)l (4_mp_clk) [ s AXI
B [+—— Bl components
(GPV) GPV)
HPS-t«_:-FPGA AMB A’fa NMIB ( FPGA-to-HPS —
Bridge Bridge . P332
Lightweight
HPS-to-FPGA Bridge
S
AX |(GPV)
64 Bits 32 Bits 64 Bits
(I3_main_clk) (14_mp_clk) (I3_main_clk)
M M S
AXl AX
(L3 Main Switch) (L3 Slave Peripheral Switch) (L3 Main Switch) ﬁ:@ﬁ’ =
l%—i L3 Slave Peripheral Switch %
L3 Interconnect
l FEE e =]
Region Name Description Base Address Size
FPGA Slaves For accessing FPGA slaves connected to the h2f 0xC0000000 960MB
bridge
HPS Peripherals Accessing slaves directly connected to the HPS 0xFC000000 64MB
Lightweight FPGA Slaves Accessing slaves connected to the lwh2f bridge 0xFF200000 2MB
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DE1-SoC Tutorial

DE1 tcl
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Memory-Mapped 10

o Used so software can control

nardware peripherals

e Processor sees "memory”, but
it's actually a bus/interconnect
with connected
peripherals/RAM

e "Memory” has a base address

e Access a component with an
“offset” to the base address
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Memory-Mapped IO

void *virtual base;
#define LWHPS2FPGA BASE 0x££200000
volatile uint32 t *h2p 1lw led addr = NULL;

//open the /dev/mem to access the FPGA space for reading and writing
if( ( £fd = open( "/dev/mem", ( O RDWR | O SYNC ) ) ) == -1 ) {
printf ( "ERROR: could not open \"/dev/mem\"...\n" );

return( 1 );

//map the virtual memory space to virtual base, that is 2MB in size
//(0x00200000), at address LWHPS2FPGA BASE

virtual base = mmap( NULL, LW SIZE, ( PROT READ | PROT WRITE ),
MAP SHARED, fd, LWHPS2FPGA BASE) ;

// map the address space for the LED and HEX registers into user space so
//we can interact with them.. virtual base + the offset of your IP

component
h2p 1w led addr= virtual base + ((uint32_t) (LED_PIO BASE));
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Memory-Mapped 10

void *virtual_base;
##define LWHPS2FPGA BASE 0xff£f200000

!- System Contents = AddressMap I3 | Interconnect Requirements 3 | Device Family %

Use  Comnections Name
i) 8 dk_o

dkin
dk_in_reset
dk

volatile uint32 t *h2p lw led addr =

ik _reset

=

4 K4p N IX%

//open the /dev/mem to access the FP(
if( ( £d = open( "/dev/mem", ( O_.
printf( "ERROR: could not o

return( 1 );

BRIGE MOHW

//map the virtual memory space to virtual
// (0x00200000), at address LWHPS2FPGA BAS

virtual base = mmap( NULL, LW SIZE, ( PR
MAP SHARED, fd, LWHPS2FPGA BASE) ;

// map the address space for the LED and
//we can interact with them.. virtual bas
component

Desaription Export Clack. Base

(Clock Input el exported
Reset Input reset

memory

hps_io
hps_0_h2f_reset

seg7_if_0_conduit_end

se, that is 2MB 1in size

READ | PROT WRITE ),

the offset of your IP

h2p 1lw led addr= virtual base + ((uint32_ t) (:

ED PIO BASE));

0x0000_002£

registers into user space soO
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Memory-Mapped IO

volatile uint32 t *h2p lw led addr = NULL;

// map the address space for the LED and HEX registers into user space so
//we can interact with them.. virtual base + the offset of your IP
component

h2p 1w led addr= virtual base + ((uint32_t) (LED_PIO BASE));

L4, APB-32

alt write word(h2p lw led addr, Ox3FF);
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Lab 3 — DE1-SoC Tutorial

FPGA/
RTL

NIOS I
Shell .ﬂ*-i
Quartus QSys DS-5
b AR P
DE1 tol A
] .vhdl
[ j hps.tcl
T X
, T
sof B - \,
] =.\. -:_\_ :ﬁ:@& e -
Quartus Programmmer > FPGA | HPS . Plug in
HPS/FPGA
Design
HPS/
C
\
v v v v
NIOS I DS-5 Minicom Quartus
Shell Project ]
] ]
» Binary —» —» Yocto
= Linux

QSys
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DE1-So0C Boot Stages

1. Reset DDR RAM SoC FPGA
2. Bootfrom ROM e ] e
3. Setup boot source from Dynamic Memory | ! Al
BSEL pinS i | Pre-loader i o
4. Copy Pre-loader to On- 0S & Applications H _________ |
chip RAM i | | R dbz ] |
5. Run pre-loader .| User Bootloader 4--§ HPS System | g
6. Setup HPSI/Oand DDR N ' 1
7. Configure FPGA (Optional) ------oooooooeeeees i@l L7 £
8. Copy User Boot-loader to | Safe FPGA image HPS Peripherals & 1/0
DDR RAM User FPGA Image
9. Run User Boot-loader o5& appiications 4_» HEHEH
10. Configure FPGA (optional) {——————— Ping (BSEL)
11. Copy OS into DDR RAM '
12. Run OS N —
13. Run Applications
14. Configure FPGA (optional)
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Lab3 — DE1-SoC Tutorial

§» Creating a
HPS/FPGA which
controls 7-seg
and LEDs on
FPGA through
software on HPS

https://www.youtube.com/watch?v=BHg5CjTeftY
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Lab 4 Multiplier IP
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Qsys Designed Hardware (FPGA)

.

A0

HARDWARE

User Designed Hardware (FPGA)

Mult start

Putting it all together

Mult reset
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MD5 Encryption Project

Avalon MM Slave Interace

HPS/ Software Application

MDS VHDL Core

MD5 Unit
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More SoC Boards for the Project ...

PARALLELLA

) Rl

12000 L )
1hml'T X2,
» “‘”ﬂ’ﬁ‘ﬂgna

rrrrrrrrr
..............

DE1-SoC MTL-2

https://www.terasic.com.tw/cgi-
bin/page/archive.pl?Language=English&CategoryNo=205&No=930+#contents

Parallella Zyng SoC
https://parallella.org/
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