CSCE 313: Embedded System Design

Introduction

Instructor: Jason D. Bakos
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Embedded Systems
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Desktop vs. Embedded CPU

e General purpose (desktop and server) CPUs have a more complex
structure
- Execute up to 4 instructions per cycle
- Instructions executed out-of-order
- Big, complex caches
- All code runs at the same speed, since the processor finds parallelism at runtime

e Exception: single core code will still only use one core, SIMD instructions
often require “intrinsics”

e Embedded CPUs:
- Generally not reprogrammable except by vendor
- One or two instructions per cycle

- Instructions executed in order, so instructions that depend on previous ones will
“hold up the line”

- Small, simple caches

- Performance is dependent on code efficiency

- Sometimes do not run an OS ("bare metal") or limited OS support
— Tightly coupled with peripherials (system-on-chip)
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Desktop vs. Embedded CPU

e This class vs. 240 and 274:

— Write code in C (vs. Java)

— Write and debug code on a PC that runs on different
processor

— Write code that communicates with hardware

e This class vs. 274:

— Write code in C (vs. Python)

— Write code that runs on bare metal

— Write code containing features to improve performance
— Code is more performance- and graphics-oriented
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System-on-a-Chip

e Most embedded processors
contain multiple CPUs and
integrated peripherals:

1. I/O
2. Coprocessors
3. Memory
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Field Programmable Gate Arrays

e Programmable logic device

| 3

=

Blank “slate”™ fwhen powered on) After configuration ‘

e (Contains:

— Ability to implement “soft logic”: programmable logic gates
(CLBs) with programmable interconnect

- “Hard cores”: RAMs, multipliers, I0s, PCle interface, etc.
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Field Programmable Gate Arrays

e Originally developed for “glue logic”

e Now used as system-on a-programmable chip (SoPC)
— Customized “softcore” processor,
- Memory/cache subsystem,
— I/0 interfaces,
— Off-chip memory interfaces
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FPGA Lookup Table

Function generator:
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FPGA Fabric

FPGA fabric:
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Field Programmable Gate Arrays

e On chip resources:

Logic Elements
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Verilog Example

e Full adder:
module full adder (input a,b,ci,output s,co);
assign s = a * b * ci;
assign cout = (a & b) | (2 & ci) | (b & c1i);
endmodule

- Synthesize:
(Compile)

= = =~ O = O O O
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Mapping

e Assume our target FPGA has LUT2s
— Can’t map an 3-input function to one LUT2...

da ——

b — LUT3 —— s

ci —

Encodes
information
about b, ci
b —
Lut2 =59,

ci —

LUT2 —— s
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Mapping

e S =aXxorbxorc

e Equivalent to...

s = (a)(~b)(~c)+ (~a)(b)(~c) + (~a)(~b)(c) + (a)(b)(c)

e Transform:

s = (~a)[(b)(~c) + (~b)(c)] + (a)[(~b)(~c) + (b)(c)]

s = (~a)[(b)(~c) + (~b)(c)] + (a)(~[(b+c) (~b+~C)])

s = (~a)[(b)(~c) + (~b)(c)] + (a)(~[(b)(~b)+(b)(~c)+(~b)(c)+(c)(~c)])
s = (~a)[(b)(~c) + (~b)(c)] + (a)(~[(b)(~c)+(~b)(c)])

e SetsO = (b)(~c) + (~b)(c)
e s =(~a)(s0) + (a)(~s0)
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Verilog Example
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Place and Route
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Terasic DE2-115

Audio TV Decoder

CODEC (NTSC/PAL) 2BMHz Oscillator

Ethernet Ethernet
VGA 10/100/1000M  10/100/1000M  RS-232
Use Use UsB Mic Line Line |Video Out Port0 Port 1 Port
Blaster Port  Device Host In In  Out

12V DC Power
Supply Connector

Altera US8 Blaster
Controller chipset

USB Host/Slave J Nationa
Controller Semiconductar I} %’h
[N
Altera EPCS64

. A 3 L (T
Configuration Device % i I

DEE2-115 us-
| I :
7 B
LCD 16x2 Module

SHLRHELE B
- o

L e
]

7-segment Displays

18 Red LEDs
Programming ———— '
Mode Switch

rﬁ e f“?‘f‘i’f’i = ﬁfﬂ'*fﬁ*c‘

uugauiumymuum

6AMB M8 smB
SDRAM %2 SRAM FLASH

e Altera Cyclone 4 FPGA with 115K gates

4 Push-buttons 8 Green LEDs

18 Slide Switches

r - 75/2 Port

Triple 8-bit YGA DAC

Power - ¥ I.J_.. I T s
ON/OFF Switch  * . . : ] ¢ el B Gigabit Ethernet PHY

Expansion Header {J15)
(with Protection Diodes)

HSMC Connector

Altera 60-nm Cyclone IVE
FPGA with 115K LEs

S0MHz Oscillator

SMA Ext Clock Out

SMA Ext Clock In

IR Receiver

CSCE 313 17



TODO ASAP

1. Make sure you can log into Dropbox:

http://dropbox.cse.sc.edu

2. Select your lab partner

3. One lab partner: e-mail jbakos@sc.edu with names

U NI VERSITY
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http://dropbox.cse.sc.edu/
mailto:jbakos@sc.edu

System Design

e Processors communicate with the outside world using a simple
transactional model:

- READ:

e Processor says READ and provides an address
e Operations that depend on this data WAIT until data is returned

- WRITE:

e Processor says WRITE and provides an address and data
e These operations correspond to the LOAD and STORE instructions

e In this case, we assume that CPU is the master and devices
responding to these operations are slaves
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Processor Interface

Processor

clock

reset ..
Instruction interface

InstructionAddress

InstructionRead

DataAddress

DataOut
DataRead
DataWrite

Lo o e o oo oo oo o o o [ o o= o e e e mm Em Em Em Em Em = -

Data interface

Dataln
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Programmed I/O

e Loads and stores to specially-mapped address ranges can
be used to:

— Read a word from a status register
e Used to poll the state of a peripheral

- Write a word to a control register
e Used to send an “instruction” to a peripheral
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Sample Address Map

(e 00000000
(e 20000000
Cff-chip
memary
controller
(e 0000000
Ethernet
(o4 D3 FFFFFF
F (e annonn
LGB
Bridge 0£90000000
address
range LIART
(A 0000000
1260
i (e A O00FFFF
(e FRFROOOD
On-chip memary
cantroller
(e FFFFFFFF
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Altera Tools

Quartus II

— Starting point for all designs (create and open projects)
— Contains simple editors for HDL design and constraint files

- Has a makefile-like design flow manager for synthesis, map,
place and route, bitstream generation, and programming

e Platform Designer

— Allows for drag-and-drop creations of platform designs
(processors, busses, peripherals)

¢ Command line tools
— Compiler and run code on NIOS2 processor

U NI VERSITY
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Platform Designer

e Platform Designer allows you to design the portion of your
embedded system that is implemented on the FPGA

e Using this information, the command-line tools can
generate a BSP that corresponds to your system

e The BSP includes the interface code for the peripherals that
you add in SOPC Builder

— As such, it must be regenerated each time you make a change
in your system design

U NI VERSITY
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Setup Your Environment

e Launch Quartus:

quartusé&
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Quartus
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Creating a New Project

e File | New | New Quartus II Project...

e Working directory = /acct/<username>/lights
e Project name = “lights”

o Top-level design entity = “lights”

e "“Empty project”

e Skip the “Add Files” page

e For device, choose
-  Family: Cyclone IV E
- Package: FBGA
- Pin count: 780
- Speed grade: 7
- Device: EP4CE115F29C7

e C(Click Finish

e Go to Tools | Platform Designer

U NI VERSITY
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Platform Designer

& Platform Designer - unsaved.gsys* (C\designs\lights\unsaved.qsys) I =PI é
File Edit System Generate View Tools Help
=1p Catalog = - E System Contents™ | Address Map 23| Interconnect Requirements 2 -2=1"
=|[a System: unsaved ||
4 X D .
Project N '; Use Co... Name Description Export Clock Base
LE'B:aNE'W Component... % o cdk_0 Clock Source
..Basﬁg Functions B clk_in Clock Input clk export
=DSP = clk_in_reset Reset Input reset . .
HHHInterface Protocols = clk Clock Output ck_0 SyStem Conflg uration
EHLow Power - clk_reset Reset Qutput
+-Memory Interfaces and CL_ - = pane
Processors and Periphera -
Qsys Interconnect -
Tk Chabn Carmmnnan -
«| m | »
New... | | Edit... + Add...
t. Hieri % Device #| - oo
[H-m= clk
I = reset
[+-4= clk_0
< | 1 r
-4 ¥ ¥ Current filter:
o= Messages | - o
Type Path Message
< | i 3
0 Errors, 0 Warnings Generate HDL... ] I Finish ] M
| I . 1§
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Adding Components

e Add a processor
- In the component library, search for “nios2”

— Double-click “Nios II Processor”
- Select Nios I1/f, then FINISH

e Add an interface to the SDRAM

- In the component library, search for “sdram”

- Double-click *'SDRAM Controller Intel FPGA IP”

— Presets=

e Bits=32, chip select=1, banks=4, row=13, column=10, then FINISH

e Add a clock manager

- In the component library, search for “clocks”

— Double-click "System and SDRAM Clocks for DE-series Boards”

e Add another clock source
- In the component library, search for “clock source”
- Double-click “clock source”

U NI VERSITY
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Connecting Clock and Reset

e Start with the clk_0 component, connect:
“clock output” to “ref_clk” on sys_sdram_pll_0
“clk_reset” to “ref_reset” on sys_sdram_pll_0
“clk_reset” to ‘reset” on nios2 and sdram_controller
e From sys_sdram_pll_O:
- “sys_clk” to “clk” on nios2_gen2_0
- “sdram_clock” to “clk” on new_sdram_controller
e From nios2_gen2_0
“data_master” and “instruction_master” to “"s1” on sdram
e Fromclk 1
“clk_in" to “sdram_clk” on “sys_sdram_pll_0"
- Double-click the “Export” column for clk
e Double-click nios2

- Under “Vectors”
e Reset and Exception vector memory: sdram_controller

e System | Assign Base Addresses
e File | Save As “nios_system”

U NI VERSIT
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Platform Design

= ck_0 Clock Source
= clk_in Clock Input dk exported
o= clk_in_reset Reset Input reset
clk Clock Output clk_0
Reset Qutput Double-click to export
=1 nios2_gen2 0 Nios II Processor
— clk Clock Input sys_sdram_pll_0_sys_clk
reset Reset Input [clk]
data_master Avalon Memory Mapped ... [clk]
instruction_master Avalon Memory Mapped ... [ck]
irq Interrupt Receiver [clk]
debug_reset_request Reset Output [clk]
debug_mem_slave Avalon Memory Mapped ... [clKk]
custom_instruction_m... |Custom Instruction Master
2 new_sdram_controll... SDRAM Controller Intel F...
o clk Clock Input sys_sdram_pll_0_sdram_clk
reset Reset Input [clk]
sl Avalon Memory Mapped ... [clk]
o wire Conduit new_sdram_controller_0_wire
=21 sys sdram_pll_0 System and SDRAM Cloc...
ref_ck Clock Input clk_0
ref_reset Reset Input [ref_clk]
—_ sys_dk Clock Output sys_sdram_pll_0_sys_clk
T sdram_clk Clock Qutput sys_sdram_pll_0_sdram_clk
reset_source Reset Qutput
2 dk_1 Clock Source
- clk_in Clock Input sys_sdram_pll_0_sdram_clk
clk_in_reset Reset Input
= clk Clock Qutput sdram_clk ck_1
clk_reset Reset Qutput
U N 1T VERSITY
CSCE 313 31

[ SOUTH(AROLINA



Platform Design

e Click "Generate HDL"
— Accept default settings

e Go back to Quartus

- Assignments | Import Assignments

e “/usr/local/3rdparty/csce611/CPU_support_files/DE2_115_pin_assignments.
qsf”

- Assignments | Settings
e Files | Add | “nios_system.qgsys”

— File | New | Synopsys Design Constraint File
e Contents:
create_clock -name CLOCK_50 -period 20 [get_ports CLOCK_50]
derive_pll_clocks -create_base_clocks
e Save as SDCl1.sdc

— File | New | Verilog HDL File

e Contents:

U NI VERSITY
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Top-Level Design

FPGA “lights”

pins pins
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lights.v

module lights (input CLOCK_50,
input [3:0] KEY,
output [12:0] DRAM_ADDR,
output [1:0] DRAM_BA,
output DRAM_CAS_N,
output DRAM_CKE,
output DRAM_CS_N,
inout [31:0] DRAM_DQ,
output [3:0] DRAM_DQM,
output DRAM_RAS_N,
output DRAM_WE_N,
output DRAM_CLK);

nios_system u0 (

.clk_clk (CLOCK_50), /! clk.clk
.reset_reset_n (KEY[0]), /! reset.reset_n
.new_sdram_controller_0_wire_addr (DRAM_ADDR), // new_sdram_controller_0_wire.addr
.new_sdram_controller_0_wire_ba (DRAM_BA), // .ba
.new_sdram_controller_0_wire_cas_n (DRAM_CAS_N), // .cas_n
.new_sdram_controller_0_wire_cke (DRAM_CKE), // .cke
.new_sdram_controller_0_wire_cs_n (DRAM_CS_N), // .CS_n
.new_sdram_controller_0_wire_dq (DRAM_DQ), // .dq
.new_sdram_controller_0_wire_dgm (DRAM_DQM), // .dgm
.new_sdram_controller_0_wire_ras_n (DRAM_RAS_N), // .ras_n
.new_sdram_controller_0_wire_we_n (DRAM_WE_N), // .we_n
.sdram_clk_clk (DRAM_CLK)

endmodule
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Hardware

e Re-compile the design...
e Program the FPGA...
— Double-click on Program Device

=lolx]
Fle Edt Wew Project Assgnments Processing Took Window Help
IDEEa &% Belo | HY 2@ &|gr ¥ ke 5|88 de
Project Mavigatar x| lights. whd (x| Compilation Report
) =N [#%3%[0 S R#E> | =2
& Cydore II: EP2CasFeTace 63 signal zs_ras_nm_fromw_the_saram 0 : OUT STO_LOGIC
T ights ) 64 signal zs_we_n _from_the sdram 0 : OUT STD_LOGIC
65 1
66 END COMPOMENT:
67 |
68 SIGNAL DQN : STD_LOGIC_VECTOR(1 DOWNTG ) :
63 SIGNAL BA : STD_LOGIC_VECTOR(1 DOWNTO O):
70 SIGNAL LEDS : STD_LOGIC VECTOR(2S downto 0):
71
72 [l idd
73 DRAN BA_0 <= BL(D);
74 DRAN BA_1 <= BA(1):
75 DRAN_UDGH <= DQM(1);
76 DREN_LDQM <= DQN(D):
77 LEDR <= LEDS(25 downto &);
78 LEDG <= LEDS(7 downte 0):
< | | =
80 NiosII: nios_system PORT HEF |
& terarchy | B Files | &® Design Units | 81 elk 0 = CLOCK_S0,
82 reset n => KEY(D),
Tasks & x a3 sdram_clk DRAM_CLE,
84 sys_clk => open,
Tlon:/|Zompiatio) = feorze || G2 in_port_to_the_keys => KET(3 downto 1),
86
[ =] A LED_E_from_the_led 0 LED_EN,
) 9% » an 00wi as LCD RS from the lcd 0 =>  LCD RS,
B P_inalysis & Synthesis 00:01 89 LCD_RV_from_the_led 0 LCD_RY,
0% B-_Fiter (Place &.Route) LCD_data_to_and_from_the_led_0 - LCD_DATA,
0% - B _fssemblor (Generate programming files

out_port_from_the_leds => LEDS,

P EDA Netiist Wiriter
r pen Frogrammer)

&5_addr_from_the_sdram_0 =>  DRAM_ADDR,
£5_he_Trom the_sdram 0 => BL,
zs_cas_n_from the_sdrem O => DRAN CAS N,

zs_vke_from the_sdvam O => DRAM _CEE,

_n_from_the_: 1 0 => DRAM CS N,
zs_dg_to_and_from the_sdram 0 => DRAN DG, o
zs_dem_from the_sdram 0 => DQH

zz_ras_n_from the_sdraw 0 => DRAM_RAS_I,
_>lJ

£s_we_n_from the_sdrem 0 DRAM_WE N

£l | |

X |u
5 | Trpe| tessage

1) Info: Elaborating entity "sysiQ_control_slave srbitrator” for hiscarchy "nios_system:Nios1I|sysid_control_slave arbitrator:the sysid_control_slave”

I\ Warning (10541): VHDL Signal Declaration warning &t nics_system.vhd (4794] : used implicit default value

A\ Warning (10542): VHDL Variable Declaration warning at albers_suropa_support_lib.vhd [340): used inivial

1\ Warning {10542): VHDL Variable Declaration warning at altera _europa_support_lib.vhd[344): used initial
Warning: Using design file sysid.vhd, which is not specified as a design file fOF the CUFEent project,

i) Info: Tlohorating entity roysian for hierarchy ™mios systewsNiosII|Sysid:the_sysidn

1) Info: Elshorating entity

i) Info: Elshorating entity

i) Info: Tlmmoracing enticy

for signal "epu 0_date mester read deta valid sysid control s]
value expression for varisble "arg_copy” because variable was
value expression for varisble "arg_length” because varisble we
but contains definitions for 2 design units and 1 entities in

"nins_system_reset_slk_0_dowain_synch_wodule” for hierarchy "nios_system:NiosII|nios_system_reset_clk_0_domain_synch_moduleinios_system_rese
"nies_system reset_sys_clk_dowain_synch_wodule” for hierarchy "nics_system:MNiosII|nios_system_reset_sys_clk_donain synch module:nics_system
"nins_system reset_sdran_clk_domsin synch module” for hisrarchy "nios_system:NiosIT|niDs_system_reset_sdram_clk _domain_synch module:nios_sys
) Warning (12030): Port "wlE" on the EnTity instantiacion of "DE_Clovk Generator System® is connected to a siomal of width 3. The forwal vidth of the signal in the movs]

4

2
System J\_Processing (213) Tnfo (151 Flaa

Hlessage: 0 of 545 il il [Lozation: =l Locate
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Hardware

e C(Click Start

'I@ Programmetr - ¥:/lights/lights - lights - [lights.cdF] o [m] 4

File Edit Wiew Processing Tools Window

Mode: IJTF\G j progress: | IIEN| 100

™ Enable real-time ISP to allov background programming (For MAx II devices)

;E—,, Hardware Setup. .. | I5B-Blaster [LISE-O

File: Device Checksum sercode Program) et
W oot | Canfigure
lights. sof EP2C35F672 0040959E FFFFFFFF I r

ﬁ“ Auto Dekect

> Delete

il

s add File. ..

1| | >

i Chanae File. ..

ooooooooo

-ﬁ" Do

@3 Save File | -
2 fdd Devics. ., | ooooooooo
s | 01 @@Q&
-

RN
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Building and Running Software

e Go back to Quartus and compile your design

e Open terminal
- cd lights
- mkdir software
- cd software
- Type:
nios2-swexample-create --name=lights --sopc-file=../nios_system.sopcinfo --
type=hello_world --cpu-name=nios2_gen2_0 --app-dir=lights --bsp-dir=Ilights_bsp
- cd lights
- ./create-this-app

U NI VERSITY
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hello world.c

e Open hello_world.c

#include <stdio.h>

int main()

{
double new_val = 3.0;
double val = 0;
double start = 2.0;
double temp;
int i=0,toggle=0;

while (val '= new_val) {
val = new_val;

temp = start * (start + 1.0) * (start + 2.0);
if ('toggle)

new_val += 4.0 / temp;
else

new_val -= 4.0 / temp;
toggle = 'toggle;
start = start + 2.0;
i++;

b
printf ("value is %0.8f\n",val);

return O;
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Debugging

e make
e nios2-gdb-server --tcpport 8888 --tcppersist&

e nios2-elf-gdb lights.elf
- target remote localhost:8888
- load
- b hello_world.c:39
- C
- pval (0)

- C

- pval (3)

- C

- pval (3.1667)
- C

- pval (3.1333)
- C

- del

- b 39

- C

- pval (3.1416)
- pi(131072)

U NI VERSITY
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Common GDB Commands

e p <print expression>
e Dbt (backtrace)

e f (frame)

e C (continue)

e s (step over)

e n (step into)

e fin (step out)

b (breakpoint)

del (delete breakpoint)

U NI VERSITY 0O F
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Adding Components

e Add a JTAG UART for the console
- use sys_clk and global reset, connect control slave to CPU
- Search “uart”, add “JTAG UART Intel FPGA IP”
- Accept default settings, connect as above
- Also: connectirg to CPU

e Add parallel I/O for the LEDs
- Search “pio”, add “PIO (Parallel I/O) Intel FPGA IP”
- Width=26, output ports only, FINISH, rename it as “leds”, then put it on the
sys_clk
- Connect as above
— Double-click export column and rename to “leds”

e Add parallel I/0O for the keys (buttons)
- Same as above, but 3 bits, input only
- Under “Input Options”, turn on “Synchronously capture”, then FINISH
- Rename as “keys” and put it on the sys_clk
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2 clk_0 Clock Source
o dkin Clock Input clk exported
= clk_in_reset Reset Input reset
ck Clock QOutput clk_0
Reset Output Double-click to export
B nios2_gen2_0 Nios II Processor
clk Clock Input sys_sdram_pll_0_sys_clk
reset Reset Input [dlk]
data_master Avalon Memory Mapped ... [dk]
instruction_master Avalon Memory Mapped ... [dk]
irg Interrupt Receiver [clk] IRQ 0 IRQ 31f—
debug_reset_request Reset Qutput [dk]
debug_mem_slave Avalon Memory Mapped ... [clk] 0x1000 0800 |0x1000 Offf
custom_instruction_m... |Custom Instruction Master
2 new_sdram_controll... [SDRAM Controller Intel F...
ck Clock Input sys_sdram_pll_0_sdram_clk
reset Reset Input [dk]
si Avalon Memory Mapped ... [clk] 0x0800 0000 |0xOfff FFfff
=2 wire Conduit new_sdram_controller_0_wire
B sys_sdram_pll_0 System and SDRAM Cloc...
ref_clk Clock Input clk_0
ref_reset Reset Input [ref_clk]
———— sys_clk Clock Qutput sys_sdram_pll_0_sys_clk
——— sdram_clk Clock Output sys_sdram_pll_0_sdram_clk
reset_source Reset Output
odk 1 Clock Source
ck_in Clock Input sys_sdram_pll_0_sdram_clk
clk_in_reset Reset Input
H ck Clock Qutput sdram_clk clk_1
clk_reset Reset Qutput
B jtag_uart_0 JTAG UART Intel FPGA IP
clk Clock Input sys_sdram_pll_0_sys_clk
reset Reset Input [dk]
avalon_jtag_slave Avalon Memory Mapped ... [dlk] 0x1000 1020 |(0x1000 1027
irq Interrupt Sender [dk] >—E|
= leds PIO (Parallel I/O) Intel F...
ck Clock Input sys_sdram_pll_0_sys_clk
reset Reset Input [dk]
s1 Avalon Memory Mapped ... [dlk] 0x1000 1010 |0x1000 101f
L= external_connection Conduit leds
= keys PIO (Parallel I/O) Intel F...
ck Clock Input sys_sdram_pll_0_sys_clk
reset Reset Input [dk]
si Avalon Memory Mapped ... [clk] 0x1000 1000 |0x1000 100f
=t external_connection Conduit keys
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lights.v

module lights (input CLOCK_50,
input [3:0] KEY,
output [12:0] DRAM_ADDR,
output [1:0] DRAM_BA,
output DRAM_CAS_N,
output DRAM_CKE,
output DRAM_CS_N,
inout [31:0] DRAM_DQ,
output [3:0] DRAM_DQM,
output DRAM_RAS_N,
output DRAM_WE_N,
output DRAM_CLK,
output [17:0] LEDR,
output [7:0] LEDG

)i
nios_system u0 (
.clk_clk (CLOCK_50), /! clk.clk
.reset_reset_n (KEY[0]), // reset.reset_n
.new_sdram_controller_0_wire_addr (DRAM_ADDR), // new_sdram_controller_0_wire.addr
.new_sdram_controller_0_wire_ba (DRAM_BA), // .ba
.new_sdram_controller_0_wire_cas_n (DRAM_CAS_N), // .cas_n
.new_sdram_controller_0_wire_cke (DRAM_CKE), // .cke
.new_sdram_controller_0_wire_cs_n (DRAM_CS_N), // .cs_n
.new_sdram_controller_0_wire_dq (DRAM_DQ), // .dq
.new_sdram_controller_0_wire_dgm (DRAM_DQM), // .dgm
.new_sdram_controller_0_wire_ras_n (DRAM_RAS_N), // .ras_n
.new_sdram_controller_0_wire_we_n (DRAM_WE_N), // .we_n
.sdram_clk_clk (DRAM_CLK),
.keys_export (KEY[3:1]), // keys.export
.leds_export ({LEDR,LEDG}), // leds.export
)i
endmodule
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lights

e Note: if you get the error:
— "XXX (XXX) overlaps XXX (XXX)”
— Select System | Assign Base Addresses

e Stop GDB:
- pkill -9 .*gdb.*
e Download new SOF:
— nios2-configure-sof ../../output_files/lights.sof
e Update bsp:
- cd ../lights_bsp
— nios2-bsp-generate-files --settings="settings.bsp" --bsp-dir=.
— cd lights_bsp
— nios2-bsp-editor
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BSP Editor

-

¥ BSP Editor - settings.bsp@quark - @E‘g

File Edit Tools Help

[ Main | Software Packages [ Drivers | Linker Script i Enable File Generation l Target BSP Directory |

SOPC Information ... ..f./nios_system.sopcinfo
CPU name: nios2_gen2 0
Operating systern: Altera HAL Yersion: -
BSP target directory. ./
¢ Settings || hal ||
¢ Common sys_clk_timer;
¢ hal = rons | f
sys_clk_timer timestamp_timer: :
tlmgstamp_tlmer stdin: = A
stdin =
stdout stdout: itag_uart_0 :
stderr _ stderr:
enable_small_c_library
enable_gprof [l enable_small_c_library 1
enable_reduced_device_drivers | [ ] enable_gprof
e_nable-s'm‘om'mlze [ lenable reduced device drivers
¢ linker = = =
enable_exception_stack [[] enable_sim_optimize
exception_stack_size hal.linker
a exceptiolw stack_memory reqnoln T?flz [[] enable_exception_stack =4
[ v
(" Information | Problems | Processing |
@ Loading drivers from ensemble report. -
@ Mapped module: "nios2_gen2_0" to use the default driver version. ]
@ Mapped module: "keys" to use the default driver version.
@ Mapped module: "leds" to use the default driver version.
@ Mapped module: "jtag_uart_0" to use the default driver version.
@ mapped module: "sysid_qsys_0" to use the default driver version.
@ Finished loading drivers from ensemble report. L
@ Loading BSP settings from settings file. =
@ Finished loading SOPC Builder system info file "../. ./nios_system.sopcinfo [relative to settings file]" =

Generate ‘ \ Exit
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NIOS Terminal

e Open a new terminal
e nios2-download -g lights.elf
e see results in terminal window!
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New hello_world.c

e Open hello_world.c

e Add header files:
#include <stdio.h>

#include <unistd.h>
#include "system.h"
#include "altera avalon pio regs.h"

#include "alt types.h"
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Software

¢ New main () code:

alt u32 current value;
alt u32 current state;
alt u8 current direction;
alt u32 keys;

current_state=3;
current_value=1;

current_direction=0;

printf ("Program running (UART)...\n");
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Software

while (1) {
// read the current state of the keys
keys=IORD ALTERA AVALON PIO DATA (KEYS BASE) ;
// switch speed if necessary

if ((keys != 7) && (keys '= current state)) {
if (keys == 3) printf ("speed set to 250 ms\n") ;
else if (keys == 5) printf ("speed set to 150 ms\n");
else if (keys == 6) printf ("speed set to 50 ms\n");

current state=keys;
}
// switch direction if necessary
if ((current direction==0) && (current value==(1l << 25))) current direction=1;
else if ((current direction==1) && (current value==1)) current direction=0;
// move light
else if (current_direction==0) current value = current value << 1;
else current_value = current_value >> 1;
// update lights
IOWR_ALTERA AVALON PIO DATA (LEDS_BASE,current_value);
// wait
if (current_state==3) usleep (250000) ;
else if (current_state==5) usleep (125000) ;
else usleep (50000); }
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Quartus

e Back to Quartus...
e Now we need to write a top-level Verilog HDL file for lights
e File | New | Verilog HDL File
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