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Typical ARM Cortex-A9 Boot Sequence

User Software

Resst | —m»| BootROM ~—> Preloader | —W| Bootloader  |—» 02;2::9 }—b

Application

H Boot ROM
= Hard coded by Altera(Intel)
= Determines the boot source by reading the boot select pins

B Preloader
= In (1) Flash/SD Card or (2) FPGA
= Typically initializes the DDR3 SDRAM and HPS /O pins

B Boot loader
= Loads and starts the operating system

Boot Sequence with Altera Monitor Program
B Resets the HPS
B Halts the code in the Boot ROM

B |oads a preloader into the HPS on-chip RAM
= Preloader comes pre-compiled with the Monitor Program
= Initializes the DDR3 SDRAM and HPS /O pins
= Enables the HPS-FPGA bridges
= Disables the watchdog timers
= Re-maps the DDR3 SDRAM to address 0x00000000

B |oads the user’s code into the DDR3 SDRAM instead of OS
= Pauses the processor at the first instruction
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= Flash memory programming(fusing)
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JTAG — Boundary Scan Test Interface

B Boundary Scan Test Interface
= C|HO|A LHOM 2= Q20| HAFE 712 M. (5 AR E UWie 2
Zto| Ent AL L= HAE)
» Z}2to| M(BSC)2 AlZ|Y #IZE B X|2H(BSR)E Hd5t7| /i
Mz oz

BSC(boundary scan cell) BSR(boundary scan register)

\

TDI (test data input)
TDO (test data output)
TMS (test mode select)
TCK (test clock)

DI —» — TDO NTRST (test reset)

JTAG — PCB boundary scan test

B PCB boundary scan test
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JTAGZ 0| 2%t Flash Memory fusing

CPU

Flash
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Bootloader f . Host
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- - interface flashMM

1. Parallel/USB Port & JTAG
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3. CPU HO|A 22| 215 H 0|A Emulation
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Tool Chain

B Tool chain O|2t?
= softwarel| 7§&t0]| AFRE|= 2 d2)d =30 Egt
= Cj7) target A|AEIO| softwareQ| 7HEH0f| AFR &&= host A|AEIQ| cross
compile &4 & gt
B Tool chainQ| #£A:
= source code S compiled}t 1 buildstO] binary M3l o} S M5t =0
L st 2t=E Utility & LibraryS 2 7+ =l
B GNU Tool Chain
= GNU GCC (compiler collection)
= a set of programming language compilers: gcc, g++
= GNU binary utilities: binutils
= assembler, loader, 7| E} tools
= GNU C library: glibc
» cross compiler =& 2|t library 3! &t library

PN | 13

GNU Toolchain HZ0{

gcc, g++ — C,C++ compiler

as — portable GNU assembler

Id — GNU linker

ar — create, modify, extract from archives
ranlib — generate index to archive (= ar -s)

nm — list symbols from object files

strip — discard symbols from object files
objdump — display information from object files
objcopy - copy and translate object files

size — list section sizes and total size

strings — display the sequences of printable characters
readelf — display information about ELF files

DAL 14

Id - GNU linker

B [d - GNU linker

= combines a number of object and archive files, relocates their data and
ties up symbol references.

= Usually the last step in compiling a program is to run Id
#1d -o outfile /usr/lib/crtl.o hello.o -lc

= linker script I} 2 X| Y35} H default linker scriptE CHAISH0] AFR

-T scriptfile
« link map Y2 H24g
-Map mapfile

PN | 15

objdump

B displays information about one or more object files
» UHHA Ol dump
# objdump -s objfile
= ELF binary file2| £ section dump
# objdump -s - .interp obijfile
= binary2 dump
# objdump -s -b binary obijfile
= disassembly
# objdump -d objfile # objdump —S objfile (AAFExFH
» file header &
# objdump -f objfile
» -b,-meZ X|H 753t 2= object format =&
# objdump -i objfile

PNl 16




objcopy
B copy and translate object files

B |t can write the destination object file in a format different from that
of the source object file

# objcopy hello hello.new HEN LS

# objcopy -O binary hello hello.new ELF 8|47t Qi = binary
bootloader 44 M 0f| AL

# objcopy -S hello hello.new strip(M &, K 8 X 5 2 AHA|)

# objcopy —R .note —R .comment hello hello.new
.note®@} .comment AlM K| A

PN | 17

ABIQ} EABI

B ABI (Application Binary Interface)

» SE Z2IHN 2SHMA = 2to|E2{2|ete] mERlE AHHO|A XS
» AL AN X2, HRIAEH ALY, AH ALY, B AL H
S0 g2ld

» MZ OHE Aub {7t 2= object U S HASHA ALEE = UA &
B EABI (Embedded ABI)
= ARMO|Lt PPC2t Z2 UH|T|E A|A- 0| HStEE JHHE ABI EE
= EABIE X|25}7| 8 A= cross-compileS & [0 EABI E=2 X|5l=
WA AL L E AFESHOF &
(o) intelFPGA Monitor ProgramOj| A] AF235= mXp7| st A
= £|X| - C:\inteFPGA\16.1\University Program\Monitor_Program\arm_tools
\baremetal\bin

# arm-altera-eabi-g++.exe
] arm-altera-eabi-gcc.exe
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ALE o

B Altera monitor program®j| A 2| cross compile (assembly)
$ rm-altera-eabi-as -mfloat-abi=soft -march=armv7-a -mcpu=cortex-a9 --
gstabs -l "$GNU_ARM_TOOL_ROOTDIR/arm-altera-eabi/include"
... partl.s" -0 partl.s.o

$ arm-altera-eabi-Id -e _start -u _start --defsym arm_program_mem=0x40
--defsym arm_available_mem_size=0x3fffffcO --section-start .vectors=0x0
-T"C:/intelFPGA/16.1/University_Program/Monitor_Program/build/
altera-socfpga-unhosted-as.ld" -g

-0 "C:/prog/altera_monitor/Exercise5/partl/partl.axf’ ...

$ arm-altera-eabi-objcopy -O srec partl.axf partl.srec
/I Mm-S S-record YA O 2 H3t

19

W Altera monitor program0j| M 2| cross compile (C program)
$ arm-altera-eabi-gcc -g -O1 -mfloat-abi=soft -march=armv7-a
-mtune=cortex-a9 -mcpu=cortex-a9 -Wall -WI,--defsym
-Wl,arm_program_mem=0x40 -WI,--defsym
-Wl,arm_available_mem_size=0x3fffffbc -WI,--defsym -
WI,  cs3_stack=0x3ffffffc -WI,--section-start -WI,.vectors=0x0
-T"C:/intelFPGA/16.1/University _Program/Monitor_Program/build/altera-
socfpga-hosted-with-vectors.ld"
-0 "C:/prog/altera_monitor/Exercise7/partl/partl.axf"

= -WI,option linker& &M XA
= -T script linker script It X| ™
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