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Objectives

After completing this module, you will be able to:

* |dentify the functionality included in the GNU tools: GCC, AS, LD,
GDB

» Understand the basic concepts of the Eclipse IDE
 List Xilinx Software Development Kit (SDK) features
e Examine the IP driver’s functionality and design

e Examine the Xilinx Libraries

e Determine what a BSP is and what is included
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Desktop versus Embedded

e Desktop development: e The programmer glues into
written, debugged, and run on one executable file called ELF
the same machine — Boot code, application

e OS loads the program into the code, RTOS, and ISRs
memory when the program — Address resolution takes
has been requested to run place during the gluing

 Address resolution takes stage
place at the time of loadingby ~ « The executable file is
a program called the loader downloaded into the target

— The loader is included system through different
in the OS methods
— FEthernet, serial, JTAG, BDM,
ROM programmer
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Embedded versus Desktop

e Development takes place on one
machine (host) and is downloaded .
to the embedded system (target) e S—

Cores

Target Computer

Host Computer | SystemICE
Core

Post First
Release

P

1/0 Selection
A N\ @ U N

V| 4

A cross-compiler is run on the host
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Embedded Development

o Different set of problems
— Unique hardware for every design
— Reliability
— Real-time response requirement (sometimes)
* RTOS versus OS
— Code compactness
— High-level languages and assembly
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Library Generation (uss

EDK SW
Libraries

Library Generation (LibGen)
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Software Design
Environment

e The Library Generator (LibGen) utility generates the necessary
libraries and drivers for the embedded system

e LibGen takes an MSS (Microprocessor Software Specification) file
created by the user as input. The MSS file defines the drivers
associated with peripherals, standard input/output devices,
interrupt handler routines, and other related software features

e The MSS file is generated by XPS by using the software settings
specified
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LibGen

Configures libraries and device drivers

e code directory
— Arepository for EDK executables
— Creates xmdstub.elf for MB here

e Include directory

LibGen Generated Directories

|:| project_directory

1 Processor instance directory — C header files that are required by
D code directory drivers
_ _ — Xparameters.h
|:| include directory

* Defines base and high
|:| lib directory addresses of the peripherals in

|:| e g the system
Ibsrc directory * Defines the peripheral IDs

required by the drivers and user

Note: The number of processor instance directories programs |
generated is related to the number of * Defines the function prototypes
processor instances present in the system
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LibGen

LibGen Generated Directories e lib directory
™ _ _ — libc.a, libm.a and libxil.a libraries
project_directory + The libxil library contains driver

functions that the particular

OSSO | '
I:l pProcessor instance di reCtory pProcessor can access

1 codedirectory * libsrc directory

1 include directory — Intermediate files and makefiles that
1 libd rectory compile the libraries and drivers
1 libsc directory — Peripheral-specific driver files that

are copied from the EDK and user

Note: The processor instance directories driver directories

content is overwritten every time LibGen
IS run
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Software Platform Settings

o Software settings can be

assigned to individual
processor instance by
selecting Software —
Software Platform Settings
or clicking & button on the
toolbar

In case of multiple processors
in the design software platform
settings allow you to select
each processor instance and
set parameters

=0 R EN Device Configuration  Debug S

ﬁr Launch PlatFarmn Studio SOE

Software Platfarmn Settings...

Assign Default Drvers h

Ubs  Generate Lbrades and BSPs

ﬂ &dd Softweare Application Project...
é Build All User Applications

aet Program Size

E Fenerate Linker Script...

% Zlean Libranes
% Zlean Programs
E'-'__;I, Clean Software
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Software Platform Settings (1)

Select Software
Platform panel

g Software Platform Settings

Saoftware Platform Processor Settings

Select processor

05 and Libraries CPU Driver: u:|:-u v CPU Driver Version: |111a v
Instance Drivers Proceszor Parameters;
| Mame Current % alue Default ' alue Type Description :
=) micrablaze 0
- CORE_CLOCK_FREQ_HZ ?{Jﬂﬂﬂﬂﬂﬂﬂ 100000000 it Caore Clock Frequency in Hz
- wndstub_peripheral |hone ____\__f__inone penpheral_inztance Debug peripheral to be uzed with xmdstub
oewbra_compiler_flags g -g ztring Extra compiler flags used in BSP and libran) gene
Select OS - archiver mb-ar rb-ar shing Archiver used to archive libraries for both BSP gni;
" campiler mb-gec mb-goc ztring Compiler uzed bo compile bath BSP/Libraries ang
| £ | &)

ONOMNONS

Check desired 3\ N

. . . ibrary Settings
|Ibrar|es and thelr /DI [stamdalore v  Wversion: [ 20§
version

Drefault zoftware platfarm. Provides bazic proceszzor related functions and bazic 05 like
funchions such as standard input and output:

#Cription

B Memomn File Syatem

[ iflash 11.00.a
OO sitiaths 11.00.a
| Iwip
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Software Platform Settings(2)

‘- Sofbware Platform Settings

SeleCt OS and Procezzor Infarmation

I 1 P t
Libraries panel @
Saftw atform Configuration for 05 standalone v2.00.a

05 and Librarie=s

Select processor . IET Current Walue Default Yalue Tupe Descrip

. Drivers |=|- ztandalone

Instance shdout R5232 DCE | none peripheral_instance stdout po
zhdin R5232 DCE * |none peripheral_inztance stdin per

microblaze_exceptions falze w falze biool Enable b
enable_sw_intusive_profiing  |Falze + |falze bool Enable £

Set stdin and stdout
devices as well as
assign fpu, malloc,
and profiling related
parameters

@ Car et oy [ oraries
Configure selected ||\ Aprm———i——— e iR (T ;

[=)-milrnfz :
need_utils false + falze bool Meed addfjonal Utilities?

4

libraries parameters init_type MFSINIT_NEW v | MFSINIT_NEW enum Irit Type
base addresz 7O 010000 ink Baze Addzs
nurmbytes Toaa00 100000 ink Murmnber offe ptes
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Software Platform Settings(3)

SeleCt Drlvers panel e Foftware Platform Settings

Froceszzar Information

Select drlverS and Frocessor Instance:

version for each e Contguson
dGVlce |n the deS|g n Peripheral HW werzion Instance Diriver Yersion

Imb_bram_if_cntk 210.a dimb_cntl bram » 1.00.a

Imb_bram_if_cnth | 2.10.a ilmb_crtlr bram » 1.00.a
wps_uartlite 1.00.a RS232_DCE Liartlite w 113a w
¥ps_gpio 1.00.a LED=z_8Bit gpio W 2124

Mpmc 4M.a DOR_SDRAM mpmc W 200.a

mdrm 1.00b debug_module uartlite » 1.13a

¥pE_Opio 1.00.a dip gpio W 212a

¥PE_gpio 1.00.a puzh gpio W 212.a
1.00a led_ip_0 led_ip w

1.nn.aj

Diriver Parameters:

|
J— EOXILINX
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Compiler Settings

e Compiler settings can be p——
assigned by double-clicking Conpler Took: mbgee
{Erwironment; | Debug and Optimization | Paths and Optians

Compiler Options entry under an | ="

Application Mode

appl ication in the Appl ication tab (%) Executable () ¥mdStub  smdstub_peripheral

e Environment tab Ouput ELF e
. . Ceuptembeddedsabsslab3sT estdpp_Memonhesecutable. elf Browse ...
— Application Mode ” o Mooy rec

R ExeCUtab|e Linker Script | .
. [] Usze Custom Linker Script
« XmdStub (MicroBlaze™ processor

Only) Browse ..
— Use Custom Linker Script ”gDS:t';:d””‘
* |f checked then provide the path to Shack Size
the linker script e S
— Use default Linker Script
* Program Start Address
 Stack Size ok |[ cCace |[ Hep |
* Heap Size
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Compiler Settings

e Debug and Optimization tab

— Optimization Parameters
* Optimization Level: 0 to 3

— While debugging your code, level 0 (no optimization) is recommended

— Levels 1 and above will cause code rearrangement
* Use Global Pointer Optimization

— Compiler stores all variables up to 8 bytes of size in a special area that can be accessed by

registers r2/r13 (called small data anchors) and a 16-bit offset

— Generate Debug Symbols R ——

* Checking this option allows the Compler Tools: mb-gec
generation of debugging information | | emienmen | Gebusg snd Bpfimcator; | Paths and Dptions
based on the option selected Optimizaton Parameters

(] Create Symb0| for debugg”‘]g Optimization Level | Mo Optimization w
(_g Opt|0n) [] Use Global Painter Optimization

* Create symbols for assembly Generats Debug Symbols
(-gStabS 0ptl0n) {(#) Create Symbols for Debugging [-g option)

corelate to source code.

() Create Spmbols for Azsembly [-gstabs option]

Mate: If both optimization level and debug oplion are set, the information may not

S_XILINX



Compiler Settings

= Compiler Options

e Paths and Options tab | s

Environment | Debug and Optimization | Paths and Options

- Sea rCh Paths All paths should be relative to project directary. Separate multiple optiong with a

space.

¢ lerary ('L) Search Paths
* Include (-I) |

Include [1] Browse ...

— Libraries to Link against
* List user libraries to be
u Sed Other Compiler Options to Append
_ Other Compiler OptionS tO Theze optiohs will be appended to the conmpiler command line
append
* For example: -g

» See GNU docs for more
options

Libraries to Link against [-]

ok || cancel || Hep |
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Library Generation (s
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GNU Tools: GCC

GCC translates C source code into

assembly language e
GCC also functions as the user interface
to the GNU assembler and to the GNU linker, @
calling the assembler and the linker with
the appropriate parameters [ Cross-compiler }
Supported cross-compilers:

— GNU GCC (mb-gcc) @
Command line only; uses the settings set
through the GUI As?_tlembly

Ines
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GNU Tools

« Calls four different executable
— Preprocessor (cpp0) eppo

* Replaces all macros with
definitions defined in the sourc

¢ Input C/C++ Files

and header files cel

celplus

LN
— Language specific c-compiler \ /

* cc1 C-programming language

as
* cclplus C++ language (mb-as or powerpc-eabi-as)
— Assembler ¢
* mb-as K
— Linker and loader Hbraries —m {mb-1d or powerpc-eabi-ld)
* mb-ld

¢ Output EIf File

J EXXILINX



GNU Tools: AS

 Input: Assembly language files
— File extension: .s

e Qutput: Object code

— File extension: .0

Assembly files

— Contains
« Assembled piece of code { Cross-assembler }
» Constant data
* External references
* Debugging information @
 Typically, the compiler automatically
calls the assembler Object files

e Use the -Wa switch if the source files are
assembly only and use gcc
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GNU Tools: LD

e Linker i

* Inputs: Obiect || e
— Several object files R L
— Archived object files (library) u @
— Linker script (mapfile) [ Linker/Locator }

e Qutput:
— Executable image (.ELF) M

Executable

J S XILNX



GNU Utlilities

See Embedded System Tools Reference Manual for Complete List of utilities

AR Archiver

— Create, modify, and extract from libraries

— Used in EDK to combine the object files of the Board Support
Package (BSP) in a library

— Used in EDK to extract object files from different libraries

e QObject Dump

— Display information from object files and executables

* Header information, memory map
+ Data
* Disassemble code

J EOXILINX



MicroBlaze Object Dump

Display summary information from the section headers

mb-objdump —h executable.elf

o feygdrivelcfXUPIMarkets/Embe dde d/Works hopsfcourses/v92Embedded/sp3ekit/slides/HW _... x
% mb—obhjdump —h executable.elf -

executabhle.elf: file format elf3Z2-microhlaze

Size UMA LHMA File off Algn
vectors..reset  JABBEAA4 05151515115 T B 1515151515 T 515 15 15 15 s S .

CONTENTS . ALLOC,. LOAD. READOMLY. CODE
Section vectors.sw_rxception HEAAAAH4 BAAAEAE OABAAAAE VLAAAA13E  2ex2
CONTENTS . ALLOC,. LOAD,. READOMLY. CODE
vectors.dnterrupt BAAEAEAd GHEEAAR1HA GAAOALIA GAOAER3c 22
Name COMTEMTS . ALLOC. LOAD. READOMWLY,. CODE
vectors hw_exception HHEABAR4 BAAAOALZA OABAABZA AAAVAL48

CONTENTS . ¢LLOC, LOAD,. READONLY. CODE I
-text HBAAASHA (IBBAAASH AEAAAASHE ABABA144 2xx2 Byte allgnment
CONT I R 1) ) 1) g DE

Virtual Loadable
-rodata Memory Memory
_sdata2 Address Address

HBABEEAA BEBAAGc48 BEABAG648
COMTENTS
#BABA144 BABAAG48 APBABAG48 GBABAT3E
CONTENTS . ALLOC,. LOAD,. DATA
HBABEAAE BAAAAYEc ABABEAYEc GBABALVc
CONTENTS . ALLOC,. LOAD,. DATA
HBABEAAE BABAAY?4 ABABAY?4 OBABAEE4
CONTENTS . ALLOC,. LOAD,. DATA

-eh_frame H0ABBEAaA4 BABAAY?c ABABAY?c GBABARSc
CONTENTS . ALLOC,. LOAD,. DATA

-Jjcr fBABBEEA4 BABAAYal ABABAYaA GBABAETA
CONTENTS . ALLOC,. LOAD,. DATA

Offset from the beginning
of the section header table
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Memory
location

MicroBlaze Object Dump

Dumping the source and assembly code

mb-objdump -S executable.elf

e+ Icygdrive/c/XUP/Markets/Embedded/Workshopsicourses/v92Embed ... H=1E

g HlartLite_RecuByte{udZ Basefddress . .
i
THRLOBOE a 1ik rd, v, B |nstruct|0n

thile (HlartLite_mIzReceiveEmpty{BaszeAddress)>;

334:

338:
33c:
348:

Machine Language
Instruction

e864800A Iwi r3,. r4, B
a463IBBA1 andi ¥2, r3,. 1
hcB3fff8 hegi r3. —8 A4 338

return CuBl¥lo_IndZ2<{BasefAddress + XUL_R¥_FIFO_OFFSET>:
eBe50B0A luwi 3, v, B

s ocaono vtsd  ei5. 8 Assembly

andi o w3. xS instruction

ile, int LineX

<% if the callback has been set then invoke it =~

if <HAssertCallbackBRoutine *= NULL>» {

eB6HAYc4 Iwi r3,. rB, 1988 A4 fed {BAsszertCallbackRoutine >

3B21iffed addik i, »1, 28

f2elBBB6 suwil ri%, ri,. 8

hcB3B8686c heqgi ri, 12 s 368
C*iAssertCallbackRoutine? <File, Linel;

29fci18B88 hrald ri5, »3

BAHBBEAA or vA, vB, r#

¥

#% if specified,. wait indefinitely such that the assert will zhow up
*® in testing
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Software Development
Environment: XPS

~ Xilinx Platform Studio - C:/XUPfMarkets/Embe dded/MWorkshops/courses/v92Embedded/sp3ekit...

H H Eile - Edit Yiew Project Hardware Software Device Copfiguration Debug  Simulstion Window Help (=& X
@ Lists Software Projects : -

DPHL I b liRREN RrBER RS BxA R

(Specifies processor instance, i e s e AT
. ‘raject Intormation Area A

gr’oups source COde accordlng to Project | Applications [li a 34 f’.f_* LDcat.eE:'ri in: microblaie_ﬂf include/Xparameter;
) j"SDFtware F.'-miec? = —i, ;2 #include "xparsmeters.h
instance, xparameters.h, source and ™50 o || 97 #imciue mstaio.n @
header files) el o #iuslude muacelite neaer.nr

& umiecl: Testhpp Memory 40

| = ¥ Project: TestApp_Peripheral | 2;‘ e

- Processor microblaze 0 : : .
43 int main (woid) |

Standard text edltor for Creatlng " Ewecutable: C:\<UPYMarkets\Embedded 44

& Compiler Options

O,

z 45
. . = Sources 5
C/ ct++ appllcatlons IR L P rk et Ernbeddedaorks 22 ! R G .
C:\RU PAM arkets\E mbeddedworks] 4 i
# Headers + .'f
439 #if ¥PAR MICROBLAZE 0 USE_ICACHE v
< | 3

| —
__31 System dzzembly View | Block Diagram Testhpp Peripheral o

Z | i i "
S Dutput | Wwaming Eror

W

Dane [cars [um [scre [tntcdl (€[

Console displays status, errors,
and warnings

©
‘_
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Software Development
Environment: SDK

e Java-based application development environment

» Based on the open-source effort by the Eclipse Consortium\

» Feature-rich C/C++ code editor and compilation environment
 Project management

 Application build configuration and automatic Makefile generation
 Error Navigation

* Well-integrated environment for seamless debugging of
embedded targets

e Source code version control

J S XILNX



Eclipse/CDT Frameworks

e Builder framework
— Compiles and Links Source files

— Default Build options are specified when application is created: Choice of Debug,
Release, Profile configurations

— User can custom build options later when developing application
— Build types: Standard Make, Managed Make
e Launch framework

— Specifies what action needs to be taken: Run (+ Profile) application or Debug
application

— In SDK, this is akin to the Target Connection settings
e Debug framework
— Launches debugger (gdb), loads application and begins debug session
— Debug views show information about state of debug session
— Hides ugliness of debug details
e Search framework
— Helps development of application
e Help System
— Online help system; context-sensitive
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SDK Application Development Flow

# Platform Studio I @ Platform Studio SDK
I
Generate Hardware I
Platform : »| Creste software
Generate Software App Project
Platform | I +
//5\\ I Add sources |
N :
%LQ‘%& I + Edit
S 7. v
I \A
I Compile + Link Debug / Profile
[ v T
|mport ELF file, I Yes R
Download to board B | bone:

Libraries can be generate/updated from SDK
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Workspaces and Perspectives

o Workspace
— Location to store preferences & internal info about Projects
— Transparent to SDK users
— In SDK, source files not stored under Workspace

e \iews, Editors
— Basic User interface element

o Perspectives
— Collection of functionally related views

— Layout of views in a perspective can be customized according
to user preference

J S XILNX



Views

» Eclipse Platform views: Navigator view, Tasks view, Problems
view

* Debug views: Stack view, Variables view

e C/C++ views: Projects view, Outline view

= i
(51 Problems 2 | Console | Properties

O errars, 0 warnings, 0infos
I Descripkion I Resou

J— EOXILINX



C/C++ Perspective

C/C++ project outline displays the
elements of a project with file
decorators (icons) for easy
identification

@ C/C++ editor for integrated
software creation

Code outline displays elements of
the software file under
development with file decorators
(icons) for easy identification

Problems, Console, Properties
view lists output information
associated with the software
development flow

++ - system_ _1_SDK s » Platform Studio SDK
e Edt Mavigte Search Run Project KlinxTools Window Help

B % @6 -G %0 @ e -

B [ Bcfct+ [Resource

|

A Cjc-++ Projects 53 | Navigator | = 0|21 system_timer.c 53 |

& v ‘ﬁ 1#include "xparameters.h?
24include "xgpio.h”
3#include "xtime 1.n"
B aginclude "wy_led.h!
S#include "xtmroor.ht
Siinclude "xinte.h”
TH#include "xexception l.h"
G#define LEDChan 1

= SDK_Lab
B Debug
[#-fg] system_timer.c

22 if (csr & ETC_CSR_INT OCCURED_MASK) {

23 one_second = O:
24 if ( (count <<= 1) > 16)
25 count = 1;

286 ]

27

28

314/ xil printf{"Interrupt Taken %¥dinic", count):

oy

a
10int one second, count;

11

12void timer_int_handler (void * baseaddr_p)

134

14 // Add variable declarations here

15 unsigned int haseaddr = (int)baseaddr_p:

16 unsigned int car:

17

18 ¢/ Read timer 0 C5R to see if it raissd the incerrupc
19 @sr = XTwrCtr_mGerControlStatusReq(haseaddr,

20

21 // If vhe interrupt. oooured, then inorement a counter

28 // Display the count on the LEDS and print some statement using the UART
30 XGpin_wSetDataReqg (YPLR_LEDS 4BIT_BASEADDR, LEDChan,count);

Yparameters
xgpio.h ‘

stime Lh
my_led hi
strrctr.h ‘

o
o
o
o
o
o ntch
o
#
a
a
L]
]

wexception_Lh
LEDChan
one_second

count
timer_ink_handler
main

o

7
Console | Properties |

2 ertors, 0 warnings, 0 Infos

_—
e V4 N\ | Resaurce | In Folder | oc

@; #** [system_timer,0] Errer 1 SDK_Lab
@ my_led.h: Mo such File or directory. syskem_timer.c SDK_Lah line;
< | ¥
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Opening Perspectives and Views

e To open a Perspective, use

Window - Open Per spective

Window  Help
Pew Yindow E & J’t{‘;u

* Toopen aview, use P — \
- - e o
WI ndOW — ShOW VI alv Reset F‘erspective_

Close Perspective

If the view is already present in e e
the current perspective, the
view is highlighted

Preferences

J S XILNX



Editors

bracket matching ™ acwr |

|
1#include "croc _hw.h" 4|l

syntax coloring Z#include "u_intertace.n

3
dint cre appi

content assist s unsigned int® inpur 0, /% Array size = 2 %/

& unsigned int* ocutput 0 A% hrray =size = 1 %/
7 ]

refactoring 8 o -

2 int i:;

keyboard ShortCUtS 11 Jf/3tart writing into the F3IL hus

1z  for (i=0; i<Z; i++)

13 {

14 WRITE CRC_O{input 0O[i]):
15 '

16

17 S/ 3tart reading from the F3IL hus
18 for (i=0; i<l; i++)

19 {

20 READ CRC O({output 0O[i]):
1 '

22}

25

24ﬂ LI;I
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Device Drivers

 The Xilinx device drivers are designed to meet the following
objectives:

— Provide maximum portability
* The device drivers are provided as ANSI C source code

— Support FPGA configurability

* Supports multiple instances of the device without code duplication for each
instance, while at the same time managing unique characteristics on a per-
instance basis

— Support simple and complex use cases

* A layered device driver architecture provides both
— Simple device drivers with minimal memory footprints
— Full-featured device drivers with larger memory footprints

— Ease of use and maintenance

» Xilinx uses coding standards and provides well-documented source code
for developers
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Drivers: Level O/ Level 1

e The layered architecture provides seamless integration with...
— (Layer 2) RTOS application layer

— (Layer 1) High-level device drivers that are full-featured and portable
across operating systems and processors

— (Layer 0) Low-level drivers for simple use cases

Layer 2, RTOS Adaptation

Layer 1, High-level Drivers

Layer 0, Low-level Drivers
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Drivers: Level O

e (Consists of low-level device drivers

* Implemented as macros and functions that are designed to allow a
developer to create a small system

e (Characteristics:

Small memory footprint

Little to no error checking is performed

Supports primary device features only

No support of device configuration parameters

Supports multiple instances of a device with base address input to the AP
Polled 1/0 only

Blocking function calls

Header files have “_|" in their names (for example, xuartlite_l.h)
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Drivers: Level 1

» Consists of high-level device drivers

e Implemented as macros and functions and designed to allow a
developer to utilize all of the features of a device

e Characteristics:
— Abstract API that isolates the API from hardware device changes
— Supports device configuration parameters
— Supports multiple instances of a device
— Polled and interrupt driven /O
— Non-blocking function calls to aid complex applications
— May have a large memory footprint

— Typically, provides buffer interfaces for data transfers as opposed to byte
interfaces

— Header files do not have “_I" in their names (for example, xuartlite.h)
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Comparison Example

o Uartllte Level 1

XStatus XUartLite_Initialize (XUartLite *InstancePtr, Xuint16 Deviceld)

— void XUartLite_ResetFifos (XUartLite *InstancePtr)

— unsigned int XUartLite_Send (XUartLite *InstancePtr, Xuint8 *DataBufferPtr, unsigned int NumBytes)

— unsigned int XUartLite_Recv (XUartLite *InstancePtr, Xuint8 *DataBufferPtr, unsigned int NumBytes)

— Xboolean XUartLite_IsSending (XUartLite *InstancePtr)

— void XUartLite_GetStats (XUartLite *InstancePtr, XUartLite_Stats *StatsPtr)

— void XUartLite_ClearStats (XUartLite *InstancePtr)

— XStatus XUartLite_SelfTest (XUartLite *InstancePtr)

— void XUartLite_Enablelnterrupt (XUartLite *InstancePtr)

— void XUartLite_Disablelnterrupt (XUartLite *InstancePtr)

— void XUartLite_SetRecvHandler (XUartLite *InstancePtr, XUartLite_Handler FuncPtr, void *CallBackRef)

— void XUartLite_SetSendHandler (XUartLite *InstancePtr, XUartLite_Handler FuncPtr, void *CallBackRef)
void XUartLite_InterruptHandler (XUartLite *InstancePtr)

e Uartlite Level 0

— void XUartLite_SendByte (Xuint32 BaseAddress, Xuint8 Data)
— Xuint8 XUartLite_RecvByte (Xuint32 BaseAddress)
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Interrupt Management
With Interrupt Controller

 The interrupt controller is required if more than one interrupting
device is present

Connect peripheral’s interrupt requesting signals to the Intr port of the interrupt
controller in the MHS file

e.g., PORT Intr = RS232_Interrupt & interrupt_push & interrupt_timer
Connect interrupt controller output intc to a processor interrupt pin
e.g., PORT Irq = interrupt_req

Define an external requesting signal, if needed, in the global ports section of the
MHS file

e.g., PORT interrupt_in1 = interrupt_in1, DIR = IN, LEVEL = low, SIGIS = Interrupt
Connect the external interrupt signal to the Intr port of the interrupt controller
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Interrupt Management
Without Interrupt Controller

e The interrupt controller is not required when only one interrupting

device is present

— The interrupt signal of the peripheral (or the external interrupt signal) must
be connected to the interrupt input of the MicroBlaze™ processor in the

MHS file

o Software interface for the interrupt
— Define the signal in MSS file to associate them to peripherals
e.g., PARAMETER int_handler = uart_int_handler, int_port = Interrupt
— Write an interrupt handler routine to service the request

— The base address of the peripheral instance can be accessed as
XPAR_INSTANCE_NAME_BASEADDR
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MicroBlaze Interrupts

e One INTERRUPT port on the MicroBlaze™ processor

MicroBlaze processor functions

— void microblaze_enable_interrupts(void)
* This function enables interrupts on the MicroBlaze processor

* When the MicroBlaze processor starts up, interrupts are disabled. Interrupts
must be explicitly turned on by using this function

— void microblaze_disable_interrupts(void)

* This function disables interrupts on the MicroBlaze processor. This function
may be called when entering a critical section of code where a context switch
is undesirable
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Integration in EDK

» When the interrupt generating device is connected to the processor interrupt pin, either
through an interrupt controller or directly, the interrupt handler function must be
developed (You must explicitly write code to set up the interrupt mechanism)

e The interrupt handler must be registered explicitly in code

7iint maini() | =
Ta 1 1

73 int count mwod 3: RteSterlng an

7 | Interrupt Handler
= /¢ Enable MicroEBElase Interrupts

76 microblaze enable interruptsi(]); /

T

78 f /% FRegister the Timer interrupt handler in the wector table */
7o) ZIntc FegisterHandler (EPAR ZPS INTC O EBASEADDR,

(=1n] ZPAR EP3 INTC 0 DELAY INTEREUFT INTE,
gl [(ZInterruptHandler] timer int_ handler,
a2 {void *)XPAR DELAY BASEADDR):

a3

g4 f% Initialize and set the direction of the GPIQO conhnected to LEDs */
55 HGpio Initialize(&gpio, XPAR LEDS SBIT DEVICE ID);

g6 HZGpio SetDatabirection(iégpioc, LEDChan, 0]:
=]
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Libraries

e Xilinx provides three libraries
— Math library (libm)

* The math library is an improvement over the newlib math library
* The -Im option is used for libm functions

— Standard C language support (libc)

* The functions of this library are automatically available
— Xilinx C drivers and libraries (libxil)

« Xilinx file support functions: Fatfs

* Xilinx memory file system: Mfs

* Xilinx networking support: Iwlp

« Xilinx flash memory support: Flash
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What is a BSP?

e Board Support Package (BSP):
— Lowest layer of software modules used to access processor specific
functions
* Interrupt and Exception Handling
* Instruction and Data Cache Handling
* Fast Simplex Link interface macros
* Program Profiling
— Allows you to use IP peripheral-device drivers
* GPIO, lIC controller, PCI controller, UART
— Offers glue functionality to link code against standard libraries
* Time, sleep
* Files
* Memory
— Standalone BSP (no operating system)
* Libgen generates libxil.a library
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Hardware IP Device Drivers

e Driver

— Provides an interface for the software to communicate with the
hardware

— Designed to be portable across processor architectures and
operating systems
 Delivery format
— Delivered as source code, allowing it to be built and optimized
— Minimized assembly language
— C programming language
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Boot Files

* The compiler includes pre-compiled startup and end files in the final link
command when forming an executable

o Startup Files setup the language and the platform environment before your
application code executes
» The following actions are typically performed
— Setup any reset, interrupt, and exception vectors as required
— Setup stack pointer, small-data anchors, and other registers
— Clear the BSS memory regions to zero
— Invoke language initialization functions, such as c++ constructors

— Initialize the hardware subsystem (ie. initialize profiling timers if the program is to be
profiled)

— Setup arguments for the main procedure and invoke it
— Invoke language cleanup functions, such as c++ destructors

— De-Initialize the hardware sub-system (ie. clean up the profiling subsystem if the
program was profiled)

See Embedded System Tools reference manual for details
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First Stage Initialization Files

e ¢rt0.S

— used for programs which are to be executed in standalone
mode, without the use of any boot loader

e crt1.S

— used when the application is debugged in a software-intrusive
manner

e Crt2.5
— Used when the executable is loaded using a boot loader

e crt3.S

— Employed when the executable does not use any vectors and
wishes to reduce code size
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Second Stage Initialization
Files

e crtinit
— Default second stage C startup file
* pgcrtinit
— Used during profiling
e sim-crtinit
— Used when the —mno-clearbss switch is used in the compiler
e sim-pgcrtinit

— Used during profiling in conjunction with the -mno-clearbss
switch
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crtO.s

* Application entry point at label _start

e start

— Set up any reset, interrupt, and exception vectors as
required

— Transfers control to crtinit (see next slide)

— On returning from _critinit, it ends the program by
infinitely looping in the _exit label
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crtinit

e Clear the BSS (.bss and .sbss sections) memory regions
{o zero

* Invokes _program_init: language initialization functions,
such as C++ constructors

* Invokes “constructor” functions (_init): Initializes interrupt
handler and the hardware sub-system

e Set up arguments for main() and invokes main()
* Invokes “destructor” functions (_fini)
* Invokes _program_clean and returns
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Knowledge Check

* What GNU GCC option is used to specify that debugging
information should be placed in the executable?

 Whatis included in a BSP?

 What are some of the differences between a Level 0 and a Level 1
driver?
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Answers

* What GNU GCC option is used to specify that debugging
information should be placed in the executable?

-

e Whatis included in a BSP?

— |P drivers
— Processor functions
— Library functions
e \What are some of the differences between a Level 0 and a Level 1
driver?
— Size
— Functionality
— Ease of use
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Knowledge Check

 List libraries supported and their functionality

e How many interrupt pins are present on MicroBlaze?
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Answers

 List libraries supported and their functionality
— Fatfs — provides file support functions
— MEFS - provides memory file system support functions

— Iwip — provides networking support functions including handling of multiple
connections

— Flash - provides read/write/erase types of functions for Intel parallel flash
devices so user can program flash memory during run-time

e How many interrupt pins are present on MicroBlaze?
— One
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Where Can | Learn More?

 Tool documentation

— Embedded System Tools Guide — Microprocessor Software
Specifications

— Embedded System Tools Guide — Microprocessor Driver Definition
— Embedded System Tools Guide — Microprocessor Library Definition
— EDK OS and Libraries Reference Guide — LibXil File, Net, and Kernel
— Processor IP Reference Guide
— Xilinx Drivers

* Processor documentation
— MicroBlaze Processor Reference Guide

e Support website
— EDK Website: www.xilinx.com/edk
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