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Overvie w

1. The Black�n R
 series from Analog Devices: a
'system on chip' DSPdesign

2. What is JTAG? How to debug via JTAG?

3. gdb (Gnu Debugger), rpr oxy (enhanced
gdbserver) and 'in circuit' emulation

4. Debugging features: Software/har dwar e
breakpoints, watchpoints

gdb project:
http:/ /www.gn u.org/s oftwar e/gdb/g db.html
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JTAG state machine
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Why debugging via JTAG ?

Use

� Non-intr usive Kernel and driv er debugging:
”K eep your probe (almost) invis ible”

� Buil tin debugging/performance measuring
featuresof the Black�n core

B Debugging via ' in circuit emulation'
Emulatio n: We are emulating CPU behaviour via
an external port – JTAG.
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Why GNU tools ?

� Free,OpenSource: ”If you don't trust the
software, just modify it” (AND share!)

� Large user base

� defactostandard for in depth, plat form
independent development and debugging
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'Class ic' remote debugging

OS + 
gdbserver

remotely debugged host

gdb

PC

Serial or
Ethernet

gdbserver needsa kernel (uClinux) to run, kernel
debugging only possible via 'intr usive' backend.
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JTAG remote debugging

gdb rproxy

front end back end (proxy host)

JTAG cable

target driver

JTAG port

debug hardware
(ADI STAMP)

Serial or
Ethernet
or local
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GDB example session

(gdb) target remote localh ost:200 0
Remote debugg ing usi ng loc alhost: 2000
_init_ SDRAM__() at boot.c :144
144 *b+ + = c;
(gdb) continu e
Contin uing.
(Ctrl)( C)
Progra m recei ved sig nal SI GINT,
Interr upt.
0x0000 fc88 in uart_r eadNB at
uart.c :170
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Blac k�n JTAG features

� Read/W rite of emulation registers, etc.

� Ef�c ient data exchangevia registers

� Execution of instruct ions via emulation

Scheme:

1. Select Emulati on register ('scan chain',
Shi ft-IR )

2. Exchange data (Shift- DR)

3. Enter Update or Run-Tes t/Idle state
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Blac k�n emulation

Emulation mode can be tr iggered via

� JTAG: Flag in Emulati on control register

� Software exception or hardwar e event

In emulation mode, instructions are fed via JTAG,
allowi ng:

� Register and memory read/wri te

� Single stepping

� Return from Emulation; 'Go!'
� Code patching: Replace/Skip code

non-intrusively
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Emulation debugging details

Register Function
DBGCTL Debug and emulation control register
DBGSTAT Debug and emulation status register
EMUDA T Emulation data exchange register
EMUIR Emulation instruction register

� DBGSTAT is poll ed for emulation exception
and exception cause

� RETEregister contains return address=
current program counter
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Typic al debugging scheme

Program memory (16 Bit)
Determine

Cause

Return from
Emulation

Continue?

If Software breakpoint,
restore opcode

and single step execute

Examine data/registers
via emulation instructions

n

y

Break, user input

RETE

EmuExcpt!
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Softw are breakpo ints (Set)

Emulation canbe triggered via an EMUEXCPT
instruction in the program (opcode 0x2500 ).
Setting a Breakpoint:

1. Enter emulation via �ag in DBGCTL register

2. Read2 bytes at <addr> and save them

3. Write EMUEXCPTopcode to <addr>

4. Exit Emulation by sending RTEinstruction
('go')
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Softw are breakpo ints (Hit)

Running a program until break:

1. On breakpoint: Core issuesemulation
exception

2. gdb polls DBGSTAT via rproxy, detects
EMUEXCPTcondit ion.

3. Continue: Restore original opcode, singl e step,
'go'
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Hardware breakpoin ts

Hardwar e breakpoints: �re EmuException when
Program Counter hits a certain addressor range.

1. Write address range to watch in Watchpoint
addressregisters

2. On hit: Fire watchpo int caused emulation
exception

3. rproxy/ gdb detectsADDRESSWATCHPOINT
condition.

4. Continue via RTE instruction.
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Watchpoints

Watchpoints: Check wh ether a value in memory is
read, wr itt en, or both.

1. Write address range to watch in Watchpoint
dataregisters

2. On hit: Fire watchpo int caused emulation
exception

3. gdb detects DATA WATCHPOIN T condit ion.

4. Continue via RTE instruction.
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The real world

Implementation:
� JTAG tools v ia parallel port (Wigg ler, etc.)

� FTDI FT-2232C USBJTAG controller
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IGLOO R
 JTAG ICE

The JTAG ICE is an
In-Circui t Emulator for
BlackFin Embedded
Processors with available
JTAG interface.

The JTAG ICE interfaces
wit h GDB using
industr y standard protocols.
http:// www.exce lpoint.c om
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Last words

Credits and thanks go to

� Analog Devices Inc. for their support, eval
boards and pro-OpenSourcepoli cy

� Marcel Telka for his JTAG tools library

� Quali ty Quorum Inc. for rpro xy
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Exi t - What next?

Where do you want to go tomorrow?

� Live debugging demo at A DI booth

� Black�n uCli nux:
htt p://bla ckfin.u clinux .org

� gdb/JTAG project on Black�n uClinux site

Thank you for interestand
attenti on!
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