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1 Intr oduction

1.1 General
DSUMON is a debg monitor for the LEON processor dggsupport unit. It includes the folling functions:
» Read/write access to all LEON registers and memory
« Built-in disassembler and trace buffer management
» Downloading and execution of LEON applications
* Breakpoint and watchpoint management
* Remote connection to GNU debugger (gdb)
 Auto-probing and initialisation of LEON peripherals and memory settings

1.2 Supported platbrms and system equirements

DSUMON supportghreeplatforms:solaris-2.8Jinux-2.2/glibc-2.2andwindows98/NT/2K. The windows version
requires thatygwin-1.3.9 or higher is installed. Cygwin can bevdtbaded from sources.redhat.com.

1.3 Obtaining DSUMON

The primary site for DSUMON is http://www.gaislercom/,wherethe latestversionof DSUMON canbe ordered
and ealuation \ersions dwnloaded.

1.4 Installation

DSUMON canbe installedanywhereon the hostcomputer- for corveniencethe installationdirectory shouldbe
addedo thesearchpath.Thecommercialersionsuseallicensefile which shouldbe pointedto by theernvironment
variableDSUMON_LICENSE_FILE otherwise$HOME/dsumon.licor ‘dsumon.lic’ in the currentdirectoryare
used.

1.5 Problem reports

Please send problem reports or comments to dsumaistemgom.



4 LEON DSU Monitor Uses Manual

2 Operation

2.1 Owerview

DSUMON canoperatein two modes:standalonendattachedo gdh In standalonenode,LEON applicationscan
beloadedanddehuggedusingacommandine interface A numberof commandsireavailableto examinedata,nsert
breakpoints and adwnce &ecution.

Whenattachedo gdb,DSUMON actsasaremotegdbtarget,andapplicationsareloadedanddeluggedthroughgdb
(or a gdb front-end such as ddd).

2.2 Staring DSUMON

The LEON DSU usesa dedicateduartto communicatevith an outsidemonitor. The uartusesautomaticbaud-rate
detection.To succefullyattachDSUMON, first attachthe serialcablebetweerthetargetboardandthe hostsystem,
thenpower-up andresetthe targetboard,andfinally start DSUMON usingthe -uartoptionin casethe DSU is not
connectedo /dev/ttySOof your host(or /dev/ttya on solarishosts) Notethatthe DSUEN signalon the LEON proc-
essor has to be asserted for the DSU to operate.

WhenDSUMON first connectdo thetarget,a checkis madeto seeif the systemhasbeeninitialisedwith respecto
memory UART andtimer settingsIf noinitialisationhasbeenmade(= delug modeenteredirectly afterreset) the
systenfirst hasto beinitialisedbeforeary applicationcanrun. Thisis performedautomaticallyby probingfor avail-
ablememorybanks,anddetectinghe systemfrequeng. Theinitialisationcanalsobeforcedby giving the-i switch
at startup. The detected system settings are printed on the console:

jiri@enus $ ./dsunmon -i
LEON DSU Monitor, version 1.0
Copyright (C) 2001, Gaisler Research - all rights reserved
Conmments or bug-reports to jiri @aisler.com

port /dev/ttySO at 115200 baud

cl ock frequency 0 24.9 Mz

regi ster w ndows 8

instruction cache . 4 kbytes, 16 bytes/line
data cache : 2 kbytes, 16 bytes/line
har dwar e breakpoints : 4

trace buffer : 128 lines

ram wi dt h : 32 bits

ram banks T2

ram bank size ;2048 kbytes

stack pointer : Ox403ffffo

dsu>

2.3 Command line options
DSUMON is started as folles on a command line:

dsumon [optiong [input_fileg
The folloving command line options are supported by DSUMON:
-abaud baudmate
Usebaudatefor UART 1 & 2. By defult, 38400 baud is used.

-banksram_banks
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Overrides the auto-probed number of populated ram banks.
-baud baudmate
Usebaudiatefor the DSU serial link. By defult, 115200 baud is used.

-cfile Readssommandgrom file insteadof stdin.If thefile .dsumonrexistsin thehomedirectory it will
be automatically bexecuted.

-freqsystem_cldc
Overrides the detected system frequetise with care!
-gdb  Listen for gdb connection directly at start-up.

-i Force a system probe and initialise LEON memory and peripherals settings.
-port gdbport

Set the port number for gdb communications.abD#fis 1235.
-ram ram_size

Overrides the auto-probed amount of ram.
-romrws waitstates

Setwaitstatesnumber of vaitstates for rom reads.
-romwwswaitstates

Setwaitstatesnumber of wvaitstates for rom writes.
-romwswaitstates

Setwaitstatesnumber of wvaitstates for both rom reads and writes.
-ramrws waitstates

Setwaitstatesnumber of vaitstates for ram reads.
-ramwws waitstates

Setwaitstatesnumber of wvaitstates for ram writes.
-ramws waitstates

Setwaitstatesnumber of wvaitstates for both ram reads and writes.
-stack stadkval

Setstadkval as stack pointer for applicationsieoriding the auto-detectedlue.
-uart device

By default, DSUMON communicatesvith the target using/dev/ttySO0 (/dev/ttya on solaris).This
switch can be used to connect to thgéausing other déces. e.g ‘-uart /ddcua0.

input_files

Executabldilesto beloadednto memory Theinputfile is loadednto thetargetmemoryaccording
to the entry point for each@ment. The only recognized format is elf32.
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3 Standalone mode

3.1 Internal commands

DSUMON dynamicallyloadslibreadline.sdf availableonyourhostsystemanduses eadl i ne() to enter/edit
monitorcommandslf libreadline.sds notfound,f get s() is usedinstead(no history andpoor editing capabili-
ties). Belav is description of commands that are recognized by the monitor when used in standalone mode:

ahb[lengti Printonlythe AHB tracebuffer. ThelengthlastAHB transferswill beprinted,defaultis 10.
batch file Execute a batch file of DSUMON commands.
bre[addres§ Adds a software breakpoint aedddress If addressis omitted, prints all breakpoints.
del [num Deletes breakpoimum If numis omitted, all breakpoints are deleted.
cont [counttime]
Continue gecution at present position.
dis [addi] [coun]

Disassemblgcouni instructionsataddres$addr]. Defaultvaluesfor countis 16 andaddr
is the program counter address.

echostring Print <string> to the simulator windo

float Prints the FPU wgisters
gdb Listen for gdb connection.
go[addres$

Thego commandwill setpcto addressandnpcto address+ 4, andresumesxecution.No
otherinitialisationwill bedone.If addresss notgiven,thedefaultloadaddressvill beas-
sumed.

hbre [addres§ Adds a hardware breakpoint aedddress If addressomitted, prints all breakpoints.

help Print a small help menu for the DSUMON commands.

hist [lengtil  Printthetracebuffer. Thelengthlastexecutednstructionsor AHB transferswill beprinted,
default is 10.

inst [lengti  Printonly theinstructiontracebuffer. Thelengthlastexecutednstructionswill beprinted,
default is 10.

init Do ahardwareprobeto detectsystemsettingsandmemorysize,andinitialize peripherals.

load files Loadfilesinto simulator memory

leon Display LEON peripherals gisters.

mem [addr] [coun{
Display memory aaddr for countbytes. Same deilt values as fodis.

quit Exits the monitar
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reg[reg_namevalug

PrintsandsetsthelU registersin thecurrentregisterwindow. regwithoutparametergrints
thelU registersregreg_namevaluesetsthe correspondingegisterto value Valid register
namesarepsr, thr, wim, y, g1-g7,00-07andl0-17. To view the otherregisterwindows, use
regwn, wherenis 0 - 7.

reset Re-initialises the processor and on-chip peripherals to the initially prathessv

step[coun]  Resumeshe executionat the presenpositionandexecutesoneinstruction.If ancountis
given, ecution will stop after the specified number of instructions.

run [count/timé

Initialisestheprocessoandstartsexecutionfrom thelastloadaddressAny setbreakpoints
remain.

tmode [proc | ahb | both | norje

Select tracing mode between none, procesaty; AHB only or both.
watch [addres§Adds a hardware watchpoint aaddress If addressomitted, prints all breakpoints.
wmem <address <value>

Write simulated memon©Only full 32-bit words can be written.

Typinga‘Ctrl-C* will interruptarunningprogram.Shortformsof thecommandsreallowed,e.gc, co, or con, are
all interpreted asont.

3.2 Running applications
To run a program, first use tlead command to denload the application and tien to start it:

dsu> |l o stanford

section: .text at 0x40000000, size 60992 bytes
section: .data at 0x4000ee40, size 1904 bytes
total size: 62896 bytes (93.7 kbit/s)

dsu> run

Program exited nornal | y.
dsu>

Theoutputfrom the applicationappear®nthenormalLEON UARTs andthusnotin the DSUMON console Note
thatthe loadedapplicationsshouldbe compiledwith LECCSandnot run throughmkprom.Beforean application
can be reseecuted, it must re-loaded on to thegtdrto initialise the data gment (.data).

3.3 Inserting breakpoints

Instructionbreakpointsareinsertedusingthe break or hbreak commandsThe break commandnsertsa software
breakpoinital), while hbreakwill inserta hardwarebreakpointusingoneof thelU watchpointregisters.To dehug
codein read-onlymemorieqe.g.prom),only hardwarebreakpointscanbe used.Note thatit is possibleto delug
ary ram-based code using sofise breakpointsyven where traps are disabled such as in trap handlers.

3.4 Displaying registers

The current rgister windev can be displayed using thegcommand:
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dsu> reg

I' NS LOCALS QuUTS GLOBALS
403FFDF8  403FFEO8 00000004 00000000
403FFDE8  40008E74 00000003 08000000
00000004  40008D38  403FFDF8 00000003
40017950 00000020 00000083 50000000
400178AC 00000040  403FFEOO0 00000001
00000029 00000040 00000000 00000770
403FFE20 00000000  403FFD88 00000001
4000238C 00000000  40007B6C 00000000

NoakhwhRO

psr: 000000E3 wi m 00000080 tbr: 40000060 y: 00000000

pc: 40007b84 nmov %1, %1
npc: 40007b88 Id [%p - 0x28], %0

Otherregisterwindows canbedisplayedusingregwn, whenn denotegshewindow numberUsethefloatcommand
to shav the FPU rgisters (if present).

3.5 Displaying memory contents
Any memory loaction can be displayed usingriem command:

dsu> mem 0x40000000

40000000 a0100000 29100004 81c52000 01000000 S R
40000010 91d02000 01000000 01000000 01000000 e
40000020 91d02000 01000000 01000000 01000000 e e
40000030 91d02000 01000000 01000000 01000000 e

dsu>

3.6 Disassembly of memory
Any memory location can be disassembled using the dis command:

dsu> di 0x40000000 5

40000000 a0100000 clr %0

40000004 29100004 sethi %i (0x40001000), % 4
40000008 81c52000 jnp %4

4000000c 01000000 nop

40000010 91d02000 ta O0OxO0

Note that also the contents of the instruction cache can be disassembled:

dsu> di s 0x90140000 5

90140000 03100000 sethi  %i (0x40000000), %l
90140004 82106000 or %l, %1

90140008 81984000 nov  %gl, % br

9014000c 4000356¢C call 0x9014d5b0

90140010 01000000 nop

3.7 Using the trace bffer

Dependingon the LEON configuration the tracebuffer canstorethe last executedinstruction,the last AHB bus
transferspor both. The tracebuffer modeis setusingthe tmode commandUsethe ahb,inst or hist commandgo
displaythe contentsof the buffer. Below is an exampledehug sessiorthat shavs the usageof breakpointswatch-
points and the tracauffer:
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jiri @enus: ~/dsunon2$ ./dsunmon -i

LEON DSU Monitor, version 1.0
Copyright (C 2001, Gaisler Research - all
Conments or bug-reports to jiri @aisler.com

port /dev/ttySO at 115200 baud

cl ock frequency 0 24.9 M1z
regi ster w ndows ;8

i nstruction cache 4 kbytes
dat a cache . 2 kbytes,
hardwar e breakpoints : 4

trace buffer . 128 lines
m xed cpu/ahb tracing : yes

ram w dt h . 32 bits
ram banks 2

ram bank size
stack pointer
dsu> |l o stanford

2048 kbytes
0x403ffff0

section: .text at 0x40000000, size 60992 bytes
section: .data at 0x4000ee40, size 1904 bytes
total size: 62896 bytes (93.9 kbit/s)

dsu> tm both

conbi ned processor/AHB tracing
dsu> bre 0x40007b84

breakpoint 1 at 0x40007b84
dsu> wa 0x403ffdfc

wat chpoint 2 at 0x403ffdfc

dsu> bre

num address type
1 : 0x40007b84 (soft)
2 : 0x403ffdfc (wat ch)

dsu> run
data wat chpoint at pc 0x40001a00 reached
dsu> ah

16 bytes/line
16 bytes/line

rights reserved

time addr ess type dat a trans size burst nmst |ock resp
120828317 4000975c read 81e80000 3 2 1 0 0 0
120828324 40004578 read 30800017 2 2 1 0 0 0
120828326 4000457c read d21221b8 3 2 1 0 0 0
120828330 90000000 wite 000045f9 2 2 0 1 0 0
120828334 400045d4 read 81c7e008 2 2 1 0 0 0
120828336 400045d8 read 81e80000 3 2 1 0 0 0
120828338 400045dc read 9de3bf90 3 2 1 0 0 0
120828344 40006c08 read c13fbfdo 2 2 1 0 0 0
120828346 40006cOc read 40000928 3 2 1 0 0 0
120828346 90000000 read 000055f9 2 2 0 1 0 0

dsu> in
time addr ess instruction result
120828287 400096c0 sethi  %hi (0x40013800), 40013800]
120828294 400096c4 |dd [%0 + 0x220], % 2 3f £ 00000 00000000]
120828304 400096c8 fcnped %0, %2 3f £ 00000]
120828314 400096cc nop 00000000]
120828315 400096d0 fbule 0x40009754 00000000]
120828316 400096d4 sethi %hi (0x40013800), 40013800]
120828320 40009754 |dd [%p - Ox38], %60 bf e8abld 4daa6a20]
120828325 40009758 ret 40009758]
120828328 4000975c restore 00000000]
120828337 40004578 ba,a 0x400045d4 00000000]

dsu> del 2

dsu> bre

num address type
1 : 0x40007b84 (soft)

dsu> cont

br eakpoi nt 0 at 0x40007b84 reached

dsu> hi
120828287 400096c0 sethi %hi (0x40013800), [ 40013800]
120828294 400096c4 |dd [%0 + 0x220], %2 [ 3f f 00000 00000000]
120828304 400096c8 fcnped %0, %2 [ 3f £ 00000]
120828314 400096cc nop [ 00000000]
120828315 400096d0 fbule 0x40009754 [ 00000000]
120828316 400096d4 sethi  %hi (0x40013800), %0 [40013800]
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120828317
120828320
120828324
120828325
120828326
120828328
120828330
120828334
120828336
120828337
dsu>

40009754
40009758
4000975c

40004578

ahb read, nst=0,
ldd [%p - 0x38]
ahb read, nst=0,
ret

ahb read, nst=0,
restore

ahb wite, nst=1,
ahb read, nst=0,
ahb read, nst=0,
ba,a 0x400045d4

size=2
%0
size=2

size=2
size=2

size=2
size=2

4000975¢c 81e80000
bf e8abld 4daa6a20
40004578 30800017
40009758]

4000457c¢ d21221b8]
00000000]

90000000 000045f9
400045d4 81c7e008
400045d8 81e80000
00000000]

10

Whenprinting executednstructionsthevaluewithin bracletsdenotegheinstructionresult,or in the caseof store
instructionsthe storeaddressaandstoredata. The valuein the first columndisplaysthe relative time, equalto the
DSuUtimer. Thetimeis takenwhentheinstructioncompletesn thelastpipelinestage(write-back)of the processar
In amixedinstruction/AHBdisplay AHB addressndreador write valueappeawithin braclets.Thetimeindicates
when the transfer completed, i.e. when HREYARas asserted.

Note:,whenswitchingbetweentracingmodesthe contentsof the tracebuffer will not bevalid until executionhas
been resumed and theffer refilled.
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4 GDB interface

4.1 Attaching to gdb

DSUMON canactasa remotetargetfor gdb, allowing symbolicdehuggingof targetapplicationsTo initiate gdb
communications, start the monitor with tigelb switch or use the DSUMONdb command:

bash- 2. 04$ dsunon -gdb

jiri@enus: ~/tnp/ibm vhdl/dsunon2$ ./dsunmon -gdb
LEON DSU Monitor, version 1.0
Copyright (C 2001, Gaisler Research - all rights reserved
Conments or bug-reports to jiri @aisler.com

gdb interface: using port 1235

Then, start gdb in a ddrent windav and connect to DSUMON using theended-remote protocol:

(gdb) tar extended-renpte venus: 1235
Renot e debuggi ng usi ng venus: 1235
0x40007b84 in _ _mulsf3 ()

(gdb) lo

While attachednormalDSUMON commandsanbe executedusingthe gdb monitor commandQutputfrom the
DSUMON commands, such as the trao#fdr history is then displayed in the gdb console:

(gdb) non h
tinme addr ess instruction result
21768987 400011dc or 9%g4, 0x240, %g4 4000ee40
21768990 400011e0 sethi %i (0x4000f400), %3 [ 4000f 400
21768995 400011e4 or 9%g3, O0x1b0, %g3 4000f 5b0
21768996 400011e8 subcc %93, %g4, %5 00000770
21769000 400011ec cnp %94, %2 00000000
21769008 400011f0 ble 0x40001208 00000000
21769016 400011f4 Id [%4], %6 00000001
21769018 40001208 <call 0x400052a0 40001208
21769020 4000120c nop 00000000
21769023 400052a0 save %p, -112, %p 403fff 00

(gdb)

4.2 Dehugging of applications
To load and start an application, use the lgdid andrun command.

(gdb) lo

Loadi ng section .text,
Loadi ng section . data,

size Oxee40 | ma 0x40000000
size 0Ox770 | ma 0x4000ee40

Start address 0x40000000 , |oad size 62896
Transfer rate: 50316 bits/sec, 278 bytes/wite.
(gdb) bre nain

Breakpoint 1 at 0x400052a4:
(gdb) run

The program bei ng debugged has been started al ready.
Start it fromthe beginning? (y or n) y

Starting program /home/jiri/ibm vhdl/dsunon2/stanford

file stanford.c, |ine 1033

Breakpoint 1, main () at stanford.c: 1033

1033 fixed = 0.0;

(gdb)
To interruptsimulation,Ctrl-C canbetypedin bothGDB andDSUMON windows. The programcanbe restarted
usingthe GDB run commandut aload hasfirstto beexecutedo reloadtheprogramimageonthetarget. Software
trap 1 (ta 1) is used by gdb to insert breakpoints and should not be used by the application.
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4.3 Detaching

If gdbis detachedisingthedetachcommandthe monitorreturnsto thecommandprompt,andtheprogramcanbe
deluggedusingthe standard SUMON commandsThe monitor canalsobere-attachedo gdbby issuingthegdb
command to the monitor (and tted get command to gdb).

DSUMON translatesSFARC trapsinto (unix) signalswhich areproperlycommunicatedo gdh If the application
encounters fataltrap,executionwill bestoppedaxactly onthefailing instruction.Thetargetmemoryandregister
values can then be@mined in gdb to determine the error cause.

4.4 Some gdb support functions

DSUMON detectggdbaccesso registerwindow framesin memorywhich arenotyetflushedandonly residein the
processoregisterfile. Whensuchamemorylocationis read DSUMONwill readthecorrectvaluefromtheregister
file insteadof the memory This allows gdb to form a function tracebackwithout ary (intrusive) modificationof
memory Thisfeatureis disabledduringdehuggingof codewheretrapsaredisabledsincenotvalid stackframeexist
at that point.

DSUMON detectgheinsertionof gdbbreakpointsjn form of theta 1 instruction.Whena breakpoints inserted,
the correspondingnstructioncachetag is examined,andif the memorylocationwascachedhetagis clearedto
keep memory and cache synchronised.

For correctoperationof certaingdb commandsuchasmodificationof variablesn memory the LEON processor
must be configured with data cache snooping enabled.

4.5 Limitations of gdb interface

All nominal gdb debig commands are supported by DSUMON with tkeeption of hardware data &tchpoints.
It is not possible to dely applications in prom since gdb uses safewbreakpoints by dafdilt.

Source-lgel steppingusingthe gdb step or next commandss someavhatslow, but this depend®n gdbratherthan
DSUMON.Duringtheseoperationsgdbinsertsandremovesmary breakpointsandfetcheshecompleteprocessor
contet after each break, leading to asfeeconds delay for each step.

Do notusethegdbwhere commandn partsof anapplicatiorwheretrapsaredisablede.g.traphandlers)Sincethe
stack pointer is notalid at this point, gdb might go into an infinite loop trying to unwisdd stack frames.



	1 Introduction
	1.1 General
	1.2 Supported platforms and system requirements
	1.3 Obtaining DSUMON
	1.4 Installation
	1.5 Problem reports

	2 Operation
	2.1 Overview
	2.2 Staring DSUMON
	2.3 Command line options

	3 Standalone mode
	3.1 Internal commands
	3.2 Running applications
	3.3 Inserting breakpoints
	3.4 Displaying registers
	3.5 Displaying memory contents
	3.6 Disassembly of memory
	3.7 Using the trace buffer

	4 GDB interface
	4.1 Attaching to gdb
	4.2 Debugging of applications
	4.3 Detaching
	4.4 Some gdb support functions
	4.5 Limitations of gdb interface


