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1 Intr oduction

1.1 General

DSUMON is a debug monitor for the LEON processor debug support unit. It includes the following 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 platforms and system requirements

DSUMON supportsthreeplatforms:solaris-2.8,linux-2.2/glibc-2.2andwindows98/NT/2K.Thewindows version
requires that cygwin-1.3.9 or higher is installed. Cygwin can be downloaded from sources.redhat.com.

1.3 Obtaining DSUMON

Theprimarysite for DSUMON is http://www.gaisler.com/,wherethe latestversionof DSUMON canbeordered
and evaluation versions downloaded.

1.4 Installation

DSUMON canbe installedanywhereon thehostcomputer- for conveniencethe installationdirectoryshouldbe
addedto thesearchpath.Thecommercialversionsusea licensefile whichshouldbepointedto by theenvironment
variableDSUMON_LICENSE_FILE,otherwise$HOME/dsumon.licor ‘dsumon.lic’ in the currentdirectoryare
used.

1.5 Problem reports

Please send problem reports or comments to dsumon@gaisler.com.
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2 Operation

2.1 Overview

DSUMON canoperatein two modes:standaloneandattachedto gdb. In standalonemode,LEON applicationscan
beloadedanddebuggedusingacommandline interface.A numberof commandsareavailabletoexaminedata,insert
breakpoints and advance execution.

Whenattachedto gdb,DSUMONactsasaremotegdbtarget,andapplicationsareloadedanddebuggedthroughgdb
(or a gdb front-end such as ddd).

2.2 Staring DSUMON

TheLEON DSU usesa dedicateduart to communicatewith anoutsidemonitor. Theuartusesautomaticbaud-rate
detection.To succefullyattachDSUMON,first attachtheserialcablebetweenthetargetboardandthehostsystem,
thenpower-up andresetthe targetboard,andfinally startDSUMON usingthe-uartoption in casetheDSU is not
connectedto /dev/ttyS0of yourhost(or /dev/ttyaonsolarishosts).NotethattheDSUENsignalon theLEON proc-
essor has to be asserted for the DSU to operate.

WhenDSUMONfirst connectsto thetarget,acheckis madeto seeif thesystemhasbeeninitialisedwith respectto
memory, UART andtimersettings.If no initialisationhasbeenmade(= debugmodeentereddirectlyafterreset),the
systemfirst hasto beinitialisedbeforeany applicationcanrun.This is performedautomaticallyby probingfor avail-
ablememorybanks,anddetectingthesystemfrequency. Theinitialisationcanalsobeforcedby giving the-i switch
at startup. The detected system settings are printed on the console:

jiri@venus $ ./dsumon -i

 LEON DSU Monitor, version 1.0
 Copyright (C) 2001, Gaisler Research - all rights reserved.
 Comments or bug-reports to jiri@gaisler.com

 port /dev/ttyS0 at 115200 baud

 clock frequency       :  24.9 MHz
 register windows      :  8
 instruction cache     :  4 kbytes, 16 bytes/line
 data cache            :  2 kbytes, 16 bytes/line
 hardware breakpoints  :  4
 trace buffer          :  128 lines
 ram width             :  32 bits
 ram banks             :  2
 ram bank size         :  2048 kbytes
 stack pointer         :  0x403ffff0
dsu>

2.3 Command line options

DSUMON is started as follows on a command line:

dsumon [options] [ input_files]

The following command line options are supported by DSUMON:

-abaudbaudrate

Usebaudratefor UART 1 & 2. By default, 38400 baud is used.

-banks ram_banks
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Overrides the auto-probed number of populated ram banks.

-baud baudrate

Usebaudratefor the DSU serial link. By default, 115200 baud is used.

-c file Readscommandsfrom file insteadof stdin.If thefile .dsumonrcexistsin thehomedirectory, it will
be automatically be executed.

-fr eqsystem_clock

Overrides the detected system frequency. Use 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. Default is 1235.

-ram ram_size

Overrides the auto-probed amount of ram.

-romrws waitstates

Setwaitstates number of waitstates for rom reads.

-romwwswaitstates

Setwaitstates number of waitstates for rom writes.

-romwswaitstates

Setwaitstates number of waitstates for both rom reads and writes.

-ramrws waitstates

Setwaitstates number of waitstates for ram reads.

-ramwws waitstates

Setwaitstates number of waitstates for ram writes.

-ramws waitstates

Setwaitstates number of waitstates for both ram reads and writes.

-stackstackval

Setstackval as stack pointer for applications, overriding the auto-detected value.

-uart device

By default, DSUMON communicateswith the target using/dev/ttyS0 (/dev/ttya on solaris).This
switch can be used to connect to the target using other devices. e.g ‘-uart /dev/cua0.

input_files

Executablefilesto beloadedinto memory. Theinputfile is loadedinto thetargetmemoryaccording
to the entry point for each segment. The only recognized format is elf32.
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3 Standalone mode

3.1 Internal commands

DSUMON dynamicallyloadslibreadline.soif availableon your hostsystem,andusesreadline() to enter/edit
monitorcommands.If libreadline.sois not found,fgets() is usedinstead(no historyandpooreditingcapabili-
ties). Below is description of commands that are recognized by the monitor when used in standalone mode:

ahb [length] Printonly theAHB tracebuffer. ThelengthlastAHB transferswill beprinted,default is 10.

batch file Execute a batch file of DSUMON commands.

bre [address] Adds a software breakpoint ataddress. If address is omitted, prints all breakpoints.

del [num] Deletes breakpointnum. If num is omitted, all breakpoints are deleted.

cont [count/time]

Continue execution at present position.

dis [addr] [count]

Disassemble[count] instructionsataddress[addr]. Defaultvaluesfor countis 16andaddr
is the program counter address.

echostring Print <string> to the simulator window.

float Prints the FPU registers

gdb Listen for gdb connection.

go [address]

Thego commandwill setpc to addressandnpcto address+ 4, andresumeexecution.No
otherinitialisationwill bedone.If addressis notgiven,thedefault loadaddresswill beas-
sumed.

hbre [address] Adds a hardware breakpoint ataddress. If address omitted, prints all breakpoints.

help Print a small help menu for the DSUMON commands.

hist [length] Printthetracebuffer. ThelengthlastexecutedinstructionsorAHB transferswill beprinted,
default is 10.

inst [length] Printonly theinstructiontracebuffer. Thelengthlastexecutedinstructionswill beprinted,
default is 10.

init Do ahardwareprobeto detectsystemsettingsandmemorysize,andinitialize peripherals.

load files Loadfiles into simulator memory.

leon Display LEON peripherals registers.

mem [addr] [count]

Display memory ataddr for count bytes. Same default values as fordis.

quit Exits the monitor.
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reg [reg_namevalue]

PrintsandsetstheIU registersin thecurrentregisterwindow. regwithoutparametersprints
theIU registers.regreg_namevaluesetsthecorrespondingregisterto value. Valid register
namesarepsr, tbr, wim, y, g1-g7,o0-o7andl0-l7. To view theotherregisterwindows,use
regwn, where n is 0 - 7.

reset Re-initialises the processor and on-chip peripherals to the initially probed values.

step [count] Resumestheexecutionat thepresentpositionandexecutesoneinstruction.If ancountis
given, execution will stop after the specified number of instructions.

run  [count/time]

Initialisestheprocessorandstartsexecutionfrom thelastloadaddress.Any setbreakpoints
remain.

tmode [proc | ahb | both | none]

Select tracing mode between none, processor-only, AHB only or both.

watch [address]Adds a hardware watchpoint ataddress. If address omitted, prints all breakpoints.

wmem <address> <value>

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

Typinga ‘Ctrl-C’ will interrupta runningprogram.Shortformsof thecommandsareallowed,e.gc, co, or con, are
all interpreted ascont.

3.2 Running applications

To run a program, first use theload command to download the application and therun  to start it:

dsu> lo 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 normally.
dsu>

Theoutputfrom theapplicationappearson thenormalLEON UARTsandthusnot in theDSUMONconsole.Note
that theloadedapplicationsshouldbecompiledwith LECCSandnot run throughmkprom.Beforeanapplication
can be re-executed, it must re-loaded on to the target to initialise the data segment (.data).

3.3 Inserting breakpoints

Instructionbreakpointsareinsertedusingthebreakor hbreakcommands.Thebreakcommandinsertsasoftware
breakpoint(ta1), while hbreakwill insertahardwarebreakpointusingoneof theIU watchpointregisters.To debug
codein read-onlymemories(e.g.prom),only hardwarebreakpointscanbeused.Note that it is possibleto debug
any ram-based code using software breakpoints, even where traps are disabled such as in trap handlers.

3.4 Displaying registers

The current register window can be displayed using thereg command:
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dsu> reg

          INS       LOCALS      OUTS     GLOBALS
   0:  403FFDF8   403FFE08   00000004   00000000
   1:  403FFDE8   40008E74   00000003   08000000
   2:  00000004   40008D38   403FFDF8   00000003
   3:  40017950   00000020   00000083   50000000
   4:  400178AC   00000040   403FFE00   00000001
   5:  00000029   00000040   00000000   00000770
   6:  403FFE20   00000000   403FFD88   00000001
   7:  4000238C   00000000   40007B6C   00000000

 psr: 000000E3   wim: 00000080   tbr: 40000060   y: 00000000

 pc:  40007b84  mov  %i1, %l1
 npc: 40007b88  ld  [%fp - 0x28], %o0

Otherregisterwindowscanbedisplayedusingregwn, whenn denotesthewindow number. Usethefloatcommand
to show the FPU registers (if present).

3.5 Displaying memory contents

Any memory loaction can be displayed using themem command:

dsu> mem 0x40000000

 40000000  a0100000  29100004  81c52000  01000000    ....)..... .....
 40000010  91d02000  01000000  01000000  01000000    .. .............
 40000020  91d02000  01000000  01000000  01000000    .. .............
 40000030  91d02000  01000000  01000000  01000000    .. .............

dsu>

3.6 Disassembly of memory

Any memory location can be disassembled using the dis command:

dsu> di 0x40000000 5

 40000000  a0100000   clr  %l0
 40000004  29100004   sethi  %hi(0x40001000), %l4
 40000008  81c52000   jmp  %l4
 4000000c  01000000   nop
 40000010  91d02000   ta  0x0

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

dsu> dis 0x90140000 5

 90140000  03100000   sethi  %hi(0x40000000), %g1
 90140004  82106000   or  %g1, %g1
 90140008  81984000   mov  %g1, %tbr
 9014000c  4000356c   call  0x9014d5b0
 90140010  01000000   nop

3.7 Using the trace buffer

Dependingon the LEON configuration,the tracebuffer canstorethe last executedinstruction,the last AHB bus
transfers,or both.The tracebuffer modeis setusingthe tmode command.Usetheahb,inst or hist commandsto
displaythecontentsof thebuffer. Below is anexampledebug sessionthatshows theusageof breakpoints,watch-
points and the trace buffer:
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jiri@venus:~/dsumon2$ ./dsumon -i

 LEON DSU Monitor, version 1.0
 Copyright (C) 2001, Gaisler Research - all rights reserved.
 Comments or bug-reports to jiri@gaisler.com

 port /dev/ttyS0 at 115200 baud

 clock frequency       :  24.9 MHz
 register windows      :  8
 instruction cache     :  4 kbytes, 16 bytes/line
 data cache            :  2 kbytes, 16 bytes/line
 hardware breakpoints  :  4
 trace buffer          :  128 lines
 mixed cpu/ahb tracing :  yes
 ram width             :  32 bits
 ram banks             :  2
 ram bank size         :  2048 kbytes
 stack pointer         :  0x403ffff0
dsu> lo stanford
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
combined processor/AHB tracing
dsu> bre 0x40007b84
breakpoint 1 at 0x40007b84
dsu> wa 0x403ffdfc
watchpoint 2 at 0x403ffdfc
dsu> bre
num   address        type
  1 : 0x40007b84    (soft)
  2 : 0x403ffdfc    (watch)
dsu> run
data watchpoint at pc 0x40001a00 reached
dsu> ah
   time      address   type   data    trans size burst mst lock 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  write  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   c13fbfd0   2    2    1    0    0    0
  120828346  40006c0c  read   40000928   3    2    1    0    0    0
  120828346  90000000  read   000055f9   2    2    0    1    0    0
dsu> in
   time      address   instruction                 result
  120828287  400096c0  sethi  %hi(0x40013800), %o0 [40013800]
  120828294  400096c4  ldd  [%o0 + 0x220], %f2     [3ff00000 00000000]
  120828304  400096c8  fcmped  %f0, %f2            [3ff00000]
  120828314  400096cc  nop                         [00000000]
  120828315  400096d0  fbule  0x40009754           [00000000]
  120828316  400096d4  sethi  %hi(0x40013800), %o0 [40013800]
  120828320  40009754  ldd  [%fp - 0x38], %f0      [bfe8ab1d 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
breakpoint 0 at 0x40007b84 reached
dsu> hi
  120828287  400096c0  sethi  %hi(0x40013800), %o0 [40013800]
  120828294  400096c4  ldd  [%o0 + 0x220], %f2     [3ff00000 00000000]
  120828304  400096c8  fcmped  %f0, %f2            [3ff00000]
  120828314  400096cc  nop                         [00000000]
  120828315  400096d0  fbule  0x40009754           [00000000]
  120828316  400096d4  sethi  %hi(0x40013800), %o0 [40013800]
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  120828317            ahb read,  mst=0, size=2    [4000975c 81e80000]
  120828320  40009754  ldd  [%fp - 0x38], %f0      [bfe8ab1d 4daa6a20]
  120828324            ahb read,  mst=0, size=2    [40004578 30800017]
  120828325  40009758  ret                         [40009758]
  120828326            ahb read,  mst=0, size=2    [4000457c d21221b8]
  120828328  4000975c  restore                     [00000000]
  120828330            ahb write, mst=1, size=2    [90000000 000045f9]
  120828334            ahb read,  mst=0, size=2    [400045d4 81c7e008]
  120828336            ahb read,  mst=0, size=2    [400045d8 81e80000]
  120828337  40004578  ba,a  0x400045d4            [00000000]
dsu>

Whenprintingexecutedinstructions,thevaluewithin bracketsdenotestheinstructionresult,or in thecaseof store
instructionsthestoreaddressandstoredata.Thevaluein thefirst columndisplaysthe relative time, equalto the
DSUtimer. Thetimeis takenwhentheinstructioncompletesin thelastpipelinestage(write-back)of theprocessor.
In amixedinstruction/AHBdisplay, AHB addressandreador write valueappearwithin brackets.Thetimeindicates
when the transfer completed, i.e. when HREADY was asserted.

Note:,whenswitchingbetweentracingmodesthecontentsof thetracebuffer will not bevalid until executionhas
been resumed and the buffer refilled.
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4 GDB interface

4.1 Attaching to gdb

DSUMON canactasa remotetarget for gdb,allowing symbolicdebuggingof targetapplications.To initiate gdb
communications, start the monitor with the-gdb switch or use the DSUMONgdb command:

bash-2.04$ dsumon -gdb

jiri@venus:~/tmp/ibm/vhdl/dsumon2$ ./dsumon -gdb

 LEON DSU Monitor, version 1.0
 Copyright (C) 2001, Gaisler Research - all rights reserved.
 Comments or bug-reports to jiri@gaisler.com

gdb interface: using port 1235

Then, start gdb in a different window and connect to DSUMON using the extended-remote protocol:

(gdb) tar extended-remote venus:1235
Remote debugging using venus:1235
0x40007b84 in __mulsf3 ()
(gdb) lo

While attached,normalDSUMON commandscanbeexecutedusingthegdbmonitor command.Outputfrom the
DSUMON commands, such as the trace buffer history is then displayed in the gdb console:

(gdb) mon hi
   time      address   instruction                 result
   21768987  400011dc  or  %g4, 0x240, %g4         [4000ee40]
   21768990  400011e0  sethi  %hi(0x4000f400), %g3 [4000f400]
   21768995  400011e4  or  %g3, 0x1b0, %g3         [4000f5b0]
   21768996  400011e8  subcc  %g3, %g4, %g5        [00000770]
   21769000  400011ec  cmp  %g4, %g2               [00000000]
   21769008  400011f0  ble  0x40001208             [00000000]
   21769016  400011f4  ld  [%g4], %g6              [00000001]
   21769018  40001208  call  0x400052a0            [40001208]
   21769020  4000120c  nop                         [00000000]
   21769023  400052a0  save  %sp, -112, %sp        [403fff00]
(gdb)

4.2 Debugging of applications

To load and start an application, use the gdbload andrun  command.

(gdb) lo
Loading section .text, size 0xee40 lma 0x40000000
Loading section .data, size 0x770 lma 0x4000ee40
Start address 0x40000000 , load size 62896
Transfer rate: 50316 bits/sec, 278 bytes/write.
(gdb) bre main
Breakpoint 1 at 0x400052a4: file stanford.c, line 1033.
(gdb) run
The program being debugged has been started already.
Start it from the beginning? (y or n) y

Starting program: /home/jiri/ibm/vhdl/dsumon2/stanford

Breakpoint 1, main () at stanford.c:1033
1033        fixed = 0.0;
(gdb)

To interruptsimulation,Ctrl-C canbetypedin bothGDB andDSUMON windows. Theprogramcanberestarted
usingtheGDB run commandbut a load hasfirst to beexecutedto 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 detachedusingthedetachcommand,themonitorreturnsto thecommandprompt,andtheprogramcanbe
debuggedusingthestandardDSUMONcommands.Themonitorcanalsobere-attachedto gdbby issuingthegdb
command to the monitor (and thetarget command to gdb).

DSUMON translatesSPARC trapsinto (unix) signalswhich areproperlycommunicatedto gdb. If theapplication
encountersa fataltrap,executionwill bestoppedexactlyon thefailing instruction.Thetargetmemoryandregister
values can then be examined in gdb to determine the error cause.

4.4 Some gdb support functions

DSUMONdetectsgdbaccessto registerwindow framesin memorywhicharenotyetflushedandonly residein the
processorregisterfile. Whensuchamemorylocationis read,DSUMONwill readthecorrectvaluefrom theregister
file insteadof the memory. This allows gdb to form a function tracebackwithout any (intrusive) modificationof
memory. Thisfeatureisdisabledduringdebuggingof codewheretrapsaredisabled,sincenotvalidstackframeexist
at that point.

DSUMON detectsthe insertionof gdbbreakpoints,in form of theta 1 instruction.Whena breakpointis inserted,
thecorrespondinginstructioncachetag is examined,andif thememorylocationwascachedthe tag is clearedto
keep memory and cache synchronised.

For correctoperationof certaingdbcommandssuchasmodificationof variablesin memory, theLEON processor
must be configured with data cache snooping enabled.

4.5 Limitations of gdb interface

All nominal gdb debug commands are supported by DSUMON with the exception of hardware data watchpoints.

It is not possible to debug applications in prom since gdb uses software breakpoints by default.

Source-level steppingusingthegdbstepor next commandsis somewhatslow, but this dependsongdbratherthan
DSUMON.Duringtheseoperations,gdbinsertsandremovesmany breakpoints,andfetchesthecompleteprocessor
context after each break, leading to a few seconds delay for each step.

Do notusethegdbwherecommandin partsof anapplicationwheretrapsaredisabled(e.g.traphandlers).Sincethe
stack pointer is not valid at this point, gdb might go into an infinite loop trying to unwind false stack frames.
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