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LEON developmentbackground

€ 100MIPS SPARCVS processofor critical spaceapplications
# Extensivelyfault-tolerant,SEU-free on 'soft' processes

® Easilyportableto newtargettechnologies

@ Firstprototype: Atmel 0.35um CMOS,50 MIPS (Q1-2001)
@ Productiondevice:Atmel 0.25um CMOS,100MIPS (Q4-2002)




LEON implementation details

@ Full SPARCVS, on-chip I+D caches

€ Meiko FPU

4 HardwareMUL, DIV, MAC instructions

@ On-chip peripheralsuarts,timers,interruptctrl
¢ PROM/SRAM/(SDRAM)memaorycontroller
¢ UsesAMBA AHB/APB on-chip busegARM)
# Performancel MIPS/MHz (Dhrystone2.1)

€ On-chip debugsupport unit




Debugsupport in LEON

@ Debugsupportis providedby addinga debugmodeto the
processocore

@ In debugmode,the processopipelineis idled while the remaining
systemworks nominally

@ During debugmode,the processors controlledby a Debug
SupportUnit (DSU)

@ A separatelebugcommunicatiorlink is addedto controlthe DSU
andto accessnemoryandon-chip peripheralunits

@ No clock-gatingor JTAG used- fully portablealsoto FPGAs
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Debug Support Unit

@ 4 hardwarebreakpoints/watchpointsith mask

@ Single-stepping

@ Accessto processoregistersandcachememories

@ 256 entrytracebuffer for instructionsandAHB bustraffic

® ActsasslaveontheinternalAHB bus




Processordebugmode

¢ Processodebugmodecanbeenteredafter:
# executinga softwarebreakpointinstruction(ta 1)
# hardwarebreakpoint/watchpointit
® assertinganexternalbreaksignal
® receivingabreakcommandrom the AHB bus
@ atrapthatwould causehe processoto entererrormode
@ anyor certaintrapsasprogrammedn the debugsupportunit

# Thedebugstateis availableon externalpin




DSU communicationlink

@ DedicatedJART with auto-baudrateselection

€ Communicatiorspeedsip to 1/8 of systemclock frequency
€ AHB masteraccesdo all on-chip modules

€ Simpleandopenread/writeprotocolwith burstsupport

@ Allows to bootsystemwithout bootpromdirectly from RAM

€ TheDSU canalsobecontrollerby any AHB mastersuchasPCI




Interfacing the DSU

[Vstarting
Ferm Towers Quesns  Tntmn Vo Fuzzle Quick Bubbls  Tres
00 133 85 267 150 567 85 190 563
Nonfloating point composite is 318

Floating point conposite is 472

Program exited normally.
tsin> per

;33308602
Instructions i 23306849
Overall CPT ¢ 1.43

CPU perfornance (14.0 HHz)  :
Simulate: 8
Processor ubilisstion 8
Real-tine / sinulator-tine |
J Sinulator perfornance :

9.80 MOPS { 9.63 HIPS. 0.6 MFLOPS}
379,19 ns
100,00 %

290,24 KIPS
Used tine (sus + user) 2,61 s
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DSU monitor

@ Programto controlthe LEON debugsupportunit

€ Standaloneuse:load programsjnsertbreakpointscontroltrace
buffer,accessll registersandmemory

€ Gdbmode:actasgdb-gateway
# Sourcelevel nonvintrusivedebuggingon targethardware
® Re-createstackbacktracewithout flushing registerwindows
€ Opencommunicatiorprotocol(gdb extendeeremote)

€ Runson standard”C (linux, windows)or SunW$S




DSUMON - probing the system

Jiri@venus$ ./dsumonti

LEON DSU Monitor, versionl1.0
Copyright(C) 2001,GaislerResearch all rightsreserved.
Commentsr bug-reportsto jiri@gaisler.com

port/dev/ttySOat 115200baud
clock frequency. 24.9Mhz
registerwindows: 8
instructioncache 4 kbytes,16 bytes/line
datacache: 2 kbytes,16 bytes/line
hardwarebreakpoints 4
tracebuffer: 128lines

ramwidth : 32 bits

rambanks: 2

rambanksize: 2048kbytes
stackpointer: 0x403ffffO

dsu>




dsu>reg

0:
1:
2:
3.
4.
5.
6:
7:

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

Registerdump

INS LOCALS

403FFDF8 403FFEO8
403FFDE8 40008E74
00000004 40008D38
40017950 00000020
400178AC 00000040
00000029 00000040
403FFE20 00000000
4000238C 00000000

OUTS GLOBALS
00000004 00000000
00000003 08000000
403FFDF8 00000003
00000083 50000000
403FFEOO 00000001
00000000 00000770
403FFD88 00000001
40007B6C 00000000

pc: 40007b84 mov%il, %l1
npc:40007b88 Id [%fp - 0x28],%00




Trace buffer

# Allows tracingof executednstructions AHB transferspor both:
@ Addressanddata/opcode
@ Instructionresults
# Instructionload/storedata
€ AHB transferparametergmaster size,responseinterrupts)
@ 256-entrycircular buffer
# Providedwith 2 hardwarebreakpointregisters
@ Delaycounterfor pre-, mid-, or posttrig trace
# 30-bit time stampfor eachtraceentry

# Not clearedon reset— canbeusedfor postmortemanalysis




Tracing instructions

dsu>in
time address

120828287 400096¢0
120828294 400096¢4
120828304 400096¢8
120828314 400096¢cc
120828315 400096d0
120828316 400096d4
120828320 40009754
120828325 40009758
120828328 4000975c
120828337 40004578

instruction result
sethi%hi(0x40013800%600 [40013800]

|dd [%00 + 0x220],%f2 [3ff0000000000000]
fcmped%f0, %of2 [3ff00000]

nop [00000000]

fbule 0x40009754 [00000000]
sethi%hi(0x40013800%600 [40013800]

ldd [%fp - 0x38], %f0 [bfe8abldddaaba20]
ret [40009758]

restore [00000000]
ba,a0x400045d4 [00000000]




Tracing the AHB bus

dsu>ah
time address type data  trans sizeburst mstlock resp
120828317 4000975c read 81e80000 3 2
120828324 40004578 read 30800017 2
120828326 4000457c read d21221b8 3
120828330 90000000 write 000045f9 2
120828334 400045d4 read 81c7e008 2
120828336 400045d8 read 81e80000 3
120828338 400045dc read 9de3bfo0 3
120828344 40006c08 read c13fbfd0 2
120828346 40006c0c read 40000928 3
120828349 90000000 read 000055f9 2
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TIME ADDRESS
120828317
12082832G10009754
120828324
12082832%10009758
120828326
1208283281000975¢c
120828330
120828334
120828336
12082833 40004578

Mixed trace

OPERATION

ahbread,mst=0,size=2
ldd [%fp - 0x38], %f0
ahbread,mst=0,size=2
ret
ahbread,mst=0,size=2
restore

ADDRESS/DATA

[400097581e80000]
[bfe8abldddaaba20]
[400045780800017]
[40009758]
[4000457ad121221b8]
[00000000]

ahbwrite, mst=1,size=2 [90000000000045f9]

ahbread,mst=0,size=2
ahbread,mst=0,size=2
ba,a0x400045d4

[400045d481c7e008]
[400045d881e80000]
[00000000]




Conclusions

€ Non-intrusive,symbolicdebuggingon targethardware

@ DebuggingcanbedoneoverotherinterfaceqPCl, ...)

@ PC/WScanbe usedasdebughostwithout addingcostlyinterfaces
@ Tracebuffer allowsvisibility on executionanddatatransfers

# High-level designallowsusein bothFPGAandASIC




