How to JTAG debug u-boot with relocation

At the u-boot entry.

o
)
(=1-1-1~2-1-]-1-}

| dot v rame tocals /Calles

tup | Goon  Fiags  Fileals
-000]] _image copy start(asm)
~001||NST : 0x40302686 (asm)

—— |end of frame

Bl

[ start:
#ifdef ::ONHG,SYS_.DV_,NOR_
I:ON:IG_S\‘S_DV_NOUDOTJ:F(‘
#endif
54 b reset
i reset
Pc, _,un e ed_instruction
NSR:BOBO0D0Y |F59FF014 r pe, u»s:}suun)u
i Tdr e, .sthure interru
NSR: ESOFFO14 Tdr SUSCI 211
57 pc, ..prcfetn: ..ab
NSR:BOB0000C |F 59014 pc, E]:HUH[]U{!)R t
58 dr pe, data_a rt
NSR:80800010 |E59FFOL4 Tdr pc, 0x8080002C
50 Tdr pe, _not_used
NSR:SWOW%& E59FF014 dr pc, 0xA0800030
r
nsa:smméi. rw:r[:m] pe, UxBOBO00 34
1
NSR:8080001C [E59FFOL4 <, 0x80800038
NSP : 80800020 |S0E000G60 x 80800060
NS BOBC 4 |R08000C0 OxBOBO00CT t
NSP: 8 (80800120 0xBOS00L20
NSP BOBOOTED (OxBOBO0T B0
NSP : 80800030 [S08001E0 _not_used:ded 0x808001E0
N5P: 034 (50800240 irg: ded Ox80800240
NSP : 80800038 |S0E002A0 fig: ded OxBOB002A0
N5P :BOBO003C |DeADSLES ded OxDEADBEEF
NSP OBADCODE  IROQ_STAC.. :dcd OxBADCODE
NSR: 4 (3207000 nop
NSR: 8 [E320F000 nop
NSR: E320F 000 nop
NSH: 50 [E320¢ 000 nop
NSR: 54 |e 3206000 nop
< ) J .

&

HSR BOBOD00O \\u-boot\Globali__image_copy_start

3%@@@@@@@@@%@%@@%

stapped a1 beaskpoint ue

At the entry of ENTRY(_main)in crt0.Sfor C-runtime startup Code for ARM U-Boot.

WKk dve rm

| @ e spotigne
RO
lz z nrl
S Rr?
/ = R3
2= Rd
R3 #
- RE‘ [#if defined(CONFIG_SPL_BUILD) && defined(CONFIG_SPL_STACK)
= [fu sp, =(CONFIG_SPL_STACK)
i . (#else 7
[ Z e o EXO M‘Sﬁ” mmins o A el ONBOR0069G ﬂ
R Ri
‘endl
i :}?n &J.EEE_FZg :‘lffo [#if defined(CONFIG_CPU_VTM) /* v7M forbids using SP as BIC destination */
gy moy ra, 5
F - r1 0 Rl bie 3l r3, w7
R12 81EF.E9£3 R12 moy sp, r3
- 3 ’
= . 8 bic sp, sp, #7 /* B-byte lh nment for ABI :m‘hanr.e *
Fve SPSR NSR: 80800624 |- 3coD007 bic rl3,rl3, 4 9
nsec [#endif
: 85 v 0, sp
= 5 NSR:BOBODGZB [=1A00000 ri,r13
o B Frame /Locals /Calles 86 hnard_1n1t_f_nl'|oc resgr\re
Ctip) [5oom| g B ca usn;sosms;.g FAQOZESZ . o—" blx 0x80808F7C
-000] [ i1 Casm) N5R: 80800630 [ 100000 ’d ? r13,r0
/* set here, Coutside any C code /
-001]|s ave_boot_params_ret{asm) 89 moy upeg ri 2
NSR:BOB00B 34 [=1400000 r9,r0
. board. mlt f init_reserve
/* the mask ROM code 3§ NSR:B0800638 |[FAD0ZES? OxB080BFEB
#i fndel CONFIG_SKIP_LOWLEVEL_]
b1 cpu_.mit..c.plﬁ 92 moy r0, #0
#ifndef CONFIG_SKIP_LOWLEVEL_J NSR: 808006 3C |- 1400000 mav rl, #0x0
. bl cpu_init_crit b1 board_init_f
#endif NSR: 808006400 2003505 blx OxB8080DASC
#endif
if | defined(CONFIG_SPL_BUILD) =
b1 —main i 5 J 12
i m

e

NSR:B0800620 \\u-boot\Globall_main

mwwgwﬁgmw@mwmwgm

stopped | Mpc ue




/*
* This file handles the target-independent stages of the U-Boot
* start-upwherea Cruntime environmentis needed. Its entry point
*is_mainandisbranchedinto fromthetarget's start.Sfile.
*

* mainexecutionsequenceis:

1.Set upinitial environment for calling board_init_f().
This environmentonly provides a stack and a placeto store
the GD ('global data') structure, both located insomereadily
available RAM (SRAM, locked cache...). In this context, VARIABLE
global data, initialized or not (BSS), are UNAVAILABLE; only
CONSTANT initialized data are available. GD shouldbe zeroed
beforeboard_init_f()is called.

2.Call board_init_f(). This function prepares the hardware for
execution from system RAM (DRAM, DDR...) As system RAM may not
be availableyet, , board_init_f() mustusethecurrentGD to
storeany datawhichmustbe passed on to laterstages. These
data includetherelocation destination, the future stack, and
the future GD location.

¥ oK X K X X ¥ X ¥ X ¥ *

3.Set up intermediate environment wherethe stackand GD arethe
ones allocated by board_init_f() in system RAM, but BSS and
initialized non-const data are still notavailable.

¥ K ¥ X X X ¥ *

*

4a.For U-Boot proper (notSPL), callrelocate_code(). This function
relocates U-Boot fromits currentlocationintothe relocation
destination computed by board_init_f().

*

*

4b.For SPL, board_init_f() justreturns (to crt0). Thereis no
coderelocationin SPL.

5.Set up final environment for calling board_init_r(). This
environment has BSS (initialized to 0), initialized non-const
data (initialized to theirintended value), and stack in system
RAM (for SPLmovingthestack and GD into RAMis optional - see
CONFIG_SPL_STACK_R).GD hasretained values set by board_init_f().

* ¥ ¥ X X ¥ ¥ ¥ ¥ ¥

* 6. For U-Boot proper (notSPL), some CPUs have some work leftto do
* atthis pointregarding memory, so call c_runtime_cpu_setup.
*

* 7.Branchto board_init_r().
*

* For moreinformation see 'Board Initialisation Flow in README.

*/
Note thattheveryfirstSPLserial outputas shownbelowisfromboard_init_f().
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Set bkpt @relocate_code:

Md3oc AMd43ee Linud AMA3oc Window  H

Mi

Imwyeelrn|E 2 al
Beregister /spotlight B B:BrekList ==
N _ R(l) FFF29000 Rg O | [ Delete All|[O Dissble Al ® Enable Al @ it | ZImpl... || Zstore... EL .. || Eiset.. |
77 ¢l d03oELS < EDELSEDS address s T
v R3 4033DE40 R11 0 NR :80800000 [[Program ONCHIP __image_copy_start
Y 40325B9C R17 (8 NR:80800334 [Program ONCHIP save_boot_params_ret\32
~ Rs 0 R13 EDEODGZO NR:80800664 |Program ONCHIP _main\45
0 _ RO SIFFFFO00 R14 EEF29668
[l — Rr7  40325BFC PC 80800664 <
| % _ SPSR 0 c<pPsr 60000193 =
Nz — usk: FIQ Bbata st E=3 E )
R8 0 R8 O || Mstep || m over ][ \Abiverge| ¢ Return | ¢up ][ »Go | 1 Break || [%mode &) Find: cri.s
R?O mB R%O 8 addr/1ine code Tabel mnemonic |comment =
LI Rll 0 Rll 0 17 adr Tr, here -
F - R i 0 NSR :80800654 |E23FE00C rl4,0x80800668
Rl} db ng 0 Tdr r0, [r'9 #GD_RELOC_OFF] /% r0 = gd-»reloc_off */
r- R " NSR:80800658 |£5990040 r0, [r9, #0x40]
)~ R4 0 &l1 0 116 add r, 1r- r0
sve SPSR 0 NSR :8080065C |E08EE000 add r14,r14,r0
nsec #if defined(CONFIG_CPU_V7M)
d orr Tr, #1 /* As required by Thumb-only
#endif
& BiVarFrame /Lacals /Caller 120 1dr r0, [r'9 #GD_RELOCADDR] /* r0 = gd-»relocaddr */
Ctup) [3oown] Hags Fliocals Fcall NSR:SOSOO%SOIESQQOOZCb r-e'lucaﬂr:e cudgo [r9,#0x2C]
-000]|main(asm) |...NSR:80800664 ) ~0000r & b 0x80800A4C ; relocate_code
here:
-001]|NSR: 0xFFF29668 (asm) a
* now relocate vectors E|
-002|[NST:0xFFF36BEQ (asm) */ El
— |end of frame 127 b1 relocate_vectors
NSR:80800668 EB0000F4  here: b1 0x80800A40
/% Set up final (full) environment */
131 b1 c_runtime_cpu_setup /* we still call old routine here */
NSR:8080066C |FEFFFF31 b1 Ox80800338
) o I ] »
|B: ]
[ [ wace |[ pam || wvar |[ ust |[ PerF ][ Svstem |[ step || co |[ Break |[ srmbol || Frame |[ Register |[ FPu | other |[ previous |
NSR:80800664 \\u-boat\Global\_main+0x44 stopped at breakpoint | | | | M ue

Step into relocate_code.
The relocation offset is in R4=0x7F729000 in this example

File Edit Yiew Var Break Run CPU Misc Trace Pef Cov TRAMA3m AM43oc Linux AMd3cc Window Help
R
Buregister /spotlight W B:Break List ==
N _ RO FFF29000 RS 0 Delete Al][O Disable Al [ @ Enable Al Init mpl... | E2Store... || §3Load... Set...
{5 il B0B0000Q 1o rorlgeps || XoeeslOomesl@cwen] o || Bimpl [SGston. | S | 8
‘\:f < E% 4033DE48 E%E g NR 80800000 Program ONCHIP __image_copy_start
o RY E429000 12 8 NR:80800334 |Program ONCHIP save_boot_params_ret\32
~ RS 0 Rr13 FDFODC70 NR:80800664 |Program ONCHIP _main\45
0 _ R6 81FFFF00 R14 FFF29668
WL Z r7  403258FC PC  B0O80D0AS4 ;
|2 = sese 0 CPsR 20000193 1l
3 _ B
Mla — usr: FIq “Data List |E=SEoE )
R8 0 R8 0 Mstep || W over || AcDiverge|| « Return ][ &up || PGo || M ereak || ¥iMode relocate.S
REO FDFlSEDg R?O g addr/1ine code Tabel Imnemonic |comment =
LI R R * respect to relocate_code, and at run time, add reTocate_code back to them. -
F R11 0 Rrll 0 %/
R12 8 Rr12 0
T R13 0 Rr13 0
- ENTRV(re1uca.te code)
J _ R14 0 r14 0 81 rl, =__image_copy_start /* rl <- SRC & _image_copy_start */
svc SPSR 0 NSR : 80800A4C] E59F104C relocate’ - Tdr v1,0%80800AA0
nsec 82 ubs rd, r0, rl /* rd4 <- relocation offset */
‘ NSR:80800A50] E0504001 subs rd,r0,rl
83 beq relocate_done /* skip relocation */
& B::Ver.Frame /Locals /Caller
— 84 1dr r2, =__image_copy_end /* r2 <- SRC & _image_copy_end */
[tup | woom| Fags ol Fall | yop. 20800458 [£50r2044 Tdr 72, 0xB0800AAL
-000[[reTocate_code (asm)
copy_Tloop: 7
—-001||NSR: OxFFF29668 (asm) 87 Tdmia rl!, {rl0-rl1l} /* copy from source address [rl] *(=
NSR:80800A5C |E8510C00 copy_ 1oop T1dm rl!, {r10-r11}
-002||NST: 0xFFF36BEQ (asm) 88 stmia r0!, {rl0-rl1} /* copy to  target address [r0] *
NSR:80800A60 |[E8A00C00 Tstm rO!, {r10-ril1}
— |end of frame 89 cmp rl, r2 /* until source end address [r2] *
NSR:80800Aa64 [E1510002 cmp rl,r2
90 blo copy_Tloop
NSR:80800A68 |3AFFFFFB bcc 0x80800A5C
‘/‘k
* fix .rel.dyn relocations -
1. ¢ b
B::
[ J[ tace [ Daa [ var [ st [ PeRF [ svstem J[ step J[ Go J[ Break |[ svmbol |[ Frame ][ Register |[ FPu ][ other ][ previous |
NSR:80800A54 \\u-boot\Global\relocate_code+0x8 |stopped [T MIX UP




5. At theexit of relocate_code, this is the last instruction of u-boot running w/o relocation.

File Edit View Var Break Run CPU Misc Irace Perf Cov TFAMAZc AMA3m Linux AMd3c Window Help
(M R[] |2 D)
1B Bairegister /spotlight B B::Brealc List (==
N _— RO EEE89308 RS 0 | ' Delete All[O Disable Al @ Enable Al @ Tnit_ || & Impl... |[ G2 Store... | 2Load... || EdlSet..
z @ RL EEF43235 o FDF18EDS ToRLEcs e [imp1
\C/C ;% % E%g Mii NR : 80800000 [Program [ONCHIP __image_copy_start
Y 7E729000 12 8 NR:80800334 [Program [ONCHIP save_boot_params_ret\32
T RS R0 R13 FpEODCTO NR: 80800664 [Program IONCHIP _main\45
o Rré 81FEFF00 R14 FFF29668 NR :80800A9C [[Program SOFT relocate_done
1 _ R/ 403258FC PC  80800A9G :
% _ SPSR 0 cpsr 0000193
Mz — use FIQ ‘= B:Data.List
R8 0 R3 0 Mstep || M over |[ADiverge || ¢ Retun | € up || »Go ][ Il Break |[ ! Mode ]@ Find: relocate.5
R?D FDF18ED3 R%O g addr/Tine |code [Tabel mnemonic |comment =
LI Rll 808604C0 Rll 0 109 cmp r2, r3 -
F— R sl Rl o NSR:80800A94 [E1520003 _fixnext: cmp r2,r3
R o s 0 110 blo Fixloop
b T Ria 0 Rl 0 NSR:80800A98 ??I?FFFFS cc 0x80800A74
Ve SPSR 0 mcr pl5, 0, r0, c7, cl10, 4 /* drain write buffer */
nsec #endif
/* ARMvAd- don't know bx 1r but the assembler fails to see that */
& B:Var.Frame /Locals /Caller
t.Up | "3 Down [“args  [#Locals [V call #ifdef _mﬁ;RIMRCSEZl_'lr'
-000]|reTocate_done(asm) #else ’
128 bx Ir
-001]|NSR : OxFFF29668 (asm) |...NSR:80800A9CH=12FFF1E  relocate done: bx rl4
~002||NST : OxFFF 36BEQ (asm) Tk NoTE |
* To prevent the code below from containing references with an R_ARM_ABS32
— |end of frame * relocation record type, we never refer to linker-defined symbols directly.
* Instead, we declare literals which contain their relative location with F
* pespect to relocate_code, and at run time, add relocate_code back to them.H
*/
ENTRY (relocate_code)
81 Tdr rl, = 1image_copy_start /* rl <- SRC & image_copy_start */ -~
. e i ] f
IB: [
[ | trace |[ pata |[ wvar || wust |[ PerF [ svstem |[ step || Go | Break |[ svmbol |[ Frame || Register |[ FPU || other |[ previous |
NSR:80800A9C \\u-boot\Global\relocate_done ‘s‘tupped at breakpoint | | | ‘ ‘MD( |UP

6. One step further, u-boot running after relocation

File Edit View Var Break Run CPU Misc Trace Pef Cov T-AMA3oc AMM3 Linuwc AM43a Window Help
(M + || 7N D
i B:register /spotlight 8 B:Break List ==
N _ RO EEE89398 RB 0 Jetz Al bl Al bl All I d...
5 Z A1 EEr4323 no  roriseos || ke ”o[’:a;ri[sza‘a Al gi“\fpg[sﬁm ]%Smt;'f [Ztoed.. | Bset
‘\:,f c ;% ggg E% g E%g 808604%9 NR : 80800000 [Program [ONCHIP __image_copy_start
Y 7E720000 12 8 NR:80800334 [Program (ONCHIP save_boot_params_ret\32
Y = 0 Rl3 FDFODC70 NR:80800664 [Program IONCHIP _main\45
0 _ Rb B1FEFF00 R14 EFFE29668 NR :80800A9C |[Program SOFT relocate_done
1 _ R7 40325BFC  PC FFF29668 <
2 _ SPSR 0 cprsr 60000193 -
3 _ = ;
Mz ~ use FIa ! BuData.List
R8 0 RS 0 Mstep || M over |[ADiverge | ¢ Retun | @up |[ PGo | Il Break || '%Mode @ Find:
R?O ggg%gﬁug R%O g addr/T1ine |code Jabel mnemoni c |comment =
T T R) SOsbO4ed R-D 0 NSR:FFE29654 [E28FEODC adr 14, 0xFFF29668 B
— Rlz ¢ R12 0 NSR:FFF29658 |£5990040 1dr r0, [r9, #0x40]
bk 5 M 0 NSR:FFF2965C |[E082E000 add rld,rl4,r0
mr- Rr R NSR:FFF29660 [E599002C Tdr r0, [r9, #0x2c]
J _ R4 0 rl4 9 NSR :FFF29664 [FA000078 b OxFFF29A4C
sve SPeR s [EB0000E4 bl OXEEF29A40
nsec NSR:FFF2966C [EBFFFF31 b1 OxFFF29338
il NSR:FFF29670 E59F0028 1dr r0, OxFFF296A0
NSR:FFF29674 |[E59F3028 Tdr r3,0xFFF296A4 e
& BxVarFrame /Locals /Caller NSR:FFF29678 [E3A01000 mov rl,#0x0
B NSR :FFF2967C [E0532000 subs r2,r3,r0
[(2bp] (3 oown| [largs ek BGH|  \ycpirrr20680 [FADDOOOE blx  OxFFF396C0
-000]|NSR : OxFFF29668 (asm) NSR:FFF29684 [FB0034CF blx OxFFF369CA =
NSR :FFF29688 |[FA0034CF b1x OxFFF369CC
-001]|NST: OxFFF36BEO(asm) NSR:FFF2968C [£1A00009 cpy r0,r9
NSR:FFF29690 [E599102C 1dr rl, [r9,#0x2C]
— |end of frame NSR:FFF29694 [E59FE00C Tdr rld,0xFFF296A8
NSR:FFF29698 E12FFF1E bx rld
NSR:FFF2969C [1033FF20 eorsmi  pc,r3,r0,lsr #0x1E
NSR:FFF296A0 FFF89560 sVC 0OxF89560
NSR:FFF296A4 |FFFEFCBS svc OxFEFCB8
NSR:FFF296A8 |FFF36BEL svC OxF36BEL
NSR:FFF296AC (00000000 andeq r0,r0,r0
NSR:FFF296B0 (00000000 andeq r0,r0,r0
NSR:FFF296B4 (00000000 andeq r0,r0,r0 -
; il I v
B::|
[ ][ wace ][ paw |[ wvar [ wust ][ Pere ][ svstem ][ step |[ G ][ Break |[ svmbol |[ Frame |[ Register ][ FPu ][ other |[ previous |
NSR:FFF20668 stopped [T Mot e




7. Relocate the u-boot symbol using <y.reloc 0x7F729000> for T32 JTAG debugger.
The screenshot in #6 is shown below which matches u-boot SRC nicely.

A TRACE32 ARM
File Edit View Var Break Run CPU Misc Irace Perf Cov TR-AMA3c AM4Zm Linw AM43ec Window Help

(M (b ey |®E 2D

1B Bairegister /spotlight B B::Brealc List (==
N _ RO EFE89398 RSB 0 Delete Al ble Al ble Al i I 0ad...
27 Al FrF43235 o rorlseos || X0 HOD;,;J[S@S’E"“ I @ EMS&I""’ ]%;‘;T | Sioat. | et |
A — NR : 80800000 [P rogram GNCHIP | NR:0xB0800000
~ ni  7F729000 Rr1Z 8 NR:80800334 [Program (ONCHIP NR:0x80800334
T RS 0 R12 FDFODC7O NR:80800664 [Program (ONCHIP NR :0x80800664
0 _ R6 81FFEE00 R14 FFE29668 NR :80800A9C |Program SOFT NR : 0x80800A9C
1 _ R7 40325BFC  PC <
% _ SPSR 0 cprsr ©0000193
4 _  usm: FIQ Bocow.s
RS 0 Rr8 0 Mstep | M over | AeDiverge ] ¢’Rewrn|[ €up | P Go ][ M Break || "Mode & Find: ato.s
R?D ggg%gﬁng R%O g addr/T1ine |code Tabel mnemonic |comment =
LI Rll —57 R11 0 NSR:FFF2965C [E08EE000 add r14,r14,r0 B
L RlZ e dd RlZ 0 #if defined(CONFIG_CPU_V7M)
R R orr Ir, #1 /* As required by Thumb-only
dr_ ri3 0 Rrl3 o] #endif
.- 4 0 rl4 g 120 r0, [r0, #GD_RELOCADDR] /* r0 = gd-srelocaddr */
svC SPSR NSR:FFF29660 [£599002C 1dr r0, [r9, #0x2C]
i [nsec 121 b relocate_code
' NSR :FFF29664 |[EA0000F8 b OxFFF29A4C
h :
| &1 B:VarFrame /Locals /Caller /Sre

i t.Up | "3 Down [¥] Args Locals Call

* now relocate vectors
*/
"Il -000][here Casm)

i 127 b1 relocate_vectors

| [-00Ll{hereasm) NSR.:FFF29668 [EBOO00F4 _here: bl OxFFF29A40 ; relocate_vectors

I b relocate_code /* set up final (full) environment */ ;

’ -002||board_init_r(

@ new_gd = OxFDF18EDS, 131 b1 c_runtime_cpu_setup /* we still call old routine here */
l - dest_addr = 0x0) NSR :FFF2966C iBFZE;3l b1 OxFFF29338
endi

: —— |end of frame #if ldefined(CONFIG_SPL_BUILD) || defined(CONFIG_SPL_FRAMEWORK) 1l
# ifdef CONFIG_SPL_BUILD

| /% Use a DRAM stack for the rest of SPL, if requested */ I

b1 spl_relocate_stack_gd -
e n ] v
«
IB: [
[oomponems][ trace H Data ][ Var ][ List ][ PERF ][ SYStem ][ Step ][ Go ][ Break ][ s¥mbol ][ Frame ][ Register ][ FPU H other ][ previous ]

NSR:FFF29668 \\u-boot\Global\here stopped [T T M |up




