X.V65tH =
Boot Sequence

Boot

Kernel load
Page Table (BootF(DPagetableDEXTE)
initialize (memory / IO / process / file )

ini process

CPU Memory

dev

Kernel

paging

paging DX A=A L%EF->T
XEVICTFPIERT S

Kernel load

o X862 5EFIN'% %
o ARMYZ & Versatile(firmware)

paging % %7€ U R T 1 IEE D AR LY

o memory
o I/O
° process
o file

E LD - otk

o init process(process& 5 13%)
o init process (& linux 72 & re.d/~ DTICH S

UART
(VM T&1< )

BootF Dpagetable DEXEMN TE fc R —EDHHLZITS

uSB

serial Interface

MacBook Pro




Is IFf®D User & System

User Sys

fork

exec 1s (1lsZi#9)
open 1s
load 1s

(load D& (CmemoryZEIDHHLZITS)
pase table reset
goto User Mode

opendir
system call (file IO) (VM)
(filesystemZFtA CEcUserICEZIRT)

e 101TH VM DFiHH

o ISIEERTREXEVICFZIEZZALTWL DT memory allocation Z ¥ %

o malloc (& User library 72/ memory DE K (& System TP 57 E » W IF RN

o break & \\ System call T memory ZiE¥© 9

o memory ZIEYF & OS [FRAIC Is DINAF ) Z AR

o I3 &. break THX - BB MFIICTES

o break™T BX> 7= memory B’2EE U 77)L memory ICEID BTSN B DT TIEFERL
o WSOMFRIEAEY IC1TL

o memory IC 77 EAUIKFICREXEY L >fcStraplL TmemoryZ &I D H TS
o memoryMEID HTE5NRITNIE, HOEXAEUYZEBVWHULTEETHTRZS

o VMBRO—EDUIENH S

o fork

o forkd % & process structure M T=E %
o processB kI active ¥ waitDREZFHF->TWD
o EH Dactiveh 3 5 &IEICETT L TLNL (scheduler)

o kernel DEHX

o process manegement
o scheduler

o file 1O

o Virtual Memory

ZD4DD Kernel DEZRZFHATWLL



X.v6 @ trace

arm F® gdb T kernel.elf Zfd <

dalmorelc A>T

cd /mnt/dalmore-home/one/src/xv6-rpi/src
/net/open/Linux/arm/gcc-arm-none-eabi-7-2017-g4-major/bin/arm-none-eabi-gdb kernel
.elf

gemuzilt EiF % BIz\WDIE Boot Sequence 72H'5 gemu-debug Z{# >

make clean; make -f makefile-armclang gemu-debug

makefile-armclang @ gemu-debug &%

gemu-debug : kernel.elf

@clear

@echo "Press Ctrl-A and then X to terminate QEMU session\n"

export QEMU AUDIO DRV=none ; $(QEMU) -M versatilepb -m 128 -cpu ${QEMUCPU
-nographic -singlestep -d exec,cpu,guest errors -D gemu.log -kernel kernel.elf -
s -S

-~

-M versatilepb
o REXEYICZD firmwere Z{FE>S & WS1ER
o versarilepb (& Raspi(ARM) Dfirmwere D —7&

e -m 128
o memory D&

e -cpu ${QEMUCPU}
o cpu DIEE
o P—FTUVFVvICLE>THmEED
o arm®Dxv6 % {E 3 RFDcompilefFICcpulc X BepuDTEFEE EDOEZRENH S
o ZHEIH gemufill & compileffl DcpuD ZFTHGE S D THRITHR L TEDLES

e -5-S
o BootfFIC debugger NI 2 X TIEDH D L DICT S

gdb

(gdb)b _start

# remote IEfE



(gdb)target remote :1234

\
I

# bt: stackZZHB U T, stacktDfanction callDEFEEFANDS
(gdb)bt

(gdb)info registarts (YIHADL IR %)
r0 ~ r12 (ARMDL I X% (F0~12)

sp (stack pointer)

1lr (link regester)

pc (program counter)

cpsr (cpu statusDL I X%)

(gdb)disass
# disassembler D&

(gdb)x/20x $pc+48+4

0x100030

# entry.Ss®Drl,=edata_entry¥end entryM$pc+48ILZH>T3
# pelEIRDBEEIELTND10030->1003872N548N5E 5(C+4

(gdb)p (void*) edata entry
$1 = (void *0) 0x10588 <edata entry>
# 10588H LI RXHYDrilc A%

(gdb)stepi
(gdb)info registers
rl 0x10588 66952

(gdb)stepi
(gdb)info registers
rl 0x10588 66952
r2 0x19000 102400

(gdb)define ni
>x/1i $pc
>x/1i $pc

>end

# 59 BEentry.sZ1mHd DRI TED

(gdb)si
0x0001000c in _start ()
=> 0x1000c <_start+12>: cmp rl,r2

(gdb)si
0x0001000c in _start ()
=> 0x101l4c < start+16>: cmp rl, {r3}



(gdb)disass

=> 0x00010014 <*20>: blt
0x00010018 <*24>: msr

# blt TIL—FLTBHIENDOMD

(gdb)tb *0x00010018
(gdb)c
# bltDIL—T%=IKITS

(gdb)disass

(gbd)info registers

rl 0x19000 102400

r2 0x19000 102400

# r2DfEICTRD £ TriZincrementd 5 & TIL—T&IkITTE2ENDND
# 19000 F CTmemoryh'dh S

# cpud® 1> ~O—IL

(gdb)si
(gdb)info registers
cpsr 0x600001d3

# entry.S® MSRD{T%E{T

(gdb)si

(gdb)info registers

cpsr 0xd3

# cPUDIY RO—)LLIYZXFEBELTWS
# supervisorU»RRWE 7T EZXTERN

# entry.S® LDR DITZE{T

(gdb) si

(gdb) info registers

sp 0x12000

# 0x0 -> 0x12000

# stack ponterDRESINOTH I —FYIA—ILIMEZZLDICED

# YII—F>OA—)L BEDE%ZEstackicEZATHEWVWTEZICRR

# lr(link register)|CBEXIEZETIMOLIFT 7V EAETICRIENTES
# BL breach & link

(gdb)si
(gdb)info registers
lr 0x10024

(gdb)disass _start
0x00010024 <+36>: b



# startEXTEcDO T Ul start.c
(gdb)1
# c’2DT next NMEZS

(gdb)next

(gdb)next

(gdb)s

set bootpgtbl(... lent=1048576 ...)
(gdb)p (void*) len

$2 = (void *) 0x100000

# 1048576 (3161 T100000

(gdb)disass

e memory IC[E# load TZE 2Bl RUVMET &Ememory—BEH R LY E L F 7R

o —HRAICHETEIDIFC TEMETF7AILLPHRITTIEYTS

o entry.S TITIE>TW3

entry.S
_start:
LDR rl, =edata_entry
LDR r2, =end_entry
MOV r3, #0x00

# BLT £TZIL—
1.8
CMP rl, r2
STMLTIA rl!, {r3} # {}IILIYRYDYRbN rilct—T793
#1E =T UL IrizED D (++E&E D E&E—HE)
# Memclear &M &—HE

BLT 1b
# initialize stack pointers for svc modes

# cPuD Y hO—J)LL IR Y ZIEE
# cpsr 0xd3

MSR CPSR _cxsf, #(SVC_MODE|NO INT)
LDR sp, =svc_stktop

BL start

B

e B.XTIIKEZIZXKEEIN-TT S



o ARM faultff > T3 D T BTId% < faultic 3N E

start.c

1.166~

void start (void)
{
uint32 vectbl;
_puts("starting xvé for ARM...\n");

// double map the low memory, required to enable paging
// we do not map all the physical memory

set bootpgtbl(0, 0, INIT KERNMAP, 0);

set_bootpgtbl (KERNBASE, 0, INIT KERNMAP, 0);

.69~

for (idx = 0; idx < len; idx++) {
pde = (phy << PDE_SHIFT);

if (!dev_mem) {
// normal memory, make it kernel-only, cachable, bufferable

pde |= (AP_KO << 10) | PE _CACHE | PE BUF | KPDE TYPE;
// |(or) ZE->TRULTIT
} else {
// device memory, make it non-cachable and non-bufferable
pde |= (AP_KO << 10) | KPDE TYPE;

o ARMv6 page table entry https://developer.arm.com/docs/ddi0211/h/memory-management-
unit/hardware-page-table-translation/armv6-page-table-translation-subpage-ap-bits-disabled



