5. LEDIITITIII]

5.1 ARMIITIIT]

[MIMX6ULOTICortex-A7[ITITIIITITICortex-A7 I TTTITTITTITITIIIIT

(I

e [TTTIDENOO013D cortex_a_series PG.pdf

e [[TTARM® Cortex™-A Series Version: 4.0 Programmer’s Guide.pdf

e [TITITE IT1] 00_UserManual\[TTTNArmIITITNMRMV7[IITIDENO013D cortex_a_series PG).pdf
e [TTT1: 3: ARM Processor Modes and Registers

5.1.1

Cortex-A7[IIIITIIROIITUser1Sys(System)[FIQIRQIABT(Abort)[ISVC(Supervisor)JUND(Undef)[MON(

il 1l
User [NNRANNNRNNNRANNNEE
INRNERRN
Sys(System) I
FIQ (I FIQ [T1T
IRQ 1110
ABT(Abort) [NNNANNNRARNRRRNNRENY
SVC(Supervisor) MM
UND(Undef) IRNRRNRNN
MON(Monitor) I1In
Hyp i
(DUserITTHTTTTT8IITITIITITIT

RN RN RN RN ER NN NN NNNNERERNRNRNRNRNRNRNNRRRNRNRRRRRRRRREREEED



5.1.2

[IITIIT1] Cortex-A7 TTITITIIIIIIIIIIL

(ITTITIT] Cortex-A7 09 (TTITTTITTIITII IO OIITIITI0I0d

yaund or type unknown

1110 User DT T T TIITITIIIIIKRO ~ R 7)) DT T T T T T

(IO FIQ IIITN R13(SP)ITIIIITITITISP_fig

[0 SVC TN R13(SP)IIIIIIIIII SP_svc

9 MITTITITB AT

. [IIIIIII RO~R7
. [(IIIIII]R8~R14
. 010 [0R15
ITT11

A W N

[LITTTTTAOTTT

5.1.2.1 [TIII1

(I RO~R7ITITTITITITRO~R7 I TITITITITITIRO~R7 T TITITTTITITTIRO~R 7 (T TITITIT]

5.1.2.2 [IT11

[(ITITIT R8~R12 ITITITIITITIIITTITKFIQ)IIIIIRX_irq(x=38~12)TITITITITIIIT Rx(8~12)ITITTFIQ [T

[ITTT] R13(SP) [TTITITT 8 [ITTIITTTTTUser{JSysIITTITTT 7 [I111] 7 [IITT1T]

[ITTT] R14(LR) [T 7 I TUser(SysOHy p[ITTITTIIT] 6 1111 6 [TTITTTTTITTTTT]

[0 RI4(LR)ITITIITIIITIIIIT BL M BLXTIITITR 14 (LR) T R14(LR)III R15(PC)

5.1.2.3 [IT11

(T R15(PC)ITIIIIIIIIII 8 11T

[MMARMIITTITITT > M= O T A I R1I5(PC)T R15(PC)ITT

[MR15(PC) = [T + 811



5.1.2.4 [TIII11]

OITTTTPSROTITIITITIITICPSRITTITIITITIS PSR

(LTI CPSR [T CPSR [T T T T T T T T T T T T CF

(11 SPSR [J CPSR [ITTTT1 SPSR [0 CPSR TITITTTIITIT]

yaund or type unknown

N(bit31)TTTTTTTTITTKIITHIITTNOTIN=1/0 [T [/

Z(bit30)[IT] CMP [ITZ=1 O]

C(bit29)[

[TTTTITTTITC= 1 TITTIITIIIT C=0

T TC = O T T C=1

T TVITIITC I

ITYOTITIC O]

V(bit28) TV T T TV =1 [T v 0

Q(bit27)[I1 ARM v5TE_J [ITTITITTIITIQ=1/0 TITTYIIIT

IT1:0 OI7:2[0010IT[7:0]d1] IF-THEN [ITT10I

J(bit24)T (bit5) M TITTIIITTARMITIThumb[ITIT]

J T M
0 0 ARM
0 1 Thumb
1 1 ThumbEE
1 0 Jazelle

GE3:00SIMD [TIIIIIII0

E(bit9)ITITITTE=1/0 [TTVIIT]

A(bit8)[TITITITTIA=1 [IITITIT]


/var/www/bookstack/public/bit26:25
http://books.100ask.net/bit15:bit10
http://books.100ask.net/bit19:16

[(bit7)0I=1/0 [0 [V IRQ

F(bit6)JF=1/0 1] IJII FIQ

M[4:0]ITITIIIIT]

M[4:0] 1
10000 User [T]
10001 FIQ M
10010 IRQ @
10011 Supervisor(SVC)[T
10110 Monitor(MON)[T]
10111 Abort(ABT)[M
11010 Hyp(HYP)M
11011 Undef(UND)M
11111 System(SYS)[J

5.2 [TTTTTTTIT]

(LT

e [TTTIDDI0406C_d_armv7ar_arm.pdf
e [[ITTARM® Architecture Reference Manual ARMv7-A and ARMv7-R edition

o [TITITE 1T 00_UserManual\[TTTNArmIITITN armv7 ar[I111T [MICPUIIITIITITIDDIO406C d_armv’
e [TT11: A5: ARM Instruction Set Encoding

[TITTTITTITTICPUITR2[T]

1. CISC
(IITIITITIComplex Instruction Set Computer[I]x86
2. RISC
(IITTTTTTReduced Instruction Set Computing[TTIJARM[RISC-V

[T TR = a + bIITAITITITR_ITIeITa+bITIITal

1. MCISC(OTIITITIIITTX86) T T T T T AT T T TICPU T
2. [RISCOII I OIIIIOICPU T D [T e O I T T T T e




age noffpund or type unknown

ARM[TTIIIIIITITI(RISCReduced Instruction Set Computing) TTTTTTTTTTTTTITIT]

1. [T
2. [ITTICPUIT]
3. [[RISCITICPULIIIIIITIN

5.2.1

RERNRERNC RN RNRRARERERNRNRNRRRRRRERRRRREY

1. OITITMCPULITIIIITIN
[T

mov r0Q, #addr a // [IIBIIITCPUITTO
ldr r1, [roO] // [FOIIIIIIIITCPUIIr1

2. [T

T OCPUMTTI T T O 1T
3. [T

CPUIIIITIT

add rl, rl, r2 // [CPUOIF1=rl+r2

4. [TIITITITIT]
CPULITIIIT]

str rl, [roO] // [y 1011y 0110

OITTTmovJaddidr{str T O — O T T T Mo VT T T

ARMOTTITIITIITIIT

age noyfpund or type unknown

cond opl op 11

not 1111 00x - (IITIIIIITMOoV

not 1111 010 - (IVIIIITILDR/STR



cond opl
not 1111 011 0
not 1111 011 1
not 1111 10x -
not 1111 11x -
1111 - -
(LTI

op

(m
(IVOIIITILDR/STR

[IITAIIMedia instructions)

[IIIBOBL; I
LDM/STM[POP/PUSH

(11

(TITIrBL

[IIT: ARM® and Thumb®-2 Instruction Set Quick Reference Card.pdf (ARM[TITTIT))

ITITE (1171 00_UserManual\[ITTTNArmIITITN ARM® and Thumb®-2 Instruction Set Quick Reference

5.2.2

[LITTTTTTIT]

label[]

[Jinstruction @ comment

label[TTITTITIIIITIIabelITIVII
instruction[ITTTITITIITIIL
@ comment@[IIIIIITlcommentIIIII]

[

add:
(mov r0, #0 @ [ROIIITP

ddHfidy r0, #O0@IROTIIIII0
I ITmov[bl/bJadd/subldm/stm[Jpush/popITIIIIII]

5.2.2.1 mov

mov rl, #10 @ [MOQIIIIrlilrl=10

(LTI



age noffpund or type unknown

1.
1T TladdrAITTITle3a0100alimov r1, #101T]
2. [
[IIMOV[T]
3. [
CPU[ITITR1[T10
(IIT1Te3a0100aMOVIIIIIIII

age noffpund or type unknown

[31:28]T1TI0xe[M 1501 2]TTTTR1TI0x1[Q[12:0]ITTT110[TI0x00a

5.2.2.2 bl

1 bl test tag
2 mov rl, #10
3

4 test tag:

5 [mov r3, #0
6 [mov pc, lr

OldITTkest tag[IITTImov r3, #OIIITTImov rl, #1O0ITITITILR 11
6[I11TImov rl1, #1O0[IIIIIIIIImov rl, #10[]]

[LITITTIIT]

age noffpund or type unknown

CPU[IITladdrAIITITleb000000bl test_tag[TITTITTIPCITtest tagIITTTTTTloeddrA+8[ITITIIITI e
CPUIITladdrA+8[1111Tle3a03000IImov r3, #O0IIITITICPUITITIR3II0
CPUIITladdrA+12[11TTTle1la0f00elImov pc, IMITTTITIPCITITladdrA+4[T]
CPU[IITladdrA+4[I111Tle3a0100a[lImov rl, #10IIIITICPUIIITR1[IIL0

111 Tleb000000IBLITITIIIIN

W



age noffpund or type unknown

imm[23:0]0PCOTTTITTA IO T DARM O T TARMTaddrAITb! test_

5.2.2.3Db

1 b test tag
2 mov rl, #10
3

4 test tag:

5 [mov r3, #0

OLITTITtest_tag[TTITImov r3, #O0TIIIITITTImov r1, #10[T]

(OB OBLOTITITIT T T TBLTTTITTTIT8/BLTTTTTITITITITT T ROBLITTTTTIBIITTITT

5.2.2.4 add/sub

1 mov rl, #10
2 add r2, rl, #4
3 subr2, rl, #4

(AT 1 TATITITT 2
(RO 1A

(LTI

age noyfpund or type unknown

CPUITladdrA+4[I111T1e2812004TJadd r2, rl1, #4[ITTTTITICPUIIITIR2[1]14

CPU[IITladdrA+8[I111Te2412004Ilsub r2, r1, #4[ITTITITICPUITITIR2[TI6

[I1T1Te2812004ADDIIITITTIT]

age noffpund or type unknown

[19: 16]TTTTRITIA15: 12]TTTITIR2[1120011: OJIIITHITI0x004[]



[[T1Te24120040SUBIIIITIIIT]

age noyfpund or type unknown

[19: 16]IITITIRIAM15: 12]TTTTITIR2[T12O(11: OJITITHII0x004[]

5.2.2.5 Idr/str

1 mov r0, #400H @ 0x400
2 mov rl, #H @ Oxa

3 str rl, [r0]

4 ldr r2, [r0]

[BOITTR1IO0xadTITTROQIITI0x400
[ATITTROMITIOX400IIITITTIR2

[LITTTTIIT]

age nojfpund or type unknown

CPU[ITladdrATT1Tle3a00b01dImov r0, #400HITITIITICPUITITIROTI0X400
CPU[IITJaddrA+4[I111Tle3a0100a[IJmov rl, #aH[IIIIIITICPUIIITIR1[T0xa
CPU[IITladdrA+8[II111e5801000[TIstr r1, [rOITITITIITIITIR1OI0Xa[ITTITITTIROIIITIOX400[TT1T10x40
CPUIITladdrA+12[011111,e5902000dr r2, [rOIIIIIIIIIITROOIITIOX400IIIITICPUIIITIR2[TICPU]
OI11T1e58010000STROTIIIIII

P wWwhH

age noffpund or type unknown

[19: 16]IITTITIROMIO15: 12]MTTITIR1TIO

[I1TTTe59020000LDRITTTTITIT]

age noffpund or type unknown

[19: 16]IITITIROMIONI15: 12]TTTTITIR2[T120

ldr sp, =0x80200000



T T T TTARMOTIITITITITI0X802 00000 T T s pIsp=0x80200000

[LITITTIIT]

age noffpund or type unknown

Idr sp,=0x80200000MTITITIITIIIITIITIT0x80200000 T addrA+4IIITILDROIIITISPITI0x80200!

(II0ldr sp, [pc, #-410111Te51fdO04 T TILDROTTITITIIIIIIIIIIIIHimmm12[11: OJTTIITRNIIIL

5.2.2.6 ldm/stm

|dm T

StMITIITITTITITIITITIT]

[

ldm{cond} Rn{!}, reglist
stm{cond} Rn{!}, reglist

(L1111

cond M

IA - IIIIITAOIIIIIIIIIIOSTMIA RO,{R1,LR} [TR1[ITLR
1B : [(IIIIIITAIT

DA : IS TMDA RO, {R1,LR} TLRITR1
DB : [IIIITAIT

FD : [III[

FA : (1100

ED : 11T

EA : [II11

RN

[ITITTTTTTRN]



reglistTTTTTTI1I1, OIT{R1,R2,R6-R9}

[LI11D

1 ldr rl1, =0x10000000

2

3 ldmib r1!, {r0,r4-r6}

4 stmda rl!, {r0,r4-r6}

(1[ITTT1110x10000000[1TIr1

(BT bOTITITITA T

[JOX10000004[TTIIIITIRO

[JOX10000008[ITITTITIR4

[J0X1000000CIIIIIITIRS

[JOX1000001O0[TTTIIIITIR6

(M'ITTITTITR1IIR1=0X10000010

AT Tda T T TA T

[(R6[1T10X10000010[T]

OR5[ITI0X1000000C[T]

[JR4[1T10X10000008[T]

[JRO[IT]0X10000004(1]

('ITIIITITR1[TR1=0X10000000

(1110

age no

bund or type unknown

[LITTTTIIT]

1 ldr sp, =0x80200000

2

3 stmfd sp!, {r0-r2} @ [0



4 ldmfd sp!', {r0-r2} @ [

O1[IT10x80200000TTIspI T
BT
OR2[IT10X80200000(T]
OR1[ITI0X801FFFFCT]
ORO[TTI0X801FFFF8[T]
AT
[0X801FFFF8[IIIIIIIRO
[0X801FFFFCITIIIITR1
[0X80200000[TTTIITR2

[T

age noffpund or type unknown

BOATITITIITITII T e ushOpop M

1 ldr sp, =0x80200000
2

3 push {r0-r2} @ [
4 pop {ro-r2} @ [IJ

5.3 ]

5.3.1

TTITITITI0 ~ FOT T TOX T TTHLIIT

OxA[AH



(ITTITTIT0 ~ 9O TP

10010D

T T0 ~ 7T TIOM I TIOIIT]
012120

IO~ 1T TI0bIIIITIBOIT
0b1010[11010B

5.3.2 [IC

[III} int a = OxA; // OxX[1]
It int a = 10;

0t int a =012; // O
I3 int a = 0b1010; // Ob[I]

5.3.3

INNRRRNNNRRRNNNNNRARNEED

[IITTITIR/16[IT 118 4 2 1 ——>[I111]

(I1710b011011 1010 TTTIITIITTITTTTTTTTTTTIT]

age noyfpund or type unknown

[T1T10x375

[TIIT0xABC [T

age noyfpund or type unknown

[II[1010 1011 1100 0001



5.4 [JIITIITI

5.4.1 [}

[ITIBig-endian T T TTITTTTTIIIIT]

[TTTLittle-endianTTTTTITTITTITITTTIT T TTTTITTTTTTITY

[I110x1234567 8[TTJITIIIIIIIIT]

(1 (1
addr+3 0x78 0x12
addr+2 0x56 0x34
addr+1 0x34 0x56
addr 0x12 0x78

5.4.2

5.4.2.1 [T]
1 int a = Ox6; // [111Pb0110
2 int b = a<<l;
3 int ¢ = a>>1;

R[ITRIIIIT0b0110->0b1100Tb=0xC

(BOTJa[d111110b0110->0b0011[Tlb=0x3

5.4.2.2 1]

1 int a

0x6; // [111Pb0110
2 int b

~a;
(20TJa[d111T10b0110->0b1001[Tb=0x9

5.4.2.3 1]

(LT T




1 int a = 0x6; // [I11Pb0O110O

2 int b = 0x7; // [IIIPbO111
3
4 int ¢ = adb;

B[TJa&bITTTI0b0110[Tic=0x6

QT T T

1 int a = 0x6; // [II1PbO110
2 int b = 0x7; // [IIPbO111
3

4 int ¢ = a| b;

[¥[Ta|bIIITI0b0111[Tkc=0x7

5.4.2.5 ]

1 int a = 0x6; // [1I1Pb01106
2
3 int a | = (1<<3);

(BOIITlabit3[1[J1<<3 = 0b1000[JT0b1000|0b0110=0b1110[Tla=0xe

5.4.2.6 [1]

1 int a = 0x6; // [I1Pb6116
2
3 int a & ~(1<<2);

(BOIITlbit2[JT~(1<<2) = 0b1011[]T0b1011&0b0110=0b0010[Tla=0x2

5.5 [ITITTICO

OCODARMTTIIT I TATPCSOTATPCS T

(LT



e [TITATPCS.pdf

e [TTIIThe ARM-THUMB Procedure Call Standard

e [TTTTTE 11100 _UserManual\TTTNArmITTTTN ATPCS(ATM-Thumb[TTTTT).pdf
e [TI1I [

5.5.1 ATPCS

ATPCS[JARM-THUMB procedure call standardJARM-ThumbITTTTTTITTTITARMOITTITHUMBITITTTTTTITT

(JTIRO~R150ATPCS[ITIIT]

o IIIIIITITRO~R3MIIITIITITITITITITITITTIRO~R3IT]

o [(ITITITITTIR4~RI1ITITIT]

o [[TR12[IIIIIscratchIT]

e [TIRI3ITIITITIS POITITITIR I 3MITTITITTTS PO T TITIT]
o MTRIANTTITIITONROTIIITT TR YATTTITIT]

e [(MTRISOITIIIITIPCTIIIIIITI

5.5.2 C

e [TTITTAIITIITTIRO~R3IIIIIT]
o TITTAOTIITTTT T T T T T AT T T T T I

5.5.3C

e [ITTTB2[ITIITITITTROM

e [IIT6AITIITTROORIITITITE

o [MTITTIITIIIIIIITIITIO0d00s 0]
o MIIIIIIIIIIIIIIITfO-fNTId0~dN[T]
o [ITTTTITTITITTITTIT]

5.54C

ERRRRNERRNNRRRN/RRRNNEEE

e [IIIVID

[LITITTIIITT]

OO O DC PUTTIII TR O ~ R30LROTIIIIT

O T, [TCPUTTTTTT T



MM e us T

T T e o pI T T T T T TIIT I T I TITITT T

e [IIT]

T AT A O T A O

5.6 C[IIIIII]I

[T I I Tvolatile D TTTTTTTTITTTTITITICCM _CCGRITITB2IITITTunsigned int *1T1

volatile unsigned int *CCM CCGR1 = (volatile unsigned int *)(0x20C406C);

[LITITTIIITIN

val = *CCM_CCGRI; // IO
*CCM_CCGR1 | = (3<<30); // [IIIIIXCM CCGRL[ITII 31[BO] [T

5.7 start.9[]

2 . text

w

.global start
4 start:

o R0 text T
e [B[T1.global[] start[TTTT1T]
o [WIT] startITITITITD _ startITITITITTTENTRYITITITTITICMmain ()] start T

@ [IITTTIT] star tOTTITIITTITITTT]
4 start:

//
ldr sp, =0x80200000

bl clean bss



11 bl main
12

13 halt:
14 b halt

o [J7(1110x8020000 0TI TIs p T OC T YT
e [O[TITTTITIkclean_bssITITIclean_bss[ITTTb! mainITTTTTTITIM

o ML1ITICOOmain()IIITk haltOTITIIII

e [[13[I1Talt

o NL4[IIIIIIhaltIIIb haltIIT]

@ [ITMTITklean_bss TITIITITITITIT

16 clean bss:

17 /* [OBSSO */

18 ldr rl, = bss start

19 1ldr r2, = bss end

20 mov r3, #0

21 clean: @ IIMIITIITIIRIR2M
22 str r3, [rl1]

23 add rl1, rl, #4

24 cmp rl, r2
25 bne clean

26
27 [mov pc, lr @ [IIIIIIIT

e (16[11TIclean_bss[ITITITITTBSSITIBSSITITONT]

o D18IITIIIIIbssITITITIITr1

D19 bssTITITIITIr2

e [ROTTIOIIITI3MI3=0

e [R1[IITklean

o [(R2ITTOr 30O 1T

o [R23ITIMAIMITAOIIIII1IOI1 = r1+4

o [RAITITIIr1OITITIr2[T]

o (RSO 1T TOr200T T TIclean

o [ROITITITr 1T 200TIIIIIIIII bl main [TIT1T

5.8 [[lled.dis[ITITITITITI

Mled.disIIIIIIimx6ullIIIed.binIIIIIIDDRITIIIIIIIIL

I Timx6ull T ToootRom M T T T T T T TIITT]




ge ng

found or type unknown

bootROM[TTITTITITIIT]

A W N PR

. bootROM[TEMMC[TFITUKIIIIIIITRAMT]

. bootRom[TIDCD[ITITIDDR[]

. bootRom[TJIVTTIEEMMCIITF[IT]led.bin[[JDDR[J0x80100000([T]
. [IIJDDR[J0x8010000011T]

[Mled. bin[ITTITTTTITICPUITITIOx80100000[TTITITTIITITTIITB2[VAITTIITITTTled. bin[ITTITITTTITITled. |

age noyfpund or type unknown
YOI T IIIIIII I 1T1e59fd028[I1T1dr sp,=0x80200000[TTTTIT]
m n
00000000 28
00000001 do
00000002 9f
00000003 e5
MOimx ARMI TR AT T T T HobjdumpITIITTITTTIled.dis[TT] [TTk
age noyfpund or type unknown

QT ed. disTTTTITTTIITTITTTR . 7 start. ST

1)

CPUIIIITIIIITITI®Xx80100000[1TEe59fdO28[TITITIIIINdr sp, [pc, #40][IIIStart. S[Idr sp, =0x802

80100000: e59fd028 ldr sp, [pc, #40] ; 80100030 <clean+0x14>

2. (IITITIITIIIIITITTTT1T10x801000040TIebO0000 1 TTTTTTTI ! 80100010 IStart.S[TTlbl clean_bs:

80100004: eb000001 bl 80100010 <clean bss>

80100010 <clean bss>

80100010: e59f10lc ldr rl, [pc, #28] ; 80100034 <clean+0x18>



80100014: e59f201c ldr r2, [pc, #28] ; 80100038 <clean+0xlc>

3. [TITT1TI0x80100010[1Te59f 101 c[ITTITTITITIdr r1, [pc, #28]1ITTIStart.S(ITIdr r1, = bss_start[IT]
4. [Ticlean_bssOTTTTTITICPUOTTTITTITAOIIIIIIIITIITIMoV pc, IFITTTTTTTITI0x80100008[1T1fa000057[T
ITICPUTICOmain ()T
T OCO T TmMain O

age noffpund or type unknown

(11T

1.Mmain (OOIIIITR7 O ROV Omain OO TR 7010

age noffpund or type unknown

N

. [Med_initOOTTIIT I ITTOBLOTIIII bl 8010003c(I]

W

- [Mled_cti(1)ITITTITTTTITITROMITITIMovs r0, #1ITTITTBLITTITTTIol 801000f8TTTITITTIITITIIITI

S

. [[delay(1000000) T TR OMITIITITIBLOTTIT]

U

- [Mied_ctl(0) ITTTITITTITTTROITTITITIB LTI

(o)}

. Tidelay(1000000)TITITTTOTTHTROOTITTITIBLOTITT

~

- while(1) T TITOB O ITe.n 801001 74[TTIIT1110x80100174ITTI11Ted

I Omain O Ted_init()dled_cti()Odelay ()TTTITIT]
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