Common Bina

DE1-SOC Advanced RISC Machine v7 - Cortex A9 — Reduced Instruction Set Computer L 0.0625
F LABEL %[5 F1% LABEL XJ R fTEUA9HE (32-bit Binary 5§ 8 i HEX) 0.125
MoV T S
MOV RX,RY /E%IJ RY E: RX Bits Name Function “ 1.
H = = -bitRi z [31] N result is negative VAL 2
MOV RX,#imm12 . '—ﬁf\ﬂi\g 12-bitBinary & RX G ; st s et -
MOV RX’RY'type <shift> type ﬂ—j‘] ASR,ROR, LSR' LSL :291 C result produced a carry-out 8
. N 28 \' result overflowed for signed numbers
5 shift BB, AW RY | <shift>T] 24 register 5 imm5 | .. ¢ 16
71 disable bi 25= 32
MEMS TR, Nfi1z flag E%ﬁ' [Z] IF I:Sdisable bi: [ 25= D)
C flag 11 shift AR T, Vilag FE oo | Operstnghode PRl 128
MOVW RO,#0x8888 // R0O=0x0000 8888 Code sufix  Description Flags | éig
MOVT RO,#0xAAAA // RO=0xAAAA 8888 0000 | EQ | Equal / equals zero z PIC=l 1024
0001 NE Not equal 1Z - (1K)
(0])Y | 1010 GE  Signed greater thanorequal N ==V 2048
CMP RX,RY X;J-tt RY 1_5 RX, Ei;% flags 1011 LT Signed less than NI=V 4096
: N 1100 GT  Signed greater than 1Zand (N==V) 8192
CMP RX,RY, type <shift> | type [ 4 ASR,ROR,LSR,LSL 1101 LE Signed less than or equal Zor (N !=V) [ 220= SNV
<shift>T] 4 register B imm5 1110 AL Always (default) any 1G
CENR]
LDR 1. B PUSH,POP,LDR STR Fif# instruction 5 — 1
\J RY b A2 I ({condyal) EBHEMS) o S| EEEN16
LDR RX,[RY] BURY Jp3bih P ARl Re | R Ko B s ||| I
LDR{SK{M} S: iN%k 2’s complement AY%%, 3. ADD RO,RLR,L5L #2// RO <- g 4096
§ N kY R1+(R2<<2) 2 =
REEMBEXHBERLTAER ADD RO,RL,R2,ASR #4// RO <- N 65536
. R1+(R2/16)
M: H for halfword, B for byte vovramsrmenss | LGS S| mommm o
LDR RX, =imm32 j]ui—ﬁhkﬂil% 32-bit Binary A RX *This mov is actually the same as LSL! N e I :: - 1
. . LSLRO,RL#2 <-> MOV RO,R1,LSL #2 —|=
pseudo instruction LSLRO,R1,R2 <-> MOV RO,R1,LSL R2 & § 1= g 2
b e = 4. While loop: BEND = MOVR1s,#END | <] | F[ZIFIC I [OTFEN 3
LDR RX,#LABEL ﬂﬂiﬁhk(LAEEL ﬂﬂﬂﬁiﬂjjt){\ RX e emovemame THAIFEIHA -
LDR RX,LABEL IX(LABEL £ [E A9 AE) A9 A INER A RX MOV R1,#0x5555 5555 & g = /‘é 5
= LDRRX, [pc, offset to literal pool] MOV R2,0XARAA ARAA HiEEE=E 6
- AND R3,R1,R2 // R3 <- 00000000 o eS| (=) sl
LDR RX,[RY, #4] M RY+4 ik, RY {EAZE ORRR3,R1,R2 // R3 <- FFFFFFFE i == 7
N AND R3,R1,#1 // R3 <- 00000001 SI=IRE — 1000 BB
LDR RX:[RY:#4]! [’X RY+4 j‘]iﬂj,i_”:, RY=RY+4 (used to isolate bit 0 of R1) eI - g - ‘_; 9
N waps ri<->r; o g (ST == E==
LDR RX,[RY],#4 PARY JyihiE, RY=RY+4 éé)fz RZ'le,lRZ //2 R2<-FFFFFFFF 1:|08 2(HS 1(1) ‘;‘
\ s AR EOR R1,R2,R1 // R1<-AAAAAAAA A1 B |
LDR RX,[RY,-RZ] A RY-RZ Aithit, RY EARE P R HLE| & 1= 12 ¢
LA 13 D
, \ T R 14 E
STR{M} RX,[RY] | % RX InERZE|H#hit 4 RY YA TE, M R7ESF GPIO iR &bt i o] A 15 F
-
Multiply Bitwise OP{s} RX,RY,RZz [FEFtrarnrr o
MUL R1,R2,R3 R1 <- R2xR3 AND RX,RY -align 2 for word -1
1110 v/
MLA R1,.R2,R3,R4 R1 <- R2xR3+R4 ORR RX,RY,RZ space numOfBytes,fil 3
AEE imm BARE, AEELA EOR RX,RY,ASR #imm5 e.g. .space 4, OxFF -4
3
: s p
LSR RX,RY,RZ & RY YE[@AFE RZ AL, MSB %0, NR{ET RX | SUBRx,#imm12  Rx<- (Rx-imm12) -7
LSR RX,RY,#imm5 | (547 n f1ZETF unsigned num / 2" SUBRx, Ry, Rz Rx<- (Ry-R) -8
BIELTS . — :3335?2, I:.Z # kae:c-efxg)@m%a% BN 0x3F
AR E¥ET | AT, RETFHMSBHOH1 it 0x06
LSLBHEER | [ZEH, LSBHO OIMESPSRIEE % g vt
[@ZF% n RAIZEETF unsigned num * 2" MSR CPSR, Rx [ ox66
s m 0x6D
ROR jiEd% [@4aF, A LSB % MSB (Rotate) Field: _c, _f, BRIA_fc 6| 0§7D
B4 Bekt (32-n) 5 & F i A Hedk n L EH CPSR £/, 1% TF mMov 007
X
Operating Mode CPSR[4:0] m 0x67
P 0b10011 0x77
PUSH {R].,RZ,R3} >|T_|' R1, R2,R3 ﬁ)\ StaCk, Stack 0b11011 m 0x7C
Pointer is decremented ET 010000 0x39
POP {R1-R3} % R1, R2, R3 B stack, Stack | FACCESEE 0b10111 BN 0x5E
i 0610010 Bt ox79
Pointer is incremented 0b10001 E ox71
ey
31 30 2322 0 B
Sign exponent mantissa % xz: g; ::::)calledsingleprecision) vae T
doub\erword’(64 bits, called double precision) e ::«17::7:1;3“:c(;:::).e:g:::a‘«o‘:gisnmmesamns‘-Pcmne|as«conr:;::er;;n:x(::c::::+s“




Setup stack in both IRQ and SVC mode
LDR R1,= 0b11010010

MSR CPSR_c,R1

LDR SP,= OXFFFFFFFF-3

LDR R1,=0b11010011

MSR CPSR_c,R1

LDR SP,= Ox3FFFFFFF-3

Setup GIC to enable

BL CONFIG_GIC

Enable interrupt on device

BL CONFIG_XXX
CONFIG_TIMER:

LDR RO, = 0xFF202000

LDR R1, = xxx // period

STR R1, [RO, #8] // lower 16 bits
LSR R1, #16

STRR1, [RO, #12] // higher 16 bits
MOV R1, #0b0111

STRR1, [RO, #4]

BX LR

CONFIG_PRIV_TIMER:

LDR RO, =OxFFFEC600

LDR R1, = xxx // period

STR R1,[RO]

LDR R1,=0b111

STR R1,[R0,#8]

BX LR

CONFIG_KEYS:

LDR RO, =0xFF200050

MOV R1, #OxF

STR R1,[RO,#0x8]

BX LR

Enable interrupt on ARM CPU
LDR R1, = 0b01010011

MSR CPSR_c,R1

When an exception occurs, the processor:
int FINDSUM(int N){ - Saves CPSR in the SPSR of the new mode
if(N==0) - Change CPSR to enter the new mode
- Saves PC into the banked LR of the new mode
return 0; * - load into PC a unique address associated with the new mode. These addresses are
called the Exception Vector Table.
(N+FINDSUM(N-1)); .include "exceptions.s"

} .include "config_GIC.s"
.section .vectors, "ax"
B _start

SERVICE_UND

SERVICE_SVC
SP, //init stack ptr SERVICE_ABT_INST

_start B
B
B

R4, //R4<-N B SERVICE_ABT_DATA
Wi
B
B

_start:

RO,[R4] //R0O=N ord 0
FINDSUM SERVICE_IRQ
POOP: R1,[R4], SERVICE_FIQ
END: END text
N: .global _start
SUM: _start: ..

text // executable code follows
FINDSUM: .global _start

MOVS R1,RO  // N==0?
start:MOV  R1, #TEST_NUM
MOVEQ_PC,LR // if yes, return 0 = . =,
QPCLR //if yes, return LDR RL,[R1] //intoRl

void draw_line(int x0,int y0,int x1,int | if (yo<y1){

lv1,short int line_color){ y_step=1;
bool is_steep = abs(y1-y0) >abs(x1- | }elsel
. y_step=-1;
x0);
iflis_steep){ for(int x = x0; x<=xL; x++){
swap(&x0,&y0); iflis_steep){
swap(&x1,&y1); plot_pixel(y,x,line_color);
} Jelse(
if(x0>x1){ plot_pixel(x,y,line_color);
swap(&x0,&x1);
swap(8y0,8y1): error += delta_y;
if(error >= 0){

int delta_x = x1 - x0;

y+=y_step;
error -= delta_x;

int delta_y = abs(y1 - yO); )
it error = -(delta_x/2); )

inty =y0;
inty_step;

i

MOV RO, #0
LOOP:CMP  R1, #0
// N-1 BEQ END
FINDSUM // recurs LSR R2,R1,#1
// restore state AND R1,R1,R2
o N ADD RO, #1
B  LOOP
int main(){ END: B END
int value; TEST_NUM: .word 0x103fe00f
int * LEDR_ptr = ; end
int * SW_ptr = ;
int * HEX3_0_ptr = ;
while(1){ “text
value = *SW_ptr; .global _start
*LEDR_ptr = value; _start: MOV RS9, #10
*HEX3_0_ptr = MOV R4, #N
value&OxF] | value>>4&0xF|<<8| MOV RS, #Digits
value>>8]<<16; LDR R4, [R4]
! MOV RO, R4
! BL DIVIDE

Find out which device cause the
interrupt

SERVICE_IRQ:

PUSH {RO-R7,LR}

LDR R4, = 0xFFFEC100 // GIC CPU
interface base address

LDR R5, [R4, #0xC] // read from ICCIAR
(who cause interrupt)

Resolve the device’s interrupt request
CMP R5, #72

BEQ TIMER_ISR

UNEXPECTED: BNE UNEXPECTED

3.

EXIT_IRQ:

STR R5,[R4, #0x10] // write to ICCEOIR to

clear Interrupt
POP {RO-R7, LR}

SUBS PC,LR,#4 //with the S flag, the SPSR
will be copied into CPSR when returning,

restoring the NZCV flags and operating
modes

TIMER_ISR:

LDR RO,=0xFF202000

MOV R1,#0

STR R1,[RO]

B EXIT_IRQ

void wait_for_vsync(){
volatile int * pixel_ctrl_ptr = (int *) STRB RO, [R5]

0xFF203020; // pixel controller MOV RO, R2
register int status; BL DIVIDE

*pixel_ctrl_ptr =1; STRB RO, [RS, #1]

status = *(pixel_ctrl_ptr+3); MOV RO, R2
while ((status & 0x01)!= 0){ BL DIVIDE
status = *(pixel_ctrl_ptr+3);
} STRB RO, [R5, #2]
1 MOV RO, R2
void plot_pixel(int x, int y,short int line_color){ BL DIVIDE

*(short *)(pixel_buffer_start +
(y<<10)+(x<<1)) = line_color;
} END: B END

STRB RO, [RS, #3]

Num of Sets = Total Size / Size of Set DIVIDE: MOV R2, #0

Size of a Set = Size of Block * N-Way CONT: CMP RO,R9
Bits used for Offset = log,(Size of Block) BLT DIV END
Bits used for Sets = loga(Num of Sets) SUB RO, R9
Bits used for (Tags + Sets + Offset) =32 ADD R2, #1
Special Case: B CONT
Directly-Mapped cache is One-Way SA; | DIV-END: MOV R1, R2
Fully Associate Cache has 0 sets MOV PC, LR

N:.word 9876

Digits: .space 4

.end
FE X subroutine §1 BL 33 subroutine §j, ic&
e —— PUSH{LR}] | | | #A/FiE/8 POPI | |

Address . 3 ...16 15... 1211...87 6 5...21 0

OXFF203020 font e addess AN €9 Swyg Buffer register e DMA D wivd ll 1a
OxFF203024 back buffer address \!j ' Backbuffer register Con h WiOus ]’j e L 9 ,Xg \

0xFF203028 4 X Resolution register VMU\[Q SJ’MT’H M %(_’
OxFF20302C Unused | BS ] SB |Unused| A Status register (de,,—“ 4 in ‘H\lﬁ s V{Siﬁ)\'?f‘




