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Assembly introduction

J

U O O

L

Low-level programming language
Architecture dependent (e.g. x86, 8051, AVR...)
Between C and machine code — compact,

Application: mainly small embedded systems (pl.
PIC, AVR)

For large projects: asm is expensive, inflexible, hard to
manage; C compilers are well-optimized

B Low-level routines

B Computations intensive tasks (mathematics, graphics)

B reverse engineering



Assemblers
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AVR 49 0 y9tai0 4ot sLOOLS

$00
$01
$02

$0D
$0E
$OF
$10
$11

General

Purpose
Waorking
Registers

F1A X-register Low Byte
$1B X-register High Byte
$1C Y-register Low Byte
$1D Y -register High Byte
$1E Z-ragister Low Byte
$1F Z-register High Byte

AVR Microcontroller H. Khosravi 4



AVR assembly - reqgisters

RISC instruction set, load/store architecture:
Registers:

— 32, 8 bit wide (RO...R31)

— Always at address 0x00 — Ox1F

— All operations are done through registers

— Last six serves as register pairs
* Implement 3 16-bit registers (X, Y, Z2)




AVR assembly - instructions

mnemonic arguments (operands)
\ e
l1di R31 , OxA5 ; 10100101
out PORTC, R30 ,; port write

!

comment




AVR assembly - instructions

Instruction arguments
\ _
1di1 R31 , OxA5 ; 10100101
out PORTC, R30 ; port write

! |

Operands Description Operation

Rd. Rr Add without Carry Rd<« Rd+Rr
Rd. Rr Add with Carry Rd« Rd+Rr+C
Rd. K Add Immediate to Word Rd+1:Rd « Rd+1'Rd+K i|Z

RAd-PRr

Bd Rr Subtract withont Carrv R «




ADD gLDI ygasd

0,9k don LS S 590 (o A oob;iidojfd,; u

! LDIRd, K ; Immediate load (16<d<32)
1 LDI R20,0x25 ;R20 = 0x25
.1 LDIR31, 0x87
J LDIR25, 0x123 : invalid value
J LDIR10, 0x20 ; invalid register
55 oz U
! ADDRd, Rr ;Rd=Rd+Rr

0x34 40x25 suc ¢0 xo> W

J LDIR16,0x25

LDI R17,0x34
ADD R16,R17

U
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(SFRs) /0 dkdls

P 35 5L slsls U
Coxog LS

o ol

Jbw L5

|/O 6‘-&3)9-2.

ADC

\b.llllll

3,10 1/O alasl> glas ol £F Jsla> AVR ,»
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0818 Akdl> Wil

Register File Data Address Space
Ro | T R $0000
H1 $0001
R2 $0002
<ol YY
le ¢
B30 v 001E
R3g+ .9 $001F
/O Registers
| $00 | $0020 |
| $01 1 $0021 |
<ol 7Y
$3D $005D
$3E v $005E
S| N — S000F

Internal SHAM

$085E
v &BSF

<ol Y YA

Col YVFF lega
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SFR g RAM aladl> (ol gitmo 4 (w yowd

5,5, RAM a5l Sledbl 30,5 oS (6l STS g LDS jgiws g0 |
:43)‘.3

LDS (LoaD from data Space) M
STS (Store to data Space) M




OUT gIN & ygawd L 10 & (o g

1/O oy0l g abasls wyol iails o0l 90 /O abasl> wsls U
|/O Address = Mem. Address — 0x20
1S o 5 1/0 sl )T L OUT 5 IN 5205 STS 4 LDl idl5,, [

LDS 4 IN lesslis ol O

o=l > DS Jg el ol g0 IN joiws M

IS 99 ;0 LDS o5 o 1yl piile S SO 0 IN s

3,18 3529 Ll o 5l eolaiwl I IN Hgxws jo

Q3 o g |y aladl> pled LDS e 1/O a0 o s sl s IN
Coms yobo (I LDS Lol 0,15 0429 LAVR sles ;o IN
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AVR assembly — instr. types

Arithmetic and logic
Branch, jump

Data movement

Bit manipulation, bit test




AVR assembly — instructions

Arithmetic Move Bit op., others

and logic [regi=reg2 ) T SL Logical

reg=17 Shift Left

a+tb | ADD a>>1 LSR,
reg=mem

SuUB
pre reg=*mem ﬁ C o ROL, Eé);:tate
ot avail. in
oR mem=reg ROR EZ:?;gh
*mem=reg Status SEl, ot
INC bits CLI,

I
DEC periperal CLZ.. nterrupt
NEG peripheral No op. NOP

CLR heap

heap




AVR assembly — special reqgisters

Status Register (SREG) — flags
C: Carry Flag (from D7)

Z:. Zero Flag (after a Math)

N: Negative Flag (in signed digits)

V: Two’'s complement overflow indicator

S:N @V, For signed tests

H: Half Carry Flag (from D3 to D4)

T: Transfer bit used by BLD and BST instructions

— Bit Copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit as
source or destination for the operated bit.

I: Global Interrupt Enable/Disable Flag

4

ReadWrite RW
Imitial WValus 0




JGo

faolip g1yl (b 50 CgH 9Z o o2y Cumidg

# Exam01_SReg {Debugging) - AVR Studio (Administrator) = I =

File Edit View VAssist{ Project Build Debug Tools Window Help —“ === 6 J.? J w
e Rt g A= = AU e Rl R S i < o Wil | Debug @-‘5-:—’;? = 9,’,’, aSo =
1-’ ) Cxu I | e _a I - I — = -n'| " .o Lf had Z K4 }3'
(OERME Y e DB ERE e u » S0

Exam01_SReg.asm > [N Processor tj) H ML’ * l.sl.’ S
/* Name Value * w-?)i )-3 O=% )
Exam@l_SReg.asm « l Program Counter 0x00000005

. Q RS
Stack Pointer 0x00000000 s

Created: ©2/24/2012 @9:34:36 PM X Register 0x0000
Author: Hossein khosravi Y Register 00000

& Z Register 0x0000 Ml"ﬁ U"‘ J° C =
= |l Status Register OOEEVMEED

:;g(I: ﬁgg“‘ Cycle Counter 5 ‘:"M"‘ )'5-‘0 o)‘w

OEG |R26 Frequency 1.000 MHz

DEC R20 Stop Watch 5.00 ps

DEC R2@ # Registers ’*L}' SRe “ s
// Now Z in SReg will be fired )?’ g 65) (-9)3“ )Q
LDI R16, @x38 Q‘)g.lw& ‘.571.; GO)‘J.Y [ ;.o.:

e e ADD, Jio ilais 5 ook,

INC, DEC, ROL, ROR,

)l ;56 AND, OR,
ols 8-V Jgo

B Solu.. B Prop...
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AVR assembly — special reqgisters

« Stack pointer

— To store return address of subroutines, or
save/restore variables (push, pop)

— Grows from higher to lower addrress
— 2 byte register
1di temp, LOW (RAMEND)

— Stack stored in the data | it spr. temp
SRAM 1di temp, HIGH (RAMEND)

out SPH, tem
— FILO n P

P

- * Program Counter

e % — Address of the actual instruction
o

— During CALL or IT it is saved to the heap;
RET/RETI loads from heap at the end of a
subroutine/IT routine




0319 g w5 Adl> g 4ol p o ylows 8 590 49 IS

3,00 Lgs <ol ¥ flash akél> ails 2 AVR oolgils o U
el 16KX16 alisl> Lo ATmega32 odi. M
Dl 28 ol b \F Iy W
ol S VF o2 el oo Ol g, ol 5l
SuiS oo 5 @ g9, wyol a> I AVR (5 Jlasl L L
0x0000 .51 ™
ol pdy sl ol col g eog o A (SRAM) ools abasl> L

398 oo g 94l e (6 lore 4 a4 b u

¥ o 9.> Sods " L9 aS ol e \ ¥ w)o] olf)&f 9 S A oold olf)&f L 03ld Couw o [l
Syl |, /O 3 RAM colbgls

el Sao VE oy0l o5 )35 g oo V8 oolo o5 )35 S Coonw ,o
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RISC (g yloxo sles g

Canl ol Ol ygiws o3lasl

.o)‘o )lf 9 yw o}LLS‘ N LQLQJ.?-T L as @L.a LS‘)-?'L"
Ll b F oS s slaws s oL Y AVR @l g e

LSS CLRC O
LYADDA, #25H [
oL Y LUUMP Lbl [
=L ¥ CINEAB,LbI [

Sl ol slaws U

3,08 0 glais den LS YY J8las> RISC sla ous3lop

S gt C.b‘)s.‘b»d AL gor0 D

3,08 ygiws VY. 550> ATmega

Vi s sl Sl ool 4y Joles M

AVR Microcontroller

H. Khosravi
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RISC (g yloxo sles g

Qg oo lyxl SIS SO yo Ol g 720 sq0> u
oold 9 QS CY st).»..wd LS‘)" LQ-A-AAA-!Q LSLQ('QL?)K ]
"XSLSL@S LS‘)-’ Olf)s&fv 90&‘0 LSL’QS 6‘)4 (u»)digod‘d) olf)&fY L]
CISC & S yxoS Jbisl glas L
Load/Store s ,lexo |
Kgds (5, il o RAM 5 35250 slaosls CISC slag ,Soe ,o M
o 2> Reg L ool oxlg> RAM 5l ools ADD Mem, Reg ,siws ;0 M
Dgd 0 S pipelining awgp S g 05k ol o ;UL wilgs

$lp s abbdls 5l 90,5 0 Oyeo LS lawg L Sllec RISC o M
dgl o oolaiul Load/Store
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