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AKSHAYA INSTITUTE OF TECHNOLOGY

Lingapura, Obalapura Post, Koratagere Road, Tumakuru - 572106
DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING

)  VISION ) MISSION

To empower the students to be technically M1: To achieve academic excellence by
competent. innovative and self-motivated with imparting in-depth and competitive knowledge
human values and contribute significantly to the students through effective teaching

towards betterment of society and to respond pedagogies and hands on experience on cutting

swiftly to the challenges of the changing world. edgetechnologies.
M2: To collaborate with industry and academia
for achieving quality technical education and
knowledge transfer through active participation
COMPUTER SCIENCE of all the stake holders.

! — & ENGINEERING M3: To prepare students to be life-long learners
and to upgrade their skills through Centre of
Excellence in the thrust areas of Computer

. Science and Engineering.

Program Specific Ouicomes (PS0Os) Program Educational Objectives (PEOs)

After Successful Completion of Computer Science
and Engineering Program Students will be able to PEO1: Graduates expose strong skills and
=  Apply fundamental knowledge for professional abilities to work in industries and research
software development as well as to acquire new organizations.
skills.
Implement disciplinary knowledge in problem PEO3: Graduates engage in team work to
solving. analyzing and decision-making function as responsible professional with good
abilities lhrough different domains like database ethical behavior and leader.\hip skills.
management, networking. algorithms., and
programming as well as research and PEO3: Graduates engage in life-long learning
development. and innovations in multi disciplinary areas.
Make use of modern computer tools for creating
innovative career paths. to become an
entrepreneur or desire for higher studies.




Microcontrollers Module 2

Module-2
Chapter 3

Introduction to the ARM Instruction Set
A Data Processing Instructions

A Branch Instructions

A Software Interrupt Instructions

A Program Status Register Instructions
A Coprocessor Instructions

A Loading Constants.
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Microcontrollers Module 2

* Classes of instructions

O

Data processing instructions

Branch instructions

Load-Store instructions

Software interrupt instructions
Program status register instructions

Coprocessor instructions
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Microcontrollers Module 2

Data Processing Instructions

* Perform move, arithmetic, logical, compare and multiply operations
* All operations except multiply instructions are carried out in ALU
* Multiply instructions are carried out in multiplier block

* Data processing instructions do not access memory

* Instructions operate on two 32-bit operands, produce 32-bit result.
» Instructions can pre-process one operand using barrel shifter

* No. of basic instructions: 16 (excluding two basic multiply instrs.)
Syntax:
<opcode>{<cond>}{S} Rd, Rn, n
‘cond’ - indicates flags to test, ‘S’ - set condition flags in CPSR
‘n’ may be ‘Rm’, ‘#const’ or 'Rs, <shift|rotate> N’

Rd - destination, Rn - 15" operand,&n/Rm/Rs remains unchanged
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Microcontrollers Module 2

» Condition codes & flag states tested

Mnemonic|  Condition Cond. | Flags |mnemonic Condition Tested Cond. | Flags
Extension Tested Code | Tested |Extension Code | Tested
m Equal 0000 Z-=1 28 Unsigned higher 1000 (=1, Z=0
“ Not Equal 0001 z=0 [N Ursignedloweror a0 a0,z
same
Carry Set / :
#5551 unsigned higher 0010  C=1 Sigfledhaceduer 1010 N=V
than or Equal
or same
Carry Clear / .
CC/LO 0011 (C=0 Signed Less Than 1011 N=zV
unsigned lower
Minus / _ Signed Greater Z=04
n Negative G R Than = N=V
pL Plus / Positive 0101 N=0 LE Signed Less Than 101 Z=lor
or Zero or Equal N ==V
Overflow 0110 V=1 B Always 1110 ---
No overflow 0111 pepY all-sEm WA Neven (Don'truse) 1111 - 5



Microcontrollers Module 2

 Examples of shift, rotate operations

C
‘Rm’ reg c b31| b30| b29]| b28 b3 | b2 | b1 | bo
.
Rm, LSL #3 b29 b28[ b27[ b26[ b2s bo| o | o[ o
> C
Rm, LSR #3 o] o o w31 06 | b5 | ba | b3 || b2]
- C
Rm, ASR #3 b31|b31|b31|b31 b6 | b5 | ba | b3 |— b2
> C
Rm. ROR #3 b2 [ b1 | bo [b31 b6 | b5 | ba b3—.|£
]
-t
» C
Rm, RRX ¢ |b31|b30]|b29 ba | b3 | b2 | bl |—ml bo]
T T
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Microcontrollers Module 2

* Binary encoding of data processing instructions

31| 30( 29| 28| 27| 26| 25| 24| 23| 22| 21| 20| 19] 18| 17| 16| 15| 14| 13| 12|11110| 9 | 8| 7| 6|5 |4 |3 [ 2] 1|0
cond 0 O0|#]| opcode S Rn Rd operand 2
:arithmeticllogic‘ Firstoperand Destination
L function Register Register
5 | rotation 8-bit immediate
I
|
- set 'condition code’
0 S ftamount of shift|] Sh [0 Rm
I
|
|
'\ Rs Sh |1 Rm
amount of shift shift second operand
in register type register
DEPMINOWROSEAT,IUMKUR 8



Microcontrollers Module 2

 Immediate constants

o Construction of 32-bit const. using 8-bit value and 4-bit rotation
o Example: MOV r0,#0xFF000000 is MOV rO, #0xFF,8
MOV r0,#0xFFFFFFFF iS MVN rO, #0x00

|< rotation * value >|

1110 9 8 7 5 4 3 2 1 0
r3 |r2 |rl [ro [b7 |b6|b5 (b4 |b3|b2|bl|b0

v v

3 2 1 0 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1 0O
0l0| 0|0 cjofofojofoc|jofojojofojofojolojojofo|lo(o]0|l0]0|0|b7b6(b5|b4(b3|b2|bl|(b0

0o(0| 0|1 b1|bO| O ol ool ojlolololofololololofololololololofol 0|b7|bé(bs|bd|(b3|b2

010|110 b2 b2lbl|bO| G G Of O G o ofof ol ol ool of ol ool ofolol ol ol ol o] 0|b7|bé|bs|bd

OO0 1] 1 bS (bad|b3|b2(bl(bO| O O G o of ool ol ool ool o] o] ofo]lol ol o]l o]l o]l ol 0|b7 bbb

01|00 b7 |b6 |b5|b4|b3 b2 (bl (b0| O

I I I I I I I I | I I
| 1 | | | I 1 | I | |
I I I [ I | I I | I I
11101 0 b7 |b6 |b5 (b4 |b3|b2|b1l|b0
111110 vl O b7 b6 |b5|bd |b3|b2|bl|b0
11111 0 | ' O | ONL Mathivangro [ Ol o] o] o] of O [b7|b6|b5|b4|b3|b2|bl b0
—t e L



! Microcontrollers Module 2

sembly instructions given below. (verify using Keil pVision)

WV r0, #0x00 MOV r0,#0xFF000000 MOV r0, #0xFFFFFFFF
N rl,#0x01 MOV r0,#0xFC000003 MOV r0,#0x55555555

ylution: (Demo: Prog01.s)

Assembly Instruction Assembled equivalent
MOV r0, #0x00 MOV r0, #0x00
MOV r0, #0xFF000000 MOV r0, #0xFF, 8
MOV r0, #0xFFFFFFFF MVN r0, #00
MVN rl, #0x01 MVN rl, #0x01
MOV r0, #0xFC000003 MOV r0, #0xFF, 6
MOV r0, #0x55555555; or cs:| Error gengrated .

N NMathivanan



Microcontrollers Module 2

* Basic data processing instructions

MOV |Move a 32-bit value MOV Rd,n Rd = n

MVN |Move negated (logical NOT) 32-bit value MVN Rd,n Rd = ~n

ADD |Add two 32-bit values ADD Rd,Rn,n |Rd = Rn+n

ADC |Add two 32-bit values and carry ADC Rd,Rn,n |Rd = Rn+n+C

SUB |Subtract two 32-bit values SUB Rd,Rn,n |Rd = Rn-n

SBC |Subtract with carry of two 32-bit values SBC Rd,Rn,n |Rd = Rn-n+C-1

RSB |[Reverse subtract of two 32-bit values RSB Rd,Rn,n |Rd = n-Rn

RSC |Reverse subtract with carry of two 32-bit values RSC Rd,Rn,n |(Rd = n-Rn+C-1

AND |Bitwise AND of two 32-bit values AND Rd,Rn,n |Rd = Rn AND n

ORR |Bitwise OR of two 32-bit values ORR Rd,Rn,n (Rd = Rn OR n

EOR |Exclusive OR of two 32-bit values EOR Rd,Rn,n |(Rd = Rn XOR n

BIC | orespondmg bitof irscperand. - [PIC R/RA,m |Rd = Rn AND (NOT n)

CMP |Compare CMP Rd,n Rd-n & change flags only
CMN |Compare Negative CMN Rd,n Rd+n & change flags only
TST |Test fora bit in a 32-bit value TST Rd,n Rd AND n, change flags
TEQ |[Test for equality TEQ Rd,n Rd XOR n, change flags
MUL |Multiply two 32-bit values MUL Rd,Rm,Rs Rd = Rm*Rs

MLA |Multiple and accumulate o MLA Rd,Rm,Rs,Rn |[(Rd = (Rm*Rs)+Rn




Microcontrollers Module 2

Data Processing Instructions - Examples

. ADDS r0O,rl,r2, LSL #3; rO=rl+(r2*8),flags change

CMP r0, #5 ; If r0 == 5, set Z flag
ADDEQ 1rl,r2,r3 ; If Z=1, rl=r2+r3 else skip
. AND r0,r0, #0x1 ; status of bottom bit of rO0
BIC rO,rl,r2 ; 1 in r2 bits clears rl bits
CMN r0, #6400 ; flags change on r0+6400,r0 is same

The following program fragment implements ‘is the value of ‘A" 1 or 5 or 8?'

functionality. Let the value of ‘A’ be in register rO.

TEQ r0,#1 ; if r0 == 0, then 2 =1
TEQNE r0, #5 ; if 2 '=1 & if r0==5, then Z=1
TEQNE r0,#8 ; if 2 '=1 & if r0==8, then 2Z=1

BNE error ; 1f Z '= 1 branch to report error

NSKlathivanan



Microcontrollers Module 2

Data Processing Instructions - Examples

. ADDS r0,rl,r2, LSL #3; rO=rl+(r2*8),flags change

CMP r0,#5 ; If r0 == 5, set Z flag
ADDEQ rl,r2,r3 ; If Z=1, rl=r2+r3 else skip
. AND r0,r0, #0x1 ; status of bottom bit of r0
BIC rQ,rl,r2 ; 1 in r2 bits clears rl bits
CMN r0, #6400 ; flags change on r0+6400,r0 is =

The following program fragment implements ‘is the value of ‘A" 1 or 5 or

functionality. Let the value of ‘A’ be in register rO.

TEQ r0,#1 ; if r0 == 0, then Z =1
TEQNE r0,#5 ; if Z '=1 & if r0==5, then 2Z=1
TEQNE r0,#8 ; if 2 '=1 & if r0==8, then Z=1

BNE error ; 1f Z '='1 branch to report errc



Microcontrollers Module 2

» Features of Conditional Execution instructions

Improves execution speed and offers high code density

Illustration:
'C’' Program ARM program using ARM program using
fragment branching instructions conditional instructiot
if (r0==0) CMP 10, #0 CMP r0,#0
{ BNE else ADDEQ rl,rl, #1
rl=rl+l; ADD rl,rl,#1 ADDNE r2,r2,#1
} B end
else else ADD r2,r2,#l
{ end ————
r2=r2+1;
} Instructions - 5 Instructions - 3
Memory space - 20 bytes Memory space - 12 bytes
No. of cycles -5 or 6 No. of cycles - 3
DEPT OF CSE AITtUMKUR 14




Microcontrollers Module 2

Questions

. What is the result of execution of the following?

(1) ADD r9,r8,r8,LSL #2
RSB ¥10,¥9, 9 LSL #3
(11) MOVS r7,xr7
RSBMI r7,r7,#00

Place two's complement of -1 in ré.

Implement ARM assembly program for the 'C' loop:
if ((a==b) && (c==d)) e++;

Write an ARM instruction that converts ASCII codes of lower case
alphabets to upper case.

Implement (if --- then ---else) functionality using ARM instructions
for "Test whether a value in a register is positive or negative, if

positive save +1 else save -1 in a register”.
DEPT OF C9E Mathivanan AITtUMKUR 15



Microcontrollers Module 2

Branch instructions

* Divert sequential execution / CALL a subroutine,

* Range: +/- 32 MB from current position (i.e. PC-8), PC relative offset
» Instruction has 24 bits allocated for specifying word of fset

+  With 24-bit offset append '00" at LSB, extend sign bit, place into PC

» PCis set to point to new address

 How is asm instruction 'here B here' encoded? - Ans. OxEAFFFFFE
o Hint: [31:28]= 1110, [27:24] = 1010, [23:0] = 24-bit offset

B Branch B label PC = label, (unconditional branch)

BL Branch and Link BL label |LR=PC-4,PC=Iabel, (CALL functionality)

BX Branch and Exchange |BX Rm PC =Rm, ‘T’ bit of CPSR =1 (to ARM state)

—_ Branch with Link BLX Rm LR = PC-4, PC=Rm, ‘T’ bit of CPSR =1
Exchange BLX %gggﬁlLR= PC'%;}F@E of CPSR =1, PC = label
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