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» Lecture 1: Basics of ARM Microcontroller

» Lecture 2: ARM’s Memories

» Lecture 3: ARM’s Data Representation

» Lecture 4: ARM’s Programming

» Lecture 5: ARM’s Data Input/Output

» Lecture 6: ARM’s Data Processing et
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Remember your mission as MAE
undergraduates ...

»You are here to grow your knowledge
and skills so as to be able to design
machines with controllable behaviors
and hopefully in some intelligent
ways.
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How to fulfill your mission?

» To apply learnt knowledge and skills into the implementation of the following
universal blueprint underlying all the intelligent machines or systems.

User’s
Instructions : :
Planning Digital || Perception
Modules Workspace Modules
Autonomy T
Control Sﬁsntcelénrs Actual
Modules Control Workspace
Automation
Sensory
Modules
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Why to study?

Applications in Control and Automation

Interfacing

Interfacing

Controllers Actuators

v

Interfacing

N

Sensors

Applications in Communication

Systems| |[Systems| |Systems| |Systems Systems| |Systems| |Systems

/0 1/0 1/0 /O | w wmwwww |I/O 1/0 1/0

I 1 0 J 0 I {

Serial Communication/Parallel Communication

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)



School of Mechanical & Aerospace Engineering

10110011 ]
00110100 = .-
11001110 :
01001100
00010101
10101001

Input

Legend

——— o of data
——— o of control
— o of instraction

Block diagram of Computer with sub-units of CPU
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What to
learn?

* Programming
* Interfacing
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. « Data = {Values, Symbols, Addresses, Instructions}
Wh at ] S yo u r ro le? * Instructions = {Op Code + Addresses + Value/Symbol}

N
Applications/OS 0 — Algorithms (—— Problems

or Solutions to be solved

Languages C++, Java

EOR r3,r2,rl

= =
= A \
. : = 2 | You = Director of Program
Microarchitecture i = _ : 9
= < | Program = {Instructions}
* =
é

Gates :D_

Memory

Data

Transistors

Memory = {Address + Data/Instruction}
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How to learn?

» To understand data flows inside a microcontroller.

» To translate your solutions into data flows.

» To pay attention to <memory address> and <memory data>. R -

» Memory Address: Address Label/Name and Address Value.

OX5FFFFFFF
» Memory Data: Data Label/Name and Data Value. Peripheral
Memory Content 0x40000000
Ox3FFFFFFF
Data Memory Address SRAM
» To pay attention to <memory address> and <memory code>. hepa 0000
» Memory Address: Address Label/Name and Address Value. Cde
» Memory Code: Code Label/Name and Code Value. A BR000a0N0
Memory Content /
Instruction Memory Address Series of Instructions
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. TM4C123x Temperatures  85°C  105°C
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» Configure Control Registers ( System Modules |
|
» Clear/Monitor Status Registers | Real-time JTAG _ JBL 2« Watchdog Timer
. . 2x Quadrature Encoder

» Read/Write Data Registers Inputs (S

16x PWM Outputs LDO Voltage Regulator
2x CAN 3x Analog Comparators

USB Full Speed | Temperature Sensor
‘ (Host/Device/0TG)

MOV RO, #0x11
MOV R1, #2560

» Instructions:

» MOV <address of destination>, <source of value>

MVN R2, #4
» LDR <address of destination>, <source of value> MOVW R3, #0OxCODE
. . MOVT R3, #OxFEED

» STR <source of value>, <address of destination> MOV R4, R1

Word = 2 Bytes
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Outline

» Computations, Status and Condition Codes
» Arithmetic Operations

» Logical Operations

» Control of Computational Condition o7 Smart

Sensor
(distance) .l

- PC

inch(es)
GOOD

» Control of Computational Flow
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Outline

» Computations, Status and Condition Codes
» Arithmetic Operations

» Logical Operations

» Control of Computational Condition Sensor
inch(es) | (gistance) .
GOOD

» Control of Computational Flow

PLC
"l i
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Knowledge from Fourier Transform

» Any signal or function is the sum of sine functions
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Any sine function is the sum of
arithmetic operations ...

2 I3 x4
e =1+x+—+—+—+
21 31 4!
, x X X
sinx=x——+———+
3157
xt oxt x°
cosx=1—-——+———+...
2! 4! 6!
2 3 4
X x X
Inl+x)=x——+———+... forlx|<l]
(+x)=x=—F=="-t. forly
3 5 7
x x  x
tan  (X)=x——+——-"+... forlxl<1
(x) Tt Jor|x|
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Basic Types of Computations

Arithmetic Logic
> X=Yy+Z » A=BANDC
> X=Yy-Z » A=BORC
> X=Yy'y+y/z » A=BXORC
> y=a*x+b » A= (BAND C) OR (C AND D)
» efc » etc
The Taylor series of a real or complex-valued function f(x) that is infinitely differentiable at a real or complex number a is the power series
' 11 1 f('”)(a) N
f)+ L0y Lo oy L gy = Y
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All digital computers have ALU
(i.e. Arithmetic and Logic Unit)

Operand A Operand B
Carry Bit from
Previous Operation 4n pal Carry Bit to Next
Operation
h 4
Carry in
Carry Dut
SELECT, . N- I:Jlt ALU
Y
ny [}UERFLDW » Current Program
ZERD Status Register
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CPSR: Current Program Status Register

» ARM Cortex Microcontrollers have a 32-bit Register:

Field Description Architecture
* NZCV Condition code flags All |
S J .............................. J aze[]e State . ﬂag .................................. 5T EJ a ndabove ......................
GE|[3:0] SIMD condition flags 6
E Endian Load/Store 6
A Imprecise Abort Mask 6
I IRQ Interrupt Mask All
F FIQ Interrupt Mask All
T Thumb state flag 4T and above
Mode[4:0] Processor mode All
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Condition
Codes

Opcode

Mnemonic

[31:28] extension Meaning Condition flag state

0000 EQ Equal Z set

0001 NE Not equal Z clear

0010 CS/HS Carry set/unsigned higher or same C set

0011 CC/LO Carry clear/unsigned lower C clear

0100 MI Minus/negative N set

0101 PL Plus/positive or zero N clear

0110 VS Overflow V set

0111 vC No overflow V clear

1000 HI Unsigned higher C set and Z clear

1001 LS Unsigned lower or same C clear or Z set

1010 GE Signed greater than or equal N setand V set, or
N clear and V clear (N ==V)

1011 LT Signed less than N set and V clear, or
N clear and V set (N !=V)

1100 GT Signed greater than Z clear, and either N set and V set, or
N clear and V clear (Z==0N==V)

1101 LE Signed less than or equal 7 set, or N set and V clear, or
Nclearand Vset(Z==1orN!=V)

1110 AL Always (unconditional) -
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Outline

» Computations, Status and Condition Codes
» Arithmetic Operations

» Logical Operations

» Control of Computational Condition | Smart

Sensor
(distance) .l

inch(es)
GOOD

» Control of Computational Flow
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All digital computers have ALU
(i.e. Arithmetic and Logic Unit)

Operand A Operand B
Carry Bit from
Previous Operation 4N ,-"n Carry Bit to Next
Operation
h 4
Carry in
Carry Dut
SELECT, . N- I:Jlt ALU
Y
ny [}UERFLDW » Current Program
ZERD Status Register
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ADD

» Encoding

31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 0

cond O 0o 1 0 0]S Rn Rd shifter operand

ADD adds two values. The first value comes from a register. The second value can be either an immediate
value or a value from a register, and can be shifted before the addition.

ADD can optionally update the condition code flags, based on the result.

Syntax

ADD{<cond>}{S} <Rd>, <Rn>, <shifter_operand>

S Causes the S bit (bit[20]) in the instruction to be set to 1 and specifies that the instruction
updates the CPSR. If S is omitted, the S bit is set to 0 and the CPSR is not changed by the
instruction.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Example

Use ADD to add two values together.

To increment a register value in Rx use:

ADD Rx, Rx, #1

You can perform constant multiplication of Rx by 2°+1 into Rd with:
ADD Rd, Rx, Rx, LSL #n

To form a PC-relative address use:

ADD Rd, PC, #offset

where the offset must be the difference between the required address and the address held in the PC, where
the PC is the address of the ADD instruction itself plus 8 bytes.

ADDEQ rO, r1, r2 ;10 =r1+r2 (if zero flag is set)

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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ADC R
+ R3 R2
: R5 R4
» Encoding
31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 0
cond O 0o 1 0 1]S Rn Rd shifter_operand

ADC (Add with Carry) adds two values and the Carry flag. The first value comes from a register. The second
value can be either an immediate value or a value from a register, and can be shifted before the addition.

ADC can optionally update the condition code flags, based on the result.

Syntax

ADC{<cond>}{S} <Rd>, <Rn>, <shifter_operand>

S Causes the S bit (bit[20]) in the instruction to be set to 1 and specifies that the instruction
updates the CPSR. If S is omitted, the S bit is set to O and the CPSR is not changed by the
instruction.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Example

Use ADC to synthesize multi-word addition. If register pairs RO, R1 and R2, R3 hold 64-bit values (where RO
and R2 hold the least significant words) the following instructions leave the 64-bit sum in R4, RS:

ADDS R4,R0,R2

ADC RS,R1,R3 R1 RO
If the second instruction is changed from: + R3 R2
ADC RS,R1,R3 RS R4

to:
ADCS R5,R1,R3

the resulting values of the flags indicate:

N The 64-bit addition produced a negative result.
C An unsigned overflow occurred.

Vv A signed overflow occurred.

Z The most significant 32 bits are all zero.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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SADD16 -
+ R5
i R3
» Encoding
31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 8 7 6 5 4 3 0
cond O 1 1 000 01 Rn Rd SBO 0O 0 0 1 Rm

SADD16 (Signed Add) performs two 16-bit signed integer additions. It sets the GE bits in the CPSR according
to the results of the additions.

Syntax

SADD16{<cond>} <Rd>, <Rn>, <Rm>

<Rd> Specifies the destination register.
<Rn> Specifies the register that contains the first operand.
<Rm> Specifies the register that contains the second operand.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Example

Use the SADD16 instruction to speed up operations on arrays of halfword data. For example, consider the
instruction sequence:

R3
LDR R3, [RO], #4 ; Load four bytes and RO skips four bytes
DR RS, [Rl], #4 :R5=mem32[R1]then R1 = R1+4 + R5
SADD16 R3, R3, RS :
STR R3, [R2], #4 ; Store four bytes and R2 skips four bytes R3
This performs the same operations as the instruction sequence:
R3
LDRH  R3, [RO], #2 ;Load two bytes and RO skips two bytes
LDRH R4, [R1], #2 + R4
ADD R3, R3, R4 '
STRH R3, [R2], #2 ; Storetwo bytes and R2 skips two bytes R3
LDRH
31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 8 7 6 5 4 3 0
cond 0O 0 O|P|U|T |W|I1 Rn Rd addr mode |1 O 1 1 |addr _mode

LDRH (Load Register Halfword) loads a halfword from memory and zero-extends it to a 32-bit word.

Syntax

LDR{<cond>}H <Rd>, <addressing_mode>

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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R2
S U B C flag It S is specified, the C flag is set to:
1 if no borrow occurs - R1
0 if a borrow does occur. RO '
» Encoding
31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 0
cond O 0jIf0o 0 1 0]S Rn Rd shifter_operand

SUB (Subtract) subtracts one value from a second value.

The second value comes from a register. The first value can be either an immediate value or a value from a
register, and can be shifted before the subtraction.

SUB can optionally update the condition code flags. based on the result.

Syntax
SUB{<cond>}{S} <Rd>, <Rn>, <shifter_operand> Borrow = NOT(Carry) = C - 1

<Rd> Specifies the destination register.

<Rn> Specifies the register that contains the first operand.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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E l C flag It S is specified, the C flag is set to:
Xal I I p e 1 if no borrow occurs
0 if a borrow does occur.

Use SUB to subtract one value from another. To decrement a register value (in R1) use:
SUB Ri, Ri, #1

SUBS is useful as a loop counter decrement, as the loop branch can test the flags for the appropriate
termination condition, without the need for a separate compare instruction:

SUBS Ri, Ri, #1

This both decrements the loop counter in Ri and checks whether it has reached zero.

R2
RSB : reverse subtract - R1 |
= RSB r0, r1, r2; rO=r2—r1 RO
RSC : reverse subtract with carry 5
= RSC O, r1, r2; r0=r2-r1+C -1 o

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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S B C C flag It S is specified, the C flag is set to:
1 if no borrow occurs
0 if a borrow does occur.
» Encoding
31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 0
cond 0O 0j1fo 1 1 0|S Rn Rd shifter_operand

SBC (Subtract with Carry) subtracts the value of its second operand and the value of NOT(Carry flag) from
the value of its first operand. The first operand comes from a register. The second operand can be either an
immediate value or a value from a register, and can be shifted before the subtraction.

Use SBC to synthesize multi-word subtraction.

SBC can optionally update the condition code flags, based on the result.

Syntax
SBC{<cond>}{S} <Rd>, <Rn>, <shifter_operand> BOFI’OW = NOT(CarI’y) - C = 1

<Rd> Specities the destination register.

<Rn> Specities the register that contains the first operand.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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C flag It S is specified, the C flag is set to:
Exa m p le 1 if no borrow occurs
0 if a borrow does occur.
R1
SUB : subtract 5
= SUBr0,r1,r2; r0=r1-r2 - — -
SBC : subtract with carry
m SBCr0,r1,r2;, r0=r1-r2+C -1 R1+C-1
- R2
RO

If register pairs RO,R1 and R2,R3 hold 64-bit values (RO and R2 hold the least significant words), the
following instructions leave the 64-bit difference in R4,RS:

SUBS

R4,R0,R2

SBC  R5,RL,R3 R1+C-1 RO
R3 R2
R5 R4

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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SSUB16

» Encoding

31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 8 7 6 5 4 3 0

cond O1 1 00001 Rn Rd SBO O 1 1 1 Rm

SSUB16 (Signed Subtract) performs two 16-bit signed integer subtractions. It sets the GE bits in the CPSR
according to the results of the subtractions.

Syntax

SSUB16{<cond>} <Rd>, <Rn>, <Rm>

<Rd> Specifies the destination register.
<Rn> Specities the register that contains the first operand.
<Rm> Specifies the register that contains the second operand.
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Example

Use SSUB16 to speed up operations on arrays of halfword data. This is similar to the way you can use SADD16.

You can also use SSUB16 for operations on complex numbers that are held as pairs of 16-bit integers or Q15

numbers. If you hold the real and imaginary parts of a complex number in the bottom and top half of a
register respectively, then the instruction:

SSUB16 Rd, Ra, Rb

performs the complex arithmetic operation Rd = Ra - Rb.

s=jo | s = [16 bits] + j [16 bits]
\
\ S=0+ jo
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MUL

» Encoding

31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 8 7 6 5 4 3 0

cond 00 0O0O0O0O0]|S Rd SBZ Rs 10 0 1 Rm

MUL (Multiply) multiplies two signed or unsigned 32-bit values. The least significant 32 bits of the result are
written to the destination register.

MUL can optionally update the condition code flags, based on the result.

Syntax

MUL{<cond>}{S} <Rd>, <Rm>, <Rs>

<Rd> Specifies the destination register for the instruction.
<Rm> Specifies the register that contains the first value to be multiplied.
<Rs> Holds the value to be multiplied with the value of <Rm>.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Example
Arithmetic Operators
Multiplication
i (With N
In assembly we write: 0x00000002 |RO L 48813
MUL R2. RO. R1 0x00000004 |R1 OO
MUL RS. R4 R3 gxooooooge R2 X 87989
MUL RS, R6, R7 0R000000771Rs - 39761
0xFFFF9070 [R5 /- N
0x0000BEAD ] ¢ 'IQ’UG ) 48813
0x000157B5 |R7 esu
. - 0x00009B51 | R8 X 87989
(there is an overflow) R (4295007057
R11
OxBEAD = 48813 Sty
0x157B5 = 87989 i
0x9B51 = 39761 R15

0x100009B51 = 4295007057 <
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UMULL

» Encoding

31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 8 7 6 5 4 3 0

cond 000O0T1TO0O0]|S RdHi RdLo Rs 100 1 Rm

UMULL (Unsigned Multiply Long) multiplies the unsigned value of register <Rm> with the unsigned value of
register <Rs> to produce a 64-bit result. The upper 32 bits of the result are stored in <RdHi>. The lower 32 bits
are stored in <RdLo>. The condition code flags are optionally updated, based on the 64-bit result.

Syntax

UMULL{<cond>}{S} <RdLo>, <RdHi>, <Rm>, <Rs>

<RdLo> Stores the lower 32 bits of the result.
<RdHi> Stores the upper 32 bits of the result.
<Rm> Holds the signed value to be multiplied with the value of <Rs>.
<Rs> Holds the signed value to be multiplied with the value of <Rm>.
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MLA y=a*x+Db

» Encoding

31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 8 7 6 5 4 3 0

cond 00 0O0O0O0T|S Rd Rn Rs 1 00 1 Rm

MLA (Multiply Accumulate) multiplies two signed or unsigned 32-bit values, and adds a third 32-bit value.
The least significant 32 bits of the result are written to the destination register.

MLA can optionally update the condition code flags, based on the result.

Syntax MLA rO, r1, r2, r3; ro=(r1*r2)+r3

MLA{<cond>}{S} <Rd>, <Rm>, <Rs>, <Rn>

<Rd> Specifies the destination register.

<Rm> Holds the value to be multiplied with the value of <Rs>.

<Rs> Holds the value to be multiplied with the value of <Rm>.

<Rn> Contains the value that is added to the product of <Rs> and <Rm>.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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UDIV (Could Be Done with Shift)

Syntax

UDIV{cond} {Rd}, Rn, Rm
where:

cond

is an optional condition code.

Rd

is the destination register.

Rn

is the register holding the value to be divided.
Rm

is a register holding the divisor.

Register restrictions

PC or SP cannot be used for Rd, BRn, Or Rm.

Architectures

LSL

LSR

ASR

ROR

RRX

Logical shift left by n bits

e [T T [TT}—o

Multiplication by 2"

Logical shift right by n bits Unsigned division by 2"
o— | | [ -] | ]
Arithmetic shift right by n bits Signed division by 2"

[ [T T T[]

32-bit rotate

[ ] ]

33-bit rotate. 33rd bit is Carry flag

Rotate right extended by one bit

—>||||---I||

This 32-bit Thumb instruction is available in ARMv7-R and ARMv7-M.

This ARM instruction is optional in ARMv7-R.
There is no 16-bit Thumb ubzv instruction.

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)
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Shift Operators

- m LSL: logical shift left
— m X <<y, the least significant bits are filled with zeroes
m LSR: logical shift right:

~——

= (unsigned) x >> vy, the most significant bits are filled with zeroes

m ASR: arithmetic shift right Bit 31 does not shift
= (signed) x >>y, copy the sign bit to the most significant bit
m ROR: rotate right —L 1L 11 ]----- >LL 1 T

= ((unsigned) x >>y) | (x << (32-y)) &y
m RRX: rotate right extended
m cflag << 31 | (( unsigned) x >> 1)

m Performs 33-bit rotate, with the CPSR’s C bit being inserted above
sign bit of the word

y=7;32-y=25; 25+6 =31

(0000000b31...b7) | (b6...b0 0...0)

(Learning, Teaching) <o> (Research, Innovation) <o> (Leadership, Service)



School of Mechanical & Aerospace Engineering

Logic Shift Left
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Logic Shift Right
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Arithmetic  pysg LSB
Shift 1101001 ]1]1
ol1]/olo|1]1]1]0

Left Arithmetic Shift
MSB LSB

i

Right Arithmetic Shift

0
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Shift Left versus Rotate Left

Shift Left Logical

ATATAIATATATA
,1]0/1/0/0/1j1/1]~—0

Rotate Left
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Rotate Right

ﬁﬁnnnnnﬁ

76 534 321 O CF

fﬁnnnnnnnnnnnnn&

151413 121110 98 7 6 54 321 0 CF

—>L 1 I [ ]----- od I I I I

X>>y, y=7

y=7;32-y=25; 25+6 =31

(0000000b31...b7) | (b6...b0 0...0)
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Rotate Right Extended
Perform 9-bit rotate-right

fﬁw\.nnnnr\f\
—

76 54 321 0 CF
Perform 17-bit rotate-right

N el Oy (3 (o [y (e 2 (3 (% (3 (3 (3

—

151413 121110 9 8 7 6 5 4 3 2 1 0 CF

Perform 33-bit rotate-right

’_‘/f\ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ}

31 30 29 4 3 2 1
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Example

LSL Rd, Rm, #@ to 31 Logical Shift Left Rd := Rm LSL 5-bit immediate
LSL Rd, Rs Logical Shift Left Rd :=Rd LSL Rs

LSR Rd, Rm, #1 to 32 Logical Shift Right Rd := Rm LSR 5-bit immediate
LSR Rd, Rs Logical Shift Right Rd := Rd LSR Rs

MOV r0, r1, LSL #1 s r0=r1*2

MOV r7, r5, LSL #2; r/f =rb<<2=r5%%4
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Example of Shifting Data

AREA Progl, CODE, READONLY

ENTRY

MOV ro, #0x1l1l ; load initial value

LSL rl, r0, #1 ; shift 1 bit left

LSL r2, rl, #1 ; shift 1 bit left
stop B stop ; Stop program

END
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Example of Doing n! (factorial of n)

AREA Prog2, CODE, READONLY

ENTRY

MOV r6,#10 ; load n into ré6

MOV r7,#1 ; 1f n=0, at least n! =1
loop CMP r6, #0

MuLeT  r7, ve, r7 ; 1*n*(n-1)*(n-2)*...*2*1

SUBGT r6, r6, #1 ; decrement n

BGT loop ; do another mul if counter!= 0
stop B stop ; stop program

END

What is the value at r7? Answer:

Initial value: 1

After Loop 1: 1*n

After Loop 2: 1*n*(n-1)

After Loop 3: 1*n*(n-1)*(n-2)

After Final Loop: 1*n*(n-1)*(n-2)*...*2*1

abRhwp=
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Outline

» Computations, Status and Condition Codes
» Arithmetic Operations

» Logical Operations

» Control of Computational Condition | Smart

Sensor
(distance) .l

inch(es)
GOOD

» Control of Computational Flow
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All digital computers have ALU
(i.e. Arithmetic and Logic Unit)

Operand A Operand B
Carry Bit from
Previous Operation 4N ,-"n Carry Bit to Next
Operation
h 4
Carry in
Carry Dut
SELECT, . N- I:Jlt ALU
Y
ny [}UERFLDW » Current Program
ZERD Status Register
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AND

» Encoding

31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 0

cond O 0|I{0O O O O|S Rn Rd shifter_operand

AND performs a bitwise AND of two values. The first value comes from a register. The second value can be
either an immediate value or a value from a register, and can be shifted before the AND operation.

AND can optionally update the condition code flags, based on the result.

Syntax

AND{<cond>}{S} <Rd>, <Rn>, <shifter_operand>

- O
o O
_
(@ Q=N
_

O -
- O
o O

<Rd> Specifies the destination register. AND

<Rn> Specifies the register that contains the first operand. O O 1 O 1 O O O
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Exam D le RO = 0000 0001 0001 0000

~R0 =1111 1110 1110 1111 R2 = 0000 0000 0000 0001

; . R1 = 0000 0000 0001 0001 —
Bit Banglng R4 =1010 1010 1100 1101

R3=1010 1011 1100 1101

Forcing bits to 0

—

A_D—F In C we would write: OxFFFFFEEF |RO
- 4 0x00000011 |R1
B # define MASK 0x0110 0x00000001 |R2
DestA = SrcA & ~MASK; 0x0000ARCD |R3

A B|F DestB = SrcB & ~MASK; 0x0000AACD |R4
O 010 R5
'.-.0.--.0.-..0.-1 . R6
0 110 In assembly we write: R7
;“1‘“0‘"(5“: MOVW RO, #0x0110 R8
111 MVN RO, RO R9
AND R2, R1, RO .

AND R4, R3, RO R12

R13

R14

R15
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ORR

» Encoding

31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 0

cond O o1 1 0 0]S Rn Rd shifter_operand

ORR (Logical OR) performs a bitwise (inclusive) OR of two values. The first value comes from a register.
The second value can be either an immediate value or a value from a register, and can be shifted before the
OR operation.

ORR can optionally update the condition code flags, based on the result.

Syntax

Y 001711100

ORR{<cond>}{S} <Rd>, <Rn>, <shifter_operand> 1 O 1 O 1 O 1 O
ORR

<Rd> Specifies the destination register.

<Rn> Specifies the register that contains the first operand. 1 O 1 1 1 1 1 O
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Exam p[e RO = 0000 0001 0001 0000

R1 = 0000 0000 0001 0001

R2 = 0000 0001 0001 0001

R4 =1010 1011 1101 1101

Bit Banging R3 =1010 1011 1100 1101
Forcing bitsto 1

A:D—F In C we would write: 0x00000110 |RO
: 0x00000011 |RT
B # define MASK 0x0110 0x000001111R2
DestA = SrcA | MASK; 0x0000ARCD |R3
A B|F DestB = SrcB | MASK; 0x0000ABDD | R4
0.0]0 v
‘0 111 In assembly we write: R7
1 0|1 MOVW RO, #0x0110 R8
e ORR R2, R1, RO R9
L ORR R4, R3, RO s
R12
R13
R14
R15
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E O Use EOR to invert selected bits in a register. For each bit, EOR with 1 inverts that bit, and EOR with O leaves it
unchanged. A

How to implement bitwise Negation?

» Encoding

31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 0

cond O 0|10 0 0 1]S Rn Rd shifter_operand

EOR (Exclusive OR) performs a bitwise Exclusive-OR of two values. The first value comes from a register.
The second value can be either an immediate value or a value from a register, and can be shifted before the
exclusive OR operation.

EOR can optionally update the condition code flags, based on the result.

Syntax
EOR{<cond>}{S} <Rd>, <Rn>, <shifter_operand> X1 X X1 XOR X»
<Rd> Specifies the destination register. 0 0 O
0 1 1
<Rn> Specifies the register that contains the first operand.
1 0 1
1 1 0
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Exam p[e RO = 0000 0001 0001 0000

R1 = 0000 0000 0001 0001

R2 = 0000 0001 0000 0001

R4 =1010 1010 1101 1101

Bit Banging R3 = 1010 1011 1100 1101

Flipping bits —
A:)D_F In C we would write: 0x00000110 |RO
. 0x00000011 |R1
B # deflne_MASK Px0110 . 0x000001011R2
DestA = SrcA A MASK, 0x0000ARCD |R3
A B|F DestB = SrcB A MASK; 0x0000AADD | R4
0 0[O 5
01 1 In assembly we write: R7
1 0|1 MOVW RO, #0x0110 R8
1110 EOR R2, R1, RO RO
e et EOR R4, R3, RO e
R12
R13
R14
R15
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B I C (What does it mean by saying “write 1 to clear a bit"?)
The second operand contains the flags indicating the bits in the first operand to be cleared
» Encoding
31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 0
cond O o1 1 1 0S8 Rn Rd shifter_operand

BIC (Bit Clear) performs a bitwise AND of one value with the complement of a second value. The first value
comes from a register. The second value can be either an immediate value or a value from a register, and can
be shifted before the BIC operation.

BIC can optionally update the condition code flags, based on the result.

Syntax

BIC{<cond>}{S} <Rd>, <Rn>, <shifter_operand> O O 1 1 1 1 O O
10101010

<Rd> Specifies the destination register. BIC

<Rn> Specifies the register that contains the first operand. O O O 1 O 1 O O

BIC rO, r1, r2 ;10 =r1 & Not (r2)
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Outline

» Computations, Status and Condition Codes
» Arithmetic Operations

» Logical Operations

» Control of Computational Condition S Smart
inch(es) (distance) .
GOOD

» Control of Computational Flow

PLC
"l i
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All digital computers have ALU
(i.e. Arithmetic and Logic Unit)

Operand A Operand B
Carry Bit from
Previous Operation 4N ,-"n Carry Bit to Next
Operation
h 4
Carry in
Carry Dut
SELECT, . N- I:Jlt ALU
Y
ny [}UERFLDW » Current Program
ZERD Status Register
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ARM Cortex Offers Four Instructions ...

CMP : compare

= CMP rO, r1; compute (r0 - r1) and set NZCV
CMN : negated compare

= CMN rO, r1; compute (rO +r1)  and set NZCV
TST : bit-wise AND test

s TST rO, r1; compute (rO AND r1) and set NZCV
TEQ : bit-wise exclusive-or test

= TEQTO, r1; compute (rO EOR r1) and set NZC

AND Gate eyt ouPuT Exclusive OR Gate - e

F

- = 0 O (>
- 0 =0 |w
- O 0o
@ >
[e]
- = 00 >
- O = O |m

0
1
0

a1 -
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CMP

» Encoding

31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 0

cond O o|r{1r o1 0|1 Rn SBZ shifter_operand

CMP (Compare) compares two values. The first value comes from a register. The second value can be either
an immediate value or a value from a register, and can be shifted before the comparison.

CMP updates the condition flags, based on the result of subtracting the second value from the first.

Syntax
y If condition x <y

(MP{<cond>} <Rn>, <shifter_operand> do

codes;

codes;
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Use TEQ to test if two values are equal, without affecting the V flag (as CMP does). The C flag is also

T E Q unaffected in many cases. TEQ is also useful for testing whether two values have the same sign. After the
comparison, the N flag is the logical Exclusive OR of the sign bits of the two operands.

» Encoding

31 28 27 26 25 24 23 22 21 20 19 16 15 12 11 0

cond O o0jIf1r o o0 1|1 Rn SBZ shifter_operand

TEQ (Test Equivalence) compares a register value with another arithmetic value. The condition flags are
updated, based on the result of logically exclusive-ORing the two values, so that subsequent instructions can

be conditionally executed.

Syntax
If condition x <y
do

TEQ{<cond>} <Rn>, <shifter_operand>

codes;

codes;
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Outline

» Computations, Status and Condition Codes
» Arithmetic Operations

» Logical Operations

» Control of Computational Condition S Smart
inch(es) (distance) .
GOOD

» Control of Computational Flow

PLC
"l i
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A computational flow may consist of
multiple sequences of instructions ...

Start a new
sequence

Start a new
with return "\

Algorithm Flowchart
sequence
without return
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B (without return) or BL (with return)

» Encoding

31 28 27 26 25 24 23 0

cond |1 0 1 %/ signed_immed_24

B (Branch) and BL (Branch and Link) cause a branch to a target address, and provide both conditional and
unconditional changes to program flow.

BL also stores a return address in the link register, R14 (also known as LR).
BL|, B
_———71 ................
Syntax N
B{L}{<cond>} <target_address> ’ A
where:
L Causes the L bit (bit 24) in the instruction to be set to 1. The resulting instruction stores a

return address in the link register (R14). If L is omitted, the L bit is 0 and the instruction
simply branches without storing a return address.
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Examples

J—
B label ; unconditionally branch to Tabel
BCC Tlabel ; branch to Tabel if carry flag is clear
BEQ Tabel ; branch to Tabel if zero flag is set
_ ‘ BL  func ; subroutine call to function
func
; Include body of function here
MOV PC, LR » R15=R14, return to instruction after the BL
BX R12 ; branch to address in R12; begin ARM execution if
__ ; bit 0 of R12 is zero; otherwise continue executing
» Thumb code
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Summary

» Computations, Status and Condition Codes
» Arithmetic Operations

» Logical Operations

» Control of Computational Condition o7 Smart

Sensor
(distance) .l

- PC

inch(es)
GOOD

» Control of Computational Flow
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NANYANG School of Mechanical & Aerospace Engineering

TECHNOLOGICAL
UNIVERSITY

Design, Machine, Control and Intelligence

“Ask not what your country can do for you — ask what you can do for
your country,” - John F. Kennedy

“Do not think that you are needy — think that you are needed in the
world”, - Manis Friedman

“Study will make you knowledgeable, resourceful, and hence more
needed”, - Xie Ming

Thank You for Listening!
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