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Bapatla Engineering College :: Bapatla
(Autonomous)

Vision

o To build centers of excellence, impart high quality
education and instill high standards of ethics and
professionalism through strategic efforts of our dedicated staff,
which allows the college to effectively adapt to the ever
changing aspects of education.

o To empower the faculty and students with the knowledge,
skills and innovative thinking to facilitate discovery in
numerous existing and yet to be discovered fields of
engineering, technology and interdisciplinary endeavors.

Mission

e Our Mission is to impart the quality education at par with
global standards to the students from all over India and in
particular those from the local and rural areas.

e We continuously try to maintain high standards so as to make
them technologically competent and ethically strong
individuals who shall be able to improve the quality of life and
economy of our country.
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Bapatla Engineering College :: Bapatla

(Autonomous)

Department of Electronics and Communication Engineering

Vision
To produce globally competitive and socially responsible
Electronics and Communication Engineering graduates to
cater the ever changing needs of the society.
Mission
e To provide quality education in the domain of Electronics
and Communication Engineering with advanced

pedagogical methods.

e To provide self learning capabilities to enhance
employability and entrepreneurial skills and to inculcate
human values and ethics to make learners sensitive

towards societal issues.

e To excel in the research and development activities

related to Electronics and Communication Engineering.
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Bapatla Engineering College :: Bapatla

(Autonomous)

Department of Electronics and Communication Engineering

Program Educational Objectives (PEQO’s)

PEO-I: Equip Graduates with a robust foundation in mathematics,
science and Engineering Principles, enabling them to excel in
research and higher education in Electronics and Communication
Engineering and related fields.

PEO-II: Impart analytic and thinking skills in students to develop
initiatives and innovative ideas for Start-ups, Industry and societal
requirements.

PEO-III: Instill interpersonal skills, teamwork ability,
communication skills, leadership, and a sense of social, ethical, and
legal duties in order to promote lifelong learning and Professional

growth of the students.
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Program Outcomes (PO’s)

Engineering Graduates will be able to:

PO1l. Engineering knowledge: Apply the knowledge of mathematics, science,
engineering fundamentals, and an engineering specialization to the solution of
complex engineering problems.

PO2. Problem analysis: Identify, formulate, review research literature, and
analyze complex engineering problems reaching substantiated conclusions
using first principles of mathematics, natural sciences, and engineering
sciences.

PO3. Design/development of solutions: Design solutions for complex
engineering problems and design system components or processes that meet
the specified needs with appropriate consideration for the public health and
safety, and the cultural, societal, and environmental considerations.

PO4. Conduct investigations of complex problems: Use research-based
knowledge and research methods including design of experiments, analysis
and interpretation of data, and synthesis of the information to provide valid
conclusions.

POS. Modern tool usage: Create, select, and apply appropriate techniques,
resources, and modern engineering and IT tools including prediction and
modeling to complex engineering activities with an understanding of the
limitations.

PO6. The engineer and society: Apply reasoning informed by the contextual
knowledge to assess societal, health, safety, legal and cultural issues and the
consequent responsibilities relevant to the professional engineering practice.
PO7.Environment and sustainability: Understand the impact of the
professional engineering solutions in societal and environmental contexts, and
demonstrate the knowledge of, and need for sustainable development.

POS8. Ethics: Apply ethical principles and commit to professional ethics and
responsibilities and norms of the engineering practice.

PO9. Individual and Teamwork: Function effectively as an individual, and as
a member or leader in diverse teams, and in multidisciplinary settings.

PO10. Communication: Communicate effectively on complex engineering
activities with the engineering community and with society at large, such as,
being able to comprehend and write effective reports and design
documentation, make effective presentations, and give and receive clear
instructions.

PO11l. Project management and finance: Demonstrate knowledge and
understanding of the engineering and management principles and apply these
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to one’s own work, as a member and leader in a team, to manage projects and
in multidisciplinary environments.

PO12. Life-long learning: Recognize the need for and have the preparation
and ability to engage in independent and life-long learning in the broadest
context of technological change.

Bapatla Engineering College :: Bapatla

(Autonomous)

Department of Electronics and Communication Engineering

Program Specific Outcomes (PSO’s)

PSO1l: Develop and implement modern Electronic Technologies
using analytical methods to meet current as well as future

industrial and societal needs.

PS0O2: Analyze and develop VLSI, IoT and Embedded Systems for

desired specifications to solve real world complex problems.

PSO3: Apply machine learning and deep learning techniques in

communication and signal processing.
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EMBEDDED SYSTEM & DESIGN
11 B.Tech. V Semester (Code 20EC504/J0O1-A)

Lectures : | 2 Hours/Week | Tutorial .| 0 Hour/Week Practical | : | 2 Hour/Week

CIE Marks | : | 30 SEE Marks | : | 70 Credits : 3

Pre-Requisite: Microprocessors, and Microcontrollers.

Course Objectives: Students will learn how to

> Learn basic design and architectural concepts of embedded systems.

Understand the concepts of Real-Time Operating Systems and provide the scheduling
Algorithms

Familiarize with the fundamentals of prevalent IP-Core: ARM Cortex M3/M4 & Design of an
embedded system using ARM Cortex Processor

Be able to use the instruction set of ARM Cortex M3/M4 processor and explain the ALP’s

>
>
> .
Using ARM processor

Course Outcomes: After studying this course, the students will be able to

CO1 | Describe different methodologies and approaches in the design of embedded systems

CO2 | Analyze the concepts of Real-Time Operating systems and scheduling Algorithms.

CO3 Illustrate the features, basic architecture and memory management unit of ARM Processors
co4 Simu_late_ ARM Programming models using Keil pVision for different embedded
Applications.
Mapping of Course Outcomes with Program Outcomes & Program Specific Outcomes
PO’s PSO’s \
(6{0) 1 2 31456 |7[8]9]10)11]12] 1 2 3
Co1 3 3
CO2 2 3 3
COo3 3 3
CO4 2 3 2 3 3
AVG 2.5 3 2 3 3

Syllabus
UNIT-1: EMBEDDED SYSTEMS DESIGN: Introduction to Embedded System, categories of
embedded system, specialties, and recent trends in Embedded System.
ARCHITECTURE OF AN EMBEDDED SYSTEM: Hardware Architecture, Software Architecture,
application Software, Communication Software, Development/Testing Tools
UNIT-2 : OVERVIEW OF RTOS: Architecture of the Kernel, Tasks, Task scheduler, real-time tasks,
Task scheduling, Interrupt Service Routine, Memory Management, Semaphores, Mutex, Mailboxes,
Message Queues, Event Registers, Pipes.
CLASSIFICATION OF SCHEDULING ALGORITHMS: Clock driven Scheduling, Event driven
Scheduling, Resource sharing, Priority inversion problem, Deadlock.
UNIT-3: EMBEDDED PROCESSORS: Introduction to ARM family, ARM Architecture-Pipeline,
Registers, Operation modes, Big Endian and Little Endian. Cache Mechanism, Memory Management Unit
UNIT-4: ARM INSTRUCTIONS: ARM and Thumb Instruction Sets, Data Processing Instructions, Data
Transfer Instructions, Control Flow Instructions, Basic Assembly Language Programs. Case Study: Smart
Phone, Digital Camera, and Automatic Washing Machine
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ECE Dept.

PRACTICAL EXERCISES
Exploring the features of Keil and RTX51

Task Creation and Deletion usingRTX51in Keil
TaskschedulingusingRTX51in Keil

Processing Critical Section using RTX51inKeil

Task Synchronization using RTX51semaphores in Keil
Task Communication using shared memory in Keil
Task Communication using RTX51 mailbox in Keil
Introduction to ARM Cortex M3Processor

ALP to multiplytwo16-bit binary numbers

ALP to find the sum of the first 10integers.

ALP to find the number of 0’°sand 1’sin32-bit data.
ALP to determine whether the given16-bitnumber is ODD or EVEN.
ALP to write data in RAM(CO4)

Display Hello World message using Internal UART.

15. Interface a Stepper motor and rotate it in clock wise and anti-clock wise direction.
*Any Ten programs Compulsory.
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1. Exploring the Features of Keil and RTXS51

AIM: To understand and utilize the features of Keil and RTX51 for real-time

operating system development.
APPARATUS:

1. Keil uVision IDE

2. RTX51 operating system

3. Microcontroller (e.g. STM32)
THEORY:

Keil is a development environment that provides a comprehensive set of tools for
creating embedded systems. It includes a compiler, assembler, linker, and
debugger, as well as a robust editor and project manager. Keil supports a wide
range of microcontrollers and provides a flexible and customizable development

environment.

RTX51 is a real-time operating system that provides multitasking,
synchronization, and communication mechanisms. It is designed to be highly
efficient and flexible, making it suitable for a wide range of applications. RTX51
provides a number of features, including task creation and management,
synchronization mechanisms such as semaphores and mutexes, and

communication mechanisms such as mailboxes and message queues.

One of the key features of RTXS51 is its support for multitasking. This allows
multiple tasks to run concurrently, improving the overall efficiency and
responsiveness of the system. RTXS51 also provides a number of synchronization
mechanisms, including semaphores and mutexes, which allow tasks to

coordinate their access to shared resources.

In addition to multitasking and synchronization, RTX51 also provides a number

of communication mechanisms, including mailboxes and message queues. These
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allow tasks to exchange data and coordinate their actions, making it easy to

implement complex systems.

Overall, Keil and RTX51 provide a powerful platform for real-time operating
system development. Their flexibility, efficiency, and robustness make them
suitable for a wide range of applications, from small embedded systems to large

and complex systems.

By leveraging the features of Keil and RTXS51, developers can create high-
performance and reliable real-time systems that meet the demands of today's
embedded systems applications. Whether you are developing a small
microcontroller-based system or a large and complex system, Keil and RTXS51

provide the tools and features you need to succeed.
PROGRAM:
#include <rtx51.h>
// Define a task
void task1(void) {
while (1) {
// Task 1 code here

os_delay(100); // Delay 100ms

}

// Define another task
void task2(void) {
while (1) {
// Task 2 code here

os_delay(200); // Delay 200ms
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}

// Main function
void main(void) {
// Initialize RTXS51
os_init();
// Create tasks
os_task_create(taskl, 0);
os_task_create(task2, O);
// Start scheduler
os_start_scheduler();
b
PROCEDURE:
1. Create a new project in Keil uVision IDE
2. Write a program that creates multiple tasks using RTX51

3. Use synchronization mechanisms to coordinate task access to shared

resources
4. Use communication mechanisms to exchange data between tasks
5. Compile and run the program

6. Observe and record the results

RESULT: Observed the basic program and how to use Keil and RTX51.
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2. TASK CREATION AND DELEATION USING RTX51

ECE Dept.

Aim: Write an embedded C program for 8051 microcontrollers using
RTXS51 Tiny to create a task and delete it. Report on the code execution
statistics by identify the time-consuming module for optimization

Apparatus required: 1.PC with Windows 10 64-bit OS.

2.Keil pVision5 Software,

Theory: Task is a unit of work or part of a program in execution. RTX51

Tiny supports a maximum of 16 standard tasks. They use individual

register bank of 8051 and have its own stack area. Standard tasks require

relatively more time for task switching and lesser internal memory. They

share a register bank and stack area. During standard task switch, current

contents of registers and stack are stored in external RAM.

RTX51 Tiny Task Declaration Syntax:

voidfunc (void) _task_num

where, num is a task ID number from O to 15.

RTX51 Tiny Task States:

State Description

RUNNING

Reapy

WarTing

DELETED
TIME-OUT

The task currently being executed is in the RunninG State. Only one task can he
running at a time.

Tasks which are waiting to be executed are in the ReaDy STATE. After the currently
running task has finished pracessing, RTX51 Tiny starts the next task that is ready.

Tasks which are waiting for an event are in the Waiming STaTE. If the event occurs,
the task is placed into the READY STATE.

Tasks which are not started are in the DELETED STATE.

Tasks which were interrupted by a round-robin time-out are placed in the TIME-OUT
STATE. This state is equivalent to the READY STATE.
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RTX51 Tiny Task Management Functions:

Function Name Parameter

os_create_task unsigned char task_number
Number of task to be started (=
number used for task
declaration).

os_delete_task unsigned char task_number

Number of task to be terminated.
os running task id  (void)

Description

Creates a task and includes it in
dispatching.

Terminates a task.

Returns the number (identification) of
the running task.

PROGRAM:

cprog.c

#include <reg51.h>
#include <rtx51tny.h>
#include <stdio.h>

extern char putchar(char c);
extern char getkey(void);
extern void serialinit(void);
void TASKO(void) _task_ 0O

{

serialinit();

printf("Task Creation/Deletion Example using RTX51 Tiny

RTOS\n");

printf("CPU: 8xC51RD2, Memory Model: Large, Code ROM Size:

Large, XTAL:
11.0592 MHz\n");

printf("In Options for Target -> BL51 Misc -> Overlay -> * | getkey,

printf ! *\n");
os_create_task(1);
os_delete_task(0);

}
void TASK1(void) _task_ 1

{

charc=""

signed char sc;

sc = os_running_task_id();

printf("Task with ID %d created.\n", (int)sc);

printf("\nTask 1 Deleting\n");
os_delete_task(sc);

}

ECE Dept.
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serial.c

#include <reg51.h>

#define BAUDRATE 9600

#define CRYSTAL 11059200

#define CONST (((CRYSTAL / 12) / BAUDRATE) >> 5)
charputchar(char c);

voidserialinit(void);

chargetkey(void);

voidserialinit(void)

{

EA = 1;

ES = 0;

PCON = 0X00;

TMOD = 0X20;

TH1 = OXOFF + 1 - CONST,;
SCON = 0X50;

TR1 = 1;

}

charputchar(char c)
{

SBUF = c;
while(!TI);

TI = 0O;

return(c);

h
chargetkey(void)

{

char c;
while(!RI);
c = SBUF;
RI = O;
return(c);

}

PROCEDURE:

1.

Open Keil uVisionS Software in a PC.

2. Create a new Project by clicking on Project menu followed by New

& W

Project submenu and give it a name.

. Select the target device as 8xC51RD2.

Configure the Options for Target for BL51 appropriately.

. Create two new source files by clicking on File menu followed by

New submenu.

. Type the C code and save it.

ECE Dept.
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7. Add the required source files into the project by right mouse
clicking on Source Group 1 in Project Window and select Add
Files to Group ‘Source Group 1.

8. Build the target file by clicking on Project menu followed by Build
target submenu.

9. Correct the errors if any and debug the project by clicking on
Debug menu followed by Start/Stop Debug Session submenu.

10. Open the required peripherals and debug the project.

OUTPUT:

File | Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NS |« 4 Hac)| [ | == 2 [ERE AR

£ & ‘ © | Target1 L'A\( &

Project e ] exploring_keilc ] embeddedcpgm_exp2.c  |*] task_creation_deletion _exp3.c®

= 33 Target1 01 #include <rtxSltny.h>

&3 Source Group 1 02
- [#) task_creation_deletion _e 03
04 3
= ity h 05 long counter3:

06 long counters:
07 3jobO () _task_ 0 {
08 os_create_task (0):
03 os_create_task (1):
10 os_create_task (2):
1 os_create_task (3):
12 os_create_task ()
13 while (1) ¢
14 counter0++:
15 3
L
17 3Jobl () _task_ 1 {
18 while (1) {
19 counteritis
- 5
21 }
22 3o0b2 () _task_ 2 {
23 while (1)

(i = R 24 counter2++;

Bero... [@co.. | Oru. [0, “

3uild Output
Rebuild target ‘'Target 1'
compiling task_creation_deletion _exp3.c...

linking...
Program Size: data=50.1 xdata=0 const=0 code=695
"eosdd8may” - O Error(s), 0 Warning(s).
ELT IR VRN L) Bacl@ e oelE s
o= 8y 3 i1 T s, LS Qe
FEHOlooo o OE&EEEA-CEE- 2- - x|
tegisters a Disassembly
= Reos — | jc: 0x03BE 7818 MOV RO, $RTX_TASKSP (0x18)
0 C: 0x09C0 -3 MOV @RO, 5P (0x81)
r 0 NeNan? Tan4 MOV A.$0x04
«
2
3 m task_creation_deletion _exp3.c RTX-TIH}' Tasklist =
a ——— -
5 o2 t‘”‘g counzerd; TID | Task Name St WaktforEvert | 5g | Tmer | Sack
: 03 long counterl; 0 job0 Timeout 0 DD (x34
7 04 long counterl; 1 jobl Timeout 0 0D %43
5 g 05 long counter3; 2 job2 Running 0 DD 52
e 0§ long counterd; 3 job3 Timeout 0 DD (eEl
2 07 3ab0 () task 0 { 4 jobd Timeout 0 DD OO
2 08 os_create_task (0};
09 o5 create task (1);
10 os_create_task (2):
1 1 os_create_task (3):
n o — 12 os_create_task (4):
dotr while (1)
sates counte
sec -
[ Froject | S5 Registers
Command & UART #1
saaning il [ ] B
unning wi

Load "C:\\

ECE Dept.
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3. TASK SCHEDULING USING RTXS51 TINY

AIM: Write an embedded C program for an 8051 microcontroller using
RTXS51 to create two tasks and schedule them using round robin
scheduling algorithm with a time slice of 1000 units. Report on the
code execution statistics by identifying the time-consuming module for
optimization.

APPARATUS: 1.PC with Windows 10 64-bit OS.
2.Keil pVision5 Software,

THEORY: A task is a unit of work or part of a program in execution. RTX51
Tiny supports a maximum of 16 standard tasks. They use an individual
register bank of 8051 and have their own stack area. Standard tasks require
relatively more time for task switching and lesser internal memory. They share
a register bank and stack area. During the standard task switch, the current
contents of registers and stack are stored in external RAM.

PROGRAM:

cprog.c

#include <reg51.h>

#include <rtx5S1tny.h>

#include <stdio.h>

extern char putchar(char c);

extern char getkey(void);

extern void serialinit(void);

void TASKO(void) _task_ O

{

serialinit();

printf("CPU: 8xC51RD2, Memory Model: Large, Code ROM Size:
Large, XTAL:

11.0592 MHz\n");

printf("In Options for Target -> BL51 Misc -> Overlay -> * | getkey,
printf ! *\n");

os_create_task(1);

os_create_task(2);

os_delete_task(0);

}
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void task1(void) _task_ 1

{
while(1)
{
printf("Task 1 Running and Task 2 Ready.\n");
PO++;
}
b
void task2(void) _task_ 2
{
while(1)
{
printf("Task 2 Running and Task 1 Ready.\n");
Pl++;
}
}
PROCEDURE:

1. Open Keil uVision5 Software in a PC.

2. Create a new Project by clicking on Project menu followed by
New Project submenu and give it a name.

3. Select the target device as 8xC51RD?2.

4. Configure the Options for Target for BL51 appropriately.

5. Create two new source files by clicking on File menu followed
by New submenu.

6. Type the C code and save it.

7. Add the required source files into the project by right mouse
clicking on Source Group 1 in Project Window and select Add
Files to Group ‘Source Group 1.

8. Build the target file by clicking on Project menu followed by
Build target submenu.

9. Correct the errors if any and debug the project by clicking on

Debug menu followed by Start/Stop Debug Session submenu.

10. Open the required peripherals and debug the project.

ECE Dept.
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OUTPUT:

File Edit View

Project Flash Debug Peripherals Tools SVCS

Window Help

EEE N

%Dﬁﬂﬂlﬁ“}@ﬂlqml‘-klpw‘aﬂ‘

(2 B B e | S8 Target1 & =
Project e [1 exploring_keil.c
—
=33 Targetl 01 #include <rtxSltny.h>
E1-43 Source Group 1 02 1long countex0):;
= round_robin_scheduling_ 03 long countexl;
04 long counterx2;
05 long counter3;
08 3ob0O () _task O {
07 os_create_task (1):
o8 os_create_task (2):
09 os_create_task (3):
10 while (1) {
11 countexrO++;
12
13 b
14 3}
18 Jjobl () _task 1 {
16 while (1) {
17 counterl++;
18
19 }
20 )
21 3Job2 () _task_2 {
22 while (1) {
23 councer2++;
< e ] » 24
Eero... [@so.. | BFu. [Op7e. | T i
= =S .
Rebuild target 'Target 1°'
compiling round robin scheduling exXp4.C...
linking...
Program Size: data=43.1 xdata=0 const=0 code=656
"eosdd8may™ - O Error(s), O Warning(s).
K CUsers\Adminh Decuments\eosddBmay.uvproj - Wisiond
File Edit View | Project | Flash Debug Peripherals Tools SVCS  Window Help
DId@ s wa|sc|es|ranneEreie i@ - el
Heelooo o ORERAIEZ0 8- 3-8 x|
Registers o @ Dpisassembly
Regater - MAIN:
= Aeg :0x09BE 7829 Mav RO, #RTX_TASKSF (0x23)
) 10x09C0 Re8l MoV @R0, 5P (0x81)
| fl i L TaNA MO L. #0x03
4
“re
] [] TASK COMMUNICATION.c
]
= o :-lnclu.cle <rtxsicny.h> RTX-Tiry - Tasklist
- ong counterd;
long counterl: TID | Task Name | State | WatforEvert | Sig  Tmer | Stack
long counterd: 111 .:2‘11 FRunning g gfrg gg:z
1 3
. || om e o 8n od
- —FAEE 3 jebld Timeout 0 BFE A0

os_create_task (1):
as_create_task (2);
as_create_task (3);

while (1) |

counterl++:

Command 0 [@ UsRT=1

[Running wi -
Load "C:\\

wwe HRestcri

ECE Dept.
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PROGRAM:

cprog.c

#include <reg51.h>

#include <rtx51tny.h>

#include <stdio.h>

extern char putchar(char c);

extern char getkey(void);

extern void serialinit(void);

void TASKO(void) _task_ O

{

serialinit();

printf("CPU: 8xC51RD2, Memory Model: Large, Code ROM Size:
Large, XTAL:

11.0592 MHz\n");

printf("In Options for Target -> BL51 Misc -> Overlay -> * | getkey,
printf ! *\n");

os_create_task(1);

os_create_task(2);

os_delete_task(0);

}
void task1(void) _task_ 1

{

while(1)

{

printf("Task 1 Running and Task 2 Ready.\n");
PO++;

}

b

void task2(void) _task_ 2

{

while(1)

{

printf("Task 2 Running and Task 1 Ready.\n");
Pl++;

}

}
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OUTPUT:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NS Hd@| £+ Rad| 9 o | o | d R Ww®EFEE K@ [=] |
(2 (B B &t 9| Tergeta EFIF -
Project = [1 exploring_keil.c
—
=33 Targetl 01 #include <rtxSltny.h>
=143 Source Group 1 02 1long countex0):;
= round_robin_scheduling_ 03 long countexl;
04 long counterx2;
05 long counter3;
08 3ob0O () _task O {
07 os_create_task (1):
o8 os_create_task (2):
09 os_create_task (3):
10 while (1) {
11 countexrO++;
12
13 b
14 3}
15 3jobl () _task_ 1 {
16 while (1) {
ke countexrl++;
18
19 }
20 }
21 3Job2 () _task_2 {
22 while (1) {
23 counctexr2++;
<« | e ] » 24
@ero... [@5o-. | Bru.. [Opre.. | JlLel i

Build Output

Rebuild target 'Target 1°'

compiling round robin scheduling exXp4.C...
linking...

Program Size: data=43.1 xdata=0 const=0 code=656
"eosdd8may™ - O Error(s), O Warning(s).

K C\Users\Admin! Documents\eosddBmay.uvproj - iVisiond
File Edit View | Project | Flash Debug Peripherals Tools SVCS  Window  Help

DBE@| 2 wtr]| 2 o] ee|nnnn|EEeg e Har@ - oelJx
Heelooo o v | OREES OIEZ08- 3- B-| -
Hamichs! a E
Fegster - MAIN:
= Rog | :0x09BE 7829 MoV RO, #RTX_TASKSE (0%29)
i :0x08C0  A681 MoV @RO, 5P (0x81)
“ LrNxN SO TaNR MOV A_#0x03
2
3 [ TASK_COMMUNICATION.c
“ #include <rtcxSicny.h> RTH-Tiny - Tasklist
_rﬁ long counterd;
© long counterl; TID | Task Name | State | WatforEvent | Sig  Timer | Stack |
& 7 long counterd: 0 jobD Running 0 OFE  RaC
= Sy long counters;: 1 jebl Timeodt 0 ©OF8 D2
a ‘b0 () task 0 ( 2 jeb2 TimeoLt 0 F8  E
b 4 sk 3 b3 Timeout 0 xF8  [eFD

as_creace_task (2);

os_create_task (3);
while (1}
counterd++;
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m
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)
1]
I
07 as_create_task (1);
]
]
1]
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12
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L= wo
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Command @ [@ UART#1
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Load "C:\\ Refresh
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4. Processing Critical Section using RTX51inKeil
AIM: To demonstrate the use of RTX51 in Keil to process a critical section of
code.
APPARATUS:
1. Keil software
2. RTX51 library
THEORY:

In embedded systems, a critical section is a region of code that requires
exclusive access to a shared resource. The RTX51 operating system provides a
mechanism for processing critical sections using the os_critical_section_enter()

and os_critical_section_exit() functions.

When a task enters a critical section, it must first lock the critical section to
prevent other tasks from entering it simultaneously. This is done by calling
os_critical_section_enter(), which sets a flag indicating that the critical section
is occupied. If another task attempts to enter the critical section while it is

occupied, it will be blocked until the occupying task exits the critical section.

Once a task has entered a critical section, it can access the shared resource
without fear of interference from other tasks. When the task has finished
accessing the shared resource, it must exit the critical section by calling
os_critical_section_exit(), which clears the flag and allows other tasks to enter

the critical section.

The use of critical sections ensures that shared resources are accessed in a
mutually exclusive manner, preventing data corruption and other concurrency-
related issues. RTX51 provides a efficient and easy-to-use mechanism for
processing critical sections, making it a popular choice for embedded systems

developers.

In addition to critical sections, RTX51 also provides other synchronization
mechanisms such as semaphores, mutexes, and events, which can be used to
coordinate access to shared resources. By using these mechanisms, developers
can write robust and reliable code that can handle the demands of real-time

embedded systems.
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PROGRAM:
#include <rtx51.h>

// Define a critical section
os_critical_section_t my_critical_section;

// Initialize the critical section
os_critical_section_init(&my_critical_section);
// Task 1
void task1(void) {
// Enter the critical section
os_critical_section_enter(&my_critical_section);
// Critical section code
// -
// Exit the critical section
os_critical_section_exit(&my_critical_section);

// Task 2

void task2(void) {
// Enter the critical section
os_critical_section_enter(&my_critical_section);
// Critical section code
// ...
// Exit the critical section
os_critical_section_exit(&my_critical_section);

PROCEDURE:

1. Create a new project in Keil and include the RTX51 library.
2. Write the program code as shown above.

3. Compile and run the program.

4. Observe the behavior of the tasks and the critical section.

RESULT: The tasks will run concurrently, but the critical section will be
processed exclusively by one task at a time. The output will depend on the
specific implementation and the tasks being run.
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5. Task Synchronization using RTX51 Semaphores in Keil

AIM: To demonstrate the use of semaphores in Keil for task synchronization.
APPARATUS:
1. Keil software

2. RTX51 library

THEORY:

Task synchronization is a crucial aspect of real-time operating systems,
ensuring that tasks access shared resources without conflicts. RTX51 provides
semaphores as a mechanism for task synchronization. A semaphore is a

variable that controls access to a shared resource by multiple tasks.

In RTXS51, semaphores are initialized using the os_semaphore_init() function,
which sets the semaphore's initial value. The os_semaphore_wait() function is
used to decrement the semaphore's value, blocking the task if the value is zero.
The os_semaphore_signal() function increments the semaphore's value, waking

up a blocked task if necessary.

When a task wants to access a shared resource, it first waits on the semaphore
using os_semaphore_wait(). If the semaphore's value is zero, the task is blocked
until another task signals the semaphore using os_semaphore_signal(). Once
the task gains access to the shared resource, it executes its critical section

code and then signals the semaphore to release the resource.

RTX51 semaphores ensure that only one task can access a shared resource at
a time, preventing data corruption and other concurrency issues. By using
semaphores, developers can write robust and reliable code for real-time

embedded systems.

In addition to semaphores, RTX51 provides other synchronization mechanisms

like mutexes and events, which can be used to coordinate access to shared
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resources. By leveraging these mechanisms, developers can create efficient and

reliable real-time systems.

In summary, RTX51 semaphores provide a powerful mechanism for task
synchronization, ensuring exclusive access to shared resources and preventing
concurrency issues. By understanding and utilizing semaphores effectively,
developers can create robust and reliable real-time embedded systems.
PROGRAM:

#include <rtx51.h>
// Create a semaphore
os_semaphore_t my_semaphore;
// Initialize the semaphore
os_semaphore_init(&my_semaphore, 1);
// Task 1
void task1(void) {
// Wait on the semaphore
os_semaphore_wait(&my_semaphore);
// Critical section
// -
// Signal the semaphore
os_semaphore_signal(&my_semaphore);
}
// Task 2
void task2(void) {
// Wait on the semaphore

os_semaphore_wait(&my_semaphore);
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// Critical section
/] ...
// Signal the semaphore
os_semaphore_signal(&my_semaphore);
}
// Delete the semaphore
os_semaphore_delete(&my_semaphore);
PROCEDURE:
1. Create a new project in Keil and include the RTX51 library.
2. Write the program code as shown above.
3. Compile and run the program.
4. Observe the behavior of the tasks and the semaphore.

RESULT: The tasks will run concurrently, but the semaphore will ensure that
only one task can access the shared resource at a time. The output will depend

on the specific implementation and the tasks being run.
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6. Task Communication using shared memory in Keil

AIM: To demonstrate the use of shared memory for task communication in

Keil.
APPARATUS:
1. Keil software
2. RTX51 library
THEORY:

Task communication is a vital aspect of real-time operating systems, enabling
tasks to exchange data and coordinate actions. Shared memory is a
mechanism that allows tasks to communicate by accessing a common memory
region. In RTX51, shared memory 1is implemented using the

os_shared_memory_create() function, which creates a shared memory block.

Once created, tasks can access the shared memory block wusing the
os_shared_memory_attach() function, which maps the shared memory block to
the task's address space. Tasks can then read and write data to the shared

memory block using standard memory access operations.

Shared memory communication is fast and efficient, as tasks do not need to
use operating system services to exchange data. However, it requires careful

synchronization to prevent data corruption and ensure consistency.

RTX51 provides synchronization mechanisms like semaphores and mutexes to
coordinate access to shared memory. Tasks must use these mechanisms to
ensure exclusive access to the shared memory region, preventing simultaneous

writes and ensuring data integrity.

Shared memory communication is suitable for tasks that need to exchange
large amounts of data or require low-latency communication. By using shared

memory, developers can create efficient and reliable real-time systems.
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PROGRAM:
#include <rtx51.h>
// Define a shared memory variable
os_shared_memory_t my_shared_memory;
// Initialize the shared memory
os_shared_memory_init(&my_shared_memory, sizeof(int));
// Task 1
void task1(void) {
int data = 10;
// Write to shared memory
os_shared_memory_write(&my_shared_memory, &data, sizeof(int));
b
// Task 2
void task2(void) {
int data;
// Read from shared memory
os_shared_memory_read(&my_shared_memory, &data, sizeof(int));
// Use the data
printf("Received data: %d\n", data);
}
PROCEDURE:
1. Create a new project in Keil and include the RTX51 library.
2. Write the program code as shown above.

3. Compile and run the program.



EMBEDDED SYSTEM & DESIGN(20EC504/JO1A) ECE Dept.

4. Observe the behavior of the tasks and the shared memory.

RESULT: The tasks will communicate with each other using the shared
memory, and the output will depend on the specific implementation and the

tasks being run.
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7. Task Communication using RTX51 Mailbox in Keil

AIM: To demonstrate the use of RTX51 mailbox for task communication in Keil.
APPARATUS:

1. Keil software

2. RTX51 library
THEORY:

Task communication is a crucial aspect of real-time operating systems,
enabling tasks to exchange data and coordinate actions. RTXS51 provides a
mailbox mechanism for task communication, allowing tasks to send and
receive messages. A mailbox is a buffer that stores messages, and tasks can

access it using the os_mailbox_create() function.

To send a message, a task uses the os_mailbox_post() function, which copies
the message to the mailbox. The message is then stored in the mailbox until a
task receives it using the os_mailbox_pend() function. If a task attempts to
send a message to a full mailbox, it will be blocked until space becomes

available.

Similarly, if a task attempts to receive a message from an empty mailbox, it will
be blocked until a message is available. RTXS51 provides synchronization
mechanisms like semaphores and mutexes to coordinate access to mailboxes,

ensuring exclusive access and preventing data corruption.

Mailboxes are suitable for tasks that need to exchange small amounts of data
or require asynchronous communication. By using mailboxes, developers can
create efficient and reliable real-time systems that meet the demands of

embedded applications.

In addition to mailboxes, RTX51 provides other communication mechanisms
like shared memory and message queues, which can be used to exchange data

between tasks. By leveraging these mechanisms, developers can create robust



EMBEDDED SYSTEM & DESIGN(20EC504/JO1A) ECE Dept.

and reliable real-time systems that meet the demands of embedded

applications.

The use of mailboxes in RTX51 provides a flexible and efficient way for tasks to
communicate, enabling real-time systems to respond to events and coordinate
actions. By understanding and utilizing mailboxes effectively, developers can

create high-performance and reliable real-time systems.
PROGRAM:
#include <rtx51.h>
// Define a mailbox
os_mailbox_t my_mailbox;
// Initialize the mailbox
os_mailbox_init(&my_mailbox, sizeof(int));
// Task 1
void task1(void) {
int data = 10;
// Send a message to the mailbox
os_mailbox_send(&my_mailbox, &data, sizeof(int));
}
// Task 2
void task2(void) {
int data;
// Receive a message from the mailbox
os_mailbox_receive(&my_mailbox, &data, sizeof(int));
// Use the data

printf("Received data: %d\n", data);
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b
PROCEDURE:

1. Create a new project in Keil and include the RTX51 library.
2. Write the program code as shown above.

3. Compile and run the program.

4. Observe the behavior of the tasks and the mailbox.

RESULT: The tasks will communicate with each other using the mailbox, and

the output will depend on the specific implementation and the tasks being run.
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8. Introduction to ARM Cortex M3 Processor
AIM: To provide an overview of the ARM Cortex M3 processor and its features.
APPARATUS:
1. ARM Cortex M3 processor

2. Keil software

THEORY:

The ARM Cortex M3 processor is a 32-bit microprocessor that is widely used in
embedded systems and microcontrollers. It is based on the ARMv7-M
architecture and is designed for high performance, low power consumption, and

small size.

One of the key features of the ARM Cortex M3 processor is its pipelined
architecture, which allows it to execute instructions in a series of stages. This
improves performance by allowing the processor to execute multiple instructions
simultaneously. Additionally, the processor uses the Thumb instruction set,
which is a compressed version of the ARM instruction set. This reduces code size

and improves performance.

The processor also has a number of built-in features, including a Nested
Vectored Interrupt Controller (NVIC) and a System Tick Timer (SysTick). The
NVIC allows for efficient handling of interrupts, while the SysTick provides a
regular tick interrupt. Furthermore, the processor has a memory protection unit

(MPU), which allows for memory access control and protection.

The ARM Cortex M3 processor is widely used in a variety of applications,
including microcontrollers, embedded systems, automotive systems, industrial
control systems, and consumer electronics. Its high performance, low power

consumption, and small size make it a popular choice for many applications.

However, the processor also has some limitations. For example, it has a limited
instruction set and a limited address space. Despite these limitations, the ARM
Cortex M3 processor is a powerful and efficient processor that is widely used in

many different applications.
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LPC2148 (ARM) MICROCONTROLLER:

LCD
PS/2 SERIAL PORT 0
AUDIO
| SERIAL PORT 1 |
JTAG
USB
BUZZER
RESET
SDIEARD VGA PORT
Procedure:

1. Introduction to the ARM Cortex M3 processor architecture:
The ARM Cortex M3 processor is a 32-bit microprocessor that is based on
the ARMv7-M architecture. It is designed for embedded systems and
microcontrollers. The processor core has the following features:
a. 32-bit instruction set
b. 32-bit data bus
c. 16-bit Thumb instruction set (for efficient code density)
d. Harvard bus architecture (separate data and instruction buses)
e. Pipelined architecture (for improved performance)
2. Overview of the processor's features, including:
The ARM Cortex M3 processor has several features that make it suitable

for embedded systems:
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a. Nested Vectored Interrupt Controller (NVIC): The NVIC is a built-in
interrupt controller that allows for efficient handling of interrupts. It
supports up to 240 interrupts and has a flexible priority scheme.

b. System Tick Timer (SysTick): The SysTick is a built-in timer that
provides a regular tick interrupt. It can be used for tasks such as
scheduling, timing, and synchronization.

c. Memory protection: The processor has a memory protection unit
(MPU) that allows for memory access control and protection.

d. Thumb instruction set: The Thumb instruction set is a compressed
version of the ARM instruction set. It provides efficient code density
and improved performance.

3. Discussion of the processor's applications, including:
The ARM Cortex M3 processor is widely used in various applications,
including:

a. Microcontrollers: The processor is used in many
microcontrollers, such as the STM32 and LPC175x series.

b. Embedded systems: The processor is used in various
embedded systems, such as industrial control systems,
automotive systems, and consumer electronics.

c. Automotive systems: The processor is used in various
automotive systems, such as infotainment systems, navigation
systems, and safety systems.

d. Industrial control systems: The processor is used in various
industrial control systems, such as motor control systems,
power supply systems, and automation systems.

Result: Understanding of the ARM Cortex M3 processor and its features, as
well as its applications in various fields.
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9. MULTPLICATION OF TWO 16 BIT NUMBERS USING ARM CORTEX-3

AIM: To study and verify the multiplication of 2 16-bit numbers using ARM
cortex-3 ALP program.

APPARATUS: 1. PC with Windows 10, 64-bit OS.
2. Keil pVision4 Software.

PROCEDURE:
1. Double click on pvision 4 icon in the desktop.

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NS 4@ s a@s|sc|ev | PanR|EEERD Fasaleod a|@)
X &% ¢ @

Bo...| {}Fu..[OpTe.. |

CAP NUM SCRL OVR R/W.

e
) Flash Debug  Peripherals Tools SVCS Window Help

New vision Project.. B DJa#lale os a|EA

New Multi-Project Workspace...
Open Project... &

Save Project in pVisiond format
Close Project

Export
Manage

Select Device for Target...

Remove Item

AX options... Alt=
(6]

el

& Batch Build...

& Transiate.. cti-F7
{4 stop build

it _pros.

2 DI\ARMEMB\lap_prgs_2021\oddeven.uvproj
3 D:AARMEMB\lap_prgs_2021\0neszeros.uvproj
4 DAARMEMB\lap_prgs_2021\multiply16.uvproj
5 DAARMEMB\lap_prgs_2021\p5.uvproj

6 D\ARMEMB\lap_prgs_2021\p6.uvproj

7 D:\ARMEMB\embLabPrg\p6.uvproj

Epr.. [@5o.[{ & CUsers\UsenDesktop\ps.uvproj

‘Build Output 9 C:\Users\User\Desktop\p4.uvproj

10 C:\KeiNARM\EXamples\Blinky\Blinky.uvproj

< ¥

Create anew pVision project M SCi W

= o
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3. Browse and create a new project in the required location.

Organize v New folder

¢ Favorites [ Libraries. ). Objects
B Desktop H «@ Homegroup | practice programs.
{18 Downloads {8 User ). printout_juneSth
1 Recent Places 1% Computer | ResultDigit
@ OneDrive € Network |, Seshu projects.
L activity | studentDetails
9 Libraries )i Keerthana || studentTestPapers
Documents L LabFinalBxamTT | visiLab
J) Listings

Save astype: | Project Files (*.uvproj)

(~ Hide Folders

@er.. [@oo. | Oru | Opre |

CAP NUM SCRL OVR R/W.

4. Select the target device (here, LPC1768 from NXP) from the list or type

the exact name of the device. Press OK.

1 C\Users\User\Desktop\demo.uvpro; - pVisiond 0
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NB 4@ s sa|ac|ev | Pann|EErk® Ha#lale od a|EA]
R R ER Y

: Description:
59 NP [ARM 3262 Cortex M3 Microcortroler with MPU, CPU dock up o 100N »
- 5128 onchp Rash ROM vitheranced Fah Memary Acoeletr
e Fogramng(5F) and i oplton Pogaming (49)
G4 RAM, Nested Voctored et Cortoler
channel purpose DMA cortroler, AHBMam.APB
[themet 10/100 MAC with RMIl nteface and dedicated DI
usaznuwmmwmmmmmnm
08 wih two charnels, Four UARTS, one with ful 3
e Three 5P 125 ntefac
(G mapeee /o e, 208 ADC i 8 correl T06k DA

agement
(Coystal oscletor, 4MHz intemal RC oscilator, PLL,

<

[0 ] o |

CAP NUM SCRL OVR R/W.

ECE Dept.
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5. Copy start up to Project folder and add to project file”?- Press NO.

B CAUsers\Usen\Desktop\de i-wisord T W W W T T T =TT =]
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NB A% @9 | av | PR AR|EFEEHKR D Ha#®lale o 5 a|E@ A

Blﬁi@&l“'

O Copy 'startup_LPCl7sccs' to Project Folder and Add File to Project ?

e S

o [@ 6o | Oru [Ogte |

CAP_ NUM SCRL OVR R/W.

6. In the project window, right click on source and select Add new item to

group “source groupl”.

W CUsers\U: d ~Wiso

Z - uis . - o | . e
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NS 4@ s ad|sc|ev |rann|EFER® Ha*lale oo e|E)a

CEE L 8 o D& &% ¢ @

=53 Target 1
- =

AKX Options for Group ‘Source Group 1'.. Alt=F7
| AddNew Item to Group ‘Source Group 1'...

Add Existing Files to Group ‘Source Group 1'...

Add Group...

Remove Group ‘Source Group 1 and its Files
b Manage Project Items...

Open File
Open List File
Open Map File
Open Build Log
(4] Rebuild all target files
[ Build target 7
Translate File
{4 Stop build

Show Include File Dependencies

o | @ Bo..| (3 Fu.. Oy Te.. |
Build Output

<

Add a new Item to Group

:

Simulation CAP NUM SCRL OVR R/W.
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7. Select ASM file and give name of the file with .s extension and press

ADD.

B CUserUsenDesitopvdemounprsi - wWisiond T T W W e e e T (=@ <
Fa*lale oo a3

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

=323 Target1
{21 Source Group1

Create a new assembler source file and add it to the project.

@ User Code Template
Asm File (:5)

@er.. [@oo. | Gru | Oe.

Build Output

< G

Simulation CAP NUM SCRL OVR R/W.

8. Type the program in the editor space and save

B Cusensenbesiopiemonnpr - wiiord I W | O

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NBSH@| s @9 | pann|EEERD HRa#(@le 00|
S EE C | 8] et & &% ¢ @
Project 2E 2 demos ‘ v X
EﬁTargetl 1 ;ALP TO MULTIPLY TWO 16 BIT NUMBERS
{7 Source Group 1 2 AREA Reset, DATA, READONLY
3 EXPORT _ Vectors
4 _ Vectors
5 DCD 0X20001000
6 DCD Reﬂet_ﬂandler;
7
8 AREA MULTIPLY, CODE, READONLY
9 ENTRY
10 EXPORT Ra::r__ﬂnndler
11 Reset_Handler
12 MOV r0, #numl
13 MOV ri,#num2
14 MUL r2,r0,rl
15 LDR r3,=product
16 STR r2, [r3]
17 stop B stop
18
19 AREA DATA2, DATA, READWRITE
20 numl EQU OXFFFF smaximum valur of 16 bit number

21 num2 EQU OXFFFF
22 product DCD 0X0
23 END

Ber.. [@so...| Gru.|OyTe.. |
Build Output '8

Simulation L:24 C1 CAP NUM SCRL OVR RW
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9. Translate the program by select the icon from tool bar or from menu bar,

also Check for errors and warnings in the bottom window.

Bc i —uvisiona T . S——— . s wmtuT )
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
TSH@| s @9 o I Uiz | Ha#s @le o & &[@)

CEEE
'Projf & Transhat
e the currently aciive e |

95| Torgets

ALP TO MULTIPLY TWO 16 BIT NUMBERS
AREA Reset, DATA, READONLY
EXPORT _ Vectors
__Vectors
DCD 0X20001000
DCD  Reset_Handler:

1463 Source Group1
demo.s

AREA MULTIPLY, CODE, READONLY
9 ENTRY

10 EXPORT Reset_Handler
11 Reset_Handler

12 MOV r0, #num1

13

14

15

16 3

17 stop B stop

18

139 AREA DATA2, DATA, READWRITE

20 numl EQU OXFFFF smaximum valur of 16 bit number

21 num2 EQU OXFFFF
22 product DCD 0XO
23 END

@ er.. [@5o..| (Fru.. [Op7e.. | || < i, ] v
Build Output. 2 B
assembling demo.s... =
demo.s(19) : warning: A1581W: Added 2 bytes of padding at address 0x12
"demo.s" - 0 Error(s), 1 Warning(s).

‘ »

y active file

| €

Translate the currentl Simulation 124 C1

10. If no error, Select “Build” icon from tool bar or from menu bar.

CUseraUsenDesktopdemouvproj - wvisond T T S T ||

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

EH@ s am|9 IE I & Ha#l@le o & &)
SlEe
Project [#] demos v x
243 1 ;ALP TO MULTIPLY TWO 16 BIT NUMBERS
&3 Source Group 1 2 AREA Reset, DATA, READONLY
[3) demos = EXPORT _ Vectors
4 _ Vectors
5 DCD 0X20001000
6 DCD Reset_Handler;
7
8 AREA MULTIPLY, CODE, READONLY
9 ENTRY
10 EXPORT Reset_Handler
11 Reset_Handler
12 MOV x0
13 MoV
14 MUL
15 LDR
16 STR
17 stop B stop
18
19 AREA DATA2, DATA, READWRITE
20 numl EQU OXFFFF smaximum valur of 16 bit number
21 num2 EQU OXFFFF
22 product DCD 0X0O
23 END
22 |
‘ i 0
Build Output & B
assembling demo.s %
demo.s(19) : warni 1581W: Added 2 bytes of padding at address 0x12
"demo.s" - 0 Error(s), 1 Warning(s).
. l
Build target files Simulation L:24 C1 CAP NUM SCRL OVR R/W

11. Start the debug session from Menu bar.
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T o | O
Has @le o ® &)

-6 T Yo v

12. Press OK

13. Press function key F11 or select “step” option under Debug menu for single step

execution and verify the outputin register window/Memorywindow /xPSR.

PROGRAMME:

ALP TO MULTIPLY TWO 16-BIT NUMBERS
AREA Reset, DATA, READONLY
EXPORT Vectors
_Vectors
DCD 0X20001000
DCD Reset_Handler;
AREA MULTIPLY, CODE, READONLY ENTRY
EXPORT Reset_Handler
Reset_Handler
MOV r0,#num1
MOV rl,#num?2

MUL r2,rO,r1
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LDR r3,=product

STR r2,[r3]

stop B stop

AREA DATA2, DATA, READWRITE

numl EQU OXFFFF;maximum value of 16 bit
number num?2 EQU OXFFFFj

product DCD 0X0 END

OUTPUT:

W8 CUsers\Usen\Desktop\demo.uvpro; - pVisiond =il @
File Edt View Project Flash Debug Peripherals Tools SVCS Window Help
Gd@| a9 Ie E | Hae@e o o e|E)
el areu » | ORGE 28D W
Registers 2 @ Disassembly 2
[Regser _ [Vawe 16: STR 2, [x3] B
TG o6 16 GO;A STR r2, [r3,40x00]
i Lot oxa0000036 BEE B 0x00000018
Al OO OXDOODOOI; 0000 DCW DXODOO
R2 OcFFFEOD01 i s
& b 0x0000001C 0000 DCW 0%0000
R4 00000000 i0x0000001E 1000 DCW 0x1000
i 0000050 0X00000020 0000 Mozs 0,70 E|
T ;
A7 00000000 . »
Re xD0000000
R9 00000000 [#] demo.s v x
R0 00000000 = T =
RI11 00000000 P Y
R12 00000000 3
RI3(SF) (20001000 8 AREA MULTIPLY, CODE, READONLY
RI4(LR)  OeFFFFFFFF o ENTRY
RISRC) 000000018 10 EXPORT Reset_Handler
®oxPSR Bd1000000 11 Reset_Handler
- Banked 12 o £
¥ System &
= Intemal 14
Mode  Thread 3
Prviege  Pivieged 16 =
Sack  MSP 17 stop B stop
Stes 13 18
I Sec 0.00000108 19 AREA DATA2, DATA, READWRITE -
[E project | E5 Registers < I *
Command 2 Memory 2 2

l~~~ Currently used: 36 Bytes (0%) 3| B m .
= ress: (010000000

0x10000000: 01 0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

E 0x100000 0 0f 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ~
ASSIGN BreakDisable BreakEnable BreakKill BreakList BreakSet BreakAccess COVERAGE | @ Call Stack + Locals | E]Memory1 ] Memory 2

Simulation 1:0.00000108 sec L17 C1 CAP NUM SCRL OVR RW

0.2 0 @ EREIAFIE] 58 FPaw0o "
RESULT:(0xFFFF) x(0xFFFF) =OxFFFEOOO1 in the product memory location.
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10. SUM OF FIRST TEN INTEGER NUMBERS USING ARM CORTEX-3
AIM: To find sum of first ten integer numbers using ARM cortex-3 ALP program.

APPARATUS: 1. PC with Windows 10, 64-bit OS.
2. Keil pVision4 Software.

PROCEDURE:
1. Double click on pvision 4 icon in the desktop.

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NEd@| s as|sc|wv|pann|E=Frg = HJa®ale o a|EA
= =T B

Geo.| Oru [Opre. |

| Flash Debug Peripherals Tools SVCS Window Help -
New Vision Projct.. EAE) Fa#laleos a|E X
New Multi-Project Workspace...
Open Project...

Save Project in pVisiond format
Close Project

Export
Manage

Select Device for Target...
Remove Item
A options... Alt=F7

Clean targets
L2 Build target 4
(] Rebuild all target files

& Batch Build...

&2 Transiate... Ctri=F7
{4 stop build

1 )_Prgs.

2 DAARMEMB\lap_prgs_2021\oddeven.uvproj
3 D:\ARMEMB\lap_prgs_2021\0neszeros.uvproj
4 D:\ARMEMB\lap_prgs_2021\multiply16.uvproj
5 D:\ARMEMB\lap_prgs_2021\pS.uvproj

6 D:\ARMEMB\lap_prgs_2021\p6.uvproj

7 )
[Epr., [@5o. [ { 8 C\Users\UsenDesktop\ps.uvproj
‘Build Output | 9 C:\Users\User\Desktop\p4.uvproj

10 C:\KeilARM\Examples\Blinky\Blinky.uvproj |

<« ¥
Create a new pVision project CAP_ NUM SCRL OVR R/W.
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3. Browse and create a new project in the required location.

B Desktop »

Organize v

New folder
¢ Favorites [ Libraries . Objects
B Desktop & Homegroup | practice programs
8 Downloads H (B User | printout juneBth
% Recent Places 1% Computer | ResultDigit
@ OneDrive GNetwork |1 Seshu projects
. activity |, studentDetails
4 Libraries ). Keerthana |, studentTestPapers
DicimeiEs |, LabFinalbxamTT )| visiLab
& Music )| Listings
N Dt

File name:
Save astype: | Rroject Files (uvproj)

'+ Hide Folders

e [ @80 | Y Fu.. | Oy Te. |
Build Output

CAP NUM SCRL OVR R/W.

4. Select the target device (here, LPC1768 from NXP) from the list or type the exact

name of the device. Press OK.

(T R i i - = =TeT

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

ﬂﬁdﬂl s aB|oc|en | nRRR|EEER® Ha@leos a1
Target 1 X dB e
=]

Vendor:
Device:
Toolset:

Search: Description:
=9 NXP 32bit Cortex- ﬂ!“ﬁmﬁﬂawﬁhMPU CPU clock upto 100N
a SIZ(BmthadmewlhmM ash Memary Accelertor,

e o 3 W

ik A, e e Cortroler,
charnlGenrlpuposs DA orcoer, A48 Nt 470
Ethemet 10/100 MAC with RMIl nterface and dedicated DI
158 201t sped Device cntolr nd o 0T oot vt O
wlh channels, FwUART; mewlh Modem inte
125 ntefac

Three 5P
Genrdpuposel/Opm ‘2b2 ADC wih 8 channcls, 105t DAC.
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S. Copy start up to Project folder and add to project file”?- Press NO.

1 ClserUsenbeskopdemowers; - iisond T T T (=]

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NB 4@y c@|ac| e | PanR|EEERD Ha#@leod a5

1@ (5] 8] s BN

0 Copy 'startup_LPC17xcs" to Project Folder and Add File to Project 7

e

Eer... [@so...| (3 Fu..[04Te.. |

CAP NUM /W

6. In the project window, right click on source and select Add new item to group

“source groupl”.

C\Users\User\Deskiop!demouvproj - Vi

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NE @6 ss|oc|ev | PRnn|EEERD HR @l oo e|@) R
CEE e ] 88 T & &% @

A Options for Group ‘Source Group ... Alt-F7

| Add New ltem to Group ‘Source Group 1.
* Add Existing Files to Group ‘Source Group 1'...
Add Group...
Remove Group ‘Source Group 1' and its Files
b Manage Project Items..

Open File
Open List File
Open Map File
Open Build Log

[ Rebuild all target files

(£ Build target 1
Translate File

[ Stop build

Show Include File Dependencies

o [ @0 | {3 Fu. | OyTe.. |
Build Output

< »
Simulation CAP NUM SCRL OVR R/W.

Add a new Item to Group
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7. Select ASM file and give name of the file with .s extension and press ADD.

T CoserUsenDesaopdemounpr - wWisond T T W T o e T T (=[5 %]
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NEZ4d@| s s@|oc|cv|PRBR|EFEgRD Caslale oo a|@) A

©EE e 8 e

3 Torget 1
{7 Source Group 1

Create a new assembler source fie and add it o the project.

g Text File ()
5 nege e (0

@ User Code Template

AsmFie ()
[

| C:\Users\User\Desktop

Eer., (@so..| OFu.|04Te.. |

»
CAP NUM SCRL OVR R/W.

Simulation

8. Type the program in the editor space and save.

B Cleretbesopdemounpr ot T T | 5

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NEH@| s sB[9c| e |[RRRR| =EEKEBD Hael@le o)A
CSEE L 8 e H&ldze @

Project L /8 demos* ‘ v X
B3 Target1 1 ;ALP TO MULTIPLY TWO 16 BIT NUMBERS
[@-{] Source Group1 2 AREA Reset, DATA, READONLY

3 EXPORT _ Vectors

4 _ Vectors

5 DCD 0X20001000

6 DCD Reset_Handler;

7

8 AREA MULTIPLY, CODE, READONLY
9 ENTRY

10 EXPORT Reset_Handler

11 Reset_Handler

12 MOV r0, $numl

13 MOV r1,#num2

14 MUL r2,70,r1

15 LDR r3,=product
16 STR 12, [r3]
17 stop B stop
18
19 AREA DATA2, DATA, READWRITE

20 numl EQU OXFFFF smaximum valur of 16 bit number
21 num2 EQU OXFFFF

22 product DCD 0X0

23 END

24 |

o [ @60, Oru [ OyTe.. |
Build Output 2@

Simulation 124 C1 CAP NUM SCRL OVR RW
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9. Translate the program by select the icon from tool bar or from menubar, also

Check for errors and warnings in the bottom window.

W C\Users\UseA\Desktop\demo.uvproj - pVisiond e — (=R
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NESd@| s -@&l9 | | & o
B | e DR 8% e

1= Iz | Hae @le oo &)

Translate the currently acti

;ALP TO MULTIPLY TWO 16 BIT NUMBERS
AREA Reset, DATA, READONLY
EXPORT _ Vectors

1
1463 Source Group1 2
3
4 _ Vectors
5
6
‘
8

£ demoss

DCD 0X20001000
DCD Reset_Handler;

AREA MULTIPLY, CODE, READONLY

9 ENTRY

10 EXPORT Reset_Handler

11 Reset_Handler

12

13

14

15

16 STR 12, [r3

17 stop B stop

18

19 AREA DATA2, DATA, READWRITE
20 numl EQU OXFFFF smaximum valur of 16 bit number

21 num2 EQU OXFFFF
22 product DCD 0XO

23 END

24
Eer. (@so..| O ru.|Oy7e.. | || < i s
Build Output 2
assembling demo.s... i

demo.s(19) : warning: A1581W: Added 2 bytes of padding at address 0x12
"demo.s" - 0 Error(s), 1 Warning(s).

¢ b

Translate the currently active file Simulation L:24 C1 CAP NUM SCRL OVR R/W

T e nw el % TIPIITE

10. If no error, Select “Build” icon from tool bar or from menubar.

File Edit View Projec Flash Debug Peripherals Tools SVCS Window Help

|®n IE 1| & Hael@ecoa
v X
1 ;ALP TO MULTIPLY TWO 16 BIT NUMBERS
(-3 Source Group 1 2 AREL Reset, DATA, READONLY
".[8) demos 3 EXPORT _ Vectors

4 _ Vectors

5 DCD 0X20001000

6 DCD Reset_Handler;

7

8 AREA MULTIPLY, CODE, READONLY

9 ENTRY

10 EXPORT Reset_Handler

11 Reset_Handler

12 MOV 0, $numl

13 MOV r1,#n

14 MUL r2,x0,rl

15 LDR =product

16 STR r2, [z3

17 stop B stop

18

19 AREA DATA2, DATA, READWRITE

20 numl EQU OXFFFF smaximum valur of 16 bit number

21 num2 EQU OXFFFF

22 product DCD 0X0

23 END

22 |
Eer.. |[@so..| (ru.|Oy7e.. | |f € i ’
Build Output 1@
assembling demo.s... %
demo.s (19): warning: A1581W: Added 2 bytes of padding at address 0x12
"demo.s" - 0 Error(s), 1 Warning(s).
¢ ’

B

arget

Simulation
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11. Start the debug session from Menubar.

1B CUsers\UseriDesktop\demo.uvproj - pisiond T e T T o0 e

File Edit View Project Flash Debug ) Peripherals Tools SVCS Window Help

NS @] @] @ stastoppebugsession anfs | Hae|l@le o o[ A
S (8 # e ¥8 | Torge 257 Reset cPU
Gl Run 5 v X
143 Target1 Q stop BIT NUMBERS
READONLY
B1€3 Source Group1 B st -
[ demos xs
{}* Step Over F10
(¥ stepout Ctri<F11
{} Runto Cursor Line Ctri+F10
% Show Next Statement E, READONLY
Breakpoints... cti-6 ler
@ Insert/Remove Breakpoint ]
Enable/Disable Breakpoint Ctri=FR
(9 Disable All Breakpoints
& Kill All Breakpoints Ctri+Shift=F9
05 support ’
Execution Profiling [} r——
imum valur of 16 bit number
Memory Map... R 6Lt mumbe
Inline Assembly...
Function Editor (Open Ini File)..
0| Opte.. | | <1 i ol
Build Output 2
assembling demo.s... R

demo.s(19) : warning: A1581W: Added 2 bytes of padding at address 0x12
"demo.s" - 0 Error(s), 1 Warning(s).

< )

Simulation 1:24 C1 CAP NUM SCRL OVR RAW.

12. PressOK

CAUsers\UserDesktopdemouvprojvsond T T e o O )

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NESd@| s @9 | | nnn I I |
xBolaro v BREE G- D@

2 @ oisassembly 2

—I—Rewer Value 22 MOV 0, $numl it
B F64F70FF  MOVW 20, $0XFFFF
. i 13: MOV rl,#num2
R 00000000 0x0000000C FE4F71FF MOV 1, $0XFFFF
R 00000000 14: MUL 2,70, 71
3 00000000 000000010 FBOOF201 MUL r2,x0,r1
i 00000000 1s: LDR r3,=product
000000014 4B01 LDR 3, [pc,#4] ; €0x0000001C B
RS 00000000 @
STR 12, [r3] 5
R6 000000000 AvnnnnnATE Entn aro w3 fea Eavnnt &
R7 00000000 <lal G
R8 000000000
RY x00000000 2
R10 00000000 DCD 0X20001000 5
R 000000000 DCD Reset_Handler;
R12 (x00000000 .
R13(SP)  (x20001000 AREA MULTIPLY, CODE, READONLY P
RI4(LR) OFFFFFFFF s ENTRY
RIS(PC)  (x00000003 10 EXPORT Reset_Handler
*aPSR Bd01000000 11 Reset_Handler 3
- Barked M 12 0, #numl 1
- System 13
&5 Intemal 14 1
Mode  Thread 15 3,=product
Priviege  Privieged 16 STR 12, [z3]
Sack  MSP 17 stop B stop
States 0 18
Sec 0.00000000 19 AREA DATA2, DATA, READWRITE i
[EProject | S Registers <[ i ] ol |
Command 2 @ Call stack - Locals &
**x Currently used: 36 Bytes (0%) * | Name Location/Value Type |
v )

>
ASSIGN BreakDisable

BreakXill BreakList BreakSet COVERAGE

1 Call Stack + Locals ﬁmemm 1

Simulation

348 PM

1

ECE Dept.

13. Press function key F11 or select “step” option under Debug menu for

single step execution and verify the outputin

window/Memorywindow /xPSR.

register
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PROGRAMME:

ALP TO FIND THE SUM OF FIRST 10INTEGERS

AREA Reset, DATA,READONLY
EXPORTVectors

Vectors

DCD 0X20001000
DCDReset_Handler;

AREA SUM, CODE, READONLY ENTRY

EXPORT Reset_HandlerReset Handler

MOV r3,#10 MOV r0,#0 MOV rl1,#1

11 ADD r0,rO,r1 ADD rl,rl1,#1 SUBS r3,#1 BNEI1
LDR r4, =RESULT STR rO, [r4]

XSS BXSS
AREA DATA2, DATA, READWRITE

RESULT DCD 0XO0
END ;Mark theend

Result:
1+2+3+......+10=55d=37H. (At RESULT Memory Location)

D:\ARMBLEMB\lap_prgs_2021\p5.uvproj - pVisiond. =n
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
== ) 3| iz |
XN EO BTG o | [ R R
Registers 2 Disassembly @
Register Value = 0x0000001E 4co01 LDR r4, [pc, #4] ; @0x00000024 -
z | 21: STR 0, [z4]
et paan, o: ooggéozo 6020 STR 0, (x4, $0x00
R1 000000008 x00000020, e Toji=ig#ox00]
he mcnccccnuoccu ox00000022 E7EE s 0%00000022
B WOCDEUWCCD 0x00000024 0000 ;CW OXOOOO
b et oxooocoozs 1000 DCW oxmoo
ol mﬂnﬂmﬂﬂﬂmﬂcﬂ 0x00000029 0000 MOVS g 0
il ™ o oxooocoozz; 0000 MOVS fo'fo
%4 WUDCDEUDWCCD OXOOOOOO2C 0000 MOVS >0’_0
ind ™ o B oxooocoozt 0000 MOVS fo'fo
it WUDCDEUDWCCD OXOOOOOOin 0000 MOVS >0’_0
il ™ oxooocooaz 0000 MOVS fo'fo -
R11 x00000000 = IeT =
R12 x00000000 1 C
R13(SP) x20001000 [ p5s i
R14(LR) OKFFFFFFFF
nac me rnnnnnnan Y 23 Xss B XSS T
& Project | S5 Registers < " 4
Command o Memory 3 o
with Code Size Limit: 32K - -
Load :\\ARM&EMB\\lap prgs_2021\\p5.axf" Address: | 10000000 m;
0x10000000: 37 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
*** Restricted Version with 32768 Byte Code Size Limit 0x10000017: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
*%% Currently used: 44 Bytes (0%) 0x1000002E: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x10000045: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0O
0x1000005C: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x10000073: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0O
0x1000008A: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0x100000A1: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0O
~ |0x10000088: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
» 0x100000CF: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0O
0x100000E6: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
> FaRv NaVaYaVaVakot o W a Va W Vo W Va O Ta O Lo W Vo Mo Va WA VW Vi NN a Vi N a Vi NV N Y M VM T N Y W Y W Y W T W4V W4V M4 Vo M4 Y =
ASSIGN BreakDisable BreakEnable BreakKill BreakList BreakSet BreakAccess COVERAGE | &icalstack - Locals | Memory 1 [ Memory3 |

Simulation 11:0.00000567 sec L23C1 CAP NUM SCRL OV

@‘4|\% J @ (e} liHi”ﬂH;) B e 0D
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11. TO FIND THE 1’S AND O’ IN THE GIVEN 32-BIT DATA USING
ARM CORTEX-3

AIM: To find the 1’s and O’s in the given 32-bit data using ARM
cortex-3 ALP program.

APPARATUS: 1. PC with Windows 10, 64-bit OS.
2. Keil nVision4 Software.

PROCEDURE:

1. Double click on uvision 4 icon in thedesktop.

 isiond ol i
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NB4@[ s aa|oc|cv|nnnnEErEnkHn Hael@leos a8

PEECEET RN

)
CAP NUM SCRL OVR R/W

2. Select “New pvision Project” from project in the menu bar.

| pVisiond = e 1
File Edit View [Project] Flash Debug Peripherals Tools SVCS Window Help
ommntns1an et B Iael@le0s aE
New Multi-Project Workspace...
Open Project...
swepoecin
Gose e

Export »
Manage >

Select Device for Target...

(] Rebuild all target files

& ateh ..

& Tonsite.. cnerr
£ stop build

1 D:\ARMEMB\lap_prgs_2021\writedataRam.uvproj

2 DARMEMB iap_prs_2021\oddevenvprc)

3 DARMEMS Uap_pros_2021\oneszeros. wproj

4 D:\ARMEMB\lap_prgs_2021\mul .uvproj.

'S D:\ARMEMB\lap_prgs_2021\p5.uvproj

6 D:\ARMEMB\lap_prgs_2021\p6.uvproj

7 DAARMEMS emblabPro)p6 uvpro)

Eer. [@ro.[{ 8 cwserssendesktopws.uvpro)

uldoutput | 9 CAUsers\UsenDesktop\od.uvproj I =]
10 C:\Keil\ ARM\Examples\Blinky\Blinky.uvproj. I -

Create anew Vision project CaP NUM SCF

3. Browse and create a new project in the required location.
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~ [42 ]| search Desktop

S Favorites * Glibraries ), Objects
B Deskiop Hi #d Homegroup |, practice programs
{18 Downloads [ User . printout_juneSth
%] Recent Places 18 Computer |, ResultDigit
@ OneDrive GNetwork 1 Seshu projects

L activity |, studentDetails

(54 Libraries | Keerthana | studentTestPapers
[ Documents ). LabFinalBemTT )| visiLab
41 Music ), Listings

(4 Hide Folders

Eer... [@o...| (Hru.|OyTe.. |

ECE Dept.

4. Select the target device (here, LPC1768 from NXP) from the list or type

the exact name of the device. PressOK.

{ CUseniUserbeskopdemoanprs - wisont T I T T (= O =]
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NB 4@ 5 B[ 0]cn [ PRBR[EEEKD Ha#@le oo aERR]

2 LIS G ] raroet <

Descrption:

[ARM 32b¢ Cortex M3 Microcoriroler with MPU, CPU dock up o 100N »

5128 on-chip Flash ROM wih enhanced Fiash Memory Acceleretor,

In-System Programming (15P) and In-Appication Programming (14P),

648 RAM, Nested Vectored Inemupt Cortroler,

[Eght channel General purpose DMA cortrolle, AHB Matrc, APB,

[Ethemet 10/100 MAC wih RMl ntefface and dedicated DMA,

USB 2.0ful-speed Device cortroller and Host/OTG cortroller wth DM/

CAN 208 it twocramelsFour AT o il ocenriac
Tree SPI/SSP 125 interfac

Gsnudw'wul/om 12b# ADC with 8 channels. 10b¢ DAC,

BEer.. [@so..| (o |0yTe.. |
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5. Copy start up to Project folder and add to project file”?- PressNO.

1 CaUsers\UseriDesktop\demouvproj - isiond. W T —— B
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NEd@| 4 a@|ac|as|PannEFEER® Ha#laleod &l

S L@ B & e [IX|dB2e@
Project ]

O Copy startup_LPCI7xxs' to Project Folder and Add File to Project 7

[

Ber.. [@so...| (Hru. |0y Te..
Build Output

6. In the project window, right click on source and select Add new item to
group “source groupl”.

k4 Ci\Users\User\Desktop\demo.uvproj - pVision4

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NG A@| s ad|ac|en [ PBARFEEERS® EERICTEEEY =Y
CEE | 8 e U &% 6@

-5 Target1
L 1
#X Options for Group 'Source Group 1'... Alt+F7

| Add New Item to Group ‘Source Group 1'..
Add Existing Files to Group ‘Source Group 1.
Add Group...
Remove Group 'Source Group 1° and its Files
4 Manage Project Items...

OpenFile
Open List File
Open Map File
Open Build Log

[#4 Rebuild all target files

[%] Build target 7
Translate File

{4 Stop build

Show Include File Dependencies

BEer.. [@so..| o |047e.. |

Build Output =]
< »
Add a new Item to Group

Simulation
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7. Select ASM file and give name of the file with .s extension and

pressADD.

(e P e i —

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NS A4@| s ad|ac|as PARR|EEEKD FR @l 06|
CEE ] ¥ et EENE =

243 Target 1
{7 Source Group 1

Create a new assembler source file and add it to the project.

I_QCFIe(.c)
@C“ﬂe(m)

Lﬂ Header Fie (h)
[ reeree
¥ inog e (9

@ User Code Template

« b

Simulation CAP NUM SCRL OVR R/W

{8 CUsers\UsertDeskiopa

File Edit View Project Flash Debug Peripherals Tools

PRRAR|EEER® HRa#(@le 00|

NESH@| s @]9 o]
S EE C | 8] et & &% ¢ @

Project 1@ m‘ v X
EﬁTargetl 1 ;ALP TO MULTIPLY TWO 16 BIT NUMBERS
{7 Source Group 1 2 AREA Reset, DATA, READONLY

3 EXPORT _ Vectors

4 _ Vectors

5 DCD 0X20001000

6 DCD Reset_Handler:

7

8 AREA MULTIPLY, CODE, READONLY
9 ENTRY

10 EXPORT Reset_Handler

11 Reset_Handler

12 MOV r0, #numl

13 MOV ri,#num2

14 MUL r2,r0,rl

15 LDR r3,=product

16 STR r2, [r3]

17 stop B stop

18

19 AREA DATA2, DATA, READWRITE
20 numl EQU OXFFFF smaximum valur of 16 bit number

21 num2 EQU OXFFFF
22 product DCD 0X0
23 END

Simulation L:24 C1 CAP NUM SCRL OVR RW
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9. Translate the program by select the icon from tool bar or from menubar,

also Check for errors and warnings in the bottom window.

CUsers\UsenDesktop\demovprej - wisond T .. e il M o O e

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

@9 [rRAn[EEEL® Haelale oa@)1
4 & L] ¥8) rarget MR & o®
[Proj[ & Translate ( B demos v x
Translate the currently a e —
=] 1 ;ALP TO MULTIPLY TWO 16 BIT NUMBERS
£ Source Group 1 2 AREA Reset, DATA, READONLY
3 demos 3 EXPORT _ Vectors
4 _ Vectors
5 DCD 0X20001000
6 DCD Reset_Handler:
7
8 AREA MULTIPLY, CODE, READONLY
9 ENTRY
10 EXPORT Reset_Handler
11 Reset_Handler
12 MOV x0, #numl
13
14
15
16 STR x2, [x3]
17 stop B stop
18
19 BREA DATA2, DATA, READWRITE
20 numl EQU OXFFFF ;maximum valur of 16 bit number
21 num2 EQU OXFFFF
22 product DCD 0XO
23 END
24
. [@so..| Bru..|OyTe <[ i ] al
Build Output 2

assembling demo.s...
demo.s(19): warning: A1581W: Added 2 bytes of padding at address 0x12
"demo.s" - 0 Error(s), 1 Warning(s).

¢ »

Translate the currently active file Simulation L:24 C1

10. If no error,Select “Build” icon from tool bar or from menubar.

1 CoserUseriDeskopdemouprl - wiisord T e o -

\ File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
ZH@| s a9 | & ® = | Haelale &)
E §8 | rarget EE R |

i
Project [ L) [3] demoss v x
ARl b gt e ;ALP TO MULTIPLY TWO 16 BIT NUMBERS

1

(€3 Source Group1 2 AREA Reset, DATA, READONLY
[£] demoss 3 EXPORT _ Vectors

4 _ Vectors

5

6

7

8

DCD 0X20001000
DCD Reset_Handler;

AREA MULTIPLY, CODE, READONLY
9 ENTRY
10 EXPORT Reset_Handler
11 Reset Handler

17 stop B stop

19 AREA DATA2, DATA, READWRITE

20 numl EQU OXFFFF ;maximum valur of 16 bit number
21 num2 EQU OXFFFF

22 product DCD 0X0

23 END

22 |

Een, [@5o. | Gro. Oyt < i, | |

Build Output n g
assembling demo.s... .

demo.s(19): warning: A1581W: Added 2 bytes of padding at address 0x12
"demo.s" - 0 Error(s), 1 Warning(s).

¢ )

Build target files Simulation 124 C1 CAP NUM SCRL OVR RW.
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11. Start the debug session from Menubar.

1 CAUsersUsenDesktopidemouvpro) - iisiond T e o

File Edit View Project Flash [Debug ) Peripherals Tools SVCS Window Help

Ned §| e |\ @ start/stop Debug Session Ctri+F5 o & ¢|| @I PR a\‘
S [ 88 @ Lo 98| rorod 35 Resetcru
Project 1| Run £ v x
-4 Target1 @ stop BIT NUMBERS
1463 Source Group1 B step fy | RERDONLY
demo.s s
{}* Step Over F10
{}* StepOut Ctri=F11
{} Runto CursorLine ctri-F10 |
% Show Next Statement )E, READONLY
Breakpoints... ctr-B fer
@ Insert/Remove Breakpoint ]
Enable/Disable Breakpoint Ctrl=F9
(9 Disable All Breakpoints
& Kill Al Breakpoints Ctri+Shift=F
05 Support »
Execution Profiling ¥ ADWRITE
Memory Map imum valur of 16 bit number
Infine Assembly...
Function Editor (Open Ini File)...
Eer.. |[@so..| (Fru..[0y7e.. “ [ il 5

Build Output 2
assembling demo.s...
demo.s(19) : warning: A1581W: Added 2 bytes of padding at address 0x12
"demo.s" - 0 Error(s), 1 Warning(s).

< »

Enter or leave a debug session Simulation _ 124 C1 CAP NUM SCRL OVR RW.

" e e Yy BB

12. PressOK

Hc i-wico W e T | O

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

Nedd| s a@aj9 o] | @ £} e 3|
B BB CH 3%
Registers @ @) Disassembly
Regser [vae . 12: MOV z0, $numl =
< F64F70FF  MOVW 0, $0XFFEF
= S 13: MOV r1, $num2
o s 0x0000000C F64FT1FE  MOVH 1, $0XFEFE
i G‘WMWMW o ooggéam FBOOF};gi x;(,];o,xl 2,20,r1
" s LDR r3 ‘produc: e
R4 0x00000000 2 75
i i 0x00000014 4301 LDR 3, [pc,#4] ; @0x0000001C
e st 16: STR r2, [z3] =
Avnnnannig &nin aro vo tez savan
R7 00000000 »
RS 00000000
R9 00000000 4] demos v x
R10 000000000 5 DCD 0X20001000 &
Rl 000000000 6 DCD Reset_Handler:
R12 (00000000 7 .
R13(SP)  (x20001000 8 AREA MULTIPLY, CODE, READONLY E
R14(LR) OxFFFFFFFF 9 ENTRY
RIS (PC)  0:00000008 10 EXPORT Reset_Handler
EoxPSR 01000000 11 Reset_Handler |
Banked s 12 MOV r0, $numl =
System 13 MoV
- intemal 14 oL
Mode Thread 15 LDR
Piviege  Prvieged 6 STR
Stack  MSP 17 stop B stop
Ses 0 18
Sec 0.00000000 19 AREA DATA2, DATA, READWRITE -
B project | B <[ i ] »
Command Call Stack « Locals r
w** Currently used: 36 Bytes (0%) - ‘Nam Location/Value Type
g v
> |
ASSIGN BreakDisable Breakinable BreakKill Breaklist Breaksec Breakhccess COVERAGE | GiCallstack + Loals [Muenon t

Simulation 11:0.00000000 sec 112 C1 CAP NUM SCRL OVR RW.
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13. Press function key F11 or select “step” option under Debug menu for single step

execution and verify the outputin register window/Memorywindow /xPSR.

PROGRAM
ALP TO FIND THE 1’S AND 0’ IN THE GIVEN 32-BITDATA.

AREA Reset, DATA, READONLY
EXPORT Vectors
Vectors
DCD 0X20001000
DCD Reset_Handler;

AREA onezero, CODE, READONLY
num EQU 15

ENTRY

EXPORT Reset_Handler Reset_ Handler

MOV r0,#num MOV r1,#0 MOV r2,#0 MOV r3,#32
loop LSRS r0,r0,#1

BCS 11 ADD r2,#1

B 12

11 ADD r1,#1

12 SUBS r3,#1

BNE loop

LDR r5,=ones LDR r6,=zeros STR r1,[r5] STR r2,[r6]
stop B stop

AREA DATA1, DATA, READWRITE
ones DCB 0XO0 zeros DCB 0XO0O
END
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RESULT:

ECE Dept.

If num=15dno of 1’s=4 and No.of 0’s=28d=1Ch

BEMB\lap_prgs_2021\

R S .

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NG @] v @9 o | BomOm| e -] = # [[@) @ o a|[@I X
E @ eee ol | 8EEA- (0] - M- @ m-| oe-
Reglsters & (@ Disassembly (@
Rogister [ Value [~ JMoxoo00002C 4E02 LDR r6, [pc, #8] : @0x00000038 -
= Core 27: STR r1, (r5)
RO 00000000 Oxoogg?ozz €029 s I:T':x5| *l, (xS, #0x00)
R1 00000004 2 h
R2 ©<0000001C |ox00000030 6032 STR r2, [r6, #0x00)
R3 00000000 29: stop B stop
300000 0x00000032 E7FE B 0%00000032
:; :1000“000 '0x00000034 0000 DCW 0x0000
R S frouiae o) mw o
:; :OODODOOO ‘OKOOOOOOSA 1000 DCW 0x1000
R9 000000000 10x0000003C 0000 Movs x0,x0
A BL0C000 0%0000003E 0000 MoVS xo,xo0
R11 000000000 <l >
R12 (00000000 oS
R13(SP) 1000 =
R14 (LR) O<FFFFFFFF SUBS r3,#1 -
R15 (PC) 24 BNE
# xPSR 0x61000000 28 LDR
# Banked 26 LDR
- System 27 STR
= Intemal 28 STR =2, (6]
Mode Thread Bl 29 stop B stop
Prvilege Prvileged
Stack MSP -~ AREA DATA1, DATA, READWRITE A
[ Project | B8 Registers - s il ] 5
Command 2 @ Memory 2
Running with Code Size Limi 32K =il
Load "D:\\ARMGEMB\\lap_prgs_2021\\oneszeros.ax£" (ARG 10000000
0x10000000: 04 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
"%* Restricted Version with 32768 Byte Code Size Limit ~ lox10000017 00 00 00 00 00 00 00 0O 00 0O 00 0O 00 0O 0O 00 0O 0O 0O 00 00
s 2 |0%1000002E: 00 00 00 00 00 00 OO0 00 00 0O 00 00 0O OO 00 0O OO 00 00 0O 00 0O
> |0%x10000048: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
ASSIGN BreakDisable le 11 BreakLisc | &ican stack - Locats | @ Memory 1 (0 Memory 2 |
Simulation 1:29 C:1 CAP NUM SCRL OVR R/W

4:10 PM

21
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12. ALP to determine whether the givenl6-bitnumber is ODD or EVEN.

Aim: To find whether the given16-bitnumber is ODD or EVEN using ARM cortex-3 ALP
program.

APPARATUS: 1. PC with Windows 10, 64-bit OS.
2. Keil pVision4 Software.

PROCEDURE:
1. Double click on pvision 4 icon in the desktop.

¥ - B S W %
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

BAd@| s B[ c|ev|[PRAR|FFEEKLD Ha®@le oo a8
BRI

@eo.| Oru [Upre |
‘Build Output

& wVisiond P N —

_ _
] Flash Debug Peripherals Tools SVCS Window Help

New wision rojct. B Ha#lale oo aE N

New Multi-Project Workspace...
Open Project...

Save Project in pVisiond format

Close Project

Export
Manage

Select Device for Target...
Remove ltem
X options... Alt=FT

Clean targets
L2 Build target 4
(#4] Rebuild all target files
& Batch Build...
2 Transiate... Ctrl+F7
{4 stop build

T _prgs

2 DA\ARMEMB\lap_prgs_2021\oddeven.uvproj

3 D:ARMEMB\lap_prgs_2021\0neszeros.uvproj

4 D:ARMEMB\lap_prgs_2021\multiply16.uvproj

5 DAARMEMB\lap_prgs_2021\p5.uvproj

6 D:\ARMEMB\lap_prgs_2021\p6.uvproj

7 D:\ARMEMB\embLabPrg\p6.uvproj

8 C:\Users\User\Desktop\p5.uvproj

9 C:\Users\Usen\Desktop\p4.uvproj

10 C:\KeiNARM\EXamples\Blinky\Blinky.uvproj

Create a new pVision project CAP NUM SCRL OVR R/W.
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3. Browse and create a new project in the required location.

=
—

Belajs oo amma

Organize +  New folder #- @

B Desktop »

¢ Favorites [ Libraries . Objects
B Desktop & Homegroup | practice programs
8 Downloads H (B User | printout juneBth
% Recent Places 1% Computer | ResultDigit
@ OneDrive GNetwork |1 Seshu projects
. activity |, studentDetails
4 Libraries ). Keerthana |, studentTestPapers
DicimeiEs |, LabFinalbxamTT )| visiLab
& Music )| Listings
N Dt

File name:
Saveastype: |Project Files (uvproj)

'+ Hide Folders

@eo..| (}ru..|OyTe.. |

4. Select the target device (here, LPC1768 from NXP) from the list or type the exact

name of the device. Press OK.

W C\Users\UseriDesktop\demouvproj - wisiond T " sE R
File Edt View Projec Flash Debug Perpherals Tools SVCS Window Help

NS d@] s 282 c|c0 | PBANREEER® Ha#l@eos alEms

SIS 8] rroas X A2 e@

(A=)

[ARM 3262 Cortex W3 Nicrocortroler with MPU, CPU dock up o 100N »

1512kB on-chip Flash ROM wih enhanced Fiash Memory Accelrstor,

In-System Programming (ISP) and In-Applcation Programming (14P),

164<B RAM, Nested Vectored Intempt Coriroler,
controler, AHB M, APB,

Ethemet dedicated DNIA,

USB 2.0fullspeed Device controller and Host/OTG corfroler wih DM/

ICAN 2.08 with two chames, Four UARTS, one wi ful 3

12C serali l il 125 ntefac

Three SPI/SSP
(General purpose 1/0 pins. 12bit ADC with 8 channels, 10bit DAC,

PowerOn Reset, Power Management Uk,
(Coystal oscletor, 4MHz intemal RC oscilator, PLL,

Ber.. [@so..| o [0yTe.. |

CAP NUM SCRL OVR R/W.




EMBEDDED SYSTEM & DESIGN(20EC504/JO1A) ECE Dept.

5. Copy start up to Project folder and add to project file”?- Press NO.

1B CalUser\User\Desktop\demo.wvproj - wVisiond W —_—— B
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
Nede) s walsc|av|rann|=Frg= Fa#l@ale oo a|E) A

'iﬂi@i&‘;ﬂl‘:‘ﬂ Torget 1 BRI =T

O Copy 'startup_LPC17s' to Project Folder and Add File to Project 7

e

o | @Bo..| (3 Fu.. [ Oy Te.. |

6. In the project window, right click on source and select Add new item to group

“source groupl”.

File Edit View Project Flash Debug Peripherals Tools SVCS Window —Help

NS A@| 4 ad|9c|ew|pnnnEEegoe Caslale oo e
CEE ] 88 e e

4K Options for Group ‘Source Group 1'.. Alt+F7

| Add New Item to Group ‘Source Group ..
‘Add Existing Files to Group ‘Source Group 1'...
Add Group...
Remove Group Source Group 1'and it Files
b Manage Project Items...

Open File
Open List File
Open Map File
Open Build Log
(%4 Rebuild all target files
(%] Build target 7
Translate File
{34 Stop build

Show Include File Dependencies

e [ @0 (Y Fu. | Oy Te. |
Build Output

< »
Simulation CAP NUM SCRL OVR R/W.

Add a new Item to Group
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7. Select ASM file and give name of the file with .s extension and press ADD.

B e renbestnpdemoines- oot W T N N S SR

File Edit’\flew Project Flash Debug Peripherals Tools SVCS Window Help
NBd@ s ca|ac|av | nann|EFEERko HR*ale oo e|@) R
8 ¢ o] 58] rargers D& a2 e @

=42 Target1
-1 Source Group1

Create a new assembler source fie and add it o the project.

Eer... |[@so..| o [0yTe.. |

Simulation CAP NUM SCRL OVR R/W.

8. Type the program in the editor space and save.

[(ETETE oI . G —— e amBETT

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NBE@| s @]9 e |0Bnn]EEERD Ha e @e oo &|@) 1
CSEE L 8 e H&ld2em
Project @ wst‘ v X
E1423 Target1 1 ;ALP TO MULTIPLY TWO 16 BIT NUMBERS
(7 Source Group1 2 AREA Reset, DATA, READONLY

3 EXPORT _ Vectors

4 _ Vectors

5 DCD 0X20001000

6 DCD Reset_Handler;

7

8 AREA MULTIPLY, CODE, READONLY

9 ENTRY

10 EXPORT Reset_Handler

11 Reset_Handler

12 MOV 0, $numl

13 MOV ri,#num2

14 MUL r2,70,r1

15 LDR r3,=product

16 STR 12, [£3]

17 stop B stop

18

19 ARER DATA2, DATA, READWRITE

20 numl EQU OXFFFF smaximum valur of 16 bit number
21 num2 EQU OXFFFF
22 product DCD 0X0

23 END
24 |
Eer., [@so..| Oru. |0y, | || < il 0
Build Output 1@
7
4 »

Simulation L24 C1 CAP NUM SCRL OVR RW
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9. Translate the program by select the icon from tool bar or from menubar, also

Check for errors and warnings in the bottom window.

C\Users\UsenDesktop\demo.uvpro) - pVisiond [E=2a™ >

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NBEHd] 4 B2 0] |rRn? IE 1] @ Has@le oa
VR o < =8
& 5| Targett H&| &2 o@
& Translate (Ctrl+F7) \ [ demos v x
Transiate i
o Bhe e Sy B I 1 ;ALP TO MULTIPLY TWO 16 BIT NUMBERS
143 Source Group1 2 AREA Reset, DATA, READONLY
) demos 3 EXBORT _ Vectors
4 _ Vectors
s DCD 0X20001000
3 DCD Reset_Handler;
7
8 AREA MULTIPLY, CODE, READONLY
9 ENTRY
10 EXPORT Reset_Handler
11 Reset_Handler
12 MOV
13
14
15
16
17 stop B stop
18
19 AREA DATA2, DATA, READWRITE
20 numl EQU OXFFFF ;maximum valur of 16 bit number
21 num2 EQU OXFFEF
22 product DCD 0X0
23 END
24
Geo.| ru. [0ye. | || <[ i o
Build Output 2
assembling demo.s... %

demo.s(19) : warning: A1581W: Added 2 bytes of padding at address 0x12
"demo.s" - 0 Error(s), 1 Warning(s).

« )

Translate the currently active file Simulation L24 C1
< . 3:43PM
S - #

> E Bl O oo

B e wm

10. If no error, Select “Build” icon from tool bar or from menubar.

[N

Ci\Users\User\Desktop\demo.uvproj - pVision
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

Nda| a9 | | & o I Iz | & Ha#@lecso&
S[EE ¢ ] 8] o o @&
Project [[] Build (F1) 2 s v x
EE- L ALP TO MULTIPLY TWO 16 BIT NUMBERS
B3 Source Group1 AREA Reset, DATA, READONLY
3] demos EXPORT _ Vectors
__Vectors
DCD 0X20001000
DCD Reset_Handler;
AREA MULTIPLY, CODE, READONLY
9 ENTRY
10 EXPORT Reset_Handler
11 Reset_Handler
12
13
14
15
16 STR 12, [r3
17 stop B stop
18
19 AREA DATA2, DATA, READWRITE
20 numl EQU OXFFFF ;maximum valur of 16 bit number
21 num2 EQU OXFFFF
22 product DCD 0X0
23 END
2¢ |
Mﬁaa {Fru. Oy Te < n +
Build Output 2
assembling demo.s... .

demo.s(19) : warning: A1S81W: Added 2 bytes of padding at address 0x12
"demo.s" - 0 Error(s), 1 Warning(s).

<« )
Simulation 124 C1

Build target

ECE Dept.
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11. Start the debug session from Menubar.

1 Csers\UsenDestoptdemorwprs; - iVisond I e T - )

File Edit View Project Flash (Debug) Peripherals Tools SVCS Window Help

‘NEd ﬁ‘ NS ‘é‘ 1@ start/stop Debug Session Ctri+F5 |j= //:‘ ] [ERES '\‘ @‘ P
(S BB e L] ¥8 rargd 5 Resetcru
Project 28 5 run s v X
(BTt | @ sp BIT NUMBERS
143 Source Group1 B stes £y | RERDONLY
5 demos {}" Step Over Fi0 I
{}* Stepout Ctri=F11
{} Runto CursorLine Ctri=F10
% Show Next Statement JE, READONLY
Breakpoints... Cti<B fer
@ Insert/Remove Breakpoint ]
Enable/Disable Breakpoint Ctri=F9
(9 Disable All Breakpoints
& xill All Breakpoints Ctri+Shift-F
05 Support »
Execution Profiling ¥ B A DHRITE
Memory Map.» imum valur of 16 bit number

Inline Assembly...

Function Editor (Open Ini File]...

Eer.. [@so..| O Fu. [ Oy7e.. | || <] i :
Build Output 2
assembling demo.s...
demo.s(19) : warning: A1581W: Added 2 bytes of padding at address 0x12
"demo.s" - 0 Error(s), 1 Warning(s).

<«

Enter or leave a debug session Simulation L:24 C:1

TR W 3 z e

12. PressOK
b T e T T |

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NESd@| s @9 | |m e IE Iz | [ 5 &)
GGG - T

- £

° Lo e&[@)

s
Regiter Vale MOV r0, $numl 7
T C > F64F70FF MOV 20, $0XFFFF
o oG 13: MOV 1, $num2
& 000000 0x0000000C F64FT1FE MOVW 1, $0xFFEF
Y 0000 : MUL r2,r0,r1
& i 0x00000010 FBOOF201 MUL r2,70,r1
4 i 15: LDR r3,=product
0x00000014 4801 LDR 3, [pc,#4] ; @0x0000001C -
RS 000000000 ¥ E |
200600000 16: STR 2, [x3] =
B6: NvNNANNNIE &N aTD »2 w2 #0v0n 2
R7 xD0000000 <lal B
R8 (00000000
R9 00000000 4] demoss v x
R10 000000000 5 DCD 0X20001000 R
Rl O<00000000 6 DCD Reset_Handler:
R12 x00000000 7 5
RI13(SP) 020001000 8 AREA MULTIPLY, CODE, READONLY
RI4(LR)  OFFFFFFFF o ENTRY
- RI5(PC) (00000008 10 EXPORT Reset_Handler
_EoaPSR - x01000000 11 Reset_Handler
[# Banked o 12 £
[ System 13
= Intemal 14
Mode  Thread s
Prviege  Pivieged 16
Stack  MSP 17 stop B stop
Saes 0 18
| Sec 0.00000000 19 AREA DATA2, DATA, READWRITE -
[Eroject | ERegisters < i ] »
Command a Call Stack = Locals o
*x+ Currently used: 36 Bytes (0%) Al fiame LocsonNalue e
B ’
>
ASSIGN BreakDisable Breakinable Break¥ill BreakList Breaksec Breakhccess COVERAGE | FiGallstack - Locls [Emenon1
Simulation 11:000000000sec  L12CL CAP NUM SCRL OVR R

ECE Dept.

13. Press function key F11 or select “step” option under Debug menu for single

step execution and verify the outputin register window/Memorywindow /xPSR.
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PROGRAM:

ALP to determine whether the given16-bitnumber is ODD or EVEN

AREA Reset, DATA, READONLY
EXPORT Vectors

Vectors
DCD 0X20001000
DCD Reset_Handler;
AREA oddeven, CODE, READONLY
res EQU 'o' resu EQU 'e'
ENTRY
EXPORT Reset_Handler Reset_Handler
LDR rl,=num LDR rO,[r1] RORS rO,#1 BCS 11
MOV r2,#resu B 12
11 MOV r2,#res 12 LDR r3,=result
STR r2,[r3]
stop B stop
AREA data, DATA, READWRITE
num DCW 16 result DCB 0XO
END

RESULT:
num=16d.Hence it is EVEN

1B DAARMBEMB\Iap_prgs_2021\oddeven.uvproj - pVisiond | e e e 8220202 w o D
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
1 ZH@| s @0 e | G HRe @ e o &|[F) A

gEelnee o CREEB-EI2- *
Registers 2 Disassembly n
[Regser  [Vae 25: stop B stop
= 0020 E7FE B 0x00000020 @
TR oo [oomm o dw oo :
R1 10000000 || ¢ 2 !
R2 x00000065 =
R3 x10000002 [#] oddevens v X
R4 00000000 TR
75 00000000 L BN
R6 00000000 =
zs ;W 13 ENTRY
0000000 14 EXPORT Reset_Handler
R9 00000000 BE nese
R10 00000000 i
A1 0x00000000 =
R12 00000000 =4
RI3(SP) 020001000 i
RIS(R)  OFFFFFFFF =
RIS(FC)  0x00000020 =%
| B PR 41000000 55 11 |
¥ Bonked = 1> =
2"“"" 24 STR 22, (23]
= Intemal
25 stop 3
Mode Thread 221 e
Hiivege; P""ggg‘“’ 27 AREA data, DATA, READWRITE
g;‘:k ;"‘5 28 num DCW 16
s o
29 resulc DCB OX0
0.00000175 % 5 -
'
o Memory 2 Ly
{--- Restricted Version with 32768 Byte Code Size Limit || Address: 010000000 m
S 0X10000000: 2@ seiassiinssiassosnsssessssssssssssnsssssssssssssnsssssssssnssnnssan
> DRTOOO004GE st i i S B B A S S S S B S S S N S =
ASSIGN BreakDisable KEnable BreakKill BreakList BreakSet COVERAGE | @acalistack - Locals | EMemory 1 Ememory2 |

Simulation t1:0.00000175 sec 125 C1 CAP NUM| SCRL OVR RW

i
AT O A Dot

5/30/2021
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13. ALP to write data in RAM
Aim: To write data in RAM using ARM cortex-3 ALP program.

APPARATUS: 1. PC with Windows 10, 64-bit OS.
2. Keil pVision4 Software.

PROCEDURE:

1. Double click on pvision 4 icon in the desktop.

.
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NEZd@| s va|2c|ev | Pann|EErE®
icHEeH%| BRI

Ca®ale oo a1

BEer... (@so..| {}Fu..|O4Te..
Build Output

File Edit View [Project | Flash Debug Peripherals Tools SVCS Window Help

(15 A @  NewnvisionProjec.. B Ha#lale od a|EF X
cEPe New Multi-Project Workspace...

R

| oy Open Project...
"Project

Save Project in pVisiond format
Close Project

Export
Manage

Select Device for Target...

X options... Alt=F7

Clean targets
(2] Build target 24
(4] Rebuild all target files

& Batch Build..

2 Transiate... Ctrl=F7
{5 stop build

T, )_prgs._
2 D:\ARMEMB\lap_prgs_2021\oddeven.uvproj
3 D:\ARMEMB\lap_prgs_2021\0neszeros.uvproj
4 D:\ARMEMB\lap_prgs_2021\multiply16.uvproj
5 D:\ARMEMB\lap_prgs_2021\p5.uvproj.

6 D:\ARMEMB\lap_prgs_2021\p6.uvproj

7 D:\ARMEMB\embLabPrg\p6.uvproj

Eer.. |@5c..[{ 8 CaUsers\UsenDesktop\ps.uvproj

‘Build Output 9 C:\Users\User\Desktop\p4.uvproj

10 C:\KeiNARM\Examples\Blinky\Blinky.uvproj

« B
Create a new pVision project CAP NUM SCRL OVR R/W.

" o

ECE Dept.
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3. Browse and create a new project in the required location.

v [43 ||| search Desktop

Organize v New folder - @

¢ Favorites 2 [Alibraries , Objects
B Desktop % #dHomegroup J. practice programs
% Downloads (A User | printout juneBth
%] Recent Places. 1% Computer 1. ResultDigit
@ OneDrive GNetwork | Seshu projects

. activity | studentDetails

& Libraries | Keerthana |, studentTestPapers
Dacimeits ), LabFinalExamTT ), visiLab
& Music || Listings

B Micterne Y

File name:
Save as type: | Project Files (".uvproj)

‘4 Hide Folders

o [ @80 | {3 Fu. [OyTe.. |

CAP_ NUM SCRL OVR'R/W/

4. Select the target device (here, LPC1768 from NXP) from the list or

type the exact name of the device. Press OK.

8 Cseny -t I W e - Sl
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NS A@| s ad|ac|cw [ nann|EEkEk® Ha#@le o a1

00 e L] 8 raroets BRI =

Project

Descrpton:
[ARM 32b¢ Cortex M3 Microcoriroler wih MPU, CPU lock up o 100N
Wemory Accelerator,

[Ethemet 10/100 MAC with RMIl interface and dedicated

USB 2.0fullspeed Device controller and Host/OTG controller with DM/
CAN 2.0B with two channels, Four UARTS, one with full Modem interfac:
IThree 12C serial interfaces, Three SPI/SSP serial interfaces, 125 interfac:
(General 170 pins, 12+t ADC annels, 10bit DAC,

CAP NUM SCRL OVR'R/W.

ECE Dept.
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5. Copy start up to Project folder and add to project file”?- Press NO.

B CUserUsentDesktopdemounpr - wisions T e A Ecihima)

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
PRBR|EEEE® Ha#lale cd a|E) R
EREEEY

o Copy startup_LPC17xc.5'to Project Folder and Add File to Project ?

(=]

o [ @80 | (¥ Fu.. [OTe.. |
'Build Output

6. In the project window, right click on source and select Add new

item to group “source groupl”.

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NS 4@ s wa|ac|ev|pann|EErk® Caslale oo eE) .

©EE e L] 8] e BRSNS =

-5 Target1
= |

X Options for Group ‘Source Group 1'.. Alt=F7

| Add New ltemto Group Source Group ..
Add Existing Fils to Group ‘Source Group 1.
Add Group...
Remove Group 'Source Group 1' and its Fies
b Manage Project tems...

Open File
Open List File
Open Map File
Open Build Log

[ Rebuild all target files

[%] Build target i
Translate File

[ Stop build

Show Include File Dependencies

BEer.. [@so..| ru. 047 |
Build Output 28

3
Simulation (CAP NUM SCRL OVR R/W

<«

Add a new Item to Group
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7. Select ASM file and give name of the file with .s extension and press

ADD.

[EreTer e . i M A ——— EICIn:
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NZdd| s ad|oc|av|PRRR|[EEEELD Ha*@le o6 e|@) A
8 e L] 98 rroets EPY =R
-5 Target1
{7 Source Group1

Create a new assembler source fie and add it to the project.

Ber.. [@eo..| GFu.|OyTe..
Build Output iy

Simulation CAP NUM SCRL OVR R/W

8. Type the program in the editor space and save.

B iy v T T T -0 s

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NEH@| s @[99 0| e [ RBBR|EESERK® Haelale o]

S EE ] 8] ot H&|d2 o

project 1@ [ demos b
E-ﬁ Tavgeﬂ ;ALP TO MULTIPLY TWO 16 BIT NUMBERS

1
@7 Source Group1 2 RAREA Reset, DATA, READONLY
3 EXPORT _ Vectors
4 _ Vectors
5 DCD 0X20001000
3 DCD Reset_Handler;
7
8

AREA MULTIPLY, CODE, READONLY
9 ENTRY

10 EXPORT Reset_Handler

11 Reset_Handler

12 MOV x0, $numl

13 MOV r1,$num2

14 MUL r2,r0,rl

15 LDR r3,=product

16 STR r2, [r3]

17 stop B stop

18

19 AREA DATA2, DATA, READWRITE

20 numl EQU OXFFFF smaximum valur of 16 bit number
21 num2 EQU OXFFFF

22 product DCD 0X0

23 END

2 |

m »

Eer., |@o..| (HFu.|0yTe. | || ¢
Build Output 1@

Simulation 124 C1 (CAP NUM SCRL OVR RW
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9. Translate the program by select the icon from tool bar or from

menubar, also Check for errors and warnings in the bottom window.

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

TEHS s @9 o |®®me E U | @ Haelale o & &) 2
[S]E & @ 1| 98| rargets [EESF SN
‘Proj| <& Translate | e v X
Translate the currently active file — — — —
1 ;ALP TO MULTIPLY TWO 16 BIT NUMBERS
B-£&3 Source Group 1 2 AREA Reset, DATA, READONLY
[ demoss 3 EXPORT _ Vectors
4 _ Vectors
5 DCD 0X20001000
6 DCD Reset_Handler;
7
8 AREA MULTIPLY, CODE, READONLY
9 ENTRY
10 EXPORT Reset_Handler
11 Reset Handler
12
13
14
15
16
17 stop B stop
18
19 AREA DATA2, DATA, READWRITE
20 numl EQU OXFFFF smaximum valur of 16 bit number

21 num2 EQU OXFEFF
22 product DCD 0X0
23 END

Eev, [@5o. | Gru Oye. | |« i J 3l
Build Output L3

assembling demo.s... %
demo.s (19) : warning: A1581W: Added 2 bytes of padding at address 0x12
"demo.s" - 0 Error(s), 1 Warning(s).

< »

Simulation 124 C1

Translate the currently active file
2 il

10. If no error, Select “Build” icon from tool bar or from menubar.

@ QUsen\UserDesktopidemonvpra - wisiond T T . T e el T o O e

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

TEH@| @]9 [ IE Iz | & Hae @l e oo &|@)
CE R e
Project [ (] Build (F7) ] [3] demo.s v X

5 Lo torget fles ;ALP TO MULTIPLY TWO 16 BIT NUMBERS
BREA Reset, DATA, READONLY
EXPORT _ Vectors

¥
B3 Source Group 1 2
3
4 _ Vectors
5
6
7
8

[8) demos

DCD 0X20001000
DCD Reset Handler;

AREA MULTIPLY, CODE, READONLY
9 ENTRY
10 EXPORT Reset Handler
11 Reset_Handler

17 stop B stop

19 AREA DATA2, DATA, READWRITE

20 numl EQU OXFEFF smaximum valur of 16 bit number
21 num2 EQU OXFFFF

22 product DCD 0X0

23 END

24
@, [@oo. | OFu. | Oye. | |4 il ] v
Build Output 18
assembling demo.s... -

demo.s(19) : warning: A1581W: Added 2 bytes of padding at address 0x12
"demo.s" - 0 Error(s), 1 Warning(s).

< b

Build target files Simulation CAP NUM SCRL OVR RW

ECE Dept.
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11. Start the debug session from Menubar.

N C\Users\User\Deskiop\demo.uvp 2 i p a4 “-.;!

File Edit View Project Flash [Debug ] Peripherals Tools SVCS Window Help

15 @ 0 @] @ strustopDebug session anfs | Haelale c &&|[)
S EE 95| Targe 35 Resetcru
Project L Run Es v x
£33 Target1 @ stop BIT NUMBERS
& w
(€3 Source Group1 | sten f1y | RERDONLY
[ demos s

{}¥ Step Over F10

()" stepout Ctrl+F11

{} Run to Cursor Line Ctri=F10

% Show Next Statement JE, READONLY
Breakpoints... Cti-B Jer

@ Insert/Remove Breakpoint ]
Enable/Disable Breakpoint Ctrl=F

¢ Disable All Breakpoints

& Kill All Breakpoints Ctrl+Shift=F
05 Support »
Execution Profiling f| Re—
e imum valur of 16 bit number
Inline Assembly...
Function Editor (Open In File)...

Ber. [@so..| Oru..|OyTe. « i ] 3l
Build Output 2
assembling demo.s... 7
demo.s (19): warning: A1581W: Added 2 bytes of padding at address 0x12

"demo.s" - 0 Error(s), 1 Warning(s).

< »

Enter or leave a debug session

Simulation

12. PressOK

1 CaUsers\UsenDesktop\demouvproj - yisiond T S e e T T o O e

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
6 @) 3

TEZda| @9 e [ e

| EBO| BT ||
‘Registers '@ Disassembly i
Regter Valoo 12: MOV z0, $numl B
= F64F70FF  MOVW 20, $0XFEEFE
o Ko 13: 7x4ov 1, #num2
B A cxoaggszooc F64F ég :;ovg | =L fOxFEEE
e nﬂ uuﬁuﬂ:ﬁuﬁuﬂuﬂn ox00000010 FBOOF201 MUL  x2,x0,rL
3 * 15: LDR r3 —produc: o
R4 0x00000000 i £
i i oxaogg?ou 4801 = ‘;na 3 3, [pc,#4] ; 0x0000001C @
RS 00000000 L w27[rs] 5
Avnnnannig Enin aro vo tez snwnns
R7 00000000 < y
Re 00000000 ==
RY 00000000 [£] demos v x|
R10 000000000 B DCD 0X20001000 .
R11 000000000 6 DCD Reset_Handler:
R12 0x00000000 7
RI3(SF) 020001000 g AREA MULTIPLY, CODE, READONLY 5
RI4(LR)  OFFFFFFFF o ey
=TRISEC) - BO00000 10 EXPORT Reset_Handler
E-«PSR  OdV1000000 11 Reset_Handler
" Banked By 12 OV 0, $numl =]
" System 13 MoV
- Intemal 14 UL
Mode  Thread s LDR
Piviege  Prvieged 16 sTR
Stack  MSP 17 stop B stop
Sates 0 5
| Sec 0.00000000 19 AREA DATA2, DATA, READWRITE -
B project | B <[ m ] |
Command L Call Stack = Locals rE
l-n Currently used: 36 Bytes (0%) “ | Name Location/Value Type |
‘ '
>
ASSIGN BreakDisabl e Breakkill BreakList coveracs | @icallStack + Locals [Eemary 1
Simulation 11:000000000sec  L12C:1 CAP_NUM SCRL OVR RW.

13. Press function key F11 or select “step” option under Debug

menu for single step execution and verify the outputin register

window/Memorywindow /xPSR.

ECE Dept.
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Program:

ALP TO MOVE A BLOCK OF DATA FROM CODE TO RAM MEMORY

Method1:
AREA Reset, DATA, READONLY
EXPORT Vectors
Vectors
DCD 0X20001000
DCD Reset_Handler;

AREA writedata, CODE, READONLY src DCD 0x11,0X22,0X33,0X44,0X55
ENTRY

EXPORT Reset_Handler Reset_Handler

LDR rO,=src LDR rl1,=dst MOV r2,#5

11 LDR r3,[r0],#4

STR r3,[r1],#4 SUBS r2,#1 BNE 11

stop B stop

AREA data, DATA,READWRITE
dst DCD 0X0 END

Method 2:
;ALP TO MOVE A BLOCK OF DATA FROM CODE TO RAM MEMORY-USING
LDM and STM INSTRUCTIONS(MULTIPLE DATA TRANSFER)
AREA Reset, DATA, READONLY
EXPORT Vectors
Vectors
DCD 0X20001000
DCD Reset_Handler;
AREA writedata, CODE, READONLY src DCD 0x11,0X22,0X33,0X44,0X55
ENTRY
EXPORT Reset_Handler Reset_ Handler

LDR rO,=src LDR r1,=dst MOV r2,#5

11 LDMIA rO!,{r4-r8} STMIA r1!,{r4-r8 SUBS r2,#1
BNE 11

stop B stop

AREA data, DATA,READWRITE
dst DCD 0XO0 END
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Result:
INPUT: 00000011h,00000022h,00000033h,00000044h,00000055h. OUTPUT at
dst : 00000011h,00000022h,00000033h,00000044h,00000055h.

wo p.prgs 2021\ witedatahamvpr - wisiond T S e T o

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

Nedal: @l | Har@e o ea|E)
B0 BE (“*u[ 2 |E
Registers 1@ R
| Register Value I 16: 11 LDMIA x0!,{r4-r8} -
T Cos | 4 EBBO0LFO0 LDM r0!, {r4-r8} El
000000 | 17: STMIA rl!,{r4-r8} -
RO e | 0x0N0NNN2R FAATNIFO STM T1'.{r4-rR) M
R1 (x10000014 ™ is
R2 (00000004 =
R3  (x00000000 v x|
R4 (00000011 7
:: Q‘mz 8 IREX writedata, CODE, READONLY
Sl00000) 9 src DCD 0x11,0X22,0X33,0X44,0X55
27 (00000044 10 ENTRY
Rg 000000055 11 EXPORT Reset_Handler
0000000 12 Reset_Handler I
2}” 00N 13 LDR r0,=src
1 00000000 14 LDR r1,=dst
H12. oo 15 MOV r2,#5
RI3Cs: 000 16 11 LDMIA r0!,{r¢-rs}
RUL. BFFFFFHE 17 STMIA ri!,{rd-r8}
R15(.. (x00000024 18 SUBS r2,$1
B-xPSR  (x21000000 19 BNE 11 -
[ Banked 20 1
L* System 21 stop B stop
= Intemal 22
Mode  Thread 23
Prviege  Prvieged 24 AREA data, DATA,READWRITE
Sock  MSP 25 dst DCD 0XO
States 21 26 END
Sec 0.00000175 =
[ project | = Registers < I v
Command 2 Memory 2 1
*%% Currently used: 64 Bytes (0%) Ads |M ~
- : | 10000000 2] D
|
$ ' llox10000000: 11 00 00 00 22 00 00 00 33 00 00 00 44 00 00 00 55 00 00 00 00 00 00
> 0%10000017: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ~

ASSIGN BreakDisable BreakEnable BreakKill BreakList BreakSet BreakAccess COVERAGE | éﬁtﬁa\\Sta(L + Locals Ememoql EMemory2|

Simulation 11: 000000175 sec L16 C1 CAP NUM SCRL OVR RW
420 PM

" 50200



EMBEDDED SYSTEM & DESIGN(20EC504/JO1A)

14. Display Hello World Message Using Internal UART

AIM: To display “Hello World” message using Internal UART

1. PC with Windows 10, 64-bit OS.
2. Keil pVision4 Software.

APPARATUS:

PROCEDURE:

Connection Details:

LPC1768

UARTO

TXDO (P0.2)
RxDO (P0.3)

USB CABLE
>

UART Registers:
The below table shows the registers associated with LPC1768 UART.

PC
MONITOR

ECE Dept.

Register

Description

RBR

Contains the recently received Data

THR

Contains the data to be transmitted

FCR

FIFO Control Register

LCR

bits)

Controls the UART frame formatting(Number of Data Bits, Stop

DLL

Least Significant Byte of the UART baud rate generator value.

DLM

Most Significant Byte of the UART baud rate generator value.

UART Register formats or configuration:
FCR ( FIFO Control Register ):
LPC1768 has inbuilt 16byte FIFO for Receiver/Transmitter. Thus it can store 16-
bytes of data received on UART without overwriting. If the data is not read before
the Queue(FIFO) is filled then the new data will be lost and the OVERRUN error

bit will be set.

FCR

31:8 7:6 5:4 3 2 1 o

RESERVED RX RESERVE | DMA TX RX FIFO
TRIGGE D MOD FIFO FIFO ENABLE
R E RESET RESET
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LSR (Line Status Register):
The is a read-only register that provides status information of the UART TX and
RX blocks.

LSR Format:
31:8 7 6 5 4 3 2 1 |0
Reserved RXFE | TEMT THRE | BI FE PE OE | RDR
TER (Transmitter Enable register): This register is used to Enable/Disable the
transmission
TER Format:
31:8 7 6-0

Reserved | TXEN | Reserved

Baudrate Calculation

LPC1768 generates the baud rate depending on the values of DLM,DLL.
Baudrate = PCLK/ (16 * (( 256 * DLM) + DLL) * (1+ DivAddVal/MulVal))
where, DLM=0, DLL= , (DivaddVal/MulVal)=0.

Steps for Configuring UARTO

Below are the steps for configuring the UARTO.

1. Configure the PO.2 and P0.3 as first alternate function UARTO

function using PINSELO register. 2.Configure the FCR for enabling

the FIFO and Reset both the Rx/Tx FIFO.

3. Configure LCR for 8-data bits, 1 Stop bit, Disable Parity and Enable DLAB.
4. Calculate the DLM,DLL values for required baudrate from PCLK.

6. Update the DLM,DLL with the calculated values(i.e DLM=0;DLL=163).

7. Finally clear DLAB to disable the access to DLM,DLL.

After this the UART will be ready to Transmit/Receive Data at the specified

baudrate, by sending the string character by character.
PROGRAM:

#include<lpcl17xx.h>

void UOWrite( char txdata)

{

while(!(LPC_UARTO->LSR & 0x20));
LPC_UARTO->THR=txdata;

}

void initUARTO(void)

{

LPC_PINCON->PINSELO =(1<<4)|(1<<6); LPC_UARTO->LCR=0x83;
LPC_UARTO->DLL=163; LPC_UARTO->DLM=0; LPC_UARTO->FCR =0x7;
LPC_UARTO->FDR=0x0; LPC_UARTO->LCR = 0x03;

¥

int main(void)

{

charmsg[|= "Hello World"; int i=0;
initUARTO(); for(i=0;msg]i];i++)
{Program:

#include<lpcl7xx.h>

void UOWrite( char txdata)
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{
while(/(LPC_UARTO->LSR & 0x20));

LPC_UARTO->THR=txdata;
}

void initUARTO(void)
{

LPC_PINCON->PINSELO =(1<<4)|(1<<6); LPC_UARTO->LCR=0x83;
LPC_UARTO->DLL=163; LPC_UARTO->DLM=0; LPC_UARTO->FCR =0x7;

LPC_UARTO->FDR=0x0; LPC_UARTO->LCR = 0x03;
}

int main(void)

{

charmsg[|= "Hello World"; int i=0;
initUARTO(); for(i=0;msg]i];i++)

{

UOWrite(msg[i]);

}

}
UOWrite(msg]i]);

}

j
RESULT:

The output is observed on the monitor.

P Termite 2.9 (by CompuPhase) -

[ coM34 38400 bps, 8M1, no handshake | | Settings | | Clear | [ About || Close |

rs

m

ECE Dept.
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15. Interface a Stepper motor and rotate it in clock wise and
anti-clock wise direction

ECE Dept.

AIM: To Interface a Stepper motor and rotate it in clock wise and anti-clock

wise direction.

AIM: To display “Hello World” message using Internal UART

APPARATUS: 1. PC with Windows 10, 64-bit OS.

2. Keil pVision4 Software.
CONNECTION DETAILS:

LPC1768
SW1 ——> P2.11

P2.12
SW2  —>

PO.18

STEPPER
MOTOR
INTERFACING
CIRCUIT

STEPPER
MOTOR

W

Configure the Port O and Port 2 as GPIO.
Configure the Port 2 in input direction and Port O in output direction.
Read the status of the switch 1. If it is pressed, set the direction as O for
clock wise rotation.

4. Else read the status of switch 2. If it is pressed, set the direction as 1 for
anticlock wise rotation.
5. If the direction is O, send the data to energize the stepper motor coils in a
sequence A-B-C-D else in D-C-B-A sequence.
6. Insert an appropriate delay between energizing two consecutive coils.
7. Repeat from steps 3 unconditionally.

PROGRAM:

#include<lpcl17xx.h>
#define SW1 11
#define SW2 12

void delay(unsigned int x)

{

unsignedinti,j; for(i=0;i<x;i++)
{ for(j=0;j<90000;j++);

h
b

int main(void)

{

unsignedint direct;
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LPC_PINCON->PINSELO=0X00000000;
>PINSEL1=0X00000000;
LPC_GPIOO->FIODIR=0xFFFFFFFF;

>FIODIR=0X00000000;

LPC_GPIOO->FIOCLR=0X00078000;// CLEAR P0.15 TO p0.18

while(1)
{

if(((LPC_GPIO2->FIOPIN>>SW1)& 0X1))

{

while(!((LPC_GPIO2->FIOPIN>>SW1) & 0X1));

direct=1;

}

else if(/(LPC_GPIO2->FIOPIN>>SW2) & 0X1))

{

while(!((LPC_GPIO2->FIOPIN>>SW2) & 0X1));

direct=0;

}
if(direct==1)
{

LPC_GPIOO->FIOPIN=

delay(15);

LPC_GPIOO->FIOPIN=

delay(15);

LPC_GPIOO->FIOPIN=

delay(15);

LPC_GPIOO->FIOPIN=

delay(15);
}

else

{

LPC_GPIOO->FIOPIN=

delay(15);

LPC_GPIOO->FIOPIN=

delay(15);

LPC_GPIOO->FIOPIN=

delay(15);

LPC_GPIOO->FIOPIN=

delay(15);
}
}
b

0X00008000;
0X00010000;
0X00020000;

0X00040000;

0X00040000;
0X00020000;
0X00010000;

0x00008000;

ECE Dept.

LPC_PINCON-
LPC_PINCON->PINSEL4=0X00000000;
LPC_GPIO2-



EMBEDDED SYSTEM & DESIGN(20EC504/JO1A) ECE Dept.

RESULT:
The is observed on the virtual simulator.




