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I.   COURSE DESCRIPTION IN ABET FORMAT 

 
II    ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS 

Program Outcomes Assessed in Course 
Assessment Summary of Class Semester Averages for Outcomes          
End of Semester Course Outcomes Assessment Reports 
 

II.   TESTS  
Summary of Topics covered by Test   
Original Test Questions & Master Solution/grading scheme used   
(Summary of topics can be a separate page or include on the assignment itself) 
  Above Average  (Graded original work ) 
  Average       (Graded original work ) 
  Below Average  (Graded original work ) 

 
 III.   HOMEWORK ASSIGNMENTS 

Summary of Topics covered by Homework  
Original Homework Questions & Master Solution/grading scheme used   
    Above Average  (Graded original work ) 
  Average       (Graded original work ) 
  Below Average  (Graded original work ) 

 
 IV.  PROJECT 

       Summary of Topics Covered  by Project 
       Project Problem Statement and Grading Scheme 

   Above Average  (Graded original work ) 
  Average       (Graded original work ) 
  Below Average  (Graded original work ) 
 

[Include any other evaluation used and omit any method above method (Test, Quizzes, 
Homework, Laboratory and Project reports) that was not used] 

 
 
 
 
 
 
 
 
 
 
 



Course Description in ABET Format 
ELEG 3073 Microprocessor Systems Design 

1. Course number and name: ELEG 3073 Microprocessor Systems Design 
 

2. Credits and contact hours: 3 credit hours; 3 contact hours 
 

3. Instructor’s or course  
coordinator’s name: 

 
Dr. Suxia Cui 
 

4. Text book: Title: Designing Embedded Systems with PIC Microcontrollers, 
Principles and Applications  

                   Author: Tim Wilmshurst  
                   Publisher, Year & Edition: Elsevier, 2nd Edition 

 
  a. Other Supplemental material Instructor’s handout 

 
5. Specific course information  
 a. Brief description of the content of 

the course (catalog description) 
Introduction to architecture, operation, and application of microprocessors; 
microprocessor programming; address decoding; system timing; parallel, 
serial, and analog I/O; interrupts and direct memory access; interfacing to 
static and dynamic RAM; microcontrollers. Introduction to 
Microcomputers. 

 
 b. Prerequisites or  

 
      Co-requisites 

ELEG 1043 and ELEG 3063.  
 
Co-requisite: ELEG 3071. 

 c. *Indicate whether a required, 
elective, or selected elective (as per 
definition provided) course in the 
program 
 

Required 

6. Specific goals for the course Students will be able to: 
 a. Specific outcomes of instruction 

(e.g. The student will be able to 
explain the significance of current 
research about a particular topic.)   

 

design, program, and test advanced microprocessor-based systems for 
general purpose and/or special-purpose applications. 
 

 b. Explicitly indicate which of the 
student outcomes listed in Criterion 
3 or any other outcomes are 
addressed by the course. 

This course addresses: 
 
Outcome 1 
Ability to identify, formulate, and solve complex engineering 
problems (CEP) by applying principles of engineering, science, 
and mathematics.   
 

7. Brief list of topics to be covered 
 

Microcontroller Technology Introduction                        (4) 
PIC Instructions in Assembly Language Programming   (8)                   
Register Instruction                                                         (8) 
I/O and Subroutines and Time Delay Routines              (8)                                 
PIC Microcontroller Simple I/O and WDT (Watch Dog Timer) Controls 
Exercises                                                          (4) 
I/O Controls with Interrupts Applications                      (4) 
Controls and LCD Module Parallel Communications and Table Lookup                                                                            



(4) 
Matrix Keypad Software Scanning: Debouncing & Decoding Design                                                                             
(4) 
Introduction to HPC                                                        (4) 

    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



II ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS 
Program Outcomes Assessed in this course 

 
Outcome 1:    
An ability to identify, formulate, and solve complex engineering problems by applying principles of 
engineering, science, and mathematics.    
 

Assessment Summary of Class Semester Averages for Outcomes 
(Should be provided for Fall 2019 through Spring 2022 Assessment Period) 

 

Outcomes   1 
Semester Semester Class Average (%) 

 
Fall 2020 
 

 
ELEG: 71.3; CPEG: 88 

 
Spring 2020 
 

 
ELEG: 82; CPEG: 83 

Fall 2019 ELEG: 79; CPEG: 77 
 

Comments 
on Trend of 

Data 
(Improving or 
deteriorating) 

 
ELEG students’ performance improved then dropped. CPEG Students’ performance 
improved. 
 

*Expected Semester Class Average    = 70% (or as defined by the program) 
                Ideal Semester Class Average            =75% (or as defined by the program) 

 



 

End of Semester Course Assessment Reports 
   Fall 2020 and Last Three Assessment Periods. 

 

Each summary contains the following Information   

1.  Performance Statistics 
• Total number of students in class 
• The class average performance (stated as %) in each course outcome assessed 

in this class and the two previous times course was assessed.  
• The acceptable class average for the class in each outcome area as set by your 

Department.  
• Percentage of students who scored below the expected average in each 

outcome. 
 

2.  Implementation Summary 
• Brief summary of plans implemented during the semester based on last 

assessment report 
 

3.  Perceived Problems 
• Instructor’s critical evaluation of perceived problems that affected students’ 

performance. Realistic problems should be identified throughout the semester 
and summarized in this section of the report. 

 

4.  New Plans for Addressing Problems 
• Instructor’s plans for addressing the perceived problems the next time the 

class is taught. These should be specific enough for another instructor to 
implement. Most of these should be things that, you, the instructor can 
implement to help students to improve. Be creative. 

 

5.  Overall Trend over last three assessment periods 
• Instructors summary of overall performance trend for each outcome 

measured over the last three periods. 
 

5.  Were Expectations Met? 
• Answer YES if the class average was above the expected average and the 

stated percentage of students scored at or above the expected average, else 
answer NO. 



END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 
ELEG 3073-Z01 MICROPROCESSOR SYSTEMS DESIGN (ELEG) 

FALL  2020 SEMESTER 
Report Prepared by: Dr. Suxia Cui 

Report Date: Dec. 18, 2020 
 
 

Semester 

 
 

Analysis 
Type 

 
Number 

of 
Students 

Sub-Outcome 1.1 
Identify and Formulate 
engineering/technical/computing 
problems using principles of 
Engineering, mathematics, science 

 

Sub-Outcome 1.2 
 Solve CEP/computing problems 

Outcome 1 
An ability to identify, formulate, 
and solve complex engineering 
problems (CEP) by applying 
principles of engineering, science, 
and mathematics.  

 
Expected 
Class 

Average
/ 

 
Expected 
Percent of 
students 

at or 
above 

average 

 
 

Class 
Average 

 
% 

Students 
meeting 

Expected 
Average 

 
Expected 
Class 

Average
/ 

 
Expected 
Percent of 
students 

at or 
above 

average 

 
 

Class 
Average 

 
% 

Students 
meeting 

Expected 
Average 

 
Expected 
Class 

Average
/ 

 
Expected 
Percent of 
students 

at or 
above 

average 

 
 

Class 
Average 

 
% 

Students 
meeting 

Expected 
Average 

Fall 2020 Direct 7 75 70 77 86 75 70 62 43 75 70 71.3 71 
Spring 2020 Direct 24 75 70 78 90 75 70 79 90 75 70 82 100 
Spring 2019 Direct 21 75 70 N/A 100 75 70 N/A N/A 75 70 79 100 

 
Implementation 

Summary 

Items implemented 
from previous 
report or after 

meeting previous 
instructor 

Students were given guidance and 
sample topics form previous years’ 
students’ work. They were able to 
identify real world problems for an 
engineering solution. 

The use of microcontroller skills n 
design analysis was emphasized. 
Students were able to complete the 
design, and successfully solve the 
problem. 

Most students fulfilled the 
requirements of this outcome.  

 
 

Perceived 
Problems 

Perceived problems 
are directly related 
to the PC and the 
sub items under 

them 

One student didn’t turn in the 
assignment.  

One student didn’t attach the 
assignment. Remote learning gave 
challenges to hands-on experiments.  

Some students didn’t finish the 
project. 

 
 

Plans for 
Addressing 
Problems 

 
Plans for address 

specific measures to 
address PC and 
their sub areas 

Introduce more methods to illustrate 
the engineering solutions. 

Emphasize hands-on experiments 
during semester. 

All of the plans suggested for the 
sub-outcomes will address the 
problems encountered for this 
outcome. 

Overall Trend 
over Periods 

Ascertain if there 
were improvements 

over previous 
semesters 

Students’ performance dropped a 
little. 
 
 
 

Students’ performance dropped 
from last semester. 
 

Students performance dropped.  
 

Were 
Expectations 

Met? 

  
YES 

 
NO 

 
YES 

 
  
 



 
 
 

END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 
ELEG 3073-Z01 MICROPROCESSOR SYSTEMS DESIGN (CPEG) 

FALL  2020 SEMESTER 
Report Prepared by: Dr. Suxia Cui 

Report Date: Dec. 18, 2020 
 
 

Semester 

 
 

Analysis 
Type 

 
Number 

of 
Students 

Sub-Outcome 1.1 
Identify and Formulate 
engineering/technical/computing 
problems using principles of 
Engineering, mathematics, science 

 

Sub-Outcome 1.2 
 Solve CEP/computing problems 

Outcome 1 
An ability to identify, formulate, 
and solve complex engineering 
problems (CEP) by applying 
principles of engineering, science, 
and mathematics.  

 
Expected 
Class 

Average
/ 

 
Expected 
Percent of 
students 

at or 
above 

average 

 
 

Class 
Average 

 
% 

Students 
meeting 

Expected 
Average 

 
Expected 
Class 

Average
/ 

 
Expected 
Percent of 
students 

at or 
above 

average 

 
 

Class 
Average 

 
% 

Students 
meeting 

Expected 
Average 

 
Expected 
Class 

Average
/ 

 
Expected 
Percent of 
students 

at or 
above 

average 

 
 

Class 
Average 

 
% 

Students 
meeting 

Expected 
Average 

Fall 2020 Direct 6 75 70 90 100 75 70 84 87.5 75 70 88 100 
Spring 2020 Direct 13 75 70 79 100 75 70 79.8 92 75 70 83 92 
Spring 2019 Direct 5 75 70 N/A 100 75 70 N/A N/A 75 70 77 100 

 
Implementation 

Summary 

Items implemented 
from previous 
report or after 

meeting previous 
instructor 

Students were given guidance and 
sample topics form previous years’ 
students’ work. They were able to 
identify real world problems for an 
engineering solution. 

The use of microcontroller skills n 
design analysis was emphasized. 
Students were able to complete the 
design, and successfully solve the 
problem. 

Most students fulfilled the 
requirements of this outcome.  

 
 

Perceived 
Problems 

Perceived problems 
are directly related 
to the PC and the 
sub items under 

them 

Some students’ reports need 
improvement.   

Online teaching and laboratory gave 
challenges to students to perform 
hands-on projects. 

Some students didn’t include 
enough details in the reports to 
explain the sub-outcomes. 

 
 

Plans for 
Addressing 
Problems 

 
Plans for address 

specific measures to 
address PC and 
their sub areas 

Introduce more methods to illustrate 
the engineering solutions.  

Emphasize hands-on experiments 
during semester. 

All of the plans suggested for the 
sub-outcomes will address the 
problems encountered for this 
outcome. 

Overall Trend 
over Periods 

Ascertain if there 
were improvements 

over previous 
semesters 

Students’ performance is 
improving. 
 
 
 

Students’ performance is 
improving. 
 

Students performance improved.  
 

Were 
Expectations 

Met? 

  
YES 

 
YES 

 
YES 
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MICROPROCESSOR SYSTEMS DESIGN 

FALL 2020 
 
        

Title of Assignment:  MIDTERM EXAM 
 

TOPICS COVERED IN MIDTERM EXAM 
 

       Midterm exam covered the following topics: 
 

1. Concepts of Microprocessor and Microcontroller 
2. Architecture 
3. Different number systems 
4. Assembly language 

 
 
 

 
 
 
 
 
 
 
 
  

Page  T1 
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ELEG3073 Microprocessor Systems Design 
Midterm Exam Solution 

 
Name:         Score: 
 

1. (40 points) Answer below questions. 
a. (5 points) Use 8 bits to represent the 2’s complement of -8. Show detail steps.  

 
1111 1000 

 
b. (5 points) Convert the following from binary to decimal. 

101.1012 =  5.62510 

 
c. (5 points) Convert the following from hexadecimal to BCD. 

3A16 = 5810 = 0101 1000BCD 
 

d. (5 points) Find the binary, octal, and hexadecimal of 1810. (Show procedures) 
1810 = 100102 = 228 = 1216 

 
e. (5 points) State four fields in the Assembly language format. 

Label, Operation (OpCode), Operand, Comment    
 

f. (5 points) How many bytes are there in PIC16F84A programming memory, data memory? And 
how many bytes are for SFR and GPR? 

 
(Learning module 1 page 18; textbook page 37 & 38) 
PRAM (programming flash memory) of 1024 (1K) words: Range from 0X0000 - 0X03FF. Used in 
PIC16X84A   
Data Memory:There are 84 bytes of DM (data memory) in categories of:  
16 bytes Special Function Registers (SFR)  
68 bytes General Purpose Registers (GPR)   

 
 
g. (5 points) What is CISC? What is RISC? (Give the full names and also compare them.)  

 
Complex Instruction Set Computer (CISC) 

 
This instruction set has many instructions with a very high degree of sophistication.  
Each instruction usually takes several clock cycles to execute.  In fact, the very 
sophistication which the instruction type is designed for seriously slows the operation 
of user systems down.  Some of the instructions can be characterized with a single 
byte of data, while others take several bytes to define them, thus taking longer to 
execute.  It can take as many as 8 clock cycles to execute a single instruction. 

 
Reduced Instruction Set Computer (RISC) 
 
This instruction set consists of fewer, simpler, less sophisticated instructions.  This 
leads to much faster execution then CISC systems.  One important feature of the 
RISC system is that each instruction can be characterized by a single bye of data. The 
other major feature is that most RISC instructions execute in a single clock cycle. 
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h. (5 points) List three different addressing modes.  
There are three addressing modes used by PIC processors: 

 
• literal (immediate),  
• direct addressing, and  
• indirect addressing.  

(Learning module 2-2 page 32) 
 

2. (10 points) Explain what will happen after executing the following assembly codes?  
 

a. BTFSC  STATUS, 3 
GOTO  LOOP 
GOTO  MAIN 
(before executing the STATUS = 0X07, PC = Address) 
 
 
Based on the bit 3 of STATUS register, if it is 0, program will skip next instruction and 
perform GOTO MAIN, if it is 1, program will perform GOTO LOOP. 
 
Because 0X08 = 0000 01112 bit 3 is 0, so PC = MAIN address 
(No flags will be affected.) 
 
 

b. DECF   COUNTER, F 
(before executing the COUNTER = 0X01) 

 
Decrease the value stored in COUNTER by 1. Result stores in COUNTER register.  
(Z flag will be affected.) 
  
Because COUNTER = 0X01, after execution, COUNTER = 0X00, Z = 1 

 
3. (10 points) Briefly explain the following assembly codes. Specify what value (in hexadecimal) 

will be stored in W register after execution? Also indicate the C& Z & DC flags status after each 
operation if influenced. 
 

a. ANDWF  TEMP, W 
(before executing W = 0X2A, TEMP =  0XC4) 
 

 
 Bit by bit AND values in TEMP with W, result in W. Only Z bit is influenced. 
    W = 0X2A = 0010 10102  
                 TEMP = 0XC4 = 1100 01002 

 
     Result = 0000 00002 = 0X00 
 
  After: W = 0X00, (TEMP = 0XC4), Z = 1 
 
 

b. SUBWF TEMP, W 
(before executing W = 0X1B, TEMP = 0X36) 

 
Subtract W from TEMP register, result stores in W. All Z, C, and DC flags will be affected. 
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  Since TEMP = 0X36 = 0011 01102  

W = 0X1B = 0001 10112 à 1110 01002  +1 à 1110 01012  (2’s complement of -0X1B) 
   0011 0110 
         + 1110 0101 
             10001 1011 à 0X1B  
  So W = 0X1B, (TEMP = 0X36,) Z = 0, C = 1, DC = 0 

 
4. (10 points) Find the total time delay of the following program when it is done. (Note: This 

microcontroller is running on 20MHz resonator.)  
 
 

 MOVLW 0X10 
  MOVWF COUNT 
  NOP 

L1 DECF  COUNT, F 
 NOP 

  BTFSS  STATUS, Z 
  GOTO  L1 
   
 

 MOVLW 0X10   (1) 
  MOVWF COUNT  (1) 
  NOP     (1) 

L1 DECF  COUNT, F  (1) 
 NOP     (1) 

  BTFSS  STATUS, Z  (1 or 2) 
  GOTO  L1   (2) 
 

 
20MHz / 4 = 5 MHz 
Instruction cycle = 1/5MHz = 0.2 us 
 
Total cycles = 1+1+1+[16(1+1+1+2)-1] = 3+(16x5-1) = 3+79 = 82 
 
Total delay time = 0.2 x 82 = 16.4us 

 
5. (10 points) Write the Assembly code that can: 

a. Initialize PORTB: RB7, RB5, RB3, and RB1 as input pins and RB6, RB4, RB2, and RB0 as 
output pins in the PIC16F84A?  

b. Change RB5 to output and RB0 to input, others remain the same. 
(Don’t forget bank shift) 
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a.    BCF  STATUS, RP0 
 CLRF  PORTB 
 BSF  STATUS, RP0 
 MOVLW 0XAA 
 MOVWF TRISB 
 BCF  STATUS, RP0 
 
 
b.  BSF  STATUS, RP0 
 BCF  TRISB, 5 
 BSF  TRISB, 0 
 BCF  STATUS, RP0 
 
(Or similar to part a, but MOVLW 0X8B) 

 
6.  (10 points) Below assembly codes generate a series numbers in DM address. Please fill out the 

empty table to illustrate the numbers in DM (addresses match the values).  
 
  MOVLW 0X18   
  MOVWF FSR 
  MOVLW 0X26   
  MOVWF INDF  
  MOVWF TEMP   
LOOP 
  MOVF  TEMP, W   
  INCF  FSR, F   
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  ADDLW 0X03   
  MOVWF TEMP   
  MOVWF INDF   
  MOVLW 0X21   
  SUBWF FSR, W 
  BTFSS  STATUS, Z  
  GOTO  LOOP 
 

Address Value 
0X18 0X26 
0X19 0X29 
0X1A 0X2C 
0X1B 0X2F 
0X1C 0X32 
0X1D 0X35 
0X1E 0X38 
0X1F 0X3B 
0X20 0X3E 
0X21 0X41 
  
  
  
  

 
 

7. (10 points) Translate assembly language into machine language: ADDWF   PCL, F 
 
 

00 0111 1000 0010 
 
Because: operation code = 00 0111 
d = F =1 
PCL = 0x02 = 000 0010 
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ABOVE AVERAGE  
 
 

 
  

Page  T3 
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Score for this quiz: 70 out of 100  
Submitted Oct 7 at 9:30am  
This attempt took 90 minutes.  
  
Question 1  
/ 5 pts  
Use 8 bits to represent the 2’s complement of -8. Show detail steps. 
Your Answer:  
10002 = 810 

110002 = -810 

00011000 = -8 ( 8bit) 

11111000 = -8 in 2's compliment 
Additional Comments:  
  
Question 2  
/ 5 pts  
Convert the following from binary to decimal  

101.1012 =  
Your Answer:  
5.62510  
Additional Comments:  
  
Question 3  
/ 5 pts  
Convert the following from hexadecimal to BCD. 

3A16 
Your Answer:  
3A16 

3A16 in binary: 001110102 

Which converts to 5810 

BCD = 01011000 
Additional Comments:  
  
Question 4  
/ 5 pts  
Find the binary, octal, and hexadecimal of 1810. (Show procedures) 

1810= 
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Your Answer:  
1810 

In binary: 100102 

In octal: 228 

In Hexadecimal: 1216 
Additional Comments:  
  
Question 5  
/ 5 pts  
State four fields in the Assembly language format. 
Your Answer:  
Label, Operand, Comment, Mnemonic 
Additional Comments:  
  
Question 6  
/ 5 pts  
How many bytes are there in PIC16F84A programming memory, data memory? And how many 
bytes are for SFR and GPR? 
Your Answer:  
PIC16F84A: 1,000 Program Memory, 68 Bytes Data Memory 

SFR: Default = 0 , another = up to 128  

GPR: Default = 0 , another = up to 128 
Additional Comments:  
  
Question 7  
/ 5 pts  
What is CISC? What is RISC? (Give the full names and also compare them.) 
Your Answer:  
CISC: Complex Instruction Set Computer 

RISC: Reduced Instruction Set Computer 

CISC is most often used in automation devices and is slower than RISC chips. Also, CISC has an 
emphasis on Hardware. RISC has an emphasis on Software and is used in video and image 
processing applications. 
Additional Comments:  
  
Question 8  
/ 5 pts  
List three different addressing modes. 



17 

 

Your Answer:  
Direct Addressing, Indirect Addressing, Indexed Addressing 
Additional Comments:  
  
Question 9  
/ 5 pts  
Explain what will happen after executing the following assembly codes? 

BTFSC               STATUS, 3 

GOTO                LOOP 

GOTO                MAIN 

(before executing the STATUS = 0X07, PC = Address) 
Your Answer:  
Operation: Skip if (f<b>) = 0. If bit b in register F is '0' then next instruction is skipped. If b is 1 
execute next instruction 

Status = 0X07 = 00000111 

Here bit 3 = 0  

SKIP. 
Additional Comments:  
  
Question 10  
/ 5 pts  
Explain what will happen after executing the following assembly codes? 

DECF                               COUNTER, F 

(before executing the COUNTER = 0X01) 
Your Answer:  
Counter - 1 = 0X01 - 1 = 0X0 

  

After:  

Counter = 0X00 

  
Additional Comments: Z=?  
  
Question 11  
/ 5 pts  
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Briefly explain the following assembly codes. Specify what value (in hexadecimal) will be stored 
in W register after execution? Also indicate the C& Z & DC flags status after each operation if 
influenced. 

  

ANDWF                          TEMP, W 

(before executing W = 0X2A, TEMP =  0XC4) 
Your Answer:  
Temp = 0XC4 

W = 0X00 
Additional Comments: Z=?  
  
Question 12  
/ 5 pts  
Briefly explain the following assembly codes. Specify what value (in hexadecimal) will be stored 
in W register after execution? Also indicate the C& Z & DC flags status after each operation if 
influenced. 

SUBWF             TEMP, W 

(before executing W = 0X1B, TEMP = 0X36) 
Your Answer:  
W = 0X1B 

TEMP = 0X36 
Additional Comments: flag bits?  
  
Question 13  
/ 10 pts  
Find the total time delay of the following program when it is done. (Note: This microcontroller is 
running on 20MHz resonator.) 

              MOVLW           0X10 

              MOVWF            COUNT 

              NOP 

L1         DECF                 COUNT, F 

              NOP 

              BTFSS               STATUS, Z 

              GOTO                L1 
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Your Answer:  
20MHZ/4 = 5/MHz 

L1 = (1+1+1+(16(1+1+1+2)-1)) 

      = 3+ (16*5) -1 

      = 3 + 80 - 1 = 82 bytes 

  

Total Delay Time: 82 bytes/5MHz = 1.64 x 10-5 Sec 
Additional Comments:  
  
Question 14  
/ 10 pts  
Write the Assembly code that can: 

1.  

1. Initialize PORTB: RB7, RB5, RB3, and RB1 as input pins and RB6, RB4, RB2, 
and RB0 as output pins in the PIC16F84A? 

2. Change RB5 to output and RB0 to input, others remain the same. 

(Don’t forget bank shift) 
Your Answer:  
1.                                                                                 2. 

RB7:1                                                                        RB7:1      

RB6:0                                                                        RB6:0 

RB5:1                                                                        RB5:0 

RB4:0                                                                        RB4:0                                          

RB3:1                                                                        RB3:1 

RB2:0                                                                        RB2:0 

RB1:1                                                                        RB1:1 

RB0:0                                                                        RB0:1 

BFC  STATUS  RPO                                           BCF  STATUS  RPO 

CLRF  PORT  B                                                    CLRF  PORT  B 

BSF  STATUS  RPU                                            BSG  STATUS  RPU 

MOVLW  OXAA                                                 MOVLW 0XBB 
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MOVWF  TRISB                                                MOVWF TRIS B 

BCF  STATUS  RPU                                           BCF STATUS RPO 
Additional Comments:  
  
UnansweredQuestion 15  
/ 10 pts  
Below assembly codes generate a series numbers in DM address. Please fill out the empty table to 
illustrate the numbers in DM (addresses match the values). 

  

                           MOVLW           0X18                           

                           MOVWF            FSR 

                           MOVLW           0X26                           

                           MOVWF            INDF              

                           MOVWF              TEMP                

LOOP   

                           MOVF                TEMP, W                        

                           INCF                  FSR, F                         

                           ADDLW            0X03                           

                           MOVWF              TEMP                

                           MOVWF            INDF                           

                           MOVLW           0X21                           

                           SUBWF             FSR, W 

                           BTFSS                STATUS, Z       

                           GOTO                LOOP 

  

  

Address Value 
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Your Answer:  
Additional Comments:  
  
UnansweredQuestion 16  
/ 10 pts  
Translate assembly language into machine language: ADDWF   PCL, F 
Your Answer:  
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AVERAGE  
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Score for this quiz: 53 out of 100  
Submitted Oct 7 at 9:27am  
This attempt took 87 minutes.  
  
Question 1  
/ 5 pts  
Use 8 bits to represent the 2’s complement of -8. Show detail steps. 
Your Answer:  
11111000 
Additional Comments:  
  
Question 2  
/ 5 pts  
Convert the following from binary to decimal  

101.1012 =  
Your Answer:  
5.625 
Additional Comments:  
  
Question 3  
/ 5 pts  
Convert the following from hexadecimal to BCD. 

3A16 
Your Answer:  
01011000 
Additional Comments:  
  
Question 4  
/ 5 pts  
Find the binary, octal, and hexadecimal of 1810. (Show procedures) 

1810= 
Your Answer:  
binary= 10010(base 2) 

octal=22(base 8) 

hex=12(base 16) 
Additional Comments:  
  
Question 5  
/ 5 pts  
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State four fields in the Assembly language format. 
Your Answer:  
label, operation, operand, and comment 
Additional Comments:  
  
Question 6  
/ 5 pts  
How many bytes are there in PIC16F84A programming memory, data memory? And how many 
bytes are for SFR and GPR? 
Your Answer:  
68 bytes in PIC16F84A 

SFR default bank= 0 

Another SFR bank= up to 128 bytes 

GPR default bank= 0 

Another GPR bank= up to 128 bytes 
Additional Comments:  
  
Question 7  
/ 5 pts  
What is CISC? What is RISC? (Give the full names and also compare them.) 
Your Answer:  
CISC- Complex Instruction Set Computing 

RISC- Reduced Instruction Set Computing 

RISC is more focused on software and used in image/video processing applications, where CISC 
has complete emphasis on Hardware and consists of single clock cycles which execute only one 
instruction. 
Additional Comments:  
  
Question 8  
/ 5 pts  
List three different addressing modes. 
Your Answer:  
Direct, Indirect, and Implicit addressing mode 
Additional Comments:  
  
Question 9  
/ 5 pts  
Explain what will happen after executing the following assembly codes? 
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BTFSC               STATUS, 3 

GOTO                LOOP 

GOTO                MAIN 

(before executing the STATUS = 0X07, PC = Address) 
Your Answer:  
BTFSC- Bit Test File, Skip if Color 

the operation will skip (t(b))=0, and if bit b in register f is 0 then the next instruction would be 
skipped. On the other hand if b is 1 then the next instruction will be executed. 
Additional Comments:  
  
Question 10  
/ 5 pts  
Explain what will happen after executing the following assembly codes? 

DECF                               COUNTER, F 

(before executing the COUNTER = 0X01) 
Your Answer:  
The operation will be f - 1- xf where the counter = 0x01 and the counter-1= 0x01-1 which is = 
0x0. 

After executing the  instruction the counter= 0x0 and result is 0, and zero flag is set to z = 1 
Additional Comments:  
  
Question 11  
/ 5 pts  
Briefly explain the following assembly codes. Specify what value (in hexadecimal) will be stored 
in W register after execution? Also indicate the C& Z & DC flags status after each operation if 
influenced. 

  

ANDWF                          TEMP, W 

(before executing W = 0X2A, TEMP =  0XC4) 
Your Answer:  
These assembly code instructions performs an AND logical operation between the "W" registered 
value and the "f" file registered. If you get d is 0 as a result, the function result value will be 
stored in the W register and if d is 1 then the result will stored into the file register instead. The 
status flags affected are Z(zero flag) where Z=0 if result does not equal 0 and Z=1 if the result is 
in fact 0. we are given W= 0X2A and TEMP = 0XC4, therefore ANDing of both will be d = W = 
0X2A AND 0XC4 

100010 
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AND 

110010110 

  
Additional Comments:  
  
Question 12  
/ 5 pts  
Briefly explain the following assembly codes. Specify what value (in hexadecimal) will be stored 
in W register after execution? Also indicate the C& Z & DC flags status after each operation if 
influenced. 

SUBWF             TEMP, W 

(before executing W = 0X1B, TEMP = 0X36) 
Your Answer:  
The following assembly codes sets instruction to subtract the contents of the W register value 
from the contents of "f" file register. If d is 0, the result value will be stored in the W register and 
if d is 1 the result is stored into the "f" file register in return. The operation will thus be: f - W > d. 

The status flags affected: Z( zero flag), C(carry flag) and DC(Digit Carry flag) therefore, 

Z=0 if the subtraction result is not 0 

Z=1 if subtraction result is 0 

C=0 if the borrow occurs 

C=1 if borrow did not occur 

DC=0 if borrow from the low order 4 bits did in fact occur 

DC=1 if borrow from the low order 4 bits did not occur 

11011 - 110110 = -011011 (binary form)  

  
Additional Comments: So calculated result =?  
  
Question 13  
/ 10 pts  
Find the total time delay of the following program when it is done. (Note: This microcontroller is 
running on 20MHz resonator.) 

              MOVLW           0X10 

              MOVWF            COUNT 

              NOP 
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L1         DECF                 COUNT, F 

              NOP 

              BTFSS               STATUS, Z 

              GOTO                L1 

                           
Your Answer:  
MOVLW 0X10 > 1 x (5x10^-7) = 5x10^7 

MOVWF > 1 x (5x10^7) =5x10^7 

NOP > 1 x (5x10^7) =5x10^7 

DECF > 18 x  (5x10^7) = 9x10^-6 

NOP > 18 x  (5x10^7) = 9x10^-6 

BTFSS > 36 x (5x10^7) = 1.8x10^-5 

GOTO > 36 x (5x10^7) = 1.8x10^-5 

total delay = 5.55x10^-5 

  
Additional Comments:  
  
UnansweredQuestion 14  
/ 10 pts  
Write the Assembly code that can: 

1.  

1. Initialize PORTB: RB7, RB5, RB3, and RB1 as input pins and RB6, RB4, RB2, 
and RB0 as output pins in the PIC16F84A? 

2. Change RB5 to output and RB0 to input, others remain the same. 

(Don’t forget bank shift) 
Your Answer:  
Additional Comments:  
  
UnansweredQuestion 15  
/ 10 pts  
Below assembly codes generate a series numbers in DM address. Please fill out the empty table to 
illustrate the numbers in DM (addresses match the values). 

  

                           MOVLW           0X18                           
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                           MOVWF            FSR 

                           MOVLW           0X26                           

                           MOVWF            INDF              

                           MOVWF              TEMP                

LOOP   

                           MOVF                TEMP, W                        

                           INCF                  FSR, F                         

                           ADDLW            0X03                           

                           MOVWF              TEMP                

                           MOVWF            INDF                           

                           MOVLW           0X21                           

                           SUBWF             FSR, W 

                           BTFSS                STATUS, Z       

                           GOTO                LOOP 

  

  

Address Value 
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Your Answer:  
Additional Comments:  
  
UnansweredQuestion 16  
/ 10 pts  
Translate assembly language into machine language: ADDWF   PCL, F 
Your Answer:  
Additional Comments:  
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Score for this quiz: 42 out of 100  
Submitted Oct 7 at 9:24am  
This attempt took 81 minutes.  
  
Question 1  
/ 5 pts  
Use 8 bits to represent the 2’s complement of -8. Show detail steps. 
Your Answer:  

 
Additional Comments:  
  
Question 2  
/ 5 pts  
Convert the following from binary to decimal  

101.1012 =  
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Your Answer:  
5.625 
Additional Comments:  
  
Question 3  
/ 5 pts  
Convert the following from hexadecimal to BCD. 

3A16 
Your Answer:  
111010 
Additional Comments:  
  
Question 4  
/ 5 pts  
Find the binary, octal, and hexadecimal of 1810. (Show procedures) 

1810= 
Your Answer:  
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Additional Comments:  
  
Question 5  
/ 5 pts  
State four fields in the Assembly language format. 
Your Answer:  
 Label field , operational field Opreand field And ,comment field 
Additional Comments:  
  
Question 6  
/ 5 pts  
How many bytes are there in PIC16F84A programming memory, data memory? And how many 
bytes are for SFR and GPR? 
Your Answer:  
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Additional Comments:  
  
Question 7  
/ 5 pts  
What is CISC? What is RISC? (Give the full names and also compare them.) 
Your Answer:  
CISC is a complex instruction shit can take a while in order to configure rate there are levels to it 

  

RISC is a less complicated system if you simply less sophisticated instructions faster execution 
execute in a good one clock cycle 
Additional Comments:  
  
Question 8  
/ 5 pts  
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List three different addressing modes. 
Your Answer:  
are three different address in MOD their names are stated literally immediate/direct a dressing/in 
direct address in those are the three 
Additional Comments:  
  
UnansweredQuestion 9  
/ 5 pts  
Explain what will happen after executing the following assembly codes? 

BTFSC               STATUS, 3 

GOTO                LOOP 

GOTO                MAIN 

(before executing the STATUS = 0X07, PC = Address) 
Your Answer:  
Additional Comments:  
  
UnansweredQuestion 10  
/ 5 pts  
Explain what will happen after executing the following assembly codes? 

DECF                               COUNTER, F 

(before executing the COUNTER = 0X01) 
Your Answer:  
Additional Comments:  
  
Question 11  
/ 5 pts  
Briefly explain the following assembly codes. Specify what value (in hexadecimal) will be stored 
in W register after execution? Also indicate the C& Z & DC flags status after each operation if 
influenced. 

  

ANDWF                          TEMP, W 

(before executing W = 0X2A, TEMP =  0XC4) 
Your Answer:  
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Additional Comments: Which is the destination?  
  
Question 12  
/ 5 pts  
Briefly explain the following assembly codes. Specify what value (in hexadecimal) will be stored 
in W register after execution? Also indicate the C& Z & DC flags status after each operation if 
influenced. 

SUBWF             TEMP, W 

(before executing W = 0X1B, TEMP = 0X36) 
Your Answer:  
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Additional Comments: destination? C = 1, DC = 0  
  
Question 13  
/ 10 pts  
Find the total time delay of the following program when it is done. (Note: This microcontroller is 
running on 20MHz resonator.) 

              MOVLW           0X10 

              MOVWF            COUNT 

              NOP 

L1         DECF                 COUNT, F 

              NOP 

              BTFSS               STATUS, Z 
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              GOTO                L1 

                           
Your Answer:  

 
Additional Comments:  
  
Question 14  
/ 10 pts  
Write the Assembly code that can: 

1.  

1. Initialize PORTB: RB7, RB5, RB3, and RB1 as input pins and RB6, RB4, RB2, 
and RB0 as output pins in the PIC16F84A? 

2. Change RB5 to output and RB0 to input, others remain the same. 



39 

 

(Don’t forget bank shift) 
Your Answer:  

 
Additional Comments:  
  
UnansweredQuestion 15  
/ 10 pts  
Below assembly codes generate a series numbers in DM address. Please fill out the empty table to 
illustrate the numbers in DM (addresses match the values). 

  

                           MOVLW           0X18                           

                           MOVWF            FSR 

                           MOVLW           0X26                           
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                           MOVWF            INDF              

                           MOVWF              TEMP                

LOOP   

                           MOVF                TEMP, W                        

                           INCF                  FSR, F                         

                           ADDLW            0X03                           

                           MOVWF              TEMP                

                           MOVWF            INDF                           

                           MOVLW           0X21                           

                           SUBWF             FSR, W 

                           BTFSS                STATUS, Z       

                           GOTO                LOOP 

  

  

Address Value 
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Your Answer:  
Additional Comments:  
  
UnansweredQuestion 16  
/ 10 pts  
Translate assembly language into machine language: ADDWF   PCL, F 
Your Answer:  
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FALL 2020 
 
        
 

Title of Assignment:  HOMEWORK 1 
 

TOPICS COVERED IN HOMEWORK 1 
 

  
1. Review logic circuits 
2. Review programming 

 
 
 
 
 

  



43 

 

ELEG 3073 Microprocessor Systems Design 
Homework 1 Solution 

 
Name: 
 
1. What is combinational logic circuit? What is sequential logic circuit? 
Combinational logic circuit: Output only determined by current inputs. 
Sequential logic circuit: Output not only determined by current inputs, but also previous states. 
 
2. Explain DeMorgan’s Theorem?   

 
 
3. Write the symbol and truth table of exclusive-or gate.  

 
 
4. Find the binary, octal, and hexadecimal of 2810. (Show procedures) 

2810 = 1 1 1 0 02 = 348 = 1C16 
 
5. Find the 2’s complement of -410 using 8-bits. (Show procedures.) 

 4 -> 0000 0100 -> 1111 1011 +1 -> 1111 1100 is the 2’s complement of -4. 
 
6. Write a C++ program to add integer 1 through 10. Output result to the screen. Also draw the flowchart of the 
program. 
 
#include <iostream> 
main ( ) 
{ 
 int i; 
 int sum = 0; 
 for (i = 1; i <=10; i++) 
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  sum = sum+i; 
 printf("The sum of 1 to 10 is: %d\n", sum); 
 return 0; 
} 

 
 
7. Explain the differences between logic operation and bit-by-bit logic operation by given three examples. 

 

 
 5&2 = 01012 & 00102 = 00002 

5 | 2 = 01012 | 00102 = 01112 = 7 
~5 = ~01012 = 10102 = 10 
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8. Did you have any experience on microprocessors/microcontrollers before? If so, which type? Please briefly 
introduce. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

 
 
 
 

ABOVE AVERAGE  
 
 

 
  



Suxia Cui

Suxia Cui
6.5
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ELEG 3073 Microprocessor Systems Design 
Homework 1 

Name: Omer Adnan 
1. What is combinational logic circuit? What is sequential logic circuit? 
Combinational circuits are defined as the time independent circuits which do not depends upon previous inputs to 
generate any output are termed as combinational circuits.  
Sequential circuits are those which are dependent on clock cycles and depends on present as well as past inputs to 
generate any output. 
 
2. Explain DeMorgan’s Theorem?   
DeMorgan's theorem states that inverting the output of any gate is the same as using the opposite type of gate with 
inverted inputs. In circuit terms, DeMorgan's theorem states that the AND gate with inverted output and the OR gate 
with inverted inputs in the following circuit are functionally equivalent. 
 
3. Write the symbol and truth table of exclusive-or gate.  
 
 
 
 
 
 
 
 
 
 
 
 
4. Find the binary, octal, and hexadecimal of 2810. (Show procedures) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Find the 2’s complement of -410 using 8-bits. (Show procedures.) 
 
 
 
 
 
 
 
 
 
 
 
 

Suxia Cui
6.5

Suxia Cui
5
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6. Write a C++ program to add integer 1 through 10. Output result to the screen. Also draw the flowchart of the 
program. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Start 

Declare variables firstNumber, 
secondNumber and sumOfTwoNumbers 

Read firstNumber and 
secondNumber 

sumOfTwoNumbers = a+b 

Stop 

Display 
sumOfTwoNumbers 
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7. Explain the differences between logic operation and bit-by-bit logic operation by given three examples. 
A bitwise operator evaluates each bit of two expressions based on the logic that is defined by the operator. For 
example, for an AND gate to work, you have to define the variables A and B. 
Each bit of the input expressions is compared independently of other bits. A logical operator evaluates two 
conditions. An example of the logical operator is ~ (logical not). There are two significant differences between a 
logical and bitwise operator. First, a logical operator will always return 1 (true) or 0 (false). Additionally, a logical 
operator will perform "short circuit" logic, meaning that if the outcome is known after only checking the first 
condition, the second condition is ignored. For example, when using the logical and, we know that both conditions 
must be true in order for the result to be true; if the first of the two evaluates to false, then the result will be false 
regardless of the second condition, and therefore the second condition will not be evaluated.  
 
8. Did you have any experience on microprocessors/microcontrollers before? If so, which type? Please briefly 
introduce. 
I used an Arduino Uno to build a smoke detector alarm which has built in microcontrollers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



50 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BELOW AVERAGE  
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MIPROPROCESSOR SYSTEMS DESIGN 

FALL 2020 
 
        
 

Title of Assignment:  HOMEWORK 2 
 

TOPICS COVERED IN HOMEWORK 2 
 

1. Digital design 
2. Memory map 
3. Arithmetic operation  
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ELEG3073 Microprocessor Systems Design 
Homework 2 Solution 

1. Questions under "Homework" sections of Learning Module #2-1: 2, 3, 4, 5 (b) & (d)  
Module 2-1  
 
2.  836CE16 = 1000 0011 0110 1100 11102 = 

(524,288+12,288+1,536+192+14)53831810 =20333168 
3. 6578 = 1101011112 = 43110 = 10100110001BCD = 1AF16 
4.  110001010011001BCD = 629910 = 11000100110112 = 142338 = 189B16 
5. (b) 0XEF + 0XAC 
 1110 1111 
 1010 1100 
+ 
   1 1001 1011 
        9 B  
      C = 1; Z = 0; DC = 1 
   (d) 0X56 – 0XAD 
     0XAD = 1010 1101 
         0101 0010 
     +        1 
     -0XAD = 0101 0011 
  

0101 0110 
+ 0101 0011 
 1010 1001 
 A 9 
    C = 0; Z = 0; DC = 0 
 

2. Questions under "Homework" sections of Learning Module #1: 1, 2, 3 
Module 1 
1. A microprocessor is the “brain” of typical computers and control systems; however, it 

can’t function independently.  The microprocessor must communicate or control other 
devices in parallel format; therefore it needs some peripheral interface chips.  

2. A microprocessor can’t form a workable control system without the help of other 
peripheral devices. On the other hand, a microcontroller does have the peripheral 
features needed to implement the computer portion of an embedded application.  
Usually, the microcontroller is called a single-chip microcomputer, and it includes a 
microprocessor and its core, memory, and I/O facilities on the same chip. 
(Learning Module page 3; Textbook page 12.) 

3.  
Program memory (PM, flash) 
RAM File Registers (Data Memory, DM) 

• Special Function Register (SFR) 
• General Purpose Register (GPR) 

EEPROM Data Memory 
(Learning Module page 18; Textbook page 31-33) 
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3. Design a one bit full adder using only one type of logic gate. Draw the truth table, logic 
expressions, and circuit diagram.  
 
Full Adder Truth Table 
The truth table for full adder is shown below. 

 

 
Full Adder using NAND Gates 
As mentioned earlier, a NAND gate is one of the universal gates and can be 
used to implement any logic design. The circuit of full adder using only NAND 
gates is shown below. 

 
Full Adder using NAND Gates 
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4. State four fields in the Assembly language format.  

(Page 6) 
Label, Operation (OpCode), Operand, Comment    
Label  Placed in the 1st column and is the first field of a source statement.  It does not 
have to be present, just used when it is necessary.   
Operation  This is a legal Operational Code mnemonic (Op code) or an assembler 
directive.   
Operand  This may contain a label, an expression, or a combination of symbols and 
expressions separated by commas.  It is used by specifying the addressing mode of the 
instruction as well as the operand of the instruction.   
Comment  Comments are separated from the rest of the instruction by a semicolon, ”;” 
and by at least one blank space.  The compiler will ignore anything after a semicolon on 
that line.  A ‘;’ (semicolon) in the beginning makes the entire line a comment.  

 
5. State the difference in DM (Data Memory) and PM (Program Memory).  

Data memory is used for temporally store data or variables, it belongs to RAM, volatile.  
PM is used for store program or applications, it belongs to ROM or flash, non-volatile. 

 
6. How many bytes are there in PIC16F84A programming memory, data memory? And how 
many bytes are for SFR and GPR?  

(Learning module 1 page 18; textbook page 37 & 38) 
PRAM (programming flash memory) of 1024 (1K) words: Range from 0X0000 - 0X03FF. 
Used in PIC16X84A   
Data Memory:There are 84 bytes of DM (data memory) in categories of:  
16 bytes Special Function Registers (SFR)  
68 bytes General Purpose Registers (GPR)   

 
7. How many bytes are there in PIC16F88 programming memory, data memory? And how many 
are for SFR and GPR?  

(Learning module 1 page 18-19) 
There are 4096 (4k) words of PM (programming flash memory) Address range from 
0X0000 - 0X0FFF.  Used in the PIC16F88.   
There are 441 bytes of DM (data memory) in categories of:  
73 bytes Special Function Register (SFR) 
368 bytes General Purpose Register (GPR) 

 
8. How many bytes are there in PIC16F877A programming memory, data memory? And how 
many are for SFR and GPR?  

(Learning module 1 page 19) 
There are 8192 (8k) words of PM (programming flash memory) Address range from 
0X0000 - 0X1FFF. Used in the PIC16F877A.   
There are 464 bytes of DM (data memory) in categories of:   
96 bytes Special Function Register (SFR) 
368 bytes General Purpose Register (GPR)   
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9. Which file (extension name) is to be download to the PIC16F MCU while using PICKIT2 
software? 

.HEX file. 
 
10. Draw the block diagram for PIC 16F84A.  
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Nolan Coston 

ELEG3073 Microprocessor Systems Design 

Homework 2  

1. Questions under "Homework" sections of Learning Module #2-1: 2, 3, 4, 5 (b) & (d)  
 
1.1. Convert 7159ଵ଴ to Binary, Octal, and Hex formats. 

Decimal Binary Octal Hex 
7159ଵ଴ 𝟏𝟏𝟎𝟏𝟏𝟏𝟏𝟏𝟏𝟎𝟏𝟏𝟏𝟐 𝟏𝟓𝟕𝟔𝟕𝟖 𝟏𝐁𝐅𝟕𝟏𝟔 

 

1.2. Convert  836CEଵ଺ to Binary, Decimal, and Octal formats. 
Hex Binary Decimal Octal 

 836CEଵ଺ 𝟏𝟎𝟎𝟏𝟎𝟎𝟏𝟏𝟎𝟏𝟏𝟎𝟏𝟏𝟎𝟎𝟏𝟏𝟏𝟎𝟐 𝟏𝟐𝟏𝟎𝟎𝟔𝟐𝟐 𝟐𝟐𝟑𝟑𝟑𝟏𝟔𝟖 
 

1.3. Convert  657଼ to Binary, BCD, Decimal, and Hex formats. 
Octal Binary BCD Decimal Hex 
657଼ 𝟏𝟏𝟎𝟏𝟎𝟏𝟏𝟏𝟏𝟐 𝟎𝟎𝟎𝟏𝟏𝟎𝟏𝟎𝟏𝟏𝟏𝟏𝐁𝐂𝐃 𝟒𝟑𝟏𝟏𝟎 𝟏𝟗𝐅𝟏𝟔 

 

1.4. Convert 110001010011001஻஼஽ to Binary, Decimal, Octal, and Hex. 
Binary Coded Decimal Binary Decimal Octal Hex 

110001010011001஻஼஽ 𝟏𝟏𝟎𝟎𝟎𝟏𝟎𝟏𝟎𝟎𝟏𝟏𝟎𝟎𝟏𝟐 𝟓𝟎𝟒𝟖𝟏𝟏𝟎 𝟔𝟏𝟐𝟑𝟏𝟖 𝟔𝟐𝟗𝟗𝟏𝟔 
 
 

1.5. Perform the following arithmetic operations in Binary and present your results in HEX 
and also indicate the C & Z & DC flags status after each operation: (NOTE: 0X is 
another way of indicating that the value is HEX) 

1.5.1. (b) 0XEF + 0XAC 
0XEF ൅  0XAC ൌ  11101111ଶ ൅ 10101100ଶ ൌ  000110011011ଶ ൌ  19Bଵ଺ ൌ 𝐎𝐗𝟏𝟗𝐁  

 
1.5.2. (d) 0X56 - 0XAD 

0X56 െ  0XAD ൌ  01010110ଶ െ 10101101ଶ ൌ 01010111ଶ ൌ െ57ଵ଺ ൌ െ𝐎𝐗𝟓𝟕  

 

 
 
 
 
 
 
 

Suxia Cui
6.5
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2. Questions under "Homework" sections of Learning Module #1: 1, 2, 3 

2.1. State the difference between a microprocessor and a microcontroller? 
The microprocessor is the ³brain´ of t\pical compXters and control systems, but it 
need peripherals interface chips for it cannot function independently. 
Microcontrollers are single-chip microcomputers that have peripherals features, 
core, memory, microprocessors, etc. 

2.2. What architecture is the PIC16FXXX based upon? 
PIC16FXXX is based upon the Harvard Architecture. 

2.3. List the types of memory and their uses in the PIC16FXXX family? 
While the CPU is getting data, it is also pre-fetching the next program line. 
Pipelining allows the Harvard method to be fast, very well suited for control 
operations, and quite easy to perform I/O operations. In the Harvard Architecture, 
the program memory and data memory exist as separate spaces (sometimes with 
different sizes). So, while executing one instruction, the next instruction can be 
getting fetched. 

3. Design a one bit full adder using only one type of logic gate. Draw the truth table, logic 
expressions, and circuit diagram. 
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4. State four fields in the Assembly language format. 

The four fields in the Assembly language format are label, operation, operand, and 
comment. 

 
5. State the difference in DM (Data Memory) and PM (Program Memory). 

Program Memory is a memory that contains the written program while Data 
Memory contains special registers. 
 

6. How many bytes are there in PIC16F84A programming memory, data memory? And how 
many bytes are for SFR and GPR?  
In a PIC16F84A, there are 14,000 bytes in programming memory and 512 bytes in data 
memory. There are about 2944 bytes for file registers. 
 

7. How many bytes are there in PIC16F88 programming memory, data memory? And how 
many are for SFR and GPR? 
In a PIC16F88, there are 56,000 bytes in programming memory and 256 bytes in data 
memory. There are about 2,944 bytes for file registers. 

 
8. How many bytes are there in PIC16F877A programming memory, data memory? And how 

many are for SFR and GPR? 
 
9. Which file (extension name) is to be download to the PIC16F MCU while using PICKIT2 

software? 
 

The .hex file is to be downloaded to PIC16F MCU. 
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10. Draw the block diagram for PIC 16F84A.  
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TOPICS COVERED IN HOMEWORK 3 
 

1. Assembly language  
2. Flags 
3. Watchdog timer 
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Homework 3  
Solution 
1. Perform the following arithmetic operations in binary and present your results in hexadecimal 
and also indicate the C& Z & DC flags status after each operation. (Note: 0X is another way of 
indicating that the value is hexadecimal.)  

0X3A-0X26 
-0X26’s 2’s complement  is: 
 0010 0110 à 1101 1001 +1 =1101 1010  
 

0011 10102 

  + 1101 10102 

            1 0001 01002 

  
   Result is 0X14 
   
   Z = 0, C = 1, DC = 1 
2. Explain what will happen after executing the following assembly codes? (Note: Show 
procedures. Values in hexadecimal of each involved register file or W register. If flag bits are 
influenced, please also indicate their final values in your answer.) 
 

a. ADDLW 0X0F 
(before: W = 0X35) 
0011 01012 + 0000 11112 = 0100 01002 

0X35 + 0X0F = 0X44  
Result in W, all three flag bits are influenced 
 
W = 0X44, DC = 1, C = 0, Z = 0 

 
a. ANDWF TEMP, F 

(before: W = 0X18, TEMP = 0X97) 
0X18 & 0X97 =  0001 1000 & 1000 0111   = 0001 0000 = 0X10  
Result in F --> TEMP, only Z is influenced  
W = 0X18, TEMP = 0X10, Z = 0 

 
3. If you are using a resonator frequency of 10MHz, please calculate the instruction cycle. If the 
resonator frequency has been changed to 15MHz, what is the instruction cycle? 

Resonator Frequency = 10MHz 
Instruction Frequency = (10MHz)/4 = 2.5MHz 
Instruction Cycle = 1/(2.5MHz) = 0.4µs 

 
Resonator Frequency = 15MHz 
Instruction Frequency = (15MHz)/4 = 3.75MHz 
Instruction Cycle = 1/(3.75MHz) = 0.267µs 

 

4. Does the WDT depend on the time supplied by the resonator? Why or why not? 

No. The Watch Dog Timer is independent of the time supplied by the resonator because 
when the system is asleep, the resonator is off. This means there is an internal clock 
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source which keeps on ticking. WDT depend on an internal RC circuit. 
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PRAIRIE VIEW A&M UNIVERSITY 

COLLEGE OF ENGINEERING 
DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING 

ELEG 3073 Microprocessors Systems Design 
Homework 4 

  
Please see below YouTube links or files to view all the videos of project 1, write a report to evaluate each project 
(except the one from your group) on:  
(1) Technical content of the project, whether it is related to microprocessor / microcontroller?  
(2) Do the presenters have in-depth investigation on the topic to share with the audience? 
(3) Has the video been set up clearly with visual aids?  
(4) What you’ve learned from this topic?  
(5) Any suggestions on how to improve? 
  
Upload the report before due date. 
 
There are total of 7 instructional videos, below are 5 Youtube links. I also uploaded two files under this   

1. History, architecture, and applications of PIC/Intel/Arduino/ 
microcontroller/microprocessor 

https://www.youtube.com/watch?v=NZY1TpIh8g4 
2. Arduino  

https://youtu.be/knLuKfnzTHk 
3. AVR 

https://youtu.be/L75qseCDeJE 
 

4. Van Neumann vs. Harvard 
https://www.youtube.com/watch?v=F-vxKrwLIco 

5. Intel: 
https://youtu.be/nEzeQ_IdGGw 
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1. HiVWoU\, aUchiWecWXUe, and aSSlicaWionV of PIC/InWel/AUdXino/ 
micUoconWUolleU/micUoSUoceVVoU 
1.1. TheUe ZaV Wechnical conWenW WhaW ZaV UelaWed Wo Whe aUdXino boaUd VhoZn in Whe 

Yideo bXW noW Whe PIC micUoconWUolleU and Whe InWel micUoconWUolleU. 
1.2. The SUeVenWV VeemV Wo haYe a good knoZledge of Whe WoSicV Whe\ coYeUed in 

WheUe Yideo 
1.3. The Yideo ZaV VeW XS VomeZhaW cleaUl\ ZiWh Vome YiVXal aid 
1.4. I haYe leaUned WhaW Whe PIC micUoconWUolleUV and Whe InWel micUoconWUolleUV aUe 

XVed in a YaUieW\ of aSSlicaWionV, aSSlicaWionV Uanging fUom cell ShoneV and 
kiWchen aSSlianceV Wo dUoneV and UoboWicV.  

1.5. The onl\ VXggeVWion foU imSUoYemenW I ZoXld make ZoXld be Wo haYe beWWeU Yideo 
TXaliW\.  

2. AVR 
2.1. TheUe ZeUe noW mXc Wechnical conWenW in Whe Yideo 
2.2. The SUeVenWeU VeemV Wo haYe done VeUYice leYel inYeVWigaWion on Whe WoSic 
2.3. TheUe iV noW mXch YiVXal aidV in Whe Yideo 
2.4. I haYe leaUned AVR XVing Whe HaUYaUd comSXWeU VWUXcWXUe. 
2.5. I ZoXld VXggeVW incoUSoUaWing moUe YiVXalV aid like a SicWXUe of Whe acWXal 

micUoconWUolleU. 
3. Van NeXmann YV. HaUYaUd 

3.1. TheUe ZaV Vome Wechnical conWenW VhaUed WhUoXgh aXdio in Whe Yideo bXW noW 
YiVXall\.  

3.2. IW VeemV WhaW Whe SUeVenWeU haV an in deSWh inYeVWigaWion and XndeUVWanding of 
Whe WoSic 

3.3. ThiV Yideo haV no YiVXal aidV aW all 
3.4. I did noW leaUn an\Whing neZ WhaW I alUead\ didn¶W knoZ 
3.5. I ZoXld VXggeVW Wo XVe moUe YiVXal aidV ne[W Wime 

4. InWel 
4.1. TheUe ZeUe a VXbVWanWial amoXnW of Wechnical conWenW WhaW ZaV diVcXVVed in Whe 

Yideo 
4.2. IW aSSeaUV WhaW Whe SUeVenWeU haV done a good amoXnW of inYeVWigaWion and 

UeVeaUch on Whe WoSic he iV SUeVenWing.  
4.3. ThiV Yideo haV been VeW XS cleaUl\ bXW iW coXld XVe moUe YiVXal aidV.  
4.4. I leaUned Whe hiVWoU\ of Whe InWel micUoconWUolleU chiSV 
4.5. I ZoXld VXggeVW Wo XVe moUe diagUamV of Whe chiSV and dUaZingV of Whe block 

diagUamV of Whe chiSV 
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Homework #4 

 

 

  

NOLAN COSTON 
DR. CUI, SUXIA 

OCTOBER 25, 2020 
PRAIRIE VIEW A&M UNIVERSITY 

Suxia Cui
7



Coston 1 
 

 
History, Architecture and Applications of Intel, PIC, and Arduino 
Microcontrollers/Microprocessors 
 
 The content of the project related to microprocessors and microcontrollers is good. The 
presenters explain great details and facts about the Intel, PIC, and Arduino microprocessors and 
microcontrollers. The video’s visual feed has been blurry for a minute, but the rest the runtime 
has fair quality. From these subjects, I have learned few things about Intel and Arduino that I did 
not know before. 
 
Arduino 
 
 This group is giving information about the Arduino board. The presenters do explain 
good details about Arduino with a great outside setting in the background, however it has been 
slightly difficult trying to listen the presenters’ voices over the sound of vehicles passing by. 
From what I have heard, the Arduino board holds a single chip microcontroller, known as AVR, 
that has been created by the Atmel Corporation, and I find this information pretty interesting that 
Arduino uses Atmel technology. I have also learned that there was more than one Arduino board 
that was created. 
 
 
Van Neumann v. Harvard Architecture 
 
 This project talks about the Van Neumann and Harvard Architectures. The presenter 
explains the history and difference between the two architectures. A picture that illustrates the 
idea of both architectures shows in the beginning the video but fades away before the speaker 
begins speaking. Even though, there was blue screen throughout the whole video, I heard the 
speaker present the genius behind the sophisticated Van Neumann architecture and the MORE 
sophisticated Harvard architecture. 
 
 
Intel 
 
 This project presents about Intel and the marketing on anything with an Intel 
microprocessor chip. The presenter does give an in-depth investigation on Intel that is shared 
with the audience. The video has good visual of the presenter and great audio. From what the 
speaker presented in the presentation, I have learned that many microprocessor chips are not too 
expensive and that many products use Intel microprocessor chips. 
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TOPICS COVERED IN HOMEWORK 5 
 

  
1. Knowledge of microcontrollers 
2.  Engineering applications 
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Homework 5 Solution 
Textbook Chapter 6 questions 3 & 5. 

Translate assembly language into machine language: BCF STATUS, Z 

01 0001 1000 0000 

Because the format is BCF is: 01 00bb bfff ffff 

The operation code of BCF is: 01 00 

STATUS register is: bbb = 0x03 = 011 

Z bit is at bit0: fff ffff = 000 0000   

 
3. The Timer 0 module of a 16F84A is initiated by loading its Control SFR with value 
00000011. The oscillator frequency is 8MHz. 

a) Under these conditions, what is the frequency at the input to the Timer? 
b) If the counter is initially cleared to zero, how long does it take before it first 
overflows. 
c) If INTCON was initially cleared to 0, what is its value immediately after this 
overflow occurs? 

 
The Timer is using the internal instruction cycle clock, prescaler is assigned to Timer 0, at a value 
of 1:16.  

a) The instruction cycle frequency is 2MHz (fosc/4). This is further divided by 16, giving an 
input frequency to the Timer of 125kHz. 
b) The period of 125kHz is 8us. There will be 256 cycles before overflow, i.e. 2.048ms. 
c) 0000 0100. The flag is set even if the interrupt is not enabled. 

 
5. In an application using the 16F84A, a regular timed interrupt is required. The clock 
oscillator frequency is 4MHz, and an interrupt frequency in the region of every 2ms is 
required. Describe how you would configure the TMR0 module. 
 

ii) The internal clock frequency will now be 1MHz. The interrupt will occur every 256 cycles 
of the frequency presented to the counter. Without further division this is every 256us. If a 
division of 8 occurs, using the pre-scaler, an interrupt period of (8x256us) i.e. 2.048ms, occurs, 
which meets the need of the question. An appropriate Option register setting to achieve this 
will be XX0X 0010. 
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3) TKe TLPeU 0 PRdXOe RI a 16F84A LV LQLWLaWed b\ ORadLQJ WKe ​OP7ION​ UeJLVWeU ZLWK YaOXe 
00000011. TKe RVcLOOaWRU IUeTXeQc\ LV 8 MH] 

(a) FUeTXeQc\ = ​124MH] 
(b) IQLWLaO VaOXe = 0  
     FLQaO VaOXe = 255 
     TLPe SeU LQVWUXcWLRQ = (1 / (125*10 ​3​)) = 8ȝV 
     TRWaO WLPe = (8ȝV * 256) = ​2.048PV 
(c) ​IN7CON​ = 08 aIWeU RYeUIORZ becaXVe TOIF = 1 

5) I​RVc​ = 4MH]  
    T​RVc​ = (4 / 4MH]) = 1ȝV 
    TLPe SeU LQVWUXcWLRQ = 8ȝV 
    VaOXe RI 2PV RI WLPe = (2PV / 8ȝV) = 250 
  
    SR TMR0 LV ORaded ZLWK 256 - 250 = 06   ​7M50 = 06 
    ​IN7CON​ LV ORaded ZLWK (10100000)​B​ = (A0)​H 
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PRAIRIE VIEW A&M UNIVERSITY 
COLLEGE OF ENGINEERING 

DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING 
ELEG 3073 Microprocessors Systems Design 

 
Project 1 

(Midterm Project) 
 
In this mandatory project, students can work as a group of maximum 2 students toward a 
microcontroller/microprocessor related topic. It can be hardware or software related. You can 
choose one microcontroller, such as PIC, ARM, AVR, Intel, Arduino, or etc. Introduce the history 
of development, the advantages and disadvantages, popular products in current market, or 
research in academia. The project is due on Tuesday of week 8, and by week 6, each group needs 
to send instructor the names of your group members and the tentative project title. Each group 
needs to turn in one group written report of at least three pages long (not including cover page) 
with single space and 12 font. The following format should be observed for preparation of your 
written reports.  
 

1. Cover Page: indicating title and all partners 
2. Introduction/Overview  
3. Theory (the architecture of the microcontroller/microprocessor) and application of this 

knowledge  
4. Discussion of methodology leading to advance of microcontroller/microprocessor 

techniques 
5. Discussion/Explanation of how the applications influence microcontroller/microprocessor 

industry 
6. Conclusion  
7. References  

 
 
Each group is also required to provide an instructional video of less than 10 minutes. 
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Your project will be evaluated as a group with the rubric:  
 
Cover page         ___________ (1 points) 
 
Quality of visuals and or written materials                            ___________ (6 points) 
(i.e readable text, no typos) 
  
Demonstrated knowledge of research/ application areas        ___________ (6 points) 
 
References         ___________ (1 points) 
 
Quality of presentation delivery, video organization & clarity)        ___________ (6 points) 
 
  
 
 
  
 
TOTAL                                                                               ______________(20 points) 
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Introduction  

The Arduino is an open source hardware concept that was developed by Massimo Banzi, 
David Cuartillles, Tom Igoe, Gianluca Martino, and David Mellis. It was made to be an easy-to-
use programmable device primarily for interactive art design projects. The AVR family of devices 
was one of the first to incorporate on-board flash memory for program storage, instead of the one-
time programmable ROM (read-only memory), EPROM (erasable programmable read-only 
memory), or EEPROM (electrically erasable programmable read-only memory) found on other 
microcontrollers (Hughes, 2016). In the document, there will be a discussion of the methodology 
and creation of the Arduino, The influence that it has on the microcontroller/microprocessor 
industry, and the theory and application of the device. 
Theory  
  The Arduino family of boards use processors developed by the Atmel Corporation of San Jose, 
California. Most of the Arduino designs utilize the 8-bit AVR series of microcontrollers, with the 
Due being the primary exception with its ARM Cortex-M3 32-bit processor (Hughes, 2016). The 
Arduino board for all of the boards in the Arduino family is a basic Atmel AVR development 
board with the Arduino software; the Arduino software is what sets the Arduino apart from all of 
the other microcontroller/microprocessors. As far as the internal architecture of the device, the 
difference between AVR microcontrollers depends on the amount of on-board flash memory and 
the available I/O functions. A list of some of the essential features of the AVR microcontrollers 
include RISC architecture, one hundred thirty one instructions, thirty two eight bit general 
purpose registers, up to twenty megahertz clock rate, on-board memory, flash program memory 
(up to two hundred fifty six kilo), on-board EEPROM (up to four thousand kilo), Internal SRAM 
(up to thirty two thousand kilo), Operating voltage VCC = 1.8 to 5.5 volts DC (Hughes, 2016). As 
mentioned in the introduction, the memory of the AVR has the ability to be stored onto the board; 
it uses flash and EEPROM for the storage of data on the board. The flash and EEPROM can be 
loaded externally, and both will retain their contents when the AVR is powered off. The SRAM is 
volatile, and its contents will be lost when the AVR loses power (Hughes, 2016). The framework 
for the inner working of the microcontroller are below in figure one and two. Figure two is the 
framework of one of the more advanced Arduino models.  
 For the function of each Arduino board, they have the AVR board with the microcontroller and 
the IDE software. The software is compatible with C and C++. It doesn’t have to be used with a 
specific computer when the board is programmed because it can be used with Mac, IOS, and 
LINUX.  
Advancement of Techniques  
With the Arduino, you can design and build devices that can interact with its surroundings (Anna, 
2020). The Arduino boards are basically a tool for controlling electronics (Anna, 2020). The 
Arduino is continually improved every year and mainly has the RAM and flash improved on their 
newer models such as the Due that comes out every year. Here is a picture of some of the new 
Arduinos that have just been released.  
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Impact on Industry  
The Arduino allows for many tasks to be completed in certain robots of use such as a remote 
control lawnmower. They can be used for the automotive industry. For example, Bill Wong used 
the Arduino Uno to display the speed of his vehicle on his driver side window so that he did not 
have to look away from the road (Sanchez, 2017). Another user by the name of ChrisJohnson55 
shows that with the use of the Arduino microcontroller he was able to use the remote start feature 
through his laptop using Bluetooth (Sanchez, 2017).  
Conclusion 
The Arduino is a very simple RISC that allows for certain jobs to be completed. It can be used 
universally whether it is placed in a car for the sensor lights or even to turn on the ignition using 
the Bluetooth. The advancement of it will continue as there will be more I/O inputs and memory 
that will be able to be programmed on the board in the future. The advancement of the device will 
lead to more complex jobs that can be done with a single microcontroller.  



81 

 

 
AVR CPU block Diagram  
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Introduction:  
Microcontrollers and microprocessors are a prominent part of modern society. Microcontrollers 
are compact integrated circuits that perform specific operations. Microcontrollers include RAM 
(random access memory), ROM (read only memory) and other peripherals including the CPU or 
processor. Microprocessors also consist of a CPU and need other peripherals to do a task. Laptop 
and PCs are good examples of where microprocessors are used. Due to massive use of 
microcontrollers/microprocessors, there are several companies that manufacture and include them 
into their products. This report covers the history, architecture and applications of Intel, Arduino 
and Raspberry Pi microcontrollers and microprocessors. 
 

Intel Microprocessors 
 

The architecture of the Intel microprocessors and application of this knowledge: 
One of the most well known microprocessor brands is Intel. Their microprocessors are used in the 
majority of computers today. Intel’s x86 architecture has become a staple among most computers. 
Intel’s x86 architecture was designed in 1978, and was one of the first architectures for 
microprocessor-based computing. Key features of the x86 include providing a logical framework 
for executing instructions through a processor allowing softwares and instructions to run on any 
processor in the Intel 8086 family and also providing procedures for utilizing and managing the 
hardware components of the CPU. The x86 architecture primarily handles programmatic 
functions and provides services, such as memory addressing, software and hardware interrupt 
handling, data type, registers and input/output (I/O) management.  Classified by bit amount, the 
x86 architecture is applied in multiple microprocessors, including 8086, 80286, 80386, Core 2, 
Atoms and even more newer processors like the i5 and i7. Additionally, other microprocessor 
manufacturers, like AMD and VIA Technologies, have adopted the x86 architecture. 
 
Discussion of methodology leading to advance of microcontroller/microprocessor 
techniques: 
Every branch of the Intel architecture or x86 contains  the same basic features and functionality as 
chips from previous generations while also retaining backward compatibility with them. Aside 
from that each new generation adds new features and functionality to the mix. Intel Pentium 
processors for example, added multimedia extensions that vastly increased audio and video 
processing. Floating-point units (FPUs) that perform operations on floating point numbers 
became a standard feature of Intel architecture. Today encryption and decryption extensions, 
power-management features, and multilevel caches are now found on most Intel architecture 
processors. Data paths have widened from 8 bits to 32 bits, 64 bits, and even 128 bits. Operating 
frequencies have jumped from a few megahertz to 2 GHz (two billion cycles per second) and 
beyond. Many modern intel architecture chips include dual, quad, octa and even 12 core 
processors that operate within a single chip. Some include a feature called multithreading that 
allows a single core to perform multiple tasks. The figure below 
shows a 64 bit architecture called the intel i7.  
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As seen in the block diagram the architecture uses 4 cores, a two channel DDR3 DRAM 
controller, integrated graphics and shared caches. It also showcases the PCIe lane. PCIe interface 
is the fastest I/O interface in the intel architecture. PCIe supports higher transfer rates. The 
original PCIe specification specifies data rates of 2.5 GT/sec (250 MB/sec) per lane, the same as 
DMI. The second generation of PCIe doubles the data rate to 5 GT/sec (500 MB/sec).  Due to the 
advancement of these technologies, the processors are able to operational frequency of the 
systems, thereby increasing power and efficiency. 
 
Discussion/Explanation of how the applications influence microcontroller/microprocessor 
industry: 
Intel’s microprocessors have left a huge mark on the computer and technology industry. Even 
rival companies like AMD have used the x86 architecture designed by intel. Aside from 
computers intel microprocessors are used in virtually every field of electronics, including 
automotive, industrial, automation, robotics, consumer electronics, image processing, networking, 
encryption, military, construction, medical, energy, and other industries. The heavy application of 
intel’s microprocessors in the tech industry has even impacted the supply and demand of the 
processors. Since 2018, Intel has been trying to resolve supply shortage problems by investing in 
their manufacturing capacity, but even then they are struggling to meet the rising demand. This 
shows how a microprocessor architecture can cause problems in the industry due to the heavy 
requirements of processors in the modern world. 
 
 

PIC 
 
History/ Background - The PIC microcontroller was developed in the year 1993 by microchip 
technology. PIC stands for Peripheral Interface Controller. It was initially developed for 
supporting PDP(Programmed Data Processor) computers to control its peripheral devices, and 
therefore, named as a Peripheral Interface Controller. These microcontrollers are very fast and it's 
easier to execute a program compared with other microcontrollers. PIC microcontrollers are very 
popular due to their ease of programming, wide availability, easier interfacing with other 
peripherals, low cost, large user base, and serial programming capability.  
 
Architecture - The PIC microcontroller architecture is comprised of CPU, I/O ports, memory 
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organization, A/D converter, timers/counters, interrupts, serial communication, oscillator and 
CCP module. In the figure below you can see the basic architecture of a PIC. 

 
Architecture of PIC Microcontroller 

Application in Industry - At present PIC microcontrollers are extensively used for industrial 
purposes due to low power consumption, high-performance ability, and ease of availability of its 
supporting hardware and software tools like compilers, debuggers, and simulators. PIC 
microcontrollers are found in most electronic devices such as alarm systems, traffic control 
systems and RFID based security systems.  
 
Discussion of methodology: What led to the creation of the PIC was the need for an affordable 
Microcontroller there are several advantages to the PIC controller that make it so much more 
commonly used.  
 
 
Advantages: 

1. PIC microcontrollers are more consistent and have less faults. The performance of the PIC 
microcontroller is very fast. 

2. The power consumption is less than other microcontrollers and programming is also much 
easier. 

3. Interfacing of an analog device is easy without any extra circuitry. 

Disadvantages: 

•    The Peripheral Interface Controller has only one accumulator. 
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•    Small instruction set. 

•    Register banking switch required to access RAM of other devices. 

•    Operations and registers are not orthogonal. 

•    Program memory is not accessible. 

Advances: The only difference between the 16F84 and the newer PICs is that they are eight times 
more than the code size, with more RAM and much more I/O pins, a UART, A/D converter and a 
lot more features. 

Arduino 
History/Background: The Arduino project was started at the Interaction Design Institute in 
Ivrea, Italy. In 2003, Hernando Barragan created the development platform ‘Wiring.’ In 2005, 
Massimo Banzi, David Mellis, David Cuartielles, and two others extended ‘Wiring’ by adding 
support for the cheaper ATmega8 microcontroller, which was then called Arduino. This is where 
Arduino took off. In 2008, the five co-founders of the Arduino project created a company, 
Arduino LLC, to hold trademarks associated with Arduino.  
 
Architecture/Definition: Early Arduino boards came with an RS-232 serial interface and an 
Atmel ATmega8 microcontroller chip. It had 14 digital input/output pins and 6 analog input pins, 
and the power connector at the lower left. Newer boards are similar, but have more features. 

  
Arduino is an open-source electronics platform based on easy to use hardware and software, it is a 
development board which contains a microcontroller mainly 8-bit AVR. It is designed to make 
electronics more accessible to artists, designers, and anyone interested in creating interactive 
environments or objects.The Arduino IDE, is the open source software, the coding is easy to write 
and upload to the board. It runs on Windows, Linux, and Mac OS X. It can be used with any type 



89 

 

of Arduino board. 
 
Advantages: Arduino products are very cheap compared to other more complex and expensive 
microcontroller-based boards. The hardware is easy to use and so is the software, Arduino IDE. 
Disadvantages: Even though Arduino is very useful for various purposes, it cannot do too 
complex functions due to its limited hardware. Arduino is more of a beginner’s guide into 
electronics and basic projects dealing with microcontrollers. For advanced projects Arduino 
would probably be useful in initial phases but not for completion stages. 
 
Academia Research Products: Arduino Products include but are not limited to: ATmega8, 
ATmega168, ATmega368, ATmega1280. 
 
Applications in Industry: Arduino products have helped with the development of 
microcontrollers and the importance of their use since 2003. This platform can be used by people 
of all ages and all levels of experience. This is what makes Arduino so important in terms of 
applications in the microcontroller industry. 
Conclusion: 
This report shows the impact of microcontrollers and microprocessors in the modern society. 
Some of the few examples it covers are Intel, PIC and Arduino. Intel is one the oldest 
microprocessing companies that built the x86 architecture used in many applications today. PIC is 
known for their microcontrollers that are heavily used in industries. Arduino is an open source 
board that includes microcontrollers and can be used for a variety of applications. These 
technologies highlight the importance of microcontrollers and microprocessors today and how it 
advances the industry. As evident by this report, as the times progress, the technology and 
applications of these technologies will also increase. 
 
 
Video Link: 
https://www.youtube.com/watch?v=NZY1TpIh8g4 
 
References: 
www.arduino.cc 
www.techopedia.com 
www.electronicsmedia.info 
https://www.techopedia.com/definition/5334/x86-architecture 
https://www.digitalindustry.com/2020/01/07/intel-processor-shortage-how-it-can-affect-you/ 
https://www.intel.com/content/dam/www/public/us/en/documents/white-papers/ia-
introduction-basics-paper.pdf 
https://www.elprocus.com/introduction-to-pic-microcontrollers-and-its-architecture/ 
https://www.watelectronics.com/pic-microcontroller-architecture-and-applications/ 
https://www.circuitstoday.com/peripheral-interface-controller-pic 
https://electronicsdesk.com/pic-microcontroller.html 
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Introduction: 
 
Von Neumann and Harvard architectures are classified by how they use their memory 

function.  Both architectures save data from microcontrollers; however, both architectures work 
differently in the way they store the data, which will be explained in this research paper with 
significant differences compared. Modern day computers have both architectures inside of them 
when saving data from computer functions performed by the user. 

 
Theory: 
 
Von Neumann architecture was developed by John von Neumann the purpose of his study 

was to find a way for a computer to store data compiled by the user. Von Neumann architecture 
uses different sets of data and address buses to read and write instructions to the computer. The 
first program Von Neumann program was able to store 96-word memory. “A true Von Neumann 
computer performs the following sequence of steps to execute a single instruction” check the 
memory address in the control unit's program counter.” “Fetch the instruction located at the given 
address.” “Add the length of instruction to the program counter. Execute the instruction using the 
control unit, which commands the rest of the computer to perform the instruction/operation. The 
instruction may change the address in the program counter for two reasons: If some arithmetic 
condition is true to perform a repetitive operation Proceed to step 1 and repeat the process for the 
next instruction”. (http://wiki.sjs.org/wiki/index.php/History_of_Computers_-
_Von_Neumann_Architecture) 

A potential drawback of Von Neumann architecture is it can only perform one function at 
a time, which cases the processor to slow down resulting a long downloading speed. Von 
Neumann has potential computer crashes because of only performing one function at a time. 

 
Harvard architecture works with separate pathways within the computer to gather 

instructions and run data. Harvard architecture uses a centralized unit and counters that storage as 
data. The program needs to be loaded by an operator; however, the processor cannot run its own 
function.  While using Harvard architecture simple operations structure can differ throughout the 
system. Programmed task in Harvard architecture can be stored in read only memory while data 
requires read- write memory.   (https://en.wikipedia.org/wiki/Harvard_architecture) 

 
  
Contrast of Von Neumann and Harvard architecture: 
Von Neumann architecture is based on the original functions of ancient computers that 

stored inside of the computer. Harvard architecture based on modern function of computers using 
relays inside of the computer. Von Neumann uses physical memory used for both instructions and 
retrieving data from the computer. Harvard architecture uses separate memory address for 
instructions and retrieving data from the computer. Von Neumann common bus for data and 
instruction transfer, while Harvard requires separate buses used for transferring data and 
instruction. In Von Neumann two clock cycles are required for a single function, while Harvard 
instruction is executed in a single cycle. Von Neumann is much cheaper to construct than Harvard 
architecture. 

 
 
Discussion of Methodology: 
Both Von Neumann and Harvard architecture had a big influence on the advancement of 

microprocessors in computers by being able to save data. Both architectures work in different 
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way, however both imply the same concept of saving data used by the computer user. The most 
common microprocessor used in modern day electronics is PIC16F it’s very small in size but 
provides an very efficient amount of storage and power using both Von Neumann and Harvard 
architectures. “The basic physical organization of a modern computer, based on the von Neumann 
architecture model, comprises 5 units, namely memory, control, arithmetic-&-logic, input, and 
output. The CPU) comprises control and arithmetic-&-logic units.” 
(https://www.sciencedirect.com/topics/computer-science/von-neumann-
architecture#:~:text=The%20Von%20Neumann%20architecture%20consists,fetching%20and%2
0execution%20cycles%20seriously.) 
These functions present in our modern-day microprocessors help us perform the essential task of 
saving a word document. These architectures helped microprocessors become smarter in using 
standard procedures, using sequential logic to register simple clock function tasks to save items 
used to either RAM or the CPU. 

 
Discussion of Influence in Microprocessor Industry: 
Von Neumann was first described by mathematician John Von Neumann in 1945 now 75 

years ago, and much of his idea is still seen in modern day microprocessors. The basis of his idea 
are still seen today, how modern computers save simple functions from memory unit to house 
stored data. “ A fundamental power of the von Neumann design is the concept of an 
instruction set, or a set of machine instructions strung together to create the program that will 
be executed. The ability to store either program instructions, or data, into the memory unit 
allows for arbitrary programs to be loaded into memory and executed — a feature that 
architectures prior to von Neumann (known as fixed-program computers) did not allow. 
Initially, this ability to arbitrarily manipulate instructions and data enabled the creation of 
tools like linkers, assemblers, and compilers.” 
(https://info.dovermicrosystems.com/blog/von-neumann-cybersecurity) This function allows 
our computers to provide the task needed to save and store information required to work 
properly and allow the microprocessor to run more efficiently and faster. Harvard 
architecture is seen in day to day life in Arduino Platform from using basic Arduino Uno 
board to complex functions we see Harvard architecture present. The Arduino board is based 
on the Harvard architecture where the program code and program data uses sperate memory 
storage. “This DSP utilizes a modified Harvard architecture consisting of separate program and 
data buses and separate memory spaces for program, data and I/O. It is an accumulator-based 
architecture. The basic building blocks of this DSP include program memory, data memory, ALU 
and shifters, multipliers, memory mapped registers, peripherals and a controller.” 
(https://www.sciencedirect.com/topics/engineering/harvard-architecture) A microprocessor will 
either have a Von Neumann or Harvard architecture not both in the same microprocessor. Harvard 
architecture is better than Von Neumann when talking about speed comparison with a faster 
processor. 
 
 

Conclusion: 
 
In conclusion, when comparing Von Neumann and Harvard architecture, the Harvard 

architecture is a better memory source for the microprocessor of choice because of its speed. 
However, learning about both architectures, we see a blueprint of Von Neumann, the original 
architecture of storing data made 75 years ago in modern day microprocessors. The first program 
Von Neumann program was able to keep 96-word memory. “A dedicated Von Neumann 
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computer performs the following sequence of steps to execute a single instruction. Technology 
has advanced dramatically since the start of the architectures in multiple boards and programs; we 
see both architectures. An example of this is when looking at the Arduino Uno, it uses a simple 
Harvard architecture. “The basic physical organization of a modern computer, based on the von 
Neumann architecture model.” (https://www.sciencedirect.com/topics/computer-science/von-
neumann-
architecture#:~:text=The%20Von%20Neumann%20architecture%20consists,fetching%20and%2
0execution%20cycles%20seriously.) We see advancement of technology in microprocessor 
design many of the aspects to run these memory functions from both architectures Von Neumann 
and Harvard. 

 
 
 
Video Link Below: 
 
https://www.youtube.com/watch?v=F-vxKrwLIco 
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FALL 2020 
Instructor:  Dr. Suxia Cui 

 
Title of Assignment 

 
 

Outcome Measured Using this Assignment 
 

 
 
 
 
 
 

Check the engineering design characteristics related to this assignment 
Assignment problem 

 involves wide-ranging or conflicting technical issues, 
 has no obvious solution 
 Addresses problems not encompassed by current standards and codes 
 involves diverse groups of stakeholders 

X includes many component parts or sub-problems 
 involves multiple disciplines 
 has significant consequences in a range of contexts 

Assignment problem involves the application of the principles of  
X engineering 
 science 
 mathematics 

 
     
    Brief justification of the suitability of assignment for the outcome 

Final Project 
 

Outcome 1 
An ability to identify, formulate, and solve complex engineering 
problems by applying principles of engineering, science, and 
mathematic. 
 

Student will design a microcontroller-based system to be able to solve a real-life problem. 
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PRAIRIE VIEW A&M UNIVERSITY 
COLLEGE OF ENGINEERING 

DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING 
ELEG 3073 Microprocessors Systems Design 

Project 2 
  
In this mandatory project, students can work as a group of maximum 3 students toward a 
microcontroller/microprocessor related system design. You can choose one microcontroller, such as PIC, ARM, 
AVR, Intel, Arduino, or etc. The system must be able to meet one real life application need, and involve both 
hardware and software consideration.  The project is due on Monday of week 15, and by week 12, each group needs 
to send instructor the names of your group members and the tentative project title. Each group needs to turn in one 
group written report of at least three pages (not including cover page) long with single space and 12 font. The 
following format should be observed for preparation of your written reports. 

1. Cover Page: indicating title and all partners 
2. Real life problem to be solved 
3. Overview/background of this microcontroller/microprocessor 
4. System design and implementation 
5. Results and analysis (tables, graphs, figures) 
6. Discussion/Explanation of how the applications influence microcontroller/microprocessor industry 
7. Conclusion  
8. References   

This assignment is to measure ABET outcome [1]: An ability to identify, formulate, and solve complex engineering 
problems by applying principles of engineering, science, and mathematics 
   
Each group is also required to provide a demonstration video to show the completion of the project. The video should 
be less than 8 minutes including a PowerPoint about the design (both hardware and software). 
   
Your project will be evaluated as a group with the rubric:  
  
Quality of Visuals and or written materials                          ___________ (6 points) 
(i.e readable text, no typos, figures) (1.1) 
  
Demonstrated knowledge of research and quality of the  
designed system (1.2)                                                            ___________ (8 points) 
  
Delivery of Information (quality of presentation & demo, organization, clarity)  (1.1)                                                        

___________ (4 points) 
  
Ability to address questions, anticipated issues posed during 
presentation. (1.1)                                                                    ___________ (2 points) 
   

 TOTAL                                                                             ______________(20 points) 
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SAMPLE GRADING SCHEME AND GRADED FINAL REPORT 
FROM STUDENT GROUP 

 
GRADING SCHEME FOR DESIGN CONTENT 

 

  Points   
Points 
Received 

 % for PC 
Assigned 

 

1. Demonstrated knowledge of research and quality of the  
designed system (1.2) 

8 7 
89 

2. Quality of Visuals and or written materials (i.e readable text, no typos, figures) 
(1.1) 

6 5.5 

  
91 

3. Delivery of Information (quality of presentation & demo, organization, clarity) 
(1.1) 

4 4 

4. Ability to address questions, anticipated issues posed during 
presentation. (1.1)  

2 1.5 

   

TOTAL 20 18 
 90 
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SAMPLE GRADING SCHEME AND GRADED FINAL REPORT 
FROM STUDENT GROUP 

 
 
 
 

GRADING SCHEME FOR DESIGN CONTENT 
 

  Points   
Points 
Received 

 % for PC 
Assigned 

 

1. Demonstrated knowledge of research and quality of the  
designed system (1.2) 

8 7 
89 

2. Quality of Visuals and or written materials (i.e readable text, no typos, figures) 
(1.1) 

6 5 

  
83 

3. Delivery of Information (quality of presentation & demo, organization, clarity) 
(1.1) 

4 4 

4. Ability to address questions, anticipated issues posed during 
presentation. (1.1)  

2 1 

   

TOTAL 20 17 
 85 
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Arduino Overview: 
The Arduino project was started at the Interaction Design Institute in Ivrea, Italy. In 2003, Hernando 

Barragan created the development platform ‘Wiring.’ In 2005, Massimo Banzi, David Mellis, David Cuartielles, and 
two others extended ‘Wiring’ by adding support for the cheaper ATmega8 microcontroller, which was then called 
Arduino. This is where Arduino took off. In 2008, the five co-founders of the Arduino project created a company, 
Arduino LLC, to hold trademarks associated with Arduino. 

Early Arduino boards came with an RS-232 serial interface and an Atmel ATmega8 microcontroller chip. It 
had 14 digital input/output pins and 6 analog input pins, and the power connector at the lower left. Newer boards are 
similar but have more features. 

Arduino is an open-source electronics platform based on easy-to-use hardware and 
software, it is a development board which contains a microcontroller mainly 8-bit AVR. It 
is designed to make electronics more accessible to artists, designers, and anyone interested in creating interactive 
environments or objects. The Arduino IDE is the open-source software, the coding is easy to write and upload to the 
board. It runs on Windows, Linux, and Mac OS X. It can be used with any type of Arduino board. 

Arduino products are very cheap compared to other more complex and expensive microcontroller-based 
boards. The hardware is easy to use and so is the software, Arduino IDE. Even though Arduino is very useful for 
various purposes, it cannot do too complex functions due to its limited hardware. Arduino is more of a beginner’s 
guide into electronics and basic projects dealing with microcontrollers. For advanced projects Arduino would 
probably be useful in initial phases but not for completion stages. Arduino Products include but are not limited 
to: ATmega8, ATmega168, ATmega368, ATmega1280.  
 
Real life problem to be solved: 
 All throughout the United States urban cities encounter the problem of finding a free parking spot in cities during 
the busy hours of the day. Most of the common areas that encounter this problem include public parking, universities, 
schools, stadiums, and shopping areas. With limited parking spaces, finding an available space in traffic filled 
parking lot can be time consuming and frustrating, especially when an individual is already running late.  
 The solution to this problem is the Parking Management project I worked on. Through the use of technology 
parking management can be made more efficient. The project goal is to reduce traffic and provide information on 
parking lot availabilities to individuals ahead of time. The rapid increase of population in urban areas also increases 
the number of vehicles in the area. The more vehicles the more parking that is needed in public areas. The Parking 
Management project can resolve this in an efficient manner. 
 
System design and implementation: 
 In terms of hardware, the Parking Management project is based off an Arduino Mega 2560 board that is connected 
to a breadboard that has three HS 2604 Ultrasonic sensors. (Seen below in Figure 1) The software this project uses 
includes the Arduino Integrated Development Environment (IDE) application, which uses the C++ programming 
language. As for the user and admin clients, they are developed using the Visual Studio application and through this 
the programming languages used were C#, JavaScript and CSS. (Visual Studio interface seen below in Figure 2) This 
information was transmitted to the cloud server Amazon Web Services, where data transmission, collection, and 
analysis were done and used to provide parking space availability and other parking information.  
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Figure	1:	Arduino	Board	&	Ultrasonic	Sensors	

 They way it works is the Arduino board captures the readings of each of the Ultrasonic sensors based on the 
programming done in the Arduino IDE application and then it displays either “Occupied” or “Available” for each 
sensor. Each of the three Ultrasonic sensors is considered a parking spot in this project. From here the coding done in 
the Visual Studio application displays an interface which shows a display in a much cleaner look. Amazon Web 
Services then does the data compression and processing and finally it becomes and application for facilitating parking 
in clustered urban areas. 
 An example of the Admin client display is show below this is where the Admins have access to the display of the 
Parking Management project. There is also a user interface which has less options because it is the display that the 
user would see as they are looking for a parking spot. From hardware to software, the combination of both creates an 
innovative way of managing parking spots and parking lots wherever desired.  
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Figure	2:	Visual	Studios	Admin	Interface	

 
 
Discussion & Conclusion: 
 Arduino products have helped with the development of microcontrollers and the importance of their use since 2003. 
This platform can be used by people of all ages and all levels of experience. This is what makes Arduino so important 
in terms of applications in the microcontroller industry.  

The overall goal of this project outcomes the efficient use and the various ways of alleviating the common 
problem of parking spaces in big cities during busy times. The sensor network along with the software technologies 
create a system that could be innovated and one day be used in public urban cities. The system is user-friendly, 
therefore making it easy for anyone to use in their daily lives. Microprocessors and microcontrollers contribute to 
many of the innovations that change the world. Slow progress is still progress, and with the use of such 
microcontrollers and microprocessors new technologies can emerge and make change around the world. 
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Video: 
 

 
 

References: 
https://www.arduino.cc 
https://flaviocopes.com/arduino-programming-language/ 
https://aws.amazon.com 
https://mobidev.biz/blog/iot-based-smart-parking-system 
https://ieeexplore.ieee.org/document/6569312 
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SAMPLE GRADING SCHEME AND GRADED FINAL REPORT 
FROM STUDENT GROUP 

 
GRADING SCHEME FOR DESIGN CONTENT 

 

  Points   
Points 
Received 

 % for PC 
Assigned 

 

1. Demonstrated knowledge of research and quality of the  
designed system (1.2) 

8 6 
75 

2. Quality of Visuals and or written materials (i.e readable text, no typos, figures) 
(1.1) 

6 4 

  
75 

3. Delivery of Information (quality of presentation & demo, organization, clarity) 
(1.1) 

4 4 

4. Ability to address questions, anticipated issues posed during 
presentation. (1.1)  

2 1 

   

TOTAL 20 15 
 75 
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Introduction/OYerYieZ: 
The hiVWoU\ of InWel pUoceVVoUV daWeV back fUom Whe eaUl\ 1970V Wo Woda\, VWaUWing ZiWh Whe 

4004 chip. The 4004 chip ZaV manXfacWXUed fUom 1971 Wo 1981. IW became Whe fiUVW 
commeUciall\ aYailable pUoceVVoU,  and Whe YeU\ fiUVW compleWe CPU on a Vingle chip. The chip 
ZaV bXilW and packaged in a 16-pin ceUamic dXal in-line package and ZaV iniWiall\ UeleaVed on Whe 
maUkeW ZiWh a Vpeed of 108 KH] Zhile haYing 2,300 WUanViVWoUV and deliYeUed a peUfoUmance of 
0.07 MIPS. ThiV pUoceVVing chip ZaV gUoXndbUeaking, hoZeYeU iW ZaV Ueplaced in 1972 b\ Whe 
8-biW 8008 chip. ThiV chip ZaV UeleaVed on Whe maUkeW ZiWh a 0.5-0.8 MH] clock Vpeed and 3,500 
WUanViVWoUV.  

Then VhoUWl\ in 1974, Whe 8080 chip ZaV manXfacWXUed ZiWh 4,500 WUanViVWoUV and a clock 
Vpeed Xp Wo 2 MH]. The 8080 When ZenW on Wo become famoXV foU being XVed in Whe AlWaiU 8800 
micUocompXWeU, and Boeing'V AGM-86 cUXiVe miVVile. EYen ZiWh all WhiV VhoUW and TXick VXcceVV, 
none of WheVe chipV ZeUe Vold in conVideUable YolXmeV, bXW WhaW did noW decUeaVe Whe demand foU 
VXch micUopUoceVVing chipV. WiWh WhaW being Whe caVe, micUopUoceVVing chipV When begin Wo 
eYolYe and aUe maVV pUodXced. B\ Whe eaUl\ 2000V, InWel had bXilW chipV VXch aV Whe PenWiXm 4 
and Xeon, WhaW ZeUe inWegUaWed inWo eYeU\da\ Wechnolog\. TheVe chipV When pUogUeVV oYeU Whe 
ne[W WZo decadeV and eYolYe inWo ZhaW Ze knoZ aV Whe CoUe i-VeUieV - HaVZell, chipV WhaW haYe 
1​8 coUeV ZiWh Whe HaVZell-EP line of Xeon pUoceVVoUV, ZiWh Xp Wo 5.69 billion WUanViVWoUV and 
clock VpeedV of Xp Wo 4.4 GH] and aUe XVed in jXVW aboXW eYeU\ deYice WhaW haV ciUcXiW boaUd in iW. 
 
Theor\ & Applications: 

The InWel CoUe chipV aUe pipelined baVed in aUchiWecWXUe. Meaning, inVWUXcWionV moYe 
WhUoXgh a nXmbeU of inWeUnal VWageV, fUom enWeUing Whe pUoceVVoU Wo being compleWed. AV an 
inVWUXcWion iV compleWed and e[iWV a VWage, anoWheU inVWUXcWion can enWeU. ThiV iV in UeWXUn 
minimiVing Whe idle Wime foU each inWeUnal componenW. Each coUe chip haV an eVWimaWion of aW 
leaVW foXUWeen VWageV in iWV pipeline, bXW WheUe aUe a nXmbeU of complicaWionV ZiWhin Whe chipV, 
VXch aV eaUl\ compleWion oU oXW of oUdeU e[ecXWion, iW iV difficXlW Wo deWeUmine e[acWl\ hoZ man\ 
VWageV WheUe aUe in Whe pipeline.  

NoZ baVed on WhiV knoZledge, InWel chipV aUe YeU\ VXcceVVfXl inVide of compXWeUV and 
oWheU VmaUW deYiceV, dXe Wo handling iWV YaUioXV commandV and applicaWionV. People W\picall\ 
ZoXld like foU WheiU deYiceV Wo moYe faVW, UeVpond TXickl\, and handle mXlWiple WhingV aW one 
Wime. WiWh Whe pipelined aUchiWecWXUe, Whe pUoceVVoUV don'W haYe Wo ViW and hold on Wo inVWUXcWionV. 
ThiV iV ZhaW alloZV foU a XVeU of VXch a lapWop oU VmaUW deYice Wo be able Wo open mXlWiple 
ZindoZV, and compleWe mXlWiple WaVkV all aW Whe Vame Wime ZiWhoXW VloZing Whe deYice doZn Wo a 
poinW and making iW Vo VloZ Wo ZheUe iW iV XnUeVponViYe. And dXe Wo WhiV facW, WhiV iV Zh\ WheUe iV 
conVWanW deYelopmenW and neZ applicaWionV of micUopUoceVVoUV Vo Whe\ can be moUe impUoYed, 
faVWeU, and be able Wo handle laUgeU WaVkV in VhoUW peUiodV of Wime. 
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Discussion of Methodolog\: 

InWel¶V deYeloped meWhodolog\ iV baVed on WhiV ideal of 
pUoceVV-aUchiWecWXUe-opWimi]aWion. Which iV eVVenWiall\ WheiU, WhUee VWep oU WhUee main focal poinWV 
Zhen deYeloping micUopUoceVVing chipV. In Whe ​Process ​ ​VWage, InWel¶V focXV iV Wo deYelop and 
pUodXce a VlighWl\ enhanced pUoceVVoU coUe, along ZiWh a neZ gUaphicV pUoceVVoU. Which iV alVo 
manXfacWXUed on a VignificanWl\ denVeU maWeUialV oU Wechnolog\, Whan Whe pUodXcW maWeUialV WhaW 
ZeUe manXfacWXUed befoUe iW. ThiV iV a diUecW UeVponVe and oU UeplacemenW Wo Whe "Wick" ideal in 
InWel'V pUeYioXV meWhodolog\.  

In Whe ​ArchitectXre ​ VWage, InWel Zill W\picall\ inWUodXce a neZ pUoceVVoU coUe ZiWh 
VignificanWl\ impUoYed peUfoUmance and feaWXUe enhancemenWV, Zhich in WheoU\ UankV iW oYeU Whe 
pUeYioXV geneUaWion. AlVo, InWel ZoXld inWUodXce a neZ gUaphicV pUoceVVoU in Whe aUchiWecWXUe 
VWep, Zhich of coXUVe ZoXld haYe VignificanW plaWfoUm feaWXUe enhancemenWV fUom Whe pUeYioXV 
geneUaWion. And folloZing Whe logic fUom Whe PUoceVV VWage, all WhiV Zill be bXilW on Whe Vame 
adYanced maWeUialV oU Wechnolog\ WhaW iV being XVed in Whe PUoceVV VWage. Keeping Whe maWeUialV 
Whe Vame WhUoXghoXW Whe enWiUe meWhodolog\ ZoXld be a diUecW UeVponVe and oU UeplacemenW foU 
Whe "Wock" ideal in Whe pUeYioXV meWhodolog\.. 

Finall\ in Whe ​Optimi]ation ​ VWage, InWel ZoXld eVVenWiall\ haYe Whe Vame aUchiWecWXUe 
WhUoXghoXW Whe enWiUe pUoceVV, and inWUodXce neZ implemenWV of iW on a peUfoUmance-enhanced 
YeUVion of Whe manXfacWXUing  maWeUialV oU Wechnolog\ WhaW ZaV XVed in Whe pUeYioXV 
VWage.Meaning, Whe\ aUe looking aW paVW geneUaWionV of pUoceVVoUV, impUoYing each aVpecW of Whe 
pUoceVVoU eYen Whe maWeUialV iW iV being bXilW on, Zhile keep Whe oYeUall VWUXcWXUe of Whe pUoceVVoU 
Whe Vame. And ZiWh WhiV meWhodolog\, InWel can deYelop and pUodXce neZ and beWWeU pUodXcWV 
each \eaU effoUWleVVl\ Zhich iV a cleaU poViWiYe foU Whem aV a compan\ and aV long aV Whe\ aUe 
Zilling Wo pXW in Whe ZoUk and meeW neZ challengeV aV Whe\ appeaU, WheUe Zill alZa\V be Uoom foU 
impUoYemenW ZiWh WheiU pUoceVVoUV. 

Discussion of Industr\: 

BaVed on Whe conVWanW impUoYemenWV and deYelopmenW of neZ applicaWionV, Whe maUkeW in 
Whe indXVWU\ of coXUVe gUeZ VignificanWl\. ThiV led Wo Whe manXfacWXUing of oWheU bUandV and W\peV 
of pUoceVVing chipV all of Zhich ZeUe bXilW diffeUenWl\ and deVigned Wo handle diffeUenW WaVkV 
fUom oWheU pUoceVVing chipV. RegaUdleVV, Whe oYeUall coUe of Whe chipV fXncWion Uemained Whe Vame 
deVpiWe iWV ph\Vical deVign. All aW Whe Vame, Whe chipV needed Wo be coVW efficienW. Meaning, WheUe 
iV a high demand in Whe indXVWU\ foU pUoceVVoU chipV becaXVe Whe\ aUe XVed in jXVW  aboXW eYeU\ 
VmaUW deYice bXW Whe\ haYe Wo be cheap enoXgh foU maVV pUodXcWion. EYen WhoXgh noW all of Whe 
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chipV aUe cheap, Vome aUe faiUl\ e[penViYe ZiWh a pUice Uange of $42 all Whe Za\ Xp Wo $2000, WhiV 
iV jXVW depending on Whe V\VWem Whe chipV aUe being pUodXced foU. 

Real life problem to be solYed: 

One Ueal life pUoblem WhaW can be VolYed XVing inWel pUoceVVing chipV iV Whe abiliW\ Wo 
deWecW c\beUbXll\ing. TheUe haYe been eaUl\ deYelopmenWV foU WhiV Wechnolog\ XVing Whe inWel 
pUoceVVing chipV ZiWh a combinaWion of AI (aUWificial inWelligence) eaUlieU WhiV \eaU b\ a feZ 
\oXng kidV in India. The model WhaW Whe\ deYeloped haV Vome flaZV bXW eYen VWill iW ZaV able Wo 
deWecW Xp Wo 80% of c\beUbXll\ing ZiWh accXUac\. EYen ZiWh Whe adYancemenWV, c\beUbXll\ing iV 
VWill aW an all Wime high dXe Wo Whe e[ponenWial gUoZWh of Vocial media in eYeU\da\ XVe among 
adoleVcenWV.  

S\stem design and implementation: 

In Woda\¶V VocieW\, W ​he haUdZaUe XVed foU AI Woda\ mainl\ conViVWV of one oU moUe of Whe 
folloZing deVignV foU micUopUoceVVoUV CPU (CenWUal PUoceVVing UniWV), GPU (GUaphicV 
PUoceVVing UniWV), FPGA (Field PUogUammable GaWe AUUa\V), oU ASIC (ApplicaWion Specific 
InWegUaWed CiUcXiWV). WiWh WheVe deVignV, Whe inWegUaWion of micUopUoceVVoUV and AI becomeV a loW 
moUe eaVieU and efficienW. We need Whe AI Wo be cXWWing edge and efficienW becaXVe Ze need Whe 
AI Wo be able Wo handle and pUoceVV laUge amoXnWV of algoUiWhmV. TheVe algoUiWhmV aUe XVed Wo 
Uecogni]e WhingV like YideoV & imageV, VoXnd & Vpeech, We[W anal\ViV eWc. And aW WhiV poinW iV 
ZheUe Whe VofWZaUe comeV inWo pla\, becaXVe Whe chipV haYe Wo be deVigned and pUogUammed Wo 
pUoceVV WheVe algoUiWhmV.  

Results and Anal\sis: 

*See poZeUpoinW foU Whe UeVXlWV & anal\ViV (WableV, gUaphV, figXUeV) 

E[planation of hoZ the Applications influenced Industr\: 

AV VWaWed eaUlieU in m\ UepoUW, Whe micUopUoceVVoUV, eVpeciall\ Whe inWel chipV, haYe a 
heaY\ inflXence on Whe indXVWU\. ​Some VWXdieV haYe VhoZn WhaW Whe demand foU AI chipV and iWV 
applicaWion-Vpecific haUdZaUe Zill incUeaVe b\ aboXW 10 Wo 15 peUcenW. ThiV coXld UeVXlW in a $109 
billion dollaU incUeaVe in Whe AI maUkeW b\ 2025. ThaW iV jXVW 5 \eaUV fUom noZ, and Wechnolog\ iV 
VWeadil\ gUoZing and incUeaVing aW a Uapid UaWe. JXVW imagine Whe inflXence WheVe chipV coXld haYe 
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in Whe ne[W 10, 15 oU poVVibl\ 20 \eaUV eVpeciall\ Zhen Whe demand gUoZV foU fXUWheU 
applicaWionV. 

Conclusion: 
In conclXVion, InWel iV one of Whe man\ pUoceVVoU chipV WhaW aUe maVV pUodXced ZiWh 

TXaliW\ peUfoUmance and eVVenWiall\ aYailable Wo conVXmeUV \eaU UoXnd. The\ haYe been aUoXnd 
Vince Whe eaUl\ 1970V and haYe gUoZn and impUoYed each \eaU Vince iWV fiUVW aUUiYal ZiWh Whe 4004 
chip. Toda\, InWel¶V pUoceVVoU chipV aUe XVed globall\ and in jXVW aboXW an\ deYice \oX can Whink 
of, eVpeciall\ lapWopV and compXWeUV. AlVo, in UecenW UeVeaUch, \oX can Vee man\ diffeUenW 
applicaWionV foU InWel chipV. One of WheVe applicaWionV iV in AI and aUWificial inWelligence iV XVed 
ZoUldZide. AV long aV WheUe aUe ciUcXiW boaUdV and adYanced Wechnolog\, WheUe Zill be Whe 
demand foU pUoceVVoU chipV.  
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