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CE2810: Embedded Systems Software 2 

A Cheap Calculator 

“You may be an engineer if your idea of good interpersonal communication means getting the decimal 
point in the right place.  ~Author Unknown 

Due: Wednesday, April 24, 2012 23:00 

1 Objectives 
 Implement a simple program processing input from the keyboard. 

 Store data into EEPROM 

 Perform mathematical calculations on the ATMEGA32 device 

 Practice using the C String and STDLIB to solve conversion problems 

 Practice pointer manipulation 

 Format output to the LCD using the Standard IO library of C  

2 Introduction 
In the beginning, there was an abacus.  But that was not good enough.  So we invented the slide rule.  

And the world was fine.  But the slide rule did not have any electronics.  So that was bad.  Along came a 

company, and they invented the microprocessor.  With that, the first calculator existed.  And life was 

good.  In this lab, we will replicate the excitement of building that first calculator as we build a calculator 

that will match the performance of these first machines. 

3 Lab process 
In addition to implementing the code, you are to follow the following, simple lab process. 

1. Estimate how many lines of code you expect this project to be from start to finish. 

2. Estimate how long you expect it to take you to complete this project. 

3. Implement the solution, keeping track of how long it took to complete the project.  (While it is 

not required that you use project dashboard, it is certainly permitted.) 

4. At project completion, compare your line of code count and your time estimates with the actual 

values. 

4 Lab Assignment 

4.1 Design Requirements 

 Requirement R1: Upon the microprocessor resetting, your name shall be displayed on the 

LCD panel for 1 second.  Your first name shall appear on the top line and your last name 

shall appear on the bottom line. 

 Requirement R2: Entry of the values between 0 and 9 shall result in that number being 

placed in the tens position of the resulting number. 
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 Requirement R3: Pressing the `A’ key shall result in the calculator performing a plus 

operation.  The text that is on the bottom line shall be moved to the top line and a ‘+’ 

character shall be concatenated onto the end of the resulting string. 

 Requirement R4: Pressing the `B’ key shall result in the calculator performing a 

subtraction operation.  The text that is on the bottom line shall be moved to the top line 

and a ‘-’ character shall be concatenated onto the end of the resulting string. 

 Requirement R5: Pressing the `*’ key shall result in the calculator performing a 

multiplication operation.  The text that is on the bottom line shall be moved to the top line 

and a ‘*’ character shall be concatenated onto the end of the resulting string. 

 Requirement R6: Pressing the `D’ key shall result in the calculator performing a divide 

operation.  The text that is on the bottom line shall be moved to the top line and a ‘/’ 

character shall be concatenated onto the end of the resulting string. 

 Requirement R7: Pressing the `#’ key shall result in the calculator performing an equals 

operation.  The text that is on the bottom line shall be moved to the top line and a ‘=’ 

character shall be concatenated onto the end of the resulting string. 

 Requirement R8: Upon pressing the ‘#’ key, the sum of the operations shall be displayed 

on the bottom line. 

 Requirement R9: Upon pressing the `#’ key, all other keys shall be disabled except for 

the ‘C’ key. 

 Requirement R10: AT any time, pressing the ‘C’ key shall clear the calculator.  The 

accumulator shall be reset to 0 and the display shall be cleared. 

 Requirement R11: When any mathematical operation is occurring (Add, subtract, 

multiple, divide, equals), the LEDS shall blink in the pattern 0xAA -> 0x55 for one 

second.  The values shall change every 50 ms. 

 Requirement R12: Pressing the INT0 button shall store the current result on the display 

into EEPROM for future usage. 

 Requirement R13: Pressing the INT1 button shall recover the value out of EEPROM and 

use it in the current calculation. 

4.2 Implementation Constraints 

 Constraint C1: The only allowable types within this program shall be the C99 types. 

 Constraint C2: The source code shall compile cleanly without any warnings or error 

messages. 

 Constraint C3: The text that is displayed shall be generated using the C sprint library 

function, as well as any necessary string functions. 

 Constraint C4: The calculator shall be limited to calculations using unsigned 32 bit 

integers. 

 Constraint C5: You should use as many of the previously developed modules as is 

possible in developing this program. 
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5 Demonstrations 

5.1 Interim Demonstration 
By the start of the second lab period, progress should have been made.  In essence, the capability of 

concatenating characters together to form a string as well as the display of your name shall be completed. 

 

5.2 Final Demonstration 
By the start of the lab following the due date, complete functionality shall be achieved, matching that 

shown in the online video and provided by the sample hex file. 

6 Notes 
After you have completed development of the fully functioning program, determine the resource usage.  It 

is assumed that you developed your program using –O0 optimization.  Now switch to –Os.  Go to build 

and clean and rebuild the code from scratch.  How different is the size, and does it still work properly.  (If 

not, just note that it doesn’t function.  Don’t worry about trying to fix it for this lab.) 

7 Deliverables 

7.1 Lab Report 
Now that you have completed your lab assignment, submit the following lab report detailing your 

experiences.  The lab report should be submitted electronically through the online submission form on the 

course website. 

1. Introduction -> What did you accomplish with this lab? 

2. Time Analysis and code analysis  

a. How long did you plan on spending on this project? 

b. How many lines of code did you estimate for this project? 

c. How long did this project actually take? 

d. What is the count of new and changed code for this project versus last week’s project? 

(Note: You can measure this using Project Dashboard or RSM metrics, which ever you 

desire.) 

e. How much code space does your program use in the –O0 and –Os settings?  How many 

bytes are used per line of C code?  How does this compare with the last lab?  What has 

the impact of the optimizer on code space? 

f. How does this compare with programs from CE2800?   

3. Compile log 

a. Copy and paste the output of the compiler in the message window indicating that the 

code compiles without warnings or errors.  This should be from your –O0 build. 

4. Things Gone Right  / Wrong 

a. What things went right in performing this lab? 

b. What problems did you have?   

c. What mistakes did you make? 

5. Conclusions 

a. This section shall discuss what has been learned from this laboratory experience. 

6. Source Code.  Submit your well commented source code. 
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7.2 Project Demo 

In addition to the lab report, you are required to demonstrate correct functionality.  This can be 

accomplished prior to lab on April 25, 2012 or during the time period immediately following the 

lab quiz on April 25, 2012. 

 

If you have any questions, consult your instructor.  


