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ECE 206, Spring 2001: Lab 4 
System Calls and Data Conversion 

Introduction 
The LC-2 provides system calls for processing user input and output.  PUTS is used to 
print strings of text to the console and GETC and OUT are used to read input from the 
console and echo those characters to the console as feedback to the user.  In this lab you 
will write your own system calls to perform input and output.   
 
Since GETC and OUT are used for character I/O, it is often necessary to convert between 
an ASCII string and a binary number.  Instead of requiring the user to do the conversion, 
you will write a service routine that reads a decimal digit from the keyboard, returning 
the result in binary, rather than ASCII.  Similarly, you will write an output service routine 
for printing a hexadecimal character. 

Learning Objectives 
In this lab you will create your own routines for input and output.  In particular you will 
become familiar with the trap table and how to modify it to include system calls that you 
have yourself written.  In addition you will learn how to convert data from one form to 
another.  In particular how to convert ASCII character data to its binary equivalent and 
how to print hexadecimal characters that correspond to binary values.  
 
You will write two service routines, manually update the trap table and test your service 
routines with the provided program dataconv.obj. 

Description 
PUTS is used to print strings of text to the console.  An example of its usage is as 
follows: 
 
          LEA R0, M_HELLO     ; load string 
          PUTS                ; print it to the console 
  ... 
M_HELLO   .STRINGZ "Hello World\n" 
 
Notice the ‘\n’ character sequence in the string.  This special character sequence will 
print a carriage return (go the next line). 
 
GETC is used to read one character from the console.  The character is stored in R0, in 
ASCII format.  An example of its usage is as follows: 
 
          AND R2, R2, #0      ; Set R2 to -x000A 
                              ; used to detect ENTER 
          ADD R2, R2, #-10 
          ... 
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          GETC                ; Get a character, into R0 
          ADD R6, R2, R0      ; if it’s a newline, 
  BRZ DONEIN          ; we are done with the input. 
 
The above example will read one character from the console into R0.  If the character 
was a newline character (value=x000A) then the program branches to DONEIN. 
 
OUT is used to echo one character to the console.  OUT prints out the character that 
corresponds to the ASCII value stored in register R0.  An example of its usage is as 
follows: 
 
        LEA R1, CHAR        ; R1 is pointer to a character 
        LDR R0, R1, 0       ; R0 is first character         
        OUT                 ; Print the char to console 
        ... 
CHAR    .FILL x0063         ; ASCII ’c’ 
 
The above example will print the character ‘c’ to the console. 
 
One of the limitations of the GETC input routine is that it only reads in ASCII characters.  
It is unaware of the type of data desired by the calling program.  For this lab you will 
write a service routine that reads in a single decimal digit.  The routine must use the 
GETC routine to read in a character and then determine if the character was a decimal 
digit (‘0’-‘9’).  If it is a decimal digit, it returns the corresponding number (in binary) in 
R0. 
 
Just as GETC is limited, so is OUT.  OUT is only able to print the character that 
corresponds to the ASCII value stored in register R0.  The second service routine that 
you will write for this lab will use OUT to print the hexadecimal equivalent of the low 
order four bits in the register R0.   
 
Using these two system calls, a program needn’t explicitly convert integer values into 
their character equivalents.  Instead, the programmer uses these system calls to perform 
both the I/O and the data conversion. 

Reading a Decimal Integer 
The first service routine that you will write will use GETC to read in a single character.  
This routine will be assigned trap vector x30.  The system call reads any single 
character.  Once the routine reads in the character it should echo it to the output using the 
service routine OUT. 
 
After the character has been echoed to the console your routine will check to see if the 
input character is one of the two sign characters (- or +), a decimal digit between 0 and 9, 
or some other character.  If the input character is the – sign, your routine should write 
x0001 to register R0 indicating the negative sign and write the value –1 to R1 indicating 
that the input was a sign character.  If the input character is the + sign, your routine 
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should write x0000 to R0, indicating positive, and –1 to R1, indicating that the input was 
a sign character. 
 
If the input character is a decimal digit between 0 and 9 your routine should convert the 
ASCII character code of the digit to its binary equivalent and write that in register R0.  
The routine should write a value of 0 to R1 indicating that the input was a decimal digit. 
Finally, if the input was some other character your routine should write the value 1 into 
register R1 indicating that the input was invalid. 
 
The following table summarizes the behavior of this service routine: 

 Output 
Input character  R0 R1 
Decimal digit (‘0’-‘9’) Binary number (0-9) 0 
Minus sign (‘-’) 1 -1 
Plus sign (‘+’) 0 -1 
Any other character (don’t care) 1 

 
After writing to registers R0 and R1 your routine should return to the calling instruction 
so that execution can pick up where it left off prior to calling your system call.  Before 
you return your should restore all registers that you used other than R0 and R1.  It is 
through these two registers that your routine communicates to the calling instruction. 
Remember that even if your system call does not modify register R7, the register is used 
to store return addresses for the functions GETC and OUT. 

Printing a Hexadecimal Character 
The second service routine that you will write outputs the single hexadecimal equivalent 
character of the four low order binary bits in register R0.  This routine will be assigned 
trap vector x31.  If your routine modifies the contents of R0, these contents must be 
restored before your routine returns control to the calling instruction.  There is no 
guarantee that the value in R0 when the system call is made will only be four bits. 
 
Since the output will be a hexadecimal character it will be one of the digits ‘0’ through 
‘9’ or one of the characters ‘a’ through ‘f’.  (You may choose either uppercase or 
lowercase characters for your output, but be consistent.)  Your routine should determine 
the character that represents the four low order binary bits in R0 and call OUT to print 
that character to the console.  Recall that OUT prints the character whose ASCII code is in 
the register R0. 
 
HINT: The ASCII character code for the character ‘0’ is x0030, the ASCII character 
code for the character ‘1’ is x0031.  This pattern is simple enough that if the binary 
value in R0 is a digit between 0 and 9 your routine can simply add x0030 to the value 
and R0 will contain the correct ASCII code for the character.  However, you will have to 
figure out if the binary value is greater than 9 first.  If that is the case then you will have 
to print out one of the characters ‘a’ through ‘f’.  Converting to the ASCII code is similar 
but the constant to add is not x0030. 
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Prelab Assignment (20 pts) 
Think carefully about the routine that prints out the hexadecimal equivalent of the low 
order four bits in register R0.  Prepare pseudo-code or a flow chart that shows the 
algorithm used for the output routine.  You must use the OUT trap routine to print the 
character to the console.  Remember that the OUT routine is a subroutine in and of itself.  
When it is called the value in R7 will be overwritten with the address of the next 
instruction so that program execution can continue where it left off before the call to the 
OUT routine. 
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Laboratory Assignment (80 pts) 

Service Routines (40 pts each) 
You are to write two separate assembly language programs.  The first should be a routine 
that reads in a character and determines its type.  The second should be a routine that 
outputs the hexadecimal equivalent of the binary value in R0.  The LC-2 simulator will 
not accept two programs with different .ORIG statements from one file.  However, the 
LC-2 simulator can load more than one object file for a given session. 
 
Your routines are system calls and shall be referenced by other programs through calling 
a TRAP very similar to the way that you would call a HALT, or TRAP x25.  When a 
TRAP is called, the value of the trap is used to index a trap table that is located in the first 
255 memory locations of the LC-2 to find the address of the routine that handles the 
TRAP.  So, when you call TRAP x25, the LC-2 looks in the memory location x0025 
for an address.  It then stores the current PC value in R7 and sets the new PC value to be 
the address found in memory location x0025. 
 
Your routines should be called through the TRAP vectors x0030 and x0031.  TRAP 
x30 calls the input routine to get a decimal character and TRAP x31 calls the output 
routine to print a hexadecimal character.  Pay close attention to the following discussion, 
as it may be a little confusing. 

Loading your System Calls 
First, when you write the routine for getting an input character you should use the .ORIG 
statement .ORIG xfb00 at the top of your file.  Just as .ORIG x3000 tells the LC-
2 to load your programs to the location x3000, .ORIG xfb00 tells the LC-2 to load 
your system call beginning at the memory location xfb00.  Similarly you should use 
.ORIG xfc00 to begin your system call routine for printing the hexadecimal character 
to the console. 
 
Each of the system calls must be in a separate file.  You may use “trapx30.asm” and 
“trapx31.asm” as assembly language filenames.  Once you have written the assembly for 
the system calls you should assemble the code to create an object file.  The two object 
files created are what you will load into the LC-2. 
 
Once you have the two object files created open the simulator.  Select “File -> Load 
Program…” from the menu and load one of the routines.  Notice that the display jumps 
to the location in memory where the routine is loaded.  For the input routine, that location 
should be xfb00 and the location for the output routine should be xfc00. 
 
Now that you have loaded the routines into the LC-2 memory, it is necessary to update 
the trap table at the beginning of the LC-2 memory.  Enter x0020 into the “Jump to:” 
box and press Enter.  Notice that the memory location x0020 contains the hexadecimal 
value x0400.  This is the address of the routine that implements TRAP x20.  Again, 
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when a TRAP call is made, the LC-2 looks up an address in the trap table.  The address 
found is where the TRAP routine actually resides.  At this point, you need to modify the 
trap table so that the LC-2 knows where to find your TRAP x30 and TRAP x31. 
 
When you loaded the routines in to the LC-2 the display jumped to the memory location 
specified by the .ORIG statement of the routine.  It is this address value that needs to be 
in the trap table.  Select Simulate -> Set Value… and set the value at location 
x0030 to xfb00.  Similarly, set the value at location x0031 to xfc00.  The LC-2 
can now find your routines. 
 
Whew! That was an awful lot of work just to tell the LC-2 where your routines were.  
Unfortunately there is no other way to do this.  In fact, each time you reinitialize the 
simulator you will have to go through the same process of loading the routines and 
changing the trap table. 

Testing your System Calls 
To this point you have just loaded your system calls into the LC-2 memory.  You now 
need some way of testing that they work.  The best way would be to write a little program 
that tries each one individually for a few cases.  You could write a program with a 
.ORIG x3000 statement at the top that reads a character and prints it out in 
hexadecimal.  This way, you would be able to trace the steps of your routines to verify 
that everything is working correctly.  HINT: You can step into TRAP routines by 
selecting “Execute -> Step Into” when you step. 
 
Another way to test your routines is to use an already written program that expects your 
routines to be installed and functioning.  You may load the program in the 
c:\lc2\examples\lab4 directory called “dataconv.obj” and run it to verify your 
routines.  (Note, if you don’t find the program in the directory specified, use Windows 
Explorer to find the file.  If this fails, check with the TA.)  The program is a little long to 
step through and use to debug your routines but it is a good example of a program using 
user written system calls. 
 
The program accepts integer input in the range of –32768 to 32767 and prints out the 
eight-character hexadecimal equivalent of the input.  The input must begin with the 
negative sign, positive sign, or a decimal integer.  If no sign is input, the number is 
assumed positive.  Input is completed with a newline character.  If any invalid character 
is input a general error message is generated.  If the number input contains too many 
digits or is out of range then the same general error message is generated. 
 
You should note that it is quicker to test your service routines using dataconv.obj. 

Further Information 
From this lab exercise, you should see that converting a single character from ASCII to 
binary (or vice versa) is pretty simple.  The second part of Chapter 10 in your text shows 
how to convert much larger numbers, with multiple decimal digits.  The general approach 
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for input is much the same as the approach used in Lab 4 to read in a binary number: 
process the most significant digit, then the next most significant, and so forth. 
 
The code in Chapter 10 uses lookup tables to multiply and divide by 1000, 100, and so 
forth.  For a different approach, look at the code in the test program for this lab 
(“dataconv.asm”), in which the decimal number is shifted left (multiplying by 10) and the 
new digit added in for each step. 
 
For output, observe the method in the test program for moving each hexadecimal digit 
into the low-order four bits, most significant digit first, in order to use your output service 
routine. 
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Name: ______________________________ 

Prelab Exercises 

In the space below, provide a flow chart or pseudo-code giving the algorithm of the 
hexadecimal output service routine.  You must use the OUT trap routine to print the 
character to the console.  This must be turned in to the Lab TA at the beginning of the lab 
period. 


