EEE 421 MICROPROCESSOR LABORATORY
EXPERIMENT # 1
INTRODUCTION

       OBJECT: In this experiment, how a written program is loaded to the PAT and is run will be introduced. Two methods will be discussed. First one is using the keypad of the PAT, and the second one is using the Merlin editor. Constructing, compiling, transferring and running simple programs will also be explained, using PC and PAT.

Almost all microprocessors can be programmed using hexadecimal numbers representing instructions and data. This type of programming is called machine code programming. Operation codes that represent your program are loaded to memory, and program execution can be started by adjusting the code segment (CS) and the instruction pointer (IP) to the start address of the operation codes. In this experiment, we program the microprocessor in machine code using either the keypad of the PAT board or the Merlin program on PC.    
USING THE PAT
         The microprocessor can be programmed and the program is executed by using keys on the keypad of the PAT board. Also, the contents of the memory and registers can be monitored and modified. The PAT may be programmed by placing a correct machine code in successive memory locations with 8 function keys. Properties of these keys are as follows:   

         M – Pressing this key shows the current address whose contents to be monitored or modified (i.e. Adr  0300). When you press this key again, you can see the current address and contents of it (i.e. A0300 4F). The address can be changed by pressing + or – keys. And the contents can be changed using hexadecimal number keys on the keypad.
          G – You can determine the origin (starting address) of your program by writing the origin address of the program. This address is loaded to the instruction pointer (IP). In order to start the program from the specified address, press “G”, write the address (i.e. GO  0100) and then press “G” again. This causes the microprocessor to start the execution from the specified (0100H) address.

          S- You can see and change the contents of the current segment register by means of “S” key.

          R- With this key the contents of all registers can be seen and changed. You can select registers by pressing + or – keys and change their contents using hexadecimal number keys.

          L- This key switches the PAT to the loading mode. In this mode PAT is ready to receive the program from the serial port (RS232).

USING THE MERLIN TEXT EDITOR
 
Assembling a program manually can be a time-consuming and error-prone process. A special computer program can be used to automatically assemble mnemonics into a machine-code program. Such a program is called an assembler. The assembler translates a source program written in mnemonics into an executable object program (machine code). 

Merlin is a complete, screen based, text editor for writing and editing any standard ASCII text file. It can also compile this text file (source program) to obtain the object program by using the AS86 compiler.
Loading Merlin text files: You may start MERLIN from anywhere on your hard disk or floppy disk by typing MERLIN. There are two basic methods for loading a text file:
1) From DOS, specifying a filename after the command MERLIN, thus:

             MERLIN   PROG1.ASM
2) By entering Merlin with the command 

             MERLIN

       The prompt “Edit File (press TAB for list):” will appear at the bottom of the screen. 
       The required filename (and drive if necessary) can now be entered. If the file specified does not already exist, it will be automatically created. If you press the TAB key, Merlin displays a list of all the files and subdirectories in the current directory. 

       You can load a file by pressing RETURN (ENTER) key twice. 
You can also select file for editing by pressing F2 key while Merlin is running. 
Then if you need to merge another file to the current file at cursor position press Alt-R. It prompts the user for a file name, and then inserts the contents of that file at the cursor position.  
Saving Current File to Disk: The written current text file can be saved simply by pressing the function key F1. The filename can be changed before saving by Alt-O. 

Assembling an Object Program: You can assemble the object code from your source program by simply holding down Alt-A keys.

Loading Object Programs to the PAT:  To transfer your 80286 object code program from PC to the PAT, it is necessary to be in “Terminal” mode. By pressing Alt-T keys Merlin switches to terminal mode. Then you will see the terminal screen. Press “reset” on the PAT board and then screen will show PAT: command line. You are now in the terminal mode. In this mode the PC displays any character received through its serial port, from the target board. Also, any commands entered at the PC keyboard are transmitted to the target board. In effect, the PC is behaving as the keyboard and display of the PAT. Thus, any key pressed on the PC keyboard is interpreted as a command by the PAT. The PAT will then respond by displaying information on the PC screen.
Now, press “L” key on the PAT, and PAT will respond “Loading” on its display. Hold down the Alt-S key. The file to be transmitted is shown at the bottom left corner of the screen. If required you could now change this but it should already show “PROG1.OBJ”. Press the Enter key and after a short delay the PAT display shows END ????. (???? is the last byte address of the loaded program). At this point, the object program has been loaded successfully.  
Return to Merlin: To return to Merlin press Alt-X keys.
Exit to DOS (or Windows): By simply pressing F6 key, you can exit from Merlin. 
TERMINAL MODE COMMANDS
M <address> - Monitor one page of memory ( i.e. M 0100   or   M 0080:0100 command will show the contents of one page of memory form address 100H to 19FH).

C <address> - Change memory contents. When you enter C 0100 the PC screen will show: 
                          if you write any hexadecimal value (i.e. AB) and press enter,
                         the content is changed. (to AB)
   you can change the contents until you terminate “C”              command by adding  colon (:) at the end of the changed content. i.e.0080:0105: 00 CD: 
If you write following data separated by a space;
                          These bytes are stored to the memory following the address 0200H respectively. 

You can also type ASCII characters in between quotation marks thus:

                        “HELLO”:  when you monitor address 0300H you will see

                        4C 4C 4F          48→H   45→E    4C→L    4C→L   4F→O  
G <address>- Execute a program. The default value for execution is 0080:0100H. You can execute from any location by entering the start address after “G”.  
T <address>- You can execute every single instruction step by step and see the register content changes by entering T <address> then pressing enter for each instruction execution.
L - Load file from cassette or RS232 into memory.
R- Shows the current contents of all registers.
R?? - Change the contents of the specified register ??. (i.e. RAX changes AX content) 
P - Switch the control to PAT. To switch the control again to PC, press reset button on the PAT.
FREQUENTLY USED KEYS (SUMMARY)
F1 → Write the current file to disk.

F2→ Load files from disk.

F6→ Exit to DOS or Windows. 

Alt-R  → Merge another file to the current file at cursor position.
Alt-O  → Change name of file being edited.
Alt-A  → Run assembler
Alt-T  → Run terminal
Alt-L  → Run assembler and list to screen.
Alt-M→ Start and end the block selection.
Alt-K → Delete the marked block
Alt-X → Copy the block to temporary scrap buffer, then delete the block.   
Alt-C → Copy the block to temporary scrap buffer.
Alt-V → Insert the contents of the temporary scrap buffer at the current cursor position.
Alt-D → Delete line.
Ctrl-G → Go to line
Ctrl-E → Open error file
While terminal mode; 
Alt-S → Transmit the ???.obj file to the PAT.

Alt-X → Exit to Merlin.
Resetting → The PAT board cause the control to switch PC’s keyboard and monitor. At this time pressing “P” and Enter will cause the control to be switched to PAT’s keypad and display.
Follow this procedure to transmit files from PC to PAT-Board…

1) After writing the file, press Alt-A. This compiles the file and makes object file. Object file name is same as the source file name that is compiled with Alt-A.

2) Set PAT to loading mode by simply pressing “L” key on keypad. Display should show “Loading…” message. (If display shows nothing at this stage, the first way is to switch to terminal mode by pressing Alt-T and then press reset button. Then, press “P” and “Enter” on the keyboard. Display should show “Ready” message. Then press “L” on keypad. Display should now show “Loading…” message. The second way is to turn Off  and On the power of the PAT. So display shows “Ready” message. If so, press “L” on keypad. Display should now show “Loading…” message.)
3) Press Alt-T to switch to terminal mode. (If you press “P” and “Enter”, control switches to PAT. If you press the reset button, control switches to PC keyboard and monitor.) 

4) If PAT display is showing “Loading…” message then press Alt-S and Enter. This transmits the object file of the just compiled file to PAT.

5) If PAT display is showing End ???? (???? Final address of object codes) then the object codes are transmitted to PAT successfully...  

CONSTRUCTING AND RUNNING A SIMPLE PROGRAM
       OBJECT: In this experiment how a simple program is written will be introduced. Properties of MOV, ADD commands will be examined. PAT programming will be realized by using the opcodes of a written program. Then, using an assembler (Merlin and AS86) to program the PAT more easily will be explained.
New instructions:
MOV [destination], [source]; Copy the contents of source to destination.

ADD [operand1],[operand2]; Adds the operand2 to operand1 and store the result in opreand1
PRELIMINARY WORK

P1.) Write a program, starting at location 0080:0100h, which will exchange the contents of CL   and DL registers.

P2.) Write a program, starting at location 0080:0200h, which will add the values 09Bh located in 0080:0500h and 52h located in 0080:0501h. Finally, store the result in 0080:0502h
EXPERIMENTAL PROCEDURE
E1.) Produce a source program for P1 in Merlin Text Editor. Compile and transfer the object program to the PAT. Load CX and DX registers with known different values using RCX and RDX commands. Then run the program using the keyboard or keypad. Verify correct operation by examining relevant memory locations and registers before and after program execution. (Use “T” command to examine and execute step by step) 

E2.) Produce a source program for P2 in Merlin Text Editor. Compile and transfer the object program to the PAT. Then run the program using the keyboard or keypad. Verify correct operation by examining relevant memory locations before and after program execution. (Use “T” command to examine and execute step by step) 
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