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EET242

Laboratory #4 Subroutines and Flow Control (F10)
Objectives:

1. Apply the BSR and RTS instructions by converting the “addition” portion of Laboratory #3 into a subroutine.
2. Utilize flow control instructions such as BEQ, BMI or BPL to determine if the results of the “addition” portion of Laboratory #3 exceed the number 9.  If the results of the addition exceed nine (9), display a blank on the seven-segment display.
3. Apply the trace command to verify, explain and help you debug your program.
Reference:

1. CPU12 Reference manual

2. EET242, Lecture #3
3. Text, (Mazidi and Causey): Chapter 3, Section 3.2 “JSR and CALL Instructions”

4. Text, (Mazidi and Causey): Appendix D, Flowcharts and Pseudocode
Learning Activities:

Part I. Use a subroutine

a. Review the portions of Lecture #3 and Chapter 3 that discusse subroutines

b. Print out the ADD_DISPLAY.asm program from Lab #3
c. Normally you would need to establish a stack area in the $12K Bytes RAM of “User memory”.  (For more on this, please refer to P. 6 of the User’s Manual for the Dragon 12.)  However, for this laboratory the stack allocated by the D-Bug12 monitor will be used.  It turns out that during the trace command, the stack is also used.  Thus, establishing a stack in the User memory does not appear to work if you also want to “trace” through your program.  The “default stack” starts at $3C00.  If you are interested please investigate this.
d. Read Reference #4, Appendix D.  Note the “connection” symbol.  Use the connection symbol for the destination of the subroutine.  Make the portion of the program that performs the addition (from TAB thru ABA) into a subroutine.  Call this subroutine ADDUL (for add upper to lower).  Use the BSR and RTS instructions (not JSR).  Place the ADDUL subroutine in memory at an address following your current program but before the code-conversion look-up table which is located at $2000.  To place your subroutine at a location in memory it must be proceeded with the ORG assembler directive which establishes the starting address of the subroutine.
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e. Use a hand-drawn not-so-detailed flow chart to help you visualize the overall program flow.  That is, do not include all the details of the initialization portion and the ADDUL subroutine. 
Instructor’s ok of overall “not-so-detailed flow chart” _____

f. Assemble the program.  Look at the ‘listing’ for any errors.  Feel free to discuss them with the instructor.  Save your program as ADD_DISPLAY_SUBR.ASM
g. Verify that the modified program gives the same results.

h. View, record and discuss (in your report) MPU register data (including the stack pointer) at important break points such as just before the BSR, during the subroutine and just after the RTS.  Recall the discussion concerning the establishment of breakpoint is Step I.c. above.  Make hand-written comments on the print out and include it in your report.
i. Explain the important MPU register data to the instructor for  his/her “ok”
Instructors “ok”: __________

Part II. Use “conditional” branch instructions to control program flow if the addition exceeds 9.
a. Study the BEQ, BMI and BPL instructions.  You will need to understand these and use one of them to determine if the results of the addition exceeds the number 9.  
Summary: BEQ (Z = 1?), BMI (N = 1?) and/or BPL (N = 0?).  

b. Study the CMPA (Compare the contents of ACCA to the contents of memory, direct mode, or to a value, immediate mode) instruction.  This instruction sets up the test condition by altering the N, Z, V and C bits.  You will use this instruction, which is similar to subtraction, to update several CCR flags prior to the branch test instruction 
c. Sketch the portion of the flow chart that shows the “decision” portion of your program.  This should include the “set-up-test-condition” portion.  Place this decision process after you return from the subroutine.
d. Develop a short program with the label GREATER that will be the destination of the branch test if the results of the addition exceed 9.  This program is used to turn off the display then branch back (use BRA) to enable the program to continue to add numbers.  
e. As you test different “additions”, use the trace command and pay particular attention to the N bit of the CCR, and perhaps the Z bit.  (Note: My solution did not “look” at the Z bit, however your solution may do so.)  Look at the N after as you trace through the branch instruction and ask yourself if the flow makes sense.  

Consider the following:

(i) 9 - 8 = +, then N = 0 

(ii) 9 - 9 = 0 and N = ?? ... you need to check this one out! 
(iii) 9 - 10 = -, then N = 1.
f. Demonstrate and explain the program to the instructor

Instructors “ok”: __________

... continued

Part III.  Flow Chart of Program
Background: Flowchart symbols and their use
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Figure 2.1 Flowchart symbols used in this book


Terminal symbols are: Used at beginning and the end of each program

Process box indicates what must be done at this point in the program execution

Input / output box is used to represent data that are either read (loaded) or displayed (stored)

Decision box contains a question that can be answered either yes or no
On-page connector indicates that the flow chart continues elsewhere on the same page

Off-page connector indicates that the flowchart continues on another page

Subroutine box indicates that a subroutine occurs at this point and contains the subroutine name
Activity: 

(a) Develop a complete and neatly drawn flow chart of your program.  You may either use the attached template form and hand sketch your flow chart or use a drawing program.
(b) Use this flow chart to complement your discussion and program listings (printouts).

(c) Include and refer to your flowchart and program listings in the body of your report
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