
Ph.D Qualifying Exam (Microprocessor Applications) – January 2010 
 
For both questions, use the following microprocessor instruction set: 
 
16 bit Address Bus & 16-bit Data Bus 
16 16-bit registers (reg0, reg1, . . . ., reg15) 
 
Instruction Operands Description Example 
LD regD, immediate( regA ) regD = memory[ immediate + regA ] LD reg3, 1000(reg5) 
LDI regD, immediate regD = immediate LDI reg7, 0 
ST regD, immediate( regA ) memory[ immediate + regA ] = regD ST reg8, 3000(reg2) 
ADD regD, regS1, regS2 regD = regS1 + regS2 ADD reg5, reg6, reg12 
SUB regD, regS1, regS2 regD = regS1 - regS2 SUB reg5, reg6, reg12 
AND regD, regS1, regS2 regD = regS1 and regS2 (bitwise) AND reg5, reg6, reg12 
OR regD, regS1, regS2 regD = regS1 or regS2 (bitwise) OR reg5, reg6, reg12 
INV regD, regS1 regD = not regS1 (bitwise) INV reg5, reg6 
XOR regD, regS1, regS2 regD = regS1 xor regS2 (bitwise) OR reg5, reg6, reg12 
SHL regD, regS1, regS2 regD = regS1 << regS2 (shift left) SHL reg5, reg5, reg1 
BEQ regS1, regS2, label  Branch to label if regS1 = regS2 BEQ reg2, reg3, targetLabel 
BLT regS1, regS2, label  Branch to label if regS1 < regS2 BLT reg2, reg3, targetLabel 
BNE regS1, regS2, label  Branch to label if regS1 != regS2 BNE reg2, reg3, targetLabel 
J Label Jump to label J targetLabel 
CALL Label Call function “label” CALL button_pressed 
RET  Return from function RET 
 



1. Write an assembly program using the provided ISA that detects which button on a keypad is currently pressed. Assume the 
keypad consists of 4 rows and 4 columns of buttons, and is implemented as follows: 

 
 
 
 
 
 
 
 
 
 
 
 
 
Interfacing with the keypad works in the following way. Each signal R0-R3 is connected to the first four bits of port1, which is 
mapped to address 2000 hex. Each signal C0-C3 is connected to the first four bits of port2, which is mapped to address 2001 
hex. Assume that the columns use pull-up resistors, so that when a button is not pressed the output of the column is 1.  
 
To detect a pressed button in a specific row, you should set the corresponding bit on port1 to 0 using bit manipulation. Next, 
simply check all column values (i.e. 4 bits of port2) for a 0, again using bit manipulation.  A 0 on a column indicates that the 
corresponding row and column button is pressed. The high-level pseudocode is shown below: 
 
for (row=0; row < 4; row++) { 

Write 0 to current row bit of port 1 (0x2000) 
for (col=0; col < 4; col++) { 

       Read current col bit from port 2 (0x2001) 
if (col bit of port2 is 0) 

button_pressed()         
}  

} 
 
When a button press is detected, store the corresponding row in reg14 and the corresponding column in reg15, and then call a 
fictional function called  “button_pressed” (you don’t need to write the code for this function or for pushing/popping registers). 
After all buttons have been checked, return from the function. Include comments for partial credit. 
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2. A pulse-width modulator generates a waveform that is high and low for a specified amount of time. The percentage of time 
that the waveform is high is referred to as the duty cycle and is illustrated below: 

 
 
 
 

 
 
 
 
 
 
 
Write an assembly program using the provided ISA that uses an interrupt service routine (ISR) to generate a pulse-width 
modulation waveform on the lowest bit of port 1 (2000 hex) with a programmable duty cycle using integer values ranging 
from 0 to 100 that represent the duty cycle percentage. Assume you have a timer available that can be configured to generate 
interrupts at specified intervals (you do not need to write code for the timer).    

 
(a) 10% - Assuming the period of the pulse-width modulation waveform is 100 ms, state the amount of time for which 

a timer should be configured to trigger the ISR to implement the required functionality. You do not need to write 
any code for this part. 
 

(b) 85% -Write the code for the ISR, assuming the duty cycle is specified at memory address 4000 hex and the output 
of the pulse-width modulation is connected to the lowest bit a port 1, which is mapped to address 2000 hex. You 
may use additional memory at 3000-3FFF hex for variables.  For simplicity, ignore any architecture-specific flags 
or registers that are typically cleared/set. Include comments for partial credit. 
 

(c) 5% - List any memory locations that must be initialized before the ISR executes. You do not need to write any code 
for this part. 

50% duty cycle 25% duty cycle 

75% duty cycle 0% duty cycle 
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