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(1)
Assume all chips for this problem have the following characteristics: 

    IOH = -10mA, IOL = 50mA 
    IIH = 0.5mA,  IIL = -1.0mA 
    ICC = 60mA 


  
a-
How many inputs can a single output drive under worst-case conditions?  Show your work.

b- Draw a diagram showing the direction and amount of current flowing along each wire for a high (logic 1) output connected to five inputs. 

(2) Why can the SPI protocol generally run faster than the SCI protocol?

(3) 16 switches are configured in a 4 x 4 grid.  They are connected into the microcontroller using the scanned approach, and any switch should generate an IRQ (STRA) interrupt when it is pressed.  The following is the general algorithm used in a scanned approach including, as well as the IRQ ISR logic.  Assuming Port C is available:

Initialization:

1- Disable interrupts

2- Set PC7-PC4 as outputs

3- Set PC3-PC0 as inputs

4- Set PORTC to be open collector (CWOM=1)

5- Enable STRA interrupt

6- Enable interrupts

IRQ ISR Logic:

1- Select a row by setting its corresponding output pin to a low state

2- Read columns and check if 0 to see if key pressed

3- Store all switches that have been pressed

4- GOTO 1

a- Implement the algorithm using C programming language

b- Implement the algorithm using assembly programming language

(4) List three methods of synchronizing software to external I/O events

(5) Give two different methods of communicating between multiple threads of execution (e.g. between a main loop and an ISR).

(6) Define the following:

a- Context switch

b- Interrupt

c- Real-time systems

d- Functional debugging

e- I/O bound

f- Gadfly

g- Critical section

h-  Reentrant module

i- Preemptive scheduler

j- Semaphore

(7) A round-robin-based scheduling system has five tasks – T1 through T4.  Any number of these tasks may need to execute simultaneously, and they time-share a single CPU in 10ms time-slices.  These time slices (and the associated task switching) are controlled by the OC1 ISR, which executes every 10ms. 

Say that T2 polls a flag once every time it cycles through its loop.  If the flag is set, T2 must respond to an event.  Calculate the worst-case time for T2 to detect that the flag has been set (i.e. time from flag set until T2 reads it as set).  Assume the following: 

· A complete T2 loop requires 50ms to complete if not interrupted. 

· The OC1 ISR requires 1ms to complete. 

· Context switching takes 0.5ms (for switching from task to ISR or ISR to task).

