ECE 390 EXAMINATION #2 Tuesday, 9 November 2004

M. C. Loui 10:30 to 11:50 a.m.
1. (25 pts) Name:
2. (30 pts) This examination has five problems, each with approximate

points indicated. The maximum possible total is 150 points.
3. (35 pts)

Show all your work. You may use the ECE 390
4. (30 pts) Laboratory Notes, two pages of your own notes,

and an unnecessary calculator.
5. (30 pts)

Problem 1. (25 pts) Write a program fragment that exchanges the 3-bit background and
foreground colors of all characters on the bottom row of the display in 80x25 text mode; leave
the intensity bit and blinking status the same. For example, red on blue becomes blue on red.
Change the attribute bytes by writing directly into the video RAM, which begins at linear address
B8000h. You may use registers AX, BX, CX, DX, ES without saving their contents. Annotate
your program with comments. (Hint: use ROL or ROR to rotate the attribute byte by 4 bits.)




Problem 2. (30 pts) Write a subroutine Check that checks whether the new location for a four-
square Tetris piece in Machine Problem #4 would collide with a currently occupied location. The
inputs are arrays of bytes stored in row-major order.
Inputs NewLoc = 4x2 array of four (#,c) pairs for the row » and column c of each square
Occup = 25x14 array; entry (r,c) is 0 if and only if location (7,c) is unoccupied
Output BYTE [CF1lag] =1 if some location (r,c) in NewLoc is occupied, 0 otherwise

Check saves and restores all registers that it alters. Annotate your program with meaningful
comments.
Check:




Problem 3. (35 pts) The Subr subroutine below handles a circular queue, which occupies up
to 20h bytes starting at offset 0300h in the Data Segment. Each queue item is one byte. The Deg
subroutine dequeues the item at the front of the queue and places it into memory at byte QData.
The Eng subroutine enqueues the item at byte QData onto the rear of the queue.

Subr:

CMP WORD[QCount],0 ; Check for Offset in Value
JE .done ; empty queue Stack of
PUSH BP Segment Word
PUSH AX
SUB SP,2 ; Space for local 01c4 2BOF
MOV  BP, SP ; variable 01lcCe 409A
CALL Deqg ; Remove first item 01C8 1793
MOV AL, [QDatal] ; from queue and 01CA 01CE
MOV  [BP],AL H save on stack 01CcC 2BOF
CALL Subr ; Operate on rest of queue 01CE 5093
MOV AL, [BP] ; Append old first 01DO0 1788
MOV [QDatal],AL ; item onto the 01D2 01D6
CALL Eng ; current queue 01D4 2BOF
ADD SP,2 01D6 6088
POP AX 01D8 1776
POP BP 01DA 01FO0
.done: 01DC 1406
RET O1DE 1867

(a) Suppose that just before the first call to Subr, SP=01DE, and the original front item of the
queue is at offset 031Eh. Shown above are the hexadecimal values of some words in the Stack
Segment immediately before the first execution of RET. At this time, SP=01C4, and an interrupt
service routine for some device has just finished. Determine the following hexadecimal values;
except for part (iv), write “Unknown” when there is insufficient information:

(1) Offset in the Code Segment of the 3-byte CALL Subr instruction in Subr:

(i1) Original value of word in memory labeled QCount:

(i11) Original values of bytes at offsets 031D, 031E, 031F, 0320 (hex) in the Data Segment:
DS:031D DS:031E DS:031F DS:0320

(iv) A possible value for the word at SS:01C2 at this time (not “Unknown”):

(v) Values of bytes at offsets 0300, 0301, 0302, and 0303 (hex) in the Data Segment when the
original call to Subr finishes (and SP=01DE again):

DS:0300 DS:0301 DS:0302 DS: 0303:

(b) What undesirable behavior occurs if the first two instructions (CMP and JE) are omitted?



Problem 3, continued. (c) Explain clearly the overall effect of Subr on the queue, in general.

Problem 4. (30 pts) Assume that the computer is connected to only three devices, D1, D2, and
D3, which send interrupt signals periodically. There are no other external interrupt sources. All
interrupt service routines are preemptive: very shortly after each routine begins, it executes an
STI instruction. Assume that the average execution time for one instruction is 0.5 microsecond.

(a) Some information about the devices and their service routines is given below. Complete the
table; write “Unknown” when there is insufficient information.

Device Dl D2 D3
Interrupt type 0Ah (high priority) 0Bh 0Ch (low priority)
Service load 8 % % 12%
Interrupt rate Hz 50 Hz Hz
Service time (milliseconds) ms 4 ms 3 ms
Worst case interrupt latency ms 8 ms ms

(b) Determine the average number of instructions executed per second by background tasks (that
is, outside the three interrupt service routines).

(¢) You plan to attach a fourth device D4 whose interrupt rate is 400 Hz. Explain why D4 should
not be assigned the lowest priority.




Problem 5. (30 pts) Write your answers in clear English.

(a) A student testing Machine Problem #3 types the input string “21/3) ”, and the program
outputs “-21838”. Based on this test, identify three possible logical errors in the MainLoop and
Term subroutines.

1.

(b) Find two errors in the following implementation of the timer interrupt service routine in
Machine Problem #4. For each error, explain why it is an error, and how you would correct it.
TimerInt:

ADD WORD [Ticks], 1

RET

(¢) In Machine Problem #4, suppose Task1 does not set the memory word labeled Ticks to 0
when the user presses the space bar. Describe what unexpected behavior might happen, and why.




