ELEC 379 : DESIGN OF DIGITAL AND MICROCOMPUTER SYSTEMS
1998/99 WINTER SESSION, TERM 1

Mid-Term ExamSolutions

Question 1

Thesimplestsolutionusegheapproacthdescribedn
the hints: anunsigned-bit valueis incrementedn
eachcl k rising edgeandis resetwhenthet dc sig-
nalis assertedThespar k outputis acombinational
function of the hi speed input andthe angle. The
schematiggeneratedor this architectureby Synop-
sis’ Design Compiler is shawvn in Figurel.

library ieee
use ieee.std_logic_1164.all ;
use ieee.std_logic_arith.all

entity ignitionis
port (
clk : in std_logic
tdc, hispeed : in std_|ogic
spark : out std_logic ) ;
end ignition

architecture rtl of ignitionis
signal angle, nextangle : unsigned (8 downto 0)
begin
- crankshaft angle counter
nextangl e <=
conv_unsi gned(0,9) when tdc ="'1" else
angl e + conv_unsigned(1,9)

process(cl k)
begin
if clk"event and clk ="'1
angl e <= nextangle
end if ;
end process

then

- spark out put
spark <=
"1' when (
hispeed = '1' and
angl e >= conv_unsi gned( 355, 9) and
angl e <= conv_unsi gned(359,9) ) else
"1' when (
hispeed = '0' and
angl e >= conv_unsi gned(0, 9) and
angl e <= conv_unsi gned(4,9) ) else
o
end rtl ;

Although this solutionis acceptableijt hasthree
flaws: (1) if the hi speed input changeswhile the
angleis betweerB55and4 degreeghe outputwould
not correspondo either of the desiredoutputs,(2)
the output is not registeredand thus will contain
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glitches,and (3) the useof arithmeticcomparisons
will probablyresultin animplementatiorrequiring
four 9-bit comparators. A better solution requires
registeringthe hi speed input beforeit is used,reg-
isteringthe spar k outputandusinga statemachine
insteadof arithmeticcomparisons:

architecture rtl of ignitionis
signal advance, nextadvance : std_logic
signal ospark, nextospark : std_|logic
signal angle, nextangle : unsigned (8 downto 0)
begin
- crankshaft angle counter
nextangle <=
conv_unsi gned(0,9) when tdc ="'1" else
angl e + conv_unsigned(1,9)

process(cl k)
begin
if clkevent and clk ='1
angl e <= nextangle
end if ;
end process

t hen

- latch ‘hispeed’ as ‘advance’ at 354 degrees
next advance <=
hi speed when angl e = conv_unsi gned(353,9) el se
advance

process(cl k)
begin
if clk'event and clk ="'1
advance <= nextadvance
end if ;
end process

t hen

- spark output state nachine
nextospark <=
"1 when advance = '1' and

angl e = conv_unsi gned( 354, 9) el se
"0 when advance = '1' and

angl e = conv_unsi gned( 359, 9) el se
"1 when advance = '0' and

angl e = conv_unsi gned( 359, 9) el se
'0" when advance = '0" and

angl e = conv_unsigned( 4,9) else

ospark ;

process(cl k)
begin
if clk’event and clk ="1" then
ospark <= nextospark
end if ;
end process

- registered spark control output
spark <= ospark
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Figurel: SimpleSolutionfor Questionl.

end rtl ;

Whichresultsin thesimplerandmorereliablede-

signshavn in Figure2.

Question 2

; copy 64-byte buffer at C4000H to port 220H
; ELEC 379 M d- Term Exam Question 2
; Ed Casas, 1998/11/26

copyout
push ax ; save working registers
push bx
push cx
push dx
push ds

mov  ax,c400 ; DS:AX points to buffer
mv ds, ax
mov  bx, 0

mov  al,[bx] ; get byte frombuffer

mv cl,220 ; witeto OP port

out cl,a
add bx, 1 ; point to next byte
cnp  bx, 64 ; repeat 64 tinmes
jnz loop
pop ds ; restore registers
pop  dx
pop cx
pop  bx
pop ax
ret
Question 3

(@) The12 LS bits (4kB = 210 x 22) areusedto se-
lect a byte within the 4 kB region, so the de-
coderuseghe(16— 12=4) MS bits. TheMS 4
bits of the startaddress4000H,are0100. The
answelis:
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Figure2: Improved Solutionfor Questionl.

en <=
"0" when a(15 downto 12) = "0100" el se
o

(b) Thenov [45], ax instructionstorestwo bytes

startingat location 45, so locations45 and 46
will bealtered.

The80386SXCPU hasa 16-bitdatabuswhich
allows simultaneousiccesdo two bytesif they
are at an even/oddaddressair. However, ad-
dress45 is the MS byte of the word at address
44/45,while byte46is the LS byte of theword
at addresst6/47,sothe CPU will executetwo
write cyclesto executetheseinstructions.

Thelntel 80x86processorstoremulti-byteval-
uesin little-endianordersolocation45 will be
setto the LS byte, 34H andlocation46 will be
setto the MS byte, 12H.

The lastinstructionloadsAL, the LS 8 bits of

AX, with thevalueatlocation46,12. Thefinal
valuein AX isthus1212H.

(¢) The two choices for RAM are SRAM and

DRAM. SRAM, althoughmore expensve on
a perbit basis,hasfasteraccesdimesandand
doesnot requirecomplex refreshcircuitry. For
a smallandfastmemorysystemSRAM would
bethebetterchoice.



