ELEC 379 : DESIGN OF DIGITAL AND MICROCOMPUTER SYSTEMS
1999/2000 WINTER SESSION, TERM 2

Solution for Assignment 3
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library ieee
use ieee.std_logic_1164.all
use ieee.std_logic_arith.all ;

package cpu_package is

- CPU word

si ze

subtype byte is unsigned (7 downto 0)

- stack moverment direction

subtype direction is std_|

const ant
const ant
const ant

up
down :
none

. direction
direction
direction

- opcode encodings (depends

const ant
const ant
const ant
const ant
const ant
const ant
const ant
const ant
const ant
const ant
const ant

- register

conponent stack_register
port ( reg_out

PUSH :
POP

byte

byte
byte
byte
byte
byte
byte
byte
byte
byte
byte

| ogi c_vector (1 downto 0)

"00" ;
"01"
"10"

on st udent

"10000000"
"10000001"

"10000010"
"10000011"
"10000100"
"10000101"
"10000110"
"10000111"
"10001000"
"10001001"
"10001010"

to build LIFO stacks

out byte

nunbe

r

- 128

- 129

- 130

- 131
- 132

- 133

if_down, if_hold, if_up: in byte

dir :

indirection

clk : in std_logic)
end conponent

- program ROM

conponent

port ( address

dat

rom

a: out byte) ;
end conponent

end cpu_package
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library ieee

use ieee.std_logic_1164.all ;
use ieee.std_logic_arith.all
use work. cpu_package. al | ;

entity ROMi
port ( ad
data
end ROM

architecture
begin

S
dress :

in byte

out hyte )

rtl of

ROMis

- programas given in assignment

with address select data <=
"00000000"
"00000001"
"00000010"
"00000011"
"00000100"
"00000101"
"00000110"
"00000111"
"00001000"
"00001001"
"00001010"
"00001011"
"00001100"
"00001101"
"00001110"
"00001111"
"00010000"
"00010001"
"00010010"
"00010011"
"00010100"

"00000001
QTP
I NP

"00001110"

CALL

"00000000"

QTP

"00000101"

I NP
SUBT

"00001110"

CALL

"00000000"

RET
SWAP

"00000001"

SUBT

"00001111"

INZ
PoP
RET

"00000000"

end rtl;
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" when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
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ot hers

START: PUSH 1

- PUSH DELAY
- PUSH O
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- PUSH DELAY
- PUSH START

-- DELAY:
- DELAY1: PUSH 1

- PUSH DELAY1

- EECE 379 1999/2000 Term 2 Assignnent 3
- stack_register.vhd
- Ed Casas 2000-2-19

library ieee
use ieee.std_logic_1164.all
use ieee.std_logic_arith.all ;
use work. cpu_package. al | ;

entity stack_register is

port (re

g_out :

out byte

if_down, if_hold, if_up: in byte
in direction
clk : in std_logic) ;

dir :



end stack_register ;

architecture rtl of stack_register is
signal reg, next_reg : byte ;
begin

- load register with input selected by stack
- direction
with dir select next_reg <=

i f_down when down,

if_up when up,

if_hold when others ;

process(cl k)
begin
if clk’event and clk ="'1" then
reg <= next_reg ;
end if ;
end process ;

reg_out <=reg ;
end rtl
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library ieee ;

use ieee.std_logic_1164.all ;
use ieee.std_logic_arith.all ;
use work. cpu_package.al |l ;

entity CPUis
port (I : in byte ;
O out, PCout, X out : out byte ;
reset, clk : instd_logic) ;

end CPU ;
architecture rtl of CPUIs
signal x, next_x : byte ;
signal y, next_y : byte ;
signal a, b: byte ;
signal o, next_o : bhyte ;
signal pc, next_pc, pc_plus_1: byte ;
signal instruction, romout : byte ;
signal dir : direction ;
begin

- program nenory and instruction
rl: romport map ( pc, romout ) ;

instruction <=
PUSH when romout(7) ='0" else
romout ;

- x and y register inputs
with instruction select next_x <=

rom out when PUSH ,

y when POP | OUTP | SWAP | JNZ | RET ,
i when | NP,

y+X when ADD ,

y- X when SUBT ,

pc_plus_1  when CALL ,

X when ot hers ; DUP and no-op

with instruction select next_y <=
X when SWAP |
y when ot hers ;

- stack registers

with instruction select dir <=
down when PUSH | INP | DUP,
up when POP | QUTP | ADD| SUBT | JNZ | RET,
none when others ;

s0: stack_register port map (x, next_x, next_x, next_x,
sl: stack_register port map (y, X, next_y, a,
s2: stack_register port map (a, v, a, b,
s3: stack_register port map (b, a, b, b,
- PC and Jutput] registers
next_pc <=
conv_unsi gned(0, byte’ I ength) when reset ='1' else

x when instruction = CALL or instruction = RET el se
X when instruction = JNZ and y /=0 else
pc_plus_1 ;

next_o <=
X when instruction = QUTP el se
0

pc_plus_1 <=pc +1;

process(cl k)

begin

if clk’event and clk="1'
pc <= next_pc ;

0 <= next_o ;

end if ;

end process ;

t hen

- connect output ports
o_out <= o0 ;
pc_out <= pc ;
X_out <= X ;

end rtl ;

The romand st ack_r egi st er simulation results

are shown in Figures 1 and 2. The simulation results
for the two cpu test cases are shown in Figures 3
through 6.

dir,
dir,
dir,
dir,



Name: \ 5.0us 10.0us 15.0us 20.0us 2
[ address | 000102 X03 04 X 05 X 06 X 07 {08 X 09 X 0A X 0B X(0C X 0D }(0E }(OF }(10 (11 (12 13 {14 {15 (16 X 17 )
[O)data | 018382 K0E X89 X 00 X83 05 {82 (87  0E (89 00 (8A (85 X 01 { 87 K OF { 88 {81 (8A K00 X 00 )

Figure 1. ROM contents.

Name: 100‘.0ns 200‘.0ns 300‘.0ns 400‘.0ns 500‘.0ns 600‘.0ns 700‘.0ns 900‘.Ons 1.Qus
[ clk ] L] I L] L]

[I] if_down 11
[N if_hold 22
[1] if_up 33
[ dir 0 X 1 >
[O]reg_out 00 33 X 11 X 22 33
Figure 2: Pop, push and hold.

Name: 1.Qus Z.Qus 3.Qus 4.9us 5.9us 6.Qus 7.Qus 8.Qus
[1] reset
mew | [ ] 0 7 [ J [ ] [ ] [_]
mn 01
[0]O_out 00 X 01
[O]PC_out 00 oo X 02 X 03 X o4 X oE OF 10
[O]X_out 00 01 X o X o5 01

Figure 3: 1=1, first 8 clock cycles.

Name: S.Qus 15.pus ZO.pus 25.pus 30.pus 35.pus 40.pus 45.9us 50.Qu5
[l reset
[ clk
m
[O]O_out
[O]PC_out
[O]X_out

Figure 4: 1=1, first 50 clock cycles.




Name: 1.Qus Z.Qus 3.Qus 4.9us 5.9us 6.Qus 7.Qus 8.Qus

[1] reset —‘

mew | [ ] 0 7 [ J [ ] [ ] [_]

o 04

[0]O_out 00 X 01

[O]PC_out 00 oo X 02 X 03 X o4 X oE OF 10

[O]X_out 00 01 04 X o Y o5 04 01
Figure 5: 1=4, first 8 clock cycles.

Name: S.Qus 10.pus 15.pus ZO.pus 25.pus 30.pus 35.pus 40.pus 45.9us 50.Qu5

[l reset

[ clk

I

[O]O_out

[O]PC_out | -

[O]X_out

Figure 6: 1=4, first 50 clock cycles.




