ELEC 379 : DESIGN OF DIGITAL AND MICROCOMPUTER SYSTEMS
1998/99 WINTER SESSION, TERM 2

Solutionto AssignmenB
RTL Design

QueStion 1 addr : in address ;

data_out : out word ;

data_in : in word ;
TheCpUt ypes PaCkage wite, clk : instd_logic

This packagalefineghetypesandconstantshatare end Zmrmry ;
usedthroughouthe design. , ,
architecture rtl of nemory is
type dataarray is array (15 downto 0) of word ;
signal ramdata : dataarray ;
signal ramout, next_ramout, romout : word ;
signal ramenable : std_logic ;
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- CPU Types

begin
- RAMis upper half
ram enabl e <= addr(address’left) ;

library ieee ;
use ieee.std_logic_1164.all

package cputypes is -- LS bits of address

- nmenory words

subtype word is std_logic_vector (7 downto 0) ; - ROM contains the program

with addr_| ow sel ect romout <=

- addresses . "00000111" when "0000"
subtype address is std_| ogic_vector (4 downto 0) ; "00110000" when "0001"
d "00000110" when "0010",
- opcodes . . "01110000" when "0011",
subt ype opcode is std_| ogic_vector (2 downto 0) ; "10100011" when "0100"
"10000101" when "0101",
constant load_op : opcode := "000" ; "00000011" when "0110"
constant store_op : opcode := "001" ; “00000001" when ..0111..’
constant add_op : opcode := "010" ; "“00000000" when ot hersy'
constant sub_op : opcode := "011" ; '
constant Jmp_op . opcode : = "100" ; - RAM output value is the indexed array el enent
constant jnz_op : opcode := "101" ; ramout <=
constant jn_op . opcode := "110" -

ramdata (conv_integer(addr_low)) ;

- datapath operations

type alu_opcode is ( hold, load, add, sub) ;
type i_opcode is ( hold, load ) ;

type pc_opcode is ( hold, load, incr, clear) ;

- next value to be stored in RAM
next _ramout <=

ramout ;
end cputypes; - register the indexed array el enent
process(cl k)

begin

Memory if clk’event and clk ="'1" then
ram dat a( conv_i nt eger (addr_l ow)) <=
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: hE/gm)Cz:;as, March 2, 1999 end process :
lib . ) data_out <=
ulser?;Zel :tes iogi c 1164 al| - ramout when ramenable = '1' else
use ieee. st d:l ogi c:ari th.all romout ;
use work. cputypes.all ; end rtl -
entity menory is . . .

port ( Figurel shawvs thesimulationresults.

sol 3. tex 1

signal addr_|ow : unsigned(address’left-1 downto 0) ;

addr _| ow <= unsi gned(addr (address’ | eft-1 downto 0)) ;

data_in when wite = '1" and ramenable = '1' else



Name: 200‘.Ons 400‘.Ons 600‘.0ns 800‘.0ns 1.9us l.gus l.4us 1.§us 1.§us Z.QUS
[ ck N (s S A B |
[ write ‘ ‘ ‘
[ addr 00 X 01 X 02 X 03 X 04 X 05 X 06 X 07 10 11 1F 10 11 1F
[Oldata_out 07 | 30 J o6 § 70} 3 } &5 § 08 )01 }( 00 (o1 )00 frFf oo JEE o1 | FF e

Figurel: SimulationResultsor Memory

A Datapath

Theaccumulatoregisterdatapaths oftencalledthe
ALU (arithmeticandlogic unit).
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- ALU Dat apat h

library ieee ;
use ieee.std_|ogic_1164.all ;

Instruction Register
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- Instruction Register Datapath

library ieee ;

use ieee.std_|ogic_1164.all ;
use ieee.std_logic_arith.all ;
use work. cputypes. all

entity iregister is

use ieee.std_logic_arith.all port (
use work. cputypes.all ; i in: inword :
op : ini_opcode ;
entity aluis i_out : out word ;
port ( clk : in std_logic )
a_in: inword ; - addressed RAM data end iregister ;
op : in alu_opcode ; - alu operation
a_out : out word ; - current accunulator value grchitecture rtl of iregister is
zero, negative : out std_logic ; - flags signal i, nexti : word ;
clk : in std_logic - clock begin
) - next instruction register value if not reset
end alu ; with op select nexti <=
i_in when | oad,
architecture rtl of aluis i when others ;
signal a, nexta: word ;
begin - register |
- ALU operations process(cl k)
with op select nexta <= begin
ain when | oad, if clk event and clk ='1' then
unsi gned(a) + unsigned(a_in) when add, i <= nexti
unsi gned(a) - unsigned(a_in) when sub, end if :
a when ot hers ;

- accunul ator register
process(cl k)
begin
if clk’event and clk ="'1" then
a <= nexta ;
end if ;
end process ;

a_out <= a ;
- zero and negative flags fromcurrent accunul ator
zero <=

"1' when a = "00000000" el se

0

negative <= a(word'left) ;
end rtl

Figure2 shawvs the simulationresults.

end process ;

i_out <=1 ;
end rtl

Figure3 shawvs thesimulationresults.

Program Counter
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- PC Datapath
- inplements PC hold, |oad, increment and reset

library ieee ;

use ieee.std_logic_1164.all
use ieee.std_logic_arith.all ;
use work. cputypes. all




Name: 10q0ns ZOQOns 30q0ns 40q0ns 50q0ns 60q0ns 70q0ns SOQOns 90q0ns LQUS
[ ok ] I I I I |
[O]zero ‘ ‘
[O]negative
[I] in 00 AA 55 AA 00
[l op 0 1 2 3 0
[O]out 00 AA X FF 55

Figure2: SimulationResultsfor AccumulatorDatapath(ALU).

Name: 100‘.Ons 200‘.0ns 300‘.0ns 400‘.Ons 500‘.Or
[ clk | | | |
[ op | | |
[ iin AA 55 00
[O]i_out 00 X 55

Figure3: SimulationResultgor InstructionRegisterDatapath.
I nstruction Decoder
entity pcis
port (
pc_in : in address ; - instruction address - ELEC 379 Assignnent 3 Sol utions

op : in pc_opcode

pc_out : out address
clk : in std_logic
)

end pc

architecture rtl of pcis
signal pc, nextpc
begin

- opcode
- current program counter

addr ess

- next PCvalue if not reset

with op select nextpc <=
pc
pc_in
unsi gned(pc) + 1
"00000"

- register PC
process(cl k)
begin

when hol d,
when | oad
when incr
when ot hers

if clk’event and clk = '1' then

pc <= nextpc
end if ;
end process

pc_out <= pc
end rtl ;

Figure4 shavs the simulationresults.
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- Controller (Instruction Decoder)
- Each instruction takes 2 cycles (fetch, execute)

library ieee

use ieee.std_|ogic_1164. al
use ieee.std_logic_arith.all
use work. cputypes. al

entity decoder is

port (

clk, reset : in std_logic ; - clock and reset
instr : in opcode ; -- current instruction
zero, negative : in std_logic ; -- flags

alu_op : out alu_opcode ; - A operation

i_op : out i_opcode ; - | operation

pc_op : out pc_opcode ; -- PC operation
fetch_out, wite : out std_logic -- contro

)

end decoder

architecture rtl of decoder is
signal fetch, nextfetch : std_logic
begin

- fetch/execute state machine

nextfetch <=
"1 when reset ='1" or fetch ='0" else
o

process(cl k)




Name: 10q0ns 20Q0n5 30q0ns 40Q0ns 50Q0ns GOQOns 70q0ns 80q0r

I clk

[N pc_in 00 0A 00

[N op 0 1 2 3
[O]pc_out 00 X 0A 0B ) S

Figure4: SimulationResultsfor ProgramCounterDatapath.

begin
if clk’event and clk="1" then
fetch <= nextfetch
end if ;
end process

fetch_out <= fetch

- ALU operation
alu_op <=

- CPU Conponent's

library ieee

use ieee.std_logic_1164.all ;
use ieee.std_logic_arith.all
use work. cputypes. all

package cpuconponents is

- menory

hol d when fetch = '1' else
| oad when instr = |oad_op else conponent nenory
add when instr = add_op el se port (
sub when instr = sub_op else addr : in address
hol d ; data_out : out word
data_in : in word ;
- | operation wite, clk : instd_logic
i _op <= )
| oad when fetch = '1' else end conponent
hol d
- alu
- PC operation
pc_op <= component alu
clear when reset = '1' else port (
hol d when fetch = '1' else ain: inwrd ; -- addressed RAM data
| oad when op : in alu_opcode ; -- alu operation
instr = jnmp_op or a_out : out word ; -- current accunul ator val ue
(instr = jnz_op and zero /="1") or zero, negative : out std_logic ; -- flags
(instr = jn_op and negative = '1") else clk : in std_logic -- clock
incr ; )
end conponent
- wite strobe
wite <= - instruction register
"0 when fetch ='1'" else
"1' when instr = store_op else conponent iregister
"0 port (
i_in: inword
end rtl op : in i_opcode
i_out : out word
Figure5 shaws the simulationresults. end EI(JrI(prnlezgt Sf dlogic)
- pc
Thecpuconponent s Package P
. component pc
This packageleclaresomponents$or theabore en- port (
tities so they canbe instantiatedn the top-level ar pe_in: in address ; - instruction address
. op : in pc_opcode ; -- opcode
chitecture. pc_out : out address ; -- current program counter
clk : in std_logic
) .
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end conponent




Name 500‘.0ns 1.Qus 1.§us 2.Qus 2.§us 3.Qus 3.§us
[1] clk
[N instr 0 1 2 3 4 5 6
[I] zero ‘
[l reset ‘
[l negative
[Olfetch_out J ‘ ‘
[Olwrite L] | |
[o]i_opJ\\\\\\\\\\\\\\\\\\
Olaluiop  |1X 0 X1 o X2X 0o X2(3X 0 X3)
[Olpc_op 2 n-n-n-naan-naen-naan 1
Figure5: SimulationResultsor InstructionDecoder
- decoder signal addr : address ; -- address into nenory
conponent decoder signal memout, alu_out, i_out : word ;
port ( signal pc_out : address ;
clk, reset : in std_logic ; - clock and reset signal alu_op : alu_opcode ;
instr : in opcode ; -- current instruction signal i_op : i_opcode ;
zero, negative : in std_logic ; -- flags signal pc_op : pc_opcode ;
alu_op : out alu_opcode ; - A operation signal wite, zero, negative, fetch : std_logic ;
i_op : out i_opcode ; - | operation
pc_op : out pc_opcode ; - PC operation signal i_out_op : std_|logic_vector (2 downto 0) ;
fetch_out, wite : out std Iogl c -- control signal i_out_addr : std_logic_vector (4 downto 0) ;
) begi n

end conponent ;

end cpuconponents;

Computer

Thisis thetop level of thedesign.It instantiateshe
above entities.

i _out_op <=i_out (7 downto
i _out_addr <= i_out (4 downt

5 ;
00) ;

addr <=
pc_out when fetch = '1' else
i _out_addr ;
ml: menory port map ( addr, memout, alu_out,

wite, clk) ;

al: alu port map ( memout, alu_op, alu_out,
zero, negative, clk ) ;
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- Sinple Conputer Assignnent (top-level)

pl: pc port map ( i_out_addr, pc_op, pc_out, clk ) ;
library ieee ;
use ieee.std_logic_1164.all dl: decoder port map ( clk, reset, i_out_op, zero,

use ieee.std_logic_arith.all
use work. cputypes.all ;
use work. cpuconponents. al |

negative, alu_op, i_op,

- test outputs
pc_out _out <= pc_out ;

pc_op, fetch, wite ) ;

entity cpuis nmemout _out <= memout ;

port ( alu_out _out <= alu_out ;

reset, clk : instd_logic ; -- reset an clock

pc_out_out : out address ; -- current PC end rtl ;

mem out _out : out word ; - menmory out put

| t t o t d - al t put . . .

;’ u_Out_ott - ol wer alu outpu Figure6 shaws the simulationresults.
end cpu ;

architecture rtl of cpuis
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Figure6: SimulatedExecutionof SampleProgram.



