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

Solutionto AssignmenB
RTL Design

Question 1

Thecput ypes Package

This packagalefineghetypesandconstantshatare

usedthroughouthe design.

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

package cputypes is
- nmenory words
subtype dword is unsigned (7 downto 0)

subtype iword is std_logic_vector (7 downto 0)

- addresses (5-bit)
subtype addr is unsigned (4 downto 0)

- opcodes and codes (cpu and alu use sane opcodes

subt ype opcode is std_logic_vector (2 downto O
subtype al u_opcode is std_logic_vector (2 downto O
subtype pc_opcode is std_logic_vector (1 downto 0
constant load : opcode := "000"

constant store : opcode := "001"

constant loadi : opcode := "010"

constant addop : opcode := "011"

constant notop : opcode := "100"

constant andop : opcode := "101"

constant jz : opcode := "110"

constant jn . opcode := "111"

constant hold : pc_opcode := "00"

constant incr : pc_opcode := "01"

constant junp : pc_opcode := "10"

end cputypes
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- Instruction Menory ROM

- size: 32x8

- contents: sanple program

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

use work. cputypes. all

sol 3. tex
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entity romis

port (

address : in addr
instr : out iword
)

end rom;

architecture rtl of romis

begin
with conv_integer(address) select instr <=

"01000000" when 0,  -- LOADI
"00100000" when 1, STORE
"01000001" when 2, LQADI
"00100001" when 3, STORE
"01000010" when 4, LQADI
"10000000" when 5, NOT
"01100001" when 6, ADD
"11100110" when 7, JN
"11001000" when 8,  -- JZ
"00000000" when ot hers

end rtl

NP OO
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The selectexpressionshould have beena 5-bit-
wide type insteadof integer to ensurethatthe syn-
thesizerdid not generate32-bit logic (which is the
normalwidth for the integer type). Figure1l shaws

thesimulationresults.

Data Memory RAM

library ieee

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

entity ramis

port (

din: in dword

a : in addr

wite, clk : in std_logic
d_out : out dword

)

end ram;

architecture rtl of ramis
type dataarray is array (31 downto 0) of dword
signal ramarray : dataarray
signal d, nextd : dword
begin
- output value is the indexed array el enent
d <= ramarray (conv_integer(unsigned(a)))



Name: 200.0ns 400‘.Ons 600‘.0ns 800.0ns 1.Qus l.gus 1.4us 1.§us 1.§5us Z.Qus 2.gus

[l] address oo X or X 02 X 03 ) o4 Y o5 Y o6 ¥ or X o8 X 09 X oA

(Olinst © 2o fa fa g foeofoe feofo koo [ oo

Figurel: SimulationResultsfor InstructionROM.

std_| ogi c_vector(a)
- next value of the indexed array el ement unsi gned(std_| ogi c_vector(d) and
nextd <= din when wite ='1" elsed ; std_| ogi c_vector(a)
a when ot hers ;

- register the indexed array el ement
process(cl k) -- zero and negative flags fromaccuml ator
begin zero <=

if clk’event and clk ='1" then "1 when a = 0 else

ramarray(conv_int eger (unsi gned(a))) 0
<= nextd ;
end if ; negative <= a(7) ;

end process ;
- accunul ator register

dout <=d ; process(cl k)
end rtl ; begin
if clk’event and clk = '1'" then
a <= nexta ;
Figure2 shavs the simulationresults. end if ;
end process ;
a_out <= a ;
ALU end rtl :

Theaccumulatoregisterdatapaths oftencalledthe

i ) . . Figure3 shaws the simulationresults.
ALU (arithmeticandlogic unit). g
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library ieee ; -- PC Dat apath
use ieee.std_|ogic_1164.all ; -- inplements PC load, hold, increnment and reset
use ieee.std_logic_arith.all ;
library ieee ;
use work. cputypes.all ; use ieee.std_logic_1164.all ;

use ieee.std_logic_arith.all ;
entity aluis

port ( use work.cputypes.all ;
d: in dword ; -- addressed RAM data
ia: inaddr ; -- address field entity pcis
op : in alu_opcode ; -- alu operation port (
clk : in std_logic ; -- clock ia: inaddr ; -- instruction address
a_out : out dword ; -- current accunul at or op : in pc_opcode ; -- opcode
zero, negative : out std_logic -- result flags reset : in std_logic ;
) clk : in std_logic ;
end alu ; pc_out : out addr -- current program counter
)
architecture rtl of aluis end pc ;
signal a, nexta : dword ;
begin architecture rtl of pcis
- ALU operations signal pc, nextpc, nextaddr : addr ;
with op select nexta <= begin
d when | oad, -- next PC value if not reset
unsi gned(" 000" & ia) when | oadi, with op select nextaddr <=
d+a when addop, pc + 1 when incr,
unsi gned( not ia when j unp,

) when not op,

) when andop,



Name lOOrOns 200‘.0ns 300‘.Ons 400‘.0ns 500‘.0ns 600.0ns 700‘.0ns 800‘.0ns 900‘.0ns 1.Qus 1.]Tus 1.;us
[l write : : : : : : : : : : |
wew | [
1] din oL X FF X EE X : : 00 : :

I a 00 X 01 X 1F X 00 X 01 X 1F
[O]d_out o0 X o1 X oo K FF{ oo ) Ee JK 01 X FF i EE
Figure2: SimulationResultsfor DataRAM.

Name: 100‘.0ns 200‘.0ns 300‘.Ons 400‘.0ns 500‘.0ns 600‘.Ons 700‘.Ons 800‘.0ns 900‘.0ns 1.Qus 1.1‘us 1.gus 1.3us 1.4us

I clk \
[O]zero ‘
[O]negative ‘ ‘ ‘
1 d EE 00 01 00 FO 00
i ia 00 X 05 00
[ op 0 1 X 2 3 4 5 6
[O]out o X EE X 05 X 06 X Fo Fo
Figure3: SimulationResultsfor AccumulatorDatapath(ALU).
pc when ot hers ;
use work. cputypes.all ;
- next PC value
nextpc <= entity decoder is
conv_unsi gned(0, addr’ | ength) when port (
reset ='1 else instr : iniword ; -- instruction
nextaddr ; zero, negative : in std_logic ; -- zero/neg. flags
al uop : out opcode ; - ALU operation
- register PC pcop : out pc_opcode ; -- PC operation
process(cl k) wite : out std_|ogic - RAMwite
begi n )

if clk'event and clk = "1 then
pc <= nextpc ;
end if ;

end process ;

pc_out <= pc ;
end rtl

Figure4 shavs the simulationresults.

I nstruction Decoder
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- Controller (Instruction Decoder)

- Executes one instruction per clock cycle

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

end decoder ;

architecture rtl

begin

end rtl

of decoder is
signal op : opcode ;

- extract opcode field
op <= instr(7 downto 5) ;

- ALU opcode is same as instruction opcode
aluop <= op ;

- with single-cycle instruction execution the
- PC opcode is either load (for branch) or

- increment

pcop <=
junp when ( op =jz and zero ='1" ) else
junp when ( op =jn and negative ='1'" ) else
incr ;

- wite only active for 'store’
wite <='1" when op = store else '0’



Name: 100‘.Ons 200.0ns 300‘.0ns 400‘.0ns 500‘.0ns 600‘.0ns 700‘.0ns 800‘.Or
[1] reset | 3 3 3 3 3 ‘
[l clk | 11
[l ia 00 X oE >< 03 >< 00
1 op 0 X g X ' X o
[O]pc_out | 0 | | X 0E | | OF |

Figure4: SimulationResultsfor ProgramCounterDatapath.

Name: 10q0ns 20q0ns 30q0ns 40q0ns 50q0ns 60q0ns 70q0ns 80q0ns 90q0ns LQus
[l zero ‘
[l negative ‘ ‘
[ instr7 ‘ ‘
[1] instré ‘ ‘ ‘ ‘
[1] instr5
[O]write ‘
[O]aluop o X 1 Y 2 X ¥ a4 X s X e X 7 X & X 7
[O]pcop 1 X 2
Figure5: SimulationResultsfor InstructionDecoder
Figure5 shavs the simulationresults. port (
address : in addr
instr : out iword
The cpuconponent s Package )
end conponent
This packageadeclaresomponent$or theaboeen- ol
tities sothey canbe instantiatedn the top-level ar
chitecture. conponent alu
port (
d: in dword ; - addressed RAM data
. ) ] ia: in addr ; - instruction address
L;Zr?;Zelgfs iogic 1164.al| - op : in alu_opcode ; - alu operation (=opcode)
. S AR " clk : in std_logic ; - clock
use ieee.std logic arith.all ; a_out : out dword ; - current accunul at or
K ‘ 0 zero, negative : out std_ logic -- flags
use work. cputypes.all ; )
) end conponent
package cpuconponents is
- RAM S pe
conponent ram conponen;off (
p9rt.(, . ia: in addr ; - instruction address
g'h inlgdgrord ' op : in pc_opcode ; - opcode
: o o reset : in std_logic
mwlte,.clk ©instd_logic ; clk : instd logic
d_out : out dword pc_out : out addr - current program counter

)

end conponent
- ROM

conponent rom

)

end conponent

- decoder




conponent decoder

port (

instr : iniword ; -
zero, negative : in std_logic ; --
al uop : out opcode ;

pcop : out pc_opcode ;

wite : out std_ logic

)

end conponent ;

end cpuconponents;

Computer

- instruction

flags

- ALU operation
-- PC operation
- RAMwite

Thisis thetop level of thedesign.It instantiateshe
above entities.
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- Sinple Conputer Assignnent (top-level)

library ieee ;

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

use work. cputypes. all
use work. cpuconponents. all ;

entity cpuis

port (

reset,

pc_out : out addr ;
instr_out : out iword ;
acc_out : out dword

)

end cpu ;

clk : in std_logic ;

architecture rtl of cpuis

si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal

si gnal
begin

ip: addr ;

instr : iword ;
ramout : dword ;
acc : dword ; --
zero, negative : std_logic ;
al uop : alu_opcode ;
pcop :  pc_opcode ;
wite : std_logic ;

add : addr ;

-- reset / clock
- PC (for test)
- instruction (")
- accunul ator (")

-- fromPC
-- from ROM
- from RAM

fromALU

- fromcontroller

- address field

- extract address field fromcurrent instruction
add <= unsigned(instr(4 downto 0)) ;

- conputer conponents

pcl: pc
roml: rom port map ( ip, instr
ram: ram
alul: alu

zero, negative) ;
decoder 1:

al uop, pcop, wite ) ;

)

decoder port map ( instr, zero, negative,

- test outputs

pc_out <=ip ;

instr_out <= instr ;

acc_out <= acc ;
end rtl

Figure6 shawvs thesimulationresults.

port map ( add, pcop, reset, clk, ip) ;

port map ( acc, add, wite, clk, ramout ) ;

port map ( ramout, add, aluop, clk, acc,
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Figure6: SimulatedExecutionof SampleProgram.



