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DP-32 Processor, RTL
I R

m From Ashenden’s VHDL Cookbook

s Complete Word Format Document on Web
- VCBDP32.D0C

= Structural Description in form of RTL
= Entity, Arch, Configuration, Pkgs, etc.
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Components Needed
I N E

= Multiplexer

= Transparent latch

s Buffer

= Sign Extending Buffer
m Latching Buffer



Components Needed
I N E

= Program Counter Register

m Register File

s ALU

= Condition Code Comparator



Default
I N N N N ]

= Assumed to be included in all the following
code:

use wor k. dp32 types. al |
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2-Input Multiplexer
| [ P [ [ [[[spl

entity nmux2 is
generic ( wdth : positive;
Tpd : Tine := unit_delay )
port ( 10, 11 : Iin bit vector
( wdth-1 downto 0 );

Yy . out bit vector
( wdth-1 downto 0 );
sel . in bit );

end nmux2
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2-Input Multiplexer
| [ P [ [ [[[spl

architecture behaviour of nmux2 is
begi n
W th sel select
y <= 10 after Tpd when "'0',
11l after Tpd when '1' ;
end behavi our ;
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Transparent Latch
I I

s [ransparent

— When en is '1', changes on d are transmitted
through to g

— When en changes to '0'
» new value on d is ignored
» current value on g is maintained
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Transparent latch
I N

entity latch iIs
generic ( wdth : positive ;

Tpd . Tine :=unit_delay );
port ( d . 1n bit _vector
( wdth-1 downto 0 );
q . out bit _vector
( wdth-1 downto 0);
en . in bit );

end | atch
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Transparent latch
I N

architecture behaviour of latch iIs

begi n

process ( d, en )
begi n
If en ="1" then
g <=d after Tpd ;
end i f;

end process;
end behavi our ;
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Buffer
I N N N E O

= Resolved Bit-Vector Bus Output B

— A bus resolution function is specified in the
definition of the port type.
= Buffer Is Implemented by a Process
Sensitive to the en and a Inputs.

— Ifenis'l’, the a Iinput Is transmitted through to
the b output.

— If en 1s'0', the driver for b is disconnected, and
the value on a is ignored
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Buffer
I N N N E O

entity buffer 32 iIs
generic ( Tpd : Tine := unit_delay )
port ((a: Iin bit 32 ;
b : out bus bit 32 bus ;
en : in bit );
end buffer 32 ;
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Buffer
I N N N E O

architecture behaviour of buffer 32 is
begi n
b driver : process ( en, a)
begi n
I1f en ="1" then b <= a after Tpd ;
else b <= null after Tpd ;
end If;
end process b _driver
end behavi our ;
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Sign-extending Buffer
[ LI [ [ [[shll

= |Input Is 8-bit, 2’s Complement

— Leftmost bit is sign bit
» 1 = negative number

» Magnitude of negative number is found by taking
2’s complement of the number

= Output Is sign-extended, 32 bit
— Sign bit is replicated from bit-7 through bit-31
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Sign Extending Buffer
| [ P [ [ [[[spl

entity signext 8 32 is
generic ( Tpd : Tine := unit_delay )
port ((a : Iin bit 8 ;
b : out bus bit 32 bus ;
en . in bit ) ;
end signext 8 32 ;
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Sign Extending Buffer
| [ P [ [ [[[spl

architecture behaviour of signext 8 32 is
begi n
b driver : process ( en, a )
begi n
If en ="1" then
b( 7 downto 0 ) <= a after Tpd ;
1f a(7) ="'1" then
b( 31 downto 8 ) <= X"FFFF_FF" after Tpd ;
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Sign Extending Buffer
| [ P [ [ [[[spl

el se
b(31 downto 8) <= X'0000 00" after Tpd,
end i f;
el se
b <= null after Tpd ;
end I f ;
end process b _driver
end behavi our
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Latching Buffer
| [ P [ [ [[[spl

entity latch _buffer 32 iIs
generic ( Tpd : Tinme := unit_delay );

port ( d . In bit_32 ;
q . out bus bit 32 bus ;
latch en : Iin bit ;
out _en . 1n bit)

end latch_buffer 32 ;
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Latching Buffer
| [ P [ [ [[[spl

architecture behaviour of latch buffer 32 is
begi n
process ( d, latch _en, out _en )
vari able |latched value : bit 32 ;
begi n
If latch_en = "1" then
| at ched value := d ;
end if
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Latching Buffer
| [ P [ [ [[[spl

I f out _en = '1" then

q <= latched_value after Tpd ;
el se

q <= null after Tpd ;

end I f;

end process;
end behavi our
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Program Counter Register

I I I Al
= Program Counter Register

— Master/slave
— Overriding reset on ‘1’
— latch en="1"
» d Input Is stored in the variable master PC
» output (if enabled) is driven with value in slave PC

— latch_en negative edge
» master PC = slave PC

» Prevents race which would occur if normal register
used
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Program Counter Register
| [ P [ [ [[[spl

entity PCreg Is
generic ( Tpd
port ( d

q

| atch_en :

out _en
reset
end PC reg ;
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Time := unit _delay );
ln bit 32 ;

out bus bit 32 bus ;
In bit ;

In bit ;

In bit );
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Program Counter Register
| [ P [ [ [[[spl

architecture behaviour of PCreg is
begi n

process ( d, latch _en, out _en, reset )
vari able master PC, slave PC : Dbit 32 ;

begi n
|f reset ='1" then slave PC := X"0000 0000";
elsif latch_ en ="'1" then master PC : = d ;
el se
slave PC : = nmaster PC ;

end I f;
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Program Counter Register
| [ P [ [ [[[spl

If out _en ="'1" then

g <= slave PC after Tpd ;
el se

g <= null after Tpd ;

end I f ;

end process ;
end behavi our
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Register File
| [ P [ [ [[[spl

m 3 port register file

— Two read ports
» data bus outputs (g1 and g2)

— One write port

» address input (al, a2 and a3)
* number bits specified by the generic constant depth

» enable input (enl, en2 and en3)
» data input (d3)
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Register File
| [ P [ [ [[[spl

entity reg file 32 rrwis
generic ( depth : positive ;

-- nunber of address bits
Tpd : Tine := unit_delay ;
Tac : Tine := unit _delay );
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Register File

| | 1 1 1 | | [S§

port ( al
gl

enl :

a2
g2

en2

a3
d3

end

In bit _vector(depth-1 downto O);
out bus bit 32 bus ;

In bit

In bit _vector(depth-1 downto 0);
out bus bit 32 bus ;

In bit ;

In bit _vector(depth-1 downto 0);
In bit 32 ;

In bit );

end reg file 32 rrw ;
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Register File
| [ P [ [ [[[spl

architecture behaviour of reg file 32 rrwis
begi n
reg file: process ( al, enl, a2, en2, a3,
d3, en3 )
subtype reg_addr s natural
range O to depth-1 ;
type register _array is array
(reg_addr) of bit 32 ;
variable registers : register _array ;
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Register File
| [ P [ [ [[[spl

begi n
I'f en3 ="1" then
registers(bits to natural (a3)) := d3 ;
end 1 f

If enl = "'1" then
gl <= reqgisters( bits to natural (al) )
after Tac ;

el se
gl <= null after Tpd ;
end 1 f:

32
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Register File
| [ P [ [ [[[spl

'f en2 ="1" then
g2 <= reqgisters( bits to natural (a2) )

after Tac ;
el se
g2 <= null after Tpd ;
end 1 f ;

end process reg file ;
end behavi our ;
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ALU
| | 1 1 1 | | [S§

package ALU 32 types is
type ALU command i s
( disable, passl, incrl, add,
subtract, multiply, divide,
| og and, log or, |log xor, |og mask );
end ALU 32 types ;
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ALU
| | 1 1 1 | | [S§

entity ALU 32 is
generic ( Tpd : Tinme := unit_delay ) ;

port ( operandl : in bit 32 ;
operand2 : in bit 32 ;
resul t . out bus bit 32 bus ;
cond code : out CC bits ;
command . 1 n ALU command ) ;

end ALU 32 ;
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ALU
| | 1 1 1 | | [S§

architecture behaviour of ALU 32 is

alias cc_V: bit Is cond code(2)

alias cc_N: bit is cond code(1)

alias cc_Z : bit i1s cond _code(0)

begi n

ALU function : process ( operandl,
oper and2, command )

variable a, b : iInteger ;

variable tenp result : bit 32 ;

Copyright © 1997/8/9, KJH, 545_12, 5/8/2001

36



ALU

| | 1 1 1 | | [S§

begi n
case command i s
when add | subtract | multiply | divide =>
a .= bits to int(operandl) ;
b := bits to_Int(operand2) ;
when i ncrl =>
a .= bits to int(operandl) ;
b :=1;
when ot hers => null ;
end case;
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ALU
| | 1 1 1 | | [S§

case command I s
when di sable => null
when passl =>

tenp result
when | og_and =>

tenp result
when | og _or =>

tenp result

oper andl ;

oper andl and operand2 ;

operandl or operand2 ;

Copyright © 1997/8/9, KJH, 545_12, 5/8/2001 38



ALU

| | 1 1 1 | | [S§

when | og_xor =>

tenp result : = operandl xor operand2,
when | og_nmask =>
tenp result := operandl and not operand?2;

when add | tncrl =>
If b >0 and a > integer'high - b then
-- positive overflow

Int_to bits(((integer'l owta)+b)-integer' high-
1, tenp result);

cc V<="'1" after Tpd,

39
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ALU
| | 1 1 1 | | [S§

elsif b >0 and a <integer'low + b then
elsif b <0 and a <integer'low- b then

-- negative overfl ow
Int_ to bits( ( (integer'high+a) + b )-
Integer'low + 1, tenp result ) ;

cc V<="'1" after Tpd,

el se
Int_ to bits( a + b, tenp result ) ;
cc V<="'0" after Tpd,

end I f;
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ALU
| | 1 1 1 | | [S§

when subtract =>
If b <0 and a > integer'high + b then
-- positive overflow

Int_ to bits( ( (integer'low + a) - b )-
| nt eger' hi gh-1,

tenp result) ;

cc V<="'1 after Tpd ;

41
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ALU
| | 1 1 1 | | [S§

-- negative overfl ow
Int_ to bits( ( (integer'high+a) - b )
- integer'low + 1 |,
tenp result) ;
cc V<="'1 after Tpd ;
el se
Int_ to bits( a - b, tenp result) ;
cc V<="'0" after Tpd ;
end 1 f;
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ALU
| | 1 1 1 | | [S§

when multiply => ...
when di vi de => ...

end process ALU functi on;

end behavi our
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Condition Code Comparator
I [ P [ [ [ sl

entity cond code conparator is
generic ( Tpd : Tinme := unit_delay );
port ( cc . 1n CC bits;
cm . In cmbits;
result : out bit );
end cond _code conparat or ;
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Condition Code Comparator
I [ P [ [ [ sl

architecture behavi our of
cond code conparator is

allas cc_V: bit is cc(2) ;

altlas cc_ N: bit is cc(l) ;
alias cc_Z : bit is cc(0) ;
alias cmi : bit is cm3) ;
alias cmV : bit is cm2) ;
alias cmN: bit is cm1) ;
alias cmZ : bit is cmO0) ;
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Condition Code Comparator
I [ P [ [ [ sl

begi n
result <= bool to bit(
(
(cmV and cc_V)
or (cm N and cc_N)
or (cmZ and cc_Z)
) = cml
) after Tpd;

end behavi our
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Condition Code Comparator
I [ P [ [ [ sl

architecture RTL of dp32 is
conmponent reg file 32 rrw
generic ( ... )
port ( ... )
end conponent ;
...rest of conponent decl arations
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Condition Code Comparator
I [ P [ [ [ sl

signal opl bus : bus bit 32 ;
nore | ocal signal declarations
alias instr_al : bit 8 1s
current _instr(15 downto 8) ;
nore ali ases

48
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Condition Code Comparator

| | 1 1 1 | | [S§

begi n -- architecture RTL of dp32
reg file : reg file 32 RRW
generic map ( depth => 8 )
port map ( al =>instr_al, gl => opl bus,
enl => reg_portl en,
a2 =>reg a2,
g2 => op2_ bus,
en2 => reg _port2 en,
a3 =>1nstr_aa3,
d3 => reg result,
en3 => reg _port3 en );
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Condition Code Comparator
I [ P [ [ [ sl

reg port2 nmux : nux2
generic map ( ... )

port map ( ... );

nore i nstantiations of conponents
wth port nmaps...
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Controller
I I B ]

begi n-- bl ock controller
state nmachi ne: process
type controller state is
( resetting, fetch O, fetch 1, fetch 2,
decode, disp fetch O, disp fetch 1,
disp fetch 2, execute 0, execute 1,
execute 2 );
variable state, next _state : controller state ;
vari able wite back pending : bool ean ;
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Controller
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type ALU op select table is
array (natural range 0 to 255) of ALU conmmand;
constant ALU op _select : ALU op_select table : =

( 16#00# => add, 16#01# => subtract,
16#02# => nultiply, 16#03# => divi de,
16#10# => add, 16#11# => subtract,

16#12# => multiply, 16#13# => divi de,
16#04# => | og_and, 16#05# => | og_or,
16#06# => | og_xor, 16#07# => | og_nmask,
ot hers => disable );
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begi n-- process state nmachi ne

-- start of clock cycle
walt until phil ="1";

-- check for reset
If reset = '1'" then

state : = resetting;

-- reset external bus signals
read <= '0" after Tpd,
fetch <= '0' after Tpd;
wite <= '0'" after Tpd;
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Controller
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-- reset dp32 internal control signals
addr _latch en <= "'0" after Tpd,
disp latch en <= '0' after Tpd;
and reset a |lot nore signals
-- clear wite-back flag
write back pending := fal se;
else -- reset ="'0
state : = next_state;
end 1 f;
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Controller
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-- dispatch action for current state

case state iIs

when resetting =>

--ck for reset going inactive at end of clock
walt until phi2 ="'0" ;

I1f reset = '0" then
next state := fetch O;
el se

next state :
end 1 f:

resetting;

55
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Controller
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when fetch 0 =>
-- clean up after previous execute cycles
reg portl en <= '0" after Tpd;
reset a |lot nore signals
-- handl e pending register wite-back
I f wite back pending then
reg port3 en <= "1" after Tpd;
end i1 f;
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Controller
I N N O W EAO
-- enable PC via ALU to address | atch
PC out _en <= "'1" after Tpd,
-- enable PC onto opl bus
ALU op <= passl after Tpd,
-- pass PCto r_bus
walt until phi2 ="1";
addr latch en <= '1'" after Tpd
-- latch instr address
walt until phi2 ="0";
addr _latch en <= "'0" after Tpd,
next state := fetch 1,
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Controller
I I B ]

when fetch 1 =>

-- clear pending register wite-back
I f wite_back pending then
reg port3 en <= '0" after Tpd;
wite back pending := fal se;
end iIf;

-- Increnment PC & start bus read
ALU op <= incrl after Tpd;
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Controller
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-- Increnent PC onto r_bus
fetch <= '1'" after Tpd;
read <= "'1' after Tpd;
walt until phi2 ="1";
PC latch en <= "1" after Tpd;
-- latch i ncrenented PC
walt until phi2 ="0";
PC latch en <= '0" after Tpd;
next state := fetch 2;
when fetch 2 =>
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-- cleanup after previous fetch 1
PC out _en <= "'0" after Tpd,

-- disable PC from opl bus
ALU op <= disable after Tpd,

-- disable ALU fromr bus

-- latch current 1 nstruction
dr en <= "'1'" after Tpd;

-- enable fetched instr onto r_bus
walt until phi2 ="1";
Instr _latch en <= '1' after Tpd;

60
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Controller
I I B ]

-- latch fetched instr fromr _bus
walt until phi2 ="'0";
Instr _latch en <= '"'0" after Tpd;
I f ready = "'1" then

next state := decode;
el se
next state := fetch 2;

-- extend bus read
end 1 f:

61
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Controller
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when decode =>
-- termnate bus read fromprevious fetch 2

-- disable fetched instr fromr_bus
-- delay to allow decode logic to settle

-- next state based on opcode of currect
| NSt ruction
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case opcode is

when op_add | op_sub | op mul | op _div
op_addq | op_subg | op_mulq
op_di vqg op_land | op_Ilor

op_| xor op_I| mask

op_|dg op_stq =>

next state : = execute_ O;
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-- fetch offset

-- 1 f branch taken fetch displ acenent

-- el se

-- 1 f branch taken add 1 nmmed di splacenment to PC

-- Ignore and carry on
end case; -- op

64
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RTL Testbench
I N E

configuration dp32 rtl _test of dp32 test iIs
for structure
for cg : clock _gen
use entity work.clock gen(behavi our)
generic map( Tpw => 8 ns, Tps => 2ns),
end for;
for mem: nenory
use entity work. nenory(behaviour);
end for;
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RTL Testbench
I N E

for proc : dp32
use entity work. dp32(rtl);
for rtl
for all : reg file 32 rrw
use entity
work.reg file 32 rrw behavi our);
end for;
nore “for”
end for;
end dp32 rtl test;
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End of Lecture
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