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Repetition, sekvensnat

Buffer, record, loop, kombinatoriska processer
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Datorkonstruktion A n g d e n d e b U ffe r

library IEEE;
use IEEE.STD LOGI¢ 1164.ALL;
use IEEE.NUMERIC/STD.ALL;

s
in std_logic;

entity counter
port(clk, clea

g: buffer unsigned (3 downto 0));

end counter;

architecture simple of counter is
begin
process (clk)
begin
if rising_ edge (clk) then

if clear=’'0’" then
qg <= “0000”;
elsif g=9 “then

q <= ”0000";

else
qg<=qg+ 1;
end if; <+ T—
end if;

end process;
end simple;
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Datorkonstruktion IStG I Iet fOF bUffeI‘ skapa enintern signal och anvdnd out som vanligt

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use IEEE.NUMERIC STD.ALL;

entity counter is
port (clk, clear:—

gout: out unsi
end counter;

std” logic;
ed (3 downto 0));

architecture mple of counter is
signal g: unsigned (3 downto 0);
begin
process (clk)
begin
if rising edge (clk) then
if clear=’'0’" then
q <= “0000";
elsif g=9 then
q <= ”0000";
else
qg<=qgq+ 1;
end if;
end if;
end process;

gout <= q;*”’”’——’ﬂﬁf——a

end simple;
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Datorkonstruktion r e C 0 r d

type controlword is record
alu: unsigned (3 downto 0);
tobus: unsigned (2 downto 0);
halt: std logic;

end record;
type styrminne is array (0 to 31) of controlword; -{:

signal styrl, styr2: controlword;
signal mm: styrminne;

styrl.halt <= '0’;

styrl.alu <= "1011";

styrl. tobus <= styr2. tobus;

mm(3) <= (”1011”,7111”,70");
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ssaranseacion LICE OVEIKUIS - 100

Vi har en buss x, med 32 ledningar. Vi vill bilda paritet mellan
alla ledningarna. Loopen beskriver pa ett kompakt satt det
kombinatoriska natet!
entity parity is

port ( x : in UNSIGNED (31 downto 0);

pout : out STD_LOGIC) ;
end entity;

architecture func of parity is
begin
-- kombinatoriskt nat
process (x)
variable p: std logic := ’'0’;
begin
for i in 31 downto 0 loop
P := p xor x(i);
end loop;
if p='1" then
pout <= '1"'; ‘

else
pout <= '0';

end if; l
end process;

pout
end architecture;
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waansiios KOMBDINAtOriska processer

Vi kan anvanda process for att gbéra kombinatorik
+ if- och case-saterna blir tillgangliga
- varning for latchar!

Exempel: §/A-natet i ett sekvensnat

alla insignaler, ej clk

S/ process (x,q) Default-varden

begin for alla utsignaler
q qplus u <= ”00”;

gplus <= idle;

A

process (clk) -- sats for delta/lambda
begin -— nu racker det att beskriva

if rising edge (clk) -- nar det inte ska va default
q <= gplus;

end if;
end process; end;
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sananssuion KOMBDINATOriSKA ProCesSer impar siginte aitid

process (b) process (b)
begin begin
y <= '0’; if b='1’ then
if b="1’ then y <= "1 y <
y <= '1’; else
end if; y <= 0%
end process; end 1f;

end process;

Det lampar sig inte alltid med en kombinatorisk process.
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e ECL VArNINGSOrd : 00Onskade latchar

Vid select-sats och case-sats kraver VHDL att alla fall tacks!

Det ar inte nédvandigt vid i £-sats och when-sats!
Ibland ar detta bra och ibland ar det forskrackligt daligt.
For de fall som inte tacks bibehalls foregaende utsignal.

Sekvensnat

(inuti klockad process)

Kombinatorik?

if count=’1’ then

Ofullst. q <= qg+l; u <= y when s(1) = "1° else
end if; x when s(0) = "17;
if count=’1’" then
q <= g+l;
Fullst. else u <= y when s(l1) = "1° else
q <= q; x when s(0) = "1° else
end if: 0" when others;
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e ECL VArNINGSOrd : 00Onskade latchar

Latch = asynkront minneselement

w N P o
c
O NORLRWN

s(1) s(0)
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e ECL VArNINGSOrd : 00Onskade latchar

e Oonskat (oklockat) minneselement pga kombinatorisk loop
* lhopkoppling av Mealynat kan ge kombinatorisk loop!
Anvand hellre Moore-nat!

X y
X y<=Xory; 0 0 Kombinatorisk aterkoppling kan dven orsaka
=1 1 1 sjalvsvangning, t ex om signalen inverteras
1 ett ojamnt antal ganger.
X
> N 0—1
5~ = [
1 1 % [T bD - 2
! | i
clk f
clk
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e O YNKIONISEring + enpulsning. Bra!

. ep raknare
& CE
b >
X D D
(—> ‘—>
clk
clk 1
sep: process (clk)
- X
begin
if rising edge(clk) then a
a<=x,;
b<=a; D
end if;
end process sep; ep
-- till raknaren
a X

ep <= a and not b;
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Datorkonstruktion H G S G rd

Def: Kortvariga varden pa utgangarna fran ett K-nat nar nagon insignal byter
varde.

Exempel:

y=1

z=1
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l— Grindfordréjning i 6vre AND-grind och inverterare

l— Grindfordréjning i undre AND-grind




Datorkonstruktion H G S G rd

Om f kopplas till en asynkron ingang, sa fungerar inte
natet (som det var tankt) !

D
>

CLR
y=1 —\ Dvs, varning for asynkron reset!

f
z=1 _/H
x = 1->0

Studera 6vergangen i ett KD, o
f=xz + x'y Hasarden kan elimineras

1) genom att lagga till termen yz,
f=xz+x’y+yz
00 01 /1.1 10 2) Synkronisera f .
« O ?E 3) Undvika asynkrona ingangar

1| [a\D
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uprog CPU

VHDL-kod for mikromaskin med hamtfas
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Datorkonstruktion U p ro g C p U

uprogCPU

Vi borja med en enkel skiss ...

) ASR }ﬂ!ffﬂé(} R |
J |
PM ‘ ) upC [ °

| )
E uM
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PCsig r 011 ]
" ‘>|g Em ‘ \l uAddr
| ’ bl uPCsig
~ ||| '=———= RCsig
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Datorkonstruktion U p rO g C p U

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.NUMERIC_STD.ALL;

-- CPU interface
entity cpu is
port(clk : in std_logic;
rst : in std_logic);
end entity;

architecture func of cpu is

-- micro Memory component
component uMem
port(uAddr : in unsigned(5 downto 0);
uData : out unsigned(15 downto @));
end component;

-- program Memory component
component pMem
port(pAddr : in unsigned(15 downto 0);
pData : out unsigned(15 downto 0));
end component;
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Datorkonstruktion U p ro g C p U

-- micro Memory signals
signal uM
alias TB
alias FB
alias PCsig
alias uPCsig :
alias uAddr

std _logic is uM(7);
std logic is uM(6);

-- program memory signals
signal PM : unsigned(15 downto 0);

-- local registers

signal uPC : unsigned(5 downto 0);
signal PC : unsigned(15 downto 0);
signal IR : unsigned(15 downto 0);
signal ASR  : unsigned(15 downto 0);

-- local combinatorials
signal DATA_BUS :
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unsigned(15 downto @);

: unsigned(15 downto @); -- micro Memory output

: unsigned(2 downto @) is uM(13 downto 11);

: unsigned(2 downto @) is uM(1@ downto 8);

-- (@:PC=PC, 1:PC++)

-- (@:uPC++, 1:uPC=uAddr)
: unsigned(5 downto @) is uM(5 downto ©);

Program Memory output

micro Program Counter
Program Counter
Instruction Register
Address Register

-- Data Bus

uprogCPU
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Datorkonstruktion begl n .
-- mPC : micro Program Counter
process(clk)
begin

if rising edge(clk) then
if (rst = '1') then
uPC <= (others => '0');
elsif (uPCsig = '1') then
uPC <= uAddr;
else
uPC <= uPC + 1;
end if;
end if;
end process;

-- IR : Instruction Register
process(clk)
begin
if rising edge(clk) then
if (rst = '1') then
IR <= (others => '0');
elsif (FB = "001") then
IR <= DATA _BUS;
end if;
end if;

II LINKOPINGS end process;
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-- PC : Program Counter
process(clk)
begin
if rising edge(clk) then
if (rst = '1') then
PC <= (others => '0');
elsif (FB = "011") then
PC <= DATA _BUS;
elsif (PCsig = '1") then
PC <= PC + 1;
end if;
end if;
end process;

Datorkonstruktion

-- ASR : Address Register
process(clk)
begin
if rising edge(clk) then
if (rst = '1') then

ASR <= (others => '0');

elsif (FB = "100") then
ASR <= DATA_BUS;
end if;
end if;
end process;
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Datorkonstruktion U p ro g C p U

-- micro memory component connection

ue :

uMem port map(uAddr=>uPC, uData=>uM);

-- program memory component connection

ul :

pMem port map(pAddr=>ASR, pData=>PM);

DATA_BUS <= IR when (TB

PM when (TB
PC when (TB

"001") else
"010") else
"011") else

ASR when (TB = "100") else

(others =>

end architecture;

Makefile

proj.%: S=uprogCPU.vhd uMem.vhd pMem.vhd
proj.%: T=uprogCPU_tb.vhd
proj.%: U=Nexys3 Master.ucf
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Datorkonstruktion U M e m .V h d

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use TEEE.NUMERIC_STD.ALL;

entity uMem is
port(uAddr : in unsigned(5 downto 0);
uData : out unsigned(15 downto 9));
end entity;

architecture func of uMem is
-- micro Memory
type u_mem_t is array (@ to 15) of unsigned(15 downto 0);
constant u_mem_c : u_mem_t :=
--ALU_TB_FB_PC_uPC_uAddr
(b"00_011_100_0_0 000000", -- ASR:=PC
b"00_010 001_1_1 000000", -- IR:=PM, PC:=PC+1,
b"00_000 000 _0 0 _000000",

b"00_000 000 _0_0_000000") ;
signal u_mem : u_mem_t := u_mem_c;
begin

uData <= u_mem(to_integer(uAddr));
end architecture;
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Datorkonstruktion p M e m .V h d

library IEEE; uprogCPU
use TEEE.STD_LOGIC 1164.ALL;
use TEEE.NUMERIC_STD.ALL;

100.[ 001 lz
entity pMem is PASR_HF"{"—_} IR
port(pAddr : in unsigned(15 downto 0); l
pData out unsigned(1l5 downto 0));

. uPCsig
end entity; PM §UiF;-%__*__
|

Architecture func of pMem 1is
uM

-- program Memory

type p_mem_t is array (@ to 15) of unsigned(15 downto @); l 010

constant p_mem_c : p_mem_t :=

(x"0042", - PCsig | 011
X”00AQ" , - g ‘£é42 PC F*"‘%j ‘ ‘ ,l uAddr

o000" uPCsig
X”’0000" , |
C e L 5= BOsig
x"0000"); E i
signal p_mem : p_mem_t := p_mem_c; —  TB

begin
pData <= p_mem(to integer(pAddr));
end architecture;
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patorkonstruktion U p rog C pU simulering med Modelsim

[ Wave - O “
File Edit View Add Format Tools Bookmarks Window Help

gm| Wave - Default i ] x|
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Cursorl Ons _I ‘
| 2] I 0| |
‘ Onsto 11069 ns
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Datorkonstruktion U p ro g C p U _t b .V h d testbdnken

LIBRARY ieee;
USE ieee.std logic 1164.ALL;
USE IEEE.NUMERIC STD.ALL;

ENTITY uprogCPU_tb IS
END uprogCPU_tb;

ARCHITECTURE func OF uprogCPU_tb IS

-- Component Declaration for the Unit Under Test (UUT)
COMPONENT uprogCPU
PORT(
clk : IN std logic;
rst : IN std _logic
)
END COMPONENT;

--Inputs

signal clk : std _logic := '@';
signal rst : std_logic := '@';

-- Clock period definitions
constant clk_period : time := 1 us;
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Datorkonstruktion U p ro g C p U _t b .V h d testbdnken

BEG

END;

IN

-- Instantiate the Unit Under Test (UUT)

uut: uprogCPU PORT MAP (
clk => clk,
rst => rst

)5

-- Clock process definitions

clk_process :process
begin

clk <= '0"';

wait for clk_period/2;

clk <= "1";

wait for clk_period/2;
end process;

rst <= '1', '@' after 1.5 us;

J
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Minnen i FPGA

Distributed RAM
BlockRAM

LINKOPINGS
II.“ UNIVERSITET



Datorkonstruktion M i n n e n i F p GA

* Distributed RAM (LUT) : passar till K1, K2, registerfil,
programminne, mikrominne (ROM)
* Kombinatorisk lasning
e Klockad skrivning

* Block RAM: passar till bildminne, (programminne), ...
e Klockad lasning
* Klockad skrivning

Man kan paverka vilken minnestyp det blir med sin VHDL-kod,
men i bada fallen rekommenderas att syntesverktyget far avgora
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Datorkonstruktion LUT‘ RAM deklareras i separat fil

entity L_RAM is
port(clk : in std logic; addr —_—>
- port L_RAM
we : in std_logic; -- write enable data_out €— —
data_in : in std logic_vector(7 downto @);
data_out : out std logic vector(7 downto 9); data in —>
addr : in unsigned(10 downto @)); -
end entity; 1‘
architecture func of L_RAM is we
-- RAM type

type ram_t is array (@ to 2047) of std logic vector(7 downto 0);
-- RAM init : address 0@ = x”1F”, other addresses = ©

signal lram : ram_t := (@ => x”1F”, others => (others => 0’));
process(clk) -”En-ports-RAM”
begin _—
if rising_edge(clk) then -Synkron Skrlvnmg
if (we = '1') then -ASynkron lasning
dcam(to jnfeger(addr)) <= data_in;
end if; .
end if; Access av minnet, ska ENDAST
d 5 .o . .
Sne process forekomma inne i RAM-komponenten.
data_out <= lram(l | (addr)); Detta for att undvika multipla instanser
end architecture; av minnet.
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Datorkonstuktion port (1l ¢ in std Logic; Block-RAM dekiarerasi separat fil

-- port 1
wel : in std _logic;
data_inl : in std logic_vector(7 downto 0); addri —_— le—— addr2
data_outl: out std logic vector(7 downto 9);
addril : in unsigned(10 downto @); data outl < B_RAM > data out2
-- port 2 - -
we2 : in std _logic; . .
data_in2 : in std logic_vector(7 downto 0); data_inl —> €— data_in2
data_out2: out std logic_vector(7 downto 9);
addr2 : in unsigned(10 downto @)); T T

end entity; wel we2

architecture func of B_RAM is
-- RAM type

type ram_t is array (@ to 2047) of std logic vector(7 downto 0);
-- RAM init : address @ = x”1F”, other addresses = ©

signal bram : ram_t := (@ => x”1F”, others => (others => 07));
process (clk) -"Tva-ports-RAM”
begin -Synkron skrivning
if rising_edge(clk) then _ TR
if (wel = '1') then Synkron lasning
bram(to integer(addrl)) <= data_ini;
end 115 ‘\\\\jqu -
data_outl <= bram(to integer(addri)); Access av mlnnet, ska ENDAST
if (we2 = “1') then forekomma inne i RAM-komponenten.
b L)) e Detta for att undvika multipla instanser
data_out2 <= bram(to integer(addr2)); av minnet.
end if;

) end process;
II LINKOPINGS
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wannsuin REQISTEIfil 1 PiPelinad dator #3-ports-minne”
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s REGISTEI fIl 1 PIpelinad dator #3-ports-minne”

1 1 [ 1 [

N Y e I A
> RO R1 > R2 R3

addt_a—lgl_i_ 2 3 ‘é 1 _i_jyi_addr_b

data_w
data_a | data_b
I ' I
SA—\ o 1/ N\ 1 e / _SB
alu_a alu_b

SO : (addr_w = "@0") and (w.d = '1")
S1 : (addr_w = "01") and (w.d = '1")
S2 : (addr_w = "10") and (w_d = '1")
S3 : (addr_w = "11") and (w_d = '1")

SA : (addr_a = addr_w) and (r_a = '1"') and (w_d
SB : (addr_b = addr_w) and (r_b = '1"') and (w_d

oo
[N
St NS
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wasn RF VDA - REGIStErfil i pipelinad dator «3-ports-minne-

—_|

LIBRARY IEEE; : |1 Bl 2 |1 NS |1 21N\ |1 S;ﬁ )
USE TEEE.STD_LOGIC 1164.ALL; -
USE IEEE.NUMERIC STD.ALL; il el Rf R?
entity register_file is addr a0 7y eI 37 addr_b
port(clk : in std_logic; it R g

r_a : in std_logic; -- read source register A signalSAJ\e | N

r b : in std_logic; -- read source register B signal | |

addr_a : in unsigned(1l downto @); -- source A address alu_a alu_b

addr_b : in unsigned(1l downto @); -- source B address

w d : in std logic; -- write destination register signal

addr_ w : in unsigned(1l downto @); -- destination address

data_w : in unsigned(7 downto @); -- destination data

alu_a : out unsigned(7 downto @); -- alu A data

alu_b : out unsigned(7 downto @) -- alu B data

)

end entity;
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wasn RF VN - REGIStErfil i pipelinad dator #3-ports-minne-

architecture func of register_file is

signal RO, R1, R2, R3 :
signal data_a, data b :

unsigned(7 downto 0);
unsigned(7 downto 0);

begin

process(clk)
begin
if rising edge(clk) then
if (w.d = "1") then
case addr_w is

when "@0" => RO <= data w;
when "@1" => R1 <= data_w;
when "10" => R2 <= data_w;
when "11" => R3 <= data_w;
end case;
end if;
end if;

end process;
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UNIVERSITET

-

X

|

M1 1 1
) 1 /_se e 1 S1 1 s2 [} S3
| | | | data_w
RO R1 R2 R3
i T
| ]
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wasn RF VDA - REGIStErfil i pipelinad dator «3-ports-minne-

— | =1 =1 =l

data_a <= RO when (addr_a = "@0") else . |1//£e : | NS | i a| g Szt
R1 when (addr_a = "@1") else ara-w
R2 when (addr_a = "10") else RO i Rﬁ R?
R3;
addr_a ; 2 = E" 2 3/ addr_b
data_b <= RO® when (addr_b = "00") else P data_w data_b
R1 when (addr_b = "@1") else o —] S
R2 when (addr_b = "10") else | |
R3 ; alu_a alu_b

alu a <= data_w when ((addr_a = a
(wd="1") and
(r.a="1")
data_a;

alu_b <= data_w when ((addr_b = addr_w) and
(wd="1") and
(rb="1")
data_b;

end architecture;
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pipelinad CPU

VHDL-kod for pipeline-CPU med instruktionshamtning
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s K|OSSISK 5-Stegs pipeline
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IF: instruction fetch
hamta instr och ny PC

EXE: execute
kor ALU

NOP
% \ 4
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\ 4
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v/
—
v v
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IR3 Z3
dmem
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OpenRISC
regs
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Datorkonstruktion pipeCpU.Vhd L_PC__| 11‘ A\ Inspirerad av

OpenRISC

pmem [€ +1

library IEEE; .,_____j

use IEEE.STD_LOGIC_1164.ALL; NoP
use IEEE.NUMERIC_STD.ALL;

\
-- CPU interface L lsl I I‘ PC1 ]
entity pipeCPU is K l
port( r A
clk : in std_logic; +
rst : in std_logic regs
)s
end entity; J ¢
_R2 | [>_Pc2 | D2 B2 A2
ALU
IR3 z3 D3 SR
dmem ’
IR4 74 D4

II LINKOPINGS
o UNIVERSITET



sanonsin PIPECPU. VN

architecture func of pipeCPU is

signal IR1 :

alias IR1 op :
alias IR1 d :
alias IR1_a :
alias IR1 b :
alias IR1_c :

signal IR2 :

alias ...

unsigned(31 downto 0);
unsigned(5 downto @) is IR1(31 downto 26);

unsigned(4 downto @) is IR1(25 downto 21);
unsigned(4 downto @) is IR1(20 downto 16);
unsigned(4 downto @) is IR1(15 downto 11);
unsigned(10 downto @) is IR1(1@ downto 9);

unsigned(31 downto 0);
alias IR2 op :

signal PC, PC1l, PC2 : unsigned(1@ downto 0);

signal PMdata_out : unsigned(31 downto 0);

signal pm_addr :

constant iNOP :

constant iJ
constant iBF

unsigned(8 downto 0);

unsigned(5 downto @) := "000000";
unsigned(5 downto @) := "@10101";
unsigned(5 downto @) := "000100";
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sanonsin PIPECPU. VN

component PM_comp 1is
port(addr : in unsigned(8 downto 0);

data_out : out unsigned(31 downto 0));

end component;

begin

ul :

)5

PM_comp port map(
addr => pm_addr,
data_out => PMdata_out
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Datorkonstruktion pipeCpU.Vhd S TSN A Inspirerad av

A
) T OpenRISC
process(clk) pmem |- +1
begin .,______T
if rising edge(clk) then NOP
if (rst="1") then
PC <= (others => '0’); \ 2
elsif (IR2_op = iJ) then L_RL_J L pcl |
PC <= PC2; K l
else -
PC <= PC + 1; L7
end if; regs
end if;
end ;
process; v ¢
C_RrR2 | [>_Pc2 ] D2 B2 A2
pm_addr <= PC(8 downto 0); .
process(clk) process(clk)
begin begin ALU
if rising_edge(clk) then if rising edge(clk) then
if (rst="1") then if (rst="1') then R3 2 o3 >R
PC1 <= (others => '@’); PC2 <= (others => '@’);
else else
PC1 <= PC; PC2 <= PC1 + IR1 c;
end if; end if; dmem '
end if; end if;
end process; end process;
IR4 Z4 D4
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sanonsin PIPECPU. VN

process(clk)
begin
if rising edge(clk) then
if (rst="1") then
IR1 <= (others => '0’);
IR1 op <= iNOP;
elsif (IR2_op = iJ) then
IR1 op <= iNOP;
else
IR1 <= PMdata_out(31 downto 0);
end if;
end if;
end process;

process(clk)
begin
if rising edge(clk) then
if (rst="1") then
IR2 <= (others => '0’);
IR2 op <= iNOP;
else
IR2 <= IR1;
end if;
end if;
end process;
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. , C—pc_1 [ \ Inspirerad av
Datorkonstruktion pMVhd deklareras i separat fil 1\ A P
) OpenRISC
library IEEE; pmem |~ +1
use IEEE.std logic_1164.all; T
use IEEE.numeric_std.all; NOP '

entity PM_comp is

port( \ 4
addr : in unsigned(8 downto 9); I IB{__J__J_ PFl |
data_out : out unsigned(31 downto ©) K l
)
'
end entity; +
—
architecture func of PM_comp is regs
type PM_t is array(® to 511) of unsigned(31 downto 0); v ¢
constant PM_c : PM_t := ( C R P2 1] D2 B2 A2
X"04000000" , -- dummy .
X"08000000" , -- dummy
X“540007FE", --J 0
X"0C000000" , -- dummy ALU
X"10000000" , -- dummy
others => (others => '0") 133 23 D3 2R
)
signal PM : PM_t := PM_c;
. dmem '
begin
data_out <= PM(to_integer(addr));
end architecture;
IR4 Z4 D4
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Datorkonstruktion S i m U I e ri n g

!l Wave

File Edit View Add Format Tools Bookmarks Window Help

IF™ Wave - Default

B-2d & B 07|
BB B || [k o Pl B
EN I B B

Ipipecpu_tb/uo/clk
Ipipecpu_tb/U0/rst

/pipecpu_tb/U0/IR1
Ipipecpu_tb/Uo/IR2
/pipecpu_tb/U0/PC

/pipecpu_tb/U0/PC1
Jpipecpu_tbjuo/PC2

Cursor 1 |

| 0 nsto 90 ns /pipecpu_tb/U0/PC

-HE @

B RUAL | ¢
|| || @ 5 F%

i B3~ T 3

&N % F | 3e- o€ B | search:

00000000 __]04000000___]08000000 __[540007FE___]0C000000 __]00000000___]04000000 __]08000000___]540.
00000000 [o4000000 _ [08000000 _ [540007FE _ [ocooodoo  Jooooodoo  Jodooodoo  oso..
03
000 00
000 foor [  Jooo [  Jooz [  Jooa [  Jooo [  Too1
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saoansncon LA - VGA

* VGA-labben
-Makefile
-VHDL-filer
-Nexys3.ucf
* Kravspec - paminnelse
* Designspec — hur ska datorn byggas?
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