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currentState <=

end if;
when all =>
alu inl := br;
alu_in2 := ir2;
alu ctr :=

when al2

when al3

when al4

when al5

when alé

I
\%

=>

a9;

irl (15 downto 11);

alub(alu_inl, alu_in2, alu ctr, alu);

ralu <= alu;
currentState <=

bor_adr :=

als;

irl (7 downto 4);

bor (to_integer (unsigned(bor_adr))) <= br;

currentState <=
idle <= '1"';

ir2 <= br;
currentState <=

ialu inl :=
ialu_in2 br;
ialub(ialu_inl,
rialu <= ialu;

currentState <=

bor_adr :=

ir2;

al;

alé6;

ialu_in2, ialu);

al7;

irl (7 downto 4);

bor (to_integer (unsigned(bor_adr))) <= ralu;

currentState <=
idle <= '1"';

if (irl (3 downto 0) =

ml _adr := ir2;

al;

"0000" and (bit0) =

'l') then

pc <= ml(to_integer (unsigned(ml_adr)));

currentState <=
idle <= '1"';

al;
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elsif (irl(3 downto 0) = "0000" and (not bit0) = '1l")
then
ml_adr := ir2;
br <= ml(to_integer (unsigned(ml_adr)));
currentState <= alol;

else
bor adr := irl(3 downto 0);
br <= bor(to_integer (unsigned (bor_adr))) ;
currentState <= al4;

end if;

when al7 =>

ir2 <= rialu;
currentState <= al8§;

when al8 =>
if (bit0) = '1' then
ml_adr := ir2;
pc <= ml(to_integer (unsigned(ml_adr)));
currentState <= al;

idle <= '1"';
else
ml_adr := ir2;
br <= ml (to_integer (unsigned(ml_adr)));
currentState <= alol;
end if;
end case;

end proc_Funcmi;

begin
if (rst = '1l') then

br <= (others => '0');
ext in <= (others => '0');
idle <= '0"';
inpr <= (others => '0'");
irl <= (others => '0');
ir2 <= (others => '0');
pc <= (others => '0');
ralu <= (others => '0');
rialu <= (others => '0');
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currentState <= al;
idle <= '1"';

elsif (clk'event and clk = '1l') then
idle <= '0';
proc_Funcmi;
end if;
end process;

end ARC Funcmi;

Figure 31. VHDL code for High Level Synthesis of ALBI

library IEEE;
use IEEE.std logic_1164.all;
use IEEE.numeric_std.all;

package MY PACKAGE is

procedure wave_gen (signal clk: out std_logic);

procedure exec_inst(signal idle : in std_logic; signal clk
out std_logic);

procedure alub(

alu inl : in std_logic_vector (15 downto 0); -- operand 1

alu_in2 : in std_logic_vector (15 downto 0); -- operand 2

alu ctr : in std_logic_vector (4 downto 0); --
instruction alu_ctr

alu : out std logic_vector(1l5 downto 0) -- alu

out

);

procedure ialub (

ialu_inl : in std_logic_vector (15 downto 0); -- operand 1
ialu_in2 : in std_logic_vector (15 downto 0); --
operand 2
ialu : out std logic_vector (15 downto 0) -
output

) ;
end MY PACKAGE;

package body MY PACKAGE is
procedure wave_gen (signal clk: out std logic) is
begin
clk <= '0";



46 Samary Baranov. High Level Synthesis

wait for 10 ns;
clk <= '1l';
wait for 10 ns;
end wave_gen;

procedure exec_inst(signal idle : in std logic; signal clk

out std_logic) is

begin
wave_gen (clk) ;
while idle = '0' loop
wave_gen (clk) ;
end loop;
end exec_inst;

procedure alub(

alu inl : in std_logic_vector (15 downto 0); -- operand 1

alu in2 : in std_logic_vector (15 downto 0); -- operand 2

alu ctr : in std_logic_vector (4 downto 0); --

instruction alu_ctr

alu : out std logic_vector(1l5 downto 0) -- alu
) is
constant add: std _logic_vector (4 downto 0) := "00001";
constant log_and:std logic_vector (4 downto 0): "00010";
constant sub : std logic_vector (4 downto 0) := "00011";
constant shl : std logic_vector (4 downto 0) := "00100";
constant shr : std logic_vector (4 downto 0) := "00101";
constant inc : std _logic_vector (4 downto 0) := "10010";
constant com : std logic_vector (4 downto 0) := "10100";

variable valu_inl, valu in2 : signed (15 downto

variable vout: signed (15 downto 0);
begin

-- process

valu _inl := signed (alu_inl);
valu in2 := signed (alu_in2);
vout := x"0000";

case alu ctr is

0);

when add => -------------- add signed-----------------
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vout := valu_inl + valu_in2;
when sub => ------------ sub signed---------
vout := valu inl - valu in2;
when log_and =>-------------- logic and ------
vout := valu _inl and valu_in2;
when shl =>-------------- shift left ----—--—---
vout := valu in2 (14 downto 0) & '0';
when shr => -------------- shift right --------
vout := '0' & valu _in2 (15 downto 1);
when inc => ------------ increment -------------
vout := valu_inl + 1;
when com => ----------—- complement -------------
vout := not valu_inl;
when others => null; ------- others for case
end case;

-- assign alu out signals

alu := std_logic_vector (vout) ;

end alub;

procedure ialub(

ialu_inl : in std_logic_vector (15 downto 0);
ialu in2 : in std _logic_vector (15 downto 0);
ialu : out std _logic_vector (15 downto 0)

) is
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begin
ialu := std_logic_vector (unsigned(ialu_inl) + unsigned(ialu_in2));

end ialub;
end MY PACKAGE;

Figure 32. My_package for high level

#include "Funcmi.h"

void Funcmi::main_proc()
{
if (rst.read() == 1)
{
br.write(0) ;
ext in.write(0);
idle.write (0) ;
inpr.write(0) ;
irl.write(0);
ir2.write(0) ;
pc.write(0) ;
ralu.write (0) ;
rialu.write(0) ;
for (unsigned int i = 0; i < 16; ++i)
{
bor[i] .write (0) ;
}
for (unsigned int i

{

0; i < 65536; ++i)

mO[i] .write (0) ;
}

for (unsigned int i

{

0; i < 65536; ++i)
ml[i] .write(0);
currentState = al;
idle.write(1l);
else

idle.write (0) ;
proc_Funcmi () ;
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void Funcmi: :proc_Funcmi ()

{

sc_uint<16> irl tmp = irl.read();

ext_in.write(0);
idle.write (0) ;

switch (currentState)

{

case al:

if (s.read() && dma.read() && ext rdwr.read() &&
m.read())

ml_adr = ext adr.read();
currentState = al;
ml[ml_adr].write (ext out.read()):;
idle.write (1) ;

}

else if (s.read() && dma.read() && ext_rdwr.read() &&

'm.read())

m0_adr = ext_adr.read();
currentState = al;
m0[m0_adr] .write (ext out.read()):
idle.write(1l);

}

else if (s.read() && dma.read() && 'ext rdwr.read()
m.read())

ml_adr = ext_adr.read();
currentState = al;
ext in.write(ml[ml_ adr].read()):
idle.write (1) ;

}

else if (s.read() && dma.read() && 'ext rdwr.read()
'm.read())

m0_adr = ext adr.read();
currentState = al;
ext_in.write (m0[m0_adr].read())
idle.write (1) ;

}

else if (s.read() && !'dma.read())

{
m0_adr = pc.read();
currentState = a2;
irl.write(mO[m0_adr].read())

&&

&&



50 Samary Baranov. High Level Synthesis

else
{
currentState = al;
idle.write(1l);
}
break;
case a2:
{
currentState = a3;
pc.write(pc.read()+1) ;
}
break;
case a3:

if (bitO.read() && bitl.read())
{

currentState = a4;
inpr.write(data_in.read());

else if (bit0.read() && 'bitl.read() && irl tmp[10])

m0_adr = pc.read();
currentState = a5;
ir2 .write (m0[m0_adr].read())

else if (bit0.read() && 'bitl.read() && 'irl tmp[10])
bor adr = irl_tmp.range(3, 0);
currentState = al;
pc.write (bor[bor_adr].read())
idle.write (1) ;
else if ('bit0O.read() && irl tmp[10])
m0_adr = pc.read();
currentState = a5;
ir2 .write(mO[mO_adr].read())

else if (!'bitO.read() && 'irl tmp[10] && bitl.read())

bor adr = irl_tmp.range(3, 0);
currentState = a6;
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else

break;

case a4:

break;

case ab:

break;

case ab6:

High Level Synthesis

br.write (bor[bor_adr].read()):;

bor_adr = irl_tmp.range(3, 0);
currentState = a7;
ir2 .write(bor[bor_adr].read())

bor_adr = irl_tmp.range(7, 4);
currentState = al;

bor[bor_adr] .write(inpr.read())
idle.write (1) ;

currentState = a8;
pc.write(pc.read()+1) ;

if (irl_tmp[9])

{

else

break;

currentState = a9;
ir2 .write(br.read());

bor_adr = irl_tmp.range(7, 4);
currentState = al;
bor[bor_adr] .write(br.read())
idle.write(1l);
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case a7:
if (irl_tmp[9])
{
ml_adr = ir2.read();
currentState = all;
br.write(ml[ml_adr].read()):

else

{
bor_adr = irl_tmp.range(7, 4);
currentState = all;
br.write (bor[bor_adr].read())

}

break;

case a8:

if (irl_tmp[8] && bit0.read())
{
currentState = al;
pc.write(ir2.read()) ;
idle.write(1);

else if (irl tmp[8] && 'bit0.read() && bitl.read())

currentState = al2;
br.write(ir2.read())

else if (irl_tmp[8] && !'bit0.read() && !'bitl.read())

bor _adr = irl_tmp.range(7, 4);
currentState = all;
br.write (bor[bor_adr].read())

else if (!'irl tmp[8] && irl_ tmp[9])

ml_adr = ir2.read();
currentState = al3;
br.write(ml[ml_adr].read()):

else if (!'irl tmp[8] && 'irl tmp[9] && bitO.read() &&
irl tmp.range(3, 0) == "0000")

ml_adr = ir2.read();
currentState = al;
pc.write(ml[ml_adr].read())
idle.write (1) ;
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}

High Level Synthesis

else if (!'irl tmp[8] && 'irl tmp[9] && !'bit0.read()

else

break;

case a9:

irl tmp.range(3, 0) == "0000")

ml_adr = ir2.read();
currentState = all;
br.write(ml[ml_adr].read()):

bor adr = irl_tmp.range(3, 0);
currentState = al4;
br.write (bor[bor_adr].read())

if (bitl.read())

{

else

break;
case alol:

if (bi
{

else

ml_adr = ir2.read();
currentState = all;
br.write(ml[ml_adr].read()):

bor_adr = irl_tmp.range(7, 4);
currentState = all;
br.write (bor[bor_adr].read())

tl.read())

bor_adr = irl_tmp.range(7, 4);
currentState = al;
bor[bor_adr] .write(br.read())
idle.write(1l);

currentState = a9;
ir2 .write(br.read()):;

&&
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break;

case all:

break;

case al2:

break;

case al3:

break;

case al4:

break;

High Level Synthesis

alu _inl = br.read();

alu in2 = ir2.read();

alu_ctr = irl_tmp.range (15, 11);
currentState = al5;

alub(alu_inl, alu_in2, alu ctr, alu);
ralu.write (alu);

bor_adr irl tmp.range (7, 4);
currentState al;
bor[bor_adr] .write(br.read())

idle.write (1) ;

currentState ale;
ir2 . write(br.read())

ialu_inl = ir2.read():
ialu_in2 = br.read();
currentState = al7;

ialub(ialu_inl, ialu _in2, ialu);
rialu.write(ialu) ;
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case al5:
{
bor_adr = irl_tmp.range(7, 4);
currentState = al;
bor[bor_adr].write(ralu.read())
idle.write (1) ;
}
break;
case alé6:
if (bit0O.read() && irl_ tmp.range(3, 0) == "0000")
{
ml_adr = ir2.read();
currentState = al;
pc.write(ml[ml_adr].read()):
idle.write (1) ;
}
else if (!'bit0O.read() && irl_tmp.range(3, 0) == "0000")
{
ml_adr = ir2.read();
currentState = al0;
br.write(ml[ml_adr].read()):
}
else
{
bor adr = irl_tmp.range(3, 0);
currentState = al4;
br.write (bor[bor_adr].read())
}
break;
case al7:
{
currentState = al8;
ir2 .write(rialu.read()):
}
break;
case al8:

if (bitO.read())
{

ml_adr = ir2.read();
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currentState = al;
pc.write(ml[ml_adr].read());
idle.write (1) ;

else

{
ml_adr = ir2.read();
currentState = alol;
br.write(ml[ml_adr].read());

}

break;

}
#ifdef MTI_SYSTEMC
SC_MODULE_EXPORT (Funcmi) ;

#endif
Figure 33. System C code for High Level Synthesis of ALBI
#include <iostream>
#include "systemc.h"
#include "ialu.h"
#include "alu.h"

SC_MODULE (Funcmi)
{

enum States { al =1, a2, a3, a4, a5, a6, a7, a8, a9,
all, al2, al3, al4, al5, al6, al7, al8 };
sc_signal< int > currentIf;
sc_signal< sc_uint<16> > bor[16];
sc_signal< sc_uint<16> > br;
sc_signal< sc_uint<16> > inpr;
sc_signal< sc_uint<16> > irl;
sc_signal< sc_uint<16> > ir2;
sc_signal< sc_uint<16> > m0[65536];
sc_signal< sc_uint<16> > ml1[65536];
sc_signal< sc_uint<16> > pc;
sc_signal< sc_uint<16> > ralu;
sc_signal< sc_uint<16> > rialu;

sc_in<
sc_in<
sc_in<

bool > bit0;
bool > bitl;
sc_uint<16> > data_in;
bool > dma;
sc_uint<16> > ext_adr;
sc_uint<16> > ext out;

sc_in<
sc_in<
sc_in<

alo,
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sc_in< bool > ext rdwr;
sc_in< bool > m;

sc_in< bool > rst;
sc_in< bool > s;
sc_out< sc_uint<1l6> > ext_in;
sc_out< bool > idle;
sc_uint<4> bor_adr;
FSMStates currentState;
sc_uint<16> m0_adr;
sc_uint<16> ml_adr;
sc_in_clk clk;

void main proc() ;
void proc_Funcmi () ;

SC_CTOR (Funcmi)

bit0 ("bito"),

bitl ("bitl"),
clk ("clk"),
data_in ("data_in"),
dma ("dma") ,

ext adr ("ext_adr"),
ext in ("ext_in"),
ext out ("ext_out"),
ext rdwr ("ext_rdwr"),
idle ("idle"),

m ("m"),

rst ("rst"),

s ("s")

SC_METHOD (main_proc) ;
sensitive << clk.pos() << rst;

Figure 34. System C code for Funcmi.h



58 Samary Baranov. High Level Synthesis

3. From High Level to Register Transfer Level

I

I !

| M m to
Ux ) en

in0

in t1_en
out 2
t2_en
3 in3

H.

Figure 1. Our first structure

Functional Structure
1. t3:=s2 ctr_mux = '10'
t3 en:="'1"
2. t1 :=s3 ctr mux:="'11'
t2 =83 tl_en:="'1"
t2 en:="'1"
3. t5:=s0 tS5 en:="'1
4. t5:=s0 tS_en:="'1'
t4 :=s1 ctr_mux = '01'
t4 en:="'1

Figure 2. Examples of descriptions at the functional and structural levels
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X1 o V1 = |
: Control Data
xp '; Unit Y 3 | Path
&MJ '-'MT l s 3 l
External System

Figure 3. Digital system as a composition of Control unit and Data path

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Y9

| Ry
-
A

R,

Figure 4. Element of Data path with a cloud circuit

yll
y27

y8
yo

y7
yl8

y29

y27
y30

y28

16
16

16

16
le

br:=ml[ml_adr]
ml_adr:=ir2

bor_adr:=irl(7-4)
br:=bor[bor_adr]

bor adr:=irl(3-0)
ir2:=bor[bor_adr]

bor[bor_adr]:=ralu
bor_adr:=irl(7-4)

alu_ctr:=irl(15-11)
alu inl:=br

alu in2:=ir2
ralu:=alu

ir2:=br

pc:=ir2

ml_adr:=ir2
pc:=ml[ml_ adr]

bor_adr:=irl(3-0)
pc:=bor[bor_adr]
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Y10 ylé 16 inpr:=data_in

Y11 y5 16 bor[bor_adr] :=inpr
y8 4 bor_adr:=irl(7-4)

Y12 y4 16 bor[bor_adr] :=br
y8 4 bor_adr:=irl(7-4)

Y13 y7 4 bor adr:=irl(3-0)
y9 16 br:=bor[bor_adr]

Y14 y1lo0 16 br:=ir2

Y15 y25 16 ml[ml_ adr]:=ext_out
y26 16 ml_adr:=ext_ adr

Y1l6 y1l3 16 ext in:=ml[ml_adr]
y26 16 ml_adr:=ext_adr

Y17 y22 16 m0 [m0_adr] :=ext_out
y23 16 m0_adr:=ext_adr

Y18 yl2 16 ext_in:=m0[m0_adr]
y23 16 mO0_adr:=ext_adr

Y19 y21 16 ir2:=rialu

Y20 yl4 16 ialu inl:=ir2
y1l5 16 ialu_in2:=br
y33 16 rialu:=ialu

Y21 y31 0 pc:=pc+l

Y22 y20 16 ir2:=m0[m0_adr]
y24 16 m0_adr:=pc

Y23 y1l7 16 irl:=m0[m0_adr]
y24 16 m0_adr:=pc

Figure 5. Functional process table Funcmi.tab
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bor
ralu iz D
1 o
L L r L4 T ¥ L4 L
br [15 I [ [
i L
ir2 [is 0

Figure 6. Some structure with splitting of register

Y1 yl 16 br:=ml[ml_adr]
y2 16 ml_adr:=ir2
Y2 y3 4 bor_adr:=irl(7-4)
y4 16 br:=bor[bor_adr]
Y3 y5 4 bor_adr:=irl(3-0)
y6 16 ir2:=bor[bor_adr]
Y4 y7 16 bor[bor_adr] :=ralu
y3 4 bor adr:=irl(7-4)
Y5 y8 5 alu_ctr:=irl(15-11)
yo 16 alu inl:=br
ylo0 16 alu in2:=ir2
yll 16 ralu:=alu
Y6 yl2 16 ir2:=br
Y7 yl3 16 pc:=ir2
Y8 y2 16 ml_adr:=ir2
yl4 16 pc:=ml[ml_ adr]
Y9 y5 4 bor_adr:=irl(3-0)
y1l5 16 pc:=bor[bor_ adr]
Y10 ylé 16 inpr:=data_in
Y11l yl7 16 bor[bor_adr] :=inpr
y3 4 bor adr:=irl(7-4)
Y12 yl8 16 bor[bor_adr] :=br
y3 4 bor_adr:=irl(7-4)

Y13 y5 4 bor_adr:=irl(3-0)
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y4 16 br:=bor[bor_adr]

Y14 y1l9 16 br:=ir2

Y15 y20 16 ml[ml_adr]:=ext_out
y21 16 ml_adr:=ext adr

Y16 y22 16 ext_in:=ml[ml_adr]
y21 16 ml_adr:=ext_ adr

Y17 y23 16 m0 [m0_adr] :=ext_out
y24 16 m0_adr:=ext_adr

Y18 y25 16 ext_in:=m0[m0_adr]
y24 16 m0_adr:=ext_adr

Y19 y26 16 ir2:=rialu

Y20 y27 16 ialu_inl:=ir2
y28 16 ialu_in2:=br
y29 16 rialu:=ialu

Y21 y30 0 pc:=pc+1

Y22 y31 16 ir2:=m0[m0_adr]
y32 16 m0_adr:=pc

Y23 y33 16 irl:=m0[m0_adr]
y32 16 m0_adr:=pc

Figure 7. Functional process table Funcmi.mrk
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i === e R e mens - ralu
1i 1 e
i bor
3. B o= -+ alu_inl
1 rialu T ialu_ in2
ir2
5 bor
irl
2 pc
7 ml
ext_out =<=x
"""" > m0
1ralu
br
4 m1 <7
ext_in
2 mo > rialu
ialu ---="" _» PC
4ext_adr 2 mO0_adr
Sir2&==—-— ml_adr
e TTealu_in2
T jalu_in1
data i == = inpr

Figure 8. Connection graph for 16-bit assignments

weight : sources targets
0 : alu ralu :
5 : bor[bor_adr] br :
ir2 :
PCc :
3 : br alu_inl

bor[bor_adr]
ialu_in2

: weight

0

=

R O
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Y1

Y5

Y8

Y15

Y16

Y17

: data_in

ext adr

ext_out

ialu
inpr

ir2

: mO[m0_adr]

: ml[ml adr]

: pc

ralu

rialu

ir2
inpr :

m0_adr
ml_adr

m0 [m0_adr]
ml[ml_adr]

rialu
bor[bor_adr]

alu_in2
br

ialu inl
ml_adr

j ool

ext in
irl
ir2
br
ext_in
jofe!
m0_adr

bor[bor_adr]

ir2

Figure 9. Connection Graph as a list

yl
y2

y9
y1lo0
yll

y2
yl4

y20
y21

y21
y22

y23
y24

br:=ml[ml_adr]
ml_adr:=ir2

alu _inl:=br
alu in2:=ir2
ralu:=alu

ml_adr:=ir2
pc:=ml[ml_adr]

ml[ml adr]:=ext_ out
ml_adr:=ext_adr

ml_adr:=ext adr
ext_in:=ml[ml_adr]

m0 [m0_adr] :=ext_out
m0_adr:=ext_adr

Ll HWOoORrOo

o

=N

A A
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Y18 : y24 m0_adr:=ext_adr
y25 ext_in:=m0[m0_adr]
Y20 t y27 ialu_inl:=ir2
y28 ialu in2:=br
y29 rialu:=ialu
Y22 : y31 ir2:=m0[m0_adr]
y32 m0_adr:=pc
Y23 : y32 m0_adr:=pc
y33 irl:=m0[mO0_adr] d

A A

Figure 10. Parallel microoperations before considering direct connections

Y1 tyl br:=ml[ml_adr]
y2 ml_adr:=ir2
Y8 : y2 ml_adr:=ir2
yl4 pc:=ml[ml_ adr]
Y16 : y21 ml_adr:=ext_adr
y22 ext_in:=ml[ml_adr]
Y18 : y24 m0_adr:=ext_adr
y25 ext in:=m0[m0_adr]
Y22 : y31 ir2:=m0[m0_adr]
y32 m0_adr:=pc

Figure 11. Parallel microoperations after considering direct connections

Br pc (bor, ir2, m1, x"fffe")
Q S
(bor, ir2, m1) \
N

N
N
N
N

ext_in . ml_adr
r'\~44{.
(m0, m1)'\ (ext_adr, ir2)
ir2 o “o m0_adr
(bor, br, m0, riaiu) fext_adr, pc)
bor

(br, inpr, ralu)

Figure 12. Graph of incompatibility
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Table 1. Coloring process for graph of incompatibility 16bit

Vertices Forbidden vertices Colors
mi_adr ext_in, br, pc muxl
mo_adr ext_in, ir2 Y1
ext in mi_adr, mo_adr muxe
br mi_adr muxz
pec mi_adr mux2
ir2 mo_adr nux2
bor - Xt
MUX2 6x16 MUX2 6x16
3bor —LP 3bhor br
. br br jii
1ir2—> oul p———p 1ir2 L.
br br ext_in out
2 M1 —p 3ml ———p
ctr 1mo ext_in
ctr
a) b)
MUX2 6x16 ) MUX2 6x16
4bor br ir2 ‘ Shor br ir2 pc in0
. br =7 br pc
1 ir2 ——p 2 12 =——pi in2
3Imi br ext_in br ext in ami br ext_in pc ini
ext_in ir2 out - ext_in ir2 out |
2 m0 — ir2 2m0 —>{ in4g
ir2 Ir2 5
2 br  — 2 br ——————pi in3
1rialu L» 1r/aluL’ in5
ctr ctr
J( 3 c) d) } 3

MUX1 6x16
2ext_adr ML adn out
3ir2 m1 adr
ctr

m1_adr mO_adr

4 ext_adr ————»
3ir mi_adr
" mO_adr

2 pc ——————»

Figure 13. Inputs in MUX2

MUX1 6x16

out|

m1_adr
—

a)

m1_adr
—

mO_adr

ctr

b)

4 ext_adr
3ir2
2 pc
1 br
1 inpr

ml_adr

mO0 adr

bor

Iralu L,

ml_adr mO_adr
—_—

_—

—

br ext_in
—_—

br ext_in
Mo
ir2 pc

MUX1 6x16
in0
inl
in2
in3
in4
in5

ctr

out

m1_adr bor
—

mO0_adr

c)

Figure 14. Inputs in MUX1

1,
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MUX1 6x16

4 ext_adr—in0
3 ir2=—piinl
2 pc—>in2 it

1 br—»{in3

1 inpr——=!ind

1ralu—p| in5
ctr

1,

SOURCES
alu

br

data in

ext out

ml_adr

bor m0_adr
e ——

MUX2 6x16
Sbhor =——»in0
4ml —=inl
2 (2 meipl N2
out
2 mO——»{ in3
2 br ——»{in4

1 rigly—=s{ in5

ctr

Figure 15. Muxes 16bit

ialu

ir2

m0 [m0_adr]

TARGETS
ralu

alu inl
ialu_in2

inpr

m0[m0_adr]
ml[ml adr]

rialu

alu _in2
ialu_inl

irl

Figure 16. Direct connections

MUX1
OUTPUT:
bor[bor adr]
m0_adr
ml_adr
INPUT:
ext_adr

[N

ir2
pc
br
inpr
ralu

HRkRRkNW

MUX2
OUTPUT:
br

000

001
0io
100
011
101

in0

inl
in2
in4
in3
in5

m0_adr
ml_adr
ml_adr
m0_adr
bor[bor_adr]
bor[bor adr]
bor[bor_adr]

br ext_in

ir2 pc
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ext in
ir2
pc
INPUT:
bor[bor_adr] 5 000 in0 br
ir2
pc
ml[ml adr] 4 001 inl br
ext _in
pc
ir2 2 010 in2 br
pc
m0 [m0_adr] 2 100 ind4 ext in
ir2
br 2 011 in3 ir2
rialu 1 101 inb ir2

Figure 17. 16bit MUXes as a text file

<Mux name="MUX1" ctr width="3">
<Outputs>
<Output name="bor[bor adr]" />
<Output name="m0O_adr" />
<Output name="ml_adr" />
</Outputs>
<Inputs>
<Input name="ext adr" weight="4" code="000" in="0">
<Target name="mO_adr" />
<Target name="ml_adr" />
</Input>
<Input name="ir2" weight="3" code="001" in="1">
<Target name="ml_adr" />
</Input>
<Input name="pc" weight="2" code="010" in="2">
<Target name="mQ0_adr" />
</Input>
<Input name="br" weight="1" code="100" in="4">
<Target name="bor[bor adr]" />
</Input>
<Input name="inpr" weight="1" code="011" in="3">
<Target name="bor[bor adr]" />
</Input>
<Input name="ralu" weight="1" code="101" in="5">
<Target name="bor[bor adr]" />
</Input>
</Inputs>
</Mux>

Figure 18. MUX1 in XML
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4
j e —————r.
4 ir1(7-4) bor_adr weight : sources  targets : weight
4 4:ir1(3-0) bor_adr:4
4:irl(7-4) bor_adr:4
4 ir1(3-0)
a) b)

Figure 19. Connection graph for 4-bit transfers

bor adr
{ir1{3-03, iri{7-4))

Figure 20. Graph incompatibility for 4bit transfers

Table 2. Coloring process for 4-bit transfers

Vertices | Forbidden vertices Colors
bor_adr - muxi
MUXO0
OUTPUT:
bor_adr
INPUT:
irl(3-0) 4 0 in0 bor _adr
irl(7-4) 4 1 inl bor_adr

Figure 21. MUX for 4-bit transfers

SOURCES TARGETS
irl(15-11) alu ctr

library IEEE;
use IEEE.std logic 1164.all;
use IEEE.numeric_std.all;
use work.components.all;
entity dp is

port

-- Inputs from control unit
ctr mux2 0 : in std_logic; --(yl)
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br _en : in std_logic; --(y2)
ctr muxl 0O : in std_logic; --(y3)
ctr_mux0 : in std_logic; --(y4)
ir2_en : in std_logic; --(y5)
ctr muxl 2 : in std_logic; --(y6)
bor_en : in std_logic; --(y7)
ralu _en : in std_logic; --(y8)
ctr mux2 1 : in std_logic; --(y9)
pc_en : in std_logic; --(yl0)
inpr en : in std_logic; --(yl1)
ctr muxl 1 : in std_logic; --(yl2)
ml_ rdwr : in std _logic; --(yl3)
m0_rdwr : in std_logic; --(yl4)
ctr mux2 2 : in std_logic; --(yl15)
rialu en : in std_logic; --(yl6)
pc_count : in std _logic; --(yl7)
irl en : in std_logic; --(y18)

-- Inputs from outside

clk : in std_logic;
rst : in std_logic;
data_in : in std_logic_vector (15 downto 0);
ext adr : in std_logic_vector (15 downto 0);
ext out : in std _logic_vector (15 downto 0);

-- Outputs to control unit

irl 9 : out  std logic; --(x1)
irl 10 : out std_logic; --(x2)
irl 8 : out  std logic; --(x3)
comp4_1 dout : out std logic; --(x10)

-- Outputs to outside
ext in . out std_logic_vector (15 downto 0)

) ;

architecture arc dp of dp i

signal muxl dout : std_logic_vector (15 downto 0);
signal mux2 dout : std_logic_vector (15 downto 0);
signal mux0_dout : std_logic_vector (3 downto 0);
signal alu_alu : std_logic_vector (15 downto 0);
signal bor_dout : std_logic_vector (15 downto 0);
signal br dout : std_logic_vector (15 downto 0);
signal ialu_ialu : std_logic_vector (15 downto 0);
signal inpr_dout : std_logic_vector (15 downto 0);

signal irl_dout : std_logic_vector (15 downto 0);
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signal ir2_ dout : std_logic_vector (15 downto 0);
signal m0_dout : std_logic_vector (15 downto 0);
signal ml_dout : std_logic_vector (15 downto 0);
signal pc_dout : std_logic_vector (15 downto 0);
signal ralu_dout : std_logic_vector (15 downto 0);
signal rialu dout : std_logic_vector (15 downto 0);
signal ctr_muxl : std_logic_vector (2 downto 0);

signal ctr_mux2 : std_logic_vector (2 downto 0);

begin
-- Mux 1
ul muxl : mux_6x16 port map (ext_adr, ir2 dout,

pc_dout, inpr dout, br_dout, ralu dout, ctr_muxl, muxl_ dout);

u2_ mux2 : mux_6x16 port map (bor_dout, ml_dout,
ir2 dout, br _dout, m0_dout, rialu dout, ctr mux2, mux2 dout);

u3_mux0 : mux_2x4 port map (irl_dout (3 downto 0),
irl dout(7 downto 4), ctr mux0, mux0_dout);

u4_alu : alub port map (br_dout, ir2 dout,
irl dout (15 downto 11), alu_alu);

u5_ialu : ialub port map (ir2_dout, br_dout,

u6_br : reg_lébit port map (clk, rst, mux2 dout,
br _en, br_dout);
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u7_inpr
u8_irl
u9_ir2

ul0_ralu
ralu_en, ralu dout);

ull rialu

reg lébit

reg _lébit

reg 1lébit

reg lébit

reg 1l6bit

rialu en, rialu_dout);

ul2 bor
ul3 m0

uld ml

port

port

port

port

port

map

map

map

map

map

(clk,

(clk,

(clk,

(clk,

(clk,

rst,

rst,

rst,

rst,

rst,

data_in,

m0_dout, irl _en,

mux2_dout,

alu alu,

ialu ialuy,

bor 4adr_1lébit port map (clk, rst, muxO_dout,
muxl dout, bor_en, bor_ dout);

ram l6adr 16bit port map (clk, muxl_dout,
ext out, m0_rdwr, mO_dout);

ram _l6adr_ 1l6bit port map (clk, muxl_dout,
ext _out, ml_rdwr, ml_dout);
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ul5_pc : counter p 1l6bit port map (clk, rst, pc_en,
pc_count, mux2 dout, pc_dout);

ulé comp4 1 : g _comp generic map (comp_kind => "eq",
size => 4) port map (irl_dout (3 downto 0), "0000", comp4 1 dout);

ctr muxl <= ctr muxl 2 & ctr muxl 1 & ctr muxl O;
ctr mux2 <= ctr mux2 2 & ctr mux2 1 & ctr mux2 0;
ext _in <= mux2_dout;

irl 9 <= irl dout(9);

irl 10 <= irl dout(10);

irl 8 <= irl dout(8);

end arc dp;

configuration cfg dp of dp is
for arc_dp
end for;

end cfg dp;

Figure 22. VHDL code of Data Path
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&R
din owt o e N inl‘w 1 e
16 | dowt . din out
A ) B
q A
.IRI {6 TALU RIALU ;h“;UXI Gﬁé
e i 16 "udovt --‘5—1&” QUL oy in3 I
LSOO, | -l in2 r
i - v ‘,:; o T adr
ext_odv in0
inl
PR o3
dota_out 16, olfin out 4
IM IM‘UXZ 6x16|
—alin2 br
in3 oy XN o ent in
inS 2 | pc =
o IR1
% AL By e B IR1(3-0) s
18 ol din ctr
rowr en MUXD 2248 v
1 1 00 ouel 14 ’3
IR1{7-4) Mg;u
—-’-s-vode‘ 5 A
1
cemperee B 81 N NS 15. o) din
rowr
"
4 *bw
“-6—-0ﬁn dour 48
on
o
pc
25 odin dout &
count en
b ¥
Figure 23. Data Path for ALBI
Y1l yl 16 br:=ml[ml_adr]
y2 16 ml_adr:=ir2
Y2 y3 4 bor adr:=irl(7-4)
y4 16 br:=bor[bor_adr]
Y3 y5 4 bor _adr:=irl(3-0)
y6 16 ir2:=bor[bor_adr]
Y4 y7 16 bor[bor_adr]:=ralu
y3 4 bor adr:=irl(7-4)
Y5 y8 5 alu_ctr:=irl(15-11)
v9 16 alu_inl:=br
y1l0 16 alu_in2:=ir2
yll 16 ralu:=alu
Y6 yl2 16 ir2:=br
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Y7

Y8

Y9

Y10

Y1l

Y12

Y13

Y14

Y15

Y16

Y17

Y18

Y19

Y20

Y21

Y22

Y23

yl8
y3

y5
y4

y1l9

y20
y21

y22
y21

y23
y24

y25
y24
y26

y27
y28
y29
y30

y31
y32

y33
y32

le

16
16

le

16
16

16
16

16
16

16
16
16

16
16
16

0

16
16

16
16

pc:=ir2

ml_adr:=ir2
pc:=ml[ml_adr]

bor_adr:=irl(3-0)
pc:=bor[bor_adr]

inpr:=data_in

bor[bor_adr] :=inpr
bor_adr:=irl(7-4)

bor[bor_adr] :=br
bor adr:=irl(7-4)

bor adr:=irl(3-0)
br:=bor[bor_adr]

br:=ir2

ml[ml_ adr]:=ext_out
ml_adr:=ext_adr

ext in:=ml[ml_adr]
ml_adr:=ext adr

m0 [m0_adr] :=ext_out
m0_adr:=ext_adr

ext in:=m0[m0_adr]
m0_adr:=ext_adr
ir2:=rialu

ialu inl:=ir2
ialu in2:=br
rialu:=ialu

pc:=pc+l

ir2:=m0[m0_adr]
m0_adr:=pc

irl:=m0[m0_adr]
m0_adr:=pc

Figure 24. Functional process table Funcmi.mrk

Y1

ml rdwr:=0
ctr mux2:=001
br en:=1

ctr mux1:=001
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Y2

Y3

Y4

Y5

Y6

Y7

Y8

Yo

Y10

Y11l

Y12

Y13

Y14

Y15

Y16

Y17

ctr mux0:=1
ctr mux2:=000
br en:=1

ctr mux0:=0
ctr mux2:=000
ir2 en:=1

ctr muxl:=101
bor_en:=1
ctr mux0:=1

ralu en:=1

ctr mux2:=011
ir2 en:=1

ctr mux2:=010
pc_en:=1

ctr mux1:=001
ml_ rdwr:=0
ctr mux2:=001
pc_en:=1

ctr_mux0:=0
ctr mux2:=000
pc_en:=1

inpr en:=1

ctr muxl:=011
bor_en:=1
ctr mux0:=1

ctr muxl1:=100
bor en:=1
ctr mux0:=1

ctr mux0:=0
ctr mux2:=000
br en:=1

ctr mux2:=010
br en:=1

ml rdwr:=1
ctr mux1:=000

ml_ rdwr:=0
ctr mux2:=001

ctr mux1:=000

m0_rdwr:=1
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ctr mux1:=000

Y18 m0_rdwr:=0
ctr mux2:=100
ctr mux1:=000

Y19 ctr mux2:=101
ir2 en:=1

Y20 rialu en:=1
Y21 pc_count:=1
Y22 m0_rdwr:=0

ctr mux2:=100
ir2 en:=1
ctr mux1:=010

Y23 m0_rdwr:=0
irl en:=1
ctr mux1:=010

Figure 25. Structural process table Funcmi.smo

N 0
X Ys Y7 Ys
s> | < iEd

Ya Q}L

<D= Vs
(&)

"
( End ) Ye

Figure 26. ASM G1 marked for the Mealy FSM synthesis
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Table 3. Direct transition table of Mealy FSM S

Gm | as | X(Gmas) Y(ama:) H
a; a: X3 XaX3 ViVz 1
0z X1X3™ X3 Veyz 2
a; X1™Xz ViVz 3
0 X1 ¥a 4
a; a; LELS) V&Vs 5
O Xq™ Xy E 6
0. "Hg Vs 7
O3 Os 1 EVE 8
as | Qs Xs YsVsy7 9
a: “XsX1 Vaya 10
ds X571 ¥3Vg 11
Qs az Xe G 12
0y “KeXz VE 13
ai “Kg"X7 - 14
Qg ai X Ve¥z 15
g "“Xs NS 16
Y1l yl ctr mux2[0] <=1
y2 br en <=1
y3 ctr mux1[0] <=1
Y2 y4 ctr mux0 <=1
y2 br en <=1
Y3 y5 ir2 en <=1
Y4 y6 ctr mux1[2] <=1
y3 ctr mux1[0] <=1
y7 bor_en <=1
y4 ctr_mux0 <=1
Y5 y8 ralu_en <=1
Y6 vo ctr mux2[1] <=1
yl ctr mux2[0] <=1
y5 ir2 en <=1
Y7 vo ctr mux2[1] <=1
y1l0 pc_en <=1

Y8 y3 ctr mux1[0] <=1
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Y9

Y10

Y1l

Y12

Y13

Y14

Y15

Y16

Y17

Y18

Y19

Y20

Y21

Y22

Y23

yl
ylo0

y1l0
yll

yl2
y3
y7
y4

y6
y7
y4
y2
yo
y2
y1l3
yl
yl4
y1l5
y1l5
yl
y5
yle
y1l7
y1l5
y5
yl2

yl8
yl2

ctr mux2[0]
pc_en

pc_en
inpr en
ctr mux1[1]
ctr mux1[0]
bor_en

ctr mux0
ctr muxl1[2]
bor_en
ctr_mux0
br _en

ctr mux2[1]
br _en
ml_rdwr
ctr mux2[0]
m0_rdwr
ctr mux2[2]
ctr mux2[2]
ctr mux2[0]
ir2 en
rialu en
pc_count
ctr mux2[2]
ir2 en

ctr mux1[1]

irl en
ctr mux1[1]

R R RR =

[

Figure 27. File Structm.tab
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oo WN MO

Begin
x5
x4
x9
Y23
x8
x8
Y21
Y15
Y17
Y16
Y18
x6
End
x7
x2
Y10
x2
Y22
x7
Y11
YS9
Y21
Y13
Y3

1
2
3
5
7

10
12
13
i3
i3
13
14
0

16
is8
20
18
22
23
i3
13
25
26
27

Figure 28. Structural ASM Structm.gsa

O;OOOOOH\DOO“HO

O |
o

N
i
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=

Micro Instructions:

Y1
Y2
Y3
Y4
Y5
Y6
Y7
Y8
Y9
Y10
Y11
Y12
Y13
Y14
Y15
Y16
Y17
Y18
Y19
Y20
Y21

=yl y2 y3

y2 y4

y5

y3 y4 y6 y7
y8

yl y5 y9
y9 yl1l0

yl y3 yl10
y1lo0

yll

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

y3 y4 y7 yl2

y4 y6 y7
y2

y2 y9

y1l3

yl

yl4

y1l5

yl y5 y15
ylé

y1l7

x3
x1

x6
x1
Y6
Y12
Y1l
Y2
Y7
x7
Yl
x10
x7
x7
Y5
Y14
Y6
x6
Y13
Y4
Y8
Y20
Y19

28
30
32
34
36
38
13
39
40
i3
41
42
43
32
31
45
31
37
46
47
13
i3
48
43
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Y22 = y5 yl2 yl15
Y23 = yl2 yl8

Micro Operations: Logical Conditions:

¥l : ectr mux2 0:=1 File Draw

¥2 : br_en:=1 xl : irl 9

¥3 ctr_muxl 0:=1 x2 : irl 10

v4 ctr mux0:=1 x3 irl 8

¥5 ir2 en:=1 x4 dma

v6 ctr muxl 2:=1 X5 : s

¥7 bor_en:=1 x6 bit0

¥8 ralu en:=1 x7 bitl

¥9 ctr_mux2 1:=1 x8 m

¥l0 : pc en:=1 x9 ext rdwr

yvll inpr en:=1 x10 compd 1 dout

¥yl2 : ctr muxl 1:=1

¥13 : ml rdwr:=1

yld : m0 _rdwr:=1

¥15 ctr mux2 2:=1

v1l6 rialu en:=1

¥1l7 : pec_count:=1

vl8 irl en:=1

Figure 29. Structural ASM Structm.txt

al al x5*x4*x9*x8 yl3 1
al al x5*x4*x9*~x8 yl4 2
al al x5*x4*~x9*x8 yl 3
al al x5*x4*~x9*~x8 y1l5 4
al a2 x5*~x4 yl2y18 5
al al ~x5 -- 6
a2 a3 1 yl7 7
a3 a4 x6*x7 yll 8
a3 ab X6*~xT*x2 y5y12y15 9
a3 al X6*~xT*~x2 ylo0 10
a3 a5 ~X6*x2 y5yl2y15 11
a3 a7 ~X6*~x2%x7 y2 12
a3 a8 ~X6*~x2*~xT7 y5 13
a4 al 1 y3y4yTyl2 14
a5 a6 1 y1l7 15
a6 al x3*x6 y9y1l0 16
a6 al4 xX3*~x6*x7 y2y9 17
a6 all X3*~x6*~x7 y2y4 18
a6 al2 ~x3*x1 yly2y3 19
a6 al ~x3*~x1*x10*x6 yly3yl0 20
a6 alo ~x3*~x1*x10*~x6 yly2y3 21
a6 aleé ~x3*~x1*~x10 y2 22
a7 a9 x1 yly5y9 23
a7 al ~x1 yay6y7 24
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a8 alo
a8 all
a9 alo
a9 all
alo al
alo a9
all al3
al2 als
al3 al
al4 al
als al
als alo
als aleé
aleé al7
al7 als
als al
als alo

x1
~x1
x7
~x7
x7
~x7

yly2y3
y2y4
yly2y3
y2y4
ydyé6y7
yly5y9
y8
yly5y9
y3y4dy6y7
ydyb6y7
yly3yl0
yly2y3
y2

ylé
yly5y1l5
yly3yl0
yly2y3

Figure 30. FSM Structm.t1 for Control unit

library ieee;

use ieee.std logic_1164.all;

use ieee.numeric_std.all
use work.components.all;

entity Structm is
port (

bit0
bitl
bor_en
br en
clk
comp4_1 dout
ctr_mux0
ctr muxl 0
ctr muxl 1
ctr muxl 2
ctr mux2 0
ctr mux2 1
ctr mux2 2
dma
ext rdwr
idle
inpr en
irl 10
irl 8
irl 9
irl en
ir2 en

’

in std_logic;
in std_logic;
out std_logic;
out std_logic;
in std_logic;
in std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;
in std_logic;
in std_logic;
out std_logic;
out std_logic;
in std _logic;
in std _logic;
in std_logic;
out std _logic;
out std_logic;

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
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m : in std_logic;
m0_rdwr : out std_logic;
ml_rdwr : out std_logic;
pc_count : out std_logic;
pc_en : out std_logic;
ralu _en : out std_logic;
rialu en : out std_logic;
rst : in std_logic;
s : in std_logic

);
end Structm;

architecture ARC Structm of Structm is

type FSMStates is (
al, a2, a3, a4, a5, a6, a7, a8, a9, al0, all, al2,
ald, als5,
alé, al7, als8

);

signal currentState : FSMStates;
begin
process (clk , rst)

procedure proc_Structm is
begin

bor en <= '0';

br en <= '0';

ctr mux0 <= '0';
ctr muxl 0 <= '0';
ctr muxl 1 <= '0"';
ctr muxl 2 <= '0';
ctr mux2 0 <= '0';
ctr mux2 1 <= '0';
ctr mux2 2 <= '0';
idle <= '0';

inpr en <= '0';
irl en <= '0';

ir2 en <= '0';
m0_rdwr <= '0';

ml _rdwr <= '0';
pc_count <= '0';
pc_en <= '0';
ralu en <= '0';
rialu en <= '0';

al3,
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case currentState is

when al =>

if (s and dma and ext _rdwr and m) = 'l' then
ml_rdwr <= 'l';
currentState <= al;
idle <= '1"';

elsif (s and dma and ext rdwr and not m) = 'l' then
m0_rdwr <= 'l';
currentState <= al;
idle <= '1"';

elsif (s and dma and not ext rdwr and m) = 'l' then
ctr mux2 0 <= 'l1l';
currentState <= al;
idle <= '1"'";

elsif (s and dma and not ext rdwr and not m) = 'l' then
ctr mux2 2 <= 'l';
currentState <= al;
idle <= '1"';

elsif (s and not dma) = 'l' then
ctr muxl 1 <= 'l1l"';
irl en <= '1';
currentState <= a2;

else
currentState <= al;
idle <= '1"'";

end if;

when a2 =>
pc_count <= '1';
currentState <= a3;
when a3 =>

if (bit0 and bitl) = 'l' then
inpr_en <= '1"';
currentState <= a4;

elsif (bit0 and not bitl and irl_10) = 'l' then

ir2 en <= '1';
ctr muxl 1 <= 'l1l';
ctr mux2 2 <= '1';
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elsif

elsif

elsif

else

High Level Synthesis

currentState <= a5;

(bit0 and not bitl and not irl 10)
pc_en <= '1';

currentState <= al;

idle <= '1"'";

(not bit0 and irl_10) = 'l' then
ir2 en <= '1l';

ctr muxl 1 <= '1';

ctr mux2 2 <= '1';

currentState <= a5;

(not bit0 and not irl 10 and bitl)
br en <= '1';
currentState <= a6;

ir2 en <= '1l';
currentState <= a7;

end if;

when a4 =>

when a5 =>

when a6 =>

ctr muxl 0 <= '1';
ctr mux0 <= '1"';
bor en <= '1';
ctr_muxl_l <= '1"';
currentState <= al;
idle <= '1"';

pc_count <= '1';
currentState <= a8;

if (irl_9) = 'l' then

else

ctr mux2 0 <= '1l';
ir2 en <= '1';

ctr mux2 1 <= '1';
currentState <= a9;

ctr mux0 <= '1"';
ctr muxl 2 <= '1';

|1|

'1'

then

then
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bor en <= '1"';
currentState <= al;
idle <= '1"';

end if;

when a7 =>
if (irl_9) = '1' then
ctr mux2 0 <= 'l1l';
br en <= '1';
ctr muxl 0 <= '1"';
currentState <= alol;

else
br en <= '1';
ctr mux0 <= '1"';
currentState <= all;
end if;

when a8 =>
if (irl_8 and bit0) = 'l' then
ctr mux2 1 <= 'l';
pc_en <= '1"';
currentState <= al;
idle <= '1"'";

elsif (irl_8 and not bit0 and bitl) = 'l' then
br en <= '1';
ctr mux2 1 <= 'l';
currentState <= al2;

elsif (irl_8 and not bit0 and not bitl) = 'l' then
br en <= '1';
ctr mux0 <= '1"';
currentState <= all;

elsif (not irl 8 and irl 9) = 'l' then
ctr mux2 0 <= 'l';
br en <= '1';
ctr muxl 0 <= 'l1l';
currentState <= al3;

elsif (not irl_8 and not irl 9 and comp4_1 dout and
bit0) = 'l' then
ctr mux2 0 <= 'l1l';
ctr muxl 0 <= '1"';
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pc_en <= '1l';
currentState <= al;
idle <= '1"';

elsif (not irl_8 and not irl_9 and comp4_1 dout and not
bit0) = '1l' then
ctr mux2 0 <= '1';
br en <= '1"';
ctr muxl 0 <= '1';
currentState <= all;

else
br en <= '1';
currentState <= al4;

end if;

when a9 =>
if (bitl) = '1l' then
ctr mux2 0 <= '1l';
br en <= '1';
ctr muxl 0 <= '1';
currentState <= al0;

else
br en <= '1'";
ctr mux0 <= '1"';
currentState <= all;
end if;

when al0 =>
if (bitl) = 'l' then
ctr mux0 <= '1"';
ctr muxl 2 <= '1';
bor en <= '1"';
currentState <= al;
idle <= '1"';

else
ctr mux2 0 <= '1l';
ir2 en <= '1l';
ctr mux2 1 <= '1';
currentState <= a9;

end if;
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when all =>

ralu en <= '1';
currentState <= al5;

when al2 =>

ctr mux0 <= '1"';
ctr muxl 2 <= 'l';
bor en <= '1"';
currentState <= al;
idle <= '1"'";

Il
\%

when al3

ctr mux2 0 <= 'l1l';
ir2 en <= '1';

ctr mux2 1 <= 'l1l';
currentState <= alé6;

when ald =>

rialu_en <= '1"';
currentState <= al7;

I
\%

when al5

ctr muxl 0 <= '1"';
ctr mux0 <= '1"';
ctr muxl 2 <= 'l';
bor en <= '1';
currentState <= al;
idle <= '1"'";

when alé =>

if (comp4_1 dout and bit0) = 'l' then
ctr mux2 0 <= 'l';
ctr muxl 0 <= 'l1';
pc_en <= '1';
currentState <= al;
idle <= '1';
elsif (comp4_1 dout and not bit0) = 'l' then

ctr mux2 0 <= '1"';
br en <= '1"';

ctr muxl 0 <= 'l';
currentState <= alol;
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br en <= '1';
currentState <= al4;

end if;

when al7 =>

when al8 =>

ctr mux2 0 <= '1';
ir2 en <= '1";

ctr mux2 2 <= 'l';
currentState <= al8;

if (bit0) = '1' then

ctr mux2 0 <= '1';
ctr muxl 0 <= '1';
pc_en <= '1';

currentState <= al;

idle <= '1"';

else
ctr mux2 0 <= '1';
br en <= '1';
ctr muxl 0 <= '1';
currentState <= all;

end if;

end case;

end proc_Structm;

begin

if (rst = '1l') then

bor en <= '0"';

br en <= '0';

ctr mux0 <= '0';
ctr muxl 0 <= '0';
ctr muxl 1 <= '0';
ctr muxl 2 <= '0';
ctr mux2 0 <= '0';
ctr mux2 1 <= '0';
ctr mux2 2 <= '0';
idle <= '0';

inpr _en <= '0';
irl en <= '0'";
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ir2 en <= '0';
m0_rdwr <= '0';
ml _rdwr <= '0';
pc_count <= '0';
pc_en <= '0';
ralu en <= '0';
rialu en <= '0';

currentState <= al;
idle <= '1"';

elsif (clk'event and clk = '0') then
idle <= '0';
proc_Structm;
end if;
end process;
end ARC_Structm;

Figure 31. Control Unit for ALBI in VHDL

MUX2
OUTPUT:
br
ext_in
ir2
j ool
INPUT:
bor[bor_adr] 5 000 in0 br
ir2
j ool
ml[ml_ adr] 4 001 inl br
ext in
jofe!
ir2 2 010 in2 br
joJe!
m0 [m0_adr] 2 100 in4 ext in
ir2
br 2 011 in3 ir2
rialu 1 101 in5 ir2

Figure 32. MUX2 as a list

library IEEE;
use IEEE.std logic_1164.all;
entity top is
port
(
bit0 : in std_logic;
bitl : in std_logic;



clk
data_in
dma

ext adr
ext in
ext out
ext rdwr
idle

m

rst

s

in
in
in
in
out
in
in
out
in
in
in
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std_logic;
std_logic_vector (15 downto
std_logic;
std_logic_vector (15 downto
std_logic_vector (15 downto
std_logic_vector (15 downto
std_logic;
std_logic;
std_logic;
std_logic;
std_logic

architecture arc_top of
component Structm is

port (

bit0

bitl
bor_en

br en

clk
comp4_1 dout
ctr_mux0
ctr muxl 0
ctr muxl 1
ctr muxl 2
ctr mux2 0
ctr mux2 1
ctr mux2 2

top is

in std_logic;
in std_logic;
out std_logic;
out std_logic;
in std_logic;
in std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
out std_logic;
out std_logic;

out
out
out
out
out

dma

ext rdwr
idle
inpr en
irl 10
irl 8
irl 9
irl en
ir2 en
m
m0_rdwr
ml_ rdwr
pc_count
pc_en
ralu_en
rialu_en
rst

in std_logic;
in std_logic;
out std_logic;
out std_logic;
in std _logic;
in std _logic;
in std_logic;
out std_logic;
out std_logic;
in std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;
in std_logic;

0);

0);
0);
0);
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)

end component;

component dp is

port

in std_logic

-- Inputs from control unit

ctr mux2 0 in std_logic; --(yl1)

br en in std_logic; --(y2)

ctr muxl 0 in std_logic; --(y3)

ctr_mux0 in std_logic; --(y4)

ir2 en in std_logic; --(y5)

ctr muxl 2 in std_logic; --(y6)

bor_en in std_logic; --(y7)

ralu_en in std _logic; --(y8)

ctr mux2 1 in std_logic; --(y9)

pc_en in std_logic; --(yl10)

inpr_en in std_logic; --(yl1)

ctr muxl 1 in std_logic; --(yl2)

ml_rdwr in std_logic; --(yl13)

m0_rdwr in std_logic; --(yl4)

ctr mux2 2 in std_logic; --(yl15)

rialu en in std_logic; --(yl6)

pc_count in std_logic; --(yl17)

irl en in std_logic; --(yl18)

-- Inputs from outside

clk in std_logic;

rst in std_logic;

data_in : in std _logic_vector (15 downto 0);
ext adr : in std_logic_vector (15 downto 0);
ext out : in std_logic_vector (15 downto 0);

-- Outputs to control unit

irl 9 : out std_logic; --(x1)
irl 10 : out std _logic; --(x2)
irl 8 : out std logic; --(x3)
comp4_1 dout : out  std logic; --(x10)

-- Outputs to outside
ext in : out

);

std logic_vector (15 downto 0)

end component;
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-- output of
signal ctr _mux2 0
signal br en
signal ctr _muxl 0
signal ctr_mux0
signal ir2 en
signal ctr_muxl 2
signal bor_en
signal ralu_en
signal ctr mux2 1
signal pc_en
signal
signal
signal
signal
signal
signal
signal
signal

inpr en
ctr muxl 1
ml_rdwr
m0_rdwr
ctr mux2 2
rialu en
pc_count
irl en

control unit

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

-- output of operational unit

signal
signal
signal
signal

irl 9
irl 10
irl 8
comp4_1 dout

begin

ul fsm :

(

structm port

std_logic;
std_logic;
std_logic;
std_logic;

bit0
bitl
bor_en
br en
clk

comp4_1 dout

ctr_mux0
ctr muxl 0
ctr muxl 1
ctr muxl 2
ctr mux2 0
ctr mux2 1
ctr mux2 2
dma

ext rdwr
idle

inpr en

bit0
bitl
bor_en
br en
clk

comp4_1 dout

ctr_mux0
ctr muxl 0
ctr muxl 1
ctr muxl 2
ctr mux2 0
ctr mux2 1
ctr mux2 2
dma

ext rdwr
idle

inpr en
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u2_dp

irl 10
irl 8

irl 9

irl en
ir2 en

m
m0_rdwr
ml_rdwr
pc_count
pc_en
ralu _en
rialu en
rst

s

dp port map

clk

rst
data_in
ext adr
ext_out
ctr mux2 0
br _en

ctr muxl 0
ctr_mux0
ir2 en

ctr muxl 2
bor_en
ralu_en
ctr mux2 1
pc_en

inpr en
ctr muxl 1
ml_ rdwr
m0_rdwr
ctr mux2 2
rialu_en
pc_count
irl en

ext in

irl 9
irl 10

irl 8
comp4_1 dout

irl 10
irl 8

irl 9

irl en
ir2 en

m
m0_rdwr
ml_rdwr
pc_count
pc_en
ralu _en
rialu en
rst

s

clk

rst
data_in
ext adr
ext_out
ctr mux2 0
br _en

ctr muxl 0
ctr_mux0
ir2 en

ctr muxl 2
bor_en
ralu_en
ctr mux2 1
pc_en

inpr en
ctr muxl 1
ml_ rdwr
m0_rdwr
ctr mux2 2
rialu_en
pc_count
irl en

ext in

irl 9
irl 10

irl 8
comp4_1 dout
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end arc_top;

configuration cfg_top of top is

for ar
end fo
end cfg top;

c_top
r;

ext_adr
ext_out

ext_in

ALBI
- H
[eTk—+ T :
(rr—4 -
' ut_fsm u2_dp '
| STRUCTM oP i
: s clk E
1
| clk e ;
ctr_mux1(0) tr 1 '
E st 3 ctr_muxi(1) S inpr_en's——{inpr_en
X5E Y e maxiz) ;
1 '
x8 7'"71'_;—’ y' C”_"mxz(o) ,—L.cu-"mxz E
i ¥9 ctr_mux2(1) '
X6 [Biil | V15 ctr_mux2(2) :
X7 Bitf 4 '
! yd »ctr_mux0 H
i y7 bor_en E
1
| y14} -+ mO_rdwr dam_inq—n'}-m-d”ﬁﬁ'fﬁ‘
0 CERCTE ™ il :
e T y18 »irl_en -
x4 _dma || - ] '
\ y5 ir2_en !
E y8 ralu_en .
i y2 br_en E
1
' 6 rialu_en -
: y10 pec_en E
1
: y17 pc_count -
- x 10l-- comp4_1_dout E
1
: x 3o ir(8) 3 ir1(8-10) :
: X019 ;
, X Zn——-(—'" 10) i
]
E :
: 1
L)
! 1
'
; :
1 '
1 '
\ '

Figure 34. Top level of ALBI
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4 CASE STUDY. EXAMPLES FROM THE BOOK OF
ENOCH HWANG

( Begin )

S
1

0

Sum:=x"00"

X:=Data_int

Data_out:=Sum

Sum:=Sum+X End

Figure 1. ASM for Sum of inputs

Micro Instructions:

Yl = yl

Y2 = y2

Y3 = y3

Y4 = y4

Micro Operations:

yl : Sum:=x"00"

y2 : Data out:=Sum
y3 :  Sum:=Sum+X
y4 : X:=Data inl

Logical Conditions:
File Draw

x1 : X=x"00"

x2 : S

Figure 2. Txt file for ASM Sum
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( Begin )

al X

0

1

y1

a2 3

v4

al 7
x1 3 y2
0 al X
y3 End

Figure 3. ASM marked for Mealy FSM
Table 1. Transition table of the functional FSM for Sum

al a2 x2 vl
al al ~x2 --
a2 a3 1 v4
a3 al x1 v2
a3 a2 ~x1 v3

bk wn R

<functional_ specifications>
<declarations>
<port name="data_inl" width="8" direction="in" />
<port name="data_ out" width="8" direction="out" />
<port name="s" width="1" direction="in" />
<signal name="sum" width="8" />
<signal name="x" width="8" />
</declarations>
<required libraries>
<vhdl>
<library name="my_ package" />
</vhdl>
</required libraries>
</functional_ specifications>

Figure 4. Functional specifications
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library ieee;

use ieee.std logic_1164.all;
use ieee.numeric_std.all;
use work.my package.all;

entity Funcmi is

port (
clk : in std _logic;
data_inl : in std _logic_vector (7 downto 0);
data_ out : out std_logic_vector (7 downto 0);
idle : out std_logic;
rst : in std_logic;
s : in std_logic

);

end Funcmi;
architecture ARC_Funcmi of Funcmi is

type FSMStates is (
al, a2, a3
);

signal currentState : FSMStates;

signal sum : std_logic_vector (7 downto 0);

signal x : std _logic_vector (7 downto 0);
begin

process (clk , rst)

procedure proc_Funcmi is
begin

case currentState is
when al =>
if (s) = '1l' then
sum <= x"00";
currentState <= a2;
else
currentState <= al;
idle <= '1"';
end if;
when a2 =>
x <= data_inl;
currentState <= a3;
when a3 =>
if (x = x"00") then
data_out <= sum;
currentState <= al;
idle <= '1"';
else
sum<=std_logic_vector (unsigned(sum)+ unsigned(x)) ;
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currentState <= a2;
end if;
end case;
end proc_Funcmi;

begin
if (rst = '1l') then

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

idle <= '0"';
sum <= (others => '0');
x <= (others => '0');

currentState <= al;
idle <= '1"';

elsif (clk'event and clk = 'l1l') t
idle <= '0"';
proc_Funcmi;
end if;
end process;
end ARC Funcmi;

hen

Figure 5. High Level Synthesis for Sum

Y1 yl 8 sum:=x"00"
Y2 y2 8 data_out:=s
Y3 y3 8 sum:=tempRe
Y4 y4 8 x:=data_inl
Y5 y5 4 alu8_1 ctr:
y6 8 alu8_1 inl:
y7 8 alu8 1 in2:
y8 8 tempReg8_1:

Figure 6. Functional ASM Table Func

INDIRECT CONNECTIONS:

MUXO0
OUTPUT:
sum
INPUT:
tempReg8 1 in0
x"00" 1 1 inl

[y
o

DIRECT CONNECTIONS:
SOURCES TARGETS

alu8 1 out tempReg8 1

um
g8 1

="0001"
=sum

=x

=alu8_1 out

mi.mrk

sum
sum



100 Samary Baranov. High Level Synthesis

data_inl X
sum alu8_1 inl
data_out

X alu8 1 in2

Figure 7. 8-bit MUX and direct connections for Sum

<external specifications xmlns="ExtSpec">
<essential files>
<txt path="Funcmi_t.txt" />
<tab path="Structm.tab" />
<mrk path="Funcmi_ t.mrk" />
<spec path="Funcmi_t.spec" />
<mux_files>
<mux path="funcmi_ t4b-mux.xml" bits="4" />
<mux path="funcmi_t8b-mux.xml" bits="8" />
</mux_files>
</essential files>
<settings>
<bit_range direction="Down" />
</settings>
<dp_to_out_and out_ to_dp>
<signal name="clk" in_or out="in" width="1" />
<signal name="rst" in_or_out="in" width="1" />
<signal name="data_inl" in_or_ out="in" width="8" />
<signal name="data out" in_or_ out="out" width="8" />
</dp_to_out_and out_to_dp>

<components>
<external>
<!-- Add external components (and their path) that you
would like to use in your design -->
</external>
<automatic>
<generator type="register" global="clk, rst">
<class>
<signal name="%name%" />
<signal name="%name%_en" />
<signal name="%name%" />
</class>
<instances>
<instance name="sum" />
<instance name="x" />
<instance name="tempreg8 1" />
</instances>
</generator>
<generator type="generic_comparator" global="clk, rst">
<class>

<signal name="%name$%_inl" />
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<signal name="%name%_in2" />
<signal name="%name$%_out" />
</class>
<instances>
<instance name="comp8 1" />
</instances>
</generator>
<generator type="alu" global="clk, rst">
<class>
<signal name="%name$%_inl" />
<signal name="%name$%_in2" />
<signal name="%name$%_ctr" />
<signal name="$%name$%_out" />
</class>
<instances>
<instance name="alu8 1" />
</instances>
</generator>
</automatic>
</components>
</external_ specifications>

Figure 8. External specifications for Sum

library IEEE;

use IEEE.std logic 1164.all;
use IEEE.numeric_std.all;
use work.components.all;

entity dp is

port

(
-- Inputs from control unit
ctr_mux0 : in std_logic; --(yl)
sum_en : in std_logic; --(y2)
X_en : in std_logic; --(y3)
tempreg8 1 en : in std_logic; --(y4)
-- Inputs from outside
clk : in std_logic;
rst : in std_logic;
data_inl : in std_logic_vector (7

downto 0) ;

-- Outputs to control uni
comp8_1 dout : out std _logic; --(x1)

-- Outputs to outside
data_out : out std_logic_vector (7

downto 0)
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end dp;
architecture arc_dp of dp is
signal mux0_dout : std_logic_vector (7 downto 0);
signal alu8_1 dout : std_logic_vector (7 downto 0);
signal sum_dout : std_logic_vector (7 downto 0);
signal tempreg8 1 dout : std_logic_vector (7 downto 0);
signal x_dout : std_logic_vector (7 downto 0);
begin
-- Mux O
ul mux0 : mux 2x8 port map (tempreg8 1 dout, x"00", ctr muxO,

mux0_dout) ;

-- sum

u2_sum : reg 8bit port map (clk, rst, mux0_dout, sum en,
sum_dout) ;

-- X

u3_x reg 8bit port map (clk, rst, data_inl, x en, x dout);

-- tempreg8 1

u4_tempreg8 1: reg 8bit port map (clk, rst, alu8 1 dout,
tempreg8 1 en, tempreg8 1 dout);

u5 comp8 1 : g _comp generic map (comp_kind => "eq", size => 8)
port map (x_dout, x"00", comp8 1 dout);

u6_alu8 1 : alu 8bit port map (sum dout, x dout, "0001",
alu8 1 dout);
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configuration cfg dp of dp is
for arc_dp
end for;

end cfg dp;

Figure 9. Data Path for Sum

library ieee;

use ieee.std logic 1164.all;
use ieee.numeric_std.all;
use work.components.all;
entity Structm is

port (
clk : in std_logic;
comp8 1 dout : in std logic;
ctr_mux0 : out std_logic;
idle : out std_logic;
rst : in std_logic;
s : in std_logic;
sum_en : out std_logic;
tempreg8 1 en : out std_logic;
X_en : out std_logic

);
end Structm;
architecture ARC Structm of Structm is

type FSMStates is (

al, a2, a3, a4

);

signal currentState : FSMStates;
begin

process (clk , rst)

procedure proc_Structm is

begin
ctr mux0 <= '0';
idle <= '0"';

sum en <= '0';
tempreg8 1 en <= '0';
Xx en <= '0';

case currentState is
when al =>

if (s) = '1l' then
ctr mux0 <= '1"';
sum_en <= '1';
currentState <= a2;
else
currentState <= al;
idle <= '1"';
end if;

when a2 =>
x_en <= 'l';
currentState <= a3;
when a3 =>
if (comp8 1 dout) = 'l' then
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curren
idle <
else
tempre
curren
end if;

when a4 =>

sum_en
curren
end case;
end proc_Structm;
begin
if (rst ="'1
ctr_mu
idle <
sum_en
tempre
x en <
curren
idle <
elsif
idle <
proc_S
end if;
end process;
end ARC_Structm;

library IEEE;
use IEEE.std logic_1164.

entity top is

port
(
clk in
data_inl in
data out out
idle out
rst in
s in
)
end top;

architecture arc_top of
component Structm is
port (
clk
comp8_ 1 dout
ctr_mux0
idle

(clk'event and clk =

tState <= al;
= I1l;

g8 1 en <= '1"';
tState <= a4;

<= 111’.
tState <= a2;

') then

x0 <= '0"';

= '0"';

<= 101;
g8 1 en <= '0';
— IOI;

tState <= al;

= '1"';

'0') then

IOI;
tructm;

Figure 10. Control Unit

std_logic;
std logic_vector (7 downto 0);
std logic_vector (7 downto 0);
std_logic;
std_logic;
std _logic

in std_logic;
in std_logic;
out std_logic;
out std_logic;
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rst : in std_logic;
s : in std_logic;
sum_en : out std_logic;
tempreg8 1 en : out std _logic;
X_en : out std logic

)

end component;

component dp is
port

-- Inputs from control unit

ctr_mux0 : in std_logic; --(yl)
sum_en : in std_logic; --(y2)
X_en : in std_logic; --(y3)
tempreg8_ 1 en: in std_logic; --(y4)

-- Inputs from outside

clk : in std_logic;
rst : in std_logic;
data_inl : in std _logic_vector (7 downto 0);

-— Outputs to control unit
comp8_1 dout : out std logic; --(x1)

-- Outputs to outside
data_ out : out std_logic_vector (7 downto 0)
)

end component;

-- output of control unit

signal ctr_mux0 : std_logic;
signal sum_en : std_logic;
signal x_en : std_logic;

signal tempreg8 1 en : std logic;

-- output of operational unit
signal comp8 1 dout : std_logic;

begin
ul fsm : structm port map

(

clk => clk ,
comp8 1 dout => comp8 1 dout ,
ctr_mux0 => ctr_mux0 ,
idle => idle ,
rst => rst ,

s => s ,
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sum_en => sum_en ,
tempreg8 1 en => tempreg8 1 en ,
X _en => x en

u2 dp : dp port map

clk => clk ,
rst => rst ,
data_inl => data_inl ,
ctr mux0 => ctr_mux0 ,
sum_en => sum_en ,
X _en => x_en P
tempreg8 1 en => tempreg8 1 en ,
data_out => data_out ’

comp8 1 dout => comp8_ 1 dout
)
end arc_top;

configuration cfg_top of top is
for arc_top
end for;

end cfg top;

Figure 11. Top as a composition of Control Unit and Data Path

( Begin )

<s; 0
7

X:=Data_in1
Y:=Data_in2

Figure 12. ASM for Divider
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Micro Instructions: | Micro Operations: Logical

Yl =yl yl : Data out:=X Conditions:

Y2 = y2 y2 : X:=X-Y File Draw

Y3 = y3 y3 Y:=Y-X x1l : X>Y

Y4 = y4 y5 y4 X:=Data inl x2 : X=Y
y5 Y:=Data_in2 x3 : S

Figure 13. Txt file for ASM Divider

(' Begin )

Figure 14. ASM marked for Mealy FSM

Table 2. Transition table of Functional FSM for Divider

al a2 x3 yv4y5
al al ~x3 -
a2 al x2 vl

a2 az2 ~x2%x1 y2
a2 a2 ~x2%~x] v3

U Wwh P

<functional_ specifications>

<declarations>
<port name="data_ inl" width="8" direction="in" />
<port name="data_ in2" width="8" direction="in" />
<port name="data out" width="8" direction="out" />
<port name="s" width="1" direction="in" />
<signal name="x" width="8" />
<signal name="y" width="8" />

</declarations>

<required libraries>
<vhdl>

<library name="my_ package" />
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</vhdl>
</required libraries>
</functional_ specifications>

Figure 15. Functional specifications

library ieee;

use ieee.std logic 1164.all;
use ieee.numeric_std.all;
use work.my package.all;

entity Funcmi is

port (
clk : in std_logic;
data_inl : in std_logic_vector (7 downto 0);
data_in2 : in std_logic_vector (7 downto 0);
data_out : out std _logic_vector (7 downto 0);
idle : out std_logic;
rst : in std_logic;
s : in std_logic

);

end Funcmi;
architecture ARC _Funcmi of Funcmi is

type FSMStates is (
al, a2

)

signal currentState : FSMStates;

signal x : std _logic_vector (7 downto 0);

signal y : std logic_vector (7 downto 0);
begin

process (clk , rst)

procedure proc_Funcmi is
begin
case currentState is
when al =>
if (s) = '1l' then
x <= data_inl;
y <= data_in2;
currentState <= a2;
else
currentState <= al;
idle <= '1"';
end if;
when a2 =>
if (x = y) then
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data_out <= x;
currentState <= al;

idle <= '1"';

elsif (not (x = y) and x > y) then
x <= std_logic_vector (unsigned (x)
currentState <= a2;

else
y <= std_logic_vector (unsigned (y)
currentState <= a2;

end if;

end case;

end proc_Funcmi;

begin

if (rst = '1') then

elsif

data _out <= (others => '0');
idle <= '0"';

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

y <= (others => '0');
currentState <= al;

idle <= '1"';

(clk'event and clk = '1l') then
idle <= '0"';

proc_Funcmi ;

end if;

end process;

end ARC Funcmi;

Y1
Y2
Y3

Y4

Y5

Y6

Figure 16. High Level Synthesis for Divider

- unsigned(y)) ;

- unsigned(x));

yl 8 data out:=x

y2 8 x:=tempReg8 1

y3 8 y:=tempReg8 1

y4 8 x:=data_inl

y5 8 y:=data in2

y6 4 alu8 1 ctr:="0010"

y7 8 alu8 1 inl:=y

y8 8 alu8 1 in2:=x

y9 8 tempReg8 1:=alu8 1 out
y6 4 alu8 1 ctr:="0010"

y1l0 8 alu8 1 inl:=x

yll 8 alu8 1 in2:=y

y9 8 tempReg8 1:=alu8 1 out
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Figure 17. Functional ASM Table Funcmi.mrk

weight : sources targets : weight
0 : alu8_1 out tempReg8 1 : 0

1 : data_inl x 1
1 : data_in2 y 1
2 : tempReg8 1 x 1
y : 1

2 @ x alu8_1 inl 1
alu8 1 in2 1

data out : 0

(=)

2 1y alu8_1 inl :
alu8 1 in2 : 1

Figure 18. Connection graph for 8-bit connections

Parallel Microoperations before considering direct connections:

Y4 : y4 x:=data_inl
y5 y:=data_in2
Y5 o y? alu8 1 inl:=y
y8 alu8 1 in2:=x
y9 tempReg8 1:=alu8 1 out
Y6 1 y9 tempReg8 1l:=alu8 1 out
ylo0 alu8 1 inl:=x
yll alu8 1 in2:=y

Parallel Microoperations after considering direct connections:

Y4 : y4 x:=data_inl
y5 y:=data in2

Y5 :y? alu8 1 inl:=y
y8 alu8_1 in2:=x

Y6 : ylo alu8 1 inl:=x
yll alu8 1 in2:=y

Figure 19. 8-bit parallel microoperations for Divider
alu8_1 inl -> alu8_1 in2
(x,v)

alu8 1 in2 -> alu8_1 inl
(x, y)
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X ->y

( data_inl, tempReg8_ 1 )

y -> X

( data_in2, tempReg8 1 )

Figure 20. Graph of Incompatibility for 8-bit connections

MUXO0

OUTPUT:
alu8_1 inl
x

INPUT:

data_inl
tempReg8 1
x
Yy

MUX1

OUTPUT:
alu8_1 in2
Y

INPUT:

data_in2
tempReg8 1
X

y

DIRECT CONNECTIONS:

SOURCES
alu8 1 out

X

HRRR

HRRR

00
01
10
11

00
01
10
11

in0
inl
in2
in3

in0
inl
in2
in3

TARGETS
tempReg8 1

data_out

<external specifications xmlns="ExtSpec">

<essential files>
<txt path="Funcmi_t.txt" />

<tab path="Structm.tab" />

<mrk path="Funcmi_ t.mrk" />

<spec path="Funcmi_t.spec" />

<mux_files>

x
x

alu8_1 inl
alu8 1 inl

y
y
alu8_1 in2
alu8 1 in2

Figure 21. 8-bit MUXes and direct connections

<mux path=" funcmi_t4b—mux.xml " bits="4" />
<mux path="funcmi_ t8b-mux.xml" bits="8" />

</mux_ files>
</essential files>
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<settings>
<bit_range direction="Down" />

</settings>

<dp_to_out_and out_ to_dp>
<signal name="clk" in_pr_out="in" width="1" />
<signal name="rst" in_or_out="in" width="1" />
<signal name="data_inl" in_or_out="in" width="8" />
<signal name="data_in2" in_or_ out="in" width="8" />
<signal name="data out" in_or_ out="out" width="8" />

</dp_to_out_and out_to_dp>

<components>
<external>
<!-- Add external components (and their path) that you would
like to use in your design -->
</external>
<automatic>
<generator type="register" global="clk, rst">
<class>
<signal name="%name%" />
<signal name="%name$%_en" />
<signal name="%name%" />
</class>
<instances>
<instance name="x" />
<instance name="y" />
<instance name="tempreg8 1" />
</instances>
</generator>
<generator type="generic_comparator" global="clk, rst">
<class>
<signal name="%name$%_inl" />
<signal name="%name$%_in2" />
<signal name="%name$%_out" />
</class>
<instances>
<instance name="comp8 1" />
<instance name="comp8 2" />
</instances>
</generator>
<generator type="alu" global="clk, rst">
<class>

<signal name="%name%_inl" />
<signal name="%name%_in2" />
<signal name="%name$%_ctr" />
<signal name="%name$%_out" />
</class>
<instances>
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<instance name="alu8 1"

</instances>
</generator>

</automatic>
</components>

</external_s

pecifications>

/>

Figure 22. External specifications for Divider

library IEEE;

use IEEE.std logic 1164.all;
use IEEE.numeric std.all;
use work.components.all;

entity dp is
port

(

-- Inputs from control unit

ctr mux0_0
X_en

ctr muxl 0
y_en

ctr mux0_1
ctr muxl 1
tempreg8 1 en

-- Inputs from outside

clk
rst
data_inl
data_in2

in
in
in
in
in
in
in

in
in
in
in

std_logic; --(yl)
std_logic; --(y2)
std_logic; --(y3)
std_logic; --(y4)
std_logic; --(y5)
std_logic; --(y6)
std_logic; --(y7)
std_logic;

std_logic;

std _logic_vector (7 downto 0);
std _logic_vector (7 downto 0);

-- Outputs to control unit

comp8 1 dout
comp8 2 dout

out
out

-- Outputs to outside

data_out
);

out

std_logic;
std_logic;

--(x1)
--(x2)

std_logic_vector (7 downto 0)

architecture
signal
signal
signal
signal
signal
signal
signal
signal

arc dp of dp is
mux0_dout

muxl dout
alu8 1 dout
tempreg8_ 1 dout
x_dout

y_dout

ctr_mux0
ctr_muxl

std_logic_vector
std_logic_vector
std_logic_vector
std_logic_vector
std_logic_vector
std_logic_vector
std_logic_vector

(7
(7
(7
(7
(7
(7
(1

downto
downto
downto
downto
downto
downto
downto

std | logic_vector (1 downto 0);

0);
0);
0);
0);
0);
0);
0);
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begin

ul mux0 : mux 4x8 port map (data_inl, tempreg8 1 dout, x_dout,
y_dout, ctr mux0, mux0_dout);

u2 muxl : mux 4x8 port map (data_in2, tempreg8 1 dout,
x_dout, y _dout, ctr muxl, muxl dout);

u5_tempreg8 1 : reg 8bit port map (clk, rst, alu8 1 dout,
tempreg8 1 en, tempreg8 1 dout);

-- comp8 1

u6_comp8 1 : g comp generic map (comp_kind => "gr", size =>
8) port map (x_dout, y dout, comp8 1 dout);

-- comp8_2

u7_comp8 2 : g comp generic map (comp_kind => "eq", size =>
8) port map (x_dout, y dout, comp8 2 dout);

-- alu8 1

u8_alu8 1 : alu 8bit port map (mux0_dout, muxl dout, "0010",

alu8 1 dout);

ctr_mux0 <= ctr mux0_1 & ctr mux0 0;
ctr muxl <= ctr muxl 1 & ctr muxl O;
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data_out <= x_dout;

end arc_dp;

configuration cfg dp of dp is
for arc_dp
end for;

end cfg dp;

Figure 23. Data Path

library ieee;

use ieee.std logic_1164.all;
use ieee.numeric_std.all;
use work.components.all;

entity Structm is

port (
clk : in std_logic;
comp8 1 dout : in std logic;
comp8 2 dout : in std _logic;
ctr mux0_0 : out std _logic;
ctr mux0_1 : out std _logic;
ctr muxl 0 : out std_logic;
ctr muxl 1 : out std_logic;
idle : out std_logic;
rst : in std_logic;
s : in std_logic;
tempreg8 1 en : out std_logic;
X_en : out std_logic;
y_en : out std_logic

);
end Structm;

architecture ARC Structm of Structm is
type FSMStates is (
al, a2, a3, a4
)
signal currentState : FSMStates;
begin
process (clk , rst)

procedure proc_Structm is
begin

ctr mux0_0 <= '0';
ctr mux0_1 <= '0"';
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ctr muxl 0 <= '0"';
ctr muxl 1 <= '0"';
idle <= '0"';
tempreg8 1 en <= '0';
x_en <= '0';

y en <= '0';

case currentState is
when al =>
if (s) = '1l' then
X en <= 'l';
y en <= 'l';
currentState <= a2;

else
currentState <= al;
idle <= '1"';
end if;
when a2 =>
if (comp8 2 dout) = 'l' then
currentState <= al;
idle <= '1"';
elsif (not comp8 2 dout and comp8 1 dout) = 'l' then

ctr muxl 0 <= 'l1"';
ctr mux0_1 <= 'l1';
ctr_muxl_l <= '1"';
tempreg8 1 en <= '1';
currentState <= a3;

else
ctr mux0 0 <= '1';
ctr mux0_1 <= '1';
ctr muxl 1 <= 'l1l"';
tempreg8 1 en <= 'l';
currentState <= a4;
end if;

when a3 =>

ctr mux0 0 <= '1';
X_en <= '1';
currentState <= a2;

Il
v

when a4
ctr muxl 0 <= '1';
y_ en <= 'l';

currentState <= a2;

end case;
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end proc_Structm;

begin

if (rst ="'1

') then

ctr mux0 0 <= '0';
ctr mux0_1 <= '0"';
ctr muxl 0 <= '0"';
ctr muxl 1 <= '0"';

idle <
tempre
x_en <
y_en <

= 70"
g8 1 en <= '0';
= lol;
= lol;

currentState <= al;

idle <

elsif (clk'e
idle <
proc_S
end if;

end process;

end ARC_Structm;

library IEEE

’

— lll;
vent and clk = '0') then

- IOI;
tructm;

Figure 24. Control Unit

std_logic;
std _logic_vector (7 downto 0);
std _logic_vector (7 downto 0);
std_logic_vector (7 downto 0);
std logic;
std_logic;
std _logic

use IEEE.std logic_1164.
entity top is
port
(
clk in
data_inl : in
data _in2 : in
data _out : out
idle out
rst in
s in
);
end top;
architecture arc_top of
component Structm is
port (
clk

comp8 1 dout
comp8 2 dout
ctr mux0 0
ctr mux0_1
ctr muxl 0
ctr muxl 1

top is

in std_logic;
in std_logic;
in std_logic;
out std_logic;
out std_logic;
out std_logic;
out std_logic;
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)

idle
rst
s

tempreg8 1 en

X_en
y_en

end component;

component dp is

port

(

-- Inputs from

out std_logic;
in std_logic;
in std_logic;
out std logic;
out std _logic;
out std_logic

control unit

ctr mux0_0 in std_logic; --(yl)

X_en in std_logic; --(y2)

ctr muxl 0 in std_logic; --(y3)

y_en in std_logic; --(y4)

ctr mux0_1 in std_logic; --(y5)

ctr muxl 1 : in std_logic; --(y6)
tempreg8 1 en : in std_logic; --(y7)

-- Inputs from outside

clk : in std_logic;

rst : in std_logic;

data_inl : in std _logic_vector (7 downto 0);
data_in2 : in std _logic_vector (7 downto 0);

-- Outputs to control unit
comp8 1 dout : out std logic;
comp8 2 dout : out std logic;

--(x1)
--(x2)

-- Outputs to outside
data_out : out

);

std_logic_vector (7 downto 0)

end component;

-- output of control unit

signal
signal
signal
signal
signal
signal
signal

ctr mux0 0
X_en
ctr muxl 0
y_en
ctr mux0_ 1
ctr muxl 1

tempreg8 1 en

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

-- output of operational unit

signal comp8 1 dout
signal comp8 2 dout

std_logic;
std_logic;
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begin

ul fsm :

(

u2_dp

)

end arc_top;

structm port map

clk

comp8_ 1 dout
comp8 2 dout
ctr mux0 0
ctr mux0_1
ctr muxl 0
ctr muxl 1
idle

rst

s
tempreg8_1 en
X_en

y_en

dp port map

clk

rst

data_inl
data_in2

ctr mux0 0
X_en

ctr muxl 0
y_en

ctr mux0_1
ctr muxl 1
tempreg8_ 1 en
data_out
comp8 1 dout
comp8 2 dout

clk
comp8_ 1 dout
comp8 2 dout

ctr mux0 0
ctr mux0_1
ctr muxl 0
ctr muxl 1
idle

rst

s
tempreg8_1 en
X_en

y_en

clk

rst
data_inl
data_in2
ctr mux0 0

X_en
ctr muxl 0
y_en

ctr mux0_1
ctr muxl 1
tempreg8_ 1 en
data_out

comp8 1 dout
comp8 2 dout

configuration cfg top of top is
for arc_top
end for;

end cfg top;

Figure 25. Top as a composition of Control Unit and Data Path

14
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Micro Instructions:

Y1l
Y2
Y3
Y4
Y5
Y6
Y7

( Begin )

S
1

0

low:=x"00"
high:=x"64"
blink:=0

guess:=low+high

guess:=guess>>1

data_out:=guess

low:=guess

blink:=1
data_out:=guess

Figure 26. ASM for Game

yl y2

high:=guess

Micro Operations:

blink:=1

data out:=guess
guess:=guess>>1
low:=x"00"
high:=x"64"
blink:=0
guess:=low+high
high:=guess
low:=guess

Figure 27. Txt file for ASM Game

Logical
Conditions:
File Draw

x1 : S8

x2 : hi_button
x3 : lo button
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( Begin )

Figure 28. ASM marked for Mealy FSM

Table 3. Transition table of Functional FSM for Game

al a3 x1 y4y5Sy6 1
al al ~x1 - 2
a2 a5 1 y2 3
a3 a4 1 y7 4
a4 a2 1 y3 5
ab al x3*x2 yly2 6
ab a4 X3*~x2 v9 7
ab a4 ~x3%*x2 y8 8
a5 a5 ~x3*~x2 - 9

<functional_specifications>
<declarations>
<port name="blink" width="1" direction="out" />
<port name="data out" width="8" direction="out" />
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<port name="hi_button" width="1" direction="in" />
<port name="lo button" width="1" direction="in" />
<port name="s" width="1" direction="in" />
<signal name="guess" width="8" />
<signal name="high" width="8" />
<signal name="low" width="8" />

</declarations>

<required libraries>
<vhdl>

<library name="my_ package" />

</vhdl>

</required libraries>

</functional specifications>

Figure 29. Functional specifications

library ieee;

use ieee.std logic_1164.all;
use ieee.numeric_std.all;
use work.my package.all;

entity Funcmi is

port (

blink : out std _logic;

clk : in std_logic;

data out : out std_logic_vector (7 downto 0);
hi button : in std_logic;

idle : out std_logic;

lo_button : in std_logic;

rst : in std_logic;

s : in std_logic

);

end Funcmi;
architecture ARC Funcmi of Funcmi is

type FSMStates is (
al, a2, a3, a4, a5

)

signal currentState : FSMStates;

signal guess : std logic_vector (7 downto 0);

signal high : std logic_vector (7 downto 0);

signal low : std_logic_vector (7 downto 0);
begin

process (clk , rst)

procedure proc_Funcmi is
begin
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case currentState is
when al =>
if (s) = '1l' then
low <= x"00";
high <= x"64";
blink <= '0"';
currentState <= a3;
else
currentState <= al;
idle <= '1"';
end if;
when a2 =>
data_out <= guess;
currentState <= a5;
when a3 =>

guess<=std_logic_vector (unsigned(low)+unsigned (high)) ;
currentState <= a4;
when a4 =>
guess <= std_logic_vector (unsigned(guess) srl 1);
currentState <= a2;
when a5 =>
if (hi_button and lo_button) = 'l' then
blink <= '1"';
data_out <= guess;
currentState <= al;
idle <= '1"';

elsif (hi_button and not lo_button) = 'l' then
high <= guess;
currentState <= a4;

elsif (not hi_button and lo_button) = 'l' then

low <= guess;
currentState <= a4;
else
currentState <= a5;
end if;
end case;
end proc_Funcmi;

begin

if (rst = '1l') then
blink <= '0"';
data _out <= (others => '0');
guess <= (others => '0');
high <= (others => '0');
idle <= '0"';
low <= (others => '0');
currentState <= al;
idle <= '1"';
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elsif (clk'event and clk = '

idle <=

'0".

proc_Funcmi;

end if;

end process;
end ARC Funcmi;

Y1l

Y2

Y3

Y4

Y5

Y6
Y7

Y8

weight

H R R R R

1') then

Figure 30. High Level Synthesis for Game

o 00 00 00 00 o

(o]

0 00 00

blink:=1

data_out:=guess

guess:=tempReg8_1

blink:=0
high:=x"64"
low:=x"00"

alu8 1 ctr:
alu8 1 inl:
alu8_1 in2

="0001"
=low

:=high

guess:=alu8_1 out

high:=guess

low:=guess

data_out:=guess

alu8_1 ctr:
alu8 1 inl:
alu8 1 in2:
tempReg8 1:

="1100"
=guess
=x"01"
=alu8_1 out

Figure 31. Functional ASM Table Funcmi.mrk

sources

alu8 1 out

guess

high

low
tempReg8 1
x"00"
x"0o1"

targets
guess
tempReg8 1
alu8 1 inl
data_out
high

low
alu8 1 in2
alu8 1 inl
guess

low

alu8 1 in2

weight

T - s -
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1 : x"64" high : 1
Figure 32. Connection graph for 8-bit connections

Parallel Microoperations before considering direct connections:

Y3 : y5 high:=x"64"
y6 low:=x"00"
Y4 . y8 alu8 1 inl:=low
y9 alu8 1 in2:=high
y1l0 guess:=alu8_1 out
Y8 : yl4 alu8_1 inl:=guess
y1l5 alu8 1 in2:=x"01"
ylé tempReg8 1l:=alu8 1 out
Parallel Microoperations after considering direct connections:
Y3 : y5 high:=x"64"
y6 low:=x"00"
Y4 . y8 alu8 1 inl:=low
y9 alu8 1 in2:=high
y1l0 guess:=alu8_ 1 out
Y8 : yl4 alu8_1 inl:=guess
yl1l5 alu8 1 in2:=x"01"

Figure 33. 8-bit parallel microoperations for Game

alu8 1 inl -> alu8_1 in2, guess
( guess, low )

alu8_1 in2 -> alu8_1 inl, guess
( high, x"01" )

guess -> alu8 1 inl, alu8 1 in2
( alu8_1 out, tempReg8 1 )

high -> low
( guess, x"64" )

low -> high
( guess, x"00" )

Figure 34. Graph of Incompatibility for 8-bit connections

MUX1
OUTPUT:
alu8 1 inl
high

INPUT:
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guess 00 in0 alu8 1 inl
high
low 01 inl alu8_1 inl
x"64" 10 in2 high
MUX2
OUTPUT:
alu8_1 in2
low
INPUT:
guess 1 00 in0 low
high 1 01 inl alu8_1 in2
x"00" 1 10 in2 low
x"01" 1 11 in3 alu8_1 in2
MUX3
OUTPUT:
guess
INPUT:
alu8 1 out 1 0 in0 guess
tempReg8 1 1 1 inl guess
DIRECT CONNECTIONS:
SOURCES TARGETS
alu8_1 out tempReg8 1
guess data_out

Figure 35. 8-bit MUXes and direct connections

<external specifications xmlns="ExtSpec">
<essential files>
<txt path="Funcmi_t.txt" />
<tab path="Structm.tab" />
<mrk path="Funcmi_t.mrk" />
<spec path="Funcmi_t.spec" />
<mux files>
<mux path="funcmi_t4b-mux.xml" bits="4" />
<mux path="funcmi_t8b-mux.xml" bits="8" />
</mux_ files>
</essential files>
<settings>
<bit_range direction="Down" />
</settings>
<dp_to_out_and out_ to_dp>
<signal name="clk" in_or_out="in" width="1" />
<signal name="rst" in_or_out="in" width="1" />
<signal name="blink" in_or_out="out" width="1" />
<signal name="data out" in_or_ out="out" width="8" />
</dp_to_out_and out_to_dp>
<components>
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<external>
<!-- Add external components (and their path) that you
would like to use in your design -->
</external>
<automatic>
<generator type="rsff" global="clk, rst">
<class>
<signal name="%name$%_reset" />
<signal name="%name$%_set" />
<signal name="%name%" />
</class>
<instances>
<instance name="blink" />
</instances>
</generator>
<generator type="register" global="clk, rst">
<class>
<signal name="%name%" />
<signal name="$%$name$%_en" />
<signal name="%name%" />
</class>
<instances>
<instance name="guess" />
<instance name="low" />
<instance name="high" />
<instance name="tempreg8 1" />
</instances>
</generator>
<generator type="alu" global="clk, rst">
<class>
<signal name="%name%_inl" />
<signal name="%name%_in2" />
<signal name="%$name$%_ctr" />
<signal name="%$name$%_out" />
</class>
<instances>
<instance name="alu8 1" />
</instances>
</generator>
</automatic>
</components>

</external specifications>

Figure 36. External specifications for Game

library IEEE;
use IEEE.std logic_1164.all;
use IEEE.numeric_std.all;
use work.components.all;
entity dp is

port
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blink_set in std_logic; --(yl)
ctr mux3 in std_logic; --(y2)
guess_en in std _logic; --(y3)
blink reset in std_logic; --(y4)
ctr muxl 1 in std_logic; --(y5)
high_en in std _logic; --(y6)
ctr mux2 1 in std_logic; --(y7)
low_en in std _logic; --(y8)
ctr muxl 0 in std_logic; --(y9)
ctr mux2 0 in std_logic; --(y10)
ctr_mux0 in std_logic; --(yl1)
tempreg8_1 en in std_logic; --(yl2)
-- Inputs from outside
clk in std_logic;
rst in std_logic;
-- Outputs to control unit
-- Outputs to outside
blink out std_logic;
data out out std_logic_vector (7 downto 0)
);
end dp;
architecture arc_dp of dp is
signal mux0_dout std_logic_vector (3 downto 0);
signal muxl dout std_logic_vector (7 downto 0);
signal mux2_ dout std_logic_vector (7 downto 0);
signal mux3_dout std_logic_vector (7 downto 0);
signal alu8 1 dout std_logic_vector (7 downto 0);
signal guess_dout std_logic_vector (7 downto 0);
signal high dout std_logic_vector (7 downto 0);
signal low_dout std logic_vector (7 downto 0);
signal tempreg8 1 dout std logic_vector (7 downto 0);
signal ctr muxl std logic_vector (1 downto 0);
signal ctr_mux2 std logic_vector (1 downto 0);
begin
-- Mux O
ul mux0 :mux 2x4 port map ("0001", "1100",ctr mux0O, muxO_dout);

(

-- Inputs from control unit
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u2 muxl : mux_3x8 port map (guess_dout, low_dout, x"64",

ctr muxl, muxl dout);

u3_mux2 : mux 4x8 port map (guess_dout, high dout, x"00",

ctr mux2, mux2 dout);

x"ol" ,

u4 _mux3 : mux_2x8 port map (alu8 1 dout, tempreg8 1 dout,

ctr mux3, mux3_ dout);

u5_blink : rsff port map (clk, blink reset, blink set, rst,

blink) ;

u6_guess : reg 8bit port map (clk, rst, mux3 dout, guess_en,

guess_dout) ;

u7_low : reg_8bit port map (clk, rst, mux2 dout, low_en,

low_dout) ;

u8_high : reg 8bit port map (clk, rst, muxl dout, high en,

high _dout) ;

u9 tempreg8 1 : reg 8bit port map (clk, rst, alu8_ 1 dout,

tempreg8 1 en, tempreg8 1 dout);

ul0_alu8 1 : alu 8bit port map (muxl_dout, mux2 dout,
mux0_dout, alu8 1 dout);
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ctr muxl <= ctr muxl 1 & ctr muxl O;
ctr mux2 <= ctr mux2 1 & ctr mux2 0;
data out <= guess_dout;

configuration cfg dp of dp is
for arc_dp
end for;

end cfg dp;

Figure 37. Data Path

library ieee;

use ieee.std logic 1164.all;
use ieee.numeric_std.all;
use work.components.all;

entity Structm is

port (
blink_reset : out std_logic;
blink set : out std_logic;
clk : in std_logic;
ctr_mux0 : out std _logic;
ctr muxl 0 : out std_logic;
ctr muxl 1 : out std_logic;
ctr mux2 0 : out std _logic;
ctr mux2 1 : out std _logic;
ctr mux3 : out std _logic;
guess_en : out std _logic;
hi_button : in std logic;
high_en : out std_logic;
idle : out std_logic;
lo_button : in std_logic;
low_en : out std_logic;
rst : in std_logic;
s : in std_logic;

tempreg8 1 en : out std _logic
)
end Structm;

architecture ARC_Structm of Structm is
type FSMStates is (
al, a2, a3, a4, a5, a6

)

signal currentState : FSMStates;
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begin

process (clk , rst)

procedure proc_Structm is
begin

blink reset <= '0';
blink_set <= '0';
ctr mux0 <= '0';
ctr muxl 0 <= '0"';
ctr muxl 1 <= '0"';
ctr mux2 0 <= '0';
ctr mux2 1 <= '0';
ctr mux3 <= '0';
guess_en <= '0';
high en <= '0"';
idle <= '0"';

low_en <= '0';
tempreg8 1 en <= '0';

case currentState is
when al =>
if (s) = '1l' then
blink_reset <= '1"';
ctr muxl 1 <= '1';
high en <= '1"';
ctr mux2 1 <= 'l1l';
low_en <= '1"';
currentState <= a2;
else
currentState <= al;
idle <= '1"';
end if;
when a2 =>
guess_en <= 'l';
ctr muxl 0 <= '1';
ctr mux2 0 <= '1';
currentState <= a3;
when a3 =>
ctr mux2 1 <= 'l1';
ctr mux2 0 <= '1';
ctr mux0 <= '1"';
tempreg8 1 en <= '1"';
currentState <= a4;
when a4 =>
ctr mux3 <= '1"';
guess_en <= '1';
currentState <= a5;
when a5 =>
currentState <= a6;
when a6 =>
if (hi_button and lo_button)
blink set <= '1"';

|1|

then
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currentState <= al;
idle <= '1"';

elsif (hi_button and not lo_button)
high en <= '1"';
currentState <= a3;

elsif (not hi_button and lo_button)
low _en <= '1"';
currentState <= a3;

else
currentState <= a6;

end if;

end case;

end proc_Structm;

begin

end process;

if (rst = '1l') then

elsif

blink reset <= '0';
blink_set <= '0';
ctr mux0 <= '0';
ctr muxl 0 <= '0';
ctr muxl 1 <= '0"';
ctr mux2 0 <= '0';
ctr mux2 1 <= '0';
ctr mux3 <= '0';
guess_en <= '0';
high en <= '0';
idle <= '0"';

low_en <= '0';
tempreg8 1 en <= '0';

currentState <= al;

idle <= '1"';
(clk'event and clk = '0') then
idle <= '0"';

proc_Structm;

end if;

end ARC_Structm;

library IEEE;
use IEEE.std logic_1164.all;

entity top is
port

(

blink

clk
data_out
hi button
idle
lo_button

Figure 38. Control Unit

out std_logic;
in std_logic;

out std_logic_vector (7 downto

in std_logic;
out std_logic;
in std_logic;

'1'

l1l

0);

then

then
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in std_logic;
in std _logic
top is

architecture arc_top of

component Structm is

port (

)

blink reset
blink set
clk

ctr mux0
ctr muxl 0
ctr_muxl_l
ctr mux2 0
ctr mux2 1
ctr mux3
guess_en
hi_button
high_en
idle
lo_button
low_en

rst

s
tempreg8 1 en

end component;

component dp is

port

(

out std_logic;
out std_logic;
in std_logic;
out std _logic;
out std_logic;
out std_logic;
out std_logic;
out std _logic;
out std _logic;
out std_logic;
in std_logic;
out std_logic;
out std _logic;
in std_logic;
out std_logic;
in std_logic;
in std_logic;
out std_logic

-- Inputs from control unit

blink set in
ctr mux3 in
guess_en in
blink reset in
ctr muxl 1 in
high_en in
ctr mux2 1 in
low_en in
ctr muxl 0 in
ctr mux2 0 in
ctr_mux0 in
tempreg8 1 en in
-- Inputs from outside

clk : in
rst in

-- Outputs to control unit

-- Outputs to outside

blink

out

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

std_logic;
std_logic;

std_logic;

--(y1l)
--(y2)
--(y3)
--(y4)
--(y5)
--(y6)
--(y7)
--(y8)
--(y9)
--(y10)
--(yl1l)
--(yl2)
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data_out

);

end component;

out

-- output of control unit

signal blink set std logic;
signal ctr_mux3 std logic;
signal guess_en std_logic;
signal blink_ reset std_logic;
signal ctr muxl 1 std_logic;
signal high _en std logic;
signal ctr mux2 1 std logic;
signal low_en std_logic;
signal ctr _muxl 0 std_logic;
signal ctr mux2 0 std_logic;
signal ctr_mux0 std _logic;
signal tempreg8 1 en std _logic;

-- output of operational unit

begin
ul fsm : structm port map

(
blink reset => blink reset
blink set > blink_set
clk > clk
ctr mux0 => ctr_mux0
ctr muxl 0 => ctr_muxl 0
ctr muxl 1 => ctr_muxl 1
ctr mux2 0 => ctr_mux2 0
ctr mux2 1 => ctr mux2 1
ctr mux3 => ctr_mux3 ,
guess_en => guess_en ,
hi button => hi_button ,
high_en => high_en ’
idle => idle ,
lo_button => lo_button ,
low_en => low_en ,
rst => rst ,
s => s ,
tempreg8 1 en => tempreg8 1 en

);

u2_dp dp port map

(
clk => clk ,
rst => rst ,
blink set => blink set ’
ctr mux3 => ctr_mux3 ,
guess_en => guess_en ,
blink reset => blink reset

std_logic_vector (7 downto 0)

ctr muxl 1 => ctr_muxl 1
high_en => high_en
ctr mux2 1 => ctr_mux2 1
low_en => low_en
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)
end arc_top;

ctr muxl 0 => ctr_ muxl 0 ,
ctr mux2 0 => ctr_mux2 0 ,
ctr_mux0 => ctr_mux0 ,
tempreg8 1 en => tempreg8 1 en ,
blink => blink ,
data_ out => data_out

configuration cfg_top of top is
for arc_top
end for;
end cfg_ top;

Figure 39. Top as a composition of Control Unit and Data Path

(Begin)

I largest:=x"00" ]

| X:=Data_in |

Data_out:=largest
temp:=largest

Figure 40. ASM for Largnumb

Micro Instructions: Micro Operations:

Yl
Y2
Y3
Y4

yl y2
y3
v4
y5

yl : Data out:=largest
y2 : temp:=largest

y3 : largest:=X

y4d : X:=Data in

y5 : largest:=x"00"

Figure 41. Txt file for ASM Largnumb

Logical
Conditions:
File Draw
x1l : X=x"00"
x2 : X>temp
x3 S
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Figure 42. ASM marked for Mealy FSM

Table 4. Transition table of Functional FSM for Largnumb

al a3 %3 v5 1
al al ~x3 -- 2
a2 al x1 -- 3
a2 a3 ~x1*x2 y3 4
a2 a4 ~x1*~x2 y4 5
a3 a4 1 y4 6
a4 a2 1 yly2 7
<functional specifications>
<declarations>

<port name="data_in" width="8" direction="in" />
<port name="data_ out" width="8" direction="out" />
<port name="s" width="1" direction="in" />
<signal name="largest" width="8" />
<signal name="temp" width="8" />
<signal name="x" width="8" />
</declarations>
<required libraries>
<vhdl>
<library name="my_ package" />
</vhdl>
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</required libraries>
</functional_ specifications>

Figure 43. Functional specifications

library ieee;

use ieee.std logic_1164.all;
use ieee.numeric_std.all;
use work.my package.all;

entity Funcmi is

port (
clk : in std_logic;
data_in : in std_logic_vector (7 downto 0);
data out : out std _logic_vector (7 downto 0);
idle : out std_logic;
rst : in std_logic;
s : in std_logic

);

end Funcmi;
architecture ARC_Funcmi of Funcmi is
type FSMStates is (
al, a2, a3, a4

);

signal currentState : FSMStates;

signal largest : std_logic_vector (7 downto 0);
signal temp : std_logic_vector (7 downto 0);
signal x : std_logic_vector (7 downto 0);

begin
process (clk , rst)
procedure proc_Funcmi is
begin
case currentState is
when al =>
if (s) = 'l' then
largest <= x"00";
currentState <= a3;
else
currentState <= al;
idle <= '1"';
end if;
when a2 =>
if (x = x"00") then
currentState <= al;
idle <= '1"';
elsif (not (x = x"00") and x > temp) then
largest <= x;
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else

currentState <= a3;

x <= data_in;
currentState <= a4;

end if;

when a3 =>

when a4 =>

end case;

x <= data_in;
currentState <= a4;

data_out <= largest;
temp <= largest;
currentState <= a2;

end proc_Funcmi;

begin

if (rst = '1') then

elsif

end i
end process
end ARC Funcmi;

data out <= (others => '0');
idle <= '0"';

largest <= (others => '0');
temp <= (others => '0');

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

currentState <= al;
idle <= '1"';

(clk'event and clk = 'l') then

idle <= '0"';
proc_Funcmi;
£;

’

Figure 44. High Level Synthesis for LargNumb

data_out:=largest

Y1l yl 8
y2 8 temp:=largest
Y2 y3 8 largest:=x
Y3 v4 8 x:=data_in
Y4 y5 8 largest:=x"00"

Figure 45. Functional ASM Table Funcmi.mrk

weight : sources

targets : weight

0 : data_in x : 0

0 : largest data out : 0
temp : O
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1 : x largest : 1

1 : x"00" largest : 1

Figure 46. Connection graph for 8-bit connections

INDIRECT CONNECTIONS:

MUXO0
OUTPUT:
largest
INPUT:
x 1 0 in0 largest
x"0o" 1 1 inl largest
DIRECT CONNECTIONS:
SOURCES TARGETS
data_in x
largest data out
temp

Figure 47. One MUX and direct connections

<external specifications xmlns="ExtSpec">
<essential files>
<txt path="Funcmi_t.txt" />
<tab path="Structm.tab" />
<mrk path="Funcmi_t.mrk" />
<spec path="Funcmi_t.spec" />
<mux_ files>
<mux path="funcmi_ t8b-mux.xml" bits="8" />
</mux_files>
</essential files>
<settings>
<bit_range direction="Down" />
</settings>
<dp_to_out_and out_ to_dp>
<signal name="clk" in_or out="in" width="1" />
<signal name="rst" in_or_out="in" width="1" />
<signal name="data_ out" in_or_out="out" width="8" />
<signal name="data_in" in_or_out="in" width="8" />
</dp_to_out_and out_to_dp>
<components>
<external>
<!-- Add external components (and their path)
that you would like to use in your design -->
</external>
<automatic>
<generator type='"register" global="clk, rst">
<class>
<signal name="%name%" />
<signal name="$%name$%_en" />
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<signal name="%name%" />
</class>
<instances>
<instance name="x" />
<instance name="largest" />
<instance name="temp" />

</instances>

</generator>

<generator type="generic_comparator" global="clk,
rst">
<class>

<signal name="%name%_inl" />
<signal name="%name$%_in2" />
<signal name="%name$%_out" />
</class>
<instances>
<instance name="comp8 1" />
<instance name="comp8 2" />
</instances>
</generator>
</automatic>
</components>
</external specifications>

Figure 48. External specifications for Largnumb

library IEEE;

use IEEE.std logic_1164.all;
use IEEE.numeric_std.all;
use work.components.all;

entity dp is

port
(
-- Inputs from control unit
temp_en : in std_logic; --(yl1)
largest_en : in std _logic; --(y2)
X_en : in std_logic; --(y3)
ctr mux0 : in std logic; --(y4)
-- Inputs from outside
clk : in std_logic;
rst : in std_logic;
data_in : in std logic_vector (7 downto 0);
-- Outputs to control unit
comp8 2 dout: out std logic; --(x1)
comp8 1 dout: out std logic; --(x2)

-- Outputs to outside
data_out . out std_logic_vector (7 downto 0)

)
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begin

architecture arc_dp of dp is
signal mux0_dout : std_logic_vector (7 downto 0);
signal largest dout : std_logic_vector (7 downto 0);
signal temp dout : std_logic_vector (7 downto 0);
signal x dout : std_logic_vector (7 downto 0);
-- Mux O
ul mux0 : mux 2x8 port map (x_dout, x"00", ctr_ mux0,

mux0_dout) ;

-- X
u2_x : reg_8bit port map (clk, rst, data_in, x en,
x_dout) ;

-- largest

u3_largest : reg 8bit port map (clk, rst, mux0_dout,
largest _en, largest dout);

-- temp

ud_temp : reg_8bit port map (clk, rst, largest dout,
temp _en, temp dout);

-- comp8_ 1

u5 _comp8 1 :g _comp generic map (comp_kind => "gr", size
=> 8) port map (x_dout, temp dout, comp8 1 dout);

u6_comp8 2 :g_comp generic map (comp_kind => "eq",
size => 8) port map (x_dout, x"00", comp8 2 dout);

data_out <= largest dout;

end arc _dp;

configuration cfg dp of dp is

for arc_dp
end for;
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end cfg dp;

Figure 49. Data Path

library ieee;

use ieee.std logic_1164.all;

use ieee.numeric_std.all;

use work.components.all;

entity Structm is

port (

clk : in std_logic;
comp8 1 dout : in std_logic;
comp8 2 dout : in std_logic;

ctr mux0 : out std_logic;
idle : out std_logic;
largest_en : out std_logic;
s : in std_logic;
rst : in std_logic;
temp_en : out std_logic;
X_en : out std logic

);
end Structm;
architecture ARC_Structm of Structm is

type FSMStates is (

al, a2, a3, a4

);

signal currentState : FSMStates;
begin

process (clk , rst)

procedure proc_Structm is

begin
ctr mux0 <= '0';
idle <= '0"';

largest en <= '0';
temp en <= '0';
Xx en <= '0';
case currentState is
when al =>
if (s) = 'l' then
largest en <= '1';
ctr mux0 <= '1"';
currentState <= a2;
else
currentState <= al;
idle <= '1"';
end if;
when a2 =>
X_en <= '1';
currentState <= a3;

Il
v

when a3
temp en <= '1';
currentState <= a4;

Il
v

when a4
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if (comp8 2 dout) = 'l' then

elsif

else

currentState <= al;

idle <= '1"';

(not comp8 2 dout and comp8_1 dout)
largest_en <= '1';

currentState <= a2;

x_en <= 'l';
currentState <= a3;

end if;

end case;

end proc_Structm;

begin

if (rst = '1') then

elsif

ctr mux0 <= '0';

idle <= '0"';

largest en <= '0';

temp _en <= '0';

x_en <= '0';

currentState <= al;

idle <= '1"';

(clk'event and clk = '0') then
idle <= '0"';

proc_Structm;

end if;

end process;
end ARC_Structm;

library IEEE;

Figure 50. Control Unit

use IEEE.std logic_1164.all;

entity top is
port
(

clk
data_in
data_out
idle
rst

in std_logic;
in std logic_vector (7 downto 0);

out std_logic_vector (7 downto 0);

out std_logic;
in std_logic;
in std_logic

architecture arc_top of top is
component Structm is

port (
clk

in std_logic;

comp8 1 dout : in std logic;
comp8 2 dout : in std logic;

'1'

then
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ctr_mux0 : out std_logic;
idle : out std_logic;
largest_en : out std_logic;
rst : in std_logic;
s : in std_logic;
temp_en : out std_logic;
X_en : out std logic

);
end component;
component dp is

port
(
-- Inputs from control unit
temp_en : in std_logic; --(yl)
largest_en : in std_logic; --(y2)
X_en : in std_logic; --(y3)
ctr_mux0 : in std_logic; --(y4)
-- Inputs frooutside
clk : in std_logic;
rst : in std_logic;
data_in : in std_logic_vector (7 downto 0);
-— Outputs to control unit
comp8 2 dout : out std logic; --(x1)
comp8 1 dout : out std_logic; --(x2)
-- Outputs to outside
data_out : out std logic_vector (7 downto 0)

);
end component;
-- output of control unit

signal temp_en : std_logic;
signal largest en : std logic;
signal x _en : std_logic;
signal ctr_mux0 : std_logic;

-- output of operational unit

signal comp8 2 dout : std _logic;

signal comp8 1 dout : std logic;

begin
ul fsm : structm port map
(

clk => clk ’
comp8 1 dout => comp8_ 1 dout ,
comp8 2 dout => comp8 2 dout ,

ctr_mux0 => ctr_mux0 ,
idle => idle ,
largest_en => largest_en ,

rst => rst ,
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u2_dp

);

end arc_top;

s
temp_en
X_en

dp port map

clk

rst

data_in

temp en
largest_en
Xx_en
ctr_mux0
data_out
comp8 2 dout
comp8 1 dout

configuration cfg_top of top
for arc_top
end for;

end cfg top;

Figure 51. Top as a composition of Control Unit and Data Path

s
temp_en
X_en

clk

rst

data_in

temp en
largest_en
Xx_en
ctr_mux0
data_out
comp8 2 dout
comp8 1 dout

is

4
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Game ( Begin ) Largnumb  ( Begin )

S
1 0
low:=x"00"
high:=x"64"
blink:=0

X:=Data_in
guess:=low+high

Data_out:=largest
temp:=largest

largest:=x"00"

guess:=guess

data_out:=gu

blink:=1
data_out:=guess

1
! high:=guess
Sum

"'llm"' 5 Begin Divider

Begin

Data_out:=Sum

Figure 52. Four ASMs on one figure
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0 begin 24 0 17 Y17 20 0

1 Y1 20 0 18 Y18 19 0

2 Y2 28 0 19 Y19 32 0

3 Y3 28 0 20 end 0 0

4 Y4 28 0 21 x9 16 15

5 YS 20 0 22 x9 7 4

6 Y6 11 0 23 x8 21 22

7 Y7 8 0 24 x3 23 24

8 Y8 6 0 25 x7 i3 14

9 Y9 6 0 26 x6 20 25

10 Y10 6 0 27 x1 2 3

11 Y11l 31 0 28 x2 1 27

12 Y12 26 0 29 x5 5 9

13 Y13 14 0 30 x5 10 30

14 Y14 12 0 31 x4 29 30

15 Y15 14 0 32 x6 17 18

16 Y16 19 0

Figure 53. GSA file for ASM Fourtogether

Micro Micro Operations: Logical
Instructions: yl : Data out:=X Conditions:
Yl =yl y2 : X:i=X-Y File Draw
Y2 = y2 y3 : Y:=Y-X x1 XY
Y3 = y3 y4 : X:=Data_inl x2 : X=Y
Y4 = y4 y5 y5 : Y:=Data in2 x3 : S
Y5 = y6 y7 y6 : blink:=1 x4 : hi_button
Y6 = y8 y7 : data out:=guess x5 : lo_button
Y7 = y9 y10 y1l1 y8 : guess:=guess>>1 x6 : X=x"00"
Y8 = yl2 y9 : low:=x"00" x7 : X>temp
Y9 = yi13 y1l0 : high:=x"64" x8 : Bit0
Y10 = yl4 yll : blink:=0 x9 : Bitl
Yil = y7 yl2 : guess:=low+high
Y12 = yl15 y16 yl3 : high:=guess
Y13 = yl17 yl4 : low:=guess
Y14 = yl8 yl5 : Data out:=largest
Y15 = y19 ylé : temp:=largest
Y16 = y20 yl7 : largest:=X
Y17 = y21 yl8 : X:=Data in
Y18 = y22 y19 : largest:=x"00"
Y19 = y4 y20 : Sum:=x"00"

y21 : Data out:=Sum
y22 : Sum:=Sum+X

Figure 54. TXT file for ASM Fourtogether

Table 5. Transition table of Functional FSM for Fourtogether

al
al
al
al

alo x3*x8*x9 y20
a8 x3*x8*~x9 y1l9
a4 x3*~x8*x9 y9y1l0yll

a2 x3*~x8*~x9 y4y5

s Wi



148 Samary Baranov. High Level Synthesis

al al ~x3 -- 5
az2 al x2 vyl 6
a2 a2 ~x2*x1 y2 7
a2 a2 ~x2%*~x1 y3 8
a3 a6 1 y7 9
a4 a5 1 yl2 10
a5 a3 1 y8 11
a6 al x4*x5 y6y7 12
a6 a5 x4*~x5 y1l3 13
a6 a5 ~x4*x5 yl4 14
a6 a6 ~x4*~x5 -- 15
a7 al X6 -- 16
a7 a8 ~X6*x7 yl7 17
a7 a9 ~X6*~x7 y1l8 18
a8 a9 1 yl8 19
a9 a7 1 y1l5y1l6 20
alo all 1 y4 21
all al x6 y21 22
all alo ~x6 y22 23

<functional specifications>

<declarations>
<port name="bit0" width="1" direction="in" />
<port name="bitl" width="1" direction="in" />
<port name="blink" width="1" direction="out" />
<port name="data_in" width="8" direction="in" />
<port name="data_inl" width="8" direction="in" />
<port name="data_in2" width="8" direction="in" />
<port name="data out" width="8" direction="out" />
<port name="hi button" width="1" direction="in" />
<port name="lo button" width="1" direction="in" />
<port name="s" width="1" direction="in" />
<signal name="guess" width="8" />
<signal name="high" width="8" />
<signal name="largest" width="8" />
<signal name="low" width="8" />
<signal name="sum" width="8" />
<signal name="temp" width="8" />
<signal name="x" width="8" />
<signal name="y" width="8" />

</declarations>

<required libraries>
<vhdl>

<library name="my_ package" />

</vhdl>

</required libraries>

</functional_ specifications>

Figure 55. Functional Specifications for Fourtogether
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library ieee;

use ieee.std logic_1164.all;
use ieee.numeric_std.all;
use work.my package.all;

entity Funcmi is

port (

bit0 : in std_logic;

bitl : in std_logic;

blink : out std_logic;

clk : in std_logic;

data_in : in std_logic_vector (7 downto 0);
data_inl : in std_logic_vector (7 downto 0);
data_in2 : in std_logic_vector (7 downto 0);
data_out : out std _logic_vector (7 downto 0);
hi_button : in std_logic;

idle : out std logic;

lo_button : in std_logic;

rst : in std_logic;

s : in std_logic

);

end Funcmi;
architecture ARC Funcmi of Funcmi is

type FSMStates is (
al, a2, a3, a4, a5, a6, a7, a8, a9, al0, all
)

signal currentState : FSMStates;

signal guess : std_logic_vector (7 downto 0);
signal high : std _logic_vector (7 downto 0);
signal largest : std_logic_vector (7 downto 0);
signal low : std_logic_vector (7 downto 0);
signal sum : std logic_vector (7 downto 0);
signal temp : std logic_vector (7 downto 0);
signal x : std logic_vector (7 downto 0);
signal y : std logic_vector (7 downto 0);

begin

process (clk , rst)

procedure proc_Funcmi is
begin
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case currentState is

when al =>
if (s and bit0 and bitl) = '1l' then
sum <= x"00";
currentState <= alo0;
elsif (s and bit0 and not bitl) = 'l' then
largest <= x"00";
currentState <= a8;
elsif (s and not bit0 and bitl) = 'l' then
low <= x"00";
high <= x"64";
blink <= '0"';
currentState <= a4;
elsif (s and not bit0 and not bitl) = 'l' then
x <= data_inl;
y <= data_in2;
currentState <= a2;
else
currentState <= al;
idle <= '1"';
end if;
when a2 =>
if (x = y) then
data_out <= x;
currentState <= al;
idle <= '1"';
elsif (not (x = y) and x > y) then
x <= std_logic_vector (unsigned(x) - unsigned(y)):
currentState <= a2;
else
y <= std_logic_vector (unsigned(y) - unsigned(x));
currentState <= a2;
end if;
when a3 =>

data_out <=

guess;
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currentState <= a6;
when a4 =>
guess <= std_logic_vector (unsigned(low) +

unsigned (high)) ;
currentState <= a5;

Il
\%

when ab

guess <= std_logic_vector (unsigned(guess) srl
currentState <= a3;

when a6 =>
if (hi_button and lo_button) = 'l' then
blink <= '1';
data_out <= guess;
currentState <= al;

idle <= '1"';

elsif (hi_button and not lo_button) = 'l' then
high <= guess;
currentState <= a5;

elsif (not hi_button and lo_button) = 'l' then

low <= guess;
currentState <= a5;

else
currentState <= a6;

end if;

when a7 =>
if (x = x"00") then
currentState <= al;
idle <= '1';

elsif (not (x = x"00") and x > temp) then
largest <= x;
currentState <= a8;

else
x <= data_in;

currentState <= a9;

end if;
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when a8 =>

x <= data_in;
currentState <= a9;

when a9 =>
data_out <= largest;

temp <= largest;
currentState <= a7;

Il
\%

when all

x <= data_inl;
currentState <= all;

when all =>
if (x = x"00") then
data_out <= sum;
currentState <= al;
idle <= '1"'";

else
sum <= std_logic_vector (unsigned (sum)
unsigned(x)) ;
currentState <= alol;

end if;

end case;
end proc_Funcmi;

begin

if (rst = '1l') then
blink <= '0"';
data out <= (others => '0');
guess <= (others => '0');
high <= (others => '0');
idle <= '0"';
largest <= (others => '0');
low <= (others => '0');
sum <= (others => '0');
temp <= (others => '0');
x <= (others => '0');
y <= (others => '0');
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currentState <= al;

idle <= '1"';
elsif (clk'event and clk = 'l') then
idle <= '0';

proc_Funcmi;

end if;
end process;

end ARC Funcmi;

Figure 56. High Level Synthesis for Fourtogether

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Y9

Y10

Y11l

Y12

Y13

Y14

Y15

Y16

yl
y2

y3

yl7

y7

yl8
y1l9

y20
y21
y22

y23

0 0 O

0 00 0 >

data_out:=x
x:=tempReg8 1
y:=tempReg8 1

x:=data_inl
y:=data_in2

blink:=1
data_out:=guess

guess:=tempReg8 1

blink:=0
high:=x"64"
low:=x"00"

alu8 1 ctr:="0001"
alu8_1 inl:=low
alu8 1 in2:=high
guess:=alu8_1 out
high:=guess
low:=guess

data out:=guess

data_out:=largest
temp:=largest

largest:=x
x:=data_in
largest:=x"00"

sum:=x"00"
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Y17

Y18

Y19

Y20

Y21

Y22

Y23

y24
y25
y4

y26
y27
y28
y29

y26
y30
y31
y29

y32
y33
y34
y29

yl2
y35
y31
y29

00 00 00 0 00 0 00 00 00

0 00 0

data_out:=sum
sum:=tempReg8_ 1
x:=data_inl

alu8 1 ctr:="0010"
alu8 1 inl:=x
alu8 1 in2:=y
tempReg8_1:=alu8_1 out

alu8 1 ctr:="0010"
alu8_ 1 inl:=y
alu8 1 in2:=x
tempReg8_ 1:=alu8_ 1 out

alu8 1 ctr:="1100"
alu8_1 inl:=guess
alu8_1 in2:=x"01"
tempReg8_ 1:=alu8_ 1 out

alu8 1 ctr:="0001"
alu8_1 inl:=sum
alu8 1 in2:=x
tempReg8_ 1:=alu8_ 1 out

Figure 57. Functional ASM Table Funcmi.mrk

weight :

1

sources
alu8_1 out

data_in
data_inl
data_in2

guess

high

largest

low

sum

tempReg8 1

targets : weight
guess : 1
tempReg8 1 : 0

x : 1

x : 2

y 1

alu8 1 inl 1
data out 2
high 1

low 1

alu8 1 in2 : 1

data out : 1
temp : O

alu8 1 inl : 1

alu8_1 inl : 1
data out : 1

guess : 1



155 Samary Baranov. High Level Synthesis

sum : 1

b4 1

y 1

5 : x alu8_1 inl 1
alu8 1 in2 2

data out 1

largest 1

3 : x"0o0O" largest : 1
low 1

sum : 1

1 : x"01" alu8_1 in2 : 1
1 : x"64" high : 1
2 1y alu8_1 inl : 1

alu8 1 in2 : 1

Figure 58. Connection graph for 8-bit connections

Parallel Microoperations before considering direct connections:

Y4 y4 x:=data_inl
y5 y:=data_in2
Y7 ylo0 high:=x"64"
yll low:=x"00"
Y8 yl3 alu8_ 1 inl:=low
yl4 alu8 1 in2:=high
yl1l5 guess:=alu8_ 1 out
Y12 yls data_out:=largest
y1l9 temp:=largest
Y20 y27 alu8 1 inl:=x
y28 alu8_1 in2:=y
y29 tempReg8 1l:=alu8_ 1 out
Y21 y29 tempReg8 1l:=alu8_ 1 out
y30 alu8 1 inl:=y
y31 alu8 1 in2:=x
Y22 y29 tempReg8 1l:=alu8_ 1 out
y33 alu8 1 inl:=guess
y34 alu8_1 in2:=x"01"
Y23 y29 tempReg8 1:=alu8 1 out
y31 alu8 1 in2:=x
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y35 alu8 1 inl:=sum

Parallel Microoperations after considering direct connections:

Y4 : y4 x:=data_inl
y5 y:=data_in2

Y7 : ylo high:=x"64"
y1ll low:=x"00"

Y8 : yl3 alu8 1 inl:=low
yl4 alu8 1 in2:=high
y1l5 guess:=alu8_1 out

Y20 1 y27 alu8 1 inl:=x
y28 alu8 1 in2:=y

Y21 : y30 alu8 1 inl:=y
y31 alu8 1 in2:=x

Y22 : y33 alu8 1 inl:=guess
y34 alu8 1 in2:=x"01"

Y23 : y31 alu8 1 in2:=x
y35 alu8 1 inl:=sum

Figure 59. 8-bit parallel microoperations for Fourtogether

Graph of Incompatibility:

alu8 1 inl -> alu8_1 in2, guess
( guess, low, sum, x, y )

alu8_1 in2 -> alu8_1 inl, guess
( high, x, x"01", y )

guess -> alu8_ 1 inl, alu8_1 in2
( alu8_1 out, tempReg8 1 )

high -> low
( guess, x"64" )

low -> high
( guess, x"00" )

X ->y
( data_in, data_inl, tempReg8 1 )

y -—> X
( data_in2, tempReg8_ 1 )

sum ->
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( tempReg8 1, x"00" )

largest ->
( x, X"OO"

data out ->

)

( gugss, largest, sum, x )

Figure 60. Graph of Incompatibility for 8-bit connections

INDIRECT CONNECTIONS:

MUX1

OUTPUT:

MUX2

alu8_1 inl
data out
high
largest
sum

x

INPUT:

guess

sum
tempReg8 1

data_inl
x"oo"

largest
low
data_in
xll64"

Y

OUTPUT:

alu8_1 in2
low
y

INPUT:

x
guess

high
tempReg8 1
data_in2
x"0o"
x"ol"

Y
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in8
in3
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iné6
in9
inl0
in7

in0
inl
in2
in4
in3
inb5
iné6
in7

alu8 1 inl
data_out
high
alu8 1 inl
data_out
largest
alu8_1 inl
data_out
sum

x

X

largest
sum
data_out
alu8 1 inl
X

high
alu8 1 inl

alu8_1 in2
low

alu8_1 in2
y

y
low

alu8 1 in2
alu8 1 in2
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MUX3
OUTPUT:
guess
INPUT:
alu8_1 out 1 0 inO guess
tempReg8 1 1 1 inl guess
DIRECT CONNECTIONS:
SOURCES TARGETS
alu8_1 out tempReg8_1
largest temp

Figure 61. 8-bit MUXes and direct connections

<external specifications xmlns="ExtSpec">

<essential files>
<txt path="Funcmi_t.txt" />
<tab path="Structm.tab" />
<mrk path="Funcmi_t.mrk" />
<spec path="Funcmi_t.spec" />
<mux_files>

<mux path="funcmi_ t4b-mux.xml" bits="4" />
<mux path="funcmi_ t8b-mux.xml" bits="8" />

</mux_files>

</essential files>

<settings>
<bit_range direction="Down" />

</settings>

<dp_to_out_and out_ to_dp>
<signal name="clk" in_or out="in" width="1" />
<signal name="rst" in_or_out="in" width="1" />
<signal name="data_in" in_or_ out="in" width="8" />
<signal name="data_in2" in_or_out="in" width="8" />
<signal name="blink" in_or out="out" width="1" />
<signal name="data_inl" in_or out="in" width="8" />
<signal name="data out" in_or_ out="out" width="8" />

</dp_to_out_and out_to_dp>

<components>
<external>
<!-- Add external components (and their path) that you
would like to use in your design -->
</external>
<automatic>
<generator type="rsff" global="clk, rst">
<class>

<signal name="%name$%_reset" />

<signal name="%name%_set" />

<signal name="%name%" />
</class>
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<instances>
<instance name="blink" />
</instances>
</generator>
<generator type="register" global="clk, rst">
<class>
<signal name="%name%" />
<signal name="%name$%_en" />
<signal name="%name%" />
</class>
<instances>
<instance name="x" />
<instance name="y" />
<instance name="low" />
<instance name="tempreg8 1" />
<instance name="sum" />
<instance name="temp" />
<instance name="guess" />
<instance name="largest" />
<instance name="high" />
</instances>
</generator>
<generator type="generic_comparator" global="clk, rst">

<class>
<signal name="%name%_inl" />
<signal name="%name%_in2" />
<signal name="%name$%_out" />
</class>
<instances>
<instance name="comp8 1" />
<instance name="comp8 2" />
<instance name="comp8 3" />
<instance name="comp8 4" />
</instances>
</generator>
<generator type="alu" global="clk, rst">
<class>
<signal name="%name%_in1" />
<signal name="%name%_in2" />
<signal name="%name%_ctr" />
<signal name="%name%_out" />
</class>
<instances>
<instance name="alu8 1" />
</instances>
</generator>
</automatic>
</components>
</external specifications>

Figure 62. External specifications for Fourtogether
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library IEEE;

use IEEE.std logic_1164.all;

use IEEE.numeric_std.all;
use work.components.all;

entity dp is
port

-- Inputs from control unit

ctr muxl 0
ctr muxl 2
X_en

ctr mux2 2
y_en

ctr muxl 3
ctr mux2 1
ctr mux2 0
blink set
ctr mux3
guess_en
blink reset
ctr muxl 1
high _en
low_en
temp_en
largest_en
sum_en

ctr mux0_0
tempreg8 1 en
ctr mux0 1

in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in

-- Inputs from outside

std_logic; --(yl)
std_logic; --(y2)
std_logic; --(y3)
std_logic; --(y4)
std_logic; --(y5)
std_logic; --(y6)
std_logic; --(y7)
std_logic; --(y8)
std_logic; --(y9)
std_logic; --(yl0)
std_logic; --(yll)
std_logic; --(yl2)

std_logic; --(y13)
std_logic; --(yl4)

std_logic; --(yl5)
std_logic; --(yl6)
std_logic; --(yl7)
std_logic; --(yl8)
std_logic; --(yl9)

std_logic; --(y20)
std_logic; --(y21)

clk in std_logic;
rst in std_logic;
data_in : in std_logic_vector (7 downto 0);
data_in2 : in std _logic_vector (7 downto 0);
data_inl : in std _logic_vector (7 downto 0);

-- Outputs to control unit

comp8_ 3 dout : out std _logic; --(x1)
comp8_ 4 dout : out std _logic; --(x2)
comp8_ 2 dout : out std_logic; --(x6)
comp8 1 dout :  out std_logic; --(x7)

-- Outputs to outside
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blink
data_out

) ;

out
out

std_logic;

std_logic_vector (7 downto 0)

architecture
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

begin

ul mux
ctr mux0, mu

u2_mux

u3_mux

ctr mux2, mu

arc dp of dp is
mux0_dout

muxl dout

mux2_ dout
mux3_dout
alu8_1 dout
guess_dout
high dout
largest_dout
low_dout
sum_dout

temp_ dout
tempreg8 1 dout
x_dout

y_dout

ctr_mux0
ctr_muxl

ctr mux2

0 : mux_3x4
x0_dout) ;

1 : mux_11x8

2 : mux_8x8

x2_dout) ;

pPo

std_logic_vector
std_logic_vector
std_logic_vector
std _logic_vector
std_logic_vector
std _logic_vector
std _logic_vector
std_logic_vector
std_logic_vector
std logic_vector
std _logic_vector
std_logic_vector
std_logic_vector
std_logic_vector
std_logic_vector
std_logic_vector
std logic_vector

rt map ("0001",

(3
(7
(7
(7
(7
(7
(7
(7
(7
(7
(7
(7
(7
(7
(1
(3
(2

"0010",

downto
downto
downto

0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);
0);

downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto
downto

"1100",

port map (guess_dout, x dout,
sum_dout, x"00", tempreg8 1 dout, largest dout, low_dout, y_dout,
data_inl, data_in, x"64", ctr muxl, muxl dout);

port map (x_dout, guess_dout,
high_dout, data_in2, tempreg8 1 dout, x"00", x"0l1", y dout,
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u4_mux3 : mux_2x8

port map (alu8_1 dout,

tempreg8_ 1 dout, ctr mux3, mux3 dout);

u5_blink : rsff

-- %

u6_x : reg_8bit
x dout) ;

- Y

u7_y : reg_8bit
y dout) ;

-- low

u8_low : reg_8bit

port map (clk, blink reset,

port map (clk, rst, muxl dout, x_en,

port map (clk, rst, mux2 dout, y_en,

port map (clk, rst, mux2 dout,

u9 tempreg8 1 : reg 8bit port map (clk, rst, alu8 1 dout,

tempreg8 1 en, tempreg8 1 dout);

ul0_sum : reg_8bit
sum_en, sum_dout) ;

ull temp : reg_8bit
temp_en, temp_ dout) ;

port map (clk, rst, muxl dout,

port map (clk, rst, largest dout,
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ul2_guess reg 8bit

guess_en, guess_dout) ;

ul3 largest reg 8bit
largest en, largest dout);

-- high

uld4 high reg 8bit port map (clk, rst, muxl_dout,
high_en, high dout);

-- comp8 1

ul5_comp8 1 g_comp generic map (comp_kind => "gr",
size => 8) port map (x_dout, temp dout, comp8_ 1 dout);

-- comp8_2

ulé_comp8_ 2 g_comp generic map (comp_kind => "eq",
size => 8) port map (x_dout, x"00", comp8 2 dout);

-- comp8 3

ul7_comp8 3 g_comp generic map (comp_kind => "gr",
size => 8) port map (x_dout, y dout, comp8 3 dout);

-- comp8 4

ul8 comp8 4 g_comp generic map (comp_kind => "eq",
size => 8) port map (x_dout, y dout, comp8 4 dout);

ul9 alu8 1 alu_8bit
mux0_dout, alu8 1 dout);

port map (clk, rst, mux3_dout,

port map (clk, rst, muxl dout,

port map (muxl_dout, mux2 dout,
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ctr_mux0 <= ctr mux0_1 & ctr mux0 O0;

ctr muxl <= ctr muxl 3 & ctr muxl 2 & ctr muxl 1 &
ctr muxl O;

ctr_ mux2 <= ctr mux2 2 & ctr mux2 1 & ctr mux2 0;

data_ out <= muxl_dout;

end arc_dp;

configuration cfg _dp of dp
for arc_dp
end for;

end cfg dp;

Figure 63. Data Path

library ieee;

use ieee.std logic_1164.all;
use ieee.numeric_std.all;
use work.components.all;

entity Structm is

port (
bit0 in std_logic;
bitl in std_logic;
blink reset out std _logic;
blink set out std _logic;
clk in std_logic;
comp8 1 dout in std logic;
comp8 2 dout in std_logic;
comp8_ 3 dout in std_logic;
comp8 4 dout in std logic;
ctr mux0 0 out std_logic;
ctr mux0 1 out std _logic;
ctr muxl 0 out std_logic;
ctr muxl 1 out std_logic;
ctr muxl 2 out std _logic;
ctr muxl 3 out std _logic;
ctr mux2 0 out std_logic;
ctr mux2 1 out std_logic;
ctr _mux2 2 out std_logic;
ctr_mux3 out std_logic;
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end S

architecture ARC Structm of

al4,

begin

guess_en
hi_button

high
idle

_en

largest_en
lo_button
low_en

rst
s

sum_en
temp en
tempreg8_1 en

X_en
y_en
);
tructm;

type FSMStates is (

al,
alb
);

a2z,

a3,

a4,

signal currentState

process (clk , rst)

out std_logic;
in std_logic;

out
out
out

std_logic;
std_logic;
std_logic;

in std_logic;

out

std_logic;

in std_logic;
in std_logic;

out
out
out
out
out

std_logic;
std_logic;
std_logic;
std_logic;
std _logic

Structm is

a5,

a6, a7, a8,

FSMStates;

procedure proc_Structm is

begin

blink_reset <= '0'
blink_set <= '0';

ctr mux0 0
ctr mux0_1
ctr muxl 0
ctr muxl 1
ctr muxl 2
ctr muxl 3
ctr mux2 0
ctr mux2 1
ctr _mux2 2
ctr mux3 <
guess_en <

<=
<=
<=
<=
<=
<=
<=
<=
<=

IOI.
'0'.
'0'.

IOI
IOI

'0'.
'0'.
lOl.
101.

= '0"';
= '0';

’

’

’

’

’

’

’

a9,

alo,

all,

al2z,

al3,
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high_en <=

idle

101’.
<= 101’.

largest en <= '0';
low_en <= '0';
sum en <= '0';
temp _en <= '0';

tempreg8 1 en <= '0';

X_en
y_en

case
when

<= 101’.
<= 101’.

currentState is

al =>
if (s

elsif

elsif

elsif

else

and bit0 and bitl) = 'l' then
ctr muxl 0 <= 'l1l"';

ctr_muxl_l <= '1l';

sum_en <= '1l';

currentState <= a2;

(s and bit0 and not bitl)
ctr muxl 0 <= 'l1l';
ctr muxl 1 <= 'l1l"';
largest _en <= '1';
currentState <= a3;

(s and not bit0 and bitl)
ctr mux2 2 <= 'l';

ctr muxl 3 <= 'l';

ctr mux2 0 <= 'l1l';
blink_reset <= '1"';
ctr_muxl_l <= '1"';

high en <= '1"';

low _en <= '1"';
currentState <= a4;

(s and not bit0 and not bitl)
X en <= 'l';

y_en <= '1';

ctr muxl 3 <= 'l';

ctr mux2 1 <= 'l1l';

ctr mux2 0 <= 'l1l';
currentState <= a5;

currentState <= al;
idle <= '1"';

end if;

l1l

'1'

then

then

'1'

then
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when a2 =>

x_en <= 'l';
ctr muxl 3 <= '1l';
currentState <= a6;

when a3 =>

ctr muxl 0 <= '1';
X en <= 'l';

ctr muxl 3 <= 'l';
currentState <= a7;

Il
\%

when a4

ctr muxl 2 <= '1';
ctr mux2 1 <= '1';
guess_en <= '1';

ctr_muxl_l <= '1"';
currentState <= a8;

when a5 =>
if (comp8 4 dout) = 'l' then
ctr muxl 0 <= '1';
currentState <= al;
idle <= '1"'";

elsif (not comp8 4 dout and comp8 3 dout) = 'l' then
ctr muxl 0 <= '1';
ctr mux2 2 <= '1l';
ctr mux2 1 <= '1';
ctr mux2 0 <= '1';
ctr mux0 0 <= '1';
tempreg8_1 en <= '1"';
currentState <= al3;

else
ctr muxl 0 <= '1';
ctr muxl 2 <= '1l';
ctr_muxl_l <= '1"';
ctr mux0 0 <= '1';
tempreg8_1 en <= '1"';
currentState <= al4;

end if;
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when a6 =>
if (comp8_ 2 dout) = 'l' then
ctr muxl 1 <= '1"';
currentState <= al;

idle <= '1"';
else
ctr muxl 1 <= 'l1l';
tempreg8 1 en <= '1';
currentState <= all;
end if;
when a7 =>
ctr muxl 0 <= 'l1l';
ctr muxl 2 <= 'l';
temp en <= '1';
currentState <= a9;
when a8 =>

ctr mux2 2 <= 'l';
ctr mux2 1 <= 'l1l';
tempreg8 1 en <= 'l';
ctr mux0_1 <= 'l1l';
currentState <= alol;

when a9 =>

if (comp8 2 dout) = 'l' then
currentState <= al;
idle <= '1"';
elsif (not comp8 2 dout and comp8 1 dout) = 'l' then

ctr muxl 0 <= 'l1';
largest en <= '1';
currentState <= a3;

else
ctr muxl 0 <= 'l1l';
X_en <= '1';
ctr muxl 3 <= 'l';
currentState <= a7;
end if;

when al0 =>
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ctr mux3 <= '1"';
guess_en <= '1l';
currentState <= al2;

when all =>

ctr muxl 2 <= '1l';

sum en <= 'l';

currentState <= a2;
when al2 =>

currentState <= al5;
when al3 =>

ctr muxl 2 <= '1';

X _en <= 'l';

currentState <= a5;
when al4d =>

ctr mux2 2 <= '1l';

y en <= 'l';

currentState <= a5;
when al5 =>

if (hi_button and lo_button) = 'l' then

blink_set <= '1"';
currentState <= al;

idle <= '1';

elsif (hi_button and not lo_button) = 'l' then
high en <= '1"';
currentState <= a8;

elsif (not hi_ button and lo_button) = 'l' then

ctr mux2 0 <= '1';
low_en <= '1";
currentState <= a8;

else
currentState <= al5;

end if;
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end case;
end proc_Structm;

begin
if (rst = '1l') then

blink reset <= '0';
blink set <= '0';
ctr mux0_0 <= '0';
ctr mux0_1 <= '0';
ctr muxl 0 <= '0';
ctr muxl 1 <= '0"';
ctr muxl 2 <= '0';
ctr muxl 3 <= '0"';
ctr mux2 0 <= '0';
ctr mux2 1 <= '0';
ctr mux2 2 <= '0';
ctr mux3 <= '0';
guess_en <= '0';
high en <= '0';
idle <= '0';
largest en <= '0';
low_en <= '0';
sum en <= '0';
temp _en <= '0';
tempreg8 1 en <= '0';
x_ en <= '0';
y_en <= '0';

currentState <= al;
idle <= '1"';

elsif (clk'event and clk = '0') then
idle <= '0';
proc_Structm;
end if;
end process;

end ARC_Structm;

Figure 64. Control Unit
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library

IEEE;

use IEEE.std logic_1164.all;

entity top is

std_logic;
std_logic;
std_logic;
std_logic;
std_logic_vector (7 downto
std_logic_vector (7 downto
std_logic_vector (7 downto
std_logic_vector (7 downto
std_logic;
std_logic;
std_logic;
std_logic;
std_logic

port
(
bitO0 in
bitl in
blink out
clk in
data_in in
data_inl in
data_in2 in
data_ out out
hi_button in
idle out
lo_button in
rst in
s in
)
end top;
architecture arc_top of

component Structm is

port (

bit0
bitl

blink reset

blink set

clk

comp8_1 dout
comp8 2 dout
comp8 3 dout
comp8 4 dout

in std_logic;
in std_logic;
out std _logic;
out std_logic;
in std_logic;
in std_logic;
in std_logic;
in std_logic;
in std_logic;

ctr mux0 0
ctr mux0_1
ctr muxl 0
ctr muxl 1
ctr muxl 2
ctr muxl 3
ctr mux2 0
ctr mux2 1
ctr mux2 2
ctr_mux3

guess_en

hi_button
high_en

out std_logic;

out
out
out
out
out
out
out
out
out
out

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

in std_logic;

out

std_logic;

0);
0);
0);
0);



172 Samary Baranov. High Level Synthesis

idle out std_logic;
largest_en out std_logic;
lo_button in std_logic;
low_en out std_logic;
rst : in std_logic;
s : in std_logic;
sum_en : out std_logic;
temp_en : out std_logic;
tempreg8 1 en : out std_logic;
X_en : out std_logic;
y_en : out std _logic

) ;

end component;

component dp is
port

-- Inputs from control unit

ctr muxl 0 : in std_logic; --(yl)

ctr muxl 2 : in std_logic; --(y2)

X_en : in std_logic; --(y3)

ctr mux2 2 : in std_logic; --(y4)

y_en : in std_logic; --(y5)

ctr muxl 3 : in std_logic; --(y6)

ctr mux2 1 : in std_logic; --(y7)

ctr mux2 0 : in std_logic; --(y8)

blink set : in std_logic; --(y9)

ctr mux3 : in std_logic; --(yl0)

guess_en : in std_logic; --(yll)

blink reset : in std_logic; --(yl2)

ctr muxl 1 : in std_logic; --(yl3)

high_en : in std_logic; --(yl4)

low_en : in std_logic; --(yl5)

temp_en : in std _logic; --(ylé)

largest _en : in std _logic; --(yl7)

sum_en : in std_logic; --(yl8)

ctr mux0 0 : in std _logic; --(yl9)

tempreg8 1 en : in std _logic; --(y20)

ctr mux0_1 : in std_logic; --(y21)

-- Inputs from outside

clk : in std_logic;

rst : in std_logic;

data_in : in std_logic_vector (7 downto 0);
data_in2 : in std_logic_vector (7 downto 0);
data_inl : in std_logic_vector (7 downto 0);
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-- Outputs to control unit

comp8_ 3 dout
comp8 4 dout
comp8 2 dout
comp8_ 1 dout

-- Outputs to outside

blink

out
out
out
out

out

std_logic;
std_logic;
std_logic;
std_logic;

std_logic;

data_out

);

end component;

-- output of

signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

ctr muxl 0
ctr muxl 2
X_en

ctr mux2 2
y_en

ctr muxl 3
ctr mux2 1
ctr mux2 0
blink set
ctr mux3
guess_en
blink reset
ctr muxl 1
high_en
low_en
temp en
largest_en
sum_en

ctr mux0 0

tempreg8 1 en

ctr mux0_1

out std_logic_vector (7 downto 0)

control unit

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

-- output of operational unit

--(x1)
--(x2)
--(x6)
-=(x7)

signal comp8 3 dout std_logic;

signal comp8 4 dout std_logic;

signal comp8 2 dout std_logic;

signal comp8 1 dout std_logic;
begin

ul_fsm : structm port map

(
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u2_dp

bit0

bitl

blink reset
blink set
clk

comp8_ 1 dout
comp8 2 dout
comp8 3 dout
comp8 4 dout
ctr mux0 0
ctr mux0_1
ctr muxl 0
ctr muxl 1
ctr muxl 2
ctr muxl 3
ctr mux2 0
ctr mux2 1
ctr mux2 2
ctr mux3
guess_en

hi button
high_en

idle
largest_en
lo_button
low_en

rst

s

sum_en
temp_en
tempreg8 1 en
X_en

y_en

dp port map

clk

rst
data_in
data_in2
data_inl
ctr muxl 0
ctr muxl 2
x_en

ctr _mux2 2
y_en

bit0

bitl

blink reset
blink set
clk

comp8_ 1 dout
comp8 2 dout
comp8 3 dout
comp8 4 dout
ctr mux0 0
ctr mux0_1
ctr muxl 0
ctr muxl 1
ctr muxl 2
ctr muxl 3
ctr mux2 0
ctr mux2 1
ctr mux2 2
ctr_mux3
guess_en

hi button
high_en

idle
largest_en
lo_button
low_en

rst

s

sum_en
temp_en
tempreg8 1 en
X_en

y_en

clk

rst
data_in
data_in2
data_inl
ctr_muxl O
ctr muxl 2
x_en

ctr _mux2 2
y_en
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ctr muxl 3 => ctr_muxl 3 ,
ctr mux2 1 => ctr_mux2 1 ,
ctr mux2 0 => ctr_mux2 0 ,
blink set => blink set ,
ctr_mux3 => ctr_mux3 ,
guess_en => guess_en ,
blink reset => blink reset ,
ctr muxl 1 => ctr_muxl 1 ,
high_en => high_en ,
low_en => low_en ,
temp en => temp_ en ,
largest_en => largest_en '
sum_en => sum_en ,
ctr mux0 0 => ctr_mux0_0 ,
tempreg8 1 en => tempreg8 1 en ,
ctr mux0_1 => ctr_mux0_1 ,
blink => blink ,
data_ out => data_out ,

comp8 3 dout => comp8_ 3 dout ,
comp8 4 dout => comp8_ 4 dout ,
comp8 2 dout => comp8 2 dout ,
comp8 1 dout => comp8_ 1 dout
)
end arc_top;
configuration cfg_top of top is
for arc_top
end for;
end cfg_ top;

Figure 65. Top as a composition of Control Unit and Data Path
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