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Design of the 0-1 Knapsack Processor using VHDL
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Abstract
The 0-1 knapsack processor performing
dynamic  programming IS designed and

implemented on a programmable logic device.
Three types of a processor, each with different
behavioral models, are presented, and the
operation of a processor of each type is verified
with an instance of the 0-1 knapsack problem
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library ieec

use ieee. \ld togic_1164.: |Il
use ieeestd_logic_urit

use teee std_logic unwzne(l all;

entity knapsack is

welight_i
\(epl
le

Pmﬁl in @
pZ, ste] s
*in std_lo
puoﬁ( out mlegel range 0 to 15

in |nleger range 0 10 35
pd, steps ©in std_logics

Iy
end knupsack:

architecture knapsuck_are of knapsack is
wocedure recurvence tem_profit 1 in integer mn ge 0 10 15;
m_temp] n mteger range ¢ to 1
m lempz in integer range 0 to 15
: out mteé,er mnge Oto 15 )is
ggdble templ, lemp2 integer range
templ ‘= m_templ;
temp?2 = tem_profit + m_temp2;
il templ =» lcmp) then m_| Lempi = lempl:
else m_temp? ‘= temp2:
end if;
end recurrencel

type matrix is array (0 to 15 ) of integer range 0 to 15
stgnul matrixl © matrix ;

signal matrix2 @ matrix ©

signal matrix3 @ matrix

signal malix4 © matrix ;

type weightvec is array (1 to 5 } of integer range 0 to 15;
signal weight | weightvec ;

type txmﬁvec is aray (1 10 5 1 of integer range 0 to 15
signal profit profitvec -5

signal & Integer range I w0 3

signal |: integer range 0 to 15

\lgnal done * std_logic;
g:mesx (ctk)
if clk="t’ and clk’event then
it stepl="1" then
wetght(1) <= weuzht in;
umlll(ll < profit_in,
elsit \uu)- 1

l()l /‘ weight_in;
mm()) <= protit_in;
elsif ~lep$ ‘1" then

Fop

Wel hi(3) <= weight_in
1(3) \’ proftt_in;
elsif ;lep4- 3
welghl 4) <‘ weight_in;
pro 1[(4 <x profit_in}
elsif SleDG‘
wi |vh((5) < weight_in;
N pu)m(S) <= profii_in;
. endifl

nd if;
end process;
Eg(éqesw telkrst)
it rs.[-’l then
<=0,
1 <= I

done <='1";
elsif c|k=,"l’ and clk’event then

1
it j=15 then
1.<=0:
ll i=5 Lhcn

<=1;
. d_one<— 0
else j <=1+l;
end if;
else j <= j*1;
.. end if;
., endif;
end if;
end pr(x_ess.
process (ij)

variable lempl‘uempi temp3, tempq © integer range 0 to 15
variable temphtempG, temp?, temp8 : integer range 0 to 15
variable lemp‘)lempl() templ 1 templz Jinteger range 0 to 15
variable templdtempm tempiS, templ6  integer range 0 to 15;

case i is

when | =>
it 3 < weight(1) then matrix1()<=0;
else matrixI(j} <= profit{1);
end if;
when 2 =
ll[] < weight(2) then matrix2(j) <= matrix1(j}
templ = matrix1(3)
temp2 = matyix] () - weight(2))
temp3 = (2
recurrence (temp3,templ,temp2,tempd);
matrix2(j) <= tempd;
end iy
when 3 =
nlJ < weight(3) then matrix3(j) <= matrix2(j)
temp ‘= matrix2(j)
tempg : mamxz (_| - weight(3));
temp7 := profit(3)
recuryence ((emp? tempb,tempb, temp8);
matrix3(j) <= temp&;
end if
when 4 =
u'[] < weight{4) then matrix4(j) <= matrix3(j);
tempd) ‘= matrix3(
templ0 = mdtnxj (j-weight(4));
templ!
recurence (templl tempd,templ0templ2);
matrix4(j) <= templ2:
end ifi
when 5 =>

if 15 < weight{5)_then
max_profit <= matrixd(15);

else
templ3 1= matrix4(15
templ4 ‘= matrix4 (15 - weight(8));
templ5 = profit(5);
recurrence (templo templ3,templd templ6);
max_profit <= templ6;

nd if;
when nlherx => null :
end case;
end process;
end knapsack_arc;
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process (i) !
\I:);mble tempdtempl0, templl, templ? @ integer range O o 1D

if nmx pmm ; magrix3(10 then

e
else :el' from(3) <='1
end i
when f—
if sel_item(3)='1" then
if mamx&(l()-welghl(/ﬂ) = matrix2(10-weight(4)} then
sel_item!
else sel_item{2) <

=matrix2(10)  then sel_item(2} <='0";

i x3(10)
else sel_item{2) <="1":
end if;

end ifi
when 7 =
if sel item(3)="0" and sel_item(2)="0’
T matnx2(10) =matr|x1( 0] then sel item(]) <=0}
else sel item(1) <="t

elsit’ sel |len\(3) ‘0" and sel_jtem{2)="1" the
if maLrlx)(lO-welg =matrix (10~ welght( 3)) then
sel _ftem(t) <="
else serltem(l) <='1%

elsif ;el nem(.i) and sel_jtem(2)="
fmatn‘xz(l() weight(tm matnxl(lO welght(4)) then
sel
else :el «ltem(l) <"l ;

elsif sel uem(.i)— 1’ and sel | nem())= 1’ then
it matrix2(10-wejght(4)-welght(3))
=matrix H{10-weight(4)- wemh:(%)) then sel_item(l) <='0";

else sel_itenm(1) <='1";
end if
end if;
when 8 => , X
if sel_item(3)="0" und sel_item(2)= 0’
and se[ nem(l)— " then
if matrix{(10) =0 lhen sel m—:m(O =0
else sel_item{®) <=1

ifs
elsif sel uem(d) ‘0’ and sel 1Lem(2)— 0

item(1)="1
if matrix1(10~ we<ght(’)) =0 zhen 5eT 1tem(0 <='0";
(:l:e sel itemn{0!

elsif >el |(em(3) 0" and sel nem()J" 1
sel_item(1)="0" then
if mdmxl(IO-wetht(i)) =0 then sel_item(0) <='0';
e‘l;e w\ itemt®)

elsif se[ (tem(il 0" and sel | |lem(2)= 1
sel_item(1)="1" then
if mamxl(lO \(Beight( -welghlu)) =0 then

se
else sel :Lem(O) <=1

elsif \el nem(%L 1" and sel nem(Z) 0
and sel_item(1)="0" then
i matrix!(§0-weight(4)) =0 Lhen seT item(01 <='0"%
else sel_item(®) <="1";

end if:
elsif se[ 1Lem(3)—'1 and sel uem(Zl ‘0"
sel_item(1)="]" then
if matnxl(lo WEl&h((‘“ welght(z)) =0 then

else \el |tem(0) <="1"%

end {
elsif >e| |lem(3)- 1" and sel nem(Zl N
d sel_item(11="0" then
if mdlnxl(lD wet&ht(d) welghl(i)) =0 then
sel_ttem(
else sel item(0) <=1

elsif :el |1em(3)— 1" and sel uem(ZJ— ¥
sel_item{1)="1" thet
if matnxl(l(g)wmghtw) wengh!(!) weight(2)) =0 Lhen
tem(0) <

_item(0) <
end if,
when others => nully
end case;
end process;
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progess (i)
variuble max_temp ® integer range 0 to 15

begin -
case 1 18
when 5 => L
if max_profit = matrix3(15) then
sel_ttem(3) <="0"
max_ternp=max_profit;

sel_item(3) <="1";
max_temp = mdx_prollt - profit(4);

else

end ifs
when 6 =2>
if max_temp = 0 then
sel_item(2) <='0";

\el uem( )
sel_item{(0)
elsif max, [emp
sel_item(z
sel_jtem(]
sel_itemn 0

elsif max_temp =
sel | me

=i
~g

S AAAS

..-vg ez

S
AAS AAA

elsif max uzmp ) + profit(2) then
sel_item(2.
sel_item(1} l
sel_item(0} <='0’;
elsif max_temp = &)ro it(3) + profit(1) then
sel_item(2) <='1;
sel item(l) <='0";
sel_item(0) <=
elsif max !emp = s)roft(z) + profit{1) then
sel_if méz
sel item({1) < I
sel_item(0} <
n\p-proﬁt(&)*ymﬁ(l)+pruf[(I) then
_item(2) <=1

OO O
3

St

end i
when mer< > nudl;
end case;

end pracesst
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