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0001 00000000000000000

add 0010 rl 001 00000000000000000
sub 0011 r2 010 00000000000000000
mul 0100 r3 011 00000000000000000
div 0101 ra4 100 00000000000000000
jmp 0110 r5 101 00000000000000000
mem 0111 ré 110 00000000000000000
end 0000 r7 111 00000000000000000
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static string culdistring operandl, string|| valuesl, string|| walues2, int intwvalues, string s,

int mas = 0;

int 1

0; 1 < codes.GetLength(0); i++

(codez[1, 0] == "mov”

Svstem. Text. RegularExpressions. Regex. IsMatch{codes (4, 2/, @' [-]7*[0-9]+5")

z = codes[1, 2]:
int num = Array. IndexOf (operandl, codes i, 1/):
int 20 = Convert. ToInt32(s);
z = ComvertBitz(=z0). ToString () ;
values2 [mm] = =;
rus = nas + 1
culvalue (values2, intwalues) :
(int ix = 0; ix < waluesl.Length; ix++)

{
1¥ == num
Console. Writeline (" = [{21]7, walue=llix], intvalues[iz], walue=z2[ixz]):
L
=]

i int mum = LArray. IndexOf (operandl, codesz 1, 2);
int mm0 = Array. IndexOf (operandl, codez i, 1)
valuezZ [numd] = wvalues2 [num] ;
miz = mus + 1;
culvalue (values2, intwaluesz);

=) {int ix = 0; ix < waluesl.Length; ix++)

{

ix == num

Console. Writeline(” {0}= [

1%, walue=l[ix],

ztring |, | codes, stri

intwalues [ix], wvalues2[ix]);




(codes (1, O “add”}

Svztem. Text. RegularExprezsions. Regex. IsMatch (codes (i, 21, @ [-]7[0-9]+%")

int num = Lrray. IndexOf (operandl, code=z 1, 1 7;
s = code=[1, 2];

int =0 = Convert. TaInt3Z2(=);

string stru = valuesZ2 [num] ;

culvalue ivalues2, intwvalues) ;

iztru. Length <= 3Z) fint iz = 0; iz < waluesl.Length; iz++)
1 {
int #n = stru.Length; zn < 32; sntt iz == mm
(strul0] == "1° Console. Writeline | = [12}17, waluesllixz], intwvalueszlixzl, walues2[ix|);
{
stru = 17 + =tru;
1 A Conzole. Writeline (* {0} : [{1}] : {217, waluesl[izx], walues2[iz], intvalue
[ H
stru = 0" + =tru;
1
h int muml = Array. IndexOf (operandl. codez /i, 1 );

int =1 = Convert. ToInt32(stru, 2); int mmZ = Arrav. IndexOf (operandl, codez /i, 2 );
=zl = =1 + =0; string strl = walues2 [muml] ;
s = ConwvertBitziz1). ToString () ; string str2 = walussZ[mm2]

int =1 = Comvert. ToInt32(strl, 2}
int 22 = Convert. ToInt32 (str2, 2);
=zl = =1 + =22,
z = ConvertBits(s1). ToString () ;
values2 [muml] = =;
nus = nus + 1;
culvalue ivalues2, intwvalues) ;
fint iz = 0; iz < waluesl.Length; iz++)

valuezs [mm] = =;
miz = mus + 1;

culvalue (values2, intwalues) ;

{



.IsMatch{codes (i, 2, @ [-]7[0-5]+5")

ilarExpressions. Res

int mam = Array. IndexOf (operandl, codez 1, 17;
g = code=[i. 2]
int =0 = Convert. ToaInt32(=);
string stru = walues2 [num] ;
(ztru. Length <= 32)
{

int #n = ztru Length; zn < 32; sntt+

et 27 int rmuml = Array. IndexOf (operandl, codesz 1.
, string strl = walues2[mml] ;
stru string str?2 = wvaluesZ[mm2] ;
int 21 = Convert, ToInt32 (strl, 2J;
int 52 = Convert. ToInt32 (str2, 2);
zl = =1 - =Z;
g = ComvertBitz(zl). ToString () ;
values2 [mml] = =;
iz = nuz + |
1 culvalue (valuez2, intwaluez)
int =1 = Comnvert. ToInt32(stru, 2); [ (nt ix = 0: ix < valuesl.Length: ix+t)
zl = =21 - =0; i == il
g = ConvertBitsi=z1). ToString() ;
valuez2 [num] = =;
nusg = nuz + 1;
culvalue (values2, intwalues) ;

11

int mum?2 = Array. IndexOf (operandl, codes i, 2 J;

Console. Writeline (" {0}= [{2117, waluesllix].

intvaluez [ix|. wvaluezZ2[ix|];




fcodez[1, 0] == “mul™)

Swotem. Text. ResularExprezsions. Regex. IsMatch (codes (i, 21, @ [-]7[0-9]+%")

int mum = Arrav. IndexOf (operandl., codes /i, 103
2 = code=[1, Z2]:

int =0 = Comvert. ToTmt32(s) - int muml = Array. IndexOf (operandl, codes i, 1/},

steie s = welmess fwrd - int mm? = Arrav. IndexOf (operandl, codes (1, 20 ;
e string strl = walues2[mml];

I string str2 = walues2 [mm2] ;

int =1 = Comwvert. ToInt3Z2{sztrl, 2J;

int =zn = stru.length; szn < 32; sntt ;
int 22 = Comvert. ToInt32i(str2, 2.

(ztrul0] == "17] =l = sl SEE .
I g = ConvertBits(z1). ToString () ;
i = 01+ ahrn ztring Ssr = =;
1 lzzr.Length <= 32}
{
I int zn = ==zr.Llength; an < 32, antt+
stru = 07 + stru;
1 (zer[0] == "17}
{
1 ggr = 17 + ==r;
int =l = Conwvert. ToInt32(stru, 2J; h
zl = z1 * a0;
g = ConvertBit=(=zl). ToString () ; i .
ztring ssr = 3; ser = U0+ ssrg
izsr.Length <= 32) h
i
int a#n = zar.Length; azn < 32; antt h
M = =& ;
values2 [muml] = =;

iz = mz + 1;
culvalue (values2, intwvalues) ;
fint ix = 0; iz < waluesl.Length; ix++)

mul



fcode=[i, 0] == “div™}
Syztem. Text.RegularExpressions. Rezex. IsMatch (code= (1, 21, @ [-17[0-9]+§")

int num = Array. Index0f (operandl, codes 1, 1) ;
g = code=[1, 2];
int =0 = Conwvert. ToInt32is);
string stru = walues2 [num] ;
iztru. Length <= 32)

{
int an = ztru.Length; sn < 32; ant+
iztrul0] == "17)
1
stru = 17 + stru;
h
1
stru = "0 + stru;
h
h
int =1 = Conwvert, ToInt3Z2istru, 2);
iz0 == 0]
{
Console. Writeline ("0 can not do divisor”
h

int de = =1 % =0;

it numl = Array. IndexOf (operandl, codes/i, 103
it num? = Arrayv. IndexOf (operandl, codes/i, 200
string strl = walues2[muml] ;
string str2 = wvalues2 [mum2] ;
int =zl = Conwvert. ToInt32i{strl, 2);
int 28 = Conwvert. ToInt32i(str2, 2);

{22 == 0}

{

Console. Writeline (*0 can not do divisor”

1
int dc = =1 % s2;
re = ConvertBits (de). ToString () ;
=1 = =1 f =2;
z = ConvertBitsiz1). ToString () ;
valuesZ [muml] = =;
nus = nus + 1;
culvalue (valuez2, intvalues) ;
fint ix = 0; ix < waluesl.Length; ixt+t)

{

ix == numl

Console. Writeline (” [{21] re=

Ff Conszole. Writeline (" [0} . [11}] : 121",



int line rnum = Convert. ToInt32 (codes[1, 1]

1= line_mum — 1;

Jmp
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Pipeline core

ztring strat

ztring s=tr_space

ztring estr =

zhring snum =

int isk =0;
int 1 = 1; 1 ¢ swcl.Getlengthi{0i+l + 3; i++
sum = =soam + 1+ |7

izk = 1;

Conzole. Writelztrast +
string instrk = “°
int ik = 0; ik < svcl.Getlengthili+1; ik++

+ snum.

J\.llJ\.l

fimt jk = 0; jk <= ik - 1; jk++)

N ETRT]

inztrk = avelljk, 0] +
eztr = ztr_szpace + estr;

+ =velljk, 1] + + avelljk, 2
I

Conzole. Write (instrk +
Conzole. Writeline () ;
stret = “|IF |ID |EX |MEM|WE |*:
str_space = “

geztr = °°

ETRT]

+ estr + =strat);

Conzole. Writeline
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N C\Users\admin\source\reposilsaPipeline\lsaPipeling\bin\Debug\lsaPipeline.exe

Details for the ISA Ganofang B019545

Select the opeode <movw , “add, “sub’, "Tmul’, Tdiv or Tend to end coder:
Then szelect the first operand <r0, rl, r2, r3, rd, 5, 16, ri>:

and select the second operand <rl, , 7 or a decimal walue »:

For example, mov r0 23 or " jmp 5 07 or type "end 0 0 end instruction.

Fesolving instruction .

FC Decoded: Encoded instructions(24-bit): ilock cycles




B C\Users\admin\source\repos\lsaPipeling\lsaPipeline\bin\Debug\lsaPipeline.exe

Fesolving instruction . . .

FC Decoded: Frncoded instructions(24-bit): Clock cycles
PC 0] mov rl 3 0001 001 0000000000000011 1
PC[1] mov T2 rl 0001 010 000000000000000 1
PC[2] mov a2 0ool 011 oooooo00000aaa10 1
PC[=] mov rd -5 ooo1 100 111111113113111011 1
P [4] mil rd rl 0100 100 0000000000000000 2
PC[E] mil r3 rd 0100 011 0000000000000 2
PC[E] add r4 1 0010 100 0000000000000001 3
PC[7] add rl 1 0010 001 0o00QQ00000000001 3
PC[E] add rl rZ Qo10 0ol ooooo00000aaa00c0 3
PC 5] rl 3 0011 001 0000000000000011 4
PC10] r2 1 0011 010 000QQ00000000001 4
PC11] r3 0100 011 0000000000000
PC[12] ra 0100 010 111111131131111110
PC[13] ri 0011l 011 o000000000aa001n
PC[14] Qoor 010 ooooo00000aa0101
1 0101 010 Q0a0000000000011
0101 001 0000000000000000

3 [0000000000000011]
(0000000000000011]

rd = -5 [1111111111111011]
rmird=-15 [11111111111111111111111111110001]
rm:r3=-30 [11111111111111111111111111100010]




[N C\Users\admin\source\repos\lsaPipeline\lsaPipeline\bin\Debug\lsaPipeline.exe

PC[14] mov rZ 5 0001 010 0000000000000101
PC[lS] div r2 3 0101 010 0000000000000011
PC18] div rl r3 0101 001 0000000000000000

2 [0000000000000011]

[0000000000000011]

2 [0000000000000010]

-5 [1111111111111011]

rmird=-15 [11111111111111111111111111110001]
rmira=-30 [11111111111111111111111111100010]
rd=-14 [1111111111110010]

rl=4 [0000000000000100]

r1=7 [0000000000000111]

r1=4 [0000000000000100]

r2=2 [0000000000000010]

rmira=-60 [11111111111111111111111111000100]
rmire=-4 [11111111111111111111111111111100]
r3=-62 [1111111111000010]

r? = & [0000000000000101]

r2=1 [0000000000000001] re=2 [0000000000000010]
r1=0 [0000000000000000] re=4 [0000000000000100]

[ T % I ||

CFI = 2,59
MIP: = 1042, 47104247104

bnd each stage completes within one clock cycle and BAW hazard(any) will be
solved w1th FORVARDING (from the of p reglster Df ELU to the 1 / p of next
instruction’ s ALD stage) wlthout causing any s

[1 |2 |2 |4 |5 |6 |7 |8 |9 |10 |11 |12 [12 |14 |15 |16 |17 |18 |19 |20 |




N C\Users\admin\source\reposhlsaPipeline\lsaPipeling'bin\Debug)lsaPipeline.exe

tnd each stage completes within one clock cycle and REAY hazard({any) will be
=solved w1th FORWARDING (from the of p reglster Df RLU to the 1 / p of next
instruction’ s ALU stage) without causing any s
[1 ]2 |2 |4 |5 |& |7 |2 |9 |10 |11 |12 [12 |14 |15 |16 |17 |12 |19 |20 |

mov 1 3 |IF |ID |EX |MEM|WE
mov T2 Tl IF |ID |EX |MEM|WE |
mov T3 2 |IF |ID |EX |MEM|¥E ‘
mov rd -5 IF |ID |EX |MEM|WE |
mal rd rl |IF |ID |EX |MEM|WE |
mil r3 rd |IF |ID |EX |MEM|WE |
add rd 1 |IF |ID |EX |MEM|WE |
add rl 1 |IF |ID |EX |MEM|WB ‘
add rl T2 IF |ID |EX |MEM|¥E |

rl 3 |IF |ID |EX |MEN|WE |

2 1 |IF |ID |EX |MEM|WE ‘

T3 IF |ID |EX |MEM|WE |

|IF |ID |EX |MEM|WB |
T3 |IF |ID |EX |MEM|WE |
|IF |ID |EX |MEM|WE |
|IF |ID |EX |MEM|WE ‘
IF |ID |EX |MEM|WE |

Fipelined execution took 20 clock cycles for the program executlon.
]l in instructions 0 and 1 caused BAW hazard and is solwed by forwardins.

rd in instructions 4 and & caused EAW hazard and is solved by forwarding.
r in instructlions 10 and 11 caused FAW hazard and is solved by forwardines.




[l E:\lsaPipeline.exe = O X

etalls for the ISA GaoYang 6019545
elect the opeode < mov’ , “add, "sub’, ‘mul’, 'div’ or 'end to end coder:
hen select the first operand <r0, rl, rZ, r3d, rd, rh rh, ri>:
nd select the second operand <r0,..... ,T7 or a decimal walue >:

or example, mov r( 23° or " jmp 5 0 or type end 0 00 end instruction.




[N E:lsaPipeline.exe

Select the opcode < mov', "add, "sub’, ‘mal’, div’ or ‘end’ to end coded:
Then select the first operand <r0, rl, rZ, r3, rd, rb, rh, r7>:

and select the second operand <r0, ,r7 or a declmal value »:

For example, mov r0 23 or "jmp 5 0 or type end 0 07 end instruction.

Fesolving instruction . . .

R Decoded: Encoded instructions(24-bit):
FC (0] jmp 2 0 0110 0010 0000000000000000
PCL1] mov T 9 0001 000 000000000000 1001
add r0 8 0010 000 Q00000000000 1000
mem rl S0 0111 001 0000000001011010
add rl 2 0010 001 0000000000000010

1 = 50 [0000000001011010]
+1=02 [0000000001011100]

CFL = 2.8

tnd sach stage completes within one clock cyele and AV hazard(any) will be
solved with FORWARDING (from the o/ p register of ALU to the 1 / p of next
instruction’ s ALU stage) without causing any stall.

T 2 q3 14 s 16 7
jop 2 0 |IF |ID |EX |MEM |V¥B

mem rl 090 |IF |ID |EX |MEM [vB
add rl 2 |IF |ID |EX |MEMN |WE

Pipelined execution took 7 clock cycles for the program executlon.




[N E:\lsaPipeline.exe

Select the opcode < mov’ , "add, “sub’, ‘mul’, 'div’ or ‘end to end coded:
Then select the first operand <r0, rl, r2, r3, r4, 5 6, r7>:
]and select thg second DPerang <ri, : ,TT or a decinm} value »:
BFor example, mov r0 23° or jmp 5 0 or type end 0 0 end instruction.

Decoded: Encoded instructions(24-bit): Clock cycles
mov r 90 ool 000 0000000001011010
mem rl ri 0111 001 00Oa000aa0GGa000
add rl rl 0010 001 0000000000000000

90 [0000000001011010]
7_[0000000000000111]
rl 14 [0000000000001110]

instruction’ s ALU stage) without causing any stall.

0 in instructions 1 and 2 caused EAW hazard and is solved by forwarding.
Irl in instructions 2 and 3 caused EAW hazard and is solved by forwarding.
plpellne stall =P
& 7 |z

‘IF ‘ID ‘EX ‘MEM [VE
|[IF |ID |EX [MEM |WB
[IF |ID |STALL |EX |MEM |VE

' Pipelined execution took 8 clock cycles for the program execution.







