Lab 2 Gate-Level Modeling
R ERFEL

Fl# 75 109033135

st E .
N2 U

e Rk FAr 109062315
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module NAND_Implement (a, b, sel, out):

input a, b:
input [2:0] sel;
output out;

wire nsel 0, nsel 1, nsel 2
wire [7:0] gate, s, 1, 0

wire wl, w2:

NOT notO(sel[0], nsel_0):
NOT notl(sel[1]. ns
NOT not2(sel[2], nsel_2):

threebi tAND andO(nsel 2, nsel 1, nsel 0, s[0]):
threebitAND andl(nsel 2, nsel 1, sel[0], s[1]):
threebi tAND and2(nsel 2, sel[l], nsel 0, s[2]):
threebitAND and3(nsel 2, sel[l], sel[0], s[3]):
threebi tAND and4(sel[2], nsel 1, nsel 0, s[4]):
threebi tAND and5(sel[2], nsel 1, sel[0], s[5]):
threebi tAND andé(sel[2], sel[1], nsel 0, s[6]):
threebi tAND and7(sel[2], sel[1], sel[0], s[7]);

nand m) (gate[0], a, b):
AND ml (a, b, gate[l]);
OR  m2 (a, b, gate[2]);
OR m3 (a, b, wl);

NOT md (wl, gate[3]):
XOR m5 (a, b, gate[4]):
XOR m6 (a, b, w2):

NOT m7 (w2, ge
NOT m8 (a, ga
NOT m9 (a, gate
AND ml0Q [7:0] (gate, s, r);

nand mll [7:0] (o, r, r):
nand ml2¢out. o[0], ofl], o[2], o[3], o[4], o[5], o[6], o[7]):

endmodul e
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module Majority(a, b, c, out);

input a, b, c;

output out;

wire wl, w2, w3, wd;

NAND_Implement nl{a, b, 3'b001, wl);
NAND_Implement n2(a, ¢, 3'b001, w2);
NAND Implement n3(b, c, 3'b001, w3);
NAND_Implement nd(wl, w2, 3'b010, wd);
NAND_Implement n5(w3, wd, 3'b010, out);

endmodule
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j module Full Adder (a, b, cin, cout, sum);

. input a, b, cin;

,output cout, sum;

E wire wl:

\ wire cin_n, cout_n;

E NAND Implement nl(cin, 1'b0, 3'bl10, cin_n);

E NAND_Tmplement n2(cout, 1'b0, 3'bl1(, cout_n);
. Majority ml{a, b, cin, cout);

E Majority m2{a, b, cin_n, wl);

\ Majority m3(cout_n, wl, cin, sum);

Y endnodule
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module Ripple Carry Adder(a, b, cin, cout, sum);
input [7:0] a, b;

input cin;/¢

output cout;/c

output [7:0] sum;

wire Cl, C2, (3, C4, (5, (6, (7,7«

Full_Adder H(\[[l R , cin, Cl, sum[0]):

1. b0] ]
Full Adder t2(a[l], b[1]. C1, C2, sum[1])
Full_Adder f3(a[2], b[2], C2, C3, sum[2])
Full_Adder f4(a[3], b[3], C3, C4, sum[3])
Full Adder f5(a[4]. b[4], C4, C5, sum[4]);
Full_Adder t6(a[5]., b[5], C5, C6, sum[5])
Full_Adder t7(a[6], b[6], C6, C7, sum[6])
Full Adder t8(al[7], b[7], C7, cout, sum[7]);

endmodule
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module Lab2_Team30_Ripple_Carry_Adder_t;
reg [7:0] a, b/ inpur sien:

reg cini//ca

wire cout:/ c:

wire [7:0] sum;

Ripple Carry Adder ml(a, b, cin, cout, sum);

initial be;

O 1 = 8"h
O b =8N :
O cin = 1"b0s/set all input sien:

O lrepeat(2 ## 17)begin
o #1 {a, b, cin) = {a. b, cin} + 1'bl
end

#1 $finish;
< 3

* repeat ® BlE Fa~b-~cin ¥y & > JRRE sum 2 cout AL
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module ADD (a, b, <0, out, cout);

input [3:0] a, b

input c0;

output [3:0] out;

output cout;

wire cl, c¢2, ¢3, c4d;

full_adder fl¢a[0], b[0O], ¢0, out[0], ¢l);
full_adder f2(a[l1], b[1], cl, out[1], c2);
tull_adder f3(a[2]., b[2]. c2, out[2]. c3);
full_adder f4(a[3], b[3], c3, out[3], cout)

endmodule

ADD # * w i 1-bit full

e SUB

adder > # out[3:0]4 cout °

al3:0] b[3:0]

NOT |
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ADD al
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a,b a4 B bit ¥ B AND 7 F) out

o BITWISE OR

a3:0] ——— ol
OR
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in[l] —— BUF |—— out[0]

mn[2] —— BUF +—— out[l]
mn[3] -e— BUF —— out[2]
BUF +——— out[3]

input 58— & buffer » 3 LSB# 2 » H 4 chbits A 4845 -
tiﬁﬁﬂiﬁJoutput ’in[S]Edk*Efﬁﬁﬂiﬁlout[Z], out[ 3] ik
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a[3:0] b[3:0]

SUB

wl
o[3] o[2] ol[1] ol0]
ol
OR
w2
)
OR
w3
OR
wi
nl
al NOT
AND
w5
gt
AND

O module CONPARE(a, b, gt, cq);

. input [3:0] a, b;

E output gt. eq;

i wire [3:0] o:

v owire wl, w2, w3, wd, w5;

E SUB sl(a, b, o, wl); #instantiate a SUB module

' OR ol(o[3], ol2], w2):
©OR 02(0[17, w2, w3);
\OR 03(0[0], w3. wd):

E NOT nl(wd, w3);

E AND al(wl, w4, gt);
| AND ad(wl, w3, eq):

Y endmodule

comparator & * & HAp e KR K 0 F a = b FEARR

- 2410000 =722 € 2wl =1 % 0[3:0] = 0000 F¥eq 1 ¢



ﬁ%lﬂ:l;%a>bﬁﬁw1=1’£'o%

Ex
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o (COMPARE EQ

| 1 1
b3 b2 bl
BUF BUF BUF
out[3] out[2] out[1]

4= COMPARE s output eq # 3] out[0]

¢ BUF bl(1'bl, out[l
' BUF b2(1'bl, out[2]):
¢ BUF b3(1'b1. out[3]):

. COMPARE cl(a, b,

: module COMPARE EQ(a, b, out);
 input [3:0] a, b;
v output [3:0] out;

-
o wire gt

n:

ot, out[0]);

Y endmodule

o (COMPARE GT

] 0 |
b3 b2 bl
BUF BUF BUF
out[3] out[2] out[1]

v
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4= COMPARE #output gt # 3] out[0]

e Decode and execute

sel[2:0]

rs[3:0] AIISD wl
1t[3:0]
5
SUB Wl
m3
BITWISE w3
pe AND
m4
BITWISE Wi
OR
RS CIR. )
LEFT w5
SHIFT
mb
RT ARL wo
RIGHT
SHIFT
['f.er(-;reF w7
10 w8
COMPARE
aT

module Decode_And_Execute(rs, rt, sel, rd);

input [3:0] rs, rt; it signal

input [2:0] sel;
output [3:0] rd;
wire [3:0] wl. w2, w3, w

wire coutl, cout2;/ e

w5, wh, w7, w8;

) and SUB, which T don't nee

ADD ml (rs, rt, 1'b0, wl, coutl);”cin=/h)

SUB m2 (rs., rt, w2, cout2);
BITWISE_AND m3 (rs, rt, w3);
BITWISE OR md (rs, rt, wd);

RS_CIR_LEFT_SHIFT m5 (rs, w5);
RT_ART_RIGHT SHIFT 6 (rt, w6);

COMPARE_EQ m7 (rs, rt, w7);
COMPARE GT m8 (rs, rt, wl);

four_bit_8x1_mux mO(wl, w2,

endmodule

w3, wd, w5, w6, w7, w8, sel, rd);

m9

four bit 8x1
Mmux

rd[3:0]

# rs[3:0] > rt[3:0]3 5Ly » #-2 %4 function Fi4 7 = &

2,
& 9

£ osel[2:0]4- MUX :E 45 & i & SRUEL © coutl v coutZ A AL



ADD erUBﬁéf]ﬂ'.éﬁcarry out > Fls st % rd ¥ 3 4 bits Fp

cout 43| wire m # ﬁ%l 41 3] output

#A5 W

> Wrs[3:0]
> W[3:0]

> W sel[2:0]

> ®rd[3:0]

module Lab2 Team30 Decode_And Execute_t;
reg [3:0] rs, rt;
reg [2:0] sel /s

wire [3:0] rd;
Decode_And_Execute ml (rs, rt, sel, rd);
initial begin

O s = 4'b

O rt =4'b

O el =3'b

O repeat(2 ** 11)begin

#1 {sel, rt, rs} = {sel, rt, rs} + 1'bl;

O=#1 $finish;

* repeat it Bl ¥ sel ~rt~rs 73 2 E > 11pE function o
2 rd 2 F A2 &

AT BIF 4 and xor or gate ] 5" &_* basic question * nand
i’

gate F 1¥

3. 8-bit carry-lookahead (CLA) adder

Half adder

p (propagating carry)

g (generating carry)




module half adder lbit(a, b, p, g);
input a, b;
output p, g:

XOR x0(a, h, p);
AND al(a, b, g);
endmodule

Half adder 2 i output p f= g°p # % propagating carry
# 5t % input carry(cin)#_1 pF- € &= ?u{“”ﬁ v adbHEH
- BE1Pp] gA 1. gt& generating carry & * F F L

3 input carry(cin)f;ﬁ g )’I}u{“ T afrb A 1P gd e

] o
p=a®b
g=aXxhb
2-bit Carry-Look-Ahead
Generator
p[1] p[0] a[] g[o] cin0




module CLA Gen2_hits(p, g, cin0, cd, c8);
input [1:0] p. g:

input cin(:

output ¢4, c8:

wire [2:0] tmp;

AND aO(p[0], ¢inO, tmp[0]);
OR orOCtmp[0], 2[0], c4):

AND al(p[1], g[0], tmp[1]);

AND 3bits a2(cin0, p[0], p[1], tmp[2]);
OR_3bits orl{tmp[1], tmp[2], g[1], c8);
endmodule

2bit Carry-Look-Ahead Generator 3 2 # outputset ®* pl[0]
Foom A P& E 8bit atb ¢ al0]~a[3]4- b[0]~b[3] =
propagating carry - pll] # 7+ ald4]~a[T] 4= b[4]~b[7] &
propagating carryeg[0]% 7+ a[0]~a[3]4=b[0]~b[3 ] generating
carry > g[1]% 7+ a[4]~a[T]4= b[4]~b[ 7] generating carry -

AP AT REET U prgfrcind(w - Bkl F e
)AL e F G - B

C(itl) = G(i)+P(i)C(I)

FooenE NV B2 & g 2 403E generating carry = 1(F B
T 28 41=10) ¢ % - B i~#cj =7 ¥ propagating
carry = 1(#%&_11401 = 100 > % = B bit propagating carry = 1
Mmoo - B ER) e B w ENE E’%’j%?“ DR B gk K-S
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4-bit Carry-Look-Ahead

Generator cind —
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4-bit Carry-Look-Ahead Generator output #2 2-bit Carry-
Look-Ahead Generator #gizie 2 # & 3= v 0 output &+ 2-bit
Carry-Look-Ahead Generator 3% C44-C8 o F|pt & k& & (4 ¥
235 pl0,3]40g[0,3] » A k& E C8 #+3+5 pl4, T]Hr g4, 7] -
A 4 propagating carry @

p[0,3]% 7 % Obit % 3bit &7 ¥ 1

>y

g[0,3]1% 7% 0Obit ¥/ % 3bit #.F ¥ 2 & # generating carry- F

2 pl4, T]4-gl4,7] -
Afpw gl w g ® 0 C(I+D) = GUDP(DC) k3-8 & B

bit ehcarry o Flit A k& B b
C4 =g[3]+g[2]p[3]+g[1]p[2]p[3]+g[0]p[1]p[2]p[31+cOp[0]p[1]p[2]p[3]
F15 g[0,3] =12 g3 17 cO%w BbityhgpFiEi oo

7 0L C4 B ts - FH T @3] g[0,3] - A F15 pl0,3] = 1
Prc0 & =14 g Ft§ pl0]-p[3] = 1 @ p[0,3]4 ¢ =1
# y2pl0,3] = pl0]p[1]p[2]p[3] - k327 4= p[4, T] 4= g[4, 7]

23 2-bit Carry-Look-Ahead Generator # — k& = .

AND a3(p[2], g[l], tmp[3]):

AND_3bits ad(p[2], p[1], 2[0]. tmp[4]):

AND 4dbits aS(cinO, p[0], p[l]. p[2]. tmp[5]):
OR_4bits or2(tmp[3], tmp[4], tmp[5], 2[2], outc[2]):

AND a6(p[3], 2[2]. tmp[6]):
AND_3bits a7(p[3], p[2], g[l], tmp[7]): A [ A
AT g[0,3]

AND 4bits a8(p[3], p[2], p[1], 2[0], tmp[&]):
OR 4hits or3(tmp[6], tmp[7], tmp[8], g[i].

AND_abits al0(p(0], o1, p(2], p[3), @I |y 0[0,3]
ol > )

endmodule




8-bit Carry Look Ahead Adder

s[0] 8[1] 5[2] s[3]
al0] bfo] ail o[1] alZ]  bf2] a3l b3
F
) half half half half
cnel 7 adder adder adder adder
L L ¥ v ¥ A Y ¥
glo] pl0] cinf1] g[11 p[1] cin[2] g[2] p[2] cinf3]g[3] p(3] »| OUIp[0]
4-bit Carry-Look-Ahead Generator
» OUIQ[O]
2-bit Carry-
Look-Ahead
Generator
. > outp[1]
4-bit Carry-Look-Ahead Generator
I _ _ . R | outg[1
an[4] a4l pl4l cinf5] g[5]  pl3] cin[6] g[6] p[6] cin[7]g[7] P[7] > o]
A A A A A A A A
half half half half
- —> =
* adder adder adder adder
cd
FF 7 7 FF
a[4] b[4] Y a[5] b[3] Y a6] bB] |y arl b7 Y
5[4] 8[3] s[6] s[7]
mmtul Carry_Look_Ahead_Adder_8bit(a, b, c0, s, c8):
iinput [7:0] a, b
Empu[ c0;
Enulpul [7:0] s
7 ‘output c8;
81 wire [7:0] p, @ ;
wire tmp;
10 E Ewirc [7:0] cin;
11, wire [1:0] outp, outg:
12 NOT n0(c0, tmp);
131 T\O’T nl(tmp, ¢in[0]):
1 ('J.A _Gend_bits genO(p[3:0], g[3:0], cin[0], outp[0]., outg[0], cin[3:1]);
15 4 .('].A _Gend_bits genl(p[7:4], ¢[7:4]. cin[4], outp[l], outg[l], cin[7:5]);
1¢ E ('LA _Gen2_bits gen2(outp, outg, cin[0], cin[4], c&);
| Il alf_adder_lhit ha[7:0](a, b, p, g);
18 1} calculate sum es[7:0](cin, p, s);
1 Ecndmmlul




8-bit Carry-Look-Ahead adder ¢ 8 i# half adder ~ 2 i 4-bit
Carry-Look-Ahead Generator ~ 1 ® 2-bit Carry-Look-Ahead
Generator % = 4r XOR gate o= o e 2- 5 sum 3384 & B F_F] 5
A% ¥ g H 47 half adder i& % module h# it » 2 2Xe ¥ 1ide
3% sum e384 frhalf adder & i&ﬁé%‘a&%"?{ﬁﬁﬁ— oo

A sum 3% A 2 full adder eB4E- 4% - full adder
sum #_sum = a®b®cin- Fli pli]%& T % 1 B bit shpropagating
carry ~» f]&’fx'—\p[i] =ali] @ b[i]-iFr &L 5T c[i}fé:LXORiﬁizi
oo Flpt s s[i] = pli] @ cin[i] e

H s %Kln\i&ft?”éﬁ & — ¥ > 4 B half adder # 4-bit Carry-Look-
Ahead Generator ° 2 ® 4-bit Carry-Look-Ahead Generator # 2-
bit Carry-Look-Ahead Generator # = = 8-bit Carry-Look-Ahead
adder 7 o
(A%

Ripple carry adder #2? Carry-Look-Ahead adder # — & &4_
ripple carry adder p2s% " * B 3+ 5 deid - ko fRAAL D = -
TR R - #ko> #2885 gate delay - Carry-Look-Ahead
adder B &%= £3- 5 75 i=#ch generating carry propagating

carry cin ehff o o ity EcE T (@ H 4 € 5 gate delay ©



> MS[7:0]

8c8
> M tmp[8:0]
4 error

4 done

initial begin

8" b0O00000O
b &' bOONO0O0O
0 1'b0
tmp = 9" HOO000000;
repeat(2)begin
repeat (2 8)begin
repeat ( 8)begin
L] r b0
if (tmp! )
1'b1
#
+ 8"b0000000OT
end
b b+ 8'b0O000000T
end
0 0 + 1
end
#1 1'b0
# bl

*end

endmodule

’

* repeat % #F a~b~cl o3 ¥ iv 02 tmp 5 B2z adder A

% 7 4 (37 exhuasted testing #f i)



4. 4-bit multiplier

4-bit full adder (reuse CLA adder)

sum[d] sum[1] sum[2] sum[3]
al0]  bl[o] a1l p[1] af2] bf2] a[3] o3l
| | | | | [ I~ | | <
half half half half
adder ] adder ] adder ] adder
cin[0] -
¥ ¥ Y Y ‘L 1L v
g[01 p[0] cinf1] a1l p[1] cin[2Z] gl2] pl2] cin[3] gl3] pl3]
4-bit look ahead generator —>  cout

4-bit full adder #ip;-* 2 = e 8-bit Carry-Look-Ahead
Adder ¢ B~V & 94 bitse Fli ¥ F 4 bits #T i 4-bit
look ahead generator §¥2 % ek 3+ 3 B 3F % oo AP E 4R E
cin[4] %% cout - — #HE* C(i+l) = G(I)+P(I)C(1)iz B & ;% - 2

~ e

70 :
71 1 AND a6(p[3], g[2]. tmp[6]);
72+ AND 3bits a7(p[3], p[2], g[1], tmp[7]); -
I 5T H. cout
73 1 AND_4bits a8(p[31, p[2], p[l], 2[0], tmp[8]); ET%”‘I.#
74 E AND Sbits a9(p[3], p[2], pl[l], p[O], cin0, tmp[9]);
75+ OR_Sbits or3(tmp[6], tmp[7], tmp[8]. tmp[9], g[3].(cout)’



4-bit multiplier

a[3] a2 a1l a[0]
b[0] ‘
af3] a[2] a[] a[0] KJ KJ KJ KJ
b[1] ‘
0
Hj Hj K‘—) ¥ v
4-bit full adder
coutd sumO[3] sumd[2] sumd[1]sumO[d]
a[3] a[2] a[1] a[0]
b[2]

Trrll]]

4-bit full adder
cout! sum1[3] sum1[2] sum1[1] sum1[0]

a3l a2] a] a[o]

D3]

4.-bit full adder

Voo N

pl7] pl6] pl3] pl4] ] pl2] pl1] plo]




4-bit multiplier ¢ 3 i# 4-bit adder §= AND gate i = o 3%

¥ ord TR Aesg

P7 Pe Ps P4 Ps3 P2 P1 Po

Ajprw skt AND gate %5 a[0]b[0] ~a[l]b[0]---a[3]b[3] - B

PEEY AR d 2R %d 32 R 3B 4-bit adder > & T K

~

j],};?,u;sﬁ:"lgﬁﬁ o

Untitled 2

- », +|'

Q W @ a I < 1
TA0.0000s | 750.000 s

670.000ns  680.000 ns

> Wa[3.0]
> Wp[7:0]
W tmp[7:0]

4 done

* repeat % # a~b e¥r F i XU tmp

SEErramultiplier £.F 3 4 (32

if (tmp!=p)
error = 1'bl;
else
error = 1'b0;
#4 . o 2
R exhuasted testing #gi2)
l;l; b + 4'b 1;
(@] ‘:_"lrhcnm = 1'b0;
O #4 done = 1'bl;

#5done = 1'b0;




0. Exhausted testbench

35 I O E repeat(2)begin
5 O ! repeat(2 ** 4)begin
7 ' @] E repeat(2 ** 4)begin
8 ;TD St b TfEE adder module 275 IFHE
E O E error = 1'bl;
E E else
o error = 1'b0;
v O #
st O a=a+ 4'b0001:
: E end
71 O, b = b + 4'b0001;
: ! end
v O cin = cin + 1'bl;
j : end
51 1 # error = 1'00;
) #4 done = 1'b1;
' :-#5 I;lonc = 1'b0;
} end

s

Exhuasted testbench * 3 i repeat % £ # #t3 ¥ i &7 input * -
B Riecin %= K R4cb =2 Bk Rirac N p e K- B reg
tmp k § (FRIGRIEE o A ki@ e B¢ L3 E atbicin ¥ F i

tmp ° % 1ns ¢ 2% tmp £_F % *>{cout, sum} ’ 4r% ¥_error % 3

1 o ABEEE - B atbtcindrk 457 F| 5 error ¥ i S24F bns
m ¥ ferror BliREE F 3 & 4Ans AT k(S £ & Ins T &

error % % 0 °Done e~ Pl H 2t £ 4ns £ 3K 5 1 58 Ons £ & 3

0o



> W' tmp[4:0]
> W a[3:0]
> M b[3:0]
i cin
> ' sum[3:0]

8 cout

i error

i done

> Witmp[4:0]

i a[3:0]

) b[3:0]

# cin
> Risum[3:.0]

8 cout




6. FPGA demonstration

0 _>;\.\'m]
] _>_;\.\'[|]
| —>_A.\'['2]

° AN‘dp

AN[3]

l —> dp
AN[3:0] % = &% Beenable 255 > dp % | #ic® enable 3
5. output f= input 2 @ 12 buffer 4 » %15 7 & 37 o+ if
- BB B FPLAN[O] = 0H s = 1> % 7 & ] #icgh 7t

dp =1-



[

e

,..

n

-

-

TTTTTITY

-

wl0], w[2], w[3], w[5], w[6]. w[7],
w[8], w[9], w[10], w[12], w[14],
w([15]

w[15:0]

0

T

1d[0] rd_n[0]
W[l rd n[1]
rd n[?2]
rd[2] I >0—
rd n[3]
W3] —e Do—
®
. ®
[
. ®
¢ ®
L ®
®
®
®
®
*®
®
® 3
[
® 3
® [
o
®
'
'
®

w([0], w[1], w[2], w[3], w[4], w[7],
w[8], w[9], w[10], w[13]

seg(1]

wl0], w[l], w[3
wl7], w[8], w[9], w[10], w[l1].
wll3]

seg[2]

1, wl4], w[5]. w[6],

w([0], w[2], w[3], w[5], w[6], w[8],
wl9], wll1], w[12]. w[13], w[14]

w([0], w[2], w[6], w[8], w[10], w[11],
w(12], w[13], w[l14], w[15]

scg[4]

wl0]. wl4], w[5], wl6], wl&], w[9].
w[10], w[11], w[12], w[14], w[15]

seg(5]

w(2], w[3], w[4], w[5], w[6], w[R].
w9, wl10], w[11], w[13], w[14],

i w[15]
’ seg6]

% 4X16 decoder k4= rd[3:0]e %% * 16 bits X% 7 > w[0]

2l wl15]3e i A % & rd[3:0] erdicid 2 0000 2] 1111 > 47 % £



Bew[0]~wl15]1 9~ Ll Bend - o B frd 20 Bdcd pF
FAe > 4= w[0]~w[15]~ fe % seg[0]~seg[6] - seg[0]~seg[6]
> BN A S B R B P dhsegment A~Go Fl i EEor BAWELE (

PF R A2 > F]P w o seg 2o B 2 NOR gate i@ & -

. Basic question: half adder £ full adder *

=z

Half adder: 7 = flﬂi%]%i%l_éi’ﬁ f]}ﬁ;%]ﬂ;j% 0

fij ~ effca S bl b o B sum & cout 0 A H R - e
iz FPt R ap i ¥ ] bit itz

Full adder: 7 = Lﬂiﬂ NI f[a;@?lﬂg‘;% 0

ﬁis?]% Svfica s AAv#ich B - e i ocin ﬂi%lt'i sum ¥ cout »
¥ 13 5B full adder i - 42 > cout @ &3] B &

cin» & {7 % #crhde 2 o

iﬂﬁ”i"v‘]%‘uiﬂfull adder % 7 - B cin FlM ¥ B REIE

#— 1 bit ehie =R 4E o



R EFA i lab & B CLA adder 82783 =t enigs » R F]5 tw =
rRFE S adder - Flp T FAAREC iR 0 TG 2R
F o m ® er e CLA generator output B¥ 4R b g &35 7
B QIR IRZE EA B - o= lab 2 § ¥| hierarchical
modules 1€ & 14 > #-modules B i& module #2 it #-code # & 17 {
7 FIE o @ P ig=t lab *F] K A * nand gate > 4% #4173 code B
B - 1 module AZ4-¢ AR f i (R I - F AR o LT X
lab sc { F g+ o

Fl+ izt e lab o B I A Aehadder 2. ¢ 0 % = fEen
decode and execute & &2 % % function ° ls%’ﬁféﬂi%] ek %
BisE BT fpga FIM T TR IPFRR I izt labE D 7
e A 0 comparator H R F 0 I A et B 4o - 0 gate
Fe i 202 BEI Y fpga? - BT R 0§ ¢ & testbench
v i H ane JE],T&;S‘E FIEArF input & > » B & MBIER R
BAHRLIRE 47 code 1 4 FORILOAENAE o A e H %R R

Ak > BT e lab Bk o @A i 4 RIZL SN -



9. 1
% T Aradvanced question 3 ~4 ~54% > report 3~4~54%
%1% . basic question logic diagram - advanced question

1~2~fpga%f > report 1~ 2 -~ fpga 4%



