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Instruction Function Encoding op funct
add $1, $2, s$3 addition: $1 <- 52 + 53 R 000000 | 100000
sub §1, $2, 53 subtraction: $1 <- §2 — $3 000000 | 100010
and $1, $2, $3 bitwise and: $1 <- $2 and §3 R 000000 | 100100
or $1, $2, $3 bitwise or: 51 <- 52 or 53 R 000000 | 100101
slt 51, %2, 53 set less than: $1 <- 1 1f $2 < §3 R 000000 | 101010
51 <=- 0 otherwlse
addi 51, $2, imm |add immediate: $1 <- $2 + 1imm 001000 n'a
beq $1, $2, imm |branchifequal: pr <- pc + imm x 42 000100 n/a
j destination jun‘lp: PO <— dEEtiIlEltiﬂna J ooool1o ."JFE.
1b 51, imm(52) load byte: $1 <- mem[$2 + imm] I 100000 n/a
sb 51, imm(52) store byte: mem[$2 + imm] <- §$1 I 101000 n/a
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Format  Example Encoding

6 ] ] 5 5 6

R add %rd, $ra, $rb 0 ra rb rd 0 funct
6 5 5 16

|  beq $ra, $rb, imm op ra rb imm
6 26

J jdest op dest
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int fib(void)
{
int n = 8; /* compute nth Fibonacci number */
int £f1 = 1, £f2 = -1; /* last two Fibonaccli numbers =*/
while (n != 0) { /* count down to n = 0 */
fl1 = £f1 + £2;
f2 = £f1 - £2;
n=n-1:
}
return f1:
h B a c ho “ a a X




$# fib.asm

# Register usage: $3: n $4: f1 $5: f2
# return value written to address 255

fib: addi $3, $0, 8 # initialize n=8
addi $4, s$0, 1 # initialize f1 =1
addi s$5, $0, -1 # initialize f2 = -1
loop: beq $3, $0, end # Done with loop if n = 0
add $4, $4, $5 # f1 = £f1 + £2
sub $§5, $4, $5 ¥ £f2 = £1 - f2
addi $3, §3, -1 # n=n-1
j loop # repeat until done
end: sb $4, 255($0) # store result in address 255
h - a 'Ht o t 0




Hexadecimal
Instruction Binary Encoding Encoding
addi $3, s$0, 8 001000 00000 0OO11 0000000000001000 20030008
addi $4, $0, 1 001000 00000 00100 0000000000000001 20040001
addi $5, $0, -1 001000 00000 00101 1111111111111111 2005ffff
beq $3, $0, end 000100 00011 00000 0000000000000100 10600004
add S$4, $4, $5 000000 00100 00101 00100 0O0O0OOO 100000 00852020
sub §5, $4, $5 000000 00100 00101 00101 00000 100010 00852822
addi $3, $3, -1 001000 00011 00011 1111111111111111 2063ffff
j loop 000010 0000000000000000000000000011 08000003

sb S4, 255(%50) 101000 00000 00100 0000000011111111 a00400ff
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Instruction fetch

ALUSrEA=0
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IRWrited

ALUSKE =01

ALUOp =00
PCWrite
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ALUOp Funct ALUControl Meaning
00 X 010 ADD
01 X 110 SUB
10 100000 010 ADD
10 100010 110 SUB
10 100100 000 AND
10 100101 001 OR
10 101010 111 SLT
11 X X undefined
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controller datapath
controller_pla aludec alu regramarray
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flop_8 mux4 8 zerodetect and2 8 or2 8 adder 8
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flop invbuf mux4 and2 or2 fulladder

aZ2o1 nand2 inv nor2
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wire [6:0] carry;

(: r1] thd ‘3 fulladder faO(a[0], b[0], c, s[0], carry[0]):
~ fulladder fal(aJl], b[1l], carry[0], s[l], carry[l]):
- * fdﬁladder ta2(aj2], b[2], carxry[l], s[2], carry[2]):
e YT
- fulladdeg tav(al[7], b[7], carry[6], s[7], cout):

endmodule

Verllog module fulladder(input logic a, b, c,

output logic s, cout);

abec
sum sl{(a, b, c, s);

carry cl{(a, b, ¢, cout):

= endmodule
cout c —» carry

s module carry(input logic a, b, c,
fulladder output logic cout);
cout s
assign cout = (a&b) | (a&c) | (bac);
endmodule
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module carry(input logic a, b, c,

output logic cout);

logiec x, vy, Z;

and gl(x, a, b);

and g2(y, a, c);

and g3(z, b, c);

or gd(cout, X, ¥, 2);
endmodule
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name(drain, source, gate);
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module carxy(input logic a, b, c,

output tri cout);
tri i1, i2, i3, i4, cn:
supply0 gnd;

supplyl vdd;

tranifl nl(il, gnd, a);
M trani¥l n2{il, gnd, b):
h {r§1f1 <nB(S-::nt, E)l'h c)_;
R ramifl-s4(i2, gnd, b);«
' *traniflﬂnSt(crL, Q2,h a); h

~

o ttranifO phpid, vddy a);t T
tr&nif¥o0 p2(i3, ?dch. B);

h £ra§if0_p_3?cnt, 93, c) .

“ "tranif0”p4{i4, oddy b);h ~*

tranif0 p5(cn, i4, a);

tranifl n6(cout, gnd, cn);

tranif0 p6(cout, wvdd, cn);
endmodule

gl
a N OX
b /
9 g4
a— N\ Y é TN
C_—"é:l J_Jhcout
g
b — Y Z
c—___/
(a)
4[p6
— cout
_E]E;
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.SUBCKT CARRY A B C COUT VDD GND
MN1 I1 A GND GND NMOS W=2U L=0.6U AD=1.8P AS=3P
MN2 I1 B GND GND NMOS W=2U L=0.6U AD=1.8P AS=3P
MN3 CN C Il GND NMOS W=2U L=0.6U AD=3P AS=3P

MN4 I2 B GND GND NMOS W=2U L=0.6U AD=0.9P AS=3P
MN5 CN A I2 GND NMOS W=2U L=0.6U AD=3P AS=0.9P
MP1 I3 A VDD VDD PMOS W=4U L=0.6U AD=3.6P AS=6P
MP2 I3 B VDD VDD PMOS W=4U L=0.6U AD=3.6P AS=6P
MP3 CN C I3 VDD PMOS W=4U L=0.6U AD=6P AS=6P

MP4 I4 B VDD VDD PMOS W=4U L=0.6U AD=1.8P AS=6P
MP5 CN A I4 VDD PMOS W=4U L=0.6U AD=6P AS=1.8P

MN6 COUT CN GND GND NMOS W=4U L=0.6U AD=6P AS=6P
MP6 COUT CN VDD VDD PMOS W=8U L=0.6U AD=12P AS=12P
CI1 Il GND 6FF

CI3 I3 GND 9FF

CA A GND 12FF

CB B GND 12FF

CC C GND 6FF

CCN CN GND 12FF
CCOUT COUT GND 6FF
. ENDS
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