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Administratrivial

» Homework 3 is posted. Due: Today (11:59 pm) |
» Reading: Chapter 2.!

» Reading: Appendix C !
¢ Available on: ... cps104/Handouts/Appendix-C.pdf!
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Question-1!

Consider the following C++ code fragments for a 32-bit machine:!

class List node {"
public:!

List node *next;!
int Key;!
int  Value;!
int range;!

|

List node * p=new List node !

of p is: 0x0042a2C8 . Whatis the address of p->range ?'!

Is the instance of List node pointedtoby pis?!

I. Word aligned? !

ii. Double word aligned? |
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Programming Fragment!

int j, sum;
int Array a[1l00];
int Index[100];

sum=0;

for (j=0; j<100; j++){
if((0>Index[]j]))continue;
sum += Array al[]J];

}
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1i $t1, O

1i $t2, 0

la $t3, Index
la $t4, Array a
1i $t5, 100
loop:

1w $t6,0($St3)
blt $t6,$0,skip
1w S$t7,0(S$t4)
add $tl1,$tl,S$t7
skip:

addi $t2,$t2,1
addi $t3,$t3,4
addi $t4,5t4,4
blt $t2,$t5,1lo0p

3H H H*= H* 3H H H H HF

3H H H*= H*

sum=0

j=0
$t3=&Index[0]
Std=&a[0]
end of loop

St6= Index[j]
if $t6<0 cont.
$t7 = aljl
sum += a[]j]

j++
St3++

Std++
while j<100
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Q-5!

Translate the pseudo-instruction #!
la $s0, 0x7256ab20!

Into equivalent native MIPS instruction(s).!
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What We$ve Done, Where We$re Going!

Top Down

Application

Operating
System

e = e R e T SR SR
2 i i 2 .r S S LR 3
SRR 3'. 5.,& " ,-\. 's'. -\.R 3'. SRR AR " f % 's'. e e e

Memory

I/O system

Digital Design

Circuit Design

Bottom UP to CPU
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> Software

Interface Between

B B

Instruction Set
Architecture,
Memory, I1/O

j Hardware
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Overview of Today$s Lecture

» Introduction to Boolean Algebra.!

» Boolean Functions, Gates and Circuits!

= Reading Assignment: Appendix C.
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Boolean Functions and Gates!

» Boolean functions have arguments that take two values ({T,F}
or {0,1}) and they return a single or a set of ({T,F} or {0,1}) value

(s).!

» Boolean functions can always be represented by a table called:
Olruth Table O!

» Example: F:{0,1}3->{0,1}2!

abc f i
000 Oft!
001 1/
010 1[0
011 0!
100 1!
101 oft!
110 Oft!
111 1/
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Boolean Functions and Gates

* Examples: Boolean functions: NOT, AND, OR, XOR, ...

cps-104 Lecture-13.

9!

(Cont.)!

a NOT(a)! a b AND(a,b)! a b OR(a,b)!
0 |1 00 ¢ 00 O
1 |0! 01 O 01 1!
10 O 10 1
11 ]! 11 1!
a b XOR(a,b)! a b XNOR(a,b)! a b NOR(a,b)!
00 ¢ 00 1! 00 1!
01 1! 01 O 01 O
10 1 10 O 10 O
11 O 11 1 11 O
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Boolean Functions and Gates "
(Cont.)!

» Gates are electronics devices that
Implements simple Boolean functions:!

» Examples:!

a!-—>,ﬂ[2(a,b)! aL:DEa(a,b)! al NOT(a)!
be—— b!. ° °

al XOR(a,b)! al | NAND(a,b)!

L e e

aLWR(a,b)! ang(ﬂOR(a,b)!

b!‘ ° b! °
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Boolean Expressions!

»Boolean algebra notation: Use:"
*for AND, + for OR, ~ for NOT.!

»Using the above notation one could write boolean
expressions for functions:"

Example :!

F(A, B, C) = (A * B) + ( ~A*C)!
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Boolean Functions and Expressions!

# One can evaluate the Boolean expression with all possible

argument values to construct a truth table."”

Example:!

F(A, B, C) = (A * B) + ( ~A*C)!

cps-104 Lecture-13.12!

A B IC !
0 10 10 10!
0 10 11 11!
0 11 10 10!
0 11 11 11!
1 10 10 10!
1 10 11 10!
1 11 10 11!
1 11 11 11!
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Boolean functions simplibcation!

» Boolean expressions could be simpliPed by using the
following rules:!

¢ A*A = Al
¢ A*x0=0!
¢ A*1 = Al
¢ A*~A = 0"

¢ A+tA = Al
¢ A+0 = Al
¢ A+1 =1
¢ A+~-A=1"

¢ A*B = B*A ; A+B = B+A!
¢ A*(B+C) = (B+C)*A = A*B + A*C!
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Boolean Functions simplibcation!

» Example:! f, = ~a*~b*c + ~a*b*c + a*~b*c + a*b*c!

f, = ~a*~b*~c + ~a*~b*c + a*b*~c + a*b*c!

abc f N
000 Ofu!
001 1fu
010 Op!
011 1p0!
100 0!
101 1!
110 Of!
111 1)
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Boolean Functions Simplibcation!

f, =~a*~b*c + ~a*b*c + a*~b*c + a*b*c!
~a*(~b*c +b*c) +a*(~b*c+b*c)!
~a*c*(~b+b) ~a*c*(~b+b)!

~a*c + a*c!

c*(~a+a)!

= ¢l

f, = ~a*~b*~c + ~a*~b*c + a*b*~c + a*b*c!
= ~a*(~b*~c + ~b*c) + a*(b*~c + b*c)!
= ~a*~b(c+~c) * a*b*(~c+c)!

= ~a*~b + a*b!
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Boolean Functions and Expressions!

The Fundamental Theorem of Boolean Algebra:

Every Boolean function can be written in
disjunctive normal form as an OR of ANDs (Sum-of
products) of it’s arguments or their complements.

CProof: O Write the truth table, construct sum-of-

product from the table.!

Example:!

XNOR(a,b)!

1!
D!
()]
1!

R P O O|D
— OBk O|T
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XNOR =(~a* ~b) + (a * b)!
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Boolean Functions and Boolean Expressions!

» Example-2:! f, = ~a*~b*c + ~a*h*~c + a*~b*~c + a*b*c!
f, = ~a*~b*~c + ~a*~b*c + a*b*~c + a*b*c!
abc f f,!
000 Oft!
001 1f1!
010 1!
011 olo!
100 1p!
110 01!
111 1Q!
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Boolean Functions, Gates and Circuits!

» Circuits are made from a network of gates. (  function-

compositions ).!

= Example: !

XPR(a,b)!
(

(B>
N
—_
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F=or(and(not(a),b),and(not(b),a))!
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Gates and circuits!

» There are simple rules for constructing a circuit out of gates.!
¢ Primary inputs: The set of inputs into the circuit. !
¢ Primary inputs can only connect to (different) gate inputs.!
¢ Each primary input can connect to one or more gate inputs.!

¢ Each gate input is connected to  only one primary input , or a
gate output .!

¢ Each gate output can connect to many different gates-inputs.!
¢ One cannot connect two gate-outputs together.!
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Example: 2-1 MUX!

P

:D7F = a*s + b*~s!

>_
}

C

i
S
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Example 4x1 MUX!
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3!

2!

0]
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Circuit Example: Selector!

¢
+
¢
¢
—
¢ Lo
I1 lo
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TR

Q3

Q2

Q1

Qo

Qo Q1 Q; Qg

1

0

0

0!

0!

0!

0
0
0

1
0
0

0
1
0

1!
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Full Adder! Q\]\]\Q\KT\(&\O\I'

Cin 01101

Sum +00101100!
PD 10011001
Sum C
(0L
[O!

10!
1!

4

o T

T
v

|

out 1

I 0!

1!
1!
1!

Cout

=== =]}
R~ |o|o|k|r|lo|o|o
ROk ook |o|l0
HOOHOHHOE.
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Example: 4-bit adder!

S3l S2! S1! SO!

. 4 4 4 !
f:i Full Adder % Full Adder 4— Full Adder =« Full Adder
b3! a3! b2! a?! bl! all bO! a0!
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Example: Adder/Subtractor!

iS! 32! ;1! ?O!

C,,# Full Adder ra— Full Adder «a— Full Adder «— Full Adder
Add/Sub! A ~ - i
»

. . . . . . ® .
b3! a3l pb2! a2l bl! all  DbO! a0!
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Overl3ow!

Examplel:! Example2:!

WA A

110101 , (=53 19)! 1010101 , (=43 !
+0101010 , (=42 1,)! +1001010 ., (=54 ;)
1011111 , (=-33 p)! 0011111 , (= 31,,)

R 11\

+1101010 , (=22 ,4)! +0101010 . (=42 ,,)!
0011111 , (=31 4)! 0111111 ., (=63 ,)!
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Add/Subtract With Overf3ow detection!

Overf3ow!

/1.
J T
p

Sy Sy Sol
-« Full Adder la{ Full Adder— ® ® ® .4 Full Adder la— Full Adder
Add/Sub! %
o I T ¢« ¢+ & e
by any bpa ap g by, ay by, Ao
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ALU Slice!

.

Add/sub  |—

—@o

[ 5]

Add/sub
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Q!

"R ol

WNEFE OOIm

a + b!
a- b!
NOT b!
a OR Db!
a AND b!
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The ALU!

ALU control

Overflow =Zero
Qf-1 Qi-z Q1 %0
ALU Slice [T|ALU Slice | ®* ® @ ALU Slice [ |ALU Slice
bn-1 an-1 bnh-2 an-2 b1 a1 bo 0
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A7 A6 A5 A4 A3 A2 A1 AO
Y LA A A A |
1 0 _l1 h 0 _l1 0 _l1 0 _l1 0 _T1 0 _l1 0 SO
T~ I . N T Y S 1y S ey ML .y MR-
L 1. L Ta L Ta L Ta L Ta L o S1
L2 i i i B
=
l4 0 I 0 [ To 1 a T S1
I N B N AN ,‘]7——V'V]"7—\,/—V'%|"7—V"T,"l—-1
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Shift-Right (0-7)!
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