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Today's learning goals

Relate algorithms for integer operations to bitwise boolean operations
Correctly use XOR and bit shifts

List the truth tables and meanings for negation, conjunction, disjunction,
exclusive or, implication.

Relate boolean operations to applications in combinatorial circuits.
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Values flow left to right: possible values on a wire are 0 (low) or 1 (high)
Circuit elements: wires, gates
Gates may share input; outputs of gate can become inputs to other gates


https://www.newscientist.com/article/2228461-a-computer-made-from-dna-can-compute-the-square-root-of-900/?utm_campaign=RSS%7CNSNS&utm_source=NSNS&utm_medium=RSS&utm_content=news
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Definition tables

Input Output Input Output Input | Output
X y X AND y X y | XxXORYy K || O
1 1 1 1 1 0 . °
0 1
1 0 0 1 0 1
0 1 0 0 1 1
0 0 0 0 0 0
X X
AND )@ X b-
y y
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Example: logical circuit

Output when z = 1,y = 0,z = 0,w = 1 is
Output when x = 1,y = 1,2 = 1,w = 1 is
Output when x = 0,y = 0,z = 0,w = 1 is



Example: logical circult

W —

Which of the following is true about all possible input values
X,¥,Z,Ww? “The output out is set to 1 exactly when

X is 0, and is set to O otherwise”

(xyzw), is less than 8, and is set to 0 otherwise”

(wzyx), , is an even integer, and is set to 0 otherwise”
All of the above

None of the above

moow»




. . Input Output Input Output
Circults ey Loy« Looms
1 1 1 1 1 0
1 0 0 1 0 1
0 1 0 0 1 1
0 0 0 0 0 0

Draw a logic circuit with inputs x and y whose output is always O.
Can you use exactly 1 of the gates we’ve seen so far?
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FIXGd-WIdth 2 blnary addItIOn Rosen p. 251, 826

Fixed-width addition: adding one bit at time, using the usual column-by-column and carry arithmetic,
and dropping the carry from the leftmost column so the result is the same width as the summands. In
many cases, this gives representation of the correct value for the sum when we interpret the summands in
fixed-width binary or in 2s complement.

e Inputs xg, yo, 1, y1 represent (931330)2,2 and (9190)2,2

e Outputs (w170)2,2 + (Y1Y0)2,2
How many bits of output should we allow for?
A. 2
B. 4
C. 6
D. 8
E. | don’t know




Fixed-width w addition
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Rosen p. 251, 826

Translate one symbol sum, carry

tYw-1 " Y1 Yo to circuit
Input | Output Input | Output
Xo Yo So Xo Yo Co
1 1 1 1
1 o) 1 0
0 1 0 1
0 0 0 0




FIXGd-WIdth W addItIOn Rosen p. 251, 826

11 0 1 O O Tw—1 "+ X1 Tg Translate one symbol sum, carry
TYw-1 " Y1 Yo to circuit
+000(1|0/1
1 1 1 O O 1 Input Output Input Output
Xo Yo So Xo Yo Co
Xo @
]@ o So 1 1 1 1
Yo o—¢
1 0 1 0
AND cy 0 1 0 1
0 0 0 0




el BB HA i
Fixed-width 2 binary addition

e Inputs xg, Yo, x1, Y1 represent (r12q)2o and (Y19p)2,2

e Outputs 2, 21, 22 represent (222120)23 = (120)22 + (Y1Y0)2,2 (may require up to width 3)



Fixed-width 2 binary addition




Fixed-width 2 binary addition
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LOglC Rosen Section 1.1
Use gates and circuits to express arithmetic. ) Or) >——
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Precisely express true facts and invariant statements.

ldentify valid arguments (patterns of reasoning) that could
be used in proofs.



DeflnlthnS Rosen pp. 2-4

Proposition: declarative sentence that is T or F (not both)

Propositional variable: variables that represent
propositions.

Compound proposition: new propositions formed from
existing propositions using logical operators.

Truth table: table with 1 row for each of the possible
combinations of truth values of the input and an additional
column that shows the truth value of the result of the
operation corresponding to a particular row.



Circuits ~ Propositions
- 0 (off) ~ False

—|anp

-1 (on) ~ True Conjunction Exclusive or
Input Output Input Output
P4 | PAQ P a | pdq
T T T T T F
T F F T F T
F T F F T T
F F = F F F
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For next time

- Read website carefully
http://cseweb.ucsd.edu/classes/fa20/cse20-a/

- Next pre-class reading:
- Section 1.3 Definitions 1 and 2


http://cseweb.ucsd.edu/classes/fa20/cse20-a/

