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GO g|e how many atoms in the universe Q

Q Al &) Images &) News { Shopping (] Videos ! More Settings  Tools

About 26,300,000 results (0.49 seconds)

1082 atoms

At this level, it is estimated that the there are between
1078 to 1082 atoms in the known, observable
universe. In layman's terms, that works out to
between ten quadrillion vigintillion and one-hundred
thousand quadrillion vigintillion atoms. Jui 30, 2009

How Many Atoms Are There in the Universe? - Universe Today
https://www.universetoday.com » atoms-in-the-universe
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D. Recitation Problems CS387
D.1. Recitation 1 Spring 2022

D.1 Recitation 1

Exercise 1.1. Use recursion trees to solve the following recurrences.
1. T'(n) =3T(n/3)+6nand T'(1) = 2.
2. T(n)=2T(n/3)+4nand T (1) =7.
3. T(n)=4T(n/3)+n and T(1) = 11.

Exercise 1.2. Let A[1..n] € R” be an array of » numbers. An inversion is a pair
of numbers out of increasing order; more precisely, a pair of indices i, j € [z]
such that i < j and A4[i] > A[/]. Design and analyze an algorithm (as fast as
possible) for counting the number of inversions in 4.

Exercise 1.3. Prove a Q(log n)-query lower bound for binary search in the
comparison-only model.

Exercise 1.6. Consider coordinates in the plane; i.e., pairs (a,b) where a,b € R.
Recall that two coordinate pairs (a,5) and (¢,d) are comparable if either (a)
a<cand b <d,or (b) c<aandd < c.

Given a set of n coordinate pairs (a1,61),...,(ay,b,), consider the problem
of computing the number of pairs of coordinate pairs that are comparable.
Design and analyze an algorithm (as fast as possible) for counting the number of
comparable pairs.

Exercise 2.2. Suppose one had access to a polynomial time algorithm that solves
the decision version of Boolean satisfiability (outputting true or false depending
on whether there exists a satisfying assignment.). Show how to use this algorithm
to obtain a polynomial time algorithm for the constructive version of Boolean
satisfiability, outputting a satisfying assignment if one exists.

Exercise 2.3. Show that any Boolean formula with z variables and total size m
can be converted to a Boolean formula with # variables and total size O(m) such
that every clause contains at most two sub-clauses or variables. That is, in the
tree representation of the formula, each A and V would have two children. For
example, the formula for XOR, f(x1,x2) = (X1 A X2) V (%1 A X3), is in this form.

Exercise 2.4. Show that any boolean formula with n variables and total size m
can be converted to a boolean formula in CNF with O(m + n) variables, O(m)
clauses, and total size O(m).!?

Tt might simplify things to first apply the preceding exercise.
2As a second (appropriately vague) hint, how do you express “a =6V ¢” and “a =b A ¢” in
CNF?
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