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NP Problems

e Can be solved by just trying all possible
answers until we find one that is right

e Easy to quickly check if an answer is right
— Checking an answer is in P
e The smileys problem is in NP
We can easily try n! different answers

We can quickly check if a guess is
correct (check all n tiles)
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Complexity Classes

Class P: problems that can be solved in
polynomial time (O (nk) for some constant
k): Easy problems like simulating the
universe are all in P.

Class NP: problems that can be solved in
polynomial time by a nondeterministic
machine: includes all problems in P and some

problems possibly outside P like the Smileys
puzzle
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Problem Classes: Possible View

Simulating
Universe:O(nd)

Find Best:! (n)

How many problems

are in the O(n) class?
infinite

How many problems

are in P but not

in the O(n) class?

infinite
How many problems
Sorting; are in NP but not
in P?
! (nlogn) Smileys: Either 0 or infinite!
o(n!) and" (n)
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P = NP?

e Is P different from NP: is there a problem
in NP that is not also in P
— If there is one, there are infinitely many

e Is the “hardest” problem in NP also in P
—If it is, then every problem in NP is also in P

* No one knows the answer!

e The most famous unsolved problem in
computer science
— Listed first on Millennium Prize Problems
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Problem Classes if P # NP:

Simulating
Universe:O(nd)

Find Best! (n)

How many problems
are in the O(n) class?
infinite
How many problems
are in P but not
in the O(n) class?
infinite
How many problems
Sorting: are in NP but not

! (nlogn) Smileylg:P? infinite!

o(n!) and" (n)
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Problem Classes if P = NP:
Simulating
Universe:O(nd)
Find Best! (n)
How many problems
are in the O(n) class?
infinite
How many problems
are in P but not
in the O(n) class?
infinite
How many problems
Sorting: are in NP but not
I (nlogn) LG
Smileys:
I (nk)
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What Might Have Been

1) Debne a procedurecounteq that takes two inputs, a list
Ist and a value val , and produces as output a count of
the number of elements in Ist that are equal to (use eq?
as your comparison function) the value val . For example:

— (counteq (list12345)3)
— (counteq (list777)7)
— (counteq (list12345)7)

should evaluate to 1
should evaluate to 3
should evaluate to 0
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How to do this?
1.Write parameters first

(define counteq
(lambda (Ist val)
2.Base case

(if (null? Ist)
3.How many are equal if the list is empty?
0
4.Build our solution out of a simpler problem

e count the cdr
(+ (counteq (cdr Ist) val)

5.What should we add?

(if (eq? (car Ist) val) 1 0)

1 1
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How to do this?

(define counteq
(lambda (Ist val)
(if (null? Ist)
0
(+ (counteq (cdr Ist) val)
(if (eq? (car Ist) val) 1 0)))))

= 1
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Z)Debne a procedurecount that takes two
inputs, a list Ist and a procedure p, and
produces as output a count of the number
of elements in Ist for which p applied to
that element is not #f . For example,

(count !(list !'1!2!3!415)!0dd?) should
evaluate to 3.

Remember the solution to 17?

(define counteq
(lambda (lst val)
(if (null? Ist)
0
(+ (counteq (cdr Ist) val)
(if (eg? (car Ist) val) 1 0)))))
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Remember the solution to 17?

(define count
(lambda (Ist proc)
(if (null? Ist)
0
(+ (counteq (cdr Ist) val)
(if (proc (car Ist) val) 1 0)))))

5)Using the count procedure you debned in
guestion 2, debne a procedurecount3s that
takes a list as its input and evaluates to the
number of 3 elements in the list. For example,
(count3s ! (list !1!2131415)) should
evaluate to 1. Your count3s procedure should
be very short and may not use if .

- .
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A common construction

» "Bake” the target value into a lambda

(define countNs
(lambda (Ist N)
(count Ist
|(Iambda (val) (eq? val N)j))

4)Exp|ain which of the following are true:

[ fis O (g)
o2l fis Q (9)
3l fis © (g)

In some cases, note that several of these may be true. A
good answer will identify which of these are true, and will
argue convincingly why those are true but the others are
not.

4)A): n; g: n2

4)B)f: the time it takes to apply the counteq
procedure (you debned in question 1) to a list of
length n; g: the time it takes to apply the best

possible sorting procedure to a list of length n

1 1
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5)For any two functions f and g is it always the
case that at least one of the two possibilities, f is
O (g) or g is O (f) is true? Prove or disprove using
a precise argument.

Thankfully, this is false.

Counterexample: f = sin, g = cos

- .
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b)Describe the complexity of the select-mosaic-tiles

(define (select-mosaic-tiles samples tiles color-comparator)
(map2d (lambda (sample)
" (tile-name (find-best-match sample tiles color-comparator)))
samples))

(define (map2d f Il)
(map (lambda (inner-list) (map f inner-list)) 11))

(define (find-best-match sample tiles color-comparator)
(if (null? tiles)

(error "No tiles to match!")

(if (= (length tiles) 1)
(car tiles)
(pick-better-match
sample (car tiles)
(find-best-match sample (cdr tiles) color-comparator)
color-comparator))))

(define (pick-better-match sample tile1l tile2 color-comparator)
(if (color-comparator sample (tile-color tile1) (tile-color tile2))
tilel tile2))

procedure from PS1
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7)Debne a procedure that takes a tree and a
procedure and evaluates to the number of tree
nodes for which the procedure does not evaluate
to #f (don’t just turn the tree into a list)

(define count-tree
(lambda (tree proc)
(if (null? tree) 0
(+
(count-tree (get-left tree) proc)
(count-tree (get-right tree) proc)
(if (proc (get-element tree)) 1 0)))))

8) What is the complexity of count-tree?

I (n), where n is the number of nodes in the tree.
This is clear because we consider each element once
(Note we assume that “proc”is ! (1))
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