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Comparing Algorithms

*Linked Lists and Array List

¥ Which one is fastest?

% How can we compare?

*How do we know if an algorithm/data structure is efficient?

¥\What does it mean to be efficient?



Complexity
- time complexity
- how many operations are

needed

.+ Space complexity

- how much memory i1s needed



Let’s focus on speed

#*We need to count the operations
* Determine the cost per operation
* Count the number of times an operation is executed

%*Sum over all operations



Measuring runtime

int arrayMax(int A[], int len)

{ _ — ——executed once (2 ops)
int currentMax = A[O]; _
. : —=ex. n -1 times (2 * (n - 1) ops)
for (int i = 1; 1‘€vlen, i++) {
- ex imes (n ops)

ex. once (1 op)

/ex. n -1 times (2 * (n - 1) ops)
if (currentMax < A[i]) {

currentMax = A[1i];

ex. at most n - 1 times
(2 * (n - 1) ops)

yLoop total: between 4 * (n - 1) and 6 * (n - 1)

} ex. once (1 op)
return currentMax;

}
*How many operations this procedure needs?



Let’s simplity

#*Assume all operations need 1 unit of time

*Let’s count best, worst, and average worst case

% Best Case:
¥ Worst Case
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Let’s simplity

#*Assume all operations need 1 unit of time

*Let’s count best, worst, and average worst case

¥ Best Case:

¥ Worst Case

)

1 -

)

_n_

1 -

* Average? Depends on input

-4(n—1) -

_n_

-1 = 9n

-6(n — 1) -

-1 =Tn — 2



Problems

#*Computing the exact number is tedious (unfeasible for big code)

#Exact number of operations depends on many parameters
¥ Compiler (under the hood improvements)
% Computer that it is run (allocate variables in register? RAM?)
* Operating System

#*Sometimes it is hard to even compute

¥ How much time does a search take?
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Let’s compare runtimes

o(1) O(log n) o(n) o(n?) o(n¥) (k=1) O(a") (a>1)

30



[22060 T

[OO/O )l

& 00

oo 1

Zoo t

loo ¢




|2 00

| 0oo

L o0 o

oo

200

loo




|2 00

| 0oo

oo

200

loo




|2 00

g { 2 | 2

i + IV\ + 'To"a‘ n

| oo
& o0 L 6y\3 =
oo

(Qxagﬁefoc{'e, "‘efvv\s)
£-00
e,

| o 2o 20 4o So



| 200

5 { 2 { 3
n+2_n+loon

| 0o

€oc < bn = O<n3>

oo

(Qx aggera‘l’e -‘rer vv\s)

Zoo

loo
/

| o 2o 20 4o So



Po\gvmw\la.\st o + bV\ + CV\2 + O|“3____ +an

A g C J ves 2 . Coms+am'\'s



Po\g\f\ovv\;a.\s'. O + L)Vk + CV\Z + QI“?’____ +E._Y-\k _ O<-Y_\-|‘<>
a,g,C,J,..”Z . cownstants

A\so a.ssum'mg onwe o\a QO&C\’\ ‘\'Q('Wl (CowFa(‘e'('Di a,\n-l-a,_\n+a-~-l-anv1>



Po\tj\f\ov\’\;a.\s'. O + L)V\ + CV\Z + 4“3____ '\"E._V-\k _ O<ﬂ|<>
a,g,C,J,..”Z . cownstants

L\\so a.SsuM'lnS owe O'Q eac\r\ "\'Q('Wl (Cow‘wl(e,'{'bi a,n+a7_w+‘--+anvx>

Loso\r:‘H«ms : 5o0- Xoan. + 103 w4 _\é;[ _ O(ﬂo.r)

INQ,O\ Qf _H'\OW\. F°\3WOW\'\&I



Po\g\f\ov\’\;a.\s'. O + bV\ + CV\Z + le\s____ +3._V-lk _ O(nk)
a,g,C,J,..”Z . cownstants

L\\So a.SSUM'lns ovwe O'Q eac\r\ ‘\'Q(’\M (Cow‘wl(e,'{‘bi a,V)+Qy_V\+a-~+anVl>

L05o\r:‘|'l«m$ d 50 £03V\- + 103 14! + -\:L_o;[ = O(V\o">

"eaked than ?o\ﬂ""w‘"""l

EXPOV\QW"]OA . 0O - v\'—}o + i + 4‘0'?_\” = D(;:)

“S‘\Tomge(" than po lnnowio»[



Of'a‘e\“\ﬂﬂ Sowme Ccowwown ‘Qu\nc:\"lovxs

(/3'\-(\«.\4\ Qac\'\ fow, SOLAN;C[Q

" & - _
!
n
Q_xponen-\—ia.\f k (k) A 2" 3" ote
\ : l k 0.\ 1 2 2
POj\noM\a: V) 4 )\I\;’—)w)\n)\nln)e'('c

K
PowaS O'Q Qa S: Qong\ :(IOjv\B on vV, '@Oﬁz\n) ﬂOgg\ﬂ) €+c.
tloase cloesn'Jr mocHe.\‘l
C.onS'\’aw\'Lsi i’ 60/ 2‘00 = OO)



summary

If runtime is...

* Constant/Logarithmic runtime  Amazing
* Linear Great
% Quadratic Ok

* Anything bigger? We are in trouble



Let’s Practice!ll



void silly(int n) {
for (int 1 = 0; 1 < ny ++i)

for (int j = 0; 3 < 1; ++j) {
System.out.println(”j = " + 3j);

}

for (int k = 0; k< n * 3; ++k) {
System.out.println(“"k = “ + k);

}

}

Runtime:




void silly(int n, int x, int y) {
for (int i = 0; i < n; ++1i) {
1L (X< 5r)
for (int k = 0 k< n * n; ++k) {
System.out.println(“k = * + k);
}
else
System.out.println(”“i = ” + 1i);




void silly(int n) {
if (n <= 0) return;
System.out.println(“n = “ + n);
silly(n-1);

}

void silly(int n) {
if (n <= 0) return;
System.out.println(“n = “ + n);
silly(n/2);




f(N) =N log(N*) +N

f(N) =20000” + N log N + N

f(N) = 100N + N log N + N/2

f(N) =N - (log (N*) —log N) + N*

fIN) =N* - log, (N/2) + N*




