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John von Neumann

= Manhattan verkefnid

= EDVAC: Stored program

= von Neumann architecture
= Mergesort arid 1945

= Monte Carlo hermun

= Minimax i leikjafraedi

= Slembitdlugjafar

= Reiknifraedi

= Cellular automata

= Tolvulikon fyrir vedurspa

= en adallega pekktur fyrir vinnu {
edlisfredi og staerdfraedi




Hugmyndin:
= split: Skiptum fylkinu upp i tvo hluta
= sort: Endurkveemt r6dum sitthvorum hlutanum

= merge: Sameinum hlutana upp & nytt

imput M E R G E S O R T E X A M P L E
sortlefthaf E E G M O R R S

sort right half A E E L M P T X
mergeresults A E E E E G L M M 0 P R R S T X

Mergesort overview




Merging demo

http://algs4.cs.princeton.edu/lectures/22DemoMerge.mov


http://algs4.cs.princeton.edu/lectures/22DemoMerge.mov
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Merging

Hvernig sameinum vid tvo ré0ud svaedi i eitt radad svaedi?

= Notum samrédun (merge) med adstod aukafylkis

all aux[]
k 0 1 2 3 45 7 8 9 i 3j 01 2 3 45 6 7 8 9
input EEGMR|ACERT
copy EEGCM R|A C ERT EEGMR|ACERT
0 5
0 A 0 6 E A
1 C 0 7 E C
2 E 17 E E
3 E 2 7 E E
4 E 2 8 G E
5 G 3 8 G R
6 M 4 8 M R
7 R 5 8 R R
8 R 5 9 R
9 T 610 T
merged result A CEEEGMR RRT

Abstract in-place merge trace



Merge med adstod hjalparfylkis

// Notkun: merge(a, aux, lo, mid, hi);

// Fyrir: a[lo..mid] er i vaxandi réd

// a[mid+1..hi] er i vaxandi réd

// Eftir: allo..hi] er i vaxandi rod

void merge(String[] a, String[] aux, int lo, int mid, int hi)
{

lo; k <= hi; k++)

alk];

for (int k
aux [k]

int i = lo, j = mid+1;

for (int k = lo; k <= hi; k++) {

if (i > mid) alk] = aux[j++];
else if (j > hi) alk] = aux[i++];
else if (less(aux[j], aux[i])) alk] = aux[j++];
else alk] = aux[i++];



Merge med fastayrdingu

/...

for (int k = lo; k <= hi; k++) {
// allo..k] inniheldur tdélurnar ar
// aux[lo..i-1] og aux[mid+1..j-1]
// i vaxandi ré6d

//

// aux invariant:

// | done | todo | done | todo |
// - - - -
// lo i mid j hi
if (i > mid) alk]
else if (j > hi) alk]
else if (less(aux[j], aux[il])) alk]
else alk]

aux [j++];
aux [i++];
aux [j++];
aux [i++];
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static void sort(Stringl] a, String[] aux, int lo, int hi)

{
if (hi <= lo) return;
int mid = lo + (hi - lo) / 2;
sort(a, aux, lo, mid);
sort(a, aux, mid+1, hi);
merge(a, aux, lo, mid, hi);

}

static void sort(String[] a)

{
String[] aux = new Stringla.lengthl];
sort(a, aux, 0, a.length-1);



Mergesort trace

9 10 11 12 13 14 15

al]
To hi 0 1 2 3 4 5 6 7 8
\ /MERGESORT

merge(a, 0, O 1) E M

merge(a, 2, 2, 3) G R
merge(a, 0, 1, 3) E G M R
merge(a, 4, 4, 5) E S
merge(a, 6, 6, 7) 0 R
merge(a, 4, 5, 7) E O R S
merge(a, 0, 3, 7) E EGMORRS
merge(a, 8, 8, 9) E
merge(a, 10, 10, 11)
merge(a, 8, 9, 11) A
merge(a, 12, 12, 13)
merge(a, 14, 14, 15)
merge(a, 12, 13, 15)
merge(a, 8, 11, 15) A
merge(a, 0, 7, 15) A E E EE GL MM

Trace of merge results for top-down mergesort
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Mergesort animation

http://www.sorting-algorithms.com /merge-sort


http://www.sorting-algorithms.com/merge-sort

Praktisk atridi i utfaerslu

Mergesort er 6hagkvaemt fyrir litil svaedi. Oft skipt yfir { insertion
sort nedst i endurkvaemninni (cutoff oft i kringum ~ 7 gildi).

static void sort(Stringl[] a, String[] aux, int lo, int hi)

{
if (hi <= lo + CUTOFF - 1)
{
Insertion.sort(a, lo, hi);
return;
}

int mid = lo + (hi - lo) / 2;
sort(a, aux, lo, mid);
sort(a, aux, mid+1, hi);
merge(a, aux, lo, mid, hi);



Bottom-up mergesort

Hugmynd:
= merge: Samrédum Sllum svaedum af staerd 1

= repeat: Endurtékum fyrir 6l svaedi af sterd 2, 4, 8, 16, ...

a[i]

0 1 2 3 4 5 6 7 8 910111213 14 15
=1 M E GCESORTEIXAMPLE
merge(a, 0, 0, 1) E M
merge(a, 2, 2, 3) G R
merge(a, 4, 4, 5) E S
merge(a, 6, 6, 7) 0 R
merge(a, 8, 8, 9) E T
merge(a, 10, 10, 11) A X
merge(a, 12, 12, 13) M P
merge(a, 14, 14, 15) E L

sz2=2

merge(a, 0, 1, 3) E GMR

merge(a, 4, 5, 7) E 0O R S

merge(a, &, 9, 11) A E T X

merge(a, 12, 13, 15) E L M P
sz=4

merge(a, 0, 3, 7) EEGMORR R S

merge(a, 8, 11, 15) A EE L MPT X
sz=8

merge(a, 0, 7, 15) A EEEEGLMMOZPRZ RSTX



Bottom-up mergesort kddi

static void sort(Stringl[] a)
{
int N = a.length;
String[] aux = new String[N];

for (int sz = 1; sz < N; sz = sz+sz)
for (int lo = 0; lo < N-sz; lo += sz+sz)
merge(a, aux, lo, lo+sz-1,
Math.min(lo+sz+sz-1, N-1));



Bottom-up mergesort trace
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Mergesort fyrir bidradir

// Notkun: sort(q);
// Eftir: Baid er ad rada gildunum i q i vaxandi réd
static public void sort(Queue<String> q)
{
if (q.count() < 2)
return;

Queue<String> ql = new Queue<String>();
Queue<String> q2 = new Queue<String>();

split(q,ql,q92);

sort(ql);
sort(q2);

merge (ql,92,q) ;



split fyrir bidradir

// Notkun: split(p,ql,q2);
// Fyrir: ql og g2 eru témar bidradir, sem hver um sig

// hefur plass fyrir helming gilda ar p (p.e.
// fyrir (p.count()+1)/2 gildi).

// Eftir: Baid er ad fjarlsgja 611 gildi dr p og setja
// helming peirra i ql og hinn helminginn i g2
// (pad geti munad einum i1 fjolda staka, ef

// fjoldinn er oddatala).

static public void split(Queue<String> p,
Queue<String> ql,
Queue<String> q2)

/] ...



merge fyrir bidradir

// Notkun: merge(ql,q2,q);
// Fyrir: q er tém bidréd, ql og q2 eru bidradir, sem

// innihalda gildi, sem eru i vaxandi r6d fra
// fremsta til aftasta.

// q hefur plass fyrir 611 gildin i ql og q2.
// Eftir: ql og g2 eru témar, gildin dr peim eru i q 1
// vaxandi r$d fra fremsta til aftasta.

static public void merge(Queue<String> qi,
Queue<String> g2,
Queue<String> q)

//



Myndraen greining & timaflaekju
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Greining & mergesort

Timaflaekja:
= Fraxdilegt lAgmark fyrir samanburdarrédun er Q(nlogn)

= Mergesort notar O(nlogn) samanburdi — optimal

Minnisnotkun:
= Mergesort notar O(n) aukaminni — ekki space optimal
= Roéd0unarreiknirit er in-place ef pad notar < log NV aukaminni.

= Dami: insertion sort og selection sort eru in-place

Er til reiknirit fyrir rédun sem er optimal i timaflaekju og
minnisnotkun?

Ja — quicksort, sem vid skodum i nastu viku



Meaelingar

Gréft d=tlad:

= Fartélva getur framkvaemt 10% samanburdi & sekdndu

0'2 samanburdi & sekindu

= Ofurtdlva getur framkvaemt 1

insertion sort (N2) mergesort (N log N)
computer thousand million billion thousand million billion
home instant 2.8 hours 317 years instant 1 second 18 min
super instant 1 second 1 week instant instant instant

= Gott reiknirit getur verid betra en géd tolva



Mergesort vs. quicksort

Mergesort:
= Java rédun fyrir hluti (objects)
= Perl, C++, Python stable sort, Firefox JavaScript, ...

Quicksort:
= Java rédun fyrir primitive tog

= C gsort, Unix, Visual C++, Python, Matlab, Chrome
JavaScript, ...

Hvenaer hentar mergesort sérstaklega vel?
= Mergesort parf ekki random access, hentar til ad rada listum
= Mergesort hentar vel sem external sort, pegar gognin komast
ekki oll fyrir i minni

= Mergesort hentar vel fyrir verkaskiptingu (parallelization)



