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Overview e Implementations
* Unity

* Basics of comparing * CH#

* Run time * GameMaker

* Sorting algorithms * GML
* Godot

* GDScript

* Unreal Engine
» Ct++F

* Pico-8
* Lua
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Why is Sorting Useful?
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Com arln |temS 033 ! 053 5 073 I 093 ]
p g 034 " 054 6 074 J 094 ~
. 035 # 055 7 075 K 095 -
° By |nteger Value 036 $ 056 8 076 L 096
037 % 057 9 077 M 097 a
* 1,3,8, 8, 25, 64... 038 & 058 : 078 N 098 b
039 * 059 ; 079 0 099 c
< d
* By character value S -
° A’ G’ O’ p’ C, f’ m, n, z 042 * 062 > 082 R 102 f
. . . 043 + 063 ? 083 S 103
e Usually, each character is converted to its ASCIl integer value 0aa , 064 @ 084 T 104 h
045 - 065 A 085 U 105 i
* A=65,2=97,0=48 046 . 066 B 086 V 106;-
* By (character) string value 03 0 068 D 088 X 106 1
oa 049 1 069 E 089 Y 109 m
¢ Case SenS|t|Ve O;O 2 070 F 090 Z 110 n
* APPLE, Cat, Elephant, aardvark, dog, zebra 0513 0716 091 [ 1110
e Case insensitive - convert to same case before sorting
e aardvark, APPLE, Cat, Dog, elephant, zebra
* Time
e Convert to lowest significant unit (seconds, milliseconds, etc) Hm
* Dates " f‘|'|'
e Convert to time since a starting point (Epoch time, since |:'i 2l -

January 1, 1970)



Getting a character ASCI| value

* C/C++
* (int) c
* Java
 (int) str.charAt(i)

* CH
 (int) str[O]
* Ruby

e str.ord

* Python
* ord(str)

e GameMaker GML
e ord(str)
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String comparison

* Most languages have a string comparison operator that returns the relative position value
between two strings (-1 less than, 0 equal, 1 greater than)

C/C++

* strcmp(char *strl, char * str2) >0

* Java
e strl.compareTo(str2) >0

CH#
e string.Compare(strl, str2)

Ruby

e strl <=>str2

Python
e strl >str2
e strl ==str2

e strl<str2
GameMaker GML Hm
e strl=str2 - »-.I‘fl_
r.:f'ilfl e



Asymptotic Notation

How to measure computation time as the number of items to be sorted increases?

*® - Theta or Big Theta
« Asymptotic upper and lower bounds
O -Big O
« Asymptotic upper bound only
() - Big Omega
« Asymptotic lower bound only Hll]l

* Each can be applied to best, worst, and average case run times o
* Also o (Little O) and o (Little Omega) for not asymptotically tight |:'i ﬁl'lli



Running Time

Most common, from shortest to longest run time
* ®(1) - constant

. ®(n) - linear n - number of items
* O(lg n) - logarithmic c - constant

* O(n?) - quadratic

* ®(N°) - polynomial

* ®(2") - exponential 1]
(2") - exp "
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Sorting Algorithms

Bubble Sort
* For each position, compare the current item with the next item; Switch if larger

Insertion Sort
* For each item, compare with all previous items and insert into correct position

Heapsort

* Running time: O(n Ig n)
Merge Sort
Quicksort

* Average case: O(n lgn)
* Worst Case: ©(n?)

Comparison sorts

* Counting sort Hm

e Radix sort R
* Bucket sort i:ilf':l.;lf



Sorting C# (Unity) integer array

* Add using System; to import
section “using System;

® Use Array.sort(MyArray); private void displaySortedInts() {

int[] iArray = { 75, 59, 11, 35, 3, 10, 2021 };

textOutputColumns[@]. text
textOutputColumns[1l].text

|

2

textOutputColumns[2].text "

Unsorted Sorted foreach (int iValue in iArray) {
textOutputColumns[@].text += string.Format("{0}\n", iValue);

75 3 }
59 10
11 11 Array.Sort(iArray);
35 35 foreach (int iValue in iArray) ({
3 59 textOutputColumns[1].text += string.Format("{@}\n", iValue);
10 75 )
2021 2021 } "

FlEcan



Sorting C# (Unity) string array

* Same as integer array

private void displaySortedStrings() {
° Add using System; to import section string[] strArray = { "Orange", "Banana"”, "grapes"”,
['WATERMELON", "LEMON", “apple"};
e Use Array.Sort(MyArray);
. . ) textOutputColumns[@].text = "";
* C# uses case insensitive comparison textOutputColumns[1].text = "";
. . textOutputColumns[2].text = "";
ca==A foreach (string strValue in strArray) {
textOutputColumns[@].text += strValue + "\n";
}
Unsorted Sorted Array.Sort(strArray);
Orange apple foreach (string strValue in strArray) {
Banana Banana textOutputColumns[1].text += strValue + "\n";
grapes grapes }
WATERMELON LEMON I'El'm
LEMON Orange
apple WATERMELON |:::i I“j “I
= I =




Sorting C# (Unity)

object List

* Have class extend IComparable<MyClass>

* Add using System; to import section

* Implement public int
CompareTo(MyClass)

* Example: Weapon class with name

(string), cost (int), and attack (int) values

- using System;

g

public class Weapon :

IComparable<Weapon> {

public int CompareTo(Weapon weapon) {

}

int iReturn = ©;
int iType = 1;

switch (iType) {
case O:
//Compare by cost
if (iCost > weapon.iCost) {
iReturn = 1;
} else if (iCost < weapon.iCost) {
iReturn = -1;
}
break;
case 1:
//Compare by name (C# Compare handles case conversion)
iReturn = string.Compare(strName, weapon.strName);
break;
case 2:
//Compare by attack
if (iAttack > weapon.iAttack) {
iReturn = 1;
} else if (iAttack < weapon.iAttack) {
iReturn = -1;
}

break;

}

return iReturn;




Sorted C

(Unity) object List

Unsorted

Name Cost Attack
Club 640 24
Bamboo Pole 100 8
Hand Axe 980 15
Broad Sword 150 40
Flame Sword 560 35
Copper Sword 180 15
Sort by Cost

Name Cost Attack
Bamboo Pole 100 8
Broad Sword 150 40
Copper Sword 180 15
Flame Sword 560 35
Club 640 24
Hand Axe 980 15

Sort by Name

Name Cost Attack

Bamboo Pole 100 8

Broad Sword 150 40

Club 640 24

Copper Sword 180 15

Flame Sword 560 35

Hand Axe 980 15

Sort by Attack
Name Cost Attack
Bamboo Pole 100 8
Hand Axe 980 15 m
Copper Sword 180 15
Club 640 24 WHE
Flame Sword 560 35 - e
Broad Sword 150 40 li-] I':Ht

IJ’I'



Sorting GameMaker (GML) integer array

* Use array_sort to
sort an array

* Using array_copy
for display
purposes

* The unsorted array is
lost after it is sorted

Create Output

Created with GameMaker Studic 2

unsorted sorted

75 3
59 18
11 11

35 35
3 59
18 75
2821

olor(:
28, “unsorted")
rray_length({myArray); 1 += 1) {

_text(20, (i + 32) * 28 , myArray[i])

Caltlal



Sorting GameMaker (GML) string array

* array_sort is case sensitive Draw GUI Begin

» Capital letters will be sorted before
lowercase letters

e Can define a sort function to do case Create
insensitive sort

“WATERMELON"
" LEMON"
"apple”

ay,@,array_length({myArray))

5 |[Elcase_insensitive_sort = function(strl, str2) {

S e e o e S ol S < unsorted sorted sorted insensitive
if (string_upper(strl) < string_upper(str2)) {
return -1

} else if (string_upper(strl) > string_upper(str2)) {

Orange Banana apple
EERELGE LEMON EERELGE
grapes Orange grapes
WATERMELON WATERMELON LEMON
LEMON apple Orange
apple grapes WATERMELON

return 1
} else {
return @




Sorting GameMaker (GML) objects

Sort by cost Sort by attack

ra arr

yarray_length(

* Use custom sort function

for each sort category L ctio spon2) {
e A > weapon2.iCost) { e 1F
eloe { }else {
. return @ ) return @
Create array of Weapon objects : )

}

myArray

ed2, weapon_attack_sort)
!l"tEljl_. weapon_ » WEG@pon_attack sort)

"+ + string(my

weapon Draw GUI Begin
instance_create_layer(@
amboo Pole

*," + string(myA

unsorted sorted by cost sorted by attack
2zt Club,648, 24 Bamboo Pole,160, 8 Bamboo Pole,160, 8
Bamboo Pole,106, B Board Sword,150, 40 Hand Axe, 988, 15
C)utan: Hand Axe,988, 15 Copper Sword,180, 15 Copper Sword,188, 15

Board Sword,150, 40 Flame Sword, 568, 35 Club,640, 24
Flame Sword, 568, 35 Club,648, 24 Flame Sword, 568, 35
Copper Sword,188, 15 Hand Axe,f 988, 15 Board Sword,150, 40




Sorting Godot (GDScript) integer array

extends Node

Output
var unsorted_label

* Use MyArray.sort() 3 sorting Demo Godot (DEBUG)
Unsorted

75

59

11

e MyArray.duplicate() used for
display purposes

] abel = ge ("Control/UnsortedLabel" )
sorted_label = get Control/SortedLabel")

35
3
10

2021

item) + "\n"

unsorted_label.set_text(strUnsorted)




Sorting Godot (GDScript) string array

"Orange", "Banana", "grapes", "WATERMELON", "LEMON", "apple"]

.. myArraysor ay.duplicate()

* Case sensitive sort
e Use sort_custom(MyArray, rroveor " eart tnsensitiver)
sort_func) to define custom sort e 5
function

e Custom sort function must return

true (value is less) or false (value is
greater)

ensitive\n"

edInsensitive)

extends Node

[2] sorting Demo Godot (DEBUG)

Unsorted Sorted Sorted Insensitive

Orange GERENRE apple
Banana LEMON CERERE!
grapes Orange grapes

WATERMELON VWATERMELON LEMON

S LEMON apple Orange
Control/SortedInsensitivelabel™) d F] I;] | [ gra p 25 MHJATE H |"'."'| E I_D Pﬁj




Sorting Godot (GDScript) objects ey

* Use sort_custom(self, "<function>") and Sort by Name

define so rting function Sorting Demo Godot (DEBUG)
Unsorted Sorted
Club,640,24 Bamboo Pole,100,8
func createwWeapons(): P ———— - Bamboo Pole,100,8 Broad Sword, 150,40
ol ik e . . Hand Axe,980,15 Club,640,24
| myArraySorted = myArray.duplicate() Broad Sword,150,40 Copper Sword, 180,15
myArraySorted.sort_custom({self, "sort_weapon_name") Flame Sword,560,35 Flame Sword, 560,35

myArray = []
i Copper Sword, 180,15 Hand Axe,980,15

o

Sort by Cost

Sorting Demo Godot (DEBUG)

var weaponScene = load("res://Weapon.tscn")

6
70
7
7
7

W R s

‘unc sort_weapon_name(weaponl, weapon2):
weapon = weaponScene. instance( ) if (weaponl.strMame.to_upper() < weapon2.strName.to_upper()):
return true Unsorted Sorted
else: Club,640,24 Bamboo Pole,100,8
return false Bamboo Pole,100,8 Broad Sword, 150,40
Hand Axe,980,15 Copper Sword, 180,15
i _ Broad Sword,150,40 Flame Sword,560,35
nc sort_weapon_cost(weaponl, weapon2): Flame Sword,560,35 Club,640,24
weapon = weaponScene.instance( ) if (weaponl.iCost < weapon2.iCost): Copper Sword, 180,15 Hand Axe, 980,15
weapon.strName = "Bamboo Pole" return true
weapon. iCost = 100 . else: Sort by Attack
weapon. iAttack = 8 : return false
myArray .append(weapon ) | Sorting Demo Godoet (DEBUG)

weapon.strName = "Club"
weapon. iCost = 640
weapon. iAttack = 24
myArray .append(weapon )

=] ©n un

]

e e e B B |

w

_ nc sort_weapon_attack(weaponl, weapon2): -.Ur"ISDI"tEd Sorted
weapon = weaponScene. instance( ) if (weaponl.iAttack =< weapon2.iAttack): ‘Club,640,24 Bamboo Pole,100,8
e N e . return true Bamboo Pole,100,8 Hand Axe, 980,15
weapon. iCost = 980 Hand Axe,980,15 Copper Sword, 180,15
weapon. iAttack = 15 . return false Broad Sword, 150,40 Club,640,24
myArray .append(weapon) - — Flame Sword,560,35  Flame Sword,560,35
Copper Sword, 180,15 Broad Sword, 150,40




Sorting C++ (Unreal) integer array

* Use TArray instead of std vector |
Unsorted

* Use TArray.Sort() to sort integers 75.59.11.35.3.10,2021

Sorted

-lvoid USortingDemo: :sortIntegers() {
TArray<int> MyArray = { 75, 59, 11, 35, 3, 10, 2021 }; 3,10,11,35,59,75,202]

displayString(“"Unsorted”);

void ADemoManager::displayArray(TArray<int> array) {

displayArray(MyArray); Fstring stroutput = "*;
int i;

: . " " for (i = @; i < array.Num(); i++) {

dlSplaySt Plng( SDPtEd ) ; strOutput += FString::FromInt(array[i]);
if (i < array.Num() - 1) {

MyArray.Sort(); stroutput += *,";

. }
displayArray(MyArray); }

} GEngine->AddOnScreenDebugMessage(-1, 6@.0f, FColor::White, strOutput, false, FVector2D »

(2.0f, 2.0F));

}

o
il

N | d

-void ADemoManager::displayString(FString str) {

2.0f));

}

GEngine->AddOnScreenDebugMessage(-1, 60.@f, FColor::White, str, false, FVector2D(2.0f, =




Sorting C++ (Unreal) string array

e Use FString instead of

-lvoid USortingDemo: :sortStrings() {

String TArray<FString> MyArray = { "Orange", "Banana", "grapes", "WATERMELON", "LEMON", "apple" };
displayString("Unsorted");
* Case insensitive sort by displayirray(tyarray);
default ey soreli
displayArray(MyArray);
* Use TArray.Sort(); ;
* Overload display method
to display TArray of Unsorted

FStrings Orange,Banana,grapes, WATERMELON,LEMON, apple
Sorted

apple,Banana,grapes,LEMON,Orange, WATERMELON




Sorting C++ (Unreal)
object array

 Store pointers to objects in TArray
<MyClass *>MyArray

e Use Algo::SortBy(MyArray,
&MyClass::myvariable);

e Change the variable parameter to
change the sorting value

* Can specify a third parameter with
operator function, such as sort
backwards

* MyArray.Sort() may be possible
with overloading the < operator

« Remember to #include the header file of the
class to be sorted. Class declaration may also
be needed

-lvoid ADemoManager: :sortObjects() {

/!
/!

TArray <AWeapon *>MyArray;

MyArray.Add(createWeapon(”Club”, 640, 24));
MyArray.Add(createWeapon("”Bamboo Pole", 100, 8));
MyArray.Add(createWeapon(”Hand Axe™, 980, 15));
MyArray.Add(createWeapon(“Broad Sword”, 150, 40));
MyArray.Add(createWeapon(”Flame Sword”, 560, 35));
MyArray.Add(createWeapon(”Copper Sword”, 180, 15));

displayString("Unsorted")ﬂ
displayArray(MyArray);

Algo: :SortBy(MyArray, &AWeapon::strName); //sort by name
Algo: :SortBy(MyArray, &AWeapon::iCost); //sort by cost
Algo: :SortBy(MyArray, &AWeapon::iAttack); //sort by attack

//Sort in reverse
//Algo: :SortBy(MyArray, &AWeapon::iCost, TGreater<>());

displayString("Sorted");
displayArray(MyArray);

—JAWeapon *ADemoManager::createlWeapon(FString in_strName, int in_iCost, int in_iAttack) {
AWeapon *weapon;
FActorSpawnParameters spawninfo;

weapon = GetWorld()->SpawnActor<Alleapon>(FVector(@.0f), FRotator(@, @, @), spawninfo);
weapon->strName = in_striame;

weapon->iCost = in_iCost;

weapon->iAttack = in_iAttack;

return webpon;




Sorting C++ (Unreal) ob

Unsorted

Club, 640, 24
Bamboo Pole, 10l
Hand Axe. 980,
[l(‘wi"WVrld 1150,
Flame Sword, 560,
Copper Sword, 180

R Sort by Name
Sorted

Bamboo Pole, 100, 8
Broad Swoerd, 15040
GClub), 640,24

Copper Sword) ‘l.-,-O‘,
Flame Sword) !

Hand Axe, 980,

Sort by Cost

Sorted

Bamboo Pole, 100, 8
Broad S",.'Grd 1500410
GOpPERSWoIdNIEIN S

Flame J.'.'rld 560,35
Club, 640, 24
Hand Axe, 880 15

Sort by Attack

Sorted

Bamboo Pole, 100, 8
Hand Axe, 880, 15

-,,Pprbl SW Gld 16 U 15
Club, 640) 24

Flame Sword) 560, 385
BroadiSword) 150,410




Sorting l ua (PiCO-S) 4TRELE = { 75. 59. 11. 35. 3.
integer table I

* No built in method to sort a table BRINT *SORTED®

. . ’ SldRTC |'|'.'|TF|ELE 1
e Custom insertion sort function PRINTTAELEC AYTAELE 3

ﬂ + [] I SOR’I’I.PEIO]
FUNCTION PRINTTHELECT 2 s h
FOR ¥ Inh ALLCT ) DO UN>0RTED
PRINTCH )
EnD
EnD

FUNCTION SORTCT)
FOR I=1. HT OO0
LOCAL T = I
HHILE T > 1 TLT'1 O0
TLT1-TLT-11 T[T]
I =T1T-1
END
END
END




Sorting Lua (Pico-8)
string table

e Same custom insertion sort
function works

e Case doesn't matter since
everything in Pico-8 is one case

“LRAPES” . “HATERAELON” . “LEAON -
“HPPLE" }-

PRINT “UNSORTED”
PRINTTHELEC AYTRELE )
PRINT ~~

PRINT ~

HHTELE = 1 "0RANLE" . “EANANA" -

SORTED”
SORTC AYTHELE )
ELEL

PRINTTAELEC AYTRELE }

> RUN
sORTED
NLE

IANA

PES
ERAELON

UATERAELON

Caltlal



Sorting Lua (Pico-8)

object table MARE  TCT NANE 1.0
. ind ]
* Change the custom sort function FIMCTTon FRITTTNELE 1)
to compare object values O RRInTCu HRRE . .

U.COST .. .7 ..
Y

(name/cost/attack) RTTACK

+

JRTED EY COST

=

-
m
11
nhan
—

=

. ::. |_=
e ' an: ERAMEOD POLE. 100. B
< o s L e i w1
CRATRELE " ERRDT) HANG RRE. 980, 15 T
PDET = ind. RTTACK = BRI + 15040 CLUE. bd0. 34
(¢ MYTRELE. WERPOR) . s AL HAND AXE.SE0.15
T HET#I{II:EHH FopR 0. 180, 15 :
COST = . cH = - -
(¢ AYTA UERPON } SOF Ehﬁéﬁq E%LETIEth
ARON = { NAME_= * EROA EA 00 POLE.100.
CO05T = 150. ATTACH = EFD HANO H:E.-H980.
CUNTRELE. UERFON) CLUE, COPPER SUORD. .
e 5 L —
i Pl sUARD. g
ant LT ulill EROAD SWORD. 1 G TGS
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* https://www.youtube.com/watch?v=kPRAOW1kECg

Big Theta explained
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