*%BHSF‘*JZFZ%EZ*
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Frameworks

o2 S
e e ZHEJIANG UNIVERSITY

= ERAFRERR T KEFHRRFEAIVESR

Core Data Core Animation Metal MapKit
- EARMERTAEREAR, 48787 &078]
- ZRIBNRIEERENSEZE R TR S0 1ESR Core Image  Core Graphics Network  Core ML

SpriteKit Core Location ARKit AVFoundation

IOSH & PHIER 465 IniR



Frameworks

Frameworks

= ERAFARBRE T REHBREZAIESR

Core Data Core Animation Metal MapKit
- EA AR CAEEEA, 485 &078]
- ZRIBNRIEERENSEZE R TR S0 1ESR Core Image  Core Graphics Network  Core ML
- RRREBIIEA
- SpriteKit SpriteKit Core Location ARKit AVFoundation

= Metal

IOSH & PHIER 465 IniR
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Review of previous course

hela): fERIERYIRIZREANVAEIESWIftUIPEHIESESR?

IOSH & PHIER 465 IniR



[oln s I RiREzE

Review of previous course

hela): fERIERYIRIZREANVAEIESWIftUIPEHIESESR?

Circle()
Ellipse() .stroke(.red, style: 3)
Capsule() . T111(.orange)

RoundedRectangle(cornerRadius: 10))

Rectangle()

IOST & FRIEIRZAHI S hnik https:/developer.apple.com/documentation/coregraphics



[oln s I RiREzE

Review of previous course

hela): fERIERYIRIZREANVAEIESWIftUIPEHIESESR?

struct Triangle: Shape {

func path(in rect: m»m{

var path = Path

path.move(to: |[CGPoint(x: rect.midX, y: rect.minY))

path.addLine(to: CGPoint(x: rect.minX, y: rect.maxY))
path.addLine(to: CGPoint(x: rect.maxX, y: rect.maxY))
path.addLine(to: CGPoint(x: rect.midX, y: rect.minY))

return path

IOSTH & FRIEIR 4=l S D&



AppleEIfZEHIESR

Structure of Graphics frameworks on Apple devices

Useful and eas_y -to-use SpriteKit SceneKit RealityKit
game engine

Quartz 2D

low-level API Metal Core Graphics

devices GPU CPU

(REHER, NHS%)

https:/hci.rwth-aachen.de/index.php?option=com_attachments&task=download&id=24335

iOSTF & sy EI 2% 5 A0k https:/zsisme.gitbooks.io/ios-/content/chapteri2/cpu-versus-gpu.html
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SpriteKit
EIRSS: (RETEME R EISprite?

Sprite B CSS Sprite, T

= Sprite: —TMTENERZEE

= a sprite is a two-dimensional bitmap that is
integrated into a larger scene, most often in a 2D

video game

- AXAILEZIRS

212D A%

.w B ©

IOST & BB 241 S &


https://en.wikipedia.org/wiki/Two-dimensional_space
https://en.wikipedia.org/wiki/Bitmap
https://en.wikipedia.org/wiki/Video_game

SpriteKit b 7

7 8%
(//4/1/6‘89

SpriteKitEAHEZ

= SpriteKit@— T B2 iERHzNEE%E, rILAMERE
RDEMLESLCEEEG (SCEEGIIRHFER Sprite)
- {EFERME4hNE
- HRASHTESHERTEH#HT TN SpriteKit
- B EESRERBAENEBEXTINARER
- RRMT B3k AEE B ANINE, SFEERNE
BRI IR

IOSH & FHRER- 25 H 5 hniE



SpriteKit S 7

S
%/ljcguig\\@?’ ZHEJIANG UNIVERSITY

B8

= SpriteKit FRAENMISFRENE GEHS, USMBAES
2DE|%, i0SHImacOSt3zH5
= SpriteKit XIFZWAENAST, B1F:
- TR EFLIRNIER (FBR
- X7
- (EEETFCGPathiIfZIR
= 50
- HEMEMISHRRE

IOSH & FHRER- 25 H 5 hniE

SpriteKit
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ZHEJIANG UNIVERSITY

SpriteKit

2 B

= Scenes
= Nodes

= Actions

IOSH & FHRER- 25 H 5 hniE
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ZHEJIANG UNIVERSITY

SpriteKit
Scenes

= RPN E B AL ESKScene RRREY
Scenes,
= ScenesBENFRNAMEZMNIRNE
= Scenes3il 7 BWLZENIRNETLIE
- EEELENRE, MEEM—TScenes, RAEE
MScenes, ENRIEHIBMZEME BT

IOSH & FHRER- 25 H 5 hniE



SpriteKit b 7

7 8%
(//4/1/689

Nodes

= SKNodexk@ A Z 2 SpriteKitAFKIE A2 1R

- {EAME X SKNodeF 2R L& HSpriteKithihzxk AV A
BARTE

- BT PTRNUBEEETRTRLHRRTENXR (1A% 44R)

= SKNodeZEXALHIEMAIRA, BEREBENMATHREN

IOSH & FHRER- 25 H 5 hniE



SpriteKit S 7

S
%4;(;8&&\\@5” ZHEJIANG UNIVERSITY

Actions

- IFREEENNR, 8—TifEE— 11 ZEA
(opaque) MR, HR(RIAITIHRMRYEIEE

- —{Iah{E#B R EHSKACtionZkEM, EigBErRIMMNFE

- Sip=LERE MR, {1TAction

= Actiong\'F MAVAER BT SR

IOSH & FHRER- 25 H 5 hniE



SpriteKit

{ERRE

- (EAER

= mINzN{E2T =
- iR

- (EAIp=IEdE

IOSTH & FRIEIR 4= S D&



SpriteKit

1. {FABR // MEEfEbund leFRIEIREIE—T2CGERIBE R

let spaceship = SKSprlteNode(lmageNamed "rocket"”)

spaceship.position = CGPointMake(100,100)
self.addChild(spaceship)

- QIE— 1R RIRER G EZILL

SpriteKit A {REIZLIEFIFER = S{RERXMAINN, (RaIMRSRSEAMTR:
o] A fhR El {= g £ bundle A, - BRULEMNIER THIframeKElE, FBREY
AREEEITRNE frame B8 ERERE X T EFNAERIET

- 8RN IEEframebufferff Ealpha-blended
= — "SKTexture¥J SR IZHMHIINZEIFR

IOSH & FHRER- 25 H 5 hniE
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SpriteKit
1. (EFRAKBR

- RAER/RRT, AJTHITRERIERE:
- FBRMsizeBIHE.
- 2R, RIEFBERMSKNodeZLYF KA IxScaleSyScaleBIEHITEI
- HERMERKTERMSEER, SERFEABAESES.
- WRERER®
- AJBAfERAcolorfllcolorBlendFactor BN EEE
- AJCAMERAEFiLENEHIENEES, AARE

IOSH & FHRER- 25 H 5 hniE



SpriteKit

1. {FHEBER

let bottomLeftTexture =
SKTexture(rect: CGRectMake(0.0,0.0,0.5,0.5),

inTexture: cornerTextures)

- QIB—TSUENR, STHERP

145 F let pulsedRed = SKAction.sequence( [
SKAction.colorizeWithColor(SKColor.redColor(),

- {FHSKTexture colorBlendFactor:1.0,duration:0.15
SKAction..waitForDuration(90.1)

- ARSI SHEZ SKAction.colorrizeWithColorBlendFactor (0.0,

duration :0.15)1)
monsterSprite.runAction(pulsedRed)

IOSH & FRIEIZ 25 H] 5 HNE



SpriteKit

= >~
j,
‘(\4/;@%9‘\&\\@\ ZHEJIANG UNIVERSITY

I/.I\\)J[I B)J 1lE IJ 'P 7

- SHIERIVNGH LFSER
= SpriteKitiLip=nnic K AA{ERANEEZEN G ZAction
= @i ActionE X {RA83T17 = FR{ERYENEE
- ERBEERT, —TActionIFH1TZActionI TR MNAEZENX,

IOSH & FHRER- 25 H 5 hniE



SpriteKit

I/.I\\)J[I B)JVE :Ehu 'P Ty

= —HActiontg g2, ErRREMAEERINE, HERERRNIEZRREE, FLEEA L,
SpriterKitFIFHActionfY A Z BRI TEN]

= M—TActionRABREMERF—TTPTRETEZET T, BIT—TTRREENAGER
FB mBrunAction 5%

IOSH & FHRER- 25 H 5 hniE



SpriteKit

= >\
>
‘(\44%%9‘\&\{& ZHEJIANG UNIVERSITY

I/.I\\)J[I B)JVE IJ 'P 7

= SpriteKitig{R T FSnERERARAZDRP T RNENE, MBI ESSActiontlEE
ZpEnE, XEENABETIET—1TE—ActionER1T
- FIIEHE (sequence action) : ZEZEZITHIEIERS (set)
- AEIfE (group action) : EIIRAITRIEHESRES
- EE&IF (repeating action) : — 1T EI{EEERT

IOSH & FHRER- 25 H 5 hniE



SpriteKit

let moveUp = SKAction.moveByX(0,y:100,duration:1)
z) let zoom = SKAction.scaleTo(2.0,duration:0.25)
2. ARMzNERT R let wait = SKAction.waitForDuraion(0.5)
let fadeAway = SKAction.fadeOutWithDuraion(@.25)
let removeNode = SKAction.removeFromParent()

I?WUFJJ{’E let sequence =

SKAction.sequence( [moveup,zoom,wait, removeNode] )

node. runAction(sequence)

Sequence
kA | | | | |
! | | | !
zoom p N
_ move up I zoom I wait I fade
wait . J

fade

Sequence Duration

remove

IOST & BB 241 S &



SpriteKit

let animate =

SKAction.animateWith(0,y:100,duration:1)
:/J\\7J|]737J1’|5:’_i:‘|]'|7,m let moveDown=

SKAction.moveByX(0,y:-200,duration:2.0)

let scale = SKAction.scaleTo(1.0,duration:1.0)
— let fadeIn = SKAction.fadeInWithDuration(1.0)

AznfF let group =
SKAction.group([animate,moveDown,scale, fadeIn])

node. runAction(group)

animate textures

animate textures

move down
move down

scale

scale

fade in fade in

IOST & BB 241 S &




SpriteKit

%,/ 1
Uiions? ZHEJIANG UNIVERSITY

3 - oy 2= let fadeOut = SKAction.fadeOutWithDuraion(1)

A ENF R = let fadeIn = SKAction.fadeInWithDuration(1)
let pulse = SKAction.sequence([fadeOut,fadeIn])
let pulseThreeTimes =

B ENE SKActions. repeatAction(pulse, count:3)
let pulseForever =
SKAction.repeatActionForever(pulse)

Repeat 1 2 3 4 5 6

Sequence ' | | [ | |

asoou | tadoin | fadoou | fadoin [ fadoout | tacei

-

IOST & BB 241 S &



SpriteKit

3. 13iEip=

- 1= (SKSceneXR) , AFRRMSKViewHREERNIAR.

- RN HEEIZAMRANTRNR, HIEERT R

- Ei=HMEZNN, EETofEAEITYIERL, ARERTEN,
- {RATAE T FEHSKSceneXBIZBENIFR.

IOSH & FHRER- 25 H 5 hniE



SpriteKit

3. 13iEip=

- FERAFTRRUHLITR. Y— M TRABEREETAMND, EfpositionEMIEEEMIEHEMR T Mg
TR R,

= SpriteKitf£iOSHImacOSH{ERHER£in R, SinERREKINZE.

- SpriteKitG—MmEIREYE (rotation convention) ., JIEROONBIEEIEXEH ., BERHARBIE.

« 2

ﬁ_ . - - - 0
0.0 (0. 0)

IOSH & FHRER- 25 H 5 hniE



SpriteKit

= >~
j,
‘(\44%8&\&\1@\ ZHEJIANG UNIVERSITY

3. iEip=

- BliEin=
- H=HMNEZEN
= PSRRI EX H eI R X1g
- BHRFEERE, NESHRENZINFIE
- MRGRENNERTAE, WeERIHR

IOSTH & FRIEIR 4= S D&
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SpriteKit

3. 13iEip=

- BT =AW
- BEBIETRZEXFRAKEET AW
- BT TREP—TERENFTRIIKR, EINT RBchildren®1E#1T5|F
- FRRENTRNINFEERGENZS T AH, SFESNFESR, ARG INESNER T RN

Method Description

addChild(_:) Adds a node to the end of the receiver’s list of child nodes.
insertChild(_: Inserts a child into a specific position in the receiver’s list of child
at:) nodes.

removekFrom

Removes the receiving node from its parent.
Parent()

IOSH & FHRER- 25 H 5 hniE



SpriteKit

3. 13iEip=

Y Sky (2 = 0)
‘ L
Body (2 » 100)
9 |0 l
100

[} s ROWOET (2= oY)
- -lﬁ:'f—\'_'\*iflz%fﬁm“ﬁg . s ROINMZ (2 = #1)
X — Migsdle (2 » -1)

IOSTH & FRIEIR 4= S D&
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SpriteKit

4. (FFH1p =8I

- ENIANERENEE R
- AEERER, sceneBYERIGEIENEFINIEMFINIZES, KL
E, Bi&xtIBin=r9585|F

- AN RpausesincomingSceneflpausesOutgoningSecenelg 4
VR FE R ) b mhiE

IOSH & FHRER- 25 H 5 hniE



SpriteKit

\%\ /897 §
A UN\\V& ZHEJIANG UNIVERSITY

5.Demo

- BRE, ARETEIM—T/NibF%EIR
B SpriteKit BIEHIZNIR, Bl ISR
Z4IE5| % (SKPhysics) . HiliE,
NIEEE. BnjbARis=

(SKScene) .
- LHRZAIGEERETR:

IOST & BB 241 S &



SpriteKit

5.Demo

= XN HRE:
= DNt ;
= ADFRIE
- #ia{tiniEs| 2
= RIMAENR;
- FIA categoryBitMask [l contactTestBitMask 3 SC I fififE 4600 ;
= BliE—1T=/AEAR (world boundary ) REZFFELFERNGSR ( node )

IOSTH & FRIEIR 4= S D&



SpriteKit

5.Demo

IRENER IR XX {5

T
| Bombeels
- BRENZRNINE =R
REER: FEMNMRE. 05T

TEHIFFAFEENNIE, EEl]
RiNE Xcode AEPEREY
Assets.xcassets {3,

IOSH & FRIEIZ 25 H] 5 HNE



SpriteKit

5.Demo
et FESvdEn import SpriteKit
public class BackgroundNode : SKNode {
_ de . < public func setup(size : CGSize) {
HTFRMBEREGE, 2] let yPos : CGFloat = size.height * 0.10
o] 4003 o =3 : let startPoint = CGPoint(x: @, y: yPos)
AIBMERE4ER ( sprite ) X let endPoint = CGPoint(x: size.width, y: yPos)
B — AN EEYEEEE S ( physicsBody = SKPhysicsBody(
edgeFrom: startPoint, to: endPoint)
node ) B, 6lERZ%H physicsBody?.restitution = 0.3
s
BackgroundNode.swifth +

Swift]E3 ¥, FRMATHRES

IOSH & FRIEIZ 25 H] 5 HNE



SpriteKit S 7

7 8%
(//4/1/689

5.Demo

SR E - BRI INRE—1SKNodeZfl, BITSIEEEIEEXTZNSE. &P
HiRIN T — 1 SKPhysicsBody3Lffl, XEKEHEXWXE (MERBE—XLZ) , ft
BHEERYIESCA IR R #HITRZE,

- ETRENEREMAN GameScene H1, tJ#Z] GameScene.swift , Hil:

private let backgroundNode = BackgroundNode( )
- fAlG, & sceneDidLoad() A&, E(IIAligtE R, FRENAZS

backgroundNode.setup(size: size)
addChild(backgroundNode)

IOSH & FHRER- 25 H 5 hniE



SpriteKit

5.Demo

SliEHhE - ME, MERISTER, BIISSEINMEMNKEIZE:

IOSH & FHRER- 25 H 5 hniE



SpriteKit

5.Demo

gliZ i mE

IOSH & FHRER- 25 H 5 hniE

- MNRMPZERIEZ, HBRA{RTEIS node IIAIZERNEINT IR, EANEIZEI
EAESRYIEEMR, EIRFLXERINARX, REEHRF GameViewController.swift

RZEX T HEIENA] -

1f let view = self.view as! SKView? {
presentScene(sceneNode)
ignoresSiblingOrder = true

view.
View.
view.
View.
view.

}

S
S
S

nowsPhysics = true
NOWSFPS = true

nowsNodeCount = true

- M7E, MfRshowsPhysics@l¥#igRtrue . XEBFENEAXIESLE, XITES

o«

B amE FERENRIME,



SpriteKit

5.Demo

AN 7K = £ GameScene.swift B, AN THEHRXITCELAERIIERE:

private func spawnRaindrop() {
let raindrop = SKSpriteNode(texture:
raindropTexture)
raindrop.physicsBody = SKPhysicsBody(
texture: raindroplexture,
size: raindrop.size)
raindrop.position = CGPoint(
X: size.width / 2,
y: size.height / 2)

addChild(raindrop)
}

IOSTH & FRIEIR 4= S D&



SpriteKit

5.Demo

s INRI 7K
- RERARE, SRBRIINRIIEL

raindropTexture RERR— 1 FIOMEE =, A

5, BERUBRENIGI=FR, AREMAIG=R
H,

= BFEMNAMREER[ARIMT SKPhysicsBody , E
B2 EMZERIANENERAAFEZREMH,

= FATRIBATE touchesBeganHiEHH
spawnRaindrop(), FE&EIXFAINRE

IOSH & FHRER- 25 H 5 hniE



SpriteKit

5.Demo

AIFRZK = RERNTEESAERER, FERSRRTEELIL,
= BETRANZEMRKE TRNER, BENHEIEM touchesBeganfflfR, HFHIFERIFK
{1189 update fEFH, FIFEEupdateFERHITHERIRIE. FupdateFERNIE
ZR, E¥f self.lastUpdateTime T2 ZHI, HINMTRE:

currentRainDropSpawnTime += dt

if currentRainDropSpawnTime > rainDropSpawnRate {
currentRainDropSpawnTime 0
spawnRaindrop()

IOSH & FHRER- 25 H 5 hniE



SpriteKit

5.Demo

FEHIRT7K - BRMNAFEMERBEME— M AFRETE., FAIRIAER spawnRaindrop()
7 iERMI SN RGN x 245, v LIREBEHRETNE,
= ¥ %l spawnRaindrop() FiEPRIXITAE:

raindrop.position = CGPoint(x: size.width / 2, y: size.height / 2)

- FEEIRA TURS:

let xPosition =
CGFloat(arc4random()).truncatingRemainder
dividingBy: size.width)
let yPosition = size.height + raindrop.size.height

raindrop.position = CGPoint(x: xPosition, y: yPosition)

IOSH & FHRER- 25 H 5 hniE



SpriteKit

5.Demo
s NrF7K

- HRIEmAZE, AR
arc4Random() EFEH x 424K, FF
1T truncatingRemainder
RiFAREERSCEA. HWEE
1TIEF, (RROX P AR ZX AR
S

IOSH & FHRER- 25 H 5 hniE



SpriteKit S 7

S
%jggui\z\\@ ZHEJIANG UNIVERSITY

5.Demo

wllBE - R EE:
- TR EE
- TR RS,
- HHHENSRORMNER, FAMESEBIRERE. (RI1E§3IAS—MIET
FRZELLBIR (world frame ) , (EEMRIENRLN RMLWHS, )

IOSH & FHRER- 25 H 5 hniE



SpriteKit
5.Demo

e it - ; i i i
- SKPhysicsBody H—1"8&H categoryBitMask BIEit, XTEMHIESBHEIIXSE
B EEMEINSR,
- B EARTE, BIFrGIZE—1 Constants.swift JEXF., XTXEBHE—EEE

NEETIERSAZIERDE, EXEFFRRMA TFEE:

let WorldCategory : UInt32 = 0x1 << 1
let RainDropCategory : UInt32 = 0x1 << 2
let FloorCategory : UInt32 = 0x1 << 3

IOSH & FRIEIZ 25 H] 5 HNE



SpriteKit

5.Demo

i N k¥

IOSH & FRIEIZ 25 H] 5 HNE

= [B13] BackgroundNode.swift {4, FYIIETAFEFRHNICIER

FloorCategory , ¥&&, BEIEEFMEYIIESCEILE TR, NE
21§ RainDropCategory ZRINZIME ;cZ=AY contactTestBitMask A,

XA ) BETE AR R 3 o R A U 21 [B13/3]

import SpriteKit
public class BackgroundNode : SKNode {
public func setup(size : CGSize) A

let yPos : CGFloat = size.height * 0.10

let startPoint = CGPoint(x: @, y: yPos)

let endPoint = CGPoint(x: size.width, y: yPos)

physicsBody = SKPhysicsBody(edgeFrom: startPoint,
to: endPoint)
physicsBody?.restitution = 0.3
physicsBody?.categoryBitMask = FloorCategory
physicsBody?.contactTestBitMask =
RainDropCategory

}
}




SpriteKit

- T—S$NEANTETRRBEMNLT, FHEFNTMRTE, EE

5.Demo GameScene.swift 1, & spawnRaindrop7 &P ¥IE 4 R EIESTE
LR B STEAY I
e T i ¥

raindrop.physicsBody?.categoryBitMask = RainDropCategory
raindrop.physicsBody?.contactTestBitMask = FloorCategory | WorldCategory

NG =

- 3FE, NIRRT WorldCategory, (Lt AMERNZEAIEE,
T BFI9AY raindrop 3Efl, BAIFEEIRES FloorCategory AR
WorldCategory K& HIERAIER . IMEFKNTAIPATE sceneDidLoad()

REFNMAZRBFR:
var worldFrame = frame
worldFrame.origin.x —= 100
worldFrame.origin.y —= 100

worldFrame.size.height += 200
wor ldFrame.size.width += 200

self.physicsBody = SKPhysicsBody(edgeLoopFrom: worldFrame)
| ? I =
OS T4 ch RS ] S 35 self.physicsBody?.categoryBitMask = WorldCategory




SpriteKit

5.Demo

b 0 it ¥

IOSH & FHRER- 25 H 5 hniE

= £ LS5, EMEE T —THizSRRAEENRR, RAIEINETTREY 5K
7100, HETFERIET —TEYX, EFExEEBAREETEWEE. EEEANIAM
{£F#Y edgeLoopFrom , BRIEZ T —1E#, HRAIMMHEERZEREMIE,

- e, —VIBTFRNENEFHEEME 7, RIMNAFTELITEMAINT .. A
B 3% 1= R n3Y SKPhysicsContactDelegate YIS HF,

class GameScene: SKScene, SKPhysicsContactDelegate 1



SpriteKit

5.Demo

e 0 i

IOSTH & FRIEIR 4= S D&

- &, FFEEH SKPhysicsContactDelegate FR—1N A&, didBegin, 83

HHE IR EBER contactTestBitMasks MYFiIE R £, XA EMEHIE

F. £ GameScene.swift BYJEEE, MAIMTHRE:

func didBegin(_ contact: SKPhysicsContact) {
1f (contact.bodyA.categoryBitMask == RainDropCategory) 4
contact.bodyA.node?.physicsBody?.collisionBitMask = 0
contact.bodyA.node?.physicsBody?.categoryBitMask = 0
5y else 1f (contact.bodyB.categoryBitMask == RainDropCategory) {
contact.bodyB.node?.physicsBody?.collisionBitMask = 0
contact.bodyB.node?.physicsBody?.categoryBitMask = 0




SpriteKit

5.Demo
e 0 i

= S—RAMETEAIREENRIVASZ A
EhiiERE, EMNFIGEHMIEER (
collision bitmask ) 5F ., XtF{Hn]
Mg mEEd R iliERERESHE
3 SRl +E

IOSH & FHRER- 25 H 5 hniE



SpriteKit
5.Demo

EfER - Bainlk, SRELMIEENER, ERR— SKPhysicsBody , HFiR—FK %,
AT LB I SKShapeNode ARIR=FIHEAIE.
- }TF BackgroundNode.swift 3{1E setup(size) 7558, #Ii4H SKPhysicsBody B
TERMIU TS

IOSH & FRIEIZ 25 H] 5 HNE



SpriteKit

5.Demo

i

IOSTH & FRIEIR 4= S D&

let skyNode = SKShapeNode(rect: CGRect(origin: CGPoint(), size: size))
skyNode.fillColor = SKColor(red:0.38, green:0.60, blue:0.65, alpha:1.0)
skyNode.strokeColor = SKColor.clear

skyNode.zPosition = 0

let groundSize = CGSize(width: size.width, height: size.height % 0.35)
let groundNode = SKShapeNode(rect: CGRect(origin: CGPoint(), size:
groundSize))
groundNode.f1llColor
alpha:1.0)
groundNode.strokeColor
groundNode.zPosition =
addChild(skyNode)
addChild(groundNode)

SKColor(red:0.99, green:0.92, blue:0.55,

= SKColor.clear
1



SpriteKit

5.Demo
BE= = skyNode BY zPosition 1%9 0, MiPEIZE =AY zPosition 3 1, TEEZRAT

WMEMERBAZERZELZ L,

- {BARYzPositionfZE[0fE, IMEMBSEEREEZT. BIF
GameScene.swift 1, B spawnRaindrop() A&
zPosition , {FZ;EREME 2L, £ spawnRaindrop() 7i&®, AT
FICHS:

raindrop.zPosition = 2

IOSH & FHRER- 25 H 5 hniE
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SpriteKit

5.Demo
B¥fE = - ZEWE
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SpriteKit

5.Demo
I3 H

= 70 UmbrellaSprite.swift JE3 %, HiRIN TS LAE RFIERIAERZ
import SpriteKit

public class UmbrellaSprite : SKSpriteNode {
public static func newInstance() —> UmbrellaSprite {
let umbrella = UmbrellaSprite(imageNamed: "umbrella")
return umbrella

IOSH & FRIEIZ 25 H] 5 HNE



SpriteKit

5.Demo

I/.I\ thE

IOSH & FRIEIZ 25 H] 5 HNE

- Bal, BINREERA—TRHSAHEACRE T 1B RER ( sprite node ) , EIHE
BAHESRI—TphysicsBody , F{17£ newlnstance() FiEPE— CGPath K4i5
1, SKPhysicsBody .

let path = UIBezierPath()

path.move(to: CGPoint())

path.addLine(to: CGPoint(x: —-umbrella.size.width / 2 - 30, y: 0))
path.addLine(to: CGPoint(x: @, y: umbrella.size.height / 2))
path.addLine(to: CGPoint(x: umbrella.size.width / 2 + 30, y: 0))

u
u
u

T
T

T

brella.physicsBody = SKPhysicsBody(polygonFrom: path.cgPath)
brella.physicsBody?.1sDynamic = false
brella.physicsBody?.restitution = 0.9
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I/.I\ thE

IOSH & FRIEIZ 25 H] 5 HNE

- Bal, BINREERA—TRHSAHEACRE T 1B RER ( sprite node ) , EIHE
BAHESRI—TphysicsBody , F{17£ newlnstance() FiEPE— CGPath K4i5
1, SKPhysicsBody .

let path = UIBezierPath()

path.move(to: CGPoint())

path.addLine(to: CGPoint(x: —-umbrella.size.width / 2 - 30, y: 0))
path.addLine(to: CGPoint(x: @, y: umbrella.size.height / 2))
path.addLine(to: CGPoint(x: umbrella.size.width / 2 + 30, y: 0))

u
u
u

T
T

T

brella.physicsBody = SKPhysicsBody(polygonFrom: path.cgPath)
brella.physicsBody?.1sDynamic = false
brella.physicsBody?.restitution = 0.9
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SpriteKit

5.Demo

AIN3ZE - MtE, 5 GameScene.swift PRIVAMCHRHNSHBEMAG RSB, FEXHTH 5B, %
s TA, MATEHAME:
private let umbrellaNode = UmbrellaSprite.newInstance()
- &, 1£ sceneDidLoad() #1, 3% backgroundNode IIAIZSRITH, IMAMTHIEFE
BFREHEERSPR:

umbrellaNode.position = CGPoint(x: frame.midX, y: frame.midY)

umbrellaNode.zPosition = 4
addChild(umbrellaNode)

- TR L RERR, BiETiER, (TMEELRES, NGRS RNRERSRAERA

IOSH & FHRER- 25 H 5 hniE
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SpriteKit

5.Demo

FI@E  — ARERMFBIMLEL, S52ZHEXBIZGameScene.swift PFRYZEFE touchesBeganll
touchesMoved, BE=MEERAFER:

1. EATHEPHEFRBEISIINMEREFRRAENMUE, AMEREMNESHN—ML
BREBEI R —ME,

2. ERIZE UmbrellaSprite WRIWEZ R, HHEE update BiAHIARAN, EPRZR
B35,

3. f7f touchesBegan 8§ touchesMoved BT IZBE—Z% SKAction 25l
UmbrellaSprite , (BEAEFXAM. XFHESEE SKAction W RBFEINECIEFTH

OSFF & h I ERAL ) 5 HIE 8%, ([FEMHEET



SpriteKit

5.Demo

F Ao vy - BRIIXBEIRE_TRRFZE. UmbrellaSprite B9{CEB L T EIXHE

[/ REFENRBINERUE
private var destination : CGPoint!
private let easing : CGFloat = 0.1
[/ BTRIFTHEIEZBIEEN position BMH#HTHE, UEHIERIRK
public func updatePosition(point : CGPoint) {
position = point
destination = point

=

I3

/ / & IPRERIFZE)

public func setDestination(destination : CGPoint) {
self.destination = destination

I3

IOSTH & FRIEIR 4= S D&
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5.Demo

F AN N = UmbrellaSprite B update 3B RL T EIXH#

/T EBNFTHFEERZ R A RBENZ /D EERIZEE
public func update(deltaTime : TimeInterval) {
let distance = sgrt(pow((destination.x - position.x), 2) +
pow( (destination.y - position.y), 2))
if(distance > 1) {
let directionX = (destination.x — position.x)
let directionY = (destination.y - position.y)
position.x += directionX * easing
position.y += directionY * easing
} else {
position = destination;
}

IOSTH & FRIEIR 4= S D&



SpriteKit

5.Demo

F 30y - [B1%F] GameScene.swift A, {Z¥ touchesBegan ¥ touchesMoved

override func touchesBegan(_ touches: Set<UITouch>, with event: UIEvent?) A
let touchPoint = touches.first?.location(in: self)
if let point = touchPoint {
umbrellaNode.setDestination(destination: point)
}

¥

override func touchesMoved( touches: Set<UITouch>, with event: UIEvent?) {
let touchPoint = touches.first?.location(in: self)
if let point = touchPoint {
umbrellaNode.setDestination(destination: point)
}

IOSTH & FRIEIR 4= S D&
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GPU VS CPU
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Control

- EiEECPUZXEEGPU, E#TiHER,

AU AW
#HFZEHMH Core RMENRNZHEZHE, % _-
ma [ [ [ [T T T TTTTTTT]

DERALY (BEENER) AAGE _
—— T[T TT T[T T ]
- ceunmmmomoeTas, —ta ST (S

EMERERRN— 1 E—iESE, —1 CPU GPU
NP STE— MM T HTITEN
%, BATHTNEF, tERTTS
# CPU 5 GPU Mt E Mg

Figure 3 The GPU Devotes More Transistors to Data Processing

iOSF & R EIR LIS HniE https:/developer.apple.com/documentation/metal/performing_calculations_on_a_gpu
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GPU VS CPU

DRAM
DRAM

- CPU:
- EEEFER (B
x) , EEEEHE
- EEAILFRT

IOSTH & FRIEIZ 4=l S &

= GPU:
- BEREAREEHT. AWELRERTE
- ERZITRERR (EFERER)
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GPU VS CPU

- BETARBAB2-8TZL, M

GPUNIB R B LF 1% 10 Main GPU
= CPURYEEIZAMIBEE ) E5H, {EEGPU Memory Memory

D'RT DA SE £ 17 BN BE

. Bus
- x2itEr, CPU
AEitHEN EENESR T T SEEEEEEEEEEEEEE:
- s::ql—l* FERABEHMEMNMEROE XN
(Main Memory) HFiEEHIE, # EEEE EEEE SEEEEEEEEEEEEEEE

BmidE4 (Bus) 5GPUREH, GPU T

CPUO CPU 1

0,
n
C
o

fF r BEZitEZ0I), LEECSH
MHYERE, WMMZAEE.
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GPU H1T1T 88 =

Demo: EAHME

- BTM— P ELE S FFEL I 42 - void add_arrays(const floatx :!_nA,
const floatx 1nB,
- XE—/1ECPULIE{THICIE flga{* riﬁt)llt,
int leng
S AHMZEREF {
. for (int index = 0; index < length ; index++)
- E278, ETHETERINF {
H 151 result[index] = inA[index] + inB[index];
THY 1

IOSH & HRER- 2= Hl 5 hniE



GPU #?i—ﬂ-%’_*ﬂ%ﬁ void add_arrays(const floatx inA,

const floatx 1nB,
floatx result,
int length)

Demo: ZNHINE {
for (int index = 0; index < length ; index++)
{
result[index] = inAlindex] + inBl[index];
- FENE—TGPULETIIKemell ;
%:
= Forfgih iR s kernel void add_arrays(device const floatx inA,
= S kernel AT — P ETHITE g:x;g: ;:g::*f}ggﬁ’{tl”&
- Index{EEIfE A\ 95 5k/E uint index '
[[thread _position_in_grid]])
{

result[index] = inA[index] + inB[index];

IOSH & HRER- 2= Hl 5 hniE
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Metal GPU YRiZHl 3
= Grid
= GridZ2Fr B ZiITREINFIES
- BERLEPHEMBBRERT
= Thread
- 81°GPU Kerneli##{Ti+E IS HI
= ThreadGroup
- ¥+ 1"Thread&LA—4A
ThreadGroupfIH2z(4HLR 23k
= —4#HAThreadGroupffJThreadZ
—EAITHY

IOST & FRBVEIZ4E 1 5 I0&

Grid: 1024 x 768 pixels [ 32 x 48 threadgroups
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Threadgroup: 32 x 16 threads
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Grid coordinates: (9,10)

Metal GPU B2 T

= 1£ Metal A, {Re]A{EFR
= [[ thread_position_in_threadgroup ]]
= threadtg*iFthreadgroupfdEER&ttn (1, 2)

= [[ thread_position_in_grid 1]
= threadtBXFGridti2BFH %45 (9, 10)
= [[ threadgroup_position_in_grid ]] ——T—T—1T—"T—1—11 - —1
- threadgroupZA 18X Foridityaeis (BEM) HEEEEE e

BEU: ILprEA9ThreadGroupfB3IGrid&tRzE?
(Ein2A 424590, 0)

| ~_(15,15)

IOST & FRBVEIZ4E 1 5 I0& (1 9 2)
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GPU #1T1T8EH=

Metal GPU RiZH = w

4 x 4 threadgrou 4 x 4 threadgrou 3 x 4 threadgrou
- ZEXH—M1* 7 WGrid, Y1DGroupZEl, BINEEHS 3 T e .
FH: ;
let w = pipelineState.threadExecutionWidth °
let h = pipelineState.maxTotalThreadsPerThreadgroup / w T ey e 3 x 3 threadgroup
let threadsPerThreadgroup = MTLSizeMake(w, h, 1)

= threadExecutionWidth (E3Eig&—H%7932)
= GPUL—1SIMD&ZZH 1T 1THIthread#=
- maxTotalThreadsPerThreadgroup (EGPUS) IXBE¥f gridSzie #l threadsPerThreadgroup Zfg, #MrIAE

= B threadgroupH i ZMthreadi= EEN computeCommandEncoder.dispatchThreads

IOSH & HRER- 2= Hl 5 hniE


https://developer.apple.com/documentation/metal/mtlcomputepipelinestate/1414927-maxtotalthreadsperthreadgroup

51 f
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GPU H1T1T 88 =

Metal GPU RIS

= threadExecutionWidth (E3Ei28&—f%7932)
= GPUL—1"SIMD&%: ZH 1T 1THIthreadZ =
= maxTotalThreadsPerThreadgroup (EGPUMR)

- gﬁ\threadgroupcp%gﬂgthreadﬁié . .::‘.-"" | fow)c;.'c:m; fu-guﬁ.m

- GPUBERUSMSPSIMDER, FINBERS | €5 € &2

maxTotalThreadsPerThreadgroup f

Device Memory

threadExecutionWidth

IOST & FRBVEIZ4E 1 5 I0&


https://developer.apple.com/documentation/metal/mtlcomputepipelinestate/1414927-maxtotalthreadsperthreadgroup

GPU &5l

Metal GPU #1353 1%

Vertices Pixels

* — Vertex function — Rasterization >/ Fragment function =

= Metal B FIR/KZFIEALAPI ({51900penGL) {1
- IRIBEE, SHIM/KETREESTME. REEN=1TMER: IaE56E. Yilit. FxEess.

IOSFF & HIEIFZ 455 5 HNiE https:/developer.apple.com/documentation/metal/using_a_render_pipeline_to_render_primitives



Pixels

* Vertex function > Rasterization > Fragment function =
Vertices

Vertex 2

Application coordinates (500, 500) Normalized device coor dinates 1,1
L L J

L L
(-250, -250) (-0.5, -0.5)

- 1000 px -
Vertex 1 Vertex O

IEFRIR =3 Ml 0

iOSF & R EIR LIS HniE https:/developer.apple.com/documentation/metal/using_a_render_pipeline_to_render_primitives



V t* —_— Vertex function Ras ation Fragment function
ertices

EEEEEEEEEN-
AN EERERERER - |
EEEEE ||

e ik
. B
= ]

ANEEEEERE-

(HEREEE-

iOSF & R EIR LIS HniE https:/developer.apple.com/documentation/metal/using_a_render_pipeline_to_render_primitives



GPU zziil 1 f

* >/  Vertex function — Rasterization -
Vertices ] J \ J Pixels
.. (0.0, 0.0, 1.0)
] /I\ ]
/m
/AEm\
' . HEE (0.0, 0.5, 0.5)
' . . . . (0.33, 0.33, 0.33)
& 00l ®
| /AHEARE N ®
.--.... -. (0.5, 0.25, 0.25)
c/ L .\o' | (0.0, 1.0, 0.0) (1.0, 0.0, 0.0)

iOSF & R EIR LIS HniE https:/developer.apple.com/documentation/metal/using_a_render_pipeline_to_render_primitives
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Metal

Metal Eiti#flZ

ScenaGranhs 2D Graphics Standards-Based
i and Imaging 3D Graphics

= Metal APHESIEF G BE

HIERIGPU
Primitive, ¥=HIZ03E 13+
SceneKit
II:|:II ’ lttﬁ'é)ﬁﬁ’/"?ﬁ.%zz PPAEKE Core Animation
Core Image
NEBRITE Core Graphics e

IOSH & HRER- 2= Hl 5 hniE



Metal

Metal Objects

= Metal APl iR 7 —RIIMR: CPU
= Device: E#IGPU 3 _
= Command Encoder: J$APIEiFZIGPUIE{HIE<S WEMES T
= Command Buffer: GPURE{§IES Metal AP
= Command Queue: GPUIEHIESFES! l =N
= State: HZMWState, KA ERIbufferiXE/texturelXiS3H
= Code: ShaderiZ% (Kerneliz%) T8 GPU

- Resources: WME/EE/TiSEERE Metal Performance Shader

IOSH & HRER- 2= Hl 5 hniE



Metal

Metal iE R TE

= M Device FRFREUN MZAY
CommandQueue

- B81# CommandBuffer 13RI

Encoder

IOSH & HRER- 2= Hl 5 hniE

Render
Command
Encoder

T

Command
Buffer

T

Command Queue

Device
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Metal

Data Buffer

Metal iﬁm ;’Itb*i Resource

Texture
Resource

Funct <+——  Function
Render Render Pipeline Render Pipeline HncHon

- HEHNEREETEN/H Command soe
- Function
fmig%%%&fé)\(’ %BE-[L\XE Depth Stencil Depth Stencil
Descriptor
1T & 2 Descriptor 1B
Texture Textur

e
et
R Descriptor
Encoder |:|:| esource

Function

Key

Command
Resource
Buffer ||
Code

State

System

IOSH & HRER- 2= Hl 5 hniE



Metal

Metal iE R TE

A Render Render Render
- N Command Command Command
> I EnCOder E-I. Lx Ef’ﬁ Encoder Encoder Encoder

Hf&E— 1 CommandBuffer
I, AAEBE®ES

CommandQueue

Command Buffer

I
|
e e

IOSH & HRER- 2= Hl 5 hniE



Metal

Thread #2

Metal ﬁﬁﬁfﬁﬁ Thread #1

= AEI#JEncoder (ARFITE
/S B ERA..) 7
LAERER— Buffer

- A [E#Y CPU Thread 1]
IAFTLIBTERY Buffer, | |
SR = R\

CommandQueue

Command Queue

IOSH & HRER- 2= Hl 5 hniE



Metal

Metal iE R TE

- 23] Metal i3EHR, —EEX4%9 Command Submission #l] Resource Update
- IEREEMIBIREEE 5 FIZHIEY
= Encoder GHAFPRENIES (HUR/EFAE/EMiIRE) EHRAEHE<S (Hardware commands)
- EFRaEsl
- FERIAUEPER, BERIXBRIT
- ARFEHE<FE Command Buffert
- AILAEEEA, REWNE

IOSH & HRER- 2= Hl 5 hniE



Metal

Metal ZUEIREY

- BRRIIEEE
= Texture (formatted images)

= Buffer (unformatted memory)

= NFERURRESTEIE
- FUERIARIVIBNEE X BT UER
- AEBAIIUAERL
- BIRERBEEINN, FRETLRBHIHIZHIEER
= Buffer B#h
= CPU rIBAE#=iA0)E#E, FFEElock API

IOSH & HRER- 2= Hl 5 hniE



Metal

Metal ;B IE

= Metal RIZOEIEAREX OpenGL ES, R iOS fl Mac FHIEEERED

= Metal Shading Language B2 ETF C++ 14 T
- 5222 Attributes 1 Argument Tables

- Metal ER A SRIEERRIE, Apple TR TREZSMILAPI, BERFE]
MEIZE AR =1

IOSH & HRER- 2= Hl 5 hniE



Metal Demo: GPUJINE

BERS T

- B ECIN g ERERIAVEN A NNE
guard let device: MTLDevice =
- BFREAUT: MTLCreateSystemDefaultDevice()
else { exit(09) }
- FRBGPUIRFIEO
let adder = MetalAdder(device: device)

= #ia{tFKBuffer. Queue. Encoder adder?.prepareDatal()

o lE ok adder?.sendComputeCommand ()
RN adder?.verifyResults()

- REES
- RIEES
- BIFLESR

IOSFF & HIEIFZ 455 5 HNiE https:/developer.apple.com/documentation/metal/performing_calculations_on_a_gpu



Metal Demo: GPUJINE

Kernel &A%Y

kernel void add_arrays(device const floatx inA,
device const floatx inB,
device floatx result,
uint index
[[thread_position_in_grid]])

result[index] = inA[index] + inB[index];

IOSH & HRER- 2= Hl 5 hniE



Metal Demo: GPUJINE

2RSS Rz
class MetalAdder {
var device: MTLDevice

var addFuncCPS: MTLComputePipelineState
var commandQueue: MTLCommandQueue

- RTEARBRBESEN Kernal, FE{1E€/)
var bufferA: MTLBuffer

SESTIN A X FEAIINEE var bufferB: MTLBuffer
var bufferResult: MTLBuffer

init?(device: MTLDevice) { }
func prepareData() { }

func sendComputeCommand() { }
func verifyResults() { }

IOSH & HRER- 2= Hl 5 hniE



Metal Demo: GPUJINE

RIFIRE

- MTLDevice &3 GPU B)—Mili %
- {#A MTLCreateSystemDefaultDevice() /750 AR 151z RIEAIA GPU

= Mac FZGPURIR &N R EIHFH—1

guard let device: MTLDevice = MTLCreateSystemDefaultDevice()
else { exit(0Q) }

IOSH & HRER- 2= Hl 5 hniE



Metal Demo: GPUJINE

let arrayLength: Int =1 << 24

let bufferSize = arraylLength * MemorylLayout<Float>.size
1481t Metel BRI
init?(device: MTLDevice) {

- A library (25 Kernel :ilz.device = device
RN let defaultLib = device.makeDefaultLibrary()!
let addFunc = defaultLib.makeFunction(name: '"add arrays")!
- a1t metal B9k 2 try self.addFuncCPS = device.makeComputePipelineState(
(= V1

function: addFunc)

T self.commandQueue = device.makeCommandQueue()!
(ComputePipelineState) Q Q ()

self.bufferA = device.makeBuffer(length: bufferSize,

= #)#81€ CommandQueue options: .storageModeShared) !
self.bufferB = device.makeBuffer(length: bufferSize,
(deviceRJI5 < F51) options: .storageModeShared)!
self.bufferResult = device.makeBuffer(length: bufferSize,
- #0181t Buffer ({ZINZERIE) options: .storageModeShared)!
y catch {

return nil

L

IOSTH & FRIEIZ 4=l S &



Metal Demo: GPUJINE

R &R

func prepareData() {
func generate_random_float(buffer: MTLBuffer) <

- {¥ Buffer B let dataPtr =
- buffer.contents().assumingMemoryBound(to: Float.self)
IS REHEY for index in @...arraylLength {
1= dataPtr[index] = Float(arc4random()) / Float(UINT32 MAX)
}
}

generate_random_float(buffer: self.bufferA)
generate_random_float(buffer: self.bufferB)

IOSTH & FRIEIZ 4=l S &



Metal Demo: GPUJINE

Command
PSO ] Argument Argument Arguments

ﬁ“@ Encoder ( ( . ) ]

4 \

Command Encoder

= FH CommandQueue €IiZERIABY commandBuffer
= B CommandBuffer II3ZEX1A8J Encoder i o
- {8 }5< ZEA Encoder (]

let commandBuffer = self.commandQueue.makeCommandBuffer()!
let computeEncoder = commandBuffer.makeComputeCommandEncoder()!

computeEncoder.setComputePipelineState(self.addFuncCPS)
computeEncoder.setBuffer(bufferA, offset: 0, index: 0)
computeEncoder.setBuffer(bufferB, offset: 0, index: 1)
computeEncoder.setBuffer(bufferResult, offset: 0, index: 2)

IOSTH & FRIEIZ 4=l S &



Metal Demo: GPUNME

kernel void add_arrays(device const floatyk inA,

8% Encoder device const floa i
device floatx re
uint index
[[thread_posit]

result[index] = inAlindex] +

let commandBuffer = self.commandQueue.makeCommandByfTfer()
let computeEncoder = commandBuffer.makeComputeCompfandEncgdgr()!
computeEncoder.setComputePipelineState(self.addfuncCPS)
computeEncoder.setBuffer(bufferA, offset: 0, index: 0)

computeEncoder.setBuffer(bufferB, offset: 0, index: 1)
computeEncoder.setBuffer(bufferResult, offset: 0, index: 2)

IOSTH & FRIEIZ 4=l S &



Metal

Metal iE R TE

A Render Render Render
- N Command Command Command
> I EnCOder E-I. Lx Ef’ﬁ Encoder Encoder Encoder

Hf&E— 1 CommandBuffer
I, AAEBE®ES

CommandQueue

Command Buffer

I
|
e e
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Metal Demo: GPUJINE

1% B threadgroupX/Js

= arrayLength (BURKE) , FIZFNIBY Grid X/,
= 31 & threadGroupSize

- IEESEAN Encoder

let gridSize = MTLSizeMake(arrayLength, 1, 1)

let threadGroupSize = MTLSizeMake(
min(addFuncCPS.maxTotalThreadsPerThreadgroup, arrayLength), 1, 1)

computeEncoder.dispatchThreads(gridSize,
threadsPerThreadgroup: threadGroupSize)
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Metal Demo: GPUJINE

- %R Encoder BY4RHE5
= X&i% commandBuffer RS

Ly

- FHEREBITR

computeEncoder.endEncoding()
commandBuffer.commit()
commandBuffer.waitUntilCompleted()

IOSH & HRER- 2= Hl 5 hniE



Metal Demo: GPUNME

BSUEENIRE

= £ CPU LISurEiRIEfftE

func verifyResults() {
let a = bufferA.contents().assumingMemoryBound(to: Float.self)
let b = bufferB.contents().assumingMemoryBound(to: Float.self)

let result = bufferResult.contents().assumingMemoryBound(to: Float.self)
for index in 0..<arraylLength {

if a[index] + b[index] != result[index] {
print("Compute ERROR")
return

s

}
print("Compute results as expected\n");

}
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Metal Demo: GPUNME

BSUEENIRE

= £ CPU LISurEiRIEfftE

func verifyResults() {
let a = bufferA.contents().assumingMemoryBound(to: Float.self)
let b = bufferB.contents().assumingMemoryBound(to: Float.self)

let result = bufferResult.contents().assumingMemoryBound(to: Float.self)
for index in 0..<arraylLength {

if a[index] + b[index] != result[index] {
print("Compute ERROR")
return

s

}
print("Compute results as expected\n");

}
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