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7] & & of

Eouhg o HElFo] o AgAE Zd|d T (User Interface framework)el e Hxo $HAS 840
2 A Y3 7l #e Aoz, Wl AASAE Zdld YA (framework) Q] @A & 8lH EH 349
A B sk Aol A EE AR @EskeE Al2H 9 o] AJxRo] FAtIgel| #E Aottt

A

Single-core &7l AF&x} € H o]~ (User Interface, Ul) A& Fsl= W22 AlAvld] EA8ls =2

A A (processor)®] 7|<Fet A#glo], &2 IM(application)e] Ul A& 3 7je] Z2AMoA ZF Az
3},

i
:\_I‘

Single-core Ul *2] ®2]o|A+= preparation, surface allocation, drawing, compositing &9 & o]

3hte] 97 (worker) ol A A 2] g},

Preparation ©Al= 2} 3 Q459 AV|E 2737 98 measure ©AICF, ZF 3lH QA7) AAR IHA
2 X E ZAASI= layout ©HAS E3F3CE. o] 23 measure?} layout FAL wjH 3tA EFHo| T8k wjwlt
AP A] gkar, Ao Aoyt Adad 4 9},

Measure, layouto] #uw, 3 &3 A3E JA2 AT pixel buffers Td3t}. ol I}AHS surface
allocationo]2} 3}, U3, drawing YHAIZR 3PWS Gt 24 4L tree T2E FAEHO A& view
hierarchyZ traversedt™Al ZF @49 U8 pixel buffero] AAZ ZAC}, vpx2 o 2 compositing A
= view hierarchy traversale] EF i, 3lHe] =g F=H)7F HW | pixel bufferd W& 2 3
Elsheia=

O]Eit:il— Single—core UI i%f'q H]')‘]q 76‘—?* 17H94 I‘Lik"}‘ive_‘ /\]"9‘—8}0_;‘ UI'E_‘ i%ﬂé}ﬂ] QEE, multi—core @_’76]0”
A multi-cored &8 AT U1 A 58S AFT = A Hol HA Alx=wle] g&4do] HojxA Hx
AFEAE UTA gl w2 B2Hss =74 dd.

gy o] g

s dste = A

multi-core37A A Tt ZRZAAME o] &3= Ul A WAs A3,
AA 3719 FrameQueueE zt= Ul ] WS Al&she] @9 A4 U

FrameQueue®] Z7|E AMEA} o|HIE Ao fof uwpegl Jste] 9] 7fedoz zAgstoan  A&ar = o

& REgAdol 2 VlEs At

A9 HE 8

2 ool upghleh A o] whE oWIE] whgd YA E wAStE ZdUYA %A Al~Fe HE =
o] g0 A8} ClE|H o]~ (User Interface) THVHIAE A= A"l oA, oZHA ]/‘4°§‘ﬂ
B ALgA} oHlEd Hhgate] AT =Y Qls dagwtol Zy9ls Fr] HE|ZooA Eddete HEHEE

=5 AAdste zZEl #EF, Zddde] #AE SAME 1Este] Zddded dig AvEE HFste Zdd Xiﬂ
5o ZEde gt s o)) AWMEE HE|FZo Ao 2o HFAd ddste] AP st ZEd HEE E A
g ANEE T3 Y ZHdSs EEste 2 295EE X8 A

g, AREAL oMIEC] ek JYAFRIFE oty AREA o|WlES] EAd uwhel Zyld AGEY HFgdds
A= ARG AAFE o 23 5 gt

T, AFId AR dElZo A AAEH ALEARZEE oWIEE ¢Etol ofF g Aol AEA} o]
HIES] IEAHRE AFste oWIE A EEZFE AL oHlEd gt JHARE AT = r}
Hoabgol npgbd s A o] wE oW Ed Hkgdl T I s TAEE T YUY TA ML HE T
Ao AFEAF QB H o] 2= (User Interface) ZHUNIE At Wl AAA, AFEAF o|WIES] J=dr
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Eeg) BP0 B Moz E A ofES] urgste]l EAY Zalge Aol Tade 4
7] gelsmolel X $@e] AR AWCE YY),
2ol AAR(12008 Zelglo] BAR £HE Zeiske] Zaslel o
el AR (130)E ZeQdel td sht o del AWES we el o) A4 A6l FFstel Az,
2ol R (10 AH A

Multi-core 3o S&x2a=9] Ul HIAA F HHZE AT & A= ZHY A2l (draving) FES o
o] Fojoll EAAA FA AHEs=EF vt BHHZ AHEse ZHY HE(drawing) FES HEY A
oA A=, o]Hd A9 = ZRAAN F7t FUFE wEt A SIS 5 3

7+ A= ol E¥9 eSS A 2 pixel bufferE® @i, o Wyl 33w &S A Ho
(surface allocation). H3F, Z+ YA7}F g3 pixel bufferd WES HFHoz %33 3§ A4 3dd =
¥ (surface compositing)3tt. o37]A surface allocation®} surface compositinge HWE9 REZ 74" F

(worker) &

T 9Ja, ZH Y Fa B (nain thread, 110)o4 2F Az=E F% 9},

T 2% B dge] vt o AAlde] mE ZHdea 2A AlZRES FAS v B Rt ® 28 3
Zsha, Zeld Ay (110)= Measure(211), Layout(212), draw AWME AA(213) BES, TP AAH
(12005 =222, Z=dY AYRA30)E ZddS AYsts o9 9A231, 232, 233)¢F Surface
Allocation Manager (SAM, 234)E, Z#|d &34(140)= Surface composition(241)3} Surface flush(242)E X
ksl 2= o)

== IS

I AHglB(Main thread, 110)¥= Qo] W}t measure(211), layout(212) &GS 38 4 Art. Draw
command 2 E(213)2 7} 3 FA_A7F AFE view hierarchyE traversedtd A, zZ} FALAE 1¥of g

drawing command5-& Z#|UF(221) AL A3 enqueve). =, ©] FANA pixel buffero] A 3}
W EE 8o XA F3;, @A HS 277] ¢ A E(command)“} TP AF(221) 0] AT},

SAM(234)2 3 &9 AdEs AFZE pixel buffers TF(surface allocation)dt}. Pixel buffer”?}
FHEE, 913(231, 232, 233)EL ZHdT(22D)d AFE AWE(command) S RIS A}, IS
ug] AAE T oirlsitrl, ZH Y @)% (main thread, 110)9A AEZE AFsd 2 w3E drawingS A%
A 3 % i, Y #E] P (main thread, 110)7} Z# QA5 (FrameQueue, 221)o] HAWZ(command) & #17%

(enqueue)d &, Zvt2 APAIZA F= Qo).

ZF YA (worker) & ok 9l A% (main thread, 110)7} #8]3F Ty dF(22D) o 2 7= (command)
8 TAH o2 AU, Aol Aol & g tiaARE pixel buffero] L#th. o] 2 (Drawing)o] #
U 72 93= 29 AP (main thread, 110)oA AFAle] zFejo] Eyks-8 <),

& FR7t A

Eiﬂm A2 5-(main thread, 110)E EE Y59 o] ¢xd w7+ ti7]sly, 3pdd 5]
of wrdEar 1

1 buffere] W-&& AA ol €k dc}H(compositing). pixel buffer?] uWj-go] AA 3
ZHJAF(221)E flushste] spH] vkd® Z]lol sgste AMEE A A

2o

ol

= 32 B o] migrAgl oA AAlde mE T dea A AaFe] FHAAS e ol

29l A E] - (Main Thread)2 o] ZE]Ao]H o2 HE AL&AF o[HIE] wkgsto] Zd Qs HAS AL AA| gk
Y AgFe T e ik =29 AWE=(301)E AL o]E T 9)F(FrameQueue)ol #7(351)

o IH

o
=5
T olae] AFE AAN=(351)E JI(Worker#l, Worker#2)o] Ze|le] 1eld JdS o] s, 4z
o] A (Worker#1, Worker#2)E-2 Xl EadH AATS A sl a|Al @u. dld Za gl digk A7}

T (Worker#) oA HFTHoz dasd, Zd Y 25 (Post-Worker)E F3te] slHol FA(331) %L AFE-A}
AA tjxZgolHtt.

AHEAL 48 o[HIES] EAo| muhx, o &g Ao
dol AAsHA "k, 2 Y H2]F-(Main Thread) =
=(302, 303, 304, 305)% AAIc}. oiuk, o] AL =
gogo] EAse Ag-olvt el Hg]F(Main Thread)ol TIPS 28 AL AA T &

e T
o o
e o g
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3R] ko Aol A wizkx] di7]1sA "t

A" 2 ANE=(302, 303, 304, 305)F FAIE o g Ao wetA ZAFel AFEHA =HEd, AT
(352)F AWEZ(301, 302)7F a8 o2 AAE o] A Ao, ZHAF(352) FelolA A HA Zdel o
gt taZeol7t das (=g S84 3310 a8 A WA Zdd BAD, Zd ATl AFE A WA A=
(30D 7F AAE L v AWME=(303)7F A= o] Z dF(353) el B,

& A= (304, 305)0 thak Ay 9] =2(332, 333, 334, 335) Ao A=
O] (354, 355, 356, 357, 358) AHIZ} «=xFo® AP},

rkﬂ
E
o?‘:
)
2
[k
1=,

T 45 B dvye] uigdzd A AAdo] w2 L YFF(FrameQuene)] 715 ZAsE TP FA AlH
1 X388 ofFg A Al2='ES Yl E5Eo|t. T 45 FxsMd, dAA ofZgA ol A= FRE ALE
2} olHlE  REE(Event Handling), 0S EE(Kernel) E Z#HAYI FEA] A2E(400)0] o=y AolA

(Application)9 A4S A Y3 &= JHlE 7IXA o},

ZYAYT FA] AI2EI(400) ZEd #FEF(410), ZHAF(420), ZEd A F-(430), ZHd Z5(440)
2 =z dF F7] AoJF-(FrameQueue Size Controller, 440)E ¥&3t 4= Qu}.

O
o i

[*]

e

I AHF(410)E M2 ZHAdS AT 49, vA Zad A9 measure Z layout AFS a3 &,
AA A 28 =29 AW (drawing command) S-S Z#H 5F(420) A A3sFA Eth(enqueue).

YA FA AI=E(400)2 TE5A no Tl g (FrameQueue) o] AFFH S zh=tl, & 59, n=6 9 7
%, AW 6719 ZHdel i =2 AME=EE ZAdFFol A 4 JYSS 9n

(o]
ro
&

[H

ojf e, L AF(420)0] ANEE A= AP ZHAFU20) 0] AFEH =29 Av=Ee] Ho nl9
g ol gt AME=ge] Ad wribx] wEd 5 dn.

A HEF410)E Zgde] dist =24 AR=rE AdE 4 IAEC] HAA =2YS AT pixel
bufferE SAM(Surface Allocation manager)E %3] &G =F 3k},

g9 AeH430)= Zadel e =2 A=t Zy sl AgEar, 1ol tigk pixel buffer7} B
54290 AE(Worker#l, Worker#2,---, Worker#n)& #}Alo] Hzlafok & Ggo tidt HARE ztu T o
g =29 i),

£ (e IM

A A F(430)0] EAEE SAME Zd Y #HEF (41009 8o wef AA sdHe] a3d &S @A =
pixel buffer® s3ich. el He]5-(430)9 2z Y H (Worker#1l, Worker#2,---, Worker#n)E-S AAlo] A&
dlof & J9E =2sta, durd Y952 pixel bufferdl AZHT.

25-(440)= Ze el et pixel buffero] =<0 B5F &5, o|& o] &3

=Yl % o]—i] s =
ol 2 3ch(surface composition). W3, Zg|¢lo] HHEm v, T olF(420)0] AFH ZHH g9l
3 =29 AWEE AAY(surface flush).

0S EEe =gko)H(Driver) 52 9 7A4A] To2REH AHHE gwol ofZH Aol HoA E8rtsses
el Aoz, dE 59 Timer Dirvere= A|ZFYHE, Touch Input Event Driveri= B X, vl$-Z(mouse),
7|HE Fo YEFXZHE Y= oHEE ol A3t

g

Input Event Handling 2% (460)2 0S EEZHFE XA, vl9-2(mouse), 71RE 59 948 olWE(Touch Input
Event)E o}l o]& Ul ZAdYPFNA At oJMER ®3lsl 5, o] o|HES Aduxl sk o Z Ao
Aol 18 oWlE AWE A|F3ty. L3, Input Event Handling EE(460)2 AFExl 4= oWl EY} wrAE uf
uith oJHlE AW olWlE WAAZL 59| Input Event TimestampE Z|YF F7] A5 (FrameQueue Size
Controller, 440)°] &3 Hd&sA A},

T

L 5E & o] uighA e A Arjde] wE Z el (FrameQueue) o] A715 2ASE ZHAdAA FA A2H

L9} A2 H-(Main Thread)2 o} &g 7lo] A o258 AREA} oJHIEe] REgslo] Lele FAD A& A2

AS, Zd AgEes Zde vg =29 AW=(501)E AAdsta o5 LY (FrameQueue)ol A7(551)
Hr},
TP AdFo AAE AAN=(551)E YA (Worker#l, Worker#2)oll ZHdo] 1eld 9IS yyo] Eujsta, 22+

_8_
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ol YA (Worker#1, Worker#2)E< o] EaH J9vtS A ste] 28 Bu. g Zdldol dig A7}
A (Worker#l)ol A HEH oz x5FH, T P (Post-Worker)ZE E3}o] 3pHo] FA|(531)H L A&
ol Al tlxZEdold}.

g 9 olMES SA4ol meb, oFeAelHe A%Hor BAT YL =AY AF-(ain Threa
O AAEA frh A AP-Olain Thread) s B Aol Aol thate] Ztzkel Zaglel vhet Al
E(502, 503)F AT, tht, of A9 olEAlAE Tl ANEA 44D = Ax AgAeo] £
e Agole ZaQ) A -(lain Thread)] TP 18 AL AT & gor), Aol EAsA o

W AgGgel A wizbx] d7]skAl

e ZF AdE=(502, 503)% FAIEO oF & Al weba | Qlate] AGEHA Hed, ZeEdat(652)= A
A=(501, 502)7F Ak o &2 Aol Q= AdEjolth. ZeQliF(552) dEielA A WA e g gaE
dol7l s H(Zdd 25 5310 98 A WAl ZHd wmAD, Tl AE 3 AR AN=(501)7F
AAE I ohg ARME(503)7F A= o] Za A7 (553) E7F H).

g T g sk H2)7F YT (Worker#1, Worker#2)olA da5dH, T =
Aol FAI(532) 3L AREAP Al HlaZ Yol s o, Al AgE F HA A
(554) ZgEf7t €t

S5 (Post-Worker) & E3to] 3}
Wl =

(502)7F AAH] ZHAF

=

AEA AME(503)7F JHE AL o A AlRke] BE §, ARSARFH dY oMEES
o E ] S/l utebM AREAF olHE] I WS £ol7] flste] TSt AvlE =46

A QIT(555) . AFEAE olWIE o] thate] o ZelAolMom e Zelel A2l (lain Thread)7} Zelg) ¥
AE AN HE, Zedel t ANE(00E AAstel Zalditel AgaA Hidl A8 olEe] B4
& setele] =elATF(555)9) AL oA A,

o, ZAQF55)9 A4GGe FU Wl s)Ee] ZaAdF6s5)l A ANSE Hdor & Bast
Stk oleld H9 TelQF(555)F flushdte]l A48 ANES FAHoR AASAL, = sol4 E@H 23
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