MSPR 2x: 2 B RAFEAEALE 3
1] [7) SEBVE e Tile-Local Z¥ 8] bR AR H

BRIk

HE

A5 H MSPR 2x (Multisample Phase Reconstruction), — ] ] SLByE G0 e AR R L. B
MEAME D HERAL K VYA resolve BT MSAA Fith sample HZ VYA AN, A tile-based GPU fEVE 4 pass
WHEBER 2x 4558, HERFEAEREPNLEL.

1SR DL Direct 2x N5, W EL & i . FSR1 EASU+RCAS. MetalFX Spatial. MSPR-Quality
1 MSPR-Lite; i GPU I [HR A [F—37 544 AT Y . MSPR-Quality UL 30.301 dB BUS S 31MH, 58
Bk GPU ¥~ 3.656 ms, Lk Bilinear & 1.067 ms; MSPR-Lite i3 30.065 dB 1 3.218 ms, ¥kt Bilinear

& 0.629 ms.

IERIAR . L FHEREK E IBAER]— & iPhone 13 (iPhonel4,5, i0S 18.2.1) L33k, {4 F [F Wi Direct 2x
2% iR R ERR: Temple 52 R E AT T KB Apple 1] F /1 order-independent-transparency
Demo [1], HAXH TR, &R VAR KA, ARTH A RATZ LR, 5 RMIs T g el qi s H &,
PRI AT EERE Apple B 75 BT HAT N #K, JF#ESF Apple &M 2. IXPIAT S Hoh by o i i 5 Se B A 4k
RESSME I DTER, DUEAA T TR E R IR R SRS S IE & -CA T eI, 3
) 100 M58 B VE Yedz AR IR R R A AR UE B 28 sample P, ASJ& Metal imageblock 44 dump.

E%
1 GREE

2 BHEEESREY
2.1 NfF4 MSPR EAFE resolve HIHAT . . . o . o o
2.2 MSPR-Quality ZERIE . . . . o e
2.3 HEEEBFERGETIES . . .
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B BIEAUBBRIERE . L
3.2 WIMFEERIRA
3.3 FERSHIATL . .o

4 ERESR
4.1 PR AEERETELEL e
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5 MRESH I
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A BBF proxy: BEEAT{ RBIEWE 13

B AENMHEER 13

1 ZHeimE

1. MSPR H##IM resolve BIFIFIRRIUEE. ‘& HEEMA RERAZIRAE BEN KRS, MY MSAA sample
5™ resolved color U ARG, SLHIEE UL, & HIA RS EH 5.

2. B#h MSPR EE#MUB/NHNTEBRFEEREESER. MSPR-Quality F1 MSPR-Lite {1/ /L5 3ME
YIET MetalFX. ZRPE4E{EA FSR1. A% [E—%E 0% E 2.589 ms [ Bilinear 5¢ %1% %1{H, MSPR-Quality 14
B0 1.067 ms. $#27F 1.021 dB; MSPR-Lite ¥/ 0.629 ms. #27F 0.785 dB.

3. MSPR-Quality RERMETIIESR. 15 F% PSNR A 30.301 dB, b MetalFX. ZeME4H{EA FSR1
gyl 0.891, 1.021 AT 2.934 dB; 100 Mi5se % JE 44l 5t i EL Bicubic & 0.815 dB.

4. MSPR-Lite @AM ATIIER. WIS FIIERN 30.065 dB, X MSPR-Quality % 0.237 dB; &k
threadgroup staging 5 barrier 5, 5E¥EAEIIMEN 3.218 ms, TE[H—MEIL R Bilinear & 0.629 ms.

5. BMIMREBREBEAEE. MSPR-Quality ] 3 x 3 resolved ABIRIY 58 Py 28 HE N BE J1; MSPR-Lite i
4 ET15 Z YA sample FIZEA P resolved tap, LAEE ] 51 € 7S tap B$AZ i HU SRR AS

6. EMBRESIEMAO. ¥ iPhone EH—%m A EHH AR LA CH KT =E) PSNR. REMER
151 JR 44 B AR A5 R et EL B s [RIFLIZAT I MetalFX. MSPR. FSR1. k14614 5 Direct 2x 14 FHAH FIMIFI (4,
Yy,

2 BIEHERZY

2.1 A4 MSPR ZE1£ resolve BIHUIT

FSR1 & resolved-color 75 [A] L RAEES: EASU U7 In Hi&E Mg HEd, RCAS Hiisifl [2, 3]. SGSR1 [
REEH—5K resolved texture, fE—/NHIMF3) GPU [ shader 4 & 12-tap 2K Lanczos S8 H &M 8tk [4].
MetalFX Spatial U ABIASE, @i Apple runtime % KL [5]. = #F il #HMAL LG resolve 2 JaHFifi o

MSPR WZEPY MSAA BT tile-local ARASHFEEUEAT. X THHAHAL p € {0,1,2,3}:

3
L,= pr,sc.97 (1)
s=0
B, = 0.5625R + 0.1875R; + 0.1875 R, + 0.0625 R, (2)
B, = clip(B, +vD,0,1), (3)
O, = clip (EP +a(L, - B,),0, 1) , (4)

Hrp Oy 72 resolve Tl sample, R #& resolve, R, R, Ml Ry, &4l thAHA &£ M48fE, D= R—0.25(R, + Rp +
Rr+Rp) &R detail, v #R¥E resolved contrast PRl detail M, o Hi resolved contrast A sample disagreement
. PUANAEAL S S AR R 2x HiHR R

MSPR-Lite B AH [F] (1 DUAHAZ 4 AFCRE P92 B R0 08 O [ 5E 7N tap EEAE:

3

O;I;ite = clip (Z apsCs +bp L Rr, +bp rRRR,0, 1) ) (5)
s=0

Hr Ry 1 R 7&M imageblock B HZELHL) /24 resolved colors 441 JEANE 52 %Y sample coverage i [A]3E £ 24

A8 & resolve. ZEEEAEIL 3 x 3 threadgroup 4B¥K, WA E barrier. [EE RE T formulaV2MSAATile,

I Lite 5 Quality #B7E[F—MEY: pass WEES H &% 2x B4



3 R R 3

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

oy pampfle Fr b WA
LR MSAA4 j54: — tile imageblock MSPR tile kernel ‘ 2% Hrih
‘ |

tile-local H %

Bl 1: Hbs Metal 475750 WU sample HdE AN SN — Tk BEIMP L

2.2 MSPR-Quality S¥¥rE

R AT B B B R P T TR X 2E [ 5E AHAL R B contrast blend. 3ZFR detail Al sample-disagreement gate. 4 H{
release-shader 37 5406 M T7E 2 A SCI0 BC B 2 IR FERA S, UIGIZAE R 8 T R A IEIEYR, AR RS 5ik
FEIMAL benchmark. 5 —41 100 W56 88 Jedg 50 %A H TG IX L R4,

0.63305 0.11351 0.27293 —0.01922
i | 039027 056770 0.02330  0.01899 .
MSPRQualiy 1 01080 0.02368 0.56413  0.39257 |

—-0.01760 0.27210 0.11202 0.63377

contrast [X[A]4F 0.0400-0.2000, /% blend weight 4 0.7000/0.3000, 32f¥ detail gain A 0.3000, sample
disagreement floor 4 0.7000, & —1T#LF NEALL DC gain. HL#F Al HC B 1/ T Reports/MSPR/parameters/
mspr-quality.json, shader Hf§ FHAHIF 1) half A% H & .

2.3 HEXLPRERTFTIES

P2 A BN Y] MSAA sample T 5478 « tone map. B 5[], attachment #78. BEEA Direct
2x ZHEHAREE R DR . @S ILNBRTZITRE, £ 0EHJUFAIRIA. alpha cutout. %R
B oG g1, HEELE. KA. UL AV ECEAE ;s BEAS 2507 3] IR B S U AR ATLIE 30581
1. UEHEAERE. SN HAAL AL Cy ... Cs #14 Direct 2x target, 8 H % IEIRI 2 R &/ 3, Fom
HIEEAT REORA 1o Je RARAARGIAERE, &G gate [A)I A2 A8 55 R0 .
2. ¥R contrast gate. MJFK%E luminance gradient )7 EHI410 contrast_low/high. #i&& b ELIX B
Local tE 238 AHA A%, R BORE 1% sample T SCH IR A HDR i o,
3. ¥RE sample-disagreement gate. HVU sample {5 Ki#iE % /7 A i E sample_low/high; 7E L JLi4%%
FERDAR RS sample_floor, TE R S s AN E Bt B R
4. RIEH% detail. detail_gain WA TAMEREREEL KA. BN 0 FFEEEGIN, FFREIMS 4% Scharr-gradient
L1. fi lobe iyt A] 51 N KR, A RE AL EM PSNR.
5. MRS HEIGW. H bRk EF I8 HF) PSNR. P10 PSNR. L1. gradient L1 M& WA RRZEM: EESHE
45 JSON 5 SHA-256, FI{ERZ S5 RICEERT Y LIg/T—IKRIE.
ZHAREHE R, AU sample/4B3EEH. barrier F1'5 H#i4h, FE[F— MSPR-Quality kernel PS4
MAIE H A ME GPU WA . # HFRIH i) sample pattern. HDR & £80E B & U FANE, N EFT#4T Eid
FraE, A E#EER PSNR 4.

3 TEEYL

3.1 [SENGRTERERE

73 S b f B LR e o BN 958442, firH 1916x884, I75eitia] 3.0, BENLFHF 17. WHFWHEEH
SER. PR BEAESGE . 128, alpha cutout. Fi)G. #iAE. BEE A AN Temple JUA[o FE/NMRFI 7 5EHT
53X Riff) Direct 2x Miit% RGB PSNR.

LR PEEAE . W H N FSR1 EASU+RCAS. MetalFX Spatial. MSPR-Quality. MSPR-Lite f1 Direct 2x i [H
WRAE[— % iPhone 13 (i0S 18.2.1) bA . LMl FHE—4r 13, WA, Fi¥. tone map 55 RGBA8Unorm



3 R R 4

B RL . RN TR S P 20 L Siih 120 M, IFPL command-buffer GPU duration EJy5¢ %
B2 Fabr. IARY Temple 54 F KA R HPIE =R E Apple “Implementing order-independent transparency
with image blocks” SR A T4k Demo [1], HAUEAMREA . T AT H A T Apple 7~ 57 1 -7
RAUH], IEPIN 5 G P ARG R KA s IR JEIR N A, W AT+ Apple B 77 JUIHE H 47 N #0JF#E5F Apple
MG A Sl A B A Be T A BN I R QIR AL 5, ANRE BT AL X P AT g se ks

3.2 E[HEEERIR

ZHARAE B ITH AAT I RS, AR A FFEATILIE A benchmark . B4 S & 4437 5t LA 5760 x 3240 native-
6 AERK 100 M1, ZHE% 10 NEEBE 10 mirF 41 Bl JEAE R 960540 LR sample proxy Fl 19201080 MSAA4 target .
WA B e m i A2 S RHL . N2 ZER . Bl &0t A8 M ORE. F@EUIF RO 3 E UL JFHE
orbit. ¥, P&, Wi, #EE &k FOV &b, GI. TAA. FXAA fl post-AA 4=3xM], RS TREEZRE.
123 54 M S HhR B 1R sequence. capture session F content hash B E&IHA 0.

R 1: 100 Wise BIE QI RE NN B I A -

5 W% AHYLIE ) EVAIPSEN

Alias geometry 20 orbit. yaw turn A FER. EX ek
Indoor 20 sprints FOV zoom 4. WA, ZEERE
Vehicle 20 strafe. micro-shake EYGHIZE. FCREFIZE SRR
Character 20 FOV zoom Iy IO AN VR LS
Translucent VFX 10  sprint alpha blending. reactive detail
World-space Ul 10 yaw turn K Fih%. “FizEm

VU4~ sample ffiH B2 D3D KAEALE, M native-6 filizkHiEH: L LR &SN —NHEAL, (z,y) =
(2,0),(5,2),(0,3),(3,5) tone-map J& AR target #E LA RGBA8Unorm &4k A . XA AT Z LIk
TR AL, (HAZ Metal i sample dump.

3.3 IEfRSMARY

MSPR-Quality (VU4 sample; Bicubic FITH WZEAT5M #) FSR1 EASU+RCAS #2HU)Y sample MR A
resolve, FSR1 sharpness A 0.8. Native 2x MSAA4 &S% K, MEARGIESHIE. 8584 RGB PSNR. SSIM
[6]v L1 Scharr-gradient L1+ edge-weighted L1. —{f edge F1 MR EHF temporal-delta error. f /5 —I% A #b
EEANLIE), REZEiER.

FSR1 ¥ iR 20 H A Metal B RUZH#AEAR S positive-Reinhard /RGBAS B2 N l4s R, FMCERTA
AMD SDK fERZIHE FiHES . FSR1 SCRYE WA C & b v HAL T BEnE e 23 0] 1E 2k T Re A AN [A] i
LR RCAS WE.
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4.1 BEAGRZEG R

Archived: 9-scene quality matrix

314

30.301

Mean scene RGB PSNR (dB)

giinea® 2% cor1 ERSY +RCAS petalf? spatie wspr-Qua™ PR
Kl 2: [Al—% iPhone 13 L[5 HI°F PSNR: B4~ Apple WKz 547 AU E A A o] &30 SLiE4E OR B

R 2: LN FINERMFILE . PSNR B EBLT .

P W5 PSNR RS R IE

LR PEAGTH 2x 29.280 dB  iPhone 13 HEAl
FSR1 EASU+RCAS 27.367 dB  iPhone 13 HEAL
MetalFX Spatial 29.410 dB  iPhone 13 EAHL
MSPR-Quality 30.301 dB iPhone 13 EHl
MSPR-Lite 30.065 dB  iPhone 13 FLHL
Direct 2x 2%1K]  iPhone 13 HAL

78 i, MSPR-Quality HIE AR 5418 b MSPR-Lite & 0.237 dB, tt MetalFX & 0.891 dB, H£kk
1EE S 1.021 dB, b FSR1 & 2.934 dB; ‘EE transparency. specular 1 Temple 1 H( 35 & PSNR. MSPR-Lite
£ flat shading F1 gradient H1451%, LA Quality B9EAE FTH2 M EARKA . Temple Z50 0P 245K, A
AE HH >4 T R AT



4 BREXR 6

RGB PSNR by deterministic scene (dB)

45

Bilinear 2x
40

FSR1 EASU+RCAS

35
MetalFX Spatial 30
MSPR-Quality 25
20

MSPR-Lite 4

transparent flat checker fine alpha specular gradient fullscreen temple
lines cutout image

K 3: LR ERIIZZ 5t RGB PSNR; ZH MR T A BETC IR LI 3 5 55 10,

4.2 HETAMIREE case

= RATM shader 246178 75:% BH5EH]. alpha cutout A1 specular W%, BFIEA 3.0, BN 17. E5KEEE
% Al—% iPhone 13 £ LR resolve. Z&VE#fifH. FSR1. MetalFX Spatial. P4~ MSPR FEC& . Direct 2x
SEJRIBIUR . %771k PSNR,  PARJBCK L% 1) MSPR-Lite iR Z K.

AT LR AR E AR B3 s BB A B o 6 Xceode ¥ MSPR-Quality-i0S 3% ¥ 2 iPhone,
SRJGTEA AR H KT

uv sync --frozen

uv run python Demo/Tools/reproduce_release_quality.py --device <iPhone-UDID>

PIAAR R IE 1T EA By K5, R EHES N\ Reproduction/MSPR-Quality/quality-matrix.json, M App
Documents Hi FUf#E M PPM/PNG, F1E figures/ AR S EMEHE . 68 MetalFX X L7 243 iPhone;
i AL AR BRI PSP S AT



Transparent - fixed frame, seed 17

LR resolve (nearest display)

Direct 2x reference

Bilinear 2x - 42.954 dB FSR1 EASU+RCAS - 38.898 dB

MetalFX Spatial - 39.959 dB MSPR-Quality - 45.290 dB

MSPR-Lite - 44.773 dB MSPR-Lite absolute error x5

4: BEYIE S5 . MSPR (R resolve RIAHALIESE, JFAE %77 S PSNR.
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Alpha Cutout - fixed frame, seed 17

LR resolve (nearest display)

Direct 2x reference

Kl 5: Alpha-cutout 5. ZetdH{E At MSPR-Quality /& 0.037 dB, Ja#lo KB Eor 1 & A [E] 30 G0 v



4 BR%EXR 9

Direct 2x reference

Specular - fixed frame, seed 17

LR resolve (nearest display)

Bilinear 2x - 32.295 dB FSR1 EASU+RCAS - 29.582 dB

MSPR-Quality - 32.752 dB

MetalFX Spatial - 32.730 dB

MSPR-Lite - 32.086 dB MSPR-Lite absolute error x5

K 6: Specular 35, MSPR-Quality #J PSNR #:, b MetalFX Spatial & 0.022 dB.

4.3 FEJHY 100 WiEERIg =

B R R EEANREIZAT MetalFX, t%&H MSPR-Lite firth, Kit'e RAEHN MSPR-Quality. Bicubic 1 FSR1
FIANFIESE, A5 FETEH4
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Project-built 100-frame rendering-domain holdout

33.5 1
330 - 32,934
3251
% 32.119
o 32.0 4
=
[%p]
a.
o 31.5
]
&
31.0 A
30.639
30-5 _ ﬁ
30.0
Bicleic FSR1 MSPR-Quality
Bl 7: BT 100 Wi seRETE G5 4E, PSNR R LT
# 3 W R E R . Sk BRI E R T 1 .
Tk PSNRt SSIMt L1} Grad. L1} Edge F11
Bicubic resolve 32.119 0.97949 0.00444 0.00700 0.8258
FSR1 EASU+RCAS 30.639 0.97474 0.00563 0.00763 0.7858
MSPR-Quality 32.934 0.98504 0.00351 0.00521 0.8770

MSPR-Quality #HX} Bicubic ) 0.815 dB 14 af [FII 5 L1 FIR R Z K. AHXT FSR1 [ 2.295 dB R
MG NFL) — 1 FSR1 TIEEH DA TE resolve 1% 2K FIARALUESE o
4.4 SEELAERIGRER

XEegE Bk H e BIE G TS, MA RIS FER. AR SN LU, 28T s s 540 L,
PLE A FILIZ BN E ] VEX, F T4 78 LTHMIE E release-shader 3755k

Input (LR resolve) MSAA sample 0 Bicubic

é . |

FSR1 MSPR-Quality Direct 2x reference

8: Alias-stress case: LR resolve. —7* resolve Af MSAA sample. Bicubic. FSR1. MSPR-Quality 1 native

2x reference.



5 MRk 5 EIEdE 11

Input (LR resolve) MSAA sample 0 Bicubic

9: Vehicle case: HiTHI & YGIAA 59147,

Input (LR resolve) MSAA sample 0 Bicubic

FSR1 MSPR-Quality Direct 2x reference

Kl 10: i VFX case. BIESAIRIRIGE, alpha-blended P A2 8 AU -

5.1 ®ESMEHE

J3 23938 % %A iPhone 13 (Apple A15 GPU), 244 108 18.2.1; Hii N 5 958 x 442, i i 43 HE 4 1916 x 884,
9 MMM scene time 3.0 Fl seed 17; FEMITVEE RN R TIN 20 Wi, FE/E4E0H 120 Bi. GPU B [A]2 5%
command buffer {] duration, A& CPU gmidif[a], tHAZMT shader kernel B [E]. FHikMEZTES PSNR #H
B LA B SR AR



6 HrABH ERHEYLF 12
5.2 [B—%EM EEYTTEEREITEL

# 4: iPhone 13 Ji 52Ut FE L 5T 5 52 8 %42 GPU If[E] (GPU I [A) IR AT ) .

ik RGB PSNR ¥{ GPU #JfH (ms) #AHXF Bilinear ¥ & (ms)
MSPR-Quality 30.301 3.656 1.067
MSPR-Lite 30.065 3.218 0.629
MetalFX Spatial 29.410 7.606 5.017
Bilinear 2x 29.280 2.589 0.000 (EifE)

FSR1 EASU+RCAS 27.367 8.575 5.986

E—F R — PR S%.
Apan(m) = Tgpy(m) — Tepy(Bilinear), (7)

H AR BHEES A L 5 B35 . X2 A — 3220 R e BE ek AR W 248 A FH 2B Formula-only
baseline, tHANGEFRIB A7 HE kernel B8], $£IX— 1148, MSPR-Quality LA 1.067 ms [ 5¢8iA M EHE T+ 1.021
dB; MSPR-Lite A 0.629 ms FJ#&E42F+ 0.785 dB. [A—H i+, MetalFX Spatial 5 FSR1 K &4 7N 5.017
ms 1 5.986 ms, BIEHEE.

MSPR ¥ MSAA sample 1 resolved neighborhood R 7E tile memory /1, HREFAMIRLE 2x K. FSR1 %
7 ZFF AL LR resolve, JFAE RCAS Z A5 ANMIEH 473 3 EASU A&, SGSR1 H L RAEAMBLAL L E]— 4
pass, {HAIM resolved color JF4fi. MetalFX HgE4AN /HiH 40, NERREAEY . 24 pass HIFA%T DRAM
T, Apple [E4E. cache. store action Ml tile spill 7 ¥k 5 B SZHT T

XU R R AR I E RN B i RE e S, K& & EAH [R5 80 F LR 77 38, (EANREARE I HE 0T ker-
nel A . PI/MKH Apple Demo B35t vk T 17 SLEHe s Bl & NAEH T F & GBAREKR B & renderer A%
PR

6 SERBHLEREFFIXR

R 50 AFETHERENRL) 5 AR SR AR .

WIRES LN PATTT T EA AR UL

MSPR-Quality

MSPR-Lite

FSR1

SGSR1

MetalFX Spatial
SGSR2

Arm ASR
Direct 2x

P44~ MSAA color +
coverage/neighborhood
PIA~ MSAA color + 7
4 resolved tap
resolved color

resolved color

color texture

color. depth. motion.
history

FSR2 2% temporal $ii A\

native scene render

tile-local spatial

JC barrier [1 tile-local
spatial

EASU + RCAS
BAZE) shader
Apple runtime

temporal

temporal mobile

53 HER raster

PR¥E resolve BiAAANL

B e R A B

TR AR S () 2 2%
M ™ Adreno ¥ %
FEERK

A H i SFa et

FFJ5# GPU temporal
22 ) 51

iPhone 13 i Jii 5 56 %
PEAT IS )

iPhone 13 I Jii 15 56 %
BRAEI i)

iPhone 13 i 5 i [H]
T B

iPhone 13 I Jii 5 [A]
R L)

S 2L
GT; iPhone I}/a]

SGSR2 5 Arm ASR e R HEWIE S, HArEEHAS MSPR TiEMRITER ISR [4, 7, 8];

R4 motion.

depth. jitter. history 1 disocclusion &b, KA NI MSPR 5 AHIF T 52 TAF s 11725 18] post-resolve
FIEXTHE, temporal FEAE N 7 —ANHI R Z AR



A R PROXY: 3BT EHWK 13

A BBF proxy: BRI RN

Set5. Setl4 5 Urbanl00 #B/2&MH, AEEL . FILEMIAS S MSPR-Quality Z80%#, HWAEANE
g e, BATHA TS £V sample proxy F, M7 E AL 5 M B E 455 B R EIE S0 9, 10, 11].

% 6: #1 RGB PSNR (dB). AV&hriiE single-LR SISR HEAT#5.

T Set5  Setl4 Urbanl00

Bicubic resolve 31.207 28.144 25.123
FSRI1 resolve 28.181 25.946 23.405
MSPR M FlCE  37.567 34.948 32.247

HE R proxy MK IY 26 PRS0V A nT v, AN VLA RE A A B vl LA T g &AL & T B3R 67 lobe,
FEVE Y internal validation KT MSPR-Quality (33.512 %} 36.135 dB). KIS 5w 4 4 28k 8 74

B AEIMESHER

RATVELRESHAAF . B CSV. L& JSON. M RMmdg R HE, DUAEEE R = PNG. 4%
SR MEH T IERE R AAMEOARCE, I EE RN RARIEIEREHR Y, MARKS SEREIIMSL benchmark. AL #F
KA E MR positive-Reinhard tone map 5 RGBA8Unorm ZEfh &4k

I AFLE A e U L85 . B 37 54548 FH 28 18] sample proxy. Gl-off %%, #t/b1E 3 post-processing. T H
FrE ) FSR1 B4y, A motion-compensated temporal metric. 58 BRI 0] AN HE B ACIRAL kernel B[] S
s EAE W/ MKH Apple Demo B 5247, LAKEA SGSR EF it 5 B BRRIX LR G, AHERT M
(S

S8 30 Hk
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