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+1.¢ " h< m 0t (CPUA"DIn "7h$ v7—<iml++  —Larrabee
1° "OYdP Ei "Oz tPsaha@ ¢ —-E™i,y'at (GPU)”a.l1
APAET 4,% pu 4 % Neoinning- ¢ °@+N+N1INW )"PtYAbP1l-«
in o1V t (lock contention)” 0&a é )12 —Larrabee 1:3 O=n{a
SA-Bz 4 zuzo (irreqular)++eélilie é 4 — "41 h%évil
Larrabee é+ é )1h: -

CCS: 1.3.1 [Computer Graphics]: Hardware Architecture--Graphics Processors, Parallel
Processing; 1.3.3 [Computer Graphics]: Picture/lmage Generation--Display Algorithms;

1.3.7 [Computer Graphics]: Three-Dimensional Graphics and Realism--Color, shading,
shadowing, and texture

Av—3, y.I ee A7) e Ly «Ei 4, (VPage 1 4Eu)¢i+Aa 0
h: ) . ) « €' *d xLe+xL ° SIMD - Single Instruction stream
Multiple Data stream# <4a),y Ot (GPGPU - General-Purpose computation on

graphics processing units) —
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al-Bch,yY) 11O é74

,Y % U (graphic pipeline) 1«4«
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D g m Ot

01+ yBIf x

(coherent) L2 v7 —«<i

Vuj

Larrabee °U

Ly Ot

"0 ,y 0t
Oo{a h: 90i-«

"TH 0% g9+i «

”

(CPU)A"a O
-y 1 a.ly

P I n

(GPU)"T =

"y A é

ISa

(GPU)¢ ¢chDPOurs+
"b—"s é éC

Y, y (rasterization) ("0 ¢ =% o

4, %pYdi 20 e (programmable)—Larrabee .|
x86 xf1

—¢!'A"Yh~7bPalF1e¢%

L2 v7—<i"7i¢+1A"

-bx86a O "Ey m "0t

-BW O @ (subroutine) V% Q, (page faulting)—,y Gt
@ €1°% ah

blending) "+ Larrabee BYdD T é

L[] K« L]

-Ey ,y Ot

% y (rasterization) | & Z )
(GPU)1" " Larrabee BDPs

(CPU) 1.1
(GPU)$-BPPsaha

t x} (post-shader

aha@ é— A (texturefiltering)” ® A"0 Psaha@ ’"e-B % Q, (page
faults) —
In-Order | In-Order In-Order | In-Order
o CPU core | CPU core CPU core | CPU core §
ED Interprocessor Ring Network '*g
'é Coherent | Coherent Coherent | Coherent =
= L2 cache | L2 cache L2 cache | L2 cache O
5] T
= Coherent | Coherent Coherent | Coherent 5
% I.2 cache | 1.2 cache L.2 cache | L.2 cache -
2 Interprocessor Ring Network g
= In-Order | In-Order In-Order | In-Order %
CPU core | CPU core CPU core | CPU core
w 1&Larrabee A . [y $§m 'dt (CPUYA "G>BH— 0:'dt (co-processor)
IA5 /Aa6Cc1G>VvV E ""u@®& O " f+/1 (implementation-dependent) ”
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,y'at (GPU)Vz,y'dt (GPU)Y6C+RABl1iceMu -

I®H4ént!. IBI + é1@ET 4, %u— 4 % Nabinning)<’ é 0
$Y—<in Ui o+ co> 6 C o (tile-based).1! )1 2 —PDEi " 14
,t (renderenNi2 fah% ™" & E - " 18 &h — ¢330 x }

(blending) VI %ogmA1~O&h (transparency)i~DV Larrabee Ei% pEr —

Ed"!I®4é+ -B“Da"410xn{a SA” « 10 «"OSp "b— i
Voi%é —Larrabee -Bzuza++el ” %0 K f (scatter-gather)ah ”
}ie U 3 h: 1°40xn (throughput applications)”++z 1 alah % é

(scalability and performance analysis) 1 Ba 7 O (demonstrated) —
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2. ¢> "O«a

he &aDA,yliUPsahai”jyY c«fizOe, y%p "< “T1 sV~
hi,yOe{a3l [Blythe 2006]- “,y ~“40aQuezy (APIS)1Y~ < z
ah "-Blix «) (shading)ea "« Cg [Mark et al. 2003] « HLSL [Microsoft 2007] « |
GLSL [Kessenich et al. 2006]-% "E,y Ot (GPU).1 éG,/f & 1~

hw [¢4a),y Ot (GPGPU)2007; Owens et al. 2007] —

21 13=°  ,yat.l

 0t,ylilG<£E> E ~a.l1ip 8160 Fuchs et al. [1989]+ Molnar et
al. [1992] « Foley et al. [1996] «V Stoll et al. [2001]—>1 { " 4 4, (rendering) 1 +
+ éya "¢SEI hV. § & —°Z .la 4'10- "8 *Mp éVze

VORA —-u01,y.17aa+RA "A@5 PC "10,y [Kelley et al. 1992;

Kelley et al. 1994; Torborg & Kajiya 1996]—hZ .1+31 Microsoft DirectX * 10 APl " &
Nvidia GeForce * 8 [Nvidia 2008] V ATl Radeon * HD 3800 O h[AMD 2008] —

y 2 éBa+1 DirectX 10 % py [Blythe 2006]-fi3O « OpenGL % puHE Ey 1.1

e{ [Rost2004]-1t°Z " m”zxDAPNE1fA30-a- "Ehl .1 4 -+
1¢) tSA (unified shader model) =+ 0O ,y Gt (GPUM” « =« %y
(Rasterization)V— A}etPséh " Yaed-BlahAbP RA{a "p—
"400Quezy  (API - Application Programming Interface) ! —

= ~ = [B& ) 5
o 5 52 On% = = &
=5| (&2 |B2| |8%| |s3| |B=
22| |ZE| 92| |2E| |22 |&F

- 1
e o L = =
<o s § B B 2 & o = 2 3
= v oz o = ol = S g
= b O s « 3 E ]

S ~ & £ S o =

0 & 2

W 2&d-1 DirectX10 %uy $“4 *YA7 4C30- "848 oYZ aPsdh —-
<i77 eiLAal— AZrHS —
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Eh1”02 &aDA,ylil )h:"4%tz 2B & aja“ (collision
detection)saiSA—>/& 0 [Owens etal. 2007]-,y Gt (GPU).11, yy

}o O -1 )™n °f1"" "AU <U h -+ C3t "4 Owmlib "
t4uzo++el "O001 ¢! ++ "> HAPUf G, )1™" —

2.2 4, (Rendering) +a % E

Molnar etal. [1994] ™ ,y& 11%E O | é ) g (sorting) " " 41ib,y
% ux D —Eldridge [2001]]©M 1+ %o E 420 é 4, (rendering) O - —
Y2 mO g (sort-middle)s af 60 (geometry processing) 6" % « o

y (rasterization)p>"g —Molnaretal. 40 "A o830 g (sort-lastsparse)” Eldridge
4ADp adO g (sort-lastfragment) s Dup>"g (sorting before fragment) "G "H

"tae“a (depthtest) Vay C x} (alphablending)>—,a0 "O1 "k21 ]
He)t (pixel shader)” =D "X 6% fa) Ubai (coverage)d” f é JHe
)t (pixel shader)>cé “g —-3!®m 7"z 2« YOxA.a m O "~ g (sort-middle)
1+ -

>>1 ,y 0t (GPU)-D 4 Eldridge 1Dpue60"g (sort-last fragment)”s ]H

*)t (pixelshader)1éa"g«™@ Y1[CO "fréae“av x } (blending) —
*De ™M@ Y16 V! —<is+tJA‘n IR —<iTT7 -Dpo

60" g (sort-last fragment) ] IE% Swo 4, (mode rendering)”++°gl c”ca

(FIFO)I"tE™ | — "eabE]olt6"7a4+]Hze» "eD U-—«i°

al 5e» —

mD"g (Sort middle)Y) Xo a %o N a(binning) « 6 C & (tiling) « U A & (chunking) «
«”-o (bucket)VE#4 ,a (zone rendering) [Hsieh et al. 2001; Chen et al. 1998] —
+o 0 3D -8 ” 3 ye (primtives)1 YTQ "6CfAe F YBlice "t

g% »B G!% N(bins)Jm —¢! % Nbins) Yl YB1lys 6C 06 (tile region) TA"

o’ ChRA6zU]J "E5 fi v7—<i ", Vildaéf-a’ "+IIHYA~ 7 -
<i+» —f+1 2"ye fihfe! OC(lesyur ", % S ~“fe! % Nbins)U”
« UAAP1-<in —Molnar et al. [1994] « Chen et al. [1998] « V Eldridge [2001]
1¢6" "uwml |Ta "y " ye (primitives)E 6 [’ "eC3%F Ay 17
aG>04a" —PowerVR * MBX V SGX O h[PowerVR 2008]+ Intel® Graphics Media
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Accelerator 900 Series [Lake 2005] « ARM Mali * [Stevens 2006] « V Talisman [Torborg &
Kajiya 1996]*Do.a mD" g (Sort middle) .1 -

23 ¢4 m "Gt (CPU).I

fyyl 1995£,a Pentium® Pro 0t ” 4z g (out-of-order) 3-wide x é "f
TA™<ATL (single stream) h1A£ [Gwennap 1995]—z g.1 "<AD

é é1 xL —"ee xla@{a GAR(yey[=f - ihEO1 m°
Gt (CPU) 4“&a'1~| "<'aiL h " pell yeé /[=™"healdyY —
*d 4ulLly«~| "{aB hi 15)17 1 P OtR( (die)ye 2)3

[Pollack 1999] " [=f 2) 2.5 [Grochowski et al. 2004] —

™ie é1Y) Oa "eab<'"h "2«1ATETL R( (die)B"°uaa+ilL
“h “af” —IBMCell* "D« | 3 h: " a (throughput workloads ) 1XAXA
-{a —[Phametal. 2005]-Cell & 4+ Power*Processor A" ¢! L2 v7—<i sV
+!1 3 h: 1A"4 —« A"f6h$—<i "dCVIO—<iO- I'f
(incoherent)—h$+"fA HO< "sl++3-+H "E [t4 fov7—<i.l "
€% uH° 44 - 4C S” EifizOe 4w—<i~7 (DMA) "« 1% 0
xfr -

m "0t (CPU)AA 4« éC « €°01>Q —Niagara "+ <A"+4b 0

t [Kongetira et al. 2005]” 146! g GA" "¢!A"Yhu  é I éC "D
—e4v7—<i - ,a Niagara "% ™g4aUt" & {a1l " RT. )A
P1.1«H "ed xLe+zxL °SIMD+i§ é % K f (scatter-gather)”-BP
sdh— -

Intel » Intel © (Intel Core) « Pentium+V Xeon a Intel Corporation "!$- 110
NuFtU01eQ " /YBQ -

*10°"I| al-Ftoul+ -
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3. Larrabee 11.1

y 1 a Larrabee .11 !+Cy —Larrabee 1{aD g m 0Ot (CPU)A" 1!

é”i (instantiations)a O ” (&1 {f at (VPU - Vector Processing Unit) —
Aeys174 "A" AP~ in fe'w (interconnect); ""VPsaha@ -
<iA5 [Aaey VIO P1AS [Aasy e — e« " larrabee ca ” (”

% « )NE,y 0t (GPU)”+D & +4 PCle 3L~ -

d11++t Larrabee 4 gA"g>» {f*at (VPU)-mth éBuOz g
m 0t (CPU)-Intel® Core™2Duo "0t °Intele©® ™2 (A" Gt + - 1EI1
"h —6«héBb Pentum® Gta O01“4 m "Gt (CPU){a h ra ati
1992 £ E "t4( x é (dual issue)[Alpert 1993] —Pentium " 0t1 A" — «— "
fi-B ! éCV 16 (16-wide) L{f 0t (VPU)-Ed é¢..0a+ m 0t
(CPU)T+!"gfh é1lz{f xG> "D—+1"gfi é1 {f G> -

e »ce 41 ye V[=U Gu -

m "0t (CPUYA"G 2z ¢ 10 ¢

€ x § 4/ g 2/7g

zA" {f 0t (VPU)G&|4  (4-wide)SSE |16  (16-wide)
L2 v7—<iU][ S 4 MB 4 MB

a+iL § 4/ og 2/ g

{(fAQ Oh: 9/ og 160/ o9

d1&z g vs. g m dt (CPU)° d sea ye /[=U Eu "5™<’Aa’

Gh: 1{a EId+ilL htY 127 EI{fA& dh: 20 -Avi/
¢Z7i$0eG (FLOPS)140 - " a {fat (VPU)-B ji§1x} § )
(fused multiply-add) ” SSE /-B -+ gA "z Larrabee ” <% Ey —
d1l1*a{aVv Larrabee lYdEuU —-al< “4wl® "a gA"ta{{a

Vz gA” 4EulyOV'g "Hl4 Psah,ya@ —a° t«1 Larrabee
{a-s "a éB {f at (VPU)g»aa gA™n m "0t (CPU)T é
e’ 41" " "U <U )/é (computational density) —
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3.1) 35¢+4¢é& Larrabee 1iPah &m "Gt (CPU)A" «JfaeVv7-—<is
+ x "{f 0t « Ot pté#; (inter-processor ring network) «k§f oGm E
" tPsdha@1- %o -

3.1 Larrabee A"Vv7—<i

y3éBa+m "at (CPU)A" "P— w)R(Bfs'w; 1'H "keaA”
1e% L2 V7I—<i — xb"t-BQ7 Pentium “0t x86 xf "D— 3.2 V 3.3
<481 &5 x —ala+{a 7Jfv{fae 4NE11"t4 —1 Ct3A

1+ o 5 L1 v7 —<i "fU L1v7-<im?° f-

Larrabee 1 L1 v7—<i-B «H"7 V7—<i "2+*xE5JfV{fa. "»}
Larrabee 1 5 ) (load-op) {f Ot (VPU) x "eq: L1 v7—<ifio.a
U117t ¢ 4 (Register File)—e«hU «0z+Y) 1 h "y "feu 3.2 <4
ev7—<is+ x1Y) -4 é C Pentium “0t< 8KB xv7 (lcache)V

N

8KB ++xv7 (Dcache)-z s 32KB Icache V 32KB Dcache”- B ¢! m “at (CPU)
A" 1 éC -

v
=
® Ex >822 2 i
v
‘8—) 85 8'50‘_>§ gg v
2 - - 33 D "0 =
=) = A 238 Z
= ﬁ‘,ﬁm PEEN
S [ o — Z
phar} <= Cﬁm 50
0 " 3] 9 2
E — o = 54 Q= R=
& s = =2 = = o e
s —» < S < 5 —» — =
= 3 e3P = I
[«

w 3&Larrabee m Gt (CPUYA VEAO-+Cy $m “dt (CPU) U3, Pentium

atl g{a "B 64 je x ee 6CV {fat (VPU)—-¢!/A fiv’
“7! 256KB h$ Eu‘e (coherent) I L2 v7—<i 1IW[fe% —-L1 v7—<id
32KB I Icache V32KB 1 Dcache —é#, ~ 7 L2v7—-<i UP...7'fo -

ACM Transaction on Graphics, Vol. 27, No. 3, Article 18, Publication Date: August 2008. N A
Yum® S> 60 "+SPbI®: a7 -Ilm® §> °CU Intel Taiwan; @ @ 60 "Z6!0+
nlay <a/k «fa "M@IiaUtB "E1O6®mM 41®Z6+! %o " ¢c7S0®ua -
aciod!®p E 2/) Ep..O-



Z! Larrabee 1 L2 v7—<i0%oa zPNE 1h$ Wfe%(subset)”¢! m “0t

(CPU)A"YT+4 —zm 0t (CPU)fiv'4w~7balh$ L2 V7 —<i®%  —
m 0t (CPU)A"°71+x «"taA"1 L2 V7 —<i*% "fiv'"7 VI
Om "0t (CPU)*"bPalh$ L2Vv7—<ie% €& -m “0t (CPU)A™
51++ «"taA"pal L2 v7—<i Wfe% " .ApU!O W fe% m'

1 —é#; ... % =+ +1'fa  "e 34 148 -z sZ L2 v7—<ie

%0 a256KB—-+i-BET 4, (rendering)l U 06C(tile)”s 4.1 «-B -

3.2 Jfae (ScalarUnit) Vv7—«<i x

Larrabee 1Jf% pU3Pp( x é (dual-issue) Pentum 0t ” 4 [E IOF 1
€% p—Larrabee < 100 «ah& « éC *64 Teeii x IXA/1 (sophisticated)
xC7ah (perfetching)—s A"-BY 2 Pentium "0t x86 xf ”,Yi el
10a~ "& O-A" (kernel) V"4 Ou — Larrabee Ha5 Jf x "ejed
G(bit count) Viee (bitscan)”"6ChH ,I"tml@ +lo{s1l i (setbit)—
Larrabee HA5 xV xSno "-B Oélv7-«<is+ (explicit cache control) —
o 4qd 2++xC7) L1 " L2 v7—<i 1 x "PD—tVYv7—<i % p(cache line)
Ecz1l xSa — e jL+xeD 20f++Uv7-<¢im E+a ESweeps Out)—
Larrabee AIDQBziLv7—«i Yu'FT76—° f —e v7—<is+ xH

L2 v7—-<i SOI™ w©o—«i (scratchpadmemory)l 4+a "u’... Y2 ‘“fa —

tTa+A"f 7+l éCuj"7ed—<il«! IT —ta+A"B1l éC% &E
ulh$ L1v7—<i 7, %4a+ :WAQ>/A (atomic semaphore)f L1 v7—<if
°7 hi1Z 1—-f«!A"tuj"71«! ©°] ",a Ab “Otpt s
(inter-processor locks) —«"« " (t{al | 2p+ -
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(x é& m 0t (CPUA"-D,aAPCiufu” é1 x " AU Th -z
“a 1 Larrabee 1( x éb~t " 1. x €+ (multi-issue rate) — |
PV»b x%ul»™:z (pairingrules)"Ai-sal (deterministic)”, %3 ti b
e oil &H% € "°) F €°Z "4z ¢ x G 7t (out-of-order instruction
picker) %o& ” “q + —-7 xYhtibP%uB ¢ "eLitVY3 Oul14}
(combinatorial) 2 —»P%pui é Ufl Jf x86 xf 1Wf % (subset)”a
Hee™ ¢34 1)la@ )a- (ALU - Arithmetic and Logic Unit) *%o- V7 —

<TI0 xV{fe" —,a»P%UE™[O-u "o t¢I\ZY é( xOa
D1IRAyeVvV[=10 —Aez 1%6& "3 tY( x é°0 (schedule)" Y GE ™
robl -

E® " Larrabee -B éC ¢! éCYYNE1I “t4 -—ea3 t¥YOr""

O "a i Oé (stall) ” SD éC -SD éCHUbU L2 v7—-<i 5 L1
V7—<ile%eH "ate # @ "++1m cé 5 Ll v7—<i —ede!

é€Ctu +!A"B " 4u 4++ & °+4, (render) EudC(tle)B1?2an # v
7-<i1 4 s -

3.3 {f 04

Larrabee 1 )/é P 16 1 {f'0t (16-wideVPU)" ézG caXAeisVv
XAéis x —{f Ot (VPU)VIITtaj m Ot (CPU)A"yél 1/37<
Ue% 12GVisS h -y 4 a{f 0t (VPU)I L1 v7—<ilxCy -
) e @2 | E hw
5 < 12122 |EE |2
0 - o A = 0
e e Qe 2 |d— L &N O <
oD 5 — 2 < O
Q
=% > o =
= le— 3 2 G = A
S =l 3 c 2 —
= Z e = |« g = [«
N = 3 3
W AS{fad+Cy s{rf at (VPU)-B 3 ) x - -B |ITtAS YD
(swizzling) " — U—-<iA S5 G— DV &y — /"t (mask registers),z AC
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Z 1 (predicating) {f 5 ea -

z G—1 16 (16-wide) 1 {f " Ot (VPU)""t0a )/é YA 1{f"
0t (VPU) AD¢cS | 4+ pt'- 1€— —°Z%&éB "a+»D 16!« (lanes)
0 +leY1l 16 !NE]JH "H "+»DNE x'0 16 'JH1! +840 "0z
+» 0! 18« (color channels)”2"A1 ]He)t (pixel shader)p’ & a
88% — Nvidia GeForce 8 TEY 1no 7 " 1Jf & xLesxlL °SIMD +°
0tD 32 !1adi%4 "¢4 éEu x [Nickolls et al. 2008] —ibe *i Larrabee
1+ s+ ov7—<i%0 110 eVv{f 0t (VPU) é é10u”~ "z
tPsaha@ -

Larrabee {f 0Ot (VPU) xrze ?! e "Imp+ 4w b LLv7—<i -
*da++* bo C7TES5vV7—«i °e 3.2 48 # L1 Vv7—<i "BE]I+!e

all-t ¢ 4 (Register File)—8 is , "%u-e (unorm - Unicode Normalization) * 8 1
*IE%AaA&12zG (uint - Unsigned Integer) « 16 i« E%&a A 1z G (sint - Signed
Integer)eV 16 i*iS+ t (floatdata)"AUV7—-<im*°a " Da 32 718"
3272G "l |"h —+LUhU Gas"fv7—<iml++Gf " 1YN

E++ D x 1AE —

@+xD "2 PITtV—«i +x "y{f Ot (VPU)1 G- (processing lanes)
9/e} (@lign)—1"t++A4G £eoYD (swizzling)” «-BAhE (matrix
multiplication) ——«<i$§ 1+ * " K{f Ot (VPU)1e (lanes)pt 7 ay -
L1 )t,yVz,yE é++°0YdDa LUAU <'v7—<i = -
{f a0t (VPU)-Be "02GVis++1 x —a xf< Q7 yI) ra
iS1x} a) (fused multiply-add) "D —Q74a@ ) "& UJHm7a "zTe4
™ @ O i”(non-byte-aligned fields) 1 x —e« Y 5 ) (load-op) x "UI"t"
—<i°7+% "f2ea 5{fl"t -0 1 5Ve" x "-B“e 18 K
Pb—U+G,y 0t (GPUB Oa"*“a '1++N&o pt 1 D - 4NE x°0Q

« No "AU «2R (yevi= ">>ApNa Yz h «! —
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{f Ot (VPU) xfHa& -B ~ f (gather) V %o K(scatter)” U z‘[i? 5++

"2++ 5z°[17? - zUa+i? 5 16 (16-wide) 1 {f "O0"2 16!{
feHUIT 16!'lui? 5 "B e 16!'lui? e T270U+{fITt

S -—erz € € 161e)t é!7 (shader instances)”¢!Z! “]"‘[
1"wRit 4 ) alls ¢ Ah~7 1°" HAD - f (gather)V %o K(scatter)
1 é 'é90iv7—«i "eD+I\NZ>h"T7T+»v7—<I Yopu— ""ze"
aveyie Eu‘eé (coherent)1~7 Swo " Y é t>[I 16!'1\z -
EG"—7 «I"t (C!1{fe T+Te- )1s+ ”Larrabee1{f Ot (VPU) x i
PDoCZ —-a ¢ (mask)s+{fl"t " —<iTcel ++¢] 0 5 T+ + e %ol
“T — ¢ "Jfx{4 (if-then-else) s+ @ Ifio ™ ) (Mapped) ) {f Ot
(VPU) — 4 x {s o1t °  p"f4 e+ s+tl E™o s+ "b é
if "" else W (Clauses)1 5eéa —e+a °I"t dea 0"1"ADb 2z!W -
chtY[ AW 1%-C“Q,«! " Eid tl x"Ot* i1p7é -
{f a0t (VPU)YH 4 » e €fi 5Ve™ x "U—<il'[Tce”7 b—A
h1le Y(enabled elements)—+ On{af "d72} (bundle)®d "A é i (sparse
strands of execution) ” €é&a' % -°Y (branch conditions)”«a“l = 1{f )
Nao —

34 “Gtté#;

Larrabee 4 ({é#; "m Cat (CPU)A" 12 v7—<i sVIOa@o6CU
RAB1 Ii (agent)—Y%.e —eaev)L 16 'A" "z 4eljreé (short
linked ring) —

¢Clél++ %o & "¢+!+{ abl2ie —-T po" (outing)-UY%t>' &5
(injecting); > b"s — ¢ "¢! i (agen) AtYG gl "w9 b+!1+({

1>7 "¥[G gl ' "w9 Pu+!+{1>’ -%0 hae poe” (routing)d@”
HdB>'-B1; et (routers) o Ae™>’ -1 1l«! " ne«l

n «fY 4 (contention) 1ea -

Larrabee 1 L2 v7—<i{aB "B zA'Tn "7—<ii? °10A"" 51
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i? £ Yos"faA"1l h$ L2 v7—<i W fe%(subset)U-¢CIA"Yh é

“7bal L2v7—<i*% "OIAI'OA". . — 1 %o»l2 v7—<ifl v
7%p(line) 1 " " 4é#; "o+ % "DB ++‘fn -
“Ott; H< L2 V7 —<i1"7—<i1a %o —+DIix 7 (implementation) &
lQ7{al—<iey " 1 0tt; B "DiY~% -R(B; 1<H
Ga—«<i"7°t "E I DRAM "71+¢H "0 1é+H.DzDY -
EG6 "R(B1 0Qtt; "m Cat (CPUA""7Psaha@ 1i (agent)”6
CzA~7 L2 v7—«<il—«<i —Ri—<is+tzeD f é#;, B "Di1VY
~ 3 —
35 Psaha@
ud,y 0t (GPU)fiPsaha@ "0z ,y° "& — A <éB 0 o
0Z )t (post-shader) «ayCx} (alpha blending)e « <« Yy (rasterization)V f
(interpolation)—f!®m " « e+ Y y(rasterization)1s >>" » Ye* (primitives)
1Ubai ”f: (interpolation) 1" , ye (primitivesymoUDbL Tel106G -
Psaha@+DAP c~ca (FIFOs) & —bPu’i abDyéeVv hym "as
%"1a@6CI! c”ca (FIFOs)U[ "T!:Aé -
ca®E&i " (implementation)h< é 1 h ” Larrabee DET7O0Psaha@ -
y " Larrabee |a « e« Yy (rasterization) e f : (interpolation) "0 Z )t
(post-shader) «ayCx} (alphablending)1Psaha@ —,% Larrabee fild &h
VE « " & 4, (rendering)%plliut+ 7 o ° ".ys 4t +U é =
EiIOs —Ei” H Larrabee .AbP%» h "Oz{alibeéEI hAE -
44 V45 48 41EiY) "55«7éBe f'0? - &4~ " o
A 0 t1i%° -
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Larrabee & — Aa@ ",aa © PA'B1EiIi + é -z 1% 8é

B"eatz 1A"B éEi— A "Ab'taPsaha@1 12) 40 ".A
p1p~ Os -« U:, S
— A}. 4 8 iedQeY "41F a@ A ° 32 e &1 {f 0t
(VPU)% “T = -

[T+G— z™@ 2x2 +A(2x2 quads) A "Ab1pl %uKfa@ (pipelined

gather logic) —
2— ++ 5 {fGt (VPU) A "AP LI"%1 (impractical)l~t¢ 4

(Register File)n Gf —
"— P~ 41FIi° m 0t (CPU)O=~f +1- -

Larrabee — Aa@1! B  (internally) "V+s,y Gt (GPU) — 4@ <% EYy —
1¢ A" 32KB1— v7—«<i " -B-fDa "e DirectX10 ~ — N
geey]n—A t ° mipmapping - Multi-image Pyramid mapping+z U {a A
(anisotropic filtering) U — A"~ L2 V7 —<i2 x8i— & "HPulL+a")
ea—— a- e wW)'iy D (translation)” 2Z26J 1 y 6+iA” "0
Eua— A x "4) § 8)—<i —eaGEi h v  "Larrabee HR4WfA"
B é— -
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4. Larrabee E7i 4,t (Renderer)

™76 é€ 4, (rendering)Y) ©O4a " )i hl1Avii2 4, (rendering) * d %o
«zeW" (subtask) " " é a e e "OEuis (synchronization point)
Y—,a Larrabee 11 a—<iSaVEis+"0 "< 1 é6°0G" +s Y
"at (GPU) e —

ledé&+ a Larrabee .1{a1l m O " g (sort-middle) Ei 4,t (renderer)
" 4% Na (binning) é4a —# 5e2< a®Ei 4,t (renderer) 1 "h”O -

4.1 €T 4, (rendering) 1xD

alae "z 2¢O 4, (rendering)a+4 4,>Q (render target)” o+! ]JH -a
t (pixel buffer)|+1aé /Lé -at (depth/stencil buffer)—e 4,>Q (render target)

V%e. 1 4, (rendering) x+,0 a 4,>Q4 RTset(Render Target set)—4.2
"B le! 4,>Q4 (RTsets)JA1“&a'!A -

"AB "4,>Q4 (RTset)14, (rendering) x ""7 .,y "40uQuezy (APIs)-

O"—-& 1+'i 14, (rendering)#2a +"1>>@xe#21 ..» 01 ?an 4,
(render)—Larrabee 14 ,t (renderer)fe "l 4>>#2 (currentstate) 1 § "O"¢
la+Yd séimi 4, (rendering) #2 —¥06 2?24an4% .. "Da4d 41#2

(state it uses) Q-z4 -—-a..?anV 41#20 a y ¢4 (primitive set
PrimSet)—-U E]I DirectX DrawPrimitive EG ""¥ Cpt aYd 1:1 1™ A

y5dB "4, (render)a+ 4,>Q4 (RTsetsymye+4 (PrimSets)1 .I -

04, (Rendered)1dyo%a +!! JH 6C(tles)—¢! dC(tile) Y T+! % Nbin)"V
aoéC (tle)L ye+4 (PrimSetymi1?an2A5a % Nbin)-z2Z 4,> Q4(RTset)1 %o
N 4 (setofbins)o a %o N 4(binset)—6 C (Tile) V% N(bin) 29 " LD 4 - 1!
®m Cle a 0C(tle)""%1]H++ "O % N(bin)z" |a 0C(tle)lye 4
(set of primitives) —

]¢! 0C(tile) T+! % Nbin)”¢! 4,>Q4 (RTsets)°4,>Q0C (render target

tiles)VE Ay+4 (PrimSets)1f} +Y+4 % N4(binset)°f6 ye (primitives)1 %o N 4

ACM Transaction on Graphics, Vol. 27, No. 3, Article 18, Publication Date: August 2008. N A
Yum® S> 60 "+SPbI®: a7 -Ilm® §> °CU Intel Taiwan; @ @ 60 "Z6!0+
nlay <a/k «fa "M@IiaUtB "E1O6®mM 41®Z6+! %o " ¢c7S0®ua
aciod!®p E 2/) Ep..O-



(set of bins) +

Front-End Back-End
Process a SN i
g ) et » = > > Render a Tile |—» .
g Primitive Set 3 g ﬁ
vl ; =
9 2 2 [ RenderaTile [—» &
= sae ~— o
= 5 & g
é P oo % Y g
rocess a 24 s
8 Primitive Set a8 &5 —»1 RenderaTile —»

w S5&Larrabee & i 4,t (Renderer)é/ $7A € (-4 y e (primitives) (y 4
(PrimSets)) "A5¢! 6 C(tile) I % Mbins) "6 C_6 4P é 0 "4, (render) Y
B 1 o ¢(tiles) —

G—0C(le)U[1+ "Aea 6C(tile)14,>Q4 (RTset)>Qdy ” 6ChE5a

+A"1 L2v7—-<i —+a 4,>Q4 (RTset)fze &Q-+ (color channels)” 14
UAiIXAe++No " 41 o6C(tle)jz » °Gf YV~ XAél1 « S[ -ala
«On~ "3C (tle)eD"tnl "!iZa 2 1»+ "eDU 32x32 ) 128x128-32 i
c48V 3278Q174f 4+! 128x128 6 C (tile)"yhA @A~  256KB L2 v7
—<i*%1+é -
yb 0C(tle)hES5 L2 v7—<i "0C (tle)jz | é | 4, (rendering) ' & -
4 [ oC(ile)l1ipacti "AYy mYe% ?a4n w +!DB1 O0C(tle)”s 0
Cile)Y S0 - e0o a K % Nbinspread)— [1 06C(tiles) td K% N (bin
spread)” U4 & | é —DUO" 41 K %o N (bin spread) [ 5% —H
"'O0-"01?2anG>°Ubz! 4,.>Q (render target)1a+UA % Nbin)1G >
l) 5%-
Bé'aa !xD —F>%e% "]14,iL (rendering stream) o <L (submitted) " ”
S+1%g IDi¢! ye4 (PrimSet) 6 -6$% 4a ID=+> " .. %"%g "
T60@®"6 —-¥6a ye4 (PrimSet)o si ,+A" 7 é .§ o) (vertex
shading)s# ° tessellation: 3w[1le°A + 0 ) (geometry shading)+5E (culling
- dEfe p?2anllAb%ale% YeV*S (clipping- La Y 1?2an”~é*
S)” 32an °"10 ye (primtives) = ¥8aA"2z?4an « o Wy
(Rasterize)”~s w ) + 0C (tlesy’D— z oC(tlesmUb+ L! —-ea "
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¢!?7anl +0h1 XVY 1tQ"D—1 tLyb ¢ (sample coverage masks)—a+

+D—060-$++118 07 ¢ %o N(bins) m —

+ Y«a 4,>Q4 (RTset)1>$°0 "¢+!?24&nHo0a5 — 6 C (tile) 1 %o N
(bin)” AP*éd%$ 0 —¢! O6C(tle)o sia+A" "UEA 1% N(bin)m”

) (shade)z?an "a { 0:° 0t |17 1— L! —-06%$H éaé (depth)eLé

(stencil) « V x }  (blending) -

1'OD o6C(ile)a O1 4, (rendering)+ lu "« + | ayt ) (shading) e«
) 10 ~g (re-ordering of shading)* Z26!0zQ7 4, (rendering)x p>”
AéY- 1 '5E (occlusion culing - 4iI5EASmobas>y1"i- *1"

I )—U DirectX © OpenGL xiLw9 x’ "4, (rendering)a+ 0 C(tile) 1% gV
x=al%gE&uU —+z6C (tleym 4 Dal 4,%p (rendering pipeline)ii ahV
"hB1a e Y74 OaBYf+f “1du -

4.2 4 ,>Q (Rendertarget) E © %o &

a %y (rame)d +Oh1l 4, (rendering) x "¢+! xY3¥%™+4 4 , (rendering)
dy —00"4Ahu” 4.1]H>Q "Hiht a %y (frame)Zt-D.a>Q
4, (render)”tV - y (shadow maps)U a (effects)—

"0 a4 Y% y(frame)mllu 4,>Q (render target)41”" " Larrabee 1ET 4,t
(renderer) £4,>Q4 (RTset)@E ™ 1z«3 “"cl—+!lyn "e 41 e-B —¥0
2%s+°,°S 4,>Q (render target)41 y+4 (PrimSet) sia <8 -]14,>Q4
(RTset) 4, 4,>Q (rendertarget)®e— ¥ 81 4, (rendering) >2a 4,>
Q(render target) 43 lu>QB Te | 4,>0Q4 (RTsets)t I1E 1E ¢«
(dependency)— «+ - y (shadowmapping)m”+! fAy 11p 4,>Q4 (RTset) °6
S-at (back buffer) V4é /Lé-at (depth/stencil buffer) )”Vz - y (shadow
maps) 41 4,>Q4 (RTsef)ty & w©-
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E ©lZO0%g™é 4, (render)—y 6 éB

+ l—aE y” hG— 3§ "Db$}
+IAayl ! a %y (frames)t1@® o "afny A4, (render) ! - y (shadow
maps)—alae "z "éB a %y !1lYrame 1*1- y (shadow maps)—Pp U)
a %y 121-y (shadowmaps)o4, (render)Y« ”ih 4, (render)aiy l1la ¥
y 2—,atelddloe m "zd& %y (Frame) 4Eul—«<iceZ06S-at (back
buffer)Vaé-at (depthbuffer)”PU) & %%y 1 1Ay 04, (render)Y«” &y)
>»S-at (front buffer)® p& = ¥ ih4, (render) & % y2- a %y 2 -
y (shadow maps) 14, (render)il & Y%y 114, (render)uxn ”",a Ct © E
o—ed A& %y 2 4lul 06S-at (back buffer)” A"E p E o-+ADP
iIYD -
Frame 1: Frame 1: Frame 2: Render | ,,| Frame 2:
Render | | Copyto | ; Shadowmap A Render
Back Front | Frame 2: Render Back
buffer & buffer | Shadowmap B buffer &
Depth |\ _y| Depth
Buffer »| Buftfer

°4,>Q (render

W 684,>04 (RTset) E oy $Ae yed4 (PrimSets) %1dy
target) # o s/, 4,>Q4 (RTset)es —& o”...] 4ady "4 ) %
eddyl ye4 (PrimSets)b— 4, (render)1"OF4) 4 1 ye4 (PrimSets) 04
, (render) 6 "adyi o%- -

fua V+! 4,>Q4 (RTset) 1ALl y+4 (PrimSets)fi.APo%a“ 4  "yPB
0" AD 2 %E”

—+a 4,>Q4 (RTset)eeU”m - 4+!4- Q
Larrabee Ybu "

Icd % g
« "< * 2170 XA?2é(finer scheduling granularity) — " = {
Qu+! 4,>Q4 (RTset)f1l ye4 (PrimSets)—4,>Q4 (RTsets)1bP7%EV~0

fii *%c> O0Cu .l (tiling architectures) 1 0+ [Lake 2005] —
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43 >$-8V 067G

,a,y 4, (rendering) x %-e#2 " €% gflubn -,y Ot (GPU) g
‘O X "-b x grh ge” —+a 4, (rendering) x1 T 0A
51D ée "Ad Sf %g~h — @ )t (Geometryshaders)1AaGf "e

a1”,%Apy U1l c”hca @ oFIFOs - First In, First Out)”ih B % g fY
O¢é -

Larrabee rz>$ € Q! ye4 (PrimSets)—s+ 0t "A«4,>Q4 (RTset)f
lynl®E © "-s =+ ye4 (PrimSets)tys’t 4, (render)” 2 ye4
(PrimSets)a5Ri7 9 X a(activelist)— é>3$ 1 Larrabee A" 1°Ua Ri 1
X & "74 ye4 (PrimSets)—zA" NE Q! ye4 (PrimSet)—U)+!1A""0Q
Y& U Ri T X a(active listm7a@+! —¢!A” f a¢! 6C(tle)’
4bpal % Nbin)e% "«AD " EVIO>$A"1 t  (lock contention) 2 —ye4

(PrimSet) 1% g+ ~ (D)o 5 % Nbinsym”,%6$ "U « " (DE[1 W% N
(sub-bin) °7 ye (primitives)” ! h% g -

y7éBa+>$A"f10axD —#+iC”e N« zye (primitive)1-8 —efih{
§a' ”,al§-at " z-§3-atU1-5za 1 ™ " (arbitrary mappings) )y ¢
(primitive) ” T+~ ;> )meshes - OUEL-«1;nZ ) —-@+i" é -8
)t (vertex shader)” Dx" D ” AD 1-83 —b D1-5f iL )I—=<i
m-zie++1G (Values other than the position data) oliU L2 v7 —<imX
<(evicted) "I k— (pollution) L2 v7—<i ",a4)0$ f: (interpolant) {s~ ”i
fAP -—w@ " é 6e)t  (geometry shader)”w " .38E (frustum

culling) V 1y 5E (back-face culling)”"E6" *S (clipping) —
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Vertex Rasterize
Shader & Bin Fill

il {

Primitive Assembly
& Geometry Shader

Vertex
Buffers

Bin Set

Index
Buffters

WwiEye4 (PrimSet)1>$ 4, (rendering) %ogs4,t (renderer) ) (shades) -7 y
e (primitive) -A P 1-5 "f2E61  ye (primitives) £5 6 C(tiles) Vy « (primitives) L
1 %o/\ZbinS)—

z 481Y) 't>%a)Ub=+> "f2 E5 % Nbins)—sfi” .."% 4Y
G %o Nbins)rO Uf?24an1”" "kib EU1a — « Yy (rasterization)
Nf>$"0% é "WR7>$10% % ce ",a Larrabee 4+ 44 481 CET «

* Yy (rasterization) —

44 ET « e Yoy(rasterization)V f:  (Interpolation)

VuO ,y 0t (GPU)Iu ” Larrabee | 41Fa@ ¢ « ¢ Yy (rasterization)

VoG f: (Interpolation) —f!®m " « e Y y (rasterization) 1" . Y

(primitive) 1Ub6d 7 f: (Interpolation) 1" ,UbL ice (sample positions) 1
0 G (values of parameters)—% 54 pel ym”éBe i 4, (rendering) ~ a
1]f7a "Ya 4ET" 07Ué1 —ledéz 41Y) "D—ad Larrabee
} 4CET” -

DEi é f: (interpolation)1tG784a -1 O1l,y ~“40uQuoezy (AP)m”
f: (interpolation) 3Ps3G "d]U+GDa— A 1>>#2 —1 DirectX
10000,y "40uQuoezy (AP)m”Abléaa 32i«isNa — ¥f 40
T{f at (VPU) é f: (interpolation)1 =81 -
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Am t 7ea41Fa@ ¢é « o Yy (rasterization)”°4 &1 +ao "f 1 é
'+ — F Larrabee B 41Fa@9q! | °Y —fu0 ,y'at (GPUYmM” «
Y%y t (rasterizer)"+! 2e( 1ghs vy (fine-grain serialization point)§ -7 vy

(primitives) ¥ « e+ Yy (rasterization)> !%og —sab 24,t (renderer)ev)
«!A” "E1 )e( 1lghe y (coarse-grained serialization poin)® "YA "E —
«e Yoy t (rasterizer)io{a«rze!A" "z gS-! y e (primitives)”

U Ga8e>«! " APET%( « ¢ Yyt (rasterizer) = -1 4 )contention *
2-EiT « s+ %yt (rasterizer) i ¢ «! — Hrze!A” &0 « e
Y y (rasterization) ” " 4 ) 4, % (rendering Ipipeline)me!lult £ -z Ay ™
ys® a4 2 « ¢ Yy(rasterization)Oa~"E « ""¥%™ys>1-BYO «

%y + O a (rasterization equations) [Lloyd et al. 2007] —

z 1Y) " Greene [1996]4é1 p Y (recursive descent)Y) 11&E -

-1 §a2 *S 6 (clipped)1?an D) Y<t "fa)z?an° 1 é vy
+ O o Hhalf-plane equation) (1D - Ray, 2D - Half-Plane, 3D - Half-Space) [Pineda 1988] —
ez ns?ano6C"lYdi?anuUy ey ek"e%07?an b - 98CO
a'y) +%EadC "4) o [)! ]JH ' L!icea- -

™Larrabee O&"#+i" 4?24an1l t Q O - (boundingbox) ,a?éantal 6C
(tiles) - w@ {f 0Ot (VPU) +»a) 16 '6C1 & y + O=a )half-plane
equation)— « O C(tle)lU[a 64x64"#+xD ” "0Ub6C1 16 ! 16x16 60 C —
JHHTe x  (find first bit instruction) A1 "+ 1,)Yd % b&16C —al =+
107 "—°a")Ydbolo6C<%ub —#2xD " “@ze*%bad 16x16 6 C 1
16 | 4x4 WOC—#?XD ” “8z*%bd 4x4 6C1 16 !JH (pixels)—+!xD

Y% ™z]HL1e!L ioe+fua — xaf  70%i{f'at (VPU)B é " 4
Larrabee 1 )/é& -2 10% 1Y)t hb¥%al LH+Te x (find first bit
instructon) Uy @ x —
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45 8$]H 0

+ 4,>Q4 (RTset)1>$ "0 "Y«4?2an++A5 %0 Nbins) 6”4 ,>Q 4 (RTset)

0E5RIX & - 66% 1A I°UXam7a@+! 6 C (tile)” 4,
(render) ™" % Nbinym1?2an —e« Eifi 4 le E o% "gCc"  u0O,y"
0t (GPU)eDPPsaha@ =~ ” svXE (fast clear)ex = Z Whierarchical
Z)eV°Z Z W*"a (early Z tests) [Morein 2000]—x & Z W"“anb»>$ é "tYE

5 %o N(bins) 1y« (primitives) G > —

6$0w8~c2 4,>Q (render target) |[HC7ES5 L2 v7—<i —¥86-97 4,
(rendering) ¥ L2 v7—<i é "4)- T4, 0OC(render tile) 1y (primitives)Y 4
"¥0 o f-«<iU —,Y%a 0C(ile)14,>Q4 (RTsetymil1]HyApbPUI-
<cim°a+»| 5+» 18 % Nbin)UfeY!uml ye (primtives)— IPE
ot "Aboa“a " AU e3—«<in —ea#+! x X EZ! 0C
(tile)” 1A° 717 —+a 4, (rendendlApaé++ "OE «§tfL"0a (MSAA

- Multisample anti-aliasin) 1 & 5—«<i>Ab %o P(resolve) «xa+!JHy 1+ 1
a” 1A"f DY 511 -

y 8 éBAY ta+A"B ée! éC1069% " —{s éeC °7 0C(tle)ly
* (primitives)—¥6 "{s eC f: (Interpolates)¢!-310G ",azL!1G -
E6"{s éC2]H-i" éC "D 16 'la+4 "z pa gquad (quad x quad,

4x4, 16, ( )—{s éC 4a%¢e (scoreboarding)””...4)Zourv]H OY
0”i2 qquads Si° éC -

o i Work Thread: early & late 7, s =
= p=i ° pixel shader & alpha blender t
= LV I
< =2 Work Thread: early & late 7, =
= .- cearly & late 7, |
= = % 2 pixel shader & alpha blender <
= Ell &
< Qe " Work Thread: early & late 7,

[ SR ’ 2 ( ’
3 pixel shader & alpha blender a

W 8&06C (Tile)16% 4, (rendering) %20gS+/{s éC (Setup Thread) " y-
(primitives) ” 2 si?/° éC (Work Thread) p+ " €éC €°Z Z W

aé"a eJHe)t (pixel shader) "gd ;2 Z Waé“a -Vadyc¢Ccx} (alpha
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blending) —

217 éC é-fi@11H a "4 >Z )t (pre-shader)1°Z Z W"4 -«
JHe)t (pixelshader)e+s 06Z Z W*"“a (late Ztests)eVOZ +)tx} (post-shader
blending) -0 O ,y Gt (GPU) 41 Fa@ " é 08Z «)tx} (post-shader
blending)” Larrabee z 4 {f Gt (VPU)—es + 1 =y I ",aze o)t
(shaders) | 4 0Z «)tx} (post-shader blending)”, *)t (shaders)iih4l)

14 x} & @(dedicated blending logic)”HAha+!0 )t (shaders)1 h —-5.4 «<
%08 OZ *)tx} (post-shader blending) Vo G f: 1 "0t -

— 0:°0t (texture co-processor)”7"I@1 2p+ "efih—«o0 Gil'g

1eH —t¢!1i éCB )e! qquads toe! 2 —¢! gquad 1<)t (shader)
o a fiber—3+! éCB1lu fibers EuSD "IA O- eC-1t¢+!—

°7 x® “fiber LD "2 GzLiu+! éCB ¢é1!0 fiber —Fiber B é n
fih (circular queue) 1+o é —G—Fibers G>1:2" "U) ts+Lf,! fiber
"l— "7bfé 't é "H 3aea "OCALT@xD 0 -
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5. 4,t (Renderer) " h”O

le4@& #4 +-& Larrabee i 4,t (renderer)1 hVeva”’Oeéa -"0&4 E
i4, (rendering)leve”i  (scalability experiments)ed O % No 4 t
(binning renderers) 4w Sa 4t (immediate mode renderers) 1 n © G -

alh *D—eéBE&T 4,t (renderer)ze%o*0% » 0 tlyd -

51 -7 &4 vSyut

"h*a 4U03p? 5| -1° & g+ 2t  (GearsofWar*)eeé&i° (FE.AR.
eV e&°< 2(Half Life *2)1#2 « (Episode 2)—-d 2 a z -“a a %y (frame)
1+> —,az <v)UGTfA" "z 4 17 -B1 ix YU[V-L! -
*1O"71] a I-Ftol+ -

Half Life 2 ep. 2 FE.AR. Gears of War

1600x12004 L'! 1600x12004 L'! 1600x1200 1 L'!

25 'a Y%y (frame)|25 'a %y (frame) |25 ! & Y.y (frame)

(1/30) (1/100) (1/250)

Valve Corp. Monolith Productions Epic Games Inc

d28? "4 -1 48 b § -1 é06” ¢! luAn Sya "a %y (frame)H
vuftliuv -

z tb%D’é( - " 27 Si8-,yil DirectX 9 xiL ¢, & »ny
(frame)"B—¢! & Y%y (frame)rh”1— Idyfr -z ~ 4hSA“a ”
" Y) 1%"o "P— %" ] o3 -¥6z bDe 126 "+aahSA
mzOe~™ e% l«! " %™z %BYIE) 1  4é&% profile)—z aET«!1e%

3 410w~ "4 gXA7&1Sut (CAS - Cycle Accurate Simulators) é "2 g\
Zéa-fahsSA "fu é3 traces)—z U&e! <B ¢ \Z (iterative cycle!
of refinement)”4) +! a %%y (frame)Zt é1 90% g\ZY- Su t”,Yaz

| 46&% )profile) 1611~8¢ -z SpuHa — asAa‘ah: V7 —<i—

heV—<in O+ -

te "Om "z “f1 A+ Larrabee a*G1° a4 "h —Larrabee a*1s a
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+!"ga 1 GHz 1 Larrabee A" —"g1G—Yd"ala)+s ",a %1 @ cea

.. felA"Vz ~ g— 4 Larrabee a4+ z ° z lUA"GVliu'g

1 Larrabee ” ~h —a+ Larrabee 4 E]i 32GLOPS 06 1 ET Aa ah:
ea, 181x} &) (fused multiply-add) .a ! 1é -

52 sva”0

Larrabee E7i 4,t (renderer)1{arziUfA"t é1 +4a -y 9 éB¥%
™ 42%3a4a léa "¢ “al-<in V— A'6Y¥%L™MA'G>.

v-1"a 4 51 «481Spt 6”"faBD ta O1 hSA "§Chs E

av O -Tyyfeds " rCe,y -

6
3 —m—F.E.AR.
= 5
E —¥— Half Life 2 ep. 2
L:S 4 1 —e— Gears of War
23
g
2
3 2 .
n Larrabee Units (1GHz Cores)

1 . .

8 16 24 32 40 48

WIS E ™Mevo VA G1As $¢6B 8 )48 /A I»e "ye¢ -1 éea’”

P8 A'O- 1 h 1EAyd -

4 Sueaésn " 48 1A 1lpcnd’ea b  7-10%-te« “4m "eada vy
«4 (PrimSets)& 1,000 !DB1 vy« (primitives)” fé%E "¢ 42 +-8& —10*"
AaéB "ea, ye4 (PrimSets)% E«¢lyy 200 !ye (primitives)1¢4 "«&j°
(FEAAR.*) -1 eéay ftY 2%", %6208 " hed uoda’ea -

y 10 éB B60 & %y (frame)/z” 4, (render)? -1L! a Y%y (frame)” A
b ! Larrabee 4+ -¢abPa+A"Sp  "x{"h "fiuomev 1-e&°< 2(HalfLife
*2) -1#2+ (Episode 2)A2 10 ! Larrabee &« A" ... %yY ) 60fps "
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v—egi° (FE.AR.*) - Ve 2t (Gearsof War*) -zA?2 25 | Larrabee a- i
heéeAf -
F.E.A.R.

Gears of War Half-Life 2 Ep. 2

30

2
Lh
I

2
o
I

— —
o wh
L |

Larrabee units needed
to achieve 60 fps

h
I

X axis is the 25 tested frames

wl0$EZi™h SéBtz -mb / Larrabee 4« °A""ga 1GHz#ih L~
a %y (frame) ) 60fps —

Ei Y% (Software Locks)"U+! G+evol, H —DeVsl2¢% Spe! 4,
(rendering) Y2y 1 « ! 1 -« ET 4, (rendering) % - O”1 {a (explicitly
designed)”AitY % (Locks)G>V!Ouj Y —+s ... "% ™@h Y s (Lock)
Vbr (release) §

a2 % NA4(bin se)a5 X a T » o # C+» %L ™H>SANh  "+» Y

™J$Ah =

1>$ éC 0 ye4 (PrimSet)”"6$ éC 0 6C(tile)1 " —

+ n+ s (Locks)”e+- 11—V E +i2m "0t (CPU) -4t 1%+ D

—a %y 11 (frameflips)”a %y '0 (frame presents)—

UeG -1+! %y s (lockkGeD>[I 10,000 »—Larrabee 1é#; fi< E]
EU1 cn (low-contention lock) "h "eDf ¢1 A" 1 s U2 al1l00 ‘g -
s G—E] "A”... S VVA"G>1 «parAe 7ea—<in é 16 -
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5.3 %o N a(binning) Vn " O

z t4 % Nainning)Y) 1ip>1"%Y Ei s (Software Locks)” HY [&
V—«<in -

z 1Y) s 6% 6C (back-endtiles)iZ67A 0  o6C(tles)1A” " lay
éa -106B "eAh,Aé 14 | ""¥A" < ADrh0@+!
4,>Q4 (RTset)"SD)>$°0 -3z "0 1 -"am " %o N (bin) |
1T« 2 -y 113 + 2t (GearsofWar*) - 116'!'a %y (frame)-A16$
% Nbin) "0t —¢+!3 —U -@+! %yt YBz %Nbinl'd't "fuU
EV)E-1 %Nbin)"g ” %D "D 1.0aa %y1 A %Nbin)"0't -U+G
% Nbin) Y ut A 0"t 05 ) 2 18t -8YL A1 3 -10 -
1eaEy -

3.5

30 Horizontal axis is individual bins,
% g 55 | in sorted order by processing time
= S
22 a0
g 3 15
28
S 2 10

0.5

0.0
wi1l: « 2t (GearsofWar*) - 1% Mbin) Sz uéB ad+! 25y 1 %o Mbins)
AVt 7 Ev)E-"h " Ae A %Nbin) 0 t%De -
—<in dub ",a —<iWO-fAh" .,y Ot (GPUYEOFHE[=1++] "
& Uix+4) «!{a Y+L ——<i—-D"q01+- Al %O —«
Ym "e%:," ) Bev Vv —z 17h”0"f )8 " 19—<in 0
+ 0z 1 %0 N a(binning) VQ7 4wS a4, (immediate mode rendering) Y)

le H<% uPb -
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y 12 ¥%y™? - 70 4 4wS o (immediate mode) | % N 4, (binned rendering)

el a %y (rame)Ap1 —«<in —aylz & %%y (rame)+x C4wSn
(immediate mode) & %%y (frame)n "UEY)EU g~ h -z ™ 4wSao
(immediate mode) 1 x{& Y-x &aé 5E (culling) » 128KB — v 7 —«i «1MB a
6VA Qv7—«<i "-0d0&d1 7 +o -z "+jx{z¥%Ha+L!t 2x a4qQ
Vix 46~ "4 L'zt 4x AQV 8x aé~ -

Binning BW e [mmediate Mode BW

1000

800 1 FE.AR Gears of War

600 -
Half Life 2

400 4 M episode 2
0 A ;

MB per
Frame

wi12&z4 %y (frame) % N abinning) vs. 4w S 2 (immediate mode) 7 °  $% N
a(binning) A 5/° % Nbin) ” Ai x edé“41 46 /4Q°7 -éa
"% Na(inning) 1 n Y -

4w S o (immediate mode) "G ¢!“a a wy(frame)Y 4 “Un Steéj°
(FEAAR.*) -m 7« 24)7 ™1te 2t (Gearsof War*) -m "¢ 15)26 ™te.

€ < 2(HalfLife*2)1#2+ (Episode2) -m "« 16)18 G — Sual" "14w

S o (immediate mode)n ET~ "% N& (binning) 1«6 éEU "Efh1l: "t 4

w S @ (immediate mode) @”" - (Overdraw- dSe)—«14D *NO cu—«i A
4B1 &é5E (depthculling) V%V -at” "IMBV7—<ik"l "NU*G

%H™- (Overdraw+—ipé&éce{iNe %0 N a(binning) 1E~ ",a <']H
“7n ™MTh1 | -
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54 h%é

y 13 éB? -1z 4, (rendering) xDXD1 A"t —]He+) (Pixel Shading) V f
. (interpolant) {s+{p 4, (rendering) "'t 1Ue% " luxDtl dh_ -O

foUl. —+éij° (FEAR.*) -m éBle<+S§ "a -Uf 4 Seérf-
(stencil-volume shadows)—éa"$VY ]JHe) (PixelShading)a ” &au « o Yy
(rasterization) Vaé“aa —+éB FluxDtu %» )+-1lubao " & «
Yy (rasterization) " ¢ -m i 32%” ¥ +éj° (FEAR.*) -m mi
20.1% —

90% - Blend
80% A o gﬁle
o | ade
70% B Pixel
60% Setup
50% - - O Depth
40% T est
30% O Raster-
20% - - - 1zation
, Wl Vertex
10% 1 Shade
0% . j— : ] | 0 Pre-
F.E. A R Gears of War  Half Life 2 ep. 2 Vertex

W13ES ™S A 't % é séB? -z 4, (rendering) xDXD1 At

y 14 éB «éij° (FEAR.* -m z4, (renderingjxDXD1 "t —-%!0 -
m”"z“a a %y (frame)1° <% Ey " «&;° (FEAR.*) - 1« EJU -
"4, (render)a+ & Y%y (frame) " fE] ULle —Larrabee 1¢1A"Y +»°
a+z! O6C((le)"¥o6f 0@ +! 0 C(tile)” XE s YuE"fZ! a Y%y (frame)l G
O "§,a+! }0 1 +A1 & (reasonably uniform load)—-E ™M p @ 4w S o
(immediate mode) 4 , t (renderer) 2§ ¢ O o 1+ "0z g OG]HV y e
(primitives) —E¥%p "fU « 14 fih,Aluléa- "tlu't 3ym "E
z X¥%™E «# U1 ELuN {a E(overdesign)—
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B Alpha

100%
Blend
90%

° O Pixel
80% Shade
70% M Pixel

o O Depth
50% Test
40% [0 Raster-
30% ization

B Vertex

1)

20% Shade
10% O Pre-
0% Vertex

wl1l4g.é;° (FEAR.*) -m z& ¥y (frame) t%é s'yéB +é;° (FE.AR.
¥ -1 257 t6 4 %y (widely spaced frames) "7z 4, (rendering) xD-A1"
t-z%y 148 EwU -

z 1e6" "1"4 OmEAl=+- | Uél —-E"T "pP «I ATh "ia

a dfih "zD ub —Larrabee 1dEi"OY) "< 6za Y) +
11111 o -
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6. "x"4

Larrabee -B z+!0O é7411 h " (implementations) —6.1 «4&+045-1
*A"Txea "D —% ™Larrabee *A".1{al> rC"4 —6.2 +4 & Larrabee
-Bzuzo+=xel "0Cte "dm<% D a [Pharr 2006]-6.3 V 6.4 *4éf
Larrabee BSpu 4, (rendering) VIO Aa 0h: "41éa -

lelevaV h% & 41yy PérClSut "6CfASp Larrabee A" « ¢
CeV—<i.llz »e —asutu3p{a m 0t (CPU)A"41 “gXA7é
1Sut (Cycle Accurate Simulators) ~1 "8 Ce "« Qi -0+1++ PSutB

61 "«lzo7 Owr~ (hand coded)VET éC A" (software threaded kernels) —

6.1 Larrabee «A"On{asS w

Larrabee :3 Own{a Se”EyUnub51 x86 «A".10a{a So— Larrabee :
30a{al1A""Yz1 C/IC++3 t "86C 2Qmn jas (statically compiles) a
Larrabee x86 xf —ze C/C++"4fiDa Larrabee U 3 "IA%e A%” é -
eL1"4fAKe AU <UrCc3I3 : "y " SU - °Legacy+ 1 x86 On
0O reiTh )IG—/f )é] —->>7 O+ "+"|1-B"4 Ool O-

EG | (application system call porting)’+">>1€i0Oa.iApu 3 "40=& -

z 0fpP"0 Larrabee :3 Swol1?2U"40a{a y SET éC (software
threading) & xLe+zxL {fe ° SIMD vectorization) e® — 12| Larrabee pt1l
> —

Larrabee :3 So< o©olE&7i éCh: —.1 M1 éCh:+5]1 POSIX
6C"40aQuezy (POSIX Threads API ) (P-threads) [IEEE 2004] -z bela
API”,z rC3l1 & s ”"Vysli éC A" "/ISAe 1 éC -
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"¥ P-threads "+ ahNU1 éCOn{a API"™e%, "4 6CO4 "1 6

Cl—V éCSD«!fihcel —ale<a«! " Larrabee :3 So<  "f ¢ %Kan
7 ~O t (distributed task stealing scheduler)a ©1 ~ ~O API [Blumofe et al.
1996]—a° O=n{al APl 3 A ” 1860 Ulntel Thread Building Blocks” [Reinders

2007]-E® ” Larrabee :3 Sa” Larrabee :3 Swal C/C++3 tml OpenMP -
a1l pragmas rAe  (OpenMP [Chandra et al. 2000] pragmas)”< 0 1 éCO=n
{a-B -

™| arrabee :3 Su"40unl10n{af L") A xLetxlL °SIMD +{fa
+Y"fi 30 —Larrabee :3 Sual C/C++3 ta Larrabee 1Tyybi{fe3

t~1  (auto-vectorization compiler technology)—-rC31 APY Larrabee {fa. "4
w301l é”f 4 C++{f ! $G(vector intrinsic - Intrinsics " dy+s1$G "
% B o compiler 4w3 «4}«a13é —)" 5 uLarrabee 4}+a O=r” (inline

Larrabee assembly) —

«ab m "0t (CPU)a O1 "4 b Larrabee a O1-yi "a 1 O
-€101824,%0 Larrabee—t+L1 B " Larrabee :3 Swal2” %AV
122713%A/S» ™ _|arrabee 1O &=, (Libraries)< v’>’ /++8A+>0

s” %0 <! 271%A (Native binaries, and host binary.)t1—<iSAV > —API
-BujVzuj++3A —Y% " Larrabee 408 27i%A " é EQO, CIC++
Q70r,ah " SVI2 O-% -y "% AA5 [Aaah "e°a [ 5

/v A" %AA5/Aa UU” U Larrabee "4 Or 27i%A "ace (proxied) i+
IlJi "> "6Ctl2 O-B>$ é+ ah -

E1TAa 0h:"410¢e{a "z CZrC3l H2 4 Larrabee :3 Sa”
" IxOr{aS ©dCih2 é0n{al, ybie "10tysA& B -
o & Ct aOu{a SA [Ghuloum et al. 2007] « Intel® Math Kernel Library (Intel®
MKL) UTx APl , [Chuvelevetal 2007]*D—"0 ) APIs—EJAP "if1 -4a
Y,y ot (GPGPU)O=a{aSA HA~ Larrabee :3 Sald "  [Buck et al
2004; Nickolls et al. 2008] —
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6.2 zuzo+zel 1-B

Larrabee < 11Aa 0h:"4-B{ "e "4 47 Uz a++.1 7e4
' Q« (pointer trees)s <tol <+=+@]| (spatial data structures)e"UA n »+ O =©

"A (large sparse n-dimensional matrices) —Larrabee 1O a{aS w@e—«i.I b—
{fa t(VPU) xY-B -

™Larrabee "4 O&4"s éC  C++Q0u” "™e ++@] "2U1l i e D sV
K(populate, transform, or traverse)i " 14 «A” m "0t (CPU)-u\ "= 4 10
of{az+ -C++ Q « -VE # 04 7 ,y*3 —! «3Ahfé lu1m™

€ « ! ""OQu"%-€éa —,a éC” "0tOn{afls+@ "fe +
+eIB™ 1° "Ai2 0 e} (re-bundle)” B SIMD 1 + — ¢ “p3 t (ray
tracer) 1» b~t>  (secondary reflection rays)1u €} +a ” i VvV 3 1 b
“p W (primary camera rays)—E6 "HAD 4Cc»e-<it4 (pre-allocated
memory pools)U++,~I "Pz™ 1+o "y< ys++e&[e§ "2 AP1-—«<
i—+ "%gNE~"O ” "AA«¢!]H1 »G 2% »—<i  "Ozeu K-buffer
~1 41Cc»e "-D2z%H1 »G "taScl ” —«aD-[Callahan etal. 2005;
Bavoil et al. 2007]

vbiLa O1.1lu [Pham et al. 2005; Khailany et al. 2002] ” Larrabee rz |Pp
£74w Ei%0” 5 T+ )lu—=<i M —ETy"°7" 5+x7? S
Ot2++ 5zx —-Eia'éu p "++el "Ah 4ADC*“1 "zele
—<i~7 —

1 Nvidia ,y 0t (GPU)’'h$ % —<i "7 [1 ¢6C% —«i (Per-Block

Shared Memories - PBSMs) -B ° Nvidia GeForce8 4 16KB+8 !'Jf (t%. +

Il PBSM"f+! & xLe+xL °SIMD# 0tm " é 768 1Oa €77 ° Nvidia
pa éC  +[Nickolls et al. 2008] —+a P 1’ h$ %o "Oun{af SO"t2e4

++ 5 PBSM-!0O SIMD ¢4m1 !0 é"i © 4w% a<+* —uLt "%gV
+ f o ... h(consistency !protection) AP Ei "Ca yfTfu+! SIMD ¢4fihZ) 1
zp uj (barrier sync)> &£ —al t” 1z SIMD ¢4t 1 e4+x " S2+x0"

T )eH au1l .Y —<i (GDDR - GraphicsDDR)m—-E ™ p @ Larrabee 1-9-
<iY =1 0tA"e4 — ™ Larrabee Oa{afOa "Eu'él (coherent)v7-—
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<i.l  UM"A"Ot-Bh$++el% "16a éC 4 ++170t -3%-1
Ei s <« Ae~/E )semaphores)” /z0 )critical sections)fi< ...h —

“Ozuza+xelf+1apOf L | %0 K~ f (scatter-gather)-B "«
La xLe++L  °SIMD%{f 0t (VPU)ih Qz'[a++ —e# 3 e-a8 7
Larrabee ” 1{f Ot (VPU) %0 K f (scatter-gather) x U<,!z‘[—«<Ti1

e 5 {fat (VPU){flI"t —e z'[++x*HAD 1 f[UA R(fi (on-die)
V7—<il1lZ6t+ "Y1 |=<i"7"h —+hU $"Oo~fXt%0+=+
Bl1a> -z CU "Larrabee £ 0 ! O "A a)A" (sparse matrix compute kernels)
e O "A {fE (sparse matrix-vector multiply) " E [ E i % K ~ f
(scatter-gather) 17 %o K~ f (scatter-gather)-B A< 3 1h& -Abzu
Zo++elly) "HhoX¢ | Larrabee x "ea)is (count bits) eiee (bit
scan)eb— f} 5V~ (packed loads and stores) —

6.3 U 4, (rendering) "4

Larrabee ,y 4,% p (graphics rendering pipeline)!'é "+ Larrabee :3 Swol”
4— a "PixeaV: 3 1Ei "Ya h™Dell "Tal 1 4, (rendering)
h: —z t«U&44a" % "z %t"0 ? ,y%pu esim —-"1 " fhVYea

YdizO ,y%p "« Pharr[2006]-& —

4,>Q (Render Target) °7 &,a Larrabee 1,y ,y 4,%p (graphics rendering
pipeline) T4 i %y -at "z i 100« {af~7e +xel -0"t... "

Larrabee 4, % p (rendering pipeline) b1 <0 " A ]H <)t (pixel shaders)4w °
7¢>"5 4,>Q (render targets)1G -aahy } I+ 4, (rendering) "4 "a

On{afs 1 x } (blending) *a»$§ a6 t (single-passtone mapping) V E
Aah -
% g N E~O (Order Independent Transparency) &>> 3D "4rC31 " St "4 O
o é6¢! A %y (Frame)1l4, (rendering)>"cAe«&aé?2 e~ O S A (translucent
model) g "p| " e 4&7 &(depthpeeling)le» § (multi-pass)Y) [Wexler et
al. 2005]” «%”"1SA ptl1~Oé (inter-model transparency) — Y vz "
eu |0 S4 )opaque models) = h < 0624, 06 —a (postrendering area
effects)—y 15 éBeat &~ 0 dy} 6f” a a " 31 (artifacts) —
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wis&fe ¢ %ba ] ~a (pre-resolve effects) 1 "O0¢ § °1 ]t~ AE *% O

(fog patch) »c2 éyn gV % ba ] JYesolve *-6°1 Jct é~0 dyB”
A « % ((fog patch) "f% P a ] —-1to6°1 Jm AT UNZ)AE 71 ]

/é -° Jeffery A. Wiliams V' Glen Lewis /—1 S SA) -

Larrabee fi2«1&~0 dye "t ¢!]H <toml =+=xe&l (perpixel spatial data
structure) m”1AQ0 144@ i-B % g N E~O (order independent transparency -
OIT)— t4, (rendering)a 6ynd "z At gV %o ba)resolve *¢ ! JH1AD
L1> » éé~0dy a " azdy}..f14éV14& -

wil6Szuze Z W-4t (Z-Buffer)L = 2%y Se 4zuzao <tol =zél
(spatial data structure) 3 ©Oa - (alias-free shadowing)—£y y 15 1O« ’a
~+e/lV 4, %u (rendering pipeline) 9/2} —4,t (Renderer)c/E - @y
(shadowmap) 72 .a +y 1 4 %y (Frame) -4t E °TurboSquid Z Skeleton
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Zzuzo - @ y(shadow mapping)s- @ y(shadow mapping) "+ Dal ~- h

y  ~| (approximation technique)” UG 1” (implementations) Y Y . Bx3C3%¥%
10a (visually displeasing aliasing artifacts)p:* —-al1tY ""03l< 1
Zet [Akenine-Moller & Haines 2002; Bookout 2007]—zuza - @ y(Irregular

Shadow Mapping - ISM)"a¥%: 2 "< + XA”1 p-+A "OEIl ™M 40ca{a
3IE 0 ace [Aila & Laine 2004; Johnson et al. 2005] —

al” - @y'z 4 “p. x(cameraview)¢]laélL! "t “u.x  (light view)
mi2 y 1 <twml <+z*eé&l (spatialdatastructure)-z f Ucee Larrabee 1dE7T ,
Yy%U"¥a™- @yl<tal <++e&l (spatialdatastructure) "85 €& “u.x (light

view)- @Yy’ « ¢ Ysry(rasterization)1xD —,a - @ y(shadowmaps) oa)
IXA"1lice " 3 29 Oal- @ y(shadow maps)—z fide ~I| LD I |
I[°u - & (hard shadowing effects)”ey 16 -B "2 ] ~ Eo°p -

a (hard shadowing effects) 1 O —
6410 3 h: )4

Larrabee H }+ |ID « e+ Yy(rasterization)a O1Aa 0h: 4 —@vyal
T°6G = levaVyan -

wli& -"deveo h se6B Larrabee ./1°vo ébeéui w6, (rigid

ACM Transaction on Graphics, Vol. 27, No. 3, Article 18, Publication Date: August 2008. N A
Yum® S> 60 "+SPbI®: a7 -Ilm® §> °CU Intel Taiwan; @ @ 60 "Z6!0+
nlay <a/k «fa "M@IiaUtB "E1O6®mM 41®Z6+! %o " ¢c7S0®ua -
aciod!®p E 2/) Ep..O-



body)¢£/ (fluid) V # (clothy SuY) "B—+ D 44;x3A"  (collision kernels)
1Y) "a/°«01 oh AE -

"Q ) z bu™z Larrabee A"» e ""éG - "0 a1 02
vaSu%é -y 17 éB + 41 -"0 1 7 oh “a0a (Benchmark)”l6
i:, (rigidbody)*Ei (fluid)V + (cloth)Y) 1eva -z 4 1 64! Larrabee
A"") 50%PBl+- 4+ "t, # @H «hpal éa’ - -6i:,

(rigid body) SubDal1 1.,"Y EA6 ESO0fiya O —Sweep-and-Prune [Cohen et al.
1995] | GJK [Gilbert et al. 1988] 10&Y) 1levaoy (Scalability plots) Ha *
fr,a "ED 4 1aix3A" (collision kernels)yDap+ — -EiSub 6
(WLi:, (SPH)Y) a O -z 2} 4 Y 8SA (massspring model)V Verlet
€% (Verlet)” U - S [Jacobsen 2001] —Bader et al. [2008] < « -"

A

g azuil " 2eVevo%o € - —

W 18&Larrabee 1 =~ p3 (ray tracing) $27PAb 2 AMrays 1 1Kx1K L~ ] -
a‘'‘ps t (ray tracer) OC++ « "fdBalbDxo "«1+87 O 2 ~ (hand coded)
14}4"° "e 7Sy (ray intersection) —K-d trees «#é/ (Kd-trees) eDU/[a

25MB ” 3% ™z 4 % y(Frame)id JE —/bV ~t'u (Primary and reflection rays)

Pléray a+476é“4 — /=91 234K ?24n "YAZa b " ~t u (Primaryor
reflectionrays)’a 7H/y U, 1 Guillermo M Leal Llaguno < Bar CartaBlanca SA =
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N o (ray tracing)® Whitted anal1 ~ “p3 t (raytracer) ” 41 <tol

++ ¢l (spatial data structure) Tézuzuo "f9X¢e | Larrabee 14 —«<i M o
i1 % «b—{f'0t (VPU) xf —z teU " 4 — +! K-dtrees «#el
(Kd-trees)1a xLe+xL °SIMD#l 16 P& "p3 (ray tracing)— éz!" &

“rz Cua+ Intel Core 2 Duo "Gt "Ab °a+ Larrabee A" « 467 1 g\
Z'éB Larrabee xfV a xLe+zxL °SIMD+1 h — [A" (small kernels)
Ll — e« 16 'p ™M1 !?4nllL “a "ta+ Larrabee B éA 47 1\
Z-uL1“a "t Core2Duo "GtB éA 257 1\Z -y 18 éB # IS (barscene)
1 1024x1024 a Yy (frame)”a 234K 1?an 11 - 117t D—eD
4M “p /a %y (frame)—y 19 © Larrabee V'Y 8 A" 1 2.6 GHz Intel Xeon®
ot 'f é+! “ps t é!i (instance of the ray tracer) 1 h —Shevtsov et al.

[2007] V Reshetov etal. [2005] 4& Y2+" 12« -—

wiloE =~ p? (ray tracing) eva s/y?° Larrabee 0s g 'é a 1GHz(nominal
1GHz clock speed) 1/u A~ G>V ‘J 8 /A~1 2.6GHzlIntelXeon ‘4t 1c¢ -6
C 41 °glza 8 / Larrabee A "1 4.6 7 a Larrabee 74 {f gt (VPU)
V{f xf -y 18 4é- “41° 4 ea —
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]Vv.>"Q &lLarrabee .1 }ze<3%- 2D JV.>%é"4 —ey 20 -B S
- 2D Aah1:3 " (Native implementations)°a paVzuo +b—“c”Mla
h”e H>>E Al (video cast indexing) ¢ i.> %o & (sports video analysis) 3 1
3 (human body tracking)eV>S C* (foreground estimation)< (E]leva -3"
i ] (biomedical imaging) Od«E "GEA1+ 0U<% — i ]JAP "ot
(back-projection) « E T + £ 4 (volume rendering) « P i % E (automated
segmentation)*V Ud1l ¢ —U (robustdeformable registration)U&ah "« &hI1&D
1V,y 49TA " |1Eu -y 20 H&4 4 é~+C Y) (marching cube!
algorithm)”~é 3D ]4 (3D volume dataset) 10 y ¥4 7 ~| (iso-surface extraction)
V% €& —

"GSu "'04Sp"4 4 G Sy (numerical simulation)”¥= V -m ¢, —a'p
¥U=1SA "«%fa =« puEzU1A *D—1 "an"Y13° -E 15%-
iL"4 "UA++4 ezéles+LV=+%"7 "—D s "4“Aey -z "
afui -" m”"“% &1 Larrabee .174%“ aW"Q E Blfihe "8
&u= y b— % Ka =~ pEzSu -y 20 éB "DpoXA PhyBAM a O1
ysSpueéa "vi 3Ei e« ¥V-71 evao —"  Vevo%&2el 00
Hughes et al. [2007] —

W 208ysz,y 4V A" 1eva Slarrabee 1e4A". ] "< Thevai
z,y. I 3 h: a)l " a "b—Dal /"_/72) A"(HPC Kernel - High
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Performance Computing Kernel) —

Larrabee ¥ éz. Aa" 074" "eva gl ey 20 -B —Larrabee 11é ¢é
Ce x86 .1 "7 i8-1~ 3 h: Y4 7 «®—18 — 1 éCah " &
B -a xLe++L  (wide-SIMD)-B - =W=2"0f0 Q7 (IEEE - Institute of
Electrical & Electronics Engineers, Inc.) Er XA & ” Larrabee zD }ai%oé Toe
«+4}%0 -lyyf«"O1Abz0O " Larrabee .11sva-Bze5-1"h

) (HPC) " & "D—5|1 HPC A" "« 3D-FFT | BLAS3°!++4 "°R(B1

v7i—<i k U = 2160 Chen etal. [2008] —
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z 4é1 Larrabee .1 "86C 4+!D x86 a O1 m 0t (CPU)A" "B —

{f Ota- "I+ Psaha@ "< I7hV aoi uirl Ly/f )y VIO -~
400 —z H4é Larrabee .11E7T 4,t (renderer)”®—z 'O Aa 0h:
474 EA hVevo%é —Larrabee 17 30 nii>>1 ,y Gt (GPU)"Ps
ahas Y 7" Yz E-~ Larrabee ",y (Ot (GPUYVm "at (CPU)Z}1%”
z E~ "a.l2a .Y 4, (Graphics Rendering) V3 h: ) (throughput
computing)r” SU12 —1% & Larrabee 1°" "z Ci 1ledA- Ta )
ye (primitives)1 =~ —e 11° & _° [Chen et al. 2008] a: +3e+On

{a SAeee &'t cge ) A" e&ah eV+zxél 1:3 Larrabee " 1fih
a—

AT Slarrabee 1A 1iP,«a  Doug Carmean | Eric Sprangle”Tyyf 1ze«3

H< 1 0 -!'® Cf"aT+ 18" "e311A«&a13S "D—¥ 7 !
®13S - a " V+x% €< 3a Jeff Boody » Dave Bookout ¢ Jatin
Chhugani « Chris Gorman ¢« Greg Johnson ¢« Danny Lynch ¢ Oliver Macquelin « Teresa
Morrison « Misha Smelyanskiy « Alexei Soupikov”’ D —1yy~ 4" 0" iU (Application
Research Lab) e EiO- ¢ (Software Systems Group) | . ) ¢ (Visual
Computing Group) 1101°  —
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