S=50ol 10-1331569

Q (19) YN =ZE3HH(KR) (45) F1dA 2013911921

(11) 35¥E  10-1331569

(12) 55533 X (B (24) 32U 2013311914

(51) FAESEF(Int. Cl.) (73) E31HAk

GO6F 13/14 (2006.01) GO6F 1/26 (2006.01) Hhol ¥ w2g dIEFolH=E
(21) =9dls 10-2012-7028602 (+-2) o= e ZU o} 94043 nFeEl B Salo]= oy
(22) &2LLA(FA]) 20061304€17L T+ 685

A TAA 2012910931 (72) L=}
(85) WEAIELA 2012:310€31¢ Hy = 5 ¢
(65) &MHZE 10-2012-0136412 w3 wjAREA = 01776 A=W 408 OE 2=
(43) F/HLA} 2012912918 (74) dg<l
(62) 9=9 E3 10-2007-7025635 7249, gga

VELLA(FAD 2006304917

AL 20119019242
(86) =AZYHZ  PCT/US2006/014527
(87) ZFAZ/NAZ WO 2006/115896

=AFTANLA 2006311402
(30) $-AHF%
60/674,189 20054104¥€21¢ 1] =(US)
60/698,626 2005W07€9119  w|=(US)
(56) AP7l=zxA w4
US20050071693 Al

AN AT 5 F 3 Y AR A
(54) el 33 F5HE N=d

(57) 8 o

el mel, dlolelrp mjdEa 4n

o Asg, FFY s EE B A

deish Alzde] dolH A £4S AHES FAEE Holy wm
el 4 SlE MEA AEE s A 4EA% A, 3
A ool AAEe] rk. MASE 2903 At wseld EHES FYsed 48R S A, Aol
NEs e Ausl 47 AAbeE 297 Ad0) de Bee) dd 4uE welsed Asn F A e
929 weE ol AFH dolHsl AAA At UENDY sht olge] wEEdA dolee] welq o

O
o& 1> ﬂ

—=
2e)4 g wagtoRd WPE & ok Edels e Bitng Folv 4u% viusg WAt
Wlo] A=l Sl
o ¥ =
MO Ml M3 M4 M7
MR Tl R T R Ty
miceonars o] <5 =
—R Tl ek B T R The
e == < )
<R T B_Jp=  omR L R L
<3 = <! s,
=R T ——— R ’I’: C"R T R Ty
= e = = s R s e [

o0
]




S=50ol 10-1331569

£33 79 B9

AT 1

Al G A 2GS 7K, A 1, A2 2 A3 EA AES 3
Bl o] 29}

7] 92 qEjdel el o8 B4R MEAAE Tulse, sunegel YEALNA w=E £85 A%
SEREDEERE

oft

g3

rir

Bao AEANES FHISE A Q)

471 A4 QB H o] 2]
(a) = Bz Al 2 840 A7) A2 AR~z E AE

5]
(b) A 1 el HTAE FA7F A7) A2 dEHAol =] Al 1 HoziE JAEHaL, YA
7] A4 IEFe]28] A 2 HomEE < <
71 GAasol dFsHA iR E ol = A

(c) A1 <

A 2 HoRHRY &=, ok 27
1 HoERYH QIFHES x5 & A
(d) Al 2 dof] HHS Ha7t 47 o
7] 44 Qlgdo] 29 A 1 HE

A7) BAaEe]l AstA HiA] 5

o]
71 (D), (o), (b) B (a)e] & 27 7ixd, 471 94 Qo= 5 FH=2 7] (a), (b), (c) 2
(el AME& 180% s o= Edo|2e] 9A7F Fongs = (e), (f), (g) ® (W] #4=5 T A=

247k Edle)zel ola) AgsH,
9ot 47 A7 QEslelasl Al 1 W EE Al 2 W gelA 37 A7 dEHelziE wolga,

A7) A 1R S A2 Re ] 92 AEselzel Al 1wt Al 2§ Aolel Fel disid vl Wl 4%
EERECES

A7 2

ol 37le] A Qe ol ATt A W WAHE FEAE EQDL,
A7 3

=9 A1 dEe] Az Wz fAHa 7] A QIEH ol A5 Al 2 ©Ee] Az Wz 9

B7] Bl AF AdHHelAE Aol dA WEYAE Fdste WAE XS RlHEES WEYA A5
& A W oEA,

471 A4 QB H ol 29

(a) BE A7 Al 2 v 7] A2 QA A2RH QAFHES wjx=o] Qe A 1 WA Al 3 F3;

() A 1 wel A P27k 47 A7 Qesol e A 1 AoRYE AFHn A T Ao YA 4]
@@.ﬂﬁﬂﬂf@lﬂ HoRRE QEHHES uA A28

5]
71 Base] IS wiA s = Al L WA Al 3 Y



471 (), (o), (b)) 2 (@9 TAL 44 X, 47 92 <Edelxe & FI=2 A7) (a), (b)), (¢) 2
(d)e] FE S 180% I|AA o= o %
27W7F Egol 2ol & &4 A=,

217 dAgslolat Al 1, Al 2 W Al 3 B3 AAE BAGE B ABAASE PHla,
A7 QlEso] 2= e Wofglon,

A7 A1 W EE Al 2 W 7] AF QIEFEe] =] Al 1 @3 Al 2 & Abe] 8] FHoll tiste] who WEkl mir
I A

BAE 47 A4 Qo] = Al 19 Ee Al 2 W Aol A7

A4
7% 10
AHA]
AT 1
AHA
AT 12
2HA]
7% 13
AHA
AT% 14
2HA]
7% 15

244



A3 16

A

A
A3 18

244

1A
A% 20
2
A7 21
2
AT 22
2
T 23
AHA
A% 24
244
AT 25
A4
AT 26
AHA
AT 27
AHA
2T 28
A4
AT 29
AHA
A% 30
A4
7% 31

2

S=50ol 10-1331569



ATE 32
A
273 33
A
7% 34
A4
A7 35
1A
273 36
2
AT% 37
2
273 38
2
7% 39
AHA
7% 40
AHA]
AT 4
A4
AT 42
AHA]
AT 43
AHA
AT 4
2HA)
AT 45
AHA
T 46
2HA]
AT 47

2

S=50ol 10-1331569



[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

S=50ol 10-1331569

ATE 48
A
AT 49
A4
273 50
A4
A7% 51

A

o= 20059 49 21922 =95 n3 /EAWE 60/674,1899F 20051 7Y 11UAE ¥ W stEY
H3F 60/698,6269 ¢APS FHAsIH, 2 UL AAVF B WA FxE FqAH ] .

Hl 4 7] &

dubx oz AFE 9 FAl AF e FAAREL H|To] Eolxa olyd FAEFE HES Alglel| ule}
Baste "Fole] WA (Moore's Law) "2 72 AF o] o AujEo] g, ol TE AEs&me} AiEne F
7holl ola] AF = o gkt}h. olgd AL FF A HFS w9 IS BAAIIAY n28H N 253
7] 98 Aee AAZ G

Bl vee ALHTEE g, B R oAU Asg § el §38 dadelsal v
" g Ade/2A Qe 2E e vre RE wE A=

trade-off)& el & vk, #lxe =,
& T3 gubdo® fadeolmdn. FF o WEY EES AL AYdE S8R &85y 98 FHel
X g WA e 43S golode dAdn. dadels T3 o], olyd B du vrg AlAge
wgk ey 22 9% J5 oy AclAS HH 1ags BaE g

A= 27 %5(Dual In-Line-Memory Module, DIMM)o]t}.
wEl 7] JEHo] ol widE AAAE Y 29-22ud F2T7|gelrt. HEFUS
| )

DIMM©] AslE o MdEEe] wRe] Mo [Y) AdAE FAg

w22 AlAES BE AMRS B dadel= HARE AT, ZF REo AAEHL ¢ MEAY ¥ 2 A

AEE Xgete WEY EER dASA AV &A dd WEE 2Ee wAE f8 LA AYEH AH

o]27t AHEE = ). WREE A|AEL A HA] @S AAER B BEY HAA £ BRu A, W &

A/ANH) FAE 5 Ja Yol vEE SFEES AMESY £ S7HE AT 4 Y

AFE 2D EBEA A& ALgHE WEIEE BE EFY el W (Random Access Memory, RAM)(&lATH, S-RAM, D-
o #*] (Programmable Read-Only Memory, PROM), AA 2 T 23 715 217]

RAM), Z21%) 7bs 1718 7]
4 719 Az (Erasable and Programmable Read Only Memory, EPROM), Z#4] wlxe], <23 (Magnetic Random
Access Memory, MRAM), 73A}A] 34 (FRAM S+ FeRAM) =t oyl <l 38 (NRAM) (Nanotube-based/nonvolatile RAM)
2 A3l w22 (Phase-change memory, PRAME X3sl= RE 99 7] W=y, 2 7] g2z A3
E3ept olo] =E A ereth. Aol AREElr]el] AFE ¢ e ohE WEIES A & EFe

7@ Gl

w59 1§



[0008]

[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

s dstel= A
slolamE AN §3 Fuo nEE BF7] 99 2
o= e AFe vzd Axd % AF

= AHAE, #2 vy ARt 2

A, B2 A|2=ge] 79k dee AnjdE, Y] dEan 9 g diEel Ay
Bl 2~ (data skew)Z <18t SHEAIZE, WEE &£AE dE 2
AFEE] tiet AAAH vl o Agtd 4 .

iz
b
ol
rlr
fin)
i)
fo
o
tot

_1

Ae HE 5
Ho g Hjstal 74 mEe YYya
TAl Azl FAREFET A AMEE 3
ane) (" (line)")o] Utk. Al 1 == Al 1 HA2 Ao] HoJElE AFshaL,
Qlo Fal® Aol AZ7F A 2 =29 A 2 dle A 2 Ao =
g1l Ael= Aojalsd o3 AAE Azt WAE = k. FHA
oA mE9] 9o wWE Al e

, B wEE ulEta 7

2
3 o} slvh. 4
o Wwe 2E F sttt lElH ol
% Aolw shel BT 4 v}
Sk Al 1 =9 A 1 oEcle] Al 1
b A 2wl A2 #Ae] FYAE AHYEE AofsteS T

-
Ll
N
M
rir
e
(m
Ll
e
%
=)
Ir
o
ot

T T
n -
(e
24

2
=

T

N
-
~
)
2
N 30

2
N
o
mmr

b

=)
-
o,

Lo
2o (1 BT T/

4
=32

> =

I o = ol
> e
[y

)

rlo

o

é{t

B

ox

folr 1

o

o
gl
=
1o

r
e
O,
NiL)
o
u
I
i
%
“
u
oy
N

b

<

ol
o
rr
oz
ol
ol

!

0%
N
Az
¥
Lo rfr

HE A ~Eo] A

=

o AYHE 1
(motherboard) & © ¥&3ic}, mwg &
NE FA7 mE A ] =

Al
- A 2 =EE A 2 == A 1 4

N
ox ol
i)

b

>

N

T,

n 4
Y

N
N
lo,
>,
fol
=
o

qy
- o g T

2 O N
r,
fol
s
N
ofy [
QL
rl
on flo
_i

i, g to

2,

N
[
e
2

<
o dlo|g7} ol o3 F4lE dHolE e HHAE AsESE T
t] == (local-to-the-node) =¥ ZE ZF slitoA HAel=d 4= 9},

rr

I
b
ol

i)

RN

e VA

8
)", "Ekel Elbyte)", HAl A=, o]lFHE=, HEHIE sl 9= gle A= T o= siud 5 Sla,

MEY WEFE ASE D 5 9

E O Hger, AL ALY Efo neE pHsta, 4 »EE gEEa £ Yy F o
StUE Zs XES e, 4 "Jas A 1 ARl o8 salE s VxR A 2 dde] Y dHE
Aolaly] Ad Al 1L A 2 A FEe o FHET. WY &, A oF Ex giy] F sy ddad Y
5 Atole] AFejwstrt TAE 4= glvk. A & FHie Aojals = volH 4w F4 e Al F Ao
®oShE F8d 5 Qa, ty] due A9 2 dEu sudde]l o wowm, A oI A oyl
el o v anjdE el 9l

rr

a7 Qe dole Ate] wES £Y3

Qth. dlole = A 1 MES A 2 MES 7

-
)

N

deolE Azl F4 Ei 54
G oglen 77tel A

1 2 = of dtell A FalE W A7) A 1 HES AV
H|E A}ole] x}ZA|7FA| o] HARLEE 979

Aol wEdow wgd & gl W=

F itk dolo}, HEE 957k Al wmEoA 9=
= =

(
DO

of 3= HIEC Wi delH o] Aag = IS Z=F AudE 5 Ao digtter, HEE 7] HESO
FAEEAAN A Es AFesdA wdd 5 Ut

E e BgoR, JEAE ASHE B0 wog 2u, ) wot g 2 330 o8 Add vE
928 P A 1 wesi dolge) £29 & gdm, A 2 wsE dolEd B4 & govl, 4] Al 1
wmsh 7] A 2 wE F Aolw shb A7) Al 2 wmdlA Helee BRADAAY Holrt MaES g



10-1331569

s=sq

o) B w N o w U ) o = ol T = - - = 1
2R dME Ewr mrEAT % oo@m P PN OBEE BRIWLE T EWR
N = o ﬂ,ﬂﬂAT = <R L c R M _,,AT ]NL i~ .%mﬂ ,Ziﬂm_xmﬂ% Wiw@ﬂ
= o 1 W PR e T 2 “ T 2R TR oand ppid
pwmA Ly YU ER N . - T kwm LT e T F R
o= T H o= W R o _ N o e B ol C 5 Mﬁ mﬂ MO mﬁ < om o
— 2 ! i~ oy N NS _ — = u — -
2T Frr pn% ZEBREe ¥ gz T4 HC 0 *T Fomeg TR
~ F o = F g X, T X 5 00 ol Mo o TR = B oo
R T B T rEAmE <= » KTx IR TR Ta Frwg
N ) % = wn
o T mEﬁc,Eﬂ A s A§Tm ETNug
m 2o o & [ & g ™ <) re ! 30 TNy 9T RO g M T ooy S
£) ot N oo o g o~ No e < 4] w < 3F A M
PaY Mg  LlP ExibiE o @ TH R F TE FmgTE o 87
Py eww  ma® o go¥Eie g ow  gFw gwl ET O BYHRL  sg kT
R [ e B = R T Crom 2° C o W do B =
<22 T g 4 YT hw ST AT E 7 R LI Fiper TI38F
T oo W PRm oy g T, s ° T T o wes  Tm o o 0 = X
_ up R Mm H 9 g LEZuwEE »E Z - o iy L T K T MM ik N g R
R g B S T T 3 _m oy o o hi il " < e e 3 o H w z oo
20 R M T cH T =4 NAF T ook 2R T g T ok ] W
e S p BT SHTOR SF 2 wT FLZ M EZaogte w0%ds
T A 0 TR SR T o @ T g o %am_m ar < A o)) ATMLATWF
=T R T NT TR 8 oy AR il s = o W ol oy Mo N z .
— = v o= ar g St PRoTE TR N R o W oW
= T LN E W N o8 o up G T T oo W R T om R w
xiz N W zé%doﬁa% lo Fﬂ o NL#M Loy FETT U bW w
" X = 3 B 2 e = N 2 o B X0
M w7y o No B A L B N, S o ~ o T 3 RO ) 2 <]
H o : rrd iy o R <) g o) T =3 o o 7 o - 3
. i) H W) W o o] B % X ) ot o Ho M ~0 (2 ] 5 = o ~
5 FEIR N4 M BT g T T BT =FE o, mT I ﬁl%ggw B Jo & oF
5 AR = o o o M R iy o SR o idf T = o
os o — A T ]| dogp A= T oo M W2 np oo T g X o
_ " ~ <0 ol r ‘WL SR = iy o= ~ ‘Ol — ‘N‘._ 5 ‘mW ZTu - w 2 Eﬁ 0 71_ ﬂ =0 :i q
ol T o BHw_ N7 AT = : pilioy S A i
il EEL o A oW E Jo — N B mn oo < W . x&o@- L ey ﬂVLHATuUr Eomwmﬂ}g
o FEPL g I e N 4 - T NI Ll TR =
X — o AR 9 o ) i 0 st N A %%.,%E o= A Wl o™ o T S o o% Kooy
e WCL? o TR o] % %dﬂ X T o] EE,VEI_ o) w O o o =) 4 = 5 o) . = oo o i &nﬂﬂ
o NS AR LOE% B W T T s o T E o— B Dol _mmA m T R
TO T T Haw o = P = P FowE W% 6 R B R T O = o =
Moo i) N = o X R mN W o~y o W o = 1% el (R S [~ o oV %o ) <
> owm My o4 2 e S TRNP AN I B MR o BUT RNERpg By
I R I - N I < AR S s = F o M Pz H W g TS T
EENEC B Loy T2 2T sT 5f T6° pEH T oGRS Y C9EET
= o 9 7 r A R = T < / : T
o TRNT w8 BER S TAT R TE PP hak T BoL MR R .
SN T W G e G %o o AR o o R oy - TR B Noo= Blogo N ,Eclcwml_vob
A NP R R S N BoETE BT sy RS i
o = r N ~ < Q- = - —
cAHsT g ETRe BEaSal d@ g o 480 DX H-PATT 078N
T o = 9° =~ [CReay SRR LI = = 9 % o) T k oy o N = ° ]
B TRz g N <o Wy o o T ST oo %0 %o W = Wb e N R
T (A R e = T o WM oF g W T
B Mg oy R oot Xow NN kW 2 - MR U Mo Aapw o™ % gy x
iy i < X — 0 il mly ol — mn as , B
s Zel SR R He_H lre w4 w® R i M BH T ghg RgRoWh BET T
= = = —_— 0 or [ug <) o [~y [are J|/|\E X
T B T oF 4 B oF <= o & oop oo — - M X W o R W ) St iy
i F H Hoaouywm TN sH TSy HT M TR OMET O THEA MR R T W ,A; - Mw o
& ) o =) = =) s = — =
o = = I N N < < 0 o =
: 3 3 3 s &8 E & & & g

%

=
=

& H

i

kel
il

o

p

o] Alei7}

[0028]



T

A
s
il
27
}O{l
v
ro,

t

[0029]

">, oM
ol
ol
N

@ of & or

lo & > & S tg
2

rO
il
Lo,
o3
=
of O
2
fu
X
2
o,
o
2
o,
to
[k
t
rir
2 n
N
o3
=
of
prh
T
o,
o

[0030] T U2 ggog, (SEx o9t e Al
o] dlolg =g o] FPHct. A 1, A
1 =

[0031] st ool ¢

>4
o 4

[0032] T o2 gdoR, (SEE A 1 &9 e o]~ Al
A Aol Al 2 CSEQ] Qg Ho]2oA] SHE o] HAHES s dgt =84 2 &84 <H

i
)
1o,

o
>

&
o
[>
et
oft off
o

9
fll
o
oft
oX,
ol
ol
-

— 1
1z
&
Lo,
r,
}Oll
k)
rO

[0033] gt shgs 7HA AL A2, RoAl 3 A
Eal =1

noo
>
N
rlr
ol
ol
4, L
oo 2
— = o?; I
Lo,
oz
N
2
ot 2
ox
o,

> (2
(o
fr

Anj
-,
o
[
1o
S

f
1-0{!
N
i,
o=
- [

MRS
=
Jr o
2
¥o, [m
o
2
—
=
B
2

o
o,
e fr Ho
M [
= fetl
- >
P

ox N o oo

i
o,
[
Lo,
2
N}
o [
o
fru
4z
An)
rO
e
o> M

f
H i
N
fo
fetl
oz
N,
S
S
o
s
2
1o,
&
)

> o

7]
g e, CSE B v 55 % FE I g2 o

[0034] T OE gYgor, FIAELS ZY ZTHUE folo]y ofAMEF(flat printed wiring assembly)?] FE°| £+
7t ZE = | 5 =
2 TAFEES 54 73, ol AARAEFA AE 5 .

=

[0035] T OE HYe=

[0036]

o,
ki)
&

o]
>
fr
1
i

ol (b)detel HAE 2ls 2s

&7

~~
o
-
ol
o

iy g
9,
B
rl
i)
%
k)
o,
o
M

Ir

ot
H
s

>
N
r2

f

w2
Q‘L
N
Iz
W
ki

o> ft
-

e 2~
™
2

Ny 9 o
f o X

[T Ay
ﬂllﬂo1l
o
DAV}
o 2
Loy N

ofN Tl o
om [

=
jus)
==



[0037]

[0038]

[0039]

[0040]

[0041]

S=50ol 10-1331569

LAl Al 3 "= R 7] (@), (b), (o), B (D] 74E& 7MY, 7] AYEel 43 5 FH2 37

(a), Al
TAE T o= 27i7F AAeE e UEYT A33 S5 AA Yile] MAlEe ).

(b), (c), 2 (D)9 H&& 180%= Aoz ekt shdo] Fougs= (e), (1), (g), # ()9

AFE e BAE= A 1 AE Aol A8k, =9 el HIE Jxjof 3= A 2 A Aol AL, A 1 =29 A 2
= Aolo] WAE B el gl AmEgke] AEALAAG ARG T Fue PHlshs W=D
AEgelst AA e} .

EogE Hgon, YEND AESYE A 2

o Al 2 == ke FAE A wiRE Eﬂ?_

Al e

T O "HYgoR, UEYA AEEHE HIFE d"HIHA |29, 23 E F7AE 5 A= Al 1 doly e
29F, 7] Al 1 odleolE dEH el ot AFS 3 A=dHx 7S FANESE FAHHE ZEAHAME FH|F
I, A7 ZRAAE ok 279 AEIEY A A7t A FAlE o AAYES AsERlEd o
ole S =Eldoz e E o FA4E 4 dd.

R KD HT

ki

K

ki

juy
a

oy
a

oy
a

ki

ki

ki

ki

ki

ki

of F@al Aol ope} wx AW olalE F71 A% arlel dael

2]
12 & 8ol AHSE 8o BH Vs s A MEYAS] s 2450 =t

2= AAVS3 29 AAF(configurable switching element, CSE)ol th3l Qg o] A5 ZA|3F Z=Holt),
32 B} oo 23 XEE 71 ¢ QlE CSEQ A4S Z=AIgE Flojt),

4= s o)}l BE AEEZYE ARESte] UES A AZd CSE

lo
-
o
o
[l
>
b
L
©
o

5= Ed] 7AoR wjAE CSES Eddshs 87 MRy EEs =AE Ao

Ha~f= IR(INTEL)AFF 708t FB-DIMME. = defx] wlie] A|Ag)s) FARSE Ao ofAX = wxe] Al

28] HFS =AT Aol

O

12a-f% CSEE Xdels W= RE9 wdS =A% 3o},

1Ba-f&= REE 7o H9

lda-f&= EEE 719 EA9 ¥E 2 oy

15a-ge WXy HEEZMONA EEMi)7HA ei71H¥Ee] dES =AF slolt).

162 A o d P35 z2tv Edulel slde B8 AEEYS REES BAS 29
3

17a-d+

195= no-op(NOP) 7} &put o] de] S¥xERRE HAEH = 29299 &2 =A% Aeoln.

_10_



10-1331569

s=sq

YA7F Ad ke

212

s
£

o

@

% 23a-d&

Aol

51_

Fge wA

)
<

237} At

o

oA Egfel glH(leal)E7HA ] Ao

=
1

26a-b= S19 4

s
a

Te E=AIE Aol

=
-

A a}-9-¥ (self-routing) ] o

L
o

27a-b

5

Al A

A8 W E(leading bit)=

28a-b

s
a

H71 €

S

s 20~
1

=
=

302 2=FF(skew)

s
a

o

i

o

t] 2~ (de-skew) ¥

31

s
a

F7FA]

)
<&

AMB) ol A} dllolE] Z=5f¢]

w2 2] ¥ 3 (Advanced Memory Buffer,

&3spA17]17] $

=
=

o] 7 (data skew)

33a-bte

s
a

o

)

i
~~.

% 36a-be

)

WX U E Y I (Batche network)?] dl& Z=A13EF Ao|t}.

o)

39+

s
a

np

=

Z2(Clos) YEYA(D)Y &= t}

| IEAF(ac)ot &

40 W=

s
a

H U] 2 (Benes) WIESIA S} 8 #d 749 & ZAIS Aot

4la-be

s
a

!

S
7!
1

ojp
oH

2] ¥

‘_AO

o4 27) dlolH

do]E HEA(CDR)S EAIg Aot

AR = 449 o B E=AIG ZleltT),

=
=

zkzto] 27 dlolE] ZZolA vl AT (de-skew)

45+ 7

s
a

O Bug YE]IANA = 459 JHE =Ag slojt}.

46a-b

s
a

o))
o~

1

48 Edo] d4d g/ EEY WEYANA =2 HE 0 I

s
a

489 Eglo] 4% 8/f BEY WEYAAA =g n

9= =

s
a

o))
o

1

& 71

= UEYIY AA

54a-b

s
a

_11_



10-1331569

s=s4

ol

ol

i

o))
o~

ol

489]

1A

~

ol
__OD
2]

il

54 E

=i
=

v = 7 2 (outbound path)

o
ES

59% o}

s
a

=

i A2

NEARI} eloE AzeRE §

60a-b+e

s
a

!

62a-cT

WO

S

=

1A
0]

n

ol

=

hS

=

1A
i

n

ol

ol
o0

K

% 689 dlE =AE Aol

ol

nS

ol

np

=

S
)
1

ojp
b

)

H

oF
U
M

% 74a-d&

ol

gEA &Hd

L
L

o] w1 s}

ol
o~

1

%744 Qe

8la-bt

s
a

DS

ol

TA

= O
e

g]

A
ZAA7E 27 FE Edd AZ4E

3

=

A AdE e

332 =

s
a

84+ X

s
a

|

2 A Aol

o x=
A

P
T

o}

L
L

85a-b

86a-bt

s
a

!

AN T

=
]

A=

2AM 9 4 =

3 4 =

s
a

_12_



10-1331569

s=s4f

= 88¢
o TS = Aol

L
o

Z B icd
2 <
~d ofu 1H
—_ X
: DI
) Z0
W < . % =
mﬂo_ > > M i
Jl ,D| K ™ w Lt
o ﬂuu ) I . of
] K oy = o z o 0
W m M o M T Lo R M
wK <o o K T ol =~
Moo T BT I i B .
Eox o T o) o) 5o PRy oW e .
Y 2 % ™ - B DS %0 T o
TR S ™ o o o wp T - X
A v AP Y & = <o © Mo w z M R
e BB %o 3o = DS N 5 = IS S iy e %5
PRI w3 E T oo i = W = o= g X T o3 M T = B3
oy ow T T : P < T > ) = F bl 0 -
F o, i 2 Ny B ey D K g N ) S ICH 1w w
N H@ mﬂo_ H W g . ) wpoH o w %o WrA B W o ol wqi ™ B BN iy M_ oo
o o owp = [N SR w = 1+ oMoy o A A mm w «l B x o
1 w2 50U e B K e . ® T HowOg TR LIS = 3 3% = g U ow
% 2 20 W o 2= g T o oo 203 R TR] T Soeow MR
- o2 = mﬁ o i S Mo ow ox ) op mﬂﬁ 3 P = M w ww oo o g Y
vﬁ_ W.ﬂ H H W ] W_l e i WE o B WJ o ) ) 1 mﬂ il W ~NK W cﬂ ] o M < T No % 0y
;faa;jﬂfglfig_f;f. SRR
o T Mm % W = ™ o u% = = T o M How S & T W o ﬂ@ % £ = T M w.“ Wy, w.“ T
= % _— 7
. e i o - =2 I B oo TOFou W = 4 og g
—_— :.L U;A —_— EC mrf Lf Pt r o = [ze) E|_ ‘umo w ﬂE os JI ‘mﬂ " ‘mﬂ . ‘ml —_— " W # 1o oy ™
p XX P e ok G K = i B o o S N S o W T S U o W
& Eﬁ HL w W W L M i w‘ of W © LR “A/T A EL k3 © =l = wm = mj
fﬂﬂaaqu Iy s:lze:
Y = a3 Yo Hox & I om I rox 2 . G T
T T W o ow g = 5 P g P E Fr T REIxEC & - . = -0
B FI~ 1 ™ TF mo o ! | > ™ = W < M o - X o o~ o = T 1
o) o < W w0 = 2 my 2 E ) ° = = 0 %0 N X NG N
S = I B A = 5 © 4 = e ® o= o o = nE b | X W
s 4 E T Y o Lo e 5 % M 30 <z 0 ) i TR M
Moo S 8 8 5 & oo S oo bW > o aow o o W
o 5 % 2 & 3 &8 oo ¥ U L ) e S g o® o
Mool H g8 88 ¢ ¢ < ¢ 4 W N w® W= - = W 13
— — [ee) 0| . = _— N
T T T T T Eﬂ m S 8 8 % m % % L wlr I H SRR ﬁ
» WMWY 5838 3% 8 &7 o o T
W 2 098 3 & 3 s %W
Mo s 5> — - = el
Mo W = 3 =
W

-13 -



[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

S50l 10-1331569

1232 827 EEAGA ] E & =y wMAE =AE Aot
E124% % 1239 =g Ede] ©hE B4 Mg 2AF golvh

15t 294 wE ZA5S WAt AeE & ol e mE AVE B9de Bad 548 w9
Aol

qAIHQl AAeEe =ds
Euo] A . 22

14
o I
N
b
>,
)
NS
olr
o
ol
ot
2
2
o)
[
(Kl
[
*©
2
t
Ir
_OL
(1
©
2
t
s
M
BN
Y

45
o
i)
a
=

2

[

>,

I yo

2 ogo ox
)

N

N
5
i,
U
ol
ot

H 2 ¢

rir

i)
g
2
o
ol M
tlo
e

Off
p#

o
ot
ol
[
o,
2
2
fru
)
=
o
=
[aN
=
=
D
[aN

oift
2o

Logic) &

4
vooldRT HR2E P 5 Qe Zeadd A% TAYE 2 7

= ﬂJIO
¥
% rlo

o L‘&(

fEOL

L
e

1
o
2

oAl WS Ao FEHom V] Wie sl 9% HFH(ES v dARADE 2RI

AHEE 4 dE WHS A3 71A17HS vl Al (machine-readable medium) & X338 = gl= HFH Z2aF A

worA Agd  dn. o AFkE fdl, "VIAZEE A es 8ol HFH VA B S58Re sh=dlo]
o A =

o o AL A e Yol e dolHE AFEAL $EAT + A3 Y] A EE EFeR F

2 5 F ol b FAsl skt dole] WAE TS Aow HA

= aAlge e R, Prsd R 4] Uad, 4] dre, 3

2 U g AEE Egeeh o] F@HA @ Aow sAdolor Bk, PFEel o8 FANE Wy
WE wAs gkotol @t

7o), ZIAZFE wiAlE FQROM, e EFEel HRAD (I, S-RAM, D-RAM); X213 7bs 718 71 &
%] (Programmable Read-Only Memory, PROM); 47 % =Zza3 7bs ¢17]8 7|9 FXA(Erasable and
Programmable Read Only Memory, EPROM), A}7] #, A7] vz AFuiA], Zo] dxg, Ay 2359
A71,38, S E=E o2 (A, v, A As e gAY 2e)E 2F8E 5 .

Heel, AZEddelr waAW, FAL AL ARE WASE A ge WM U wx oe

e, TRa, dx, el AEAE, BE, FudF e 22)7} APrisel] S4H e

oleld mAe, B PRl % ke vhe} o], HFE wi SAYAA 9 2xE o] dgoz
A s s o).

FE EE SN ZRAN} B4E S Aok w5

EAQdE dAieixd, 1 d2s 58 54, tx BE 5AS e BE o 0] wEA 5l B, S
Z e 5AE X8 da+ gtk ole olefgt xFo] HWWs iy E A& AYstae 2 o] o &
A, T2 e B A gotor stAY 2FE & v AS AA Ee ousie Ao= A EA] o}
of gty 5W3 54, & By 54| o9 dAASIY leHE A9, 39 WA TeH A of ol
we} o det AAEt olds 54, & e EAd 9IS F F Ao
Wxg By Ady Qe Fe]xet Zo] B gAlx e YleH uiet Zo] AVE Ee AYE JQHI AT F A
9E (male connector) Hi= = ClE|Ho] 27} oF AW (female connector) Hi= F Qe H o] ~9 A3l &1
Aoz T F e AHIH o) 2E HeEA] ek, AdE QAo AE 3 W, EUE Ev WiEE X
ERZREY dZo] IR 7|3 EYE e ISt Fe o] By =84 QIEFelA e dES X
sheto), olAY, 4% tho] HW(stacked die approach)olA, B2 HA3 =2 thol(dAd], wxa A 2 W
¥ FA)7F AdE Qg Hol 29 B gt ofo] EfYi(ball grid array)S &3l HIEE FEEZY Ee ZEA
Aol wol 2~ g RIFH|~E FAste 79T A AR el AFE F Utk B oE dEA, WEy &
s

A R W AT ke HelT 4ENE D EdelnE Bl ¥ 7zl ojdel Bl AdE lesels
e BHoR Rebed 27 B8l AVE Aol F s B e AEsed 4545

_14_



[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

S50l 10-1331569

32 7 Tl A&

O
Q,
in)
)
hinss
¥ o
i)
)
e
=
=
il
)
Lo
rO
An)
i
o
>
N
ns)
o
=2
t
rlr
N
ns)
il
>~
Rl
o
o
3
rl
ro,
L2

folr

Aar Y w2E AEEY, A7 2994 £AHCSE) # 4
o) )
AN

v
+
E=
ta
o,
ta
st
rlo
E=
5
=
o
2 M
gt
i)
4
Mo = ¥o

2

o

Q‘Lt
K

Dl

2

e

)

= o
% st 944 = 2]
3l (quantum entanglement) % g3 A7A, FeH, =714
ARt s o3 o 7 A, A3A, Bz A

& Az Eejor g}, olHE FUHA AHL oliw AHE W 7]

A4 FEAA & LA dom Qo] oo olgfgt Ao digh dw FEe 1 ¥
A E] A oo gt}

Aokl e Al gl
=, % vy A3s xFsh=
AFEAAY ol25E HAE 5 = dolH s

mae] gA Es AlREel 914 = 5
Holx F ofE Zo] HEFHo o sh= A& AT 5 U
, MEarxfe] Fas|ofop shi= Ao thal, 1e]a 7hest

< ol Ao] dolg Aol AbgEojoF db= Aol thal v
1Az AEE L Ry A Atoldl Au= v ABE F713 Al el
o] Az l(dAY, 3 FF Mo|FoA 32 HE E9| o=y AaE At 327] oj=i
olFellA 32 BIE F9 ©loly Y=E Adsh= 3270 dloly #eS AR & e
HE e thE 25 RolF st FF A, Ao 25, o= s B ooy e
of AzeRles AAESES Hof Ut

o 2

-1

N

o olﬂ

N

N

o
ot 1o Jo e T r

y
i
2
N
=
o,

°
v
ro
o
N
N
>,
>
o
fo
R

Kl
o
il
=

2

S N ofy
o 3L
B2 o

ol ot
ot W

%

1 R
>
fof
s
o M
T
)
(o

fr
it
S
S
2
2
>
jq,
2
w I
>
>
jq,

2 o
do
by
oft 1o ™
é%o}i
1-11&;
Ly
4 2 oo o
}_ﬂ

©
N

1

o 5

4
2

O

0,
N

o -

P Y

Mo

[

my

o,
RSTRF g T%

7

—|~
off

[rt
o
o
S
s
>
2
ol
rok
o

I DA

bt

N

S
RN
o
for o
2

o o
:Oé

J
i

of
-

LK

o
o

o .
(o]
o, o
rot
O
o)
(o
=
ls
-

)

a = =

S e 94X =55 7He] dEAS A EE JEUste 27H 59 T EdolX(metallic traces)d
o]

S

EoAl AlAsle] Thy #HMWE o]Fslr] el Foxl delA EE AAEe A et olzgh WM
A o E 93 Blolnk. APES s, TAlol 2 oY WWE WS 23 e B "@WE B sl A}
£5 £ 9tk A2 BUY] 98, "¥E 0, XE 1, 5" #gL Ay TEGVEGE Ay TEES ek
k. TaAA, A2l =(southbound) ", "ThE-~E ¥ (downstream)", Hi= "22F(secondary)"+ EE A
EFY EE FERFYH HWy yeple BEE weke e, "=k E=(northbound)", "HAEH
(upstream)" H+= "1zxHprimary)"= EE AEZHY FEE Fote Baks @tk s oY FE e B
B HEZH7 s F AL, Aol sAe & = Q.

T 18 7lsd dEodA AMHRE F e Vs H &o] T AFE AEsy] fs EAIH k. ol HA,
HEd 9 1AE 98 s o, dEAtdAE gt 57F &7 AHgE S-S JAsHAl dnt
gy, B gAlde ATE AES 98, 53] AeEd 495 AYstae o7A e Fl §ojEo] ALE
g Ao}, ol e Zo= AAHE &9 T 22 Jde Vieste Fdd A 2 F e folEH
g A =AY - E8k7] 98 AL oyt

750l & FAREC S 7 A sty ol e AAel AA e de (AHF EE AEEY e AR



[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

S50l 10-1331569

Hed B 5+ e doo AW AEsels i F2d & ) wE AR W07 A U 4 33
o ol R0 (T QUEsels, E O Z2A, dEe B3 0o o BEE AW T4VE) 1%
of AAET. WAMNA "HE" Ei Y WEelg ol Ed Euols @ AT IHE e
AFE A RES dehlsd e 5 oo

Aol &2 AFEFJAE 8 s} o] de] HE] =F WaEo] EI IS 4 k. Eg Fh} o]t
(global clocks)e] ¢ }
MC(10)9+ E (MO, M1, M2,M3) E

TE X Y. HAae s Be Woz A" £ da 2HA shed FAHEC = 19

E
©
r o
w
e
g
k)
ro

re
EY
[m
rir
el
2
oift
e
o
e
=
o,
=
>
I
Ho

21(40) JERm, A7) e

L1e  Fo the W) win@Es) A sulgE g vlolHe(30a,300), MIGIH NOZEA S wenpe
= Ao} #1(40a), MCAH MIZAA S AR-2ukg= Ao} ehel(40b), % MIlA] MCAAS) womube = Alof 2hel
(30c) & heruic,

Lot N1 % M2 Aelo] terawbe = 9 ARk E gy dlolE] ehel(30d)7 Alo] ehel(d0c) b ohlEt N1
22 Abelel W) P Alo] e1(40d)3 EF MIH M3 7K ] AP AukeE ek Aol el (40e)
e

L3 N3N W27k 8] eomb s ik dlo]E] (30e)8h Aol 2Hel(40D), NC T M3 Afole] ek ALgrwe
Ao} ehel(0g), W M2oNA M3ZA 9] ALS2mhe S 2el(300) B esHE s 2el(30g)S v,

MCol Al M1(40b), MIollA M3(40e)7kA1e] #lof eplz o] Q1e RES Holde Alo] #helo] MlelA MC(30c¢)

A eF e dolE g@dT fASIAl ZF S E(hop)E B ASEH= AFET o &S g7AE A Al

AEE AFsted A8E 5 gl “Hl JE1" T "Alo]tolgtar g ZFoji glES WA "OiFE" dlolH

EE Aol #FRlEd F 2 % = SR = = B = S|

ol #ldel AFd 4 lar, dHolE AE7b Ao el dEE = k. o]ek o], flo 1 B 21z} Ao
=

Zhol e ] &of

ji

o

9—“

o

o

= nk

0o 2

& oo

ioﬁ‘-ﬂﬂ@
Hﬂnan{m

ox
o
)
it
-
3o
T
N
e
SE
ok, m>~
-
ox
o,
N
s
e
¥

Cwdd e Helg
ColgE AEe M =
CSEW Ab-Zmbe-= 3

=

S= =
Gorhen BEE HUTE o Qddd wenen BE2A F43 5 At

N
i

2 &

°c >0
T EE

&2
fr
iy
2
oy
=
i
by
z
rﬁ;’ 2
i

oX,
4 C
X
5
o
-+
0
O

38 St oo 27 EE TEAE
F i CSE(15)9] = th& ;ug
| skt ool W d

2k ge AAs g
FZ 3} o]ate] Ao B3

ki

> g
[
il
N
e,
o ¥
30
]1]
}_ﬁ
o
o
i)
°
o,
o,
m2
2 l m

>~
k]
o
T
re
i *
(o]
=
(@)
X
i
2
[
Pl
=
>
ol
1%
i)
o
=2

nl>i
o 1

2
4y o

ot ﬂllﬂl
32
o, m>i
9
SN
ally
ki
>
e
=
to
N
e
0 o
5
1o,
[N}
_>'.1_|‘
Hd
[
i
Y
Y,
A
%0
2
o
N



[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

F gk MReE ouise Ao AgHE A3 R

>
[
et}
2
x
ol
v
o
oy
o
td
i
o
[m
il
v
re
i)
et

S 9, dolE EE Aol 5H "YrEY" EE
2 M 4 gl AP E 294 2D E e A% =A% 3

¥ % (Direct-menory Access, DMA) A% & thpat WAe /58 & du(E:
= gAs ARatel el FARNAG T4 & ), CSE AAE B CSEE Aojsh
olM, CSEx= YE(1/0) X, wpola 2= a2 A4, e ZEZAA, ZZ2AA, thE CSE

0%

f
S,
o
-
()
w2
=
rlr
o
k)
o

4o
Ho
> rir
[

N ool

iy
=)

[

IR e

mr
N
= o

tlo

© | (m
T b
>

28AE o2 X0 oF A€ = vk, mEkA, "1z 2 "2z §oj9] A2 A
29 Ao YJeht 9}, CSE7F vlolAR T2 A S L& =(EE nlo]| A2 X 2 A AU 9

= e

A
SO e ()
lo ©
o
:Iol:v
>~
>,

%
i
N
T
i
%
1,
o
oz
ot
2
x
(@)
w2
€3]
o
_>‘J_|‘
k)
o
L
e
(2
(o3
e
T
i)
>
)
>
fu
x
offt
L)
i)

A, [@]]
=
(m
=2
=,
!
Ac)
Y
(m
il
i)
=
c
to
ot
=
(m
Ac)
-4
oX
)
Iz
o
9
X0,
o r

b
o N

. ol E 8, CESe Z=AIeHA] &t
ko)

Be Wmele} (B RFE £

0
=,
[l
ik

o Mo
K
_>~4
rot
N
o,
EL

4

woh )y o du
X0,
£ox

4 ™

~~
=
—
~—
o
=

o oo o XK
9

2

oflt

B«

o =)

29

E5S ddshs Ja e Q] Aer A5 dH. X HES

N dape] AAA = AEAAL] A7E ARH = 49 v dE (deseriptor) 24 ARE-

[
lo ot
}Oll
(K
rlr
in
> o

+>
o I
i
il
o
o,

(@]
50
+

S g B4 Ay wjdE PC REA wixE 4
3 Aok, MOSk M1 2 M2¢} M6 Atels} Zo] B 5 &
Ve Bl frolster, oledt Y RES 35 ¥
2 WEE e U2 By 2o B2 Ef AxE0] IRV 2 A =

2214 wjdE2 AAH] FHZ vigRso] wixE = SS =AE Aot} o]d wjde mlgrse

Et BEYZS golsl @ & v wEol 3AHE @ k= gule A5s) o] g o
2 A

A

=

(3

e
oz
=2

=3
==

¢

(

N

3o T =
o

I 4 2 oot ox X Kl
o

54 el wEe] EEse] Bl =
o2 944 = 3l €

54 e REse] ARHe] dou, o= of
= A
of = sl e ds fAsH ¢

al
o MFE AwdselE Aol ohum, WA Ao

r
-
=
1o
=)
b
Ach
b
i
o
H
>,
o
M



[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

ot o AW TEE 2t A2WE TASY] A 2 ol 24 TES 2= (B AHES EAR AY B
S -

W ohel Eelol Zbsd wE BEs gA g AL okt

31 - %
E}% J%M X%lffP%*O] AHEE = A9l BEY IdF TEo Ay T ﬂf’éoﬂﬁa HH“O] A E %] gFor,
o]7 Eggl= &0l AlEE o)zl i ux EYE ouididg. &3k uiel o], dzA Eglo AlgS dE
of gt & T WH AMES Fdtsl 3ol ofyEk o]t A E wyo] ¥ oz YESFoE 2§
23 4 e AL w3
Z 9= HEE AEEZZUO)7F T3 EF(ML ¥ M2)9] 2xF #lol A REd AAFEE HAE wdE PC HEA
of WixE 4= e VEHog ol Eg FAow AZAY 8/ FWRg] BRES A Aolth. o] FAL N
W2 BE o] B4l gi7AIRS ol ERE ofuE M0 FHERE 2Y A ES WEHAIAPNoZH M9
A L0 Foled AMEE ¢ b, o3 AL T3 WS wEhely S A Bul olyzg) Mol A
Ege] 2z @AM 2 279 94 Ha e doE R aga Y] A4S B Al 1 RN 2 o]
HE S48t 2 ~FF(throughput) S ol&=dl &o]8A 935 3 4 Ut}
% 102 M40 949 agE ZEAAGPY) A M5l A" YEYT 1/0 AX ¢ 28 vE AXE v B
EEY UAY E4 wER PC REA HiXE 4 e o)Xl E PO dA4d 8/ WEY EES B4
gt oty Zhzhe] thE AAE Ev EEES A HEE 4 A MO/ T 7H7be] ol9f e BRE (SEE
Ea d4d ¢ JE 4" Uy == o dng, G 2 WS 47 72 4 k. GPUREYH WiRy BE
= AGA2 HE&e ATtz o4 A5 5250 SE§lo] WA Fgozm Azl ~FES o
B\ EA R

s flsl, &2 Wy 9 (Fully-Buffered DIMM, FB-DIM)CS.2A ezl 1A} 7Ha3h o Al =EE

| 5
ARG oz oAAA = e AlAEe] s dEhlz] #fa ol=" wolxekl(baseline) o] &= 1la-
11fell Z=AlEo] Qlvh. & gAlA oA A2 lEAte] oa] rldez o]gd & 3= FEEAE] a4l 7
%23t Aotk b, AAMS i gASe] AutHo R o]8F Ao Rolx ¢y uF, o HIH=
Qlelalzh AlxE vpeh e E1lo] E=AE AA7F Az e PG vz AlageA B maMe] 74
] }9} Zol A= Aom HoldA &rh. 23y, Ho|xekel Fxeke] vt Hedh Fg-ol, = 11 7
el A o]zl ~= W] B ¥ (Advanced Memory Buffer, AMB)&o2 &ALz} 7jAIE <

&
o,
o,
11
>£
rir g
rO
o

Eh‘ﬂo]i S54& 2w AAE 7 viEe 2E m(200)9 EFE

= FAAM ARSE g7 E R SHE Hf& Az JAL Ve AWE e ] fls) I-hAPE AREE A
o2 vehd @4¥ gEn. i, I ABOlAM, eyt HEE 2 BAMCNA =oE fs) F wAAR <
9 vl wAASsE A F7hE, AMBt shit ool AMBell tE RS Edehs G "EZYYTSs AF
s TEE zte AoR dehdr], d7d), 93 WE sl da "z e vxe] AEEZ ne(300)9 747t
AEE vEe] ws(AB)E zhe #WEe BE nk Abole] thddt e dACNAM 54 EEe o FAlHe Ale
oulsh= Ao wld 4 glrk

= HadlA, gl7ld®e] of=e=(Al) 3 7188 (R)#} o] viEe] AEE(300)0 o) i, "sh71" 2}
do] 2B ARE Fol dFHrh. Folxl oo, Heoly o= f1A]= viEe] Eami)el . =
1be ™= 2E ni(2000)¢ =23 sjzle =A Zlelvk. e{vh, FB-DIMM Alz=lellA, sizle A3 A<l
of= 3 gl vy EEER 4SS wkEEn. mepd, ¢)7] WEe] & lledl EAlE vieh o] mme] &
i)l oj=daHgleete, H2le] Mre] 2Enk)(200k) 2 £ A&y, uebs, ¢7] 39 239 4
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