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H &Y 248 8 #gde] dErlelA Asgd Aol

=

£

PO

3¢ B oune] Axde] wE JEYD 292 WHs I AFHon e 25 Py molu

O AAde e UEYA 29 BHEst AA(B300)= $AIF(310), HIE2](320) B ZEAIA(330)F

FAIE(310)= wWEE (320) 2 T2 M4 (330)9 AZAH ] HolHE FAldt. T3, FAF(310)= 959 o
2 ZAA9 ddHol dHolHE FHAE £ du. odE £, FAFB10)= I o]~ (Interface)d
glom | & B~ (Internal bus) % % B~ (External bus), F5%A EARE So8 383 % ).

A-(310)= o9 FAREEH HolEE FAlste], wlEe](320) R Z2AAM(330)°] HolHE dFd

=
3

22](320)= SAF-(310)7F AR ol 2 Z2AX(330)7F A7t delHE AFshs =
S 5o, MR (320w ZR2IAPE AFE F k. dE B, WE(320)E st o]t I mEe,
Sbd wEe] 3L RAM(Random Access Memory), EefA] wW&e], st= iz =gfo]lH gl F3} t]ig =igfol

MRel (3200 WEND 2917 WA B2 Bad guol
ek, MENZ 29X BE5 B9 guE gue] A=t
(330)= BHol AEd uet MEYI 297 W)

ZZAMA(330)= SAIHF-(310)7F G418 dHioje 2 w2 (320)00 A dolHE A grt.

Z2AA(330)= E43t= 5325 (Desired Operations)S A3A|7]7] f3k S &2 F2RE 2= 325 VA=
stedlolz FEE dHolyH AHE FAY 4 A, dE B9, HEHde FES T2 ¥xgd (Code)
e A A2EYMAE(Instructions)S E3E 4= U}, oS B0, st=dgoj2 FaH dHoly A7 FAXE wloj=a

23X Z A4 (Microprocessor), 5% *2 X (Central Processing Unit), T 2|4 o] (Processor Core),
El-7o]  ZZA A (Multi-Core Processor), HHEXZZAHA (Multiprocessor), ASIC(Application-Specific
Integrated Circuit), FPGA(Field Programmable Gate Array)E ¥3+& < 3dt}.

ZE2AME30) = wE (S =0, w320 AZE HAFEHZ de 7 e Z=(dE 591,
AEE0]) R Z2AA (3300 9l FEE ArEHAES AT

2 oANdel we dEAD 294 Whs 4A(3000% Holke] A9 A el ofm Wil 984w
(use) ol W7} 2x0] LA (deD)E Hob 7] Holio] Aol (use-del)F EHFHE AHG-Ho] B,
7] M-l R ARG olgakol @A Hlolte] M F& HeolEel 7] Abols] HlolE] SIEA (do]E
&), 7] @A elole] Mt 4] F& Holie] om Abols] HolE] oA (FH-oEY)S HA
= odolE oEy BAR 2 7] dold oE4 YuE J1%Z 7)-% 8 (key-independent) % Flo]
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(table-independent) % Aol shite] =8 dlo|#g 3w, 47 =54 Holdg 59 U Hold F shtg
gatehe Wds AYre 29 & Ao

WEND 297 WA 4R (30009 doly o=y BARE, @A ol AHH F& velRe] ] Ao]o)
dlolel o (ol -ol )%, 47] WAl Hlole] N F4 Hlole] AH Abold] HlolE o|EA(H-

o) AR,

, ol Artol Wl s 7153 (del) F U2

HEYT 2~9x HEdst 4% (300)2] dolE o&EA A4
£ o)&A (flow dependence)e] &A= Ao Fehsh

Aikol 1 W] s dom(use), F AAF Afolo] B

1o, s

YENA 291% B3t FX(300)9] dloly o&A A=, o)z Aike] WMo A ¢l (use) F U2Je <At
o] 1 W) 7| &Fsh=(def) A F A3F 7ro] Wk o]EA (anti dependence)©] EAct= Ao R Fsit),
UE T 29 WEs)t 4X(300)9] dloly & FAF5, o] <Adte] W 7153 (def) & dojo ALt
o] 1 WMo A 7]Z38F=(def) A$-, of &2 <9]&A (output dependence)o] EA|3}+= AL

-
rO
2

>
=
©

ol
, 871 Hols zhe] HolE oA R N oS Aoste] A7) HlolH &N B4E

MENZ 2917 WAs 42 (300)9] wloe o=y B4
B Ael(den) 2 EFH

3 oE4o]

=
o
A
=
2
iluA
Lo
)
2
2

o
A

MESZ 2912 FAS AR (300)9) doly o2 BARE, oA HolRe] Aye] W3 Y i we Yol
B7b b (use) 2 A0l (deD® E3To] i, F% vlole] Bl ALg(use) Ei Ao (de)] W 5
of glow T ool M elEHe A Aow wawr

A3 =912 WEbst 4% (30009 WHs HF=, A =5 Hlol=
Hols 42 SY4Q Adejolnz, 7]¢t A S 25 HEsied ¢ e Jdez dddt
HEYA 29 Bdst (30009 B¥Hs}t A=, 717F SHAR HolEs & 49 F A 3] tloly
E:AMow o3 AMS FaHdow SAay, Ay 7] Ao tEiA T Bdslsls 29 Hasle s 4 9

ZRAAMB30)E 4 BA5(410) 2 HE3} A

F-(410)= AHE-9] #A415-(420) 2 HolH &4 #AF(430) 5 T, ® 4a®] ZEAA
(330)ell Z¥d A8 xE 4 AAdd ME ASRA, & 4a0 & o
ThE A oA Z2ZAA(330)0] 3 dF EFo] F7F, BA EE A

& daol A= ZRAAM(330) A UIEA 29fAdd Wi HHEstE
of ¥ = AL okyw, UESA A HEAA A
K

. AR 24, doly o w4, BEs A 5
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M= o 7ol 717k sle 4 st

x 1

Algorithm 1 Use-def analysis on actions.

for instruction € action do.

use « use U ( In { instruction) W def ) .

def « def U Out ( instruction ).

end for.

In (e): right variables of an assignment statement e , or in variables of an ex- ternal
function call e.

Out (e ): a left variable of an assignment statement e , or out variables of an external

function call e.

ggoz Ag-AelRAe Ad tg 8T FelE BATT. qAL Bie guolsl wghE ool o
Ao AHg-AE FAEI] 9% AR BAE el RE ofdiAXe] BE BHol ts) Ag-gelE A
@b [ UelAe SudF 19 S ga Ag-4el ¥4 vehdr)

Ag-gel BAe WA W 4 WrE Tt A (wse)S ANSAT, o Aol (denol WF WrE
ASIgeh, Ak one] FPo] WMol 2 W Al g Welolsh A wigel M wWre] Jog 9A &
i old Waelo] ANE oA W] WEelth AGe elA Aol(denol UE WY WMFE FrSLE B4
& A (use)ol A U Ao WA Wi Aol gl

AR (use) & ARE & 5, ARE-Ao B42 WHHe] 29 WFE Ao (def)ol WET. AARZ WHE2 o9 W
Aol & = AT, Rge] mpx e Aofnt oo maditt, ey ARE-A 9 (use-def) A2 EHol&
o

7} Hlolg o

LR

il
gqurt daw 7] witel Aol(def)o] AA #S st e, Addert A9
735

HAX3s Hesde B oubg o x}8-A o] (use-def) A4S 7|wto g mu-Aol AL kst

WEolo] AR 9 AoE AXter] S8 g4 In 2 < Out> g 9 9 g TE0A Y 2 & W
FE AE3t, YRS Q220 M ¢lal 9% W &0, R g5 &Y A9, AFE-A Y (use-
def) #2412 sh4=9] HolE ZALslaL, in 9159} out AFE etk T 29 (b)dlA A g 3 HA <4
2 =9 (out)o & AMgsta tE AdFE 9 (in)o & ARg3th

18}, diolg oj&A 413(430)2] w2 tis] dHgse= 3}

B odtdo| A= 7]¢} MM ek AFR-A 9 (use-def) HEEZ o] &3te] HolE 71o] dHeolE oEAS FHE o
B 9EA BAS F83itt. 7] wjH m= dHo] 7 s = HE dHolHE 9 2ARRE gHolie F

B =4S 7HE F Ao, dHolE &4 A2 719 A o] 9
gERS uHsta, HolE 7t F 7HX Holy &S Aottt 474, F /1A 11101151 9
o, = 5% AE P4 T2 HolE F AFE-H 2 (use-def)E A3}

o] A A Y = v
t = ol lew Eﬂ°l%°ﬂ glol& ¢
=70l Sl Zlem dddr. ofd Heol&el Aol te A= F5 HolgddA 7] Midew AHSEH.

Elo] & ecmp_group2 Aol (def)ol]l thdt ecmp_offsetS ETHel= AXo] &34, Ho]E ecmp_nhope] 7)o+
AF&-(use)oll tdt ecmp_offseto] E3FE o] YrH(E 59 (a)). ecmp_offsetS ZZI#Mo] Aol aE8o= ¢l
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ecmp_nhopBE.t} WA A3E7] wFo ecmp_groupe] ecmp_offset A)+= ecmp_nhope] 7] wjA o] Z=&3dtt}, ulz}
4] ecmp_group®} ecmp_nhope H|o] & ZFo Ho]&E o]EA o] EA g},

o)zl ol Mol sfF Fy = WE HoJE 7 A (use) EE A (def)E EFH O] A3 F& E
29 T& A& (use) e G (def)e] WF7F 5o JoW F HolEo] I gEAS 7HAE o=z %
E (def-use), Wb )& (use-def) 2 &8 9JEA (def-def) dlolH &AL
TE AHE(use)dsh= 7 Ad(use-use) o= )& #AVF gtk 28]B=2 dlo]
1O o T

He an el 5% &4, u o4 2 Y JEHe ANFoRM AH JEYS WAL F

HolE flowlet2 Aol (def)oll e flowlet_idE 712 NS E3Hear, HolE new_flowletS Ab&(use)dl
g3t flowlet_idE 7F¢ A4S F33ch(= 59 (b)). A (def)7} A& AA o] AFE(use)dl e A BT} $-

Ast7] izl 7 A e 3F oEAo] EAgty. dlolE &4 B4 flowlet new_flowletol] st
A JEALS EAs.
o]y o]&EA] 42 HolE 1t Heolg &4 2 A gEAAE 3, Ao EF FAR HelES EUHA
(traversing)$tt}. P4 Z2 9] Ao 5L HolE9 A FAE AHYIEZ Ao 35S 7|8t = dHolH
EAS = Fo] AAxHY, Alo] EF0] EVHE A B2 b BRE ARE JfEHoR FHAsta
A "HolEoA &N AEE WEgstl. T 694 dlolE oFA AHHE if-else FollA Er|dFy, 4L
ecmp_group9ll A FHE WH3Hslc)
doly &g AL 2AF E7]d g AME-AYx BAgt. 235 2V Wb 218 SFATIEA
—‘?*E gRlstunz #71E AMEStH W7t 2shEY. W % Fe e WE dlelHAd AS 7] ol
2 < flow_ipg(use)ol A 1E=t}. flowletol] = A = szt Ao

= dge] AajdlelM WEsE AR (440)2 diolE o= ARES AREste] MHIE AT v A
Aleel A= HolEl & EH S Fdte] T 7he] ARF HolEol 7] HHHAA Exe Hols HHA UAAE
AAbetar, 7t ds WEstels e JiAE T BEske] Ade el Aol AFEAARE T e
A7 ZE2AA = dHolE oEd 240l f17] Wil HHE=E Holes AdstA vk, vhd, F 2ol HAjd
M= doly ofE Al 7wk WHSyL JjAEnh. B de] AAldes Hdst Tradgw Jhed vE
A =929 GA B AAd 75 =Y F ds Wl AS BolErh

diolg] oA Aroel 7nksto], o]y o4 42 Alo] 35 = F he] A HolE de EFTH

W 7 AL folE o&Holn WAy} 37}
A% o] AL 719 TR (& 79 (b)).
Aefolth(= 79 (c)). oldl uhg, 7]} @.‘”‘33

J = of
7). F QU@ wlel Aol Hloli b ol E4e A1
SHTHCE 79 (a)) & ol Heold zhol B oA 2

= [e] S

g Aol s 5§ ol tiF 51 B Hols WHIPE A EG. 7] S g A5 59 WHs)
= 7] e WEsekH T F A 79 HolE oEAoR i e AR fATY. & 2Ee 54
WHshs 718 WEE FAse] HolE do] 2Qle 7] AHolA] R A ZEHA #E 12 Edu(E 79
(b)). HlolE oAl gl Hols o] A5 Hols A3yt 719k dAde ¥E . HEd=2 5 74 H
oles Addorn & TH HolE M= AHA £E 22 244 (&= 79 (0). VM= F ¥HE A
2l el 7zt Holgol A sds s AdE AAshs 7] vide wWEIY. 59 ¥HEse A gEder <
3 tisots 7 A AR T, 22y Hols HEske 5949 s HE Adn

St QR HolRel A7k gLk obtd Mol glom, WE A olsl SEsb Woldrh, F Helgo] 7]
594 9 49w 7] F shbt w7 QA% Wds ¥ 5

®odge dole Wu Lol g RA% wHsh Pel U AoRA, FH BHe /1% ue] Ags
Qo8 2AGT Hol ) dolE &S Fvh ma, HolR W Hql Hdst 247 Hold 0 A4 =
¥ oElolEe WY Aiath. B wwWe 14 sje] AT pa, Zeosld i w4 9 WY Ao BrE Fa

g7y Asfell w2 37 je] Hlo]EelA 7 JHe] HolE ¥ &3 9 Jhe] A =9 e e g e Y
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o B e 22y 7k

AH EAT(U100e A4 B 9 dole] oA B4 SRS, 5420).

ARg- 9] B4R (420) € FlolE] Bo] Eol el the AHE- ] (use-def) S 53

o
=
w2
g
—
(e}
~—

Hlol8l o= BAH-(430)E ARE-olell g JHE o83t Hlolw it HolH oE #AE FAst] Ho]
B o= AHE AdRTH(8420).

BEsh A2 (440)2 HolE oEA o L7kl W HstE e (5430).

HHE3sl A5 (440)8 dHolg oFEAH AHE 7]%xE  7]-E=9(key-independent) % Ho|E-E(table-

bl =
independent) < o= shite] 5y Hole& i, 59 Holas 5 B HolE T shs WHsdY.

B 4belAE 7 @oE Ao Adstt ow lAska o), wEA oo @4uE Qe o), tha
e, = 4pel AAY BAS WAl AsAL sht ol wAE WHARoE Aqs: Aow Ag by
@ QolBE, % 4bE AADH #AZ FPHE A o

S apel ZAE B AAde] mE TEoee dole WW PA B4 e ofFelAeld(EE TRad)o
2 FENT 9P (EE PR 9L 5 Je B4 /128 5 ek, B AAee] B Zaoe
B odely Bd A B4 We TAN] AR FelAclA(EE ZEaP)e] /SE I W (EE AF
Bt 92 F Qe AEAE AFY A dste] 984 S A Aol AFHE BE F7 /153
A e AE Egat

9% 62 B oume el e oy oEge BAtE B4 My A% ozt

H
ol
M

L 59 (a)ollA Hel& ecmp_group(510) 8ol (def)el 3t ecmp_offset(512)S XEFHsh= Aol EAstH,
Hlo] & ecmp_nhop(520)¢] 7]olE AF&(use)ol Wt ecmp_offset(512)°] EgFE o] At}. ecmp_groupS TEILH
o] Ao ZE2o =2 A3 ecmp_nhopRtt WA AP 7] wfiE-ol ecmp_group ecmp_offset A= ecmp_nhop?] 7]
wj o] =gt} webA ecmp_group¥ ecmp_nhope Elo]E Zloll Ho]E o]FEAJo] &g},

T 59 (b)ellA HelE flowlet(530)> Aol(def)oll gk flowlet_idE 7 HH(532)S =3star, EHolE
new_flowlet(540)2> AF&(use)ol et flowlet_idE 717 A (542)& E3H3tch. Ao (def)7F A& AAo]

L(use)oll WgE dMrRE 457 wFd F oAd el ZF oEAo] EAEL. Holy gEA B4
flowletZ} new_flowletoll thal A o] FEX

oL
filo
e
rir
i)

%= 6ol A if-else & flow_ipg(use)olAl =), flowleto Y= MA F 37 Zo(def)E flow_ipgES 7}
Ao bd, Hol B} if-else ¥(600)2 &
B

o] Aajdel me MHs}t s AWshy] A dAzolt.

i
o
I
X,
[o
}I_l
Ir
o

qe Aol 5ol gE F A A4 HolR 4L BFE

Tk HolE o] Hol& el HlolE &S ZHAW L 2 dlolE oEAely WHsbl Bkt (= 74

gtk o1 A Hold Zyel ejo

zgol
U4 4e wEs @ 5 A

oy AL SY Aol U 59 % ol JARE Aduch. 7 %9H e A% %9 WA
=) S FESRRAT F AR 1ol dolE GEPOR A AME w=AHOE AR B wne] %9
MYshs 718 Waststol ol stolL #91e] 7] ZHelx] W M Zuold £E 12 FATCE 79 (b)),
dole] elEAel i Hold el A% dloli yHst sk AHS 3 ALk, B wwel doli WA
ogds F oo Hele dageny sued £ 22 2T (% 79 (). o1HE T 9d A @
wol 7t dolel M FAsE A0S Agst 7] WYL WA S YU A8 JEZHoR A o
e ¥ QUL EAMoR PG, 2o el YEst SYYq Aug Wy At

% 8 2 wgel AAde] ;e dole oEY TexE vehd wuelt)
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L 8AE Aol TES YERNA fornz L 99} Zo] Ao & Exet doly FE& s AR
AT, o] gro]x le= 7 Elol&o] Q1A HelEHe] dHolE EAE 7HA7] Wi HelE wdEsIt 7t
3k Aol gith, ey A2 HolE flowletd HOlE ecmp ZF<S 7| SHHolnz 5 HLsE 48 o
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control ingress(...) { mmw_mlmmemu@ummm: hdr.ipv4.dstAddr:
key = { hdr.ipv4.dstAddr:lpm; } 10.0.1.1
apply { actions = { _drop: 1= set_ecmp_ |
21 o(\\lﬂmm@ﬁmmmuuzoﬂ set_ecmp_select; _r select() L,ﬁ/\ 230
if(meta.ingress_metadata. NoAction; } | | 77
flow_ipg > 32w50000) size = 1024, hdr.ipv4.dstAddr:
212— 4 {new_flowiel.apply(): default_action = NoAction(); _10.0.1.2
014 &CMP group]apply(): } (= _dop() 232
o1 @(\\/mm\ob)ﬂﬂwwmm@@.moozo“ action set_ecmp_select(...){
o1 m/\)mmc@mm@.mcu_v\c“ hash(meta.ingress_metadata.
w. ecmp_offset, ...);
} ¥
(a) Table pipeline ingress (b) Table ecmp_group (c) Rules in a control

plane
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) def ecmp_offset def nhop_ipv4
|ng.ddrst use ... ecmp_offset
drop | drop
ecmp_group (510) ecmp_nhop (520)
(a) Table—dependence between ecmp_group and ecmp_nhop
532 542
def flowlet_id | use flowlet_id
flowlet  (530) new_flowlet (540)
(b) Action—dependence between flowlet and new_flowlet
ZH6

540

50000
|ecmp_groupHecmp_nhopH forward |
8

510 520
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(a) Dependent pairs: no parallelization
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(c) Table—independent pairs: table

(b) Key—-independent pairs: lookup

parallelization

parallelization
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ingress.flowlet

- ~ -

~

Teta.ingress_metadata.flow_ig { metaingress_ metadata fowlet id . Metaingress_metadata fowlet_map_index ™ N

~~ \

ingress.new_flowlet

meta.ingress_metadata.flow_ipg>50000; \meta.ingress_metadata.flowlet_id
/

/
/

“\ meta.ingress_metadata flowlet id
~ /

~

ingress.ecmp_group

meta.ingress_metadata.ecmp_offset
ingress.ecmp_nhop
meta.ingress_metadata.nhop_ipv4

ingress.forward
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flowlet_map_index,

——= Control flow

flowlet_id T ———— Table—dependence
I rue new_flowlet | - - Action—-dependence
/- . \
[ flow_ip )flowlet_id
\ /
flowlet ecmp_group ecmp_nhop = forward
ffé;/s;l_ét___i’d ecmp_offset nhop_ipv4
EHI0
; use flowlet_id
s ipv4.dst 2
| . Addr el
i No Key | def flowlet_id ._ B
: B R S drop
new_flowlet ecmp_group
(a) Original table
use - drop
ipv4.dst def flowlet_id '8\8/?
Addr | flowlet_id Addr def use
drop flowlet_id flowlet_id

(b) Lookup parallelization

(c) Packet dropping in early stage

_22_

10-2020-0061280



	문서
	서지사항
	요 약
	대 표 도
	청구범위
	발명의 설명
	기 술 분 야
	배 경 기 술
	발명의 내용
	해결하려는 과제
	과제의 해결 수단
	발명의 효과

	도면의 간단한 설명
	발명을 실시하기 위한 구체적인 내용
	부호의 설명

	도면
	도면1
	도면2
	도면3
	도면4a
	도면4b
	도면5
	도면6
	도면7
	도면8
	도면9
	도면10




문서
서지사항 1
요 약 1
대 표 도 1
청구범위 3
발명의 설명 5
 기 술 분 야 5
 배 경 기 술 5
 발명의 내용 6
  해결하려는 과제 6
  과제의 해결 수단 6
  발명의 효과 8
 도면의 간단한 설명 8
 발명을 실시하기 위한 구체적인 내용 8
 부호의 설명 16
도면 17
 도면1 17
 도면2 18
 도면3 19
 도면4a 19
 도면4b 20
 도면5 20
 도면6 20
 도면7 21
 도면8 21
 도면9 22
 도면10 22
