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Hol& dolx #ZRlole Alo] mFoIUE EHF HeolEo]l otk E 29 (a)dlA, HEHI 24AE
flowlet(210)& AlZto 2 £A¥ o7 HolE golE o] #Rlo= if-else i+ W+ switch &©
x3hd o dow, 1 Hrte we Ad AHA=27F g 5 Utk dE 59, HelE o]z #le ®
meta.ingress_metadata.flow_ipg”7} 50000E.t} I 29X = flowlet(210)3}F ecmp L55(214) A}o]of —,J}i Al
Tt flowlet(212)S& A3},

HolE2 7|9} dHdo=r FAHHEAY. o714, 7]+ Ao HH #379 7] gt} vlawEE=
doleoltt. & 29 (b)dlA, WEYA 2= 719 7] hdr.ipvd.dstAddr# Ao
) Jaweeh, webd, 7)1 B4 (AR (use)) ol T ¢l

L& 5o
o 75 71 #k(2320,

&
g >
e
Y

ghe e g7l Fy e wE dolHE 2AY, # sy e WE diolHdA de VsE et &
29] (b)ollA] HAM set_ecmp_select™= W4 meta.ingress_metadata.ecmp_offseto] 22+ 3jA] d4E T =3I},

& TE317] 93ll, set_ecmp_select™= £AY WFE A4Z AGSoh(HEA]). welx HHL A
A = WE HolHE AAUYAE(use)) e 2271(F 9 (def)) & 4 AT},
Aol HHe 3L YE °Jﬂ 29x 9] HEF] T4E YET. UES T 29X = Heolg dMo] ] e}
A rlojol sl=XE AR, = 29 (o)A A9 hdr.ipvd.dstAddro] 10.0.1.13 Zow UELT ~9F
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A (232)sct. 28y, Addyrt AH B4E AT o o]y S & ¢ gloern=z go
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32 o] Ao mE UEYT 29X WEs) AAE NFHeR YEid &5 TP Eolt.
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=
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= 29 (D)elA, 718 AH&<E hdr.ipvd.dstAddr& EZFSHH, ecmp T shube] 7] WS ARESHARE HlolE

A= o8 Jhel 717k e 4 st
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Algorithm 1 Use-def analysis on actions.

for instruction € action do.

use < use U ( In { instruction ) ® def ) .

def <« def U Out [ instruction ).

end for.

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

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

function call e.

o Ag-AelRAe Mol tjg A8 4T RAGT e Biel wuolsh xiu ol o
Aol AE-AOE A A% A4 BAE GARE ofeiAe wE Buel el Ae-4elE A
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lowlet' 7} 7] =84 Hoz xaE},

Iy o x0T

—n

[0132] T 108 B uhgo] 2 Ao wE JEYT A9x Hy3 A2 B2S Yehd oA Eolt),

[0133] T 9olA] A5t flowletT} ecmp &L I o)EAMS zr=r), XY, & 109 (a)9} o], B #HAsE= A
T+ flowletel tigk 717F §l7] wiid @A &5 ¢ & Itk = 109 (b)o} Zo], ¥WHds7F 24 flowletd]
'No Key'® ipvd.dstAddr 715 ®Hssi e, 2HolX| v &7 Fdsirt.

5

(0134]  olo] we} ¥ @gel thE Aol mew, HelBe AAss] 8l 27 BANA AR AA(drop) sz
548 A}

[0135] el AAL ARG AAFES BA, WEADL 292t AR AABT. £ 109 ()F Fxau, o
o2& 7] R F RS M, AR AA(drop)ts olWF HHolE ofEekA AT o] oJEF] wFol
Anels 7] g Ao =

ET%}]\

0136] ool AWe B wyel ANde J& AR dARoR Aud e BRa AomA, B unel Axdz}
S5 7)% Wopl A B A4S 7R At B el Axde] WA S4olA] HoluH i sl

A ThFE 24 8 wge] ASE Alelth. webd, X wge] ANdEe ¥ ouge Axdel % A 34

71 91 Aol ohe Agalr]l 9% Aela, oled@ Aol elste] ® wyge] Arele] & Abdel Wt

W wE W9 ool FFUIAe olste] SN Holok ], 15k FF

=
APEE 2 g o] AAlofo] fERifle] X Ao R FAEojof & Aot}

Foeo HY
[0137] 300: VMESA 2=91%] WHst A
310: BAIH- 320: W &g
330: ZRAA
4100 A A 4200 ARE-7ge] A
4300 ©lolE] o]EA AN 440: WHE3} AN
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s==4

True
If-else
statment

1
W
Moy

| Table C |—H Table D I—H Table E |

True
statement
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s==4

B
H

/

210—1

212—

214—
216—
218~

control ingress(...) {

apply {

—————"

—i flowletiapply();

1

if(meta.ingress_metadata.
flow_ipg > 32w50000)

Moo arars 5. :
—jecmp groupjapply(;
L — ecmp nhop;apply():

_\ 1_ .
| forward,apply();

}
}

¥

key = { hdr.ipv4.dstAddr:lpm; }

actions = { _drop;
set_ecmp_select;
NoAction; }

size = 1024;

default_action = NoAction();

action set_ecmp_select(...){

hash(meta.ingress_metadata.
ecmp_offset, ...);

-

hdr.ipv4.dstAddr:

1= set_ecmp_

select()

10.0.1.2

~——230

232

(a) Table pipeline ingress

(b) Table ecmp_group

(c) Rules in a control

plane
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310 330
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320
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330
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NN 2R
Ag-Fl
420 8-S EEL!
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430—1 2
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Y
NE-FO 24

(S410)

tIole 2l&d &4

(S420)
y
Has Hel
(S430)
y
==
o LT
ZEH5
512 5}2 5}4
) 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

<<‘wﬁi.>

50000

|ecmp_groupHecmp_nhopH forward |
8

510 520
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s==4

B
H

Action

Key

Table—
dependence

Action

Key

(a) Dependent pairs: no parallelization

No
dependence

Action

Action

Key

Key

Action—
-~.dependence
N only

N

Action

Action

Key

Key

(c) Table—independent pairs: table

(b) Key—-independent pairs: lookup

parallelization

parallelization

B
H

ingress.flowlet

- ~ -

~

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

~~ \

meta.ingress_metadata.flow_ipg>50000; T ingress.new_flowlet

\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
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