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P4 “suffers” from one significant limitation
the voluminosity of the code

#include <core.pd:
#include <tofino.pd>
#include <tofinol arch.pé>

header etherneth {
bit<as> dst_addr,
bit<as> src_addr.
bit<16> ether_type,
)

header ipva_h {

bit<B> dst3
)

header transport_h [
bit<16> sport;
bit<16> dport:

header resubmit_h {
bit<16> cluster_id

st myngress headers. 1
b ethers
v
Fansporth ansport
)

struct my_ingress_metadata_t {
I ter_id

Bh3 minar-ds.43.08

parser MylngressParser(packet_in pkt, out my_ingress_headers_ hdr, out
my._ingress_metadata_t meta, out ngress_intrnsic_metadata_t g_Intr_md, out

ingress_intrinsic_metadata_for_tm._t ig_tm_s
state start {
ptextractiig_intr_md)
ucast_egress_port = 140
0

-1 .11 3.da=0.
Warsiton seleckia intma.sesubmit fag) {
0" parse port. metaaa
1: parse.resubmit;
)

)
state parse_port_metadata {
Pkt advance(PORT_METADATA.SIZE):
transition parse_ethernet
)

state parse.resubmit
mit_h o

nkt i
ta.cluster_id = rh.cluster
Dt advance(PORT METADA
transition parse.ethernet;
)

1)

state parse_ether
Dt xracthar ethernen
ansiion slecthir ehernet ether_type)
e ipyé,
default: accept
)

)
state parseput
pktextract(hd
Faion Seecnir v frag.offset, hipv.prot, hipvd i
(0,6, 5) parse_transport;
(0,17,5) parse_transport;
defauit: accept
)

)
state parse_transport {
Pkt extract(hr transport):
transition accept;
)
)

control Mylngress(inout my_ingress_headers_t hd, inout my_ingress_metadata_t

ingress_i mumsu: mﬂndmu fortm.tig.im
action send(Portd_ por
ot At egpess_port = port

action set_qid(Queueld_t gid) {
g-tm_md.qid = ai

)
e lstr

to_prio |
key = {
meta cluster_id: exact;

actions = {
setaid

default_action = set_qid(0);
size=4

Resstrcbitcaza, Forld-o(512)custer spor
Regstracton<bi32>, Forla B3> @usten sport_min)
disance cuserspor.
Mmuuz D32 data, out bit<32> distance) {

RS2 har ransportspoe < )
istance = data - (bit<325)hdr.transport.sport;
'
)

¥
Regsteraction<itazs. Pori., il o>(cter spor. i
update.lstrspor i -
upwunm bit<32> data)
et custer 1a < 1)1
<33y wansport.sport < data) {
data = (bit<32> hdl.transport sport

'
)

¥

Register<bit<32>, Portld_t>(512) cluster]_sport

Reisracton i3z portd. B3> luster-sport max)
distance cluser {
Mmuuz 325 data, out bit<32> distance

i (<32 ransportsport > daa)
distance = (bit<32>Ihdr transport. sport - data;
'
)

¥
RegisterAction<bit<32>, Portld_t, bit<32>>(cluster] _sport_max)
update_cluster] sport_max =

if (meta.cluster_id
iF (bit<32>)hdr.transport.sport > data) {
data = (bit<32> hd.transport sport

'
)
¥
Register<bit<32>, Portld_t>(512) cluster]_dst2.

Restseracionsbicsz Porid Bi<3es claster dsi2.min)
distance cluste

oion SL<325 data, out bit32> distance
istance = 0
If (bit<32>)hdr.ipve.dst2 < data)
distance = data - (bit<32>)hdr.ipv.dst2.
'
)

jsterAclonbit<32>, Pord1, bii32s>(cluster]dsizmin)
updte cusern
Void sppiyinout ite32> data
if (meta.cluster_id <= 1) {
IF (bit<32>)hdr.ipvi.dst2 < data) {
a = (bit<325 hdr.ipvd. dst2.

'
)
¥
Resstr<bicsza,Forld-o(512) cluster dsz.m

Regsteraction i3>, Pora. Bi<3es Claster dsi2 max)
distance cluste

Mmuuz Bit<32s data, out bit<32> distance) {

s pvt s >
vanee - 355 o 2 -

)
)

¥
ReisterAcionsbiicszs, Pt 1 bic32>>(astrl G2 max)
update_cluster!_dst2_.
apolyinout b<32> cata) {
if (meta.cluster_i
a2 harpvd gz » ot
<325 hdr.iova dst

)
)

¥
Rester<bics2e,Portd-(512) custer dpor.min
RegisterAction<bit<32>, Portld_t, bit32>>(cluster! _dport_min)
distance.closter dport min -
vid appllTout bt 32> dta out 32> distance)

s hdr ransport.dport < daa)
istance - data.- (Ht<325ndr transport dport;

)

¥
Regsteractonbiazs, Pori1, bi3zo>(lser por. i)
update_cluste =0
aDanuut bwdb data) {
clust T
it umzdz)mav transport dport < data) {
ata = (bit<32>)hdr.transport dport;

)
)

¥
Relster<hiaze,Portd 1) duster] dpor max,
erclonsbli<32> Poid.1 bic3z>>(cuserdport.ma)
msmn(e dusleﬂ _dport_m:
ppIGiTout bit<325 data, out bit<32> distance)
istance - 0
if (bit<32>)hdr.transport dport > data) |
distance = (bit<32>)hdtransport dport - data;

)

¥
ResisterAcion<bicszs Pord.1 Bic32>>(lustrl dpor mar)
update.lusterdport
apolyinou bit<32> et
O et clomer 13
bz Fanspor.dport > cata)
22 hdr ransport dport;

)
)

¥
Regser<biaze, Portd 1) duster] 453 m
erconsbli32z, P« i3z custerdst3_min)
msmn(e dus er_dsi3_mi
ppiirout Bt<32> data, out bit<32> distance)
dlstance
if (bit<32>)hdr.ipva.dst3 < data)
distance = data - (it<32>)hdripvd.dst3;

)

¥
RegisterAction<bit<32>, Portld_t, bit<32>>(cluster]_dst3_min)
update_cluster] _dst3_min
d apply(inout bit<32> data) |
if (meta.cluster_i
a2 har ot 953 < ot
<325 hdr.ipva dst

)
)

¥
Register<bit<32>, Portld_t>(512) cluster] _dst3_max,
RegisterAction<bit<32>, Portld_t, bit32>>(cluster! _dst3_max)
distance_cluster] dst3_mix =
vid appllfout it 32> dta out 32> distance)

TS hariovt st data)
anee - G235 s 453 - data:

)

¥
ResisterAcionsblicszs, Pt 1 bic32>>(lstrl ds3.max)
update_cluster_dst3_m:
d applyinout Bies2 data) |
G2 cluster_id == |
a2 har ot 053 » ot
ata = (bit<325)hdr.ipva dst3.

)
)

¥
Regster<pi3ze, Fortd 1) duser2 sport min
terAction<bit<32>, Portld-t bit<32>>(cluster2.sportmin)
msmn(e luster-sportmin =
pply(inout bit<32> data, out bit<32> distance) {
istance - 0
if (bit<32>)hdr.transport sport < data) {
distance = data - (it<325 hdr transport.spor,

)

¥
RegsterActon<bi<32», Farld 1, bit32>>(cluster.sport.min
update.lusterz;sportmi~ {
plynout wdb g
i metaclu
i umzdz)mav ansportsort <data){
22 hdr transport sport;

)
)

¥
Regser<bi3ze,Portd - 612) duser2 sport ma
rerhcionbit<32> Forldt . bit<s 2 cusier2 sportmax)
msmn(e ez s
pPI(iiout <325 data, out bit<32> distance) (
distance
if (bit<32>)hdr.transport.sport > data) {
distance = (bit<32>)hdr ransport sport - data,
)

)
¥
Regsteraction <3z Pori, bi3zo>(luser. spor.

update-clusirz
d apabinout bwdb g
21

nsport.sport > data) {
(i3 2o ramsport spor

¥
Regser<biaze, Portd (1) duser2 ds2
isteraction<hit €32, Porld-t, it 32> (chster.dst2_min)
dsante st g5 <
void apply(inout bit<32> data, out bit<32> distance) {

distance -
if (bit<32>)hdr.ipva.dst2 < data)
ince = data - (b1t<32> ndripud.dst2:

)

¥
RegisterAction<bit<32>, Portld_t, bit<32>>(cluster2_dst2_min)
update_cluster2_dst2_min
apply(inout bit<32> data) |
if (meta.cluster_id == 2
a2 harpvd o2 < ot
ata = (bit<325)hdr.ipva dst2.

)

¥
Register<bit<325, Portid_t>(512) cluster2_dst2_m;
B 2om usterd.dst2_max)

oot <32+ dats, ot bit<32> disance)
distance - 0

if (bit<32>)hdr.ipva dst2 > data)
distance = (bit<32>)hdr ipud.dsi2 - data;

)

¥
RegisterAction<bit<32>, Portldt, bit32>>(cluster2_dst2_max)
updat.sterzdsizmax
apply(inout’ 32 da
e clome
Mmzdz))nanmo dst2 > data) {
325 hdr.ipva dst2

)
)

¥
Relser<piaze,Portd - 12) duster2 dpor i
rerhcionit 32>, Forld1, bit<32->(custe?-dportmin)
msmn(e luster. dpor
ppIiiouk bit<32» data, out bit<32> distance) (
distance
if (bit<32>)hdr.transport dport < data)
distance = data - (bt<32>)hdr transport.dport;

)

¥
RegisterAction<bit<32>, Portld_t, bit<32>>(cluster2_dgort_min)
update.lusterz dport it~
4 apphinout 2> )
if meta.
i umzdz)mav transport dport < data) {
<325 hdr.transport dport;

)
)

¥
Regsterabics2e, Portd (512) cluster. dportmax:
RegisterAction<bit<32>, Portld_t, bit<32>>(cluster2_dport_max)
distance.cluster2 dport max -
void apply(inout bi<32> data, out bit<32> distance) {

distance -
if (bit<32>)hdr.transport dport > data) |
istance = (bit<32>)hdf transport dport - data;

)

¥
ResisterAcionsbicszs Pord.1 Bi<32>>(ustr2. dpor mar)
update_cluster2_dport_max = {
d applyinout B3z data)
G cluster_id == 2
If (bit<32>)ha.ransport.dport > data) {
data = (bit<32>)hdr.transport dport;

)
)

¥
Regser<picaze, Portd 1) duster2 453
rAcioncbii3ia, Porid.1. it 32 Chuters.dst3mim)
atance clusters.dsts
e appirout <325 dat,out bi<32> distance

distanc
I (bit<32>)hdrpud.dst3 < data) {
istance = data - (bit<32>)hdr.pva dst3.

)

)
Restrhction<hicsze,Ford.1, bit<322>(clster?-dse3min)
spdat ustrz dstdmin =
ooiyinout Bies2s data) |
" (et cluster ia -- 2
T 3wy i st < data) (
data = (bit<325)hdr.ipva.dst3;
)

)
)

)
Register<bit<32>, Por

0.06512) st ds3.m
3 bit<3255 Clusters dst3_max)

dstance custerzdstm o
aoplyinout Bi<32s data, out bit<32> distance)

e —
distance = (bit<32>)hdripud.dst3 - data
)

)

ReistrActon<hicszs, P, bit<322>(clster?- s man)
update_cluster2_dst3_m:
void apply(inout umb gaa(
If (meta.cluster
i o <32>]hdr\uv4 3 data
= it<32>)hdripva.dst3;

)
)

)
Registerbit3z>, Partd0(512) duster.spor.m
ReGlSterAction<bit<32, Portd-t, bt <3255 Clusier3. spore_min)
distance.cluster3_sport_min
1d apply(inout bit<32> data, out bit<32> distance) {

distanc
If (bit<325)hdrtransport sport < data)
istance = data - (bit<32>)har transport sport

)

RegtmActon bitaze, Portd, b <32o>(cuser.por. i)
undtedusted.s =1
Ved apohlinook <3z Gl
(metacluster id —-
et sy ranspor sprt < daa
data - (bit<32>)hdr.transport.sport

)
)

)
Register<bit<32>, £5(512) cluster3_sportm:
r<<gmm<m<mdz> Pumdx B3> @usiers.sport max)
dsance cuser
PDMMum 335 data, out bit<32> distance)

e ——
istance = (bit<32>)hdr.ransport.sport - data;

)

)

RegisterAction<bit<32>, Portld_, bit<32>>(cluster3_sport_max)
update_cluster3_sport_mayx - {

ltinout bit<32> data)

If (meta.cluster_id == 3)

if (bit<32>)hdr.transport.sport > data) {

data - (bit<32>)hdr.transport sport
)

)
)

g

)
Registerbit< £5(512) cluster3_dst2_m
Regist avAmnn(bde) Pumdx Bi3as Clusterd.dstz_min)
dstance cuser.
soplyinout V<325 data, out bit<32> distance)

k<3 2omar v dst2 < ata
distance = data - (bit<32>)har.ipv dst2.

)

ResstrAction<hicsze,Ford., bit<322>(clusted. stz min)
update_cluster3_
void applytinout umb gaa(
f (meta.cluster
i ol <32>]hdr\uv4 iz <o
= it<32>)hdripua.dst2.

)
)

)
Registersbit3z>, Portd 0512 duster.dsz.m
Regist avAmnn(bde) Forids 3 bit<3205 Clusters dst2_max)
dsance custer3.dsi2.mbs =
PDMMum Bi<32s data, out bit<32> distance)

.u(mdbmar Ipva.dst2 > data) (
istance = (bit<32>)hdripud.dst2 - data

)
RestrActon<hicszs,Parta.1, bit<322>(clsted. sz man)
spdate clusers dsi2 m
pinout b3 2> data) |
meta.cluster_id == 3) {
if (bit<32>)hdr.ipva.dst2 > data)
data = (bit<32)hdr.ipva.dst2:

)
)

)
Register<bit<32>, £5(512) cluster3_dport_min;
r<<gmm<m<mdz> Pumdx bit<32>>(cluster3_dport_min)
dsance cuser
PDMMum 33> data, out bit<32> distance)

[ ————
istance = data - (bit<32>)hdr transport dport;

)

)
RegisterAction<bit<32>, Portld_t, bit<32>>(cluster3_dport_min)

spdate clusers doort min - {

applinou it<32> daw (

" (et cluster ia -- 3
i o <32y wransport.dpert < cata)
data - (bit<32>)hdr.transport.dport
)

)
)

)
Registerbit< £5(512) cluster3_dport«
Regist avAmnn(bde) Pumdx Bi32as @usters. dport_max)
dstance custers
PDMMum D320 data, out bit<32> distance)

[ P ————
distance = (bit<32>)hdr.ransport dport - data;
)

)

RegisterAction<bit<32>, Portld_t, bit<32>>(cluster3_dport_max)
update_cluster3_
void applytnout umb )
If (meta.cluster
et 25y ramspor dport > ot (
data - (bit<32>)hdr.transport dport

)
)

)
Register<it3z>, Portd 0512 duster.ds.m
gist avAmnn(bde) Porids 3 bit<305 Cluster. dst3_min)
u-mm cluster3_dst3_mi
soalyinout B3z data, out bit<32> distance)

.H(mxdbmampwdsxx<d a
= data - (bit<32>)ndripud. dst3:

)
Restrhcton<hicsze,Fortd., bit<322>(clusted.dse3min)
spdate clusers dsidmin' (
pnout b2 cata)
meta.cluster_id == 3) {
if (bit<32>)hdr.ipvi.dst3 < data)
data = (bit<325)hdr.ipva.dst3;

)
)

)
Register<bit<32>, £5(512) cluster3_dst3_m
r<<gmm<m<mdz> Pumd 3 bit<3205 Clusters. dst3_max)
dsance custers.dstms =
aoplyinout Bit<32s data, out bit<32> distance)

132 pvt.dst3 » data)
istance = (bit<32>)hdripud.dst3 - data

)

)
RegisterAction<bit<32>, Portld_t, bit<32>>(cluster3_dst3_max)
update clusers dstd max - {
applinout bit<32> daw (
" (et cluster ia -- 3
T <3y o st > data) (
data = (bit<325)hdr.ipva.dst3;
)

)
)

)
Registerbit< £5(512) clusterd_sportmi
Regist avAmnn(bde) Pumdx Bi3ns @usierd. sport_miny
dsance cuserd
PDMMum D325 data, out bit<32> distance)
o= 0.
e ———
distance = data - (bit<32>)hdr transport sport

)

RestrActon<hiesza,Ford.1, bit<322>(clsterd-sport.min)
update_clusters_sport_mi
void applytinout umb et
If (meta.cluster
et sy ranspor sprt < daa
ata - (bit<325 hdr.transport sport

)
)

)
Register<bit<32>, Portld_t>(512) clusterd_sport_max:

RegisterAction<bit<32>, Portld_t, bit<32>>(clusterd_sport_max)
distance._clusterd_sport_max = {
void appl i1<32> data, out bit<32> distance) {
distance = 0
i (bit<32>)hdrtransportsport > data)
distance = (bit<32>)hdr ransportsport - data,

)

I

Regteracton<bitszs, Porit, b <3zo> luserd.spor. )
update_cluste ax-

e oo bwdb data) {
if (meta.cluster_id == 4)
i ([hw(!bmm transport.sport > data) {
@ = (bit<32>)hdr.transport sport

)

I

Regser<it<s2>, Porld (512) csterd ds2 m
RegisteTACion <D 329, Pt bt <35> Chusterd 2.

void apply(inout bit<32> data, out bit<32> distance) {

IF (bit<325)hdrpvd.dst2 < data) |
istance = data - (bit<32>)hdr.pva.dst2.

)
I
ResisterAcion<bis2>, P« bic32e>(lustert ds2.min)

update cluster =1

vold app wdb data) {
if (meta.cluster_id == 4)
N((hw(!bmm Ipva.dst2 < data) {
data = (bit<32>)hdr.ipvd. dst2:

)
)
I
Regser<it<s2>, Porld (512) custerd ds2 m
rAconcbiicd2» Pt Bies2oa Clasterd-dst2_max)
mmm (quzam dsi2_m.
pplvinout B<32 data, out bit<32> distance)
ocnce
IF (bit<325)hdrpvd.dst2 > data)
distance = (bit<32>)hdrpud.dst2 - data;

)

I

ResisterAcion<bis2> P« bi<322>(lustert ds2 max)
updae-dusert

DDMmam Bies2s data)
if (meta.cluster_id == 4)
N((hw(!bmm pva.dst2 > data)
= Git<32>)hdripva. dst2:

)
)
I
Reslster<oi3ze,Porld o G12) dustert dpor m
Retsteraction<bicsan L B335 Custerd.dport_min)
dstance clsterd. dpor
oo b3 data, ou bit<32> distance)
dotnce=0
if (bit<325)hdr.ransport dport < data) {
distance = data - (bit<32>)hdr transport dport
)

)

RegisterAction<bi

<325, Portid 1, bit<32>>(clusterd_dport_mir)

i ([hw(!bmm transport.dport < data) {
= (Git<32>)hdr transport dpor;

)
)

I

Reser<htcs2e, Portd (512) custerd dpor.m

RegisteTACion <D< 325, Potd-t bt <35> Cusiers dportmax)
distance.clusterd_dport_max =

void aplinout bi<3z> sk, outbeeszs distance) (

distance
s 2 ransport.dport > daa
istance = (bit<32>)hdr.transport. dport - data

RegiserActionhit<32>, Portd_t, bit<32>>(custers_dportmax)

I ((oit<32>)hdr transport.dport > data) {
data - (bit<32>)hdr.transport dport;

)
)
I
Regsercht<s2>, Porld (512) csterd 453 m
rhctoncbiicz, Pt ies20a Clusters.dst3_min)
mmm (quzam si3_mi
pplviiout B1<32 data, out bit<32> distance)
ocnce
IF (bit<325)hdr.pvd.dst3 < data) |
distance = data - (bit<32>)hdr.Ipva dst3,

)

I

ReiserAction<i<52>, Ford 1, bit<32>>(clsterd.dse3min)
update cluserd dst3min'~

d spplinout bics2> g
if (meta.cluster_id == 4)
N((hw(!bmm Ipva.dst3 < data) {
= Git<32>)hdripva.dst3:

)
)
I
Relster<oiaze,Porld o G12) dustert 453
Regstraction<hicsz> Fri L D320 custerd.dst3_max)
dstance (qu terd_dst3_ma
pplviiout Bt<32 data, out bit<32» distance)
dotnce=0
IF (bit<32>)hdr.pvd. dst3 > data)
distance = (bt<32>)hdr. pvd.dst3 - data;

)
I

RegisterAction<bit<32>, Portld_t, bit<32>>(clusterd_ds3_max)

N((hw(!bmm pva.dst3 > data) {
(@ = (bit<325)hdr.pva dst3;

)
)
I
action compute_distance.cluster] _sport_min(Portid_t port)
meta.cluster]_sport_distance = distance_cluster] _sport_min.execute(port;
'
action compute.distance cluster! _sport_max(Portd_t port) {
meta.cluster] _sport_distance = distance. cluster] sport_max.execute(port)
)
acon compute distance lsterl dsz minorid-tpor |
meta.cluster]_dst2_dist istance.cluster] _dst2_min.execute(port):
'
action compute_distance_cluster! dst2_max(Portld_t port)
meta.cluster] dst2._distance = dlstance.cluster]_dst2_max.execute(port)
)
actlon compute.distance custedport minortd.t oy
mataclusterT-dport_distance - ditarce.custe] dpor i execute(port
'
action compute_distance_cluster! _dport_max(Portid_t port)

{
meta.cluster]_dport_distance = distance_cluster] dport_max.execute(port);

)
acon compute distance lsterl ds3 minorid-tporo |
meta.cluster]_dst3_dist istance.cluster] _dst3_min.execute(port):
'
action compute_distance_cluster! dst3_max(Portld_t port)
meta.cluster] dst3._distance = dlstance.cluster]_dst3.max.execute(port)
)

@stage(0) table thl_compute_distance cluster] _sport_min {

lg_tm_md.ucast_egress_port: exact
atons -

e _distance_cluster]_sport_min;
Gdetautonly NoAcion

const default_action = NoAction),

size=512:

'
@stagets) table thl_compute.distance cluster! _sport_max [
ey -

Tg_tm_md.ucast_egress_port exact;

actor

mpute_distance.cluster] _sport_max;
aeaultonly Noadtion:

const default_action = NoAction(),
size= 512

@stage(l) table thl_compute_distance cluster]_dst2_min {
ey =
lg_tm_md.ucast_egress_port: exact
atos ¢
e _distance_cluster]_dst2_min;
Gdetautonly NoAcion
const default_action = NoAction),
size=512:
'
@stage(s) table thl_compute.distance cluster!_dst2_max (
ey =
Tg_tm_md.ucast_egress_port exact;
)
actions =

compute_distance._cluster]_dst2_max;
@defaultonly NoAction:

const default_action = NoAction(),
size= 512
)
51age2) able . compute.distance.clster dport.min
key =
lg_tm_md.ucast_egress_port: exact
actions =
compute_distance.cluster] _dport_min:
Gdetautoniy NoActon

)
const default_action = NoAction),
size=512:

}
@stage(s) table tbl_compute_distance.cluster] _dport_max {

lg_tm_md.ucast_cgress_port: exact;
actons -
e disance cluster.dpor.max
Gdeauhaniy NoActo

const default_action = NoAction),
size=512:

@stage(3) table thl_compute_distance cluster] _dst3._min |
ey -

fo_tm_md.ucast_egress_port exact

actions
mpute_distance._cluster] _dst3_min,
Gdetautionty NoActon

const default_action = NoAction:
512

}
@stage(7) table tbl_compute_distance.cluster] _dst3_max {
y

lg_tm_md.ucast_egress_port: exact;
adtons =
pute distance custerldst.max
Gdeauhaniy NoActo
const default_action = NoAction),
ize = 512;
'
action compute_distance_cluster2_sport_min(Portld_t port)
meta.cluster2_spart_distance = distance.cluster2_sport_min.execute(port)

acon computedistancecuster.sport. maxPord. por
cluster?_sport_distance = distance.cluster2_sport_max.execute(port;

'
action compute_distance_cluster2_dst2_min(Portid_t port)
meta.cluster2_dst2. distance = distance. cluster2_dst2. min.execute(port);

action compute_distance.cluster2_dst2_max(Portid_t port) {
meta.cluster?_dst2.distance = distance.cluster?_dst2_max.execute(port)

'
action compute_distance_cluster2_dport_min(Portd-t port)
meta cogter?.dpon cistance - dltance.lustr? dport.min execute(por

acton computedistance cluster.dpor, max(Poru. por)
meta.cluster2_dport_dis distance.cluster2_dport_max.execute(port):

'
action compute_distance_cluster2_dst3_min(Portid_t port)
meta.cluster2_dst3._distance = distance. cluster2_dst3. min.execute(port);

acon compute distance lstr2 ds3 maxtortd £ por)
meta.cluster2.dst3.distance = distance.cluster?_dst3.max.execute(port)

}
@stage(0) table tbl_compute_distance.cluster2_sport_min {
ey =

fo_tm_md.ucast_egress_port exact
)

compute_distance.cluster2_sportmin
@defaultonly NoAction;

const default_action = NoAction(:
size= 512

}
@stage(d) table thl_compute_distance cluster?_sport_max {
T

lg_tm_md.ucast_egress_port: exact;
actons -
e distance_cuser?_sportmax
Gdetauioniy Noaction.

)
const default_action = NoAction),
size=512:

@stage(1) table tbl_compute_distance.cluster?_dst2_min
[

fo_tm_md.ucast_egress_port exact
)

on
mpute_distance._cluster2_dst2_min,
Gdetautionty NoActon

)
const default_action = NoAction:
512

@stage(s) table tbl_compute_distance.cluster2_dst2_max {

lg_tm_md.ucast_cgress_port: exact;
actons -
e disance. cluser2 dsz.max
Gdeauhaniy NoActo

const default_action = NoAction),
size=512:

@stage(2) table tbl_compute_distance.cluster2_dport_min {
ey -

fo_tm_md.ucast_egress_port exact

mpute_distance.cluster2_dport_min,
detautionty NoActon

const default_action = NoAction:
512

)
@stage(s) table tbl_compute_distance.cluster?_dport_max {

lg_tm_md.ucast_cgress_port: exact;
actons ¢
e disance cluster2 dpor.max
Sdetautonly NoActo

const default_action = NoAction),
ize = 512;

}
@stage(3) table thl_compute_distance cluster2_dst3._min |
key =

fo_tm_md.ucast_egress_port exact
)

compute_distance._cluster2_dst3_min,
@defaultonly NoAction;

const default_action = NoAction:
size =512

)
@stage(7) table tbl_compute_distance.cluster2_dst3_max {
X

lg_tm_md ucast_egress_port: exact;
actons -
e distance. cluserz ds3.max
Gdeauvaniy NoActo
)
const default_action = NoAction),
size=512:

action compute_distance.cluster3_sport_min(Portld_t port)
meta.cluster3_spart_distance = distance.cluster3_sport_min.execute(port)

cluster3_sport_dist nce_cluster3_sport_max execute(port);

)
acon compute.distancecusterd. spot. max(Pord. por
'

action compute_distance_cluster3_dst2_min(Portid_t port)
meta.cluster3_dst2. distance = distance. cluster3_dst2. min.execute(port);
)
acon compute, distance lstr3 dsz max(ortd £ por)
meta clusters.Ost2.ditance - Bistance.custerd-o5t3 ma execute(pord

action compute_distance_cluster3_dport_min(Portd_t port)
meta cogterdpon-cistance - dltance.lustrd dport.min execute(por

)

action compute.distance clusterd.dpor, max(Poru. por)
meta.cluster3_dport_dis distance.cluster3_dport_max.execute(port):

'

action compute_distance_cluster3_dst3_min(Portid_t port)
meta.cluster3_dst3._distance = distance. cluster3_dst3. min.execute(port);

)
action compute_distance.cluster3_dst3_max(Portid_t port) {
meta clusters.Gst3.distance - Bistance.custer-98t3 mar execute(port

@stage(0) table tbl_compute_distance.cluster3_sport_min {
key =

fo_tm_md.ucast_egress_port exact
)

tion:
compute_distance.cluster3_sportmin
@defaultonly NoAction;

)
const default_action = NoAction(:
512

@stage(d) table thl_compute_distance cluster3_sport_max {

lg_tm_md.ucast_cgress_port: exact;
actons -

e disance uster3_sportmax
Gdetauaniy NoActo

const default_action = NoAction),
size=512:

@stage(1) table tbl_compute_distance.cluster3_dst2_min

fo_tm_md.ucast_egress_port exact

mpute_distance._cluster3_dst2_min,
detautionty NoActon

const default_action = NoAction(:
512

)
@stage(s) table tbl_compute_distance.cluster3_dst2_max {

lg_tm_md.ucast_cgress_port: exact;
adtons =
pute distance custers.dsizmax
Gdeauhaniy NoActo

const default_action = NoAction),
ize = 512;

}
@stage(2) table tbl_compute_distance.cluster3_dport_min {
key =

fo_tm_md.ucast_egress_port exact

)

actions =
tompte distance. luster3_dportmin;
@defaultonly NoAct

)

const default_action = NoAction(;
ize=512;

@stage(6) table tbl_compute_distance.cluster3_dport_max [
ey =

Tg_tm_md.ucast_egress_port exact;
'
acons
mpute.distance. luser.dpor max
Saetaitonly NoAct
}
const default_action = NoAction()
20 =512,

@stage(3) table tbl_compute_distance._cluster3_dst3_min

lg_tm_md ucast_egress_port exact;
)
acons -
putedisance luser.ds3.mi
Gaetaulonly Nosct
)

const default_action = NoAction(;
2

@stage7 tale . computedistance.user. 3 mex
-0
ot ucast.egres.port: xact
'
acons =
mpute distance clusters.dst3max
Saetaitonly NoAct
}
const default_action = NoAction():
HE

)

acton compute, distance. lstert. spor minPort.tpor
clustera_sport_dis stance cluster_sport_min.execute(port);

i

action compute_distance_cluster4_sport_max(Portid_t port)
meta.clustera_sport_distance = distance.clusters_sport_max.execute(por)

)

action compute_distance_cluster4_dst2_min(Portl._ port) {
meta.clustera_dst2_distance = distance.clusterd_dst2. minexecute(port);

i

action compute_distance_clusterd_dst2_max(Portid_t port)
meta.clustera_dst2_ distance = distance. clusterd_dst2 max.execute(port)

)

action compute_distance_cluster4_dport_min(Portid_t port) {
meta.clusterd_dport_distance = distance.clusterd_dport_min.execute(por)

i

action compute_distance_cluster4_dport_max(Portd_t port) {
meta.clustera_dport_distance = distance_clusterd_dportmax.execute(port);

)

action compute_distance_cluster4_dst3_min(Portld._t port {
meta.clustera_dst3.distance = distance.clusterd_dst3.min.execute(port);

i

action compute_distance_clusterd_dst3_max(Portid_t port)
meta.clustera_dst3_distance = distance. clusterd_dst3.max.execute(port)

)
@stage(0) table tbl_compute_distance.clusterd_sport_min {

lg_tm_md.ucast_egress_port exact;
)
actons =
pute distance.dusted.sport.mi
Saetauionly Nosct
)

const default_action = NoAction(;
2

1
@stage®) tale . computedistance.clusterd.sport.max
-0
ot ucast.egres.port: xact

'

actions = (
compute disance clusterd_spor max
@defaulionly NoAct
}
const default_action = NoAction():
size =512

istance_cluster4_dst2_min {

)
@stage(1) table thl_compute.
T

lg_tm_mducast_egress_port exact;
)
actions =
tompte distance. luserddsz.mi
@defaultonly NoAct
)

const default_action = NoAction(;
ize=512;

@stage(s) table tbl_compute_distance.clusters_dst2_max |
ey =

T_tm_md.ucast_egress_port exact;
'
acons
mpute.distance. clusters dsi2 max
Saetaitonly NoAct
}
const default_action = NoAction():
20 =512,

@stage(2) table thl_compute.

istance_cluster4_dport_min {

lg_tm_md.ucast_egress_port exact;
)
acons -
putedisance cluserddpor.min;
Gaetaulonly Nowct
)

const default_action = NoAction(;
2

@stage© tale . compute.distance.usters.dport.ma
-
ot ucast.egres.port: xact
'
acons =
mpute distance clusterd dport.max
Saetaitonly NoAct
}
const default_action = NoAction():
12

)
@stage(3) table tbl_compute_distance_clusterd_dst3_min

lg_tm_md.ucast_egress_port exact;
)
actons =
pute distance.dusted.dse3min
Gaetaulonly Nowct
)

const default_action = NoAction(;
2

1
@stage7 tale . computedistance.clusers.dtsmex
-0
ot ucast.egres.port: xact
'
actions = (
compute_distance._clusterd_dst3_max.
‘@defaulionly NoAction:
}
const default_action = NoAction();
size =512

)
action merge. stz to.sport)
a.cluster]_sport_distance

meta (mmn dst2_distance
clyster sport disance = metacusterz.sport disance +

eta.cluster] _sport_distance +

eta.cluster

_sport_distance +

ta.clusterd_sport_distance
meta.clusterd_dst2_distance

eta.clusterd_sport_distance +

action merge_dport_to_sport( {
meta.cluster!_sport_distance = meta.cluster]_sport_distance +

eta.cluster

_sport_distance +

eta.cluster3_sport_distance +
meta.clusterd_sport_distance = meta.clusterd_sport_distance +
meta.clusterd_dport_distance

action merge_dst3._to_sport0 {

meta.cluster! _sport_distance = meta.cluster

_sport_distance +

eta.cluster2_sport_distance +
ta.cluster3_sport_distance = meta.cluster3_sport_distance +

meta.clusterd_sport_distance
meta.clusterd_dst3_distance

eta.cluster

_sport_distance +

acion ompute.min

10 (
in{meta.cluster] _sport_distance,

meta.min_d1_d2 = mi
meta.cluster2_sport_distance)
meta.min_d3_d4 = min(meta.cluster3_sport_distance,

meta.clusterd_sport_distance);

action compute_min_second
meta.min_d1_d2_d3_d4 = min(meta.min_d1_d2, meta.min_d3_d4)

action do_update_cluster]_sport_min(Portd_t port)
update_cluster]_sport_min.execute(port)

)
action do_update_cluster]_sport_max(Portd_t port) {
update_cluster_sport_max.execute(port;

action do_update_cluster_dst2_min(Portid_t port)
update_cluster_dst2_min.exeeute(por),

)
action do_update_cluster]_dst2_max(Portid_t port) {
update_cluster] _dst2_max execute(por):

action do_update_cluster]_dport_min(Portld_t port)
update_cluster]_dport_min.execute(port)

)
action do_update_cluster]_dport_max(Portid_t por) {
update_cluster_dport. max.execute(port);

action do_update_cluster_dst3_min(Portid_t port)
update_cluster_dst3._min.exeeute(port),

)
action do_update_cluster]_dst3_max(Portid_t port) {
update_cluster] dst3_max execute(port;

@stage(0) table tbl_do_update_cluster_sport_min {

key
lg_tm_md.ucast_egress_port exact;

actions = {
fo_update_cluster]_spor
@defaulionly NoAction

const default_action = NoAction();
size=512;

1
@stage(4) table tbl_do_update cluster] _sport_max |
ey =
g_tm_md.ucast_egress_port: exact;
actions =
do_update_cluster] _sport_max
@defaulonly NoAction:

const default_action = NoAction(:
size =512

@stage() bl . do.upatecuserldst.min

o tm_mt.ucastegress_port: exac

actions =
‘do_update_cluster]_dst2_min;
@defaulionly NoAction

)
const default_action = NoAction();
size=512;

@stage(s) table tbl_do_update_cluster]_dst2_max (
ey =
Tg_tm_md.ucast_egress_port: exact:
actions - (
‘do_update_cluster]_dst2_max,
@defaulonly NoAction

}
const default_action = NoAction(:
26 - 512,

@stage(2) table tbl_do_update_cluster]_dportmin {

lg_tm_md.ucast_egress_port exact;
acons -
update_cluster]_dport_min
Sidtory Noacion

)
const default_action = NoAction();
size=512;

1
@stage(s) table tbl_do_update_cluster_dport_max {
ey =
Tg_tm_md.ucast_egress_port: exact:
actions =
doupdae custrt dpor.max
Daefautory NoAcion

const default_action = NoAction(:
size =512

)
@stage(3) table tbl_do_update cluster]_dst3_min {

lg_tm_md.ucast_egress_port exact;
actions = {
f0_update_cluster]_dst3_min;
@defaulionly NoAction

const default_action = NoAction();
size=512;

1
@stage(7) table tbl_do_update_cluster!_dst3_max (
ey =
Tg_tm_md.ucast_egress_port: exact:
actions =
‘do_update_cluster]_dst3_max,
@defaulonly NoAction:
const default_action = NoAction(:
size =512

action do_update_cluster2_sport_min(Portl

tpor (
update_cluster2_sport_minexecute(port)

action do_update_cluster2_sport_max(Portd_t port) {
update_cluster?._sport_max.execute(port)

action do_update_cluster2_dst2_min(Portd_t port) {
update_cluster2_dst2._min.execute(port;

action do_update_cluster2_dst2_max(Portld_t port)
update_cluster?2_dst2_max.execute(port)

action do_update_cluster2_dport_min(Portld_t port) {
update_cluster2_dport_min.execute(port;

action do_update_cluster2_dport_max(Portid_t port)
update_cluster?2_dport_max.execute(port);

action do_update_cluster2_dst3_min(Portd_t port) {
update_cluster2_dst3.min.execute(port;

action do_update_cluster2_dst3_max(Portld_t port)
update_cluster?_dst3_max.execute(port)

12960 tale . co-upate clsterz._spot i

o tm_m.ucastegress_port: exc

actions =
‘do_update_cluster2_sport_min;
@defaulionly NoAction

)
const default_action = NoAction();
size=512;

@stage(4) table tbl_do_update cluster2_sport_max |
ey =
g_tm_md.ucast_egress_port: exact;
actions - (
do updae custerzsor. max
@defaulonly NoAction

}
const default_action = NoAction(:
26 - 512,

@stage(1) table tbl_do_update cluster2_dst2_min {

lg_tm_md.ucast_egress_port exact;
acons -
e cuser2_dst2_min:
Sidttory Noacion

)
const default_action = NoAction();
size=512;
@stage(s) table tbl_do_update_cluster2_dst2_max (
ey =
Tg_tm_md.ucast_egress_port: exact:
actions =
do_update cuser2 dsi2 max
Daefautory Noacio

const default_action = NoAction(:
size =512

)
@stage(2) table tbl_do_update_cluster2_dportmin {

lg_tm_md.ucast_egress_port exact;
actions = {
f0_update.cluster2_dport_min
@defaulionly NoAction

const default_action = NoAction();
size=512;

1
@stage(6) table tbl_do_update_cluster2_dport_max {
ey =
Tg_tm_md.ucast_egress_port: exact:
actions =
do_update_cluster2_dport_max;
@defaulonly NoAction:

const default_action = NoAction(:
size =512

@s135e0) bl . do.updtecuser?.dst.min

“lo-tm_mt.ucastegress_port: exc

actions =
‘do_update_cluster2_dst3_min;
@defaulionly NoAction

)
const default_action = NoAction();
size=512;

@stage(7) table tbl_do_update_cluster2_dst3_max (
ey =
Tg_tm_md.ucast_egress_port: exact:
actions - (
‘do_update_cluster2_dst3_max,
‘@defaulonly NoAction
}
const default_action = NoAction(:
26 - 512,

action do_update_cluster3_sport_min(Portid_t port)
update_cluster3_sport_min.execute(port)

)
action do_update_cluster._sport_max(Portd_t port) {
update_cluster_sport_max.execute(port)

action do_update_cluster3_dst2_min(Portd_t port) {
update_cluster3_dst2_min.execute(port;

)
action do_update_cluster3_dst2_max(Portld_t port)
Update_cluster3_dst2. max.execute(port),

action do_update_cluster3_dport_min(Portld_t port) {
update_cluster3_dport_min.execute(port;

)
action do_update_cluster3_dport_max(Portid_t port)
update_cluster3_dport_max.execute(port);

action do_update_cluster3_dst3_min(Portd_t port)
update.cluster3_dst3_min.execute(port);

action do_update_cluster3_dst3_max(Portd_t port) {
update_cluster3_dst3_max execute(port);

@stage(0) table tbl_do_update_cluster3_sport_min {
ey -
ig_tm_md.ucast_egress_port: exact;
acons =
update_cluster3_sport_min;
@defautory NoAGion:

const default action = NoAction():
size= 512

)
@stage(4) table tbl_do_update_cluster3_sport_max {

ig_tm_md.ucast_egress_port exact;
actions = {
f0_update_cluster3_sport_max
@defaulonly NoAction

const defaultaction = NoAction);
size=512;

)
@stage(1) table tbl_do_update cluster3_dst2_min {
ey =
ig_tm_md.ucast_egress_port: exact;
actions
e clusers_gsi_min
@defaultonly NoAction:

const default action = NoAction():
size= 512

@s1age(s) able b do.upcte dusers.dsi2max

o tm_m.ucastegress_port: exct
actions =
o upate clusters g2 max:
@defaulionly NoAction

)
const defaultaction = NoAction);
size=512;

@stage(2) table tbl_do_update cluster3_dportmin {
key =
ig_tm_md.ucast_egress_port: exact;
actons
' pdte_cusers_dportmin
Sty Noncion.

1
const default action = NoAction():
size= 512

@stage(6) table tbl_do_update_cluster3_dport_max {

ig_tm_md.ucast_egress_port exact;
actions = {
pdate._cluster3_dport_max;
@defaulonly NoAction

const defaultaction = NoAction);
size=512;

@stage(3) table tbl_do_update cluster3_dst3_min {
ey -
ig_tm_md.ucast_egress_port: exact;
acons =
update_cluster3_dst3_min
@defautory NoAGion:

const default action = NoAction():
size= 512

)
@stage(7) table tbl_do_update cluster_dst3_max {

ig_tm_md.ucast_egress_port exact;
acons -
pdate_cluster3_dst3_max:
Sdaultonly NoAction

const default_action = NoAction);
size=512;

)
acton do-update.cstrs.spartminortd por)
update_cluster4_sport_min.execute(por)

action do_update_clusterd._sport_max(Portid_t port) {
update_clusterd_sport_max.execute(port;

)
action do_update_clusterd_dst2_min(Portd_t port)
update.clusterd.dst2.min.execute(port);

action do_update_clusterd_dst2_max(Portd_t port) {
update_clusterd_dst2_max execute(port);

)
action do_update_clusterd_dport_min(Portld_t port)
update_cluster4_dport_min.execute(port)

action do_update_clusterd_dport_max(Portid_t port) {
update_clusterd_dport_max execute(port);

)
action do_update_clusterd_dst3_min(Portd_t port)
update.clusterd.dst3_min.execute(port);

acton do_update clsterd 13 max(Port. pord
update_clusterd_dst3_max execute(por

)
@stage(0) table tbl_do_update_cluster4_sport_min {
key =
ig_tm_md.ucast_egress_port: exact;
actions
o apdte clusters._sport.mi
@defaultonly NoAction:

const default_action = NoAction():
size= 512

1196 tale tco-upateclsters.spotmax
o tm_m.ucastegress_port: exct
actions =
do_update_cluster4_sport_max
@defaulionly NoAction

)
const defaultaction = NoAction);
size=512;

@stage(1) table tbl_do_update clusterd_dst2_min {
key =
ig_tm_md.ucast_egress_port: exact;
actons
it clsters_dst2min
Sty Noncion:

1
const default_action = NoAction():
size= 512

@stage(s)table tbl_do_update.clusterd_dsi2_max {
lo-m_md.ucast_egress_port: exact
actions =
update_clustrd_dsi2_max:
@defauliorly NoActon

const defaultaction = NoAction);
size=512,

@stage(2) table tbl_do_update clusterd_dportmin {
ey -
ig_tm_md.ucast_egress_port: exact;
actons =
update_clusters_dport_min
@defautory NoAdion:

const default_action = NoAction():
size= 512

)
@stage(6) table tbl_do_update.clusterd_dport_max {
{g.tm_md.ucast_egress_port: exact
actons =
peate_clusters_dport_max;
Sdaultonly NoAction

const defaultaction = NoAction);
size=512,

)
@stage(3) table tbl_do_update clusterd_dst3_min {
key =
ig_tm_md.ucast_egress_port: exact;
actions
e cluserd_gscmin
@defaultonly NoAction:

const default_action = NoAction():
size= 512

Sstage() able . do.updte dusers.doth.max
o tm_m.ucastegress_port: exct
actions =
ot clustertgs3.max
@defaulionly NoAction

)
const default_action = NoAction);
size=512,

apply {
i vt vl

oot diance-clsters ds3-min oo

thl_compute_distance cluster]_dport_min.apply(:

1 dst3_min.apoly0)
thl_compute_distance_cluster2_dst3_min.apply0;
thl_compute_distance_cluster3_dst3_min apply0;
thl_compute.distance_clusterd_dst3_min.apply0;
if (meta.cluster]_sport_distance == 0)
tbl_compute_distance.cluster] _sport_max.apply0;

i (meta stz sport ditance == 0
ompute_distance_cluster2_sport_max.apply():

if (meta.cluster3_sport_distance == 0)
thl_compute_distance.cluster3_sport_max.apply0;

i (e custerssport dsance - 0
te_distance_clusterd_sport_max.apply0:

if (meta.cluster! _dst2_dist 0
Bl Compute. dstance.cluster]_st2_max.appiy

i (metacuser2 g5 distance -
o Sompure_asance <l 4o max ool

if (meta.cluster3_dst2_dist 0
Bl Compute.distance.luster3_st2_max.appiy

i (meaclustrs g2 dstace =
e Giance vt 4wt max pol:

if (meta.cluster] _dport_distance == 0) {
bl Compute. istance. closterdport_max.apply
i (meta st ot dstance
o Sompure_asnce.clurer? dport max apol:

if (metacluster3_dport_dist 0
Bl Compute. 5tance. closter3. dport_max.apply

i (metalstes dpor. dstance
e dvance cusers- dpot ma.appio:

2_to0_sport
I mera.custet 0413 distance = 0 ¢
o Sompure e clover 4o maxapol

1 meracuserz g3 dis 01
Bl Compute. distance.cluster2_dst3_max.appiy

i e cusers gs2 dstance - 0
e dmance <l 4w max apol:

i (meta lusted s st 01
Bl Compute. istance.luster4_dst3_max.appiy

)
merge_dport_to_sport)
merge_dst3.io_sport(;
computemi.frs()
ute_min_second)
metamin-a1-dz.a

44 == meta.cluster] _sport_distance) {
meta.clusier_id

meta.cluster2_sport_distance) {

meta.cluster3_sport_distance) {

meta.cluster4_sport_distance) {
meta.cluster.id = 4;

'
ig_dprsr_md.resubmit type
e

1do_update_cluster]_sport_min.apply(:

tbl_do_update_clusterd_dst3_max.apply0.
cluster_to_prio.apply0);

)
)
)

control MylngressDeparser(packet_out pkt, inout my_ingress_headers_t hdr, in
_ingress_metadata_t meta, in ingress_intrnsic_metadata.for_deparser_t

9-dprsr_md) |
Resubmit( do_resubmit
apply {

f {1g_dprsr_md.resubmit_type
o e e res by o e cluster.id

)
pt.emit(hdr);
)
)

struct my._egress_headers.t {
ethernet_h eth
iovih v
transport_h transport

)

struct my._egress_metadata_t
)

parser MyEgressParser(packet_in pkt, out my_egress_headers_t hd, out
my_egress_metadata_t meta, out egress_intrinsic_metadata_{ eg_intr_md)

ptextractieg intr_md);
transition parse_ethernet

)
state parse_ethernet {
Dt exracihar thern
Tansion seecinrethemesethr type) {
800: parse_ipva
default: accept;

)
state parse_ipvd.
pkt.extract(hdri
transition seleclkhdrlp\u fag-ofst, hipv.proto, vt
parse_tra
0175 pase-rangpors
Gt ceepe
)

)

state parse_transport
pktextract(hdr transporo);
transition accept;

)

comtrl MyEgressnout my.eqress headers s, nout myegress-metadata.t
meta, n egress_intrinsic_metadata_t eg_intr_md,

packet_counter.countl;

action bytes_count (
bytes_counter.count)

table do_packet_count {

key
eq_intr_md.egress_qld: exact @name(queve_id")

actior
packet.count;

nters = packet_counter;
am.m acion - packet coun

)
table do_bytes_count |
key =1
g_intr_md.egress_aid: exact @name(‘queue.id")

actions = {
bytes_count

counters = bytes_counter,
default_action = bytes_count0;
o= 32

apply {
f heiipua.isvalid0)
et oo
bytes_count.apy
Rt s e it coressld
)

)
)

control MyEgressDeparser(packet_out pk, inout my_egress_headers_t hdr, in
my-egress._metadata t meta, In eqress.Intrinic_metadata_for_deparser t
eg_dprsr_md) {

apply
pkt.emit(hdr);
)

aresso,
TEaress. MoEaressdepaiert poe

Switch(pipe) main;



P4 “suffers” from one significant limitation:
the voluminosity of the code

acc-turbo.p4: ~2K lines of code




P4’s voluminosity is due to two reasons:
verbosity and limited parametrization



P4’s voluminosity is due to two reasons:
verbosity and limited parametrization

RegisterAction <... >(my _register) inc = {

void apply (...) {

val = val + 1;

s

(* my register)++;



P4’s voluminosity is due to two reasons:
verbosity and limited parametrization

// P4

my table 0 {
key = { field_© : exact; }
actions = { my action; }

}
my table 1 {
key = { field_1 : exact; }
actions = { my action; }
}

my table 2 {
key = { field_2 : exact; }
actions = { my _action; }



P4’s voluminosity makes it harder to
write, debug, deploy, and maintain code

Voluminous code takes longer to process
Larger programs have higher probability of errors

Errors can propagate across code repetitions



P4 users rely on various tools to
overcome the language voluminosity

Scripts
Templating tools
Macros

Copy-pasting

Number of programmers (n=27)



Recent works have proposed
higher-level programming languages

Directly fitting P4 into target hardware Lyra, Chipmunk, P4All

Adding macro-like annotations into P4 pcube



Recent works have proposed

higher-level programming languages

Directly fitting P4 into target hardware Lyra, Chipmunk, P4All
Adding macro-like annotations into P4 pcube
However, such languages ... extend expressivity

lose fine-grained control



Can we reduce P4 language’s voluminosity
by introducing higher-level constructs?



Can we reduce P4 language’s voluminosity
by introducing higher-level constructs...

.. While preserving ... language expressivity, and

fine-grained control ?

Yep!
Introducing Q



04 extends P4 with three simple constructs:
arrays, loops, and factories

Arrays Group variables of the same type
Loops Reduce code-block repetitions

Factories Enable parametrization, “everywhere”



With O4, we go from this ...

acc-turbo.p4: ~2K lines of code




... to this

acc-turbo.o4: ~350 lines of code




O4 arrays group variables of the same type

bit<32>[2][2] my array; pit<32> my array 0 0;
pit<32> my _array 0 1;
pit<32> my_array 1 0;
pit<32> my array 1 1;

my_array = [[0, 1], [2, 3]I; my_array_0_0 = 0;

my array 0 1 5

my array_ 1 0 5

my array 1 1 5

my array[©@][0]; my array 0 0;



O4 loops reduce repetitions of code-blocks

for (int index in [0,1,2,3]){ my call(9);
my call(index); my call(l);
} my call(2);

my call(3);



O4 factories enable parametrization in “any” P4 construct

factory my factory (bit <8> field){ my table 0 {
key = { field © : exact; }
my table { actions = { my action; }
key = { field : exact; } }
actions = { my action; }
} my table 1 {
my table ; key = { field 1 : exact; }
actions = { my _action; }
} }
my table © = my factory (field 0); my table 2 {
my table 1 = my factory (field 1); key = { field 2 : exact; }
my table 2 = my factory (field 2); actions = { my _action; }




We implemented an O4 compiler using Racket

Compiler

Front End

Tokenizer Parser

IR

Back End

Control Back End
Parser Back End

Declaration Back End
Name Back End . ..

P4




We evaluated O4 on several state-of-the-art P4 programs

We built a dataset of p4-16 programs
Open Tofino and P4-Learning (AES, Conquest, ACC-Turbo...)

vimodel and tna architectures

We evaluated ...
... voluminosity reduction
... verbosity reduction

... code-clone reduction



We evaluated O4 on several state-of-the-art P4 programs

Results Volume -42.4%

Verbosity -32.6%

Number of Clones -56.3%



O4 performs better for larger programs

LOC 100
Reduction (%) T Better o
75
50 e ¢
@
25 | ©
0

0 375 /50 1125 1500

P4-program lines of code



O4 performs similarly to state-of-the-art
higher-level programming languages

Lyra

P4All 04 pcube Better Domino

—_— Average
—l—l—l—l—li LOC Reduction (%)

38 39 44 51 /3



The O4 compiler is fast

Compilation time from P4 to Tofino

Compilation time
from O4 to P4



Reducing P4 Language’s Voluminosity
using Higher-Level Constructs

P4 language is highly voluminous

O4 introduces three high-level constructs

arrays, loops factories

O4 significantly decreases code volumes


http://github.com/nsg-ethz/O4

