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Networking has changed enormously in the past 10-15 years. In 2005, every hyperscale
datacenter used closed proprietary vendor software to run their network. Today, all of
the top 10 hyperscalers worldwide write their own software to control their network
(e.g. SONiIC, FBOSS, Stratum), or use open-source. Next, the big telco operators will
do the same, with ONAP and DANOS and ONF's ONOS, Trellis and SEBA. Why has
this happened? Basically, the industry model was wrong: Only network operators know
best how to control their network, so they need to write their own software. We are in
the middle of a big industry transition in which they are taking over the control plane
software. Nowadays we take it for granted that they can write, commission or download
software and tailor it to optimize their network and make it better than their competition.
Basically, they have taken charge of the software that controls their networks, which is
what needed to happen - it was inevitable. I call this the First Stage of SDN.

In the Second Stage of SDN, the hyperscalers are starting to take control of how packets
are processed too. After all, a network is merely a method to transfer packets from a
source to a destination and process them along the way. If we are not in charge of how
the packets are processed, we are not really in charge of our network. And so, there was
a big need for switches to become programmable too. We started thinking about this in
about 2010 and we started a project between my group at Stanford University and TI to
see how we could do it. By 2013, we learned we could build a programmable switch
with the same power, performance and cost as the traditional fixed-function switches.
So we started Barefoot in 2013 to go make it happen. The P4 language and the Tofino
switch were born soon after. Today, Tofino in 16nm has the same, or better, power,
performance and cost as the leading fixed-function switches in 16nm. This is huge and
very surprising to most people. There is no turning back and future switches will be
programmable. With Intel's acquisition of Barefoot, the two biggest chip companies -
Intel and Broadcom — are now building programmable switch chips. It makes me very
happy to see.

We all want to help improve the Internet, to allow it to evolve and improve faster, to

make it more reliable, more secure and easier to manage. SDN is helping network

owners improve their networks faster than ever before. By allowing software

developers to write the programs to decide how their networks behave, we are

unleashing a “Cambrian explosion” of beautiful new ideas which will keep improving

the network, making it more reliable, more secure and gradually work together with

CPUs and accelerators to make our applications run faster. It is a very exciting time for
networking.

Professor of Stanford University

Member of the US National Academy of Engineering

Co-founder of Barefoot

Nick McKeown
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EF# T, NetCache ML T & & A EAEAKILIER

NetCache (1% o — ML AL EEUK E, A FHBACH] 9242 #e ASIC [1fE
ARAATI L RG] A7 AR S5 S H A~ T R AV R T DL RCEh 1Rk
XSk Al R SC B AT 2038, IFAE AT g AR S B L P s I D9 i ARl 0
FEABEFIRAT B - 18] 5-3 S 1 4] P UL BC /R AN A7 s B A i — ]
BB A o AR R B UL R UL e A Sk i SR - 5 B IR NN IL
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VL fic pkt.key == a pkt.key ==
TN process_array(0) | process_array(1)

action process_array(idx):
if pkt.op == read: 01 2 3
pkt.value €— array[idx]
elif pkt.op == cache_update:
array[idx] «— pkt.value Rl

5-3 Netcache I HBEF1E

NetCache 2% AT (1 15 UL ) (U AZ HL LA AR B, 7 U7 IR0 A7 il R 55 A o X
ZATRPATENE W, 2 BEAAHE RS S BRI K T Bl LRI R R AL,
24k 110 ik 55 s 2 RH S HR B O 2 BOE S AL - [A M, NetCache RJ LA 253 LA
BRI R ORUE AT (1) — B

5.3. 5G 7&#

B 5G EE AR, BEZ MR A S BAEIE],  F L 38 S i) ROBAR K
REJE EUOR T2 Kia E e 5 B — AUk 55 55 B0 3 03t s 28 e L 4 i T AL
P& LAt it 5G AIIE M IRAE. A EE . BRITORME. Tk BRI A
HF-RINEEMINASR . N7 SIS 1 R AR, 5G 7 2 2 K
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MUFI 3 2 7 i 285 4B,y 58 AR ME I 2K

P4 95t n] DATRT A AS BRATLAR 22 AN 06 ZEH Dy RE, AT 7 R — € RIS ZE ALk, e A1,
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DG TEHE
P4 {ET0 % 7= BT I B H AT AR EUE VNF #1282 & UPF #1%K .

VNF #IE5H: HT P4 EE 2 vl g e v st TR 9OR M RyE M, 15
Bl E AR —/MEME S, UL P4 BAAHIATmAERE D R, AT DAY AR N
) VNF #5, W3k 5-1 ffizx. VNF #1385, %T DC &Z#dl, VNF 7] LU TAELE
Thit/'s NEEHILIE, VERMAR TR KIES: BT % T x86 F71E M AH & 1%
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s LS P JE RS MPLS & %
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5G Mg, TR R, NFV b FEHR 6 10 24 o 2 7 2L 2
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W, PR 258 8 5 BESCRF L2/L3 AR FE 42K IR 22 1. OvS . TCP/IP LA J% 100G/200G
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AT&T JHJE dNOS, & 3CRFIA B M 28 Wil WReiR Ay R DhRE, DISCHR TR,
W IEmIEE 5 P4.

BrRubz Ak, VP2 ARG, 28 AR 1 Pl T AR A B2 2
ft, DIEIET Tofino A P4 AR, W LLEHRE & Z M DhRedm A2 2 HpL b, A
VR R 4K & B 52 (R P A% o H AT & BEE 62 Barefoot Tofino A2 #AL i) 5K

22



P BOE RN B ARG N 3 B

PRZB, 3 RS 7 eAS, R R B, PEREA PRI, DO Lot
RIS, Tofino KBV &2k Kk, E—PNMHZET, i L4 TR
Tofino SZHAL L, W ALESRF+ 5 & Bk 55 4% (8T 73 A%, DIP it il LU EE KA,
M7 Wb (3ERE . B EiXesThfe, R E LA AT P4 AU AT LAseEL. A1
AR T 2t ) DS A P IRl e e, ERANB K3, ARSI AR ST, ihb5: O
WA

B ie M

Aok M LRI 130 (CEND 1E IR E 7R85 515 B LAk v — i [E R &
KB 50, o R 5K E KR Al 50 e i R KRR (2012—2030 48
e HFIE o B 5 A 40 N F B, HEAER R Jb. AR IR
PR “— 8 =57 BITERF 0 IUIAEIE 250 G o SEILS E P BB & T
4 265 1 TR a0 PR P FL I LI, SRR IR SS 7 I I 2% . — A 38 i 9 8% 55 1) €01 3
Fe, R R AL 1A TR L H. 56 RIET RS 4 BB S, R R
HL PR L SRR i AT 45 22 PR IR BRAIE 75 5K« 2019 E4), T H 52 W25 it 5 %=
5, IEXJashiE . IR L@ JYME, S EBOE. FREE5E R
YIRS, Bt 12 AF TR A, dJbat KE M. iz, S0E.
B B RS BN BB M IRV TR, R A T T 4
b STl

CENI [ 2% i) G5 St o 2 1 SO R AR T &, %76 2%
T P4 TE F IR RETHIRSLIR . P4 T8 5 SCREN SN LA B R AT S A o2 3
M A A5 M SRR A BB IR ARUS T 7 W) I e e I i B 42 1) 45 G R B 2 5k
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