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Abstract: At present, programming abstractions of polymorphic network (PINet) are tightly coupled to the underly-
ing hardware, and thus programs are monolithic and target-specific. As a result, it is inefficiency and error-prone to develop
programs continuously, which compromises the availability and reliability of hardware devices. In this paper, we present the
PINet’s programming environment (PPE) that aims to enable incremental development of protocols and functions. Based on
the abstraction of one-big-switch, PPE proposes a target-independent model & language to support modularity and portabili-
ty. It improves development efficiency by powerful forms of program composition. Correspondingly, the compiler frame-
work is separated from front-end and back-end, so that it can automate the composition and analysis of the distributed pro-
grams. The packet processing logic is optimized to fit the resource constraints of hardware. The experimental results show
that, PPE can reduce the lines of code by 20% without the affect to hardware performance, while introducing reasonable
compilation delay and resource overhead.
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R TR W R R AR AE — 5 YR8 NF5280M5 7 41 filk
55 g8 5E i, #5 3% Intel Xeon Silver 4114 CPU #1164 GB
£7,1247 Ubuntu 20.04 #24E R 48 . A SCH flX 2 B8
) 2 Gt P T 15 R 20 35 2R R A6 T R AU 9 U5 T B PN 4
PEERE =T AR
5.1 FRHE

R T I8 UE 7R R 4 AR AR R A T R KO T AR B
ST T Z A0 PRSI D) RE R T RE AL AL T
1Pv4 14 i 4015 18 P VXLAN 3% T 1Pv6 14 43 B % i 17
B SRv6  FETF MPLS 19 i & T AR ML, AL 45 s bk 4 1k
(NAT) A7 ) #2211 51 22 (ACL) 45 1 In) 22 )2 113 A9 I 4%
Tifie.

FREART 54 M L RB e ra 0 206 415 4 Y
UIREFEF C1~C5. Horp C1 BA E 3R BIFE /7 . i & AN
) S S A B, AR R P AT 41 23T VIModel 19
£ 1% CPU -5 LT TNA Z2H (1 ASIC V-5 .

M C1 3 C2 AR 7 I & 35 2 78 43 TF BH A ST $ A
RIREAE S Fp i U AR R AE . 7728, C2 FF & T BdFor-
Vxlan Fl VxlanLogic B> F i, 5 2 A7 /Y IPv4 B2

®1 ETARERNEFHEE

ST Cl 2 C3 C4 cs
Filtering N N N
Forwarding N N N N N
IPv4 N N N N N
1Pv6 N N N N v
MPLS v
VxLAN N
SRv6 N v
NAT N v
ACL v
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BN SEEE ) VXLAN R SCAEFEIE 5 SR I, MR 3
FH Vxlan BEEe BRI AT 52 s DhREFF 2 . ARl 10 f 7, i 24U
W& 18 35t 2 5 1A DRSSk 3, FCAE 988 PR G 7 TV xlan #2
F. PRt 4 Vxlan BEHUgE A 27825 rh s i sl B s
B 8 B 18286 AU A T B e o B g sh s Jin sl
B, ke T R T EA Y AR

1 interface [Vxlan {

2 header vxlan t {...}

3 struct hdr t {...}

413

5

6 module Vxlan(inout bit<16>io nh)

7 implements [Vxlan {

8 BdForVxlan.apply();

9 VxlanLogic.apply();

10 IPv4.apply(io_nh);

1|}

12

13 | module Forwarding() implements IForwarding {

14 switch (hdr.eth_type) {

15 ] AR 5 P A

16 0x0800: Vxlan.apply(meta nh);

17 0x08dd: IPv6.apply(meta nh);

18 default: return;

19 }

20

21 |}

10 Router F2 /714 XA &

5.2 RIEFH

55 Ji S AL A ) B R A B, B Ak g R AR A
HERAT A BB LR GE PR ITAY . AEXF Bk SFIheeL &, 2>
S PAFEFE | wP4 T8 5 Fl mP4 72 57 18 [1] TN A 2244 2 13,
18 3 SDE #8435 a] # Ak T2 (2 pdi) X365 R 98 5 4
AT AT ITAL

T2 WoR T SR g AR 7 EAE PHV % BBy Br A
(stage) I 725 & (memory ) 7 TH Y TF48Y . EAPNAER
IR PR DL PARR N S MESEA T IA— b AL B

G R W I L 288 R R AR IR AR PARR T op LR
P7E T ASIC - 5 4 3 25 012 A 204 Bt PHV il Stage 5%
IR, ZORA 2 R R T o i fb, A& 8L

F2 SHARMEBEFHEIIL

- PA(IALSR) uP4 mP4
04 | PHV | stage | PHV | stage Y by stage memory
w.r.t P4 w.r.t P4
Cl [34%| 4 |[35%| 7 | +2% |37% | 4 -1%
C2 |67%| 8 |61%| 12 | +12% | 63% | 9 +2%
C3 [51%| 6 |46%| 7 | +8% |49% | 5 0
C4 [83%| 5 |68%| 8 | +5% |71% | 6 +1%
C5 |92%| 10 NA:ZPE Y 88% | 11 +3%

B &8 2 ) 18] R 204 w1 A et 2, B O (min) 3]
O(day). AHE, 76 WA & TR I 28, it an £ 3hXF
Sk P M AR 2 ) AT A JRE A P T BORE AR T
PHV %R S T . X T C4 414, wP4 i 2 Al mP4 Zg
FE 5350 i FH T 68% F1 71% ¥ PHV % U5, 3¢ P4 2t P2 U
INT 15% F1129%. SR, P4 B2 A 4 1R 60 55 A AT AR
b EEPE Rt B, 035 HG 0 T BRI 5 1 32 4 B B, B
A CS MR AR H U 7K 2R 18 T G 15 2R T
SEUE R, 5 AT B IRAR L e URE R 5 ) MAU
2 SR R ) DR, AR A AR T B S i s R AR R
R

3R 2 145, mP4 B 7 5 i UL Y P4 78 5 6 12 R B
BB N A7 25 8 7 TS A1, B ) TNA ZE A4
AU R . X5 T C2 404, mP4 Zi B2 1Y IN 768 FH 45 wP4
TN T 10%. SR RY] A SCEE T 1 = R gm A 07 56
AMETEIR T wP4 J7 280w BE T L 2k 55 20 A o
FEHE TR B AR & R OLALRE Sy L s TN
TR A
5.3 f4wiFTERE

AN AT R XF IPv4 BRI L SRve B iR | i 44 B iR
(Named Data Networking, NDN) . #i 3 45 iH (Geo Net-
working, GEO)*H%@J\T/%W\(MOMHW First, MF)5 & 24
AF G S EAT AR R HAR 5 T A, R AR e 0 R
Z[f]— {5 Edgecore Wedge 100BF-65X 22 4L, fifi F Spi-
rent 32 (SO B A (R K G i ARt . FE X LY P4 R
J¥ 5 mP4 B2 7 7 A% O AR 55 4 1R 1] 1y 45 2 | [l s
RTEFRF I o B RE A e

B2 3 A LA A SCHR 1Y = 0 g RE S T i A
A% 7 B A% O AR RS 1 2 AR 20% |, TR s 5 A 1 2 15
Ao JE 7E AT 42 R Rl . X6 T IPv4 B2 mP4 R P 1Y
G I ] L P4 R P 1Y g R B [B] 22 1 1.96 s, XS B
Ji Vit it PR ST A A B RN B B
ZRA 5 BT T R 5 RS ], mP4 BT A 8 4 2
iy L L= I D U N N SV g o
100 Ghps W 1 {4 5 i it , 0 b 4 1R B0 19 7 & M RE 38
AR B d R4 . S5 R ULHH , 1 PPE 42 41t i1 & 9
5 PEAT I 28 G T AN 23 0 ER A - T A A2 4 1 B 7 A )

F3 WA RNBFEEEIILL

e s P4 mP4

SN T — T
oS | At ls | ORISR | iR al/s

IPv4 458 4.35 364 6.31
SRv6 173 2.73 153 3.28
NDN 381 3.99 289 5.03
GEO 264 3.35 184 3.82
MF 94 1.86 88 1.92
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