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# 1. JEzhkh
sudo python Arpanetl19723.py

. SR BB R AT KR IR P

ryu-manager ofctl_rest.py shortest_path.py --observe-Tinks

# 3. fERIMSDC ping MITH %
mininet> SDC ping MIT

# 4. Bob N R MUTAHEZATINKEREIAILLINOISHIKEZ J5, #R22SDC ping MITZRIK
sudo python waypoint_path.py

# 5. BEBSE ERE AL, WuSCrIiR, KIMITE SR — %m0 EEE B4 H = m
# WA Hwireshark gz, KIABIIMICMP Requestii L
sudo ovs-ofctl dump-flows s22

skx For testing network connectivity among the host ait a bit for the contr
oller to cri 11 the routes, then do ‘pingall® on thn mininet console.

ofp_handler
app None of NetworkAwarenes * edited for xjtu sdn_exp_2020

itch:
| of OFPHand e i
pp short .py of Shor a .0 (10 ) 56 f data.
218 - 10 i

from
from . _ t 64 time=230 ms

.0.1 ng statistics
!mn ml ed, 4 receive par'l«ﬂt loss, time 5047ms
= 124, 30.585/45.653 m

mininet> ping MIT
PING 10.0.0.12 (10.0.0.12) 56(84) bytes of
~C

12

100% packet loss, time 16373ms

ypoint_path.py
x@, duration=40 55, t kets=0, n lw,tw priority=1 1p
522-eth4",nw_src=10.0.0. s 4 a 0 'JH\[HH:”‘.JZ e

cookie=0x0, duration=40.740s, table=0, n_packets=1198, n_bytes=117404, priori
_port="s22-eth2",nw_src=10.0.0.0/24,nw_dst=10.0 24 actions=outpu

n_bytes=2675, priority=

ie=0x0, atio s, t e=0 _b: =3960, priority=
:180:¢2:00:00:0 = ONTROLLER:65535
n_packet 960, priorit
24, nw_dst=10

duration=41,531s, table=¢ s e prmr;
t="s22-eth2",nw_s ¢ 2.0 t utpu

Capturing from s22-eth2 o x
File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help
4@ | R Qe EF S| Q Q& i

No. Time Source Destination Protocol Length Info =

763 7.479803003 10.0.0.18 10.0.0.12 ICcMP 98 Echo (ping) request 1id=ex1730, seq=9/2304, ttl=64 (no response found!)

764 7.479803534 16.0.0.18 10.0.0.12 ICMP 98 Echo (ping) request 1id=ex1730, seq=10/2560, 4 (no response found!)

765 7.495931932 10.0.0.18 10.0.6.12 Icmp 98 Echo (ping) request 1id=0x1730, seq=11/2816, =64 (no response found!)

766 7.512081362 16.6.6.18 16.0.6.12 ICMP 98 Echo (ping) request 1id=0x1730, seq=12/3072, 4 (no response found!)

767 7.596865985 16.6.6.18 16.0.6.12 ICMP 98 Echo (ping) request 1id=6x1730, seq=13/3328, 4 (no response found!)

768 7.596866552 16.6.6.18 10.0.0.12 ICMP 98 Echo (ping) request 1id=0x1730, seq=1/256, 4 (no response found!)

769 7.596866951 10.0.0.18 10.0.6.12 IcMP 98 Echo (ping) request 1id=0x1730, seq=2/512, 4 (no response found!)

770 7.596867342 10.0.0.18 10.0.0.12 ICMP 98 Echo (ping) request 1id=0x1730, seq=14/3584, =64 (no response found!)

771 7.596867742 10.6.0.18 10.0.0.12 1cMP 98 Echo (ping) request 1id=0x1730, seq=3/768, ttl=64 (no response found!)

772 7.596868087 10.0.0.18 10.0.0.12 icmpP 98 Echo (ping) request 1d=0x1730, seq=4/1024, ttl=64 (no response found!')

773 7.596868477 10.0.0.18 10.0.0.12 IcmMpP 98 Echo (ping) request 1id=0x1730, seq=15/3840, ttl=64 (no response found!)

774 7.599844658 10.0.0.18 10.0.0.12 IcMp 98 Echo (ping) request 1id=ex1730, seq=5/1280, tt1=64 (no response found!)

775 7.599845257 10.0.0.18 10.0.0.12 1cMP 98 Echo (ping) request 1d=@x1730, seq=16/4096, ttl=64 (no response found!)

776 7.599845635 10.0.0.18 10.0.0.12 IcmMpP 98 Echo (ping) request 1d=0x173@, seq=17/4352, ttl=64 (no response found!)

777 7.599846079 10.0.0.18 10.0.0.12 Icmp 98 Echo (ping) request 1d=0x1730, seq=6/1536, ttl=64 (no response found!)

778 7.613998838 10.0.0.18 10.0.0.12 IcMP 98 Echo (ping) request 1id=@x1730, seq=7/1792, ttl=64 (no response found!)

779 7.630022474 10.0.0.18 10.0.0.12 icmp 98 Echo (ping) request 1id=0x1730, seq= 8/29AB ttl 64 (na response found\) .
‘ >

» Frame 1: 60 bytes on wire (480 bits), 60 bytes captured (486 bits) on interface s22-eth2, id @
» Ethernet II, Src: 46:c9:cf:9a:b5:7b (46:c9:cf:9a:b5:7b), Dst: LLDP_Multicast (©1:80:c2:00:00:0e)
» Link Layer Discovery Protocol

© 7 s22-eth2: <live capture in progress> Packets: 830 - Displayed: 830 (100.0%) Profile: Default
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AT VeriFlow{X3z}FOpenFlow1.0, shortest_path.py 5 waypoint_path.py H{FHrest api
BEEME, rest apiff RIS ofctl_rest.py {UFEERryu/ryu/app/®

e YN{a){sERRVeriFlow

# 0. Mgithub F#veriFlowHHH Lszigsh T

git clone https://github.com/samueljero/BEADS.git
cd BEADS

git am 0001-for-xjtu-sdn-exp-2020.patch

# 1. mi¥VveriFlow
cd veriflow/VeriFlow
make clean all

# 2. (EEE 0 TR TR Ehlds, BT R
ryu-manager ofctl_rest.py shortest_path.py --ofp-tcp-Tisten-port 1024 --observe-
Tinks

# 3. iZ17VeriFlow/fproxyt=t

veriFTlowfproxy izt emdis =0 -

VeriFlow <veriflow_port> <controller_address> <controller_port> <topology_file>
<log_file>

A AN T v 4-i247veri FlowHproxy

./VeriFlow 6633 127.0.0.1 1024 Arpanetl9723.txt log_file.txt

(Arpanetl19723. txti2pilfEveriFlow. off]— 3 /3% T)

# 4. FEBHH
sudo python Arpanetl9723.py

# 5. fEh4hSDC ping MITESLESE
mininet> SDC ping MIT

# 6. TARMUTAHIZZATINKEREIAILLINOISMHERTE, 7ETog 3 fFHtEEveri F1owk il 2 KA %15 B
sudo python waypoint_path.py

> Terminal - test@sdnexp: ~/sdn/VeriFlow - + X

o VeriFlowiRASAYFEEREREL

# 1. VeriFlow::main(Q)




veriFlowIREF AL, #E T testhsp roxy =i i % =

# 2. VeriFlow: :parseTopologyFile()
veriFlowfEThhSCft, SZ MR MR AL, FE T SO g =R

# 3. VeriFlow::handleveriFlowConnection()

AP socketiE LR A MR EL, BN ELINA I RIBELAE, SIS A ST 8] I 8 5

# 4. openFlowProtocolMessage: :process()

AhEopenFTowdH SN IR AL, AR TH B A0 220 U F AH 87 14 Ab 345 o 4

# 5. OpenFlowProtocolMessage: :processFlowRemoved()
4bHOFPT_FLOW_REMOVEDY 1) 58 %

# 6. OpenFlowProtocolMessage: :processFlowMod()
A FROFPT_FLOW_MODYH K. F b

# 7. EquivalenceClass
ForveriFlowsE LA R HAR S5 1, QRGN 2 FRFIAE A IR IS

# 8. VeriFlow::verifyRule()
PATVeri FlowtZ O RIEM KA, BFEXTEMAMIRIS . ¥k B R 5 A48 & 15

# 9. VeriF1ow::traverseForwardingGraph()

i 3 AR RE ECHIRE A, BIE A 75 A7 1 3 B i S

Eisci8ai o

1. WMHEREINEC (FHN2R) NEE

2. ?TEDH%E%E%&E’\J{E%

3. W4 TEDH IR RS M AIECHIER SR
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rap
685 [VeriFlow: traversanruardmgGraph] PacketClass: [EquivalenceClass] dl_src (8-60:00:00:00:00:00, 281475976719655 H ff 'f ff:ff:ff), dl_dst (1652522221583-01:80:c2:00:00:0f, 28

[VeriFlow: :verifyRule] verifying this rule: [Rule] type: 1, diSrcAddr: 00:00:00:00:00:00, dlSrcAddrMask: 0:0:0:0:0:0, dlDstAddr: 00:00:00:00:00:00, dlDstAddrMask: 0:0:0:0:0:0,
[VeriFlow: :verifyRule] ecCount: 3

690 [VeriFlow: :traverseForwardingGraph] The following packet class reached destination at node 26.8.0.15
691 [VeriFlow: :traverseForwardingGraph] PacketClass: [EquivalenceClass] dl_src (6-00:00:00:00:00:00, 23147!976716655 fe:ff:ff:ff:ff:ff), dl_dst (0-060:00:00:00:00:00, 1652522221581

€ [VeriFlow: :traverseForwardingGraph] The following packet class reached destination at node 20.6.0.15.
34 [VeriFlow: :traverseForwardingGraph] PacketClass: [EquivalenceClass] dl_src (0-00:00:00:00:00:00, 281474976710655-ff:ff:ff:ff:ff:ff), dl_dst (1652522221582-01:80:¢2:00:00:0e, 16

26 [VeriFlow: :traverseForwardingGraph] The following packet class reached destination at node 20.6.0.15.
37 [VeriFlow: :traverseForwardingGraph] PacketClass: [EquivalenceClass] dl src (0-00:00:00:00:00:00, 281474976710655-ff:ff: ff:ff:ff:ff), dl_dst (1652522221583-01:80:c2:00:00:0f, 28

39 [VeriFlow: :verifyRule] verifying this rule: [Rule] type: 1, dlSrcAddr: 00:00:00:00:00:00, dlSrcAddrMask: 0:0:0:0:0:0, dlDstAddr: 00:00:00:00:00:00, dlDstAddrMask: 0:0:0:0:0:0,
[VeriFlow: :verifyRule] ecCount: 3

2 [VeriFlow: :traverseForwardingGraph] The following packet class reached destination at node 26.8.6.25.
[VeriFlow: :traverseForwardingGraph] PacketClass: [EquivalenceClass] dl_src (0-00:00:00:00:00:00, 281474976710655-ff:ff:ff:ff:ff:ff), dl_dst (0-060:00:00:00:00:00, 1652522221581-

[VeriFlow: :traverseForwardingGraph] The following packet class reached destination at node 20.0.0.25.
706 [VeriFlow: :traverseForwardingGraph] PacketClass: [EquivalenceClass] dl _src (0-00:00:00:00:00:00, 281474976710655-ff:ff:ff:ff:ff:ff), dl_dst (1652522221582-01:80:¢2:00:00:0e, 16

8 [VeriFlow: :traverseForwardingGraph] The following packet class reached destination at node 20.8.6.25.
) [VeriFlow: :traverseForwardingGraph] PacketClass: [EquivalenceClass] dl_src (6-00:00:00:00:00:00, 281474976710655-ff: ff:ff:ff:ff:ff), dl_dst (1652522221583-01:80:c2:00:00:0f, 28

[VeriFlow: :verifyRule] verifying this rule: [Rule] type: 1, dlSrcAddr: ©0:00:060:00:00:00, dlSrcAddrMask: 0:0:0:0:0:8, dlDstAddr: 060:00:00:00:00:00, dlDstAddrMask: 0:0:0:0:0:0,
712 |[VeriFlow: :verifyRule] ecCount: 3

‘:4 [VeriFlow: :traverseForwardingGraph] The following packet class reached destination at node 20.6.0.15.
715 [VeriFlow: :traverseForwardingGraph] PacketClass: [EquivalenceClass] dl_src (0-00:00:00:00:00:00, 281474976710655-ff:ff:ff:ff:ff:ff), dl_dst (0-00:00:00:00:00:00, 1652522221581-

17 [veriFlow: :traverseForwardingGraph] The following packet class reached destination at node 20.6.6.15.
8 [VeriFlow: :traverseForwardingGraph] PacketClass: [EquivalenceClass] dl_src (6-00:00:00:00:00:00, 281474976710655-ff: ff:ff:ff:ff:ff), dl_dst (1652522221582-01:80:2:00:00:0e, 16

20 [VeriFlow: :traverseForwardingGraph] The following packet class reached destination at node 20.9.0.15.
21 [VeriFlow: :traverseForwardingGraph] PacketClass: [EquivalenceClass] dl_src (6-00:00:00:00:00:00, 281474976710655-ff:ff:ff:ff:ff:ff), dl_dst (1652522221583-01:80:c2:00:00:0f, 28
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&7~ traverseForwardingGraphiR#Eiaivisitedgunordered_set, B AE FRIEHESSH

F p-4/log - F S
File Edt Search View Document Help
600 [VeriFlow: : traverseForwardingGraph) The following packet class reached destination at node 20.0.8.25.
501 [VeriFlow: : traverseForwardingGraph] PacketClass: [EquivalenceClass] dl_src (0-00:00:00:00:00:00, 281474976710655-ff:ff:ff:ff:ff:ff), dl_dst (1652522221583

: : traverseForwardingGraph] Found a LOOP for the following packet class at node 20.8.8.25.

: :traverseForwardingGraph] Loop path is:
->20.0.0.1 -> 20.0.0.23 -> 20.0.0.22 -> 20.0.0.9 -> 20.0.0.16 -> 20.0.0.7 -> 20.0.0.25

: :traverseForwardingGraph] Found a LoOP for the following packet class at node 20.0.0.25.

6 : i traverseForwardingGraph] Loop path is:

‘1129 0.0.25 -> 20.0.0.1 -> 20.6.0.23 -> 20.0.8.22 -> 20.6.0.9 -> 20.0.0.16 -> 20.6.0.7 -> 20.6.0.25
612

513 [VeriFlow: : traverseForwardingGraph] Found a LOOP for the following packet class at node 20.0.0.25

[VeriFlow: : traverseForwardingGraph] Loop path is:
20.6.8.25 -> 20.6.0.1 -> 20.6.6.23 -> 20.0.06.22 -> 20.0.6.9 -> 20.0.8.16 -> 20.0.8.7 -> 20.8.0.25

[VeriFlow:
[VeriFlow:
) [VeriFlow: : traverseForwardingGraph] Loop path is:

-> 20.0.0.7 -> 20.0.0.16 -> 20.0.0.9 -> 20.0.0.22 -> 20.0.0.23 -> 20.0.0.1 -> 20.0.0.25

:traverseForwardingGraph] Found a LOOP for the following packet class at node 20.6.0.25.

3 [VeriFlow: : traverseForwardingGraph] Found a LOOP for the following packet class at node 20.0.0.25.

: :traverseForwardingGraph] Loop path is:
-> 20.0.0.7 -> 20.0.0.16 -> 20.6.0.9 -> 20.0.0.22 -> 20.0.0.23 -> 20.0.0.1 -> 20.0.0.25

: :traverseForwardingGraph] Found a LOOP for the following packet class at node 20.0.0.25.

: :traverseForwardingGraph] Loop path is:
63120.0.06.25 -> 20.6.0.7 -> 20.0.0.16 -> 20.0.0.9 -> 20.0.0.22 -> 20.0.6.23 -> 20.6.0.1 -> 20.0.0.25

. *E?E%H}E@A SHIFTED

traverseForwardingGraph] PacketClass: [EquivalenceClass] dl src (0-00:00:00:00:00:00, 281474976710655-ff:ff:ff:ff:ff:ff), dl dst

: :traverseForwardingGraph] PacketClass: [EquivalenceClass] dl _src (0-00:00:00:00:00:00, 281474976710655-ff:ff: ff:ff:ff.ff), dl dst

614 [VeriFlow: : traverseForwardingGraph] PacketClass: [EquivalenceClass] dl_src (0-00:00:00:00:00:00, i01474976710655-ff:ff:ff:ff:ff:ﬂ). dl_dst

traverseForwardingGraph] PacketClass: [EquivalenceClass] dl_src (0-00:00:00:00:00:00, 281474976710655-ff:ff:ff:ff:ff:ff), dl_dst

4 [veriFlow: : traverseForwardingGraph] PacketClass: [EquivalenceClass] dl src (0-00:00:00:00:00:00, 281474976710655-ff:ff:ff:ff:ff:ff), dl dst

traverseForwardingGraph] PacketClass: [EquivalenceClass] dl_src (0-00:00:00:00:00:00, 281474976710655-ff:ff:ff:ff:ff:ff), dl_dst

(0-00:00:00:0€

(1652522221582

(1652522221583

(0-00:00:00:0€

(1652522221582

(1652522221583

ECHUEARERETA14MINIREFN, A75EBobEE, MEMECERRIFRTI, XN141

B RENTCP/IPRTTEIE AT R ERER
TET. FEINERERAZFTEDROESL |, B ECHERE(

dn/exp-4/log "
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[

[veriFlow: :traverseForwardingGraph] The following packet class reached destinmation at node 20.6.0.25.
7 [VeriFlow::traverseForwardingGraph] PacketClass: mw src (19.0.8.0-10.0.8.255), nw dst (10.8.0.8-16.0.6.255), nw_proto(8-255), tp_src(@-65535),

[VeriFlow: :traverseForwardingGraph] The following packet class reached destination at node 20.6.0.25.
[VeriFlow: : traverseForwardingGraph] PacketClass: nw _src (16.0.8.0-10.6.8.255), nw dst (10.8.0.8-10.0.8.255), nw_proto(8-255), tp _src(8-65535),

[VeriFlow: - traverseForwardingGraph] The following packet class reached destination at node 20.6.6.25.
[VeriFlow: :traverseforwardingGraph] PacketClass: mw_src (18.0.9.0-18.8.8.255), nw dst (10.6.8.06-18.8.8.255), nw_proto(8-255), tp_src(8-65535),

[VeriFlow: : traverseForwardingGraph] Found a LOOP for the following packet class at node 20.6.8

6 [VeraFlow: :traverseForwardingGraph] PacketClass: mw src (18.0.6.6-10.6.6.255), mw dst (10.6.0. e 1e 0.0.255), nw_proto(8-255), tp_src(8-65535)
[VeriFlow: :traverseForwardingGraph] Loop path is:

20.8.0.25 -> 20.0.6.1 -> 20.0.8.23 -> 20.0.0.22 -> 20.8.0.9 -> 20.8.0.16 -> 20.0.0.7 -> 20.0.8.25

::traverseForwardingGraph] Found a LOOP for the following packet class at node 20.0.0.25.

raverseForwardingGraph] Packet(lass: nw src (10.0.0.0-10.0.0.255), nw _dst (10.0.0.0-10.0.8.255), nw_proto(8-255), tp_src(0-65535)
2 [VeriFlow::traverseForwardingGraph] Loop path is:

20.0.0.25 -> 20.0.0.1 -> 20.0.0.23 -> 20.0.6.22 -> 20.0.0.9 -> 20.0.0.16 -> 20.0.0.7 -> 20.9.0.25

[VeriFlow: :traverseForwardingGraph] Found a LOOP for the following packet class at node 26.6.8.25.
[VeriFlow: :traverseForwardingGraph] PacketClass: nmw_src (16.0.6.0-10.0.0.255), nw dst (10.9.0.6-10.0.0.255), nw_proto(9-255), tp src(8-65535),
[VeriFlow: : traverseForwardingGraph] Loop path is:

20.6.0.25 -> 20.0.6.1 -> 26.0.6.23 -> 26.6.0.22 -> 20.5.0.3 -> 20.6.0.16 -> 20.0.0.7 -> 20.0.6.25

[VeriFlow: : traverseForwardingGraph] Found a LOOP for the following packet class at node 20.6.0.25.

[VeriFlow: : traverseForwardingGraph] PacketClass: me_src (18.0.8.0-16.6.8.255), me_dst (10.8.0.8-1.0.8.255), mw_proto(8-255), tp_src(8-65535),
[VeriFlow: :traverseForwardingGraph] Loop path is:

20.8.0.25 -> 20.0.8.7 -> 26.0.6.16 -> 20.0.8.9 -> 20.0.0.22 -> 20.6.0.23 -> 20.0.0.1 -> 20.0.8.25

[VeriFlow:: traverseForwardingGraph] Found a LOOP for the following packet class at node 20.6.8.25.
raverseForwardingGraph] PacketClass: nw src (18. .0-10.0.0.255), nw dst (10.6.0.0-10.0.8.255), nw proto(8-255), tp src(0-65535),

::traverseForwardingGraph] Loop path is:
20.9.8.25 -> 20.0.6.7 -> 20.0.0.16 -> 20.6.6.9 -> 20.0.0.22 -> 20.8.0.23 -> 20.6.0.1 -> 20.0.0.25

raverseForwardingGraph] Found a LOOP for the following packet class at node 20.8.6.25.

raverseForwardingGraph] PacketClass: mw_src (18.0.8.9-10.0.8.255), m¢ dst (10.8.6.6-10.8.8.255), nw_proto(8-255), tp_src(8-65535),
[veriFlow: :traverseForwardingGraph] Loop path is:

20.0.0.25 -> 20.0.6.7 -> 26.0.6.16 -> 20.0.0.9 -> 20.0.0.22 -> 20.6.0.23 -> 20.0.0.1 -> 20.0.0.25

o OHTRIRIBSHN TRIEIXE, BEAAFERNNT

NN T ZJE, Tﬁ%Ll'an%EE%I\Tﬂ%ESZE’\JSZ#W{E, ZaBH. (#&r: FJLUL

tp_dst(0-65535)

tp_dst(8-65535)

tp_dst(8-65535)

. tp dstl8-65535)

, tp_dst(0-65535)

tp_dst(9-65535)

tp_dst(0-65535)

tp dstl0-65535)

tp_dst(8-65535)

BEITARFTHN

TE’\JVeriFIOWﬁ:ﬁ%, BHEHER ST PRISERITIR, BEE git diff BRAUEIENHA

&, BHITHTRIRR)

git diff HEAD origin/HEAD
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1. veriflow RYIIEREAAFEELE WS A FHISCAFIERK, (RATLAZIARXS veri f1ow {FHEHEL

RHFRYIIETSE, IBFHSINEE,

2. veriflow RIETIIRISHRATT, AESHBHEIRT veri f1ow NABSERR EFE—L4H TS RIRE
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BT
. HiRE

SKFH Internet2 BURENIE veriflow FOMERE, IZEUBEILBI NN, BT _EXLI80005%%
KN, 3 Internet2_topo.py .

o NE—FHNANZITAIIE

veriFlow.cpp FHI verifyrule) BREl, FARWIE—RZAMNEESS R, BRFER. HPEH
updateTime . packetClassSearchTime. graphBuildTime. queryTime [QPMEE, 53HCR
veriflow EIF—E MU FZF NN ERBIARRY, B 2us. IIMEIEMEINHEIGIE—R&AN AR
Hjo

s EITER (RRES—)

BRIRZAIHNRNBRECE T, HESELUTER:

# 1. R E S DT B TR gE, 81T s )T
ryu-manager ofctl_rest.py shortest_path.py --ofp-tcp-Tisten-port 1024 --observe-
Tinks

# 2. B&irveriFlowproxyfi=

veriFlowr]proxy=mcmdig A

VeriFlow <veriflow_port> <controller_address> <controller_port> <topology_file>
<log_file>

A R A 4ig47veri Flowlproxy it

./VeriFlow 6633 127.0.0.1 1024 Internet2_topo.txt log_file.txt

(Internet2_topo. txt#EFiHEVeriFlow. off— /£ )

# 3. JAgiRdh
sudo python Internet2_topo.py

# 4. RN
mininet> sudo python i2_rule.py

# 5. WS

o IBASHEEEN (FHRESD)
B0 veriflow. cpp FERAZRE faults FiHHIERIFMSEE, BLFRCBHRS faults RIEHT
BB, (REEEMERE] faults FENEAR— M AIERIEIE. (RITLURIES CRIEREN
X faults ROBEFHLE], BRTLABITIREABAREMATEE (BSHE) .
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o VeriFlow TERFERIRES®E VeriFlow AT H

e VeriFlowt8Xie3Z, [CHRASESENSDI'3 SV ik
o BEZEITHNTIEXNGSIESEgit-am

o WMRIGUFEFIS delta-net , AJLASE IS MiE



af://n62
af://n80
https://github.com/samueljero/BEADS/tree/master/veriflow
https://www.usenix.org/conference/nsdi13/technical-sessions/presentation/khurshid
https://git-scm.com/docs/git-am
https://www.usenix.org/conference/nsdi17/technical-sessions/presentation/horn-alex
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