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FlowSpace: Maps Packets to Slices

TCP port#

Slice 2
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Flowspaces

"#SM51:,)

P P Trans | Trans

Write Slice DPID Equipment Priority | In Port VLAN Src MAC Dst MAC Ethertype Sec P Dst P Protocol | yog [ Src Dst
Number Port Port

CcPQD cB8:08:17:f4:4b:82:00 of-noc 500 17,18,18,30 172.31.0.0M16 Nene Nore | Nane | None
CPQD c8:08:17:f4:4b:82:00 of-noc 500 17,18,15,30 10.0.0.0124 Necne None [None | None
cPQD cB8:08:17:f4:4b:82:00 of-noc 500 17,18,15,30 20.0.0.0/24 Ncne Nore [Nane |Nane
cPQD c8:08:17:f4:4b:82:00 of-noc 500 17,18,19,30 30.0.0.0/24 Nene None | None | None
cPQD c8:08:17:f4:4b:82:00 of-noc 500 17,18,18,30 40.0.0.0./24 Nene Nore | None | None
CPQD c8:08:17:f4:4b:82:00 of-noc 500 17,18,15,30 50.0.0.0/24 Necne Nore [None | None
cPQD 00:00:00:00:00:00:00:11 | of-dnoc-227 500 £1,62 172.31.0.0M16 Nene Nore |Nane | None
CPQD 00:00:00:00:00:00:00:11 | of-dnoc-227 500 £1,62 10.0.0.0124 Necne Nore [None | None
cPQD 00:00:00:00:00:00:00:11 | of-dnoc-227 500 £1,52 20.0.0.0/24 Ncne Nore [Nane | Nane
cPQD 00:00:00:00:00:00:00:11 | of-dnoc-227 500 £1,62 30.0.0.0/24 Nene None | None | None
cPQD 00:00:00:00:00:00:00:11 | of-dnoc-227 500 £1,62 40.0.0.0./24 Nene Nore | None | None
CPaD 00:00:00:00:00:00:00:11 | of-dnoc-227 500 51,62 50.0.0.0024 Ncoe Nore [None | None
CcPQD 00:00:00:00:00:00:00:12 | of-dnoc-1214 | 500 49,560,651 172.31.0.0M16 Nene Nore | None | None
cPaD 00:00:00:00:00:00:00:12 | of-dnoc-1214 | 500 49,560,651 10.0.0.0124 Ncoe None [None | None
cPQD 00:00:00:00:00:00:00:12 | of-dnoc-1214 | 500 49,650,561 20.0.0.0/24 Ncne Nore [Nane | None
cPQD 00:00:00:00:00:00:00:12 | of-dnoc-1214 | 500 49,560,561 30.0.0.0./24 Nene None | None | None
cPaD 00:00:00:00:00:00:00:12 | of-dnoc-1214 | 500 49,560,561 40.0.00./24 Nene Nore | None | None
CPaD 00:00:00:00:00:00:00:12 | of-dnoc-1214 | 500 49,560,561 50.0.0.0024 Ncoe Nare | None | None
CcPQD 00:00:00:00:00:00:00:13 | of-dnoc-2637 500 3565150 172.31.0.0M18 Nene Nore | None | None
CPQD 00:00:00:00:00:00:00:13 | of-dnoc-2637 | 500 356,561,500 10.0.0.0124 Ncoe None [None | None
cPQaD 00:00:00:00:00:00:00:13 | of-dnoc-2637 | 500 3565150 20.0.0.0/24 Ncne Nore [None | None
cPQD 00:00:00:00:00:00:00:13 | of-dnoc-2637 500 3565150 40.0.0.0./24 Neone Nore | None | None
cPQD 00:00:00:00:00:00:00:13 | of-dnoc-2637 | 500 3565150 50.0.0024 Ncne Nore [None | None
12-NOX c8:08:17:f4:4b:82:00 of-noc 400 18,1925 | 1327,2008-2912 Ncne None [Nane | None
12-NOX c8:08:17:f4:4b:82:00 of-noc 400 43 1327 Nene Nore [None | None
12-NOX 00:00:00:00:00:00:00:13 | of-dnoc-2637 | 400 251,50 1327,2908-2312 Ncoe None [None | None
12-NOX 00:00:00:00:00:00:00:12 | of-dnoc-1214 | 400 2,40,51,52 |1327,2008-2312 Ncne None |Nane | Nane




"#$SM51:, )LCH4.XN)

of-dnoc-

Clemson 0e:83:00:23:47:4b:2f:80 5507-vian3715 2000 10142 Nene Nore | None | None
Clomson | Oe:84:00:23:47:4b:2¢:80 | Se o7 (2000 10142 Neoe  |Nore [None |None
Clomson | 0e:84:00:23:47:4b:21:80 | 279N 2000 10.43.100.024 Neooe  |None [None |None
5507-vian3716
Clomson | 00:9:00:23:47:4b:2f:80 | °7 9N 2000 10.43.100.024 Neoe  |Nore [Nooe |None
5507-vian233
Clomson | 0e:83:00:23:47:4b:25:80 | °7 9N 2000 10.43.100.0:24 None  |Nore |None |Nane
5507-vian3715
Clemson | 00:e9:00:23:47:4b:2f:80 ;;-:;::;nzn 2000 10144 Ncae Nore [None |Nane
iICAR 00:00:00:00:00:00:00:13 | of-dnoc-2637 300 4.51 10.37.15.0/24 Ncoe Nore | Nane | None
ESNet cB8:08:17:f4:4b:82:00 of-noc 100 17,42 00:02:C3:10:F1:AC Nene Nore | None | None
ESNet c8:08:17:f4:4b:82:00 of-noc 100 17,42 00:02:C8:10-F1:AC Ncoe None [None | None
Clemson c8:08:17:f4:4b:82:00 of-noc 2000 | 2041 10142 Necne Nore [None | None
iICAR c8:08:17:f4:4b:82:00 of-noc 300 19,41 10.37.15.024 Ncone None [None | None
ESNet cB8:08:17:f4:4b:82:00 of-noc 100 17,42 152.160.140.1/24 Ncne None [Nane | None
ESNet c8:08:17:f4:4b:82:00 of-noc 100 17,42 152.168.140.1/24 | Nene None | None | None
SARA c8:08:17:f4:4b:82:00 of-noc 800 17,31 5074 Nene Nore |None | None
Clemson c8:08:17:f4:4b:82:00 of-noc 2000 | 2041 10.42.100.0/24 Ncoe None | Nane | None
ESNet 00:00:00:00:00:00:00:11 | of-dnoc-227 100 49,62 00:02:C8:10:F1:BE Necne Nore [Nane | None
ESNet 00:00:00:00:00:00:00:11 | of-dnoc-227 100 49,52 00:02:C8:10:F1:BE Necne Nore [Nane | None
ESNet 00:00:00:00:00:00:00:11 | of-dnoc-227 100 49,52 182.160.140.2/24 Ncne Nare |Nane | Nane
ESNet 00:00:00:00:00:00:00:11 | of-dnoc-227 100 49 62 182.168.140.2/24 | None Nore | None | None
SARA 00:00:00:00:00:00:00:11 | of-dnoc-227 800 350,52 5074 Nene Nore |None | None
1U-100G 00:00:00:00:00:00:00:13 | of-dnoc-2637 |50 51,53 AC:7C:FFOD:53:02 Necne None [Nane | None
1U-100G 00:00:00:00:00:00:00:13 | of-dnoc-2637 |50 51,53 8C:7C:FF10:0E:02 Nene Nore | None | None
1U-100G 00:00:00:00:00:00:00:13 | of-dnoc-2637 |50 £1,53 8c:7c:ff0e:06:02 Necoe None [None | None
1U-100G 00:00:00:00:00:00:00:13 | of-dnoc-2637 |50 51,53 8c:7c:f0d:e7:02 Ncoe Nore |Nane | Nane
1U-100G c8:08:17:f4:4b:82:00 of-noc 50 19,44 AC:7C:FFOD:63:02 Necone None [Nane | None
1U-100G cB8:08:17:f4:4b:82:00 of-noc 50 19,44 8C:7C:FF:10:0E:02 Nene Nore | None | None
1U-100G c8:08:17:f4:4b:82:00 of-noc 50 19,44 8c:7c:ff0e:06:02 Ncoe None [None | None
1U-100G c8:08:17:f4:4b:82:00 of-noc 50 19,44 8c:7c:ff0d:e7:02 Ncoe Nore [None | None
IU-LB_of-noc | cB:08:17:f4:4b:82:00 of-noc 700 41,63 00:26:09:50:20:86 Neone None [None | None




"#$%& HM" &:&48)[#"&:G)

« 19%)&4.,(:,5.)*)D,"18,");(#D)>,+&:,"))

— 106)#4"G)",4>"):#4.(#")5"14,)D,"18,").#).=, )M"&:,)
#HA.(#",0&;).2,Y: )>,+&:,)&)&4).=,)M"&:,) SHS5#"#8(

- ,$5(&.,)*);,1.0(,)4,8#313#4)D,"18,")'#).=,)
&) #HA.(#",0#4"G)',,).=,)5#(.N&4)&.[)"&:,)

— #(.)05?>#%$4)D,"18,")1(,)5(04,>)14>)#4"G)
H#($1(>,>).4)1b,..,>)"&:,")

i

-
--

GlobalNOC

'

“INCNTRE



"H#$%& HM" &:&48)[#"&:G)

¢ 190)&4.,(:,5.)*NYD,"18,");(#D):#4.(#",()
— B(&.)HS)EA (3HA)T," 3HA)Y)BH>&W: 13HA')'H)
=, G)>HAL)+&H#"L.).=,)"&:,)>, WA&3HA)
. I"#$)> WA&3#4)C),IX)0&DE&.)CHA.(#").#)FSS]).(1@:)#4"G)
. 1:3#4)C),JX)0&D&.):#($1(>&48) H)HA"G)5#(.)&4).=,)"&:,)
_ aJ514>)l #$)(0",)&4.#)D0"35" )(0",").#)W.)5#"&:G)
"#$)> WA&3#4)C),IX)E;).=,(,)&)1)5#"&:G):#()d#=4[')FSS]).(:

14>)14#.=,():#0S,[ )FSS)).(1@:)!1%)$#0">),J514>)1)
848" )(0"))&4.,4>,>) #):#4.(#")1")FSS]).(1@:)&4.#)Q)(0",'X)

. 1:3#4')c),JX)_0",)1:3#4)&'),4>)#0.)1")5#(.'X)1%)$&"):(,1.,)
#4.)(0")):#(),1:=)5#(.)&4).=,)"&:,X)
0(4)61:3#4)&)84+1"8>9),((#()&:).(G&AB) #) #4.(#")

5#()#0 '&>)#;).=,)"&:,) -__%

._‘|!“1CNTRE Glok;alNOC



1%CSO)

e +:.")&).2,):"&)0',>).H):#4.(#")1)(044848)
&4' 14: Y NHS+& HIL#+,()RBO_]CN)

o HUNBL1U$S AW e? VHSHEHR+51"S> )
#DD14>)f1(8'gh)

. +:.."):#DD14>)fL(8'gh)

'

i

-
--

GlobalNOC

/

“INCNTRE



Z)+..".(,1.,M"&:,)

o M5,:&W,)1):#4.(#" (?"&:,)
— )1, M8 &, 41D, Z2)iz#A. (#,(O(" 2)
,D1&"2)
o HA.(H" (O(" )e):5 ki&FL>>(,"ZKi5#(.)UZ)
— 0 )(, 1., M8 )1&414:,7,5. ).:5KPIXIXIXIkmmnn)
<#<0W414:,X,J1D5",X,>0

<INCNTRE GlobalNOC



Z)+:.8,.M"&: E4W

« 70D5"Y&4:#(D13#4)1<#0.).=))"&:,)
— #4.(#",(5%#(. emmnn)
— #HA.(#",(=#'.41D, ePpgXQQPXQQnXPIn)
—:(,1.#(e ;+1>D&%
—#4.1:..],D1&" e<#<0,J1D5",X,>0)

'

i

-
--

<INCNTRE GiobalNOC



Z)+..").=148,M"&),

- a>&.)1)"&:,)1r(&<0.,'k)
— #4.(#",(5%#(. emmnn)
— #4.(#",(j=#'.41D, ePpgXQQPXQOnXPIn)
—:(,1.#(e ;+1>D&%
—#4.1:.|,D1&"e G#00,J1D5",X,>0)

- aJ1D5",'k)
—;+:..")=148,M"&)j "'&:,41D, 2)i/,GZ)i+1"0,2)
—;+..")=148 , M"& )& CIEL#4.(#",(J5#(. )mmp_g)__

<InCNTRE

GlobalNOC



Z)+."Y & M8,

.+ "&').2)"&:,).=1.)=1+)<,,4):(,1.,>)
- M"&)akgCIE_
— M"&)PK)C]s7)
- M"&)QIK)" D'#4)
— M"&)nK)EQ"-*R)
— M"&)pk)EMNj#; M)
— M"&)IK)EA*Pqqt)
— M"&mK)MI_I)
- M"&uikaM-,.)
— M"&)vk)+1>D&N

<INCNTRE

'

i

-
--

GlobalNOC



Z)+.">",. ,M"&:)

e 7,"..)1)"&: \)14>).=,)" & ["):#((,'5#4>8&48)
V#$'51:, )
—+.">" MY&:)aM-, . )

'

i

-
--

GlobalNOC

/

“INCNTRE



Z)+.")'&'.7,+&:,")

o O&")7]IET)#;)1"™):#44,..,>)*5,41"#$)>,+&:,")
)7,+&:,)qk)qgkq1kQ:kQuk>ukumk,1kvq)

)

‘-
i - Y
----'_=
--h
—

/

INCNTRE GlobalNOC



Z)+:."8,.084/)

o O&')5#(.)U)14>)7TIET)#;)<#.=),4>")#;),1.=)"&4/)

Mg,
s ¥
e

5
A -
=N GlobalNOC
‘ ‘ Global Research Network Operations Center



Z)+:."1>>1"#EM51:)

 E4',()IV#$'51:, )(0")

—+.")1>>I"HEMS1: )i >5&2)15(&#(&.GZ2)ID1..=27)
i1:3#4'7)

—+."1>>1"#$M51: ) ggk:vkgvkPuk; pkp<kvQkqqg)Pqc
&415#(eQO"&: . kaM-ep)

i

-
--

GlobalNOC

'

“INCNTRE



>5&)

« A4&HO0,)7]E7)
— ggkqgkggkQnkPgknlk:,k1l)
— )F]))%OI-kBICAI 77 _aMM)
* %0I-)Pg))ggkglkQ:kQuk>ukumk,1kvq)
* %01-)QQq)"N)qgkPpkQ:kQuk>ukumk,1kvq))
* %0I-)ng)N)qgkP,kQ:kQuk>ukumk,1kvq)
* %0I1-)pq)™N)agkQvkQ:kQuk>ukumk,1kvq)
¢ K&">:1(>)7]E7)
— bkbkbkbkbkbj)614G9)#()61""9)

SINCNTRE

Mg,
-'*

- 3
-- —m.‘ =
—

GlobaINOC



5(&#(&..G)

o 1"#$)),4.(&,))1(,)#(.,>)<G)] E* ESw)L=&8=)
40D<,()&")=&8=,()5(&#(&.GN)14>)#4"G).=,)=&
5(&#(&.G)D1..=,>)&"):#4'&>,(,>X)))

e (&#(&3,)1(,)14G)5#'&3+,)&4.,8,()&4).=,)(148,
fgkQxnPh)

Mg,

- - ange
L mE e
-m-‘l

<INCNTRE GlobalNOC



D1.:=)

« 1"#$)51:/,.)D1.:=)W,">")

— in_porteb#(.j4#)

— dl_vlanet+"14

— dIl_srcdl_dsteD1:)

— nw_src’ hw_dste&5?4,.D1'/ h)

— nw_protoe5(#.#)

— nw_tose.# 2>'.5)

— tp_srcp_dste5#(.) N
INENTRE GlobalNOC



1:3#4")

o CHDD1N 51(L1.,>)"&" ) "&:,)$&.=):#4. (#")
5,(D&"&#4"V#+, ()D1.:=&48HS'51:, )
. 1,(D&"&#4")

- 7,",81.,eP)
— ,1>eQ)
— K(&.,ep)
o alX)"&: KEAGD\B#4&.#(eQ)
<INCNTRE GlobalNOC



Z)+:."Y' & "HEM5 1)

+ 70D5")1)"&".)#;).= Y#$M51:,)(0",\)D1.:=&48K)
—"&' I"#$'M51:)))
« (0"))UK)P5&2\i (0",B1.:= 2\i 1:3#408&2\i&>2\i5(&#(&.GZ)
— >5&efqgkqakagkqakagkqakagkPnh)
— (0",B1.:= ef*IB1..= {&4j5#(eln\>"]'(:ev:ku:kbkg>k,ukqQhh)
— 1.3#4'0&'efM"&: , KEA™PqQqteph)
— &>efmQyunh)
— 5(&#(&.Geflgh)

R
-'£l
- --—'_.-
--%
e

-.‘I!]CNTRE GlobalNOC



Z)+:."):=148,I"#$M51:,)

. C=148,)14),J&'348%$M51:,)(0",)
— 4+ "):=148,1"#SM51:, )i&>ZP5&2)i5(&#(&.GZ)
iD1.:=2)i1:3#4'Z)

o ;+:..").=148,!"#$M51:, ) mQyun)ggkggkggkggkggkggkqggk
Iq) &4)5#(eln)M"&: . KEAMPqQqtep)

<INCNTRE GlobalNOC



Z)+:."), D#+,1"#SM51:, )

o D#+,)14),J&'348)"#$M51:,)(0",)
—+..")(,D#+,1"#SM51:, )i&>2Z)
o +..")(,D#+"#SM51:, )mQyun)

i

-
--

GlobalNOC

'

<InCNTRE



Z):#D5",.))"&" ) +:."):#DD14>")

*) "&.M"&))
°) :(,1.,M"&:,)i "&:,41D, Z)
| #4.(#™,(0(" 2)1,D1&"2)
) :=148,M"&)i "&:,41D, 2)i/,GZ)
|+1 O Z)
) >, M"&:,)i"&:,41D, Z)
) ::148,]1"$> )i "&:,41D, Z)
) 8,M"&:,E4)}#"&:,41D, Z)
) 8,M"&,M.1)I"&:,41D, Z)
) 8,.M$&.:=M.1)i >5&2)
) 8,.MP&..=I"#F7 )i >5&2)
)

8, M"&:;, ,$(&.,7)i"&:,41D, 2)
| >5&2)

«) "&.I"#$M51:))
) (,D#+,"#$M51:, )i&>Z)

TINCNTRE

)
) 8,
.) 8,
- ) 5&48)D'87)
) 8,
)

) 1>>1"#$M51:)i >5&3)i5(&#(&.GZ)
ID1.:=2)i1:3#4'Z)
) =148,I"#3M51:,)i&>Z)P5&2)
i5(&#(&.GZ)iD1.:=2)i1:3#4'7)
"&'.7,+&:,"))
1,+&:,E4;:8i >5&2)
.0&4/))

CHAWE :#4W8a4.(B)
' .CHAWSi :#4W8ad.(B)i+1"0,2)

) (8&.(C1™<1:)iA OZ)

iD,.=#>-1D, 2)I##1&,2)

) (,8&.,(SH5##8Ga+,4.C1™<):/

iA_OZ)D,.=#>-1D, 2)i+4.SG5,2)

) >,(8&.,(S#5#"#8Ga+,4.C1"'<1)/

ID,.=#>7)i ,+,4.5G5,Z2) -3,

+) 04(8&.,(Cl™<L))

GlobalNOC



#3908, H]

. 88):"#4,)88k?8& #'&'X . 14;#(>X,20
VH$+&'#(X9&..

o =r5'k??2%5,4VASX .14, #(>X,>0>&'5"1G?7*CM?
E4'.1"13#4zt0&3,

L
-'in
e
--h
=

<INCNTRE GiobalNOC



aJ5,>&,4.)?)*5./"E4)D1418,()

. M#T$1(,).#)3,):1D50")*5,41"#$ )
> 5"#GD,4.").#)ta-EX)

o I"'#$)188(,81.,)](#+&>,()LC1D50'N).#)D1/,)
1)6"&+,(9)#:)1)'$&.:=)1+1&"1<")).#)(,, 1(:=,()

* E4.,8(1.,)$&.=)'#$+&'#()RBO_]C)&4.,(;1:))
14>)ta-E)l)&4;(1'.(0:.0(,)

— =ISK?BEIXHS, AVHS P& .= X#(B# P&/ & <&A?+& FR4A"#S$ ?7,5"#GD,4.?
F*KS*? |(#>0:3#4M,.057E4".1""'&48aJ5,>&,4.*EB

'

i

-
--

GlobalNOC

/

“INCNTRE



1*1B)

o I"#$%&'H#|[*5,4!"#$)I88(,81.,)B1418,()
— 5"1:,).=,)IB)14>)*EB)51(.)#:)al5,>&,4.)
— ta-E)IB)I|E)&4.,(:1:,):#(),J5,(&D,4.,(")
— dM*)I|E)&4.,(;1:,):#()D1418,D,4.)
— #1D:."):#DD14>M"84,)&4.,(:1:,).4#).=,)dM*-)[]E)

i

-
--

GlobalNOC

'

<InCNTRE



"#$9%& #(O1<)P)

E4' ()"#$%&'H#I<,.$,,4)C#4.(#"",()
14>)M3P&..=)

- o,
o e
-

GlobalNOC

Global Research Network Operations Center

<InCNTRE



configure FlowVisor to connect to NOX

Switch 1
10 vLAN30 |[ vLAN40 FlowVisor
h-i I || . = [+ 1= 10.101.1.61

Switch 2

:llz;lozlh-iru-u

Switch 3

_1\4'1\? |1|°' (I |I#MIIIEH:

Switch 4

FlowVisor
10.101.1.62

FlowVisor
10.101.1.63

FlowVisor NOX
10.101.1.64 10.101.1.54

VM Server
—

vLAN 10 vLAN 20 vLAN 30 vLAN 40
I | N N N N N N N
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Extends each hub to each team's switch.

OF OF
Switch Switch
| | N | I | N 0 [ Y
— ?
FlowVisor
FlowVisor
OpenFlow
Controller

OpenFlow
Controller

OpenFlow
Controller

FlowVisor

OpenFlow
Controller

FlowVisor
OF OF
Switch Switch
N ([ . N | | N N | | o




create a 12 port distributed hub using NOX

Switch 1
I's : expose sw-1 ports 1,2,3,23,24
VLAN10 || VLAN20 | VLAN30 || VLAN40 FlowVisor
h-i [ e 10.101.1.61
Switch 2
f B
VLAN10 | vLAN20 | VLAN30 || VLAN 40 \
L S \ FlowVisor
10.101.1.62
Switch 3
h
VLAN10 | VLAN20 || VLAN30 || VLAN40 \
EN [ o] o ] =]
\ FlowVisor
Switch 4 10.101.1.63
VLAN10 | vLAN20 |[ vLAN30 | VvLAN40
4"5"6 7||a"9 10"11“12 \
Q
. $
\ FlowVisor NOX
10.101.1.64 > 10.101.1.54
VM Server
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Extends each hub to each team's switch.

OF
Switch

*

FlowVisor

OF
Switch

—_—

FlowVisor

OpenFlow
Controller -
—

— |

OpenFlow
Controller

OpenFlow
Controller
FlowVisor
OF
Switch
N 5 | o | s | |

I FlowVisor
OpenFlow
Controller
OF
Switch
OO e 1




Flow Table for three port distributed repeater

Header Fields Actions
(to match packets against) (what to do with packets that match)

Ingress Port == 1? Forward Port 2

Forward Port 3

Forward Port 23 *

Forward Port 24 *

End

* When forwarding packets via tagged interfaces, the HP automatically adds the appropriate vLAN tag.

vLAN 10 20,30 40 VLAN 10.20,30 40
Port 23 Port 24
tagged tagged

Switch1 10 010 1

VvLAN <0
Porta 10,11,12
untagged
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