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Wprowadzenie
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Zastosowanie SDN 1: Badania Internetu
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Debugery OpenFlow Kolejnym elementem cyklu rozwoju aplikacji siecioveef@w jest debugger.
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OSGi: inicjatywa Open Services Gateway (Open Services Gateway)

OVS: OpenVSwitch
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GEN-FILTER-TABLE (rr)

1. foreach sub in ri_subTable
2. sre_set. ADD(Eub)
3. foreach dst_rt in routers
4. ifdst_rt==rt
5. continue
6. foreach dst in dst_rrsubTable

rt_entrysrt.rt Table FIND-DST{der)

. if rt_entrwefType == REMOTE
4 ne—rtnbrTable FINDHro_entrv.nexchop)
100, COM-NEXT-ROUTER (n.rt, src_set, dst, n.nbe_if])

COM-NEXT-ROUTER (rt, src_set, dst, ifindex)

L rt ADD-FILTER-ENTRIES(src_set, dst, ifindex)

2. ri_entry—rt.riTable FIND-DSTidst)

3. rt_entryedType == REMOTE

4. me—rtabrTable FIND{rt_entrynexthop)

5. COM-NEXT-ROUTER{n.rt, sec_set, dst, n.nbr_if)

I TtTOA26S 20t A0TFYyAS 2 CiNORXOYDY S22 yRRIH SWVS Y {IbGra /
L20ASNI YAl LISOyeOK GFoSt A 206t AO0TFYALF GFoSt FAL
geYAls6 NBIdzO FAEUNRGFIYALIS LIRYASgEd 1ddatAllr o2
powiadamiania of YAl yI OK NRdziAy3ddz dzR2aidt LWYyAlySe LINJ SI
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yI22RLI2gASRyASz2ali @ Y2YSyi NETLJQOT t OAF NXzyRe OIt1
0S8 T YALFYLlF (2LRf23AA &ASOA 4 §AS Yy ININRIZGHISNG 61T LPHG |5 NS
g atz2adzy1262 {NsG1AY OI&aASed az0S8ye 11 GSY dzNUHzOK 2
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nsYPOKIF ya3Sa LINI ST Lbe¢ow+![welLa9 ¢ alLlRraso OANIVEEX
TOASNIYyALF | 1ddzr t ATIFO2A A NRILROIT &yl o6t2126FyAS

obliczania.2 2 LJ NODAdz 2 | {dGdzrt AT Oat NRYWAWIAa:r {f1AH LINR 2N\EH
Ff32NBGYdz OTt1 0A26S532 206tA0TFYyAl 6 OStdz 3ISySNe
Ff 32NRBGYdz OTt1 OA26S5S32 20t A0 YAl 2Said G2z dS 1Y
R2RIFgl yAS fdz dzadzsl yAS @ LAY & NINRIA dey 3 dzg 16 @zl il
LR ANT I yeOK LI RNSENEa2DPEYSE BNE BUA| dzLIA 6O RIAT i s NB G
G2 R2Ge0lex A 20tA01T @06 R2RIYyS fdzm dzadzyAt (iS gLIAAR



UPDATE-FILTER-TABLE (rr)

1. foreach rr_add in rert_updates_add
2. dste—rr_add.dst
forcach src in rsubTable
s SEC .\L'[.."L[J]]‘i-.-u-.:'
5 foreach £ in rtfilterTable

[i% if fdst == dst
7. arg_set. AL src)

£ ne—rt.nbfTable FIND{re_add nexthap)

9. COM-NEXT-ROUTER (n.rt, src_set, dst, n.nbe_if})
10. foreach re_del in re.rt_updates_del

11, dsterr_del.dst

12, nerrabfTable FIND(rr_add nexchop)

13, foreach fin n.obr_reflerTable

14, if fdst == dst &8 fin_if == n.nbe_if

15. are scr..\]}[J{r'.-u‘.-

16, n. nbr_re DELETE-FILTER-ENTEYTf)

17, nnbrepnbr_re FIND(dsr)

15, NEXT-ROUTER-DELETE {nnbr.rt, src_sct, dst)

NEXT-ROUTER-DELETE (rt, src_set, dst)

1. foreach aee in src_set

2 foreach fin rtfileerTable

3. iff‘..‘\-.{ == &r¢ SO :...I.I..'\-[ == -.l.-r

4 rt DELETE-FILTER-ENTREYf)

5. re_entrys—rtrfTable FINI-DST(dse)

6. if rt_entryrclype == REMOTE

7. nereonbrTable FINDNre_entry.nexthop)

& NEXT-ROUTER-DELETE {n.rt, sec_ser, dst)
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2LIAadzzSye Gef12 Fft3I2NRGY FQldGdzr et ATFO2A TYALY g (il
t2Nb oy yAS RgsOK fA2NRGYsged 2 (NrReOeayey /tC
obliczeniowy jest uruchamiany okresowo. Teraz przeanalizuin@2 02y 21 6 LSOy S3z2 |
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Y20S 2y 6 NITAS LIRGNI Soe dzNUHzOK2YAS 2SReyaAS Oftl(
TYAFYEF (2LRt23AA aASOA A d8S /tcC 2GNJ @YD égLAE |
2SRyeyY Rfl 11 8RR2RI MR dzi SERyS IR LINBFA{ adz Ay idSNF
FAEGNRGI YyALF ST (NI (1ildzecmee 22221302 0RPNBRO2 NEpazNBE O &
Z " m,= " T
NEFALlA56 RAGO® ¢NIldGdend 3 2 2 sygaade xSt
rekurencyjn@ T I OT @yl 2nd 2R (| FARSNRINKY NI A 6NB IS NN ¥
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FaLlS1aezr OFLO126AGE T0202y2106 Ff3IA2NRBGYdz OTt1 OA26
wynosio(nmit 2 Nk 6y dz2nRO 206 | f IBBEGYBGINRPREYE2YV R dHL B8 &
Ot RTAS 12al G260 20yYu0 6 (1FO0REY AYyGSNBIES 2RLR
dzf S30F TYAFLYAS® WSRyIF]l 6 Ly{!+h yIFI2LASNYG gel2ydze
tylko pootrzymg A dz  { GdzZt £t AT O2A® DReé yAS YI TYALY ¢ (2L
LINE OS&a2N} yAd (NI ReOeézaye /tCd bl gSi 6 LINI &Ll R]dz
0t RTAS 12ail (2616 hoyYoX Geéetl12 o¢GSResABRET SGSYH

m [ _Olinm'-'}

nm=

polling interval time O 12m)

]L)/{!J_rh ot RTAS geYl3rovz TylFLOlyAS &
0N ReOecye /tCd aAayYz2 G2z ¢ G111 yASadloAtySe aa
3SYySNBglyeaOK LINI ST GN}XReOecye /tC oceopeRE2y2NRAR
FALEGNRGFYALFD® . A2NNO LIRR dzol It dzoedOAS LINROSa2NI

Ly{!+h 2S8Sad TyFrOlyAaS tSLBAIS yAd (N} ReOeaye /tC
hLlSyCt26d b2ge | t3I2NBGY 3 Slowdabe)ala yoltingu i filtrovéafiash  LINJ S
Ly{!+h (2 alLR&aso Yyl R2RIFIYAS TFdzy10O02iA 4+t ARIO2A
Fdzi2y2YAOT yS32 6! {0 2LINFOI RIAaAS2aTl 80K LINRG2] 2

Oh{tC AGLIDY T LEY200 dSOKE268I0BRANLBIPLRYdz2SYé |
w architekturze OpenFlow poprzez generowanie tablicy przekazywania i filtrowania (dwuwymiarowej
GFrofA0e LINI S{rFTegtkyAlro TF LRY20nND 2SRyS32 | f 32NJ
algorytmiey' Rl f dzeégl Yeé | f3I2NBGYdz 5A21a0GNBS 1035 NE 2
routingu OSPF.

Definicja 1

bASOK v 2TyFOTF T0AsN) galeadliAOK NRAziSNy o6 O ¢ &A

Vv 0znacza router w Q;

P(v) oznacza wszystkie prefiksy IP na routerze v;



I(p) oznacza interfejoutera o prefiksie p;

LO6OMIOGHO 2Tyl OT I AyiSNFS2a sS21 OrA268 NRAzi SNI GH =
ho@ms@uo 21T yFEOT I AYy(iSNFS2a ge2i OA26@& NRBAziSNI Om>
RAatGwge 21Tyl OTF 2Rt S3021 6 2 Rweyddzi SN T Nk RUO2¢S32
RAAGWPOoSGsSSyoddzz@0 21Tyl OTF 2Rt S30216 YAt RT & NRdzi S
LINBOA2dza w@6 2Tyl OTF LIRLINI SRyAS3I2 anail R NP dzi SNI
Ftt26Ay30@6 21 yFOl I ylradtLysS3a2 anail RF NRdzi SNI
FlowEntry(P1,P2,1,06 OT I gLIA & ¢ GlFIoStA Cf2g¢ko6ftST ARTAS

tH LINBFTAl& FRNBadz R20St24S32T L AyGSN¥FSz2a gSail 0O,
t HX LI hooLA2al ya QilllosStoAS Ct 26¢to0fS T2ail 0 R2RlIye Yy
Algorytm

5fF NRdziSN} T NkRUO2¢6S32 a 20fA01 I YezHdhe yi] wRAllea@;
routerach w Q:

M® 5fl 1FdRS3I2 NRAziSN}Y @ ¢ v dzalGl 6 RAaAGwWOE T K
ge3aASySNHzz Of (i SEablevdaiwgagstkich Pa, PP ) (PE P2) dodaj FlowEntry (P1,

P2, I(P1),I(P2)) w routerze s.

H® 280ASNI] NRAzZiSNJ dz T vI IRTAS RAaAlGwdz® 2S5Sald YAy
LINI SOAgyeY gl Rldz Rfl gaRRAGDAOGRNRINBHFAYAs &l &S f:
gal eaid1A0OK NRdzi SNI OK y v P(E)OR2S B(D,Sreki@eReyjrie géheij dzy Rf |
FlowEntry(P1, P2, I(previous[v], v), I(v,following[v]) w routerze v, previoXis[\g, Algorytm
NE1dz2NByOeaye :LR{1IFTFy2 LRyAidSea

node :=v

following[node] := undefined

while node ! = s

for each P1in P(s)

for each P2 in P(dest)

if following[node] = undefined
F(node).add(FlowEntry(P1, P2, I(previous[node],
node), I(P2)))

else

F(node).add(FlowEntry(P1, P2, I(previous[node],
node), @node,following(node))))

end if



oldnode:= node
node:= previous[node]
following[node]:= node
end for

end for

end while

for each P1in P(s)

for each P2 in P(dest)

F(s).add(FlowEntry(P1, P2, I(P1), O(s,following][s])))

end for

end for

3. Dla wszystkichv neighbor(u), jéli dist[u] + dist_between(u,v) < dist[v], to previous[v] = u.
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Table 5.1  List of Counters of OpenFlow 1.1

COUNTER

Reference counter
Packet lookups

Packet matches
Recervad packets
Recenvad bytes
Duration (s)

Duration (ns)

Reczived packets
Transmitted packets
Received bytes
Transmitted bytes
Recamed drops
Transmitted draps
Recenad errars
Transmitted errors
Recervad frame alignment errors
Recerved overrun errors
Received CRC errors
Collisions

Transmitted packets
Transmitted bytes
Transmitted overrun grrors
Reference count
Packet count

Byta count

Packet count

Byte count

THPE BITS

Par table
Par table
Per table
Per flow
Per flow
Per flow
Per flow
Per flow
Per flow
Per flow
Per flow
Per flow
Per flow
Per flow
Per flow
Per flow
Per flow
Per flow
Per flow
Par quene
Par quese
Par quene
Per group
Per group
Per group
Per bucket
Per bucket
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Tahle 5.2  List of Instructions
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in OpenFlow 1.1

[NSTRUCTION

Apply-actions, action(s)
Clear-actions
Write-actions, acfions(s)

Write-metadata, meladata‘mask
GaTo-table, fable

MEANING

Apply the action immediately, without changing the action
set. It can modify the packet or execute multiple gctions of
the same type.

Clear the action set immediately.

Merge the specified actions in the current action set. If an
action 15 already in the set, it is overwntten by the new ane.

Write masked metadata in the metadata field.
Specify the next table in the processing pipeline.
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Tahle 5.3 List of Actions in OpenFlaw 1.1
ACTION MEANING REQUIRED

(Qutput Forward packets to the specified physical port(s) or to the virtual ports: a5
ALL, CONTROLLER, TABLE, or IN_PORT (ALL = send the packet to all
ports except the input port; CONTROLLER = send the packet to the
controller; TABLE = send the packet to be processed fram the first
flow table: IN_PORT = send the packet to the input daor).
(Qut put Forward packets to the virtual ports: LOCAL, NORMAL, ar FLOOD Mo
(LOCAL = send the packet to the local networking stack of the switch;
NORMAL = process the packet as a non-OpenfFlow switch: FLOOD =
fload the packet as a non-OpenFlow switch).

Set-queue 32t an output guewe to the flow for providing Cos. Mo

Drop Drap the packet. a5

Group Process the packet through a specified group. a5

Push-tag  Push header fields, such as VLAN headers and MPLS headers, in the Mo
pachet.

Pop-tag Pop header fields, such as YLAN headers and MPLS headers, from the Mo
pachet.

Set-field Madify the value of a specific header figld, such as the TTL, MAG Mo

address, VLAN ID, etc.
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(4

Packet in event

v

Start at
FlowTable O
Li Update counters Yes
. and execute
Match in &Eﬁ_ instruction set .~ Go to other
table? (update action table?
set, match felds,
Mo and metadata) No
v v
Based on table
configuration, Execute action set

send to the

controller, drop,
or continue to
the next table
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1) — Find the highest priority
matching flow entry, based on the
ingress port, packet headers, and

. 2--' metadata.
1) (3) 2) = If there is a match, apply
. oy instructions, creating the new
Match New match | match fields and the new action
fields fields eel:
»| Flow table | = 41 Apply action instruction, which

Action set | New action| medify .Lhur packet and update the
' [ set match fields.

b) Update action set, which means

to clear actions and/ or write action
instructions.

c) Update metadata.

3) = Send the new match fields and
the new action set to the next

tahle.
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Have an idea! Log on to OFELIA!

3) Configure your network slice! 4 Run your experiment!!!
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Kontroler w sieciach WSN
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DOMAIN POLICY REASONING FOR THE CONTROL DOMAIN

Tima Peak traffic control The operator can implement policies based on a
certain time frame.

Data wsage  Data usage amount (perators can specify policies based on netwark
behavior or the amount of data used.

Status |dentity and authentication  The operator can specify the privileges of a different
status based on differant users or different graups.

Flow Metwark specification (perators can specify different network behaviors

basad on the field valuas spacified in a flaw.
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FEATURE DEFINITION
attr 4 Part number at server
altr 8 Port number at client

attr 21 Minimum of bytes in the (Ethernet) packet, using the size of the packet on the wire
attr 27 Variance of bytes in the (Ethernet) packet
attr 71 Count of all the packets seen with the PUSH bit set in the TCP header (client —

server)

aftr 95 Minimum segment size observed during the lifetime of the connection (client —

server)

attr 107 Total number of bytes sent in the initial window, i.e., the number of bytes seen in the
initial flight of data before receiving the first ACK packet from the other endpaint.
Note that the ACK packet from the other endpoint is the first ACK acknowledging
some data (the ACK's part of the three-way handshake do not count), and any
retransmitted packet in this stage are excluded (client — server).

aftr 120 Total data transmit time, calculated as the difference between the times of the
capture of the first and the last packets carrying nonzero TCP data payload (server

— client)

attr 127 Minimum RTT sample seen {client — server)
aftr 139 Minimum full-size RTT sample {client — server)
aftr 172 Variance of bytes in the (Ethernet) pachet

attr 176 Mean of the total bytes in the IP packet
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l Real-time traffic capture l
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| Grouping packets into flows
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| Flow feature extraction
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NO. OF
ACTIONS FEATURES CONTAINED FEATURES

time 12 Flow duration
Minimum and maximum inter-arrival time
Time interval between the ith packet and the previous one (2 £ /< )

pkt_count 1 Number of packets
pkt_len 13 Total; the minimum and maximum packet size
Size of the ith packet (1 = i< n)
data_bytes 13 Total; the minimum and maximum data bytes excluding the transmission

control protocol (TCP)/user datagram protocal (UDP) header
Data bytes of the ith packet (1 = i< n)

tep_opts 2 The number of packets with nonzero option in the TCP header
The size of the option section in the TCP header
2ero_ip 1 The number of packets without the IP data section
mero_tp 2 The number of packets without the transport layer data section
window 3 Total; the minimum and maximum size of the receive window far the
TCP packet
tep_flags 8 The number of TCP packets with specific flag bit, such as CWR, ECE,

URG, ACK, P3H, R3Y, SYN, FIN
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CrpenFlow controller
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1 begin

2 extract 12-tuple from the received packet;

3 calculate the hash value (h/w based);

4 extract lower 20 bits offses;

5 fow_entry_addr =

6 fow_table_base + offset x flow_ entry_size;
7 read DRAM for flow-entry info;

5 compare if the flow entry matches the packet;
9 if smatch then

10 extract actiom,

11 perform action on the packet;

12 else

13 create a new flow-table entry with default action;
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15 end

16 p:.'rfurm fow feature extraction;

17 update flow entry with new flow features;

18 end
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wykrywania dryfu koncepcji stopniowo aktualizuje klasyfikator w czasie rzeczywistym podczas procesu
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CALCULATED LIGHTPATH
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NO.  SOURCE WAVELENGTH
1 Client-1  Client-3 OF-PXC1—0F-PXC2 W1 (1552.52 nm)
2 Client-1  Client-3 OF-PXC1—0F-PXC2 W2 (1553.33 nm)
3 Client-l1  Client-8  OF-PXC1—OF-PXC2—OF-PXC3 W3 (1554.13 nm)
4 Client-1  Client-2 OF-PXC1—0F-PXC2— W4 (1554.94 nm)
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5 - C ¥
28 9.855859 OF-R1 NOX oFP Echo Mply (5M) (88)
—d.9 . 655903_0E-PXLZ _NOE . . DFE _ _Echo Reply (SM)_I88) _  — -
| 43 13.863835 Client-1 Client-3 OFP+TCP Packet In (AM) (BufID=259) (
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| 46 13065172 NoX OF-PXCL  OFF  Flow Mod (CSM) (868) |
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67 24.655832 NOX OF-PXCL  OFP Echo Request (5] (88)

68 24,655955 MO OF-PXC2 oFF Echo Reguest (SM) (8B)
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- OpenFlow Protocol
+ Header
= Flow Modification
+ Match
Cookie: xBBO00BO0OGB0008E8
Command: New Tlow (8)
Idle Time (sec) Before Discarding: 3868
Max Time (sec) Before Discarding: 8
Priority: 327648
Buffer ID: 259
Out Port (delete*® only): Mone (not associated with a physical port)
+ Flags
o e R ACTIONLE ) e o o o e o o e e o e e e o = = == 1
= ACtion
Type: Output to switch port (@)
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7147 54656870 NOX  OF-PXC2  OFP Reply (M) (88)

148 54.658946 OF-PXC1  NOX oFP Echo Request (SM) (88)
158 54.659018 NOX OF -PXC1 OFp Echo Reply (SM) (&8)
151 54.0655442 OF-PXC2  NOX OFP Echo Reply (SM) (88)
152 54.659452 OF-PXC1  NOX Echo Reply (SM) (88)
ST S5 SEEMT CTIERY. T~ (LT —DFFTCD ~PoTRel 1A= TOITIOE268T {7887,
I 159 55.989238 NOX OF -R1 oFP Flow Mod (CSM) (728) |
1 166 55.989473 NOX o1 o Flow Mod (CSM) (728) 1
| 161 55.989677 NOX OF -PXC2 OFP Flow Mod (CSH) (728) 1
162 55.95654] OF-R) NOX OFp Flow Removed (AM) (888)
| 163 55.990786 OF-PXC1  NOX OFP Flow Removed (AM) (888) |
| 165 55.991037 OF-PXC2  NOX oFp Flow Removed (AM) (888) '
I3 70. 952785 W0K~ — “DFRL™ = UFP™— ~ EThG"ReW0elt TSHI™(88) — — —
194 79.992378 NOX OF -PXC1 OFpP Echo Request (SM) (88)
195 70.992415 NOX OF -PXC2 OFP Echo Request (SM) (88)
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¢ Header
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* Match
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1 Command: Delete all matching flows (3) |
= 1At T (SECTBETOIP OISCMAINg™™ ™~ = = = = - - -m—--
Max Time (sec) Before Discarding: @
Priority: 32768
Buffer ID: None
Out Port (delete* anly): None (not associated with a physical port)
+ Flags
+ Output Actionis)
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Wyniki podsumowano w tabie2.

SEQUENTIAL DELAYED ACTIVE PASSIVE

APPROACH FOR  APPROACH FOR  APPROACH FOR  APPROACH FOR
FLOW LIGHTPATH LIGHTPATH LIGHTPATH LIGHTPATH
M. SETUP (ms) SETUP {ms) RELEASE (ms) RELEASE (ms)
1 ~243 ~314 ~123 ~ 126
2 ~243 ~314 ~123 ~ 126
3 ~248 ~315 ~124 ~127
4 ~25d ~316 ~124 ~128
5fl ¢Sgyt(iNIyS3z2 Ol Fadz LRoNOT SyaA 1 N @oskmaS a2 t -/
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[TEMS HME/EME-BASED SOLUTIONS OPENFLOW-BASED SOLUTIONS

Features Matura technique with the In the early stage, with many issues
deployment in real operational to b investigated
SCenariog
Manual and semistatic styles for Dynamic s2tup and release of
path setup and release end-to-end paths
High operational cost Low operational cost
Separated contral of IP and optical ~ Unified contral of IP and optical
damains domains
Path setup latency Lang (several hours to several Short (hundreds of milliseconds)
days)
Path release latency  Long (several hours to several Short (hundreds of millisecands)
days)
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CONTROL FLEXIBILITY,  TECHMICAL

FLANE FEATURE COMPLEXITY  MAMAGEABILITY — MATURITY  STANDARDIZATION
GMPLS Fully High Low High The architectura/
distributed framework was
standardized in
2004 [1].
Remaining

issues are being
discussad with

the IETF CCAMP

warking graup.

FCES Centralized High Madium High The architectura/
GMPLS path framework was
computation, standardized in

distributed 2011 [31].

contrid Remaining

issues ars being
discussed with

the IETF CCAMP

and PCE working

Eraups.
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I
1@ A new flow arrives at the ingress (}-R1,

: 2 If the flow does not match any flow entry in the flow table of OF-R1,
I then OF-111 forwards the first packet of this flow to the Nox,

i 3 The Nox perform RWA and then sends the ERO to the GMPLS

I control plane,

1 "% The GMPLS control plane establishes the LSP through the REVP-

|  TEsignaling and, at the same time, controls TPMNDs and cross-

] connects optical nodes,

: 3 The lightpath in the optical domain is swccesstully established,

I

I

I

I

& The Nox waits for an appropriate time delay for the lightpath
setup and then inserts a new flow entry in the ingress OF-R1,

7 The flow transmits through the lightpath and arrives at the
egress OF-R2.

WSTEA y2ge LINI SLIoaw AR2AINI{SA RS yo SaNI BLIOREE ya $3 2.
GLIAAdz LINI SLIOegdzx LIASNBale LITASGE GS32 LN SLJUeﬂdz
%I2RYAS 1T | RNB&FYA 1T NbROU26&8Y A R20St26eYs b2E
12yASOT y21 OA &a12yFAIdzNB Sl YAl ) WwOdbrBedig¢ optyckzadi 20N 01 b
LI2T NBRYAOG6SY LINRG2120dz NBITENGB f GdR 1T ABHd D o6& w P St
0806 LINJI SLINRBGIFRIT2yS LINI ST b2EZ 0A2NNO LBRR dzglt 3t 1
6 b2E® 1t SNy (8¢ dnaSMPLEEE 3 & OF ¥A I sa (i SWPGob2 6 f A OF ¢
LINI 8L R1FOKSE loé T3 NIFylG2el06x 0S8 [{t 285&ai ¢ LI
20801 yS32 4821 0A268323 b2E YdzAaA LROITS1Fe ylI O
217 YASYARBRIMIYIA 211 YASYAS 12y FAIdzNI O2A 4t Os 6
gall 6A0 y26e ¢LAA LINWSLIU ORIz NP La2S08 TNhA AidNI 3/24 YhAGa 2 t
Nk gy2ft S$S30S8S 28aid ylraLINRadGaleéey aLRaz2o6SYwgh 6aLlkC
LINJ 8LJ Rldz AYGSNFS2a YAtRI & b2E | LOFai ol elfyn &i
LINEG212EtSd ¢l 1A yAS&dl yRFENR2ge AyiSNFS2a Y20S 6L
gAStdz R2ail 6056 LRYASGl 0 ForaiRlzs @& ey 2305 OyADNIs&d
t 2yl RG2S R2 b2E YdAIn 12adGl6 6LINRBsIRI2yS y26S |
LINE2S{ddzd ' 68 NRIGANI I G GS LINBoOofSYET TIFLINRBLRY26I
Y6IEadt Lyey LR2RNRAKI ¥ 6®ORWRT wABHa/$] Hco LINI SRadl
alls OLIN) O hLISycCft 2 at[{® 2 Gey NRIGADI I yAdz
LINP(G2150 hCcC! X 8I- LR21FT+Fy2 Yyl NBAdzy{dz Hcod 51 A
TIENFosy2 61 NBE@aXieODi ynail LR2Y20N LINRG2]120dz hLISycCt ?
GALRYYAlIyeOK Ol ST yaSa LINRoftSYsg 1T AyUiSNRLISNI Oec
b2E® blilé&sgl aat 2 NRITGSGANDT I YASY yI 1O BRhRlov LIR2YyAS
atiyasSasS 2112 o¢edaill g NBRGSI Lok &l 0T eTye aidsi
dzR2a Gt LW AL YA T OASOIA 1T gel12NleadlyASY NRIgADI Iy

&\
A
O



GMPLS
}-m'l control plane _
| . P ':
“1_5_ _peeyv— Vel

I
TP ==

L "
Jptical netwnr]! !8 TPON

1 A new flow arrives at the ingress (JF-R1,

2 1f the flow does not match any flow entry in the flow table of OF-R1,
then OF-R1 forwards the first packet of this flow to the Nox,

3 The Nox performs BWA and then inserts a flow entry into each
OFA along the computed path,

% The OFA sends the ERC to the GMPLS control plane,

5 The GMPLS control plane establishes the LSP through the REVE-
TE signaling and, at the same time, controls TPNDs and cross-
connects optical nodes,

6 The lightpath in the optical domain is successtully established,

¥ The MNox waits for an appropriate time delay for the lightpath
setup, and then inserts a new flow entry in the ingress OF-R1,

8 The flow transmits through the lightpath and arrives at the

L _®@gress {_)I-_Ri ______________________ 1
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1
: L A new flow arrives at the ingress OF-R1,

|2 If the flow does not match any flow entry in the flow table of OF-R1,
I then OF-R1 forwards the first packet of this flowto the Nox,

j '3 The Nox perform RWA and then inserts a flow entry into each

| _ OF-GC along the computed path,

& The OF-GC translates the flow entry into the ERO. Then, the OF-

I GCssetup the LSP through the RSVP-TE signaling and, at the

1 same time, controls TPNDs and cross-connects optical nodes,

175 The lightpath in the optical domain is successfully established,

1

1

1

i

1

6 | The Mox waits for an appropriate time delay for the lightpath
setup and then inserts a new flow entry in the ingress OF-R1,

7 The flow transmits through the lightpath and arrives at the
egress (OF-R2.
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Port 1D of an input/output Slot width (5W) = 12.5 GHz = i,
port for a given cross-connection where m is a positive integer
| |
In port | Central frequency | Slot width I Modulation format |
A cross-
conmnection
entry . . . . .
! Chut port | Central frequency | Slot width ] Modulation format

Y T
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MO, ZRC.  DEST BIT RATE [Chys) ROUTE MODUILATION FORMAT CF IW(CHZ)  SETUPTIME{ms)  RELEASE TIME (ms)

1 1 2 L] -2 DP-GA0AM 0= GAD00OZD IxllE -3zl -14.1
? 1 2 10 1-2 OP-GAMDAM 0> GADDOD3S 1= 125 -1 -141
3 5 12 1 5.7-12 OF- 160K 0 » BADDOD3E x5 -3l ~144
] 1 14 m 4-5-3-14 DP-0P3K 0= GADDDO3E 5w 125 1143 -153
§ 3 11 m 3-5-7-12-11 DP-0PSE 0 » BADDOO3T 5w 125 -7 -160
] 1 13 4 1-3-5-%-14-13 DP-0P3E 0 = BADDOD2S Ix 125 -36.0 -17.2

Rysunek 55 przedstawia prze@d® Sy A S LINI ST 2 ANB&aKIFN] (1 2YdzyAllls g
T OASO1IA M= ¢ Gay &a816Sy0O2i (2YdyAllidsg ONBadzy S|
55b) i komunikatu Slice Mod (rysunek 55c).

Ng..  Time Source . Desunavon Protecol  info. v
85 31.169565 OF -MOTP-1 NOX oFP Echo Request (SM)
87 31.169781 NOX OF -MOTP-1 OFP Echo Reply (SM)
88 31.170312 OF -MOTP- 1 NOX OFpP Echo Reply (SM)
T ITRARIS T NI T T T TIMARAT T T T T e T PRCKET 1T (AT T
!‘i.’ 39.466397 NOX OF -MOTP-1 oFp SLICE Mod (CSH) ’
| 93 39.468782 NOX OF -BY-WxC-1 OFP SLICE Mod (CSM) |
« 94 39.461082 NOX OF -BY-WxC-2 OFp SLICE Mod (CSM) -+
AN o W et e am e s QNP2 . - v - 0P, . . SLUE ML (£, !
100 44.99766% OF -8V -WXC-3 NOX oFp Echo Regquast (SM)
101 44.997907 NOX OF -8Y-WiC-3 OFP Echo Reply (SM)
(a)
-~ OpenSLICE Protocol
+ Meader
= Packet Ir

Buffer ID: 302
Frame Total Length: 60
Frame Recy Port: 1
Reason Sent: Mo matching flow (0)
= Frame Data: 1JAAL2G8121200E85171000408004500002C119900002406
+ Ethernet II, Src: TyanComp 71:09:d4 (90:00:61:71:00:d4), Dst: 11:22:12:bb:12:12
+ Internet Protocol, Src: Client-1 (192.168.1.1), Dst: Client-2 (192.168.1.2)
+ Transaission Control Protocol, Src Port: isi-gl (55), Dst Port: netrjs-1 (71), ¢

= 4
1 "D’V“ :'_.“?3),_“ rf ______ Flow bit rate is encapsulated in
'L [Length: 4] Y the extended Packet In message.
PG6H 08 99 45 00 00 2¢ 11 99 00 6O 24 965 91 @0 cd a8 % .E.., s
8070 0101 coas 0l 02003 M0 We b,
B6SG 00 00 50 09 08 20 o4 4c cﬂeclx_a_a_geaao Po.ooL . NEeG.
(b)
OpenSLICE Protecol
* Meader
SLICE Modification
~ Match
B DN s s v s env s oan s e s enewwoenaimeun
+ Input Port: 2 € I
| WEST Side - Slot width: 3 | 3 x 125GHz(Fig2) " "« -
' EAST Side - Slot wWidth: 3 .
913 4 .
! WEST Side Center Frequency: 8x6206663d 19348125 THz 1 A:i&an w
i EAST Side - Center Frequency: 8x6a00003d | (Fig.2) i o
. WEST Side - Modulation Format: 64 1 | Cross-
| _EAST Side - Mosulation Forma: 64 [DP-64QAM(Fig2) . connection with
+ Flags .
- Action{s) L, appropriate
T . . Spectrum
I, Iype: Add a nev cross_conpection (0) _  4&° - pandwidth.
vl m i e s o am s em o En ¢ e s =n ¢ e &' ”
I. Qutput pOrt: 3 . i m - -
Max Bytes o Send: @ (c)
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I Dat[{ &an YASNIiz2yS ylI é"lyzé)\éldz GSadtz26eyY 1 5w9b
Yyl NRB&adzy1dz poX | NRT &l SNISyAl Dat[{ Rfl 9hb an 2
przedstawione na rysunku 56.
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- Experimental setup details
- # Requests are uniformby

- . .
distributed amvong a set of node pairs

k‘__’,_._-o.——.—'*—/A. to have spatial paths with 1-5 hops.
&

# Each data point is the mean
value for 100 elastic connections.

# The connection interarrival

Path provisioning latency (ms)
a = .
{17

 J . . . .
M time process is Poisson with the
_ average set to 15 5.
15 =& Openslice
. s =GN PL5:-based contral plane for EOXc ] (4 The connection l"_l.l|d'_|'|.|'.-; time

follows a negative exponential

. L - distribution with a mean value of
o +
Haops 10 5.
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a
1

OpenFlow/SDN i sieci optyczne
{ASOA 2LJiedilyS R2ail 6054 dza Odz3

%l £t SOSyAS arAt Rl eyl NPR2gS32 % ¢ ’Sékiorh dzNorntalizécis | 2 Y dzy
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dzoed126yAlFOK YAtRT & t21FfATIFO2FrYAéd {ASOA (NI Y
onNnoTy2106 6 &AASOAIFOK R2aI0Ie@mdsydh SAdzaAYdERINNAZYORBRE AYEAL | RA
2041 N OK YSUNRLREAGIEYy@OKEI yI Rd®OS I 2RgAIWHI2GA |
iTrT¢6280l 2 206a0dAaAdz2N ROdzZA21 6 FLtA H6AStdz 1yl Os6
GNI yavyracir 1 Byvase¥yil s8I 21 R0BYYROdzZA21 OA FlLEA 65°
2R yn R2 wmnn ROdzZE2T OA FlLEA yIF LINIS 60s51ASys 3R
geaz1AS2 LINI SLzaidiz2e21 OAxX GF1A 2F 71 90GKSNYyASHaImSian D
LINg SLlJdzaG 2621 OA® bl LINJ@]OFR (FYlILD mMmnn Doka Y208
1FrdoRe 2SadG ae3dylroSYy 90GKSNYySi mn Dokad | aodzaAAr 1 o
LI 1AS026S532 NHzOKdz Lt A teychKi&kidJals prywansdinia EtizingtdeB A A Y
dza OdzaAA LINEBE S Gy S2a ROdzE21 OA Tl fAd ¢ NI yMIdhd NG ONOT @I
RdzdS LINJ SONOT yAlA LI 1ASlsses arASOA 2 (2Lt 23AA |
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TF6ASNI2Nn0S &deaidSye LINI Sonoi2n0sS 1 -ekktrédvioNR y A OT
optycznelub @Eh 0> ¢ Tt Sdy21 OA 2R 27T SNE dtyczhéj Oferowdnd Odza © !
LINI ST R2a0Gl 60356 dza0OdzZ Y23IND NbOoyAod ait &1 SNB{121 O
OTtT OA (S2 461 NI2T OAd hoSOYyAS (1Afldz 2LISNF i2Ns 6 2
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fdzo aeyOKNRBYAOIyS2 KASNI NODKAA Oe¥FNRgS2 o6{510d b
2LIie 0T yeOK (2 m D A mn D IS g1l 3ttRdz yI NRTags a2 9
oF NRT 2 ReylFrYAOT yST Get12 ¢ (1Af{dz LINJeLIl R1FOK 2L
L2 Rt STl 2n LISsySe2 ReylYAOTySe 12yiGNRtA 1EtASYGl o
ge 12N eadesglt s ReylYAOIYS Y“}ué B Y2 LI RAGTEENS a2 88 WAL
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Obecne standardy IT RSFAY A dz2N KASNI NOKAt GNIyaLRNIldz 2LJie
LINI SONOT F yAl & ATSoOdkR 224 Biy20 T Ty=R20KytA § ATSOe YA &l yRI NF
20S2Ydz2S Rgl TFalRyAOI 2 NrsoyS GeLke (G§SOKyz2f23AA
RUOdAA2T OA FlLtAZ T6lyS h/ K oS8T GSN¥YAylIO2A ROUdA2
a1 O4REK 1112201 2yS2 BhedsReyi2GA0 1 F IVIAA SR TY@IOKS om5! 0
ddéglye 2F12 F2NYIG NIY(126FyAlL 6 OStdz T1FLISsYyASYA
A TFENINDRTEFYALF &3yl oSy yIgSiG 0681 fLid SORNIOI I yihs MBS h
allry26An gAatl1ail 216 LINISONOTyAlss A dzasdAaA 20L& 0l y
1yl 0Odz nn Doka A ¢gedainNne heb 2Said 1T 2NHIFIYyAT 261 ye
fotoniczne, jak i elektroniczne.

Narysunkws | NEGge& 2R h/ K ¢ Rs0O an F202yA01lySzs ylLi2YAl
cyfrowe.

Client
[ OH OPUk OCh payload unit
- L 3 L 4
L]
& OH ODUk OCh data unit
= OH OTUE FE OCh transport unit
Optical channel
O DM
YFORI gFNRBRGSHLF T 6ASNI gO0Faye yIFENIdzi o6hl o0 R2 Y:

IT2NASYy(2g6lySe AlGLIP Y2NB1 02y oKIRSE RE2LAOK 3RdAa & TY
2LJie 0T ySe ¢ OStdz LRLINI g8 geRIFIay21 OA o -T@.m'za\ué“[ddzN
format OTN w zaleceniu G.78m wc 8 d 2 he¢b T RSTAYA24ly2 (Af al
gSNAR2A LR OIvndH=pS Dok 0 h5!'' v omMn DOKAOD A 5:o o
zaleceniem ITJ G.709%3 o nowe kontenery dla GbE (ODUO) i 100 GbE (ORUMI SONOT y A .
St STGNBOT YS he¢b 2040dz3dz2N yASoft21dz2nOnN L SLIdza G z
geaz2121 OAd Y2y TFAIdzNI O2S adz GAOKF&&AA dzY2df AGAl 2r
G2 12yASOTySo /8FNRgS Lidzylide Y2yAl2NRsI YAl dzy2o:
t NI SONOT IyAS St S{TONEOIVSdzalz¥@ DYy AF A& e DY K BSs R2 R &a §
2FSNUzZ2NO NblOY2NBRYS Y20ftAg21 OA 20KNByYye&«kLINT &6 NI
St STGNBOT ySe2ad t NI SOnNOTyAlA TF2i2yA0TyS hebsx 1 g8
multiplekserami add/drop (ROADBI) 2 6 4 Odz3dz2nN &l @61 AS NRdziAy3 h/ |

dzy A1yNo R2RIFIG12680K (12&alilGs¢6 A 1T doedOAl SySNHAA

gAt1ale@YA 23INIYAOT SYyAlFYAd t20N01 SyAS StS1TiUNROI ye
stazglyS 6S 6alls 00l SayeOK aASOAlFIOK 2LWel0lyeOK 4
NEf Il O2A R2 12alidss6T LINI SONOTFyAS StS1TaNBOT yS dz
2Rf S3021T OA LINJ & 2SRy201SayeyY dza doiinti Obwddami | 1 U5 OS;
gAt1aley 1 doeOASY SySNEHAA® 206dzR2¢tyS ¢ aedylo O
GAaALRYFIAFLYASY O6hl1 0 GaLIASNI 2N Y2YyA(G2NRGlIyAS geRE2
TFTLISGYASYAlL dza0dzA® bl 2y2¢01 g2 OKNBFRECHAdZEBOKY 2f 2 A
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EtherType
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TCFP Source port
Destination port
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