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Our group with TX




DWDM 10 GE (LAN PHY) PIC supports 45 wavelengths (full C-band)

Switching between wavelengths

ISIS adjacency brought down for 3 seconds when changing wavelengths
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“Test 1 — DWDM 10GE PIC
— configuration

andre(@matrix# set interfaces ge-0/0/0 optics-options wavelength 1549.32
[edit]

andre(@matrix# show interfaces ge-0/0/0

optics-options {

wavelength 1549.32;

I description matrix-jupiter-DWDM;
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‘Test | - DWDM 10GE PIC
— monitoring

andre(@matrix# run show interfaces ge-0/0/0
Physical interface: ge-0/0/0, Enabled, Physical link 1s Up

(...)
Wavelength  : 1549.32 nm, Frequency: 193.50 THz

Physical interface: ge-0/0/0

Laser bias current : 83.920 mA
Laser output power : 1.580 mW / 1.99 dBm
Receiver signal average optical power : 0.1274 mW / -8.95 dBm

(...)

(...)
I andre(@matrix> show interfaces diagnostics optics ge-0/0/0
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Test 2 — STM-256 card test

« Eight 10Gps streams generated from Agilent testers, transmitted
over STM-256 link between two routers (four streams in one
direction, for in the other)

« [Pv4 test with packet size 40B (said to be the worst case for many
routers)

» [IPv6 test with packet size 60B

I » [Pv4 in MPLS test with packet size 40B

10
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Test 2 — sample results (IPv4 t¢

=- N2X Packets and Protocols: Session 22 (Andre) On LocalHost [_[=]
Session  Edit Yiew Iraffic Capture Emulation Topology Results Tools Help

== |Setup esults Appllcat\ons ‘ D] E| Opt\ons ‘ £y Ports Session H 000:00;18 W Traffic @ Capture “ Routing ‘

B - BREXE [t 1]=2] |
Part T |Link Type  |Label | T Load % |Rx Laad % || [ruame | Packet |L3 Source |L3 Destination | Streams | Lengths | Destination Ports
CE 101/1 POS-OC192 OC192POS | | 100,00 [100.00  |EE1 Port 1051 {100,00%)
EEl 102/1 POS-DC192 OC192 POS | 100,00 + [1o0.00 (B[O pvs (100005
103/1 POS-0OC192 OC192POS + | 100,00 + | 100.00 i Traffictesh 8/1 | IPvE[PPPOHDLC SFFE:1:2 | 3FFED 113 112 [z011
104/1 POS-0C192 OC192 POS | 100,00 + {10000 |50 wes(100.00%)
2041 POS-OC192 00182 POS | 100.00 [ 100.00 [} StreamGroup 4 | IPv/MPLS/PPRORDLC | 10.10,11.2]10,20.11.2 1[La 40 zoi1
202/1 POS-OCI9Z OCI92FOS 1 | 100,00 [100.00 |5 5] e AGT_COMSTANT PROFILEG4 (100.00%)

203/1 POS-OC192 OC192POS » | 100.00 [ 100.00 2% Traffichlesh 3511 IPw4[PPRGHDLC 10.10.11.2 10.20.11.2 1 (340 2001
204]1 POS-OCL92 OC192POS | | 100.00 | 100.00

ng...

—=Link...

jooooao
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Results - Realtime
ggsenn = |1 Lz [Ba 7 [ & & v I [[z A

‘ Tx Test RyfTest m R

Tx Test R Test Tx Test Rx Test Throughput | TRroughput | Rax Packet | Later Misdirected | Sequence | TranWgit
Part Packets Packets Detets Oickets (Mb/s) Wby Laoss i1 Packets Etrors Efficiefgy

204/1 F97531321 397531200 19061503406 19081497600
1041->204/1, TrafficMesh 35/7 397531200 397531200 19081497600 19081437600

201{1 397531366 397531184 19051505064 19051496532
101/1-22011, TrafficMesh 35/1 397531184 397531184 19081496832 19081496832

1011 307531184 397531368 19051496332 19051505664
201{1-=101{1, TrafficMesh 35/2 397531368 397531363 19061505664 19081505664

20311 397531101 397531239 19051492346
103/1->203/1, TrafficMesh 35/5 397531289 397531209 19081501872

20211 397531441 397531033 19081509168
102/1->202{1, TrafficMesh 35/3 397531033 397531033 19061469554

104/1 F97531200 397531321 19061497600

1031 397531289 397531101 19081501872
203{1-=103{1, TrafficMesh 35/6 397531101 397531101 19081492846
204(1-=104/1, TrafficMesh 35/8 397531321 397531321 19081503406

102/1 3F97531033 397531441 19051469584 19081509168
202(1-2102(1, TrafficMesh 35/4 397531441 397531441 19081502165 19031509165

Sent and
received
traffic

o o

q
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Graphs generated by MG-SOFT from
statistics gathered from one of the routers
(statistics in one direction)

All statistics on IP or MPLS leyer (without
PPP/HDLC headers)

Max bandwidth in theory:

 Sonet (with overheads) — 39,8 13Mbps
 For IPv4 (40B packets) — 31,296 Mbps
 For IPv6 (60B packets) — 35,486 Mbps

* For MPLS (40B packets) — 31,828 Mbps




UPERCOMPUTING AND NETWORKING CENTER 0 ;‘T;
Test 2 — with filtering etc

Tests with TCP packets, variable packet size (60-256B), variable TCP ports
100,000 BGP prefixes inserted from each Agilent (800,000 prefixes total)
Tests:

* Packet filtering (1000 terms, applied in and out, only negative hits, filtering
on [P addresses)

 Packet counting (1000 counters, counting on TCP ports)

» Filter based forwarding (1000 terms with only negative hits, last hit positive,
filtering on IP addresses)

Results:

* No impact on bandwidth

» A few microsecond increase of latency
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Test 2 — Juniper’s worst case

Juniper routers chop each packets into J-cells, each J-cell is 64B long
First J-cell: 12B overhead, 52B data
Each next J-cell: 2B overhead, 62B data

Juniper’s worst case — packet size of 53B (each packet consumes two J-cells,
the second one carries only 1B of user data)

For 53B packets the STM-256 card 1s able to transmit approx 24,800Gbps
(66% of line rate)

This problem will not occur in real life — we do not expect to have a 40 Gig/s
interface fully loaded by precisely 53 bytes packets. Also 66% (> more than
50%) shows the headroom available in the switching fabric. This effect
decreases with larger packet sizes, and there 1s no effect with any mix of

packet-sizes.
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Test 2 — results

« STM-256 card tested with IPv4, IPv6 and MPLS packets
* Line rate even for short packets

* Packet filters, packet counters and policy based routing do not affect
bandwidth

16
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» Failover between TX Routing Engines O Q
* LCC (Line Card Chassis) switching o
off and on
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Test 3 — TX reliability

 The active Routing Engine was removed from the TX
* The router switched to the other Routing Engine
* Packet loss was monitored during the switchover

* No packet loss detected — non-stop forwarding

 Graceful RE switchover (graceful restart must be supported by

I adjacent/neighbouring routers)

« All routing protocols adjacencies went down and were re-established on the
other Routing Engine

* Forwarding plane was not affected — non-stop forwarding




Test 3 — TX reliability

Result — switching and LCC off and on does not affect traffic which does not
passes this LCC (no packet loss detected)

N2X Packets and Protocols: Session 22 (Andre) On LocalHost
Session Edt View Iraffic Capture Emulation Topology Results Took Help

=& ‘ [ setup esuits [B)] Applications ‘ =) ‘ s options ‘ EdqPorts [ Session ” 000:0B:45 W Traffic @ Capture ‘() Routing ‘

— Setup - Traffi 7

Hew-BBEXE 21 1= I E

Port T |Link Type |Label | TxLoad % |Rx Load % |5t ] [name | Packet |L3 Source [L3 Destination | Streams | Lengths | Destination Parts 0 pac e

EE 1011 POS-OC192 OC192 POS | 000 | 127,13 L9 Pork 202/1 (5¢4.25%)

BB 102{1 POS-OC192 OC192 POS | 000 | ¢ 0,00 [l [ b= AGT_CONSTANT_PROFILES2 (10000000.0 Fps) .

5 103j1 POS-DC192 OC192 POS | ¢ 0,00 | 1 0.00 [5gg Trafficklesh 14/1  IPw4{PPPOHDLC 10.20.21.2 2.0.0.1-99.167.0.1 i 1011 l rln
104/1 POS-0OC192 OC192 POS | oo | ' 0.00 [ TrafficMesh 14/2  IPv4iPPPOHDLC 10.20.21.2 100.0.0.1-119.135.128.1 i 1011 0 SS u g
2011 POS-OCLI2 OC192 POS | 0,00 127.13 [ Traffichlesh 14/3  Pv4{PPPOHDLE 10.20.21,2 146,0.0,1-160.165.192,1 : 10141

202{1 POS-QCLE2 OC192POS | 154,25 | 1 0.00
203{1 POS-0CI92 OC192 POS | i 0,00 | 1 0.00

[5gg Traffickiesh 144 [Pw4{PPPOHDLC 10,20.21.2 166.0.0.1-160.165.224.1 i 10111

@ Trafficklesh 145 IPwHPPPOHDLC 10.20.21.2 192,0,0,1-200.139,112,1 i 10171 RE
2odiifios eero2locieaies]| gl oo [ Traffichesh 14/5  Pv4{PPPOHDLE 10.20.21,2 202,0,0,1-205.169,120,1 : 10171

[5gg Traffickiesh 147 [Pw4{PPPOHDLC 10,20.21.2 206.0.0.1-208.112,252.1 i 10111
FﬂTrafﬁEMesh 14/8  IPwiPPPOHDLC 10.20.21.2 210.0.0,1-211,56,126.1 g 1011

.
g TrafficMesh 14/3  [Pv4jPPPoHDLC 10.20,21.2 212.0.0,1-216,50.55, 1 : 1011 sztChOVer
58 Trafficilesh 1410 Pv4{PPPOHDLC 10.20.21.2 2.0.0,1-99,167.0.1 164 2011

&8 Traffickesh 14/11 [Pw4{PPPOHOLC 10.20.21.2 100.0.0.1-119.135.128.1 164 20111
[ Traffichesh 14112 Pv4{PPPOHDLE 10.20.21,2 146,0.0.1-160.165,192,1 164 20111
58 Trafficiiesh 14/13 Pv4PPPOHDLC 10.20.21.2 166.0.0,1-160.165.224,1 16+ 2011
&8 Trafficklesh 14/14 [Pw4{PPPOHOLC 10.20.21.2 192.0.0.1-200.139.112.1 164 20111
[ Traffichesh 14115 [Pv4{PPPOHDLE 10.20.21.2 202,0.0,1-205.169,120,1 (64 201)
58 Trafficiiesh 1416 [Pv4PPPOHDLC 10.20.21.2 206,0.0,1-208.112,252,1

&8 Traffickesh 14/17 [Pw4{PPPOHOLC 10,20.21.2 210.0.0.1-211.56.126.1

[ Traffichesh 14/18 [Pw4{PPPOHDLE 10.20.21.2 212.0,0,1-216.50.55.1

Results - Realtime

Bosen = |UF 07 B2 | @ & |l [ A
»x Test

R ¥ AverT
TxTest |RxTest |TxTest Rt Tast Throughput| Throghput | R Packet | Latend
Part T Packets |Packets | Octets Octets (Mbis) |y |Loss {us)

Z02/1->101)1, Trafficklesh 14/1 290944445 230944445 10620444450 18620444480 283,74

202{1-3101/1, Trafficklesh 14/2 290944445 200944445 18620444480 18620444480 283,74

202/1->101/1, TrafficMesh 1473 200344445 200044445 15620444460 13620444480 283,74

202/1->100]1, Traffichlesh 14/4 230344445 200944445 10620444480 19620444400 283,74

202/1-5101)1, Traffichlesh 14/5 290944445 230944445 18620444450 18620444480 283,74

202/1-5101/1, Traffichlesh 14/6 290944445 290944445 18620444480 18620444480 283,74

202/1->101/1, TrafficMesh 147 200344445 200044445 15620444460 13620444480 283,74

202{1->100/1, Traffichlesh 14/8 230344445 200944445 10620444480 19620444400 283,74

202/1-5101)1, Traffichlesh 14/9 290944444 290944444 18620444416 18620444416 283,74

202{1-5201]1, TrafficMesh 14/10 290944444 18620444416 - 290944444
202{1-»201]1, Trafficesh 14/11 230344444 16620444416 0 37 . INZo944444,
202{1->201]1, Traffichlesh 14[12 290344444 18620444416 283,74 2
202{1-3201/1, Traffichesh 14/13 290944444 18620444416 28374 .00 290344444
202{1-5201]1, Trafficesh 14/14 200944444 18620444416 78374 .00 290944444
202{1-»201]1, Trafficesh 14/15 230344444 16620444416 .00 290944444
202{1->201]1, Traffichesh 14/16 290344444 18620444416 .00 290944444
202{1-3201/1, Traffichesh 14/17 290944444 18620444416 5 .00 290344444
202/1-5201]1, Trafficesh 14/18 290944444 18620444416 290944444
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Test 4 — orwardmg plane

Latency measured when packets are transmitted:

 between two PICs on the same PFE

» between two PICs on different PFEs, the same FPC

* between two PICs on different FPCs, the same line-card chassis

* between two PICs on different line-card chassis

I Test for IPv4, IPv6 and MPLS

20
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Test 4 — forwarding plane

Average latency in microseconds, measured by Agilent testers

IPv4 IPV6 MPLS
Same PFE 15 14.2 14.6
Different PFEs, same FPC 21.6 24.3|not tested*
Different FPCs, same LCC 21.8 20.7 21.2
Different LCCs 21.3 20.8 21

 Shorter latency in the ‘Same PFE’ test is as a result of packet processing on
PFE (without transmitting to the central switching matrix).

* In other cases latency do not depend on whether packets are received and
transmitted on the same LCC or on different LCCs (in all cases packets are
processed by the central switching matrix).

I Results:

* One MPLS test was missed unintentionally.

22
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Test 5 — cnergance of routln
protocols

5a — BGP convergence inter- and intra-LCC
5b — ISIS convergence inter- and intra-LCC
5¢ —indirect next-hop for iBGP

except spf-delay which was brought down from default 200ms to 50ms
(minimum)

I For all tests the protocols have been configured with default behaviours,




T

e

The same prefixes
injected from 202/1 and
201/1 (500,000 prefixes
/16 —/24)

1BGP between routers,

fgintra—LCC test eBGP to Agilent testers

I S
B
charon
Cccl 10.0.1.0/30
N $0-6/0/0
atrix
50-7/0/0
n
-15/0/0
cc .
I / 10.0.15.0/30

Traffic generated from

101/1 and monitored on
202/1 and 201/1

" Matrix has higher LP for
jupiter — prefers routes

from jupiter and sends
traffic to 202/1

For inter-LCC test
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Test 5 — BGP convergence

275,000 routes (/24) from 202/1 withdrawn and then readvertised
Convergence time measured

Test repeated in inter-LCC and intra-LCC configuration

25
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Test 5 — BGP convergence

withdraw — single chassis — 56 sec withdraw — multiple chassis — 57 sec
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Test 5 — ISIS convergence

For inter-LCC test

Testers 202/1 and 201/1
emulate 5 routers with 5000
routes each (the same routes
on both testers)

Jupiter and vega prefer routes
from locally connected testers

Matrix prefers routes from
jupiter

Traffic generated from 101/1

and monitored on 202/1 and
201/1

Matrix sends traffic to 202/1
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Test 5 — ISIS convergence

Emulate link failure between vega and tester
ISIS convergence time measured

Test repeated in inter-LCC and intra-LCC configuration

28




Test 5 — ISIS convergence

Link failure — single chassis — 4 sec

F L I T |
[T ——)

Link up — single chassis — 3 sec

,,,,, o —2

link failure — multiple chassis — 3 sec

Ve

......

link up — multiple chassis — 3 sec
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Test 5 — BGP and ISIS convergence

Results — times for intra- and inter-LCC convergence are very similar.

Explanation — routing information is always processed by TX.

30
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Indirect next-hop convergence 1s possible when the protocol (BGP) next-hop
does not change, 1.€. there is only an IGP failure, somewhere in the network

When the ISIS/OSPF next hop changes (because of topology change) the
BGP routes do not need to be removed from routing table and installed again
— convergance 1s much faster

* eBGP (without indirect next-hop) — 80 sec
* iBGP (with indirect next-hop) — 10 sec

I Convergence time in our test (with 500,000 routes):
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Detectlon (BFD)

Faster convergence of routing protocol when interface state do not change to
down, e.g. link failure between two Ethernet switches (or sometimes SDH
switches with Ethernet client interfaces)

Shorter dead times than with routing protocols

Can be used with BGP (single hop eBGP only), ISIS, OSPF, static route, RIP,
I LDP, RSVP based LDP

32
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Test 6 — BFD lab setup
=

10.10.21.0/30

charon Aspen 8810
lccO sw3
10.0.11.1/30 P24 ARCN P23

10.0.11.2/30

ge-3/3/0
p2/2 p2/1

matrix )

nereid
lecl

Traffic goes throught a loop on
our switch — this loop will be cut

10.0.4.0/30

ge-3/3/0

"_ltllf T'lr@
"\...a-/

10.20.21.0/30

jupiter

50-0/2/0

10.0.3.0/30

s0-0/2/0

vega
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Test 6 — BFD test

I ISIS with default hello time — 9 seconds
Expected time for ISIS to detect the failure of the loop on switch — between
18 and 27 seconds
Test results:
Without BFD (22 sec recovery, With BFD (0.3 sec recovery,
I 20,000,000 packets lost 304,000 packets lost
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Test 6 — BFD test results

BFD makes routing protocol convergence much faster

One recommended value with current implementation is to use a detection-
time of 250 ms for up to 100 sessions

35
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Test 7 — QOS/COS — forwarding
classes

Three forwarding classes:

e Premium IP

* Best Effort

I cnaro
* [Less than Best Effort :
matrix
Traffic from 101, 102, 103

and 104 to 204 (intra-LCC) nerei
or 203 (inter-LCC) /

Links to 203 and 204
congested

BGP and ISIS between TX Q
and 203 and 204




Test 7 — QoS/CoS — forwardmg ™
classes — part 1

x
P : IP Bgsewn = U7 U7 |Bm e | @ 2| | E A
remlum Tx Test Rx Test \ Average | Minimum | Mazimum ;I
Tx Test R Test Tx Test R Test Throughput | Throughpit | R Packet Watency | Latency |Latency
Port T Packets Packets Oictets Otkets (Mbyjs) (Mb/s) Loss 5) {us) {us)
—_ 2Gb S 101/1-»204/1, BE 323200000 323200000 437395600000 467365600000 6017.11 601411 ) 40,65 Ze.02 47.38
p 101/1->204/1, EF 634020090 684020090 166900901960 166900901960 2060,50 206@s0 0 42,43 21.82 53.05
101/1-»204/1, LBE" 78860800 5572008 118922086400 8402588064 1468.17 10974 732686792 WO3Z.85  89.51 F407.79
102/1-»204(1, LBE' 513165120 24703072 773857524960 37252232576 9553.60 4500 458465048 #O635,35  27.45 £3091.77
103/1-»204/1, LBE™ 513168123 24147017 773857529484 36413701636 9553.60 F9NC 489021106 J59597.88  28.67 £8081.41
B est Effort 104/1->204/1, LEE™ 513168117 24402384 773857520436 360934515072 9553.80 455,98 468675737 39550.88  29.33 63097.80
Results - Realtime g
8% Setup §|V_\"|&_|‘@l®\||&l|h”§13 SN\
Le S S than / Tx Test Rix Test ' Xﬁrage Minirmum | Madmum ;I
Tx Test Rx Test Tx Test Rx Te: Throughput | Throughpul| R Packet | Lajency | Latency | Latency
Port T Packets Packets Octets Ok (Mb/s) (Mbys) ¢ Loss fu: {us) (us)
101/1->203/1, BE 60799999 G0799999 91656395492 6395492 5963.34 5963, 0.77 2560 46,87
B e St Effort 101/1-=203(1, EF 128676252 128676252 313970054858 JL3970054568 2042.08 : 237 21,79 5z.69
101/1-7203/1, LBE" 14835200 1015501 2237148160) 1531375505 1455.06 13819699 408287 42,00 743075
102/1-=2031, LBE' 96536541 4677744 145577103g€8 7054037952 9468.43 L 91858797 39g89.06 27,48 60088.06
3 OGb 103/1-7203/1, LBE™ 96536538 4649753 14557709304 7011827524 A 456,04 91886755 3937.23 26,71 68099.75
- p S q 104/1-=203[1, LBE™ 96536542 4545510 6854629080 : b36.03 29,93 60100.36
.
intra-LCC
PIP and BE, huge ot
5

inter-LCC packet loss for LBE




Premium IP
— 2Gbps

Best Effort
— 20Gbps

Best Effort
— 18Gbps

intra-LCC

I Less than

inter-LCC

Test 7 — QoS/CoS — forwardi

classes — part 2

101/1-2204/1, BE 102769695 44063725 154976704554 66448097300  7606.22 3261,

102/1-»204/1, LEE 128450752 3985433 193703734016 6010040504 950693
103f1-»204/1, BE" 25692424 7228133 38744175392 10900024564 1901.55
103(1-2204/1, LEE™ 102758327 3193892 154959557116 4516339136  7605.33
104f1->204f1, BE' 128450754 44358056 1937053737032 66591948448 9506.93

Results - Realtime

8% setup §||&‘|&'|‘QQ|WHJJ|EA

26.07
30,41
27.31
26.52

75241.03
777872
75073.15
77498.19

x
G a v | E A
T Test Rux Test ' verage | Minimum | Maximunm ;I
Tx Test Rux Test Tx Test Rex Tesk Throughput | Throughpulf| Rx Packet |(§tency | Latency |Latency
Port T Packets Packets Cctets Octets {Mbjs) (Mbjs) Loss 3] {us) {us)
29,54 77442,01

J T Test Rux Test N&rage Mininnum | Maximunm 1=
Tx Test Rx Test Tx Test Rx Te; Throughput | Throughpulf| Rx Packet tency | Latency |Latency
Part T Packets Packets Ockets (Mb/s) (Mbyjs) / Loss (%) fus) fus)

101/1-2203/1, BE 151296305 64901264 225154827940 9 7605.16 326287 46395041 7EE4d4z 30,37 7TZz41

101f1->203/1, EF 232758123 232756123 56792962012 1893.10 a 3936 22,13 44.18

102/1->203/1, LBE 1589103361 5374522 2851686223 950562 9 183229330 34P02.87 26,89 7540062

103(1->203[1, BE" 37824076 10615895 STO3E70N 1901.29 272058181 7632.05  31.23 F7340.96

103(1-»203[1, LBE™ 151279787 4704248 22812995796 7094005954 7604.33 146575539 JA703.38 28,12 75246.53

104/1-»203/1, BE' 189103361 5258735 28516#22388 98410172380 950% 3280.34\23845126’6?58.07 29,35 7729411

No packet loss for PIP, huge
packet loss for BE, almost
all traffic lost for LBE
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Test 7- o/ CoS — forwardln
classes — results

* PIP traffic has no packet loss

* BE has priority over LBE

 No ISIS adjacency or BGP session drop detected on congested links
CoS features behave according to service definition.

I Results are the same for intra-LCC and inter-LCC traffic.
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Test 7 — QoS/CoS — head of In¢
blocking

Head of line blocking occures when traffic which should be transmitted via a
congested interface blocks input queue on its ingress interface, which affects
other on the same ingress interface — traffic which should not be congested
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Test 7 — QoS/CoS — head of Ime¢

blocking
Traffic: O Q Q O

203 to 101 — 100% of bandwidth
¢ 204 to 101 — 50% of bandwidth
e 204 to 102 — 50% of bandwidth

I Link to 101 is congested

If TX has head of line blocking
problem, the congestetion on 101 will
affect traffic from 204 to 102




Test 7 - QoS/CoS head of line"
blocking - results

Traffic from 204 to 102 was not affected.

: s , No packet loss
No head of line blocking in this test scenario. between 204 and 102




Many thanks to Jean-Marc Uze
for organising this testing.
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