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UDP Throughput Stockholm-

London

Alcatel Metro Core Connect
MCC Flow control OFF

Kernel 2.6.20-web100_pktd-plu : —
Myricom 10G-PCIE-8A-R Fibre e 2000 bytes

Spacing between frames us
rx-usecs=25
Coalescence ON

MTU 9000 bytes

2000 bytes
3000 bytes
—— 4000 bytes
—+— 5000 bytes
—¥%— 6000 bytes

Recv Wire rate

100 Stoc2-1_10J an08

% Packet|

o 5 10 15 20 25 30 35 a0 8000 bytes

Max throughput 4.05 Gbit/s
Packet loss as expected

Sending host, 3 CPUs idle

o 5 10 15 20 25 30 35 40 | —e— 8972 bytes

. Spacin tween frames us 8000 bytes

For <18 ps spacing, ——— —
1 CPU is >90% in kernel mocs a0 - :z.g.;%%
sending at 10 Gbit I e ——————————— T =
ol B e e A R R B Dy I, DG = #p | X 6000bytes

Receiving host 3 CPUs idle o s ol B m m  » 3w oo
For <20 ps packets,
1 CPU is ~30% in kernel mode connec’ - communicate *




UDP Throughput London-

Stockholm

Alcatel Metro Core Connect
MCC Flow control ON

Kernel 2.6.20-web100 pktd-plus
Myricom 10G-PCIE-8A-R Fibre

rx-usecs=25
Coalescence ON

MTU 9000 bytes

2000 bytes
—-— 3000 bytes
—— 4000 bytes
—+— 5000 bytes
—%— 6000 bytes
| 7000 bytes
. | —— 8972 bytes
8000 bytes

T

expl-Stoc2_10) an08.Xs

—=—— 1000 bytes

1472 bytes
——=—— 2000 bytes
—=— 3000 bytes
—— 4000 bytes
—+— 5000 bytes
—K— 6000 bytes
7000 bytes
—&— 8972 bytes

Max throughput 4.05 Gbit/s °v 5 g i s s ® B W0 oo

NO Packet loss - flow — o
control

% Packet k
o88888

1472 bytes

—=—— 2000 bytes
—=—— 3000 bytes
——— 4000 bytes
—— 5000 bytes
2 X | —K— 6000 bytes
; 7000 bytes
40 | —*— 8972 bytes
Spacing between frames us 8000 bytes

Ycpul kei
snd

100 expl-Stoc2_10J an08.Xs —=— 1000 bytes
w o
60 3000 bytes
40
20

o

Sending host, 3 CPUs idle

For <8 us packets,
1 CPU is ~60% in kernel mocg; et S g
sending at 4 Gbit o s o 1w om m . 3 4w
Receiving host 3 CPUs idle

For <20 us packets, iy AL

—— 4000 bytes
—+— 5000 bytes

% cpul kemq
rec

—K— 6000 bytes




UDP Jitter Stockholm-London

. %%
GEANTN

Alcatel Metro Core Connect

MCC Flow control OFF roucco £9728 w165 Sto-an TXusecs0 SApr08
Kernel 2.6.20-web100 pktd-plus | so0000
Myricom 10G-PCIE-8A-R Fibre 2 o0
rx-usecs=0 i£288
Coalescence OFF 0 ot r w w T w r
8972 byte packets 0 20 40 Latg?myus 80 100 120 140
16.5 us spacing
100000 A . 8972B w=16.5 sto-man_rx-usecsO 5Apr08
I;gak in packet s%acing at 2 o %V}M\& va\
S as expecte 100
H P 10 va X\ ™
1 | | WA e o e o .
Other peaks at 10 and 51 pus o 20 4 6 8 100 120 140
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NORDUnet install TSS

SN
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UDP Throughput Stockholm-

London
Alcatel TSS - 10GE - MCC

Kernel 2.6.20-web100 pktd-plus
Myricom 10G-PCIE-8A-R Fibre

rx-usecs=75
Coalescence ON

MTU 9000 bytes

Max throughput 3.78 Gbit/s
(Previously was 4.05 Gbit/s)

Packet loss 10%

at packet spacing for 4.096
Gbit/s

with a 8129 byte payload.

Manchester — Stockholm
NO packet loss at 4.096 Gbit/s

. %%
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sto-gigb_rx75_TSS_21May08

—=— 1000 bytes

1472 bytes
—=— 2000 bytes
—s— 3000 bytes
—e— 4000 bytes

+— 5000 bytes

S —x— 6000 bytes
J‘ —~— 7000 bytes

10 15 20 25 30 35 4
Spacing between frames us

8000 bytes

8072 hyh:c

% Packetloss

sto-gig6_rx75_TSS_21May08

—=— 100 bytes

W72 bytes
—=— 2000 bytes
—— 3000 bytes
—— 4000 bytes
—+— 5000 bytes
—*— 6000 bytes
—=— 7000 bytes

8000 bytes

10 15 20 25 30 35 40 | —— g7 bytes

Spacing between frames us
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Packet loss Stockholm-

Manchester
Alcatel TSS - 10GE - MCC

Send 1M packets from PC in Y T/
Stockholm g
8192 Bytes % 6 /
All cross the TSS cloud. & 4
All enter Alcatel MCC 2 3
as 10 GE frames 0 | | :#/V |
0 1000 2000 3000 4000 5000
Packet loss was in MCC Card Offered Rate Mbit/s

~10% at 4096 Mbit/s

Classic “bottleneck”
performance.

But WHY ??
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UDP Jitter Manchester-

Stockholm

Alcatel MCC - 10GE - TSS - PC

Kernel 2.6.20-web100 pktd-plus
Myricom 10G-PCIE-8A-R Fibre
rx-usecs=0
Coalescence OFF
8192 Byte packets

Alcatel MCC is TDM 28 VC-4.
Can only send packets to the
TSS

at 16 us not at 10 Gbit/s.

Peak packet spacing is
~ 6 [Us ie packets arriving at
10 Gbit/s

Suggests packet bunching in

400000 T

8192B w=16 gig6-sto_rx0_19) un08

350000
300000 6 HS
250000 +—
= 200000
150000
100000
50000 |
0w pettsnsogte s Seunats , : peseococt . .
0 20 40 60 80 100 120 140
Latency us
1000000
ﬂ 8192B w=16 gig6-sto_rx0_19) un08
100000 ]
10000 yl&" e
s W
> 1000
100 wh"w ~
10
1 T T T T T T T
0 20 40 60 80 100 120 140
Latency us
700000
600000 8972B w=16.5 sto-man_rx-usecs0_5Apr03
500000
9400000
2300000 StO-Man no TSS
200000 1 6 HS
100000
0 o T T -~ T T T u T
0 20 40 60 80 100 120 140
Latency us
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UDP 1-way delay

SN
Manchester-Stockholm with GEANTW

Alcatel MCC - 10GE - TSS - PC

19000 W16 gig6-sto_rx0_16J un08
- - { 18950
Kerrlmel 2.6.20 weblOO_pk.td pluy 1% I PO /\1 P
Myricom 10G-PCIE-8A-R Fibre e\ VAL VAR WA VAR VAR ¥
rx-usecs=0 18750 YW
Coalescence OFF i
8 192 Byte paCketS 186(;(;58000 755I8500 recez\?gg(r)r?gus. 755%9500 7560000
Structure similar to interrupt P R——
coalescence but this is OFF -~ —
ol I A | ]
_ _ ool I I AN A A
Jitter as function of recv ol ] / A V] [\ ]
time o 1] [V 7 [ 1/ /
Sl A O A PO 7/ A Y
see delays of ~ 130 ps o VN WH VW W) — el Y
th en p a CketS at —~ 6 ps 7558000 7558500 rece?\?g%(r)r?gus. 7559500 7560000

These packets at ~ 10Gbit/s

This confirms packet bunching
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Why do we get packet loss

N R\
in Copenhagen? GEANTW

The Alcatel TSS delivers the packets over the 10GE link to the
Alcatel MCC in bunches at line-speed (with suitable pauses to
get 4Gbit/s).

The SDH circuit over GEANT from the Alcatel MCC runs at 28
VC-4 (~4.2Gbit/s).

The Alcatel MCC ingress buffering is only about 57 k Byte.

These factors together cause buffer overflow and the packet
loss.
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NORDUnNet & GEANT change

. %A°F
the TSS — MCC link GEANTW

A work-around !
VLBI uses SDH to GEANT
And buffering in the TSS

TSS Stockholm TSS Copenhagen MCC Copenhagen
Sunet
STM-64 STM-64 SDH 28 VC-4
I/f I/ N O R D U n et STM-64

TSS Cloud "
N /
s \\ /

10GE 10GE
Th- Th-
Switch f:f 64 ﬁf &4 Switch

SDH 64 VC-4

SDH 64 VC-4

10GE Ethernet
Existing
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i‘\
The Current 4 Gigabit link GEAI<I'T*
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10 GE
Copenhagen NORDUnet Stockholm

& S5

Alcatel TSS Alcatel 1626LM Alcatel 1626LM Alcatel TSS 2 8 VC -4 S DH
GFP wrapped in SDH Lin kS
Copenhagen GEANTZ Plus London TS S to M C C

GFP on SDH
D S
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Alcatel MCC 1678 Alcatel 1626 LM Acatel 1626 LM ieae MCC
10 GE
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iNetTest

/ R. Hughes-Jones 20 Jun 09
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GEANTN

INETTEST




INetTest: Simulink design

10GE MAC core tenGbE

=

O—F—H = 1 % E:I

=Dl ] ﬁ
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Network { ﬂ@l}?
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10GE MAC core tenGbE1l

Jonathan Hargreaves JBO
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Inter-packet time
Histogram tenGbEO

Transmit & receive
event time log

Inter-packet time
Histogram tenGbE1l




iNetTest: Details GEAI&I}'*'
INetTest FPGA runs with a 200 MHz (5 ns) clocks

Two iNetTest units can be controlled over ethernet IP from a PC

INetTest Ethernet IP address and MAC preset in code
— last digit selected by jumper

Ten GE IP address, Port and Gateway can be user configured

Automatic or manual ARPing. ARP tables for each port can be
examined

INetTest responds to and generates PING

UDP packets can be sent by firmware between two iNetTests
or between iNetTest and PCs

User selects the number of packets to send, their length,
and the time between them

IBOBs count received and transmitted packets, and store up to
2048 time stamped events per port

IBOBs generate histograms of the arrival time distribution for
received packets
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INetTest & eMerlinIN:

R S0\
Architecture for Operation & GEANTN

10 Gigabit Ethernet Network
iNetiest GUI
...... — - ~actor——— ,fiNetTestjl

core j ] o > i/l
~actor——— FiNEtTEStji

II’,_,r“e“u 0n2jb0_tx
3 ubpP
Config core -
Data \_ Y,
i On2jbo_rx
. e ————————————
Perl
script UDP
core R
. S




INetTest & eMerlinIN: GUI

SR 2N
GEANTN

EE| iNetTest

Setup iNetTest | Set ifcunfigl ifcunfigl Stats | arp | ping | udpmunl Histugramsl Set Timel eMerIinINl

VLBI Source ping | udpmon

NetTest — (O] X
¥ in use VLBI Source eMg JJJ
Setuph etTest' Set if[:unfigl if[:unfig' Stats arp ||Jing | udpmunl Histugramsl Set Timel EMerIinlNl
P address of eMertinN Actor— [1355 061 oo | BB ez SEE

stngramsl Set Timel eMerIinINl

IP address f
UDP port of eMerlinIN Actor |14233 Gateway untl {enGhE
UDP port List tenGbEO arp Gache | List tenGbEO arp Cache P host | MAC
I
. . » 00:00:00;00:00:00
IP address of eMerlinIN Unit |192.168.80.70 ‘ | List 100 Mbit arp Cache | List 100 Mbit arp Cache —— Pr————
I Perform a set of Class C arps 2 00:00:00:00:00:00
UDP port of eMerlinIN Unit |14224 pkts recv arp 3 0-00-00-00-00:00
plts recv ip Send arp Requests | Send arp Requests 4 02:50:c2:72:00:02
pkts recy icmp 5 00:00: 00-00:00-00
pkts recv udp B 00:00:00:00:00:00
i pkts recy my udp 7 00:00:00:00:00:00
; kts reev dataack ud B iNetTes
Connect to Actors | Update eMerlinlN pds recy dataack udp iNetTest
pkts recv ip unknown Setup iNetTest | Set if[:unfigl if[:unfig' Stats | arp  ping |udpmun| Histograms | Set Time | eMerlinlN

I

Setup iNetTestl Set ifcnnfigl ifconfig Stats |ar|:| | ping | udpmon' Histugramsl Set Timel eMerIinINl

VLBI Source Clear Stats on Clear Stats an it L Glecitieida [192.168.10.4
Source Destination
| tenGbEQ | tenGbEQ size of ping packet IU
tenGhED packets received... |0 OK... tenGhED packets received... | 74781380 OK... sequence number 1
tenGbEO Control Register ... | 160 OK... tenGbEO packets lost .. |0 OK...
tenGbED Recv Status .. | 1073741824 OK... tenGbED packets late .. |0 OK... identifier |14233
Packet length 0 OK tenGbEQ Control Register ... 32 OK...
Recy machine state ..|0 OK tenGbEO Recv Status .. | 466984 OK...
tenGbEQ hdr realtime .. |0 OK... Packet length 8232 OK . .
tenGbEOQ hdr sample no 0 OK... Recv macf!;]ine state |7 OK VLBI Source VLBI Destination
tenGbEQ hdr realtime . | 3714 OK...
tenGbEOQ hdr sample no ... | 74781394 OK...
tenGbEQ num packets in F... |99 OK... ping tenGbEO | ping tenGbEO |
ping 100 Mbit | ping 100 Mbit |

Reset State Machine Reset State Machine ping icmp response for Unit 1 tenGbED -~
4 ply from 192.168.10.4: bytes=0 icmp_se time=21 ns




INetTest & eMerlinIN: GUI

. %%
GEANTN

iNetTest

Se%p iNBtTBStl Set ifl::unfigl ifl::unfigl Stats | arp | ping udpmon |Histugrams| Set Timel BMBI’|in|N|

Flow 1 Flow 2 Flow 3 Flow 4

=[5l

Setup iNBtTestl Set ifc:unfigl ifc:unfigl Stats | arp | ping | udpmunl Histugramsl Set Time eMerlinIN |

iNetTest Source

iNetTest Destinatio

Source iNetTest un % tenGbEO
Source 10GE interf: Destination IP |192.168.10.4

Start VLBI FLow | Stop VLBI FLow | Re-connect Statistics

Destination iNetTes Destination UDP port |14233

Destination 10GE ir

VLBI Source | tenGbEQ VLB Destination | tenGbEO

Rt aion) 62740637 OK.. 51966 Cor...
Destination UDP pg tenGbED packets received... |0 OK... tenGbED packets received... |62741737 OK...
tenGbEOD Control Register ... | 160 OK... tenGbED packets lost .. |0 OK...
Number of packets tenGbEO Recv Status .. | 1073741824 OK... tenGbEO packets late .. |0 OK...
. Packet length 0 OK tenGbED Control Register ... |32 OK...
Size of packet Recv machine state 0 OK tenGbEQ Recv Status ... | 2236456 OK...

Packet-packet wait | tenGbEOQ hdr realtime .. |0 OK... Packet length 8232 OK

tenGbED hdr sample no 0 OK... Recv machine state .. |34 OK
Start All Flows tenGbEOQ hdr realtime .. 3521 OK...
tenGbED hdr sample no ... 62741741 OK...
Stop All Flows tenGbED num packets in F... | 297 OK...

Read Power Data
opbreg_raw_sample_i W OxFE7E7E7F 2139062143

opbreg_raw_sample_q ... 0x00003f04 16132 OK.
opbreg_ms_power_i ... |0x80eb9b38 -2132042952 OK.~




Testing Long Term Stability

R 2\
UDP Throughput Onsala-jodrell GEANT*‘

Use iNetTest to send trials of 100M 8192 Byte packets.
Spacing 16 us, Trial takes ~27 min.
Measure:

Throughput 4.094 Gbit/s

iBoB tenGbEO locked up

jitter /

Ons-J bo_iNetTest 13May09 / Ons-J bo_iNetTest 14May09
5000 80 5000 7
4500 — 5 4500 - 1.
4000 22eeeeseoeeveovovorovevvovroreveoeorovevene 4000 L eeeeeeeeecreresesocrerereoetreoeoee oo
3500 T 3500 -5
3000 T 3000 [,
2500 40 2500
2000 4 5 2000 [ 3
g b 1 20‘ | PR |
1000 1000
500 T 10 500 =
0 . . : . . 0 0 . . : . . 0
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Time during the transfer min Time during the transfer min
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Testing Long Term Stability

UDP Jitter Onsala-jodrell

. %%
GEANTN

Plot the inter-packet arrival times for 3 trials

No noticeable differences
Same distribution for tests over several week

Ons-) bo_iNetTest 14May09

.
ooooooooooooooooooooooooooooooooooooooooo

400 600
Time during the transfer min

s Ons-dbo 14 May 09 Trial 2 g Ong-Jbo 14 May 08 Trial 22
10 : . : 10 : : :
10k 10
107k 1
10° L 10
“u
=
=
8 4
ELN® 10
O
=) ~
10°k 10
100k 10
10"k 0
0
10 L L L L L L 1 10 L L L L L L L
0 10 30 a0 40 50 60 70 0 10 20 20 40 50 60 70

packet spacing us packet spacing us

g
10
107 L
107

107k
o
£
s
5 10'L
)
=

10°L
107

1

10"k

i
10

Ons-Jho 14 May 09 Trial 40

1 1 1 1 ! L
10 20 30 40 50 B0
packet spacing us
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Testing Long Term Stability

. AT
UDP Jitter Onsala-Jodrell GEANTN

ons-dbo 14 May 09

log number of counts

Lol o] — o] LS BN o (s3] - Le4]
W

packet spacing us 80 0

trial number

NO change in Jitter
Tail ~ 103 down
Peak at 16 us, tail extends to ~70 s

aaaaaaaaaaaaaaaaaaaaaaaa




What did we learn?

. %%
GEANTN

The network is very stable

IBOB state machine can lock the Ethernet transmit & receive
(?)
Added a reset function to the FPGA.

Ethernet switches do age their MAC tables (as expected) SO:
they loose the port of the destination iBOB
flood packets at 4 Gbit/s to all ports in the VLAN

INetTest & on2jbo_rx send “data ACK"” packets back to the
source every n packet received.

iINetTest and eMerlinIN operate as required.

Signals from signal generator in Onsala have been sampled
and transmitted to the Station board in theg
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State histograms from the

AR SN
e-Merlin Station Board GEANT*V

88 MHz Signal, 1024 MHz clock, 2 bits, 1 88 MHz Signal,
pol. 1024 MHz clock,
R 2 bits, 1 pol.

00,000 - 00,000 -

00,000 - 00,000 - 00,000 -
00,000 - 00,000 -
00,000 - 00,000
00,000 - 00,000 -
00,000 - 00,000 -
00,000 - 00,000 - i
00,000 - 00.000 -
00,000 - 00:000_
00,000 - 00,000 -
00,000 - 00,000 -
00,000 - 00,000 -
00,000 - 00,000 -

eMerlinIN from Onsala
00,000
00,000 -
00,000 -
o 00,000
B Gy
00,000
00,000 - 00,000 -
00,000 -
00,000 -
00,000 - 00,000 -
00,000 00,000 - gg’ggg:
o  HEE_ 2 ...  EEm—— 00,000
q 00,000
-40 dBm -10 dBm -6 dBm e
3 00,000
| BRCCH 00,000 - 00,000 -
_ 00,000 -
J 00,000 -
. 00,000 -
| ' 00,000 -
! | 0B T
| II | o 1 2 3 4
0 1 2 3 . o 1 2 3 0 1 2 3 4
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ANY QUESTIONS ?




