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oY Network Performance Iss

End System Issues
Network Interface Card and Driver and their configuration
Processor speed
MotherBoard configuration, Bus speed and capability
Disk System
TCP and its configuration
Operating System and its configuration

Network Infrastructure Issues
Obsolete network equipment
Configured bandwidth restrictions
Topology
Security restrictions (e.g., firewalls)
Sub-optimal routing
Transport Protocols

Network Capacity and the influence of Others!
Congestion — Group, Campus, Access links
Many, many TCP connections
Mice and Elephants on the path
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Networks For
Non-Networkers

Methodology used Iin testing
NICs & Motherboards
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o e Latency Measurements -

€ UDPI/IP packets sent between back-to-back systems
B Processed in a similar manner to TCP/IP
B Not subject to flow control & congestion avoidance algorithms
B Used UDPmon test program

€ Latency
€ Round trip times measured using Request-Response UDP frames

€ Latency as a function of frame size
B Slope is given by: 1

an
datapaths dt
® Mem-mem copy(s) + pci + Gig Ethernet + pci + mem-mem copy(s)

B Intercept indicates: processing times + HW latencies
€ Histograms of ‘singleton’ measurements
@ Tells us about:

B Behavior of the IP stack

B The way the HW operates

B Interrupt coalescence
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ks e Throughput Measurements

Non-Networkers

4 UDP Throughput
€ Send a controlled stream of UDP frames spaced at regular intervals

Sender Receiver
Zero stats : OK done
+—> —
Send data frames at — 15 N
regular intervals oo Inter-packet time
(Histogram)
- (Y X
Time to send L, — Time to receive
N > — 1>
Get remote statistics p Send statistics:
No. received
Signal end of test > No. lost + loss pattern
< No. out-of-order
= OK done
CPU load & no. int
Time ¥ v 1-way delay
< Number of packets >
n bytes
_ time
<+«— Wait time —»|

Richard Hughes-Jones Slide: 5




ez, POl Bus & Gigabit Ethernet ACtVItY S

€ PCI Activity

€ Logic Analyzer with
® PCI Probe cards in sending PC
B Gigabit Ethernet Fiber Probe Card
® PCI Probe cards in receiving PC

CPU — E(ffilge?‘r?iett T ] CPU
N PCI bu§ | S > Probe 2 |PCl bus

chigoset C I N chipset

mem mem

Logic Analyser
Display

Possible Bottlenecks
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emane e OEIVEr Quality” Motherboard-

¢ SuperMicro P4DP8-2G (P4DP6)
€ Dual Xeon
€ 400/522 MHz Front side bus AT 400 MHz Systam Bus

ATA 100 Graphics
Ports

—PClX Skot 5

¢ 6 PCI PCI-X slots UsB JCH3.S MCH P L pex siots, vxe

Parts

€ 4 independent PCI buses 1 | | peisiots 13

PE4H2

B 64 bit 66 MHz PCI B L5 PCi Siot 4, SESI

100100 LAN

B 100 MHz PCI-X
H 133 MHz PCI-X 200 MHz Mamary Bus

€ Dual Gigabit Ethernet

€ Adaptec AIC-7899W o
dual channel SCSI DDR SDRAM

€ UDMA/100 bus master/EIDE channels
B data transfer rates of 100 MB/sec burst

UNIVERSITY
WEST LONDON
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wworseor 0 €IVEr Quality” Motherboards

Non-Networkers

DOR200/ 286/ 3237400
S40-SOCKET #2 ————————— 4% DIMM

4 Boston/Supermicro H8DAF ; : ;][a

‘ TWO Dual Core Opterons (o P—— ) | DORE00/2E6/333/401 | P

e A
o 128klt Data +
SATALL 16kit RS :

4 200 MHz DDR Memory HE
m Theory BW: 6.4Gbit i Peiox .

(GREEN)  [———gary TR | e
a132
€ HyperTransport — g l
sLoT T e —T¥EaT B
ES H
H E
GE LAN | - j[ =

BCMSTOAC [

€ 2 independent PCI buses o

TDE UCeA 100 g1l —————————— RageilL
A ~ PCI BU#[32-BIT) SMB Buflfflfer

[ | 133 MHZ PCI_X BRI/SEC [———————————
2 Gigabit Ethernet I — 1 ] e

Jr Jl,
‘ SATA LB LSO EMC CON. EWH
PCl-e T
¢ ( ) L L 1

?

& v'

A

B RU N EL
UNIVERSITY
WEST LONDON
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Networks For
Non-Networkers

NIC & Motherboard Evaluations
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Networks For
Non-Networkers
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SuperMicro 370DLE: Latency: Sys

Motherboard: SuperMicro 370DLE Chipset: ServerWorks Ill LE Chipset

CPU: PIIl 800 MHz
RedHat 7.1 Kernel 2.4.14

PCI:32 bit 33 MHz
Latency small 62 us & well behaved
Latency Slope 0.0286 us/byte

Expect: 0.0232 ps/byte
PCl 0.00758
GigE 0.008
PCI 0.00758

PCI:64 bit 66 MHz
Latency small 56 pys & well behaved
Latency Slope 0.0231 us/byte
Expect: 0.0118 ps/byte

PCI 0.00188

GigE 0.008

PCI 0.00188
Possible extra data moves ?

SysKonnect 32bit 33 MHz

y=0.0286x + 6179

9 y=0.0188x + 89.756
100
g 80
E 60 1
40
20 A
0 : : : : :
0 500 1000 1500 2000 2500 3000
Message length bytes
160 SysKonnect 64 bit 66 MHz
140
120
9 y = 0.0231x + 56.088
100

80
ﬁ 60
40
20

/

y = 0.042x + 81975

(0] 500

1000 1500 2000
Message length bytes

2500

3000




Networks For
Non-Networkers
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SuperMicro 370DLE: Throughput: Sys

Motherboard: SuperMicro 370DLE Chipset: ServerWorks Il LE Chipset

CPU: PIIl 800 MHz
RedHat 7.1 Kernel 2.4.14

PCI:32 bit 33 MHz
Max throughput 584Mbit/s

No packet loss >18 us
spacing

PCI:64 bit 66 MHz
Max throughput 720 Mbit/s

No packet loss >17 us
spacing
Packet loss during BW drop

95-100% Kernel mode

Recv Wire rate

Mbits/s

1000

SysKonnect 32bit 33 MHz

—=— 50 bytes
100 bytes

800
600 -

400
200 1

OT

—a— 200 bytes
—s— 400 bytes
—— 600 bytes
—+— 800 bytes
= L —¥— 1000 bytes

Jt
0

100 bytes|

o=t —L—L—L—L—L——L—L—u/'_L"-“_"“—'-H—-————L—L—.—L—L—L—L_L_L_L_L_L_l g

—=— 1400 bytes

0

5

10 15 20 25 30 35
Transmit Time per frame us

40—*— ¥72bytes

Recv Wire rate

Mbits/s

—a— 50 bytes

SysKonnnect 64bit 66MHz

100 bytes
—=+— 200 bytes
—s— 400 bytes
—— 600 bytes
—+— 800 bytes

—X— 1000 bytes
—=— 1200 bytes

——— H00 bytes

—eo— U72bytes

10 15 20 25 30 35

Transmit Time per frame us

% CPU Kemel

Receiver

100 9{\\‘»’, Vm'q MA'»’*Q'*«‘F'
XD ‘ é e el \

SysKonnect 64 bit 66 MHz

—=— 50 bytes

XLSIA

100 bytes
—a—— 200 bytes
—se— 400 bytes

gVl —— 600 bytes

¥ —+— 800 bytes

‘ r —k— 1000 bytes

1200 bytes

00 bytes

J‘L\/ y< H I —e— U722 bytes

10 20 30
Spacing between frames us

40




wworeree OUPErMicro 370DLE: PCI: SysiKon

Non-Networkers

B Motherboard: SuperMicro 370DLE Chipset: ServerWorks Il LE Chipset

B CPU: Plll 800 MHz PCI:64 bit 66 MHz

B RedHat 7.1 Kernel 2.4.14
Send e y _ :

transfer l EESSD;: u&] HE'Trikmeerg | 1T.r§§ 35 lT:;%;Dui |Trzlag.otan uDs

Send - e e e et e et et

]
1.
B | LT T T T T T T T T T LT

~8 us for send or receive
Stack & Application overhead ~ 10 us / node

setup FRAME= (™A _|
q_L_
—_— - '
Send PCI e
STORP-
FRAME1 ml
EED":"—'. '"I
Receive PCI i : T
STOP | : — 1
KCHI1 [
IDLE! [
IDLEZ :
7 E; ........................
Packet on Ethernet
Fibre _
B 1400 bytes sent Receive
®  Wait 100 us transfer . 36 Us
O
O
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Networks For
Non-Networkers

¢
L 4

1472 byte packets every 15 us Intel Pro/1000

PCI:64 bit 33 MHz

Data Transfers

Send setup
82% usage

Send PCI

Receive PCI

Receive

Transfers
PCI:64 bit 66 MHz

Data Transfers
Send setup

—

il
v N Delay
2,00 usJ W2!.86 us

sec/Di

Signals on the PCI bus

Markers ]

Time

to 0 Trig to X
27.08 us

et a—

Trig to 0O
10,64 us

S —

FRANME—

|

| L
TRODYV—
DEYSL—
CB_BUSal
STOP-
ERAME 1
IRDY=T
TRDYV—1
DSEL-T
STOP

SEETDL
5.00 U

:‘

BESEE

ECCC

=

"ECLLC

|
A
Jﬂ 5

Iy wiEnal |

ERRRA AN

|
H—
|

CLE
FRAME—
IRDY -

I.I.II I!.IILIIIII

'IILH_L

65% usage Send PCI

Receive PCI

Data transfers

half as long _
Receive

Transfers

TELDY=
DEWSL—

STOF-
IMTA—
FRAMET
IRDY—1
TRDY -1
DSEL —1
STOR1

INTA-1

| | N W
CE_BUSal

sﬁ

=E=:|=

| EEEQE

U Delay Markers ¥ to 0O Trig to ¥ Trig to 0O
22.69 Us Time g.059 us 25.10 us 36.19 U5

lI_I_L
RNIEE
| | N
| 1l |

I I
10N
1]
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weeees. SuperMicro 370DLE: PCI: SysiKon

B Motherboard: SuperMicro 370DLE Chipset: ServerWorks Ill LE Chipset
m CPU: Plll 800 MHz PCI:64 bit 66 MHz
B RedHat 7.1 Kernel 2.4.14 o) (st (i ] G

EEEHE_
B 1400 bytes sent IRDY—
DEWSL—

| Walt 20 us CE_BUSan

STOP—

- X

ta 0O Trig ta X Trig tao O
B3 us 14,37 us 26 .00 us

i

e

11118

—E=]

j,F,;

FRAME1
IRDY—1

1
1
|
|
]
I ]
. | 1]
TRDY—1 5 I ;
DSEL—1 : 1] ;
E il :
[T 1]

STOF 1
KCH :
IDLE 1 ; I

IDLEZ : |

J %EL;.;.

Frames on Ethernet ' :
Fiber 20 us SpaCing sec:m?] Delay Markers ] [ “ to 0 ] [Trig to x] [Trig to D]
11

a0 us 21 23 us Time LT3 uUus 1Z.47 us 25.20 us

CLE
FRAMNE—

B 1400 bytes sent TROV—

DEVSL—

—

1 CE_EUSan Hi

® Wait 10 us SToR- n
|1

| =

== [ — |
===-

==

FRAME1

IRDY—1
TRDY—1
DSEL—1

Frames are back-to-back oLt

IDLE1

800 MHz Can drive at line speed |icie2 [T [
Cannot go any faster ! — ' A _

—455; —m=

1]
(Lt
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nerwarks o SUPErMicro 370DLE: Throughput: intel

Non-Networkers

B Motherboard: SuperMicro 370DLE Chipset: ServerWorks Il LE Chipset
m CPU: PIlll 800 MHz PCI:64 bit 66 MHz
B RedHat 7.1 Kernel 2.4.14 1000 Intel Pro/1000 64bit 66MHz —=— 50 bytes
100 bytes
. 800 %@H@KM/‘ *e/’\ 200 bytes
B Max throughput 910 Mbit/s s » \ o Wbyis
| > ' o 600 1 —+— 600 bytes
No packet loss >12 us spacing 25 e
- ; 400 —%— 1000 bytes
@ 44— D00 bytes
o2 90p el WEZZ' 00 bytes
M A —— U72bytes
0 T T T T -\_-_L_L_L_(\-L_L_L_L_L\'_’ — ‘(‘,
0 5 10 15 20 25 30 3 40
Transmit Time per frame us
_ 1 UDP Intel Pro1000 : 370DLE 64bit 66MHz —————— "~ 00Vt
W Packet loss during BW drop 08 ;((’)%Zyytte;
B CPU load 65-90% spacing <13 |5 —— 400 bytes
— 0615\ —+— 600 bytes
us % —— 800 bytes
= 04 —¥— 1000 bytes
o . —=— 100 bytes
s> 0.2 #00 bytes
—— U72bytes
0 5 10 15 20 25 30 35 40
Transmit Time per frame us
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Non-Networkers

Netwarks For SuperMicro 370DLE: PCI: Intel Pro/-

B Motherboard: SuperMicro 370DLE Chipset: ServerWorks Ill LE Chipset
® CPU: Pl 800 MHz PCI:64 bit 66 MHz

B RedHat 7.1 Kernel 2.4.14
Send Interrupt processing

Interrupt delay

Send 64 byte —
sec/Di Delay Markers
request 20,0 u | 88.66 us Time

Y ¥ oto 0 Trig to ®| |Trig to 0O
g 65.86 us 3.676 us £9.54 usg
[ ]
FRAME—
IRDY-
T
| UE Y5 —
Send PCI CE.BUsal
STOP- l
FRAME 1
IRDY=A
. Loy —1
Receive PCI OSEL—1
STOP1

EEEE
] e

Request — Response

Demonstrates interrupt coalescence
No processing directly after each
1400 byte response transfer

Richard Hughes-Jones Slide: 16

Request received

Receive Interrupt processing



weeners OUPErMicro P4DP6: Latency Intel P

B Motherboard: SuperMicro P4DP6 Chipset: Intel E7500 (Plumas)
B CPU: Dual Xeon Prestonia 2.2 GHz PCI, 64 bit, 66 MHz
B RedHat 7.2 Kernel 2.4.19 .
300 Intel 64 bit 66 MHz
250 y = 0.0093x + 194.67
B Some steps 4200 -
(>),150 | y = 0.0149x + 201.75
B Slope 0.009 us/byte 5
. S 100
B Slope flat sections : 0.0146 o
us/byte .
. EXpeCt 0 01 18 US/byte 0 500 1000 1500 2000 2500 3000
' Message length bytes
900 64 bytes Intel64 bit66 MHz| | 800 512 bytes ntel64 bit66 MHz|| 800 T——— 1024 bytes Intel 64 bit 66 MHz 800 ——— 1400 bytes Intel 64 bit 66 MHz
800 700 700 700
70 600 600 600
600
a0 500 500 500
=N ;’Ziog goof ;ﬁoo
® No variation with packet size o . ” "
200 200 200 200
® FWHM1.5us " 0 "L "
0 ‘ 0 0
B Confirms timing reliable v o wooomoow woomo
Latencyus Latencyus Latencyus Latencyus
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nerworks tor - S perMicro P4ADP6: Throughput Intel P

Non-Networkers

B Motherboard: SuperMicro P4DP6 Chipset: Intel E7500 (Plumas)
B CPU: Dual Xeon Prestonia 2.2 GHz PCI, 64 bit, 66 MHz
B RedHat 7.2 Kernel 2.4.19
1000 e gig6-7 Intel pci 66 MHz 27nov02 —T
800 100 bytes
B Max throughput 950Mbit/s g I
22 600 —e— 600 bytes
B No packet loss = T by
5= 0N/ RIS . —%— D00 bytes
o 200 ] WWWWWW m: —=— 200 bytes
& SSSSasBY ey 00 bytes
0 5 10 15 20 25 30 3B 40
Transmit Time per frame us

gig6-7 Intel pci 66 MHz 27nov02 —=— 50 bytes
100 bytes
200 bytes
—— 400 bytes
—— 600 bytes
—+— 800 bytes
—X%— 1000 bytes
—— 1200 bytes
20 1 400 bytes
—— U72bytes

B Averages are misleading

B CPU utilisation on the
receiving PC was ~ 25 % for
packets > than 1000 bytes

B 30- 40 % for smaller packets o s 0 15 0 2 0 3% 4

Transmit Time per frame us

% CPU Idle Receiver
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N iy 04 SuperMicro P4DP6: PCI Intel Pro/100

B Motherboard: SuperMicro P4DP6 Chipset: Intel E7500 (Plumas)

B CPU: Dual Xeon Prestonia 2.2 GHz PCI, 64 bit, 66 MHz
B RedHat 7.2 Kernel 2.4.19 [ sec/Div Delay Markers ¥ to 0 Trig to ¥| [Trig to O
.00 us 22,69 us Time g.089 us 20,10 us 36,19 us
CLE
m 1400 bytes sent g (T T T P T T T
. IRDY-
= Wait 12 us I ¥ —
m ~514usonsend PClbus |-k 1 e
®  PCl bus ~68% occupancy  |>')° |
m ~ 3 uson PCI for data recv e 5
RDY-1 |
D5EL-1 5
STOR | ;
TNTA-1 3
S S S
ecm@ l Delay | [ Markers l ¥ to D [
B CSR access inserts PCl STOPs Q0 e ) A\ 3 083 ue) \_Tine 2,250 ue
B NIC takes ~ 1 us/CSR R | :
B CPU faster than the NIC ! %Egi: P
DEVSL- AT |
B Similar effect with the SysKonnect el ' LT
NIC INTA- |
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nemoeStiperMicro P4DP8-G2: Throughput Intel o

Non-Netwo

B Motherboard: SuperMicro P4DP8-G2 Chipset: Intel E7500 (Plumas)
B CPU: Dual Xeon Prestonia 2.4 GHz PCI-X:64 bit

. Red Hat 7 . 3 Ke rnel 2 .4 . 1 9 1000 FANN Intel-onboard —a— § bytes
;N 100 bytes
o 800 1 \,‘ 200 bytes
© \‘\ —s— 400 bytes
. @ -2600 - » —+— 600 bytes
m  Max throughput 995Mbit/s | £2 S T sy
B No packet loss 22400 ’ Mﬂw. T w Eﬁ:
e 200 M Bee ST %:H 1400 bytes
0 S EEEEL L s ) % W2bytes

0 5 10 15 20 25 30 35 40
Transmit Time per frame us

Intel-onboard —=— 50 bytes

B Averages are misleading 2 i . 200 byies
—e— 400 bytes

B 20% CPU utilisation receiver % i sonbyies
packets > 1000 bytes 3 T
* e wr2oe

B 30% CPU utilisation smaller 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ey

0 5 10 15 20 25 30 35 40
paCketS Transmit Time per frame us
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Rk 4R Interrupt Coalescence: Thro

Throughput 1000 byte packets *— coad

B [Intel Pro 1000 on 370DLE| 800 —=— coal0

—a— coa20

700 —&— coa40

600 —¥— coa64
\ —e— co0al100

500

400 /

300 /

200 t\ [

100

Delay between transmit packets us

Throughput 1472 byte packets —e—coad

900 —=— coal0

800 —a— coa20
—&— coa40

700 —¥%— coab4

600 —e—coal100

500

400

300 /

200 /

100 7

O =i 2-0—0-¢0¢ —~ v\ T T

0 10 20 30 40

Delay between transmit packets us
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Networks For
Non-Networkers

¢

L R & 2 A A A 4

A & 4

Richard Hughes-Jones

Set Kernel parameters for
Socket Buffer size = rtt*BW

TCP mem-mem lon2-man
Tx 64 Tx-abs 64

Rx 0 Rx-abs 128

820-980 Mbit/s +- 50 Mbit/s

Tx 64 Tx-abs 64
Rx 20 Rx-abs 128
937-940 Mbit/s +- 1.5 Mbit/s

Tx 64 Tx-abs 64
Rx 80 Rx-abs 128
937-939 Mbit/s +- 1 Mbit/s

Interrupt Coalescence Inve

jRulel T
= | -
|
o

o
=1
=
-
[=1
=
A
=
=
LR

s}
L]
s
ls}
L]
(=Tl o
L]
L]
ls}
s}
o

o
=B Rl

150

9=3.5

a=3a |

a952.5 |-

az8 -

as3¥.5 |

9=7

9=E.5

p= 11

2o

=250 E=lela)
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Networks For
Non-Networkers

Supermarket Motherboards
and other
“Challenges”
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Nerwerks For Tyan Tiger S2466N -

€ Motherboard: Tyan Tiger S2466N

® PCI: 1 64bit 66 MHz N _
ornelius - man u — 00 *ftgs

¢ CPU: Athlon MP2000+ —— 300 bytes

€ Chipset: AMD-760 MPX £ — %ﬁﬁ;&“ﬁ

€ 3Ware forces PCl bus to 33 MHz % = %WE %Mmm

‘ Tyan to MB'NG SupeercrO i ) Tr:nsmitT;rsne perf:;me us - ) ” )

Network mem-mem 619 Mbit/s
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Kol 4058 IBM das: Throughput: Intel Pro/1(-

B Motherboard: IBM das Chipset:: ServerWorks CNB20LE

B CPU: Dual Plll 1GHz PCI:64 bit 33 MHz
B RedHat 7.1 Kernel 2.4.14 —
UDP Intel pro1000 IBMdas 64bit 33 MHz 100 bytos
: 1909 L i%0Bvies
B  Max throughput 930Mbit/s el e v i —— 600 bytes
® 800 - */ﬂ;r\\ Ne e z1<]880b y?és
B No packetloss > 12 us g 700, \\ T 1400 byies
@ 600 - —e— 1472 bvtes
B Clean behaviour B a0 T
= 400
B Packet loss during drop 2 200 | S %M% e,
200 X
100 - M\ '
0 T T T T T T T {
0 5 10 15 20 25 30 35 40
Transmit Time per frame us
B 1400 bytes sent EroF Del Hark ¥ to 0 | [Trig to ®| [Trig to O
ytes (B TR G ST G
B 11 us spacing CLK — — s meee—
FRAME— E%:Lﬂl_ T TR 17
' IRDY/— 1. O N O R O
" Signals dlean DEVSL- Irlr rIm: 1 O LT rIm: &
M ~9.3us on send PCI bus cE_Bus| | T NN 0 1 I i [T I 111
a PCIbus ~82° o e e e =
C bUS ~8 /0 -{-ng:: ﬂ : | :|| [ m ] I|| I F
occupancy oseL—1 | |7 I i | |I I —
B ~5.9usonPClIfor data ’ :
recv.
£ I:; ............................
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Networks For

wmreveres - NEtWOrK switch limits behaviou
€ End2end UDP packets from udpmon

. 1000 wo05gva-gi a 20 bytes
EOnly 700 Mbit/s throughput | Peavaraien SN T 100 s
0 800 - —e— 400 bytes
& 700 p= —— 600 bytes
s s
é igg: — 1488 bﬁzz
g 200 1472 bytes
o B e
o I ‘ Eswes
100 e b:vtov:;:-f;gz :Qul;ay04_UDP —— fgobty)‘y‘jzs
M| ots of packet loss 0]
, S
b 60 - —+— 800 bytes
3 501\ _s— 1000 bytes
& 40 —=— 1200 bytes
* 8 B e
mPacket loss distribution oM ~ s s
shows throughput limited o s
o P P o] /
wou L LT L L 3 1o
o LU L LU T g
B =
4000 \ 2003 | | | \
2000 o) 100 200 300 \'foo 500 600
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Networks For
Non-Networkers

10 Gigabit Ethernet
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reveseer () Glgabit Ethernet: UDP Throug-

1500 byte MTU gives ~ 2 Gbit/s

Used 16144 byte MTU max user Iength 3800 | Dt3-6 10GE Xsum 512kbuf MTU16114 31Jul03 EE%E%EEE
16080 g rreeeeee
DataTAG Supermicro PCs

Dual 2.2 GHz Xenon CPU FSB 400 MHz Ejzzz i

PCI-X mmrbc 512 bytes
wire rate throughput of 2.9 Gbit/s © s b 15 m m w » A

Spacing between frames us

9000 hytes
—— 8000 bytes
—— 7000 bytes
—+— B000 bytes
—+— 5000 bytes
—— 4000 bytes
—— 3000 bytes

2000 bytes
—+— 1472 bytes

60606 oo

Oplab29-30 10GE Xsum 512kbuf MTU16414 30Jul03 T3 {R000 buwes

TN

CERN OpenLab HP Itanium PCs i
Dual 1.0 GHz 64 bit Itanium CPU FSB 400  [f,| .-l i, = i

2000 bytes
M H g e

PCI-X mmrbc 4096 bytes
wire rate of 5.7 Gbit/s R T

6000 an-al 10GE Xsum 512kbuf MTU16114 270¢t03 | 16080bytes

* e oo

—=— 14000 bytes|
—=— 12000 bytes|

e

5000 =4 10000 bytes|
1 9000 bytes
—— 8000 bytes
—— 7000 bytes
—+— 6000 bytes

SLAC Dell PCs giving a T T
Dual 3.0 GHz Xenon CPU FSB 533 MHz 5, |~ il Do -
PCI-X mmrbc 4096 bytes ﬂm\m+
wire rate of 5.4 Gbit/s o

0 5 10 15 20 25 30 35 40
Spacing between frames us
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e ﬁ 10 Gigabit Ethernet

-
sec/Div Delay Markers o ri ri
10.0 us 39 .79 us Time o = o Us . LS

¢ 16080 byte packets every 200 PS[~  EEEE— — M MrDC
TR AT il 512 bytes
€ Intel PRO/10GbE LR Adapter IR T i y
i N 11 TR il
€ PCI-X bus occupancy vs mmrbc =" |~ mimumumimumiiimmmm i
] S I |11 OB ; 1| I
B Measured times | u“
B Times based on PCI-X times p— e —
from the logic analyser (i) (Green) O ) (i sn) (Berd) (Tager o mmrbe
] S I (11T T M 1l 1024 bytes
B Expected throughput ~7 Gbit/s |~ LU m
B Measured 5.7 Gbit/s S 1l
jompy e |1 [T TIENEY - il i
10 1 DataTAG Xeon 2.2 GHz - | 5 i
o oo §||||||||||||||||i -
: / et Div Celay e R % to O T:rlg oo Trig to O
% % / 10.0 usj [39.84 us] [ Time ] [26.28 us}{ 24 . A5 us] [ SO.76 us] TT;bc
S 7 . . FRAME= T T T — AR TTA W 170 bvtes
;, ‘21 —e— measured Rate Gbit/s ROV ——ﬂl NI all CSR Access y
(@) —— rate from expected time Gbit/s URER= | == :
8 o | L--- Ma‘xthroughput‘PCI-X { zzi::;an _]WTII:HW‘ | PCI_X Sequence
v Roas B coun ™ X [ [ == ; = Data Transfer
rea- TTTTTTTT <~/Ninterrupt & CSR Update
10 7+— Kernel 2.6.1#17 HP Itanium Intel10GE Feb04 — - 13 o )
e el e il E A ]
z, [ T UL m mmrbc
¥ L — — R T U 4096 bytes
F 4 DEWSL— |— i : H
>|< / —e—— measured Rate Gbit/s :W : ” 5-7Gb|tls
P2 TS gte from expected tme Goivs S 1|1 A1 I G ;|||| 1
0 ‘ ! ' i } INTA— : :
0 1000 2000 3000 4000 5000 RER— : i l‘l
Max Memory Read Byte Count - !| 7 171 S
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Different TCP Stacks
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Networks For Investigation of new TCP Stack

Non-Networkers

€ The AIMD Algorithm — Standard TCP (Reno)
B Foreach ackina RTT without loss:

cwnd -> cwnd + a/cwnd - Additive Increase, a=1
B For each window experiencing loss:
cwnd -> cwnd — b (cwnd) - Multiplicative Decrease, b=

4 High Speed TCP

a and b vary depending on current cwnd using a table

B aincreases more rapidly with larger cwnd — returns to the ‘optimal’ cwnd size sooner
for the network path

B b decreases less aggressively and, as a consequence, so does the cwnd. The effect
is that there is not such a decrease in throughput.

€ Scalable TCP

a and b are fixed adjustments for the increase and decrease of cwnd
B a=1/100 - the increase is greater than TCP Reno
B b =1/8 —the decrease on loss is less than TCP Reno
B Scalable over any link speed.

¢ FastTCP

Uses round trip time as well as packet loss to indicate congestion with rapid
convergence to fair equilibrium for throughput.
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Rl 435 Comparison of TC
€ TCP Response Function

B Throughput vs Loss Rate — further to right: faster recovery
B Drop packets in kernel

aged Band

MB-NG rtt 6ms DataTAG rtt 120 ms

38zec Iperf, Induced Packet Loss, ME-HG JB@sec Iperf, Induced Packet Loss, DataTAG
c.4.28 altAIMD-8.3 wekl@B-2.3.3 c.4.28 altAIMD-8.3 wekl@B-2.3.3
L L b T T anillaTte | | | " Vani11aTCP ——
: ¥ Sn ScalableTCP —e—i : 33 T3 @ ScalableTCP —e—i
o H-TCP —%— | [ i ) H-TCP s ]
m E =
7 T 7 ‘
. w ScalableTCP Theory . 12 :
Loolee | ‘ {1 I teet .
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3 3
o o
£ £
3 3
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London (Chicago)

High Throughput Dem-

Manchester (Geneva)

Dual Zeon 2.2 GHz Dual Zeon Sz
lon01
Cisco Cisco
E\ 7609 7609 [ =
= | =
1 GEth 2.5 Gbit SDH 1 GEth
MB-NG Core <
\ e e Send data with TCP
Drop Packets - R Toos
memory | viogvafimzorziss standars | Hs-TcP | scatabie | ]
===
e Monitor TCP
| with Web100
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Rl 4 High Performance TCP —

mged Band
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Nerworks For High Performance TCP — D

Non-Networkers

@ Different TCP stacks tested on the DataTAG Network
& rit 128 ms
4 Drop 1in 106 Throughput

TRAFFIC

#High-Speed |
M Rapid recovery

[ i I 1 I i
FBR Fel Fae L) Faa

Throughput Time {seconds)
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Disk and RAID Sub-Systems

Based on talk at NFNN 2004

by
Andrew Sansum
Tier 1 Manager at RAL
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Non-Networkers

Reliability and Operation

€ The performance of a system that is broken is 0.0 MB/S!

€ When staff are fixing broken servers they cannot spend their
time optimising performance.

€ With a lot of systems, anything that can break — will break

B Typical ATA failure rate 2-3% per annum at RAL, CERN and CASPUR.
That’s 30-45 drives per annum on the RAL Tier1 i.e. One/week.
One failure for every 10**15 bits read. MTBF 400K hours.

B RAID arrays may not handle block re-maps satisfactorily or take so long
that the system has given up.
RAIDS not perfect protection — finite chance of 2 disks failing!

B SCSI interconnects corrupts data or give CRC errors
B Filesystems (ext2) corrupt for no apparent cause (EXT2 errors)
M Silent data corruption happens (checksums are vital).

@ Fixing data corruptions can take a huge amount of time (> 1
week). Data loss possible.
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vemors e Y OU Need to Benchmark — but how?l

Non-Networkers

€ Andrew’s golden rule: Benchmark Benchmark Benchmark

€ Choose a benchmark that matches your application (we
use Bonnie++ and |IOZONE).

B Single stream of sequential 1/O.
B Random disk accesses.
B Multi-stream — 30 threads more typical.

€ Watch out for caching effects (use large files and small
memory).

€ Use a standard protocol that gives reproducible results.
€ Document what you did for future reference

@ Stick with the same benchmark suite/protocol as long as
possible to gain familiarity. Much easier to spot significant
changes
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Non-Networkers

Netwarks f-ar Hard Disk Performance -

@ Factors affecting performance:
B Seek time (rotation speed is a big component)
B Transfer Rate
B Cache size
B Retry count (vibration)

€ Watch out for unusual disk behaviours:
B write/verify (drive verifies writes for first <n> writes)
M drive spin down etc etc.

& Storage review is often worth reading:
http://www.storagereview.com/
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Nerworks For Impact of Drive Transfer R.

Non-Networkers

A slower drive may not cause significant
sequential performance degradation in a RAID array.
This 5400 drive was 25% slower than the 7200

80

70

60

50

MB/S 40
30

20

10

0

17200 Read
M 5400 Read

1 2 4 8 16 32
Threads
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ergEs e Disk Parameters

Non-Networkers

2%

_ Distribution of Seek Time
¢ Mean 14.1 ms

@ Published tseek time 9 ms
€ Taken off rotational latency

T

grgord ) LR L e o e A o S A T AT T A 7
0 5 10 16 2 F] Ell E'] 40 45

ms
Head Position & Transfer Rate = -__H
@ Outside of disk has more blocks
so faster L
¢ 58 MB/s to 35 MB/s 1
‘ 40% effeCt 1] a0 100 180 2nn 2t
Position on
From: www.storagereview.com disk
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ergEREcr Drive Interfaces

Non-Networkers

Interface Migration

Serial ATA-3
(600MBps]

ATA has a rich growth path in
terms of data transfer rate and

extensions to serial Ultra320
(220OMBpa)

Fikre Channal
| 200MBpa)

UHra3
(1E0MEps) Serial ATA-1
{1 50MBp=)

Fibre Channel
(10CMEps]

=)
&
o
et
g
=
e
=
-
)
=]

Ulra 2 SCSI1
(4 0BOMEBps)

UDMA-GE
(E6MEps)
UHrasSCsl

(33MEps)

http://www.maxtor.com/
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oG o RAID levels

Non-Networkers

€ Choose Appropriate RAID level
B RAID 0 (stripe) is fastest but no redundancy
B RAID 1 (mirror) single disk performance

B RAID 2, 3 and 4 not very common/supported
sometimes worth testing with your application

B RAID 5 — Read is almost as fast as RAID-0, write
substantially slower.

B RAID 6 — extra parity info — good for unreliable drives
but could have considerable impact on performance.
Rare but potentially very useful for large IDE disk
arrays.

B RAID 50 & RAID 10 - RAIDO 2 (or more) controllers
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W Kernel Versions

Non-Networkers

® Kernel versions can make an enormous difference. It is not
unusual for /O to be badly broken in Linux.

M |n 2.4 series — Virtual Memory Subsystem problems

oonly 245 some 24.9 >2417 0K

B Redhat Enteprise 3 seems badly broken
(although most recent RHE Kernel may be better)

M 2.6 kernel contains new functionality and may be better
(although first tests show little difference)

€ Always check after an upgrade that performance remains
good.
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Non-Networkers

Nerworks o Kernel Tuning

€ Tunable kernel parameters can improve |/O performance,
but depends what you are trying to achieve.

B |IRQ balancing. Issues with IRQ handling on some Xeon
chipsets/kernel combinations (all IRQs handled on CPU zero).

B Hyperthreading
M |/O schedulers — can tune for latency by minimising the seeks
® /sbin/elvtune ( number sectors of writes before reads allowed)

® Choice of scheduler: elevator=xx orders I/O to minimise seeks,
merges adjacent requests.

B VM on 2.4 tuningBdflush and readahead (single thread helped)
® Sysctl -w vm.max-readahead=512
® Sysctl -w vm.min-readahead=512
® Sysctl —w vm.bdflush=10 500 0 0 3000 10 20 0

B On 2.6 readahead command is [default 2506]

® blockdev --setra 16384 /dev/sda
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weere Example Effect of VM Tun.

Redhat 7.3 Read Performance

mMB/s 2007
180

160 -
140 -
1207
100 (7] [] Default
80 17] B Tuned
601
40111
201
0_

1 2 4 8 16 32
threads

g.prassas@rl.ac.uk
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- IOZONE Tests

Read Performance 6017]
. 5017
@ File System ext2 ext3 ol
@ Due to journal behaviour V30 Dext2
¢ 40% effect i 8 ext3
0
1 2 4 8 16 32
threads
ext3 Write ext3 Read
€ Journal write data + write journal
60- 70
5011 6017
40 ol
_ 401
MB/s 301 Owriteback| MBI/s 301l
204 | f)rdered 201
1041 M journal 104
0+ 0+
1 2 4 8 16 32 1 2 4 8 16 32
threads threads
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e RAID Controller Performance -

€ RAIDS5 (stripped with redundancy) Stephen Dallison
€ 3Ware 7506 Parallel 66 MHz 3Ware 7505 Parallel 33 MHz

€ 3Ware 8506 Serial ATA 66 MHz ICP Serial ATA 33/66 MHz
€ Tested on Dual 2.2 GHz Xeon Supermicro P4DP8-G2 motherboard
€ Disk: Maxtor 160GB 7200rpm 8MB Cache

€ Read ahead kernel tuning: /proc/sys/vm/max-readahead = 512

Disk — Memory Read Speeds Memory - Disk Write Speeds

Read Speeds for Controllers Configured as Raid 5 Write Speeds for Controllers Configured as Raid 3
1488 T | — T T T leea T LI T T T
Fystem Disk (Mo RAID) —— | Fystem Disk (Mo RAID) ——

1om@ b \ FHare-Parallel 23 MHz —8— _| 1488 | FHare-Parallel 23 MHz —8— _|
T ' T
. 188@ i . . l2B@
10 | 10
+ 1 +

1

£ zem ] £ 1ooa
= | =
k. | k.
o | o
v GHE - ]| v 3HE -
@ @
0 ! 0
m o E
ﬁ 488 - - p 6688 -
A A

so | W aon |

8 1 1 1 | 1 1 1 1 | 280
B Ee+BE 4e+88 Ge+B8 Be+88 1e+091.2e+00. 42+0F. 62 +00, Be+B5Re+BD B 2e+H3 42+88 6e+83 3e+88 1e+091.Ce+0P. de+0P, Ee bR, Se+B2e+E9
File S5ize (Bytes? File Size (Bytes?

€ Rates for the same PC RAIDO (stripped) Read 1040 Mbit/s, Write 800 Mbit/s
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nemvorke ror SC2004 RAID Controller Performance

Non-Networkers

Supermicro X5DPE-G2 motherboards loaned from Boston Ltd.

Dual 2.8 GHz Zeon CPUs with 512 k byte cache and 1 M byte memory
3Ware 8506-8 controller on 133 MHz PCI-X bus

Configured as RAIDO 64k byte stripe size

Six 74.3 GByte Western Digital Raptor WD740 SATA disks
B 75 Mbyte/s disk-buffer 150 Mbyte/s buffer-memory

Scientific Linux with 2.6.6 Kernel + altAIMD patch (Yee) + packet loss patch
Read ahead kernel tuning: /sbin/blockdev --setra 16384 /dev/sda

*é G060

Disk — Memory Read Speeds Memory - Disk Write Speeds

12000 RAIDO 6disks Read 3w8506-8 2500 RAIDO 6disks Write 3w8506-8 16

10000 - —e— 1 G Byte Read
’l —a—0.5 G Byte Read

2 G Byte Read

1000 —e— 1 G Byte write
—=—0.5 G Byte write
2 G Byte write

Throughput Mbit/s

[2] [o]

S 8

o o

(—e-any —ly——
Throughput Mbit/s

0.0 20.0 400 60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0 0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0  200.0
Buffer size kbytes Buffer size kbytes

€ RAIDO (stripped) 2 GByte file: Read 1500 Mbit/s, Write 1725 Mbit/s
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Applications
Throughput for Real Users
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evers ror - TOpOlOgy Of the MB — NG Netw

Non-Networkers
[ |
Manchester Domain aved Band
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I s b
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wwee e (Sridftp Throughput + \Web100

Non-Networkers
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e rer - (P data transfers HighSpeed TCP

Non-Networkers

1000
Same Hardware B0
Bulk data moved by web servers g Q0P E T
Apachie web server e L
out of the box! L ’

prototype client - curl http library S — R .
1Mbyte TCP buffers <10
2Gbyte file 1000 . . . .

Throughput ~720 Mbit/s ot s s, e i
Cwnd - some variation soof e T T T

00606060 G0

(]
E
. = 400t
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Nerworks For bbftp: What else is going on?

Non-Networkers

& Scalable TCP

TCPAchive Mhit's

¢ BaBar + SuperJANET

« 1000 A00000
g o900 ¢ - 600000
2 GO0 - z
2 400000
5 E
2200 - 200000
L
- o . . . . 0
0 1000 2000 300 4000 5000
time ms
€ SuperMicro + SuperJANET g 1o
@ 70 B00000
. . . 2 B0 ]|
€ Congestion window — duplicate 2 = % jgggggg
ACK Rl y il 300000 §
g 333 ! R LT 200000 ©
€ Variation not TCP related? 3 1o i I . [ 100000
: 0 0
B Disk speed / bus transfer 500 BDO0 7000 8OO0 8000 10000
B Application time ms
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Nerworks I'—::)r
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SLAC Booth

AN Cisco 65 /

: [E

I_
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SC2004 UKLIGHT Topology
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o i 4 SC2004 Disk-Disk bbftp

bbftp file transfer program uses TCP/IP
UKLight: Path:- London-Chicago-London; PCs:- Supermicro +3Ware RAIDO

MTU 1500 bytes; Socket size 22 Mbytes; rtt 177ms; SACK off

Move a 2 Gbyte file
Web100 plots:

066 G600

2500 —e— InstaneousBW 45000000
— AveBW §
% 2000 —=— CurCwnd (Value)| 22888888
Standard TCP = o | 30000000
2 T s
Average 825 Mbit/s | 200000003
o
N [$) 1
(bbep: 670 Mbit/s) P 500 ] I 5000000
0 ‘ ‘ ‘ =l 0
0 5000 10000 15000 20000
time ms

—e— InstaneousBW

€ Scalable TCP 2500 AW | value) 7 45000000
. B 2000 - 1
€ Average 875 Mbit/s 27 1 So00000_
& (bbcp: 701 Mbit/s | zomoos
< 1
~4 5s of overhead) 5 a0 I fcoo0000
-+ 5000000
0+ 2 T T T 0
0 5000 10000 15000 20000

€ Disk-TCP-Disk at 1Gbit/s dime ms
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_ Network & Disk Interactions

Non-{rtsts: (work in progress)
B Supermicro X5DPE-G2 motherboards
B dual 2.8 GHz Zeon CPUs with 512 k byte cache and 1 M byte memory
O
=

3Ware 8506-8 controller on 133 MHz PCI-X bus configured as RAID0O
six 74.3 GByte Western Digital Raptor WD740 SATA disks 64k byte stripe size

® Measure memory to RAIDO transfer rates with & without UDP traffic 7 CPU

2000 RAIDO 6disks 1 Gbyte Write 64k 3w8506-8 _ _kernel mode
- - 200 +—— RAIDO 6disks 1Gbyte Write 64k 3w8506-8“
S 1500 W Disk write = | W
o " il 64k
52000 1735 Mbit/s " '
9 S 100 y=-1.017x + 178.32
£ 500 80
60
O T T T T 40
0.0 20.0 40.0 60.0 80.0 100.0 S yecioaecaas®
Trlal number 0 20 40 60 80 100 120 140 160 180 200
% cpu systemmode L1+2
— RO 6d 1 Gbyte udp Write 64k 3w8506-8 : :
2000 41— a D' . 200 ]—Ro 60 1Gbyte udp Wite 64 3w8506-8 ——
isk write + = o
E DR ET RNy S PN B e
g £ 1000 1 i 1500 MTU UDP 20 T
- 100 +
F 500 1218 Mbit/s o T
0 T T T Dr o 40 * L ]
0.0 20.0 40.0 60.0 80.0 100.0 op of 30% 9 .~
Trial ntimhar 0 20 40 0/60 80 100 120 140 160 180 200
2000 —— RO 6d 1 Gbyte udp9000 write 64k 3w8506-8 b Cpu system mods L 1+2
w . . ?:Z +—— R0 6d 1 Gbyte udp9000 write 8k 3w8506-8 D7Jan:)5 ‘lBi384“
I 50 Mol il AT WA RNy | Diskwrite + . e
3 140 | . ‘_'_ - .
é 1000 9000 MTU UDP 1= i ..
ﬁtg: e A f " "
1400 Mbit/s ;= -.n0 T
= w0 ° ,‘.”. - °
o ‘ ‘ ‘ ‘ Drop of 19% - S
0.0 20.0 40.0 60.0 80.0 100.0 0
Trlal num ber 0 20 40 6;‘ cpu8:y§er1|0?“°dl231 +2140 160 180 20(
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newores e Ramote Processing Farms: Manc

Non-Networkers

250000 — DataBytesOut(DeItaj
B Round trip time 20 ms —*— DetaBytesin (Delta_
- 200000 - 1 300
B 64 byte Request green S 150000 {250
£ 1200 >
1 Mbyte Response blue & 100000 ! I I R %
. TCP in SIOW Start 8 50000 - m 4 100 @
N 50
B st event takes 0 L&W VWJ MMLMMM.MMJM@ 0

0 200 400 600 800 1000 1200 1400 1600 1800 2000

19 rtt or ~ 380 ms . time
i —— Da esOu elta
m TCP Congestion window . 250000 T Ceesi (oota | ] 2000
—s— CurCwnd (Value
gets re-set on each Request , 200000 200000
o T
B TCP stack implementation g 150000 &
detail to reduce Cwnd after inactivity g 100000 { 100000 3
9 50000 | | 50000
B Even after 10s, each response 5
0 4 = N 0| s o\ N ol | el 0
takes 13 rtt or ~260 ms 0 200 400 600 800 1000 1200 1400 1600 1800 2000
B Transfer achievable throughput o 250000
I g 140 + 200000
120 Mbit/s 2]
2 1001 I - 'y + 1soooo-§
§ 80 1 4 4 100000 ©
= 60 -
P 40 f i 4 50000
20 |l K 11/ -
Lzl U )
0 200 400 600 800 1000 1200 1400 1600 1800 2000
time ms
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werorncs ro @UUMMary, Conclusions & Thanks

Non-Networkers

¥ Host is critical: Motherboards NICs, RAID controllers and Disks matter
B The NICs should be well designed:
® NIC should use 64 bit 133 MHz PCI-X (66 MHz PCI can be OK)

® NIC/drivers: CSR access / Clean buffer management / Good interrupt
handling

B Worry about the CPU-Memory bandwidth as well as the PCl bandwidth
® Data crosses the memory bus at least 3 times
B Separate the data transfers — use motherboards with multiple 64 bit PCI-X buses
Test Disk Systems with representative Load
B Choose a modern high throughput RAID controller
® Consider SW RAIDO of RAID5 HW controllers
Need plenty of CPU power for sustained 1 Gbit/s transfers and disk access
Packet loss is a killer
B Check on campus links & equipment, and access links to backbones
New stacks are stable give better response & performance
H Still need to set the tcp buffer sizes & other kernel settings e.g. window-scale
Application architecture & implementation is important
Interaction between HW, protocol processing, and disk sub-system complex
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o D
Parti
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Nerwork o More Information Some URLS -

UKLight web site: http://www.uklight.ac.uk
DataTAG project web site: http://www.datatag.org/

UDPmon / TCPmon kit + writeup:
http://Iwww.hep.man.ac.uk/~rich/ (Software & Tools)

Motherboard and NIC Tests:

http://www.hep.man.ac.uk/~rich/net/nic/GigEth_tests Boston.ppt
& http://datatag.web.cern.ch/datatag/pfldnet2003/

“Performance of 1 and 10 Gigabit Ethernet Cards with Server Quality
Motherboards” FGCS Special issue 2004

http:// www.hep.man.ac.uk/~rich/ (Publications)

€ TCP tuning information may be found at:
http://www.ncne.nlanr.net/documentation/fag/performance.htmi
& http://www.psc.edu/networking/perf_tune.html

TCP stack comparisons:

“Evaluation of Advanced TCP Stacks on Fast Long-Distance
Production Networks” Journal of Grid Computing 2004
http:// www.hep.man.ac.uk/~rich/ (Publications)

PFLDnet http://www.ens-lyon.fr/LIP/RESO/pfldnet2005/

Dante PERT http://www.geant2.net/server/show/nav.00d00h002
Real-Time Remote Farm site http://csr.phys.ualberta.ca/real-time
Disk information http://www.storagereview.com/
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Any Questions?
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Backup Slides
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TCP (Reno) — Details

€ Time for TCP to recover its throughput from 1 lost packet given by:

100000
8 10000
8 - —
+. 1000 —
2 min—g—oo - // —
3 10 ///
C *RTT ° o 17 / —— 10Mbit
L = © 0.1 - —— 100Mbit
2 * MSS € 001 —— 1Gbit
(o 2.5Gbit
0.001 —— 10Gbit
0.0001 ‘ ‘ ]
0 50 100 1p0 200
€ forrtt of ~200 ms: rtt ms
UK 6 ms Europe 20 ms USA 150
RS
Throughput Window Loss recovery time Supporting loss rate
10Mbps 17 0pkts 17s 5.4 % 1077
100Mbps 1700pkts 2mins 50s 5.4 % 10~ °
1Gbps 17000pkts 28mins 5.4 x 107
10Gbps 170000pkts 4dhrs 43mins 5.4 x 10711
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wnemores  Packet Loss and new TCP Stac

€ TCP Response Function

B UKLight London-Chicago-London rtt 180 ms l‘K EHI
H 2.6.6 Kernel

1000 f=i=i sculcc1-chi-2 iperf 13Jan05
- \
3 —o— A0 1500
= —e— ATHSTCP
. o 100 A A2 Scalable
| Agreement W|th S —+— A3HTCP
s = —e—A5BICTCP
theory good g2 e e Westuood
-'cC_J 10 A —+— A7 Vegas
< AO Theory
% Series0
= ~ Scalable Theory
1 T

100000000 10000000 1000000 100000 10000 1000 100
Packet drop rate 1 inn

1000 sculcc1-chi-2 iperf 13Jan05
=

5 900 1 \ \
2 800 \1/ 1 A0 1500
3 700 t ’ S —e— A1 HSTCP
= 600 \ 1 A2 Scalable
22 i A —+ A3 HTCP
2 3 500 Dy
e=s —e— A5 BICTCP
2 = 400
5 300 \ —a— A8 Westwood
E v \ —+—A7 Vegas
G 200 A o }\\
- +

100

+—4

0 ‘ ‘ e == &y S

100000000 10000000 1000000 100000 10000 1000 100
Packet drop rate 1 in n
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oo 168t OFf TCP Sharing: Method

Ny A (1Gbit/s) |

@ Chose 3 paths from SLAC (California) Lespﬁfg[,‘i,,'{

B Caltech (10ms), Univ Florida (80ms), CERN (180ms) 2005
@ Used iperf/TCP and UDT/UDP to generate traffic

SLAC bottleneck
lperf or UDT n_1CP/UDP~ /\ Caltech/UFL/CERN
. > Niperf
Ping 1/s K ——TCMP/ping traffic

€ Each run was 16 minutes, in 7 regions
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Non-Networkers

Networks For TCP Reno single stream

ne

€ Low performance on fast long distance paths

B AIMD (add a=1 pkt to cwnd / RTT, decrease cwnd by factor b=0.5
in congestion)

B Net effect: recovers slowly, does not effectively use available
bandwidth, so poor throughput
B Unequal sharing
Increase recovery rate
RTT increases when

Remaining flows do not take
up slack when flow removed

achieves best cqp Ree1[Ren2 Ren3 |  Reg.4  |Rens|RpGBRen? _
throughput Ffow ] Flgw P N; Flow 4 | | -
oo { 1% «~  SLAZto CERN
< 400 1 2 AN R | T
= H .c’/ 1 200

QEJ[
L)
=

£

|_
Congestion has a : / T E
dramatic effect

\:
éy\\ gl 8 ™
Recovery is slow————~ ?%»% E »>>v/ -

Throu

— [ ]

= =

—_ —
| 1
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A e
Y e R Y Y s o
o= O W o~ o o= O 0
=< LW & &8 M~ ~ 0O O

= 3
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wweeror Average Transfer Rates Mbit/s

Non-Networkers

App TCP Stack | SuperMicro on | SuperMicro on BaBar on SC2004 on
MB-NG SuperJANET4 | SuperJANET4 | UKLight

Iperf Standard 940 350-370 425 940
HighSpeed | 940 510 570 940
Scalable 940 580-650 605 940

bbcp Standard ‘434 290-310 290 ] Rate
HighSpeed | 435 385 360 decreases
Scalable 432 - 380

bbftp | Standard | 400410 325 320 825
HighSpeed 370-390 380
Scalable 430 ~_345-532 y. 380 875

apache | Standard 425 260 300-360
HighSpeed | 430 370 315 New stacks
Scalable 428 400 _ 317 give more

Gridftp | Standard | 405 240 throughput
HighSpeed 320

Scalable 335
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weweree 1pEIT Throughput + Web100

SuperMicro on MB-NG network 4 BaBar on Production network
HighSpeed TCP ¢ Standard TCP

Linespeed 940 Mbit/s € 425 Mbit/s

DupACK ? <10 (expect ~400) € DupACKs 350-400 — re-transmits

L 2R 2R 2R 4
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1000 a— Fa—r— = r——— - - F——
p— —

800 - —— InstaneousBYY
GO0 - AuaBEhWY

400
200 ]
o £ . . . . . o1

0 10000 20000 30000 40000 50000 60000 o - 0000 0000 0000 s0000 son0n
time ms time ms

TCPAchive Mbits:

TCPAchive Mbit's
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= 14 T | o o
= 12 | T | = =50
= 10 IE | il = zoo
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= = = =50
= (] = oo
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E 100 L
o S0
o 10000 ]
o 10000 zoooo soo0o “opoo soooo soDoo
tirhe ras
=
a.s
== o
E = = B
= B =
.E 1.5 5 =.s
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wwors o APPlications: Throughput Mbit/s

Non-Networkers

- e 1000 InstaneousBYWY
€ HighSpeed TCP £ oo AveBW
€ 2 GByte file RAID5 £ igg Pm ik aaskisn
¢ SuperMicro + SuperJANET & oo R T T
0 42 it 3, . .
0 10000 20000 0000 40000 50000
‘ bbCp time ms
@ 1000 InstaneousBW
E s00 Aowe BWY
¢ bbitp T —
E 400
& 200
= .1 | | 1t
u] 10000 znnntg 30000 40000 50000
. " InstaneousBWY
€ Apachie z AveBW
E
S 204
o & , : :
0 10000 2IZIEIIZItE_I 30000 40000 50000
‘ Gridftp . 1000 InstaneousBWY
E s00 Aowe BWY
3
€ Previous work used RAIDO =
(nOt dISk |Im|ted) u] 10000 20000 ti?r?gurgs 40000 S0000 60000
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remes o Dcp & GridF TP Throughp

€ 2Gbyte file transferred RAID5 - 4disks Manc — RAL

¢ bbecp _ € DataTAG altAIMD kernel in BaBar & ATLAS
¢ Mean 710 Mbit/s

Transfer of a 2 GE File wu=ing bbocp Acraoass MEMHG A N A
Hith Emnd Disks Configured as RAID S Hith End Disks Configured as RAID Sx4

a.1&
=58. T
Instantaneous Rate —o — | Instantanecus Rate
a.14
Mean|~710
caaa o1z
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1588

Fregquency
=
=
]

Transfer Rate (Mhitsz/z)
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a 2ea 488 =3=1=] saa la@a
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1a 1= =2a
Duration ©=

¢ GridFTP
€ See many zeros

Transfer of a3 2 GE File wu=sing GridFTPF Acro== MEBHG
Hith End Disks Configured as RAID S=4g

Transfer of a 8 GE File using GridF TP Across MEMNG
Hith End Disks Configured as RAID Sx4

a.3
=584 T
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B.25 H

W Eaaa Mean ~620
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i
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= 1s5a0 2
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_§ f g 8.13
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nerwercs rer - tCpdump of the T/DAQ dataflow at SE

Non-Networkers

Cern-Manchester 1.0 Mbyte event
Remote EFD requests event from SFI

sequence

a4

Incoming event request .
Followed by ACK \

of fzet

b

194,66,27,241:45740_==>_152,91,245,97 110038 (time =e

quence graphl

SFl sends event
Limited by TCP receive b

Time 115 ms (~4 ev/s) ™"

When TCP ACKs arrive 30000005
more data is sent. ™

2800000 -

uffer

N 1448 byte packets

n

152,591,245, 97:10098_==>_194 66,27, 241146740 (time s

/
4
I
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/
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/
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4 G @
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quence graphl}
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