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Abstract GridFTP has been used as a data transfer protocol to effectively transfer alarge volume of datain Grid computing.
GridFTP supports a feature called parallel data transfer that improves throughput by establishing multiple TCP connections
in parallel. However, in order to achieve high GridFTP throughput, the number of TCP connections should be optimized based
on the network status. We have proposed an automatic parallelism tuning mechanism called GridFTP-APT (GridFTP with
Automatic Parallelism Tuning) that adjusts the number of parallel TCP connections only using information measurable at Grid
middleware. However, the effect of control parameters on the performance of GridFTP-APT has not been investigated. Also,
the performance of GridFTP-APT in a realistic network environment has not been investigated. In this paper, we therefore
investigate the performance of GridFTP-APT through simulation experiments. We reveal the optimal setting of GridFTP-APT
control parameters. Moreover, we show that GridFTP-APT operates effectively in a network with background traffic, and
fairness among GridFTP sessions can be improved by introducing RED routers.
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Parameter, Fairness



1 0Oo000O

ggoboooobbuoobbbooobboooboogbobo
O0o0oooooooooooooGridFTPOOOOOOO
O [L20GridFTPOOTCPOOOOOOOOODOOUDO
gobo0o0oob0o0oobOoOo FrTPOODOODOODOODODO
O00O0o0ooo GridFTPOOOOO TCPOOOOOOODOO
goooogooooTcPOUOUOOCOCOOUOUODOOUODOO
gogobooooon

GridFTPOOOO0ODOOOO TCPOOOOOOOOOOOOO
O00000oooooooooooooGridrTPOOOOO
ggooboboobbuooobbooobbooobooobobo
000000000 0oD [3f00oooooooouoon
ooooogcerndrTPO 000 00O0O0O0OOOOOODOOOO
O0oooooocGridFTPOOOOOUODOOOOOGrdFTP
gooo-0ooo0oboboOooooo TCecpPOOUOODOUODOO
goobopoOooooooooobobogo TCcPOODOO
O0oo0oooooooooooooGridFTPOOOOOOO
goooooobogoon

O000oooggerdFTPOODO TCPOOOOOOOODOO
O GridFTP-APT (GridFTP with Automatic Parallelism Tuning) O
OO00oo [60GridFTP-APT O OGrdFTPO OO OOOODOO
goOocGrdFTPOOO0OO0OODOOOOOOOOOOOO TCPO
O0ooooooooooooooGridFTP-APT O 0O GridFTP
goooooooooo TecpPOODDOOOOOOODODOOO
0000000000000 00gooGrdFTP-APTOOOO
000000 DO0D0D0oDOOoDODOoDOoOOoOOoOooOoog TCPO
goooooobooogoo

OO0O0O0GrdFTP-APTO 300 0000000000000
O00000DO0O00O0oOgGrdFTP-APTOOOOOOODOO
gooboobooooooooooooooooobobobo
ggoboboobbuoobbbooobbooobooobobo
GridFTP-APT O 00000000000 O0ODOOGrdFTP-APT
0000000000o0ooooooooooooGriderTP-APT
ggoboooobbuoobbbooobboooboogbobo
O[7o000o0o0000o00oooUooooooooooo
ggoboboobboobbbooobboooboogboboo
ggooboooboooobo

000000000000 000D00oouoGridrTP-APT
O0000o0oOooUoogocerdrFTP-APTO OO0 0O0OOOOOO
OO0GrdFTP-APTO 0000000000000 OOOOOO
gooooooooooo TecPO0U0OUOUOODOODODO
OOgGridFTP-APTOODODOOOODODOGHAFTPOOOOO
goooooooobobobobobbobbooobooobobooo
CGridFTP-APT O 000000 OODOODODDODOOOOCOOO

goobooooboboobobboobbooobbooobo
GridFTP-APT 000 DO0000O0O0O00OCO0OO0OOOOOOO
goooOoOoooOoOoboOoOoooo ubPOODbOUOOOOO
goooooooobbbboboobooobbobbbbobobo
GridFTP-APTO 000000 DOOODODODOOCDOOOOOOO

000000o GridFTPOO0O0OODOOOOOOOOOOO
GridFTPO0000O0ODODOOOCOCOOOGHdFTPOOOO
gooooooooog TecpPOUbOUOOoOoOoOoOoDObOOObOOO
000 GridFTPOOO0OO0O0O0OO0OOOOOOOOOOOOOO
O0oooooooooerdFTP-APT 0000000 GridFTP
gooooobobooboobooboobooboobooobo
OO0O0OOREDOOOOOOOOOOOOOGdFTPOOOO
gogoboboobobuooobboobo

O000o0oooo0oooooooz20000¢GridPrTPOOO
TCPOUUOOOOODOOO GridPFTP-APTOODOOOOOOO
30000000000D0000000 GridrTP-APTOOOO
goooo0obo0oUoooo 4000D0000DOUODOO
ggoooooon

measure network status

chunk

GridFTP client
with
GridFTP-APT

adjust the number of parallel
TCP connections

01 GrdFTPOOO TCPOOOOOOOOODOO GridFTP-APT O
oo

Fig.1 GridFTP-APT (GridFTP with Automatic Paralelism Tuning)
overview

2 00 TCPOUOOOOOOOOOO GridFTP-APT

OO0O0O0OGridFTP-APT 0000000 OO GridFTP-APT O
0ooooooooo[eobooooooo

GridFTP-APT OO GridFTPO O OOOO0OOODOOOOOOO
OO0 (0 DoCGridFTPAAPTOOOOOODOOODDODODOOOO
ggobooobboobbooobbooobooboboboo
OOOGrdFTP-APTOOCO TCPOOOOOOOOOOOOO
gooo

GridFTP-APTO 0000000000 O000OD0O0O0O0OOQg
O0DDoO0Ooo0o0oOooo GidFrTPOOOOOODOOOOOODO
Oo0oooooooceridrTPO 00 O0O0OOOOOOOOOO
00000 TCPOODOOUOOOOOOOOOGHdFTP-APT O
goobobobooboobooooooooboobbooobo
O (Golden Section Search Method) O O O O [8]0 GridFTP-APT
O0oooooooooooooGridFTPOOOOOOOOO
gooooo TcPOOOO0ODOOUODOOODOODbDOO

21 0O TCPOOOOOODDODOOOCODO
OOooO0ooo0oooOooOoooooogGridrTPOOOOOO
0000ooo0o0ooo  TCPOUODOOUOUOOO@WOLOO
oopooooo)oooooo

OO0 TCPOUOODODOOODOOODODOOOODOOGrdFTP
goboooooboooboboooboooooooboooooo
OTcPOOOOOOODOODOOOOOOODOOODODOOO
GridFTPOOOOODOOOCOOOOOOOOOOOO TCPODO
00000000 (@oooo)yoooooo
ooooOoooOoooooooobooOOo TecPOOOOOQOODO
NOOOOODOOOOOO GridFrTPOOOO0ODOOO G(N)OO
ooooO0o00k0000OoopooooooooOoO TCPODO
oooooo N,O0OD0O0D000
GridFTP-APTOOO00O0O0O0ODOODOODOOOOOOOO
010 OO TCPOOOOOOO NOOOO

N(—NO

O00ONyODOO TCPOODOOODODOOOOOODOO
020 OD000O000000000 GridFTPOOOO0OODOO
G(N)OOooooo

030 0D0o0ooDoooDo0oDooDO0oooooooao
(N_Q,N_l,N)DDDDDDDDDDDDDDDDDDDD
0o0oooooo @@oooo

G(N) < G(N-1)

040 OO TCPUOODODOOO NOOODOOOOOOOO
0oo0 (oooo

N«—ax N

000 «(>1)0000000O00O0O0UDOOOUODO TCPOO

R Y



ooooooil1oo00oo0o0bo0o0o0oooooooooooon

goboooNDOOODOOODOOOoOOD
oooooooOooooooOoooooo (,m,r)0DO0O0ODO

Oo000o0oooOoOooooooOoOooooocGridrTPOOOO

oo0oooooooooo TecpPOOOCODOOOOOOOOO
GridFTP-APT O 0000000000000 TCPODOOOO

oo NOOOoooo

010 OO TCPOOOOOOO NODOOOOOOODOOOO

_ I+ (m—-1v
N {er(rm)V

ifm—-Il>r—m

otherwise @
000 »000000 (=(3-+5)/2)000000000 TCP
00000000 1000000000000 000DO000
0000000 NOOOOOOOoOobOOoooaoo

020 0000000000000 GridFrTPOOOODOOO
G(N)OOoUOooo

030 00000000000 ooooouo @oooo

G(N) > G(m)

0000000000000000000000000000
(Voooo

{2

040 0OO0OO0OOOOOOOOODOODOODOOOO (DO
goo

ifm< N
otherwise

(m,N,r)
(l,m,r) — { (L, N, m)

22 000000O0O0O0O0OOOO0O
GridFTP-APT 0 0000000000000 GidFTPOOO0
0000000000000000000000000000
0000000000000 000000000000000
000000GHIFTP-APTO00000000000000 X
0oooooo
000000000000000000000000 GridFTP
000000000000000000 GidFTPOO00000
0000 G(N-1)xG(N-1)/G(N-,) 00000000000
0000000000000

ifm< N
otherwise

@

G(N_1)

GOV

X — G(N-1)
0ooo0ADOO0ODDO0OO0ODOODODOO0ODODOOO0ODOOOd
gooooooog

gbooboobobooobooboboocoboooooooo
GdFTP 0 000000 G(N-)OG(N-,) 0000000
000000000000 000 xXxo0000o00

No W
—

X A

oooowOooTCcPOOOOOOOOODOOODDBORDO
goooooooooocboboooobooboooboboooo
gooboooooooboooooboobobobbooooooDo
200000000000000000 GridrTPOOOOODO
0 GIN,)0DO0ODODO0OO0DOOODO0O0DOo0oooDooo X
gooogo

X —aG(N_1)A

ooooooooooooooo TCecPOOODDODOOOO
000000000000o00ooOo GridPrTPOOOODOOO
ooooooo (IL,m,r)00 200 GridFTPOOOOOOOO

01 0D00ogoouoooooooogooodg
Tablel Parameter configuration used in simulation

nEEEEEEEEEE 100 [Mbit/s]
0O00O00000000000 7 10,50 [mg]
00000000000 100 [packet]
TCPOOOODODOOOOO 64 [Kbyte]
TCPOODOOOO 1,500 [byte]
00 TCPOODDOOOOODOO No 4

00 TCPOODOOOO0O0ODOO0O0OO o 2
000000000000 A 3 [q
GNdFTPO000O0O0DNO0O0O0OO F 1,510 [Ghytel

chunk file size F [Gbyte]

GridFTP
server

) bonleneck_ link )
GridFTP 1 [Gbitis] DropTail 100 [Mbit's] DropTail 1[Gbit/s]
client 1[ms] router t [ms] router 1ms]
02 000000000000 O0OO0O0DO0OUODODODOO0O (ooo
gooooooono)

Fig.2 Network topology used in simulation for investigating the effect of
GridFTP-APT control parameters

gobooooboooooooboooooooboooooDooo

X { (1= G +EGm)A ifN<m
(1-=8G(m)+£G(r) A otherwise
€<—{ wt PN <m
Mom otherwise

3 0ooooooo

000000000 0OoooooOoOoogerdrTP-APTO OO
oo0o0O0oO0O0ooOoOooOoUODOoO0OOoOoOoOn200000
O[Qooooo0000o0oooooooooooooon
goboooooboil1booooboouoooobobooooboo
gobooooboo1gooboobobooooooo

3.1 GridFTP-APTOO0OOOOODOOO
OO00GridFTP-APTOOOO0OO00OO0O0O0DOOOOGrdFTP-APT
0000000000000 00000000GridFTP-APTO
oOoooOoOoooOoooooTCcPOOOUOOOOOOODOO
Oa«0000000000OOO000 ADODO TCPOODOO
O000oo NOOOOoO GridFrTPOOOOOOODOOODOO
oooooooboo
ogoooooooooboooooboboobobooboboo 20
ooOoGrdFrTPOOOCOOOOOOODO 2000000000
0000000 0GridFTPOOOOO GridFTPODOOOOO
goboooobooooobobooooboooooooboooooo
gobooooboooboobooooboooooooboooooo
gobooooooobooooboooouoooboooobooooboo
gobooooboooboooobooboooboooboobooooDo
OUOO0GridFTP-APT O 00000000 DOOOUODODOOO
000 «00GridFTP-APTO 00000000 OOOOOO
0000000000000 0 «0OO0O0O0 TCPOODODODOO
00000000000 0oO0GridFTR-APTOOOODOOOOO
gobooooboooooooooooooboo
gobooooooobooboobooboooooooboooooo
gooooooobooooo ~oobOOooobbOoboooDboo
rogoooooobooobooooobooooobooooo
O0000 pOOOOOOOOOOOOOOODOOODOO
00000000000 00o00ooGridFTP-APTOOOOO
ooooOO0o0o0ooooo0O0O00000 BOOOOOOODO
goboboooboooboooboooboooboooboooooo

3



100

> M

60 |- Mg o

Ly

40 |- -

F=10 [Gbyte] -
F=5 [Gbyte] ----------
,F=1 [Gbyte] -----

20 -

Average file transfer rate [Mbit/s]

o 1 1
1 1.5 2 2.5 3 3.5 4

Control parameter a
03 GridFTP-APTO 0000000 « 0 OO0O00O00O00O000O0O
00 (r =10[msg])

Fig.3 GridFTP-APT control parameter o vs. average file transfer rate

(r =10 [mg))

100 T T T T T —T
80 -

60 -

20 -

Average file transfer rate [Mbit/s]

o 1 1 1 1 1 1
1 1.5 2 2.5 3 3.5 4

Control parameter a
04 CGridFTP-APTOOO0O000O0OO «0000O0OO0OOOOOOO
00 (r =50[msg])
Fig.4 GridFTP-APT control parameter o vs. average file transfer rate
(7 = 50 [mg])

gooooooog

030000 400000000000DD0O0O0O0O0ODOO
O7r=10000 7=50[ms]0000OGridFTP-APTOO0ODO
00000 104000000000 CGridrTPOODOO
oooopooooogo20000ooooooocooooon
gobooooooooobooooobooooboooboooooo
F=1,510[Ghyte 000000 %% 0000000000
good

O00000O0O0GrdrFrTP-APTOOOODODODODO «O0OO
oooOoOoGridFTPOOOOOOOOOOOOOOOOODOO
gooogoooooooboooooooboobooobobooobo
ooooboboooooooobobebObObOOOooDOOobOoo
GridFTPO O OO0OO0OOOOOOOOOOOOOOCOO

ggooooooooooobooooooobod e
00000000 O0GridFTP-APTOOOOOOOOOOOOO
TCPOOOOOOO0O0O0O0O0O0O0O0O0O0O0OCOOODOODODO
ooooOdOooooooOooooOoooOooogoo TePOO
goboooboooobocooboooooooboooooo
O0000O0OoGridFTP-APTOOOO0O0O0OODOODOOODOO
goobooooboooobooooooooooobooboooooo

goboooooooooobooobooboooooooboooooo
ooooOoooQooooo0O b 20300000000CC0OO
gooogo

OO0OCGrdFTP-APTO 0000000 OOO0OODOOOOO
000 AODOCGrdFTP-APTO 000000 OOOOOoOoOO
00000000o0ooooo0 AoODoooooooooo
O0000o0o0o0o0ooOoo0ooooooooooO AQO
GridFTP-APT OO0 TCPOOOOOODODOODOOOOOOO
O000o0oooooooooooo [eld

Os0000e6e0000C0OOODOOOOODOODOOODO
O7r=10000 r=50[ms]0000OGridFTP-APTOO0ODO
0000 AD01030[(oooooooooocridrTPOO
oooooooOoOoOoOoOoOooio0O0O0O0OO0OoOoOoooooO

100

80 ..
60 |- -
40 | -

F=10 [Gbyte] ———— -
F=5 [Gbyte] ----------
F=1 [Gbyte] -----
O 'l 'l 'l L 'l

5 10 15 20 25 30
Control parameter A

05 GridFTP-APTOOO0O0OOOO0 A0 DOODODOOODOOOOODOO
00 (r=10[mg])

Fig.5 GridFTP-APT control parameter A vs. average file transfer rate
(7 =10 [mg])

20 -

Average file transfer rate [Mbit/s]

g‘ 100 T T T T T
= T . .
=
D
IS
a5}
R
=
©
2
= 20 |- F=10 [Gbyte] m
© F=5 [Gbyte] ----------
D = —————————
2 . . . F=1[Gbyte] -
o 5 10 15 20 25 30

Control parameter A
06 GridFTP-APTOOO0UOOO0OO AQDODODUOUOOOOOUOOoOO
00 (r=50[mg])
Fig.6 GridFTP-APT control parameter A vs. average file transfer rate
(7 = 50 [mg])

gobooooboooobooboooboooooooboooooo
OO0 F=1,510[Gbyte DO ODODOO 9%%OOO0O0O0O0O0O
ooooog

O0000ooo0o0O0o0oooO0 A0OOoOOoodGridFTP
gobooooobooobooboooboooooooboooooo
00000o000o0o0oUoO0UoOD (@ eDOoDAOOO
oooOooooOoOocGridrTPOOOOOOOOOOOOODOO
gooog

OO00oooU00oooOoOooOoUooooooooooo AO
ooooooooboooloooooooboobooooooooo
oooooooo TecpPOO0ODOOOUODDOOOOODOO
Oo000oooo0oOoooocGridFrTPOOOOOOOOOOO
gobooooboboooobooo

O00000000000GrdFTP-APTOOOOOOOO A
03000 W0[gooocGrdrTPOO0OOO0OOOODODOODO
ooooOooooo (@ 7noooooooOoooooooooo
OO0OoGrdFTP-APTO 0000000000000 0O0O0O0OOO
O0000000o0o0o0oo00 A0OOoOOOOGridFTP-APT
o0o0OTcpPOOOOOOOOOOOOOODOOOODOODO
gooooooooo

0000600000 AQDODDOODDOOOOOOOOOGHdFTP
oooooooooOoOoOoOoDOOOODDOOOOOOO A
00000000000 OO0GridFTP-APTOOOO TCPODO
gobooooboooobobooooboooooooboooooo
OTCPOOOOOOOOOOODOOOUODODDOOODODO
goboooobooooboo

gooooooboboooooobooobbooboobooo
0000U0U0000D0ooooooDo AOOO 3[sfoooooo
GridFTP-APTOOO0O00O00O000O0DO0OOOOOO0OOOO
goboooobobooooboo

goboooobooooobooooboooobboooobooooo
O00o0ooo000000 A0 3[(foooooooooon
gooood



100 T T

GridFTP throughput [Mbit/s]

A=3 [s]
O L L A71()I [S] -------- L L
o 20 40 60 80 100 120 140
Time [s]
07 GdFTPOOODOO0O0O0OOOOOOOOOOO (r=>50[ms])
Fig.7 Evolution of GridFTP throughput (= = 50 [ms])

% 100
=
=2
= 80
L
©
B 60
2
£ 40
2
[£X 20 F=10 [Gbyte]
© F=5 [Gbyte] ----------
L F=1 [Gbyte] —-----
= O L L L

o 5 10 15 20 25
Control parameter Ng
08 GridFTP-APTOO0O0O0ODOO NoOOODOOOOOOOOOO
000 (r=10[ms))
Fig.8 GridFTP-APT control parameter A vs. average file transfer rate
(7 =10 [mg])

100 T - T T T

a0 | -

F=10 [Gbyte]
F=5 [Gbyte] --
F=1 [Gbytw] -

5 10 15 20 25
Control parameter Ng

09 CGridFTP-APTOO0O0OOODODO NoOOOOOOOODOOOO
000 (r=50[mg])

Fig.9 GridFTP-APT control parameter A vs. average file transfer rate
(7 =50 [ms])

20

Average file transfer rate [Mbit/s]

OO0O0GridFTP-APTOOOOOOOO No OOGridFTP-APT
gboboooboooooooboooooooboooooo
O N OOOO TCPOOOOOOODODOODOODOODOO
OTcpPOO0DOOOOOOOOOOOOOODODOOODO
good

080000 YipOUiOOOODoUOoODoOoOoOOO
O07=10000 7 =50[ms] 000C0OGridFTP-APT OO
000000 N D10 250000000000 GridFTPO
goboooooooooboooooboooboooobobooooo
F=1,510[Ghyte 000000 %% 0000000000
good

O00000OGridFTP-APTOOO0O00O0OODO NoODOOOO
OOGrdFTPOOOOODOOOOOOOOODOOOOODOO
gobooooooboooooooooooN ODDOOOO
gobooooboooooooooooooooD NOoDo
goboooobooooboooboooobooooboooooo
goboooooboooooooooboooooooboooooo
oo0ooooooo(@9ooooooooooooooooo
oooooOooooooboboboOo NOODODOOOOOOODO

goboooooooooooooonD NOboooooo

chunk file size F [Gbyte]

. 1 [Ghit/s]
bottleneck link 1[ms]

100 [Mbit's]

GridFTP
server

GridFTP 1 [Gbhit/s]
client 1[ms]

DropTail DropTail
router T[ms] router

ubpP ubP
receiver . UDP traffic sender

010 0J00o0o0o0o0oOo0ooo0oo0ooOOo0O (oooao
gooooooooooooo)
Fig.10 Network topology used in simulation for investigating the effect of

background traffic

__ 100
= .
= 80 ¥
3 .
s 60 F
K]
s 40
©
& 20
L
<C

o

o 10 20 30 40 50
Peak rate of UDP traffic [Mbit/s]
011 UubPOOOUOOOOOOOOOO GridFTPOOOOOOOOO

oooogo (r=50[ms])
Fig.11 Peak rate of UDP traffic vs. average transfer rate (= = 50 [ms])

oooooooooooOooo0oooooooooooDbo 40 8
gobooooboobooooobooo

32 0000000000000000
00000000000000000 GridFTP-APT 00 OO
0000000000000000000000000000
00000000 100000GHIFTPO 000000000
0200000000000000000000000000
UDPOOOODO0OOONOOOOOOOOO 20000000
0000000000000000000000000000
000000000000000 UDPOOOOOOOOOOO
UDPOOOODDODODO0DO 1,500 [byte] O O O O GridFTP
00000 GidFTPO 0000000000000 0N0OO
000000000000000000000000

01100UDPOOOOOODOOO00OOD 00 50 [Mbit/s]
0000000000GHFTPOO00O0ONONOOOOONOD
00000000000000000000000000000
GHdFTRAPT 000000000000 0000000000
00O

3.3 000 GridFTPOODODOOOOCODO
0000000 GridPrTPO0ODOOOOOOOOODOOOOO
GridFTPOOOOOOOOOOOOOODOOOOOOOOO
GridFTPOOO00O0OOCOOUOOODODOODODOODDOOOOO
GridFTPOO0O0OO00ODOO0OOOOOOOOOOOOOOOO
goooog

000o0ooO0oopooooooooouoooooooo 12
0000400 GridPFTPODO OO 400 GridFTPOOOOOO
00200 DropTal 0O OOOO REDOOOOOOOODO
gooooog

0000000 DbropTal DOODOOOOOOOOOOO 13
oO0100[s 0000 GridFTPOODOOODOOOOOOOOODO
000000 GridPrTPOO0O0OO0OOOOOOOOODOOOOO
O000oo0o0000o0oooooooooooon GridFTP

5



chunk file size F [Gbyte]

GridFTP
server 1

GridFTP
client 1

1 [Gbit/s] 1 [Gbit/s]

1[ms] 1 [ms]

GridFTP
client 2

GridFTP
server 2

bottleneck link

DropTail | 100 [Mbit/s] | propTail

or RED
router

or RED
router

GridFTP T[ms]

client 3

GridFTP
server 3

GridFTP
server 4

GridFTP
client 4

012 00000000000 DOO0OO0DODO0OOO0DOOOOO (Voo
GridFTPOOOOOOOOOOOOO)
Fig.12 Network topology used in simulation for investigating the fairness
among multiple GridFTP sessions

120 T T T T
GridFTP ion 1
GridFTP session 2 -------- -
GridFTP session 3 ----------
GridFTP ion 4

100

80

60

40

PYRNINN

20

GridFTP throughput [Mbit/s]

., e
FUrDr YU T L Sy X i

O 100 200 300 400 500 600 700 800
Time[s]
0 13 GridFTPOOO00O0O0OOOODOUDOOOOOOO (DropTal OO
0oao)(r=10[ms])
Fig.13 Evolution of GridFTP throughput with DropTail routers (= = 10
[ms])

Oo0OooooOoOoOooooOoOocGridrTPOOOOOOOOO
0000000000000 oO0ooOooocGridrTP-APT OO
goboooobooobooboooboooooooboooooo
gobooooboooooooboooooooboooooo
0000000000 GridPrTPOOOOOOOOODOOO TCP
0000000 bropTall DOOOODODOUODOOO0OOOOOOO
gobooobooooboooboooooooboooooo
O000U0O0OODropTal DODODOOOOOOOO TCPODODO
0000000000000 0U0oO0O0o0oooo (100
0000000000 DropTal DOOOO REDOODOOO
oooo0ooOoooOoOoO0OooooDoOoO00OOO 1BooOooo
O DropTal 0O 0OO0O REDOODOODDOOOOOOOO GridFTP
gobooooooooooooboobooooboooobooDo
goboooooooooboooooobooooboooobobooooo
01RB8OI0D0O0OO0DO0OO0OOOOO 140000000 DropTail
O0OO000REDOOOOOOOOOOOOOOCGHdFTPOO
gobooooboooobooooboooooobooooDoo
OO0GridFTPOOOODOOOOOOO TCPOOOODOOOODO
ooooOOO0ODOO0O0000000000000OREDOOODOO
0000000000 oo0ooooo GridPrTPOOOOOOO
goboooobooooooooboooooooboooooo
OO0CGridFTP-APTOO0O0O0OOOOODODO0ODOODDODOOOO

4 000000000

O000oO0o0000oOoooOooo GridrTPOODO TCPODODO
O0000o0o GridFTP-APTOODOOOOOODOODODOO
O000000000O00ooooOog GridFrTP-APTOO OO
O00000ooooo0o0o0oooooOooOgGridFrTPOOO
googooooooooooobobuooboobooboo

100 T T T T T T T

- 20 GridFTP ion 1
= | GridFTP session 2 --
= 80 \ GridFTP session 3 ---
= 70 GridFTP session 4
=
2 sof
Ey 50
= Il
= 40 ”
E 2oll
2 Il
o 10

o

O 100 200 300 400 500 600 700 800
Timel[s]
014 GridFTPOOO0O0OOOOOOOOOOOOOO (REDOOO
0o0)(r=10[mg])
Fig.14 Evolution of GridFTP throughput with RED routers (7 = 10 [ms])

000000 REDOOOOODOODOOOOOO GridPrTPODO
gobooooobooooooooooooooo

0000000003300 00000ooooGridrTPO0O
ooo00o0oooooooooOoOooOoooObOObob TCPODO
0000000000000 o0oOocGridrTP-APTOOOOO
goboooobooooboo

U g

gooooooooboobooooooooboboboboobo
gooooboooooooooooooooooooooobooo
gobooooboooboboooboooooooboooooo
00000000 (NREG)ODODODUOOOODUOOOOOOOO
000000000 0o0O0o (@O0oOoO1e01e26) 000000
gboboooooooboooboooooo

d g

[1] W. Allcock et al., “GridFTP: Protocol extensions to FTP for the
Grid,” GGF Document Series GFD.20, Apr. 2003. Also available
ashttp://ww. ggf.org/docunent/ GFD. 20. pdf .

[2] 1. Mandrichenko, W. Allcock, and T. Perelmutov, “GridFTP v2
protocol description,” GGF Document Series GFD.47, May 2005.
Also available as http://wwm. ggf. org/ docunent/ G-D.
47. pdf .

[3] T.Ito, H. Ohsaki, and M. Imase, “On parameter tuning of data trans-
fer protocol GridFTP in wide-area Grid computing,” in Proceedings
of Second International Workshop on Networksfor Grid Applications
(GridNets 2005), pp. 415421, Oct. 2005.

[4] T.J Hacker, B. D. Athey, and B. Noble, “The end-to-end perfor-
mance effects of parallel TCP sockets on a lossy wide-area net-
work,” in Proceedings of the 16th IEEE-CSACM International Par-
allel and Distributed Processing Symposium (IPDPS), pp. 434-443,
Apr. 2002.

[5] H. Sivakumar, S. Bailey, and R. L. Grossman, “PSockets. The case
for application-level network striping for data intensive applications
using high speed wide area networks,” in Proceedings of the 2000
ACM/IEEE Conference on Supercomputing, pp. 4-10, Nov. 2000.

[6] T. Ito, H. Ohsaki, and M. Imase, “GridFTP-APT: Automatic paral -
lelism tuning mechanism for data transfer protocol GridFTP,” to be
presented at 6th |EEE International Symposium on Cluster Comput-
ing and the Grid (CCGrid2006), May 2006.

[7] S. Floyd and V. Paxson, “Difficulties in simulating the Internet,’
|IEEE/ACM Transactions on Networking, vol. 9, pp. 392-403, Feb.
2001.

[8] W. H. Press, B. P. Flannery, S. A. Teukolsky, and W. T. Vetterling,
Numerical Recipesin C: The Art of Scientific Computing. Cambridge
University Press, 1992.

[9] “The network simulator — ns2.” available at htt p: / / www. i Si .
edu/ nsnam ns/ .

[10] S.Foydand V. Jacobson, “Random early detection gatewaysfor con-
gestion avoidance,” |IEEE/ACM Transactions on Networking, vol. 1,
pp. 397413, Aug. 1993.



