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Section 1

Introduction & Technical side




The goal of the NOTED project

We would like to optimized transfers of LHC data
focusing by network problem (like saturation).
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How?

e What is generating traffic?
For WLCG, most network traffic is generated by FTS. We
therefore analyse the data transfers via FTS in order to
estimate when any network optimisation should be
applied.

e Do the transfers contain information about the network
topology/configuration?
No, but the NOTED uses information from the CRIC
database to identify the site network prefixes (IPv4/IPv6)
of the storage elements involved and then groups
transfers.
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Figure: Identification and grouping of relevant transfers.
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(a) Transfers from FTS
between endpoints.

Red represents inactive
transfers, black active,
blue transfer which is
now inactive, but it was
active.
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Figure: Identification and grouping of relevant transfers.

gt 3

(a) Transfers from FTS  (b) Filter transfers:

between endpoints. inactive transfers are
Red represents inactive  discarded. This
transfers, black active, operation could be
blue transfer which is defined by input
now inactive, but it was  settings.

active.
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Figure: Identification and grouping of relevant transfers.
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(c) Translate FTS
endpoints to unique
sites using CRIC, then
transfers are grouped
using
{source,destination}
key.




How?

e Do we have enough knowledge about transfers to know
which links will be used?




How?

e Do we have enough knowledge about transfers to know
which links will be used?
No. Why?




Figure: Example of network topology.
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Figure: Example of network topology.
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Figure: Example of network topology.
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Figure: Example of network topology.
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How?

The aggregation stage is a key element of the making
decision process as it enables us to combine the
impact of potentially independent FTS decisions to
give information about the impact on one or more

network path segments. We can define our own
controller.
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Controller configuration

We can define our own controller:

@ obligatory

o what transfers we should consider? For example:
CERN -> PIC, or {CERN & TRIUMF-SFU } ->PIC

o (future optional) define limits: for example focus only for
transfers more then 10TB.

@ optional:

e contact information — send information email about decisions

e postpone decision about removing path when main transfers
are finished

e postpone decision about removing path when FTS reduced
throughput, and transfers do not generate enough traffic to
saturate link, but transfers have not finished yet

e corresponding controllers
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Section 2

Effects




Detection

LHCOPN ES-PIC 10G LHCOPN ES-PIC 10G

Avg M ast ‘e Max Avg M ast * Max
M PIC to CERN 1.05G 7.866 279.12M # Peak 7.866 M PIC to CERN 1,056 7.866 279.12M / Peak 7.866
W CERN to PIC 2,956 9.306 628.67M / Peak 9.306 W CERN to PIC 2.956 9.306 628.67M / Peak 9.306
Last update: Sat Nov 28 2020 17:48:31 Last update: Sat Nov 28 2020 17:48:31
(a) Utilization of the LHCOPN (b) Large transfers detected by the
10Gbps link CERN-PIC on NOTED.

27/28-11-2020. FTS was the main
traffic source.

Figure: Juxtaposition of two graphs: from the network monitoring

website showing the traffic observed between PIC and CERN and the
period when NOTED requested and removed network re-configurations.



LHCOPN

ES-PIC CA-TRIUMF US-T1-BNL
AS43115 AS36391 As43

TW-ASGC US-FNAL-CMS
As24167 As3152

KR-KISTI RRC-KI-T1
AST7572 AS59624

UK-T1-RAL RRC-JINR-T1
AS43475 AS2875
NDGF FR-CCIN2P3
AS395%0 AST89

NL-T1 DE-KIT IT-INFN-CNAF
AS1162 1104 AS58069 AS137
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ES-PIC CA-TRIUMF US-T1-BNL
AS43115 AS36391 As43

TW-ASGC US-FNAL-CMS
As24167 == As3152

KR-KISTI RRC-KI-T1
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ES-PIC CA-TRIUMF US-T1-BNL
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TW-ASGC US-FNAL-CMS
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LHCOPN soces
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Test with PIC (balancing traffic)

Tinestamp

2020-12-
01709:27:387

2020-12
01709:21:152

2020-12-
01709:15:34Z

2020-12
01789:09:512

Figure:

Decision Running
300 192
300 194
300 195
300 17

Success rate (last

1min)

100. 0%

57.00%

68.00%

81.00%

Throughput

689.37 MiB/s

440.40 WiB/s

228.99 MiB/s

133.48 MiB/s

Ema

173.34 MiB/s

116.00 MiB/s

79.96 MiB/s

63.40 MiB/s

Diff

®

®

Explanation

Range fixed

Range fixed

Range Tixed

Range fixed

Report between two endpoints. New bulk (our test transfer)
started at 9:15 (UTC). Test transfer contained 3060 files (avg file
size >6GB); totalling around 145 TB.
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LHCOPN ES-PIC 10G

Bits

W PIC to CERN  3g6,05M
W CERN to PIC  347.g8M

Last update: Tue Dec 01 2020 17:38:12

LHCOPN ES-PIC 10G

Bits

B PIC to CERN 366, 05M
W CERN to PIC 847.68M

Last update: Tue Dec 01 2020 17:38:12

LHCOPN ES-PIC 10G

Bits

Las
W PIC to CERN  3g6,05M
W CERN to PIC  ga7.68M

Last update: Tue Dec 01 2020 17:38:12

(a) Observation of traffic
passing through the
10Gbps path from
01-12-2020. Multiple
overlapping transfers can
be observed.

(b) This NI controller
focused on transfers from
CERN. It detected our
test transfer and
recommended network
optimiisation only for
that.

(c) The second NI
controller detected and
aggregated, all FTS
transfers transiting CERN
to reach PIC, including
those generated by other
Tierls. Network
optimisation was thus
recommended for a longer
period.

Figure: Operation of two NI controllers. The red colouring shows increased traffic

due to transfers from FTS.




GEANT LHCONE - B513
58 6

86
.6

06

bits

16

BUR

206
Tue 12:00

last
W From GEANT 1o 7qg
B To GEANT o216

Last update: Tue Dec 01 2020 16:01:29

GEANT LHCONE - B513
506

86
06

206

bits

106

‘106

20 6
Tue 12:00

last
W From GEANT 15 7gc
B To GEANT o210

Last update: Tue Dec 01 2020 16:01:29

LHCOPN ES-PIC 10G

Bits

Las
W PIC to CERN 365 gs
B CERN to PIC  g17.6em

Last update: Tue Dec 01 2020 17:38:12

(a) Observation of traffic
passing through the
added LHCONE GEANT
path from 01-12-2020.
Link GEANT was added
around 10:15 and in
result traffic was
balanced.

(b) The yellow area
presents the period when
LHCONE _GEANT path
wasn't used to
load-balance the traffic
between CERN and PIC.
The Network traffic
decrease in the
LHCONE _GEANT path
is visible.

(c) The yellow area
presents the period when
the LHCONE GEANT
path wasn’t used to split
traffic between CERN
and PIC. Network traffic
increased in the
LHCONE_ES_PIC path.

Figure: Impact of removing the added path on the network traffic of the

observed links.
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Test with TRIUMF-SFU Tierl

Scenario: site connected with a direct low speed link
(VLAN 2127, 10Gbps) with possibility of requesting a
larger bandwidth dynamic circuit

(VLAN 2128, >50Gbps).

Tried to use a dynamic circuit provisioned by
AutoGOLE, but a firewall issue prevented the
reservation to work. We will be very happy to

continue the cooperation.




Test with TRIUMF-SFU 12-03-2021
(forwarding traffic)

3 test transfers:
o CERN -> TRIUMF-SFU
o TRIUMF-SFU -> CERN
o CERN -> TRIUMF-SFU

LHCOPN v2127 10Gbps was default link since 8:30 to 18:30.
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LHCOPN CA-TRIUMF SFU v2127 10G

Bits

Bits

LHCOPN CA-TRIUMF SFU v2128 >20G

10 48
Fri 00:00 Fri 12:00 Fri 90:00 Fri 12:00
Avg Max last Max A Max last Hax
M TRIUMF to CERN 231.19M  5.716G 130.95 / Peak: 5.716 W TRIUMF to CERN 1.776 43.456  314.121 / Peak: 43.456
W CERN te TRIUMF 1.116 9.716 161.47 / Peak: 9.716 W CERN to TRIUMF 3.68G 30.3%G  608.79M / Peak: 308.39G
Last update: Fri Mar 12 2021 23:35:05 Last update: Fri Mar 12 2021 23:35:05




Bits

LHCOPN CA-TRIUMF SFU v2127 10G

LHCOPN CA-TRIUMF SFU v2128 >20G

Bits

1 -1
R iz Fs 0000 iz
Avg Max last Max A Max last Max
M TRIUMF to CERN 231.19M 5.71G6 130.95 / Peak: 5.716 M TRIUMF to CERN 1.77G 43.456 314.12Mm / Peak: 43.45G
W CERN to TRIUMF 1.116 9.71G6 161.47 / Peak: 9.71G B CERN to TRIUMF 3.68G 30.396 608.79M / Peal 30.396
Last update: Fri Mar 12 2021 23:35:05 Last update: Fri Mar 12 2021 23:35:05
LHCOPN CA-TRIUMF SFU v2128 520G

Bits

ey

206
-4
Fri 00:00 Fri 12:00
Avg Max last Max
B TRIUNF to CERN 1,776 43.456 314,12 / Peak: 43.456
| GEQN to TRIUNE  3.586 30.396  §08.79M / Peak: 30.396
V2128 52 Last update: Fri Mar 12 2021 23:35:05
W TRIUMF to CERN 231.19M  5.71G 130.95 5.716
O CERN to TRIUMF 1.116 9.716 161,47 9.716

SFU w2127 1

0G




LHCOPN CA-TRIUMF SFU v2127 10G LHCOPN CA-TRIUMF SFU v2128 >20G
P “
£ £
] ]
g o
10 -0
w5 00-00 Fri 12:00 TR Fri 12:00
Avg Max last Max A Max last Max
M TRIUMF to CERN 231.19M 5.71G6 130.95 / Peak: 5.716 M TRIUMF to CERN 1.77G 43.456 314.12Mm / Peak: 43.45G
W CERN to TRIUMF 1.116  9.716  161.47 7 Peak:  9.716 W CERN to TRIUNF 3.686 30,33  608.79M / Peak:  38.336
Last update: Fri Mar 12 2021 23:35:05 Last update: Fri Mar 12 2021 23:35:05
start test da top test day
LHCOPN CA-TRIUMF SFU v2128 >20G
w06
we
&
a 4mm-@_—.,
206
-0
i 00-00 Fri 12:00
Avg Max last Max
M TRIUNF to CERN 1.77G 43.456 314.12M / Peak: 43.45G
CERN to TRIUMF 3.68G 30.396 608.79M / Peak: 30.39G

SFUV2128>206 | o0\ gate: Fri Mar 12 2021 23:35:05

W TRIUMF to CERN 231.19M  5.71G 130.95 5.716
O CERN to TRIUMF 1.116 9.716 161,47 9.716

SFU v2127 10G




LHCOPN CA-TRIUMF SFU v2128 >20G

.
40 G
20 6
u-|
2
p=1
«a 8 —W@s—b—rm.
-20 G
-48 G- »
Fri 80:00 Fri 12:00
Avg last Max
B TRIUMF to CERN 1.776 43,456 314.12M / Peak: 43.456
B CERN to TRIUMF 3.68G 30.396  608.79M / Peak: 30.396
SFUv2128 206 Last updatef Fri Mar 12 2021 23:35:05
W TRIUMF to CERN 231.19M  5.71G 130.95 # Peak: 5.716
O CERN to TRIUMF 1.116 716 161.47 / Peak: 9.71G

SFUv2127 10G

/

1st test transfer from CERN -> TRIUMF-SFU was detected; tool
decided reconfigured network, and changed link SFU v2127 (10Gbps)

to SFU v2128 (>50Gbps)




Bits

LHCOPN CA-TRIUMF SFU v2128 >20G

.
40 G
20 6
[:] —W&—,--M-
-20 G
-48 G- »
Fri 80:00 Ff1 12:00
Avg Max last Max
B TRIUMF to CERN 1.77G 43,456 314.12M / Peak: 43.456
[ CERN to TRIUMF 3.68G 30.396  688.79M / Peak: 30.396
SFUv2128 206 Last update: Fri Mar|12 2021 23:35:05
W TRIUMF to CERN 231.19M  5.71G 1p0.95 # Peak: 5.716
O CERN to TRIUMF 1.116 9.716 161.47 / Peak: 9.71G
SFU v2127 10G

The FTS optimiser allowed to increase throughput

we could generate traffic around 20Gbps

and in the result




LHCOPN CA-TRIUMF SFU v2128 >20G

.
48 G
206
w
4
b
a [:] —W&—,--M-
-20 G
-48 G- »
Fri 00:00 Fri 12:88
Avg Max last Max
B TRIUMF to CERN 1.77G 43.456 314.12M # Peak: 43.45G
[l CERN to TRIUMF 3.68G 30.39 608.7IM /" Peak: 30.39G

SFU v2128 520G

Last update: Fri Mar 12 2021 23:35:05

G 138.95 / Peak: 5.71G
161.47 / Peak: 9.71G

B TRIUMF to CERN 231.19M
O CERN to TRIUMF 1.116
SFUv2127 10G

At the end of our test transfer, the tool detected a second huge
transfer, so the reconfiguration decision was postponed for a certain
amount of time. After couple of minutes the v2128 link was

changed to the v2127




Bits

LHCOPN CA-TRIUMF SFU v2128 >20G
.
40 G
20 6
-] —W@s—b—rm.
-20 G
-48 G- »
Fri 80:00 Fri 12:@
Avg Max last Max
B TRIUMF to CERN 1.77G 43.456  314.12M / Peak: 43.456
[ CERN to TRIUMF 3.68G 30.396  608.79M / Peak: 30.396
SFUv2128 206 Last update: Fri Mar 12 2021 23:35:05
W TRIUMF to CERN 231.19M  5.71G 130.95 # Peak: 5.716
O CERN to TRIUMF 1.116 9.716 161.47 / Peak: 9.71G
SFU v2127 10G

\

The 2st test transfer from TRIUMF-SFU -> CERN was detected;
tool decided reconfigured network, and changed link SFU v2127

(10Gbps) to SFU v2128 (>50Gbps)




LHCOPN CA-TRIUMF SFU v2128 >20G
.
40 G
20 6
u.
2
p=1
a [:] —W&—,--M-
-20 G
-48 G- »
Fri 80:00 Fri 12:00
Avg last Max
B TRIUMF to CERN 1.776 43.45 314.12M / Peak: 43.456
B CERN to TRIUMF 3.68G 30.39 608, 79M / Peak: 30.396
SFUv2128 206 Last update: Fri Mar 12 2021 23:35:05
W TRIUMF to CERN 231.19M  5.71G 130.95 # Peak: 5.716
O CERN to TRIUMF 1.116 9/716 161.47 / Peak: 9.71G
SFU v2127 10G

The FTS optimiser allowed increased throughput and in the result we

could generate traffic around 40Gbps!




Bits

LHCOPN CA-TRIUMF SFU v2128 >20G
.
40 G
20 6
-] —W@u—,— o
-20 G
-48 G- »
Fri 80:00 Fri 12:00
Avg Max last Max
B TRIUMF to CERN 1.77G 43,456 314.12M / Peak: 43.456
[ CERN to TRIUMF 3.68G 30.396  6O8.7IM / Peak: 30.396
SFUv2128 206 Last update: Fri Mar 12 20P1 23:35:05
W TRIUMF to CERN 231.19M  5.71G 130.95) # Peak: 5.716
O CERN to TRIUMF 1.116 9.716 161.4 / Peak: 9.71G
SFU v2127 10G

We could observe also traffic generated by the transfer which had
been detected during 1st test transfer for few hours. BUT! FTS
didn’t generated traffic more then 10Gbps, so when our test transfer
(TRIUMF-SFU -> CERN ) finished — tool reconfigured links and we

used v2127 again.




LHCOPN CA-TRIUMF SFU v2128 >20G

Bits
=

-20 G
-48 G- »
Fri 80:00 Fri 12:00
Avg Max last Max
B TRIUMF to CERN 1.776 43,456 314.12M / Peak: 43.456
B CERN to TRIUMF 3.68G 30.396  6O8.7IM / Peak: 30.396
SFUv2128 206 Last update: Fri Mar 12 2021 [23:35:05
W TRIUMF to CERN 231.19M  5.71G 130.95 # Peak: 5.716
O CERN to TRIUMF 1.116 9.716 161.47 / Peak: 9.71G
SFU v2127 10G

I
Last 3rd test transfer from CERN -> TRIUMF-SFU was detected;

link was changed into v2128; FTS optimizer allowed send transfer
faster and we could observed traffic around 30Gbps and after transfer

finished tool returned v2127.




Section 3

Tool developing =
Traffic forecasting
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Figure: Schema input data set X, and dependent variables Y
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For the Conv-LSTM model we consider
additional pre-processing steps and
calculate the throughput exponential
moving average over the last 15

minutes, and estimated size values




—— Real Traffic Estimated ffr.“ —— Forecasting ffr
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Figure: 1. We trained model to predict traffic based on information about
transfers from FTS (from TRIUMF-SFU to Tier0/Tierl). 2. Pictures present
results on two data sets: from TRIUMF-SFU to Tier0/Tierl and from
Tier0/Tierl to TRIUMF-SFU. Forecasting is based on aggregated information
about transfers from last 20 minutes (A = 10); b (batches); f(filters).
Forecasting Yr is predicted I' future values for chosen t. Here I = 15 (30 min).
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Thank you for your attention!
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Why NOTED?

L H CO P N LHCOPN CA-TRIUMF SFU v2127

Figure: Network traffic observed on

the LHCOPN path between CERN
Figure: LHCOPN (Large Hadron  5n4 TRIUMF. Link saturation
Collider Optical Private Network)
topology

occurs in both directions.

March 24, 2021 NOTED




Solution - how avoid saturation

@ Add extra path/link to balancing traffic.

@ Reconfigure network, and in result move all traffic from one link to
2nd link.
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How?

@ Automatically decides when the link will be saturated for a long
period of time. Manually modify the configuration of network
devices

@ Automatically decides when the link will be saturated for a long
period of time, and automatically modify the configuration of
network devices (SDNC).

NOTED




FTS details - how transfer report look
like




Details for cern.ch . davs: t1.pic.es ¢ DESTINATION

S R Y W e ey S S o

SOURCE e

Success rate (last
Tinestanp Decision Running Quese Inin) Throughput o Dife Explanation
2026-12-01711:03:542 356 183 23 84,000 118 Gie/s 80035 Mis/s 6 Range fixed
2020-12-01T10:59:357 350 183 a7 84,000 118 Gies 755,59 iB/s 6 Range fixed
2026-12-01710:54:592 350 184 250 86.00% 115 in/s 709.42 Mib/s o Range fixed
2020-12-01T10:49:152 350 185 212 85,000 118 Gie/s 657.39 nis/s o Range fixed
2020-12-01710:82:482 350 185 2367 81000 1.07 185 600.82 Mis/s o Range fixed
2020-12-01720:35:212 350 183 2003 80.00% 93349 mi/s 546.35 M1/ o Range rixes
2020-12-01710:27:342 350 i 2556 4,000 71,47 min/s 503.33 mis/s o Range fixed
2020-12-01720:19:032 350 15 21 a2.00 985,44 Mi/s 62,92 min/s o Range fixed
2020-12-01710:08:272 300 133 2694 8400 1614.78 mi/s 04,31 mis/s o Range fixed
2020-12-01709:55:392 200 1s 2798 88,000 870,12 mi/s 336.48 mis/s o Range fixed
2020-12-01709:42:522 300 133 2884 83,000 799.20 mis/s 277.19 mis/s 6 Range fixed
2020-12-01709:35:032 300 13 2909 81,00 31,83 mis/s 21910 mis/s 6 Range fixed
2020-12-01709:27:362 300 192 2047 160,000 659.37 mis/s 173.34 win/s 6 Range fixed
2020-12-01709:21:1252 200 194 2029 s7.00 440,40 miB/s 116.00 min/s 6 Range fixed
2020-12-01709:15:342 30 195 289 65,000 228.99 mis/s 79.96 min/s 6 Range fixed
2020-12-01709:09:512 30 v 2 81000 133,48 miB/s 63.40 miv/s 6 Range fixed
2020-12-01709:03:452 30 » u 81000 110,26 Wib/s 55,61 miB/s 6 Rance fixed
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Details for cem.ch - davs: tl.pic.es @

T Te . s oo o

,.' TIME TABLE (HISTORY BETWEEN TWO ENDPOINTS '

Success rate (last
Tinestanp Decision Running Quese Inin) Throughput o Dife Explanation
2026-12-01711:03:542 356 183 23 84,000 118 Gie/s 80035 Mis/s 6 Range fixed
2020-12-01T10:59:357 350 183 a7 84,000 118 Gies 755,59 iB/s 6 Range fixed
2026-12-01710:54:592 350 184 250 86.00% 115 in/s 709.42 Mib/s o Range fixed
2020-12-01T10:49:152 350 185 212 85,000 118 Gie/s 657.39 nis/s o Range fixed
2020-12-01710:82:482 350 185 2367 81000 1.07 185 600.82 Mis/s o Range fixed
2020-12-01720:35:212 350 183 2003 80.00% 93349 mi/s 546.35 M1/ o Range rixes
2020-12-01710:27:342 350 i 2556 4,000 71,47 min/s 503.33 mis/s o Range fixed
2020-12-01720:19:032 350 15 21 a2.00 985,44 Mi/s 62,92 min/s o Range fixed
2020-12-01710:08:272 300 133 2694 8400 1614.78 mi/s 04,31 mis/s o Range fixed
2020-12-01709:55:392 200 1s 2798 88,000 870,12 mi/s 336.48 mis/s o Range fixed
2020-12-01709:42:522 300 133 2884 83,000 799.20 mis/s 277.19 mis/s 6 Range fixed
2020-12-01709:35:032 300 13 2909 81,00 31,83 mis/s 21910 mis/s 6 Range fixed
2020-12-01709:27:362 300 192 2047 160,000 659.37 mis/s 173.34 win/s 6 Range fixed
2020-12-01709:21:1252 200 194 2029 s7.00 440,40 miB/s 116.00 min/s 6 Range fixed
2020-12-01709:15:342 30 195 289 65,000 228.99 mis/s 79.96 min/s 6 Range fixed
2020-12-01709:09:512 30 v 2 81000 133,48 miB/s 63.40 miv/s 6 Range fixed
2020-12-01709:03:452 30 » u 81000 110,26 Wib/s 55,61 miB/s 6 Rance fixed
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Details for cern.ch . davs: tLpic.es © AVERAGE FILESIZE

Success rate (last
Inin)

Tinestanp Decision Running Quese Throughput o Dife Explanation
2026-12-01711:03:542 356 183 23 84,000 118 Gie/s 80035 Mis/s 6 Range fixed
2020-12-01T10:59:357 350 183 a7 84,000 118 Gies 755,59 iB/s 6 Range fixed
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2020-12-01T10:49:152 350 185 212 85,000 118 Gie/s 657.39 nis/s o Range fixed
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2020-12-01720:35:212 350 183 2003 80.00% 93349 mi/s 546.35 M1/ o Range rixes
2020-12-01710:27:342 350 i 2556 4,000 71,47 min/s 503.33 mis/s o Range fixed
2020-12-01720:19:032 350 15 21 a2.00 985,44 Mi/s 62,92 min/s o Range fixed
2020-12-01710:08:272 300 133 2694 8400 1614.78 mi/s 04,31 mis/s o Range fixed
2020-12-01709:55:392 200 1s 2798 88,000 870,12 mi/s 336.48 mis/s o Range fixed
2020-12-01709:42:522 300 133 2884 83,000 799.20 mis/s 277.19 mis/s 6 Range fixed
2020-12-01709:35:032 300 13 2909 81,00 31,83 mis/s 21910 mis/s 6 Range fixed
2020-12-01709:27:362 300 192 2047 160,000 659.37 mis/s 173.34 win/s 6 Range fixed
2020-12-01709:21:1252 200 194 2029 s7.00 440,40 miB/s 116.00 min/s 6 Range fixed
2020-12-01709:15:342 30 195 289 65,000 228.99 mis/s 79.96 min/s 6 Range fixed
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T Te . s oo o
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Details for cem.ch - davs: tl.pic.es @
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Details for cem.ch - davs: tl.pic.es @

T Te . s s o

Success rate (last
Tinestanp Decision Running Quese Inin) Throughput o Dife Explanation
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Details for cem.ch - davs: tl.pic.es @

o e ¥ s s o

Success rate (last

Tinestasp Decision Running Queve nin) Throughput e Dife Explanation
2026-12-01711:03:542 350 183 217 84,000 118 Gib/s 80035 Mis/s 6 Range fixed
2020-12-01T10:59:352 350 183 2178 84,000 118 Gies 755,59 iB/s 6 Range fixed
2020-12-61710:54:552 350 104 250 86.00 115 Gib/s 709.42 Mib/s © Ronge fixed
2020-12-01T10:45:157 350 15 12 85,00 114 Gib/s 657,39 Mio/s o Ronge fixed
2020-12-01710:42:457 350 186 2367 1.0 1.07 Gis/s 600,52 His/s o Ronge fixed
2020-12-01710:35:21 350 153 2143 80,00 933,49 mie/s 546.35 M/ o Ronge fixed
2020-12-01720:27:347 350 127 256 4.0 o71.47 min/s 503.33 Mis/s o Ronge fixed
2020-12-01710:19:032 350 125 211 a2.00 985,44 Hin/s 462,42 Mi/s 0 Ronge fixed
2020.12-01710:08:172 300 13 269 4.0 1014.78 mie/s 404,31 mis/s o Ronge fixed
2020-12-01709:55:397 300 18 2798 8.0 a70.12 mie/s 3%6.48 M/ o Ronge fixed

208 88,00 799.20 wie/s 277.19 mis/s © Range fixed
2020.12.01709:35:032 4 NEW BULK 2909 o100 631,63 mie/s 21919 mig/s o Range fixed
2020.12.01709:27:387 E 2007 100,000 689,37 mie/s 173,34 wia/s o Range fixed
2020.12.01709:21:157 300 19 2029 s7.000 440,40 wig/s 116.00 WiB/s o Range fixed
2020.12.01709:15:342 300 195 2006 6,000 228.99 mie/s 79.96 WiB/s o Range fixed
2020.12.01709:09:512 300 v % 100 133,48 Wib/s 63,40 miB/s o Range fixed
2020.12-01709:03:457 300 » u .00 110.26 HiB/s 55.61 MiBs o Ranae fixed
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Details for cem.ch - davs: tl.pic.es @
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Success rate (last

Tinestasp Decision Running Queve nin) Throughput e Dife Explanation
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Details for cem.ch - davs: tl.pic.es @

o e ¥ s s o

Success rate (lase
f— becision wuening e Inin) Throughput o oift Explanstion
2620-12- 0171 1:03:542 0 1 2w aa.000 110 Gao/s 500,38 /s o Range tixea
2020-12-01110:59:352 50 ™ e as.000 116 in/s 755.59 mio/s o Range tixen
2020-12.01710:54:552 0 104 a0 a6.000 L1 canrs 709,92 miess o Ramge rixes
2020-12-01120:99:152 30 15 on es.000 A 657,39 miess o Range rises
2020-12. 011101920002 0 16 67 oL Lo7 G 00,02 mie/s o Ronge rixes
2020-12-01710:35:212 0 ™ 2ua3 a0.000 023,49 mit/e 546,35 /s o Range rises
2020-12-01m10:27:302 0 = 2556 oo o717 minss 503,33 manzs o Range risea
2020-12-01720:15:002 20 s 21 a0 ous.4 /s s62.92 maess o Range risea
200-12.0rm0:0:272 0 = 2604 oo 1020.78 /s a0 manss o Range risea
2020-12-01709:55:292 0 1 278 an.000 am0.12 ez 226,48 s o Range risea
2020-12.or709:2:572 0 = 2001 an.000 799,20 /s 277,10 miess o Range risea
2020-12.01709:35:022 0 m 2009 a0 a0 ez 219,19 /s o Range rixea
2020-12.07700:27:282 0 12 20 100,00 oe0.37 /s 172,20 s o Range rixea
2020-12.01700:21:252 0 100 2029 s7.00 10,40 iz 126.00 mie/s o Range rixes
2020-12.01700:15:202 0 15 2006 aa.o0 228,99 /s 79.96 mi/s o Range tixea
2020-12-01709:0:512 0 v 2 ar.o0 132,48 /s 62,40 mi/s o Range tixes
2026-12.61T09:63:452 300 2% 2 \ 55.61 MiB/s © Ranae fixed

LINK WASN'T EMPTY
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—— Training from Triumf ~ —— to Triumf fromPIC  —— toPIC

CNN, A=4, b=1,f=8 LSTM, A=10, b=128, f=64  CNN-LSTM, A=10, b=128, f=64 conv-LSTM, A=10, b=1, f=8
08 0.8 0.8 08
06 0.6 0.6 06
[l
204 04 //,_.‘. 0.4 04
02 02 éﬁ_’. 0.2 0.2
) 2 40 60 6 20 4 60 0 20 E9 60 ) 20 0 60
time step time step time step time step

Figure: Average MSE and its variance with respect to the forecasting steps
(here: T = 60).




Table: Comparison of model parameters on the test data set representing
transfers from TRIUMF to Tier0/Tierl. MSEy ¢ and MSEy means
respectively MSEy and MSE average during W period. W period means
saturation and short drop between two saturation periods (slide 41).

' =15 (30 minutes). S is the standard deviation over 10 training

repetitions.
Batch -
A Model Filters\ MSE\u(r) S(MSEw(r)) MSE\U70 S(MSEW,Q)
Units

4 CNN 1-8 0.206 0.007 0.206 0.009
LSTM 128 - 64 0.224 0.008 0.042 0.005
CNN-LSTM 128 - 64 0.233 0.015 0.060 0.007
CONV-LSTM 1-8 0.159 0.012 0.048 0.007
10 CNN 1-8 0.223 0.095 0.223 0.010
LSTM 128 - 64 0.185 0.012 0.025 0.006
CNN-LSTM 128 - 64 0.188 0.011 0.021 0.006
CONV-LSTM 1-8 0.125 0.008 0.036 0.008
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