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Disclaimer

((

Reference herein to any specific commercial product, process,
or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the TIFR, the
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Government of India, or any agency thereof.



T2_IN_TIFR CMS Pledge.

Year Pledge Type Resources % of required
Pledged resource

T2_IN_TIFR 2016 CPU HEPSPECO06 13,120 ~1.7%

Disk (TB) 1,980 ~3%

Local T3 condor pool



HEP Computing needs.

e High Energy Physics computing will need 10-

100x current capacity
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e Scale of industry at or above R&D

— Commercial clouds offering increased value for
decreased cost compared to the past
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System to leverage global cloud infrastructure of big players.
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Reference —http://research.cs.wisc.edu/htcondor/HTCondorWeek2017/presentations/WedTimm_GCE.pdf



Leveraging the global cloud presence to meet HEP computing needs becomes important.
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TIFR Azure Cloud

* Engagement with Microsoft started in Nov-2016

e MS Cloud Datacenters, three in India (Mumbai, Chennai, Pune )

e MS Grant in terms of resources + development resources for GAHP and Condor_Annex




Draft Deployment Scheme for TIFR Proof of Concept (200 Core Test)

Azure Data Center (India Central) /
m—, % -
\v — v>

Azure Virtual Network

Default Subnet 10.1.0.0 (/21)

Gateway Subnet 10.1.8.0 (/27) | | Management Subnet 10.1.9.0 (/27)

DNS
Rev DNS
TIFR -
Network > Azure VM Scale Set 1 Workload
Azure Express Azure VPN
Gateway :
ROUte Run Scrlpts' Scientific Linux
or Copy Data,
S2S VPN
Entry Point Tempistote
Connectivity Mgmt Node Azure VM Scale Set 2
Images,
Staging Data,
Azure Blob Store Scripts
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Integrating Azure resources in CMS Global pool

* No pre-placement of data

* Diskless site, no cloud storage used

» Stage-in and stage-out directly via TIFR xrootd redirector to any CMS site.
* No special connectivity, communication over internet.

- Glidein Factory [- - -

T3_IN_TIFR
Cloud

Factory Ads
Frontend requests

‘ VO Frontend .
<~ Glidein Factory

A Glidein Factory -~ -~

Grid site v

[ User job ]

CMS GlideInWMS entry Reference diagram : USCMS
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T3_IN_TIFRCloud
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Authentication
server / Argus

HTCondor- HTCondor-
CE Batch

Accounting Server
JAPEL

Backup Squid
Caching Server
— 3 instances

Microsoft

Squid Caching Server — 3
instances.

XROOTD redirector

K HTCondor-week-2017

Storage farm T2_IN_TIFR-~2 PB

DPM-
Xrootd
N-1

DPM-
Xrootd
N-2
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Azure side.

Ca e 55S2S VPN tunnels created over internet 4 ;44.15.1112! E
Moot * 4 different scale sets 192 16822

<iii> <Oil> <tti> <iii>
default GatewaySubnet default GatewaySubnet
10400/21 10480/27 e 10900/21 10980/27 ﬁ
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[ ] — [ ] P g
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:11?2 zvg;; VewWGvpn3
) 521721972
N B ~ - 34
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VNEWEVPNZ 10.4.0.0/20 VinetiWGyvpn3 10.9.0.0/20 <.u> <uo>
default  GatewaySubnet A— 43
. 10.1.00/21 10.1.80/27 [+ =+ o]
peerng = VEN Device cream-
. <"_> v i 144.16.111.25 ce02.indiacms.res.i
peering Ventgw n
mgtSubnet i 521721821 192 168.2 41
10.1.9.0/27 g
10.1.0.200
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God LoD God G metupn 10.1.0.020
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U S— -

200 Mbps 100 Mbps
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HTCondor < Azure interfacing

 Phase One (Finished)
Ad hoc scripts

* Phase Two (Production ready) —
* Phase Three (In progress)

Condor Annex
Azure Batch

GAHP released on website - Azure GAHP

07-06-2017 HTCondor-week-2017
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Ad hoc scripts for

1 — Auto-spinning of
VMs based on load
gueue size

0 to 2K cores under
10 minutes.

2 — Auto de-allocation
of scale-setup based
on queue and idle
slots

07-06-2017

#To get top VM scale set Name

vmss="condor_status -wide | awk {print $1,54,55,58}'| awk -F'@" '{print
S2}'| awk '{if (52=="Unclaimed" && $3 == "Idle" && $4 >= "0+00:40:00
") {print SO}}' | sort | awk {print S1} | sort | uniqg -c | awk '{if (51 =="16")
{print SO}}'| awk 'NR==1{print substr($2,1); }' | cut -c 1-9°

#To get top instance ID from Condor status

instanceid="condor_status -wide | awk '{print $1,54,55,58}'| awk -F'@'
Yprint S2}'| awk '{if (52=="Unclaimed" && $3 =="Idle" && $4 >= "0+00
:40:00") {print SO}}' | sort | awk {print S1}' | sort | uniq -c | awk {if (51 ==
"16") {print SO}}'| awk 'NR==1{print substr($2,10); }' | cut -c 1-6

echo "Sinstanceid"

# create a character array
arr=()
i=0
while [ "Si" -It "S{#instanceid}" ]; do
arr+=("S{instanceid:Si:1}")
i=5((i+1))
done
echaoithisdsothe array.valued, 12



Last Hour

Running/CpusUse Idle/CpusPen Tasks

Last Day

Last Week

T3_IN_TIFRCloud Job Counts T3_IN_TIFRCloud Job Counts T3_IN_TIFRCloud Job Counts
Total 686 / 1805 48212/ 60 k ok o
51098 S
40 k | 60 k 60 k
“w | w w
. S 30k 2 2
Production 671/1790 46226 / LI A 40k A 40k
49112 10 k| 20 k 20 k . . .
* Moderate I/O product b ding /
0 4 y 0
pys 15115 Jose 1086 T T Ty 3 e oderate production Jobs reading
M Running B MatchingIdle W CpusUse W Running B MatchingIdle W CpusUse M Running B Matchingldle W CpusUse
M CpusPen T3_IN_TIFRCloud B CpusPen T3_IN_TIFRCloud B CpusPen T3_IN_TIFRCloud 141
CMSConnect 0/0 0/0 ke el S & writing to T2 IN TIFR an ERN
Running 696 685 686 Running 1640 1129 687 Running 1634 615 675 — —
Instituti ) 0 MatchingIdle 49631 48271 48209 MatchingIdle 81102 61110 47962 MatchingIdle 81849 13754 49170
nstitutional CpusUse 1833 1819 1805 CpusUse 1982 1815 1814 CpusUse 1963 1066 1784
CpusPen 52496 51008 51092 CpusPen 84614 65385 56591 CpusPen 86258 16236 52118
T3_IN_TIFRCloud Fairshare T3_IN_TIFRCloud Fairshare T3_IN_TIFRCloud Fairshare
2.0kt 2.0 k 2.0k
1.5 k 1.5k 1.5 k
§ 1.0 k é 1.0k é 1.0 k
- - -
0.5 k 0.5 k 0.5 k
0.0 0.0 0.0
20: 00 20:20 20:40 Tue 00:00 Tue 12:00 Thu Sat Mon
B CpusInUseProd M CpusInUseAna B CpusInUseProd M CpusInUseAna B CpusInUseProd [ CpusInUseAna
max avg cur max avg cur max avg cur
CpusInUseProd 1816 1797 1790 CpusInUseProd 1966 1800 1799 CpusInUseProd 1949 480 1750
CpusInUseAna 34 23 15 CpusInUseAna 44 16 15 CpusInUseAna 1867 586 34
Running/CpusUse Idle/CpusPen Tasks y
T3_IN_TIFRCloud Job Counts T3_IN_TIFRCloud Job Counts T3_IN_TIFRCloud Job Counts
Total 890/931 1152/1152 1.5k 70kt
M e o 3Ok o
Production 10727 0/0 1.0k o
» 2 2.0k 2 40k
o o o 30 k
; ™ a5k o n
Analysis 880 /904 1152/1152 ! 1.0k ig :
0.0 0.0 | [¢]
M . M4 . CMSConnect 0 0 00:20 00:40 01:00 Tue 12:00 Wed 00:00 Thu Sat Mon
H Ig I O a na ySIS JO S rea I ng B Running B MatchingIdle W CpusUse W Running B MatchingIdle W CpusUse W Running B MatchingIdle W CpusUse
s B CpusPen T3_IN_TIFRCloud B CpusPen T3_IN_TIFRCloud B CpusPen T3_IN_TIFRCloud
ey » Institutional 0 0 max avg cur max avg cur max avg cur
a n d W r‘|t| n g fro m C M S X r‘o Otd Running 892 877 890 Running 971 645 890 Running 1086 349 882
MatchingIdle 1316 1132 1153 MatchingIdle 3199 1268 1230 MatchingIdle 59141 7555 1118
. CpusUse 931 917 931 CpusUse 1268 808 930 CpusUse 1811 701 922
S Ite S fro m a I | ove r CpusPen 1316 1133 1153 CpusPen 3202 1480 1232 CpusPen 65830 8632 1119
.
T3_IN_TIFRCloud Fairshare T3_IN_TIFRCloud Fairshare T3_IN_TIFRCloud Fairshare
1000 £ 1.5kt 2.0 kT
800 1.5 k
" 600 @ “w
A 400 s 3
200 0.5 k
0 0.0
00:20 00:40 01: 00 Tue 12:00 Wed 00:00 Thu Sat Mon
B CpusInUseProd [ CpusInUseAna B CpusInUseProd M CpusInUseAna B CpusInUseProd [ CpusInUseAna
max avg cur max avg cur max avg cur
CpusInUseProd 27 16 27 CpusInUseProd 579 91 25 CpusInUseProd 1811 368 13
CpusInUseAna 921 902 904 CpusInUseAna 1030 717 905 CpusInUseAna 1697 333 909
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i
@dGSh 7 NEvents Processed for good jobs in MEvents (Million Events)

L0

a0

&

410

a0

733 Hours from 2017-05-06 to 2017-06-06 UTC
T T T T

No of events processed
by Good jobs ~ 1 Billion
(Cumulative )

A17-05-09 A17-05-12 M17-05-15 A17-05-18 A17-03-21 A017-05-24 A17-05-27 A17-05-30 A017-06-02 M1 7-06-05

B T2_IN_TIFRCloud {1,011)

07-06-2017

Total: 1,011 , Average Rate: .00 /5
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Ay
@dUSh J NEvents Processed for good jobs in MEvents (Million Events)
431 Hours from 2017-05-15 to 2017-06-01 UTC
L L T T

a0
a000
TIFR Azure
5000
4000
3000

2000

L0

1]
M17-05-15 A1F-05-17 A17-05-19 170521 M17-05-23 A17-05-25 A017-05-27 M17-05-29 A17-05-31

I T2_US_NotreDame (2,843} B T2_IN_TIFRCloud {1,008} LI T2_UK_SGrid_Oxford (652.98) I T2_US_Colorado (545.32)

B T3_UK_Landon_RHUL (478.84) B T3_US_Omaha (463.65) B T3_UK_ScotGrid_GLA [285.08) B T3_UE_London_QMUL (224.33)
B T2_|T_Bologna {107.79) B T2IT_Trieste (101.54) [ T2_FR_IPHL (38.16) B T2_US_UMD (68.82)

B T3_US_Baylor (58.96) B T3_TW_NTU_HEP (23.26] B T3_TW_NCU {11.53] B T3_CH_Volunteer [7.72)

I T2_US_TAMU [6.01) B T2_BG_UNI_SOFIA (0.92) W T2_US_MERSC [0.20) [ T2_US_O5G {0.00)

B T3_U5_UMiss (0.00] B T_US_UCR (0.00} B T3_US_PuertoRico (0.00) B T2_US Rice (300}

B T2_US_Rutgers [0.00) B T_KR_ENU (0.00} B T2_IR_IPM (0.00]

Total: 7978 , Average Rate: 001 /5
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yidashbe

T3_CH_Volunteer - 22.39%

M T3_US_NotreDame - 39.17% {315,930)
B T3_UK_SGrid_Oxford - 3.50% (28,190)
[ T3_UK_ScotGrid_GLA - 2.66% {21,464)
W T3_IT_Trieste - 1.79% (14,456)

M T3_US_NERSC - 1.15% {9,263)

[ T3_FR_IPNL - 0.98% (7,865)

B T3_TW_NCU - 0.16% (1,259)

B T3_US_PuertoRico - 0.04% (300.00)

B T3_KR_XNU - 0.00% (13.00)

T TR IT Peniaia - 0 ON% (4 0N

07-06-2017

T3_IN_TIFRCloud - 12.29%

Completed jobs (Sum: 806,529)

M T3_CH_Volunteer - 22.39% (180,556)
M T3_TW_NTU_HEP - 3.00% (24,218)

M T3_US_Omaha - 2.51% (20,242)

B T3_IT_Bologna - 1.43% (11,516}

B T3_UK_London_RHUL - 1.12% (9,011}
B T3_US_UMD - 0.45% (3,617)

B T3_US_UMiss - 0.05% (436.00}

M T3_US_TAMU - 0.04% (306.00)

M T3_KR_UOS - 0.00% (6.00)

T TR IS Rira - 0 ON% (4 NNY

T3_US_NotreDame - 39.17%

B T2_IN_TIFRCloud - 12.29% (99,130}

[ T3_UK_London_QMUL - 2.76% (22,270)
M T3_US_Baylor - 1.91% {15,368)

B T3_US_Colorado - 1.22% {9,855}

B T3_US_UCR - 1.06% (8,563)

B T3_US_Rutgers - 0.28% {2,275)

B T3_BG_UNI_SOFIA - 0.04% (357.00)

B T3_US_0SG - 0.00% (40.00)

B T3_IR_IPM - 0.00% {5.00)

T TR LIS FNALIDC - N ON% (1 AN

HTCondor-week-2017

fwdashbe
NEvents Processed for all jobs in MEv?gtfjgdﬂg ré 5

T3_IN_TIFRCloud - 12.64%

8 T2_US_NotreDame - 48.17% (3,843}
[ T2_US_Colorado - 6 84% (54500}

B T3_UK_ScotfGrid_GLA - 3. 57% (285 00)
B T2_IT_Triesta - L27% (102.00

B T2_US_Baylor - 0.74% {50.00)

B T3_CH_Volunteer - 0.10% (8.00)

B T2_US_NERSC - 0.00% (0.00)

B T2_US_Rutgers - 0.00% {0.00)

W T3_Us_PuertoRico - 0.00% (0.00

bjashal@cern.ch

W T2_IN_TIFRCIoud - 12.64% {1,009)

W T2_UK_Londan_RHUL - 6.00% (479.00)
M T3_UK_Londan_OMUL - 2.81% (224.00)
[ T2_FR_IPNL - 1.11% {£8.00)

W TZ_TW_NTU_HEP - 0.20% (23.00}

B T3_US_TAMU - 0.08% {6.00)

[ T2_US_05G - 0.00% {0.00)

W T2_KR_KNU - 0.00% (0.00)

W T_IR_IPM - 0.00% {0.00)

9 0 7

LI T2_UUK_SGrid_Oxford - £.18% (653.00)
B T2_US_Omaha - 5 81% {464 00)

B T3_IT_Balogna - 135% (108.00)

B T2_US_UMD - 0.88% (70.00)

W T2_TW_NCU - 0.14% (12.00)

W T3_BG_UNI_SOFIA - 0.01% [1.00)

W T3_US_UMizs - 0.00% (0.00)

B T2_US_UCR - 0.00% {0.00)

W T3_US_Rice - 0.00% (0.00)

16



Network usage:

Estimated network B/W requirement

.5 Mbps per core = for 2K cores = 1Gbps.

 Before starting the run, several tests of upto 2Gbps transfers from TIFR to Azure via shared internet
link, B/W not guaranteed

Actual utilization during the Run => Read - Average ~ 2.5Gbps, Peak ~ 4Gbps
Write — Average ~ 1.7 Gbps, Peak ~ 2.6 Gbps

Storage usage:

Reached limit with 12K network threads from jobs running all over along with cloud cores and T2 cores.



Network usage:

External_new (ethls)

8192 Mbps

6144 Mbps

4096 Mbps

2048 Mbps

0 Mbps

40 mirLess s5ga

Trusted_new (ethl7)

8192 Mbps

6144 Mbps

ADGE Mbps

2048 Mbps

0 Mbps

A0 mireeEs aga




 HTCondor pool of all India-CMS collaborating institutes.
* Bringing resources time to time from Indian institutes and various cloud platforms

Collaborating Indian Institutes CMS — LHCONE with

« TIFR, Mumbai WLCG Site 10G =>40G

* VECC, Kolkata WLCG Site (Alice)
* BARC, Mumbai

e Delhi University, New Delhi

* SINP, Kolkata

* Punjab University, Chandigarh
 RRCAT, Indore

 |0OP, Bhubneshwar L3VRF of all
e |ISER, Pune collaborating
e Rajasthan university institutes over NKN

* |IT, Chennai
* NISER, Bhubneshwar
e |ISC Banglore

19



ns i NATIONAL SUPERCOMPUTING MISSION

INFRASTRUCTURE APPLICATIONS R&D HRD

* Budget overlay of ~700 Million USD
* To beinvested in Infrastructure, Applications, R&D and HRD
e 70 HPC / HTC computing facilities.

* Heterogeneous workloads from different sciences and users.

07-06-2017 HTCondor-week-2017 bjashal@cern.ch
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=™ Microsoft

07-06-2017

Microsoft Azure

HTCondor-week-2017

bjashal@cern.ch
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Problem: Submit CERN jobs to the
Microsoft Cloud, Azure

Goal: Enable HTCondor to schedule
on Azure, seamlessly through Grid
Universe

Technology: Azure H-series,
embarrassingly parallel, ARM, API
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Engineering Insight

gl Microsoft
Wl Azure

Cloud Computing,
2012

Next Gen GPUs, 2017Q3

FPGA enhanced networking
fastest cloud network, 2017Q2

Haswell, fastest cloud compute
NVIDIA. Sept 2016
K80 GPUs

August 2016

Linux RDMA 1B

Windows HPC, July 2015

2014

Timeline



Azure is an open cloud

DevOps ] Clients
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Architecture tor Hybrid Cloud

Ea On-premises
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Cluster
Head Node

\ Cluster Nodes
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Azure Resource Management (ARM) Templates

{ : - -

"fschema™: “http://schema.management.azure.com/schemas/2015-01-81/deple httpS//g |th u bCO m/Xpl | |OnS/aZU re— h pC/

“contentVersion™: "",

"parameters”: {

“¢<parameter-name>" : {

"type" : "<type-of-parameter-value:>",
"defaultValue": "<default-value-of-parameter:",
"allowedValues™: [ “"<array-of-allowed-values>" ],

"minValue": <minimum-value-for-int:,
"maxValue": <maximum-value-for-int:,
"minLength”: <minimum-length-for-string-or-array:,
"maxLength": <maximum-length-for-string-or-array-parameters:,
"metadata”: {

"description”: "<description-of-the parameter:>"

¥
s
"variables": {
"¢variable-name>": “<variable-value:>",
"¢variable-namex": {
<variable-complex-type-value>
¥
}J
"resources”: [
{
"apiVersion": “<api-version-of-resource:",
"type™: "<resource-provider-namespace/resource-type-name>",
"namz": "<name-of-the-resource:",
"location": "<location-of-resource>",
"tags": "<name-value-pairs-for-resource-tagging>",
"comments™: "<your-reference-notes:",
"dependsOn”: [
"<array-of-related-resource-names>"
1

"properties": “<settings-for-the-resourcex",

" L
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TIFR's use of HTCondor in Azure

» Allocate HTCondor pool in Azure
« Phase One (finished)

« Ad hoc scripts
« Phase Two (in progress)

« Grid universe

« Phase Three (future work)

« Condor Annex
« Azure Batch?



32

Azure Grid Universe

» New resource type in grid universe
« Similar to existing support for EC2, GCE

« Fach VM is a job

« Works well with glide-in factories
« GlideinWMS

« Working prototype

« Will be in HTCondor 8.7.x
 Not highly scalable, hope to improve
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Sample Submit File
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Future Work

« Condor Annex

- Better for high scalability
« Use VM Scale Sets for efficiency
 Easier management of many identical VMs

 Azure Batch
« Submit “regular” jobs to Azure’s job scheduler
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