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O
utline
•Science requirem

ents for Experim
ental and O

bservational 
D

ata (EO
D

) Science: highlight D
O

E/SC
/ASC

R
 w

orkshop 
reports.

•LH
C

/ATLAS –
O

LC
F integration: Big PanD

A
D

em
onstrator 

project at O
LC

F
•Im

pact of BigPanD
A project on H

EP/ATLAS C
om

puting
•PanD

A
W

M
S beyond H

EP: PanD
A

server instance at O
LC

F
•Im

pact of BigPanD
A project on O

LC
F support of user-

m
anaged m

iddlew
are services.

•C
onclusions



In 10 years, increase by factor 10 the LHC lum
inosity

➔
M

ore com
plex events

➔
M

ore Com
puting Capacity

Experim
ental and O

bservational Science D
ata is Exploding

LH
C

 U
pgrade Tim

eline

Run1 
2009 -2013

Run3
2020-2022

Run4

Run2
2015 -2018
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C
om

m
on Them

es A
cross D

O
E Science O

ffices
D

ata: Large-scale data storage and analysis

Experim
ental and sim

ulated data set 
volum

es are grow
ing exponentially. 

Exam
ples: H

igh lum
inosity LH

C
,light 

sources,clim
ate, cosm

ology data 
sets ~ 100s of PBs. 
C

urrent capability is lacking.

M
ethods and w

orkflow
s of data analytics 

are different than those in traditional H
PC

. 
M

achine learning is revolutionizing field. 
Established analysis program

s m
ust be 

accom
m

odated.



W
orkflow

 M
anagem

ent on Titan: 
Next Generation W

orkflow
 M

anagem
ent  for High Energy Physics 

LH
C

/ATLA
S-O

LC
F Integration

“BigPanD
A W

orkflow
 M

anagem
ent on Titan for H

igh Energy and N
uclear Physics and for Future Extrem

e 
Scale Scientific Applications,” D

O
E/SC

/ASC
R

 N
ext-G

eneration N
etw

orking for Science, R
ich C

arlson. 
PI: Alexei Klim

entov
(BN

L); C
o-Pis; K. D

e (U
. Texas-Arlington), S. Jha

(R
utgers U

) J.C
. W

ells (O
R

N
L)



●
M

otivation: 
o

D
em

and for resources greatly outstrips supply, 

o
N

ew
 payloads are being developed w

ell suited for H
PC

 architectures

●
C

hallenge: R
esource m

anagem
ent approaches, policies and 

softw
are are different for H

PC
 and G

rids
●

O
bjectives: 

o
H

ow
 can w

e provide existing w
orkload m

anagem
ent capabilities (PanD

A) 
uniform

ly across H
PC

 and G
rids?  

o
U

se it to utilize otherw
ise unusable resources on H

PC
 as w

ell as traditional 
allocations queue-based resource m

anagem
ent

R
esearch C

hallenges



The O
pportunity for H

PC
-G

rid
(H

TC
) Integration I 

H
ow

 do w
e efficiently integrate H

P
C

 resources and distributed
H

igh-Throughput C
om

puting (H
TC

, or G
rid) resources? 

•From
 the perspective of large supercom

puter centers, how
 best 

to integrate large capability w
orkloads, e.g., the traditional 

w
orkloads of leadership com

puting facilities, w
ith the large 

capacity w
orkloads em

erging from
, e.g., experim

ental and 
observational data? 

•W
orkload M

anagem
ent System

s (W
LM

S) are needed to 
effectively integrate com

puting for experim
ental and observation 

data into our data centers. 



The O
pportunity for H

PC
-G

rid (H
TC

) Integration II 
The ATLA

S
 experim

ent provides an attractive science driver, and the 
P

anD
A

W
orkflow

 M
anagem

ent S
ystem

 has attractive features for 
capacity-capability integration
•  The W

orldw
ide LH

C
 C

om
puting G

rid and a leadership com
puting 

facility (LC
F) are of com

parable com
pute capacity.

–
W

LC
G

: 700,000’s x86 com
pute cores  

–
Titan: 300,000 x86 com

pute cores and 18,000 G
P

U
s

•  There is a w
ell-defined opportunity to increase LC

F utilization by 
increasing backfill opportunities.
–

B
atch scheduling prioritizing leadership-scale jobs results in ~90%

 utilization 
of available resources at D

O
E

’s LC
Fs.

–
U

p to 10%
 of Titan’s cycles (~400M

 core hours) are available if a very large 
volum

e of capacity jobs can be run in backfill m
ode.



D
eploying PanD

A
on Titan

•Titan’s architecture, configuration and policies poses several 
challenges to the deploym

ent of PanD
A

e.g., :
–

The default deploym
ent m

odel of PanD
A

Pilot is unfeasible on Titan: 
•

Pilot requires com
m

unication w
ith the PanD

A
Server to pull jobs to execute, but

•
This not possible on Titan because w

orker nodes do not offer outbound netw
ork connectivity

–
The specific characteristics of the execution environm

ent require re-
engineering of ATLAS application fram

ew
orks, e.g., absence of local storage 

on the w
orker nodes, and m

odules tailored to C
om

pute N
ode Linux.

•G
iven various constraints and challenges, the M

onte C
arlo detector 

sim
ulation task is m

ost suitable for execution on Titan at the m
om

ent. 
–

Perform
ed via AthenaM

P, the ATLAS soft-w
are fram

ew
ork integrating the 

G
EAN

T4 detector sim
ulation toolkit. 

–
Accounts for ≈ 60%

 to 70%
 of all the jobs on W

LC
G

, m
aking them

 a prim
ary 

candidate for offloading.
–

Task is m
ostly com

putational-intensive, requiring less than 2G
B of R

AM
 at 

runtim
e and sm

all input data. 



D
eploying PanD

A
on Titan (2)

G
iven the com

m
unication requirem

ents of P
anD

A
P

ilots and the unused capacity 
of Titan, P

anD
A

pilot w
as repurposed to serve as a job broker on the D

TN
 nodes of 

Titan. 
•

M
aintaining the core m

odules of P
anD

A
P

ilot and its stand-alone architecture, 
this prototype called ‘P

anD
A

B
roker’ supports the execution of M

C
 detector 

sim
ulations.

•
E

ach P
anD

A
B

roker queries the P
anD

A
server for ATLA

S
 jobs that have been 

bound to Titan. 
•

U
pon receiving jobs descriptions, P

anD
A

B
roker pulls jobs’ input files from

 B
N

L 
to the O

LC
F Lustre

file system
. 

•
P

anD
A

B
roker queries Titan’s M

oab scheduler about the current available backfill 
slot and creates an M

P
I script, w

rapping enough ATLA
S

 jobs’ payload to fit the 
backfill slot. 

•
P

anD
A

B
roker subm

its the M
P

I script to the Titan’s Torque batch system
 via 

R
A

D
IC

A
L-S

A
G

A
.



O
LCF	Titan	IntegraFon	w

ith	ATLAS	Com
puFng	

29/08/17	
38	

ATLAS	jobs	in		backfill		
m
ode	on	Titan	in	acFon	

DistribuFon	of	queue	w
ait	

Fm
e	for	ATLAS	jobs	

Brookhaven		

O
ak	Ridge		

Geneva		

ATLAS	
ALICE	
jobs	

ATLAS	
“data”	

The	largest	supercom
puter	available	

	for	scienFfic	applicaFons	

Average	w
ait	Fm

e	~70	seconds	

Job	w
aiFng	for	longer	than	5	m

inutes	are	
cancelled	by	PanDA	pilot	

backfill	loop	starts	again	

The	histogram
	show

s	w
ait	Fm

es	only	for	
finished	jobs	that	actually	ran	on	Titan	

O
LC

F Titan Integration w
ith ATLA

S C
om

puting

D
. O

leynik, S. Panitkin, M
. Turilli, A. Angius, S. O

ral, K. D
e, A. Klim

entov, J. C
. W

ells and S. Jha, 
”H

igh-Throughput C
om

puting on H
igh-Perform

ance Platform
s: A C

ase Study”, 
IEEE e-Science (2017) available as: https://arxiv.org/abs/1704.00978



B
ackfill O

ptim
ization

•
Backfill optim

ization of Titan’s M
oab scheduler allow

s to avoid the overhead 
of queue w

ait tim
es w

ithout using the traditional pilot abstraction. 
–

W
ith this optim

ization, M
oab starts low

-priority jobs w
hen they do not delay higher priority 

jobs, independent of w
hether the low

-priority jobs w
ere queued after the high-priority 

ones.

•
W

ith “show
bf” com

m
and, users can interrogate M

oab about the num
ber of 

w
orker nodes and w

all tim
e im

m
ediately available. 

•
If a job is im

m
ediately subm

itted to Titan requesting that num
ber of w

orker 
nodes and w

alltim
e, chances are that M

oab w
ill im

m
ediately schedule it. 

Adaptive C
om

puting Enterprises. (2014) M
aui scheduler adm

inistrator’s guide: 
Backfill. Available: http: //docs.adaptivecom

puting.com
/m

aui/8.2backfill.php 



O
LC

F Job Priority by N
ode C

ount
U

sed for O
LC

F’s Jaguar and Titan eras
•

The O
LC

F im
plem

ents queue policies that encourage the subm
ission 

and tim
ely execution of large, leadership-class jobs on Titan.

•
Jobs are aged according to the job’s requested processor count,
–

(older age equals higher queue priority). 

•
E

ach job’s requested node count places it into a specific bin. E
ach 

bin has a different aging param
eter, w

hich all jobs in the bin receive.

B
in

M
in N

odes
M

ax N
odes

M
ax W

alltim
e 

(H
ours)

A
ging B

oost 
(D

ays)
1

11,250
18,688

24
+15

2
3,750

11,249
24

+5

3
313

3,749
12

0

4
126

312
6

0

5
1

125
2

0



O
LC

F A
llocation O

veruse Policy
•

Projects that overrun their allocation are still allow
ed to run on O

LC
F system

s, 
although at a reduced priority. 

•
Like the adjustm

ent for the num
ber of processors requested above, this is an 

adjustm
ent to the apparent subm

it tim
e of the job.

%
 O

f Allocation U
sed

Priority R
eduction

num
ber eligible-to-run

num
ber running

< 100%
0 days

4 jobs
unlim

ited jobs

100%
 to 125%

-30 days
4 jobs

unlim
ited jobs

> 125%
-365 days

4 jobs
1 job

•
C

SC
108 jobs are alw

ays the low
est-priority jobs in Titan’s queue.

•
Jobs are not allow

ed to age –
term

inated after 5 m
inutes if not scheduled.

Policies Evolved for B
igPanD

A D
em

o (C
SC

108)
Allocation

Priority R
eduction

num
ber eligible-to-run

num
ber running

N
o Allocation

-366 days
20 jobs

20 jobs



U
tilization of Available C

om
pute R

esources on Titan: Sept. 2018

Titan H
ourly %

 N
odes Allocated by Batch System

: 1 Septem
ber –

24 Septem
ber, 2017
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O
perational D

em
o: Scaling U

p A
ctive B

ackfill

●
C

onsum
ed 370 M

illion Titan core hours from
 January 2016 to present

o
This is 2.8 percent of total available tim

e on Titan over this period
●

R
em

aining used backfill slots are often too short or too sm
all for assigned 

ATLAS payloads



U
nderstanding B

ackfill Slot Availability

2555 m
easures of B

ackfill 
availability on Titan during a 
tim

e w
indow

. 
•

M
ean B

ackfill availability: 
691 w

orker nodes for 126 
m

inutes.
•

U
p to 15K

 nodes for 30-100 
m

inutes
•

Large m
argin for 

optim
ization

D
. O

leynik, S
. P

anitkin, M
. Turilli, A

. A
ngius, S

. O
ral, K

. D
e, A

. K
lim

entov, J. C
. W

ells and S
. Jha, 

”H
igh-Throughput C

om
puting on H

igh-P
erform

ance P
latform

s: A C
ase S

tudy”, 
2017 IE

E
E

 e-S
cience C

onference, D
O

I: 10.1109/eS
cience.2017.43 



O
perational D

em
o: Scaling U

p A
ctive B

ackfill

•
Slow

ly increased over tim
e num

ber of PanD
A

brokers from
 1, 4, 8, 16, 20

•
Increase the m

axim
um

 num
ber of nodes per broker to 350 nodes.



O
perational D

em
o: Scaling U

p A
ctive B

ackfill

•
Increased Titan’s utilization by 
~2 percent over historical trends
–

H
ave w

e displaced ~ 2 percent of 
Titan’s traditional throughput?

–
N

egative im
pact on throughput of 

traditional w
ork loads is not 

obvious, under evaluation.

•
Preem

ption of PanD
A

payloads 
to be im

plem
ented.

BigPanD
A Backfill as a Percentage of overall Titan U

tilization



B
igPanD

A dem
o contributed to w

inning A
LC

C
 project

Im
plem

ent ALC
C

 Project at O
LC

F using H
arvester



ATLA
S@

O
LC

F: B
atch Q

ueue Subm
ission &

 A
ctive B

ackfill
•B

ackfill utilization in 1 June through 22 June 2018, 10-m
in data frequency

Plot: 
D

anila O
leynik



27

•
Since N

ov. 2016, 508 m
illion ATLAS events com

puted via backfill
•

Since O
ct. 2017, 395 m

illion ATLAS events com
puted via ”norm

al” batch queue
–

Increases in batch queue event generation beginning in Feb. 2018 show
 the im

pact of 
H

arvester



B
roader H

PC
 Im

pacts
•W

hile PanD
A

Broker im
plem

entation is resource specific, it w
as 

successfully ported to other supercom
puters, including the 

–
Edison/C

ori at the N
ational Energy R

esearch Scientific C
om

puting C
enter 

(N
ER

SC
),

–
Piz D

aint, (C
SC

S)
–

M
areN

ostrum
, (BSC

)
–

IT4I, C
zech R

epublic
–

SuperM
U

C
, M

unich

•Significant im
pact on H

EP planning for com
puting resources.
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H
PC

s in ATLA
S

31

B
reakdow

n of the H
PC

 facilities in the previous 
plots

●
U

S D
O

E H
PC

s (all in the “special” category)
○

Titan at O
ak R

idge
○

C
ori at N

ER
SC

 (successor to Edison)
○

Theta at AN
L (successor to M

ira)
●

N
ordugrid
○

Several of their facilities are H
PC

s, 
including H

PC
2N

 #4
●

European H
PC

s
○

LR
Z (SuperM

U
C

), M
PPM

U
, C

SC
S, ...

●
U

S N
SF H

PC
s

○
Sites w

ith ‘C
O

N
N

EC
T’ in their nam

e

All in routine production, m
ostly 

G
eant4 M

C
 sim

ulation



H
PC

s in H
EP: U

S D
O

E view

32

Jim
 Siegrist, H

EPAP m
eeting, M

ay 2018

W
e m

ust use them
 heavily

W
e m

ust use them
 properly

(use the accelerators)

Sim
ilar view

s from
 H

EPAP panel 
(supplem

entary slide)



●
A

im
: T

o
 p

ro
v
id

e
 in

s
ig

h
t in

to
 

a
d

a
p

tiv
e

 e
x
e

c
u

tio
n

 p
a

ra
m

e
te

rs
 

a
n

d
 “o

p
tim

a
l” w

a
y
 to

 c
o

n
fig

u
re

 

jo
b

s
 (b

a
c
k
fill a

n
d

 re
g

u
la

r q
) to

 

in
c
re

a
s
e

 re
s
o

u
rc

e
 u

tiliz
a

tio
n

●
T
w

o
 d

is
tin

c
t m

o
d

e
llin

g
 

s
tra

te
g

ie
s
:

○
S

im
u

la
to

r: M
o

d
e

l th
e

 lo
a

d
 (=

 

n
u

m
b

e
r o

f c
o

re
-h

o
u

rs
 u

s
e

d
)  

g
iv

e
n

 a
 jo

b
 tra

c
e

○
P

ro
b

a
b

ilis
tic

 M
o

d
e

l: E
s
tim

a
te

 

th
e

 n
u

m
b

e
r o

f c
o

re
-h

o
u

rs
 

u
tiliz

e
d

 fo
r b

a
c
k
g

ro
u

n
d

 

d
is

trib
u

tio
n

 o
f jo

b
 s

iz
e

 a
n

d
 

w
a

itin
g

 tim
e

M
odelling R

esource U
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Bin #5

Bin #4

●
A

im
: T

o
 p

ro
v
id

e
 in

s
ig

h
t in

to
 

a
d

a
p

tiv
e

 e
x
e

c
u

tio
n

 p
a

ra
m

e
te

rs
 

a
n

d
 “o

p
tim

a
l” w

a
y
 to

 c
o

n
fig

u
re

 

jo
b

s
 (b

a
c
k
fill a

n
d

 re
g

u
la

r q
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c
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s
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u
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●
T
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 d
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c
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o
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e
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g
 s

tra
te

g
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s
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○
S
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u
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o

d
e
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e
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a

d
 (=

 

n
u

m
b

e
r o

f c
o
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-h

o
u
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s
e

d
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e
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 jo
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 tra

c
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○
P
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b

a
b
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e

l: E
s
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r o

f c
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o
u
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b
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 d
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trib
u
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f jo

b
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a
n

d
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a
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B
asic H

PC
 W

orkflow
 R

equirem
ents at O

LC
F

•
N

eed w
ays for users to m

anage their w
orkflow

 system
–

D
iverse ecosystem

 of w
orkflow

 system
s m

akes it difficult for N
C

C
S O

perations to 
support every one

•
W

hy not just use SSH
 keys?

–
O

ur m
oderate security controls require rem

ote actions to be authenticated w
ith R

SA 
tw

o-factor credentials
–

Instead w
e are w

orking on providing ability for running w
orkflow

 services locally

•
U

pon surveying existing w
orkflow

 system
s w

e cam
e up w

ith the follow
ing requirem

ents:
–

R
un a persistent service locally as a “daem

on” that stays up
–

Talk to batch subm
ission system

 for current queue inform
ation and job subm

ission
–

Interact w
ith files on G

PFS/Lustre/N
FS



O
penShift

•D
istribution of Kubernetes developed by R

ed H
at

•Kubernetes m
anages containerized applications across nodes and 

provides m
echanism

s for deploym
ent, m

aintenance, and application-
scaling.

•Analogous to but separate from
 a batch scheduler on a com

pute 
cluster
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PanD
A

Server at O
LC

F: B
road application across dom

ains
•

In M
arch 2017 a new

 PanDA
server instance has been set up at ORNL to serve various 

experim
ents. This installation the first at OLCF to dem

onstrate application of a 
container cluster m

anagem
ent and orchestration system

, Red Hat OpenShift Origin.
–

W
e

are
looking

forw
ard

forexperim
enting

w
ith

a
w

ide
variety

ofpayloads.
•

OpenShift,w
hen

fully
in

production,w
illgive

OLCF
users

the
ability

to
deploy

and
m

anage
infrastructure

services
–

https://w
w

w.olcf.ornl.gov/2017/06/05/olcf-testing-new
-platform

-for-scientific-w
orkflow

s/

Key C
ontributors: 

Jason Kincl(O
R

N
L),

R
uslan.M

ashinistov
(BN

L) 
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PanD
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Server at O
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F: PanD
A

W
M

S beyond H
EP

•
B

i
o

l
o

g
y
 
/
 
G

e
n

o
m

i
c
s
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C

e
n

t
e

r
 
f
o

r
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i
o

e
n

e
r
g

y
 
I
n

n
o

v
a

t
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o

n
 
a

t
 
O

R
N

L

•
M

o
l
e

c
u

l
a

r
 
D

y
n

a
m

i
c
s
:
 
P

r
o

f
.
 
K

.
 
N

a
m

 
(
U

.
 
T
e

x
a

s
-
A

r
l
i
n

g
t
o

n
)

•
I
c
e

C
u

b
e

E
x
p

e
r
i
m

e
n

t
 

•
B

l
u

e
 
B

r
a

i
n

 
P

r
o

j
e

c
t
 
(
B

B
P

)
,
 
E

P
F

L

•
L

S
S

T
 
(
L

a
r
g

e
 
S

y
n

o
p

t
i
c
 
S

u
r
v
e

y
 
T
e

l
e

s
c
o

p
e

)
 
p

r
o

j
e

c
t

•
L

Q
C

D
,
 
U

S
 
Q

C
D

 
P

r
o

j
e

c
t

•
n

E
D

M
,
 
(
n

e
u

t
r
o

n
 
E

l
e

c
t
r
i
c
 
D

i
p

o
l
e

 
M

o
m

e
n

t
 
E

x
p

e
r
i
m

e
n

t
,
 
O

R
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•
D

O
E

 O
ffic

e
 o

f S
c
ie

n
c
e
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 a

d
v
a

n
c
in

g
 a

n
 in

te
g

ra
te

d
 v

is
io

n
 fo

r e
x
a

s
c
a

le
 c

o
m

p
u

tin
g

 

e
c
o

s
y
s
te

m
, in

c
lu

d
in

g
 d

a
ta

-in
te

n
s
iv

e
 a

p
p

lic
a

tio
n

s
, e

.g
., e

x
p

e
rim

e
n

ta
l a

n
d

 

o
b

s
e

rv
a

tio
n

a
l d

a
ta

.

•
B

ig
 P

a
n

D
A

d
e

p
lo

y
m

e
n

t o
f T

ita
n

 s
h

o
w

s
 th

e
 p

o
te

n
tia

l o
f d

is
trib

u
te

d
 h

ig
h

-

th
ro

u
g

h
p

u
t c

o
m

p
u

tin
g

 to
 b

e
 in

te
g

ra
te

d
 w

ith
 h

ig
h

-p
e

rfo
rm

a
n

c
e

 c
o

m
p

u
tin

g
 

in
fra

s
tru

c
tu

re
.

–
O

ffe
rs

 s
ig

n
ific

a
te

 v
a

lu
e

 fo
r o

th
e

r p
ro

je
c
ts

 b
e

y
o

n
d

 H
E

P

•
S

o
lv

in
g

 th
is

 p
ro

b
le

m
 o

f H
P

C
-H

T
C

 in
te

g
ra

tio
n

, e
v
e

n
 in

 th
is

 “p
ro

o
f-o

f-c
o

n
c
e

p
t” 

d
e

m
o

n
s
tra

tio
n

, h
a

s
 o

p
e

n
e

d
 n

e
w

 v
is

ta
s
 fo

r H
E

N
P

 c
o

m
p

u
tin

g
.

•
B

ig
 P

a
n

D
A

p
ro

je
c
t p

ro
v
id

e
d

 th
e

 in
itia

l m
o

tiv
a

tio
n

 fo
r th

e
 d

e
v
e

lo
p

m
e

n
t o

f O
L

C
F

’s
 

s
tra

te
g

y
 fo

r c
o

n
ta

in
e

r o
rc

h
e

s
tra

tio
n

 fo
r u

s
e

r-s
p

e
c
ifie

d
 H

P
C

 m
id

d
le

w
a

re
 s

e
rv

ic
e

s
.

C
onclusions
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