Docker, Monitoring and SLURM Specific Visualisations

QNIBTerminal @ work



e Docker in a Nutshell
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»  @CQnib, christian@qgnib.org

 >10y lteration
> SysAdmin, SysOps, SysEngineer, R&D Engineer

»  DevOps @Locafox (hyper-scale web-service)

 Founder of QNIB Solutions

» Holistic System Management

» Containerization of SysOps and Workload

» Consultancy / Software Design & Development
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Docker Internal View

e Containers are ‘grouped processes’

» isolated by Kernel Namespaces (PID, network, mount, ...)

» resource restrictions applicable through CGroups

HOST

container1 container?2 container3 container4

S -| ssh

HINIB 17



Docker Workshor

« 1/2 Day, July 16th @ISC High Performance

» Deep dive into the talking points

»  How Docker might impact System Operations & HPC Applications

» Further discussion beyond what | am talking about today

ISC HIGH
PERFORMANCE

SUNDAY, JULY 12 -
THURSDAY, JULY 16, 2015
FRANKFURT, GERMANY

HINIB 18



Docker Workshop #2

* Full Day, September 28th @ISC Cloud&BigData

ISC
CLOUD & BIG DATA

MONDAY, SEPTEMBER 28 - .
WEDNESDAY, SEPTEMBER 30, 2015
FRANKFURT, GERMANY o . e

/8 e 19
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QNIBTerminal

 Framework of system container to spin up stacks

»  SLURM



QNIBTerminal

 Framework of system container to spin up stacks

SLURM $ fig up -d 1 fonsul:
Creating gnibterminalslurm_consul_1... image: gnib/consul
Creating gnibterminalslurm_slurmctld_1... ports:

Creating gnibterminalslurm_slurmd_1... - "8500:8500"
$ I dns: 127.0.0.1

hostname: consul
privileged: true

slurmctld:
image: gnib/slurmctld
ports:
- "6817:6817"
links:
- consul:consul
dns: 127.0.0.1
hostname: slurmctld
privileged: true

slurmd:

image: gnib/slurmd

links:

- consul:consul

- slurmctld:slurmctld

volumes:

- /tmp/chome/:/chome/

dns: 127.0.0.1
2/QNIB privileged: true

22



QNIBTerminal

 Framework of system container to spin up stacks

$ fig up -d 1 fonsul:
SLURM Creating gnibterminalslurm_consul_1... 4 image: gnib/consul
Creating gnibterminalslurm_slurmctld_1... 3 ports:
Creating gnibterminalslurm_slurmd_1... 4 - "8500:8500"
$ I ) dns: 127.0.0.1
6 hostname: consul
7 privileged: true
<E;? { SERVICES NODES KEY/V/ 8
9 slurmctld:
10 image: gnib/slurmctld
11 ports:
12 - "6817:6817"
2!”)’ status j EXPAND 13 'links:
14 - consul:consul
consul 15 dns: 127.0.0.1
16 hostname: slurmctld
17 privileged: true
munged passing 18
19 slurmd:
slurmctid passiny 20 image: gnib/slurmd
21 links:
slurmd 4 passin, 22 - consul:consul
23 - slurmctld:slurmctld
ssh nassing 24 volumes:

25 - /tmp/chome/:/chome/
26 dns: 127.0.0.1
,(SNIB 27 privileged: true




2/QNIB

QNIBTer

 Framework of system container to spin up stacks

1 fonsul:
image: gnib/consul
ports:

$ fig up -d
ESL-LJF%BA Creating gnibterminalslurm_consul_1l...

Creating gnibterminalslurm_slurmctld_1...
- "8500:8500"

dns: 127.0.0.1
hostname: consul
privileged: true

Creating gnibterminalslurm_slurmd_1...

s |
| SERVICES ! NODES KEY/V/

PO NO UL A WN

c

$ fig up -d
Creating gnibterminalslurm_consul_1...

Creating gnibterminalslurm_slurmctld_1...
Creating gnibterminalslurm_slurmd_1...

$ fig scale slurmd=5

Starting gnibterminalslurm_slurmd_2...

Starting gnibterminalslurm_slurmd_3...

Starting gnibterminalslurm_slurmd_4...

Starting gnibterminalslurm_slurmd_5...

$

$ docker exec -ti gnibterminalslurm_slurmd_1 bash
bash-4.2# sinfo

PARTITION AVAIL TIMELIMIT NODES STATE NODELIST

gnib* up infinite S 1idle 7d594c¢9273fc,84d5793853a0,cObl9d3a7a4c,c969ae2180d1, cfc38e9b@9d2
volLumes:
- /tmp/chome/:/chome/
dns: 127.0.0.1
privileged: true

pay, [PRPPESSSNPES N N N
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QNIBMonitoring



QNIBMonitorinc

e Current monitoring systems do not connect

v

overlaying metrics with log events

use/build inventory system to provide connections usually hidden

v

» users perspective and scope/context/background



QNIBMonitorinc

e Current monitoring systems do not connect

» overlaying metrics with log events
» use/build inventory system to provide connections usually hidden

» users perspective and scope/context/background

* QNIBMonitoring provides

» open metrics system (system / application metrics, log aggregates)

log event framework, consuming/processing/visualise events

v

» auto discovery / configuration through consul



QNIBMonitorinc

* Logstash (Log/Event Monitoring

.I Y (_"',‘ch '\;;_\'.;'."f' A 168 a0 10 a few seconds ¢ - -~
- A u/:-__;u..ﬁx) ol @ MINUAES ago 10 a iew SeCONGs ago =

QUERY ¢« FILTERING ¢« %

LOG EVENTS 0O @ & 4+ x

View» | @ ZoomOut | @ *(108) count per 1s | (108 hits)

|h'|.|.l .]l} ’ | alas

085330 09.54:.00 09:54:30 09:55.00 005530 085600 09:.56:30 085700 085730 09:58:.00

ALL EVENTS 0O 2 © 4+ x
© 0 to 100 of 106 avaiable for pagng >
@timestamp » 1 logsource » 4 program » < message

2015-03-037T09:56:00.000+01:00 elk sysiog-ng Sysiog connection established; fa="15", server="AF_INET(172.17.0.9.5514)'

2015-03-03T09:56:01.000+01:00 grafana sysiog-ng Syslog connection established; fd="15", server="AF_INET(172.17.0.9.5514)'
2015-03-03T09:56:01.000401:00 gnibng sSysiog-ng Syslog connection established; fd="15", server="AF_INET(172.17.0.9.5514)'
2015-0G-031009:56:01.000+01:00 Neo4| sysiog-ng Sysiog connection established; fd="15", server="AF_INET(172.17.0.9:5514)'
2015-0G-037T09:56:03.000+01:00 consu Sysiog-ng Syslog connection established; fa="15", server="AF_INET(172.17.0.9:5514)'
2015-03-037T09:56:05.0004+01:00 s-indexer sysiog-ng Syslog connection established; fd="15", server="AF_INET(172.17.0.9.5514)'

2015-03-037T09:55:23.000401:00 consul wie el PvE: ADDRCONFNETDEV_CHANGE): vethedd9388: Ink becomeas ready
2015-06-037109:55:23.000+01:00 consul Sysiog-ng Sysiog-ng stanting up; version="3.4.7

2015-03-03T09:55:23.000+01:00 consu wermnel eth0: renamed from vethSeeb77

HINIB 28



QNIBMonitorinc

» Grafana (Performance Monitoring)

& ¥syslog
I Description
This dashboard should give a rough overview. More specific dashboards:
¢ SLURM
I Network Traffic Incoming
8 KB
6 KB ~" —— o — - — e —— — |
4KB

2KB

0B

18:01:30 18:02:00 18:.02:30 18:0G:00 18:0G:30 18:04:00 18:04:30 18:06:00 18:06:30 18:06:00

- ac9ac200Ge80 Curent: 494 B - elasticsearch Cument: 2.62 KIB - grafana Cument: 732 B = influxdb Cumrent: 6.84 KIB = inventory Cument: 828 B = kibana Current: 840 B
= logn Current: 6158 == logout Current: 709 B == neodj Cumrent: 711 B = redis Current: 709 B == slumctid Current: 415 B

Network Traffic Outgoing
59 KB

49 KB

39KB L AN A J AN A\~

29KB



QNIBMonitorinc

* Overlay Metrics w/ Events

Network
aM

2M \

1

2M

A M v v v
e L L S AL  rsync --bwlimit=3000 -aP /tmp/test.dd d12252103b42.node.consul:/chome/cluser/siurm/2/ SEEEEE LSRRI,
~ ac0eB05114ab ~ ac0e6051t4ab — 0122521030 Rt EEUILLE LS

© ADD A ROW
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QNIBInventor

* Network Topology

MATCH (n) RETURN n LIMIT 100
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QNIBInventor

e |nstalled Software

$ MATCH (n) RETURN n LIMIT 10

s SWINSTALLATION®) (7770
el -6 | Hasio | parr_oFie
B8

L3

SW_INSTALLATION  discovered: 2015-04-07_18-43-13 vanished: 0 last_seen: 2015-04-07_18-43-13



QNIBInventor

e SLURM Cluster

> MATCH (j:Job)<-[:PART_OF]-(n:Node) WHERE j.state«'FAILED' RETURN j,n

I 9L Jobis) X Nodets)

.
il °(11) | PART_OFi11)_
I

Aows




QNIBInventor

* Enrich Log/Events

& Lid 7 assigned to port 1 of host Hca2

message
metric Q @ = lid.assigned

node_name Q @ & Hca2

old_msg ﬁ osm_lid_mgr_process_subnet: Assigned port 0x0000000000100005, new LID [7,7]
osm_func Q @ 22  osm_lid_mgr_process_subnet

plain_guid Q @ == 100005



QNIBInventor

* Enrich Log/Events

* Help visualise connections

MATCH (n) RETURN n LIMIT 160

O O
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QNIBInventor

* Enrich Log/Events
* Help visualise connections

* Build up history current old e




Cluster Use-Case



Context Sensitive Dashboards

 Multiple backgrounds have to be considered

» Enduser (Engineer, Software Developer, Scientist)
»  QOperation Personel

»  Management

* Psychology plays important role

Local rationality / context

v

v

10.000ft Overview vs. veritying hypothesis vs. Reporting

» Empower users to extend their domain knowledge by providing toolset



Cluster Usecase

e Small SLURM cluster

» couple of nodes, two user groups, couple of users

» script & MPI workload
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slurmd compute0

Compute




Cluster Usecase

e Small SLURM cluster

B

B

couple of nodes, two user groups, couple of users

script & MPI workload

srv backend consul

slurmd

slurmd

compute<N>

computeO

CONOWUVML A WN B

ffonsul :

image: gni
ports:

- "8500:8
dns: 127.0
hostname:
privileged

slurmctld:

image: gni
ports:

- "6817:68
links:

- consul:c
dns: 127.0
hostname:
privileged

slurmd:

image: gni
links:

- consul:c

dns:
privileged

42



Cluster Usecase

e Small SLURM cluster

» couple of nodes, two user groups, couple of users

» script & MPI workload

grafana grafana
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Cluster Usecase

e Small SLURM cluster

» couple of nodes, two user groups, couple of users

» script & MPI workload

grafana grafana

graphite-api graphite-api

carbon carbon

srv backend consul
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Cluster Usecase

e Small SLURM cluster

» couple of nodes, two user groups, couple of users

» script & MPI workload

inventory QINBInv grafana grafana
neo4j graphite-api graphite-api

carbon carbon
srv backend consul

kibana kiabana slurmd compute<N>

logger logstash
elasticsearch elasticsearch slurmd compute0

kopf es-kopf

Log/Events Neb]pleliiis



Cluster Usecase

e Small SLURM cluster

» couple of nodes, two user groups, couple of users

» script & MP| workload | e
PC feés.  postgres
grafana grafana

graphite-api graphite-api

carbon carbon
srv backend consul

kibana kiabana
logger logstash
elasticsearch elasticsearch
kopf es-kopf

Log/Events Neblnle[tii=

j}é
dig



Management Context

e |ive cluster Status

» Utilisation per cluster / user / user-group
»  SLA met by SysOps

»  Most common jobs, misbehaving enduser
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»  Most common jobs, misbehaving enduser

* Reports

» per day/ user/job-type/ ...



Management Context

e |ive cluster Status

» Utilisation per cluster / user / user-group
»  SLA met by SysOps

»  Most common jobs, misbehaving enduser

* Reports

» per day/ user/job-type/ ...

* Capacity Planning

» utilisation over time, comparison of HW generations, global FS capacity

49



E
=

13 Slurm Dashboard

o

¥ slurmd

Job Map

Click picture for a bigger version.

25

e b
;o o

RM Dashboard

Zoom Out

May 3, 2015 14:35:02 to May 3, 2015 14:43:52 v < = ]

running jobs 5 most recent finished jobs

JoblD 17
2015-05-03 14:41:44 PingPong (john)

JoblD 16 (2.0) EC:0

2015-05-03 14:41:14 PingPong (carol)
JoblD 15 (2.0) EC:0

2015-05-03 14:39:14 PingPong (jane)
JoblD 14 (2.0) EC:0

2015-05-03 14:38:44 PingPong (eve)
JoblD 13 (1.0) EC:0

2015-05-03 14:37:14 PingPong (bob)
JoblD 12 (2.0) EC:0

2015-05-03 14:36:44 PingPong (ohn)

Job within QUEUE

o

143530 14:3600 14:3630 143700 143730 143800 14:33:30 143830 144000 14:4030 1441:00 144130 144200 14:42.30 144300  14:43:30
= PENDING « RUNNING
Nodes use within RUNNING jobs by user Nodes use within RUNNING jobs by group
8
6
|
'] . 4
| | : | F
L L v 0 ‘ I
14:38 1438 14:40 14:42 14:38 14:38 14:42
-OVE - GING - JAN0 = QICO == 0NN == CA0l == DOD - QUESIS ~ CluSES
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SLURM Dashboard
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SLURM Inventar

e Nodes are connected to Partitions

% MATCH (n) RETURN n LIMIT 100 LA

n O CDCED
o

#{aniB 50



SLURM Inventar

e Nodes are connected to Partitions

e Jobs are connected to both

MATCH (5:Job)<-[:PART_OF]-(n:Node) WHERE j.state='COMPLETED' RETURN j,n

v €D CEDCD
oo

g3z
- @@
o
v”sd AW'Q» ongt F AT o
© )

&

e
S O

z&lil? @) iobid: 17 name:PingPong state: COMPLETED 53




SLURM Dashboard

6 Process ZoomOut 22 minutes ago to a few secondsagoy o B # O
Processes on Service nodes
126
1(” - o N NSNSttt Tl oS I\t S, g Nt S\ T B T I Y g™ B O N W U . ¥ PN v . N ™l e
. ; BN — - e ~ P e Pl o~ P et P, NN et R . T, D
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50 A A ——— A == A - o
25 — ~
0
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= graphite-api = siuUrmctid = nventory == CarDON == Carbon == inventory == neod, == gasticsearch == graphite-apl = grafana == neod] = glastcsearch == grafana == graphite-apl == grafana == glasticsearch
carben surmetid - siummctid  — neod)j

non-root processes on compute nodes by node

25
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Enduser Context

* Live progress of SLURM |ob
» Monitor iteration speed to estimate workload behaviour
» @Get to know job while it’s running (instead of postmortem)

» Introduce application profiling / log events (enhance feedback)
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» Get detailed report after job has finished



Enduser Context

* Live progress of SLURM |ob

» Monitor iteration speed to estimate workload behaviour
» @Get to know job while it’s running (instead of postmortem)

» Introduce application profiling / log events (enhance feedback)

e Post Mortem

» Get detailed report after job has finished

« MDO jobs

» depending on outcome and progression submit next iteration(s)



SLURM Dashboard

72 Slurm JOBID 10
©  ¥slum_out

Network
38 M3

29M8
1.9M8

977 K8

0B e

977 K8
-1.9M8

-2.9 M8 v

152700 1527:10 152720 15:27:30 152740 15:27:50

- computed -~ 5c3834cacbfo - computed - 5c3834cacbfo

1528:00 15:28:10 15:28:20

24 Ki3
20 Ki3
15 K3 \ 4

10 Ki3 ,' \ 7
5 K3 — et

08 v

152700 152710 152720 152730 15:27:40 152750 152800 1528:10 15:28:20

- 5c3804caco ~ computed

15:28:30

Context Switches

15:26:30

1

15:28:40 15:28:50

52
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Zoom Out

1529:00 15:28:10

May 3, 2015 15:26:58 to May 3, 2015 15:29:35 4 = . ] o
Job Map
Q@ e @®
_ "l ..\._\\ "
o e e
v e £ e e ™ ™ oo "
152000 152910 1520020 152930 Cick p:Cthe forab-’gge, version.

v

1529:20 152930

© ADD A ROW
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A Slum JOBID 10

&  ¥slum_out

38 M8
2.9 M8
1.9 M8
977 K8
(o] - P—
977 K8
1.9M8
29 M8

15:2700 15

= computeO

24 Ki3

20 Ki3

15 K83

10K3

SK3

08

152700 15:27:10

mpirun -q /opt/gnib/bin/gemm_block_mpi_S00ms -K 16384

2900 152910 15:20:20 152930

[}
~N
(8]
~n
Q

- 5c3804cacbo ~ computed

SLURM Dashboard

May 3, 2015 15:26:58 to May 3, 2015 15:29:35 + < =

v ’ *® e T 0 o oo

Cick picture for a bigger version.

(Rt R el Job 15 ends K:16384; wall:177
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* |ive cluster Status
» USE method overviews (Utilisation/Saturation/Errors)

Anomaly detection (w/ and w/o humans)

v

Spotting abnormal behaviour

v



e Live cluster Status
» USE method overviews (Utilisation/Saturation/Errors)
» Anomaly detection (w/ and w/o humans)

» Spotting abnormal behaviour

* Drill into monitoring

» verify hypothesis about incidents/problems

» correlate events, metrics and inventory



e |ive cluster Status

» USE method overviews (Utilisation/Saturation/Errors)
» Anomaly detection (w/ and w/o humans)

» Spotting abnormal behaviour

* Drill into monitoring

» verify hypothesis about incidents/problems

» correlate events, metrics and inventory

* Guid through ‘known problems’

» close feedback loops provide confidence



Central Logaginc

-al Logstash Search 15 minutes ago to a few seconds ago ¥

QUERY ¢« FILTERING « %

LOG EVENTS O @ & $ x

View» | Q ZoomOut | @ *(101) count per 10s | (101 hits)

&0

0 - — l .- _l

14:26:00 14;:2700 14:28:00

o
)
N
-]
L )
ol
P
~
W

0o 42580 q
00 42400 4

N
i
-
-]

14:14:00 14:15:00 4:16:00 14:17:00 14:18:00 14:15:00 14:20:00 14:21:00 14

ALL EVENTS 0O @ & + x

© 0 to 100 of 101 avaiable for paging >

Stimestamp v » < logsource » < program » { message

2015-05-03T714:28:29.699+02:00 computed sshd pam_unixisshad:session): session opened for user aice by (uid=0)

2015-05-03714:28:29.697+02:00 computed sshd pam_systemd(sshd:session): Failed to connect to system bus: Failed to connect to socket fvar/run/dbus/system_bus...
2015-05-03T14:28:28.657+02:00 computed sshd Accepted publckay for alice from 172.17.0.124 port 33110 ssh2: RSA 5f:00:88:e8:f0:be:a4:26:23:9b:9e:5a:35:07.e0...
2015-05-03714:28:29.516+02:00 compute sshd pam_unixissnaisesson): session opened for user dave by (ud=0)

2015-05-03T14:28:29.5144+02:00 computel sshd pam_systemd(sshd:session): Failed to connect to system bus: Falled to connect to socket /var/run/dbus/system_bus...
201505-03714:28:29.481+02:00 computel sshd Accepted publckay for dave from 172,17.0.121 port 57803 ssh2: RSA 5f.00:88:08:10:0e:24:26:23:90:9e:5a:35:07:e¢:..
201505-037T14:28:29.465+02:00 compute?2 surmd aunch task 3.4 request from 3001.3001@172.17.0.124 (port 58851)

2015-05-03714:28:29.454+02:00 compute2 surm_out rsync --bwlimit=3000 -aP /imp/test_3.0d computed.node.consul./scratchv/a/

KQNIB 63



Galaxy

Tools

search tools

Get Data

Lift-Over

Text Manipulation
Filter and Sort

Join, Subtract and Group
Convert Formats

Extract Features

%)

Analyze Data Using O bytes
History - &
0 Hello world! It's running...
arch gataseis o
To customize this page edit static/welcome.html Unnamed history
0 bytes ~

© This history is empty. You can

load your own data or get data
from an external source

Galaxy is an open, web-based platform for data intensive biomedical research. The Calaxy team is a part of BX at Penn
State, and the Biclogy and Mathematics and Computer Science departments at Emory University. The Galaxy Project is
supported in part by NHGRI, NSF, The Huck Institutes of the Life Sciences, The Institute for CyberScience at Penn State,
and Emory University.

64




(Galaxy Use-Cases




(Galaxy Use-Cases

 Model Assess Workflow in Galaxy

» Easy to grasp (in contrast to Hadoop, Spark, ...)

Event triggered, Cronjob?

P

» Using idle compute resources

Log
Events

ame 66

WORKFLOW




e Contact

» christian@qgnib.org
»  @CQnib, @_gnib

L
Web
e e » www.gnib.org (blog)
b
srv backend consul

slurmd compute0 :
— » ...ask questions (now / later)

» doc.gnib.org (Paper)

kibana kiabana

e Feel free...

logger logstash

elasticsearch elasticsearch

kopf es-kopf
» ...ask for a Demo

Log/Events NeGI TG
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