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Motivation

« Many compute resources are managed by
batch schedulers

— Computations can wait in a gueue for a non-trivial
amount of time before they start

« Many gateways and users have access to
multiple compute resources

* Help gateways and users:
— Decide where to request allocations

— Decide where to submit computations
— Plan their work around submitted computations

Deploy for production use in TeraGrid
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Queue predictions for queued jobs

TAGCG

Functionality

Historical job information
Current job information
Queue predictions of potential jobs

@ - c ¢2y | || http://karnak.teragrid.org/karnak/index.htrml T "lv Google
2 Most Visited ’ Getting Started 5 Latest Headlines ™ (Untitled)

| Karnak Prediction Service

Karnak Prediction Service

This service provides predictions and information about jobs on batch scheduled computer systems.

® System Information
® Wait Time Predictions
® Start Time Predictions

If you wish to access the Karnak service via the command line, client programs are available (Python interpreter required).

*  Find: MNext Previous & Highlight all [[] Match case

Done




Systems Overview

 |dea of how busy systems are
* Only a subset of TeraGrid systems shown

— More on why later - =lE] = ]

@ 2 &~ /2y | || httpy//karnak.teragrid.org/karnak/system/ 77 ~ | |2+ Google y=

2 Most Visited " Getting Started 5y Latest Headlines §™ (Untitled)

_| Systems
Systems
System Status
| System Name ‘Runni.ng Jobs |‘Waiti.ng Jobs |T:s ed Processors
| abencsateragridorg | 172| 70| 5646
| cobalt ncsa teragrid org | 50| 223 | 963
|lonestar.tacc.teragrid.org ‘ 50 | 84 | 4153
| nsto.ornl teragrid org ‘ 0 | 0 | 0
| pople psc.teragrid. org ‘ 40 | 40 | 544
| ranger tacc teragrid org | 296 | 291 | 61632

x Find: Mext Previcus & Highlight all [T Match case
—




Single System Overview

Current jobs

— .

Eile Edit View History Bookmarks Teols Help

@ c ﬁ' | | http://karnak.teragrid.org/karnak/systemn/rangertacc.te 7.7 v| |"']v Google )3|

£ Most Visited ’ Getting Started = Latest Headlines 4% (Untitled)

__| System ranger.tacc.teragrid.org | + | | -

System ranger.tacc.teragrid.org |
Queue Status .

‘Quene Name ‘Rmmjng Johs |Waiting Jobs ‘Used Processors

| development | il 3 576

| laree | 1 1| 10976

| long | 101 | 44 18976

| normal | 168 | 214| 26704

| request | 1| 0 4112

| serial | 18 29| 288

| sysdebug | 0| 0| 0

| svstest | 0| 0| 0

| all jobs | 296 291 | 61632

x Find: Next Previous & Highlight all [C] Match case
Dene




Queue Overview

e Current status

 Historical
Information

&) all_jobs on ranger.tacc.teragrid.org - Mozilla Firefos

o S e S

File Edit View History Bookmarks Tools Help

g - c £y | | http://kamak.teragrid.org/karnak/system/ranger.tacc teragrid.org/queue/all_jobs/s 1.7 ~ “l' Google

2, Most Visited Getting Started 5y Latest Headlines % (Untitled)

|| all_jobs on ranger.tacc.teragrid.org

System ranger.tacc.teragrid.org
Queue all_jobs

Status

|Runni.ng Jobs |Waiti.ug Jobs |T:sed Processors

TAGCG

| 296]| 291 61632
Started Jobs
‘When Number of Jobs Mean Processors Mean Reqlllested Wall Time I\'Iear.l Wait Time
(hours:minutes:seconds) |(hours:minutes:seconds)
| lasthour || 30 108 17:36:59 | 114217
llast four hours| 189 423 11:05:51 | 08:0447
[ lastday || 879 278 133313 | 09:14:16
| mstweek || 6399 233 15:06:59 | 06:56:46
Completed Jobs
‘When Number of Jobs |Mean Processors Mean Reql:lested Wall Time I\'Iear-l Wall Time
(hours:minutes:seconds) ||[(hours:minutes:seconds)
| lasthour || 28 102 17:05:40 | 053123
ftast four hours| 169 457 1011-04 | 05-02:09
[ tastday || 803 271 145512 | 08:4827
| mstweek || 6075]| 234 142734 | 072034
X Find: MNext Previous & Highlight all [C] Match case




Walit Time Predictions

* How long a job will wait in the queue before it
Starts 9| Systems - Moz -_ =

 Describe a new job o~ TR R

2 Most Visited " Getting Started 5 Latest Headlines ™ (Untitled)

 |dentify an existing job || "
Systems

@ - C 4% || http://kamnakiteragrid.org/kamak/indexhtml w7 | |2~ Google »L L 5€ thlS‘ fl."_'f_Im to de&mhe 4 new JDb fDr pI'E:d.'lC-UDﬂ.

2 Most Visited ¥ Getting Started =, Latest Headlines ¢ (Untitled)

__| Karnak Prediction Service

Select a system below to get predictions for current jobs.
Karnak Prediction Service

This service provides predictions and information about jobs on batch scheduled computer systems. . ﬁbE.ﬂCﬁﬂ.tﬂrﬁEﬂd_ DTE

o Svstem Tnformation ® cobalt ncsateragrid org

* Wait Time Predictions .

* Stan Tie Precictons ® lonestar tacc teragrid org
If you wish to access the Karnak service via the command line. client programs are available (Python interpreter required). !

® nsto ornl terasrid org

* pople psc.teragrid org
® ranger tacc.teragrid org

Find: Next 1 Previous & Highlight all [ Match case

®*  Find: Mext Previous & Highligh
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« Jobs are presented in queue

« This is accessible to anyone

Predicting Waiting Jobs

A little information is
presented about each job

order
— May not be schedule order

— No user names
— No project names

8 s oo sy Ve e =

File Edit View History Bookmarks Tools Help
g - c 72y ||| hitp://kamakteragrid.org/karnak/waitti 77 ~ -‘lv Google P
£ Most Visited ’ Getting Started 5, Latest Headlines % (Untitled)

|| Waiting Jobs on ranger.tacc.teragrid.... | -+ -

Waiting Jobs on ranger.tacc.teragrid.org

|.m

TAGCG

Job Identifier Sul‘;z':;;ime Processors (hllii':::::::tz:?sue&:ll;s}
| 1497011 [08/02 14:36:12| 10976 | 06:00-00
| 1497629 ([08/0212:0507| 8192 | 01:00-00
| 1498218 |[08/021838:53| 8192 | 00:10:00
| 1495584 |[08/01062828] 16 | 00:10:00 |
| 1497674 |[08/02122326] 400 | 24:00:00 |
| 1498143 (08102172817 768 | 00-50-00
| 1498050 (08102160858 32 | 24:00:00
| 1488245 ([072713:0328) 128 | 02:00:00
| 1498260 (08102201935 192 | 12:00-00
| 1498144 ([08/021729:19| 768 | 00-50-00
| 1497142 (0802085115 16 | 24:00:00
| 1497765 (08102133207 48 | 03:00:00 |
| 1498264 (0802201029 96 | 01:29:00
| 1498261 08102200250 64 | 08:00-00
| 1493645 ([073014:0434| 128 | 02:00:00 !
| 1498057 |[osi021611:18) 32 | 24:00:00
| 1498301 (08/0221:3924| 64 | 24:00:00
| 1497938 (08/021511:19| 1024 | 24:00:00
| 1497741 (08/0213:13:09| 544 | 24:00:00
| 1497643 |[08/0212:1338) 128 | 24:00:00
| 1498118 (08102170759 256 | 02:00-00
| 1498130 (08/0217-14:50| 224 | 24:00:00
| 1498145 (0802173022 768 | 00-50-00
| 1497933 (08102150938 512 | 24-00-00 il
®*  Find: MNext Previous & Highlight all [[] Match case
Done )




Walit Time Prediction

« Two components in the prediction
— Predicted wait time

— A confidence interval

» Provides information about the expected accuracy of the
prediction

File Edit ¥iew History Bookmarks Tools Help

@ - c fh || http/fkarnak.teragrid.org/karnak/systern/rangertacc. teragrid .7 - .l'lv Google 2
2 Most Visited " Getting Started = Latest Headlines 4™ (Untitled)

|| Job 1497741 on ranger.tacc.teragrid.... | -+ -

Job 1497741 on ranger.tacc.teragrid.org

Submit Time Processors Requested Wall Time | Predicted Wait Time 20% confidence
(CDT) {(hours:minutes:seconds) ((hours:minutes:seconds) |(hours:minutes:seconds) '
0802 13:13:09| 544 | 24:00:00 | 12:08:07 |+18:41:43
®*  Find: Mext Previous & Highlight all [C] Match case I_
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Start Time Predictions

« Same web pages until the prediction

2 Most Visited , Getting Started 5y Latest Headlines 4™ (Untitled)

|| Systems -+
Systems

Use this form to describe a new job for prediction.
Select a system below to get predictions for current jobs.

abe.ncsa.teragrid.org
cobalt ncsa teragrid.ors
lonestar.tacc.teragrid. org
nstg.ornl teragrid org
pople.psc.teragrid.org
ranger tacc.teragrid org

r = (L httprrkar vy - | |2 Goo P

Mext Previous & Highligh

I

(@) Waiting Jobs on ranger.tacc.teragrid.org - Mozilla Firafos

File Edit View History Bookmarks Tools Help

@—,

c g

| http://karnak.teragrid.org/karnak/waittii .7~ '-.l' Google

£, Most Visited ’ Getting Started & Latest Headlines % (Untitled)

|| Waiting Jobs on ranger.tacc.teragrid....

Waiting Jobs on ranger.tacc.teragrid.org

o

-

Job Identifier S“‘;?i;..ll:)ime Processors {'hllorlsl::;ne:t::?:lefoizldes)

| 1497011 o802 145612 10976 | 06:00-00

| 1497629 |[osi02 120507 8102 | 01:00:00

[ 1498218 |[osi02 183853 8192 | 00:10:00

[ 1495584 |[osi01062828] 16 | 00:10:00

| 1497674 |[osi02122326] 400 | 24-00-00

| 1498143 |osi02172817] 768 | 00-50-00

[ 1498050 |[osi02 160858 32 | 24:00:00

[ 1488245 0727 13:0328] 128 | 02:00:00

| 1498260 |[og02201935] 192 | 12:00:00

| 1498144 |[osi02172919] 768 | 00-50-00

[ 1297142 Jfosi02 085115 16 | 24:00:00

[ 1497765 |[osi02 133207 48 | 03:00:00

[ 1498264 |[0s0220-1029] 96 | 0129:00

| 1498261 |[osio2200250] 64 | 08:00-00

[ 1493645 0730 140434 128 | 02:00:00

[ 1498057 |osi02161118] 32 | 24:00:00

[ 1498301 |[osi02213924] 64 | 24:00:00

| 1497938 |osio2151119) 1024 | 240000

[ 1497741 J[osi0213:1309] 544 | 24:00-00

[ 1497643 |[osi0212:1338] 128 | 24:00:00

[ 1498118 0802170759 236 | 02:00:00
1498130 |[o802 171450 224 24-00:00
1498145 [os02 173022 768 00:50:00

[ 1497933 [[osi02 150938 512 | 24:00:00 "

X Find: Next Previous & Highlight all [] Matgh case
Done




Start Time Prediction

 Provides a start time instead of a wait time

Eile Edit Yiew History Bookmarks Tools Help
r c ﬁ' | | http://karnak.teragrid.org/karnak/systemn/ranger.tacc.teragrid 7.7 - "lv Google p=

2 Most Visited , Getting Started - Latest Headlines ™ (Untitled)

| | Job 1497741 on ranger.tacc.teragrid.... | + -

Job 1497741 on ranger.tacc.teragrid.org

Submit Time Processors Requested Wall Time |Predicted Start Time 90% confidence
(CDT) (hours:minutes:seconds) (CDT) (hours:minutes:seconds) l
08/0213:13:09| 544 | 24:00-00 | 08/03102353  |+18:36:31
x Find: Mext Previous & Highlight all [] Match case I

Done
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Potential Job

« Describe a potential job
— Systems & queues
— Processing cores
— Wall time
— Size of confidence interval

1) Wei e Predicions NGSIETroRS P =

File Edit View History Bookmarks Tools Help
@Ev c 72y (L] http//karnakter 77 ~ "l’ Googl P
2, Mast Visited Getting Started 3. Latest Headlines % (Untitled)

L] Wait Time Predictions -+ =
Wait Time Prediction Form

Select one or more systems and queunes:

| System | Queues
[Tl debug
i
abe.ncsa teragrid org n?riu A
[Cwide
[Tl debug
cobalt ncsa teragrid.org | [“llong
standard
[[] development
[ high
.
[¥] lonestar.tacc.teragrid.org normal
[[ serial
| nstg_ornl teragrid org | batch
[Cbatch 1
pople psc.teragrid org batch_r
[Tl debug
[C] development
[Mlarge
ranger tacc teragrid org || [llong
normal
[T serial
Describe your job:
Processing cores: 128
Requested wall time: 4 -0 (hours:minutes)

Confidence interval size: 90 %

TAGCG

x  Find: Next I Previous & Highlightall [T]

Done




Prediction for a Potential Job

* Prediction provided for each system/queue

— N/A if the job can’t be subm|tted to a queue
1) WeitTme Predicions Vsl Fref v (=& i

—

File Edit View History Eookmarks Tools Help
@ - C {2y | || http://kamak.teragrid.org/kamak/waittime/predict.htmli 57~ "‘l" Google P
£ Most Visited ’ Getting Started 5. Latest Headlines % (Untitled)

|| Wait Time Predictions = -

Wait Time Predictions "

Prediction for a job that will use 128 processing cores for 4 hours and 0 minutes.

Svstem Queue P‘redictletd Wait Time gl}‘%.cunﬁdence

N (hours:minutes:seconds) |(hours:minutes:seconds)
| abe_ncsa_terag'id_org| normal | 00:26:12| +00:30:42
| cobalt_ncsa_terag'id_org|standard| 10:0?:13| +22:38:27
|10nestar.tacc_teragrid_org| normal | 0?:52:26| +17:08:36
| nstg_oml_teragrid_org| batch | N.-"A| N/A
| pople.psc_teragrid_org|batch_r | ll:29:34| +18:14:50
| ranger.tacc_teragﬁd_org| normal | 01:16:34| +03:44:23

*  Find: Mext Previous & Highlight all [7] Match case
TAGG |-




Service Interfaces

 REST-style interactions
« HTTP Is the base protocol

« A few options for encoding data

— HTML
« Simple web interface described previously

— Plain text
« Supports thin command line clients

— XML
e Supports integration with tools

— JSON (partial)

« Supports integration with web-based tools

TAGCG



Command Line Programs

* Roughly follows the web pages

ksystems — system summary

ksystem — jobs in queues on a system

kqueue — current and historical job information
kjobs — info about waiting jobs

kwait, kstart — predict waiting job

kwouldwait, kwouldstart — predict potential job

* Implemented in Python

* Provides output as HTML, XML, or text
— JSON In the near future

« Downloadable via the TeraGrid Karnak web page

TAGCG



Potential Job Performance

Post-analysis of performance
— Event driven simulation
— Job data recorded from TeraGrid systems

Workload has 2 event types

— Request a prediction for each job using system state just
before it is submitted

— Insert information about a job wait time as the job starts
Process:

— Perform insertions only for X days

— Perform insertions and predictions for the next Y days
— Output performance

Optimized prediction parameters

TAGCG



Potential Job Workloads

ol wn e

Ranger 8/15  8/23 6,683 8/23 9/1 15,093 15,210
Abe 8/15  8/23 39,700 8/23 9/1 42,527 43,021
Lonestar 8/15  8/23 16,131 8/23 9/1 36,087 36,047

Cobalt 5/1 8/1 15,690 8/1 9/1 5,976 5,871
Pople 5/1 8/1 8,285 8/1 9/1 2,387 2,402

TAGCG



Potential Jobs

Mean
Confidence | Percent in 90%
Number Interval Confidence
of Jobs Accuracy (hours) Interval
Ranger 15,210 2.63 0.43 10.74 80.16
Abe 43,021 0.83 0.57 0.53 80.38
Lonestar 36,047 1.12 0.53 1.51 79.05
Cobalt 5,871 7.14 0.39 12.00 79.49
Pople 2,402 6.92 0.34 15.86 85.55

1 if B = Ay
accuracy = s Awe/ Ewr  if Epr = Apr,
Eve/Awe U Evpr < Aue

TAGCG



Potential Jobs Discussion

 Accuracies are lower than we would like

— Seem to be In line with other methods
* e.g. QBETS
— Difficult to compare

* Different workloads
* Different metrics

— Think we can improve accuracies a bit more
« Confidence intervals need to be improved

TAGCG



Potential Jobs Discussion Il

« Can take some time to optimize prediction
parameters
— 24 hours on 16 cores for larger data sets
— Different processes for each data set

« Started to develop configurations that are
generally ok
— Less time doing off-line optimizations

« Starting to investigate on-line optimization
techniques
— Adjust predictor as jobs start

TAGCG



Submitted Job Performance

Post-analysis of performance
— Event driven simulation
— Job data recorded from TeraGrid systems

Workload events

— Request a prediction for each job using system state just
after it is submitted

— Insert information about a job wait time as the job starts
Process:

— Perform insertions only for X days

— Perform insertions and predictions for the next Y days
— Output performance

Optimized prediction parameters

TAGCG



Submitted Job Workloads

| Train |  Evaluate

Ranger 8/15 8/23 5987 8/23 9/1 9,970 9,861
Abe 8/15 8/23 9,249 8/23 9/1 11,102 11,520
Lonestar 8/15 8/23 11,920 8/23 9/1 14,395 14,238
Cobalt 5/1 8/1 8,373 8/1 9/1 3,774 3,513
Pople 5/1 8/1 5498 8/1 9/1 1,140 1,114

TAGCG



Submitted Jobs

Mean Percent in
Mean Wait Confidence 90%
Number of Time Interval Confidence
System Jobs (hours) Accuracy (hours) Interval
Ranger 9,861 3.11 0.33 8.49 84.36
Abe 11,520 2.56 0.40 2.76 69.61
Lonestar 14,238 2.06 0.45 3.32 82.27
Cobalt 3,513 11.80 0.36 14.12 73.33
Pople 1,114 11.42 0.44 25.89 90.04

TAGCG



Submitted Jobs Discussion

Fewer jobs in these workloads

— Service does not see jobs as waiting if they start
quickly
« Service gets periodic snapshots of queue states from
TeraGrid

Slightly lower accuracy than for potential jobs

— Probably due to jobs that start quickly being easier
to predict

Accuracies again lower than we would like
— Think we can improve a bit

Confidence intervals need to be improved

TAGCG



Implementation

« glue2 provider generates job information
— Periodic snapshots of queued and running jobs
— XML in a TeraGrid realization of the GLUE 2 schema

« WS-MDS picks up this information
 No GLUE 2 job information, no predictions

GLUE 2 job
information

glue2 provider

T
. ’ D
_gluz provicer

\TeraGrid Resourcej

TAGCG



Implementation

 GLUE 2 job information published to
centralized WS-MDS
— Only authenticated access
— Short list allowed to access

info.teragrid.org W
>

GLUE 2 job
information

-~

il

glue2 provider

KTeraGrid Resource/

TAGCG



« Archiver process
— Polls WS-MDS for job information
— Stores job ordering
— Stores job information (cores, req. wall time, user, ...)
— Generates events for each job (submit, start, complete)

/ karnak.teragrid.org \

info.teragrid.org W

Implementation

i

glue2 provider

KTeraGrid Resource/

GLUE 2 job
information

Archiver

SQL

Database

TAGCG



Implementation

« Experience Generator

— Performs scheduling simulations and stores results

— Constructs experiences

* job description, queue position, simulated start time

info.teragrid.org W

~

GLUE 2 job
information

glue2 provider

i

\TeraGrid Resourcej

karnak.teragrid.org \

Archiver

Experience
Generator

SQL
Database

TAGCG



Implementation

 \Web service interacts with users
— Job information from database
— Embedded predictor to form predictions

info.teragrid.org W / karnak.teragrid.org \
Archiver
‘ Experience

GLUE 2 job Generator SQL
information

Database
>

-~

glue2 provider

i

\TeraGrid Resourcej

TAGCG



Current Status

 Beta version available at
http://karnak.teragrid.org

« Harder than | expected!
— Fancy prediction algorithms existed so were easy
— Turning queue snapshots into experiences
— Cleaning data
— Handling gaps in data
— Within a constrained resource environment

TAGCG



Future Work

* Improve quality of predictions
* Improve optimization process

« Get more TeraGrid resource providers to
publish job information

* Move service into production on TeraGrid

« Enhance service to meet user needs
— User-specified searches of historical job data

— Provide additional predictions such as job run
times and file transfer times

TAGCG



