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Main Objective

|s there a way to effectively predict node
failures using machine learning?

What insight can machine learning provide
about our supercomputers”?
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What is a supercomputer?

Very powerful

Processes large amounts of data
Casper - 121 nodes

Derecho - 2570 nodes
o Includes 3 CDUs (Cooling Distribution Unit)




What is a node?

e |ndividual computers

o Each have its own “orain® (CPU or GPU)
o Own RAM e

= \\m.\‘\
o Own Storage Space i

/“
D

\\\\\\

e Casper has 121
e Derecho has 2570

it fn'g g [l
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e Used SQL in DBeaver to query and export data
e Derecho CDU data & node data
e Casper per node data
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Al select * from pbs_hosts limit 100;
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T select * from pbs_hosts limit 100 |2 DR A AR
2 o|Dtime | duster ™ |™dc I“‘host ~ | ™ comment ™ | =jobs B Value X e nE: =
=3 o NWSC  casper-pbs 5914735.casper-pbs, 1 2023-03-08 23:59:31.000
g T 2023-03-08 23:59:31.000 cr NWSC  casper-pbs 5879490.casper-pbs,
@ te=n = 3 |2023:03-08235931000 cr NWSC  casper-pbs 5913556 casper-pbs,
4 2023-03-0823:5931.000 o NWSC  casper-pbs 5906574.casper-pbs,
5 2023-03-0823:5931.000 o NWSC  casper-pbs 5906571.casper-pbs,
6 2023-03-08 23:59:31.000 cr NWSC  casper-pbs 5916403.casper-pbs,
7 2023-03-0823:59:31.000 cr NWSC  casper-pbs 5879470.casper-pbs,
T8 |2023-03-0823:59:31.000 cr NWSC  casper-pbs 5914523 casper-pbs,
g m
€ ®Refresh v = SEEEK >l v % 200 X 100
100 row(s) fetched - 25 (0.001s fetch), on 2024-07-17 at 10:24:25
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Casper node data example
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Derecho CDU data example

| time ¥ | ™ chassis 7 |®“host ¥ |™rack ¥ | CoolingSubsystemOACInputFrequency ~ |'*CoolingSubsystemOACInputline1Current ~ |* CoolingSubsystemOACInputLir

1 [ 28 23: 0 et x1100c1 x1100 60 10.1
200 2023-08-28 23:58:04.000 c1 x1000c1 x1000 60 16
3 2023-08-28 23:56:02.000 c1 x1007c1 x1007 60 16.5
Z 2023-08-28 23:56:02.000 c1 x1100c1 x1100 60 10.1
5 2023-08-28 23:56:02.000 c1 x1000c1 x1000 60 16.1
Z 2023-08-28 23:54:06.000 c1 x1100c1 x1100 60 10
7 2023-08-28 23:52:03.000 c1 x1007c1 x1007 60 16.6
z 2023-08-28 23:52:03.000 c1 x1000c1 x1000 60 16
9 2023-08-28 23:52:02.000 c1 x1100c1 x1100 60 10.1
E 2023-08-28 23:50:04.000 c1 x1000c1 x1000 60 159
afr | 2023-08-28 23:50:03.000 c1 x1100c1 x1100 60 10
A2 | 2023-08-28 23:50:03.000 c1 x1007c1 x1007 60 16.5
L1l 2023-08-28 23:48:04.000 c1 x1100c1 x1100 60 10.1
14 | 2023-08-28 23:48:04.000 c1 x1000c1 x1000 60 16
i 2023-08-28 23:48:04.000 c1 x1007c1 x1007 60 16.5
16 | 2023-08-28 23:46:05.000 c1 x1100c1 x1100 60 10
A7 2023-08-28 23:46:04.000 c1 x1007c1 x1007 60 16.5
18 | 2023-08-28 23:46:04.000 c1 x1000c1 x1000 60 16
19 | 2023-08-28 23:44:07.000 c1 x1007c1 x1007 60 16.6
20 | 2023-08-28 23:44:07.000 c1 x1100c1 x1100 60 9.9
L 2023-08-28 23:44:06.000 c1 x1000c1 x1000 60 16
22 | 2023-08-28 23:42:06.000 c1 x1007c1 x1007 60 16.8
23 |2023-08-28 23:42:06.000 c1 x1000c1 x1000 60 16.1
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K-Means Clustering Model Algorithm

Start
Choose number of | Randomly select , :
clusters (k) - centroids Calculate Distances
xz /Jk J Z 371] ,UAJ
j=1
Repeat steps 3 & 4
until clusters - Update Centroids - Assign Data Points
converge
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600 A

500 A

400 A

200 A

100 1

Elbow Graph for Optimal k

e Used to find optimal “k*
or clusters

e Elbow “bends” at around
3

Optimal “k”

2 4 6 8 10 12 14
Number of Clusters
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Averages in Pressure and Temp Differences Per Hour

e Cluster2
m Clustero0
4o Cluster1

T

15.0 15.5 16.0 16.5

Average Outlet Primary Pressure (PSI)

17.0

x1100 reporting 0 for data
Discovered broken sensor

291 points

Outlet Primary Pressure - pressure
of the fluid when it exits the cdu
and enters the primary cooling
loop

Inlet and Outlet Temp - Temp of the
liquid as it enters and exits system
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Inertia

Elbow Graph for Optimal k

1600 A

1400 A

e Chose 3 clusters
e Elbow “bends” at around 3

1200 A
1000 A
800 +

600 -

2 4 6 8 10 12 14
Number of Clusters
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Hourly Averages in Actuator and Filter Secondary Pressures

2.3

22

2.1

2.0

1957

Average Filter Secondary Pressure

LF A

£
iz}
o

Mostly x1000
Mostly x1007
Mixed

40 50 60 70
Average Actuator Percentage

80 90

100

Excluded x1100

Actuator - allows water to flow
in

Filter Secondary Pressure -
Pressure of cooling fluid

One CDU rack was
misconfigured
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K-Means Graphs-Casper

1e6 Elbow Graph for Optimal k

1.75 1

1.50 A

e Chose 4 as optimal “k”
e Could possibly have chosen 2

Optimal
“k”

2 4 6 8 10 12 14
Number of Clusters

0.50 1

0.25 4

0.00 A
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K-Means Graphs-Casper

2.00

1e6 Memory and CPUs Assigned

L

1.50 ~

123 -

Memory Assigned (TB)
—
o
o

Cluster 0
Cluster 1

Cluster 2
Specialized Cluster 3
nodes @
&
2]
& ®

 —

CPUs Assigned

50

Sept 6-15 2023

Most ask for max amount of
memory

Most nodes are HPC nodes
Purple (diamond) cluster is
specialized nodes
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Neural Networks

Inputs Hidden Layers Output

e Inspired by the human brain
e Neurons receive inputs
e |Learns by changing the weights

between neurons . i !

e Efficient with anomaly detection,

complex data, can be trained on ‘.’.‘ 5
historical data /‘)‘W‘\ 7 . |
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True label

True 0 A

True 1 4

Neural Networks

Confusion Matrix

140000

1113 120000

100000

- 80000

- 60000

158887

- 40000

- 20000

Predicted 0

-0
Predicted 1
Predicted label

e First model
e Derecho CDU data
e Model never predicted 0

Metric Value

Mean Absolute Error 0.012361268613487481

Mean Squared Error 0.006910000116743188

Root Mean Squared Error 0.08312641046468437

R-squared -0.0003095865249633789
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Casper Model:

Neural Networks

Derecho Model;

Parameter Value
Window size 50.0
Batch size 16.0
Epochs 50.0

Mean Absolute Error

0.008267107579070884

Parameter Value
Window size 50.0
Batch size 16.0
Epochs 50.0

Mean Squared Error

0.008267107579070884

Mean Absolute Error

0.003593501030048069

Root Mean Squared Error

0.09092363597586099

Mean Squared Error

0.003593501030048069

Root Mean Squared Error

0.05994581745249679

R-squared

flégf& N\ NCAR

S

0.523836128720933 R-squared 0.8053383024007601
Initial Window
1 2 3 4 6 7 8 9 10
Window Slide
1 2 3 4 6 7 8 9 10
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Heat Maps

e last_state_change_time first for both machines
o May be resolving nodes too quickly
e resources_assigned towards bottom for Casper but top for

Derecho
o Possibly because Casper is more heterogeneous

Casper Derecho
Feature Importance Feature Importance

last_state_change_time 20.50% last_state_change_time 43.23%
resources_available.mem 19.18% last_used _time 30.23%
resources_available.ncpus 18.73% resources_assigned.ncpus 9.62%
last_used time 16.28% resources_assigned _mem 9.11%
resources_available.vmem 8.72% resources_avail_mem 2.76%
resources_assigned.mem 7.60% resources_avaiable_ vmem 2.43%
resources_assigned.ncpus 5.43% resources_available.ncpus 1.65%
resources_available.ngpus 3.56% resources_available.ngpus 0.97%
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Casper:

resources_assigned.ncpus
resources_assigned.mem - 0.26

avail - 0.12

last_state_change_time - 0.11 0.14
last_used_time - 0.12 0.15

resources_available.mem -t :7: 0.14

resources_available.vmem - 078¢
resources_available.ngpus

resources_available.ncpus --0.05

gned.ncpus -
gned.mem

resources_assi
resources_assi

{f@& N\ NCAR

Derecho:

1.0 1.00
0.12 0.11 0.12 JHeyi: SR -0.05 resources_assigned.ncpus 0.39 0.28 0.18 -0.42 -0.42 0.42 -0.42
0.8 , 0.75
0.16 0.14 0.15 0.14 " resources_assigned_mem 104 0.42 0.28 0.2 -0.087-0.087 0.087-0.087
0.032 0.085 0.16 0.0550.0520.053 - g¢ avail - 039 0.42 0 0.43 -0.019-0.0190.019-0.019 | 00
last_state_change_time - 0.28 0.28 71-0.022-0.022 0.022 -0.022 -0.25
- 0.4
last_used_time - 0.18 0.2 -0.036-0.036 0.036-0.036 - 0.00
-0.2
resources_avail_mem --0.42 -0.087-0.019-0.022-0.036 - _0.25
- 0.0 resources_avaiable_vmem --0.42 -0.087-0.019-0.022-0.036 0.50
L resources_available.ncpus - 0.42 0.087 0.019 0.022 0.036
0.2
-0.75
0.0530.00480.049 0.51 0.35 0.28 resources_available.ngpus --0.42 -0.087-0.019-0.022-0.036
0.4 - —-1.00

1 1 | | | | | 1 1 | |

= ) ) 0 0 0 = 7]
s ¢ ¢ § § 32 3 © E 5 @ © g E 8 &
> — — Q. Q o V] > £ £ [} (V] o o
© = L= £ £ o o [w] = © = = £ £ o o
q;l | i = c = = | | | | > c {4
5 © = ¢ o g 5 3 & © = " B
c ) ) -] e e ) o c 0 g 2 e =
© S Lo T r © c 5 [} S © 2 © ©
< o ‘© = = = By 2 = ol | .© = =
(S 7} > o © © 7 LA (5] 0 %) © © ©
I © o > > > n a | S v > > >
3 = s T, ®, ®, s, o, v © S 5 d 5

1] n © S
) ] 7} 0 w n 0 72} 0
@ Y] ] 1] ] U v ) S U ] ]
[} o o v = | v] [} v}
) S = = - [ - o s et g
N o > =3 3 3 = 0 > > =1
o @ o 5] o o 9 1 o o) o
v 7} 0 n 0 o 0 [l 0
g g g g g g g

Overview | Main Objective | Background | Data | Machine Learning | Future Work | Acknowledgements

20



Casper Model:

Derecho Model;

“N\NCAR Overview | Main Objective | Background | Data | Machine Learning | Future Work | Acknowledgements

Neural Networks

Parameter Value
Window size 50.0
Batch size 16.0
Epochs 50.0

Mean Absolute Error

0.006460301480735768

Mean Squared Error

0.006460301480735768

Root Mean Squared Error

0.08037600065153633

R-squared 0.6207334316575936
Parameter Value
Window size 50.0
Batch size 16.0
Epochs 50.0

Mean Absolute Error

0.003933516897455215

Mean Squared Error

0.003933516897455215

Root Mean Squared Error

0.06271775583879907

R-squared

0.7869194775815369
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Confusion Matrices

Casper Model: Derecho Model:

Confusion Matrix Confusion Matrix
140000 140000
g g
=] 120000 = 120000
© ©
o (=2}
2 - 1859 741 2 - 2359 463
E E
i1 100000 o] 100000
< <
0 0
v 80000 ] 80000
[1v] [+
- -
)] (]
E E
- 60000 - 60000
(2] 2]
2 =
= =
S - 40000 S - 40000
o - 228 147165 a - 127 147044
© ©
2 2
(v} (v}
< <
-20000 -20000
| |
Predicted Negative Predicted Positive Predicted Negative Predicted Positive
Predicted Labels Predicted Labels
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e Use more heat maps
e Group nodes by specific type
e Create my own database for indexing
o Combining data from other tables was
challenging because of not matching times

T select * from pbs_no vhere tim ¢4 : Tselect * from cdu where time >
g @ | D time e pster 7 ™ de 7 | ™ host " % | 2 time *€ chassis ¥ |**host
il | 2024-07-23 21:14:01.000 5 NWSC  desched1 =)l | 2024-07-23 21:14:02.000 [« x1000cT
X 2 |2024-07-23 21:14:01.000 de NWSC  desched1 % 2 |2024-07-23 21:14:02.000 c1 x1100c1
" 3 |2024-07-23 21:14:01.000 de NWSC  desched . 3 |2024-07-23 21:14:02.000 ct x1007¢1
4 |2024-07-23 21:14:01.000 de NWSC  desched1 4 12024-07-23 21:13:02.000 c1 x1000c1
5 [2024-07-23 21:14:01.000 de NWSC  desched1 5 |2024-07-23 21:13:02.000 c1 x1100c1
6 |2024-07-23 21:14:01.000 de NWSC  desched1 6 |2024-07-23 21:13:02.000 c1 x1007c
7 |2024-07-23 21:14:01.000 de NWSC  desched1 7 |2024-07-23 21:12:02.000 cT x1000c1
8 [2024-07-23 21:14:01.000 de NWSC  desched1 8 |2024-07-23 21:12:02.000 cT x1007¢1
" 9 |2024-07-23 21:14:01.000 de NWSC  desched1 o 9 |2024-07-23 21:12:02.000 cT x1100c1
8 10 12024-07-23 21:14:01.000 de NWSC  desched1 S 10 [2024-07-23 21:11:02.000 cT1 x1100c
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Thank you!

* My mentors Ben Matthews and Jenett
Tillotson and the rest of the HPCRD
team

 Virginia Do, Jerry Cyccone, Jessica
Wang, Eva Sosoo, Ben Fellman and the
rest of the CISL team

« Al of the SIParCS interns for a fun
summerl
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