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Server Faults Prediction
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Server Faults Prediction

Seagate
Precision| Recall| PR AUQ ROC AU( F1 TTF
2020 0,68 0,56 0,54 0,80 0,62 57
2021 0,74 0,69 0,72 0,86 0,72 57
2022 0,80 0,72 0,77 0,90 0,76 61
2023 0,79 0,73 0,76 0,89 0,76 54
2024 0,90 0,72 0,81 0,92 0,80 41
2025 0,86 0,80 0,85 0,93 0,83 58
Toshiba
Precision| Recall| PR AUQ ROC AU( F1 TTF
2023 0,74 0,34 0,45 0,69 0,47 38
2024 0,70 0,71 0,65 0,85 0,70 59
2025 0,70 0,61 0,65 0,88 0,65 51
HGST
Precision| Recall| PR AUQ ROC AU( F1 TTF
2023 0,69 0,77 0,63 0,85 0,73 65
2024 0,63 0,81 0,68 0,93 0,71 90
2025 0,64 0,75 0,64 0,94 0,69 66

Ao

A

m

e 0o m t

0

m € O

HJ/Z1THDO

m

L

O

v

e

1T

O

E

e

MGOSACA16TA)

t

o h h

=

c h “m ~
. '€ Toshilax;
X 07 . "o
0 0 a o
e
LY e ,Y_
h " Ye, L Y
a“ e o t

e



- < < % <

a o~ a X® em™o ’
S maon -~ m_ o "
HDD
MLhb " e o 'Ye o-ch ™ ed oY
©  mg9” Teaggateo " e oY
a 0 ° Toshiba
NVMe

YIME ' e e o0"a"™ XY

~v ) 7~~~

"coo ¢ x ~'yhoe’o
[ee] <

(o] *

h em?”™
* < <

€ ~ ) ¥ e a o ° - m ~°o0
HDD ST16000NMO0O0EITW103 6192
HDD ST8000ONMO1A2TJ103 2515
NVMe Intel/Solidigm SSDPF2KE032T1 1006
NVMe INSPURIS8500G2U384 688
HDD TOSHIBA MGOSADASOOE 584
NVMe INSPURIS8600G2U320 560
NVMe DAPUSTOR DPRD31016TT515T3000 138
NVMe SAMSUNG MZQL23T8HOQA07 120
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serial_num

ZA162RXB

ZA162EMX
ZA161SN7

ZA162Y9H

ZA162QGQ
WRS118AZ
WRS118B6
WRS09PCP
WRSo0DJCZ
WRS09GPH
WRSOEAS8Y
WRS09HLN

J

xgb_score
0.68126060
0.69639385
0.65501030
0.50241715
0.47110656
0.71484470
0.59151910
0.57036080
0.58117960
0.56601244
0.56420210

0.53299940

isfo_score

0.1261777494076499200

0.0590398027659211340

0.0357288983803648040
-0.0048183293740270420
-0.0036740725188924017
-0.0759374370037938000
-0.0650948320151655800
-0.0646617629525106400
-0.0758397680338777100
-0.0741036261772612400
-0.0757041159214633100

-0.0734867865241432000

] <
e '’ m o h * e

s3 . E 9
rdate_score rdisk_score

0.8358922484903053

0.8358922484903053

0.8358922484903053

0.8158374607638883

0.8158374607638883

0.5393403991624508

0.5393403991624508

0.5393403991624508

0.5004909801116089

0.5004909801116089

0.5004909801116089

0.5004909801116089

0.121571682447453260
0.063815254594372540
0.142238992077755870
0.034360661949986215
0.111099769344377760
0.2153614486214392400
0.526447142408640700
0.527434928123892700
0.403659712489124860
0.403659712489124860
0.403659712489124860
0.419132276051161930

.efﬂ)

* &

h.o¥ h*“*ee e

YOt m Y

rmclass_score

1.7636915137175964
1.8407489309045109
1.85623671961293902
1.7967351344973763
1.7672370631484000
1.9386051640107590
2.1835797743745666
2.1869965490592826
2.1529810024573837
2.1814856815806830
2.1915535630892800

2.2641396299792413

* <

=

.a

0.260883739542114500

0.232179146935699580

0.198703179793250420

0.111564908616505180

0.101345898796464200

0.091212733359518810

0.084925896830149340

0.080868079250825290

0.071297226623282280

0.070675509873848630

0.070505657784773120

@69685875232294770/
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" "GreenPlum (GP), DataLakeHouse (DLH)

~

e c ho® ™ a . a*m "t~ ~ h x a omt - h
= < < * < < * < * 1 < <
dlh-services s3-dwh
(control plane
Master Secondary Master & metadata) i
16 servers
I |
interconnect
| —— M2
I I I 16 servers
Segment Host1 Segment Host2 Segment Host36
primaryt OIS primarys | OIOM primary141 | FiGROHINN . ”
12
pimaryz |GG prmayo  [EGHON - primary142 |G e
primary4 | OIGNN primary  |OMEN primary144 | iOMIN ——> backw

|

spark
Y Hac nn60o 36 nnbo 72 Hoabl U 144 cermeHTa P
—_—
3TO paeT Ham* ~9K ggep v ~3PB gaHHbIX Ha KnacTtep
*B fipefenie Ha TeKyLem xenese
trino
primary1 - — CermeHTbl, UHCTaHCbl postgresq|

Segment Host1 — cepsep

MPP_ """ m {9k ¢ores; 3PB)*10" t @
25+t . Mme * Tt 0 100k cores + 21 PB

* —_— (g

*

s3-dwh01 ~1.4PB

M4
16 servers

s3-dwh02 ~1.4PB

M5.31
16 servers

s3-dwh03 ~1.4PB

M5.31
12 servers

s3-dwh-backup ~3.3PB

M4
36 servers

k8s-ds ~ 6.5K cpu

DS
50 servers

k8s-m5.31 ~6.5K cpu

M5.31
50 servers

Cloud compute + S3 storage

16 servers

16 servers

12 servers
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They are closed all the other

They have nodes

largest degrees

Lots of path passing through
these nodes

Theyre closed 0
to all the other nod ¢

have larger degree 5 . 1 *

Bill Clinton Martin Sheen Debbie Rochon Geor, Jooney Samuel Jackson Robin Williams

PageRank Harmonic centrality
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Lo . ©

h»”h"‘
a<tg_*’\'”mm*‘* * t o h
moo, mih T e o T

~

h a h chogeg mm?~ LP® e e Y ~ 7 chom
“ e 0 a h "mt ~ e
h
Person Diagnosed Disease
OSS://bucket/Person.parquet S3://bucket/Diagnosed.parquet OSS://bucket/Disease.parquet
labels pid | age | | pid date did did name
[Asian, Enrollee] | 933 | 34 933 | 2020-01 | 501 501 | Hypertension
/ 509 Hepatitis
o [White] 991 | 50 (P4| 933 | 2021-03 | 594 |P4| ...
[Asian] 980 | 36 |4 | 952 | 2019-09 | 572 594 Obesity
A
w e MATCH (arAsian:Enrollee)-[el:Diagnosed]->(d),
(b:Asian:Enrollee)-[e2:Diagnosed]->(d)s—| O |
(c:Asian:Enrollee)-[e3:Diagnosed]->(d); al Ll
(b)-[:IsParent]->(a)<-[:IsParent]l-(c),—
X WHERE d.name = Hypertension AND b.pid <> c.pid AND el.date >= 2020-01

AND e2.date >= 2020-01 AND e3.date >= 2020-01

RETURN COUNT(DISTINCT a) AS count
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DuckPGQ:
Efficient Property Graph Queries in an analytical RDBMS

Daniel ten Wolde Tavneet Singh Gabor Szarnyas Peter Boncz
CWI CWI CWwI CWI
The Netherlands The Netherlands The Netherlands The Netherlands
dljtw@cwi.nl tavneet.singh@cwi.nl gabor.szarnyas@cwi.nl boncz@cwi.nl

SELECT count(id) AS cp2
SQL/ FROM GRAPH_TABLE (socialNetwork,

MATCH (p1:person WHERE p1.name='Bob')-[:follows]->*(p2:person)
PGQ -[:livesIn]->(c:city WHERE c.name='Utrecht')
COLUMNS (p2.id))

WITH RECURSIVE paths(startNode, endNode, path) AS (
SELECT p1id AS startNode, p2id AS endNode, ARRAY[plid, p2id] AS path
FROM follows JOIN. person p1 ON p1.id = follows.plid WHERE p1.name = 'Bob'
unmu ALL (

WITH paths AS (TABLE paths)
i imi l,a|n FROM paths Jog.fbl 5 ‘“ﬂu mm:::d “3 1lows u:rrw,-nm(ptth AR el
= ° %
DuckDB Parse Bind | Optimize |, Execute Results P .m’.'m el e e
SQL JOIN person p2 ON p2.id = follows.p2id
WHERE p2.name = 'Bob’ OR follows.p2id = previous_paths.endNode)))
T SELECT count(p2 :I.d) AS cp2
l T FROM person p1 :
JOIN paths ON paths. .startNode = p1.id
+ L .JD!ﬂparoon pzﬂllpzid-mhamdﬂodo
JOIN city ON city.id = p2.livesIn AND city.name = 'Utrecht’
DuckPQO Execute L Bind Optimize Execute The SQL/PGQ query is 4x more concise
SF Path-finding LSQB
|Pers.| |knows| |V| |E| %,w
10 70k M 35M 217M 5
30 175k 6M 103M 650M i ° System
T o e o o [ e [ e L o J = ||./<;s | 0 e 2M WM B il
r System 300 1M 68M n/a n/a L
100 A
£ '.;2 o M :'/;-'A/' //f//‘ . * owaraa 1000 3M 227M na n/a T Scetacer
g / / /l ./a/‘ / - Neodj 3000 oM 670M n/a n/a Figure 3: Path-finding
g - Umbra T
SF10 SF30 SF100 SF10 SF30 SF100  SF10 SF30 SF100  SF10 SF30 SF100 sréa s;algds'::oc SF10 SF30 SF100  SF10 SF30 SF100 SF10 SF30 SF100  SF10 SF30 SF100 Table 1: Statistics of the graphs performance
ca

Figure 2: Pattern matching performance on the LSQB

a7




DuckGraphAr

_*m °  hduckgraphar

“DUckDB ° T " _réatMgnlig o T 7 h
~ 0 h a GraghAr
T ot * t m&3 getotbpyE O
“m ' ho c ex

o * 7 h
e < *
X Cc t a
” a h e

< <
m h ™ e e

~”~
v

© SQLIPGQ

H_om muckBRB-o _~

T

48



Py, VammN v
e "mh a c =
< % % * T
. o hx’ e JhxhD"Exe . h ~
(" “Ee0 WmTyhto_ ¢m_oh- Cogeo ° ryy
® e e e 0 a X 0 h x ° e YU

>A -

'» " GNN- Graph Neural Network

= m'Hac ™ hoh™e~ 'y
LR 4 L

*

49



10,000
W
>
X 1,000
(
o
t 100
>

h

10

¢

DDB
39
N\ t

o hha
(_

<

Parqu
8,00

~

e

*

et
6
~ ~ e

©

Hive
653

Iceberg
3,190

GraphAr




DuckDB
DuckPGQ

Duck GraphAr

=™~ chomet’™CY

u
~
n

0 ~~ ,EE r

=

oA W N

~ o

m

isPartOf

Country
isPartOf _~ IsPartof
-

IsPartOf
T

knows

person2: Person |

cityl: City | | city2: City

city3: City

isLocatedin hasCreator

reply Of

hasMembsar

containerof

o (b) Q2.

SELECT count (x)

FROM
JOIN
ON
JOIN
ON
JOIN
ON

tag2: Tag

Country
City
City.isPartOf_CountryId = Country.CountryId

= tagl

hasTag

Person

Person.islLocatedIn_CityId = City.CityId
Forum_hasMember_Person
Forum_hasMember_Person.PersonId = Person.Personld

tag2: Tag

~ hasTag

Forum.ForumId = Forum_hasMember Person.ForumId
Post.Forum_container0fId = Forum.Forumld

Comment.reply0Of_PostId = Post.PostId

isLocatedin

person3: Person

hasinterest

w personl

(f) Q6.

person3: Person

s SF10, SF30, and SF100

hasinterest

= persond

(i) Q9.

Comment_hasTag_Tag.CommentId = Comment.CommentId

I Parquet Bl DuckDB [ GraphAr [ Iceberg
B Hive [ Greenplum [ Trino

Tag.TagIld = Comment_hasTag_Tag.TagId

0 SR - t . m o Xx O ¢ ho JOIN Forum
[ = — - < - —
. ON
ohm o e ™ |I'DBGSNBLSOB ~ 9 JOIN Post
ON
" g ¢ o c t N h o o e JOIN Comment
< < * * * L © L ON
oy ,E "0 0 h ™ ~ C MLA 0 ? JO;: Comment_hasTag_Tag
— - hA® JOIN Tag
UDF Y M-hop. ¢-hap "
JOIN TagClass

ON

10%

Tag.hasType_TagClassId = TagClass.TagClassId;
10° 1 SELECT count(x)

5
=

FROM GRAPH_TABLE (lsqgb

niﬁl ocatedin isLocatedin

person3; Person

GraphAr

TT

Jomt x c e

c "t o h a

SF30

SF300

FR

F21

Figure 2: One-Hop Neighbor Retrieval

MATCH (c:Country)<-[ipo:City_isPart0f_Country]-(cl:City)
<—[ilo:Person_isLocatedIn]-(p:Person)
<—[hm:hasMember]-(f:Forum)-[co:container0f]—>(po:Post)
<-[ro: reply0Of_Post]l-(c2:Comment)-[ht:Comment_HasTag]
—>(t:Tag)-[ht2:hasTypel->(tc:TagClass)
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- 7 ¢ h oo nGraphAr

ATTACH '/friends/2021/FriendsGraph.yaml’ AS friends2021 (TYPE duckdb_graphar);

ATTACH 's3://rnd-grapher-graph-output/graphar/friends/lpg/21-01-01/FriendsGraph.yaml’ AS friends2021s3 (TYPE duckdb graphar);

SELECT COUNT(*) FROM person;

SELECT "(*) FROM person_knows_person WHERE _graphArSrcIndex=698456539;

CREATE PROPERTY GRAPH friends2021
VERTEX TABLES (
person

)
EDGE TABLES (

person_knows_person SOURCE KEY (_graphArSrcIndex) person (_graphArVertexIndex)

DESTINATION (_graphArDstIndex) “ERL person (_graphArVertexIndex)
LABEL knows

);

SELECT count(*) FROM GRAPH_TABLE (friends2021
MATCH (a:person WHERE a. graphArVertexIndex = 588636898)-[kl:knows]->(b:person)

5

SELECT * FROM two_hop('/friends/2021/FriendsGraph.yaml’, vid={vid});




c t a ‘"“C

SELECT count(#)
FROM GRAPH_TABLE (lsgb
MATCH
(pl:Person)<-[hc:Comment_hasCreator]- (co:Comment)-[rop:reply0f_Post]->(po:Post)
);

*

LSOB Q2 SF100

199seclh HH &SSO

Y ¢ 777 e o(join Thudf) o “ e

LECT count(*)

FROM GRAPH_TABLE (lsgb
MATCH (pl:Person)-[k:knows]-(p2:Person),
(pl:Person)<-[hc:Comment_hasCreator]-(co:Comment)-[rop:reply0Of_Post]->(po:Post)-[pc:Post_hasCreator]->(p2:Person)

<
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