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Scientific Use Case

Impact Challenge
Tissue and blood Pathogen entry Disease Genetic diversity: Modeling of disease Decoding cellular dynamics
based diagnosis factor prediction mechanisms samples prognosis and progression from static snapshots
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Rood, J.E., Maartens, A., Hupalowska, A. et al. Impact of the Human Cell Atlas on medicine. Nat Med 28, 2486—2496 (2022). https://doi.org/10.1038/s41591-022-02104-7 r
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HUMAN
CELL
ATLAS

An international collaborative consortium
» charts the cell types in the healthy body
» across time from development

to adulthood
(eventually) to old age
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Scientific Use Case

Challenge
Genetic diversity: Modeling of disease Decoding cellular dynamics

samples prognosis and progression from static snapshots
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Scientific Use Case

Genetic diversity:
samples
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Scientific Use Case

HUMAN
CELL
ATLAS

Metadata:

. An international collaborative consortium
Clinical records

Histological > charts the cell types in the healthy body

» across time from development
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Molecular (eventually) to old age
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Rood, J.E., Maartens, A., Hupalowska, A. et al. Impact of the Human Cell Atlas on medicine. Nat Med 28, 2486—2496 (2022). https://doi.org/10.1038/s41591-022-02104-7
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Scientific Use Case

Chan IOCZ CELL=xGENE
ch!(el:berg Discover the mechanisms
Initiative @
of human health
Metadata: Magnitude
C li n ical records TI B UNIQUE CELLS DATASETS CELL TYPES
Histological TiB
. . Unique
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TiB 1M 25K 0.1 TB
Cellu la r ! 100 M 25K 10TB
MoleCular TIB 1B 25K 100 TB
10B 25K 1000 TB
Genotyping GiB 108 60 K 2400 TB
Rood, J.E., Maartens, A., Hupalowska, A. et al. Impact of the Human Cell Atlas on medicine. Nat Med 28, 2486—2496 (2022). https://doi.org/10.1038/s41591-022-02104-7 P
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Scientific Use Case

{ Client

Storage Node Storage Node

Rood, J.E., Maartens, A., Hupalowska, A. et al. Impact of the Human Cell Atlas on medicine. Nat Med 28, 2486—2496 (2022). https://doi.org/10.1038/s41591-022-02104-7
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Computational Storage Environment

= Storage hierarchy

Client

Storage Node Storage Node Storage Node
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Computational Storage Environment

= Storage hierarchy
= May become deeper ‘

Client ’
[ ]
Cache Node Cache Node
T 1
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Storage Node Storage Node Storage Node
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Computational Storage Environment

= Storage hierarchy
= May become deeper ‘

Client ’
= May become wider
[ ]
Cache Node Cache Node
T — ———
Storage Node Storage Node Storage Node Database Node
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Computational Storage Environment

= Storage hierarchy
= May become deeper ‘ -
= May become wider -
= Will gain more processors

[ ]
. . Cache Node Cache Node
= And gain more heterogeneity [T =
Storage Node Storage Node Storage Node Database Nodef:1
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Computational Storage Environment

= Storage hierarchy
= May become deeper ‘ -
= May become wider -
= Will gain more processors

[ ]
. . Cache Node Cache Node
= And gain more heterogeneity [T =
Storage Node Storage Node Storage Node Database Nodef:1
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We are in need of a
Computational 10 Stack
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lllustration — Query Plan

Aggregate
(r=99.9%)

88 . \ 4>| engine J

guery planis an IR

For data processing
15G /
Question: What zip code in CA has

selection A the highest average value of houses?

(s=10%) (s=1.5%)
[140M House in US; 14M in CA; 1000B/record]
260G I I
Scan Scan Circles are compute
260G Purple lines are data movement
(network and/or DMA)
8[ HouseAddresses g[ HouseValues
3 a

Query Plan (Logical)
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Question: What zip code in CA has

I I I u Strati O n B Sto rag e H ie ra rChy the highest average value of houses?

[140M House in US; 14M in CA; 1000B/record]

Aggregate
(r=99.9%)
3B Compute Node or a Laptop Client
Storage Storage Storage Storage
15G S C t
ervertompute Node Node Node Node
Selection Projection / \ / \ / \ / \
(s=10%) (s=1.5%) HDD Compute

260G T I Data partitioned \ —

8[ HouseAddresses 8[ HouseAddresses.1
© ©
Scan Scan
%[ HouseValues g[ HouseValues.1
260G X X
8 HouseAddresses g HouseValues
3 a

Query Plan (Logical)
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lllustration — Storage Hierarchy

Aggregate
(r=99.9%)
8B
15G
Selection Projection
(s=10%) (s=1.5%)
260G T I
Scan Scan

260G I I

8 [ HouseAddresses g HouseValues

(0] [10]

i -

Query Plan (Logical)
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Question: What zip code in CA has

the highest average value of houses?
[140M House in US; 14M in CA; 1000B/record]
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Question: What zip code in CA has

lllustration — Execution (Client)

[140M House in US; 14M in CA; 1000B/record]
Aggregate
(r=99.9%) f

Client
8B
oo
260G /
156 Storage Storage Storage Storage North
Node Node Node Node
e /T\ /T\ /’\ /N I
Selecti Projecti
oo (o) South
260G T I
§ [ HouseAddresses
Scan Scan -
g[ HouseValues
]
260G T T -
West <«— East
8 [ HouseAddresses g HouseValues
3 3

Query Plan (Logical)
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Question: What zip code in CA has

IIIUStration B EXeCUtion (ServerS) the highest average value of houses?

[140M House in US; 14M in CA; 1000B/record]

Aggregate
(r=99.9%)
8B Client
156 / é ™ Storage Storage Storage Storage North
1 5% Node Node Node Node
s 44
— ooere /T\ /T\ /’\ A\
Selection Projection
(s=10%) (s=1.5%) South
260G T x
§ [ HouseAddresses
Scan Scan -t
g[ HouseValues
]
260G I x —
West <«— East
8 [ HouseAddresses g HouseValues
(0] (0]
i -

Query Plan (Logical)
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Question: What zip code in CA has

IIIUStration B EXeCUtion (ServerS) the highest average value of houses?

[140M House in US; 14M in CA; 1000B/record]

Aggregate
(r=99.9%)
8B Client
156 ; . Storage Storage Storage Storage North
1 5% Node Node Node Node
s 44
— ooere /T\ /T\ /’\ A\
Selection Projection
(s=10%) (s=1.5%) South
260G T x
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]
260G I x —
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Query Plan (Logical)
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Question: What zip code in CA has

IIIUStration B EXeCUtion (DriveS) the highest average value of houses?

Aggregate
(r=99.9%)
8B
15G
1.5%
Selection Projection
(s=10%) (s=1.5%)
260G T I
Scan Scan
260G I I
8 [ HouseAddresses g HouseValues
(0] (0]
i -

Query Plan (Logical)
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[140M House in US; 14M in CA; 1000B/record]
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Question: What zip code in CA has

I I I UStration B EXeCUtion (M iXed ) the highest average value of houses?

[140M House in US; 14M in CA; 1000B/record]

Aggregate
(r=99.9%)
8B Client
* 8B
|
15G Storage Storage Storage Storage North
o — é\ Node Node Node Node
f \ A
y e /\ /\ /’\ A\ I
Selection Projection /
(s=10%) (s=1.5%) | | South
R
260G
§ [ HouseAddresses
Scan Scan -t
§[ HouseValues
260G I I -
West <«— East
8 [ HouseAddresses g HouseValues
3 3

Query Plan (Logical)
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Question: What zip code in CA has

I I I UStration B EXeCUtion (M iXed ) the highest average value of houses?

[140M House in US; 14M in CA; 1000B/record]

Aggregate
(r=99.9%)
8B Client
4 8B
|
15G Storage Storage Storage Storage North
10% 1 5% 46\ Node Node Node Node
1 1 A
y e /\ //\ /’\ A\
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T = . South
4+ |4
260G
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g[ HouseValues
o
260G x x -
West <«— East
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f 9
Query Plan (Logical) All examples yield the same answer

with different efficiencies
COMPUTE +MEMORY

-
<
& + STORAGE SUMMIT

24 |1 © SNIA. All Rights Reserved.



lllustration — Execution (Mixed)

Aggregate
(r=99.9%)
8B
15G
10% 1.5%
Selection Projection
(s=10%) (s=1.5%)
260G T I
Scan Scan
260G I I
8 [ HouseAddresses g HouseValues
(0] (0]
i -
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Query Plan (Logical)

Question: What zip code in CA has

the highest average value of houses?
[140M House in US; 14M in CA; 1000B/record]
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lllustration —D

'ecomposition

Question: What zip code in CA has

the highest average value of houses?
[140M House in US; 14M in CA; 1000B/record]
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Query Plan (Logical)
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lllustration — Tooling
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lllustration — Tooling

Upstream
Device

\ 4

|

planner }

A A Standardized representation
and serialization
of query plans

A
4{ engine

Downstream
Device
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Question: What zip code in CA has

the highest average value of houses?
[140M House in US; 14M in CA; 1000B/record]

APACHE

ARROW

»

Standardized in-memory format
of columnar data

Query execution engine
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Using Substrait
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Decomposable Queries — Using Substrait

= Send query plan pegrste
to each object ‘ .
Client

= Determine “relevant”
sub-plan

= Lookup catalog

u MaX|mlze SU b'plan Selection Projection
_ (5-10% (s=1.5%) Storage Node Storage Node
= |ntersect with
. 9 ) ) 8l sl 8 @l @’
- ta rt Wi t Compute Compute Compute Compute Compute Compute
Current ObjeCt name Scan Scan [ | HouseAddresses [ ‘ HouseValues
= Pushdown sub-plan T T — —
§ [ HouseAddresses § [ HouseValues
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Decomposable Queries — Using Substrait

= Send query plan
to each object

= Determine “relevant”
sub-plan

= Lookup catalog
= Maximize sub-plan

= Intersect with
catalog objects

= Start with
current object name

= Pushdown sub-plan
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(r=99.9%)

Selection Projection
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Storage Node

Compute Compute
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Chunk 1

Chunk 1
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Decomposable Queries — Using Substrait

= Send query plan
to each object

= Determine “relevant”
sub-plan

= Lookup catalog
= Maximize sub-plan

= Intersect with
catalog objects

= Start with
current object name

= Pushdown sub-plan
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Decomposable Queries — Using Substrait

= Send query plan
to each object

= Determine “relevant”
sub-plan

= Lookup catalog
= Maximize sub-plan

= Intersect with
catalog objects

= Start with
current object name

= Pushdown sub-plan
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Decomposable Queries — Using Substrait

Aggregate
5 (r=99.9%)
P omon’ =
ST 4 substrait o»
emit {
output_mapping:
output_mapping:
output_mapping:
output_mapping: \
} Selection Projection
} (s=10%) (s=1.5%) Storage Node Storage Node
inpUt { Com@te Cte
read { \:;’L‘,:; [S— u:fi‘,:) r:fi‘;;) — — L::,'L‘,:
base_schema { names: "region" ... } Bl Bl B | @ Eﬁ L gﬁ
named_table { names : (1] HouseValues n } Compute Compute Compute Compute Compute Compute
} Scan Scan [ \ HouseAddresses [ ‘ HouseValues
} Chunk 1 Chunk 1
: . = =
expressions { selection { ... } } — e
} = =
} § [ HouseAddresses 8 [ HouseValues
Q 3
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Decomposable Queries — Using Substrait

project {

common { substrait o»

emit {
output_mapping:
output_mapping:
output_mapping:

output_mapping:
}
}
input {
read {

base_schema { names: "region" ... }
named_table { names: "HouseValues" }

3
}

expressions { selection { ... } }

}
}
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130G

Aggregate
(r=99.9%)
Selection Projection
(s=10%) (s=1.5%)
Scan Scan
T A
(O]
HouseAddresses =4 HouseValues
i

‘ Client

Storage Node Storage Node

0] ol
Compute Compute
\'ITL\J! — — ,I; = flfL‘ e R S—— L';Lrlill
Compute Compute Compute Compute Compute Compute
[ ‘ HouseAddresses [ ‘ HouseValues
Chunk 1

Chunk 1
T [T
I 1 [ 1

Chunk N Chunk N
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Decomposable Queries — Using Substrait

N
emit {
output_mapping:
output_mapping:
output_mapping:
output_mapping:
}
}
input {
read {

base_schema { names: "region" ... }

named_table { names: "HouseValues" }

}
}

expressions { selection { ... } }

}

}
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130G

Aggregate
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Selection Projection
(s=10%) (s=1.5%)
Scan Scan
HouseAddresses HouseValues

130G

‘ Client

Storage Node Storage Node
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Decomposable Queries — Using Substrait

RN
emit {
output_mapping:
output_mapping:
output_mapping:
output_mapping:
}
}
input {
read {

base_schema { names: "region" ... }

named_table { names: "HouseValues" }

}
}

expressions { selection { ... } }

}

}

37 | © SNIA. All Rights Reserved.

130G

Aggregate
(r=99.9%)

i I N

Selection Projection
(s=10%) (s=1.5%)
Scan Scan
HouseAddresses HouseValues

130G

‘ Client

Storage Node Storage Node
E 0]

Compute Compute

[S ;TL i - L:,rli:/

Compute Compute Compute Compute Compute Compute

[ ‘ HouseAddresses [ ‘ HouseValues
Chunk 1 Chunk 1
T T
1 1
Chunk N Chunk N
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1 1
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Decomposable Queries — Using Substrait

HouseValues = ibis.table( query_expr = HouseValues[ 'region'

[ ,'end_month'
('region’ 'string') , 'end_year'
. ¢ . E 'end_month' : §tring ' g , 'median_price']
project _ , ("end_year" int
common { substrait > , ("median_price’ Mgt )
) , ("homes_sold' 'int ') substrait_compiler = SubstraitCompiler()
emit { , ("new_listings' Ypt Y proto_msg = substrait_compiler.compile(query expr)
output_mapping: 9 , ('inventory’ int ')
output_mapping: 16 , ('days_on_market' 'int ')
- . , ('average_sale_to_list', 'float ')
output_mapping: 11 ]

output_mapping: 12 ,name="HouseValues' ’ Ibis prOjeCt
}

Selection Projection
} T (s=1.5%) Storage Node Storage Node
input {
read { A I S E—
base_schema { names: "region" ... }J 7 ]
named_table { names: IIHousevalueSH }_ - Compute Compute Compute Compute Compute Compute
} [ ‘ HouseAddresses [ ‘ HouseValues
} Chunk 1 Chunk 1
T [T
expressions { selection { ... } } f— —
} = H
} 8 [ HouseAddresses 8 [ HouseValues
9 9
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Decomposable Queries — Using Substrait

= Send query plan pegrste
to each object ‘ .
Client
= Determine “relevant’
sub-plan
= Lookup catalog \
u MaX|mlze SUb' Ian election rojection
p_ "o v Storage Node Storage Node
= |ntersect with
cataloq obijects T T S N N O K N
o g‘th J el gld T8l ®m
- a W I Compute Compute Compute Compute Compute Compute
Current ObjeCt name Scan Scan [ ‘ HouseAddresses [ ‘ HouseValues
= Pushdown sub-plan T x
§ [ HouseAddresses § [ HouseValues
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Using Apache Arrow
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Decomposable Queries — Using Apache Arrow

u Execute P I a n Aggregate

(r=99.9%)

= Use first K chunks as canary ‘ Client ’

= Return pushback plan

= Return results @

v oo Storage Node _ Storage Node
1:]
| | L ifi[@ﬂjifi
Scan Scan [ | HouseAddresses [ ’ HouseValues

Chunk 1 Chunk 1
[T [T

[T [ 1
Chunk N Chunk N
T T
1 |

HouseAddresses

HouseValues

130G
130G
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Decomposable Queries — Using Apache Arrow

= Execute Plan

= Use first K chunks as canary
= Return pushback plan

= Return results

def ExampleTableProvider(table names, expected schema=None):

tname = '.'.join(table_names)
source_table = TableFromCSV(FilePathsByTable[tname])
print(source_table.to_pandas())

1 source_table

f ExecuteSubstrait(substrait_plan: bytes) -> pyarrow.Table:

print('Executing substrait...')

result_reader = substrait.run_query(
substrait_plan
,table_provider=ExampleTableProvider

print('Query plan executed')
1 result_reader.read all()
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Decomposable Queries — Using Apache Arrow

def ExampleTableProvider(table names, expected schema=None):

Aggregate
(r=99.9%)

tname '.'.join(table_names)
source_table = TableFromCSV(FilePathsByTable[tname])
print(source table.to pandas()) @
return source_table \
def ExecuteSubstrait(substrait plan: bytes) -> pyarrow.Table: selecton pojcon
print('Executing substrait...')
result reader = substrait.run _query( T T
substrait plan
,table provider=ExampleTableProvider sean s
)
print('Query plan executed') . I . T
return result_reader.read all() e — 3L powevone
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Decomposable Queries — Using Apache Arrow

(demo-cms-py3.11) 88:26 octalenefloctalene-air ~/c/d/demo-cms (mainline)
Executing substrait...
Before Execution
region end_month end_year median_price homes_sold new_listings inventory days_on_market average sale_to_list
Acalanes Ridge, CA February 2012 590000 1 1 1 18 8.967
Acalanes Ridge, CA March 2012 743000 yi 20 8.974
Acalanes Ridge, CA May 2012 961000 1 31 8.916
Acalanes Ridge, CA June 2012 600000 1 5 1.002
Acalanes Ridge, CA July 2012 671088 2 40 8.991
Zayante, CA April 2022 5500080 57 8.972
Zayante, CA June 2022 7250088 23 1.115
Zayante, CA July 2022 500000 16 1.002
Zayante, CA August 2022 643000 73 8.97M
Zayante, CA October 2022 6000080 28 1.002

[142269 rows x 9 columns]

Query plan executed

After Execution

FieldPath(@) FieldPath(1) FieldPath(2) FieldPath(3)

Acalanes Ridge, CA February 2012 590000
Acalanes Ridge, CA March 2012 743000
Acalanes Ridge, CA May 2012 961000
Acalanes Ridge, CA June 2012 600000
Acalanes Ridge, CA July 20812 671600

Zayante, CA April 2022 550000
Zayante, CA June 20822 725600
Zayante, CA July 2022 500000
Zayante, CA August 2022 643000
Zayante, CA October 2022 600000

[142269 rows x 4 columns]
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Please take a moment to rate this session.

Your feedback is important to us.
Post-Summit, visit www.snia.org/cms-summit for additional content.
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