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pd.read_csv(“data.csv”).rolling(60).mean()[“Close”].tai1(1000).plot()
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Timestamp Open High Low Close Volume_(BTC) Volume_(Currency) Weighted_Price

0 1325317920 4.39 4.39 4.39 4.39 0.455581 2.000000 4.390000

1 1325317980 NaN NaN NaN NaN NaN NaN NaN

2 1325318040 NaN NaN NaN NaN NaN NaN NaN

3 1325318100 NaN NaN NaN NaN NaN NaN NaN

4 1325318160 NaN NaN NaN NaN NaN NaN NaN
4857372 1617148560 58714.31 58714.31 58686.00 58686.00 1.384487 81259.372187 58692.753339
4857373 1617148620 58683.97 58693.43 58683.97 58685.81 7.294848 428158.146640 58693.226508
4857374 1617148680 58693.43 58723.84 58693.43 58723.84 1.705682 100117.070370 58696.198496
4857375 1617148740 58742.18 58770.38 5874218 58760.59 0.720415 42332.958633 58761.866202
4857376 1617148800 58767.75 58778.18 58755.97 58778.18 2.712831 159417.751000 58764.349363

4857377 rows x 8 columns

bitcoinM 14> & & D& IE R

https://www.kaggle.com/datasets/mczielinski/bitcoin-historical-data

0%
45%
A0%
35%
30%
5%
0%
15%
10%

3

%uftl '/Jé\ |_
Ed 5

® —vnim

O NN
© —ymas EEEEE—

AHITERALTWS T

N—4 U®

@ -—»+48 —

@ =—i50d

[}

3

DN

TV
SHEMZT] (2020) (—

FEAE

V= B

[}

XILT —

Fass
@ wouay

QOEERE - 5 s

S —ERIHSNS 5018

i'%ﬁfﬁﬁb
‘anzy

8 3
“w. o ¥
TI',;"}“
1]
N B~
|
oo |
®

1]

X DAEFERMIE D ET

S

b
.

g —

O —2H

N
~
I~

Al

Ilaan
"2 hF B B E
® 2 7 @ 7
F - AH B L
] & . B +
B2 7 7
® i1 x5
T :SI!
X

2 @

% o
ETERDIRKIC

— X

— X

(= H R



What is pandas? How important?

pandas infroduction from NVIDIA https://www.nvidia.com/en-us/glossary/pandas-python/

Pandas is the most popular software library for data manipulation and data analysis for
the Python programming language.

Pandas addresses the many shortcomings that data scientists often encounter... In data science,

working with data is usually sub-divided into multiple stages, including... For these and other mission-
critical data science tasks, Pandas excels.

loading and storing visualization
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row table merging filtering
[ [ [ |

DataFrame

column |
[ | [ [ | —

images: https://www.nvidia.com/en-us/glossary/pandas-python


https://www.nvidia.com/en-us/glossary/pandas-python/
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Scale-up Cloud Server
Memory Capacity (TB)
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[5] Ogleari, M. et al.: String figure: A scalable and elastic memory
network architecture, 2079 IEEE International Symposium on High
Performance Computer Architecture (HPCA), IEEE, pp. 647-660 (2019)
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groupby|| join

groupby|| join

dropna filter dropna filter

sort corr
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sort corr
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pd.read_csv(“data.csv”)
.rolTing(60).mean()

[“Close’” ]
.tai1(1000)

.plot()

nﬂwﬁ\T X7 L —LIEEDOR

(IR)
FireDucks IR

read_csv('data.csv', %arg0)
rolling_aggregate(%tl, 60, 60,
project(%t2, 'Close')
slice(%t3, -1000, None,

"mean')
1)
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R FF DD T,

T—X7L— L OREBEALEITLRT L

l@;ﬂ WMBEDHRESEE
MLIR
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Define-by-runiZ & 2 PEISEE X

read csvx E1T FireDucks N &P Tread_csv op DR S 115
pd.read_csv(“data.csv”)

.roll1 00).
[2810229]( )-mean L—@H%ZE’C ILERDcsv7 7 A4 ILD

.tai1(1000) FoAIAMITITHA 7 L
.plot()

%tl = read_csv('data.csv', %arg0)
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Define-by-runll X 2 PREISEE K

read csvx E1T FireDucks N &P Tread_csv op DR S 115
pd.read_csv(“data.csv”)

.roll1 00).
[2810;29]( )-mean _@H#ﬁ( ILERDcsv7 7 A4 ILD

.tai1(1000) FoAIAMITITHA 7 L
.plot()

%tl = read_csv('data.csv', %arg0)

FireDucksDread csv®D E3E (g5r81R)

def read_csv(filename):

value = irbuilder.build_op(OP_read_csv, filename)
return DataFrame(value)

18



Define-by-runiZ & 2 PEISEE X

rolling.mean’ 1T rolling_aggregate opHh"E S 115

nd.read_csv(“data.csv’) ° read_csv('data.csv', %arg0)
' rolling_aggregate(%tl, 60, 60, 'mean')

.ta11(1000)
.plot()
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__getitem__ & E17
(FIDELY H L)

pd.read_csv(“data.csv”)
.rol1ing(60).

.tai1(1000)
.plot()

rolling_aggregate opH" K S N 5

read_csv('data.csv', %arg0)

project(%t2, 'Close')

rolling_aggregate(%tl, 60, 60,

"mean')
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tail & =17

pd.read_csv(“data.csv”)
.rol1ing(60) .mean()

“Close”

.ta11(1000)

.plot()

slice opMERL I NS

read_csv('data.csv', %arg0)

project(%t2, 'Close’)
slice(%t3, -1000, None, 1)

rolling_aggregate(%tl, 60, 60,

"mean')
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plotZz E1T

pd.read_csv(“data.csv”)
.rol1ing(60) .mean()

read_csv('data.csv', %arg0)
rolling_aggregate(%tl, 60, 60, 'mean')
project(%t2, 'Close’)

[“Close’”] ject
.tai1(1000) slice(%t3, -1000, None, 1)

plotI WL DHh B ZFH A A > b D—D2 (fEICIE_repr_ 70 &)
_repr__|ZprintA THIB I NS
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1) projection pushdowns&zE{t

projection (FD¥MH) A#FTHL T2 & T, HET— X %HE

aA—HY—RNENLET0TT A

df = pd.read_csv("sample.csv")
sorted = df.sort_values("b")

result sorted[["a"]]

RSB @

\ 4

@alues “b"

\ 4

@ uan

AR
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df = pd.read_csv("sample.csv'")
d'FZ — df[[lia"’ “b"]]

sorted df2.sort_values("b")
result sorted[["a"]]

\ 4

project

[ua" ub"]
’

\
\
\
\
\
\
\
\
\
\
\
\
\
\
I > e [
llbll _/:_\-/f]

sort_values
projection '
pushdown @ “a”
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FEDMTOMAAEHLEZ LY RBWHASHEIZERT S
df[~df[“a"].isnull()]  # aBl At null D775 MR

- 2 |

df[“timestamp”].dt.stritime(“%Y").astype(int)  # timestampZllA> © FEDELY H L

-l 2 |

groupby(“a”).sum().sort_values(“b”)  # groupbyf&ER%Zbs| TV — kK

-2 |
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REDMTOEAELEZ LY RWHEHAGHOEICERT S

df[~df[“a"].isnull()]  # aZlA null D77 % HIBR
mm) df.dropna(“a”)

df[“timestamp”].dt.stritime(“%Y").astype(int)  # timestampZllA> © FEDELY H L

mm) df[“timestamp”].dt.year

groupby(“a”).sum().sort_values(“b”)  # groupbyf&ER%Zbs| TV — kK

‘ groupby(“a”, sort=False).sum().sort_values(“b")

# sort=False & 1811
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N —RBEILDER

df[~df[“a"].isnull()]  # aZIA nul D147 % BBk
mm) df.dropna(“a”)

aAVNA T TJL—LT]—7

M MLIR

/\oﬁ _ \/ @E%%% < 7L£ (,j’ COMPILER INFRASTRUCTURE

def FilterToDropnaPat
: Patq4(FilterOp $tbl,
(InvertOp: $res_invert (IsNullOp(ProjectOp $proj_tbl, $cols, $chain_proj),

$chain_isnull),
$chain_inv),
$no_align,

¢chain)

(DropnaOp $proj_tbl,
(MakeTupleFromVectorOrScalarOfColumnNameOp $cols),
(MakeScalarIntOp(ConstantI640p ConstantAttr<If64Attr, "0">,

(returnType "$_butilder.getI64Type()"))),
ConstantAttr<I1Attr, "0">, ConstantAttr<I1Attr, "1">, ConstantAttr<I32Attr, "0">, $chain_proj),
L(Constralnt<CPred<"res_tinvert.getresult( ).hasUnelse( )">>),(Constraint<(Pred<"tbl == proj_tbl”bb)]b;
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Backend TO & E{LHl: groupby

df.groupby(“x”).sum()

R O s)2 [ e |
JIV— T T
TI—=THEHBDEWE X (CEL TIW—THHBSWE E 2@
it 5lgroupby 7 /L I Y X L A5l groupby 7L 3V X L
TTT — X 4 N 4 ™
x|y
1y | NN S
a
° ? c 1 local b 2 local
c EE
. . , o groupby \\ A groupby N
b 3 L 2| & T s 0 B HIC
a 4 SEl s == *-< e
¢ 2 c 5 local / & c 1 ocal
c 5
S : : groupby Z = groupby




FireDucks D% 8E (2= ULFE groupby, join)

Database-like ops benchmark (https://duckdblabs.github.io/db-benchmark)

e [

05GB 5GB [N 0568 Xl 50GB
basic questions basic questions
Input table: 1,000,000,000 rows x 9 columns ( 50 GB ) Input table: 100,000,000 rows x 7 columns ( 5 GB )
B FireDucks 1.0.4 2024-09-10 158 B FireDucks 1.0.4 2024-09-10 7s
[] DuckDB 1.0.0 2024-07-04 25s [ ] DuckDB 1.0.0 2024-07-04 9s
LS [l ClickHouse 24.5.1.17632024-06-07 28s rank-1 B ERIETES 1.1.0 2024-07-08 9s
B Polars 1.1.0 2024-07-09 47s B Datafusion  38.0.1 2024-06-07 15s
B Datafusion  38.0.1 2024-06-07 56s B InMemoryData@etdp 2023-10-20 25s
B data.table 1.15.99 2024-06-07 88s B ClickHouse  24.5.1.17632024-06-07 43s
I DataFrames.jl 1.6.1 2024-06-07 91s B data.table 1.15.99 2024-06-07 62s
B InMemoryData@etdlp 2023-10-17 218s [ collapse 2.0.14 2024-06-07 69s
B spark 3.5.1 2024-06-07 261s [ DataFrames.jl 1.6.1 2024-06-07 77s
[] R-arrow 16.1.0 2024-06-07 378s B spark 39l 2024-06-07 128s
[ collapse 2.0.14 2024-06-07 411s B dplyr 1.1.4 2024-06-07 214s
(py)datatable 1.2.0a0 2024-06-07 1022s B pandas 2.2.2 2024-06-07 244s
M dplyr 1.1.4 2024-06-07 1104s B dask 2024.5.2 2024-06-07 635s
B pandas 2.2.2 2024-06-07 1126s (py)datatable 1.2.0a0 2024-06-07 undefined exception
B dask 2024.5.2 2024-06-07 out of memory [l R-arrow 16.1.0 2024-06-07 out of memory
B Modin see README pending M Modin see README pending
Groupby Join 0



FireDucksD%gE (TPC-HAR > F<— 7 Scale Factor=10)

pandash o d— FERE L < &K9961E, FIF103(E
i)

215): polars: 51x Intel(R) Xeon(R)
1000 FireDucks: 103x Platinum 8488C

(3207
Q AN
AT

XE!): 128GB
SILLLLSL LD

[~

OS: Linux

pandas 2.2.2
polars 1.9.0
&

10

o

pandastt

FireDucks 1.0.5

[y
o

RIFI—HI—R

https://github.com/fireducks-
dev/polarstpch/tree/fireducks

[N

92

&
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N
0% & F /v WS TEEER
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; @ i} . edgey//tracing % _|_

L (@] ] € Edge | edge:/tracing

| Record | Save | Load | trace.json

| |0 ms

|500 ms

@ @

O

X

M %[O

Flow events || Processes || Wiew Options ||

| 1,000 ms | 1,500 ms

EEEE Q
|2
Y

* Process 0

X

v 139843379611456

fireducks. ..

firedudis_core_evaluate
fireducks_ext execute
firez: Becut=BEF

fireducks_read_pamquet _ fireduc. ..

D8 53835 8275 3|l4

ElE(] BBl

1 item selected. Slice (1) /

Title fireducks.join L}
User Friendly Category other

Start 1,433,200,326 ns
Wall Duration 146,621,825 ns
Self Time 28,745 ns

L ~F+ms

@
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DataFrameZ7 1 7 7 U O ELER

pandas
B4

FireDucks O O X
Polars X O X
Modin O JAN O
Dask/Vaex /\ /\ O
Pandas O X X
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pipad~¥>» K TA R +—JLAJEE (BSD7 1 £ > X)

$ pip install fireducks 3% BBEE [ LinuxD YR — b (WSLA])

import>XX DE TR /21T TR <, pandash o D HEIZI DL AIBE

pythona < > N DF|#TIHRE

$ python3 -m fireducks.pandas program.py

jupyter notebook T~ v 7 av > K

%1oad_ext fireducks.pandas

import pandas

34



it m _En{TilsA: Fallback

Python

Frontend

....................................... > I::I pa ndas

!
IR Builder Fallback
] FRIEREZEDL T IZ, Frontend? Hpandas% B
727V —LE RO S
PRISEE

B lx EAB T E, el EA S AUy (FireDucks TERL A WE ZXITIT N

$ FIREDUCKS_FLAGS="-wfallback" python -mfireducks.pandas demo.py

demo.py:4: Fallbackwarning: Series.plot 0.201566 sec ...

% Warningz H9 Z & [3AJgE (TFRELTFE W)
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apply

apply°/L— 7 ZF]H L 7 L

(AFIH2& Y KREWITOBIDEET)

s =0
for 1 in range(len(df)):

if dF["A"][i] > 2:
s += df["B"]1[1]

s =20
def func(row):
if row[“a”] > 2:
S += row[“B”]

df.apply(func)

= df[df["A"] > 2]["B"].sum()

H‘I FIEﬁ _—I_/,\J - /_:\

t0 = time.time()
df.sort_values(®a”)

tl = time.time()
print(tl - t0)

IELWEEEDAATE RV GBIERETT)

¥

df._evaluate()

t0 = time.time()
df.sort_values(“a”)._evaluate()
tl = time.time()

print(tl - t0)
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Resource

WebY 4 |k

https://fireducks-dev.github.io/ja/
(A=Y —=HAF, RvFI—07kE)

aj.. I I(:
FireDucks @ .

Compiler Accelerated DataFrame Library for Python with fully-compatible pandas API

import fireducks.pandas as pd

slack (Q&A, #EX)

News
Release fileducks-0.12.5 (Jul 12, 2024)
A tech-talk on FireDucks and its offerings in SacPy July Meetup event (video) (Jul 12, 2024)

twitter/X (U U — R E%R)
githb (issue repori) https://x.com/fireducksdev

https://github.com/fireducks-dev/fireducks E E
X %
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FlreDucksti pandasDdrop-in replacement T{& X %
RT—XTIL—LZ7A477YTT

ST N TEINOFERICK Y, pandasD 55 R T
BHHTITFALy FETT, BEmElLEITWET

TOTERATEIW
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TR —T7 54 XYR—F FireDuckslCE9 57> — b

FireDucksF R F — L DA

NECHr LI VR —T 574X

N— b ZRHETFE

EICE

FireDucks D5 DR CEZEREFR D
T=oDA 7y bEBEWLET !
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A & s

Google Colab®d L < IFHFITDLinux THE L <723 W

https://colab.research.google.com/qgithub/fireducks-dev/fireducks/blob/main/notebooks/fireducks pandas nyc demo.ipynb

« NYCX Vv —7F — &%\ /-pandas & FireDucks D FL B
« BB DY
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https://colab.research.google.com/github/fireducks-dev/fireducks/blob/main/notebooks/fireducks_pandas_nyc_demo.ipynb
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