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trade_schema = StructType([
StructField(“symbol”, StringType()),
StructField(“event_ts”, TimestampType()),
StructField(“trade_dt”, StringType()),
StructField(“trade_pr”, DoubleType())
D

quote_schema = StructType([
StructField(“symbol”, StringType()),
StructField(“event_ts”, TimestampType()),
StructField(“trade_dt”, StringType()),
StructField(“bid_pr”, DoubleType()),
StructField(“ask_pr”, DoubleType())

D

< databricks

1 display(spark.read.format("delta").load("/tmp/finserv/delta/trades"))

» (1) Spark Jobs

symbol event_ts

AMH 2017-08-31T11:58:35.000+0000
EMIS 2017-08-31T22:52:54.000+0000
AMH 2017-08-31T04:33:52.000+0000
AMH 2017-08-31T02:32:37.000+0000
KIO 2017-08-31T06:03:36.000+0000
EMIS 2017-08-31T18:00:38.000+0000
EMIS 2017-08-31T03:39:54.000+0000
EMIS 2017-08-31T02:59:52.000+0000
KWR 2017-08-31T10:02:30.000+0000

Showing the first 1000 rows.

1 display(spark.read.format("delta").load("/tmp/finserv/delta/quotes"))

» (1) Spark Jobs

symbol event_ts

cosT 2017-08-31T00:10:19.000+0000
AMD 2017-08-31T00:10:19.000+0000
KYN 2017-08-31T00:10:19.000+0000
KYN 2017-08-31T00:10:19.000+0000
KYN 2017-08-31T00:10:19.000+0000
EMIS 2017-08-31T00:10:19.000+0000
EMIS 2017-08-31T00:10:19.000+0000
EMIS 2017-08-31T00:10:19.000+0000
CAF 2017-08-31T00:10:19.000+0000

Showing the first 1000 rows.

trade_dt

2017-08-31
2017-08-31
2017-08-31
2017-08-31
2017-08-31
2017-08-31
2017-08-31
2017-08-31
2017-08-31

trade_dt

2017-08-31
2017-08-31
2017-08-31
2017-08-31
2017-08-31
2017-08-31
2017-08-31
2017-08-31
2017-08-31

bid_pr
343.69295468812896
347.04709899077204
348.53269061203054
344.7049081216955
346.216800782748
349.4801250232342
346.94067005458623
346.54222291125706
348.11208695271176

trade_pr
347.3411812850558
348.2907055152273
346.3701388789535
346.3012590012465
349.5138613212247
348.0215275764011
348.5171330367943
348.54131225455575
348.86337472824437

ask_pr
350.909849275807
348.5183895843159
351.4189643371137
349.80283794725966
348.6772930682145
351.0930879023341
348.7309464067882
348.25466426470564
352.34177898766933
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# sample code inside join method

#define partitioning keys for window
partition_spec = Window.partitionBy(‘symbol’)

# define sort - the ind_cd is a sort key (quotes before trades)
join_spec = partition_spec.orderBy(‘event_ts’). \
rowsBetween(Window.unboundedPreceding, Window.currentRow)

# use the last_value functionality to get the latest effective record
select(last(“bid”, True).over(join_spec).alias(“latest_bid”))


https://databricks.com/try-databricks?utm_source=big%20book%20of%20machine%20learning%20use%20case%20&utm_medium=website&utm_campaign=202007-AMER-EB-Big-Book-Of-Machine-Learning-Use-Cases
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# apply our custom join

mkt_hrs_trades = trades.filter(col(“symbol”) ==
mkt_hrs_trades_ts = base_ts(mkt_hrs_trades)
quotes_ts = quotes.filter(col(“symbol”) == “K”)

display(mkt_hrs_trades_ts.join(quotes_ts))

1 display(mkt_hrs_trades_ts.join(quotes_ts))

» (6) Spark Jobs

event ts price symbol
2017-08-31T06:29:58.000+0000 347.4121586706382 K
2017-08-31T06:32:30.000+0000 346.7582132240916 K
2017-08-31T06:37:31.000+0000 348.919146315238 K
2017-08-31T06:56:24.000+0000 349.45235333868743 K
2017-08-31T08:38:22.000+0000 347.6687817715506 K
2017-08-31T08:52:59.000+0000 349.11648025163987 K
2017-08-31T09:22:55.000+0000 347.16036576622395 K
2017-08-31T10:00:54.000+0000 348.4869310969907 K
2017-08-31T10:52:36.000+0000 348.44707325529976 K
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2017-08-31T06:29:58.000+0000 2017-08-31T08:38:22.000+0000

< databricks

“K”)

event_ts

ind_cd

latest_bid
346.0297772384752
346.0297772384752
346.0297772384752
346.0297772384752
345.46234681384203
347.1462324487709
346.44863456258196
346.5728444681869
345.42173015910055

latest_offer
350.39315623662594
350.39315623662594
350.39315623662594
350.39315623662594
348.8679460367136
351.7600135730971
352.27114879065283
350.40101772579453
350.21440300934785

M latest_bid
M price

o W latest_offer

2017-08-31T10:52:36.000+0000

—

2017-08-31T13:42:17.000+0000
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trade_ts = base_ts(trades.select(‘event_ts’, symbol, ‘price’, 1it(100).
alias(“volume™)))
vwap_df = trade_ts.vwap(frequency = ‘m’)

display(vwap_df.filter(col(symbol) == “K”) \
filter(col(‘time_group’).between(‘09:30’
.orderBy(‘time_group’))

,°16:007)) \

350
350 M vwap

350 M max_price
350

350

350

vwap, max_price

350
350
350
350

10:00 10:52 12:47 13:17

time_group

13:42 14:53 15:14
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PySpark4Finance ) = code.py ) g PySParkaFinance ~ H

& basepy & mat views.py * | i create_roll_window._view.ipynt

PEO t 4+ Code

for mins in [1, 5, 10, 20]:
secs = minsx*60
mat_view.append_lag_mean_window_stat('price', secs)

inras]: import pandas as pd
spark.conf.set("spark.sql.execution.arrow.enabled", "false")
pd.set_option('display.width', 60)
display(mat_view.df.filter(col('symbol®) == 'TARO').limit(5).toPandas())
symbol [event_ts [trade_dt price| bid [offer [ind_cd| _epoch_ts rolling_mcan_price_lag_60 rolling_mean_price_lag_300 |rolling_mecan_price_lag_600 [rolling_mean_price_lag_1200
2017 boi7-0s
0 [TARO [08-30 “9%°1346.499931 None None |1 1504137646 346409931 346.499931 346.499931 346.499931
[20:00:46
2017 boi7-0s
L|TARO [08-30 %7 1348.398047 None None |1 1504138788 348.308047 348.398047 348.398047 347.448980
[20:19:48
2017 boi7-0s
2[TARO [08-30 “%°1346.411332 None None |1 1504139826 346411332 346411332 346.411332 347.404689
[20:37:06
2017 boi7-0s
3|TARO [08-30 “%°1340.811785 None None |1 1504140172 349.811785 349.811785 348.111559 348.111559
[20:42:52
2017 boi7.08
4[TARO J08-30 |57 [347.540960 None [None |1 1504140432 347.540960 348.676373 348.676373 347.921359
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import databricks.koalas as ks

kdf_src = ks.read_delta(“...”)

grouped_kdf = kdf_src.groupby([ ‘event_ts’],
as_index=False).max()
grouped_kdf.sort_values(by=[ ‘event_ts’])
grouped_kdf.head()

Symbol Date Time bid_pr ask_pr bid_shrs_qt ask_shrs_qt event_ts
39757 ITUB 03/05/2014 09:30:00.011  13.14  13.23 700.0 200.0 2014-03-05 09:30:00.011
39758 ITUB 03/05/2014 09:30:00.052 13.15  13.23 700.0 200.0 2014-03-05 09:30:00.052
39759 ITUB 03/05/2014 09:30:00.235 13.15  13.22 700.0 100.0 2014-03-05 09:30:00.235
39760 ITUB 03/05/2014 09:30:00.236 13.16  13.22 100.0 100.0 2014-03-05 09:30:00.236
39761 ITUB 03/05/2014 09:30:00.237 13.16  13.21 100.0 700.0 2014-03-05 09:30:00.237
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Ofefiet Z0| shift (SparkQ| lag g2t FADE AFESHO] SHLS| =R L

L= A(lag) 4= 7ML= e pandas QEH0|AS HE5ELC

grouped_kdf.set_index(‘event_ts’, inplace=True, drop=True)
lag_grouped_kdf = grouped_kdf.shift(periods=1, fill_value=0)

lag_grouped_kdf.head()

Symbol Date Time bid pr ask pr bid shrs_qt ask shrs gt

event_ts
2014-03-05 09:30:00.011 0 0 0 0 0 0.0 0.0
2014-03-05 09:30:00.052 ITUB 03/05/2014 09:30:00.011 1314 13.23 700.0 200.0
2014-03-05 09:30:00.235 ITUB 03/05/2014 09:30:00.052 13.15 13.23 700.0 200.0
2014-03-05 09:30:00.236 ITUB 03/05/2014 09:30:00.235 13.15 13.22 700.0 100.0
2014-03-05 09:30:00.237 ITUB 03/05/2014 09:30:00.236 13.16 13.22 100.0 100.0
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lagged = grouped_kdf.merge(lag_grouped_kdf, left_index=True, right_index=True,
sufixes=[‘’, ‘_lag’])
lagged[ ‘imblnc_contrib’] = lagged[ ‘bid_shrs_qt’J*lagged[ ‘incr_demand’] \

- lagged[ ‘bid_shrs_qt_lag’J*lagged[ ‘decr_demand’] \

- lagged[ ‘ask_shrs_qt’ ]xlagged[ ‘incr_supply’] \

+ lagged[ ‘ask_shrs_qt_lag’]*lagged[ ‘decr_supply’]

Symbol Time bid pr ask pr bid _pr lag ask pr_lag imbinc_contrib

event_ts
2014-03-05 09:30:00.011 ITUB 09:30:00.011 13.14  13.23 0 i) 500.0
2014-03-05 09:30:00.052 ITUB 09:30:00.052 13.15 13.23 13.14 13.23 0.0
2014-03-05 09:30:00.235 ITUB 09:30:00.235 13.15 13.22 13.15 13.23 100.0
2014-03-05 09:30:00.236 ITUB 09:30:00.236 13.16 13.22 13.15 13.22 -600.0
2014-03-05 09:30:00.237 ITUB 09:30:00.237 13.16 13.21 13.16 13.22 -600.0


https://databricks.com/try-databricks?utm_source=big%20book%20of%20machine%20learning%20use%20case%20&utm_medium=website&utm_campaign=202007-AMER-EB-Big-Book-Of-Machine-Learning-Use-Cases

Clolg Ato]AA AHE At BIG BOOK

Koalas-NumPy Hgto 2 S m|E|

27| 287} EX222 Koalas HI0]H TS 84 &40 788 IAH2=2 BIF0{0
LT Of 2A2| 32, 245 Uds| Hof| & £= G2 Al HRIZ2 2uds EAY
2 QAo =2 Boj=2|7| 2{sl E[H “ITUB”O| Cisl M| HlO|e MES A3lg AYLCt
Koalas %2 NumPy GIO|E] MEZ ®3st5t1, SciPy 210|E2{2|2 AI25I X2 52
=T Y0M O|H2|E BRote Y2 a2t 25U to_numpy() #+2& AFESHY O]
=4S HEgLC

from scipy.stats import t
import scipy.stats as st
import numpy as np

q_ofi_values = lagged[ ‘imblnc_contrib’].to_numpy()
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https://www.imdb.com/title/tt3230854/
https://dennyglee.files.wordpress.com/2019/03/doors-and-corners-kid_thats-where-they-get-you.wav
https://dennyglee.files.wordpress.com/2019/03/doors-and-corners-kid_thats-where-they-get-you-2.wav
https://dennyglee.files.wordpress.com/2019/03/you-walk-into-a-room-too-fast_the-room-eats-you.wav
https://dennyglee.files.wordpress.com/2019/03/doors-and-corners-kid.wav
https://www.amazon.com/The-Expanse-Season-1/dp/B018BZ3SCM
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from scipy.io import wavfile
from matplotlib import pyplot as plt
from matplotlib.pyplot import figure

# Read stored audio files for comparison
fs, data = wavfile.read(“/dbfs/folder/clipl.wav”)

# Set plot style
plt.style.use(‘seaborn-whitegrid’)

# Create subplots
ax = plt.subplot(2, 2, 1)
ax.plot(datal, color="#67A0DA’)

W

) ) Doors and corners, kid. That’s where they get you.
# Display created figure

fig=p1t.show()
display(fig)
A ZEH|O|AE 52| AlZE o= BlE =ESO| Lt ASLICY.
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from fastdtw import fastdtw

# Distance between clip 1 and clip 2
distance = fastdtw(data_clipl, data_clip2)[@]
print(“The distance between the two clips is %s” % distance)
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# Calculate distance via dynamic time warping between product code and
optimal time series

import numpy as np

import _ucrdtw

Social Sciences)

import pandas as pd def get_keyed_values(s):

return(s[0], s[1:])
# Use Pandas to read this data

sales_pdf = pd.read_csv(sales_dbfspath, header="infer’) def compute_distance(row):

return(row[0], _ucrdtw.ucrdtw(list(row[1][0:52]), list(optimal_pattern),

# Review data 0.05, True)[1])

display(spark.createDataFrame(sales_pdf))

ts_values = pd.DataFrame(np.apply_along_axis(get_keyed_values, 1, sales_pdf.
values))
distances = pd.DataFrame(np.apply_along_axis(compute_distance, 1, ts_values.
values))
Product_ Code = WO = W1 = W2 = W3~ W4 = W5~ W6~ W7 = W8 = W9 = WI0 v Wil v W12 = W13 distances.columns = [‘pcode’, ‘dtw_dist’]
P1 11 12 10 8 13 12 14 21 6 14 11 14 16 9
P2 7 6 3 2 7 1 6 3 3 3 2 2 6 2
P3 7 11 8 9 10 8 7 13 12 6 14 9 4 7
Pe 2 8 8 s s 6 8 B W M 8 4 5 ALE S AIZE ol HH2l FS ALBSIR DTW 7{2|o] RS SAE IO R Stolst 4
P5 8 5 13 11 6 7 9 14 9 9 11 18 8 4
olALIC
P& 3 3 2 7 6 3 8 6 6 3 1 1 5 4 UGHCL
P7 4 8 3 7 8 7 2 3 10 3 5 2 3 4
P8 8 6 10 9 6 8 7 5 10 10 8 8 15 9
90 DTW Distances for Each Pairwise Product Sales Comparison
80
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%sql

—-- Top 10 product codes closest to the optimal sales trend

select pcode, cast(dtw_dist as float) as dtw_dist from distances order by cast(dtw_dist as
float) limit 10

6.0
5.5

5.
4.
4.
3.
3.
2.
2
15
1.00
0
0.00

P675 P703 P358 P697 P816 P601 P674 P372 P476 P694
pcode

o o o o

ditw_dist
o

o o

o
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Comparing Optimal Sales Trends With P675 and P716

—e— Optimal Sales Trend
—&— P675
—— P716
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# Review P202 weekly sales
y_p202 = sales_pdf[sales_pdf[ ‘Product_Code’] == ‘P202’].values[@][1:53]

Comparing Optimal Sales Trends With Weekly Sales for P2

o— Optimal Sales Trend

& +«— P716
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iwith mlflow.start_run() as run:
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import mlflow

def run_DTW(ts_stretch_factor):
# calculate DTW distance and Z-score for each product

with mlflow.start_run() as run:

# Log Model using Custom Flavor
dtw_model = {‘stretch_factor’ : float(ts_stretch_factor), ‘pattern’ : optimal_

pattern}
mlflow_custom_flavor.log _model(dtw_model, artifact_path="model”)

# Log our stretch factor parameter to MLflow
mlflow. log_param(“stretch_factor”, ts_stretch factor)

# Log the median DTW distance for this run
mlflow. log_metric(“Median Distance”, distance_median)

# Log artifacts - CSV file and PNG plot - to MLflow
mlflow. log_artifact(‘zscore_outliers_’ + str(ts_stretch _factor) + ‘.csv’)
mlflow. log_artifact(‘DTW_dist_histogram.png’)

return run.info

stretch_factors_to_test = [0.0, 0.01, 0.025, 0.05, 0.1, 0.25, 0.5]
for n in stretch_factors_to_test:
run_DTW(n)
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Q0| T2 70| BE Python 2US W27 HEE 4
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mlflow.sklearn.log_model(model=sk_model, artifact_path="sk_model _path”)
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import custom_flavor as mlflow_custom_flavor

loaded_model = mlflow_custom_flavor.load_model(artifact_path="model’, run_
id="e26961b25c4d4402a9a5a7a679fc8052°)
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# use the model to evaluate new products found in ‘new_sales_units’
output = loaded_model.predict(new_sales_units)
print(output)
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AEA I{E S SBHEILICE Prophete 0|21 HIOE{Q] 27 THEIS =& A LIRS LICE 9| make_future_dataframe M EE AtE5t0] 1hAH I} 90 0|42 E&st= H|0|H

MEZS golgittt,

A5 D Azt

Facebook Prophet2 scikit-learn APIS 27| TR0 sklearnS AL ZE0| Q=

AtEtol2tH E=2Lt 21A A& 4~ QIELICE 22 pandas DataFrames Q&2 Y5l 0f

LT 2 BA 2 IR0|11 = B E2 o Sot7| et 24(0] B, oi=) LTt OlOo[E
future_pd = model.make_future_dataframe(
AA0| HEg R g 2EE = - AU periods=90,

freq="d’,
include_history=True

import pandas as pd
from fbprophet import Prophet # predict over the dataset
forecast_pd = model.predict(future_pd)
# instantiate the model and set parameters
model = Prophet(
interval_width=0.95,

growth="linear’, O|de2 EYLICH Prophet2| W& plot HIMEZS AFESHH AA 2 oS HO[E{7t OE
daily_seasonality=False, st
weekly_seasonality=True, LIEFLER, D[22t Og 2| OIZEh=x| AlZEE 4 QUBLICL BT, M YT 77+ 2

O A -
yearly_seasonality=True, AEA £~ THE0| 0| = Z2t0]| BrHE|0] RELICE
seasonality_mode="multiplicative’

)
# fit the model to historical data predict_fig = model.plot(forecast_pd, xlabel="date’, ylabel=’sales’)
model.fit (history_pd) display(fig)
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@pandas_udf(result_schema, PandasUDFType.GROUPED_MAP)
def forecast_store_item(history_pd):

# instantiate the model, configure the parameters
model = Prophet(
interval_width=0.95,
growth="1linear’,
daily_seasonality=False,
weekly_seasonality=True,
yearly_seasonality=True,
seasonality mode="multiplicative’

# fit the model
model.fit(history_pd)

# configure predictions

future_pd = model.make_future_dataframe(
periods=90,
freg="d’,
include_history=True

# make predictions
results_pd = model.predict(future_pd)

# return predictions
return results_pd
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from pyspark.sql.functions import current_date

results = (
store_item_history
.groupBy(‘store’, ‘item’)
.apply(forecast_store_item)
.withColumn(‘training date’, current_date())

)
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# Rules to Identify Known Fraud-based @
df = df.withColumn(“label”,

F.when (

(
(df.oldbalanceOrg <= 56900) & (df.type == “TRANSFER”) & df.newbalanceDest <= 105)) |
< —
H ) 0101

(df.oldbalanceOrg > 56900) & (df.newbalanceOrig <= 12)) |
(
(df.oldbalanceOrg > 56900) & (df.newbalanceOrig > 12) & (df.amount > 1160000)

Financial Data Do &
) .otherwise(0))
# Rules to Identify Known Fraud-based @ ‘; i!
df = df.withColumn(“label”,

F.when (
(
(df.oldbalanceOrg <= 56900) & (df.type == “TRANSFER”) & — |
H ( 0101
(df.oldbalanceOrg > 56900) & (df.newbalanceOrig <= 12)) |
(
(df.oldbalanceOrg > 56900) & (df.newbalanceOrig > 12) & (df.amount > 1160000)

Financial Data ), 1
) .otherwise(0))
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Column Name Description
step maps a unit of time in the real world. In this case 1 step is 1 hour of time. Total steps 744 (30 days simulation).
type CASH-IN, CASH-OUT, DEBIT, PAYMENT and TRANSFER.
amount amount of the transaction in local currency.
nameQrig customer who started the transaction
oldbalanceOrg initial balance before the transaction

newbalanceOrig new balance after the transaction

nameDest customer who is the recipient of the transaction

oldbalanceDest initial balance recipient before the transaction. Note that there is not information for customers that start with M (Merchants).
newbalanceDest new balance recipient after the transaction. Note that there is not information for customers that start with M (Merchants).

G|O|E{ EHAH
Creating the DataFrames: DataFrames A4d: G|O|E{7} Databricks File System (DBFS)0i|

HZE |0 Y2 B2 Spark SQLE AFHRSI0] DataFramesS W2 10 £ A A4S 4= Ql&L|C

# Create df DataFrame which contains our simulated financial fraud detection dataset
df = spark.sql(“select step, type, amount, nameOrig, oldbalanceOrg, newbalanceOrig,
nameDest, oldbalanceDest, newbalanceDest from sim_fin_fraud_detection”)

< databricks
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step
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# Review the schema of your data
df.printSchema()

root

-- step: integer (nullable = true)

-- type: string (nullable = true)

—-- amount: double (nullable = true)
-- nameOrig: string (nullable = true)

-- newbalanceOrig: double (nullable =

-- nameDest: string (nullable = true)

-- oldbalanceDest: double (nullable = true)

-- newbalanceDest: double (nullable =

type amount nameOrig oldbalanceCrg
PAYMENT 9839.64 C1231006815 170136
PAYMENT 1864.28 C1666544295 21249
TRANSFER 181 C1305486145 181
CASH_OUT 181 840083671 181

PAYMENT 11668.14 C2048537720 41554
PAYMENT 7817.71 C90045638 53860
PAYMENT 7107.77 C154988899 183195
PAYMENT 7861.64 C1912850431 176087.23
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I-- oldbalanceOrg: double (nullable = true)
] true)
1

|
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I
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1

true)

EE  1,00087}A]

newbalanceOrig
160296.36
19384.72

0

0

29885.86
46042.29
176087.23
168225.59

nameDest
M1979787155
M2044282225
C553264065
38997010
M1230701703
M573487274
M408069119
M633326333

oldbalanceDest
0

0

0

21182
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%sql
-- Organize by Type
select type, count(1) from financials group by type

1%

type

[l TRANSFER

B CcASH_IN

[ casH_out

[l PAYMENT
DEBIT
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sum(amount)
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%sql
select type, sum(amount) from financials group by type

2l 7|8t ool
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# Rules to Identify Known Fraud-based
df = df.withColumn(“label”,

newbalanceDest <= 105))

APl At 9] EiIOIE17f HolM O|A2=2 2
2A =2 SEdt= UF

gLUCE 07[0f M= 0l ﬁ“"oﬂ fﬂfaf label0l2t= &

2 zHsPl= ofzig SELC of
72 HEZ AP &2

oS LT

=0F 2717k

(df.oldbalanceOrg <= 56900) & (df.type
I ( (df.oldbalanceOrg > 56900) & (df.newbalanceOrig <= 12)) |
(df.oldbalanceOrg > 56900) & (df.newbalanceOrig > 12) & (df.amount > 1160000)

“TRANSFER”) & (df.

).otherwise(0))
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%sql

select label, count(1l) as ‘Transactions’, sun(amount) as ‘Total Amount’ from financials_
labeled group by label

Transactions Total Amount

4%
label
" :
Wo
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# Split our dataset between training and test datasets
(train, test) = df.randomSplit([0.8, 0.2], seed=12345)
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display(dt_model.stages[-1])

from pyspark.ml import Pipeline

from pyspark.ml.feature import StringIndexer

from pyspark.ml.feature import VectorAssembler

from pyspark.ml.classification import DecisionTreeClassifier

feature’ 6

@
# Encodes a string column of labels to a column of label indices -
indexer = StringIndexer(inputCol = “type”, outputCol = “typeIndexed”) <558ea 22
fearure’ 3 \!earure‘ 6
# VectorAssembler is a transformer that combines a given list of columns into a single 4 f?
vector column j N e asten
= VectorAssembler(inputCols = [“typeIndexed”, “amount”, “oldbalanceOrg”, 7 _— ,ﬁm;jamk N
“newbalanceOrig”, “oldbalanceDest”, “newbalanceDest”, “orgDiff”, “destDiff”], outputCol = Q Q ® @)
“features”) N L Nov 2
<=5 Cres el0 2,4
# Using Fh? Dec151onTr?§ classifier modfl ) ) ) C;*”E‘ C;““‘ Cg““5 O S C;*“5
dt = DecisionTreeClassifier(labelCol = “label”, featuresCol = “features”, seed = 54321, ¢ i
maxDepth = ) dvz;ﬁs?e‘fﬁ d?;:?eﬁ aag:.ssen dﬁg:@ggﬂ
feaiure' 2 feature’ 4 feature’ 0 feature” 2
# Create our pipeline stages Q @ Q O @® Q O Q
pipeline = Pipeline(stages=[indexer, va, dt]) N X 5005 o0 N
<=ZEie+b <=7 45645 €101 <=5 Cae=
# View the Decision Tree model (prior to CrossValidator) Q O Q Q Q O 0 Q

dt_model = pipeline.fit(train)

< databricks
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from pyspark.ml.tuning import CrossValidator, ParamGridBuilder

# Build the grid of different parameters
paramGrid = ParamGridBuilder() \
.addGrid(dt.maxDepth, [5, 10, 15]) \
.addGrid(dt.maxBins, [10, 20, 30]) \
Lbuild()

# Build out the cross validation

crossval = CrossValidator(estimator = dt,
estimatorParamMaps = paramGrid,
evaluator = evaluatorPR,
numFolds = 3)

# Build the CV pipeline

pipelineCV = Pipeline(stages=[indexer, va, crossval])

# Train the model using the pipeline, parameter grid, and preceding

BinaryClassificationEvaluator
cvModel_u = pipelineCV.fit(train)

< databricks
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# Build the best model (training and test datasets)
train_pred = cvModel_u.transform(train)
test_pred = cvModel_u.transform(test)

# Evaluate the model on training datasets
pr_train = evaluatorPR.evaluate(train_pred)
auc_train = evaluatorAUC.evaluate(train_pred)

# Evaluate the model on test datasets
pr_test = evaluatorPR.evaluate(test_pred)
auc_test = evaluatorAUC.evaluate(test_pred)

# Print out the PR and AUC values
print(“PR train:”, pr_train)
print(“AUC train:”, auc_train)
print(“PR test:”, pr_test)
print(“AUC test:”, auc_test)

# Output:

# PR train: 0.9537894984523128
# AUC train: 0.998647996459481
# PR test: 0.9539170535377599
# AUC test: 0.9984378183482442
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## Reset the DataFrames for no fraud ("dfn”) and fraud (" dfy’)
dfn = train.filter(train.label == 0)
dfy = train.filter(train.label == 1)

Calculate summary metrics
train.count()
dfy.count()

y/N

T < = #=
1o

# Create a more balanced training dataset
train_b = dfn.sample(False, p, seed = 92285).union(dfy)

# Print out metrics
print(“Total count: %s, Fraud cases count: %s, Proportion of fraud cases: %s” % (N, vy,

p))

print(“Balanced training dataset count: %s” % train_b.count())

# Qutput:

# Total count: 5090394, Fraud cases count: 204865, Proportion of fraud cases:
0.040245411258932016

# Balanced training dataset count: 401898

# Display our more balanced training dataset
display(train_b.groupBy(“label”).count())
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# Re-run the same ML pipeline (including parameters grid)
crossval_b = CrossValidator(estimator = dt,
estimatorParamMaps = paramGrid,

evaluator = evaluatorAUC,

numFolds = 3)

pipelineCV_b = Pipeline(stages=[indexer, va, crossval_b])

# Train the model using the pipeline, parameter grid, and
BinaryClassificationEvaluator using the "train_b" dataset
cvModel_b = pipelineCV_b.fit(train_b)

# Build the best model (balanced training and full test datasets)
train_pred_b = cvModel_b.transform(train_b)
test_pred_b = cvModel_b.transform(test)

# Evaluate the model on the balanced training datasets
pr_train_b = evaluatorPR.evaluate(train_pred_b)
auc_train_b = evaluatorAUC.evaluate(train_pred_b)

# Evaluate the model on full test datasets
pr_test_b = evaluatorPR.evaluate(test_pred_b)
auc_test_b = evaluatorAUC.evaluate(test_pred_b)

# Print out the PR and AUC values
print(“PR train:”, pr_train_b)
print(“AUC train:”, auc_train_b)
print(“PR test:”, pr_test_b)
print(“AUC test:”, auc_test_b)

# Output:

# PR train: 0.999629161563572

# AUC train: 0.9998071389056655
# PR test: 0.9904709171789063

# AUC test: 0.9997903902204509
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O] 20|M= 0| 20| (Chx|=2) AtEOl2t= AS ®Scle Koalass AFESIHH £2 O|RE AtM|EH L2 Koalas ReadmeS 225,
M5t gLCh f2|= pandas ZEE 1% 0|2t 2 HZASED Koalas?t SparkOflA]
TEE Aalie & QASLICH A3l A|ZHS 108} O|4F Ch=slf & AJZI0M B 2o 2 2D
_ P _ import databricks.koalas as ks
H AT{Z O F2SE A olo O ore = ZH|Gt A Ol A
HEE 2BHLE HYY + UCBE [ Y2 HIOHE EHIZ & AUSHCL kdf = ks.DataFrame({‘columnl’:[4.0, 8.0]}, {‘column2’:[1.0, 2.0]})
kdf
=
e A2}
KoalasE Az|5t7| 0| Spark S2{AEE A5t PySparkOf AFE5tA| < 02
FH= HAotMI2. cnd 1
pv il v = X

1 Hdmport databricks.koalas as ks

2 kdf = ks.DataFrame({'columnl':[4.0, 8.0], 'column2':[1.0, 2.0]})

3 kdf
pip install koalas

» (2) Spark Jobs

column1i column2

1 8.0 2.0

conda AtEAF 0 40 10
&

Command took 2.13 seconds -- by patryk.oleniuk@hyperloop-one.com at 8/8/2019, 12:40:05 PM on ML Analytics

conda install koalas -c conda-forge Cluster
HCIAL], Koalas= pandas®t FAFSH QIE{ZHE|E E|O|S 2 AT Y 4 STt HofLt
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import pandas as pd

## generate 1M rows of test data

pdf = generate_pd_test_data( 1e6 )
pdf.head(3)

>> timestamp pod_id trip_id speed_mph
0 7.522523 pod_13 trip_6 79.340006

1 22.029855 pod_5 trip_22 65.202122

2 21.473178 pod_20 trip_10 669.901507

22l BOlI: Hyperloop 4|2t 225t 452 &
ohU0|H, 22| G|0|E{S LIEtL
CtS9| FA0M &olgt 4~ USL|TH
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ChE2t 20| 22E pod-trip0f tieh 2 712 25t 284 24 BIEHEASUHH oS
=01, pod-tripd 0|5 AlZtE EO0tE7t2?

A
- g-

ne
0)
roh

1. [‘pod_id’, ’trip_id’] 2 S35}
2. 2t O| 50 CHal trip_time = OFR|S} EFQUAEHI-24 SR EFQUACHIIZ 2|4t

3. pod-trip Ol 2 ALK (LY, EF HAY)

#0 L2l (pandas) ¥ (D= 22ZE#1)

import pandas as pd

# take the grouped.max (last timestamp) and join with grouped.min (first timestamp)
gdf = pdf.groupby([ ‘pod_id’, trip_id’]).agg({ timestamp’: [ ‘min’, max’]})
gdf.columns = [‘timestamp_first’, timestamp_last’]

gdf[‘trip_time_sec’] = gdf[‘timestamp_last’] - gdf[‘timestamp_first’]
gdf[‘trip_time_hours’] = gdf[‘trip_time_sec’] / 3600.0

# calculate the statistics on trip times

pd_result = gdf.describe()


https://gist.github.com/patryk-oleniuk/043f97ae9c405cbd13b6977e7e6d6fbc
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Z0 whE (PySpark) 2 (ZE& 2ZF #2)

import pyspark as spark

# import pandas df to spark (this line is not used for profiling)

sdf = spark.createDataFrame(pdf)

# sort by timestamp and groupby

sdf = sdf.sort(desc(‘timestamp’))

sdf = sdf.groupBy(“pod_id”, “trip_id”).agg(F.max(‘timestamp’).alias(‘timestamp_last’),
F.min(‘timestamp’).alias(‘timestamp_first’))

# add another column trip_time_sec as the difference between first and last

sdf = sdf.withColumn(‘trip_time_sec’, sdf2[‘timestamp_last’] - sdf2[‘timestamp_first’])
sdf = sdf.withColumn(‘trip_time_hours’, sdf3[ ‘trip_time_sec’] / 3600.0)

# calculate the statistics on trip times
sdf4.select(F.col(‘timestamp_last’),F.col(‘timestamp_first’),F.col(‘trip_time_sec’),F.
col(‘trip_time_hours’)).summary() .toPandas()

B WEE (Koalas) ¥ (R = 22 #3)

import databricks.koalas as ks

# import pandas df to koalas (and so also spark)

(this line is not used for profiling)

kdf = ks.from_pandas(pdf)

# the code below is the same as the pandas version

gdf = kdf.groupby([‘pod_id’, trip_id’]).agg({‘timestamp’: [‘min’, ’max’]})
gdf.columns = [‘timestamp_first’,’ timestamp_last’]

gdf[ ‘trip_time_sec’] = gdf[ ‘timestamp_last’] - gdf[‘timestamp_first’]
gdf[‘trip_time_hours’] = gdf[‘trip_time_sec’] / 3600.0

ks_result = gdf.describe().to_pandas()

< databricks
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FE ZZF #1~#32 REJI SUSIE R “Spark ZEP0| OjNFELICE CHEE pandas
A

Y E 9| Z L, importpandas databricks.koalasE pd2 HES U0, YL AFELE
O

A ol AISHSEF A A o °
ofZto| +Rte 2 TS Ale 4= UG LT TPk Of2Het 22 A|5to] AHEEL T
23
| — O = . . = == = A
2E RE 2212 Yot pod-trip-time 21E BtESh= A2 2 SQIE|USUCL pandas
A o MOHSHE [ [ =Lo
ot Spark2| AFut QoF W2 0{7|0|AM AU XO0| Cia CHER[P Ol= 450 2 &=
= AN
0|22 &LIct
IT
HE 23t
Cmd 7
. . P Ll v = %
1 ks_result[['summary', "trip_time_hours']]
Out[le5]:
summary trip_time_hours
0 count 625
1 mean 0.5761789650162432
2 stddev 0.004673946270277798
3 min 0.5539411756993352
4 25% 0.5739794243951338
5 50% 0.5772501165562476
6 75% 0.5795291941218781
7 max 0.5831203330956781
4
Command took 0.02 seconds by patryk.oleniuk@hyperloop-one.com at 8/8/2019, 1:06:14 PM on ML
Analytics Cluster
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22 OflAl: UDF Y 223t 2]
O|H| STt DataFramel 2 H<2 225 242 325t pandas?t Koalas 7810]| o
20|17t U=A| LotE S L T
= H: pod-tripd Yo £ 24:
1. [‘pod_id’, ’trip id’] 2 1S3}
2. Zt pod-tripOi|A| &&= (time) 122 Of2fe| HA-S 20tM = 0l& He|E AL TH
of7]0f| ot &),

3. JE5}t=l dfE timestamp =2 HTHL|CT

=

4. EFQAARHIO| 30| 2 AABILIC

OoO—o

-

5. 0| 20[0f| £=5 &51T sl Az} S0t 0|56 He|E & & USLIC
6. distance_travelled Q| SHAHE A|At5tH pod-tripE £ O|S H2|E & 4 J&L|Ct

7. trip time & timestamp.last - timestamp.first & H|AFSHL|C}

O Er2t 2)

o Jand
8. average_speed = distance_travelled / trip time @2 AAFSHL|C}

9. pod-trip Ol =& A[4H(Ew, BE Ha)

O] 24U ArEAF Z9| apply g2t AFEAL 2| &4~(UDF)Z FLolsh7 |2 S LIt
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pandas W4l (ZE 27} #4)

import pandas as pd
def calc_distance_from_speed( gdf ):
gdf = gdf.sort_values(‘timestamp’)
gdf[ ‘time_diff’] = gdf[‘timestamp’].diff()
return pd.DataFrame({
‘distance_miles’:[ (gdf[‘time_diff’ ]*gdf[ ‘speed_mph’]).sum()],
‘“travel_time _sec’: [ gdf[‘timestamp’].iloc[-1] - gdf[‘timestamp’].iloc[@] ]
b
results = df.groupby([‘pod_id’, trip_id’]).apply( calculate_distance_from_speed)
results[ ‘distance_km’] = results[ ‘distance miles’] * 1.609
results[ ‘avg_speed_mph’] = results[ ‘distance_miles’] / results[‘travel_time_sec’] /
60.0
results[ ‘avg_speed_kph’] = results[‘avg_speed_mph’] * 1.609
results.describe()
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pandas W4 (ZE 27} #5)

import databricks.koalas as ks
from pyspark.sql.functions import pandas_udf, PandasUDFType
from pyspark.sql.types import *
import pyspark.sql.functions as F
schema = StructType([
StructField(“pod_id”, StringType()),
StructField(“trip_id”, StringType()),
StructField(“distance_miles”, DoubleType()),
StructField(“travel_time_sec”, DoubleType())
D
@pandas_udf(schema, PandasUDFType.GROUPED_MAP)
def calculate_distance_from_speed( gdf ):
gdf = gdf.sort_values(‘timestamp’)
print(gdf)
gdf[ ‘time_diff’] = gdf[‘timestamp’].diff()
return pd.DataFrame({
‘pod_id’ :[gdf[‘pod_id’].iloc[0]],
“trip_id’:[gdf[‘trip_id’].iloc[@]],
‘distance_miles’:[ (gdf[‘time_diff’]*gdf[‘speed_mph’]).sum()],
‘travel_time_sec’: [ gdf[‘timestamp’].iloc[-1]-gdf[‘timestamp’].iloc[0] ]

9

sdf = spark_df.groupby(“pod_id”,”trip_id”).apply(calculate_distance_from_speed)

sdf = sdf.withColumn(‘distance_km’,F.col(‘distance miles’) * 1.609)

sdf = sdf.withColumn(‘avg_speed mph’,F.col(‘distance_miles’)/ F.col(‘travel time sec’)
/ 60.0)

sdf = sdf.withColumn( ‘avg_speed_kph’,F.col(‘avg_speed mph’) * 1.609)

sdf = sdf.orderBy(sdf.pod_id,sdf.trip_id)

sdf.summary() . toPandas()
# summary calculates almost the same results as describe

< databricks
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import databricks.koalas as ks
def calc_distance_from_speed_ks( gdf ) -> ks.DataFrame[ str, str, float , float]:
gdf = gdf.sort_values(‘timestamp’)

gdf[ ‘meanspeed’] = (gdf[‘timestamp’].diff()*gdf[‘speed_mph’]).sum()

gdf[ ‘triptime’] = (gdf[‘timestamp’].iloc[-1] - gdf[‘timestamp’].iloc[@])
return gdf[[‘pod_id’, trip_id’, meanspeed’,’triptime’]].iloc[0:1]

kdf = ks.from_pandas(df)

results = kdf.groupby([ ‘pod_id’, trip_id’]).apply( calculate_distance_from_
speed_ks)

# due to current limitations of the package, groupby.apply() returns c@ .. c3
column names

results.columns = [‘pod_id’, ‘trip_id’, ‘distance _miles’, ‘travel_time_sec’]
# spark groupby does not set the groupby cols as index and does not sort them
results = results.set_index([ ‘pod_id’,’trip_id’]).sort_index()
results[‘distance_km’] = results[ ‘distance miles’] * 1.609

results[ ‘avg_speed _mph’] = results[ ‘distance miles’] / results[‘travel time_
sec’] / 60.0

results[ ‘avg_speed_kph’] = results[ ‘avg_speed mph’] * 1.609
results.describe()
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pandas / pyspark / koalas profiling - basic func
(the lower the better)
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M pandas

B koalas

200 W pyspark
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time [s]
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pandas / pyspark / koalas profiling - UDF & others
(the lower the better)

B pandas
B koalas
M pyspark
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def performExtraction(

extractorClass, exportName, joinTable=None, joinKeyCol=None,

startCol=None, includeStartCol=True, eventStartDate=None

E

customerIdCol = extractorClass.customerIdCol
timestampCol = extractorClass.timestampCol
extrArgs = extractorArgs(

customerIdCol, timestampCol, joinTable, joinKeyCol,
startCol, includeStartCol, eventStartDate

)

Extractor = extractorClass(**extrArgs)

exportPath = redshiftExportPath(exportName)

return extractor.exportFromRedshift(exportPath)
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def exportFromRedshift(self, path):
export = self.exportDataFrame()
writeParquetWithRetry(export, path)
return sqlContext.read.parquet(path)
.persist(StoragelLevel.MEMORY_AND_DISK)

def exportDataFrame(self):
self.registerTempTables()
query = self.generateQuery()
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