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GroupBy

● Split, apply, and combine.
– It resembles MapReduce?

key value

A 1

B 2

C 3

A 4

B 5

C 6
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GroupBy

● Split, apply, and combine.
– It resembles MapReduce?

key value
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key value

B 7

key value
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df.groupby(‘key’).sum() 
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GroupBy (aggregations)

key value1 value2

0 A 0 5

1 B 1 0

2 C 2 3

3 A 3 3

4 B 4 7

5 C 5 9

value1 value2

min median max min median max

key

A 0 1.5 3 3 4.0 5

B 1 2.5 4 0 3.5 7

C 2 3.5 5 3 6.0 9

df.groupby('key').aggregate(['min', np.median, max])
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GroupBy (self defined aggregation)

def filter_func(x):
    return x['value2'].std() > 4

df.groupby('key').filter(filter_func)

key value1 value2

0 A 0 5

1 B 1 0

2 C 2 3

3 A 3 3

4 B 4 7

5 C 5 9

key value1 value2

1 B 1 0

2 C 2 3

4 B 4 7

5 C 5 9

df.groupby(‘key’).std()
value1 value2

A 2.1213 1.4142

B 2.1213 4.9497

C 2.1213 4.2426
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df.resample
df = df_raw.resample('1Min').apply({'L1-BidPrice': 'last', 'L1-BidSize': lambda x: stats.mode(x)[0], 

     'L1-AskPrice': 'last', 'L1-AskSize': lambda x: stats.mode(x)[0]})
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Forward Fill
df['position'] = df['signal'].shift(1).fillna(method='ffill')
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pandas.merge_asof
https://pandas.pydata.org/pandas-docs/version/0.25.0/reference/api/pandas.merge_asof.html
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Limit Order Book

Reference:
Towards Robust Representation of Limit Orders Books for Deep Learning Models.
Y. Wu, M. Mahfouz, D. Magazzeni, and M. Veloso.
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Limit Order Book

price volume
Ask

500 30
495 20
490 10
485 10
480 05

------------------------------------------
Bid

475 10
470 20
465 20
460 25
455 30

limit order book 
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Limit Order Book

price volume
Ask

500 30
495 20
490 10
485 10
480 05

------------------------------------------
Bid

475 10
470 20
465 20
460 25
455 30

Alice wants to sell the stock 
at price 480 for 2 shares (1st)

Allen wants to sell the stock 
at price 480 for 8 shares (2nd)

limit order book 
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Limit Order Book

price volume
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500 30
495 20
490 10
485 10
480 15

------------------------------------------
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475 10
470 20
465 20
460 25
455 30

limit order book
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Limit Order Book

price volume
Ask

500 30
495 20
490 10
485 10
480 15

------------------------------------------
Bid

475 10
470 20
465 20
460 25
455 30

limit order book

if somebody want to buy the stock 
at price 480, Alice’s shares will be 
sold before Allen.  
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Price Formation (by Market Orders)

price volume
Ask

500 30
495 20
490 10
485 10
480 15

------------------------------------------
Bid

475 10
470 20
465 20
460 25
455 30

limit order book (t) * Assume a series of market orders coming and no new limit orders appears in 
the mean time. 

Time t+1 t+2 t+3 t+4

Trade price
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Price Formation (by Market Orders)

price volume
Ask

500 30
495 20
490 10
485 10
480 15

------------------------------------------
Bid

475 10
470 20
465 20
460 25
455 30

limit order book (t+1) * Assume a series of market orders coming and no new limit orders appears in 
the mean time. 

(market buy,  10)

Time t+1 t+2 t+3 t+4

Trade price
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Price Formation (by Market Orders)

price volume
Ask

500 30
495 20
490 10
485 10
480 05

------------------------------------------
Bid

475 10
470 20
465 20
460 25
455 30

limit order book (t+2) * Assume a series of market orders coming and no new limit orders appears in 
the mean time. 

(market buy,  10)

Time t+1 t+2 t+3 t+4

Trade price 480
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Price Formation (by Market Orders)

price volume
Ask

500 30
495 20
490 10
485 05

------------------------------------------
Bid

475 10
470 20
465 20
460 25
455 30

limit order book (t+2) * Assume a series of market orders coming and no new limit orders appears in 
the mean time. 

Time t+1 t+2 t+3 t+4

Trade price 480 482.5
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Price Formation (by Market Orders)

price volume
Ask

500 30
495 20
490 10
485 05

------------------------------------------
Bid

475 10
470 20
465 20
460 25
455 30

limit order book (t+3) * Assume a series of market orders coming and no new limit orders appears in 
the mean time. 

Time t+1 t+2 t+3 t+4

Trade price 480 482.50

(market sell,  10)
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price volume
Ask

500 30
495 20
490 10
485 05

------------------------------------------
Bid

470 20
465 20
460 25
455 30

limit order book (t+3) * Assume a series of market orders coming and no new limit orders appears in 
the mean time. 

Time t+1 t+2 t+3 t+4

Trade price 480 482.50 475
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Price Formation (by Market Orders)

price volume
Ask

500 30
495 20
490 10
485 05

------------------------------------------
Bid

470 20
465 20
460 25
455 30

limit order book (t+4) * Assume a series of market orders coming and no new limit orders appears in 
the mean time. 

Time t+1 t+2 t+3 t+4

Trade price 480 482.50 475

(market sell,  30)
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Price Formation (by Market Orders)

price volume
Ask

500 30
495 20
490 10
485 05

------------------------------------------
Bid

465 10
460 25
455 30

limit order book (t+4) * Assume a series of market orders coming and no new limit orders appears in 
the mean time. 

Time t+1 t+2 t+3 t+4

Trade price 480 482.50 475 468.33
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The Orderbook Snapshots
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Futures Contracts

futures as  derivatives of stocks



Data Analytics & ML for Market Microstructures, CSIE, TKU, Taiwan 31

Futures Contracts

Refer to 
https://www.cmegroup.com/markets/fx/g10/australian-dollar.contr
actSpecs.html#

https://www.cmegroup.com/markets/fx/g10/australian-dollar.contractSpecs.html#
https://www.cmegroup.com/markets/fx/g10/australian-dollar.contractSpecs.html#
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Futures Contracts
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Data Range for the Rollover

● Data range: 2019.09 ~ 2020.02
● Resample the orderbook by '5Min' (5 minutes)

– bid price1, ask price1: mean
– bid size1, ask size1: max (then take minimum of them)

● Time interval for rollover: 

12:30 – 13:00 (12:00 – 13:30 for combo orders) for every target date

– target date: nth day before due date, for n = 0, 1, 2, 5, 6, 7, 8, 9, 12, 13, 14.
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Combo Orders (跨月價差組合委託單 )

Reference: https://www.taifex.com.tw/file/taifex/CHINESE/4/doc/5.%E6%9C%9F
%E8%B2%A8%E5%95%86%E5%93%81%E8%B7%A8%E6%9C%88%E5%83%B9%E5%B7%AE
%E5%A7%94%E8%A8%97%E7%B0%A1%E4%BB%8B.pdf
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Long Position

•  Transfer the long position from 
this month's contact to next month.

ask price size
110 1
109 1
108 2
107 3
106 5

-----------------------------
bid

105 4
104 3
103 2
102 1
101 1

ask price size
110 1
109 1
108 2
107 3
104 5

-----------------------------
bid

103 4
102 3
101 2
100 1

99 1

this month (A) next month (B)

The values are obtained by resampling (see the previous slide)

• Sell 4 (A) contracts at price of 105 and buy 4 
(B) contracts at price of 104.

• price diff: +1/mid-price = 0.9 (%)
• match-size:  4

• Then resample the results by daily 
aggredation and taking the mean of them. 

* the same logic applies to combo orders
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Short Position

•  Transfer the short position from 
this month's contact to next month.

• Buy 4 (A) contracts at price of 106 and sell 4 
(B) contracts at price of 105.

• price diff: -3/mid-price = -2.8%
• match-size:  4

• Then resample the results by daily 
aggredation and taking the mean of them. 

* the same logic applies to combo orders

ask price size
110 1
109 1
108 2
107 3
106 5

-----------------------------
bid

105 4
104 3
103 2
102 1
101 1

ask price size
110 1
109 1
108 2
107 3
104 5

-----------------------------
bid

103 4
102 3
101 2
100 1

99 1

this month (A) next month (B)

The values are obtained by resampling (see the previous slide)
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國喬

技嘉
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宏達電

聯詠
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創意

台虹
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Stock Buy-Back (融券強制回補 )

https://www.twse.com.tw/zh/page/trading/exchange/BFI84U2.html
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Data Processing

● The criteria:
– Time range: 2018-01-01~2020-03-20.

– Back to 14 days before the buying-back days.

– Snapshots of stock orderbook and future orderbook in tick-level. 

– Concatenate two orderbooks by aligning the time indices of future orderbook to the ones 
of stocks (using pandas.merge_asof). 

– Tolerance latency: ≤ 5 seconds.

● What do we want to know?
– Intraday chances for closing the short position of a certain stock for each day.

– How early (during which day before buying-back day) we might have to close the short 
position of a certain stock? 
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Distribution of the Spreads

● Approx. distributions of intraday spread ratios:

– Place spread ratios into 202 bins. 
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Intraday Spread Cumulative Distribution
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Intraday Spread Cumulative Distribution
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Suggestion for the boss: Safe day indicator

● Safe day: the day −i such that it's the last day before stock buying-back to have 
chance (i.e., with prob. ≥ 20%) of getting small spread ratio ≤ r for r in 
[0.05%, 0.2%, 0.5%, 0.8%] and sufficiently many (i.e.,  ≥ 100) accumulated 
snapshots. 

● For stocks of spread ≤ 0.05% in day 0, we compute the safe 'hour' to start 
buying-back so that with prob. at least 20% the expected spread is bounded 
by 0.05% and the number of accumulated snapshots ≥ 100.
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The Safe Day Indicators
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Safe Hours in Day 0
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What We Have to Notice

https://www.twse.com.tw/zh/page/trading/exchange/BFI84U2.html

https://www.tpex.org.tw/web/stock/margin_trading/term/term.php?l=zh-tw
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Demo (Hand-Over Video)

● Demo video

https://youtu.be/gwm2c8lmbG0
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Flickering Quotes (Flash Orders)

● At time t, 
– bidPrice1(t−1) = bidPrice1(t+1) and askPrice1(t−1) = askPrice1(t+1), and

● bidPrice1(t) ≠ bidPrice1(t−1) or askPrice1(t) ≠ askPrice1(t−1).
● time(t+1) − time(t) < 125ms. 

– We aim at time(t+1) − time(t) < 15ms.
● The order was not matched. 
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Flickering Quotes (Flash Orders)

ask price size
110 1
109 1
108 2
107 3
106 5

-----------------------------
bid

104 4
103 3
102 2
101 1
100 1

ask price size
110 1
109 1
108 2
107 3
106 5

-----------------------------
bid

105 2
104 4
103 3
102 2
101 1

ask price size
110 1
109 1
108 2
107 3
106 5

-----------------------------
bid

104 4
103 3
102 2
101 1
100 1
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Distribution Over the Lasting Time
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Price Impact Analysis
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Contango and Backwardation

• Contango:
• bidPrice1 of underlying futures (FUTbid1) > askPrice1 of the stock (STCask1)

• the spread: FUTbid1 - STCask1 > max(10 bp, EMA of past spreads).
• We accumulate the lasting time of such contango spreads per day.

• Backwardation:
• askPrice1 of underlying futures (FUTask1) < bidPrice1 of the stock (STCbid1)

• the spread: STCbid1 - FUTask1 > max(10 bp, EMA of past spreads).
• We accumulate the lasting time of such backwardation spreads per day.

• Contango ratio per day: 
• the total lasting time of contango spreads in day d: tct(d).
• the total lasting time of backwardation spreads in day d: tbw(d).
• the contango ratio of day d: 

tct(d)/ (tct(d)+tbw(d)).
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Contango and Backwardation

Blue curve above the orange curve: 

The strategy longs stocks and 
shorts futures more aggressively 
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Contango and Backwardation

Blue curve under the orange curve: 

The strategy longs futures and shorts 
stocks more aggressively 
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The ML Model for the Forecast

• Support Vector Machine (SVM)
• Used kernel functions: linear, poly, rbf
• Package: SVR from scikit-learn.

• Multilayer Perceptron Regressor
• Package: MLPRegressor from scikit-learn.
• hidden_layer_sizes=(64,64,64,64), batch_size=32, activation='tanh'

• Feeding data dimensions 7 x r (rolling back r days; r ∈{1, 2, 4, 8, 16, 32}) with normalization:
• stock trading sizes
• futures trading sizes
• contango time
• backwardation time
• average contango spread
• average backwardation spread
• days to contract rollover

• Running 20 iterations and compute the weighted average of predicted contango ratios (with the 
weights being proportional to each model's R2 score on the validation set).
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Validation Result (2020/06/03~2020/06/16)

● Prediction using moving average of past k days: ● Prediction using our best 10 trained ML models:

k R2 score

1 -0.61

2 -0.19

3 -0.56

4 -0.69

5 -0.88

6 -1.08

7 -1.19

8 -1.45

9 -1.57

10 -1.79

model no. R2 score

1 0.59

2 0.52

3 0.50

4 0.49

5 0.45

6 0.41

7 0.36

8 0.34

9 0.39

10 0.33
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Aids For Capital Usage

● Short-selling stocks requires more capital at hand. 
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Be More “Flexible”

● Every day we have the predicted market contango ratio r'. 
● Also we can calculate the standard deviation d of the past 20 days.
● Then we can come out an r in [r'−d, r'+d] with high probability.
● As suggested by our trader, we focus on r  [∈ r'−d, r'] for safety of 

position management. 
● Eventually, we can give the trading desk:

 θ(r) for r  [∈ r'−d, r'].           
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Long Short Term Memory Network (LSTM)
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Dealing with Data Imbalance
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MLPClassifier Is Also An Option
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PnL (Applied to US 12 Stocks)
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Discussion

● Thanks for your attention. 
● Any question or feedback? 
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