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gcForest in Python

Status : under development

gcForest is an algorithm suggested in Zhou and Feng 2017. It uses a multi-grain scanning
approach for data slicing and a cascade structure of multiple random forests layers (see
paper for details).

gcForest has been first developed as a Classifier and designed such that the multi-grain
scanning module and the cascade structure can be used separately. During development
I" ve paid special attention to write the code in the way that future parallelization should be
pretty straightforward to implement.

Prerequisites

The present code has been developed under python3.x. You will need to have the following
installed on your computer to make it work :

Python 3.x

Numpy >= 1.12.0

Scikit-learn >=0.18.1

jupyter >= 1.0.0 (only useful to run the tuto notebook)

You can install all of them using pip install :
$ pip3 install requirements.txt

Using gcForest
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The syntax uses the scikit learn style with a .fit() function to train the algorithm and a
.predict() function to predict new values class. You can find two examples in the jupyter
notebook included in the repository.

from GCForest import *
gef = gcForest ( *kkwargs )
gef. fit(X_train, y train)
gef. predict (X_test)

Notes

| wrote the code from scratch in two days and even though | have tested it on several cases
| cannot certify that it is a 100% bug free obviously. Feel free to test it and se Ir
feedback about any improvement and/or modification!

Known Issues

Memory comsuption when slicing data There is now a short naive calculation illustrating
the issue in the notebook. So far the input data slicing is done all in a single step to train the
Random Forest for the Multi-Grain Scanning. The problem is that it might requires a lot of
memory depending on the size of the data set and the number of slices asked resulting in
memory crashes (at least on my Intel Core 2 Duo).

| have recently improved the memory usage (from version 0.1.4) when slicing the data but
will keep looking at ways to optimize the code.

OOB score error During the Random Forests training the Out-Of-Bag (OOB) technique is
used for the prediction probabilities. It was found that this technique can sometimes raises
an error when one or several samples is/are used for all trees training.

A potential solution consists in using cross validation instead of OOB score although it slows
down the training. Anyway, simply increasing the number of trees and re-running the
training (and crossing fingers) is often enough.

Built With

PyCharm community edition
memory_profiler libra

License
This project is licensed under the MIT License (see LICENSE for details)

Early Results

(will be updated as new results come out)

Scikit-learn handwritten digits classification :
training time ~ 5min
accuracy ~ 98%

ER S :

import itertools

import numpy as np

from sklearn. ensemble import RandomForestClassifier
from sklearn.model selection import train test split
from sklearn.metrics import accuracy score

~_author = “Pierre-Yves Lablanche”

~_email = “plablanche@aims. ac. za”
license = "MIT”

~ version = "0.1.3”

_ status_ = “Development”
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# noinspection PyUnboundLocalVariable
class gcForest (object) :
def init (self, shape 1X=None, n mgsRFtree=30, window=None, stride=I,
cascade test size=0.2, n_cascadeRF=2, n cascadeRFtree=101, cascade layer=np. inf,
min_samples_mgs=0. 1, min_samples_cascade=0.05, tolerance=0.0, n_jobs=1):
” gcForest Classifier.

ATAE=

BRlgcForestLHFNEERARRZEMA LR NRFERER. BT ESIR ERTLALET
BEIRBERISR AV ETIATE,

THECE | LIRINGERIERE | FI9aAE
Sp=N.l.L
Slicing Step

If my window is of size [wl,wL] and the chosen stride are [sl,sL] then the number of slices per
sample is :

Tialices = (E‘%Jr 1) (L::L-i- 1)

Obviously the size of slice is [wl,wL]hence the total size of the sliced data set is :

Ss.iicsd = .E\'r. wy. wy,. (I_s%_l_ 1) (L—wL_I_ 1)

SL

This is when the memory consumption is its peak maximum.
Class Vector after Multi-Grain Scanning

Now all slices are fed to the random forest to generate class vectors. The number of class
vector per random forest per window per sample is simply equal to the number of slices
given to the random forest

Tew ('w) = n_g;?;,_..es (w)

Hence, if we have Nrfrandom forest per window the size of a class vector is (recall we have
N samples and C classes):

Sewl ’
And finally the total size of the Multi-Grain Scanning output will be:
Smga = N.>>, Nrr. C. 0, (w)

This short calculation is just meant to give you an idea of the data processing during the
Multi-Grain Scanning phase. The actual memory consumption depends on the format given
(aka float, int, double, etc.) and it might be worth looking at it carefully when dealing with

7 | I._ large datasets.
TR K Sk R

SRENEHRKELRIZRZ B EURSS | #Bopen,close,high,low,volume,ema, macd, linreg, momentum, rsi,
var, cycle, atrfE/9%HIEEIR , TRKEKEMEATTNIER
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from datetime import datetime

now = datetime. now()

startDate = 2010-4-16’

endDate = now

#RBUPIRB00 B IR W BT HE, A N1 5B
df=get price(’ IF88’, start date=startDate, end date=endDate, \
frequency="1d", fields=None, country="cn’)

open = df[  open’ ].values

close = df[’close’ ]. values

volume = df[’ volume’ ].values
high = df[’high’]. values
low = df[’ low’ ]. values

open |close |high |low  |total_turnover|volume |settiement|prev_settiement| open_interest| basis_spread |limi
:::?‘B A306.0 (3197.4| 330B.0| 31662 | 1.082064e+11 | 1007330 | 3201.2 2 3954 0 20,980 37742 |308B.2
2010-
Od-20 32092 (3214.6| 3240.0 | 3166 .6 | 1. 363421e+11 1416620 (32166 3201.2 4496 0 41.230 35212 |28812
2010+
0da21 321503267 2| 3281 2| 3208 0|1 1N26T9e+11 114531 0 [ 32660 32166 S062 0 30 520 35382 |28950
et 3360 2 (32362 | 3274.4| 3211.0 | 1.206208e+11 | 133247 0| 3240.0 32660 5383.0 34.660 35026 (20304
2010-

J241.0(3221.2| 3266.0| 3221.0| 1.138868e+11 | 116081.0 | 32356 3240.0 5808.0 31.200 A564.0 | 2076.0
2010-
04-26 32430 (32196 | 325203211 8 | 1.089497e+11 | 1122290 (32248 32356 oren 47 600 35590 (29122
2M0: 3201.2(3138.8| 32050 3107 6| 1.220072e+11 | 130061.0|3121.8 2248 T3BE0 30.390 35472 (29024

import talib as ta

import pandas as pd

import numpy as np

from sklearn import preprocessing
ema = ta.EMA(close, timeperiod=30).tolist()
macd = ta.MACD(close, fastperiod=12, slowperiod=26, signalperiod = 9)[0]. tolist()

momentum = ta.MOM(close, timeperiod=10).tolist()

rsi = ta.RSI(close, timeperiod=14).tolist()
linreg = ta. LINEARREG (close, timeperiod=14).tolist()
var = ta.VAR(close, timeperiod=5, nbdev=1). tolist () #FRHCLRTISCALAN 1A KA RS
cycle = ta.HT_DCPERIOD (close). tolist () #3RELT 45 B 5l sh Vi FI 4R FRATR, I 8] BN 14
atr = ta.ATR(high, low, close, timeperiod=14).tolist () #IEFHEKLITEIRMATAX T, FFiEE

X = np. array ([open, close, high, low, volume, ema, macd, linreg, momentum, rsi, var, cycle, atr]).T# Al %0%L

HXEE Tema, macd, linregZ134NEHrUHE

X[2]

array([ 3215., 3267.2, 3281.2, 3208., 114531., nan,
nan, nan, nan, nan, nan, nan,

nan])

y=[]
c=close[0]

8 13 AN R 4R
for i in range(l, len(X)):
HIUR RIS H L1, 0015615, B _FiK

if (closel[i]>close[i-1]):

HESH S INE 5 FbasicLine £, I FUr % A NERIA L. 00154,

y. append (1)

elif (close[i]<close[i-1]):

y. append (0)

elif (closeli]==close[i-1]):

y. append (2)

BN IR G — AR AR5 1

y. append (1)

y=np. array (y)

HEyH AL Jyndarray £ 41

# ISR AR 25 A T T

print (len(y))

for i in range(1, 10):

print (close[il, y[i], i)
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JA EE A% gcForest (2 hi [ I AR SV TN B A B ik i - woddleff) &4 - % 47iiE - CSDN.NET

1663

32146 11
3267.202
3236.203
3221204
3219605
3138806
3129.007
3083.818
3107009

HOEAR BN NSRRI TR, S8itest sizedom S o LL i)

X tr, X te, y tr, y te = train test split(X, y, test size=0.33)

iy AT SRR E R M 4 S A 5041 $ i ndarray

X te. shape
(549, 13)
BESARTN)IGE%. S8ishape I XEXERIER—HARNYRE.
HIBEEREABGSERNZWEEE. B BEinsSUBEEHARHREX , BMATEEN .
0.1 3hRAATMNEEEUE S shape 1XS,

gcForest=#u5iaH
shape 1X:

EEMNERTEAIAZKIN lines , n_cols], Mg scanningBldHE | FFEFIEIE , oJLABHEA
int,

n_mgsRFtree:

SRE T EERE RN AR AR AR,

window : int ( default = None)
SZRERHAEERNEONIER. R "KL WAHTIA.

stride : int (default = 1)
1 R SRR SRR R,

cascade test size : floatgint ( default = 0.2)
BRI EREE > BBV D EEAETTEL.

n_cascadeRF : int ( default = 2)
REXEFBEH ARSI E SH T EMOBENRR |, BESTEEAIBENARA | RIt—EhRE AR S E0S
792 * n_cascadeRF,

n_cascadeRFtree : int ( default = 101)
RERERPER DB AR AP RIIEL,

min_samples_mgs : floatgkint ( default = 0.1)
TRPFUTIF D RIR/NERE ISR ERRERETARMIIZHEAE.  2Rint number_of samples =
int, #N&float , min_samplesHREEFEAIMIIAN samplesfdoE,

min_samples cascade : floatgkint ( default = 0.1)
T RFHUTIRD BISR/IMERSL EREREEH AR 14:H8E.  20&Rint number_of samples = int, 40l
Efloat , min_samplesFREEEAIHIIEN_samplesAdoE4.

cascade layer : int ( default = np.inf)

FVFRIERARERREL. B RRRIPRBIRERAIZE.
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BRERRIBEE B RIS ERIESR CH T, MRIREEERIMREED | JIEIERBE
1k

n_jobs : int (default = 1)
EENFEMNES VNI TETHOILENE. NERA-1, WEFLEIRE O,

#shape IXFEAYERE, window NZHRiEAH (Multi-Grained Scanning) BykHHEaNE LK/, \

BT HRAE AR, tolerance UBRAE K IR 22, AU ML REG ZESUESE L AT (11, \

s DA IR AR, ISRl Pk £ 1k #gef = geForest (shape 1X=4, window=2, tolerance=0.0)
#tgef = gcForest (shape 1X=[13, 13], window=2, tolerance=0.0)

gef = gcForest (shape 1X=13, n mgsRFtree=100, window=6, stride=2,
cascade_test_size=0.2, n_cascadeRF=4, n_cascadeRFtree=101, cascade layer=np. ...,
min_samples_mgs=0. 1, min_samples_cascade=0.1, tolerance=0.0, n_jobs=1)

gef. fit(X_tr, y_tr)

Slicing Sequence...

Training MGS Random Forests...
Adding/Training Layer, n_layer=1

Layer validation accuracy = 0.5577889447236181
Adding/Training Layer, n_layer=2

Layer validation accuracy = 0.521608040201005

#ishape IXFEAZEE, window N Z RIS (Multi-Grained Scanning) FiEFHFANE K/, \
#HTHERE RS, tolerance AYI AR KRS 22, BEA IR VERBIFTESRUEAE B HEAT Ml i, \

HUTR AT A TMERER 25, IRl 2 1k #gef = geForest (shape 1X=4, window=2, tolerance=0.0)
#tgef = gcForest (shape 1X=[13, 13], window=2, tolerance=0.0)

gef = geForest (shape 1X=[1, 13], window=[1,6],)
gef. fit(X_tr, y_tr)

Slicing Sequence...

Training MGS Random Forests...

Slicing Sequence...

Training MGS Random Forests...
Adding/Training Layer, n_layer=1

Layer validation accuracy = 0.5964125560538116
Adding/Training Layer, n_layer=2

Layer validation accuracy = 0.5695067264573991

S¥shape_1X=[1,13], window=[1,6]/F)/I4-51AF0.59 , FIEAR , XERZHIES|E , BSFE
BAMHES.

Now checking the prediction for the test set:

WEEENNETIE

pred X = gcf.predict (X te)
print (len(pred X))

print (len(y _te))

print (pred X)

Slicing Sequence...

Slicing Sequence...

549

549

[110000000010001011010101000000111001 0%

3
l‘ % n\
145
d

#i I TR
for i in range(l, len(pred X)) :
print (y_te[-i], pred X[-i], i)
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# PRAPRE RIS, RIERTI T, RAEL, WRERTE T, fRar-1

result_list = []
# A BT

def checkPredict (i) :
if pred X[i] ==y telil:
result_list. append (1)
else:
result list.append(0)
s H SR B ke LM B g R B ] B v
k=0j
=len(y te)
#j=100
for i in range(len(y te)—j*(k+1), len(y te)—j*k):
checkPredict (i)
#print (y_pred[il)
#return result list
print(len(y te) )
print (len(result list) )

import matplotlib. pyplot as plt

R 2 I 2 R

x = range (0, len(result list))
y =10

#z=[]

for i in range(0, len(result list)):
#y. append ((1 + float (sum(result list[:i])) / (i+1)) / 2)
y. append ( float (sum(result list[:i])) / (i+l))

print C &, j,” RHERIZ, y[-1])

print (x, y)

line, = plt.plot(x, y)

plt. show

549

549

BRI 549 JRERR=ER 0.5300546448087432

range(0, 549) [0.0, 0.0, 0.3333333333333333, 0.25%

0.6 1

0.5 1

0.4 1

0.3

0.2 1

0.1 9

0.0 4

T
0 100 200 300

HPAL R

# evaluating accuracy

accuracy = accuracy score (y_true=y te, y pred=pred X)
print ( gcForest accuracy : {}’.format (accuracy))
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gcForest accuracy : 0.5300546448087432
FRNERR—AR , MSEEEE.
FRNFKEREREAEIPARE |, (BRFIFEHFEEEZI4HT,

TERMHER :

# loading the data

digits = load digits()

X = digits. data

y = digits. target

X tr, X te, y tr, y te = train test_split(X, y, test_size=0.4)

gcf = gcForest (shape 1X=[7, 8], window=[4, 6], tolerance=0.0, min_samples mgs=10, min_samples_r~rn~ndn=7

#tgef = gcForest (shape 1X=13, window=13, tolerance=0.0, min samples mgs=10, min samples casca
gef. fit(X tr, y tr)

Slicing Images...

Training MGS Random Forests...

Slicing Images...

Training MGS Random Forests...
Adding/Training Layer, n_layer=1

Layer validation accuracy = 0.9814814814814815
Adding/Training Layer, n_layer=2

Layer validation accuracy = 0.9814814814814815

# evaluating accuracy
accuracy = accuracy_score (y_true=y_te, y_pred=pred_X)
print ( gcForest accuracy : {} . format (accuracy))

gcForest accuracy : 0.980528511821975
BET  BRNSHEREEF SR ERREIL98%

BRI AR R I AN R BRFR A

T SHEREMREAARMRIRERSIRA , ELRTLABIRERE].

MRGEEBR "y IBEEMERERHRTIIE , BNERBERRE)ISAINEARME S BIEHE.

gef = gcForest (shape 1X=[8, 8], window=5, min samples mgs=10, min samples cascade=7)
X tr mgs = gef.mg scanning (X _tr, y tr)

Slicing Images...
Training MGS Random Forests...

It is now possible to use the mg_scanning output as input for cascade forests using different
parameters. Note that the cascade forest module does not directly return predictions but
probability predictions from each Random Forest in the last layer of the cascade. Hence the

need to first take the mean of the output and then find the max.

gcf = gcForest (tolerance=0. 0, min samples mgs=10, min samples cascade=7)
= gef. cascade forest (X tr mgs, y tr)

Adding/Training Layer, n_layer=1
Layer validation accuracy = 0.9722222222222222
Adding/Training Layer, n_layer=2
Layer validation accuracy = 0.9907407407407407
Adding/Training Layer, n_layer=3
Layer validation accuracy = 0.9814814814814815
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import numpy as np

pred proba = gcf. cascade forest(X te mgs)
tmp = np. mean (pred proba, axis=0)

preds = np. argmax (tmp, axis=1)

accuracy_score (y_true=y te, y pred=preds)

gef = geForest (tolerance=0. 0, min samples mgs=20, min samples cascade=10)

= gef. cascade forest (X tr mgs, y tr)
pred proba = gcf. cascade forest (X te mgs)
tmp = np. mean (pred_proba, axis=0)
preds = np. argmax (tmp, axis=1)

accuracy_score (y_true=y te, y pred=preds)

0.97774687065368571

Adding/Training Layer, n_layer=1

Layer validation accuracy = 0.9629629629629629
Adding/Training Layer, n_layer=2

Layer validation accuracy = 0.9675925925925926
Adding/Training Layer, n_layer=3

Layer validation accuracy = 0.972222222222222?2
Adding/Training Layer, n_layer=4

Layer validation accuracy = 0.9722222222222222
0.97218358831710705

Skipping mg_scanning

It is also possible to directly use the cascade forest and skip the multi grain scanning step.

gcf = gcForest (tolerance=0.0, min_samples_ cascade=20)
= gef. cascade forest(X tr, y tr)

pred proba = gcf. cascade forest (X te)

tmp = np. mean (pred proba, axis=0)

preds = np. argmax (tmp, axis=1)

accuracy_score (y_true=y te, y_pred=preds)

Adding/Training Layer, n_layer=1

Layer validation accuracy = 0.9583333333333334
Adding/Training Layer, n_layer=2

Layer validation accuracy = 0.9675925925925926
Adding/Training Layer, n_layer=3

Layer validation accuracy = 0.9583333333333334
0.94297635605006958
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