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from rbm import rbm

from backprop import backprop

from rbmhidlinear import rbmhidlinear
import scipy.io as sio

from mnistdisp import mnistdisp

MAX_EPOCH = 10
NUM_HID = 1000
NUMPEN = 500
NUMPEN2 250
NUMOPEN 30

RANDOMIN_ = sio.loadmat("randomin_poshidstates.mat"”, verify compressed_
data_integrity=False)
RANDOMIN = RANDOMIN_[ 'randomin’]

VISHID = sio.loadmat("vis_try  .mat", verify_ compressed_data_integrit

y=False)
VISHID = VISHID ['vishid ']

BATCH DATA = sio.loadmat("batchdata py.mat", verify compressed data_in

tegrity=False)
BATCH_DATA = BATCH_DATA [ 'batchdata’]
NUM_CASES, NUM DIMS, NUM BATCHES = BATCH_DATA.shape

print('Pretraining Layer 1 with RBM: {}-{}'.format(NUM DIMS, NUM HID))
RESTART = 1

BATCHPOSHIDPROBS, VISHID, HIDBIASES, VISBIASES = rbm(BATCH_DATA, RESTAR
T, NUM_HID, NUM_DIMS, MAX_EPOCH, RANDOMIN, VISHID)
print("BATCHPOSHIDPROBS.shape= ", BATCHPOSHIDPROBS.shape)

HIDRECBIASES = HIDBIASES

VISHID = VISHID

VISBIASES _ = VISBIASES

print('Pretraining Layer 2 with RBM: {}-{}'.format(NUM HID, NUMPEN))
BATCH_DATA = BATCHPOSHIDPROBS

NUM_HID = NUMPEN

RESTART =

BATCHPOSHIDPROBS, VISHID, HIDBIASES, VISBIASES = rbm(BATCH_DATA, RESTAR
T, NUM_HID, NUM_DIMS, MAX_EPOCH, RANDOMIN, VISHID)
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HIDPEN = VISHID
PENRECBIASES = HIDBIASES
HIDGENBIASES = VISBIASES

print('Pretraining Layer 3 with RBM: {}-{}'.format(NUMPEN, NUMPEN2))
BATCH_DATA = BATCHPOSHIDPROBS

NUM_HID NUMPEN2

RESTART 1

BATCHPOSHIDPROBS, VISHID, HIDBIASES, VISBIASES = rbm(BATCH_DATA, RESTAR
T, NUM_HID, NUM_DIMS, MAX_EPOCH, RANDOMIN, VISHID)

HIDPEN2 = VISHID

PENRECBIASES2 = HIDBIASES

HIDGENBIASES2 = VISBIASES

print('Pretraining Layer 4 with RBM: {}-{}'.format(NUMPEN2, NUMOPEN))
BATCH_DATA = BATCHPOSHIDPROBS

NUM_HID NUMOPEN

RESTART 1

VISHID, HIDBIASES, VISBIASES = rbmhidlinear(BATCH_DATA, RESTART, NUM HI
D, NUM DIMS, MAX EPOCH, RANDOMIN, VISHID)

HIDTOP = VISHID

TOPRECBIASES = HIDBIASES

TOPGENBIASES = VISBIASES

print('END of Pretraining Layer 4 with RBM: {}-
{}"'.format (NUMPEN2, NUMOPEN))

ERR = backprop(VISHID__, VISBIASES__ , PENRECBIASES, PENRECBIASES2, HIDR
ECBIASES, HIDPEN, HIDPEN2, HIDGENBIASES, HIDGENBIASES2, HIDTOP, TOPRECB
IASES, TOPGENBIASES)

rbm.py

EPSILON W = 0.1
EPSILON_VB

EPSILON_HB

WEIGHT_COST = ©.0002




INITIAL_MOMENTUM = 0.5
FINAL_MOMENTUM = 0.9
NUM_CASES, NUM DIMS, NUM_BATCHES = BATCH_DATA.shape
if RESTART==1:
RESTART = ©
EPOCH = ©
VISHID = 0.1 * np.random.randn(NUM_DIMS, NUM_HID)
HIDBIASES = np.zeros(NUM_HID)
VISBIASES = np.zeros(NUM _DIMS)
POSHIDPROBS = np.zeros((NUM_CASES, NUM_HID))
NEGHIDPROBS = np.zeros((NUM_CASES, NUM_HID))

POSPRODS = np.zeros((NUM_DIMS, NUM_HID))

NEGPRODS = np.zeros((NUM_DIMS, NUM_HID))
VISHIDINC = np.zeros((NUM_DIMS, NUM_HID))
HIDBIASINC = np.zeros(NUM HID)

VISBIASINC = np.zeros(NUM DIMS)
BATCHPOSHIDPROBS = np.zeros((NUM_CASES, NUM_HID, NUM_BATCHES))

epoch in range(EPOCH, MAX_EPOCH):
print(‘epoch {}'.format(epoch))
ERR_SUM = ©

for batch in range(NUM_BATCHES):
print(‘epoch {} batch {}'.format(epoch,batch))

data = BATCH_DATA[:, :,batch]

POSHIDPROBS = 1.0/(1 + (np.exp(np.matmul(-
data,VISHID)- np.tile(HIDBIASES, (NUM_CASES, 1)))))
BATCHPOSHIDPROBS|[ :, : ,batch] = POSHIDPROBS
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POSPRODS = np.matmul(data.T,POSHIDPROBS)
POSHIDACT np.sum(POSHIDPROBS, axis=0)

POSVISACT = np.sum(data, axis=0)

POSHIDSTATES = np.where(POSHIDPROBS > np.random.randn(NUM_C
ASES, NUM_HID), 1, 0)

NEGDATA = 1.0/(1 + np.exp(np.matmul(-
POSHIDSTATES, VISHID.T) - np.tile(VISBIASES, (NUM_CASES, 1))))

NEGHIDPROBS = 1.0/(1 + np.exp(np.matmul(-
NEGDATA, VISHID) - np.tile(HIDBIASES, (NUM_CASES,1))))

NEGPRODS = np.matmul (NEGDATA.T, NEGHIDPROBS)
NEGHIDACT np.sum(NEGHIDPROBS, axis=0)

NEGVISACT = np.sum(NEGDATA, axis=0)

ERR = np.sum(np.sum(np.square(data-NEGDATA)))
ERR_SUM += ERR

if epoch>5:

MOMENTUM FINAL MOMENTUM
else:

MOMENTUM INITIAL_MOMENTUM

VISHIDINC = MOMENTUM* VISHIDINC + EPSILON_W * ((POSPRODS-
NEGPRODS)/NUM_CASES - WEIGHT_COST*VISHID)
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VISBIASINC = MOMENTUM* VISBIASINC + (EPSILON_VB/NUM_CASES)
*(POSVISACT-NEGVISACT)

HIDBIASINC = MOMENTUM * HIDBIASINC + (EPSILON_HB/NUM_CASES)
* (POSHIDACT-NEGHIDACT)

VISHID += VISHIDINC
VISBIASES VISBIASINC
HIDBIASES += HIDBIASINC

print(‘epoch {} error {}'.format(epoch, ERR_SUM))
return BATCHPOSHIDPROBS, VISHID, HIDBIASES, VISBIASES

rbmlinear.py
def rbmhidlinear(BATCH DATA, RESTART, NUM HID, NUM DIMS, MAX EPOCH, RAN
DOMIN, VISHID):
import scipy.io as sio
import numpy as np
EPSILON_W = ©.001
EPSILON_VB 0.001
EPSILON_HB 0.001
WEIGHT _COST = 0.0002
INITIAL_MOMENTUM = 0.5
FINAL _MOMENTUM = 0.9
print (BATCH DATA. shape)
NUM_CASES, NUM_DIMS, NUM BATCHES = BATCH_DATA.shape
RANDOMIN = np.random.randn(NUM_CASES, NUM HID)
if RESTART==1:

RESTART
EPOCH =

VISHID = 0.1 * np.random.randn(NUM_DIMS, NUM_HID)



HIDBIASES = np.zeros(NUM_HID)

VISBIASES = np.zeros(NUM_DIMS)

POSHIDPROBS = np.zeros((NUM_CASES, NUM_HID))
NEGHIDPROBS = np.zeros((NUM_CASES, NUM_HID))
POSPRODS np.zeros((NUM_DIMS, NUM HID))

NEGPRODS = np.zeros((NUM_DIMS, NUM_HID))
VISHIDINC = np.zeros((NUM_DIMS, NUM_HID))
HIDBIASINC = np.zeros(NUM_HID)

VISBIASINC = np.zeros(NUM DIMS)
BATCHPOSHIDPROBS = np.zeros((NUM_CASES, NUM_HID, NUM_BATCHES))

epoch in range(EPOCH, MAX_EPOCH):
print('epoch ' .format(epoch))
ERR_SUM = ©

for batch in range(NUM_BATCHES):
print('epoch batch ' .format(epoch,batch))

data = BATCH DATA[:, :,batch]

POSHIDPROBS = 1.0/(1 + (np.exp(np.matmul(-
data,VISHID)- np.tile(HIDBIASES, (NUM_CASES, 1))

)))
BATCHPOSHIDPROBS| :, : ,batch] = POSHIDPROBS
POSPRODS = np.matmul(data.T,POSHIDPROBS)

POSHIDACT = np.sum(POSHIDPROBS, axis=0)

POSVISACT = np.sum(data, axis=0)

POSHIDSTATES = POSHIDPROBS + RANDOMIN
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NEGDATA = 1.0/(1 + np.exp(np.matmul(-
POSHIDSTATES, VISHID.T) - np.tile(VISBIASES, (NUM_CASES, 1))))

NEGHIDPROBS = 1.0/(1 + np.exp(np.matmul(-
NEGDATA, VISHID) - np.tile(HIDBIASES, (NUM_CASES,1))))

NEGPRODS = np.matmul (NEGDATA.T, NEGHIDPROBS)
NEGHIDACT np.sum(NEGHIDPROBS, axis=0)

NEGVISACT = np.sum(NEGDATA, axis=0)

ERR = np.sum(np.sum(np.square(data-
NEGDATA), axis=0), axis=0)
ERR_SUM += ERR

if epoch>5:
MOMENTUM FINAL_MOMENTUM
else:

MOMENTUM INITIAL_MOMENTUM

VISHIDINC = MOMENTUM* VISHIDINC + EPSILON W * ((POSPRODS-
NEGPRODS)/NUM_CASES - WEIGHT_COST*VISHID)

# Act =0 Act + (ey5/N)* X g' -2 p(h = 1))

VISBIASINC = MOMENTUM* VISBIASINC + (EPSILON_VB/NUM_CASES)
*(POSVISACT-NEGVISACT)

# Ab' =0 x Ab' + (eyp/N) * ( )
HIDBIASINC = MOMENTUM * HIDBIASINC + (EPSILON_ HB/NUM_CASES)

* (POSHIDACT-NEGHIDACT)
VISHID += VISHIDINC
VISBIASES VISBIASINC
HIDBIASES HIDBIASINC

print('epoch error ' .format(epoch, ERR_SUM))
return VISHID, HIDBIASES, VISBIASES

backprop.py
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def backprop(VISHID, VISBIASES, PENRECBIASES, PENRECBIASES2, HIDRECBIAS
ES, HIDPEN, HIDPEN2, HIDGENBIASES, HIDGENBIASES2, HIDTOP, TOPRECBIASES,

TOPGENBIASES):

import numpy as np

import scipy.io as sio

from makebatches import makebatches
from mnistdisp import mnistdisp
from minimize import minimize

from CG_MNIST import CG_MNIST

MAX_EPOCH = 200
print('Fine-

tuning deep autoencoder by minimizing cross entropy error.')
print('60 batches of 1000 cases each.')

BATCH_DATA_ = sio.loadmat("batchdata py.mat", verify_ compressed_dat
a_integrity=False)

BATCHDATA = BATCH_DATA_[ 'batchdata’]

TEST_BATCH_DATA_ = sio.loadmat("testbatchdata_py.mat", verify_compr
essed_data_integrity=False)

TESTBATCHDATA = TEST_BATCH_DATA [ 'testbatchdata’]

VISHID = sio.loadmat("vishid mnistvh.mat", verify compressed data_
integrity=False)

VISHID = VISHID ['vishid ']

W1 = np.append(VISHID, HIDRECBIASES.reshape(1, -1), axis

W2 = np.append(HIDPEN, PENRECBIASES.reshape(1, -1), axis

W3 = np.append(HIDPEN2, PENRECBIASES2.reshape(1, -1), axis

W4 = np.append(HIDTOP, TOPRECBIASES.reshape(1l, -1), axis =

W5 = np.append(HIDTOP.T, TOPGENBIASES.reshape(1, -1), axis

W6 = np.append(HIDPEN2.T, HIDGENBIASES2.reshape(1, -1), axis

W7 = np.append(HIDPEN.T, HIDGENBIASES.reshape(1l, -1), axis =

W8 = np.append(VISHID.T, VISBIASES.reshape(l, -1), axis




L1
L2
L3
L4
L5
L6
L7
L8
L9

TEST_

W1.
W2.
W3.
W4 .
W5.
W6.
W7.
W8.

L1

shape[0]-1
shape[0]-1
shape[0]-1
shape[0]-1
shape[0]-1
shape[0]-1
shape[0]-1
shape[0]-1

ERR=[]

TRAIN_ERR=[]

for epoch in range(1, MAX_EPOCH):

ERR

=0

NUM_CASES, NUM_DIMS, NUM_BATCHES = BATCHDATA.shape

N =

NUM_CASES

for batch in range(1, NUM_BATCHES):

#

data = BATCHDATA[:, :,batch]
data = np.append(data, np.ones((N, 1)), axis=1)

W1_PROBS
W1_PROBS

W2_PROBS
W2_PROBS

W3_PROBS
W3_PROBS

W4_PROBS
W4_PROBS

W5_PROBS
W5_PROBS

W6_PROBS
W6_PROBS

W7_PROBS
W7_PROBS

1.9/(1 + np.exp(np.matmul(-data, W1)))
np.append(W1_PROBS, np.ones((N, 1)), axis=1)

1.0/(1 + np.exp(np.matmul(-W1_PROBS, W2)))
np.append(W2_PROBS, np.ones((N, 1)), axis=1)

1.9/(1 + np.exp(np.matmul(-W2 PROBS,W3)))
np.append(W3 PROBS, np.ones((N, 1)), axis=1)

np.matmul (W3 _PROBS, W4)

np.append(W4 PROBS, np.ones((N, 1)), axis=1)
x Wy

1.9/(1 + np.exp(np.matmul(-W4 PROBS,W5)))

np.append(W5 PROBS, np.ones((N, 1)), axis=1)
x W

1.9/(1 + np.exp(np.matmul(-W5 PROBS, W6)))

np.append(W6_PROBS, np.ones((N, 1)), axis=1)
x W,

1.0/(1 + np.exp(np.matmul(-W6_PROBS, W7)))

np.append(W7_PROBS, np.ones((N, 1)), axis=1)

x Wy




DATAOUT = 1.0/(1 + np.exp(np.matmul(-W7_PROBS, W8)))
ERR += 1/N*np.sum(np.sum(np.square(datal:,:-1]-
DATAOUT), axis=0), axis=0)
TRAIN_ERR = ERR/NUM_BATCHES

print('Displaying in figure 1: Top row - real data, Bottom row
-- reconstructions')
OUTPUT = np.array([])
for ii in range(15):
A = np.append(data[ii, :-1].T, DATAOUT[ii, :].T)
A = A.reshape(784, 2)
OUTPUT = np.append(OUTPUT, A)

TESTNUMCASES, TESTNUMDIMS, TESTNUMBATCHES = TESTBATCHDATA.shape
N = TESTNUMCASES
ERR = ©
for batch in range(1, TESTNUMBATCHES):
data = TESTBATCHDATA[ :, :,batch]
data = np.append(data, np.ones((N, 1)), axis=1)

W1 PROBS = 1.0/(1 + np.exp(np.matmul(-data, W1)))
W1 _PROBS = np.append(W1l_PROBS, np.ones((N, 1)), axis=1)

W2 PROBS = 1.0/(1 + np.exp(np.matmul(-W1 PROBS, W2)))
W2 PROBS = np.append(W2_PROBS, np.ones((N, 1)), axis=1)

W3 PROBS = 1.0/(1 + np.exp(np.matmul(-W2_ PROBS,W3)))
W3 _PROBS = np.append(W3_PROBS, np.ones((N, 1)), axis=1)

W4 PROBS = np.matmul(W3_PROBS, W4)

W4 _PROBS = np.append(W4 PROBS, np.ones((N, 1)), axis=1)
x Wy

W5 PROBS = 1.0/(1 + np.exp(np.matmul(-W4 PROBS,W5)))

W5 _PROBS = np.append(W5 PROBS, np.ones((N, 1)), axis=1)
x W

W6_PROBS = 1.0/(1 + np.exp(np.matmul(-W5_PROBS, W6)))

W6_PROBS = np.append(W6_PROBS, np.ones((N, 1)), axis=1)
x W,

W7_PROBS = 1.0/(1 + np.exp(np.matmul(-W6_PROBS, W7)))

W7_PROBS = np.append(W7_PROBS, np.ones((N, 1)), axis=1)




x Wg
DATAOUT = 1.0/(1 + np.exp(np.matmul(-W7_PROBS, W8)))
ERR += 1/N*np.sum(np.sum(np.square(data[:,:-1]-
DATAOUT), axis=0), axis=0)
TEST_ERR = ERR/NUM_BATCHES
print('Before epoch {} Train squared error: {} Test squared err
or: {}'.format(epoch, TRAIN_ERR,TEST_ERR))

=0
for batch in range(int(NUM_BATCHES/10)):
print(‘epoch {} batch {}'.format(epoch,batch))
TT+=1
data=np.empty((100,784), int)
for kk in range(10):
data = np.append(data, BATCHDATA[:,:,((TT-
1)*10+kk)], axis=0)

MAX_ITER = 3
VW = np.concatenate((Wl.reshape(1,-1), W2.reshape(1,-
1), W3.reshape(1,-1),
W4.reshape(1,-1), W5.reshape(1l,-1), W6.reshape(1l,
1), W7.reshape(1l, -1),
W8.reshape(1, -1)), axis=1)
DIM = np.array([L1, L2, L3, L4, L5, L6, L7, L8, L9]).reshap
e(1, -1).T

f, df = CG_MNIST(W, DIM, data)
X, fX, i = minimize(wV,f, df, MAX ITER, DIM, data, 1.0, Tru

X[0][0:(L1+1)*L2].reshape(L1+1,L2)
(L1+1)*L2
X[@][X3:X3+(L2+1)*L3].reshape(L2+1,
X3+(L2+1)*L3
X[@][X3:X3+(L3+1)*L4].reshape(L3+1,
X3+(L3+1)*L4
X[@][X3:X3+(L4+1)*L5].reshape(L4+1,
X3+(L4+1)*L5
X[0][X3:X3+(L5+1)*L6].reshape(L5+1,
X3+(L5+1)*L6
X[0][X3:X3+(L6+1)*L7].reshape(L6+1,
X3+(L6+1)*L7
X[0][X3:X3+(L7+1)*L8].reshape(L7+1,
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X3 = X3+(L7+1)*L8
W8 = X[@][X3:X3+(L8+1)*L9].reshape(L8+1, L9)
return ERR

CG_MNIST.py

def CG_MNIST(VV,
import numpy
L1 = Dim[0]
L2 = Dim[1]
L3 = Dim[2]
L4 = Dim[3]
L5 = Dim[4]
L6 = Dim[5]
L7 = Dim[6]
L8 = Dim[7]
L9 = Dim[8]
N = X2.shape[9]

W1 = W[e][e:(L1[0]+1)*L2[0]].reshape(L1[@]+1,L2[0])

X3 = (L1[@]+1)*L2[0]

W2 = W[O][X3:X3+(L2[@]+1)*L3[0]].reshape(L2[0]+1, L3[Q])
X3 = X3+(L2[0]+1)*L3[9]

W3 = W[O][X3:X3+(L3[0]+1)*L4[0]].reshape(L3[0]+1, L4[0])
X3 = X3+(L3[0]+1)*L4[0]

W4 = W[O][X3:X3+(L4[0©]+1)*L5[0]].reshape(L4[0]+1, L5[Q])
X3 = X3+(L4[@]+1)*L5[0]

W5 = W[O][X3:X3+(L5[0]+1)*L6[0]].reshape(L5[0]+1, L6[0])
X3 = X3+(L5[@]+1)*L6[0]

W6 = W[O][X3:X3+(L6[0]+1)*L7[0]].reshape(L6[0]+1, L7[0])
X3 = X3+(L6[0]+1)*L7[0]

W7 = W[O][X3:X3+(L7[0]+1)*L8[0]].reshape(L7[0]+1, L8[Q])
X3 = X3+(L7[@]+1)*L8[0]

W8 = WI[O][X3:X3+(L8[0]+1)*L9[@]].reshape(L8[0]+1, L9[@])

X2 = np.append(X2, np.ones((N, 1)), axis=1)

W1 PROBS = 1.0/(1 + np.exp(np.matmul(-X2, W1)))




W1 PROBS = np.append(W1l_PROBS, np.ones((N, 1)), axis=1)

W2_PROBS = 1.0/(1 + np.exp(np.matmul(-W1_PROBS, W2)))
W2_PROBS = np.append(W2_PROBS, np.ones((N, 1)), axis=1)

W3_PROBS = 1.0/(1 + np.exp(np.matmul(-W2_PROBS,W3)))
W3_PROBS = np.append(W3_PROBS, np.ones((N, 1)), axis=1)

W4_PROBS = np.matmul(W3_PROBS, W4)
W4_PROBS = np.append(W4_PROBS, np.ones((N, 1)), axis=1)

W5_PROBS = 1.0/(1 + np.exp(np.matmul(-W4 PROBS,W5)))
W5_PROBS = np.append(W5_PROBS, np.ones((N, 1)), axis=1)

W6 _PROBS = 1.0/(1 + np.exp(np.matmul(-W5 PROBS, W6)))
W6_PROBS = np.append(W6_PROBS, np.ones((N, 1)), axis=1)

W7_PROBS = 1.0/(1 + np.exp(np.matmul(-W6_PROBS, W7)))
W7_PROBS = np.append(W7_PROBS, np.ones((N, 1)), axis=1)

X2_0UT = 1.9/(1 + np.exp(np.matmul (-W7_PROBS, W8)))

f = -1/N*np.sum(np.sum(X2[:,:-1]*np.log(X2_OUT)+ (1-X2[:, :-
1])*np.log(1-X2_0UT)))

I0 = 1/N*(X2_OUT-X2[:,:-1])

Ix8 = I0

#

DW8 = np.matmul(W7 PROBS.T,Ix8)

Ix7 (np.matmul (Ix8,W8.T))*W7 PROBS*(1-W7 PROBS)
Ix7 = Ix7[:, :-1]
DW7 = np.matmul (W6 PROBS.T,Ix7)

Ix6 (np.matmul (Ix7, W7.T))*W6 PROBS*(1-W6 PROBS)
Ix6 = Ix6[:, :-1]
DW6 = np.matmul (W5 PROBS.T,Ix6)

Ix5 (np.matmul (Ix6, W6.T))*W5 PROBS*(1-W5 PROBS)
IX5 = IX5[:, :-1]
DW5 = np.matmul (W4 _PROBS.T,IX5)

Ix4 = np.matmul(Ix5, W5.T)
Ix4 = Ix4[:, :-1]
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np.matmul (W3_PROBS.T,Ix4)

np.matmul(Ix4, W4.T)*W3_PROBS*(1-W3_PROBS)
Ix3[:, :-1]
np.matmul (W2_PROBS.T,Ix3)

np.matmul(Ix3, W3.T)*W2_PROBS*(1-W2_PROBS)
Ix2[:, :-1]
np.matmul(W1_PROBS.T, Ix2)

np.matmul(Ix2, W2.T)*W1_PROBS*(1-W1_PROBS)
Ix1[:, :-1]
np.matmul(X2.T, Ix1)

df = np.concatenate((DW1.reshape(1l,-1), DW2.reshape(1l, -
DW3.reshape(1,-1),

DW4.reshape(1,-1), DW5.reshape(1l,-1), DW6.reshape(1l, -
DW7.reshape(1, -1),

DW8.reshape(1l, -1)), axis=1)
return f, df

minimize.py

from math import *
from numpy import dot, isinf, isnan, any, sqrt, isreal, real, nan, inf
from CG_MNIST import CG_MNIST

minimize(X, f@, dfe, length, dim, data, red=1.0, verbose=
INT = 0.1

EXT = 3.0

MAX = 20

RATIO = 10

SIG = 0.1

RHO =

ls failed = ©




X = [fO]
i =1+ (length<@)

= -dfe; do = -
dot(s,s.T)
x3 = red/(1.0-
de)

while i < abs(length):

i =1+ (length>0)

X0 = X; FO = fo; dFe = dfe

if length>0:
M = MAX
else:
M = min(MAX, -length-i)
ME = 1
while ME!=0:

X2 = 0; f2 = f0; d2 = do; f3 = fO; df3 = dfo
success = 0
while ( success) (M > 0):

try:

M=M-1; i =1+ (length<e)

3, df3 = CG_MNIST(X+x3*s, dim, data)
if isnan(f3) isinf(f£3) any(isnan(df3)+isinf(d

print("error™)
success = 1
except:

X3 = (x2+x3)/2

if 3 < FO:




X0 = X+x3*s; FO = f3; dFO = df3
d3 = dot(df3,s.T)

if (d3 > SIG*de)[e][@] (f3 > fO+x3*RHO*d@)[0][0]

ME = ©
x1 = x2; f1 = f2; d1 = d2

x2 = x3; f2 = £3; d2 = d3
A = 6*(f1-f2)+3*(d2+d1)*(x2-
B = 3%(f2-f1)-(2*d1+d2)*(x2-x1)
Z = B+sqgrt(complex(B*B-A*d1*(x2-x1)))
if Z 1= 0.0:
x3 = x1-d1*(x2-
else:
x3 = inf
if ( isreal(x3)) isnan(x3) isinf(x3) (x3 < 0):
X3 = X2*EXT
elif x3 > x2*EXT:
X3 = X2*EXT

elif x3 < x2+INT*(x2-

X3 = x2+INT*(x2-x1)
x3 = real(x3)

while (abs(d3) > -SIG*d® or f3 > fO+x3*RHO*d@)

if (d3 > 0) (f3 > fO+x3*RHO*dO):

x4 x3; f4 = £3; d4 d3

= x3; f2 = f3; d2




if f4 > fe:
= X2-(0.5%d2*(x4-x2)**2)/(f4-f2-d2*(x4-x2))

else:
A = 6%(f2-f4)/(x4-
x2)+3*(d4+d2)
B = 3%(f4-f2)-(2*d2+d4)*(x4-x2)
if A = 0:
x3=x2+(sqrt(B*B-A*d2*(x4-x2)**2)-B)/A

else:
x3 = inf
if isnan(x3) isinf(x3):
X3 = (x2+x4)/2

x3 = max(min(x3, x4-INT*(x4-x2)),x2+INT*(x4-x2))
3, df3 = CG_MNIST(X+x3*s, dim, data)
if 3 < Fe:
X0 = X+x3*s; FO = f3; dFO = df3
M=M-1; i =1 + (length<9)
d3 = dot(df3,s.T)
if abs(d3) < -
SIG*de f3 < fO+x3*RHO*d0:
X = X+x3*s; f@ = f3; fX.append(f0)
if verbose: print(’ ;  Value \r' % (S, i, f0))
s = (dot(df3,df3)-dot(df@,df3))/dot(df0,dfo)*s - df3
dfe = df3

d3 = do; do = dot(df@,s)
if do > o:




dot(s,s)

x3 = x3 * min(RATIO, d3/(de-
SMALL))

ls_failed = ©

else:
X = X0; f0 = FO; dfe = dFo

if 1s failed (i>abs(length)):

break

= -dfe; de = -

dot(s,s.T)

x3 = 1/(1-de)
ls failed = 1

if verbose: print("\n")
return X, fX, i
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