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https://image.shutterstock.com/image-photo/man-wearing-blue-hardhat-using-600w-

546698692.jpg 

https://cdn.xl.thumbs.canstockphoto.com/man-wearing-hard-hat-and-construction-

vest-stock-photo_csp45383744.jpg 

https://thumbs.dreamstime.com/b/maskinarkitekt-med-h%C3%A5rd-hatt-som-

inspekterar-nya-byggnader-171099972.jpg 

https://thumbs.dreamstime.com/b/men-hardhats-9617544.jpg 

https://ak.picdn.net/offset/photos/5f88a7b06f52af4409e4bc42/medium/offset_101972

0.jpg?DFghwDcb?DFghwDcb 

https://img.freepik.com/foto-gratis/mujer-ingeniero-vistiendo-hardhat-sostener-

tableta-digital_8595-11583.jpg?size=626&ext=jpg 

https://w7.pngwing.com/pngs/345/827/png-transparent-bicycle-helmets-ski-

snowboard-helmets-equestrian-helmets-hard-hats-construction-foreman-bicycle-

helmets-hat-engineer-sports.png 

https://img2.pngdownload.id/20190801/fos/kisspng-construction-worker-laborer-

industry-carpenter-urcae-universal-research-of-civil-amp-architec-

5d437be621e2e5.1886159415647037181388.jpg 

https://c8.alamy.com/comp/J2N5E6/portrait-of-a-young-engineer-wearing-a-helmet-

against-metal-background-J2N5E6.jpg 

https://www.karebasulsel.id/wp-content/uploads/2020/12/Pengertian-Penting-

Keselamatan-Saat-Kerja.jpg 
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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 # 𝑛1 

NUMPEN = 500 # 𝑛2 

NUMPEN2 = 250 # 𝑛3 

NUMOPEN = 30 # 𝑛4 

# 𝑊𝑙 

RANDOMIN_ = sio.loadmat("randomin_poshidstates.mat", verify_compressed_

data_integrity=False) 

RANDOMIN = RANDOMIN_['randomin'] 
# 𝑊𝑖𝑗 

VISHID_ = sio.loadmat("vis_try___.mat", verify_compressed_data_integrit

y=False) 

VISHID = VISHID_['vishid_'] 

 

# 𝑝  

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("BATCH_DATA.shape= ", BATCH_DATA.shape) #100, 784, 600 

 

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) #100, 1000 

HIDRECBIASES = HIDBIASES 

VISHID__= VISHID 

VISBIASES__ = VISBIASES 

 

print('Pretraining Layer 2 with RBM: {}-{}'.format(NUM_HID, NUMPEN)) 

BATCH_DATA = BATCHPOSHIDPROBS 

NUM_HID = NUMPEN 

RESTART = 1 

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 

# # 𝑅𝐵𝑀𝑈𝑝𝑑𝑎𝑡𝑒( 𝑝 , 𝑛1,𝑊𝑙 ,   

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 

    # 𝜖𝑊 

    EPSILON_W = 0.1 

    # 𝜖𝑉𝐵 

    EPSILON_VB = 0.1 

    # 𝜖𝐻𝐵 

    EPSILON_HB = 0.1 

    # 𝛽 

    WEIGHT_COST = 0.0002 

    # 𝜃1 
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    INITIAL_MOMENTUM = 0.5 

    # 𝜃𝑡 

    FINAL_MOMENTUM = 0.9 

 

    NUM_CASES, NUM_DIMS, NUM_BATCHES = BATCH_DATA.shape 

 

    if RESTART==1: 

        RESTART = 0 

        EPOCH = 0 

   # 𝑤𝑖𝑗 

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

   # 𝑏 

        HIDBIASES = np.zeros(NUM_HID) 

   # 𝑐 

        VISBIASES = np.zeros(NUM_DIMS) 

   𝑝(ℎ𝑗 = 1) 

        POSHIDPROBS = np.zeros((NUM_CASES, NUM_HID)) 

      𝑄(ℎ𝑗 = 1) 

        NEGHIDPROBS = np.zeros((NUM_CASES, NUM_HID)) 

     # 𝑔𝑙
′
 𝑥 𝑝(ℎ𝑗 = 1) 

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

    # 𝑄(ℎ𝑗 = 1)
′
𝑥 𝜎(𝑥) 

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

   # ∆𝑤𝑖𝑗 

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

  # ∆𝑏 

        HIDBIASINC = np.zeros(NUM_HID) 

  # ∆𝑐 

        VISBIASINC = np.zeros(NUM_DIMS) 

        BATCHPOSHIDPROBS = np.zeros((NUM_CASES, NUM_HID, NUM_BATCHES)) 

 

    for epoch in range(EPOCH, MAX_EPOCH): 

        print('epoch {}'.format(epoch)) 

        ERR_SUM = 0 

   # 𝑓𝑜𝑟 𝑙 = 0 𝑡𝑜 𝐿 = 599 

        for batch in range(NUM_BATCHES): 

            print('epoch {} batch {}'.format(epoch,batch)) 

            # 𝑔𝑙 

            data = BATCH_DATA[:,:,batch]  

  # 𝑝(ℎ𝑗 = 1) = 1/(1 + 𝑒𝑣𝑖𝑤𝑖𝑗) 

            POSHIDPROBS = 1.0/(1 + (np.exp(np.matmul(-

data,VISHID)- np.tile(HIDBIASES, (NUM_CASES, 1)))))  

            BATCHPOSHIDPROBS[:,:,batch] = POSHIDPROBS 
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  # 𝑔𝑙
′
 𝑥 𝑝(ℎ𝑗 = 1) 

            POSPRODS = np.matmul(data.T,POSHIDPROBS) 

      # ∑𝑝(ℎ𝑗 = 1)  

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

      # ∑𝑔𝑙 

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

# 𝜎(𝑥) =  𝜎(𝑏𝑗 + ∑ 𝑖𝑣𝑖𝑤𝑖𝑗) = 1/[1 + exp(−(𝑏𝑗 + ∑ 𝑖𝑣𝑖𝑤𝑖𝑗))] 

  # page 5, practical guide 

  # hidden unit turns on if this probability is greater than 

a random number uniformly distributed between 0 and 1 

  # ℎ𝑗 = {
0, 𝜎(𝑥) < 𝑟𝑎𝑛𝑑𝑜𝑚
1, 𝜎(𝑥) > 𝑟𝑎𝑛𝑑𝑜𝑚

 

            POSHIDSTATES = np.where(POSHIDPROBS > np.random.randn(NUM_C

ASES, NUM_HID), 1, 0) 

 

  # 𝑄(ℎ𝑗 = 1) = 1/(1 + 𝑒𝑣𝑖𝑤𝑖𝑗)  

            NEGDATA = 1.0/(1 + np.exp(np.matmul(-

POSHIDSTATES, VISHID.T) - np.tile(VISBIASES, (NUM_CASES, 1)))) 

  # 𝜎(𝑥) =  𝜎(𝑏𝑗 + ∑ 𝑖𝑣𝑖𝑤𝑖𝑗) = 1/[1 + exp(−𝑥)] 

            NEGHIDPROBS = 1.0/(1 + np.exp(np.matmul(-

NEGDATA, VISHID) - np.tile(HIDBIASES, (NUM_CASES,1)))) 

  # 𝑄(ℎ𝑗 = 1)
′
𝑥 𝜎(𝑥)  

            NEGPRODS = np.matmul(NEGDATA.T, NEGHIDPROBS) 

  ∑𝜎(𝑥) 

            NEGHIDACT = np.sum(NEGHIDPROBS, axis=0) 

  ∑𝑝(ℎ𝑗 = 1) 

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

      # 𝐶 = ∑∑  (𝑔𝑙 −𝑄(ℎ𝑗 = 1))
2

 

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

            ERR_SUM += ERR 

 

            if epoch>5: 

                MOMENTUM = FINAL_MOMENTUM 

            else: 

                MOMENTUM = INITIAL_MOMENTUM 

   

   

  # ∆𝑤𝑖𝑗 =  𝜖(⟨𝑣𝑖ℎ𝑗⟩𝑑𝑎𝑡𝑎 − ⟨𝑣𝑖ℎ𝑗⟩𝑟𝑒𝑐𝑜𝑛) 

            VISHIDINC = MOMENTUM* VISHIDINC + EPSILON_W  * ((POSPRODS-

NEGPRODS)/NUM_CASES - WEIGHT_COST*VISHID) 

  # ∆𝑐𝑖 =  𝜖(⟨𝑣𝑖ℎ𝑗⟩𝑑𝑎𝑡𝑎 − ⟨𝑣𝑖ℎ𝑗⟩𝑟𝑒𝑐𝑜𝑛) 
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            VISBIASINC = MOMENTUM* VISBIASINC + (EPSILON_VB/NUM_CASES) 

*(POSVISACT-NEGVISACT) 

      # ∆𝑏𝑖 =  𝜖(⟨𝑣𝑖ℎ𝑗⟩𝑑𝑎𝑡𝑎
− ⟨𝑣𝑖ℎ𝑗⟩𝑟𝑒𝑐𝑜𝑛

) 

            HIDBIASINC = MOMENTUM * HIDBIASINC + (EPSILON_HB/NUM_CASES)

* (POSHIDACT-NEGHIDACT) 

      # 𝑊𝑙 = 𝑊𝑙−1 + ∆𝑊𝑙 

            VISHID += VISHIDINC 

      # 𝑐𝑙 = 𝑐𝑙−1 + ∆𝑐𝑖 

            VISBIASES += VISBIASINC 

        # 𝑏𝑙 = 𝑏𝑙−1 + ∆𝑏𝑖 

            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 

 

    # 𝜖𝑊 

    EPSILON_W = 0.001 

    # 𝜖𝑉𝐵 

    EPSILON_VB = 0.001 

    # 𝜖𝐻𝐵 

    EPSILON_HB = 0.001 

    # 𝛽 

    WEIGHT_COST = 0.0002 

    # 𝜃1 

    INITIAL_MOMENTUM = 0.5 

    # 𝜃𝑡 

    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 = 0 

        EPOCH = 1 

   # 𝑤𝑖𝑗 

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

        HIDBIASES = np.zeros(NUM_HID) 

   # 𝑐 

        VISBIASES = np.zeros(NUM_DIMS) 

   𝑝(ℎ𝑗 = 1) 

        POSHIDPROBS = np.zeros((NUM_CASES, NUM_HID)) 

      𝑄(ℎ𝑗 = 1) 

        NEGHIDPROBS = np.zeros((NUM_CASES, NUM_HID)) 

     # 𝑔𝑙
′
 𝑥 𝑝(ℎ𝑗 = 1) 

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

    # 𝑄(ℎ𝑗 = 1)
′
𝑥 𝜎(𝑥) 

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

   # ∆𝑤𝑖𝑗 

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

  # ∆𝑏 

        HIDBIASINC = np.zeros(NUM_HID) 

  # ∆𝑐 

        VISBIASINC = np.zeros(NUM_DIMS) 

        BATCHPOSHIDPROBS = np.zeros((NUM_CASES, NUM_HID, NUM_BATCHES)) 

 

    for epoch in range(EPOCH, MAX_EPOCH): 

        print('epoch {}'.format(epoch)) 

        ERR_SUM = 0 

   # 𝑓𝑜𝑟 𝑙 = 0 𝑡𝑜 𝐿 = 599 

        for batch in range(NUM_BATCHES): 

            print('epoch {} batch {}'.format(epoch,batch)) 

            # 𝑔𝑙             

            data = BATCH_DATA[:,:,batch] 

  # 𝑝(ℎ𝑗 = 1) = 1/(1 + 𝑒𝑣𝑖𝑤𝑖𝑗) 

            POSHIDPROBS = 1.0/(1 + (np.exp(np.matmul(-

data,VISHID)- np.tile(HIDBIASES, (NUM_CASES, 1)) 

))) 

            BATCHPOSHIDPROBS[:,:,batch] = POSHIDPROBS 

  # 𝑔𝑙
′
 𝑥 𝑝(ℎ𝑗 = 1) 

            POSPRODS = np.matmul(data.T,POSHIDPROBS) 

      # ∑𝑝(ℎ𝑗 = 1)  

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

      # ∑𝑔𝑙  

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

  # ℎ𝑗 =  𝑝(ℎ𝑗 = 1) + 𝑟𝑎𝑛𝑑𝑜𝑚𝑖𝑛 

            POSHIDSTATES = POSHIDPROBS + RANDOMIN 

  # 𝑄(ℎ𝑗 = 1) = 1/(1 + 𝑒𝑣𝑖𝑤𝑖𝑗)  
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            NEGDATA = 1.0/(1 + np.exp(np.matmul(-

POSHIDSTATES, VISHID.T) - np.tile(VISBIASES, (NUM_CASES, 1)))) 

  # 𝜎(𝑥) =  𝜎(𝑏𝑗 + ∑ 𝑖𝑣𝑖𝑤𝑖𝑗 = 1/[1 + exp(−𝑥)] 

            NEGHIDPROBS = 1.0/(1 + np.exp(np.matmul(-

NEGDATA, VISHID) - np.tile(HIDBIASES, (NUM_CASES,1)))) 

  # 𝑄(ℎ𝑗 = 1)
′
𝑥 𝜎(𝑥) 

            NEGPRODS = np.matmul(NEGDATA.T, NEGHIDPROBS) 

  ∑𝜎(𝑥) 

            NEGHIDACT = np.sum(NEGHIDPROBS, axis=0) 

  ∑𝑝(ℎ𝑗 = 1) 

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

      # 𝐶 = ∑∑  (𝑔𝑙 −𝑄(ℎ𝑗 = 1))
2

 

            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 
  # ∆𝑤𝑖𝑗 =  𝜃 ∗ ∆𝑤𝑖𝑗 + 𝜖𝑊 ∗ ( 

            VISHIDINC = MOMENTUM* VISHIDINC + EPSILON_W  * ((POSPRODS-

NEGPRODS)/NUM_CASES - WEIGHT_COST*VISHID) 

  # ∆𝑐𝑖 = 𝜃 ∗ ∆𝑐𝑖 + (𝜖𝑉𝐵/𝑁) ∗ (∑𝑔𝑙 −∑𝑝(ℎ𝑗 = 1))  

            VISBIASINC = MOMENTUM* VISBIASINC + (EPSILON_VB/NUM_CASES) 

*(POSVISACT-NEGVISACT) 

      # ∆𝑏𝑖 = 𝜃 ∗ ∆𝑏𝑖 + (𝜖𝐻𝐵/𝑁) ∗ ( ∑𝑝(ℎ𝑗 = 1) − ∑𝜎(𝑥)) 

            HIDBIASINC = MOMENTUM * HIDBIASINC + (EPSILON_HB/NUM_CASES)

* (POSHIDACT-NEGHIDACT) 

      # 𝑊𝑙 = 𝑊𝑙−1 + ∆𝑊𝑙 

            VISHID += VISHIDINC 

      # 𝑐𝑙 = 𝑐𝑙−1 + ∆𝑐𝑖 

            VISBIASES += VISBIASINC 

        # 𝑏𝑙 = 𝑏𝑙−1 + ∆𝑏𝑖 

            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): 

# def backprop(): 

    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 

    W1 = np.append(VISHID, HIDRECBIASES.reshape(1, -1), axis = 0) 

    # 𝑤2 

    W2 = np.append(HIDPEN, PENRECBIASES.reshape(1, -1), axis = 0) 

    # 𝑤3 

    W3 = np.append(HIDPEN2, PENRECBIASES2.reshape(1, -1), axis = 0) 

    # 𝑤4 

    W4 = np.append(HIDTOP, TOPRECBIASES.reshape(1, -1), axis = 0) 

    # 𝑤5 

    W5 = np.append(HIDTOP.T, TOPGENBIASES.reshape(1, -1), axis = 0) 

    # 𝑤6 

    W6 = np.append(HIDPEN2.T, HIDGENBIASES2.reshape(1, -1), axis = 0) 

    # 𝑤7 

    W7 = np.append(HIDPEN.T, HIDGENBIASES.reshape(1, -1), axis = 0) 

    # 𝑤8 

    W8 = np.append(VISHID.T, VISBIASES.reshape(1, -1), axis = 0) 
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    L1 = W1.shape[0]-1 

    L2 = W2.shape[0]-1 

    L3 = W3.shape[0]-1 

    L4 = W4.shape[0]-1 

    L5 = W5.shape[0]-1 

    L6 = W6.shape[0]-1 

    L7 = W7.shape[0]-1 

    L8 = W8.shape[0]-1 

    L9 = L1 

 

    TEST_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): 

  # 𝑔𝑙 

            data = BATCHDATA[:,:,batch] 

            data = np.append(data, np.ones((N, 1)), axis=1) 
            # 𝑊1𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑔𝑙𝑥 𝑊1)  

            W1_PROBS = 1.0/(1 + np.exp(np.matmul(-data, W1))) 

            W1_PROBS = np.append(W1_PROBS, np.ones((N, 1)), axis=1) 
  # 𝑊2𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊1𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊2)  

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

            W2_PROBS = np.append(W2_PROBS, np.ones((N, 1)), axis=1) 

       # 𝑊3𝑃𝑅𝑂𝐵𝑆
= 1/(1 + 𝑒𝑥𝑝(−𝑊2𝑃𝑅𝑂𝐵𝑆

𝑥 𝑊3)  

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

            W3_PROBS = np.append(W3_PROBS, np.ones((N, 1)), axis=1) 
      # 𝑊4𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊3𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊4)  

            W4_PROBS = np.matmul(W3_PROBS, W4) 

            W4_PROBS = np.append(W4_PROBS, np.ones((N, 1)), axis=1) 
      # 𝑊5𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊4𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊5)   

            W5_PROBS = 1.0/(1 + np.exp(np.matmul(-W4_PROBS,W5))) 

            W5_PROBS = np.append(W5_PROBS, np.ones((N, 1)), axis=1) 
      # 𝑊6𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊5𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊6)   

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

            W6_PROBS = np.append(W6_PROBS, np.ones((N, 1)), axis=1) 
      # 𝑊7𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊6𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊7)   

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

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

𝑙 = 1/(1 + 𝑒𝑥𝑝(−𝑊7𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊8)   
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            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) 

        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) 

        # mnistdisp(OUTPUT) 

        # plt.show() 

 

        TESTNUMCASES, TESTNUMDIMS, TESTNUMBATCHES = TESTBATCHDATA.shape 

        N = TESTNUMCASES 

        ERR = 0 

        for batch in range(1, TESTNUMBATCHES): 

            data = TESTBATCHDATA[:,:,batch] 

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

                 
            # 𝑊1𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑔𝑙𝑥 𝑊1)  

            W1_PROBS = 1.0/(1 + np.exp(np.matmul(-data, W1))) 

            W1_PROBS = np.append(W1_PROBS, np.ones((N, 1)), axis=1) 
  # 𝑊2𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊1𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊2)  

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

            W2_PROBS = np.append(W2_PROBS, np.ones((N, 1)), axis=1) 
       # 𝑊3𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊2𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊3)  

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

            W3_PROBS = np.append(W3_PROBS, np.ones((N, 1)), axis=1) 
      # 𝑊4𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊3𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊4)  

            W4_PROBS = np.matmul(W3_PROBS, W4) 

            W4_PROBS = np.append(W4_PROBS, np.ones((N, 1)), axis=1) 
      # 𝑊5𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊4𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊5)   

            W5_PROBS = 1.0/(1 + np.exp(np.matmul(-W4_PROBS,W5))) 

            W5_PROBS = np.append(W5_PROBS, np.ones((N, 1)), axis=1) 
      # 𝑊6𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊5𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊6)   

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

            W6_PROBS = np.append(W6_PROBS, np.ones((N, 1)), axis=1) 
      # 𝑊7𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊6𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊7)    

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

            W7_PROBS = np.append(W7_PROBS, np.ones((N, 1)), axis=1) 
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      # 𝑔𝑟𝑒𝑐𝑜𝑛
𝑙 = 1/(1 + 𝑒𝑥𝑝(−𝑊7𝑃𝑅𝑂𝐵𝑆

𝑥 𝑊8)   

            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)) 

 

        TT = 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 

            VV = np.concatenate((W1.reshape(1,-1), W2.reshape(1,-

1), W3.reshape(1,-1), 

                    W4.reshape(1,-1), W5.reshape(1,-1), W6.reshape(1, -

1), W7.reshape(1, -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(VV, DIM, data) 

            X, fX, i = minimize(VV,f, df, MAX_ITER, DIM, data, 1.0, Tru

e)  

 

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

            X3 = (L1+1)*L2 

            W2 = X[0][X3:X3+(L2+1)*L3].reshape(L2+1, L3) 

            X3 = X3+(L2+1)*L3 

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

            X3 = X3+(L3+1)*L4 

            W4 = X[0][X3:X3+(L4+1)*L5].reshape(L4+1, L5) 

            X3 = X3+(L4+1)*L5 

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

            X3 = X3+(L5+1)*L6 

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

            X3 = X3+(L6+1)*L7 

            W7 = X[0][X3:X3+(L7+1)*L8].reshape(L7+1, L8) 
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            X3 = X3+(L7+1)*L8 

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

    return ERR 

 

# if __name__ == "__main__": 

#     backprop() 

 

CG_MNIST.py 

def CG_MNIST(VV, Dim, X2): 

    import numpy as np 

    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[0] 

 

    # Do decomversion 

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

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

    W2 = VV[0][X3:X3+(L2[0]+1)*L3[0]].reshape(L2[0]+1, L3[0]) 

    X3 = X3+(L2[0]+1)*L3[0] 

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

    X3 = X3+(L3[0]+1)*L4[0] 

    W4 = VV[0][X3:X3+(L4[0]+1)*L5[0]].reshape(L4[0]+1, L5[0]) 

    X3 = X3+(L4[0]+1)*L5[0] 

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

    X3 = X3+(L5[0]+1)*L6[0] 

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

    X3 = X3+(L6[0]+1)*L7[0] 

    W7 = VV[0][X3:X3+(L7[0]+1)*L8[0]].reshape(L7[0]+1, L8[0]) 

    X3 = X3+(L7[0]+1)*L8[0] 

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

 

    X2 = np.append(X2, np.ones((N, 1)), axis=1) 
    # 𝑊1𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑋2𝑥 𝑊1)  

    W1_PROBS = 1.0/(1 + np.exp(np.matmul(-X2, W1))) 
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    W1_PROBS = np.append(W1_PROBS, np.ones((N, 1)), axis=1) 

    # 𝑊2𝑃𝑅𝑂𝐵𝑆
= 1/(1 + 𝑒𝑥𝑝(−𝑊1𝑃𝑅𝑂𝐵𝑆

𝑥 𝑊1) 

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

    W2_PROBS = np.append(W2_PROBS, np.ones((N, 1)), axis=1) 
    # 𝑊3𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊2𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊1) 

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

    W3_PROBS = np.append(W3_PROBS, np.ones((N, 1)), axis=1) 
    # 𝑊4𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊3𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊1) 

    W4_PROBS = np.matmul(W3_PROBS, W4) 

    W4_PROBS = np.append(W4_PROBS, np.ones((N, 1)), axis=1) 
    # 𝑊5𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊4𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊1) 

    W5_PROBS = 1.0/(1 + np.exp(np.matmul(-W4_PROBS,W5))) 

    W5_PROBS = np.append(W5_PROBS, np.ones((N, 1)), axis=1) 
    # 𝑊6𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊5𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊1) 

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

    W6_PROBS = np.append(W6_PROBS, np.ones((N, 1)), axis=1) 
    # 𝑊7𝑃𝑅𝑂𝐵𝑆

= 1/(1 + 𝑒𝑥𝑝(−𝑊6𝑃𝑅𝑂𝐵𝑆
𝑥 𝑊1) 

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

    W7_PROBS = np.append(W7_PROBS, np.ones((N, 1)), axis=1) 
    # 𝑔𝑅𝐸𝐶𝑂𝑁 = 1/(1 + 𝑒𝑥𝑝(−𝑊7𝑃𝑅𝑂𝐵𝑆

𝑥 𝑊1) 

    X2_OUT = 1.0/(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_OUT))) 

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

    Ix8 = IO 
    # 𝑊7𝑃𝑅𝑂𝐵𝑆

 𝑥 𝐼𝑋 

    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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    DW4 = np.matmul(W3_PROBS.T,Ix4) 

 

    Ix3 = np.matmul(Ix4, W4.T)*W3_PROBS*(1-W3_PROBS) 

    Ix3 = Ix3[:, :-1] 

    DW3 = np.matmul(W2_PROBS.T,Ix3) 

 

    Ix2 = np.matmul(Ix3, W3.T)*W2_PROBS*(1-W2_PROBS) 

    Ix2 = Ix2[:, :-1] 

    DW2 = np.matmul(W1_PROBS.T, Ix2) 

 

    Ix1 = np.matmul(Ix2, W2.T)*W1_PROBS*(1-W1_PROBS) 

    Ix1 = Ix1[:, :-1] 

    DW1 = np.matmul(X2.T, Ix1) 

 

    # df = lst.extend([DW1[:].T, DW2[:].T, DW3[:].T, DW4[:].T, DW5[:].T

, DW6[:].T, DW7[:].T, DW8[:].T]).T 

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

1), DW3.reshape(1,-1), 

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

1), DW7.reshape(1, -1), 

                DW8.reshape(1, -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 

 

def minimize(X, f0, df0, length, dim, data, red=1.0, verbose=True): 

    INT = 0.1 

    EXT = 3.0 

    MAX = 20 

    RATIO = 10 

    SIG = 0.1 

    RHO = SIG/2 

 

    SMALL = 10.**-16 

 

    i = 0                                         # zero the run length

 counter 

    ls_failed = 0                          # no previous line search ha

s failed 
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    # f0 = f(X, *args)                          # get function value an

d gradient 

    # df0 = grad(X, *args)   

    fX = [f0] 

    i = i + (length<0)                                         # count 

epochs?! 

    s = -df0; d0 = -

dot(s,s.T)    # initial search direction (steepest) and slope 

    x3 = red/(1.0-

d0)                             # initial step is red/(|s|+1) 

 

    while i < abs(length):                                 # while not 

finished 

        i = i + (length>0)                                 # count iter

ations?! 

 

        X0 = X; F0 = f0; dF0 = df0              # make a copy of curren

t values 

        if length>0: 

            M = MAX 

        else:  

            M = min(MAX, -length-i) 

        ME = 1 

        while ME!=0:                      # keep extrapolating as long 

as necessary 

            x2 = 0; f2 = f0; d2 = d0; f3 = f0; df3 = df0 

            success = 0 

            while (not success) and (M > 0): 

                try: 

                    M = M - 1; i = i + (length<0)              # count 

epochs?! 

                    # f3 = f(X+x3*s, *args) 

                    # df3 = grad(X+x3*s, *args) 

                    f3, df3 = CG_MNIST(X+x3*s, dim, data)  

                    if isnan(f3) or isinf(f3) or any(isnan(df3)+isinf(d

f3)): 

                        print("error") 

                    success = 1 

                except:                    # catch any error which occu

red in f 

                    x3 = (x2+x3)/2                       # bisect and t

ry again 

            if f3 < F0: 
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                X0 = X+x3*s; F0 = f3; dF0 = df3   # keep best values 

            d3 = dot(df3,s.T)                                         #

 new slope 

            if (d3 > SIG*d0)[0][0] or (f3 > f0+x3*RHO*d0)[0][0] or M ==

 0:   

                ME = 0 

            x1 = x2; f1 = f2; d1 = d2                 # move point 2 to

 point 1 

            x2 = x3; f2 = f3; d2 = d3                 # move point 3 to

 point 2 

            A = 6*(f1-f2)+3*(d2+d1)*(x2-

x1)          # make cubic extrapolation 

            B = 3*(f2-f1)-(2*d1+d2)*(x2-x1) 

            Z = B+sqrt(complex(B*B-A*d1*(x2-x1))) 

            if Z != 0.0: 

                x3 = x1-d1*(x2-

x1)**2/Z              # num. error possible, ok! 

            else:  

                x3 = inf 

            if (not isreal(x3)) or isnan(x3) or isinf(x3) or (x3 < 0):  

                                                       # num prob | wro

ng sign? 

                x3 = x2*EXT                        # extrapolate maximu

m amount 

            elif x3 > x2*EXT:           # new point beyond extrapolatio

n limit? 

                x3 = x2*EXT                        # extrapolate maximu

m amount 

            elif x3 < x2+INT*(x2-

x1):  # new point too close to previous point? 

                x3 = x2+INT*(x2-x1) 

            x3 = real(x3) 

 

        while (abs(d3) > -SIG*d0 or f3 > f0+x3*RHO*d0) and M > 0:   

                                                           # keep inter

polating 

            if (d3 > 0) or (f3 > f0+x3*RHO*d0):            # choose sub

interval 

                x4 = x3; f4 = f3; d4 = d3             # move point 3 to

 point 4 

            else: 

                x2 = x3; f2 = f3; d2 = d3             # move point 3 to

 point 2 
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            if f4 > f0:            

                x3 = x2-(0.5*d2*(x4-x2)**2)/(f4-f2-d2*(x4-x2)) 

                                                      # quadratic inter

polation 

            else: 

                A = 6*(f2-f4)/(x4-

x2)+3*(d4+d2)           # cubic interpolation 

                B = 3*(f4-f2)-(2*d2+d4)*(x4-x2) 

                if A != 0: 

                    x3=x2+(sqrt(B*B-A*d2*(x4-x2)**2)-B)/A 

                                                     # num. error possi

ble, ok! 

                else: 

                    x3 = inf 

            if isnan(x3) or isinf(x3): 

                x3 = (x2+x4)/2      # if we had a numerical problem the

n bisect 

            x3 = max(min(x3, x4-INT*(x4-x2)),x2+INT*(x4-x2))   

                                                       # don't accept t

oo close 

            f3, df3 = CG_MNIST(X+x3*s, dim, data) 

            if f3 < F0: 

                X0 = X+x3*s; F0 = f3; dF0 = df3              # keep bes

t values 

            M = M - 1; i = i + (length<0)                      # count 

epochs?! 

            d3 = dot(df3,s.T)                                         #

 new slope 

 

        if abs(d3) < -

SIG*d0 and f3 < f0+x3*RHO*d0:  # if line search succeeded 

            X = X+x3*s; f0 = f3; fX.append(f0)               # update v

ariables 

            if verbose: print('%s %6i;  Value %4.6e\r' % (S, i, f0)) 

            s = (dot(df3,df3)-dot(df0,df3))/dot(df0,df0)*s - df3 

                                                  # Polack-

Ribiere CG direction 

            df0 = df3                                        # swap der

ivatives 

            d3 = d0; d0 = dot(df0,s) 

            if d0 > 0:                             # new slope must be 

negative 
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                s = -df0; d0 = -

dot(s,s)     # otherwise use steepest direction 

            x3 = x3 * min(RATIO, d3/(d0-

SMALL))     # slope ratio but max RATIO 

            ls_failed = 0                       # this line search did 

not fail 

        else: 

            X = X0; f0 = F0; df0 = dF0              # restore best poin

t so far 

            if ls_failed or (i>abs(length)):# line search failed twice 

in a row 

                break                    # or we ran out of time, so we

 give up 

            s = -df0; d0 = -

dot(s,s.T)                             # try steepest 

            x3 = 1/(1-d0)                      

            ls_failed = 1                             # this line searc

h failed 

    if verbose: print("\n") 

    return X, fX, i 

  


