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o Ham thit thoat chiém mét vai trd v6 cling quan trong trong hoc may.

o Quan diém cii: ham thit thoat chi I3 vAn dé tinh todn vi khéng anh hudng dén két qua
cudi cting ctia md hinh hoc mdy .

@ Hién nay: cic nha khoa hoc d3 chii ¥ nhiéu hon dén cac tinh chit clia ham thit thoét va
anh hudng cla ching dén su hdi tu cha cic théng s6 trong phuong phap ludng gradient
ngiu nhién. Tuy nhién, vin con thiéu mot ly thuyét diy di vé ham thit thoat.

o D2 tdi ndy gbp phan phat trién Iy thuyét v& ham thit thoat.

@ Cic ndi dung chinh:

N&i dung 1: M4 hinh téng quan vé hoc may vi phan
N&i dung 2: M6t s6 van dé dnh hudng dén dé chinh xac
N&i dung 3: Thiét ké ham that thoat

N&i dung 4: M6t s6 két qua thuc hanh
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NGi dung. 1. M hinh téng quan v& hoc méy vi phan

e Q ki hiéu cho khéng gian cac dit liéu dau vao.
® yirue - 2 — {0,1} 13 ground truth cGa ham phéan loai nhi phéan.

Hoc mdy théng thudng: M6 hinh Hoc mdy vi phdan: M6 hinh
M hinh hoc mdy la mét anh xa M hinh 13 mét ham kha vi lién tuc hiu khé'p,
M:Qx© —{0,1}, DM :Q x © — [0,1]

V6i mBi lya chon cac tham s6 0 € © thi | V&i mbi 6 € © thi ham y = DMy : Q — [0, 1] dung
md hinh M cho ta mdét ham du doan: dé thay thé ham du doan. Lic d6 ta cé thé dat

Ypredict = Mg : 2 — {0,1}. ’ Ypredict = 1 khi y > 0.5 (hodc mét ngudng khéc)

o) day © biéu thi khéng gian cic tham sé c6 thé hoc clia mé hinh. S8 chiéu cia khéng gian ©
(s6 cac tham s6 cGia md hinh) cé thé la nhd trong cdc md hinh hoc méy don gian, va cling ¢
thé rat I6n, dén hang tram triéu, vi du trong cdc md hinh hoc sdu (deep learning).
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Hoc méy théng thudng: Danh gia két qua

e Ham do dé chinh xdc (accuracy)

= Yirue(X)}

e Gia tri S(My, yirue) ducc xap xi bing thuc
nghlem dua trén viéc kiém tra két qua trén mét
tap nglu nhién T = {x, € Q, k=1,...,N}

|{k o Mg(Xk)

S(Mg,ytrue) = P{X cQ ‘ M@(X)

= Ytrue(Xk)}|
N

S\.(/wevytrue) -

6 day x, € T thudng chua dugce st dung trong
qua trinh hoc. Tap T dugc goi la tdp xdc nhin
(validation set) hoac tip kiém tra (test set).

e c6 thé dung cic ham khac nhu t7 1€ duong ding
(sensitivity) hodc t/ 1é 4m ding (specificity).

Hoc mdy vi phan: Danh gia két qua

o Ti 18 18i 1 — S(Mjy, yirue) dugc thay thé
bdi ham that thoat (loss function)

L:©—=R (1)

c6 tinh chit kha vi lién tuc hdu khip noi
(continuously differentiable almost
everywhere).

e Ham thit thodt L dugc tinh tir md hinh
vi phdn DM, bdi céng thirc tich phan

L(6) = /eQ (DMpy(x), Yerue(x))dPq, (2)

véi £ 13 ham thAt thoat tinh cho ting diém,
va c6 tinh chat lién tuc kha vi hau khip.

LB Phugng, PT Cudng, TQ Chiéu (HUMG) T19-05
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N6i dung clia dé t3i 1. Mé hinh t8ng quan vé& hoc may vi phan

e Qua trinh hoc trén md hinh M (cho bdi may vi phan DM) 13 mét hé dong luc (ngdu nhién,
réi rac, thai gian hitu han) trén khéng gian tham sb6 O:

Op— 01— 0~ ... —=0,— ... (3)

sao cho véi n nao dé thi ta dat dugc My, la mot xAp xi tbt nhit c6 thé cla Virve-
@ Qué trinh hoc vi phan dugc bit du bing viéc chon bd tham sb 6y € © (ngiu nhién hoic
mot gid tri d3 dugc hoc tur trudc, nay hoc tiép)
e Buéc chuyén tiép tlr 0; sang 01 dugc thuc hién theo cong thic

0i — i1 =0; — OaVL(@,') + m(@; — (9,'_1) (4)

trong dé « > 0 dugc chon I3 sb duong nhé (vi du o = 0.001), goi la ¢/ /€ hoc (learning
rate), V ki hiéu cho gradient, va m(6; — 6;_1) l1a mét “momentum” nhd (du &m tir budc
trudc) dugc thém vao cdng thic.
e Noéi chung khéng thé tinh chinh xéc gia tri cla gradient VL(0). Ta thudng tinh gia tri trung
binh trén mét mAu dit liéu tuong dbi nhd (di nhd dé c6 thé cho vao bd nhé clia may tinh) goi
13 batch & mbi buéc, va do dé ludng gradient duoc goi |a lubng gradient ngdu nhién.
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N6i dung 2. M6t sb vin dé dnh hudng dén dé chinh xéic

2.1. Nhirng truong hop ranh gidi

= [ 4

3 0 9

Hinh: Mot sb trudng hgp ranh gidi trong bd dir liéu MNIST
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Nbi dung 2. M6t sb van dé anh hudng dén dé chinh xéc

2.2. Dit liéu khéng can dbi

Viéc mAt can dbi clia dif lieu khién cho viéc hoc tré nén khé khin: ludng gradient ngdu nhién
khéng hoi tu dén cac gia tri mong mubn cha cc tham sb, bdi vi cc tham sb dua ra du dodn
chinh xac nhit lai thudng khéng phai I3 cic tham sb 1am cho ham thit thoat dat cuc tiéu.
2.3. Nhiéu b4t dinh

e V& mit toan hoc, cac ludng gradient ngiu nhién c6 momentum diing trong hoc méy vi phan
c6 thé dugc coi nhu cac hé déng Iuc Hamilton ngdu nhién cd suy gidm (damped stochastic
Hamiltonian flows).

e Nhidu ngiu nhién khién cho hé déng luc Hamilton c6 suy gidm khéng thé tién téi diém cuc
tiéu cha ham thit thoat (6 day hiéu nhu 13 ham nang lugng cta hé Hamilton). Trdi lai, né sé
giao dong xung quanh mdt mic ning luong nao dé cao hon miic thip nhit, va do vay du
doén clia mdy sé c6 phan bAt dinh.
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N6i dung 3. Thiét k& ham thit thoat

Viéc lua chon ham thit thoat

Trong nhiéu trudng hop, ta cé thé cai thién mé hinh may cho ting dé chinh xic dang k&, bing
cach st dung mot ham thit thoat tét hon, phit hop hon véi vin dé, thay vi dung mdt ham
thit thoat c8 truyén phd biét nhu ham BCE (binary cross entropy).

Day 13 ndi dung chinh clia dé tai
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N6i dung 3. Thiét ké ham thit thoat

Ham thit thoat téng quat
Mot ham that thodt tong quat cho bai todn phan loai nhi phan cé thé viét dudi dang sau:

e(cv)/trueu)/pred) = (1 - )/true)f()/pred) + C)/i.‘ruef:(1 - Ypred) (5)
trong dé:
® Virue la ground truth, ypreq 13 gid tri dodn ra, yire chi nhan hai gid tri 0 va 1, con ypreq €6
thé nh&n moi gia tri trong doan [0, 1].
e f:[0,1] — R I3 mét ham don diéu ting. D& don gian, ta s& coi £(0) = 0, tuy diéu kién nay
khong quan trong.
e c 13 "hé sb bAt dbi xting". Néu ta khéng quan tam téi vAn dé mit can bang (b4t dbi xdng)
dit liéu thi dat c = 1.
Khi yerse = 0 thi ham thAt thodt chinh bing f(pred), con khi yirue = 1 thi ham thit thoat
bing c - f(1 — Ypred)
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N6i dung 3. Thiét ké ham thit thoat

Ham thit thoat chit dudi

o D8 ting d6 tap trung cha ham thit thoat, ta ¢ thé thiét két né sao cho khi y gan 0 (may
d3 doan diing vé6i db tin tudng cao) thi dao ham clia né ciing bing 0 (khdng cin phai lam cho
y tién v& 0 thém nita trong trudng hop dé)

e Mt vi du v& ham thit thoat da thic chit dudi I

fcutoff()/) = (max(y -0.2, 0))2 (6)

>
A

e Ham thAt thoat chit dudi (cutoff) trén c6 tinh chit gay khiic tai diém y = 0.2, tic I3 diém
3 dé khic dudi cha nd bi chat.

e Trong thuc hanh, chiing t8i thy ham thit tho4t cé chit dudi nhiéu khi cho ra két qua tbt
hon 13 ham that thoat tron khéng c6 chit dudi.
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N6i dung 3. Thiét ké ham thit thoat

Ham thét thoat gy khic

o Ngoai ham thit thoat chit dudi, ching tdi nghién cttu cic ham thit thost c6 giy khic
(khdng tron) tai cac diém lung chirng khac, dac biét 13 tai diém ngudng y = 0.5.

o M6t sb vi du clia ham thit thoat gdy khic giita chimng:

forokenloss1(y) = min(y, 0.5)% + max(y — 0.25,0) (7)
forokenloss2(¥) = min(y,0.5)% + max(y — 0.4,0) (8)
forokenloss3(y) = min(y,0.5)% + max(y — 0.5,0) (9)
forokenioss4(y) = min(y, 0.5)* 4+ max(y — 0.5,0) (10)

e Xét theo dang diéu dao ham thi hAm fuokeniossa €6 tinh tap trung tét nhit trong 4 ham trén.
(Xem db thi trén trang sau).

e Khi thuc hanh thl ham fookeniossa cling cho két qua kha tdt con cac ham kia cho két qua tdi,
tham chi mdy c6 thé bi roi vio "biy" khéng thoat ra dé hoc dugc.

LB Phugng, PT Cudng, TQ Chiéu (HUMG) T19-05 11/18



Jorokentoss1(y) = min(y, 0.5)* + max(y — 0.25,0)

fuwokentosso(y) = min(y, 0.5)2 + max(y — 0.4,0)

fbrokenlossl?(y) = min(y, 05)2 + max(y = 05, 0)

0

025 04 05 1y
Hinh: M6t s6 ham thit thoat gdy khic = & = = Dac
LB Phuong, PT Cudng, TQ Chiu (HUMG)  T1905 . 12/18
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N6i dung 4. M6t sb két qua thuc hanh

e Tap dit liéu ding d& thuc hanh: CIFAR-10 (https://en.wikipedia.org/wiki/CIFAR-10)
e 60.000 nh dugc chia thanh 50.000 hoc (training) va 10.000 dé kiém tra(test)
o 10 loai (class): airplanes (mdy bay), cars (6-t6 con), birds (chim), cats (meo), deer (hucu),
dogs (ché), frogs (&ch), horses (ngua), ships (thuyén), trucks (xe tai)
e Thi nghiém dugc thuc hién trén nén tang Keras/Tensorflow ctia Google, diing mang
No-ron tich chdp (CNN) cé tén VGG16 do Oxford Visual Geometry Group tao ra
(http://www.robots.ox.ac.uk/ vgg/practicals/cnn/index.html).

@ Cho mdi ham thit thoat & trén, thi nghiém dugc tién hanh nhu sau:
o Phan loai nhi phan: vd. "day c6 phai I3 thuyén hay khéng?". 1/10 dit liéu thudc 16p "cé", va
9/10 dir liéu thudc 16p "khéng".
e L3p lai 30 lugt (epochs) trén bd anh
o Cic 3nh dugc bién déi ting cudng (augmentation), vi du nhu la xoay anh, 14t ngugc, v.v.
trudc khi dua vao méy hoc.
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NGi dung 4.

K&t qua cho 16p "Airplane"

[ r brokenloss1 brokenloss2 brokenloss3 brokenloss4 cutoffloss1

1 1 831, 868 , 850 910, 850 , 880 864 , 908 , 886 851, 924 , 888 871, 908 , 890
3 956 , 644 , 800 920, 785, 852 934,842, 888 948, 837 , 892 942,876 , 909
5 972, 656 , 814 1000 , 000 , 500 981, 703, 842 895 , 905 , 900 916 , 878, 897
7 1000 , 000 , 500 990 , 617 , 803 963, 771, 867 908, 900 , 904 946 , 834, 890
9 1000 , 000 , 500 1000 , 000 , 500 949 , 820 , 884 932, 879 , 905 936 , 871, 903

2 1 945, 720 , 833 897 , 858 , 877 881, 893, 887 820, 940 , 880 758 , 963 , 860
3 952,713, 833 950 , 815, 882 947,805 , 876 948, 813, 880 927 , 866 , 896
5 1000 , 000 , 500 964 , 711, 838 987 , 706 , 846 911, 883, 897 953, 833, 893
7 1000 , 000 , 500 953, 789 , 871 966 , 770 , 868 950 , 854 , 902 929 , 881, 905
9 1000 , 000 , 500 1000, 000, 500 1000, 000, 500 964, 803, 884 946 , 853, 900

3 1 929 , 713, 821 922, 853, 887 890 , 893, 892 862 , 921 , 892 889 , 917 , 903
3 963, 651, 807 976 , 690 , 833 952,834, 893 912, 864 , 888 924,884, 904
5 1000 , 000 , 500 918, 824, 871 931, 853, 892 942,896 , 919 922,873, 898
7 1000 , 000 , 500 963, 846 , 854 1000 , 000 , 500 928, 879 , 904 917,863, 890
9 1000 , 000 , 500 1000 , 000 , 500 983, 720 , 851 937, 855 , 896 947,862 , 904

4 1 911, 780 , 846 905 , 859 , 882 867 , 924 , 895 799 , 955 , 877 938, 850 , 894
3 972,530, 751 938, 786 , 862 935, 821, 878 926 , 870 , 898 927, 868 , 904
5 966 , 618, 792 958, 772, 865 971, 752, 861 916 , 899 , 907 871,920, 897
7 1000 , 000 , 500 949,780 , 864 962, 793, 878 958, 794 , 876 932, 854, 896
9 1000 , 000 , 500 984, 642, 813 949, 846 , 898 912, 907 , 910 961 , 807 , 893

5 1 949 , 625 , 787 828 , 896 , 862 829 , 926 , 878 883, 914, 899 883, 907 , 895
3 978, 510, 744 972, 741, 856 901, 886 , 893 946 , 824 , 885 908, 894, 901
5 973, 634, 804 963, 721, 842 913, 875, 893 932, 878, 905 931,871, 901
7 1000, 000 , 500 973,700, 836 960 , 790 , 875 939, 875, 907 934,846 , 890
9 979 , 550 , 765 1000 , 000 , 500 961 , 788, 875 928, 877 , 902 956 , 818, 887

T19-05
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N6i dung clia dé tai 4. K&t qua cho 16p "Airplane"

e Bang phia trén 13 két qua thuc hanh cho bai toin phan loai nhi phan cho 16p "airplane".

o Hé sb r 13 hé sb ting cudng dif liéu cho I&p "airplane": mdi anh airplane dugc cho vao hoc r
Ian trong khi m&i anh khac chi dugc cho vao hoc 1 Ian trong m&i epoch. (Muc dich: giam
chénh léch giita c6 va khong).

o Hé s c 13 hé sb bt dbi xing trong ham thit thoat, muc dich ciing 13 dé xi Iy vin dé data
imbalance.

e O m3i 6 két qua c6 3 sb: sensitivity (ty 1& duong ding, tinh theo phan nghin), specificity (ty
|é &m ding), va balanced accuracy (trung binh cong cla hai ty |€ nay).

e Trong thi nghiém nay, ta thiy ham thit thoat chit dudi (cutofffl) cho dé chinh xac cao
nhAt, sau d6 d&n ham brokenloss4 (ciing 13 ham c6 d6 tap trung cao). Con cac ham thit thoat
g3y khiic khac cho két qua tdi hon, va hay bi "ket b3y" khéng hoc dugc gi. (Nhitng & c6 3 sb
1000, 000, 500 13 méy doan tit ca cac anh déu I3 may bay).
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N6i dung 4. K&t qud cho 16p "Cat"

[ r brokenloss1 entropyloss brokenloss3 entropylossR cutoffloss1

1 1 779 , 770 , 775 1000 , 000 , 500 761 , 860 , 810 434, 955, 695 664, 887, 776
3 841, 660 , 750 1000 , 000 , 500 796 , 842, 819 686 , 902 , 794 758, 873, 816
5 1000 , 000 , 500 1000 , 000 , 500 819, 817, 818 689 , 904 , 797 874,792, 833
7 1000 , 000 , 500 1000 , 000 , 500 895, 695 , 795 732,864 , 798 894, 786 , 840
9 1000 , 000 , 500 1000 , 000 , 500 928, 630, 779 821, 834, 828 882, 753 , 817

2 1 797 , 733, 765 1000 , 000 , 500 657 , 907 , 782 581, 908 , 745 684 , 881, 782
3 1000 , 000 , 500 1000, 000, 500 777,836 , 806 696 , 903 , 800 711,878, 794
5 856 , 650 , 753 1000 , 000 , 500 818, 804 , 811 793,863, 828 793,851, 822
7 1000 , 000 , 500 1000 , 000 , 500 868 , 731, 780 737, 872, 805 847,835, 841
9 1000 , 000 , 500 1000 , 000 , 500 917 , 637, 777 739, 862, 801 879 , 739 , 809

3 1 740, 761 , 751 1000 , 000 , 500 681 , 872, 777 399 , 973, 686 526 , 941, 733
3 898, 563, 730 1000, 000 , 500 835, 814, 825 714,872,793 646 , 912, 779
5 1000, 000 , 500 1000, 000 , 500 729,854, 792 723,885, 804 731, 879, 805
7 1000 , 000 , 500 1000 , 000 , 500 1000, 000 , 500 838, 820, 829 808, 825, 816
9 1000 , 000 , 500 1000 , 000 , 500 1000 , 000 , 500 729, 883, 806 834,804, 819

4 1 870 , 651 , 760 1000 , 000 , 500 730, 860 , 795 425, 957 , 691 1000, 000 , 500
3 910, 604 , 757 1000, 000 , 500 777,850 , 814 730, 878, 804 707,904 , 806
5 924,536 , 730 1000, 000 , 500 779,819, 799 803, 838,820 804, 829, 817
7 1000, 000 , 500 1000, 000 , 500 1000, 000 , 500 863, 725, 794 809 , 781, 795
9 1000 , 000 , 500 1000 , 000 , 500 1000, 000 , 500 738,851, 795 854, 785, 819

5 1 658 , 780, 718 1000 , 000 , 500 719, 868 , 793 664 , 910, 787 615, 896 , 756
3 966 , 403, 685 1000, 000 , 500 821, 797 , 809 670, 902, 786 740 , 868 , 804
5 927,526 , 727 1000, 000 , 500 877,760 , 819 693, 897 , 795 830, 815, 822
7 1000, 000 , 500 1000 , 000 , 500 859 , 776 , 817 791, 839, 815 859 , 759 , 809
9 1000 , 000 , 500 1000, 000 , 500 873,735, 803 741,885, 813 904, 750 , 827
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N6i dung clia dé tai 4. Két qua cho 16p "Cat"

e Bang phia trén 13 két qua thuc hanh cho bai toin phan loai nhi phan cho 16p "cat".
e Trong thi nghiém nay, ham thit thoit BCE (entropylossR, R cé nghia "regularized",

fentropyr(Y) = — In(1 — y + €)) ndi chung c6 k& qua khéng tbt bing cutofflossl va brokenloss3.
e Ham thit thoat entropyloss ma khdng c6 thém epsilon (fentropy (¥) = — In(1 — y)) thi khién

mday bi rai vao NaN nén khéng hoc dugc.
e Ham thit thoat brokenloss1 hay khién méy roi vao b3y khéng hoc dugc.
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CHAN THANH CAM ON!
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