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TOM TAT: Neuro-fuzzy system la hé thong duoc xdy dung bang cdach két hop mang neuron
(Neural Network) va logic mo (Fuzzy logic) nham riit ra quy ludt nhan qua tir die liéu thie nghiém. Bai
bdo nay trinh by két qua vmg dung cia hai kj thudt trén vao viée tim quy ludt nhdn qud trong céng
thirc vién nén phéng thich cé kiém sodt va biéu dién két qua truc quan bang do thi két hop song song

(Parallel Coordinate Graph).

1.GIOI THIEU

Giai doan nghién ctru va phat trién thudc
¢6 lién quan dén hai ndi dung chinh: thanh 1ap
cong thac va xdy dung quy trinh san Xut,
trong d6 xay dung cong thuc la nén tang. Db
voi nha san xuét thudc, viéc thanh lap cong
thtre 1a viéc thuong xuyén phai lam, bdi vi moi
san phdm déu c6 mot vong doi nhét dinh va
nhu cu canh tranh trén thi truong doi héi phai
khéng ngimg cai tién san phdm hién c6 hodic
thay thé bing san phdm méi [1].

Céc phuwong phap t6i wu hoa truyén théng
(toan thdéng ké, don hinh...) c6 thé ap dung véi
cac dir liéu don gian va tuyén tinh. Nhung véi
nhimng dit liéu phtc tap va phi tuyén thi cac
phuong phap nay khong con phu hop. Ngoal ra,
cac phuong phép truyen thong khong tbi wu
hoa dugc dong thoi nhidu bién phy thude trong
khi mdi san phim thuong c6 rat nhidu tinh chat
can duoc t6i vu.

Viée xdy dung va tdi uu cong thirc bang
may tinh ngdy cang dwoc 4p dung phd bién vi
céc loi ich ciia n6 nhu khong gidi han sb bién
doc 1ap, co thé t6i vu ddng thoi nhiéu bién phy
thudc, phu hgp véi cac loai dit liéu phire tap va
phi tuyén.

C6 rat nhidu phuong phéap xay dung va tdi
wu cong thirc bang may tinh da duoc ap dung
nhu: mang neuron (Neural Network), logic mo
(Fuzzy Logic), thuat giai di truyén (Genetic
Algorithms) va cac hé thong lai gitra ching.
Nhing ky thuat nay phin nao giai quyét dugc
yéu cau t6i wu nhu giam thoi gian va chi phi
nghién ctru va phat trién cong thirc. Tuy nhién,
van con mot s6 han ché nhu: Mang neuron chi
cho duoc két qua ma khong cho biét dugc qua

trinh thyc hién. Logic mo sinh ra dugc cac luat
6 dang “If ... then ...” nhung khong c6 kha
ning hoc. Két hop nhimg k¥ thuét nay ta ¢ thé
gitp ta tim dugce quy ludt nhan qua trong cong
thirc thudc va téi uu bang giai thuat di truyén
[51[6].

Bai bao nay gioi thiéu su két hop giita
mang neuron va logic m& dé tim hiéu quy luét
nhan qua trong cong thirc duge phdm dong thoi
thé hién truc quan bang dd thi két hop song
song (Parallel Coordinate Graph) gitp nguoi str
dung co thé hiéu 13 hon céc tri thite rat ra dwoc
tr hé thong.

Mo hinh nay con c6 thé dwoc phat trién
trong céc linh vyc khac nhu ché bién m§ phim,
thudc trir sdu, va cac san phdm cong nghiép
khac,.

2KY THUAT NEURO-FUZZY VA KY
THUAT TRUC QUAN HOA

2.1. Mang neuron

Mang neuron (Neural networks) [5][6] da
duoc ép dung tir hon 60 nam qua, co6 ich trong
viéc thiét 1ap mo6 hinh quan hé nhan qua, dic
biét d6i véi dit liéu phi tuyén hay dit liéu phuc
tap.

Mang neuron sinh hoc duoc tao thanh béi
su lién két gitta rdt nhidu t& bao than kinh
(neuron). Cac xung dong thin kinh dugc truyén
tor khép qua truc dé dén than. Than té bao té)ng
hop céc xung dong than kinh va ra quyét dinh
tiép tuc truyén cac tin hiéu sang té bao than
kinh khac.
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Hinh 1.CAu triic cia mot té bao than kinh sinh
hoc.

Mang neuron nhan tao 14 sy mé phong ciu
triic clia mang neuron sinh hoc, dugc tao thanh
boi su lién két giita rat nhidu don vi than kinh
(perceptron). Nhitng don vi than kinh c6 nhiém
vu thu thdp cac tin hiéu, xac dinh trong sb6 wi,
téng cong va chuyén cac tin hiéu iy sang cac
don vi than kinh khac.

Chu tric cua mot mang neuron thong
thuong dugc minh hoa nhu sau:

Pau ra

Pau ra

Lépra

Hinh 2. Cu triic ciia mot mang neuron thuong gap

2.2 Neuro-Fuzzy

Neuro-fuzzy systems [4][6][7] 1& mdt hé
suy dién mo duoc ting cuong thém kha ning
hoc ciia mang neuron. Trong hé théng nay,
mang neuron dugc dua vao lam tang kha nang
ty diéu chinh cac hé sb (bién) trong cac ludt mo
va ham thanh vién cua hé théng. Véi su két
hop nay, kha ning hoc va suy dién cia hé
théng s& t6t hon so v&i mang neuron thong
thuong va tbc d6 hoc cling nhanh hon. Cac
dang NFS da duoc gidi thiéu: GARIC,
FALCON, ANFIS, NEFCON, FUN, SONFIN,
FINEST, EFuNN, dmEFuNN.

Mamdani Neuro-fuzzy System (Hinh 3)

Lop 1 (input layer): La 16p nhap, chira cac
nat nhép, cac gia tri nay truyén truc tiép vao
lop 1.

Lé6p 2 (fuzzification layer): La 16p mo hoa,
mdi niit i trong 16p nay dugc gan voi mot ham
thanh vién u(x), véi x 1a dau vao truc tiép tir
16p 1. Gia tri xudt ciia mdi 16p trong mirc nay
la gia tri mo cia nut nhap duoc tinh thong qua
ham thanh vién pu(x).

Lép 3 (rule antecedent layer): La 16p tién
dé coa lugt, moi nit trong 16p nay twong Ung
v6éi mét tién dé& cia mot luat. Thong thuong
toan tir T-norm dugc st dung trong 16p nay.

Lop 4 (rule consequent layer): La 16p két
luan cua ludt, moi nit trong 16p nay két hop cac
tién dé cua luat lai va quyet dinh gia tri cac
nhan diu ra (nhu High, Medium, Low,...). S
nut trong 16p nay chinh Ia s6 luat thu dugc.

Lop 5 (combination and defuzzification
layer): La 16p két hop céac ludt va giai mo, 16p
nay dung toan tir T-norm dé két hop cac ludt va
tinh toan cac gia tri tho sau khi giai mo.

Takagi-Sugeno
(Hinh 4)

Loép 1, 2, 3 ¢6 chuc nang giéng nhu mo
hinh Madani.

Lép 4 (rule strength normalization): mdi
nit trong 16p nay s& nhan gia tri xudt cua 16p
trude va sau do tinh ty s6 nhu sau:

Neuro-fuzzy System
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Lép 5 (rule consequent layer): La 16p két
luan cua luat, moi nut & 16p nay xem nhu 1a nat
dicu chinh véi ket qua xuat ¢ nat cudi, gia tri
xuat & moi nat duge xac dinh theo cong thuc
sau:

w. S =w(pix, +q,x, +17)

Voi w; lay tir 16p 4, va {p;, q;, 1i} 1a céc
tham s0 tong hop.

T Xi

Lép 6 (rule inference layer): O 16p nay chi
c6 modt nut tong hop két qua xuat ra tr 16p
trude, gia tr1 Xut & nat nay la tong cac gia tri
két qua xuét ra tir 16p truée nhu cong thire:

Output:zwif:%
Wi

Hinh 3. Mamdani Neuro-fuzzy system

2.3 Truc quan héa

Khai niém két hop song song (Parallel
Coordinates) [8] duwgc dua ra diu tién boi
Maurice d'Ocagne, nam 1885, sau do dugc gidi
thiéu rong rai boi Alfred Inselberg, nam 1959
va dugc sir dung nhu mot cdng cu truc quan
hoa (Visualization). Thuc chit dd thi két hop

Hinh 4. Takagi Sugeno Neuro-fuzzy system

song song chi 1a dd thi o dang thanh, trong d6
¢6 N truc Y véi cac mién gia tri khac nhau trai
déu trén truc X, tal mot thoi diém gla tri trén
cac truc Y duge nbi lai véi nhau dé biéu dién
mdi quan hé giira cic thanh phan trén cac truc

.-"-' .--.-.J
t=3 L
t=2 B
o
t=1
time X

Hinh 5. D6 thi song song biéu didn mbi quan hé gitra time va X, Y, Z
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3.UNG DUNG KY THUAT NEURO-
FUZZY VA KY THUAT TRUC QUAN
HOA TIM QUY LUAT NHAN QUA
TRONG CONG THUC DUQC PHAM

3.1 Dir liéu cong thire

Dit liéu cong thic duoc phém duogc tham
khao tir cong trinh ciia Gohel & Amin [3], cong
thitc vién nén phong thich co kiém soat bao
gdm 27 cong thirc thuc nghiém véi 3 bién doc
1ap va 4 bién phu thudc twong img nhu sau:

Céc bién doc lap
X Téc d6 khudy (RPM)
X2 Luong CaCl,
X3 % liquid paraffin

Céc bién phu thudc

yi Thoi gian 80% hoat chét phong thich
Y2 % hoat chit phong thich sau 60 phiit
v3 % hoat chét phong thich sau 360 phiit
V4 % hoat chit phong thich sau 480 phit

Moét bd dir liéu khac dugc tham khao tir
cong trinh clia Bodea va Leucuta [2], cong thirc
vién nén matrix bao gébm 14 céng thirc thuc
nghiém véi 3 bién doc 1ap va 3 bién phy thudc
nhu sau:

Céc bién doc lap

X1 % HPMC
X2 % CMCNa
X3 % HCL

Céc bién phu thudc
yi % hoat chit phong thich sau 1 gi
Y2 % hoat chit phong thich sau 6 gio
y3 % hoat chit phong thich sau 12 gio

Dir liéu cong thirc vién nén matrix da dugc
tbi wu trong nghién ctru ciia Bodea va Leucuta
[2] bing phuong phap théng ké D-optimal
quadratic. Bai bao nay s& trinh bay két qua cac
dit liéu trén v6i mo hinh dy doan quan hé nhan
qua dung k¥ thuat neuro-fuzzy va visualization,
d?)ng thoi thuc hién so sanh két qua cta may
tinh véi két qua thong ké cia cac tac gia trén.

3.2 Cong cu phin mém

Phdn mém duoc thiét ké voi sy két hop
ctia k¥ thudt mang neuron két hop véi logic mo
va hién thi két qua qua dd thi két hop song
song.

4. KET QUA VA BAN LUAN

4.1. Cong thirc vién nén phong thich co
kiém soat

Di@r liéu thyc nghiém tir nghién ctu cia
Gohel va Amin [3] s€ dugc chia thanh 2 nhom:
dir liéu luyén va dir liéu thu, trong do dir liéu
thir bao gom cac 3 cong thic (1; 10; 19), 24
cong thirc con lai dugc st dung nhu dir liéu
luyén.

Bang 1. Dit lidu thie nghiém va két qua du doan tir k§ thuat neuro-fuzzy

X1 X2 X3 Yi yi_pre Y2 y2_pre Y3 ys_pre Y4 Ys_pre
1 500 5 25 434 469.461 42.35 39.122 73.86 70.599 80.28 79.885
2 500 5 50 453 475.936 37.26 36.824 70.84 69.581 81.77 79.13
3 500 10 0 477 475.752 40 40.765 69.29 69.628 80.31 79.103
4 500 10 | 25 483 489.499 37.32 38.446 69.17 68.361 71.79 78.28
5 500 10 50 499 510.37 36.82 34.625 68.36 66.816 76.26 77.167
6 500 15 0 454 494.001 40.65 42.102 70.57 67.579 81.62 77.679
7 500 15 | 25 532 522.706 41.84 37.258 66.84 65.255 73.54 75.407
8 500 15 | 50 579 579 29.71 29.71 61.82 61.82 73.07 73.07
9 1000 5 25 375 392.583 40.72 44.776 76.8 77.304 85 85.59
10 1000 5 50 385 387.386 40.84 50.194 77.43 85.108 84.86 94.764
11 1000 | 10 0 395 417.531 42.14 41.678 76.58 68.831 89.62 83.598
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12 1000 10 25 429 426.37 38.83 44.448 72.98 73.615 83.42 82.573
13 1000 10 50 448 438.884 37.48 49.081 71.27 81.98 82.26 80.542
14 1000 15 0 462 451.627 40.34 42.575 70.02 64.22 80.98 91.045
15 1000 15 25 475 482.486 39.98 43.722 69.41 67.672 80.49 77.423
16 1000 15 50 503 541.546 395 46.45 67.38 75.916 75.8 51.46
17 1500 5 25 307 359.473 48.13 40.331 86.15 65.668 93.52 77.897
18 1500 5 50 321 359.415 45.42 59.601 81.84 71.331 95.63 85.009
19 1500 10 0 348 392.895 40.32 35.902 79.25 72.082 91.75 77.863
20 1500 10 25 370 398.451 40.97 44.787 77.27 72.022 85.52 80.514
21 1500 10 50 382 405.406 41.02 59.598 77.77 72.226 85.23 84.316
22 1500 15 0 415 444.609 40.21 48.131 75.23 87.593 83.46 86.565
23 1500 15 25 436 463.216 42.25 51.977 73.69 82.607 80.09 84.791
24 1500 15 50 511 497.006 38.5 59.245 66.91 74.039 73.87 82.061
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Hinh 6. D) thi song song biéu dién méi twong quan gitta cac bién doc 1ap x; va cac bién phy thudc y; trong cong
thire vién nén phong thich c6 kiém soat
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Hinh 6a thé hién gia tri cla cac bién x; va
y; theo dir liéu du doan cho cong thic 1, dé
dang ta thdy dugc trong hinh 6b, néu ta ning
gia tri cua x; 1én mirc trung binh va gitt nguyén
cac gia tri X,, X3 thi y; giam, y,, y, tdng va ys
ting rat nhanh so voi dit liéu hinh 6a. Néu ta
tiép tuc ting x; dén Max va van giit nguyén x,,
x5 (hinh 6c¢) thi so v6i dit li¢u hinh 6b, y; tiép
tuc gidm, y, gidm nhe, y; gidm nhanh va y,
tang nhe. Trong hinh 6d, ta chon x; 1a Max, x,
va X3 & muc trung binh thi so véi dir 1liéu hinh
6¢c, yy, yo tang nhe, y; giam nhe va y; giam
nhiéu. Vay véi cong cu hd trg 1a dd thi két hop
song song ngudi st dung c6 thé thdy rd sy thay

dbi gia tri cua cac bién vao ra trong cong thirc
khi ta thay dbi gi4 tri cia mot thanh phan nao
do6 trong céc bién nay, tri thirc thu dugc truc
quan va d& hiéu hon so véi tri thue kho khan
dang luat “If ... then ...”.

4.2 Cong thirc vién nén matrix

D@t liéu thuc nghiém tir nghién ctru cia
Bodea va Leucuta [2] s€ dugc chia thanh 2
nhom: dit liéu luyén va dir liéu thtr, trong d6 dir
lidu thir bao gdm cac 2 cong thirc (1; 6), 12
cong thirc con lai duge str dung nhu dir liéu
luyén.

Béng 2.Gia tri R? ciia md hinh Neuro-fuzzy va phuong phéap théng ké (Gohel va Amin, 1998)

Method tso Yo Yoo Yaso
Neuro-fuzzy | R®Train=84.98% | R?Train=99.96% R? Train= 99.96% R? Train= 99.95%
Statistical R*=99% R =74% R*=95% R*=92%
Bang 3. Dit liéu thie nghiém va két qua du doan tir k§ thuat neuro-fuzzy
X1 X3 X3 Y1 yl_pre y: yz_pre Ys y;_pre
1 0.66 0 0.34 0.122 0.118 0.448 0.443 0.712 0.736
2 0.34 0 0.66 0.152 0.144 0.683 0.645 0.992 0.975
3 02 0.46 0.34 0.104 0.081 0.545 0.488 0.902 0.837
4 02 0.14 0.66 0.112 0.122 0.612 0.647 0.986 0.982
5 0.553 0 0.446 0.143 0.12 0.518 0.449 0.792 0.725
6 0.446 0 0.553 0.148 0.148 0.585 0.585 0.866 0.866
7 0.506 0.153 0.34 0.074 0.103 0388 0.447 0.68 0.718
8 0353 0306 0.34 0.052 0.089 0352 0.488 0.672 0.831
9 0.2 0.353 0.446 0.098 0.091 0.576 0.488 0.925 0.836
10 0.35 0.15 0.5 0.084 0.085 0.512 0.512 0.856 0.856
11 0.35 0.15 0.5 0.087 0.085 0.518 0.512 0.862 0.856
12 035 0.15 0.5 0.084 0.085 0.507 0512 0.851 0.856

Bang 4. Gia tri R? ciia md hinh Neuro-fuzzy va phuong phap théng ké (Bodea va Leucuta, 1997)

Method Y, Y, Y;
Neuro-fuzzy R? Train= 68% R? Train= 98.12% R? Train= 99.33%
Statistical R? =96% R? =88% R?>=91%
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Hinh 7. DJ thi song song biéu dién mdi twong quan
gitra cac bién ddc 1ap x; va cac bién phu thudc y;
trong cong thirc vién nén matrix

Tuong tu cho dit liéu cong thirc vién nén
phong thich c¢6 kiém soat, dbi voi cong thirc
vién nén matrix hinh 7a thé hién gia tri cac b1en
vao ra theo cong thuc 1. Néu ta giam x; xuong
Min, nang x, 1én Max, va gilt nguyén gia tri x;
nhu hinh 7b thi y, giam nhiéu, y, tang it va Y3
tang nhiéu. Tuong tu nhu vy khi ta thay doi
gia tri cac bién diu vao x; nhu hinh 7¢ va hinh
7d thi ta d& dang thiy dugc su thay ddi gia tri
cac bién dau ra y; va doc dugc chinh xac cac
gia tri nay trén cac 0 gia tri tuong ing.
5.KET LUAN

Mac du cac ky thuat mang neuron, logic
mo da dugc gidi thiéu tir 1au nhung nhiing Gng
dung dwa trén cac ky thuat nay van dugc quan
tam rat nhiéu. Thyc nghiém cho thdy viéc uing
dung neuro-fuzzy va visualization tim quy luat
nhan qua trong cong thic dugc phém dat duoc
két qua c6 do chinh xac cao hon, nhanh chong
hon so véi viée thuc hién béng phwong phap
thdng ké truyén théng. Ngoai ra, viéc thé hién
tryc quan mé hinh nhan qua bang db thi két
hop song song cung cép cho nguoi dung tri
thirc tryc quan va cu thé hon so voi tap luat “If

. then ...” va cac phuong phap truyén thong
trude day.
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EXTRACTING CAUSE-EFFECT RELATIONSHIPS IN PHARMACY PRODUCTS
USING NEURO-FUZZY SYSTEM COMBINED TO VISUALIZATION TECHNIQUE

Nguyen Dang Khoa

, Do Quang Duong®

(1) Dongnai Vocational College
(2) University of Medicine and Pharmacy in HCMC

ABSTRACT: Neuro-fuzzy system is a fusion of functionalities in neural networks and fuzzy logic
in order to model and extract knowledge from data. This research presents an application of neuro-
fuzzy combined to visualization approach for extracting cause-effect relationships between ingredients
and properties in formulation. This result will lead formulators to understanding their products more
precisely and saving a lot of time and labor in R&D process.

Keywords: Neural networks, Neural-fuzzy, Visualization, Formulation, Controlled Release.
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