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TOM TAT: Bai bdo gidi thidu mot gidi phdp t61 wu hod céng thitc, quy trinh sdn xudt
diwtgc phdm bing mdy tinh, gidi phdp nay la sy két hop ciia cdc ky thudt théng minh nhdn tao:
mang noron, logic md, thudt todn di truyén. Vdi gidi phdp nay nha bao ché thudc sé tiét kiém
dwge thoi gian va cdng sic hon so vdi vigc ding cdch truyén théng vi chuong trinh mdy tinh
xit Iy sé cho két qud nhanh chéng va chinh xdc hon.

1. Gidi thiéu:

Giai doan nghién ctitu va phét tri€n thudc c6 1ién quan dé€n hai ndi dung chinh: thanh 14p cong
thic v x4y dung quy trinh sdn xuit, trong d6 xAy dung c6ng thic 1a nén ting. PSi v6i nha
san xudt thudc, viéc thanh 1ap cong thiic 13 viéc thudng xuyén phai 1am, bdi vi m3i sin phdm
déu c6 mot vong doi nhit dinh va nhu cAu canh tranh trén thi trudng dodi hdi phéi khong
ngitng cai tién sdn ph&m hién c6 hay thay th€ sdn phdm mdi [1]. Cc phudng phdp t&i wu héa
truyén théng (todn thdng ké, don hinh (simplex)...) c6 thé 4p dung véi cac dit liéu don gidn va
tuyén tinh. Nhung vdi nhitng di liéu phic tap va phi tuyén thi céc phuong phap nay khéng
con pht hgp.

Phudng phép t6i uu héa bing may tinh c6 nhiéu trién vong thay thé céc phudng phap truyén
thng trong muc dich t8i wu héa vi né khéng gidi han s6 bién doc 1ap (x); c6 thé t61 vu déng
thdyi nhiéu bién phu thudc (y); phit hgp vdi cic loai dit liéu phic tap va phi tuyén [1].

Viéc Ung dung mang noron, logic mo va thudt todn di truyén gidi quyét bai todn t8i vu héa
c6ng thitc va quy trinh phdn nio gitip cho cdc dugce si tiét kiém dugc thdi gian va sitc e hon
so véi viéc dL:mg cAc phuong phap thii cdng truyén thdng trong qua trinh thanh 14p cong thic.
M3i k§ thuat gidi thiéu déu c6 nhitng wu di€m va han ché€. Tuy nhién khi két hdp ching lai
vdi nhau, wu diém cia k§ thuat nay sé khic phuc han ché cia ky thuat khac [3][5]1[6](8] -
mang noron khong c¢6 kha ning biéu di&n tri thitc, trong khi d6 logic md gidi quyét van dé
nay it t6t - va gidi quyét khé t6t bai todn t6i uu héa cong thifc va quy trinh san xudt.

2. Mang noron va hé théng neuro-fuzzy [6]{7][81(9]

Hé théng suy di&n md va mang ndron 12 cdc k§ thuat trong cdc hé thdng théng minh. Mang
ndron hoc tit dit liéu thuc nghiém bling cich diéu chinh cdc trong s& trén céc lién két gitta
céc niit trén céc 18p mang. Hé thdng suy dién md si dung nhitng tinh todn dya trén Iy thuyét
mdJ, luit md if...then..else.. va cdc ham thanh vién. Hé th6ng neuro-fuzzy twdng tu nhu hé
thdng suy dién md nhung dude ting cudng kha ning hoc ciia mang ndron. Vdi cdc ky thuét
cai dit khac nhau trong chic ning xt 1y, hé théng neuro-fuzzy dugc phan loai: GARIC
(Generalized Aproximate Reasoning based Intelligent Control), FALCON (A Fuzzy Adaptive
Learning Control Network), ANFIS (Adaptive Neurofuzzy Inference System), NEFCON
(Neural Fuzzy Controller), FUN (Fuzzy Using Neural Network), EFuNN (Evolving Fuzzy
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Neural Networks), dmEFuNN (Dynamic Evolving Fuzzy Neural Networks). Sau ddy 1a hai m6
hinh Neuro-Fuzzy System dugc sit dung khd thdng dung:

M6 hinh 1: Mamdani Neuro-Fuzzy System (Hinh 1.)

Lép 1: nhdp - gid tri bi€n d6c 1ap dugc dua tryc ti€p vao mit mang.

L8p 2: mo hda - tinh gia tri mS twong ng cho céc gid tri tit ddu vao thdng qua cdc ham thianh
vién. C4c tham s6 clia ham thanh vién dudc cip nhit trong qu4 trinh hoc ciia mang.

Lép 3: phdt sinh ludt - mbi niit mang s€ tinh todn va phat sinh luét, todn t¥ T-norm ding &
16p nay. '

Ldp 4: két hgp ludt - nit mang & 18p nay cé hai chitc ning chinh: két hop céc luét cé tr 16p
trude va x4c dinh gid tri md cia gi4 tri k&t xuit.

Ldp 5: téng hop va gidi mo - mit mang 1dp ndy cé chitc ning téng hdp cdc lut va tinh két
qua thyc xuit ra.

M@d hinh 2: Takagi-Sugeno Neuro-Fuzzy System (Hinh 2.)

- Lép 1, 16p 2, 16p 3: xit I§ tudng ty md hinh Mamdani Neuro-Fuzzy System.

Ldp 4: mbi niit trong 16p nay s& nhén gi4 tri xuit cla 18p trudc va sau dé tinh ty s nhu sau:

. W, "
w, = ) 2 1=1,2,...
w, +w,

Khi d6 mdi luit sé c6 thém mdt gid tri W, s€ st dung trong viéc tinh gid tri mit xuét & 16p
sau (gid tri nay goi 14 normalized firing trengths).
Ldp 5: mbi niit & 16p nay 1a mit diéu chinh véi k€t qua xuft & nit cudi, gia tri xui't § mbi nit
cé gid tri:

';_g_ifi =W, (p;X; +q;X; +1,)

tap {p, q, 1} 12 tAp céc tham s6 trong 18p nay, cdc tham s& nay xem nhu 12 tham s& tdng hgp
trong m6 hinh ANFIS (hay SONFIN). Ham f tinh theo mé hinh Sugeno.
Ldp 6: & 16p nay chi cé6 mét niit tdng hop k&t qua xuét ra tix 16p trudc, gid tri xuit & ndt ndy
la t6ng cac gi4 tri k€t qua xudt ra tir 16p trudc: :

Z_wifi

g Vi

Output = Zﬁjf =
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Hinh 1. Mamdani Neuro-Fuzzy System Hinh 2. Takagi-Sugeno Neuro-Fuzzy System

Mang ndron va neuro-fuzzy systems gidi quyét t6t van d€ thi€t l4p m6 hinh nhén qua trong
bai todn t6i wu hod cong thic va quy trinh. Tuy nhién, bai todn t8i wu héa cong thic vin
chua tron ven néu chi ding k§ thuit mang ndron va logic md. J giai doan nay, chi mdi thiét
14p dudc mé hinh nhan qua (ham thich nghi cho qua trinh t61 uu diing thuat todn di truyén)
cho bai todn t61 vu hda cng thic va qui trinh.

3. Gidi quy&t bai todn t6i wu ding mang noron, thuit todn di truyén va logic m& [1][2]
3.1. M6 hinh két hgp giifa thuét todn di truyén va logic m¥:
K¢ thuat mang noron va logic md thi€u kha ning t5i wu héa, trong khi d6 61 vu héa la mét
dic trung ciia thudt todn di truyén. Thudt todn di truyén 4p dung cdc nguyén tic cia sy ti€n
héa trong ty nhién vio hé thdng tri tué nhén tao. Sy ti€n héa la mdt qué trinh khéng diéu
khién, cdc sinh vét t6t hon s& thich nghi nhiéu hon vdi mdi trudng, sinh vt sGng s6t s€ sinh
san... va d6 12 qué trinh chon loc va ti€n hda t nhién.
Qud trinh 167 ww: diing thudt todn di truyén két hgp logic m3 vdi ham thich nghi dua vao mé
hinh nhin qua dudc thiét lap trong qué trinh luyén mang ndron. Céc gid tri thich nghi cia
titng c4 thé 12 gid tri cé dudc tit ham thich nghi nhung da dude xt Iy (lam md héa).
Céc budc t61 vu hod céng thic quy trinh ding thuit todn di truyén:
Budc 1: khdi tao quin thé, mdt phan ding lai di¥ liéu thuc nghi€ém dua vao,
mot phin 14y ngiu nhién trong gidi han khao sét.
Budc 2: tinh gi4 tri thich nghi tt k&t qud dy dodn mang ndron. X4c dinh cic
gid tri y,. Tinh céc gid tri g(y) (4(y;) 12 ham thanh vién tudng Ung
véiy,). Ki€m tra sy t6i vu: dat/ khong dat
Budc 3: sao chép lai cdc nhidm sic thé dya vao gié tri thich nghi clia chiing
va tao ra nhitng nhi&m sic th€ mdi biing lai ghép, dot bi€n).
Budc 4: 1oai bd nhitng thanh vién khéng thich nghi trong quéin thé.
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Budc 5: chén nhitng nhiém sic thé mdi vao quin thé.

Budc 6: quay lai budc 2 cho d€n khi viéc t67 uu chua dat diéu kién dinh trudc
(100%) hay s6 vong lap chua dat t&i da.
Diéu kién t8i vu (ddu = xay ra): 2y, < 56 bién phu thudc

Céc dang ham m& dung trong qué trinh t6i vu:

Ham méi bing (Flat Tent) (a): gi4 tri t6i wu dugc x4c dinh trong
khodng t¥ Mid1 dén Mid2. Mite t6i wu gidm t¥ Mid1 d&n Min va (a)
Mid2 dé€n Max.

Ham 1én d6c (Up) (b): gid trj t6i wu dudc xé4c dinh trong khodng t
Mid1 = Mid2 dén Max. Mifc t61 vu gidm tit Midl d&n Min. (b)

Ham xudng d6c (Down) (c): gid tri t6i wu duge xdc dinh trong
khodng tit (Midl = Mid2) d€n Min. Mitc t6i wu gidm ti¥ Mid2 dén ©
Max.

Ham phing (Flat) (d): gid tri t6i vu dwgc xdc dinh mot cich linh
hoat 12 bat ky di€m nao trong khodng tit Min dén Max. )

3.2. K&t hgp 3 ky thuit AI (Artificial Intelligence) gidi quyét bai todn t6i wu héa cong
thife va quy trinh

Viéc két hgp céc k¥ thuat mang noron, logic md va thudt to4n di truyén gidi quy&t bai todn
t61 uu héa cong thic va quy trinh ¢6 thé dugc tém t4t va minh hoa nhy Hinh 3:

%’
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Dit liéu thuc nghiém
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Thix

Hinh 3. M6 hinh két hgp k§ thuit mang noron, logic m¥ va thudt todn di truyén
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Cdc budc tién hanh 167 wu (fim gid tri bién djc lap theo bién phu thudc):

Budc 1: v8i dit liéu thye nghiém ban diu, 1am di liéu cho mang ndron (hay
neuro-fuzzy). Tim mé hinh nhén qué gia cdc bi€n ddc 14p x va céc
bi€n phu thudc y. Ki€m tra lai d6 chinh x4c ciia mé hinh nhan qui
bing céc bd dit liéu thit va cdc ddnh gid théng ké.

Budc 2: x4c dinh cdc khodng gi4 tri cdc bi€n phu thudc theo yéu ciu ngudi

+ ding, dung thuit todn di truyén k€t hgp logic md tim ra céc gié trj
bi€n doc 1ap t6t nhat. G bude ndy ¢ sit dung logic md véi muc dich
12 tim nhitng gi4 tri bi€n ddc l4p sao cho cdc gid tri bi€n phu thudc
gin vdi gié tri dugc yéu ciu nhat. Thuét todn di truyén s dung mé
hinh nhén qua & Budc 1 1am ham thich nghi d€ tim céc gi4 tri bié€n
ddc lap t6t nhat. Qua trinh tim ki€m trong quan thé sé lap lai cho dén
khi tim ra gi4 tri bi€n ddc 14p thda cic yéu ciu bi€n phu thudc hoic
hét thdi gian cho phép. K&t qua xuit ra s& 1a gid tri bi€n ddc lap t6t
nhit d4p @ng dugc yéu ciu dit ra d6i v6i bi€n phu thudc. |

4. K&t qua thyc nghiém va ddnh gid

Chiing t6i da x4y dung mdt chudng trinh Wng dung s dung 3 c6ng cu théng minh nhén tao:
mang ndron, logic m& (thuat todn Backprop, ANFIS) va thuét todn di truyén cho phép gidi
quyét bai to4n t6i wu héa cong thitc va quy trinh san xuit. K&t qua dat duge bude ddu duge
trinh bay dudi day.

Céng thitc Kem Vitamin E — Nghé dudc thi€t k&€ va t61 wu héa biing phdn mém INForm 3.0
(chwong trinh 61 wu cb6ng thdc, quy trinh cda hang IntelligenSys
(http://www.intelligensys.co.uk)) va da dugc sdn xuit thi nghiém.

Dit liéu thuc nghiém:

x;: lugng ddu % y1: d6 dan mdng trung binh
X,: lugng Cetostearyl Alcohol y2: thdi gian tich 16p phiit
x3: lugng Polawax ya: kich thudc ti€u phén

X4: lugng tween 80 y4: d6 Ph

Xs: lugng spam 80

diéu kién rang budc:

yi: TENT (Mid1 = 12; Mid2 = 12.5) y3: DOWN (Mid1 = Mid2 = 0.585)
y2: UP (Mid1 = Mid2 = 57) y4: TENT (Mid1 = 6.5; Mid2 = 6.7)

Két qud 161 wu ciia INForm 3.0:

Xi X2 X3 X4 Xs Y1 y2 ¥3 Y4
143.4 90 40 49 04 12.41 77.07 0.54 6.71
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Két qud sdn xudt thuc nghiém (sdn xudt thi 2 ldn)

INForm 3.0 14n 1 14n 2 Trung binh
12.41 13.98 12.82 13.4

77.07 72 78 i

0.54 0.59 0.55 0.57

6.71 6.32 6.68 6.5

Kiém tra kha ndng du dodn ciia chuong trinh qua két quda t6% uu ciia INForm 3.0 va két qud
sdn xudt thuc nghi¢m.

Dang gid tri bién doc 1dp ciia INForm 3.0 kiém tra khd ndng dy dodn ciia chuong trinh cai
dat vdi thuc nghiém.

Két qué du dodn:
INForm 3.0 Lin 1 Lin2 trung binh BackProp ANFIS

1241 13.98 12.82 13.4 12.54 13.423
77.07 72 78 75 78.06 80.38
0.54 0.59 0.55 0.57 0.54 0.803
6.71 6.32 6.68 6.5 6.58 6.801

K&t qua théng ké phén tich phuong sai hai yéu 8 khong 13p cho titng cip két qua:

Trung binh va BackProp: F=0.429 < Fgos=10.128
INForm 3.0 va Trung binh: F=0.237 <Fgo5 =10.128
[NForm 3.0 va BackProp: F=0.956 <Fgo5=10.128
[NForm 3.0 va ANFIS: F=2.489 <Fgos=10.128
Trung binh va ANFIS: F=1.303 <Fpo5 =10.128

Chuong trinh cai dit cé k€t qua du dodn va két qué thyc nghiém trung binh cia hai 16 kem
khong c¢6 su khdc nhau vé mit thdng ké.

Kiém tra két qud t6i wu ciia chuong trinh va ciia INForm 3.0
So sdnh két qua vdi két qua t6i uu bdi INForm 3.0:

INForm 3.0 BackProp ANFIS
X1 1434 142.65 120
X2 90 89.56 90
X3 40 39.764 40
X4 4.9 5.811 6
Xs 0.4 0.474 0.4
Vi 1241 12.319 12.33
y2 TR 77.767 75
¥3 0.54 0.515 0.52
V4 6.71 6.641 6.57
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K&t qua thdng ké, diing phén tich phuwong sai hai yéu t& khéng lip:

INForm 3.0 va BackProp (gia tri X): F=0.101 < Fops = 7.708
INForm 3.0 va BackProp (gié tri Y): F=0453 <Fpop5=10.128
INForm 3.0 va ANFIS (gi4 tr1 X): F=10.885 < Fgos =7.708
INForm 3.0 va ANFIS (gié tri Y): F=1.344 <Fp05=10.128

Chuong trinh cai dit cé k€t qua t61 wu va két qua t61 vu cda INForm 3.0 khéng c6 su khéc
nhau vé mit théng ké (BackProp: F = 0.453 < Fpgs = 10.128 va ANFIS: F = 1.344 < Fpos =
10.128). Tudng tw, két qua clia bi€n doc 14p twong ng cling khéng khac nhau vé mit théng
ké (BackProp: F = 0.101 < Fogs = 7.708; ANFIS: F = 0.885 < Fg g5 = 7.708).

5. Két luan

Mic di ly thuyét mang ndron, logic md va thuét todn di truyén da dugc gidi thiéu khé 14u,
nhung ng dung cia né vin dudc quan tAm va phat trién dé€n ngay nay; dng dung mang
ndron, logic md va thut ton di truyén gidi quyét bai todn t6i wu héa c6ng thitc va quy trinh
sédn xuit dude phAm 14 mot vi du. Viéc k&t hdp céc k§ thuat giai quyét khé t5t bai todn dat
ra, gitip cho cic dudc si ti€t kiém c6ng sitc va thdi gian hon so vdi viéc st dung phuong phép
truyén théng nhu thdng ké, simplex...

A COMBINATION OF NEURAL NETWORKS, FUZZY LOGIC AND
GENETIC ALGORITHMS FOR SOLVING THE OPTIMIZATION
PROBLEMS IN PHARMACEUTICS

Le Hoai Bac?, Hoang Kiem”, Do Quang Duong®
M Faculty of Information Technology - University of Natural Sciences - VNU-HCM
@ Faculty of Pharmacy - University of Medicine and Pharmacy Ho Chi Minh City

ABSTRACT: In the pharmaceutical market, all products have a life cycle and out-of-date
products should be improved or innovated by new ones. For this reason, design and
optimization of formulation are the regular demands. Traditional methods of design and
optimization - such as statistics, simplex, ... - have only used for simple and linear data. In
the event that data is complicated and non-linear, these methods are not suitably.

This paper presents a solution for optimizing formulation and process of production in
pharmaceutics by combining of Al technics: neural networks, fuzzy logic and genetic

algorithms. This solution helps pharmacist save a lot of time and labor because of its
accuracy and processing speed.
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