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Tom tat: Nhitng ndm gin day, cac thuat toan ti wu metaheuristic (MH) ngay cang dugc ap dung
phé bién trong céc tinh toan thiét ké ti uu k¥ thuat do khd nang tim kiém toan cuc va giai quyet
duoc céc bai toan vai sb lwong 1on bién thiét ké. Tuy nhién, nhugce diém cua cac phuong phap tdi
uu dung MH 12 khéi lugng tinh toén 16n do MH thuong yéu Cau hang ngan 1an tinh ham muc tiéu
va cac rang budc. Méi day, phuong phap so sanh k lang giéng gan nhat (k-nearest neighbor
comparison, k-NNC) da dwoc dé xuat nham giam chi phi tinh toan khi thyuc hién t6i wu bang MH.
k-NNC xem xét mot giai phap thiét ké mai thong qua so sanh k thiét ké gan nhat hién cé caa n6 (k-
lang giéng gan nhat) vai mot thiét ké khac trong quan thé. Thiét ké mai s& bi loai bo ma khong can
thuc hién danh gid néu phan I6n trong sé k thiét ké 1an can gan nhét 12 kém hon thiét ké dugc so
sanh. k-NNC da duoc két hop véi cac thuat toan Rao dé ti wu trong lwong két cau dan. Nhu dugc
chi ra qua céc vi du s6, k-NNC gilp giam dang ké s6 1an phan tich két cau. O bao cao nay, kha ning
ctia k-NNC duoc khing dinh khi két hop véi mot sé thuat todn MH thong dung khéc nhu tién héa
vi phan va Jaya. Két qua khi &p dung vao mot sé bai toan tbi wu ky thuat da ching minh k-NNC 1a
mo hinh don gian va hiéu qua dé tiét kiém chi phi tinh toan cho MH.

Tur khéa: k-NNC, metaheuristic, thiét ké t6i wu, mo hinh phan loai

1. Mé& dau

Trong nhitng nim gin day, cac thudt toan t6i uvu hoa metaheuristic (MH) dé dugc phat trién va
g dung thanh cong dé giai quyet c4c bai toan toi wu hoa trong k¥ thuat do ¢6 nhiing wu diém vuot troi
S0 vai cac thuat toan truyén théng dwa trén gradient. Dic bi¢t, metaheuristics da cho thdy kha nang tim
ra giai phap téi wu cho cac bai toan c6 quy md 16n. Mot s thuat toan dugc sir dung phd bién nhat la
Thuat toan di truyén (GA) [1], Toi wu hoa bay dan (PSO) [2] va Tién héa vi phan (DE) [3]. Tuy nhién,
nhuoc diém cia thuat toan metaheuristic 1a chiing thuong yéu cau mot lwong Ién phan tich ham.

Dé tiét kiém chi phi tinh toan trong tbi vu hoa bang MH, cdc md hinh du doan dugc xay dung
trén thuat toan hoc may (ML), chang han nhu mang no-ron (NN) [4], hé thong suy luan mo than kinh
thich tng (ANFIS) [5], mang no-ron sau (DNN) [6], mdy vecto hd trg (SVM) [7], thuat toan cay ting
cuong (BA) [8]-[10], da duoc sir dung lam giai phép thay thé cho viéc danh gia ham truc tiép. Han ché
chinh ctia cac md hinh ML 1a yéu cau mét quy trinh dao tao pht hop. Pao tao ML bao gom tim céu tric
md hinh phu hop, chon tap dir liéu huan luyén va xac dinh céc gia tri tham sé mé hinh phu hop. Tuy
nhién, khéng c6 quy tic chung cho nhitng nhiém vy nay. Chiing thuong phu thugc vao loai bai toan va
kinh nghiém cua nguoi thiét ké va doi khi chung duoc quyet dinh bang céch thtr va sai. Hon nira, viéc
dao tao mot md hinh ML ¢ d6 chinh xac cao trong mot sb truong hop tham chi con mat nhiéu thoi gian
hon so véi phan tich truc tiép, dac biét 1a trong cac bai toan phirc tap doi hoi lugng 16n dit lidu dao tao.

Trong nghién ciru gan day, mot mo hinh phan loai dya trén thuat toan k-NN da duogc dé xuat [11].
Trong cach tiép can mai nay, qua trinh dao tao 1a khdng can thiét va do chinh xac ciia mé hinh dé xuat
duoc duy tri mét cach thich ung trong qua trinh t6i wu hda. M6 hinh méi ¢6 tén phuwong phdp s0 sanh
k-lang giéng gan nhat (k- NNC). Trong qua trinh t61 wu hoa, k-NNC danh gia mot gidi phap thiét ké mai
bang cach so sanh k lang giéng gan nhat caa nd voi mot giai phéap thiét ké hién co. Giai phap thiét ké
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méi s& bi loai ma khong thuc hién phan tich néu phan I6n k lang giéng gan nhat kém hon so véi giai
phap dugc so sanh. Trong [11], hiéu qua ciia k-NNC di duoc kiém chiing vai thuat toan Rao [12] thong
qua cac vi du téi vu kich thude gian phang va khdng gian véi bién roi rac.

Trong béo céo nay, kha ning ciia k-NNC dugc khang dinh khi két hop véi mot sé thuat toan MH
thong dung khac nhu tién hoa vi phan [3] va Jaya [13]. Két qua khi 4p dung vao mét sb bai toan téi uu
k¥ thuat di chirng minh k-NNC 1a mé hinh don gian va hiéu qua dé tiét kiém chi phi tinh toan cho MH.

2. Tém tat md hinh phan loai k-NNC

Phuong phap k-NNC nham dénh gia mot giai phap moi x', (khdng diing phén tich) trudc khi dem
s0 sanh v6i mét giai phap hién c6 x,,. Viée danh gid x', duoc dya trén k giai phap gan nhét cua nd trong
quan thé. Tém tit cac budc ciia k-NNC nhu dudi day.

Vi mdi giai phap méi duogc tao ra x',:

Buwéc 1: Tim k giai phap gan nhat voi x', (k lang giéng gan nhét, k-NN) dua trén khoang cach
Euclidean theo biéu thirc (1),

n

! 2
1 X pi xq,i
d(x'p, xg) = E <—xw m— ) 1)

i=1
Trong d6, d(x',, x,) 1a khoang cach Euclidean giita x', va x,, véi x,, 1a giai phap thu g trong quan thé.

Budc 2: So sanh k-NN véi x,,. x',, duge xem 1a kém hon x,, néu da s6 thanh vién trong k-NN
kém hon x,,. Trong trudng hop nay, x',, sé¢ duoc loai bo.

Budéc 3: Néu da sé thanh vién k-NN tét hon x,,, x', dugc xem Ia giai phap co tiém ning va sé
dugc gitr lai va chuyén sang budc phan tich tiép theo nhu thong thuong.

So dd thuat ton tdi wru hoa MH sir dung k-NNC duoc md ta trong Hinh 1. Thong tin chi tiét vé
K-NNC c6 thé tham khao trong [11].

3. Kiém chirng k-NNC

Trong [11], k-NNC dugc két hop véi thuat toan Rao dé ti uu kich thudc gian phing va khong
gian véi bién roi rac. Két qua cho thay, k-NNC c6 thé giam tir 40% dén 60% s6 lan phan tich két cau.
Trong muc nay, k-NNC duoc két hop véi hai thuat toan MH thong dung khac la tién hoa vi phan (DE)
[3] va Jaya [13]. Cac vi du kiém chtng 12 mot s6 bai toan t6i wu mau da duoc nhiéu nghién ctu ding dé
kiém ching kha ning ctia cac thuat toan tdi wu, bao gom dam han (Welded-Beam), 10 xo (Spring), binh
chiu ap (Vessel), bo giam téc (Speed-Reducer), va dim bé téng (Concrete-Beam). Chi tiét vé céc bai
toan nay c6 thé tham khao trong [14].

Céc tham sé cua DE va Jaya st dung trong tinh toan nhu sau:

- Kich thuéc quan thé: 40

- Hé s ti I& va lai ghép cua DE twong tng 1a 0.8 va 0.9

- S6 vong lap téi da: 1000

- Diéu kién dung: khi sai s6 tuong ddi € nho hon 109, véi e = |f/f* —1|; f lagiatri
trung binh ctia ham muc tiéu trong quan thé; £* 1a gid tri ham muc tiéu nho nhat trong
quan the.
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Khoi tao quan thé ban dau

A 4

Tao céc gidi phap méi

Y

Tinh ham muc tiéu, di€u kién
rang budc cla gidi phap mai

v

Thuc hién chon loc

Y

e

Pua ra két qua to1 wu

Hinh 1. So d6 thuat toén téi vu metaheuristic sir dung md hinh phén toai k-NNC

Vé6i méi thuat toan va mdi vi du, thuc hién 20 14n t6i wu doc 1ap nhau dé c6 dugc két qua thdng
ké. Két qua tdi uu dugc trinh bay trong Bang 1, Bang 2, va Hinh 2-6. Céac két qua trong Bang 1 va 2
bao gom: gi4 tri tdt nhat (Best), gia tri trung binh (Mean), gia tri xdu nhat (Worst), va d¢ léch chuan
(SD). Téng s6 lan phan tich ham trung binh ciing duoc cho & cot NFEs.

Bang 1. So sanh két qua ti wu cuia DE va DE-KNNC

Vi du Thuit toan Best Mean Worst SD NFEs %
Welded DE 1.7249 1.7249 1.7249 6.4129e-07 | 14466
Beam DE-kNNC 1.7249 1.7249 1.7249 9.5137e-07 | 7098 | 49.07
Spring DE 0.012666 | 0.012666 0.01267 1.09e-06 8516
DE-KNNC | 0.01266 | 0.012681 | 0.012952 | 6.3776e-05 | 3705 | 4351
Vessel DE 6059.7149 | 6059.7162 | 6059.7204 | 0.0014051 | 7672
DE-KNNC | 6059.7145 | 6059.7164 | 6059.7188 | 0.0010196 | 3639 | 47.43
Speed DE 2994.4726 | 2994.4752 | 2994.4803 | 0.0017155 | 12846
Reducer | DE-KNNC | 2994.4738 | 2994.4772 | 2994.4822 | 0.0021473 | 6488 | 50.51
Concrete DE 359.208 359.208 359.208 1.1203e-05 | 2536
Beam DE-KNNC | 359.208 359.208 359.208 1.2546e-05 | 1169 | 46.10
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Bang 2. So sanh két qua téi uu cta Jaya va Jaya-kNNC

Vi du Thuait toan Best Mean Worst SD NFEs %
Welded Jaya 1.7249 1.7249 1.7249 3.9571e-07 | 17892
Beam Jaya-kNNC 1.7249 1.7249 1.7249 4.4494e-07 | 10259 | 57.34
Sorin Jaya 0.012679 | 0.012709 | 0.012727 1.5701e-05 | 40040
pring Jaya-kNNC | 0.012679 | 0.012719 | 0.012781 2.258e-05 | 21781 | 54.40
Vessel Jaya 6059.7147 | 6067.5701 | 6089.5269 8.8693 33148
Jaya-kKNNC | 6059.7148 | 6068.3109 | 6086.783 7.1033 10470 | 31.59
Speed Jaya 2994.4717 | 2994.4726 | 2994.4735 | 0.00053409 | 7774
Reducer | Jaya-KNNC | 2994.4722 | 2994.4731 | 2994.4747 | 0.00074848 | 5700 | 73.32
Concrete Jaya 359.208 359.211 359.2358 0.0078537 | 20996
Beam Jaya-kNNC | 359.208 | 359.3631 362.251 0.67984 5033 | 23.97
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Hinh 3. Spring: (a) Khéi lugng tinh toan; (b) Hoi tu caa ham muc tiéu
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Hinh 6. Concrete-Beam: (a) Khéi luong tinh toan; (b) Hi tu ctia ham muyc tiéu
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4. Théao luan
Théng qua céc két qua cd thé thay:

- Khi két hop véi k-NNC, khdi lwong tinh toan da giam dang ké. Véi DE st dung k-
NNC, s6 lan phan tich ham chi con 44% dén 50% so voi DE (Bang 1). Véi Jaya, hiéu
qua dat duoc cua k-NNC 1a giam tir 27% dén 76% s lan phan tich ham (Bang 2).

- Chat luong két qua toi wu khi sir dung k-NNC tuong duong vai két qua tinh theo thuat
toan géc.

- Mtc d6 giam khéi lwong tinh toan ciia k-NNC khi két hop vai DE 1a 6n dinh trong sudt
qua trinh ti wu, thé hién & quan hé trong ddi tuyén tinh giira s6 1an tinh ham (FEs) va
s6 vong lap (Iterations) trén Hinh 2(a)-6(a).

- Strdung k-NNC cho téc d6 hoi tu nhanh hon dang ké so vai khi khdng sir dung k-NNC
(Hinh 2(b)-6(b).

Két qua trén mot Ian nira chang minh k-NNC la mo hinh higu qua dé tiét ki¢m chi phi tinh toan
khi thuc hién toi vu hoa theo cac thuat tqén metaheuristic. Uu diém cua k-NNC so véi cac md hinh hoc
may kh&c 1a sy don gian va khéng yéu cau dao tao mo hinh.
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