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ABSTRACT

The study presents the application of several artificial interlligence based method for
solving short-term hydrothermal scheduling problem. The objective of these problems
is mainly to minimize total electricity generation fuel cost at thermal plants while
neglecting the cost at hydropower plants so that all equality and inequality constraints
of the system including power balance constraint considering transmission line, upper
and lower limits on power generated by thermal and hydro plants, and hydraulic
constraints at hydropower plants such as boundaries of water discharge, boundaries of
reservoir volume, avaialbe water, initial volume as well as end volume. In addition,
constraints in transmission lines such as transmission capacity of lines, voltage at buses,
tap setting, etc are also taken into consideration. The complicated level of the considered
constraints is increased and ranged from the first problem to the final problem.
Augmented Lagrange Hopfield Network and three other methods such as conventional
Cuckoo Search algorithm, Modified Cuckoo Search algorithm and Adaptive Selective
Cuckoo Search algorithm are applied for solving the problems in the study. Among the
applied Cuckoo Search algorithms, conventional Cuckoo Search algorithm is the
original one which has been successfully applied for recent years since it was first
developed in 2009 meanwhile Modified Cuckoo Search algorithm has been developed
based on the original one and Adaptive Selective Cuckoo Search algorithm is first
introduced in the study. In addition, Augmented Lagrange Hopfield Network is also a
strong method which has been developed and successfully applied for solving electrical
engineering problems.The performance of these methods are tested on several systems
according to each kind of problem and there is a fact that not every applied method is
applied for solving all considered problems because their different effcciency on
considered problem. In fact, the three Cuckoo Search algorithms are run on all the
problems but Augmented Lagrange Hopfield Network is only applied for the first
problem where water head of reservoir is fixed and reservoir volume constraints are not
taken into account. As a result, the comparison among these methods with many existing
methods indicates that the methods are effecitve and robust for solving the short-term
hydrothermal scheduling problem because they obtains better solution quality and
shorter execution time than most methods available in the report. Among the methods,
Augmented Lagrange Hopfield Network is very effective for the first problem where
valve point loading effects of thermal units are not considered but it must stop working
when the effects are taken into account. On the contrary, the three Cuckoo Search
algorithms become more effective for the problems with valve point loading effects.
Among the three Cuckoo Search algorithm, Adaptive Selective Cuckoo Search is the
most efficient method whereas the effectiveness between convnetional Cuckoo Search
and Modified Cuckoo Search has a trade-off for different problems. In fact, the Modified
Cuckoo Search is more effective than conventional Cuckoo Search for the first and the
final problems; however, the Hinh is opposite for the rest of the problems.
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TOM TAT

Lu4n 4n trinh bay Gng dung cua cac phuong phap thong minh nhan tao dé giai cac bai
toan phdi hop toi uu hé théng thuy nhiét dién véi muc tiéu giam thiéu chi phi phat dién
clia cac nha may nhiét dién khi khong xét dén chi phi phét dién cia cic nha may thay
dién sao cho cac rang budc can bang va bat can bang ciia hé thong nhu rang budc can
bang cong suit co xét dén ton hao truyén tai dudng day, cac giéi han cong suat phat ciia
nha may thuy dién va nhiét dién va céac rang budc tir hd thuy dién nhu thé tich hd chua,
lwu lwong xa, thé tich nude cho phép sir dung phai duoc thoa man. Ngoai ra, rang budc
trén ludi truyén tai nhu kha ning truyén tai duong day, dién ap tai cac nut, cai dit dau
phan ap, va chon cong suét tu bu ciing duge xét dén. Muc do phirc tap ctia cac rang budc
duogc tang dan tir bai toan thi nhat dén bai toan cubi cung.

Ba phuong phap Cuckoo Search (CSA) nhu Cuckoo Search co dién (CCSA),
Cuckoo Search cai bién (MCSA) Cuckoo Search chon loc thi nghi (ASCSA), va phuong
phap mang Hopfield Lagrange ting cuong (ALHN) da duoc dp dung dé giai cac bai toan
trén. CCSA 1a phuong phap Cuckoo Search dau tién duoc xay dung nim 2009 trong khi
d6 MCSA duoc phat trién dya trén CCSA vao nam 2011. ALHN ciing 1a mot phuong
phap duoc phét trién tir mot phuong phap khac va di duoc ap dung trong linh vuc ky
thuat dién. Khac voi ba phuong phap nay, ASCSA 1a phuong phap duoc phat trién dau
tién trong ludn an nay dua trén cac cai bién tir CCSA va chua dugc ap dung cho bat cir
bai toan nao trudc day.

Tinh hiéu qua cta cac phuong phap duogc kiém tra trén cac hé théng khac nhau véi
nam bai toan khac nhau. Két qua duoc so sanh giita bén phuwong phap véi nhau va giita
bdn phuong phéap véi cac phuong phap da duoc nghién ciu trude day dé dua ra nhan
xét vé tinh hiéu qua cua bon phuwong phap nay so véi cac phuong phap khac va tim ra
phuong phap hiéu quéa nhét trong bén phuong phap cling nhu dé xuét kha ning ap dung
ctia tirng phuong phap cho tirmg bai toan cu thé. Két qua danh gia cho thiy ALHN chi
hiéu qua cho hai bai toan dau tién vé6i chiéu cao cdt nude cd dinh bo qua thé tich ho chira
va bd qua hiéu ung x4 van tai cdc nha may nhié¢t dién. Trong khi do, phuong phép dugc
dé xuat ASCSA to ra hiéu qua hon CCSA va MCSA cho tét ca cac hé thong & nim bai
todn nay va hiéu qua hon ALHN cho ba bai todn con lai. So sanh gitra CCSA va MCSA
cho thdy MCSA chi hiéu qua hon CCSA 6 hai bai toan dau tién va bai toan cubi nhung
kém hon & bai toan thir ba va thir tu. Ngoai ra, so sdnh vdi cac phuong phap trude ¢ cac
cong trinh nghién ctru khac cling cho thiy bén phuong phap ap dung nay 1a cac cong cu

.....

do hoi tu nhanh va déc biét 1a sy vuot trdi cia phuong phap ASCSA.
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CHUONG 1: GIOI THIEU

1.1. Pit Van Dé

Hé théng dién co ban gém cac nha may nhi¢t dién va thuay dién két ndi v6i nhau
qua hé thong ludi truyén tai dé phat dién dén cac phu tai 16n nhu khu céng nghiép, nha
may, khu dan cu, .v.v. Pé co thé chay duoc cac to may phat, nha may nhiét dién sir dung
nhién liéu hoa thach nhu khi, than va dau rat dit do va ngay cang can kiét trong khi d6
cac nha may thay dién str dung ngudn nudc tir cac dong séng tu nhién véi gia thanh
nhién liéu rat nhé so v&i nha may nhiét dién nén co thé bo qua. Su khac bi¢t gifra cac
nha may nhié¢t dién va thuy dién khong chi ¢ nhién liéu ma dac tinh con khac nhau rat
nhiéu. That vy, nha may nhiét dién phai mat tir vai chuc phat dén vai gido dé c6 thé
chuyén tir qua trinh khai dong dén phét cong suat dinh mirc nhung nha may thay dién
chi mét khoang vai phut da co thé dat dugc cong suat téi da. Bén canh dé, trong qua
trinh lam viéc vdi phu tai bién dong theo thoi gian, nha may thuy dién cling vuot troi
hon nha may nhiét dién khi c6 thé thay doi gan nhu tirc thoi. Qud trinh ting giam cong
suét cua nha may nhiét di¢n déu 1am hao phi nhién li€u cho nén can han ché viéc giam
va ting cong suat véi s6 lwong 16n cling nhu qué trinh dimg may hoan toan. Xét trong
khoang thoi gian mot ngay, mot tuan hodc co thé 1én dén mot nam, nhién liéu tai cac
nha may nhiét dién c6 thé xem nhu doi dao va van dé cha yéu 1a giam thiéu chi phi nhién
lidu phat dién thap nhat c6 thé. Nguoc lai, thuy dién phai d6i mat voi ké hoach phat dién
hiéu qua sao cho nha may co thé 1am viéc trong mot ndm ma van c6 di nudc mic du
muia kho c6 thé kéo dai dén nira thoi gian trong nam. Nhu vay ¢ thé thay, viéc thay doi
cong suét trong thoi gian ngan nén dugc dam nhiém boi nha may thuy dién trong khi d6
qua trinh dam bdo an ninh nang lugng trong ndm nén dugc ganh bdi nha may nhiét di¢n.
Hon nita, chi phi phat dién tir nha may nhiét dién cao hon rat nhiéu so véi thuy dién va
néu cang st dung lang phi nhién liéu hoa thach thi s& gy ra thiéu nang luong tram trong
trong twong lai trong khi d6 ngudn nudc tai cac ho thiy dién néu khong st dung hiéu
qua phai bi x4 bo. RS rang nhién liéu nhiét dién co thé du trix trong khi nguén nuoc phai
xa bo vao mua mua va dic biét khi co 1ii lut. Ding nguén nudc xa bo dé phat dién thay
cho chi phi nhién liéu hoa thach dat do 1a diéu hét strc kinh té ctia hé théng thuy nhiét
dién. Tir phan tich trén cho thiy rang két hop cac nha may thily dién va nhiét dién thanh
mot hé thdng 1a didu thiét yéu va lap ké hoach phdi hop phat dién cho hé thdng thiy
nhiét dién 12 bai toan kinh té va an ninh nén lam.

Trong qué trinh 1am viéc, cic nha may nhiét dién bi rang budc boi cac van dé lién
quan dén gi6i han may phat trong khi d6 thuy dién khong chi bi rang budc béi gisi han
t6 may phat ma con phai thoa man cac yéu cau vé hd thuy dién nhu thé tich nuée cho
phép str dung trong thoi gian hoach dinh, gidi han luu luong x4 tirc thoi qua turbine,
gidi han thé tich nuée trong hd, v.v. Cac rang budc lién quan dén ngudn nudc trong hd
thity dién cling nhu cach xac dinh cong suat phat ctia thuy dién phu thudc vao moé hinh
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thuy dién duoc xét dén trong timg bai toan nghién ciru khac nhau.

Tinh dén thoi diém hién tai, dd c6 rat nhiéu phuong phap ¢ dién, phuong phap
mang neuron, phuong phdp mo va cac phuong phap meta-heuristic da dugc ap dung
thanh cong cho cac bai toan diéu do hé théng thuy nhiét dién t6i wu. Cac phuong phap
giai khong ngimg dugc cai tién va phat minh dé co thé giai duoc cac bai toan phirc tap
hon vé& ham muc tiéu, vé rang budc va vé d6 16n cta hé théng. Bén canh d6, cac mo6 hinh
bai toan ciing duoc cai tién dan dan nham tién dén bai toan thyc té trong cudc song. Tix
d6, viéc ap dung cac phuong phap thong minh nhan tao dé giai cac bai toan phdi hop hé
théng thuy nhiét dién duoc nghién ctru trong ludn 4n nay.

1.2. Cac Bai Toan Nghién Ciru

Trong luan 4n nay, nim bai toan phdi hop hé thong thily nhiét dién duoc xem xét
dé ap dung cac thuat toan t6i wu nham tim duoc 101 giai véi ham muc tiéu 14 chi phi phat
dién ciing nhu khi phat thai 1a nho nhat. Nam bai toan dugc gidi thiéu 1an luot nhu sau:

1) Phoi hop hé théng thuy nhiét dién ngcfn han véi chiéu cao cét nwde khong doi va bo
qua thé tich hé chira (SO-FH-ST-HTS)

O bai toan nay, chiéu cao cdt nudc & cac hod thuy dién dugc xem nhu la khong
d6i trong toan thoi gian hoach dinh phét dién t6i uvu va luu luong xa qua turbine duoc
xem nhu 13 ham s6 bac hai theo cong suit phat va cac hé s6 xa nudc. Cac rang budc
khac lién quan dén thé tich hd chira nhu thé tich nuéc trong hd ¢ dau va cudi qua trinh
hoach dinh, gidi han 16n nhat va nho nhat cta ho trong toan thoi gian hoach dinh khong
duoc xét dén. Thay vao do, thuy dién sé duogc gidi han béi luu lugng x4 qua turbine sao
cho cong suat thiy dién ndm trong gidi han may phat va tong thé tich nuéc st dung
trong toan thoi gian hoach dinh phai bang gi tri xac dinh cho phép trudc d6. Bén canh
d6, rang budc can bang cong suit trén hé thdng c6 xét dén ton that truyén tai duong day
cling duoc xét dén.

2) Phoi hop hé théng thuy nhiét dién ngcfn han véi chiéu cao cot nude khong doi va xét
thé tich ho chira (RC-FH-ST-HTS)

Gidng nhu bai toan trén, trong mo hinh bai toan nay, chiéu cao cot nude & cac hd
thity dién van dugc xem nhu 1a khong doi trong toan thoi gian hoach dinh va luu luong
x4 qua turbine dugce xem nhu 14 ham s béc hai theo cong sudt phat va cac hé sé xa nude.
Tuy nhién, cac rang budc khéac lién quan dén thé tich hd chira nhur thé tich nudc trong
hd & dau va cudi qua trinh hoach dinh, gidi han 16n nhat va nhé nhét cta hd trong toan
thoi gian hoach dinh va tinh lién tuc ctia ngudn nude trong hd déu duoc xét dén. Bén
canh d6, gidi han luu luong x4 qua turbine va ton that truyén tai dudng day cling duoc
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xét dén.

3) Phoi hop hé tho”'ng thuy nhiét dién ngcfn han véi chiéu cao cot nuwde bién doi va xét
hé thong ho thuy dién bdc thang (VH-ST-HTS)

O bai toan nay, chiéu cao cot nude hd thuy dién duoc xem nhu thay d6i theo thoi
gian trong qua trinh van hanh ho chtra phat dién t6i uu két hop v6i cac nha may nhiét
dién. Cong suat thuly dién 1a ham s theo thé tich ho chira va luu luong xa qua turbine.
Mo hinh bai toan nay phirc tap hon hai bai toan dé cap trén do xét dén nhiéu rang budc
thiy dién va hé thong cac ho thuy dién bac thang c6 anh huong vé luu luong nude. Luu
lwong nuée xa cua hd thay dién phia trén tré thanh luu lwgng vé cua hd thuy dién phia
duéi c6 xét dén thoi gian chay cia nude. Cac rang bude hd chira duge xét dén nhu rang
budc thé tich & dau va cudi thoi gian hoach dinh, giéi han thé tich 16n nhat va nho nhat.

4) Phoi hop hé tho”hg thuy nhiét dién ngcfn han da muc tiéu véi chiéu cao cot nude cé
dinh va bé qua thé tich hé chiva (MO-FH-ST-HTS)

Bai toan phéi hop t6i wu hé thdng thiry nhiét dién da muc tiéu xem xét giam thiéu ca chi
phi 13n phat thai tir nha médy nhiét dién. Nhitng gia thuyét va rang budc cua bai toan da
muc tiéu ngan han véi chiéu cao cot nudc khong d6i bé qua thé tich ho chua ciing dugc
xem x&t nhu bai toan don muc tiéu.

5) Phdn b6 céng sudt toi wu hé thong thiy nhiét dién (HTOPF)

Phéan b6 cong suat t6i uvu hé théng thuy nhiét dién (HTOPF) 1a mot bai toan 16n
va phirc tap hon rat nhiéu so voi bai toan phan bd cong suat (OPF) va bai toan phi hop
cac nha may thuy nhiét dién (HTS). Bai toan nay 1a sy két hop cua hai bai toan OPF va
HTS trong d6 cac rang budc tur hai bai toan déu duoc xét dén mot cach chi tiét. Su phtrc
tap ctia bai toan OPF vé sb luong rang budc trén ludi truyén tai nhu kha ning truyén tai
ctia dudng day, dién ap tai cac thanh cai, cai dat dau phan 4p, xac dinh dung luong tu bu
va cong suat phan khang cua cac mdy phat trong khi d6 d6 phuc tap ciia bai toan HTS
thudc vé rang budc thity lyc & cac hd thury dién cing véi nhiéu khoang thoi gian duoc
tai trong tat ca cac khoang thoi gian phai dam bao va luu luong xa ciing nhu tong thé
tich nude sir dung tai cac hd thuy dién ciing khong duoc sai léch. RS rang bai toan nay
rat phirc tap va han ché cac nghién ciru trén thé gi6i tinh dén thoi diém nay. Cac nghién
ctru v6i da phan tir nhung nam 1980 va 1990 véi muc tiéu 13 ¢6 thé ap dung cac phuong
phap cb dién dé tim ra 10i giai kha thi khong vi pham rang budc hon 14 so sanh chi phi
phat dién tai cac nha may nhiét dién. Tur do, hai hé théng dién IEEE 30 nut va IEEE 118
nut duoc cap ngudn tir hé thong thury nhiét dién véi ham muc tiéu cyc tiéu chi phi phat
dién dugc thuc hién véi su ap dung cua cac phuong phap CCSA, MCSA va ASCSA.
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1.3. Muc Tiéu Nghién Ciru

Cac muc ti€u chinh cua luan an nhu sau:

e Ap dung cac thuat toan Cuckoo search co dién (CCSA), Cuckoo search cai bién
(MCSA) va mang Hopfield Lagrange ting cudng (ALHN) giai cic bai toan phdi
hop t6i wu hé théng thuy nhiét dién.

e Xay dung thuat toan Cuckoo search chon loc thich nghi (ASCSA) va ap dung thanh
cong cho cac bai toan phdi hop tdi wu hé thdng thiry nhiét dién.

e Danh gid tinh hiéu qua cac phuong phap CCSA, MCSA, ASCSA va ALHN khi ap
dung cho céac bai toan phdi hop hé thdng thuy nhiét dién dua trén két qua ham muc
tiéu, tinh kha thi cia nghiém t6i uu va thoi gian tinh toan so voi cac phuong phap
khéc.

e Pé xuit g dung mot cach phu hop véi tinh hiéu qua cia ting phuong phép cho
tirng bai toan va cac hé thong thyc té.

1.4. Cac Péng Gép Ciia Luin An
Nhitng dong gop chinh cta luan 4n nhu sau:

e Xay dung thuat todn moi1 Cuckoo search chon loc thich nghi véi céac cai bién trén
thuat toan Cuckoo search cb dién va ap dung thanh cong thuit toan cho cac bai toan
phéi hop toi uu hé thong thity nhiét dién.

e Xay dyng thanh cong bai toan phan bd cong suat tdi uwu hé thong thity nhiét dién.

e Ap dung thanh cong cic thuat toan CCSA, MCSA va ASCSA cho cic bai toan phan
bd cong suét toi vu hé théng thiy nhiét dién co xét dén rang budc ludi truyén tai va
rang budc hé thong nha may thiry nhiét dién.

e Pé xuit cach ap dung hiéu qua nhat cac phuong phap cho ting bai toan cu thé. Cach
chon bién diéu khién va cach giai quyét cac rang budc.

1.5. Gi6i Han Pé Tai
Pham vi nghién ctru ctia dé tai nhu sau:

e Ham chi phi nhién li¢u ctia cdc nha may nhiét di€n dugc biéu dién dudi dang céc
ham bac hai hoic ham khong kha vi. Cac ham chi phi trich dan tir cic nghién ciru
trude va khong can xay dung lai trong luan an.

e Thoi gian phéi hop t6i wu hé thong tir mot ngay dén mot tuan.

e Rang budc hé théng c6 xét dén cin bang cong suit v6i ton that truyén tai trén dudng
day.



e Ludi dién IEEE 30 nut va IEEE 118 nat dugc st dung véi cac rang budc trén luoi
dugc xét dén nhu gidi han truyén tai duong day, dién ap cac nut, cai dit dau phan
ap, chon tu bu, .v.v.

e Xét dén rang budc lién quan dén ho thuy dién nhu luu luong x4, thé tich hd chira,
thé tich nu6c sir dung, thoi gian chay cta nuée duge dic trung theo timg bai toan
cu theé.

1.6. B6 Cuc Ciia Lun An
Luén an duoc b cuc boi 8 chuong chinh nhu sau:

Chuong 1: Gidi thi¢u

Chuong 2: Téng quan

Chuong 3: Cac phuong phap Cuckoo Search va mang Hopfield Lagrange tang cuong

Chuong 4: Ap dung cac phuong phap thong minh nhén tao diéu do tdi uu hé thong
thuy nhiét dién ngén han xét chiéu cao cot nudce cb dinh va bo qua rang
budc thé tich hod chtra

Chuong 5: Ap dung cac phuong phap Cuckoo Search diéu d6 hé thong thuy nhiét dién
c6 xét dén thé tich ho chira

Chuong 6: Ap dung cac phuong phap Cuckoo Search diéu d6 tdi vu hé thong thity
nhiét dién xét chiéu cao cot nuée bién doi

Chuong 7: Ap dung cac phuong phap Cuckoo Search phan bé cong suat tdi vu cho hé
thong thuy nhiét dién

Chuong 8: Tom tat



CHUONG 2: TONG QUAN

2.1. Giéi Thi¢u

Rét nhiéu phuong phap t6i wu tir cac thuat toan co dién dén cac thuat toan hién dai
d3 duoc ap dung nham diéu d6 t6i vu hé théng thuy nhiét dién. Trong chuong nay, tong
quan vé& cac bai toan diéu do hé théng thay nhiét dién va cac phuong phép di 4p dung
dugc trinh bay.

2.2. Phéi Hop Hé Théng Thiy Nhiét Pién Ngin Han Véi Chiéu Cao Cot Nuée Co
Pinh B6 Qua Cac Rang Bujc Vé Ho Chira

Trong nhiéu nim qua, di c6 nhiéu phuong phép tdi wu duge ap dung dé didu do t6i wu
hé théng thuy nhiét dién ngén han véi chiéu cao cot nude ¢d dinh bo qua céc rang budc
vé hd chtra. Cu thé cac phuong phap duoc ap dung & cac cong trinh nghién ciru nhu sau:

- Newton-Raphson [1-2]

- Powell’s sybrid [1]

- Newton-Raphson dua vao phan loai nhan tr Lagrange [3]

- Lagrange dya vao tuyén tinh hoa phuong trinh két hop (LCEL) [4]

- Lamda-gamma (A-y) [2]

- Lagrangian relaxation (LR) [5]

- Hopfield neural networks (HNN) [6]

- Evolutionary programming (EP) [7-8]

- Artificial immune system (AIS) [8]

- Particle swarm optimization (PSO) [8]

- Differential evolutionary (DE) [8]

- Modified Bacterial Foraging (MBFA) [9]

- Gen duya vao t6i vu gamma (OGB-GA) [10]

- Fast Genetic (FGA) [11]

- Predator prey optimization (PPO) [12]
Trong s cac phuong phap nay, phuong phép & cac nghién ctru [1-5] 1a phuong phép c6
dién va cac phuong phap khac & cac nghién ciru [6-12] thudc cac phuong phap thong
minh nhan tao. Nhém phuong phap dau tién cha yéu dua vao Newton Raphson hodc 1y
thuyét t6i wu Lagrange c6 dién hodc cai tién cta hai phuong phap co dién nay. Trong
khi d6, nhom phuong phap thir hai tim kiém nghiém téi wu dua vao mot dan s6 xac dinh
trude. Mit khac, cac phuong phap & nhom thir nhat con duoc goi 1a cac phuwong phap
tién dinh, tim kiém nghiém t6i wu dya vao mot duong tim kiém duy nhat v6i nghiém
ban dau c6 chat lugng thip nhit v6i ham muc tiéu 16n nhat va cac vi pham rang budc
gém nhu cuc dai. Céc thuit toan tién dinh chi ¢ duy nhat mot nghi¢m t6i vu & tung vong
13p va nghiém nay dugc cai thién dan khi sb vong ldp tang dan, va dat duoc nghiém tbt
nhit c6 ham muc tiéu va vi pham rang budc nho nhat & vong lap cudi cung. Chat luong

nghiém t6i uu nay bi anh hudng béi gia tri khdi tao ban dau cua tién trinh tinh toan nén
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diém khoi tao ban dau dbi véi cac phuong phép tién dinh rat quan trong. Tiéu chuin
dimg qua trinh tim kiém cta phuwong phap tién dinh dwa vao sai s6 16n nhit duoc xéac
dinh ngay tir ban dau boéi ngudi 1ap trinh. That vy, khi sai s6 16n nhat cang nho thi
nghiém ti vu cang chit lvong vé ham muc tiéu va vi pham rang budc. Tuy nhién, cac
phuong phép tién dinh gip kho khin véi viée giai quyét cac bai toan c6 ham muyc tiéu
va cac rang budc khong kha vi va kha niang tmg dung cho cac hé thong 16n ciing bi gidi
han. Khac véi cac phuong phép tién dinh, cac phuong phap thong minh nhan tao (ngoai
trir HNN [6]) khoi tao mot tap nghiém ¢ thoi diém ban dau cta qua trinh tim kiém. Cac
nghiém nay dugc tao méi tai mdi vong lip va chat lugng cua chung duoc danh gia thong
qua ham thich nghi (fitness function) bao gdm gia tri ctia ham muc tiéu can dugc cuc
tiéu va luong phat do vi pham céc rang budc. Cac phuong phap nay ding qua trinh tim
kiém dua vao s vong lap tdi da duoc xac dinh tir trude va cac nghiém nay c6 kha ning
thoa min tit ca cac rang budc ngay ca khi sé vong lap hién tai nhé hon sé vong lip 16n
nhat xac dinh trudc rat nhidu. Tuy nhién, d6i khi cac nghiém nay ciing ¢ kha ning roi
ra ngoai ving lam viéc kha thi mic du sb vong lip 16n nhat da dat duoc. Cac phuong
phap nay duoc cho 12 hiéu qua hon so véi cac phuong phap tién dinh khi n6 c6 thé giai
dugc cac bai toan ma ham muyc tidu va cac rang budc phuc tap ciing nhu cac hé thong
16n dugc xét dén.

Phuong phap Newton Raphson [1-2] 6n dinh vé tinh toan, hiéu qua va giai nhanh
cho cac phuong trinh khong tuyén tinh. Do d6, né 1a mét tiém ning 16n cho viéc thuc
thi cac bai toan tdi wu nhu didu d6 kinh té trong hé théng thuy nhiét dién. Tuy nhién,
phuong phap Newton Raphson chu yéu phy thudc vao qua trinh thanh lap va liy nghich
dao ma tran Jacobi, 1am cho phuong phap nay bi han ché ap dung cho cac bai toan 16n.
Phuong phap Newton Raphson duoc danh gia 13 phuong phap yéu nhat boi vi qué trinh
hoi tu c6 thé khong thanh cong mic du hé thong xem xét chi c6 mot nha may thiy dién
va mot nha may nhiét dién [3]. O phuong phap LCEL [4], phuong trinh két hop duoc
tuyén tinh hoa va dugc giai dé tim cac rang budc ngudn nude co sin tir cac to may phat.
Do d6, cac nhan tir Lagrange twong tng véi rang budc ngudn nude duge tach ra tir cong
sudt ctia cac to mdy. Dya vao nhén tir Lagrange cta ngudn nude c6 thé tinh dugce nhan
tr Lagrange tuong (mg v4i rang budc can bang cong suat va cudi cling cong suat cia
cac nha may thuy dién va nhiét dién dugc tinh todn nhu ¢ phuong phap Lambda-gama
[2]. Cac gid tri gama cua cac nha may thuy dién duoc chon tir ban dau va sau do tién
trinh 1dp lambda duoc thuc hién dé dat dugc cac gia tri cong suét tai moi khoang thoi
gian xem x¢&t trong toan bd thoi gian hoach dinh. Phuong phap HNN [6] cling 1a mot
phuong phap hiéu qua cho giai quyét cac bai toan t6i wu. Dé giai bai toan nay, HNN xay
dyng mot ham ning lugng bao gdm ham chi phi binh phuong, rang budc ngudn nude,
rang budc can bang cong suit va ton that cong suat trén hé thong dién. Yéu t6 chinh dé
giai quyét tt ca cac rang budc va hoi ty nhanh dén nghiém tdi wu ciia phuong phap HNN
hoan toan phu thudc vao 4 nhan tu Lagrange tuong ing véi 4 rang budc ¢ trén ma viéce
chon gia tri cho 4 nhan tir nay 1a mdt viéc khong dé dang. Do d6, HNN phai ddi mat véi



hoi tu chdm va dé c6 thé ap dung dugc phuong phap ndy cdc rang budc cia bai toan
nghién ctru phai dugc tuyén tinh hoa [13-14].

Ca GA va EP 1a cac phuong phap tién hoa dé giai cac bai toan t6i wu. O phuong
phap GA, qua trinh lai tao va dot bién duoc yéu cdu nham da dang héa céc ca thé con.
O phuong phap EP, qué trinh ciing gan nhu twong ty va qua trinh dot bién 13 mot k¥
thuat quan trong ctia EP nham tao ra cac nghiém maéi hiéu qua [13]. Hon thé nira, viéc
tao ra nghiém ma1i va chon loc ¢ EP lan luot 1a qua trinh dot bién va qua trinh tranh dau
nhung & GA céc thu tuc nay phirc tap hon boi cac qua trinh tai san xut, lai tao va chon
loc. Do d6, EP thuan loi hon GA. DE ciing 1a mot phuong phap tién hoa véi ba qué trinh
chinh nhu d6t bién, lai tao va chon loc. Dot bién dugce sur dung dé tao ra nghiém mai va
lai tao 12 mot k¥ thuét dé giir lai mot dan sd tot cho qua trinh tim kiém tiép theo. Trong
khi d6, chon loc dugc ap dung dé xac dinh nghiém tot nhat dén thoi diém hién tai. Hiéu
qua cua dot bién va lai tao chu yéu phu thudc vao qua trinh lya chon hai h¢ s6 bao gém
hé s6 dot bién va hé sd lai tao, va qué trinh Iya chon ba nghiém ngau nhién cho qua trinh
dot bién. Gia tri ctia hé sb lai tao duge chon tir 0 dén 1 nhung gia tri 16n hon nhiéu, tir 0
dén 2 13 ving lam viéc cho hé s6 dot bién. Cac phuong phép DE c6 kha ning tim kiém
trong mdt khong gian 16n; tuy nhién, viéc chon gia tri cho hé s6 dot bién va lai tao 1a
mot cong viée phire tap va phai trai qua nhiéu 1an chay chuong trinh cho nhiéu gié tri
khac nhau dé tim gia tri tt nhat. AIS duoc phat trién nim 1998 dua trén y tudng sinh
san vo tinh, ting trudng va gia hoa trong co thé con nguoi. AIS bao gom ba qué trinh
chinh: ting trudng, dot bién va chon loc nhung ting truéng va dot bién 14 hai bude chinh
dé tao ra cac nghiém méi. Trong do6, ting truong duge sir dung dé tao ra cac khang thé
va qué trinh dot bién st dung cac két qua tir qua trinh ting trudng dé tao ra cac nghiém
m&i. Ngoai ra, AIS con str dung k¥ thuét loai bo cac khang thé gia tuong Gng voi viée
tranh hoi tu sém dén nghiém cuc tri dia phuong. Tinh hiéu qua ctia AIS phu thudc vao
qua trinh dot bién va loai bo céac khang thé gia. Do do6, viéc chon hé s6 dot bién va hé sb
loai bo cac khang thé gia c6 ¥ nghia vo cling quan trong. AIS dugc cho 1a thuat toan dé
ap dung véi it thong s6 dicu khién. Tuy nhién, nhugc diém cua AIS 1a ¢ qua trinh loai
b6 cac khang thé gia. Néu qua trinh loai bo khong hiéu qua thi AIS dé hoi ty sém va dat
cuc tri dia phuong khong mong mudn. AIS di duoc ap dung thanh cong giai bai toan
t6i wu thay nhiét dién va so sanh voi cac phuong phap EP, DE, PSO dat hiéu qua tot hon
vé chi phi san xuat dién [8]. O nghién ctru [8], DE, EP, PSO va AIS duoc kiém tra trén
hai hé thong thuy nhiét dién c6 xét dén hiéu tng xa van (ham chi phi khong kha vi- non
convex function). Dé thuc thi cho hai hé thong nay, din sb ctia AIS chi duoc chon bang
mot nira gia tri cua ba phuong phap kia trong khi s6 vong 1ap 16n nhat ciia cac phuong
phap 1a nhu nhau. Mic du vay nhung AIS van dat dugc chi phi thiap hon so vdi cac
phuong phap khac. Thoi gian tinh todn thi cac phuong phap nay nhu nhau, khoang mat
dén hai phut va dugc xem nhu hdi tu cham. Nhu vay co cu 1am viéc ctua AIS kha cham
& mdi vong lap khi so vi DE, EP va PSO. OGB-GA [10] 12 phién ban cai tién ciia GA
dé giai cac bai toan HTS mot cach hiéu qua. OGB-GA 1a sy két hop gitra Iy thuyét tdi
vu Lagrange va phuwong phap GA co dién. Pé ap dung OGB-GA, trudc tién ham
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Lagrange duoc thanh 1ap va 1ay dao ham sau d6 phuong phap GA duoc ap dung dé xéac
dinh cac gid tri t6i vu ctia nhan tir Lagrange. Cudi ciing, cic nhan tir Lagrange duoc thay
thé vao phuong trinh két hop tir qua trinh dao ham ham Lagrange dé tinh cong suét tdi
ru ctia cac nha may. Nhu vy, phuong phap OGB-GA ciing phu thudc vao qua trinh 13y
dao ham cua ham Lagrange lam cho kha nang ap dung cua OGB-GA dung lai ¢ cac hé
théng c6 xét dén hiéu tmg xa van- ham chi phi khong kha vi. Phuong phap OGB-GA
dugc kiém tra & nghién ctru [10] va dugce danh gia hiéu qua hon so v6i phuong phap
Lagrange va GA cb dién.

N6i chung hau hét cac phuong phap thong minh nhin tao ma dugc 4p dung déu gip
phai qua trinh hoi tu cham dén cuc trj toan cuc hodc bi han ché véi cc bai toan c6 ham
muc ti€u khong kha vi.

2.3.  Phoi Hop H¢ Thong Thity Nhi¢t Dién Ngin Han Véi Chiéu Cao Ct Nudre
Co DPinh Xét Cac Rang Bu¢c Vé Ho Chira

O bai toan nay, thé tich ho thuy dién ¢ dau qua trinh va cubi thoi gian hoach dinh s&
dugce xem xét cling v6i cac gidi han 16n nhat va nho nhat cta hd chira. Bai toan nay kha
phic tap so véi bai toan bo qua rang budc thé tich & trén; tuy nhién, kha nhiéu nghién
clru quan tAm vé bai toan nay va da ap dung nhiéu thuat toan nham dat dugc két qua
t6t. Cac phuong phap nghién ciru duogc liét ké nhu sau:

- Gradient search (GS) [2]

- Newton-Raphson [3]

- Simulated annealing (SA) [15]

- Evolutionary programming (EP) [16-18]

- Genetic algorithm (GA) [19]

- Fast EP (FEP) [20]

- Improved fast EP (IFEP) [20]

- Hybrid EP (HEP) [21]

- Particle Swarm Optimization [22]

- Improved Bacterial Foraging Algorithm (IBFA) [23]

- Self-Organizing Hierarchical PSO [24]

- Running Improved fast EP (RIFEP) [25]

- Improved PSO (IPSO) [26-27]

- Clonal selection algorithm (CS) [28]

- Fully-informed particle swarm optimization (FIPSO) [29]
Céc phuong phap dugc ké trén chu yéu thudc hai nhom chinh gdm nhém phwong phép
tién dinh va nhém meta heuristic. Nhom tién dinh bao gdm cac phuong phap GS [2] va
Newton Raphson [3]. Trong khi d6, nhém meta heuristic bao gdm cac phuong phap SA
[15], GA[19], EP [16-18], [20-21], [25], IBFA [23], CSA [28]. Trong cac phuong phap
nay, GS duoc cho 1a phuong phap kém hié¢u qua nhét khi chi ¢ thé ap dung cho hé
théng c6 ham cong suat thuy dién cb dién duoc thé hién dudi dang tuyén tinh bac hai

[16]. Dé giai bai toan HTS, dau tién GS xay dung ham Lagrange va sau d6 l1dy dao ham
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riéng theo tit ca cac bién. Do d6, GS phu thudc vao sb luong bién va sé luong rang bude
clia bai toan. Newton Raphson duoc cho 1a hiéu qua hon GS khi ap dung cho hé thong
mot nha may thuy dién va mot nha may nhiét di€n. Tuy nhién Newton Raphson lai phu
thudc vao qua trinh 14y dao ham riéng va nghich dao ctia ma trn Jacobi. Vi hé thong
cang 16n kich thuéc ma tran Jacobi cang 16n va kha ning giai quyét hé théng nay tir
phuong phap Newton Raphson cang tré nén kho khan.

Nguoc véi cac phuong phéap tién dinh, phuong phap ¢ nhém thir hai dugc ap
dung rong rii va thanh cong hon cho céc bai toan HTS c6 xét dén rang budc thé tich hd
chtra thuy dién. Mac du SA va GA co thé khic phuc duoc cac han ché tr céac phuong
phap tién dinh nhu hé théng 16n va ham chi phi khong kha vi nhung hai phwong phap
nay van khong duogc ap dung rong rai boi vi thoi gian tinh todn 16n va chét luong 1oi
giai khong cao. Kha ning ap dung ctia SA cho bai toan HTS phu thudc chu yéu vao qua
trinh chon nhiét do va qua trinh lam mat ban dau. Gi4 tri téi wu ctia nhiét d6 khong dé
dé xac dinh khi gia tri ciia ndé nam trong mdt ving vo cung 1én tir 0 d&én vo cung. Trong
khi do ty 1€ 1am mat thi dugc stir dung dé gidm nhi¢t do va dugc tinh toan dua vao nhiét
d6. Néu nhiét do duoc cai dit boi mot gia tri 16n hé thong thiry nhiét dién sé lam viéc tai
mot gid tri ham muc ti€u kha cao va cuc tiéu gﬁn nhu khong thé dat dugc. Nguoc lai,
khi chon gia tri qua nhd cho nhiét do thi hé théng thiy nhiét dién s& dé roi vao ving co
cuc tri dia phuong boi vi khong du ning lwong dé thoat khoi ving cuc tri dia phuong
hién tai va di dén vung cuc tri toan cuc. Bén canh do, cong viéc quan trong cua thuat
toan SA 1a phai diéu chinh qué trinh 1am mat nhim giap hé thong mat xudng tir tir, tir
mot nhiét do cao dén mot nhiét do thép hon. Nhiét d6 ban dau cao s& lam cho ty 1¢ lam
mat 16n va dan dén nhiét do s& giam nhanh. Do do6, kha nang hoi tu dén mot cuc tri toan
cuc khi str dung SA cho mét hé thong 16n dudng nhu khong phai 1 mot cong viée dé
dang. So sanh véi SA va GA, PSO va EP da dugc ching minh hiéu qua hon va dugc ap
dung rdng rai hon dé dat duoc cac nghiém co chit luong tdt hon va qua trinh hdi1 ty
nhanh hon. O phuong phép EP [16-18], viéc tao ra cac ca thé con chi tir phép tao ra cac
bién ngiu nhién Gauss dugc st dung va hé sb kich thuéc duge xem nhu 1a hing sé.
Trong khi d6 & cc phién ban cai tién EP & nghién ctru [20] va [25], s6 luong ca thé con
duoc tao ra tir ca thé bd me ban dau nho st dung dot bién Gauss hoic Cauchy cung véi
viéc st dung hé s6 kich thudc nhu 1a mot bién s trong qué trinh tim kiém. Phuong phap
EP cai tién nay co thé cai thién duoc chit luong 101 giai va tang tdc qué trinh hdi ty, hiéu
qua hon so v&i phuong phap cb dién. Su cai tién cua cac phién ban EP nhu FEP va IFEP
& [20] va HEP & [21] da khong duoc ching minh mic du tac gia di phét biéu rang
phuong phap cta ho hiéu quéa hon so v6i phwong phap EP ¢ dién. That vay, cac nghién
ctru nay chi xét mot hé théng thiy nhiét dién gém mdt nha may thuy dién va mot nha
may nhi¢t dién dugc hoach dinh trong 6 khodng 12 gi¢ va ham chi phi 1a mgt ham bac
hai khong xét dén hiéu ung x4 van. Hon thé nita, nghiém tdi wu duge bao céo trong
nghién ciru [20] va [21] da chi ra rang luu lugng xa nhé hon gia tri nhé nhat dugc xac
dinh tir thong sé dau vao. Cac thong tin khac nhu kich thude dan sb va thoi gian chay
chuong trinh khéng duogc bao cdo trong cic nghién ctru nay da din dén sy kho khan khi
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muén so sanh toc dd hdi tu va kiém tra tinh kha thi cua nghi¢m tdi wu da dat dugce. So
sanh v6i nhom gdm GA, SA va EP, viéc thyc thi PSO cho viéc phdi hop tdi uu hé thong
thuy nhiét dién don gian hon boi vi ciu triic cua PSO chi don gian véi 3 qua trinh 14 cép
nhat van tdc, cap nhat vi tri va chon loc. O phuong phap PSO, méi nghiém tdi wu duoc
dac trung bo1 mot vi tri cua mot ca thé (chim hoac cd) va phuong phap dé cap nhat
nghi¢ém moi chi dua vao vi tri hién tai va van tdc vira duoc cap nhat. Van tdc vira duoc
cap nhat dugc xac dinh boi 3 c4 thé gdm ca thé dang xét, ca thé tot nhat dén thoi diém
hién tai cta cé thé dang xét va ca thé tot nhat dén hién tai trong toan bﬁy. Dé cai tién
hiéu qua va do on dinh cia PSO c6 dién, mot trong ) [26] va mOt hé ) gi61 han [27]
da duoc dé xuit dé cap nhat van tde. Trong s6 duoc thay doi gia tri tai mdi vong lap
trong khi h¢ ) gi61 han duogc xac dinh tai mot gia tri phu thudc vao gia tri chon loc cua
hai hing sé gia tdc. Viée cai tién nay ciing cho nghiém tbi wu hiéu qua hon vé6i thoi gian
tinh toan nhanh hon so véi PSO c6 dién. Tuy nhién, hai nghién ctru nay di bao cio céac
nghiém t6i uu khong kha thi ¢6 luu luong nudc xa vi pham gidi han nhé nhét duoc cho
& thong sb dé bai. O FIPSO [29], phién ban méi dé cap nhat van tdc dugc dé xuit nhim
cai tién duoc vi tri tot hon cho mdi ca thé va cac phuong phap da duogc kiém ching boi
mot hé thdng va so sanh két qua. Mic du phuong phap FIPSO da duoc danh gia tot hon
cac phuong phap khac nhung phuong phap nay da khong duge danh gia 1a mot cong cu
manh dé tim kiém t6i uu cho bai toan nay do nghiém tdi wu d vi pham cac rang budc
gidi han. Farhat ciing cong sy ciia ong [23] da dé xuat IBFA dé giai bai toan nay, tuy
nhién nghién ciru ndy ciing da bao cdo nghiém tbi wu vi pham rang budc can bang ngudn
nudc. Clonal Selection [28] cling 1a mdt thudt todn meta heuristic dugc 4p dung cho bai
toan nay. Qu4 trinh tim kiém nghiém t6i wu ctia Clone Seletion khé phirc tap so véi cac
phuong phép tién hoa nhu GA, EP va DE. Phuong phap niy c6 chét luong 10i giai kha
t6t so v&i cac phuong phap khac cai tién tir EP va cac phuong phap khac nhung thoi
gian tinh toan va cac thong sb diéu khién nhu sé vong 1dp va dan sé cho thdy phuong
phép nay van chua hoi tu nhanh.

RS rang rang nhitng phuwong phap meta heuristic bao gdm céc phién ban ¢6 dién va
cai tién da dugc 4p dung cho bai toan phdi hop tdi wu hé théng thuy nhiét dién ¢ xét
dén rang budc thé tich hd chira thuy dién. Cac két qua dat duoc déu duoc so sanh dé chi
ra tinh hiéu qua va 6n dinh nhung muc do chép nhan cao thi van con 1a mot thach thic
vi chi c6 mot hé thong don gian vé6i sé it nha may, ham muc tiéu kha vi, va cic phuong
phap nay da bao cdo nghiém tdi vu khong kha thi vi pham rang budc.

2.4. Phoi Hop Hé Thong Thiy Nhiét Pién Ngin Han Véi Chiéu Cao Cot Nuée
Bién Doi Xét Cac Ho Thuy DPién Biac Thang

So v&i cac bai toan trén, ddy 1a bai toan phirc tap hon vi cac hd thity dién bac thang
v6i luu lugng xa ctia hd trén s& trd thanh luu lwong vé ciia hd dudi va thoi gian nudce
chay tir ho trén xudng hd duéi duoc xét dén. Hon nita, cong suét thuy dién 1a mot ham
toan phuc thudc vao luu luong nude va thé tich nudce véi gia thuyét chidu cao cot nudce

thay d6i theo thoi gian. Cac phuong phap dugc ap dung cho bai toan nay nhu sau:
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Clonal selection algorithm (CSA) [28]

Genetic algorithm (GA) [30]

Improved fast evolutionary programming (IFEP) [18]

Evolutionary programming (EP) [18, 31]

Simulated annealing (SA) [31]

Particle swarm optimization (PSO) [31]

Modified DE (MDE) [32-33],

Hybrid DE (HDE)[33],

Modified hybrid DE (MHDE) [33]

Global vision of PSO with constriction factor (GCPSO) [34]

Global vision of PSO with inertia weight GWPSO [34]

Global vision of PSO with constriction factor (LCPSO) [34]

Local vision of PSO with inertia weight LWPSO[34]

Enhanced GA (EGA) [35]

Enhanced PSO (EPSO) [35]

Improved PSO (IPSO) [36]

Adaptive artificial bee colony algorithm (ABCA) [37]

Chaotic artificial bee colony algorithm CABCA [37]

Adaptive chaotic artificial bee colony algorithm (ACABCA) [37]

Real coded genetic algorithm and artificial fish swarm algorithm (RCGA-
AFSA) [38]

Two-phase neural network (TPNN) [39]

Cultural algorithm (CA) [40]

Real coded genetic algorithm (RCGA) [41]

Binary coded genetic algorithm (BCGA) [41]

Cuckoo search algorithm (CSA) [42]

Chaotic hybrid differential evolution (CHDE) [43]

Hybrid differential evolution and sequential quadratic programming (HDE—SQP)
[44]

Honey-bee Mating Optimization Algorithm (HBMOA) [45]
Biogeography-Based Optimization (BBO) [46]

Differential real-coded quantum-inspired evolutionary algorithm (DRQEA)[47]
Gravitational Search Algorithm (GSA) [48]

Improved self-adaptive PSO (ISPSO) [49]

Mixed-binary evolutionary particle swarm optimizer (MB-EPSO) [50]
Teaching learning based optimization (TLBO) [51]

Quasi-oppositional teaching learning based optimization (QOTLBO) [51]
Adaptive Chaotic Real Coded Genetic Algorithm (ACRCGA) [52]
Improved differential evolution (IDE) [53]

Quadratic Migration of Biogeography based Optimization (QMBBO) [54]
Real coded chemical reaction based optimization (RCCRO) [55]
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- Modified chaotic differential evolution algorithm (MCDEA) [56]
- Modified dynamic neighborhood learning based particle swarm optimization
(MDNLPSO) [57]

Phuong phap EP ¢6 dién (CEP) [31] va cac phién ban cai tién cua EP [18] bao gdm Fast
EP (FEP) va Improved Fast EP (IFEP) di duoc xay dung nhdm giai bai toan phdi hop
hé thong thily nhiét dién xét chidu cao cot nude bién doi va hé thong hd thuy dién bac
thang. Su khac biét giita 3 phuong phap EP 13 str dung cac phép phan phdi khac nhau
dé tao ra cac thé hé con tir thé hé ba me. That vay, CEP d3 ap dung phép phan phdi
Gauss, FEP da sir dung phép phan phdi Cauchy. Trong khi d6, ca hai phép phan phdi
nay déu duogc str dung & phwong phap IFEP. Tinh hiéu qua cta cac phuong phap EP nay
chu yéu phu thudc vao cac phép phan phdi. Mot hé thdng véi bén nha may thuy dién
bac thang va mdt nha may nhiét dién véi ham chi phi khong kha vi duge xem xét &
nghién ciru [18]. Pé thuc thi cac phuong phap EP cho hé théng nay, sé vong lap 16n
nhat d3 duoc chon v6i nhiéu gia tri khac nhau cho ba phuong phép trong d6 CEP d4 sir
dung gié tri 16n nhat 1200 vong lip, FEP d3 sir dung 800 vong lip va IFEP di sir dung
s6 vong lap nho nhat 300 vong lap. Mic du st dung s6 vong lap nhé nhat nhung IFEP
da dat duoc két qua tot nhat v6i chi phi nho nhat va thdi gian nhanh nhat. Trong khi do,
CEP c¢6 chi phi 16n nhat va thoi gian tinh toan 1au nhat. Tuy nhién, so sanh thém nira
gitta IFEP va cac phuong phap khac ngoai CEP va FEP da khong dugc thuc hién &
nghién ctru [18]. PSO c¢b dién dd dugc 4p dung cho mot hé théng 16n véi ba nha may
nhiét dién va bén nha may thity dién c6 xét dén hiéu ng x4 van & nghién ctru [31]. SA
co dién va EP co dién ciing da dugc ap dung cho hé thdng nay dé ching minh tinh hiéu
qua ctiia PSO ¢6 dién. Két qua cho thdy PSO cb dién d3 hiéu qua hon SA va EP ¢6 dién.
Céc phién ban cai tién khac caa PSO di duoc xay dung ¢ nghién ctru [34] bai viée két
hop céac hé s6 khac nhau nhu trong s6, hé s6 gi61 han va ca thé tt nhat trong mot vai ca
thé 1an cin, va cé thé tot nhat trong toan bo dan s6. Két qua la phién ban PSO véi trong
s6 va cé thé tot nhat trong mot vai ca thé 1an can la phién ban tdt nhat. Mic du da dat
duogc cac két qua ndy nhung phuong phap PSO nay van khong thé dat dugc két qua tdt
hon so voi cac phién ban cai tién ctia DE.

GA c6 dién va phién ban cai tién cia nd6 RCGA da duoc ap dung & cac nghién
ctru [30], [41], [52]. O nghién ctru [30], CGA dugc ap dung cho mét hé thdng v6i bdn
nha may thuy dién bac thang va mot nha may nhiét di€n hoach dinh phat dién trong 24
gid ¢o xét dén thoi gian nudc chay tir hd phia trén xudng hd phia dudi. Ngoai ra, cac
rang budc thuce té khac ciing da duoc xét dén tuy nhién kich thude hé thdng van con nhé
va chua dit minh ching dé chi ra raing CGA c6 thé giai duoc cac hé thong 16n hon. O
nghién ctru [41], BCGA va RCGA d3 duoc ap dung thanh cong cho hai hé thong co
cung kich thuéc véi mdt nha may nhiét dién va bon nha may thuy dién bac thang. H¢
thdng thir nhat bo qua hidu (mg xa van tai nha may nhiét dién trong khi d6 hé thong thu
hai c6 xét dén hiéu ing ndy. So sanh két qua dat duoc di chi ra ring RCGA hiéu qua
hon BCGA vé chat luwong 15i giai cho ca hai hé thong. Tuy nhién ca hai phuwong phép
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nay di khong duoc so sanh voi cac phuong phap khac va di khong cé cac két ludn vé
tinh hiéu qua cia RCGA so vo1 cac phuong phap khac ngoai BCGA. Phuong phap
ACRCGA di duogc d& xuit cho bai toan nay & nghién ctru [52]. Qua trinh lai tao va dot
bién dd dugc thay doi dé cai tién kha ning tim kiém nghiém toan cuc. Trong khi d6 k§y
thuat tim kiém Chao va RCGA da duoc két hop dé khai thac kha ning tim kiém dia
phuong. Ngoai ra mot k¥ thuat hiéu qua di duoc dé xuat dé xu 1y rang budc can bang
cong suat hé théng va rang budc can bang ngudn nudc tai cac hod thuy dién. O nghién
ctru nay, ACRCGA chi dugc chay trén mot h¢ théng v61 mOt nha may nhiét dién va bdn
nha may thuy dién bac thang khong xét dén hiéu ing x4 van dé kiém tra tinh hiéu qua.
Két qua cho thiay ACRCGA di hiéu qua hon RCGA va BCGA va cac phuong phap
khac. Tuy nhién viéc kiém tra lai nghiém tbi wu dé chi ra ring ACRCGA d3 vi pham
rang budc thé tich hd chira thiy dién tai nha may thir ba va tht tw. Do d6 nghiém tbi wu
nay khong con kha thi dé so sanh voi cac phuong phap khac. O nghién ctru [39], mot
phuong phap dua vao mang neuron (TPNN) da dugc ap dung dé giai bai toan nay dé so
sanh v6i phuong phap Lagrange ting cuong (ALM). Hai phuong phap nay da duoc kiém
tra trén hé thong nho da dugc dé cap o trén va khong xét dén hiéu ng xa van va véi
thay d6i nho vé thong sd dé bai nhu thoi gian tri hoan ciia nudc va ham chi phi phat dién
tai nha may nhiét dién. Do do, TPNN chi dugc so sanh vé1 ALM ma khong so sanh véi
cac phuong phap khac. So sanh vé chi phi c6 thé két luan duoc rang TPNN c6 chit lugng
101 giai tot hon ALM; tuy nhién di khong c6 da minh ching dé két luan dugc rang
TPNN hoi tu nhanh hon ALM do théng tin vé sai s6 va s6 vong lap di khong dé cap
dén. Ngoai ra, ciing khong co bat cir két ludn ndo vé viéc so sanh tinh hiéu qua cua
TPNN vdi cac phuong phap khac trong nghién ctru nay. O nghién ctru [32], MDE véi
hai cai tién moi d3 duoc 4p dung cho hé thdng thay nhiét dién. Cac cai tién da khong
duoc thue hién cho céc co ché cua DE ma chi nhiam xtr 1y cac rang budc ho chira & cubi
thoi gian hoach dinh tai cac hd thuy dién. Cai tién thir nhat thyc hién sau qua trinh khoi
tao dé co thé giai quyét rang budc gidi han luu lwong x4 va cai tién thtr hai thue hién sau
co ché dot bién nham giai quyét rang budc thé tich hd chira & cudi thoi gian hoach dinh.
Phuong phap MDE nay da dugc thuc thi cho hai hé thong c6 xét dén hiéu mg xa van
va c6 ham chi phi khac nhau. Hé thong thit nhat vi mot nha may nhiét dién va bén nha
may thily dién d tap trung vao cuc tiéu chi phi trong khi d6 hé thong thi hai véi ba nha
may nhiét dién va bon nha may thuy dién da tap trung vao cuc tiéu chi phi va khi thai.
Vi hé thong thtr nhat, so sanh da duoc mé rong khi da c6 ba nghién ciru trude d6 nhung
so sanh nay di bi han ché cho hé thong thir hai khi chi c6 Fuzzy EP duogc ap dung trudc
d6. Dua vao cac cai tién nay MDE da dat dugc két qua tot hon so v6i GA, DE va IFEP
cung v6i nghiém kha thi toi uu dat duoc; tuy nhién, véi hé thong thir hai, MDE chi duoc
ching minh hiéu qua hon mét phuong phép duy nhat 1a Fuzzy EP. R rang viéc ching
minh tinh hi¢u qua cia MDE d4 khong hoan toan thuyét phuc ban doc ciing nhu cac nha
nghién ciru. Mot phuog phap méi cia DE (MHDE) [33] da duoc phat trién boi cac tac
gia & nghién ctru [32] boi su két hop gitta hai cai tién xir 1y rang budc & nghién ciru [32]
va phuong phap HDE. HDE duoc xay dung bai phét trién thém hai co ché méi gdm gia
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tdc va di cu trong d6 co ché thir nhat cho phép cai thién chat luong ham thich nghi va
co ché thir hai nham ting kha nang tim kiém trong mot khong gian rong. Co ché thir
nhat gitip ting toc hoi tu trong khi co ché thir hai gitip ting kha ning tim kiém toan cuc.
MHDE d3 dugc kiém chimg trén hai hé théng xét dén hiéu tng xa van va kich thudce
khac nhau. Cac két qua dat dugc da hé 16 thong tin ré‘mg MHDE c6 thé dat duoc chat
lrong nghiém tét hon vé6i thdi gian nhanh hon so véi DE, MDE, HDE va cac phuong
phap khéac. Nghién ctru [43] di phat biéu rang CDE phai d6i miat véi nhitng khé khin
vé viéc chon gid tri cho cac thong s6 diéu khién boi vi hé sé dot bién va hé sd lai tao co
vung lam viéc kha rong. Tir d6, nghién ctru nay di dé xuit phuong phap CHDE béi ap
dung 1y thuyét Chao dé cai dat cac thong s6 nay mot cach ty dong. Ly thuyét Chao nay
da duoc str dung dé tinh gia tri cho hé s6 dot bién va hé sb lai tao mot cach tu dong o
mdi vong lip thay vi nhitng gia trj ¢ dinh nhu cac phién ban khac cua DE trude d6. Cai
tién nay da giap CHDE giam dang ké mot sd lwong 16n tinh toan thir nghiém. Mot
phuong phép lai dua vao két hop gitta CDE va SQP da duoc thyc hién ¢ nghién ciru
[44]. O phuong phap nay DE dong vai tro tim kiém nghiém tbi wu dia phuong trong khi
d6 SQP ho tro qua trinh tim kiém cuc trj toan cuc. Mot vai thir nghiém da duogc thuc
hién dé kiém tra tinh hiéu qua ctia phuong phap nay khi xem xét hé théng c6 ham muc
tiéu khong kha vi va viing cdm lam viée ciia cac to may thuy dién. Nghién ctu [53] da
dé xuat mot phwong phap DE ci tién khac nham x4c dinh cong suét t6i wu cho hé thong
thuy nhiét dién. Thay vi sir dung hé s6 dot bién cho co ché dot bién trong toan by qua
trinh tim kiém nghiém t6i wu thi phuong phép IDE nay di sir dung phép phan phdi Gauss
v6i muc dich giam thiéu s6 lan chay thir nghiém va cai tién kha nang tim kiém dia
phuong cho CDE. Phép phan phdi Gauss d3 tao ra mot vector cho mdi bién trong nghiém
t61 wu. Viéc cai tién phuong phap IDE d3 duoc kiém ching trén hai hé thong c6 xét dén
hiéu tmg xa van cho thay rang phuong phap IDE nay da dat dugc chi phi thap hon so
v6i IDE va MDE ¢ nghién ctru [32], IPSO ¢ nghién ctru [36], GA & nghién ctru [30] va
IFEP & nghién ctru [18]. Tuy nhién, viéc kiém tra nghiém t6i vu cho thiy rang cac luu
lugng xa & ho thir tu d3 vi pham gidi han nho nhét cho hé théng thtr nhat. Gia tri t6i uu
dugc béo cdo bang 6 trong khi d6 thong sé dau vao nho nhat 13 13. Vi hé thong thi hai,
nghiém t6i wu ctia phuong phap nay duge kiém tra da théa man tat ca cac rang budc.Do
vi pham & hé thong thtr nhat nén hiéu suat cuia phuong phap IDE nay van con 1a mot
bién s6 va da khong co nhitng nghién ctru vé sau dé ching minh tinh hiéu qua ciia né.
Phuong phap cuckoo search da dugc ap dung cho bai todn nay ¢ nghién cuu [42] véi
kiém chung trén mot hé thong gdm cd6 mot nha may nhiét dién va bén nha may thiy
dién v6i hai truong hop khac nhau ctia ham chi phi gdm khong xét dén va c6 xét dén
hiéu ing xa van. So sanh két qua chi ra rang phuwong phap CSA nbi trdi hon so véi GA,
PSO, DE, va TLBO; tuy nhién nghién ciru ndy da béo cao nghiém t6i wu khong kha thi,
vi pham rang budc. Do d6, dd khong c6 di minh chirng dé két luan vé tinh hiéu qua cua
phuong phap CSA trong nghién ctru nay. MCDEA da duoc phat trién ¢ nghién ctru [56]
boi viee két hop k¥ thuat do tu dong cho hé s6 lai tao va co ché tim kiém dija phuong
Chao. Ky thuat do nay di gitip phuong phap nay giam duoc s6 lugng 16n tinh toan trong
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khi d6 co ché tim kiém dia phuong Chao gitp giam hoi tu sém mét cach hiéu qua. So
sanh v&i cac phién ban khac ctua DE, phuong phap MCDEA 1a phién ban tt nhat cho
nghiém téi ru va thoi gian tinh toan. ACABC [37] d3 duoc ap dung dé tim kiém nghiém
t61 wu cho bai todn nay, phuong phap ndy c6 thé giam duoc qué trinh hoi tu sém va giam
roi vao ving cuc tri dia phuong nho k¥ thuat tim kiém Chao cing véi k§ thuat két hop
thich nghi trong tw nhu cac cai tién trén thyc thi trén DE. Phuong phap TLBO d3 duoc
ap dung ¢ nghién ctru [51]. TLBO chu yéu dua vao co ché day va hoc va khong st dung
bat ctr k¥ thuat nao dé xac dinh thong s diéu khién. Mot su két hop gitta MDNL va
PSO di duogc phat trién & nghién ctru [57]. O nghién ctru nay, tit ca cac ca thé duoc
nhom lai thanh mot tap hop hang x6m ctia nhau va mdi ca thé s& hoc kinh nghiém tir
mot ca thé khac trong nhém nay. Cac thanh vién trong nhém s& thay doi dé trao doi
thong tin dé cap nhat vi tri méi. Phuong phap nay da kiém tra trén 3 hé thong va da dat
duogc két qua tét hon so véi cac phuong phap khac nhu TLBO, ALM va TPNN.

2.5. Phéi Hop Hé Thong Thity Nhiét Pién Ngin Han Véi Chiéu Cao Cot Nuéde Co
Pinh Xét Muc Tiéu Chi Phi Va Phat Thai

Bai toan nay giéng véi bai toan thir nhat trong muc 2.2 & trén vé rang budc va khac
nhau vé ham muc tiéu. Trong bai toan nay, ca chi phi va phat thai déu duoc xét dén va
cuc tiéu can dat dugc cho ca hai ham muc tiéu nay. V&i da phan cac phuong phap thong
minh nhén tao dugc 4p dung cho bai toan nay nhu sau:

- A simulated annealing-based goal-attainment (SA-BGA) [58]

- Particle swarm optimization and gamma (y-PSO) [59]

- Real-coded genetic algorithm (RCGA) [60]

- Multiobjective differential evolution (MODE) [60]

- Non-dominated sorting genetic algorithm-I1 (NSGA-II) [60]

- Improved genetic algorithm, multiplier updating and the e-constraint technique
(IGA-MU) [61]

- Particle Swarm Optimization (PSO) [62]

- PSO with penalty (PSO-PM) [62]

- Predator-prey optimization (PPO) [62]

- PPO with penalty method (PPO-PM) [62]

- PPO and Powell Search Method (PPO-PS) [62]

- PPO and PS method with penalty method (PPO-PS-PM) [62].

- Improved regularity model-based multiobjective estimation of distribution
algorithm (IRM-MEDA) [63]

Phuong phiap SA-BGA di duoc ap dung cho bai toan phdi hop t6i wu hé théng thay
nhiét dién ngén han da myc ti€éu v6i ham chi phi cé xét dén hiéu ung xa van ¢ nghién
ctru [58]. O nghién ctru nay, hai ham muc tiéu bao gdm chi phi va khi thai da duoc
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chuyén d6i sang don muc tiéu bai viée st dung cac trong sd twong tmg voi ham chi phi
va ham phat thai. Nghién ctru nay chi trinh bay mot vai két qua twong Gmg véi mot vai
gia tri cua cac trong s6 va két qua cuta nghiém théa hiép hai muc ti€u dugc xac dinh do
d6 phat thai t6t nhat c6 thé 13 hop 1y nhung chi phi lai qua 16n khéng mong doi. Hon
nita, dd khong c6 bat ¢t sy so sanh nao gitta SA — BGA va cac phwong phap khac. Do
d6 da khong c6 két luan vé tinh hiéu quéa ciua phuong phép nay ngoai viée déng gop mot
bai toan nghién ctru méi cho nganh k¥ thuat dién. Thoi gian tinh toan tim kiém nghiém
t6i wu khi ap dung phuong phap nay phai mat dén gan nira gid. Gia tri thoi gian nay da
61 dén mot 101 khuyén rang phwong phap SA — BGA khéng nén duoc 4p dung cho mot
hé théng 16n. That vay, chi c6 nghién ciru [58] 4p dung phuong phép nay tinh dén thoi
diém hién tai. Ba hé thong 16n c6 xét dén ham muc tiéu chi phi va khi thai dé kiém ching
phuong phap Gama — PSO & nghién ciru [59]. Gidng nhu phuong phap LGM & nghién
ctru [2], phuwong phap Gama — PSO di st dung phuong trinh két hop dé thu duoc nghiém
t6i wu dé sir dung phuong phap phuong trinh két hop nay, dau tién ham t6i wu Lagrange
dugc xay dung voi ham da muyc tiéu, rang budc cin bang cong suit va rang budc ngudn
nude. Tiép theo, phuong phap PSO dugc thyc thi dé tim kiém gia tri toi vu cia Gama
(nhan tir Lagrange twong tng v&i rang budc ngudn nudc). Sau cung, gia tri Gama dugc
thay vao phuong trinh két hop dé tinh toan cong suat cho cac nha may thity dién va nhiét
dién. Khac véi cac tmg dung khac cia PSO ¢6 dién, phuong phap Gama-PSO nay chi
c6 gia tri Gama 1a bién s6 trong vi tri ctia mdi ca thé thay cho ca luu luong xa va cong
suét nhiét dién. Su cai tién nay dugc xem nhu 1a mot 1oi thé cua Gama-PSO gitp cho
hoi tu dé dang hon véi thoi gian tinh toan nhanh hon. Viéc cai tién nay da giap cho
Gama - PSO dat dugc ham muc tiéu nho hon PSO c¢6 dién cho tit ca cac truong hop
nghién ctru mic du sir dung dan sé va s6 vong lip nho hon. Tuy nhién, phuong phap
Gama — PSO ciing gdp phai kho khian nhu phuong phap Lagrange khi giai quyét hé
thdng ¢ xét dén hiéu img xa van véi ham chi phi khong kha vi va kha nang tng dung
ctia Gama — PSO dimng lai & cac hé thong nay. Nghién ctru & [60] di ap dung phuong
phap NSGA — II cho bai todn da myc tiéu nay véi ham chi phi c6 xét dén hiéu tng xa
van. Phuong phép nay dugc danh gié 1a hi¢u qua hon so vdi cac phuong phéap khéc khi
c6 thé xac dinh nghiém thoéa hiép ma khong dua vao phuong phap Fuzzy. Dé danh gia
hi€u qua cac phuong phap khac cling da dugc ap dung nhu RCGA va MODE cho hai
hé thong trong d6 hé thong thir nhit bo qua hiéu ing xa van va hé thdng thir hai ¢ xét
dén hiéu tng nay. Két qua cho thiy NSGA — II hiéu qua hon so v&i hai phuong phap
nay vé nghiém t6i wu nhung thoi gian tinh todn ctia phwong phap van con dai do bi anh
huong boi dic tinh ciia phuong phap GA ¢ dién. Chiang va cac cong su clia 6ng di dé
xudt mot thuat toan GA cai tién dya vao cap nhat nhan tir Lagrange (IGA — MU) dé giai
bai toan da muc tiéu nay & nghién ctru [61]. Phuong phap GA cai tién nay di dat duoc
hi€u qua cao bdi viéc cap nhat nhan tir Lagrange cho viéc xtr 1y cac rang budc. Do d6
phuong phap nay da hiéu qua hon GA ¢6 dién. Hon thé nita, phuwong phap nay da dat
dugce nghiém ti wu tot hon va thoi gian tinh toan nhanh hon GA-MU va SA-BGA.
Mac du cac tac gid nay da nhan manh tinh hiéu qua cua IGA-MU vuot trdi hon so véi
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GA-MU va SA-BGA nhung diéu tra chi tiét hon vé hiéu suat da khong du thuyét phuc
bdi vi nhitng phuong phap nay chi dugc kiém chimg trén mot hé thong duy nhat va tham
chi thoi gian tinh toan ciia phuong phap nay van con kha dai. Mot phuong phap khac
PPO-PS & nghién ctru [62] d3 dugc ap dung cho bai toan da muc tiéu. O phuong phap
nay PPO duoc sit dung nhu mot cong cu tim kiém toan cuc trong khi d6 phuong phap
Powell dong vai trd quan trong cho tim kiém dja phuong. PPO duoc xay dung dua trén
dic tinh cia PSO do d6 né ciing thira huong nhitng thuan loi nhu it hé s6 diéu khién dé
thuc hién nhung PPO ciing gap phai kho khan khi kha ning roi vao cuc tri dia phuong
13 kha cao. Phuong phap Powell dong vai trd quan trong cho tim kiém xung quanh nhirng
nghiém da dugc tim ra tr phuwong phap PPO. Ngoai ra, phuong phap xur 1y rang budc
can bang va bt can bang PM ciing di dugc 4p dung cho PPO-PS dé ddy manh tinh hiéu
qua va tao thanh phuong phap PPO-PS-PM. Phuong phap PPO-PS-PM c¢6 kha nang tim
kiém toan cuc tot nhd PPO, tim kiém dia phuong tot nho phuong phap Powell va kha
nang xtr 1y rang budc t6t nhd phuong phap PM. Tinh hiéu qua cta phuong phap PPO-
PS-PM da duoc kiém chimg qua 3 hé théng va cho thdy nd vuot trdi hon tit ca cac
phuong phap khac nhu PPO, PSO, PSO-PM va PPO-PM va PPO-PS. So sanh céc két
qua dat dugc da hé 1o thong tin rang PPO-PS-PM 1a phuong phap hiéu qua nhat trong
nhitng phuong phép dugc ap dung nhung thot gian tinh toan bdi phuwong phap PPO-PS-
PM van chua nhanh cho cac hé théng nhé. IRM — MEDA di dugc ap dung thanh cong
& nghién ctru [63]. Tuy nhién so sanh két qua co thé thay dugc rang phuong phap nay
khong hi¢u qua hon MODE, NSGA — II va IGA-MU béi vi n6 da dat dugc 101 giai kém
hiéu qua hon cho tét ca cac truong hop.

R rang tat ca cac nghién ctru déu c6 xu hudng dp dung cac phuong phap hoic cai
tién cac phuong phap nham dat duoc 101 giai tot hon véi tdc do hoi tu nhanh hon. Nhitng
phan tich ¢ ddy cho thiy ring cang vé sau cac phuong phap cang hiéu qua hon. Tuy
nhién, thanh tyu dat dugc vin con chwa hoan toan thuyét phuc va can nhiéu nghién ctru
hon nham dat dugc hiéu qua tot hon.

2.6. Phian B6 Cong Suit Téi Uu H¢ Thong Thiiy Nhiét Dién

Phén bd cong suét tdi uvu hé thong thiry nhiét dién (HTOPF) 12 mét bai toan 16n va
phirc tap hon rat nhiéu so véi bai toan phan bd cong suat (OPF) va bai toan phdi hop céc
nha mdy thity nhiét dién (HTS). Bai todn nay 1a su két hop ctia hai bai toan OPF va HTS
trong do cac rang budc tur hai bai toan déu duoc xét dén mot cach chi tiét. Su phtrc tap
clia bai toan OPF & s6 lugng rang budc trén ludi truyén tai nhu kha ning truyén tai cua
duong day, dién ap tai cac thanh cai, cai dat dau phan 4p, xac dinh dung luong tu bu va
cong suat phan khang cia cac may phat trong khi d6 do phirc tap ciia bai toan HTS thudc
vé rang budc thay luc ¢ cac hd thiy dién cung voi nhiéu khoang thoi gian duoc xét dén.

.....

trong tat ca cac khoang thoi gian va luu lugng xa ciing nhu téng thé tich nude sir dung
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tai cac ho thuy dién ciing khong dugc sai 1éch. RS rang bai toan nay rét phire tap va han
ché cac nghién ctru trén thé gidi tinh dén thoi diém nay.

2.7. KétLuén

Chuong nay trinh bay tong quan vé cic nghién ciru trén thé giéi tinh dén thoi diém
hién tai vé nam bai toan phdi hop t6i vu hé thdng thuy nhiét dién dugc xem xét trong
luan an. V& co ban cac nghién ctru déu di dén muc dich tim ra phuong phap hiéu qua co
thé 4p dung cho tirng bai toan cu thé.
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CHUONG 3: CAC PHUONG PHAP CUCKOO SEARCH VA
MANG HOPFIELD LAGRANGE TANG CUONG

3.1.Giéi Thiéu

O chuong 2, ching toi d3 giéi thiéu nim bai toan diéu do toi wu hé théng thuy
nhiét dién ma s& duoc thuc thi trong ludn an nay boi ap dung cac phwong phép toan tdi
vu hién dai. Chuong 3 nay s& trinh bay cac thuit toan gébm Augmented Lagrange
Hopfield Network (ALHN), Cuckoo Search ¢6 dién (CCSA), Cuckoo Search cai bién
(MCSA) va Cuckoo Search chon lgc thich nghi (ASCSA). Trong cac phuong phap gidi
thi¢u, ALHN, CCSA va MCSA 1a cac phuong phép da dugc nghién ctru tur cac tac gia
truéc va ap dung nhiéu cho cac bai toan ti wu trong khi d6 ASCSA 1a phuong phap
dugc xay dung dau tién trong luan 4n nay dua trén cic cai tién tir phuong phap CCSA.
Trong sb cac phuong phap dugc ap dung, ALHN thudc nhom phuong phép tién dinh
(deterministic methods) con cac phuong phap dua trén Cuckoo Search (CSA) thudc
nhom Meta-heuristic. Hai nhém nay c6 dac tinh va kha nang ap dung hoan toan khac
nhau. That vay, ALHN dug¢c xay dung dya trén ham toan t8i wu Lagrange tdng cuong
va sau d6 dugc chuyén sang ham ning luong. Nghiém t6i uu 13 cac bién s tir ham ning
lugng dugc dao ham riéng va gidi hé phuong trinh. Hdm nang lugng cua phuong phap
ALHN bao gdm nhiéu sé hang va nhan tir Lagrange chtra hAm muc tiéu, rang budc can
bang cong suat va cac rang budc lién quan dén ho thuy dién. Trai lai, viéc ap dung céc
phuong phap Cuckoo search s& khong yéu cau thanh 1ap bat cit ham t6i wu ndo nhu Ham
Lagrange va ham nang luong nhung ham thich nghi ding dé danh gia chat luong nghiém
c6 tinh chat rat quan trong khi ap dung cac phuong phap Cuckoo search nay. Cac phuong
phap Cuckoo search dugc khéi tao boi mot dan s6 (mot tap nghiém), mdi ca thé (mdi
nghiém) trong dan sé nay s& chira cac bién sd can tim. Chét lvgng nghiém dugc danh
gia dua vao ham thich nghi véi cac thanh phan nhu ham muc tiéu va cac luong phat cho
cac bién phu thudc vi pham rang budc. Cac phuong phap CSA khong dua trén dao ham
nén c6 thé giai duoc cac bai toan c6 ham muc tiéu khong kha vi trong khi d6 ALHN dya
trén dao ham va khong thé giai quyét cac bai toan c6 xét dén ham khong kha vi nay.
Nhu phan tich ¢ chwong 2, HNN dugc cho 14 phuong phap tién dinh hiéu qua nhat khi
¢6 thé tim dugc nghiém tdi wu c6 gia tri chi phi phat dién thip va kha niang giai cac bai
toan 16n tot hon cac phuong phap Larange, Newton-Raphson, cac phuong phap cai tién
ciia Lagrange va Newton-Raphson. Trong khi d6, ALHN la phwong phép cai tién tir
phuong phap HNN va cho két qua hiéu qua hon HNN. Tir d6, ALHN duoc chon dé ap
dung diéu d6 t6i uu hé théng thuy nhiét dién trong luan an nay. Tuong tu, CCSA va
MCSA 14 cac phuong phap di duoc ap dung va cho thiy tinh hiéu qua khi ap dung cho
cac bai toan t6i wu khac trong linh vuc k¥ thuat dién. Do d6, viéc chon cac phuong phap
ALHN, CCSA, MCSA va ASCSA c6 thé mang dén hai déng gop 16n cho linh vuc hé
thong dién. Pong gop thi nhat 1a ¢ thé dat duoc két qua tot trong diéu do hé théng thiry

20



nhiét dién va dong gop tht hai 1a tu van cho ban doc hay cac nha nghién ctru vé kha
nang 4p dung ciing nhu vu va nhugc diém cta hai nhém phuong phéap chinh nay.

O chuong nay, ching t6i s& trinh bay chi tiét vé 4 thuét toan ALHN, CCSA,
MCSA va ASCSA khi 4p dung cho mét bai toan t6i wu chung. Trong sé 4 phuong phap
nay, CCSA, MCSA va ALHN la cac phuong phap da dugc xay dung va ap dung cho
nhiéu bai toan tdi vu trong linh vuc k§ thuét dién trong d6 ASCSA 1a phuong phap duoc
dé xut dau tién trong luan an nay. CCSA duoc xdy dung bdi Yang va Deb nim 2009
[64] nhung ALHN va MCSA 14 céc cai tién vé sau dua trén cac thudt toan nguyén thity
ban dau. Cu thé, ALHN duoc phat trién boi Pidu va céc cong su cua 6ng nam 2008 [13]
dua trén cai tién tir phuong phap HNN [6] va MCSA 1a phuong phap cai tién tir CCSA
duogc xay dung bdi Walton va cac cong su cua ong nam 2011[65]. Tuong tu, ASCSA
cling duoc dé xuat nham cai tién CCSA dé dat dugc hiéu qua cao hon CCSA va MCSA.
Chi tiét cua bdn phuong phap dugce trinh bay ¢ cac muc bén dudi.

3.2. Thuit Toan Cuckoo Search C6 Pién (CCSA)
3.2.1. Ddc tinh chim Cuckoo va Lévy Flights

3.2.1.1. Dac tinh chim Cuckoo

Hién nay c6 54 loai chim Cuckoo dang sinh séng trén toan thé gi¢i. Céc loai
cuckoo khac nhau s& c6 mau sic va trong luong khac nhau nhung dic tinh rat giéng
nhau [66]. Cac chim cuckoo khong xdy t6 cia riéng minh ma s& dé trimg vao to cia
chim khéac dé nho su 4p tring va cho an tir cac loai chim khac. Chim Cuckoo rat thong
minh khi chon cac loai chim ma trimg c6 mau sic gidng voi trimg cua chiung dé dé trimg.
Hon nita, chim cuckoo ciing quan sat va thuong dé trimg vao to chim c6 thoi gian ap
1au hon so véi trimg cuckoo. Theo dic tinh bim sinh, chim cuckoo con s& day cac tring
ctia chim chu ra khoi to va chung kéu giong tiéng chim me dé duoc cho dn va nudi 16n.
Thuat toan CCSA duoc xay dung dua trén cac dac tinh nay ctia chim Cuckoo cung véi
hanh dong bay cua cac con trung goi 1a Lévy flights dugc mo ta nhu bén dudi.

3.2.1.2. Lévy flights

Sy thé hién cta Lévy flights trong hién tuong vat 1y rat da dang, vi du trong dong luc
hoc chét long, hé théng dong luc va trong h¢ théng sinh hoc. Cac nghién curu da chi ra
rang hanh vi bay cua nhiéu loai dong vat va con trung da chimg minh dugc dic diém
dién hinh ciia Lévy flights [67]. Thap ky trude, Lévy flights dugc phat hién nho quan sat
hanh vi tim kiém thirc an cta loai kién va rudi gidm kham ph4 quang canh xung quanh
bang cach sir dung mot loat cac duong bay thang va bat ngo r& 90°. Cac nghién ciru vé
hanh vi ctia con ngudi nhu san bat, hai luom, tim kiém thirc an cling cho théiy dac tinh
dién hinh cua Lévy flights. Sau d6 cac hanh vi nay da duoc 4p dung vao bai toan tdi uu
hoa va tim kiém tdi wu, qua két qua kiém tra so bo cho thay khi sir dung Lévy flights vao
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bai toan tim kiém t6i vu thi cho ra két qua day hira hen. Lévy flights 1a cac budce di ting
giam ngau nhién voi d6 16n thay d6i khong c¢d dinh va dugc tao ra tir phép phan phdi
xdc suat [67]. Cac nghién ctru & tai liéu tham khao [68-69] cho thay chi tiét cac dic tinh
ctia co ché Lévy Flights va sau d6 cac dic tinh nay duoc 4p dung vao tbi wu hoa va cho
cac két qua ddy mong doi [70-71].

3.2.1.3. Cac luat trong thuat toan Cuckoo search

Nhitng dic tinh thong minh va ky la cia chim cuckoo d3 161 cuén Yang va Deb phat
minh thuat toan Cuckoo search dua trén ba quy luat sau day [64]:
Quy luat 1: Mdi chim cuckoo dé mdi tring tai mot thoi diém vao mdi to chim khac loai
trong s to ¢o san.
Quy luat 2: Chim cuckoo dugc né ra va dugc nudi lén nho chim chu va tiép tuc dé trimg
vao t6 chim khéc.
Quy luat 3: Khi chim chu phat hién trimg cuckoo s& bo tring ra khoi to hodc bo ca to
va trimg dé xay dung t6 méi. Tuy nhién x4c suét tit ca cac trimg cuckoo bj phat hién 13
khong 16n chi trong khoang tir 0 dén 1. Xac suat nay goi 1a x4c suat phat hién tring la,
P..

Moi tring cuckoo trong mat td dai dién cho 1 nghiém t8i wu va 3 luat trén dai dién
cho ba budc rat quan trong cua thuat toan Cuckoo Search. Quy luat 1 dai di¢n cho qua
trinh khoi tao nham tao ra tap nghiém dau tién trong khi d6 quy luat 2 va quy luat 3 lan
luot 14 hai qua trinh tao ra nghiém maoi thé hé thtr nhat va thé hé tha hai trong moi vong
lap. Lan tao ra thé hé nghi¢ém moi thir nhat dua trén quy luat 2 duoc goi la co ché Lévy
flights va lan tao ra nghiém maoi thé hé thir hai dya trén quy luat 3 dugc goi la co ché
phéat hién tring la.

3.2.2. Mo ta thudt toan Cuckoo Search

3.2.2.1. Tao ra thé hé nghi¢m maoi thir nhét theo co ché Lévy Flights

M&i nghiém méi thir & vong lap tha G X'” dugc tao ra theo co ché Lévy Flights nhu
sau:
X=XV +a®AX] @ Lévy(B) (3.1)

Léw(B)~t" (3.2)

Trong d6 @ 1a phép nhan; Lévy(p) 1a Lévy Flights voi céc kich thudc dugce tao ra tir phép
phan phdi 6n dinh f [64]. Lévy Flights dong vai trd hét sirc quan trong cho qua trinh tao
ra thé hé nghiém moi chat lugng cao ciia CCSA. S6 hang dau tién bén vé phai cia
phuong trinh (3.1) 13 vi tri trudc d6 ciia nghiém trong khi d6 s hang tha hai 13 luong
tang giam dé tao ra nghiém méi thay d6i so voi nghiém cil. Co ché Lévy Flights tao ra
mot su da dang khoang céach giita nghiém moi va nghiém cii rat khac véi thuat toan PSO
va ¢ két qua tot hon so véi PSO vé ti 18 thanh cong va tc do hoi tu. Pidu nay duogc
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ching minh théng qua cac ham t6i vu benchmark & nghién ctru [64]. Gia tri AX 1 dung
dé thay ddi do 16m cua nghi¢ém méi so voi nghi€ém cli dugc tinh dya vao nghiém cii va
nghiém tot nhat dén thoi diém hién tai nhu cong thire (3.3)

AXT =a (X7 - X7 (3.3)

Trong d6 a > 0 13 hé sé duong thuong chon trong khoang [0, 1].

3.2.2.2. Tao ra thé hé nghiém mai thi hai theo co ché phat hién tring la

CCSA s& tao ra nghiém mai lan tht hai thong qua co ché phat hién trimg la nhu
quy luat 2 & trén. Vé hién tuong tu nhién, lan tao ra nghiém mai nay dugce goi la phat
hién trimg la va vé toan hoc thi duoc goi 1a budc di ngau nhién chon loc (Selective
random walk). O 14n tao ra nghiém méi ndy, x4c suét phat hién tring la P, s& duoc so
sanh voi mot sb ngau nhién (RN). Néu RN nho hon P., nghiém méi s€ dugce tao ra nho
hai nghiém cii bat kY Xrandpers va Xrandper2 va s& khong c6 nghiém mai duge tao ra néu
nguoc lai. Cy thé duoc trinh bay trong cong thuc (3.4).

X {Xd +1and (X, = X upers) if RN <Pa

X, otherwise

(3.4)

P, d6ng vai tro quan trong cho chit luong nghiém mdi 1an hai va gia tri nay dugc can
nhic chon Iya. Trong cac nghién ctru dau tay vé CCSA [64] va [69], gia tri cua P, dugc
Yang va cong su cua ong chon [0, 0.01, 0.05, 0.1, 0.15, 0.2, 0.25, 0.4, 0.5] va két qua
chi ra rang gia tri t6t nhat 13 0.25 cho gia tri dan s6 1a 15.

3.2.2.3. KJ¥ thuat chon loc

K¥ thuat chon loc 12 mdt budc quan trong trong CCSA nham gilr lai cac nghiém chét
lugng gitra nghi¢ém mai va nghiém ci. Vi lap luan cho ré“mg nghi¢ém mai dugc tao ra
chua hoan toan chéc chin s& co chat luong tdt hon nghiém cii. Do d6, mdi nghiém méi
va nghiém cii tai cung mot t6 chim sé& duoc so sanh. Nghiém co chét lugng tdt hon trc
gia tri ham thich nghi nhé hon s€ dugc gitr lai va nghiém con lai s€ dugc bé di. Qua trinh
nay duoc thuc hién dya vao cong thic (3.5).
{X;EW if Fitness (X ") < Fitness(X,)

X, = ,d=

l...,N

p

(3.5)

X,  otherwise
Cong thirc (3.5) duoc sir dung 2 1an cho thuat toan CCSA, 1an dau sau khi 4p dung Lévy
flights va 1an thir hai sau khi 4p dung co ché phat hién tring la. Qu4 trinh tim kiém
nghiém ti wu ciia CCSA duoc trinh bay chi tiét trong hinh trong hinh 3.1 va 3.2,
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Thuéat toan 1: CCSA
Ham muc tiéu AX), C=(Xy, ..., Xa)';
Tao ra dan sb ban dau gdm N, t chimd (d =1, 2, ..., N,)
Tinh ham thich nghi va chon nghiém c6 gia tri nhé nhat lam nghiém t5i wu toan
cuc
while (Vong Idp hién tai G < Vong lap 16n nhat Gax)
Tao ra nghiém mai thé hé thir nhat X,/ theo co ché Lévy flights ¢ cong
thtre (3.1)
Danh gia nghiém mai (tinh ham thich nghi)
So sanh Xy va X/ dé giit lai nghiém t6t hon nhu ct. (3.5)
Tao ra nghiém mai thé hé thir hai X/ theo co ché phat hién trimg la (3.4)
Danh gia nghiém mai (tinh ham thich nghi)
So sanh X, va X" d¢ giit lai nghiém t6t hon nhu ct. (3.5)

Chon nghiém c6 ham thich nghi nho nhét 1am nghiém tdi wru toan cuc

end while
Hinh 3.1. Thudt todn Cuckoo Search cé dién (CCSA)
MEs AA
(Bat dau)
. ] :
Budc 1 ‘ Khoi tao dan s6 ‘
Y
Budc 2 ‘ Dbanh gia ham fitness ‘
Budc 3 | Xicdinh Gy |

Budc 4

Tao thé hé nghiém moi thir nhét theo Lévy flights

A

Buoc 5 X© = XV 4 4@ AXS ® Lévy(f)
Y
Budce 6 ‘ Danh gia ham fitness ‘
Y
Budc 7 Gilr lai nghiém
L 4
Tao thé hé nghiém mai thir hai theo phat hién trimg la
Budc 8 .
Xnew _ Xd + rand‘(andperl _Xranperz) !f RN<PCI
d - .
X, otherwise
L ]
Budc 9 | Dénh gid ham fitness |
Budc 10 | Gii lai nghiém t5t |
Buéc 11 Xac dinh Gy
sai
Budc 12 » G=G+1

—_ ding
‘/ Két |

\qud )/
Hinh 3.2. Lwu dé gidi thudt dp dung CCSA cho bai todn t6i wu
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3.2.3. Cdc dp dung CCSA gan ddy

Ké tir khi duoc cong bd nam 2009, CCSA di duge tng dung nhiéu trong cac bai toan
tdi uu trong nhiéu linh vuc va dic biét 1a k¥ thuat dién. Chi tiét nhu sau:
- Ap dung cho cac ham toan benchmark [64]
- Ap dung cho diéu do kinh té hé théng cac nha may nhiét dién [72]
- Ap dung cho diéu d6 kinh té c6 xét dén nang lwong mai cho luéi dién nho [73]
- Ap dung do tim diém cong suét cuc dai cho hé théng pin mat troi [74]
- Ap dung tai cdu trtc lu6i dién phan phdi[75]
- Ap dung xac dinh vi tri va tim dung lwong mdy phat phan tan DG trén luéi dién [76]
- Ap dung phan bé téi wu cong sut khang [77]
- Ap dung quan Iy chéng nghén mach luéi dién [78]

3.3. Cuckoo Search Cii Bién (MCSA)
3.3.1. Gioi thiéu

O nghién ctru [64], Yang va Deb da ching minh CCSA vuot trdi hon so véi PSO va
GA vé ti 1& thanh cong va tdc d6 hoi tu nhung Walton va cong sy cua ong & nghién ctru
[65] da binh luan va chi ra nhitng han ché ciia CCSA khi hoan toan dua vao cac tim
kiém ngiu nhién 1am cho CCSA chua hoan thién vé kha niang tim kiém. Do d6, nhém
tac gia ndy da dé nghi cai bién thuat toan CCSA thanh MCSA véi cac co ché khac nhau
cho thé hé nghiém méi thir nhat dua vao co ché Lévy flights.

3.3.2. Cuckoo Search cai bién (MCSA)

Trong thuat todn MCSA, tap nghiém sau khi dugc khoi tao thep quy luat thur nhat va
tinh toan ham fitness s€ dugc phan thanh hai nhém nghi€ém (tring) trong d6 nhém
nghiém t6t co ham thich nghi thap hon va nhom nghiém xau sé& co gia tri ham thich nghi
16m hon. Hai cai bién s€ dugc xay dung cho hai nhém nay nhu sau:

3.3.2.1. Cai bién thir nhat cho nhém nghiém x4u

Trong cai bién thir nhat ndy, gia tri a & ct. (3.1) s& duoc thay thé thanh mot ham phu
thudc vao gia tri vong lip hién tai G, « =1//G. V&i cai bién ndy, a s& co gia trj 10n nhat
& vong ldp dau tién va nho nhat & vong lap cudi cung s& gitp MCSA mé rong khong
gian tim kiém toan cuc ¢ ddu qué trinh va co hep khéng gian khi vong lip ting dan dén

lac dirmng qua trinh tim kiém.

3.2.2.2. Cai bién thir hai cho nhom nghiém tt
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O cai bién tht hai nay, hai tring tot s& duoc 14y thong tin va tao ra bude nhay cho
nghiém méi. Ting trimg trong nhom tét s& duge chon ra 1an luot trong khi d6 mot trimg
tt con lai s& duoc chon mot cach ngiu nhién. Nhu vay s& c6 4 trudong hop xay ra cho
tring t6t dugc chon va tring tot ngiu nhién nhu sau:

1) Trimg duoc chon va trimg ngau nhién gidng nhau

2) Trimg duoc chon va trimg ngau nhién khac nhau nhung c6 cling gia tri ham thich

nghi

3) Trimg dugc chon c6 ham thich nghi 16n hon trimg ngau nhién

4) Trimg duoc chon c¢6 ham thich nghi nhé hon trimg ngau nhién
Walton va cong su ciia 6ng da dé xuat ti 18 1:3 cho sb tring trong nhom tét va sd trimg
trong nhom x4u [65]. Theo ti 1& nay, sb tring duoc chia ra 1am 4 phan bang nhau va
tring tot s& chiém 1 phan trong khi d6 3 phan con lai thudc nhém x4u. Piechocki va
cong su cua ong [79] ciing d ap dung ti 16 nay va két qua dat duoc kha mong doi. Tuy
nhién, luan 4n nay s& thir nghiém céc ti 1é khac nhau dé danh gia anh hudng lén két qua
va sau ciing dé xuét ti 18 t6t nhat cho phuong phap MCSA khi 4p dung cho diéu do hé
thng thiy nhiét dién (chi tiét s& dugc trinh bay & chuong 4). MCSA duogc md ta chi
tiét trong hinh 3.3 va luu do giai thuat o hinh 3.4 [65].

Thuat toan 2: MCSA
Khoi tao N, t6 chim, Xy (d =1,2, ..., N,)
Tinh todn ham thich nghi Fy = f(X4)
Bit dau voi vong lap dau tién G=1
while (Vong ldp hién tai G < Vong lap 16n nhat Ga) do
G €G+1
Tach ra thanh hai nhom trimg tot va nhom tring xau dya vao ham thich nghi
for Cho nhom tring xau do
Tao nghiém mai thé hé thir nhit theo co ché Lévy flights v&i o =1/JG
bénh giad nghiém mdi, so sanh voi nghiém cii va gitr lai nghiém tdt hon
end for
for Cho nhom trimg tt do
Chon ngiu nhién 1 trimg X, trong nhom tot
if X; = X, (Trimg chon va trimg ngiu nhién 1a 1) do
Str dung Lévy flights, tao ra nghiém méi véi a =1/G>
end if
if (Fa> Fy)do
dx=(X.-X,))/ @5 @ = (1 + \/3)/2
X = X, +dx
end if
if (Fa<Fy) do
de=(X,=X,)/ ¢
X1 = X, +dx
end if
if (Fa=F)) do
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dx=|X,-X,|/2

X = X, +dx
end if

Tinh ham thich nghi, so sanh nghiém t&t va nghiém cii giit lai nghiém tét hon

end for

GOp hai nhom thanh mot nhom

Tao nghiém moi thé hé thir hai theo co ché phat hién trimg la
Danh gia chat luong nghiém

So sanh nghiém méi va cii dé giir lai nghiém tSt hon

Tim nghiém t5t nhat trong sb nghiém giir lai

end while
Hinh 3.3. Thudt toan Cuckoo Search cai bién
Bit dau
Budc 1
Budc 2 Danh gia ham fitness
) 4
Buéc 3 | Xéc dinh Gpese |
Budc 4
Bude 5 | Phan loai nghiém tt va nghiém xu '«
Budc 6 | Tao nghiém méi cho nhém tot |
Budc 7 | Tao nghiém méi cho nhém xéu |
\ 4
Budc 8 ‘Tinh ham fitness cho 2 nh(’)m‘
Budc 9 | Hop2nhémthanh1 |
h 4
Buée 10 ‘ Gitr lai nghiém tot ‘
A ]
Tao nghiém mai thé hé thir hai theo phét hién trimg la
BII(S'C 11 Xnew _ Xd + rand'(Xrandperl _anperZ) lf. RN<Pa
a = .
X, otherwise
Y
Budc 12 | Déanh gia ham fitness |
Y
Bude 13 | Gilt lai nghiém t5t |
Budc 14 Xéc dlnh Gbest
sai
Budce 15 > G=G+1

ding
N

(i Két qua

Hinh 3.4. Luu do gidi thudt dp dung MCSA cho cdc bai todn t6i wu

3.3.3. Cdc vng dung gan day ciia MCSA

- Ap dung giai cic ham toan benchmark [65]
- Thiét ké hé théng dién hop nhat cho nong trai tir chu hién dai [79]

3.4. Cuckoo Search Chgn Lgc Thich Nghi (ASCSA)
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Trong luan an nay, chung t61 xay dung phuong phap ASCSA tir phuong phap CCSA
dya trén hai cai tién nham cai thién chat luong nghiém t61 wu va tang tdc hoi tu véi sb
vong 1ap nho nhét cho ASCSA. Cai tién dau tién nham vao k¥ thuat chon loc dé gitr lai
nghiém trdi trong khi d6 cai tién thtr hai nhim ting cudng kha ning tim nghiém tdi vu
dia phurong cho thé hé nghiém mai thir hai theo co ché phat hién trimg la. Nhu dé cap o
trén, CCSA gdm 3 k¥ thudt quan trong nhu sau [64]

1) Tao ra thé hé nghiém méi thi nhat theo co ché Lévy Flights (ct. 3.1)

2) Tao ra thé hé nghiém méi thr hai theo co ché phat hién trimg la (ct. 3.4)

3) So sanh chon lgc (ct. 3.5)

Nhu vdy, ASCSA s& cai bién k§ thuat 2 va k¥ thuat 3 cia CCSA nhim dat dugc két qua
tdt hon. Chi tiét duoc mo ta nhu sau:

3.4.1. Ky thuat chon loc moi

Trong muc nay, k¥ thuat chon loc méi duoc dé xuét nham thay thé cho k¥ thuat so
sanh chon loc ¢ dién & ct. 3.5 ¢ cudi mdi vong 1ap trudce khi tim nghiém tot nhét trong
cac nghiém dugc chon loc gitt lai. Ky thuat chon loc méi nhu sau:

-Thtca N, nghiém cii va N, nghiém mai dugce gop lai thanh mot nhom 2x N, nghiém.

- Sap xép 2x N, nghiém nay theo thir tu ting dan ham thich nghi (tirc giam dan theo
chat lugng nghiém)

- Giir lai N, nghiém dau tién trong s6 2x N, nghiém dang c6.

Tinh hiéu qua cua k§y thuat chon loc méi nay s& gitip ASCSA hiéu qua hon CCSA rat
nhiéu theo phén tich sau déy.

O vong lap dau tién cua tién trinh tim kiém nghiém duoc thuc hién boi CCSA va
ASCSA dugc mo ta trong biéu d6 tring hinh 3.5. Tién trinh tim kiém béi CCSA bao
gdm cac hang 1, 2, 3, 4 va 5 trong khi d6 qua trinh nay bao gdm cac hang 1, 2,3, 4 va 6
cho ASCSA. Diém khac biét 1on giita hai phuong phap nay 1a hang 5 va 6 nhu trong
hinh. B¢ don gian, ta chi xem xét dan s6 v&i 5 nghiém. Tai hang 1, 5 tring trong t6 duoc
khéi tao va duogc sip xép tir trai sang phai v6i chat luong nghiém duoc ghi bén trén mdi
trimg. Vi du trimg 1 v6i chat lugng F1 ¢6 nghia 13 trig mot ¢6 ham thich nghi nhé nhat
va hiéu qua nhat trong khi d6 trimg 4 véi ham F5 1a tring c6 chat luong kém nhat véi
ham 16n nhat. Theo co ché Lévy flights & cong thuc (3.1), 5 trimg méi dugce tao ra 1an
luotla 1’,2°,3°,4’ va 5’ & hang thr 2. Budc nay dugc goi la 14n tao ra thé hé nghiém
méi thir nhat theo co ché Lévy flights. Qua trinh chon loc & cong thirc (3.5) sau d6 duoc
ap dung dé so sanh hai trimg trong ciing mét td, goi 1a so sanh cip (pair comparison)
nhu trong hinh. Do d6, mdi trimg & hang 1 s& duoc so sanh voi hang 2 dé tim ra trimg
t6t hon c6 ham thich nghi nho hon. Gia st trimg 1°, 2°, 3, 4 va 5° 1an luot tot hon céac
trung 1,2, 3,4’ va 5. Nhu vay, 5 tring 1°, 2°, 3, 4 va 5° dugc giit lai & hang 3 trong khi
doé céac trung 1, 2, 3°, 4’ va 5 bi loai bo. Theo co ché phat hi¢n tring la, 5 nghiém maéi
duogc tao ra ¢ hang 4 gom 17,27, 37, 4” va 5”. Dé tao ra nghiém mdi 1an hai nay, CCSA
st dung cong thuce (3.4) trong khi ASCSA s€ sir dung thudt toan chon loc thich nghi (s€
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dugc trinh bay & muc sau). Gia st rang budc nay 1a gidng nhau cho ca hai phuong phap
v6i lap luan do chi méi 1a vong 1ap thir nhat nén d6 chénh léch ham thich nghi giita trimg
t6t nhat voi cac trimg khac van con kha 16n va ca hai phuong phép chi ding buéc nhay
v6i hai nghiém ngiu nhién. CCSA tiép tuc qua trinh véi k¥ thuét chon loc so sanh cip
nhu & cong thirc (3.5) va gifr lai 1an luot cac trimg 1°, 27, 3, 4 va 5°° twong g vi cac
gia tri ham thich nghi F1, F3, F5, F8, va F7. R3 rang rang cac tring tuong ing vo1 ham
thich nghi F2 va F4 da bi bo di mt cach dang tiée. Nguoc lai, ky thuédt chon loc méi
ctia ASCSA sé giir lai 5 trimg t6t nhat 17, 17, 27, 4’ va 3”tuwong tng vé6i cac ham thich
nghi F1, F2, F3, F4 va F5 ¢ hang thr 6. Nhu vay, sau vong 1ip tht nhat, tip nghiém tdt
duogc gitr lai cia ASCSA tot hon so véi CCSA. Tai dau vong lap tha hai, Lévy flights
s€ dugc st dung dé thuc hién qua trinh tim kiém toan cuc trén dién rong va thé manh
hiéu qua hon ciia ASCSA 1a cong doan tim kiém so voi CCSA. Bang 3.1 trinh bay céac
nghiém méi thu dugc tir qua trinh tim kiém nay boi CCSA va ASCSA. Bang nay cho
thay 3 nghiém cta CCSA gom 1°, 2’ va 3’ twong ung voi 3 nghiém 17, 3’ va 5’ cia
ASCSA trong khi d6 2 nghiém con lai thi khac nhau. Hai nghiém truéec 4° va 5° cua
CCSA c¢6 ham thich nghi 1a F8 va F7 trong khi d6 2 nghiém trudc 2° va 4’ cuia ASCSA
c6 ham thich nghi 1a F2 va F4. R rang F2 va F4 cia ASCSA nhé hon rat nhiéu so véi
F8 va F7 ctia CCSA. Do d6, hai nghiém méi 4’ va 5’ cia CCSA ¢ xa nghiém t6t nhat
hon nhiéu so véi hai nghiém 2’ va 4° cia ASCSA. That vay, cac nghiém mdi dugc tao
ra tir Lévy flights 1a qua trinh tim kiém toan cuc trén dién rong [64], do d6 qua trinh
chon loc ctia ASCSA c¢6 thé cai thién hiéu suat tir CCSA. Ngoai ra, qua trinh tim kiém
dia phuong (local search) cia ASCSA ciing dugc cai thién dang ké so voi CCSA. K¥
thuat tim kiém nay s€ duoc phan tich theo muc 3.4.2 bén dudi.

Bang 3.1. Cac nghiém moi dwoc tao tir CCSA va ASCSA sw dung Lévy flights o vong

lap thir hai.

Nghiém méi Nghiém méi
ciia CCSA CCSA ASCSA ciia ASCSA
I’ X, =X, +a,(X, - X, )®Léy(B) | X, =X, +a,(X,-X,)® Leévy(B) L
2 Xy =X, 40, (X=X, )@ Lévy(B) | Xy =X, +a, (X, — X, )® Lévy(B) 2
3 Xy =Xyt o (Xp =X, )@ La(B) | Xy = X+t (X, — X, ) ® Lévy(B) 3
ol Xo=X, 4o (X, - X, )®Loy(h) | X, =X, +a,(X, —X,)®Lévy(p) 4
> Xy =Xota, (X=X, )@Léw(B) | X, =Xy +a,(Xy - X, )@ Lévy(B) 5
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Hinh 3.5. Biéu do trimg ciia CCSA va ASCSA

3.4.2. Co ché phat hién trieng la thich nghi

Trong lan tao ra thé hé nghiém méi tht hai o ct. (3.4), CCSA da chi str dung mot
budc nhay dua vao hai nghiém ngﬁu nhién duoc viét lai nhu sau:
AX

d,newl

=rand.(X

randper1

-X

raiper2) (3.6)
Gia tri budc nhay AXanew: s& rat bé khi cac nghiém Xeandpert va Xeandper2 gan bang nhau

va gia tri budc nhay ndy gan nhu bang 0 & cac vong 1ap cudi ctia qué trinh tim kiém

nghiém vi & cac vong lap cudi cung cac nghiém c6 xu huéng gan gidng nhau va gidng

v6i nghiém t6t nhat. Piéu nay cho thay, gia tri budc nhay nay sé day CCSA va ving

cuc tri dia phuong va kha ning nhay ra khoi ving nay gan nhu rat thap. Tir 46, gia tri

budc nhay dya vao 4 nghiém ngiu nhién dugc dé xuat nhu ct. (3.7).

AX | yowr =Tand (X -X X

randperl randper? +X randper3 randper4) (3 -7)
Trong 46 Xrandpert, Xrandper2, Xrandpers V3 Xrandpers 12 4 nghiém ngdu nhién duogc 1ay ra tur
tap N, nghiém dang co.
Nhu vay, sé ¢ hai trudng hop tao ra nghiém méi cho co ché phat hién trimg la nhu
ct. (3.8) va ct. (3.9) néu s ngau nhién RN nho hon xac suét phat hién trimg la P..
Xy o =Xy +rand (X randperl -X randper2) (38)
(3.9)
Chtng minh hinh hoc dwa vao Hinh 3.6, Hinh 3.7 va Hinh 3.8 cho thdy riang hai
cong thirc ndy nén duoc str dung song song cho dan s6 nghiém dang c6. Hinh 3.6 biéu
dién cho qué trinh nghiém & cac vong lap dau tién khi cac nghiém con dang & rat xa
nhau. Trong truong hop nay néu ct. (3.9) duoc st dung thi nghiém méi X2 s& & rit xa
nghiém cli cua nd. Nguoc lai, nghi€ém mdi Xyews dugce tao ra tur ct. (3.8) s€ hop 1y hon

X ez = Xy +rand.(X,

randper1

Xrandper 2 + - Xrandper4 )
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cho truong hop nay. Thit vay, trong qua trinh tim kiém & giai doan d4u, néu khong gian
tim kiém qua rong s& din dén bo sét nghiém va ving tim kiém cuc tri dia phuong s&
khong hiéu qua. Nguoc lai, gia tri Xnen2 lai tré nén hiéu qua cho cudi qua trinh tim kiém
mo ta & Hinh 3.7 khi cic nghiém & rat gin nhau. Luc ndy, Xess s& rit gan voi nghiém
cll ciia no hodc s€ trung voi nghiém cii trong khi d6 Xyew2 ¢ su khac biét ro rang. Hinh
3.6 va Hinh 3.7 cho thiy viéc 4p dung riéng 18 hai cong thirc (3.8) va (3.9) s& khong hiéu
qua. Hinh 3.8 mo ta thuc té qua trinh tim kiém nghiém & cac vong lap bat ky. Nhu vay
nghiém tot nhat va nghiém ngiu nhién nao d6 sé c6 thé ¢ rat gan nhau hodc ¢ xa nhau.
Truong hop nghiém cii Xou; & xa nghiém tot nhit Gbest, nghiém méi Xyews & ct. (3.8) s&
dugc ap dung va nguoc lai khi nghiém cli Xoa2 & rat gﬁn nghiém tdt nhat Gbest, nghiém
mGi Xnew2 O ct. (3.9) s& dugc 4p dung. Tuy nhién, can dwa ra gia tri cu thé vé khoang
cach dé xac dinh nén ap dung (3.8) hay (3.9). Tur d, ti s6 chénh léch ham thich nghi
FDR dugc xay dung theo cong thirc (3.10). Trong cong thirc nay F7y 1a gia tri ham thich
nghi ctia nghiém d va FThest 1a gia tri ham thich nghi nho nhét ciia nghiém tot nhat
trong dan sb dang xét.

FDRd — FTdF‘;FZvevt (3.10)

Khi gia tri FDR, nho hon gia tri ngudng ¢ , tic nghiém d va nghiém tét nhat dang &
gan nhau thi cong thirc (3.9) s& duoc ap dung. Nguoc lai, ct. (3.8) s& 1a Iwa chon tét hon.
Pé tim gia tri ngudng hiéu qua, ching t6i dua ra 5 gia tri[ 10, 102, 103, 10, 10°] va
két qua s& duoc phan tich cho 5 gia tri nay dé danh gia anh huéng. Hinh 3.9 va luu d6
giai thuat &

Hinh 3.10 trinh bay chi tiét thuat toan ASCSA.

A P AX=AX;+ AX,
([ )
.XZ Xnewz
AX,
o
X4
'Xl AX,
Xnew1=Xold + rand. AX]
Y X XnewZZXold + rand(A)(l +A)(Z)

Xold

O Xnewl

o

Hinh 3.6. Cdc nghiém & cdc vong ldp dau qud trinh tim kiém
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Xnewl: Xold +rand.(AX1)
)(neWZ= Xold + rand-(AXI +AX2)

AXQ:

AX
1‘. Gbest.

)
Xold @ Xnewl
®x

new2

»
»

Hinh 3.7. Cdc nghiém & cdc vong Idp cudi qud trinh tim kiém

Kpew1= Xowa1 T+ rand.AX;
Knewz= Xoldz trand.(AX; +AX,)
Xnewl
OO0 X,

X
AX, Gb&st.

Xold2<‘

o
XneWZ

\ 4

Hinh 3.8. Xéc dinh phwong thirc tao nghiém toi wu

Adaptive Selective Cuckoo Search Algorithm
Ham muyc tiéu AX), C= (X, ..., Xa)’;
Tao ra dan sb ban dau gdm N, to chimd (d =1, 2, ..., N,)
Tinh ham thich nghi va chon nghiém c6 gia tri nho nhat 1am nghiém Gbest
while (Vong ldp hién tai G < Vong lap 16n nhit Ga)
1) Tao ra nghiém mai thé hé thir nhit X/ theo co ché Lévy flights
2) banh gia nghiém mdi (tinh ham thich nghi)
3) So sanh Xy va X/*" dé giir lai nghiém tot hon nho str dung ct. (3.5)
4) Tao ra nghiém maoi thé hé hai theo co ché phat hién tring la thich nghi

Ford=1: N,
If RN<P, % RN €/0, 1]
If FR, <&
Xd,newZ = Xd + rand'(andperl - XrandperZ + Xramlper} - Xrandper4) % Ct' (3'9)
else
Xd,newZ = Xa' + rand'(andperl - XramlperZ) % Ct' (3‘8)
end
else
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X

dnew2 = X,
end
end
5) Tinh ham thich nghi
6) Ap dung k¥ thuat chon loc méi gitr lai NV, nghiém trdi
7) Chon nghiém t6t nhat c6 ham thich nghi nhé nhét

end while
Hinh 3.9. Thudt toan ASCSA
(Bat daw)
v
Budc 1 | Khoéitaodansd |
Budc 2 | Pénh gia ham fitness |
Bude 3 ‘ Xac dinh Gpes; ‘

Tao nghiém méi thé h¢ thi nhat theo |

Budc 5 co ché Lévy flights
4
Budc 6 | Dénh gia ham fitness |
A 4
Bude 7 | Giit lai nghiém tt |
Budc 8 Tao nghiém méi thé hé hai theo co ché phat hién
tring la thich nghi
| : |
. Tinh ham fitness
Budce 9 : v
Buée 10 Giir l1ai nghiém tot sir dung k¥ thuét chon loc méi ‘
v
Budc 11 | Xac dinh Gpese |
sai T
Budc 12 G=Ginax > G=G+1
dang
N
(Két qua)
N

Hinh 3.10. Lueu d6 gidi thudt dp dung ASCSA cho cdc bai todn t6i wu

3.4.3. Kiém tra tinh hiéu qua va 6n dinh

O muc nay, chung t6i s& kiém tra tinh hiéu qua va d6 6n dinh ctia ASCSA véi cac
budc nhay khic nhau gdm (AX; + AX»2) nhu & cong thic (3.9) va (AXi + AXa+ AX3)
nhu & cong thire (3.11). Bé d& dang so sanh, phuong phap ASCSA véi cong thirc (3.9)
dugc goi la ASCSA-V1 trong khi d6 ASCSA st dung (3.11) dugc goi la ASCSA-V2.

Xooo =X 0 +AX| +AX, +AX, (3.11)
Hai phién ban nay cua ASCSA duogc thuc thi dé tim nghi¢m tdi wu cho 3 ham toan
Benchmark & bang 3.2 1a Rosenbrock, Sphere va Griewangk, va hai hé thong thily nhiét
dién gdm hé thong 1 va hé thong 6 & chuong 4. Trong d6, hé thong thir nhat bo qua hi¢u
g xa van-twong tmg voi ham chi phi kha vi va hé thdng thir hai c6 xét dén hiéu tmg
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x4 van-twong tng voi ham chi phi khong kha vi. Dé thuc thi cho cac thir nghiém nay,
dan sb N,=20 dugc ¢6 dinh cho 3 ham toan va N,=30 dugc chon cho 2 hé théng HTS
trong khi d6 gia tri s6 vong ldp 16n nhét dugc chon tiy do phirc tap cia ham va hé thong.
Cuthé Gmaux=1,500, Gnax=200 va Gnex=500 duoc chon cho ham Rosenbrock, Sphere va
ham Griewangk nhung G«=50 duoc chon cho ca 2 hé thong HTS. V&i mdi trudng hop
cua bo thong s6, ca hai phién ban ASCSA déu duoc chay 100 14n va céc gia tri dugc bao
cao cho 3 ham toan 13 gia tri nho nhat (GTNN), gié tri trung binh (GTTB), gia tri 16n
nhat (GTLN) va d6 léch chuan (DLC) trong khi d6 céc gia tri bao céo cho 2 hé thong
HTS la chi phi nhé nhat (CPNN), chi phi trung binh (CPTB), chi phi 1é6n nhit (CPLN)
va DLC. Cac gi4 tri ctia 3 ham toan 13 gi tri khi thay cac bién vao ham F1, F2 va F3
trong khi chi phi cta 2 hé théng 1a ham muc tiéu chi phi phat dién tai cac nha mdy nhiét
dién can cuc tiéu. Céac dai luong nay s€ dugc tiép tuc st dung ¢ cac chuong sau. So sanh
cac gia tri nay dugc trinh bay trong bang 3.2, 3.3 va 3.4 cho 3 ham toan benchmark va
trinh bay trong bang 3.6 va 3.7 cho hai hé thong thuy nhiét dién. Két qua tir bang 3.3
cho théy ASCSA-V1 ¢6 thé dat duoc gia tri nhé nhat t5t hon ASCSA-V?2 tai tit ca cac
gia tri cta threshold ¢ ngoai trir gia tri 107! va 1073, Hon nita, gi4 tri nho nhat tot nhat dat
duge tir ASCSA-V1 1a 0.0008 trong khi d6 gia tri nho nhat cia ASCSA-V2 rat 16n véi
1.1181. Mic du gia tri 6 léch chudn cho thdy ASCSA-V2 6n dinh hon ASCSA-V1
nhung ASCSA-V1 van duoc danh gia hiéu qua hon béi gia tri nhé nhat ludn 13 tiéu
chuan dau tién va chat luong 10i giai duoc thé hién thong qua gia tri ndy. So sanh cho
ham Sphere va ham Griewangk cho théy ASCSA-V1 luén ludn dat duge gia tri nho nhét
tot hon ASCSA-V2; tuy nhién, khong co két luan vé do 6n dinh do c6 sy danh doi do
léch chuan giira hai phuong phap nay. Tuong tu, so sanh & 2 hé thong thay nhiét dién
cling cho thdy ASCSA-V1 c6 gia trj nho nhat va do 1éch chuin nhé hon ASCSA-V2.
Do d6, c6 thé két luan tinh hiéu qua va 6n dinh cia ASCSA-V1 vuot troi ASCSA-V2.

Bang 3.2. Cac ham toan Benchmark

TT Ham Mién
Fl N o ) x €[-30,30]; N =30
100(x,,, —x -1 i b

(Rosenbrock) ;[( (i =2+ G =D

F3 o %, €[-5.12,5.12]; N =25

(sphere) =
F5 1 &, & x, x, €[-600,600]; N =25
] I - 1 T 9 b

(Griewangk) " 4000 ;x Hcos[x/; j
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Bdng 3.3. So sanh két qud ham Rosenbrock

Thre:h"ld Phuong phap | GTNN GTTB GTLN DLC
j ASCSA-V1 | 10.1809 | 8111.5742 | 58528.962 | 10728.53
10 ASCSA-V2 | 4.5404 | 4419.1812 | 36686.734 | 6665.304
5 ASCSA-V1 | 1.3234 | 6457.4885 | 50055.682 | 9382.683
10 ASCSA-V2 | 47734 | 6581.541 | 46761.743 | 9164.041
B ASCSA-V1 | 1.3609 | 8670.6706 | 50386.756 | 12362.12
10 ASCSA-V2 | 1.1181 | 6146.9652 | 39531321 | 8645.03
B ASCSA-V1 | 2.1895 | 7585.0316 | 48480.15 | 9900.631
10 ASCSA-V2 | 47979 | 6527.7366 | 50291.85 | 8885.626
. ASCSA-V1 | 0.0008 | 11472.849 | 303905.84 | 41969.35
10 ASCSA-V2 | 52318 | 7020.8013 | 52215.377 | 11493.47

Bang 3.4. So sanh két qud ham Sphere
Thre:h"ld Phuong phégp | GTNN | GTTB | GTLN DLC

o ASCSA-V1 | 9.371E-05 | 0.00131 | 0.00977 | 0.00152

ASCSA-V2 | 1.89E-04 | 0.00195 | 0.00960 | 0.00186

102 ASCSA-V1 | 5.834E-05 | 0.00111 | 0.01087 | 0.00143

ASCSA-V2 | 7.031E-05 | 0.00123 | 0.00579 | 0.00118

10 ASCSA-V1 | 6.313E-05 | 0.00108 | 0.00460 | 0.00102

ASCSA-V2 | 1.39E-04 | 0.00131 | 0.00677 | 0.00149

L0 ASCSA-V1 | 1.17E-04 | 0.00103 | 0.00739 | 0.00110

ASCSA-V2 | 9.768E-05 | 0.00108 | 0.00631 | 0.00092

10° ASCSA-V1 | 8.609E-05 | 0.00104 | 0.00810 | 0.00136

ASCSA-V2 | 1.09E-04 | 0.00119 | 0.00520 | 0.00107

Bang 3.5. So sanh két qua ham Griewangk
Thre:h"ld Phuong phap | GTNN | GTTB | GTLN | DLC

} ASCSA-V1 | 1.401E-09 | 0.01342 | 0.08311 | 0.01840

10 ASCSA-V2 | 8.399E-10 | 0.01456 | 0.06640 | 0.01559

5 ASCSA-V1 | 3.405E-10 | 0.01758 | 0.08574 | 0.02120

10 ASCSA-V2 | 2.945E-09 | 0.01573 | 0.08112 | 0.01778

_3 ASCSA-V1 | 5.118E-10 | 0.01521 | 0.08570 | 0.01889

10 ASCSA-V2 | 2.496E-09 | 0.01584 | 0.06619 | 0.01676

B ASCSA-V1 | 1.683E-09 | 0.01825 | 0.07568 | 0.01796

10 ASCSA-V2 | 1.308E-09 | 0.01892 | 0.15666 | 0.02305

05 ASCSA-V1 | 1.141E-09 | 0.01642 | 0.12982 | 0.02237

ASCSA-V2 | 4.346E-09 | 0.01998 | 0.25375 | 0.03098
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Bdng 3.6. So sanh két qua hé thong HTS 1

Threshold [ py o b CPNN CPTB CPLN DLC
€ $) &) ($) &)
107 ASCSA-V1 | 64606.0334 | 64606.6575 | 64608.9856 | 0.6462
ASCSA-V2 | 64606.1236 | 64607.9957 | 64621.6834 1.9670
10?2 ASCSA-V1 | 64606.0367 | 64606.6263 | 64610.8960 | 0.7031
ASCSA-V2 | 64606.0951 | 64607.7546 | 64617.4620 1.8294
10° ASCSA-V1 | 64606.0440 | 64606.4445 | 64608.3386 | 0.4584
ASCSA-V2 | 64606.0555 | 64607.0461 | 64610.8857 | 0.8574
107 ASCSA-V1 | 64606.0267 | 64606.3507 | 64608.8666 | 0.3910
ASCSA-V2 | 64606.0403 | 64606.4592 | 64608.1551 0.4100
10 ASCSA-V1 | 64606.0101 | 64606.2045 | 64606.9124 | 0.1724
ASCSA-V2 | 64606.0131 | 64606.2545 | 64607.6208 | 0.2278
Bang 3.7. So sanh két qua hé thong HTS 2
Threshold Phuong phap CPNN CPTB CPLN DLC
€ &) ) &) &)
107! ASCSA-V1 | 66121.8709 | 66187.5314 | 66307.8597 | 30.7381
ASCSA-V2 66159.542 | 66210.7102 | 66309.3901 | 32.9847
102 ASCSA-V1 | 66131.2874 | 66185.312 | 66269.5585 | 29.3715
ASCSA-V2 | 66134.2087 | 66214.1903 | 66319.9156 | 40.0744
107 ASCSA-V1 | 66122.0419 | 66180.2551 | 66304.1944 | 29.9719
ASCSA-V2 | 66133.5232 | 66191.8279 | 66401.9865 | 36.0796
L0 ASCSA-V1 | 66117.8498 | 66170.3513 | 66353.8719 | 27.1936
ASCSA-V2 | 66121.3158 | 66167.1845 | 66376.2189 | 29.3707
10 ASCSA-V1 | 66122.6111 | 66170.3275 | 66323.2674 | 25.8363
ASCSA-V2 | 66129.5038 | 66176.921 | 66362.3401 | 33.3311

Tom lai, phuong phdp ASCSA-V1 sir dung budc nhay tir bon nghiém dé cap nhat
nghiém méi cho két qua t6t hon so véi ASCSA-V2 str dung sau nghiém khi ap dung cho
cac ham benchmark va hai hé thong thuy nhiét dién. Do d6, phuong phap ASCSA dé
xuét s& chi str dung bén nghiém nhu ¢ phién ban ASCSA-V1 cho toan bd luan 4n trong
khi d6 ASCSA-V?2 s& khong duoc ap dung tiép theo.

3.5. Mang Hopfield Lagrange Tang Cuong (ALHN)

ALHN 12 sy két hop giita ham ting cudng Lagrange va mang neuron Hopfield lién
tuc trong d6 ham Lagrange tiang cudng duoc st dung tryc tiép nhu ham ning luong [13-
14]. Bé c6 thé ap dung duoc phuong phap ALHN, ham Lagrange ting cudng trude tién
dugc thanh 13p va tiép theo 1a ham nang lugng. Nghiém t6i wu duoc tim ra nhd hé
phuong trinh dao ham tir ham nang lugng. Do d6, ALHN phu thudc vao qua trinh 1ay
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dao ham riéng cua ham muc ti€éu va ham rang budc va ALHN s& khong gidi duoc cac hé
théng c6 ham muc tiéu va rang budc khong kha vi. Qua trinh 4p dung ALHN cho bai
toan t6i wu nhu sau
Ham muc tiéu cua bai toan t6i wu: Cuc tiéu f(x)
Rang budc béi
gi(xj)=0i=l, 2, ..... N (3.12)
Xjpin <X, <X, 00 J=L2,.,N (3.13)
Trong do
x; 12 bién thitj VA Xjmin VA Xjmax 12 gi6i han nho nhét va 16n nhét cua bién x;

Ham Lagrange tang cuong duoc xay dung nhu sau:

L=f(x,-)—&Zg,-(x_,)—%/iZ[gi(xj)]z (3.14)

Trong do
/12 nhan tr Lagrange tuong ing v&i rang budc can bang
S 14 cac hé s6 phat

Ham nang lugng dugc thanh 1ap nhu sau:

E=10,0-2 0,80, 0- 2 A1, P +3 [ &' 00ar (319)

Trong do
Vix 1a ngd ra neuron lién tuc twong wng vai bién x;
Vis 1a ngod ra neuron lién tuc i tuong tng véi nhan tir Lagrange A;
g. ' 1a ham sigmoid nghich ddo cta neuron lién tuc
Luu do giai thuat 4p dung ALHN giai cc bai toan t6i wu duoc trinh bay & Hinh 3.11

[ Bét
dau

v

Tao ra cac ngd vao va ngd ra Neuron

G=1

Tinh todn cac neuron
dong
Cap nhat ngd vao va ngd ra
neuron
v

Tinh Errmax
v

T

_— — bung
< Effmax>€ and G < Gm;@

i
(K&t thiic)

Hinh 3.11. Lueu d6 gidi thudt dp dung ALHN cho cdc bdi todn toi wu
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3.6. Tém Tit

Chuong nay da trinh bay mo ta chi tiét cac phuwong phap duoc ap dung gdbm ALHN,
CCSA, MCSA va ASCSA. Trong 4 phuong phap ap dung nay, ASCSA la phuong phap
duoc xay dung dau tién trong ludn 4n nay trong khi 3 phwong phéap con lai di dugc xay
dung va ap dung trude d6. Do dac tinh khac nhau nén céach ap dung va kha nang ap dung
ctia ALHN khéc han so voi ba phuong phap Cuckoo Search con lai. ALHN sé& dugc ap
dung cho hai bai toan don gian nhét & chuong 4 trong khi d6 CCSA, MCSA va ASCSA
dugc ap dung cho tat ca cac bai toan diéu do tdi wu ¢ chuong 4, 5, 6 va 7.
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CHUONG 4: AP DUNG CAC PHUONG PHAP THONG MINH
NHAN TAO PIEU PQ TOI UU HE THONG THUY NHIET
PIEN NGAN HAN XET CHIEU CAO COT NUGC CO PINH
VA BO QUA RANG BUQC THE TiCH HO CHUA

4.1. Giéi Thi¢u

Chuong ndy sé& ap dung bon thuat toan CCSA, MCSA, ASCSA va ALHN dé diéu
d6 t6i wu cac hé thong thuy nhiét dién theo hai bai toan sau:

1) Pieu do hé théng thuy nhiét dién ngcfn han xét chiéu cao cét nuée cé dinh va don
muc tiéu (SO-FH-ST-HTS)

2) Pieu do hé théng thuy nhiét dién ngcfn han xét chiéu cao cét nude c¢é dinh va da
muc tieu (MO-FH-ST-HTS)

O hai bai toan ndy, cac nha may thiy dién vai chiéu cao cot nude khong doi cing
v6i cac nha may nhiét dién duogc 1én ké hoach phat dién ngan han trong ngay hodc vai
ngay. V&i mo hinh chiéu cao cot nuée c¢d dinh, luu luong x4 qua turbine 1a mot ham )
bac hai theo cong suat phat va cac hé sé xa nudc. Cac rang budc vé thé tich hd chira
khong duoc xét trong khi tong thé tich nude sir dung trong thoi gian hoach dinh phai
dam bao chinh xac véi gia tri cho phép da biét trudc. Him don muyc tiéu cyc tiéu chi phi
phat di¢n cua nha may nhiét dién dugc xét ¢ bai toan thir nhat trong khi d6 ham da muc
tiéu cuc tiéu ca chi phi va phat dién dugc xét trong bai toan thir hai. Ham phat thai duoc
dit ra vi cac nha may nhiét dién 1a ngudn phat thai chinh cac khi nhu CO2, SO2 va NO
gay ra hiéu ing nha kinh 1am nhiét d6 trai dat ting dan [58].

Nhu da dé cap ¢ chwong 2, cac cong trinh [1-12] nghién ctru vé bai toan don
muc tiéu cuc tiéu chi phi phat dién trong khi d6 cac cong trinh [58-63] nghién ctru vé
bai toan da muyc tiéu cyc tiéu ca chi phi 14n khi thai. Cac cong trinh [1-5] d3 ap dung céc
phuong phap tién dinh c6 dién va cac cong trinh con lai [6-12], [58-62] d4 ap dung céc
phuong phap thong minh nhin tao gdm mang neuron va cac phuong phap meta-
heuristic. Chi tiét hai bai toan dugc mo ta nhu muc 4.2 bén dudi.

4.2. Mo Ta Bai Toan
4.2.1. Ham muc tiéu

4.2.1.1. Ham chi phi

Ham muc ti€u cuc tiéu chi phi phat dién dugc tom tat nhu cong thic (4.1) bén dudi.
M N

Min C, =331, (4.1)
m=1 i=1

Trong d6 Cr 1a tong chi phi phat dién trong tat ca thoi gian, #, 1a thoi gian ciia khoang
thtr m va Fi 13 chi phi phat dién mdi gid ctia nha may thi i trong khoang m. Ham chi
phi c¢6 dién nhu sau [1]:
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F, =[asi+b P +c. P’ ]

st st,m S1 st,m

(4.2)

Tuy nhién trong thuc té qua trinh ting cong suit tai cac nha may, hiéu ing x4 van anh
huong dang ké dén chi phi nhién liéu 1am cho ham chi phi luc nay khong con 13 ham
bac hai tron va lién tuc ma tré nén ham khong lién tuc c6 dang nhu Hinh 4.1 va cong

thirc (4.3).

S1 Sst,m St st,m

F, =[asi+b.P. +c, P+

— — —  Xét hiéu ing xa van 3

Khong xét hi€u ing xa van

Chi phi ($/h)

-

P, MW

Hinh 4.1. Bac tinh ham chi phi khi xét va khong xét hiéu vrng xa van

4.2.1.2. Ham phat thai

d, x sin(es,- x (P;nm —Fin )) ‘ }

(4.3)

Nhu da dé cap ¢ [58], cac nguodn khi thai tir nha may nhiét dién gdm SOz, CO» va
NOy d3 gy hiéu Gmg nha kinh nén can dugc giam dén muc nho nhét co thé. Cac khi nay

duoc biéu dién bai cac ham toan hoc bac hai nhu sau [59]:

NO,,, =t + B Py + 713 P
SO, = sy + Loy Py + 723 P,
CO,,, = + PPy + V3P
Téng khi phat thai 12 ham F> nhu sau [59]:
F, =wNO, , +w,S0, , +w,CO,
= (@0, +b, P+, iPi )

se,i™ si,m se,i™ si,m

(4.4)
(4.5)
(4.6)

(4.7)

Trong d6 wi, w2 va ws € [0, 1] 13 cac trong s6 dwong twong Gng vai cac khi thai khac
nhau; aisi, Pisi, va yisi 1a hé s6 khi thai NOx; o, Posi, VA posi 1a hé s6 khi thai SO2; sy,
Bisi, VA 735 12 hé s6 khi thai CO,. Trong trudng hop xem xét ca ba loai khi thai ndy, cac
trong s6 dugc dé xuat nhu nghién ctru [59]. Cu thé, w;=wz=ws =0 st dung cho truong
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hop diéu do kinh té chi xét ham chi phi, w; = w2 = w3 = 1/3 st dung cho trudng hop diéu
do moi truong chi xét khi thai va w; = w>= w; = 0.5/3 str dung cho diéu d6 da muc tiéu
xét chi phi 1an khi thai.

Ngoai ra, trong cac nghién ciru gan day téng khi thai dai dién cho tt ca cac loai khi
thai tré nén phurc tap hon khi dugce dac trung béi téng dai s6 ciia ham mil va ham béc hai
nhu sau [62]:

Nl
b= iztm I:asi + ﬂsiPxi,m + 7/51‘}23,”, +1 eXp(5si}2~i,m ):' (4.8)

m=1 i=1

Trong do ai, Bsi, %i, 1si, VA Osi 1a cac hé s6 ham khi thai cta nha may nhi¢t dién i.
4.2.1.3. Ham da muc tiéu

Phéi hop tdi wu hé thong thity da muc tiéu 12 bai toan phirc tap hon nhiéu so vdi bai toan
don muc ti€u. That vay, cac bai toan don muc ti€u chi xem xét cac ham muc ti€u riéng
1¢ tai mdi thoi diém nhu chi cuc tiéu chi phi phat dién hodc chi cuc tiéu phat thai. Bai
toan da muc tiéu xét dén ca chi phi va phét thai phai tim ra nghiém thoa hiép c6 chi phi
va phat thai chép nhan duoc. Dé dat duoc diéu nay, nhiém vy da muc tiéu s€ dugc
chuyén d6i thanh don muc tiéu st dung trong s6 ham chi phi va trong s ctia ham phat
thai nhu sau [83]:

’F =y [k, (4.9)
Trong do y, va y, 1a cic trong so6 twong rng v61 ham chi phi va phat thai dugc rang budc
nhu sau:
v, +ty, =1 (4.10)
0<y,, y, <1 (411)

Véi ham da muc tiéu, ba truong hop diéu do cho hé thong thiy nhiét dién dugc 1én ké
hoach va gia trj ctia cc trong sb cling khac nhau twong Gng véi cac trudng hop nay nhu
sau:

1) Piéu do kinh té chi xét ham chi phi, chon ¥;=1va ¥ =0
2) Diéu do phat thai (hay con goi la diéu d6 moi truong) chi xét ham phat thai, chon
Yi=0va¥.=1
3) Piéu do da muc tiéu (kinh té- phét thai), ¥; va %> duoc chon véi nhiédu gié tri sao
cho v, va y,trong khoang 0 va 1 nhu ct. (4.11) va tong ctia hai trong s6 nay luon
bang 1 nhu rang budc (4.10). Sau d6 nghiém thoa hiép cho didu d6 da muyc tiéu
(12 nghiém c6 gia tri chi phi va khi thai phi hop nhat) s& dugc x4c dinh nho phuong
phap Fuzzy [84]. Cac nghién ctru vé bai toan da muc tiéu [58-63] di s dung
phuong phap Fuzzy dé tim nghiém thoa hiép va cho két qua thoa dang.
Ngoai phwong phap Fuzzy con c6 phuong phap hé sb phat da duoc xay dung bai
Kulkarni va cong su ctia ong & nghién ctru [85] dé tim nghiém thoa hiép cho bai toan da
muc tiéu. Phuong phép h¢ s6 phat dugc xem 1a don gidn hon khi xac dinh hé ) phat va
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thay vao ham da muyc ti€u cung voi cac gia tri v, =y,=1 va da duogc st dung rong rai
trong linh vuc k¥ thuat dién [32, 86-91]. Nhu vay phuong phap hé s phat c6 thé giam
duogc viéc tim tdp hop nghi€m troi nhu phuwong phap Fuzzy, giam thoi gian tinh toan va
s6 1an thir nghiém céac hé sb diéu khién thudc vé phuong phép tdi uu.

4.2.2. Cdc rang buoc

- Rang budc cdn bang hé thong: tong cong suat phat thuy dién va nhiét dién bang tong
cong sut tai va ton that trén ludi

N, N,
zPsi,m—‘l—ZBl/',m_PL,m_PDmZO;m = 17"" M (4.12)
i=1 j=1

Trong d6 Py 12 ton that cong suat dugc tinh nhu sau [2]:

=S S BB+ S P, By (4.13)

- Rang budc thé tich nuée cho phép: tong thé tich nudc xa qua turbine trong cac
khoang thoi gian xem xét bang véi thé tich nude cho phép da dugc xac dinh trudc.
ftmq,,m w5 ) = I,..., N (4.14)

e

Véi gia str ho chtra 16n ¢6 su chénh 1éch rat thap gitra luu lugng vé ho va luu luong xa

lam cho thé tich nuéc trong hd va chiéu cao cot nudc gan nhu khong d6i, Glimn-

Kirchmayer da xay duyng ham xa nuéc 1a ham bac hai phu thudc truc tiép vao cong suat

phat nhu sau[2]:

9j.m =@y + by Py + € Fij (4.15)

- Rang budc cong sudt nhiét dién va thity dién: Gia tri phat & mdi thoi diém cia timg

nha may phai nam trong gii han 16n nhat va nho nhat ctia nha méy

p<p <p si=1 ., Nym=1 ..M (4.16)

P j= L Num=1, ..M (4.17)

hj,min

<P

hj.m

<P,

4.3. Tinh Toan Cac Té May Can Bang Thiiy Pién Va Nhiét Pién

Kha nang tng dung cua ba phuong phap CSA cling nhu cic phuong phdp meta-
heuristic khac cho bai toan FH-ST-HTS khong chi phu thudc vao kha ning tim kiém cua
cac phuong phap ma con phu thudc vao cach thic xir Iy cac rang budc trong bai toan.
Trong mdt vai trudng hop, cac phuong phéap tiém ning co6 thé tim ra cac 10 giai toi vu
kha thi c6 chét lrong cao dap tmg hoan toan cac rang budc tir bai toan; tuy nhién, voi cac
truong con lai, mot s6 phuong phap di khong thé vugt qua thach thirc nay va da bao céo
101 giai khong kha thi vi pham mot s rang budc. Do sai sét ndy, trong muc két qua sb
ctia cac chuong, mot sé phuong phap bao cao 10i giai khong kha thi s& dugc chi ra dé
lam minh chimg. Dé dé nghi phuwong phép t6t nhat giai quyét cac rang budc, mot tap hop
cac phuong trinh va bat phuong trinh phai dugc quan sat va danh gia mot cach ki ludng,
sau d6 viéc chon lua cac bién diéu khién va bién phu thudc s& duoc quyét dinh sao cho
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khé néng giéi quyét tat ca cac ra‘mg budc lé cao nhét O céc phuong phap CSA na‘ly, cac
va co ché phat hién tru’ng la trong khi do6 cac bién phu thudc con lai duoc tinh toan dua
trén cac bién diéu khién nay cing véi tip hop cac rang budc. Céc bién diéu khién luon
luén thoa min cac gidi han 16n nhat va nho nhat bai vi sau mdi lan tao ra nghiém méi
cac 101 giai déu dugc kiém tra va hiéu chinh néu vi pham. Nguoc lai, cac bién phu thude
da khong duoc kiém tra va hiéu chinh nhu vy ma né s& dugc phat vao ham thich nghi
khi vi pham gidi han trén hodc gi6i han dudi cta nd. Trong k¥ thuat nay, cac bién phu
thudc duoc goi la bién can béng va céc gia tri nhu cong suit ciia mot vai to may nhi¢t
dién va thuy dién s€ dugc s dung lam bién can béng.

Trong bai toan FH-ST-HTS duoc xem xét & day, c6 hai rang budc can bang gdm céc
phuong trinh (4.12) va (4.14). Dé thoéa min ca rang budc (4.12) va (4.14), c6 hai bién can
bang twong tng duoc str dung gdm t6 may nhiét dién thir nhat tai M khoang thoi gian
xem xét Py (m=1,2, ..., M) dé xur Iy rang budc can bang cong suét (4.12) va luu luong
x4 ctia mdi nha may nhiét dién ¢ khoang thoi gian thir M cudi cing dé xtr Iy rang budc
(4.14). Vay s& c6 (M+N>) rang budc can bang tir cac phuong trinh (4.12) va (4.14). Do
d6, cong suat cia moi nha mdy thiy dién s& dugc tinh tir luu lugng xa twong Gng trong
khi d6 cong suét ctia to may nhiét dién thir nhat s& duoc tinh dya vao (4.12). Toan bd qua
trinh tinh ton xtr 1y cac bién cin bang nhu sau:

Luu luong xa cia mdi nha may nhiét dién & (M-1) khoang dau tién dugc gia st da dugc
biét trudc va luu luong xa tai khoang M cudi cung gju sau d6 duoc xac dinh dua vao
(4.14) nhu sau:

M-l

m=1
Khi d4 ¢ gjm cong suat thiy dién co thé tinh dugc dua vao ham xa nudc (4.15) nhu
sau:

_b + —4c, (a..—q.
P _ \/ hl( hj q},m) : Vé'l (b;j _4Chj(ahf _qj,m)) >0 (419)

him =
o 2¢,,

Nhu vy, N2 rang budc ngudn nude di duoc giai quyét boi cac bién can bang thuy
dién. Tiép theo gia sir da biét cong sudt ctia to may nhiét dién tir thir 2 dén t6 may thir Ny,
ta c6 thé tinh dugc cong suat cia té may thir nhat & mdi khoang theo:

P,.=P,, +P,, :ZVW—Z: (4.20)
Jj=1

Phuong trinh (4.20) dugc viét lai duéi dang bién cin bang to6 may nhiét dién sb 1 nhu
sau:
N;+N, N;+N, N;+N, N;+N,
P _B })jm (22 Bsigm_‘_BO‘j s1m+ z Z im l] ]m+ Z BOl tm+BOO (421)
i=2 i=2
Thay (4.21) vao (4.20), phuong trinh bac hai theo Ps;,» nhu sau:
AxP. +BxP, +C=0 (4.22)

sl,m sl,m
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Trong d6 cac hé s6 A, B va C cta phuong trinh duoc tinh bing:
A=B,, (4.23)

B= 22311 wm+2231,P +B,, -1 (4.24)

hj,m

N, N,
C:Z‘Z si,m U ym+ZZ htm ij hjm+2zzpélmBlJPhIm
=2 j=2

i=l j=1 i=2 j=1 (425)

+Z 0i wm+ZB0/‘Phjm+B +P Z szm_z hj,m
Jj=1
Cubi ciing, cong sudt to may nhiét dién can bang sb 1 duoc tim ra theo cong thire (4.22)
P ~B+~B*-44C

slm = 2A
Luu y rang mdt nghiém t61 vu phai thda man toan bd cac rang budc va duge danh gia

sau:

. voi B> —4A4C =0 (4.26)

thong qua viéc so sanh véi cac phuong phap khac. Bé dat dugc nghiém t6i uu c6 ham
muc tiéu (4.9), bén phuong phap ALHN, CCSA, MCSA va ASCSA dugc ap dung &
chuong nay. Trong toan bo qua trinh tim kiém cua ba phuong phap CSA, mdi phuong
phap sé& khai tao ngiu nhién ban dau mot dan sé (mdt tip nghiém) va sau do sé xir 1y tat
ca cac rang budc. Tap nghiém nay sau d6 s& duoc tao méi ¢ thé hé thir nhat thong qua
co ché Lévy Flights va ¢ thé hé thir hai theo co ché phat hién trimg la. Tai budc cudi
cung, tat ca cac nghiém duoc danh gia dé xac dinh nghi¢m tdt nhat dén thoi diém hién
tai. C6 mdt sy khac biét 1on gitra cac phuong phap CSA va phuong phap ALHN 1a &
qua trinh tao ra nghi¢m t6i wu. That vay, ALHN chi tim kiém dya trén mot nghiém duy
nhat dé dat duoc nghiém t6i uu cudi cung va nghiém t6i wu ndy & vong lip cudi ciing s&
thoa mén tat ca cac rang budc xem xét.

Ung dung cac phuong phap CSA va phuong phap ALHN dé giai bai toan FH-
ST-HTS s€ dugc trinh bay ¢ cac muc 4.4-4.7.

4.4. Ap Dung Phwong Phap CCSA Cho Bai Toan FH-ST-HTS
4.4.1. Khoi tao

Véi cac phuong phap meta-heuristic, & budc dau tinh toan mot tdp nghiém hay con
duoc goi la mot dan s6 s& duge khéi tao mét cach ngﬁu nhién va sau d6 dua vao cac co
ché riéng ciia timng phuong phap dé cai thién chat lugng nghiém. Du cac phuong phap
khac nhau, nhung thong thudng déu c6 cing qua trinh khéi tao ban dau gidng nhau.
Tuong tu nhu vay, qua trinh khéi tao cia phuong phap CCSA ciing nhu MCSA va
ASCSA nhu sau:

Mot dan sd gém N, td chim 1a X = [X7, .., Xa, ..., Xnp]T duoc tao ra ban dau trong do
Xi(d=1, ..., Np) dai dién cho nghiém thtr d chira cac bién s6 diéu khién [Py magjma] vOi
Psima 14 cong suat ctia to may nhiét dién thir i & khoang tha m va gjmq 12 luu luong xa
thity dién thtr j tai khoang m. Céc bién nay duoc khoi tao nhu sau:
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Py =P trand* (P, — P, ) i=2,, N m=1,.., M (4.27)
Dima = Dimin T4 (G e = in )5 J = Loy Nysm =1, M -1 (4.28)

Nhu vay, mdi trimg d s€ dac trung boi X, =[Py as PamassPovmasQma>Doma >+ Iy ma )
trong d6 (M-1) khoang dau tién s& c6 cac bién cong suat cua to may nhiét dién tht hai
dén N; va luu luong xa cho N: t6 may thuy dién nhung tai khoang M mdi trimg chi co
cac bién cong sut cia to may nhiét dién thir hai dén N; ma khéng chira cac bién luu
luong xa. Cac gia tri cong suat va luu lugng xa ludn ludn théa man gidi han rang budc
sau Psimin < Psimd < Psimax V& @jmin < Gjmd < Gjmax-

Ham thich nghi ciia mdi nghiém t6i uu 1a gia tri dung dé danh gia chat lugng. Chat
lwong cua nghiém s& bao gdm gid tri ham muc tiéu (4.9) va gia tri phat do cac bién phu
thudc vi pham rang budc trong khi cac bién diéu khién hoan toan khong bi phat. Nhu
mo ta trén cho bai toan nay, bién phu thudc s& bao gdm luu luong xa cua thuy dién j &
khoang M va cong suat nha may nhiét dién thtr nhat & mdi khoang m. Cudi cuing, ham
thich nghi nhu sau:

M N, M ) N, .
FT, = ZZF(R,-,m,d>+KSZI<RLm,d - Py +qul<q,,M,d —¢™?  (4.29)
m= j=

m=1 i=1
Trong d6 céac gidi han ctua t6 may nhi¢t di¢n can bang s6 1 va luu lugng x4 & khoang
M duoc xac dinh nhu sau:

Pimax ¥ Pama > Poimax

Psllim = Psl,min lf]im < Psl,min (4'30)
Pa otherwise
Dimx U 4jrra > djmax

q;im =39 min iqu,M,d <4} min (4'31)
9jm.a otherwise

Mdi tring trong toan bo dan s6 duoc khoi tao duge xem nhu 14 nghi¢m tdt nhat dén thoi
diém hién tai Xbests (d =1, ..., Ng) va trimg c6 ham thich nghi (4.29) nho nhat 1a trimg
t6t nhat Gbest trong toan bd dan sb. Tring tot nhat ndy s& duoc xem nhu 13 trimg cha
dao dé thuc hién co ché Lévy Flights tao ra nghiém maéi & thé hé tht nhat tai mdi vong
lap.

4.4.2. Tao ra thé hé nghiém méi thir nhdt theo co ché Lévy Flights

Lan tao ra thé hé nghiém méi thtr nhat theo co ché Lévy Flights 13 budc dau tién trong
toan bo tién trinh 13p cua thuat todn sau khi qua trinh khéi tao ban dau & vong lap thu
nhat hodc qua trinh phat hién trimg la & cac vong lap tiép theo. Cac nghiém méi duoc
tao ra dua vao trimg t6t nhit théng qua co ché Lévy Flights boi thuét toan Mantegna
[69] nhu sau:

X" = Xbest, + ax rand x AX ;™ (4.32)

Trong d6 o> 0 1a hé s6 kich thudc va buée nhay AX/" dugc xac dinh nhu sau:
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AX " =vx &’g x (Xbest, — Gbest) (4.33)

o,

Vi
y—_rand, (4.34)

1/ B
‘randy‘

Va d6 léch chuan 6i(f) va o;(f) dugc tinh toan bdi:

1/
ra+pg)x sm[ﬂfj
o.(p)= ( J (4.35)
(1 +ﬂj fx2l 2
o,(B)=1 (4.36)

Trong d6 £1a hé s6 phan phdi ¢ gia tri (0.3 < £<1.99) va 7{.) 1a ham phan phdi gamma.
Mbi nghiém méi tao duogc ludn ludn thoa man gidi han nho nhét va 16n nhét cia n6
nhd qua trinh kiém tra va hiéu chinh theo cong thuc (4.37) va (4.38) sau:
q/‘,max lf q/‘,m,d > q_j,max
9jma =149 min if 9ima < 9 min s J = 1:"'aN2;m =L..,M -1 (437)

q,;ma Otherwise

P. if P, > P.

si ,max si,m,d si,max
fi‘i,m,d = f;i,min lf F;zmd < f;z min 5 _2""’Nl;m:1""’M (438)
P,,. otherwise

Cong suat ciia N> to mdy thuy dién va to may nhiét dién can bang sé 1 s& dugc tinh toan
theo muc 4.3. Sau d6 ham thich nghi s& duoc tinh toan dé danh gia chat lugng nghiém
va so sanh véi nghiém cii true d6 dé giir lai nghiém tét hon.

4.4.3. Tao ra thé hé nghiém moi thir hai theo co chéphdt hién trung la

Muc nay s& mo ta phuong thirc tao ra thé hé nghiém méi thir hai twong Gng véi co ché
phat hién trimg la va ciing 13 quy luat thi ba ctia phuong phap CCSA. O day xéac suét
phat hién tring la P, cling la xéc suét dé tao ra nghiém mai cho nghiém cii hién tai.
Nghiém mai duoc tao ra nhu sau:

X = Xbest, + K x AX (4.39)
Trong d6
1 ifr <P
- {O otz:ivisea (4.40)
Va AX” dugc xac dinh nhu sau:
AX® = rand x [randp1 (Xbest,)—randp, (Xbesld)] (4.41)
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Mobi nghiém méi duoc tao ra s& duoc kiém tra €161 han trén, gidi1 han dudi va hi€u chinh
theo cong thic (4.37) va (4.38). Cong suét ctia N> to may thuy dién va to may nhiét dién
can béng s6 1 s& dugce tinh toan theo muc 4.3. Sau d6 ham thich nghi s€ duoc tinh toan
dé danh gia chat luong nghiém va so sanh véi nghiém cil trude d6 dé gitr lai nghiém tdt
hon. Nghiém c6 ham thich nghi (4.29) nho nhat 13 nghiém tt nhat Gbest trong toan bd
dan so.

4.4.4. Tiéu chudn dirng vong lip

Thuat toan 1dp s€ ngirng lam viéc khi vong 1dp hién tai G dat gia tr1 lon nhat xé4c
dinh trudc d6 Gumax.

4.4.5. Cdc buoc tinh toan cua phuwong phdap CCSA cho bai toan FH-ST-HTS

Toan b thu tuc tinh toan khi &p dung phuong phap CCSA cho bai toan nay dugc trinh
bay trong luu do giai thut hinh 4.2 va duge mé ta nhu sau.
Budc 1: Chon cac thong s6 cho CCSA gom N, t6 chim, x4c suat phat hién trimg la P,
va sd vong 13p 16n nhit G
Budc 2: Khdi tao N, to chim nhu myc 4.4.1 va tinh toan cong suét cac to may nhiét dién
can bang va thiiy dién nhu muc 4.3
Budce 3: Tinh toan ham thich nghi (4.29) cho mdi nghiém va chon nghiém c6 ham thich
nghi nhé nhat 1am nghiém tot nhat Gbest va cac nghiém con lai 1a Xbest,.
- Khoi dong voi vong 1ap thi nhat G = 1.
Budc 4: Tao ra thé hé nghi¢ém mai thu nhét theo co ché Lévy flights nhu muc 4.4.2
- Kiém tra va hiéu chinh nghiém méi theo cc cong thirc (4.37) va (4.38).
- Tinh toan cong suét céc to may nhiét dién can béng va thuy dién nhu muc 4.3
Buéc 5: Tinh toan ham thich nghi (4.29) cho mdi nghiém. So sanh nghiém moi va
nghiém cii dé giit lai nghiém tot hon
Buéc 6: Tao ra thé hé nghi¢m mai thtr hai theo co ché phat hi¢n tring la nhu muc 4.4.3
- Kiém tra va hiéu chinh nghiém mdi theo cac cong thirc (4.37) va (4.38)
- Tinh todn cong suét cac to may nhiét dién can bang va thuy dién nhu muyc 4.3.
Bué6c 7: Tinh toan ham thich nghi (4.29) cho mdi nghiém. So sanh nghiém moi va
nghiém cii dé giit lai nghiém t6t hon. Chon nghiém c6 ham thich nghi nhé nhat
lam nghiém tot nhit Gbest va cac nghiém con lai 1a Xbestq
Buéc 8:Néu G<Ghax, gan G = G + 1 va tro lai budc 4. Nguoc lai, dung qua trinh tinh
toan.
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Start
(Start)

Bude 1 Lua chon cac thong s6 diéu khién N, Guuw P

) - Khoi tao tap nghiém ban dau

Buée 2 - Tinh cong suét thity dién va nhiét dién nhu muc 4.3
v

- Tinh toan ham thich nghi (4.29)

Budc 3 - Tim nghiém t6t nhét c6 ham thich nghi nhé nhét, Gbest

- G=1

v
- Tao nghiém m&i thé hé thi nhat theo Lévy flights
Bugc 4 - Hi¢u chinh nghi¢m vi pham theo (4.37) va (4.38)
- Tinh céng suét thuy dién va nhiét di€n nhu muc 4.3
v
- Tinh toan ham thich nghi (4.29) cho tat ca cac nghiém
- So sanh nghiém mai va nghiém cii tai mdi td chim dé gilr lai nghiém t6t hon
v
Budc 6 - Tao nghiém méi thé hé thir hai theo co ché phat hién tring la
- Hiéu chinh nghiém vi pham theo (4.37) va (4.38)
- Tinh cong suét thuy dién va nhiét dién nhu muc 4.3
- Tinh toan ham thich nghi (4.29) cho tit ca cac nghiém
- So sanh nghiém m&i va nghiém cii tai mdi to chim dé gilr lai nghiém tdt hon
- Tim nghiém t5t nhét dén thoi diém hién tai, Gbest.

A

Budc 5

Budc 7

Budc 8 Sai

G=G+1

) 4

Hinh 4.2. Luu d6 gidi thudt dp dung CCSA cho bai todn FH-ST-HTS

4.5. Ap Dung Phwong Phap MCSA Cho Bai Toan FH-ST-HTS
Phuong phap MCSA dugc ap dung cho bai toan FH-ST-HTS nhu sau:

4.5.1. Khoi tao

Thuc hién qua trinh khoi tao cho phuong phap MCSA ciing gidng nhu phuong phap

CCSA ¢ muc 4.4.1 tir phuong trinh (4.27) dén (4.31). Sau d6, tit ca cac tring dugc sip

xép theo trinh tuy giam dan gia tri ham thich nghi va sau d6 dugc chia thanh hai nhom

tring. Nhom véi sé trimg c6 ham thich nghi 16n hon s& duoc sip xép vao nhém xiu

trong khi d6 cic trmg c6 ham thich nghi nho hon duoc xép vao nhom tot. Mdi trimg

trong nhom xau duoc goi 1a Xbest discard, va mdi trimg trong nhom tét dugc goi 1a
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Xbest nodiscarda. Ngoai ra, mot tring duoc chon ngdu nhién trong nhom tét duoc goi
1a Xbest_nodiscard,. Trimg t6t nhat trong tng v&i ham thich nghi nhé nhat s& dugc goi
13 Gbest trong toan bo dan sd.

4.5.2. Tao ra thé hé nghiém méi thir nhat theo co ché Lévy Flights
4.5.2.1. Tao ra nghiém méi cho nhom xau

Nhu da mé ta & muyc 3.3.2.1, cai tién thir nhat dugc thuc hién dé tao ra nghiém méi cho
nhém nghiém xau (d = Notop+1,..., Na) theo phuong phap Mantegna [69] nhu sau:

Xdiscard™ = Xbest _discard , + o xrand x AXdiscard ™ (4.42)
Trong d6 a =1/ \/5 va AXdiscard/*®" dugc tinh nhu sau:
AXdiscard!™ =vx &ﬂ; x (Xbest _discard,, — Gbest); (4.43)
o

)
4.5.2.2. Tao ra nghiém méi cho nhom tot

Nhu d3 m6 ta & muc 3.3.2.2, ¢6 bdn truong hop khac nhau tao ra nghiém méi cho nhém
t6t do trao doi thong tin gitta hai tring véi nhau. Nghiém méi duoc quyét dinh boi
phuong phap Mantegna [69] nhu sau:

Xnodiscard;™ = Xbest _nodiscard, + o x rand x AXnodiscard )™ (4.44)
Trong d6 a va AXnodiscards" dugc xac dinh nhu sau:
o Truong hop 1: Mot tring dugc chon hai lan

Oy

AXnodiscard ™ =vx ﬁﬂ; x (Xbest _nodiscard , — Gbest) (4.45)

V6i trudng hop nay, a = 1/G?
o Truong hop 2: Ca hai tring ¢6 cung gia tri ham thich nghi
AXnodiscard,™ = (Xbest _nodiscard — Xbest _nodiscard,)/2 (4.46)
O truong hopnay a =1 .
o Truong hop 3: Trang ngau nhién r c6 ham thich nghi nho hon trimg duoc chon d
AXnodiscard”™ =(Xbest _nodiscard, — Xbest _nodiscard,)/ ¢, (4.47)
O truong hop nay a= 1 va p=(1++5)/2.
o Truong hop 4. Trimg ngiu nhién » ¢6 ham thich nghi cao hon trimg duoc chon d

Véi truong hop nay, cong thiic (4.44) duoc thay d6i nhu sau
Xnodiscard™ = Xbest _nodiscard, + o x rand x AXnodiscard)™ (4.48)
Trong do
AXnodiscard”™ = (Xbest _nodiscard ,— Xbest _nodiscard,)/ ¢ (4.49)
va
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a=1& p=(1++5)/2
Mobi nghiém méi dugc tao ra s& duoc kiém tra gi61 han trén va gidi han dudi boi ap
dung cac cong thirc (4.37) va (4.38). Cong suat ciia N> to may thuy dién va t6 may nhiét
dién can b@ing s6 1 s& duoc tinh toan theo muc 4.3. Sau d6 ham thich nghi sé& dugc tinh
toan dé danh gia chét lvong nghiém va so sanh v6i nghiém cii trude d6 dé giir lai nghiém
tot hon.

4.5.3. Tao ra thé hé nghiém moi thit hai theo co chéphdt hién trung la

Nhu di dé cap ¢ muc 3.3, phuong phap MCSA ciing c6 qua trinh tao ra nghiém méi
1an hai thong qua co ché phat hién trimg la nhu phuong phap CCSA. Do d6, muc 4.4.3
0 trén s€ dugc ap dung tuong tu cho qua trinh nay cho phuong phap MCSA.

4.5.4. Tiéu chudn dirng vong lip

Thuat toan 1dp s€ ngirng 1am viéc khi vong 1ap hién tai G dat gia tri 16n nhét xac
dinh trudc d6 Guax.

4.5.5. Cac buoc tinh toan cua phuwong phap MCSA cho bai toan FH-ST-HTS

Budc 1: Chon cac thong s6 cho MCSA gdm N, to chim, x4c suat phat hién tring la P,
s6 vong lap 16n nhat Gue va ti 18 gifra sb trang trong nhom tét véi sb tring
trong nhom xau.

Budc 2: Khai tao N, to chim nhu muc 4.4.1.
- Tinh toan cong suat céac to may nhiét dién can béng va thuy dién nhu muc 4.3

Buéc 3: Tinh toan ham thich nghi (4.29) cho mdi nghiém
- Chon nghiém c6 ham thich nghi nhé nhat 1am nghiém tot nhat Gbest va céac

nghi¢m con lai déu dugce dit 1a Xbesta.
- Khoi dong voi vong lap thit nhat G = 1.
Budc 4: Xép hang va tach ra 1am hai nhom nghiém: nhom tt va nhém xau
- Tao nghiém méi thé hé thir nhat cho hai nhém nghiém theo co ché Lévy flights
- Hi€u chinh nghiém theo (4.37) va (4.38).va gop hai nhom nghiém thanh mot
- Tinh cong suét thuy dién va nhiét dién nhu muc 4.3

Buéc 5: Tinh toan ham thich nghi (4.29) cho mdi nghiém. So sanh nghiém méi va
nghiém cii dé giit lai nghiém t6t hon

Buéc 6: Tao ra thé hé nghiém mai thir hai theo co ché phat hién tring la nhu muc 4.4.3

- Kiém tra va hiéu chinh nghiém méi theo cac cong thirc (4.37) va (4.38)
- Tinh toan cong suét cac t6 may nhiét dién can bang va thuy dién nhu myc 4.3.

Budgc 7: Tinh todn ham thich nghi (4.29) cho mdi nghiém. So sanh nghiém méi va

nghiém cii dé giit lai nghiém t6t hon. Chon nghiém c6 ham thich nghi nho nhét
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lam nghiém tdt nhat Gbest va céac nghiém con lai 1a Xbestq
Budc 8:Néu G<Ga, gan G = G + 1 va tr¢ lai budc 4. Nguoc lai, dung qua trinh tinh
toan.

(Start)
. Y
Buace 1 Lua chon céc thong s6 dieu khién N,, Gan, Pava ti 1€ trimg
* M
- Khéi tao tap nghiém ban dau
Buéc 2 - Tinh cong suat thuy dién va nhiét dién nhu muc 4.3

- Tinh toan ham thich nghi (4.29)
Bugce 3 - Tim nghiém t6t nhit c6 ham thich nghi nho nhat, Gbest
- Bit du véi vong lap dau tién G = 1.

- Xép hang va tach ra lam hai nhém nghiém: nhoém tét va nhom xéu
- Tao nghiém méi thé hé thir nhét cho hai nhém nghiém theo co' ché Lévy flights
- Hiéu chinh nghiém vi pham va gép hai nhém nghiém thanh mot

Budc 4

A

- Tinh cong suét thuy dién va nhiét dién nhu muc 4.3
v 7
- Tinh todn ham thich nghi (4.29) cho tat c4 cac nghiém
- So sanh nghiém méi va nghiém cii tai mdi td chim dé gilr lai nghi€ém tdt hon
v
Budc 6 - Tao nghiém m&i thé hé thir hai theo co ché phat hién tring la
- Hi¢u chinh nghiém vi pham theo (4.37) va (4.38)
- Tinh cong suét thiy dién va nhiét dién nhu muc 4.3
v
- Tinh toan ham thich nghi (4.29) cho tit ca cac nghiém
- So sanh nghiém méi va nghiém cii tai mdi t6 chim dé git lai nghiém tdt hon
- Tim nghiém t5t nhat dén thoi diém hién tai, Gbest.

Y

Budc 8 T
G:Gmax
&\

Dung

Budce 5

Budc 7

Sai

G=G+1

\ 4

(cpr )
\>p)
Hinh 4.3. Luu d6 gidi thudt dp dung MCSA cho badi toan FH-ST-HTS

4.6. Ap Dung Phwong Phiap ASCSA Cho Bai Toan FH-ST-HTS

Phuong phap ASCSA ciing bao gdm cac qua trinh quan trong giéng phuong phap
CCSA va MCSA nhu khéi tao, tao ra thé hé nghiém maoi tha nhét theo co ché Lévy
flights, tao ra thé hé nghiém moi thu hai theo co ché phat hién tring la, va qua trinh
chon loc. Tuy nhién, mot vai cai tién nhu d3 mé ta 6 muc 3.4 & chuong 3 so v6i phuong
phap CCSA dan dén qué trinh tinh toan c6 nhimng diém khic nhau & co ché phat hién
trung la thich nghi va qué trinh chon loc méi. Toan bd qua trinh tinh toan cua phuong
phapASCSA cho bai toan nay duoc trinh bay trong luu d6 giai thuat hinh 4.4 va duoc
mo ta chi tiét nhu sau:
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Budc 1: Chon thong s6 diéu khién cho ASCSA gém N, to chim, x4c suét phat hién tring
la P., s6 vong ldp 16n nhat G va gia tri ngudng threshold ¢
Budc 2: Khéi tao N, t6 chim nhu muc 4.4.1
- Tinh toan cong suét céc to may nhiét dién can béng va thuy dién nhu myc 4.3
Budc 3: Tinh toan ham thich nghi (4.29) cho mdi nghiém
-Chon nghiém c6 ham thich nghi nhoé nhat 1am nghiém t6t nhat Gbest va cac
nghiém con lai 1a Xbesta.
- Khéi dong voi vong 13p thir nhit G = 1.
Budc 4: Taora thé hé nghiém mai thi nhét theo co ché Lévy flights nhu muc 4.4.2
- Kiém tra va hiéu chinh nghiém méi theo cac cong thirc (4.37) va (4.38).
- Tinh to4n cbng suét cac to may nhiét dién can bang va thuy dién nhu muc 4.3
Budc 5: Tinh toan ham thich nghi (4.29) cho mdi nghiém.
- So sanh nghiém mai va nghiém cii dé gitr lai nghiém tot hon
Budc 6: Tao ra thé hé nghiém mai thu hai theo k¥ thuat chon loc thich nghi nhu muc
3.4.2 & chuong 3.
- Kiém tra va hiéu chinh nghiém méi theo cong thirc (4.37) va (4.38).
- Tinh toan cong suét céc to may nhiét dién can béng va thuy dién nhu muyc 4.3
Budc 7: Tinh toan ham thich nghi (4.29) cho mdi nghiém.
- Ap dung k¥ thuat chon loc méi nhu trinh bay ¢ muc 3.4.1 & chuong 3 dé gitr
lai N, nghiém tot nhat.
- Chon nghi¢m t6t nhat lam Gbest va goi cac nghi€ém con lai 1a Xbest..
Budc 8:Néu G<Gpar, gan G = G + 1 va trd lai budc 4. Nguoc lai, ding qua trinh tinh
toan.
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(‘Start)
Sy

Bude 1 ‘Lua chon cac thong so diéu khién va N, G0, Pova €

) - Khéi tao tap nghiém ban dau

Budc 2 - Tinh cong suat thuy dién va nhiét di€n nhu muc 4.3
ok

- Tinh toan ham thich nghi (4.29)

Budc 3 - Tim nghiém t6t nhat c6 ham thich nghi nho nhat, Gbest

-G=1

v
- Tao nghiém m&i thé hé thir nhét theo Lévy flights
Budc 4 - Hidu chinh nghiém vi pham theo (4.37) va (4.38)
- Tinh c6ng suét thily dién va nhiét dién nhu muc 4.3
v
- Tinh toan ham thich nghi (4.29) cho tit ca cac nghiém
- So sanh nghiém mai va nghiém cii tai mdi td chim dé gitt lai nghiém tdt hon
\ 4
Buéc 6 - Tao nghiém méi thé hé thir hai theo co ché phat hién tring la thich nghi
- Hiéu chinh nghiém vi pham theo (4.37) va (4.38)
- Tinh c6ng suat thily dién va nhiét dién nhu muc 4.3
v
- Tinh toan ham thich nghi (4.29) cho tat ca cac nghiém
- Ap dung k¥ thuit chon loc méi dé giir lai N, nghi¢m tot nhit
- Tim nghiém t5t nhat d&én thoi diém hién tai, Gbest.

A

Budc 5

Buoc 7

, _ Sai
Budc 8 G=Gi... G=G+1

Pung

A 4

[ \

( Stop |
N p

Hinh 4.4. Luu d6 gidi thudt dp dung ASCSA cho bai toan FH-ST-HTS

4.7. Ap Dung ALHN Cho Bai Toan FH-ST-HTS
4.7.1. Xay dung phuong phap ALHN cho bai toan

Nhu da dé cap ¢ chuong 3, ALHN la phuong phap tién dinh c6 phuong phép tim kiém
nghiém tdi vu khac han so véi cac phuong phap CSA & trén. ALHN khong gom mot
dan s 16n ma chi c6 duy nhat mot nghiém t6i uwu va nghiém nay dugc cai thién dan dan
qua tirmg vong 1ip. Qua trinh tim kiém ctia ALHN dya vao cip nhét cic neuron ngod vao
va neuron ngo ra trén co sd ciia ham tdi wu Lagrange ting cuong va ham ning luong.
Dé bat dau qua trinh tim kiém, ham Lagrange ting cudong dugc xay dung trude tién theo
cong thirc bén duoi.
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M N,
:zz (a,+b,P,, +cP; )+

m=l i=1

Nz M
30| St |1
j=1

=1
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im(PL,m+PD z wm—z jm]+

j=1
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Il

&, [ ’
ﬂm(])L,m—l—PD Z si,m Z hjm) +52ﬂh|:ztmqj,m_Vij|
Jj=1 m=1

(4.50)

1

3
]

N | —
M=

Trong d6 Am, 5 1a cdc nhan tir Lagrange tuong ing voi rang budc can bang cong suat va
rang budc can bang nguodn nude. Sy, f1a cac hé so phat twong ing véi rang bude can
bang cong sudt va rang budc cén bang nguén nudc va a =ya;+yw,a,;,

b =yb, + l//2ﬂse,i > G =Y Ch TYWoY e -

Tiép theo, ham ning luong E dic trung dudi dang cac neuron duoc xay dyung tir ham
Lagrange tang cuong nhu sau:

M N M N Ny
Ezzzt (Cl +ti;lm+ctI/.wzm)+Z [an1+PD;n ZVsi,m_ZI/hj,mj
m=l1 i=1 m=1 i=1 j=1

2.7, ifmq/m_W} Zﬂ [PLm Do Z i Z ,mj (4.51)
- AZ B, [Zr q]m—W} +Z[Z [ (V)dV+Z jmg-‘(V)dVJ

J m=1

Trong d6 Vim, V5, 1a cac ngd ra neuron nhan tir Lagrange tuong ung voi rang budc can
bang cong suat va rang budc can bang ngudn nudc. Vijm, Veim 12 cac ngod ra neuron lién
tuc hj,m, si,m dai dién cho Py, m, Psim.

Cép nhat ngo vao cua cac neuron nhu sau:

t,(b,+27,,,)
dU .
sim aE - _ PD, +PLm aP (452)
dt Vi |+ V., +8, Z NZ A
- sim £ h]m S‘l ,m
PD m +P
V/Im+ﬂ Ny Ny aPLm -1
o I |
wm __ OE - (4.53)
dt thj,m it a
+V, .+ mzlmqj’m z‘h +U,.
V.j h m hj,m
thj,m
W,
dU, OF N
o, " Z =2 @9
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o= = i =W, 4.55
dt 6Vy P ndjm j ( )
Vi

OP, M N

a == 2ZBsiV;,m + 2Z:Bh,th,m +BOsi (456)
Si,m i=1 Jj=1
oP, M N

= ZZBS,iV;i,m + ZZthth,m +BOhj (4.57)
aI/hj,m i=l Jj=1

aq.
aVJ = (bhf + zcthhj,m) (4.58)

hj,m

Trong d6 B, Bs1, Bsh, Bnsla cac hé so ton that cong suat va By; = By,

Céap nhat cac ngd vao cua neuron tai vong ldp thir G nhu sau:

oF

U9 =ufh_q — (4.59)
n e gy
U, Uaﬁ (4.60)
U =US +a,, 8‘2’5 (4.61)
U© U +q 657’5 (4.62)

Trong d6 Ujsm, Uyn 1a cac ngd vao cua neuron nhan tir Lagrange, Usim, Unjm 12 cac ngod
vao cua neuron si,m va hj,m; om, ay; la cac hé s6 dé cap nhat neuron nhan tor Lagrange
Va Qsi,m, Ohj,m C4C hé sb dé cap nhat neuron lién tuc.

Ngé ra cia neuron lién tuc dai dién cho cong suét nhiét dién va thuy dién duoc tinh
todn theo ham sigmoid nhu sau:

=)= -2 ol )J e (4.63)

hj

max min 1 + tanh (JUhj m) min
Vien = 8WU)y0) = (Ph/ — B, ) — |+ F (4.64)

Trong d6 o 14 d6 ddc ctia ham sigmoid [82].
Ngo ra ciia neuron nhan tir dugc xac dinh nhu sau:

Vﬂ,,m = Uﬂ,m (4.65)
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Tinh toan tir cong thire (4.50) dén (4.66) 1a toan bd qua trinh tinh toan cdp nhat cac
neuron ngd vao va ngo ra cuia ALHN khi ap dung cho bai todan FH-ST-HTS dang xét.
Tuy nhién, thuat toan lip cuia ALHN ciing gidng véi cac phuong phap CSA véi cac qua
trinh khoi tao, lya chon thong s6 va tiéu chuan durng vong 1ap nhu cadc muc sau.

4.7.2. Khoi tao

Phuong phép y€u cau cac di€u kién ban dau cho céc ngo vao va ngo ra cia cac neuron.
D41 véi neuron lién tuc, ngd ra ban dau dugce chon 1a gia tri trung binh cua gidi han nhu
sau:

o) _ ma min
Vi = (e B2 (4.67)

si,m

0 max min
Vi, =B+ B2 (4.68)
Trong d6 Vijm™, Viim @ 1a cac ngd vao ban dau cua neuron lién tuc Aj,m va si,m.

Ngo ra ban dau cua neuron nhan tir Lagrange dugc chon nhu sau:

o _ 1 ut by +2¢,75
Vf,JZV]; (1_ P, ) (4.69)
W
-
yo 252 q,mhj’m (4.70)
g, S

hj,m
4.7.3. Lwa chon thong s6

Bang thuc nghiém, gia tri ciia ¢ dugc c¢b dinh bang 100 cho tat ca cac hé thdng trong
khi d6 céc gia tri khac thay doi theo thong s cuia hé thong. Ngoai ra, dé don gian, aim
VA Qhjm, VA fn va By cO thé duoc chon bang nhau va cling co gia tri khac nhau véi cac
hé théng khac nhau. Qua trinh tim kiém nghiém téi uu cuia ALHN phuy thudc dang ké
vao cac thong s nay khi cac thong sd nay thay doi nho ciing 1am cho gia tri dau ra chénh
1éch rat 16n. Do do, sb luong thong s6 ctia ALHN cang 16n khi cac bai toan co nhiéu
rang budc va vi¢c chon gia tri thong sb diéu khién 1a cong viéc rat kho khan. Do do,
ALHN chi dugc ap dung ¢ chuong nay.

4.7.4. Tiéu chudn dirng tinh todn

O phuong phap ALHN, céc sai s6 tai vong 1ap G dugc kiém tra va sau d6 gia tri sai so
16n nhat s€ duogc xac dinh. Cac sai sO duoc tinh nhu sau:
Sai s6 rang budc can bing cong suat & mdi khoang m:
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AP, = s m=1,..,M (4.71)

Nl NZ
Z Vsi,m + Zth,m - PL,m - PD,m
i=1 j=1
Sai s0 rang budc can bang ngudn nudc & moi nha may thuy dién j:

M
Waj; - Z:;Qj,mtm

Gié tri sai sb 16n nhat duoc xac dinh theo cong thirc sau:
Er = max{max(APm ), max(AWj)} (4.73)

max

AW, = j=1,..,N, (4.72)

Qua trinh tinh toan cia ALHN s& dirng lai khi hodc sai s6 16n nhat Errue: nho hon gia
tri ngudng xac dinh trudce € hodc khi vong lip hién tai G bang s6 vong 1ap 16n nhit G

4.7.5. Cac budc tinh toan phwong phap ALHN cho bai toan FH-ST-HTS

Toan bd qua trinh tinh todn cua phuong phap ALHN dugc trinh bay trong luu do giai
thuat hinh 4.5 va duoc mo ta chi tiét nhu sau:

Budc 1: Chon thong s6 diéu khién nhu muyc 4.7.3.
Budce 2: Khéi tao ngo vao va ngo ra cac neuron theo cac cong thirc (4.67)-(4.70).
- Bit dau véi vong lap G = 1.
Budc 3: Tinh toan cac neuron theo cong thuce (4.52)-(4.55).
Budc 4: Sir dung cong thuc (4.59)-(4.62) dé cap nhat ngd vao neuron.
Budc 5: Sir dung cong thirc (4.63)-(4.66) dé tinh toan cic ngd ra ctia neuron.
Budc 6: Tinh toan sai s6 16n nhat bang cach sir dung cong thic (4.71)-(4.73).
Buédc 7: Néu Errma > € va G < Guax thi gan G = G + 1 va quay lai budc 3. Nguoc lai,
dung qua trinh tinh toan.
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/Bit
\dau

Bude 1 Chon thong sb diéu khién \

Budc 2 - Tao ra cac ngd vao va ngd ra neuron theo (4.67) va (4.70)
- Khéi dong vong lap thtr nhat G=1
Y
Tinh toan cac neuron
dong theo (4.52)-(4.55)
v

Budc 3

Cap nhat ngd vao neuron

Budc 4 theo (4.59)-(4.62)
v

Cép nhat ngd ra neuron
theo (4.63)-(4.66)
v

Budce 5

Budce 6 Tinh Err,,,,
v

r - /\m’
Buge 7 B> € & G < Gy G=G+1

T Sai
(Két thuc)
Hinh 4.5. Luu d6 gidi thudt dp dung ALHN cho bai todn FH-ST-HTS

4.8. Ap Dung Cac Phwong Phap Tim Nghiém Théa Hiép Cho Bai Toan Pa
Muc Tiéu

Trong bai toan diéu d6 ti vu hé théng dién, ham da muc tiéu bao gSm ham chi phi va
ham phat thai va luén ludn c6 mot sy ddi 14p cho mot nghiém t6i wu khi xét dén ca hai
muc tiéu. Piéu nay c6 nghia 1a chi phi phat dién cua nghiém s& dat gia tri nho nhat (tdi
ru nhat) thi phat thai phai chiu gia tri 16n nhat (kém hiéu qua vé méi truong nhét). Nguoc
lai, gia tri phat thai s& nho nhat (hiéu qua nhat cho mdi trudong) va chi phi phat dién 1a
cao nhat (kém kinh té nhat). Do d6, nghiém tdi uu cia bai toan da muyc tiéu phai dat
duogc sy thoa hiép sao cho ca chi phi va phat thai cia nghiém phai 1a gi tri hop 1y nhat
vé kinh té 1dn méi truong. Nhu vay nghiém thoai hiép s& 1a mot diém nam giita hai diém
don muc tiéu nay. Khi xét dén ham da muc tiéu, cac phuong phap thudng duogc st dung
dé tim ra ba diém quan trong nhat d6 13 hai diém dau mut cua bai toan don muc tiéu va
diém thoa hiép & khoang giita ciia hai diém nay. Véi diém c6 chi phi nho nhét va phat
thai 16n nhat duoc goi 1a diém diéu d6 kinh té con diém c6 phat thai nhoé nhat va chi phi
16n nhat dugc goi 1a diém diéu do phat thai. Diém thoa hiép cho chi phi va phat thai hop
ly duoc goi 1a diém diéu d6 da muc tidu hay con goi 1a diéu do kinh té-phat thai. Dé tim
dugc diém thoa hiép nay, hai phuong phap dugc gidi thiéu trong luin an gdm phuong
phap Fuzzy va phuong phép hé so phat.
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4.8.1. Phuong phap Fuzzy

Dé 4p dung phuong phap Fuzzy, trude tién phai tim tip hop cic nghiém khéng troi
bang cach thay dbi gia tri ¥ va ¥ sao cho hai hé sb nay nim trong gi6i han [0, 1] va
tong ludn bang 1 thoa diéu kién (4.10) va (4.11). Sau d0, gia tri ham thanh vién tuwong
ung cho tirng ham muc ti€u dugc tim ra theo cong thure sau [84].

1 l](‘ FI SF}min
wFy = TE e e e @.74)
J ijmax _ijmm J J J
0 if FzE™

Trong d6 Fj1a gia tri ham muc tiéu gdm ham chi phi twong tmg v6i /=1 va ham phét thai
tuong ung voi j=2; u(F;) la ham thanh vién cua ham muc ti€u j; Fjmax va Fjmin 12 gia tri
16n nhét va nho nhét cia ham muc tiéu ;.

Cho mdi nghiém khong troi k, gia tri ham thanh vién duoc tinh nhu sau [84]:

=Y ) [ Y ) (4.75)

Trong d6 ££pla tri s6 wu tién cia nghiém thi k; Ny, 1a s6 nghiém dugc chon ra.
Nghiém k ¢6 tri sb wu tién 16n nhat s& 1a nghiém thoa hi€p cho ham da muyc tiéu [83]:
Max {tfp: k=1,2,..., Ny} (4.76)

4.8.2. Phwrong phdp hé s6 phat

Khac véi phuong phap Fuzzy, phuong phap hé sb phat xay dung ham da myc tiéu nhu
sau[85].
F=yyxF(Py) +y2xPRyx Fy (P, (4.77)
Trong d6, hai hé s ¥, va ¥, 1a cac trong sd ham chi phi va phat thai nhu trong phurong
phap Fuzzy con PR, 1 hé s6 phat & khoang thoi gian thir m. Cho bai toan da muc tiéu
khi xét 3 truong hop diéu do kinh té, diéu do phat thai va diéu do kinh té phat thai thi
cac gia tri cua trong s6 va hé sb phat duoc x4c dinh nhu sau:
1) biéu d6 kinh té, ¥;=1va ¥, =0
2) Diéu d¢ phat thai, ¥;=0 va ¥>= 1/ PRy
3) Biéu do kinh té- phat thai (da muc tiéu), ¥;=1 va ¥>= 1 va PR, dugc xac dinh
theo 6 budc [85].
Budc 1: Tinh chi phi trung binh cho mdi MW ctia mdi t6 may nhiét dién ¢ khoang m.
Budc 2: Tinh phat thai trung binh cho mdi MW cila mdi t6 may nhiét dién & khoang
m
Budc 3: Tinh hé sd phat bang phép chia chi phi trung binh cho phat thai trung binh &
budc 1 va 2 theo cong thuce (4.78)
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Budc 4: Sip xép hé s phat theo thu ty ting dan gid tri
Budc 5: Tinh tong cong suit dinh muirc cua cac té may tir td may c6 hé sd phat nho
nhat dén 16n hon cho dén khi tong cong suat nay bang hodc 16n hon cong suat
tai.
Budc 6: Hé sb phat PR, 6 khoang m s& bang véi hé s6 phat cia t6 may cudi cing duoc
cong vao tong cong suat & bude 5 va do 1a gia tri hé sd phat ctia khoang m.
Céc gia tri hé ) phat duoc tinh tr nghién ctu [85] cho théy PR, phu thudc vao tai va
c6 gia tri duy nhat cho timg khoang.

4.9. Két Qua

O cac muc trén, bai toan ST-FH-HTS di duoc gioi thiéu cung véi cach thuc thi cac
phuong phap CCSA, MCSA, ASCSA va ALHN cho bai toan nay. O muc nay, cic
phuong phap nay s& dugc kiém ching tinh hiéu qua 1én 8 hé thong thay nhiét dién khac
nhau véi cac dir liéu khac nhau va sau cung s so sanh véi cac phuong phép da duogc
nghién ciru trude day. Doi voi mdi truong hop cho timg bd thong sé diéu khién, bon
phuong phap dé xuit dugc 14p trinh boi ngdn ngir Matlab va chay 50 1an cho mdi gia tri
P, trén laptop 2.0 Ghz, Ram 4 GB.

4.9.1. Lwa chon thong s6

Céc phuong phap 4p dung thuong khong giéng nhau hoan toan vé co ché va cach thuc
thi cho cing bai toan tdi wu nhung hau hét tat ca cac phwong phap déu cé diém chung
13 két qua ludn bi anh huéng boi qué trinh cai dat thong sb diéu khién. Dé c6 hiéu qua
cao nhit cho phuong phéap ap dung, cac gia tri théng sd diéu khién can duoc phan tich
va chon lya mot can than. Do d6, muc nay s€ phan tich va khdo sat anh huong cua cac
thong sb 1n két qua cudi cung dé c6 chon lira tot nhat va hiéu qua nhat.

4.9.1.1. Chon thong s diéu khién cuia CCSA

O phuong phap CCSA, ba thong sb diéu khién can dugce xac dinh gém sb t6 chim
(cling 1a s tring va s6 nghiém) N, xac suat phat hién trimg la P, va s6 vong lap 16n
nhat Gpa. Ngoai ra, hé sé kich thudc a va hé sb phan phdi S trong co ché Lévy Flights
dé cap nhat nghiém maoi 1an tht nhat ciing 13 cac hé s6 quan trong dé c6 thé dat dugc
nghiém ti vu hiéu qua. Trong sb cac thong sb nay, N, va Guax anh huong truc tiép 1én
chét lugng nghiém va thoi gian tinh toan trong khi d6 cac thong sb con lai a, P, va S chi
anh huong 1én chét lugng nghiém. Khi N, dugc chon véi gid tri 16n thi kha nang dat
duogc nghiém co chét lugng tdt s& cao hon. Tuy nhién, thoi gian tinh todn cho trudong
hop nay s& dai hon. Boi thuc nghiém, gia tri ciia thong s6 nay duge chon tiy thudc vao
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kich thudc cua hé thong thuy nhiét dién. Tuong ty nhu Ny, Gua cling ¢6 anh hudng
tuong tu 1én chat luong nghiém va thoi gian tinh toan. Gid tri cta nd ciing duoc chon
phuc thudc vao do phure tap va kich thude cua hé théng. Gi4 trj clia xac suit phat hién
tring la dugc chon trong khoang 0 va 1. Tuy nhién, cac gia tri khic nhau cta thong sb
nay s& cho cac két qua khac nhau cho cting mét bai toan. Cho cac bai toan phirc tap va
¢6 kich thude 16n, viée chon gia tri cho thong sd nay s& c¢6 anh hudng phan biét 16 rét.
Nguoc lai, véi cac bai toan don gian va kich thude nho, anh hudng cua P, gén nhu
khong dang ké. Do d6, cac gia tri ciia P, dugc chon trong khoang tir 0 dén 1 voi budc
nhay 0.1. Cac ung dung cua CCSA cho cac ham toan benchmark [64] va cho bai toan
thiét ké t6i wu [69], Yang va Deb da chon P, v6i nhiéu gia tri khac nhau nhu [0, 0.01,
0.05, 0.1, 0.15, 0.2, 0.25, 0.4, 0.5] va két qua t6t nhat tai gia tri 0.25 cho ca hai bai toan
nay. Hai nghién ctru khac [72] va [73] dd 4p dung CCSA cho cung mét bai toan diéu do
kinh té hé théng dién; tuy nhién, nghién ciru [72] chi sir dung gia tri 0.7 trong khi d6
nghién ciru [73] da chi ra rang x4c suat nay nén duoc chon trong toan ving véi chin gia
tri tir 0.1 dén 0.9 dé tim nghiém tdi uu. Mot nghién ctru khac vé phan bd cong sudt phan
khang t6i wu [77] da str dung gia tri 0.25 trong khi d6 dé ap dung CCSA cho bai toan do
tim diém cong suat cuc dai & nghién ciru [74] va bai toan tai cau tric ludi dién & nghién
ctru [75] cling d3 str dung chin gia tri cho x4c suat nay nhu nghién ctru [73]. Do d6, gia
tri clia x4c suét nay cling dugc chon lan lugt voi 9 gia tri tr 0.1 dén 0.9 cho céc bai toan
trong luén an nay.

Bén canh d9, gié tri cua hé sd phan phdi S ciing can dugc xac dinh va hé sb nay duoc
dé nghi trong khoang [0.3, 1.99] nhu phuong phéap [68]. Dua vao kinh nghiém, ¢ nghién
ctru [64] va [69], Yang va Deb da chi ra rang f da khong anh hudng nhiéu dén chat
luong nghiém t6i wu va ho di ching minh gia tri 1.5 c6 thé giup CCSA dat hiéu qua cao
khi kiém tra trén tap hop cac ham toan benchmark va bai toan thiét ké toi uu 16 xo. Dya
vao dé nghi ndy, cac nghién ctru trong linh vire ky thuat dién [72-75], [77], [79] d4 chon
gia tri 1.5 cho thong sb nay va da dat duogc két qua nhu mong doi. Do do, gia tri cla
thong s6 nay ciing duoc ¢b dinh tai 1.5 cho tit ca cic bai toan trong luan an nay. Khac
v6i P., o dd khong duoc xem nhur 13 mot hé s6 quan trong anh hudng nhiéu 1én két qua
cudi cung. Hai nghién ctru dau tién [64, 69] d3 sir dung gid tri a=1 cho cac trudng hop
nghién ctru va cac nghién clru sau nay [72-79] cling da nhan gia tri nay cho cac ap dung
ma khong c6 bat cir sy thay ddi va binh luan nao khac. Dé don gian, gia tri nay ciing
duoc st dung trong toan bo luan an.

4.9.1.2. Chon thong s diéu khién ctia MCSA

MCSA ciing c6 ba thong s6 co ban nhu CCSA 1a N, , Guax, P va mot thong sb
diéu khién ctia riéng MCSA 1a ti 1¢ trimg trong nhom tot véi trimg trong nhém x4u. Ba
thong s6 dau tién cling cé anh huong 1én chat lugng nghiém va thoi gian tinh toan cta
MCSA gidng nhu anh hudng 1én CCSA. Do d6, phuwong phap dé thu duoc két qua tot
cling duogc thuc hién tuong ty nhu phan tich & muc trén. Tuy nhién, MCSA con c6 mot
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thong s riéng do qua trinh cai tién 1an tao ra thé hé nghiém méi dau tién theo co ché
Lévy Flights. O cai tién nay, tat ca cac trimg duoc sip xép va chia thanh hai nhém gdm
nhom tot va nhom xau. Nhém dau tién bao gém céc trimg ¢ chat luong cao trong khi
nhom thir hai s€ 1a cac tring con lai co chét lvong kém hon. Do do, viéc chon $6 trung
trong ting nhom ciing déng vai trd quan trong. Trong nghién ciru dau tién vé MCSA
[65], Walton va cong su cta 6ng di chon kich thudc cua tirng nhém dua vao tong dan
s6 dang c6 va bang thuc nghiém cac tac gia di chon ti 1 1:3. Ti 1& ndy c6 nghia tong
dan sb s& dugc chia 1am bén phan bang nhau, trong d6 nhom tét s& chiém mot phan va
ba phan con lai thudc nhém trimg xau. Ti s6 nay sau d6 dugce sir dung ¢ nghién ciru [79].
Tuy nhién, dé khao sat tinh hiéu qua cta ti s nay 1én két qua cudi cung ching t6i s&
kiém tra véi nhiéu gia tri khac nhau nhu 1:3, 1:2, 1:1, 2:1 va 3:1 cho hé théng thtr nhét
trong chuong nay va sau do ti sb tét nhat s& dugce quyét dinh.

4.9.1.3. Chon thong s6 diéu khién ciia ASCSA

Tuong ty nhu CCSA, ASCSA ciing c6 ba thong sé diéu khién co ban nhu Ny, G
va P, cing v&i mot thong sb dic trung cho ASCSA 1a threshold ¢. Ba thong s6 dau tién
¢ cung anh huong 1én chit lugng nghiém va thoi gian tinh toan cia ASCSA nhu anh
huong 1én CCSA va MCSA nhung thong s6 dic trung ¢ thi chua thé c6 két ludn gi. Do
d6, ba thong s6 dau tién dugc xac dinh nhu cach & CCSA va MCSA trong khi d6
threshold ¢ duoc chon v&i nim gia tri khac nhau gom 105,104 107, 102, 10! va sau d6
gia tri tdt nhat s& duoc quyét dinh dua vao két qua s6. Chi tiét ctia chon loc thong s6
diéu khién cho ASCSA dugc thuc hién, phan tich va thao luan nhu muc 4.9.2 bén dudi.

4.9.1.4. Chon thong sd diéu khién cia ALHN

ALHN la phuong phap tién dinh c6 tiéu chuan ding qua trinh tinh toan dua vao phép
so sanh gitta sai s6 16n nhat ciia cac rang budc va ngudng chap nhan 16n nhét cua sai s6
¢. Qua trinh tim kiém nghiém t6i vu cia ALHN dirng lai khi sai s6 16n nhét ciia cac rang
budc nho hon hoac béng gia tri nguong cai dat trude do. Dé thuc thi cho cac hé th6ng o
chuong nay, ngudng chip nhan duoc chon 1a 104 cho mdi hé théng va khi sai s6 d thoa
mién diéu kién dung thi $6 vong 1ap da thuc hi¢n s€é dugc bao cdo. Ngoai ra, dua vao
kinh nghiém gia tri do dbc o duge ¢ dinh tai 100 cho tat ca cac hé théng trong khi do
cac thong sd khac thay d6i tuy thudc bai toan xem xét. D& don gian héa van dé chon lua,
gia tri cua o va ok cling nhu gia tri cia S va S, dugce chon theo cép.

4.9.2. T6i wu héa don muc tiéu chi phi phdt dién
4.9.2.1. Nam hé thong khong xét hiéu Gmg x4 van
O muc nay, cac phuong phap tdi uu dé xuat s& dugc ap dung dé cuc tiéu chi phi phat

dién cho nam hé thé)ng thuy nhi¢t di€n ma khong xét dén hi€u Umg x4 van. Trong nam
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hé théng nay, hai hé théng dau tién c6 hai nha may thiy dién va hai nha may nhiét dién
trong d6 hé thong thir nhat duoc hoach dinh phat dién tdi wu trong ba khoang thoi gian
v6i 8 gid mbi khoang va hé théng thir hai dwgc hoach dinh phat dién tdi wu trong bdn
khoang 12 gi¢. Ba hé thong con lai dugc hoach dinh phat dién ti vu trong 24 khoang 1
gid. Hé thong thir ba gdm mdt nha may thuy dién va mot nha may nhiét dién, hé thong
thr tr gdm mot nha may nhiét dién va hai nha may thuy dién va hé thdng cubi gom hai
nha may thuy dién va hai nha may nhi¢t dién. D li¢u cac hé théng duoc trich dan tr
nghién ctru [12] cho hé thong thir nhat, [6] cho hé thdng thi hai va [4] cho ba hé thdng
cudi cung. Cac dit liéu nay ciing duoc cho trong phu luc cua ludn an.

Pé thuc thi cho ndm hé théng dang xét, thong sé diéu khién ctia cac phuong phap
CCSA, MCSA va ASCSA dugc chon nhu trong bang 4.1. C6 thé thdy rang s6 t6 chim
clia cac phuong phap gan nhu bang nhau cho tit ca cac hé thong ngoai trir MCSA duoc
chon véi sb lwong nhoé hon khong déng ké so voi CCSA va ASCSA & 3 hé théng cudi
trong khi d6 s6 vong lap 16n nhat ciia CCSA va MCSA gan gap d6i va gap doi gia tri
ctia ASCSA cho hé thong thir nhét va thir hai, va 16n hon khong déng ké cho ba hé thong
cudi cing. Mic du sb t6 chim cia ASCSA 16n hon MCSA nhung thoi gian tinh toan cta
ASCSA khong 1au hon so vdi MCSA vi s6 vong lap nhé hon va hon nita co cau cua
MCSA ciing phuc tap hon CCSA va ASCSA nhu da trinh bay & muc 3.3 ¢ chuong 3.

Bdng 4.1. Chon la théng sé diéu khién ciia cdc phwong phdp CSA

H¢ Phuong
thong phép CCSA | MCSA | ASCSA

Ny 30 30 30

1 Grmax 100 100 70

5 | N 50 50 50
Ginax 400 400 200

;[N 10 8 10
Gmax 800 800 700

4 [N 15 8 15
Gmax 1,800 | 1800 | 1500

s | Va 15 12 15
Gmax 3,000 | 3000 | 2800

Ngoai ra, dé thuc thi ASCSA cho cac hé théng nay, gia tri ctia hai thong s con
lai nhu x4c suét phat hién tring la va ngudng threshold ¢ ciing dugc chon trong dai xac
dinh truge. Cu thé, P, dugc chon v4i 9 gia tri tir 0.1 dén 0.9 v&i bude nhay 0.1 trong khi
d6 threshold & dugc chon véi 5 gia tri 1075, 104, 1073, 1072, va 10!, Ngoai ra, MCSA
cling can xéc dinh ti 1¢ trimg trong nhom tét va nhom xau. Nhu nghién ctru [65] d4 chi
ra ti 1& tot nhat 13 1:3; tuy nhién, nhiéu ti 1¢ s& dugc thir nghiém ¢ hé théng thtr nhat dé
tim ra gia tri tbt nhat cho MCSA.

Truong hop 1: H¢ thélng 1 voi hai nha may thuy dién va hai nha may nhiét dién duwoc
hoach dinh phat dién téi wu trong ba khodng 8 gio.
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O truong hop nay, CCSA, MCSA va ASCSA duoc 4p dung véi cac gid tri khac nhau
ctia thong sb diéu khién nhu x4c suit P,, gia tri ngudng threshold &, s vong lap 16n nhat
Gomax, S0 t6 chim N, va ti 18 tring t6t va trimg x4u. Viéc chon cac gia tri khac nhau nay
nham khao xac anh huong cua timg thong sb 1én chat lugng nghiém t6i wu va thoi gian
tinh toan, va cudi cung chon lya hiéu qua nhit s& duoc dé& xuét cho cac phuong phap
nham dat dugc tinh hiéu qua cao nhét. Pé lam rd diéu nay, 5 kich ban lan lugt duoc xay
dung nhu sau:

Kich ban 1: Khdo sdt anh hwéng ciia Py 1én két qud ciia cdc phiong phap CSA

O kich ban nay, cac phuong phap duoc thuc thi voi su Iya chon N,=30, Guw= 100
cho CCSA va MCSA, va N,=30, Gnx=70 va threshold e=102 cho ASCSA. Két qua dat
dugc tir ba phuong phap duge bio cao & cac bang 4.2, 4.3 va 4.4. Cac bang s6 cho thiy
gia trj chi phi nho nhét dat dugc tir cac phuong phép & cac gia tri khac nhau cta P,. Cu
thé CCSA dat dugc 64,606.0376% tai P.=0.8, MCSA dat chi phi 64606.02748 tai P.~0.9
va ASCSA dat chi phi 64606.0036$ tai P,=0.4, 0.5, 0.6, 0.7. Chu y vao cac gia tri nho
nhat dat duoc tir cac phuong phéap c6 thé thdy cac phuong phap nay c6 xu hudng dat
dugc két qua t6t hon khi P, ¢ trong khoang tir 0.5 dén 0.9. Hon nita, anh hudng cua P,
1én két qua cia CCSA va MCSA rd rang hon so v6i anh huong 1én ASCSA bai vi su
chénh 1éch chi phi ctia hai phuong phap CCSA va MCSA 16n hon rat nhiéu so véi su
chénh léch cia ASCSA. Céc gia tri nho nhat cia ASCSA gan nhu bang véi gia tri tot
nhat 64606.0036$ trong khi d6 gia tri nho nhat cia CCSA va MCSA chénh 1éch kha 16n
so v6i gia tri nho nhat tot nhat. Tuy nhién, anh hudng cta P, 1én do 6n dinh ctia ASCSA
1 rét hon khi do 1éch chuan khé cao va 1an lugt bang 213.95048$, 84.4375$ va 66.7341$
¢ cac gia tr1 P,=0.1, 0.2, 0.3. Phan tich nay chi ra réng, gia tri cua P, nén dugc chon
trong ving tir 0.1 dén 0.9 cho timg phuong phap va sau d6 gia tri tt nhat s& duoc xéac
dinh dwa vao gia tri nho nhat va do 1éch chuan. Thong thudng, gia tri nho nhat s& thé
hiéu tinh hiéu qua ctia phuong phép trong khi d6 gia tri do 1éch chuan sé& thé hién d6 6n
dinh cta phuong phép.

Bang 4.2. Anh hwéng ciia P, lén két qua ciia CCSA

Pa CPNN($) | CPTB ($) CPLN ($) | DLC(S) | TGTT(gidy)

0.1 64,607.1244 | 64,612.1866 | 64,640.9683 | 5.996 0.29
0.2 64,606.2586 | 64,608.7835 | 64,617.0461 | 2.101 0.31
0.3 64,606.1780 | 64,607.5334 | 64,610.9801 | 1.057 0.29
0.4 64,606.3368 | 64,607.3154 | 64,611.3200 | 1.004 0.3

0.5 64,606.0991 | 64,606.8949 | 64,608.6728 | 0.634 0.3

0.6 64,606.1262 | 64,606.7962 | 64,608.1610 | 0.525 0.29
0.7 64,606.1586 | 64,606.6753 | 64,608.4112 | 0.428 0.29
0.8 64,606.0376 | 64,606.8948 | 64,608.2771 | 0.5075 | 0.31
0.9 64,606.1391 | 64,606.4915 | 64,607.1547 | 0.253 0.3
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Bang 4.3. Anh hwéng ciia P, lén két qua ciia MCSA
P. | CPNN($) | CPTB(S) | CPLN($) | DLC($) | TGTT (giay)
0.1 | 64606.6683 | 64614.6832 | 64631.3056 | 4.429 0.32
0.2 | 64607.2992 | 64611.9592 | 64628.7813 | 4.208 0.33
0.3 | 64606.2357 | 64608.8794 | 64613.4235 | 1.875 0.33
0.4 | 64606.2050 | 64607.5926 | 64609.4527 | 0.913 0.34
0.5 | 64606.1964 | 64607.1479 | 64609.3068 | 0.690 0.33
0.6 | 64606.2932 | 64606.8844 | 64608.5601 | 0.432 0.33
0.7 | 64606.1107 | 64606.8339 | 64609.6054 | 0.594 0.35
0.8 | 64606.0956 | 64606.5133 | 64607.7652 | 0.340 0.35
0.9 | 64606.0274 | 64606.8723 | 64613.6754 | 1.1825 0.35

Kich ban 2: Khdo sat anh hwéng cia threshold ¢ 1én két qua ciia ASCSA

Kich ban thir hai tap trung vao phan tich anh huong ciia threshold & 1én két qua dat
duoc tr ASCSA. Do d6, ASCSA s€ dugc ap dung vdi su thay doi gia tri cua threshold
¢ voi cac su Iya chon nhur 107, 102, 107, 10, 10 trong khi d6 N,=30, Gnu=70 dugc cb
dinh cho tat ca cac truong hop cua threshold ¢ va P, cling dugc chon v6i 9 gid tri tir 0.1
dén 0.9. Két qua tot nhat dat dugc véi cac gia tri khac nhau cua threshold & bao cdo trong
bang 4.5 cho thiy gia trj tot nhat luén x4p xi bang 64,606.0036$ Ngoai ra, gia tri do léch
chuan dat duoc tai cac gia tri threshold & gﬁn nhu bﬁng nhau ngoai trir gia tri 10~ dat gia
tri nho nhat. Do d6, dé don gian cho viéc chon lya cac gia tri cua threshold & dé giam
mot sb lugng 16n 1an chay thir nghiém va giam thoi gian thyc nghiém, gia tri nay co thé
chon 10 hodc 10-5. Anh huéng cua théng sb nay 1én két qua dat dugc s& tiép tuc dugc

thue hién va phén tich ¢ hé thong tht hai ¢ trudng hop sau.

Bang 4.4. Anh hwéng cia P, lén két qua ciia ASCSA

P, | CPNN($) | CPTB($) | CPLN($) | DLC(S) | TGTT(gidy)
0.1 | 64606.0111 | 64727.5073 | 65500.0665 | 213.9504 | 0.26
0.2 | 64606.0043 | 64628.595 | 65061.2903 | 84.4375 | 0.25
0.3 | 64606.0038 | 64622.198 | 64937.278 | 66.7341 | 0.24
0.4 | 64606.0037 | 64606.049 | 64606.2684 | 0.0623 | 0.25
0.5 | 64606.0036 | 64606.015 | 64606.334 | 0.046 | 0.25
0.6 | 64606.0036 | 64606.01 | 64606.0919 | 0.0135 | 0.24
0.7 | 64606.0037 | 64606.016 | 64606.0953 | 0.018 | 0.25
0.8 | 64606.0042 | 64606.017 | 64606.1168 | 0.0185 | 0.25
0.9 | 64606.0043 | 64606.022 | 64606.0911 | 0.0188 | 0.24

65




Bang 4.5. Anh hwéng ca ¢ lén két qua ciia ASCSA

Thrij}:‘)’ldg 107 0.7)  |102(0.6) |103(0.7) |104(0.8) | 105 (0.8)
CPNN ($) | 64,606.0037 | 64,606.0036 | 64,606.0038 | 64,606.0039 | 64,606.0036
CPTB($) | 64,606.0118 | 64,606.01 | 64,606.0112 | 64,606.0111 | 64,606.0090
CPLN ($) | 64,606.0698 | 64,606.0919 | 64,606.0531 | 64,606.0713 | 64,606.0460
DLC($) |0.0132 0.0135 0.0101 0.0114 0.0071
TGTT (giy) | 0.23 0.24 0.23 0.24 0.25

Kich ban 3: Khdo sdt anh huéng ciia Gmax 1én két qua ciia cdc phwong phdap CSA

Kich ban tht ba tap trung vao phan tich vao anh huéng cia tiéu chuan ding (sd
vong lip 16n nhat Gay) 18n két qua dat dugc cia CCSA, MCSA va ASCSA. Bé diéu tra
anh huéng nay, ca ba phuong phap duoc thuc thi véi thong sd dugce chon nhu sau:
N,=30, P;=0.1-0.9 va Gnar dugc thay dbi gia tri 50, 70, 100, 150 va 200. Cac két qua
dugc trinh bay trong bang 4.6-4.8 cho CCSA, MCSA va ASCSA. R0 rang CCSA va
MCSA c¢6 su cai thién két qua tot khi ting s6 vong lap tir 50 1én dén 200. That vay,
CCSA lan luot dat gia tri nho nhat va do 1éch chuan 1 64608.7463$ va 13.366$ khi chon
Gomaxr =50, va dat 64606.0037$ va 08 khi chon G =200 trong khi d6 két qua cia MCSA
giam tir 64606.7129$ dén 64606.0037$ cho chi phi nho nhat, va giam tir 3.928$ dén
0.001$ cho d6 1éch chuan. Khac véi hai phuong phéap nay, su cai thién cia ASCSA chi
dat dugc tir 50 dén 100 vong 1ap va khong cé su cai thién hon nita khi tang 1én dén 150
va 200. That vay, gia tri t6t nhat cua chi phi c¢6 thé dat duoc bai phwong phap ASCSA
tai tAt ca cc gid tri cia Guax tir 70 dén 200 va do 1éch chuan da dat gid tri 0 tai Guax
=100, 150, 200. Piéu nay c6 nghia 1a ASCSA da dat dugc hi€u qua cao nhét tai Guax
=100 va khong can phai ting 1én dén 150 va 200 nhu CCSA va MCSA. Mit khac, thoi
gian tinh todn cang 16n khi tdng Guax 1€n gia tri cao hon cho ca CCSA, MCSA va
ASCSA. Nhu vay, phan tich nay cho ta thay sé vong lap 16n c6 thé gitp cai thién chat
luong nghiém tuy nhién khi s vong lap 16n dén mot giéi han nao d6 thi khong con cai
thién dugc thém nira va sb vong 1ap 16n s€ 1am cho thoi gian tinh toan lau.

Badng 4.6. Anh hwéng ciia Guax 1én két qua ciia CCSA

Gmar | P | CPNN($) | CPTB($) | CPLN($) | DLC($) | TGTT(giy)
50 | 0.7 | 64608.7463 | 64626.6639 | 64668.9893 | 13.366 0.12
70 | 0.8 | 64606.3218 | 64,608.7512 | 64616.7139 | 1.7573 0.24
100 | 0.8 | 64606.0376 | 64606.8948 | 64608.2771 | 0.5075 0.31
150 | 0.9 | 64606.0046 | 64606.0147 | 64606.0455 | 0.009 0.32
200 | 0.9 | 64606.0037 | 64606.0039 | 64606.0044 |  0.000 0.427

66




Bang 4.7. Anh huéng ciia Guax 1én két qua ciia MCSA

Gmax | Pa | CPNN($) | CPTB($) | CPLN($) | DLC($) | TGTT(gidy)
50 | 0.5 |64606.7129 | 64613.8465 | 64623.2531 | 3.928 0.15
70 |09 |64606.3111 | 64609.5625 |64613.0881 | 1.4373 0.27
100 | 0.9 |64606.0274 | 64606.8723 | 64613.6754 | 1.1825 0.35
150 [ 0.9 |64606.0046 | 64606.0218 | 64606.075 |0.0117 0.42
200 | 0.9 | 64606.0037 | 64606.0044 | 64606.0063 | 0.001 0.45
Badng 4.8. Anh huéng ciia Guax 1én két qud ciia ASCSA
Threshold
Ginax ¢ CPNN ($) | CPTB($) | CPLN($) | DLC($) | TGTT(gidy)
(Pa)
50 | 10%0.8) | 64606.0384 | 64606.4483 | 64608.9854 | 0.4858 | 0.12
70 | 107(0.8) | 64606.0036 | 64606.0090 | 64606.0460 | 0.0071 | 0.24
100 | 10%0.7) | 64606.0036 | 64606.0037 | 64606.0040 | 0.0001 | 0.32
150 | 103(0.8) | 64606.0036 | 64606.0037 | 64606.0037 | 0.0000 | 0.34
200 | 10%(0.8) | 64606.0036 | 64606.0036 | 64606.0036 | 0.0000 | 0.41

Kich ban 4: Khdo sat anh hwéng ciia N, 1én két qua ciia cdc phwong phap CSA

Kich ban thtr tv nham vao phan tich anh hudng cia sb to chim 1én két qua dat
dugc cia CCSA, MCSA va ASCSA khi diéu do t6i wu hé thong thir nhat. Cac phuong
phap s& dugc thay doi v6i s6 t6 chim tir 10 dén 50 trong khi 6 Gmar=100 duoc ¢b dinh.
Két qua thuc nghiém duoc bao cédo & cac bang s6 4.9, 4.10 va 4.11 cho CCSA, MCSA
va ASCSA. Quan sat tir gia tri dat dugc tai cac gia tri N, khac nhau cho théy cac két vé
chi phi nho nhét, trung binh, 16n nhat va d6 l1éch chuén tot hon khi N, c6 gié tri 1én hon
ngoai trir trudng hop N,=20 cho gia tri nho nhat va N,=30 cho d6 léch chuan dat duoc
¢ phuong phap MCSA. Su cai thién & gia tri nho nhat va do 1éch chuén rat 16m & phuong
phap CCSA nhung v6i ASCSA 1a khong dang ké khi N,=40, 50 boi vi ASCSA gan nhu
da dat duoc hiéu qua cao nhat & N,=30. Quan st vé thoi gian tinh toan cho thay khi s6
t6 chim cang 16n thi thoi gian tinh toan cang dai.

N6i chung, phén tich anh hudng cua s6 to chim 1én két qua dat dugc c6 thé cho
ta két luan cudi cung rang sb to chim cang 16n thi két qua dat dugc cang t6t hon; tuy
nhién, két qua s€ khong con cai thién duoc nira khi s6 td chim nay dugc chon ¢ mot gia
tri 16n nao d6 vi hiéu suit ctia n6 da dat dugc toi da & mot gia tri nhoé hon. Do d6, viée
chon s6 t6 chim phai can nhic dé hiéu qua 10i giai cao ma khong mat nhiéu thoi gian
tinh toan.
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Badng 4.9. Anh huéng ciia N, lén két qua ciia CCSA

N, 10 20 30 40 50
P, 0.6 0.7 0.8 0.9 0.7
CPNN ($) | 64,606.2037 | 64,606.0683 | 64,606.0376 | 64,606.0287 | 64,606.0176
CPTB ($) | 64,607.5279 | 64,606.8654 | 64,606.8948 | 64,606.4027 | 64,606.1702
CPLN ($) | 64,612.8786 | 64,608.6499 | 64,608.2771 | 64,607.1441 | 64,606.6774
DLC($) |1.559 0.583 0.5075 0.252 0.155
TGTT (gidy) | 0.158 0.19 031 0.33 0.35
Bdng 4.10. Anh huéng ciia N, 1én két qua ciia MCSA
N, 10 20 30 40 50
P, 0.9 0.7 0.9 0.9 0.6
CPNN ($) | 64,606.0479 | 64,606.0531 | 64,606.0274 | 64,606.0196 | 64,606.0189
CPTB (8) | 64,606.9799 | 64,606.9955 | 64,606.8723 | 64,606.3968 | 64,606.3699
CPLN ($) | 64,609.6505 | 64,608.3237 | 64,613.6754 | 64,607.0277 | 64,606.8671
DLC($) |0.820 0.542 1.1825 0.238 0.185
TGTT (gidy) | 0.140 0.210 0.35 0.37 0.4
Bang 4.11. Anh huéng ciia N, 1én két qua ciia ASCSA
N, 10 20 30 40 50
P, 0.9 0.8 0.7 0.8 0.8
CPNN ($) 64,606.0037 | 64,606.0036 | 64,606.0036 | 64,606.0036 | 64,606.0036
CPTB ($) 64,625.6155 | 64,606.0038 | 64,606.0037 | 64,606.0036 | 64,606.0036
CPLN ($) 64,937.2680 | 64,606.0057 | 64,606.004 | 64,606.0037 | 64.606.0037
DLC ($) 75.511 0.0001 0.0001 0.0000 0.0000
TGTT (gidy) | 0.15 0.186 0.29 0.32 0.340

Kich ban 5: Khdo sat anh hwéng cia ti 1é trieng 1én két qua ciia MCSA

Kich ban cudi cung nham vao phan tich anh hudng cua ti 1€ so trung trong nhém
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t6t va nhom x4u 1én két qua dat dugc cia MCSA cho hé théng nay. Bé quan sat do nhay
clia ti 18 ndy, gia tri N;=30 va Guar =100 dugc c6 dinh trong khi do ti 1¢ s& thay d6i gdm
1:3,1:2, 1:1,2:1 va 3:1. Két qua dat duogc trinh bay ¢ bang 4.12. So sanh chi phi va thoi
gian tinh toan c6 thé thdy két qua trd nén xau khi sé trimg trong nhom tt cang 16n va
sO tring trong nhém xau cang giam mac du chénh 1éch 1a khong qua 16n. Chi phi tot
nhat ¢ ti 18 1:3 1a 64606.0223$ trong khi d6 chi phi nho nhét cao nhat dat duoc ¢ ti 16
2:1 voi 64606.0677$ va gia tri cao nhét thir hai dat duoc & ti 18 3:1 v6i 64606.05098.
Céc so sanh nay chi ra rﬁng ti 16 1:3 1a t6t nhat dé dat duogc hiéu qua cao va do 6n dinh
16n cho MCSA. Do d6, ti 1& 1:3 s& duoc ap dung cho MCSA cho tit ca hé thong trong
ludn an nay.




Badng 4.12. Anh huéng ciia ti 1é trimg lén két qua ciia MCSA

Til¢ 1:3 1:2 1:1 2:1 3:1
P, 0.9 0.7 0.7 0.8 0.8
CPNN ($) 64,606.0223 | 64,606.0337 | 64,606.0349 | 64,606.0677 | 64,606.0509
CPTB ($) 64,606.4851 | 64,606.5110 | 64,606.6107 | 64,606.6794 | 64,606.7361
CPLN (%) 64,608.3577 | 64,607.9046 | 64,610.6774 | 64,608.5838 | 64,608.7364
DLC ($) 0.2893 0.3057 0.4263 04178 0.4274
TGTT (giay) 0.35 0.36 0.374 041 0.44
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Hinh 4.6. Pdc tinh héi tu cdc phirong phdp CSA cho hé thong 1
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x 10° Maximum error = 9.9961e-005

Maximum Error
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Hinh 4.7. Bdc tinh héi tu phwong phap ALHN cho hé théng 1

So sanh két qua dat dugc cho hé thong nay giita cac phuong phap CSA va ALHN
duogc trinh bay trong bang 4.13 trong khi d6 déc tinh hdi tu cua cac phuong phap CSA
dugc ve€ trong hinh 4.6 va dac tinh hdi tu vé sai sb cia ALHN duoc vé trong hinh 4.7.
So sanh két qua chi phi chi ra ring ASCSA va ALHN 14 hai phuong phap hiéu qua nhat
khi ¢ cung chi phi nhé nhat va nhé hon gia tri chi phi ciia CCSA va MCSA. Hon thé
nita, gid tri trung binh, 16n nhat va d6 1éch chuan cia ASCSA ciing nho hon so véi
CCSA va MCSA. So sanh thoi gian tinh toan chi ra ring CCSA va ASCSA 1a hai phuong
phap nhanh nhét trong khi d6 ALHN 1a phuong phap chdm nhat cho qua trinh tim kiém
nghiém t6i wu.

Hon thé nita, dic tinh hoi tu trong hinh tuong tng véi duong déc tinh tdt nhat cua 50
1an chay doc lap ciing chi ra dugc kha nang tim kiém vuot troi cia ASCSA so vdi CCSA
va MCSA khi & mot vai vong lap dau tién thi cac gia tri ham thich nghi gan nhu bang
nhau nhung khi s6 vong lap tang 1én dén khoang 15 thi ham thich nghi cia ASCSA da
giam mot cach dang ké trong khi d6 gia tri cia CCSA va MCSA giam it hon. Tai nhiing
vong 1ap cudi cuing, ASCSA dat gid trj ham thich nghi nhé hon CCSA va MCSA. Pic
tinh hoi tu vé sai s6 16n nhat cia ALHN trong hinh 4.7 cho thay sai s6 16n nhét cila rang
budc dat dugc 1a 9.996x107° va qua trinh tim kiém dung lai & vong lap 6229. Mac du sb
vong 1ap cia ALHN 1én hon rat nhiéu so véi cac phuong phap CSA nhung thoi gian
tinh toan 16n hon khong dang ké do ALHN chi tim kiém v&i mot nghiém duy nhat &
tirng vong lip va thoi gian tinh toan & mdi vong lap cuia ALHN ciing rit nhanh.

Phén tich vé chi phi va thoi gian chi ra ring ASCSA 13 phuong phap hiéu quéa nhat
trong bon phuong phép sir dung & day cho hé thong thir nhat trong khi d6 MCSA hi¢u
qua hon CCSA. ALHN c6 chét luong nghiém tot nhung thoi gian tinh toan 1au hon.
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Bang 4.13. So sanh két qud cho hé théng 1

Phuong phap CCSA MCSA ASCSA ALHN
N, 30 30 30 -

Grnar 70 70 70 6299
CPNN ($) | 646063218 | 64606.311 | 64606.0036 | 64,606.0037
CPTB (§) | 64,608.7512 | 64609.563 | 64606.0090 | -

CPLN ($) | 64616.7139 | 64613.088 | 64606.0460 | -
DLC($) |1.7573 1.4373 0.0071 -
TGTT (giay) | 0.24 0.27 0.24 0.6

Truong hop 2: Hé thong 2 véi hai nha may thiy dién va hai nha mdy nhiét dién hoach
dinh phat dién t6i wu trong bon khodng 12 gio.

Pé don gian va ngan gon, cac két qua dat duoc tir CCSA, MCSA, ASCSA va ALHN
dugc tom tit va bao cao trong bang 4.14 cho hé théng thir hai. Két qua dat duoc cho
thdy ALHN 1a mot phuong phap cé chi phi va thoi gian tinh toan t6t nhat. Trong ba
phuong phap CSA, gia tri nho nhat cia ASCSA tai tat ca cc gia tri ciia threshold & déu
nho hon gia tri nho nhat cia CCSA va MCSA. Hon nita, thoi gian tinh todn ctia ASCSA
cling nhanh hon so vé1 CCSA va MCSA vi ASCSA chi st dung 200 vong lap trong khi
d6 CCSA va MCSA sir dung 400 vong lap. Hinh 4.8 thé hién toan bo qua trinh tim kiém
nghiém tdi wu cua 1an chay tot nhat cta cac phuong phap CSA trong 50 lan chay doc
1ap. C6 thé thiy rang ASCSA c6 thé tim kiém nghiém t6i wu t6t hon rat nhiéu so voi
CCSA va MCSA tai vong lap thir 20 khi c6 gia tri ham thich nghi nho hon rat nhiéu.
ASCSA tiép tuc ndi troi hon khi tiép tuc giam gia tri ham thich nghi mot cach dang ké
cho dén khi dirmg qua4 trinh tim kiém hoan toan. Bén canh d6, CCSA va MCSA ciing da
c6 thé giam déng ké gia tri ham thich nghi nhung gia tri van chua du 16n dé dat duoc
nghiém téi vu t6t nhu ASCSA. So sanh gitra CCSA va MCSA cho thiy MCSA hiéu qua
hon CCSA khi ¢6 chi phi phat dién thap hon mac du thoi gian tinh toan lau hon khong
dang ké. Dic tinh hoi tu sai s6 cia ALHN thé hién trong hinh 4.9 cho théy gia tri sai sb
16n nhét va s6 vong lap dat duoc 13 9.9654x107° va 1511.

Bang 4.14. So sanh két qud cho hé thong 2

Phuong CPNN ($) TGTT

phip (&, P) CPTB ($) CPLN (§) | DLC(S$) (gidy)
CCSA | 376,045.03(-, 0.9) 376,199.08 | 376,339.27 | 64.56 1.89
MCSA | 376,036.20(-, 0.9) 376,272.17 | 376,539.35 | 90.43 2.35

375,965.95(107!, 0.6) 376,058.27 | 376,175.40 | 53.938 | 0.922

375,966.99(10%, 0.6) | 376,139.10 |376,441.79 | 115.09 | 0.91
ASCSA  |375,966.51(107,0.7) |376,148.11 |377,447.46 |203.09 |1.15
375,969.59(10*, 0.7) 376,097.12 | 377,123.20 | 161.94 | 0.94
375,967.47(107 , 0.8) 376,124.06 | 376,498.75 | 105.82 | 0.93
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ALHN | 375,933.6473(-, -) - - - 1019 |
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Hinh 4.8. Pdc tinh hdi tu cdc phwong phdp CSA cho hé thong 2
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Hinh 4.9. Dac tinh hoi tu phwong phap ALHN cho hé théng 2

Truong hop 3: Ba hé théng dwoc hoach dinh phat dién 16 wru trong 24 khoang 1 gio

O truong hop ndy, hé théng 3, 4 va 5 duogc st dung dé kiém nghiém tinh hiéu qua cua
cac phuong phap. Cac hé thong déu duoc hoach dinh trong khoang thoi gian mot ngay
dém duogc chia ra thanh 24 khoang v6i mdi khoang 1 gio. Két qua dat duoc tir cac
phuong phap duoc trinh bay trong bang 4.15 cho thay cac phuong phap c6 chi phi nhé
nhat x4p xi nhau; tuy nhién, ALHN la phuong phap nhanh nhét trong khi d6 ba phuong
phap CSA gan nhu cé toc do bang nhau.

Toém lai, trong myc nay bén phuong phéap dugc ap dung cho nam hé thong thay nhiét
dién khong xét dén hiéu Gmg xa van véi kich thudc hé thong khac nhau, thoi gian hoach
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dinh phat dién t6i vu khac nhau va thong s6 khac nhau. Phan thich chi ra raing ALHN la
phuong phap hiéu qua nhat cho hau hét tat ca cac hé thong voi chi phi hop 1y va thoi
gian tinh toan nhanh. Tuy nhién, van c6 truong hop ALHN 1a phuong phép chim nhét
& hé thong thir nhat. Thét vy, viéc 4p dung ALHN gip khé khin & viée diéu chinh céac
thong sd diéu khién vi do nhay cua cac thong s6 kha 16n 1én két qua dat duoc gidng nhu
nhuoce diém cua HNN phan tich & chuong 2. Véi cac phuong phap CSA, ASCSA i
phuong phap hiéu qua nhit c¢6 kha ning tim ra nghiém t6i wu hiéu qua nhat hodc xap xi
v6i phuong phap CCSA va MCSA mic du st dung sé vong 1ap nho hon CCSA va
MCSA. Giita phuong phap CCSA va MCSA, MCSA hiéu qua hon CCSA cho nhiéu
truong hop xem xét.

Bang 4.16 trinh bay két qua so sanh tir CCSA, MCSA, ASCSA, ALHN va c4c phuong
phap khac. Két qua ciia hé thdng 1 va 2 cho thiy bon phuong phap dé xuét c6 chi phi
nho hon cac phuwong phap khac va dic biét nhé hon nhiéu HNN va phuong phap Newton
[6]. Ngoai ra 4 phuong phap dé xuat cling ¢6 thoi gian tinh toan nhanh hon cac phuong
phap khac. That vay, cac phuong phap dé xuit ¢ day chi trai qua dudi 1 gidy dé dat duoc
nghiém tdi vu trong khi d6 PPO phai mat 12.4 gidy. HNN va phuong phap Newton da
khong bao cao thoi gian tinh toan nén khong thé so sanh vé toc do tim kiém.

Bang 4.15. So sanh két qud cho hé théng 3, 4 va 5

HT PP CPNN ($) | CPTB($) | CPLN(S) | DLC(S) | TGTT(giay)
CCSA |96,024.404 | 96,061.6754 | 96,693.4420 | 103.6924 | 4.3
MCSA | 96,024.378 | 96,945.7053 | 103,317.6720 | 1513.6914 | 4.9
ASCSA |96,024.374 | 96,230.9523 | 104,038.4284 | 893.1234 | 4.7

3 ALHN | 96,024.373 | - - - 1.0
CCSA 848.3464 848.3494 848.3651 0.0037 11.7
4 MCSA | 848.3463 848.3485 848.3751 0.0066 11.6
ASCSA | 848.3468 871.6687 974.3850 26.0009 11.5
ALHN | 848.3490 - - - 0.6
CCSA 53,051.4765 | 53,051.4771 | 53,051.4827 | 0.0011 25.3
5 MCSA | 53,051.4764 | 53,051.4770 | 53,051.4770 | 0.0002 26.3
ASCSA | 53,051.4766 | 53,084.6136 | 54,082.7887 | 45.768 24.5
ALHN | 53,051.609 | - - - 0.9
Bang 4.16. So sanh két qud cho 5 hé thong ddu tién
HT| Phuong phap Chi phi ($) CPU | H | Phuong phap Chi phi (§) | CPU (giay)
(giay | T
)
PPO [12] 64,626 12.4 GA [10] 848.027 210
CCSA 64,606.038 0.3 OGB-GA [10] 848.326 90

1 MCSA 64,606.027 | 0.36 LCEL [4] 848.346 NA

ASCSA 64,606.0037 | 0.23 A=y [2] 848.359 NA
ALHN 64,606.0037 | 0.6 MBFA [9] *848.2512 11.96
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Newton [6] | 377,374.67 | NA GA[11] 848.867 39.4
HNN [6] 377,554.94 | NA FGA [11] 8435 8 3.02
CCSA 376,045.03 | 1.89 PPO [12] 84834602 | 15.24
MCSA 376,036.20 | 2.35 CCSA 848.3464 11.1
ASCSA 375,965.950 |0.92 MCSA 848.3463 11.6
ALHN 375,933.6473 0.19 ASCSA 848.3468 11.5
GA [10] 96,028.651 | 220 ALHN 848.3490 0.6
OGB-GA [10]| 96,024.344 | 52 EGA[10] | 53,055.712 | 312
LCEL [4] 96,02437 | NA OGB-GA [10] | 53,053.708 92
Ay [2] 96,024.413 | NA LCEL[4] | 53,051.470 | NA
GA[11] 95 847.86 | 6.09 Ay [2] 53,051.791 NA
FGA[11] | *95,809.366 | 0.3 GA[11] *53,020 2.48
PPO [12] 96,024.392 | 12.4 FGA [11] |*53,015553| 0.142
CCSA 96,024.4039 | 4.3 CSA 53,051.4765 | 253
MCSA 96,024.3778 | 4.9 MCSA 53,051.4764 | 2623
ASCSA 96,024.3736 | 4.7 ASCSA | 53,051.4766 | 245
ALHN 96,024.3730 | 1.0 ALHN 53,051.609 0.9

* Nghiémrvi pham,réng budc; NA: nghiém tdi uu khéng duoc bao cao

Quan sat ¢ bang so cho thay chi phi cia MBFA [9] tai hé thong 4, chi phi cua GA
va FGA [11] & hé thong 3, 4 va 5 nho hon tat ca cac phuong phap khac. Tuy nhién, kiém
tra lai 101 giai toi uu da bao cao & cac cong trinh nay cho thay nghiém tdi uvu & day khong
kha thi vi d3 vi pham gi6i han vé luu luong xa va rang budc cin bang cong suit khong
dam bao & mot s6 khoang thoi gian xem xét. That vaiy MBFA da vi pham rang budc can
bang cong suit va rang budc can bang ngudn nudc trong khi GA va FGA di vi pham
rang budc can bang ngudn nude ¢ hé thdng 3 va 4 va sir dung nhiéu nude hon & hé thong
5. Hon thé nita, GA va FGA d3 bo qua ton that cong suat & khoang thoi gian cudi cling
cho hé thng 3, 4 va 5. Khi so sanh véi cac phuong phép c6 nghiém kha thi nhu GA
[10], OGB-GA [10], LCEL [4], A-y [2] va PPO [12], bén phuong phap dé xuat cta luan
an c6 chi phi nho hon hoic xap xi. Thoi gian tinh toan cho thdy cac phuong phap dé
xuat nhanh hon GA va OGB-GA trong khi cac phuong phap con lai dd khong béo cao
thoi gian tinh toan. Phuong phap PPO [12] di dugc xur 1y trén may tinh vé6i thong sb
1.66 GHz, Pentium-1V PC, 512MB RAM trong khi d6 cac nghién ctiru khac da khong
cho biét thong tin nay.

Tir két qua phén tich trén co thé thdy duoc rang ALHN rat hiéu qua khi giai cac
hé théng bo qua hiéu tmg xa van twong tng v6i ham chi phi kha vi. Trong 3 thuit toan
CSA, kha ning tim kiém nghiém t6i wu cia ASCSA tét hon CCSA va MCSA trong
khi 6 MCSA cho két qua tot hon CCSA.

4.9.2.2. Hai h¢ thong xét dén hi€u ing x4 van cua cac nha may nhiét di¢n
O muc nay, hai hé thong dién c6 xét dén hiéu ing xa van ¢ cac nha may nhiét dién

dugc s dung dé kiém tra hiéu qua cia cac phuong phap CCSA, MCSA va ASCSA
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trong khi d6 Gmg dung cia ALHN khong thé thuc thi cho hai hé théng nay vi ham chi
phi khong kha vi khi xét dén hiéu img xa van. Hai hé thong nay dugc goi tén 1an luot 1a
hé théng 6 va 7 dugc trich dan tir nghién ctru [8] trong d6 hé théng 6 gdm hai nha may
thuy dién va hai nha may nhiét dién dugc hoach dinh phat dién t8i wu trong ba khoang
8 gio trong khi d6 hé théng 7 gdm c6 hai nha mdy thuy dién va bon nha may nhiét dién
duoc hoach dinh phat dién tdi uu trong bdn khoang 12 gio. Dir li¢u cta hai hé théng
duogc cho trong phu luc.

Pé thyc thi ba phuong phap nay, gia tri N, duoc chon 1a 50 trong khi d6 s6 vong lip
16n nhat cia CCSA va MCSA gip ddi sé vong 1ap cia ASCSA. Cu thé, CCSA va MCSA
stt dung Gmax=200 cho hé théng 6 va Guar =400 cho hé théng 7 trong khi d6 ASCSA st
dung Gmax =100 cho hé thdng 6 va Guar =200 cho hé thdng 7. Ngoai ra, gia tri xac suat
phat hién trimg la van duoc chon 9 gia tri tir 0.1 dén 0.9 va threshold ¢ van duoc cai dat
v6i 5 gid tri nhu ¢ muc trén. Két qua duoc trinh bay trong bang 4.17 va 4.18 cho hé
théng 6 va 7 trong d6 gié tri threshold & cia ASCSA ludn duoc bao cdo. Bang 4.17 cho
thiy gia tri t6t nhat ctia 50 1an chay doc lap dat dugc tir CCSA 13 66116.05$ & gid tri
P.=0.9 trong khi d6 cac gia tri khac cua P, cho két qua khong tét biang. Céc gia trj khac
bao goém chi phi trung binh, chi phi 16n nhat, d6 1éch chuan va thoi gian tinh toan 1an
luot 1a 66142.978, 66166.363%, 15.16$ va 0.67 gidy ciing dat duoc tai gia tri P,=0.9.
Tuong ty, chi phi tot nhit 1a 66115.66 va cac gia tri khac cia MCSA dat duoc tai P,
=0.9. C6 mdt su chénh léch nho gilta cac gia tri t6t nhat dat dugc boéi phuong phap
ASCSA trong bang sé nay. Nam hang gia tri twong Gmg véi cc gia tri khac nhau cua
threshold & véi cac gia tri t61 vu khac nhau cua P.. Cac gia tri chi phi nho nhét dat duoc
bdi ASCSA lan lugt 13 66115.508, 66115.52$, 66115.49%, 66115.52$ va 66115.55$
luén ludn nho hon gia tri chi phi t6t nhat ca CCSA va MCSA ¢ trén. Mt khac thoi gian
tinh toan ciia ASCSA ciing nhanh hon so vdi CCSA va MCSA khi ASCSA chi tim kiém
trung binh khoang 0.35 gidy trong khi d6 CCSA va MCSA phai mat 0.67 va 0.75 gidy.
Thoi gian tinh toan ngin hon do ASCSA sir dung s6 vong 1ap nho hon so véi CCSA va
MCSA.

Bdng 4.17. So sdnh két qua giita cdc phwong phdp CSA cho hé thong 6

Phuong | Npy/Gmax | Threshold CPNN CPTB CPLN DLC | TGTT
phap e/ Pa %) ($) (%) &) | (gidy)
CCSA |[50/200 | —/0.9 66,116.05 | 66,142.97 | 66,166.36 | 15.16 | 0.67
MCSA | 507200 | — /0.9 66,115.66 | 66,158.84 | 66,230.84 | 21.53 | 0.75
107/0.5 |66,115.50 | 66,143.85 | 66,178.03 | 19.12 | 0.36
102/0.4 |66,115.52 | 66,140.88 | 66,161.31 | 16.84 |0.36
ASCSA | 50/100 |103/0.3 |66,115.49 |66,143.56 | 66,176.57 | 18.00 | 0.37
104/0.7 |66,115.52 | 66,137.87 | 66,160.93 | 17.59 |0.36
105/0.6 |66,115.55 | 66,143.31 | 66,177.41 | 19.62 | 0.38

Bay gio ta di dén so sanh két qua ctia CCSA va MCSA dé danh gid tinh hiéu qué cua
hai phuong phap nay. R0 rang chi phi cuia MCSA nho hon CCSA trong khi d6 céc chi
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phi con lai va thoi gian tinh toan 16n hon khong déng ké. Tuy nhién van c6 thé két luan
dugc rang MCSA hiéu qua hon CCSA do chét lwong 161 giai thong qua chi phi nho nhat
1a tiéu chi danh gia dau tién cua cic phuong phap. Hinh 4.10 thé hién toan bd qua trinh
tim kiém t6t nhit cta cac phuong phap CSA théng qua dic tinh hoi tu ham thich nghi.
Gia tri ham thich nghi ctia cac phuong phap duoc bao cio tir vong lap thir 13 dén vong
13p cudi dé c6 thé thé hién duoc tong thé qua trinh tim kiém. C6 thé thiy rang tai vong
13p 20, ham thich nghi cia ASCSA nho hon gié tri 6.63x10*$ trong khi gié tri cia CCSA
va MCSA 16n hon 6.65x10*$. Su chénh 1éch van con kha 16n cho dén khi qua trinh tim
kiém ciia ASCSA dimg lai & vong lip 100 trong khi d6 CCSA va MCSA van tiép tuc
qua trinh tim kiém nghiém t6i wu gia tri ham thich nghi van luén ludn 16n hon gié tri
cia ASCSA. So sanh két qua trong bang 4.18 cho thiy gié tri tot nhat va té nhat cta chi
phi nhé nhét tot nht dat duoc tir ASCSA 1an luot 1 92,729.958 va 92,790.06$ trong
khi d6 gia tri tot nhat ciia chi phi nho nhat dat dugc tir CCSA va MCSA lan luot 1a
93,423.04$ va 93,274.13$. RS rang, chi phi dat duoc tir ASCSA nho hon rat nhiéu so
vo1 CCSA va MCSA. Hon nita, thoi gian tinh toan cia ASCSA cling nhanh hon CCSA
va MCSA réit nhiéu. That vy, ASCSA chi sir dung chua dén 1 gidy trong khi d6 CCSA
va MCSA phai sir dung gan dén 2 gidy. Pac tinh hoi tu bao cao trong hinh 4.11 cho thiy
ASCSA luén c6 nghiém t6i vu tot hon CCSA va MCSA 6 timg vong lip. So sanh gitta
CCSA va MCSA chi ra raing MCSA hiéu qua hon CCSA vé chi phi nhung thoi gian tinh
toan cham hon khong dang ké.

Bdng 4.18. So sanh két qua giita cic phwong phdp CSA cho hé thong 7

Phuong | Ny/Gmax | Threshold CPNN CPTB CPLN DLC TGTT
phap e/ P, %) (%) %) (%) (gidy)
CCSA | 50/400 | —/0.5 93.423.04 | 94.406.55 | 95.807.15 | 505.87 | 1.54
MCSA | 50/400 | —/06 93.274.13 | 94.401.73 | 95,875.69 | 49734 | 1.98
107709 |92.790.06 | 93.308.99 | 96,081.49 | 587.05 | 0.988
)
107708 1 9279438 | 93.254.62 | 94,175.95 | 348.94 | 0.97
ASCSA
sopo0 | 107709 [92,740.33 | 93,220.22 [ 94,389.8 | 323.53 | 0.99
107708 |92.729.95 | 94,045.46 | 99.968.12 | 1,446.86 | 0.96
10°5/0.8 | 92.764.58 | 93.872.28 | 98.765.58 | 1,132.593 | 0.98

Tom lai, muc nay di kiém tra tinh hiéu qua cua cac phuong phap CSA khi ap
dung cho hai hé thong c6 xét dén hiéu ng xa van twong mg v6i ham chi phi nhiét dién
khong kha vi. So sanh vé cac gia tri chi phi va thoi gian tinh toan da goi dén mot thong
tin vé tinh hiéu qua cia ASCSA luén ludn vuot trdi so véi CCSA va MCSA vé chat
luong 101 giai va thoi gian tinh toan. Panh gid con lai gitta CCSA va MCSA ciing cho
biét MCSA hiéu qua hon CCSA vé chat lugng 10i giai nhung thoi gian tinh toan cham
hon khong dang ké.
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Hinh 4.11. Pdc tinh héi tu cdc phirong phdp CSA cho hé théng 7
Bang 4.19. So sanh két qud cho hé théng 6

Phuong phap Chi phi (§) | TGTT (giay)
AIS [8] 66,117 53.43

EP [8] 66,198 75.48

PSO [8] 66,166 71.62

DE [8] 66,121 60.76

PPO [12] *64,786 15.33

CCSA 66,116.05 0.67

MCSA 66,115.66 0.75
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ASCSA 66,115.490 0.37
*Nghiém khong kha thi

Mit khac dé 1am rd kha ning tim kiém nghiém ti vu ctia cac phuwong phap CSA cho
bai toan diéu do thay nhiét dién dang xét, cac phuong phap ndy sé dugc so sanh véi cac
phuong phép khac nhu PSO, DE, EP va AIS ¢ nghién ctru [8], va PPO ¢ nghién ctu
[12]. Chi tiét so sanh két qua duoc trinh bay trong bang 4.19 va 4.20. Chi phi nhién liéu
nho nhit dat duoc tir PPO [12] cho thay PPO 1a phwong phép c6 thé hiéu quéa nhat; tuy
nhién, kiém tra rang budc can bang cong suit cho thiy phuong phap nay da béo céo 1oi
giai khong kha thi vi pham rang budc. That vay, chung t6i di tinh lai ton that cong suat
dura vao cac cong sut t6i uu thuy dién va nhiét dién da bao cdo trong nghién ctru [12]
va két qua cho thay cac gid tri tinh toan nho hon gia tri dd bao cdo. Nhu vy phuong
phap nay da vi pham rang budc va nghiém ti wu di khong duoc chap nhan. Do do,
phuong phap nay s€ khong dugc so sanh tinh hi¢u qué véi cac phuong phap khac con
lai. So sanh két qua v6i cac phuong phap con lai cho thdy cac phuong phap CSA rat
hiéu qua, dac biét la ASCSA. Vi hé théng 7, cac gia tri dat dugc tt CCSA, MCSA va
ASCSA lan luot 13 93,423.048, 93,274.13$ va 92,729.946$ trong khi d6 gia tri dat duoc
tu DE , EP , PSO va AIS lan luot 1a 94,0948, 94,1268, 94,2503 va 93,9508. Bén canh
d6, qua trinh tim kiém ctia ASCSA ciing dua trén s vong 1ap nhé hon tat ca cac phuong
phap ngoai trir AIS nhung thoi gian tinh toan cia ASCSA 13 nho nhat. Phuong phap
CCSA va MCSA ciing trai qua thoi gian tinh toan nhanh chwa dén 2 gidy trong khi cac
phuong phép khac phai trai qua khoang 1.5 phat. Cac phuong phap ¢ nghién ctru [8]
duoc thuc thi trén may tinh c6 tbc do xur 1y 3.0 Ghz.

Bang 4.20. So sanh két qud cho hé thong 7

Phuong phap |  Chi phi ($) TGTT (giay)
AIS [8] 93,950 59.14

EP [8] 94,250 67.82

PSO [8] 94,126 80.37

DE [8] 94,094 83.54
PPO[12]  |*¥93,699 5.20

CCSA 93,423.04 1.54

MCSA 93,274.13 1.98

ASCSA 92,729.95 0.96

Do cac phuong phap nghién ciru & cac bai bao khac nhau st dung cdu hinh may tinh
khac nhau nén viéc so sanh thoi gian 1a chua hop 1y. Do d6, cac cdu hinh may tinh va
thoi gian tinh toan nén quy doi vé gia tri chung dé c6 thé so sanh cong bang hon. Tur do,
cong thuce (4.79) dugc xay dung [80].
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Given CPU speed (GHz) y Given CPU time (second) ( 4 79)

Adjusted CPU time =
2.0(GHz) CPU time from ASCSA (second)

Trong d6 gi tri 2.0 (GHZ) 1a téc do xtr Iy ciia may tinh ma luan 4n nay sir dung
con given CPU speed 1 cdu hinh ctia mdy tinh ma bai bao khac sir dung dé chay thuat
todn trong bai bao do. Given cpu time ctling la thoi gian ma phuong phap trong bai bao
khac chay chuong trinh. Két qua Adjusted cpu time (thoi gian quy d6i) dung dé danh
gia tdc d6 nhanh hay cham cta phuong phap khéc so voi ASCSA. Gia sir gid tri ndy cia
1 phuong phéap khéc bang 2, c6 nghia 13 thdi gian chay chuong trinh ctia phwong phap
d6 gip 2 lan ASCSA va nguoc lai néu gia tri d6 bang 0.5 thi phuong phap d6 chi sir
dung mot nira thoi gian ma ASCSA chay chwong trinh. Thoi gian quy ddi dugc bao cao
trong bang 4.21cho thdy ring ASCSA nhanh hon cic phuong phap khac ¢ [8] tur
92.4+306 1an va nhanh hon CCSA va MCSA khoang 2 1an. Vay CCSA va MCSA ciing
nhanh hon céc phuong phap & [8] khoang mét nira s6 1an ma ASCSA dat duoc.

Tir d6 6 thé két luan rang ba phuong phap CSA rét hiéu qua so voi cac phuong
phap khéac. So sanh giita ba phuong phap CSA, ASCSA hiéu qua nhat va CCSA kém
hiéu qua hon.

Bang 4.21. So sdnh thoi gian quy déi cho hé thong 6 va 7

H¢ Phuong Toc do Tbc dd | Thoi gian | Thoi gian | Thoi gian
thong phép CpPU CPU thuc thuc quy doi
(GHz) (PU) (gidy) (pw) (pw)

AIS [8] 3.0 1.5 53.43 144.41 216.61
EP [8] 3.0 1.5 75.48 204 306
PSO [8] 3.0 1.5 71.62 193.57 290.35

6 DE [8] 3.0 1.5 60.76 164.22 246.32
CSA 2.0 1 0.67 1.8108 1.81
MCSA 2.0 1 0.75 2.027 2.027
ASCSA 2.0 1 0.37 1 1
AIS [8] 3.0 1.5 59.14 61.604 92.406
EP [8] 3.0 1.5 67.82 70.646 105.97
PSO [8] 3.0 1.5 80.37 83.719 125.58

7 DE [8] 3.0 1.5 83.54 87.021 130.53
CSA 2.0 1 1.54 1.6042 1.6042
MCSA 2.0 1 1.98 2.0625 2.0625
ASCSA 2.0 1 0.96 1 1

4.9.3. Téi wu da muc tiéu

4.9.3.1. Cac h¢ thong khong xét dén hiéu tmg xa van

79



Trong muc ndy, bén hé théng 1, 3, 4 va 5 khong xét dén hiéu tng x4 van & muc 4.9.2.1
duogc sir dung dé kiém tra tinh hiéu qua ciia bén phuong phap ap dung CCSA, MCSA,
ASCSA va ALHN. Cho mdi hé thdng, ba truong hop diéu do duoc tién hanh nhim dat
duoc:

1) Chi phi nho nhat (diéu d6 kinh té) (¥;=1 va ¥, =0)

2) Phat thai nho nhat (diéu do phat thai) (¥;=0va ¥ =1)

3) Ca chi phi 13n phat thai nho nhat (diéu do da muc tiéu).
Dé thyc hién hai truong hop dau, cac gid tri cta trong sé ham chi phi va phat thai dugc
chon nhu céc gia tri trong ddu ngodc don trong khi d6 & truong hop thir ba vé didu do
ca chi phi va khi thai thi cAn phai xac dinh mot tap hop cic nghiém khong troi va sau do
ap dung phuong phap Fuzzy (43 mo ta & muc 4.8.1) dé xac dinh nghiém thoa hiép co
chi phi va phat thai phu hop. Trudng hop diéu d6 kinh té da duoc thyc hién ¢ muc 4.9.2.1
va myc nay chi thyc hién hai truong hgp con lai cho cac hé¢ théng, cuc tiéu don muc
ti€u phat thai va cuc tiéu da muc tiéu.

Truwong hop 1: Hé thong 1 véi hai ham muc tiéu

Céc thong s diéu khién cta cac phuong phap CSA duge st dung nhu trong bang 4.22
trong khi d6 ngudng sai sb chép nhan caa ALHN 1a 10, Két qua dat dugc cua diéu do
phat thai duoc thé hién trong bang 4.23.

Badng 4.22. Cai dit thong sé cdc phiong phap CSA cho hé thong 1

Phuong phap CCSA MCSA ASCSA
Piéu do Ny 20 20 20
phat thai
Gmar | 350 350 100
Dicu do N, |20 20 20
da muc
ticu Gmar | 150 150 70

Két qua phat thai giita cdc phuong phap chénh léch nhau khong dang ké; tuy nhién,
ASCSA di dat dugc phat thai nho nhat voi thoi gian tinh toan nhanh nhat. ALHN da gip
phai khé khan khi xir Iy cac rang budc cho diéu do phét thai va thoi gian tinh toan dai so
v6i cac phuong phap CSA. Mot tap hop cac nghiém khong trdi da dugc tim ra bdi céac
phuong phép nay va bdo cdo trong bang 4.24 va 4.25. Trong bang nay, up dugc tinh toan
dwa vao phuong phap Fuzzy va nghiém tuong ing vé6i gia tri 1én nhét cia pp s& 1a nghiém
thoa hiép cho chi phi va phat thai mong mudn. Két qua dat duge tir ALHN cho chi phi
va phat thai 1an luot 13 64,823.35998 va 614.1486 1b véi gia tri up bang 0.0614. Tuong
tu, CCSA, MCSA va ASCSA da dat dugc cac gia tri (65,055.428, 593.9374 1b),
(65,056.63, 593.86 Ib) va (65,052.2057$, 594.1617 Ib). So sanh giita cac gia tri cho thay
c6 mot sy danh ddi gitra chi phi va phat thai giita cac phuong phap. Tt 1a phuong phép
nay co chi phi nhd hon thi lai c6 phat thai 16n hon hoac ngugc lai.
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Bdng 4.23. So sdnh diéu do phdt thdi cho hé thong 1

Phuong GTNN (1lb) GTTB GTLN DLC TGTT
phéap (threshold ¢/ P,) (Ib) (Ib) (Ib) (gidy)
CCSA 564.883(-/ 0.6) 566.1564 | 568.0415 0.6228 1.2234
MCSA 564.819 (-/ 0.8) 566.4713 | 569.8332 09174 0.7355
564.8387 (10°1/ 0.6) | 569.5845 | 596.8618 5.7832 0.4103
564.719 (102 /0.6) | 571.0537 | 583.8311 4.9022 0.3835
ASCSA | 564.801(10°/0.7) | 5689584 | 579.9511 3.8904 0.3866
564.903(10%/0.7) | 570.1369 | 584.5283 4.9640 0.3769
564.737(10°/0.8) | 567.8296 | 580.1705 3.3527 0.3878
ALHN 564.86 - - - 5.0

Ngoai ra, diéu d6 da muyc tiéu (chi phi va phat thai) ciing duoc thuc hién boi phuong
phap hé s6 phat nhu da trinh bay & muc 4.8.2. Chi phi va phat thai ctia nghiém théa hiép
duogc tim ra boi 4p dung phuong phap hé s phat va phuong phap Fuzzy va duoc so sanh
trong bang 4.26. Khi so sanh chi phi va phat thai & cung mdt phuong phap st dung
Fuzzy va hé s6 phat cho thay chi phi tir hé s6 phat t6t hon nhung phat thai cao hon rat
nhiéu. Pé chon két qua tir mot phuong phép tot hon trong hai phuong phap nay, gia tri
chi phi va phat thai tir phwong phap t6t nhat duoc thuc hién ¢ cac nghién ctru khac duoc
sir dung d6 1a phuong phap PPO-PS ¢ nghién ciru [62] dé so sanh. Chi phi va phat thai
dat dugc tir ASCSA khi sir dung phuong phap Fuzzy 1an luot 14 65,052.2$ va 594.162 1b
da nho gia tri dat duoc tir PPO-PS [62] 1a 5.8% va 0.018 1b trong khi d6 gia tri dat duoc
bdi ASCSA khi ap dung phuong phéap hé s6 phat 1 64,616.4966$ va 658.1339 Ib da nho
hon 441.503% nhung cao hon 63.954 1b so v4i phuong phap PPO-PS [62]. RS rang khi
str dung phuong phap hé sb phat sé khong thé danh gid duogc vé tinh hiéu qua giira
ASCSA va PPO-PS do luén c6 su danh ddi va Fuzzy 1a phuong phap c6 thé dua ra mot
danh gid so sanh cu thé hon. Van dé ciing twong ty khi so sanh két qua tir CCSA va
MCSA véi PPO-PS.

Té6m lai, diém thoa hiép cho bai toan da muc ti€u cuc tiéu ca chi phi va phat thai dugc
xac dinh nho sir dung phuong phap Fuzzy c6 thé hd tro danh gia tot chat lugng nghiém
gitra cac phuong phép vdi nhau méac du phuong phap nay phuc tap hon so véi phuong
phap hé s6 phat. Do d6, phuong phap Fuzzy s& duoc ap dung cho cac hé thong con lai
dé tim diém thoa hiép.

Két qua dat dugc tir ALHN, CCSA, MCSA va ASCSA duoc so sanh véi cac phuong
phép khéc trong bang 4.27 nhu RCGA [60], MODE [60], NSGA-II [60], PSO, PSO-
PM, PPO, PPO-PM, PPO-PS, PPO-PS-PM [62]. So sanh gi4 tri chi phi, khi thai va chi
phi 13n khi thai cho cac truong hop c6 thé danh gia duoc rang 3 cac phuong phap CSA
c6 chi phi va khi thai nhé hon va thoi gian cling nhanh hon cho ca 3 truong hop. Vi
phuong phap ALHN, chi phi va khi thai nho hon cac phuong phap khac khi cyc tiéu
chi phi va khi thai doc 1ap va c6 su danh dbi giira chi phi va khi thai cho truong hop cuc
tiéu da muyc tiéu. So sanh vé thoi gian tinh todn cho thay cic phuong phap CSA va
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ALHN 13 nhitng phuong phap nhanh nhit véi thoi gian tinh toan nhanh nhoé hon 1 gidy
ngoai trir ALHN & diéu d6 phat thai va diéu do da muyc tiéu. Bén canh do, ciing duoc
nhin manh rang cac phuong phap ¢ nghién ctru [60] duoc thyc thi trén may tinh véi toe
do xur Iy 3.0 Ghz trong khi cac phuong phap & nghién ctru ¢ [62] da khong dugc bao céo
tdc do xir Iy may tinh. Do d6, dua vao két qua vé chi phi va khi thai c6 thé két luan duoc
rang cac phuong phap dwoc ap dung trong luin an gdm CCSA, MCSA, ASCSA va
ALHN la nhitng phuong phap hi€u qua hon cac phuong phap dugc so sanh khac.
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Badng 4.24. Tdp nghiém khéng tréi ciia ALHN va CCSA cho hé thong 1

ALHN CCSA
Wi Fi($) F> (Ib) Up Fi($) F> (Ib) UD
0 65,797.4155 | 564.8693 | 0.0456 65,807.2879 | 564.8830 0.0465
0.01 | 65,631.4723 | 589.6963 | 0.0411 65,958.52 566.1585 0.0413
0.02 | 65,463.2105 | 592.4525 | 0.0463 65,643.48 568.0805 0.0503
0.03 | 65,369.9322 | 594.9277 | 0.0488 65,465.48 573.3661 0.0537
0.04 | 65,301.2507 | 597.5562 | 0.0503 65,397.12 575.5129 0.0550
0.05 | 65,203.9388 | 602.3212 | 0.0520 65,233.39 583.0882 0.0570
0.06 | 65,131.3720 | 606.6244 | 0.0529 65,111.04 590.2369 0.0579
0.07 | 65,078.7312 | 610.3163 0.0533 | 65,055.42 593.9374 0.0582
0.08 | 65,028.5500 | 614.4644 0.0534 | 64,929.73 603.6738 0.0581
0.09 | 64,981.9246 | 619.6337 0.0529 | 64,872.16 609.0066 0.0578
0.1 64,823.3599 | 614.1486 0.0614 | 64,827.86 613.6456 0.0573
0.2 64,661.9632 | 639.8036 0.0564 | 64,662.13 639.7608 0.0520
0.3 64,626.9970 | 650.9070 0.0529 | 64,626.91 650.9489 0.0487
0.4 64,615.1597 | 657.0853 0.0506 | 64,615.06 657.1479 0.0465
0.5 64,610.2185 | 661.0163 0.0491 | 64,610.15 661.083 0.0451
0.6 64,607.9227 | 663.7395 0.0480 | 64,607.88 663.8037 0.0441
0.7 64,606.8222 | 665.7347 0.0472 | 64,606.79 665.7966 0.0433
0.8 64,606.2911 | 667.2593 0.0465 | 64,606.27 667.3183 0.0428
0.9 64,606.0681 | 668.4632 0.0460 | 64,606.06 668.5187 0.0423
1 64,606.0037 | 669.4378 0.0456 | 64,606.037 | 669.6255 0.0418
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Badng 4.25. Tdp nghiém khéng tréi ciia MCSA va ASCSA cho hé thong 1

Wi MCSA ASCSA

F1(8) F> (Ib) 1D F1(8) F> (Ib) LD
0 65,776.4 564.819 0.0443 65,802.5 564.72 0.043
0.01 | 65,814 564.971 0.0429 65,732.9 566.097 0.045
0.02 | 65,704.6 566.009 0.0463 65,662.2 567.346 0.047
0.03 | 65,524.7 570.787 0.0508 65,500.8 571.922 0.0509
0.04 | 65,395 575.481 0.0534 65,420 574.723 0.0527
0.05 | 65,2334 581.088 0.0569 65,236.2 582.991 0.0559
0.06 | 65,111 591.237 0.0571 65,136.7 588.666 0.0571
0.07 | 65,056.6 593.86 0.0581 65,057.8 593.777 0.0579
0.08 | 64,929.7 603.674 0.0579 65,055.3 593.953 0.0579
0.09 | 64,872.2 609.007 0.058 65,052.2 594.162 0.0579
0.1 64,827.9 613.646 0.0579 64,826.4 613.807 0.0579
0.2 |64,662.1 639.761 0.0531 64,661.4 639.983 0.0532
0.3 | 64,6269 650.949 0.0497 64,627.4 650.78 0.0499
0.4 |64,615.1 657.148 0.0476 64,614.8 657.32 0.0477
0.5 |64,609.1 661.083 0.0462 64,610.1 661.117 0.0463
0.6 |64,607.9 663.804 0.0451 64,608.1 663.622 0.0454
0.7 | 64,606.8 665.796 0.0443 64,606.9 665.653 0.0446
0.8 | 64,606.3 667.318 0.0437 64,606.7 669.164 0.0431
0.9 | 64,606.1 668.519 0.0432 64,6006.1 668.613 0.0434
1 64,606 669.309 0.0429 64,606 669.49 0.043

Badng 4.26. So sanh diéu do da muc tiéu cho cdc phwong phdp khdc nhau

Phuong phap Fuzzy Phuong phip h¢ s phat
Phuong phap =
Chi phi ($) | Phat thai (Ib) C}él)’hl Phat thai (Ib)
ALHN 64.82336 |614.1486 64,616.7 |657.9843
CCSA 65.055.42  |593.9374 64,616.6 |658.5974
MCSA 65,056.6  |593.86 64,615.5 |658.4694
ASCSA 65,0522  |594.162 64,6164 |658.1339
PPO-PS [62]  |65,058 594.18 - -
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Bdng 4.27. So sanh két qud cho hé théng thir nhdt

Diéu do kinh té Diéu do phat thai Diéu d6 da myc tiéu
Phuong phéap . . .

Chiphi | TGTT | Phit thai TGTT | ohi (5) Phat thai TGTT

$) (gidy) (Ib) (gidy) (Ib) (gidy)

RCGA [60] [66,031 [21.63 [586.14 2027 |- - -
NSGA-II [60] |- - - - 66,331 618.08  |27.85
MODE [60] |- - - - 66,354  [619.42  [30.71
SPEA-2 [60] |- - - - 66,332 [618.45 34.87
PSO-PM [62] [65,741 [18.25 [585.67 18.00 [65,821 620.78 18.98
PSO [62] 65,241  [18.32 [579.56 1831 [65,731 618.78 19.31
PPO-PM [62] [64,873 [16.14 [572.71 1593 [65426  |612.34 16.53
PPO [62] 64,718  [15.99 [569.73 15.18 [65,104  [601.16 16.34
PPO-PS- 64,680 [15.98 [568.78 1592 [65,089  [600.24 16.15
PM[62]
PPO-PS [62] |64,614 [15.89 [564.92 1545 [65,058 594.18 16.74
CCSA 64,606 | 0.24 |564.88 1.2234 (65,055 593.93 0.33
MCSA 64,606 027  |564.82 0.7355 |65,056.6 |593.86  |0.35
ASCSA 64,606 |0.24  |564.72 039 65,0522 |594.16 |0.23
ALHN 64,606 0.6 564.87 5 64,8233 |614.1 2.3

Trwong hop 2: H¢ thong 3, 4 va 5 véi bon ham muc tiéu

O muc nay, cac h¢ théng 3,4va5 6 muc4.9.2.1 dugc su dung dé thir nghiém danh gia
tinh hiéu qua cac phuong phap 4p dung trong d6 mdi hé thong duogc xét dén voi bdn ham
muc tiéu gém mot ham chi phi va ba ham phat thai, NOx, CO2 va SO». Cac ham phat thai
duoc 1dy tir nghién ctru [91] trong d6 cac dir liéu con lai dugce 1ay tir nghién ctru [4]. Céc
phuong phap duoc thuc thi cho cic hé thdng voi trudng hop diéu do kinh t& (¥ = 1, wy
= wy = w; = 0), diéu d06 phat thai (¥, =0, ¥>=1 va w; = wa=w; = 1/3), va diéu d6 da
muc tiéu (¥; = ¥> = 0.5, w; = w2=w; = 0.5/3) [59]. Bén canh d¢, s t6 chim va vong lip
16n nhat cua cac phuong phap CSA dugc chon nhu bang 4.28 trong khi d6 tiéu chuan
dirng vong lap ctia ALHN duya vao sai s6 chap nhan 10,

Bang 4.28. Cai dt théng sé diéu khién cho hé thong 3, 4 va 5

CCSA MCSA ASCSA

Hé¢ théng N, Gmax Ny Gimax Ny Gmax
3 10 800 8 800 10 700
4 15 1,800 8 1,800 15 1,500
5 15 3,000 12 3,000 15 2,500
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Bang 4.29. So sanh diéu d¢ kinh té cho hé théng 3, 4 va 5

HT 3 HT 4 HT 5
Phuong = Tohi | TGTT | Chiphi | TGTT [ TGTT
phép ® | @y | ® | (ay | PHO ] iy

LGM [59] | 96024.418 - 848.241 - 53053.790 -

EPSO [59] | 96024.607 - 848.204 - 53053.790 -

v-PSO[59] | 96024.399 - 847.908 - 53053.790 -

ALHN 96024.373 | 1.0 | 848.349 0.6 53051.609 | 0.9

CCSA 96024.404 | 43 | 848.346 11.7 | 53051477 | 253

MCSA 96024.378 | 4.9 | 848.346 11.6 | 53051.476 | 263

ASCSA 96024.374 | 4.7 848347 | 11.5 | 53051.477 | 245

Bdng 4.30. So sanh diéu dg phdt thai cho hé thong 3, 4 va 5
Phat thai (kg) TGTT
Phuong phap NO SO, CO; Tong
LGM [59] | 14,376.318 | 44,202.359 [242,406.083 | 300,984.76 -
EPSO [59] | 14,376.405 | 44,202.506 |242,407.419 | 300,986.33 -

HT [, pSO[59] | 14.376.319 | 44,202.360 | 242,406.083 | 300,984.76 -

3 [ALAN 14,267.865 |44,312.4248(241,263.584 [299,843.87 0.5
CCSA 14,271.748 [44,302.0668 |241,293.147 | 299,866.96 | 5.6
MCSA 14,271.587 [44,302.8276|241,292.502 | 299,866.91 58
ASCSA 14,271.595 [44,302.7860(241,292.535  |299,866.91 57
LGM [59] |[571.991  [4,993.746 |[2,922.820 8,488.557 -
EPSO[59] |[571.729  [4,995.190 |[2,922.140 8,489.059 -

HT [, _psors9] [571.992 4,993.747 [2,922.820 8,488.559 -

4 [ALEN 572.001  [4,993.663 |2,922.7918 8.488.4557| 0.9
CCSA 571.7745 |4994.9086 [2922.2014 8,488.8845 | 11.42
MCSA 572.0224 |4993.5766 [2922.9032 8,488.5021 113
ASCSA 571.9413  |4994.0215 |2922.6903 8488.6532 11.5
LGM [59] |[21,739.271 |74,131.817 |373,122.569 |468,993.65 -
EPSO [59] |21,739.270 |74,131.817 [373,122.568 |468,993.65 -

HT [, psO[59] [21,739.185 |74,131.681 [373,121.273 | 468,992.13 -

> [ALHN 19,986.486 |73,825.2969|350,971.913 | 444,783.69| 0.5
CCSA 21,370.479 |73,924.733 [368,209.983 [463,505.20 | 242
MCSA 21,247.614 |73,963.781 [366,764.279 |461,975.6 26.8
ASCSA 20,987.202 | 73,934.601 [363,502.251 |458,424.05 | 252
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Bang 4.31. So sanh diéu aé da muc tiéu cho hé théng 3, 4val

Phuong phap LGM[59] | EPSO[59] | y-PSO [59] ALHN CCSA MCSA ASCSA
Chiphi($) |HT3 |96,421.725 |96,421.725 |96,421.46 | 96,465.713 | 96,420.771 | 96,420.1955 | 96,460.9851
HT4 |851.079 851.079 852.388 850.065 850.088 850.0896 850.0940
HT5 |54337.027 |54,337.027 |54336.888 |55,158.619 | 54333564 | 543054741 | 54,380.1314
NO.+SO,+C | HT3 | 301,016.541 | 301,016.54 | 301,015.145 | 300,286.600 | 300,436.191 | 300,437.8326 | 300,302.1429
0, (kg) HT 4 |8487.872 |8487.872 |8489.438 |8490.776 |8,490.871 | 8,490.7346 8,490.7031
HT5 |469,025331 | 469,025.331 | 469,023.262 | 44,5127.4 | 465,612.94 | 463,428.6304 | 462,337.377
TGTT (gidy) | HT3 |- - - 0.7 5.7 5.7 5.6
HT4 |- - - 0.8 11.5 11.6 115
HT5 |- - - 1.25 245 27.1 25.4
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Bdng 4.32. So sdnh thoi gian tinh todn cho hé thong 3, 4 va 5

Phuong phap | LGM EPSO | y-PSO | ALHN | CCSA | MCSA | ASCSA
[59] [59] [59]
HT 3 14.83 95.36 4344 |29 15.6 164 |16
HT 4 11.46 83.73 3927 |23 3462 332  |343
HT 5 12.26 105 49.01 | 265 74 80.2 | 75.1

Két qua so sanh cho diéu d6 kinh té, diéu do phat thai va diéu do kinh té-phat thai duoc
trinh bay trong 4.29, 4.30 va 4.31. Két qua diéu d6 kinh té cho thay bén phuong phap
ap dung va cac phuong phap duoc so sanh khac co chi phi chénh 16ch khong dang ké.
Cu thé, 4 phuong phap dugc ap dung c6 chi phi bé hon cac phuong phéap ¢ tai lidu [59]
cho hé théng 3 va 5 nhung lai c6 chi phi 16n hon ¢ hé thdng 2. O diéu d6 phat thai, tinh
hiéu qua ctia bén phuong phap ap dung duoc thay rd rang hon khi c6 khéi lugng phat
thai nho hon nhiéu so vé6i cac phuong phap ¢ [59] cho hé thong 3 va hé théng 5 trong
khi su chénh 1éch ¢ hé théng 4 gén nhu khong dang ké. O diéu do da muc tiéu, ca CCSA
va MCSA déu dat duoc chi phi va phat thai t6t hon cac phuong phap LGM, EPSO va
v-PSO ¢ tai liéu [59] nhung c¢6 mot sy danh d6i gitta chi phi va phat thai cia ALHN va
ASCSA v6i cac phuong phép nay. So sanh thoi gian tinh toan cho ca ba trudng hop diéu
d6 ti wu bao céo trong bang 4.32 cho thay ALHN 1a phuong phép c6 thoi gian tim kiém
nghiém toi vu rat nhanh so véi tat ca cic phuong phéap trong khi d6 ba phuong phap
CSA miét thoi gian hon LGM va y-PSO nhung nhanh hon EPSO. Tuy nhién, do LGM
va y-PSO 12 hai phuong phap tién dinh nén hai phuong phap nay khong thé giai quyét
cac hé thong co xét ham dén hiéu ing xa van tirc 1a ham muc tiéu khong kha vi. Phan
tich cac két qua cho ba qua trinh diéu do cho thay cac phuong phap ap dung trong luan
an hi¢u quéa hon so véi cac phuong phap & tai liéu [59].

Trong 4 phuong phap 4p dung, chi phi nhién liéu cho diéu d6 kinh té xap xi bang
nhau nhung phat thai dat duoc tir diéu do méi trudng boi phuong phap ALHN nho hon
rat nhiéu so v6i ba phuong phap CSA trong khi d6 khong c6 két luan vé tinh hiéu qua
cho diéu do da muc tiéu vi ludn c6 su danh doi giira cac phuong phap nay véi nhau. Tuy
nhién, ALHN dugc xem 13 hiéu qua nhat khi thoi gian tinh toan rat nhanh. Do d6, c6 thé
két luan dugc ALHN rat hiéu qua cho bai toan da myc tiéu c6 ham chi phi kha vi.

4.9.3.2. Héthéng 8 c6 xét dén hiéu Gmg xa van

O muc nay, hé thdng tht 8 duwgc st dung dé thuce thi cac phwong phap ap dung. Hé thong
nay c6 xét dén hiéu tng xa van tuong tmg v6i ham chi phi khong kha vi va ham phat
thai la téng cua ham béc hai va ham e mi. Cac nha may thuy nhié¢t dién dugc hoach dinh
phat dién t6i wu trong bdn khoang 12 gid véi dit liéu hé théng duoc trich tir nghién ctru
[61]. Dé thyc thi cho hé théng nay, cac thong s6 diéu khién clia cac phuong phap CSA
dugc chon nhu trong bang 4.33 véi ciing 50 t6 chim nhung s6 vong lap ciia phuong phap
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ASCSA duoc chon béng 200 trong khi d6 gia tri duoc chon cho CCSA va MCSA 1la
300. Viéc chon lya chénh 1éch nay nham muc dich chi ra tinh vuot troi vé tée do hoi tu
ctia ASCSA so0 v6i CCSA va MCSA. Két qua trinh bay trong bang 4.34 cho thdy ASCSA
c6 chi phi va phat thai thip nhét cho ca ba trudng hop didu do kinh té, diéu do phat thai
va diéu d6 da muc tiéu trong khi d6 MCSA va CCSA lai c6 sy danh doi gifra chi phi va
phat thai. That vay, CCSA dat duoc chi phi 65,2438 cho diéu do kinh té, phat thai
22821.3 Ib cho diéu d6 phat thai trong khi d6 gia tri cia MCSA 13 64,889$ va 22822.2
Ib. Hai phuong phap nay ciing c6 su danh d6i ¢ diéu 6 da muc tiéu khi CCSA c¢6 chi
phi 66,733$ va phat thai 24,667 1b con MCSA c6 chi phi 66,698% va phat thai 24,727.
Tuy nhién khi so sanh véi cac phuong phap khac ¢ nghién ctru [58], [60-62] thi cac
phuong phap CCSA va MCSA van ludn c6 két qua t6t hon. V& thoi gian tinh toan, cac
phuong phap CSA nhanh hon rat nhiéu so véi cac phuwong phép khac & cac nghién ctru
trude. Dic tinh hoi tu cho diéu do kinh té va didu do phat thai dugc thé hién ¢ hinh 4.12
va 4.13 cho thay ASCSA ludn c6 nghiém tdi wu tot hon rat nhiéu so véi CCSA va MCSA
& mdi vong lap.

Nghiém t6i wu ctia cac hé thdng & chuong nay dat duge tir ASCSA dugc dinh
kém trong phu luc.

Bdng 4.33. Lia chon théng sé cho hé thong 8

CCSA MCSA ASCSA
Xét N, Goax | No | Goax | Ny | G
DDKT 50 300 | 50 | 300 | 50 | 200
DDPT 50 300 | 50 | 300 | 50 | 200
DDKT-PT | 50 300 | 50 | 300 | 50 | 200

Bang 4.34. So sanh két qud cho hé théng 8

N PDKT PDPT PDKT-PT
U.'O‘ng phap

cp®) | 0T prapy | P | TOTT | prqpy | CP

(gidy) () | (giay) $)

SA-BGA [58] | 70718 | - | 23200 | - |73.612| 26,080 | 1492
RCGA [60] 66,516 | 4036 | 23,022 |41.98| - } B
NSGA-II [60] § : ; ~ 68333 | 25278 | 4542
MODE [60] i i i ~ 168388 | 25.792 |46.76
SPEA-2 [60] i i i 63.392 | 26,005 | 57.02

GA-MU [61] 67,751 | 90.15 | 23,223 | 78.27 | 68,521 | 26,080 |96.10
IGA-MU [61] 66,539 | 51.63 | 23,223 |42.87 | 68,492 | 26,080 |53.54
PSO-PM [62] 66,349 | 33.14 | 23,167 |33.63| 67,994 | 25,902 |34.11

PSO [62] 66,223 | 32.15 | 23,112 |32.34| 67,892 | 25,773 |34.52
PPO-PM [62] 65,912 | 21.03 | 23,078 |21.18 | 67,211 | 25,606 |22.04
PPO [62] 65,885 | 21.45 | 22,966 |21.56 | 67,170 | 25,601 |22.11

PPO-PS-PM [62]]| 65,723 | 21.12 | 22,912 |24.74| 67,092 | 25,600 |24.90
PPO-PS [62] 65,567 | 22.00 | 22,828 |21.98 66,951 | 25,596 |22.76

IRM-MEDA[63] | 68,000 | - |23,031.5| - - - -

CCSA 65243 | 154 22,8213 1.6 | 66,733 | 24,667 | 1.6
MCSA 64,880 | 23 228222 22 | 66,698 | 24,727 | 2.3
ASCSA 64,728 | 0.96 | 22,8183 | 0.97 | 66,536 | 24,644 | 0.99
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Hinh 4.13. Bdc tinh héi tu cho hé thong 8 véi diéu d phdt thdi
4.10. Tém Tat

O chuong nay, cac phuong phap CCSA, MCSA, ASCSA va ALHN di duoc ap dung
dé giai bai toan FH-ST-HTS véi 5 hé thong khong xét dén hiéu tmg xa van va 3 hé thong
c6 xét dén hiéu g xa van dugc tach ra thanh ba truong hop dicu do riéng biét nhu cuc
tiéu chi phi ddc lap, cuc tiéu phat thai doc 1ap va cuc tiéu da muc tiéu ca chi phi va phat
thai. Két qua so sanh cho thay rang ASCSA hiéu qua hon CCSA va MCSA vi da dat
duogc chi phi thap hon va thoi gian tinh toan nhanh hon ciing véi sb vong 1ip nho hon
cho hau hét tit ca cac hé thong. So sanh giita MCSA va CCSA cho thiy kha ning tim
kiém nghiém téi vu cia MCSA hiéu qua hon cho chi phi thap hon nhung thoi gian tinh
todn cham hon CCSA. Khéc véi cac phuong phap CSA, ALHN chi duoc ap dung cho
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cac hé thdng bo qua hiéu tng x4 van c6 ham chi phi kha vi nén pham vi tmg dung bi
gidi han. Cho hau hét cac hé thong dugc ap dung, ALHN c6 chi phi xap xi hodc nhé hon
va thoi gian tinh toan nhanh hon so v&i cac phuong phap CSA; tuy nhién, van cé trudng
hop thoi gian tinh toan cia ALHN chiam hon rat nhiéu. Két qua nay cho thiy tinh hiéu
qua cia ALHN phuy thudc rat 16n vao do tim hé sé diéu khién trong khi d6 bai todn nhiéu
rang budc thi h¢ s6 diéu khién cang nhiéu va viéc do tim nhiéu gia tri lai cang kho khan.
Véi nhuge diém nay, ALHN s& khong duoc ap dung cho cac bai toan ¢ cac chuong tiép
theo. Ngoai ra cac phuong phap CSA va ALHN cling dugc so sanh véi cac phuong phap
tién dinh nhu Lagrange relaxation, Newton-Graphson, v.v. va cac phuong phéap thong
minh nhan tao nhu GA, PSO, DE, HNN, AIS, v.v. So sanh két qua & cac hé thong
khong xét dén hiéu img xa van c6 thé danh gia duoc tinh hiéu quéa cia bén phuong phap
nay vuot troi hon so véi cac phuong phap khac vé chat luong 101 giai va thoi gian tinh
toan. Bén canh do, cac nghién ctru khac da 4p dung cac phuong phap toan ma da bao
c4o nghiém t6i wu vi pham céc rang budc hé théng. So sanh khi 4p dung cho cac hé
thong xét dén hiéu Gmg x4 van c6 ham chi phi khong kha vi cling cho danh gia tuong tir
khi cac phuong phap CSA ludn co chat lwong 10i giai tét hon va thoi gian tinh toan
nhanh hon. Do d6, c6 thé di dén két luan rang cac phuong phap ALHN, CCSA, MCSA
va ASCSA 1a nhitng phuong phap hiéu qua dé diéu do t6i wu hé thdng thuy nhiét dién
ngén han véi chiéu cao cot nude ¢d dinh.

Lién quan dén van dé van hanh t6i wu cac nha may thuy nhiét dién trén hé thong
dién thuc té, cong viéc giai bai toan phdi hop tdi wu hé thong thuy nhiét dién va van
hanh t6i wu hé théng thily nhiét dién thuc té c6 mdi lién quan twong hd. Trong sd cic
bién dicu khién va cac bién phu thudc & 10i giai toi uu cling 1a cac thong s6 diéu khién
van hanh & cac nha may thuy dién va nhiét dién trong thuc té. Vi du, & bai toan nay cac
bién diéu khién va bién phu thudc bao gdm cong sut nhiét dién va luu lugng luong xa
nudc qua cac turbine thuy dién. Do d6, cac bién nay ciing 1a cac gia tri van hanh ¢ nha
may dién. O cac nha may thuy dién, van hanh vién s€ dya vao luu luong xa ciia nghi¢m
t6i uvu dé diéu chinh mé canh hudng sao cho luu lugng nudc qua turbine bang véi luu
lugng nudc da dugce dinh trude. Tuong tu, cac van hanh vién ¢ nha may nhi¢t dién cling
diéu chinh cac van khi hodc dya vao bang van hanh dé diéu chinh nhién liéu can dbt sao
cho cong suat phat bang vai gia tri toi vu da duoc dinh trude.

Céc phuong phap CSA c6 kha ning giai bai toan FH-ST-HTS cho chit luong 1oi
giai cao nén kha nang ap dung cac phuwong phap nay dé van hanh hé thong thyc té 1a
didu chac chin c6 thé. Tuy nhién, mé hinh toan cuia bai toan FH-ST-HTS b6 qua cac
rang budc vé thé tich hd chira 1a hoan toan chua thue t& boi vi thé tich ho chira phai luén
luén dugc giam sat va rang budce trong gidi han van hanh & cac nha may nhi¢t dién. Rang
budc nay chi c6 thé duoc bo qua khi dam bao rang thé tich nudc trong hd khong thé
vuot qua gidi han cao nhét va gay nguy hiém cho dap thiy dién. Gia thuyét nay dugc
chap nhan & mua hé khi ma hau hét cac ho chira déu can dudi muc nudc dang binh
thudng. Bai toan thuc t& xem xét rang budc hd chira s& duoc dé cap dén ¢ chuong tiép
theo va cac phuong phap CSA s€ dugc ap dung.
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CHUONG 5: AP DUNG CAC PHUONG PHAP CUCKOO
SEARCH DPIEU PQ HE THONG THUY NHIET PIEN NGAN
HAN XET CHIEU CAO CQT NUGC KHONG POI VA RANG
BUQC THE TiCH HO CHUA

5.1. Giéi Thi¢u

O chuong nay, rang budc hd thuy dién c6 xét dén thé tich hd chira & dau va cudi
khoang thoi gian hoach dinh, gidi han thé tich nho nhat va 16n nhat & mdi thoi diém
trong toan thoi gian hoach dinh. Bén canh d6, sy can bang ngudn nudc trong hd gom
nude vé, nude xa qua turbine, nudce & thoi diém trude va nudce & thoi diém sau cling ludn
luén duoc giam sat. Sy phirc tap cua tap hop rang budc nay lam cho bai toan phdi hop
hé thdng thily nhiét dién c6 xét thé tich hd chira trd nén phic tap hon so v6i bo qua rang
budc thé tich hd chira nhu & chuong 4. Vi bai toan phirc tap voi nhiéu rang budc nén
viéc 4p dung ALHN gip rat nhiéu khé khin trong viéc chon lira thong s6 diéu khién. Do
d6, ALHN khong dugc ap dung cho bai toan & chuong nay va cac chuong tiép theo.
Tinh hiéu qua cta cac phuong phap CCSA, MCSA va ASCSA duoc kiém tra trén hai
hé théng thuy nhiét dién véi do phuee tap ting dan. Hé thong thir nhat gdm mot nha may
thiy dién va mot nha méy nhiét dién bo qua hiéu Gmg xa van trong khi d6 hé théng thu
hai gdm bén nha may thity dién va bén nha may nhiét dién xét dén hiéu Gmg xa van.

Chi tiét mo hinh bai toan phdi hop hé thdng thuy nhiét dién ngan han chiéu cao cot
nuée khong doi co xét rang budc thé tich ho chira dugce trinh bay chi tiét & muyc tiép theo.

5.2. M6 Hinh Bai Toan

Ham muc tiéu cta bai toan 1a cuc tiéu chi phi phat dién tai cdc nha may nhié¢t dién va
ham chi phi c6 xét dén thanh phan Sin do hiéu (mg xa van nhu cong thire (5.1):

M N,
F= Zitm [asi +b P, +c, P2, +|d; xsin(esi x(l?:l.ni“—f;i’m ))H (5.1)

St~ st,m St st,m

m=1 i=1
Céc rang budc hé théng va thay dién
- Rang bujc cdn bang céng sudt: Tong cong sut phat cua thiy dién va nhiét dién
phai bang tong cong suat tai va ton that
N N,
le.;i,m +Zsz,m _PD,m _PL,m =0 (52)
i=1 j=1

- Rang bugc luu lwong xa trong khoang thoi gian m dang xét: Luu lugng xa qua
turbine trong tm gid bang véi tich cia s6 gid va luu lwong xa mdi gid
Cjm = jm (5.3)

2
G = Gy + Oy By + B (5.4)
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- Rang budc cdn bang nguon nwée: Luu luong nudce trong ho, lru lwvong nude vé
hd, luu luong xa va luu lugng thim qua dap trong ¢, gid & khoang m phai tuan
thu quy luat sau:

V.

J.m—1

Vion L jm =Qjom =Sm =0 (5.5)

- Rang budc thé tich hé chira thoi gian dau va cudi: Thé tich hd chira lac thue hién
ké hoach phat dién tdi wu (V) va thé tich cudi thoi gian thuc hién (V) phai dung
bang muc nudc dang c6 trong hd lac dau (V) miiar) va muc nudc yéu cau lic két
thac (V) zna)

Vio=V,mitiars Viase =V ena (5.6)

- Rang budc gidi han ho chira: Thé tich hd nude thuy dién luén ludn duoc giam sat

sao cho niam trong khoang giéi han nhé nhit va 16n nhit nhim dam bao chiéu cao

¢Ot nudce 1én hon myue nude chét va nhd hon mue nudce dang binh thuong

Vimin <Vim <VimasJ =120 Nyym =1,2,.., M (5.7)

- Rang bugc gidi han lwu lwong xa: Luu lugng xa qua turbine thuy dién phai nam
trong gi6i han nho nhat va 16n nhat nhu thiét ké ban dau

Gimin <Dim <> J =025 Nysm=1,2,... M (5.8)

- Rang budc gidi han mdy phdt dién: Cong suit may phat nha may thuy dién va
nhiét dién phai nam trong gidi han nho nhat va 16n nhat dé dam bao an toan cho

may phat
Pmin < Poim = Pymaxs i =12, Njym =1,2,...,M (5.9)
By min < Bym < By J =120, Nyym =1,2,... M (5.10)

5.3. Tinh Toan Cong Suat Té May Nhiét Pién Can Bang

Bai todn nay co ba rang budc can bang chinh gdm rang budc can bing cong suét (5.2),
rang budc can bang ngudén nude (5.5) va rang budc ngudn nudc & khoang thoi gian
hoach dinh cudi cing (5.6). Pé c6 thé xtr Iy duoc rang bude (5.2), dd cb6 mot tap hop cac
bién cin bang tuong tmg duoc st dung bao gdm cong suat té may nhiét dién thir nhit &
M khoang thoi gian xem xét Psrm (m = 1,2, ..., M). Véi gia sit dd c6 (N;-1) cong suat
nhiét dién va N> cong suit thiry dién da biét, rang budc can bang (5.2) s& duoc xt Iy. O
nghién ctru ndy, t6 may nhiét dién thir nhit dugc chon 1am bién cin bang va duoc tinh

toan nhu sau:
M Ny
Psl,m :PD,m +PL,m _Za‘i,m _ZPhj,m (51 1)
i=2 j=1

Toan bd qua trinh tinh toan dugc thuc hién twong ty nhu muc 4.3 & chuong 4.
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Ngoai ra cc rang budc (5.5) va (5.6) lién quan dén thé tich hd chua cling can dugc xir
Iy mot cach triét dé. Pé giai quyét dugc rang budc (5.5), O;m duge st dung nhu bién can
béng trong khi cac bién khac duogc chon lam bién diéu khién duoc khéi tao ban dau va
dugc tao méi theo nghiém tdi wru 14 Vim.1 va Vim. Khéc v6i rang bude (5.5), rang budc
(5.6) dugc xur Iy mot cach triét dé ma khong can bién can bang bai thé tich hd chira &
khoang cubi cing V; ludn ludén dugce gan bang gia tri yéu cau Vi na Thé tich ho chira
& ban dau Vo va cubi cling vV, dugc thay vao phuong trinh (5.5) dé thu dugc Ojm va

O;.m dugc thay vao (5.3) dé thu duoc gjm. Cudi ciing, g;.m duoc phat vao ham thich nghi.

5.4. Ap Dung Phuwong Phiap CCSA Cho Bai Toan RC-FH-ST-HTS
5.4.1. Khoi tao

Khac vai hai bai toan ¢ chuong 4 khi cac bién diéu khién dugc str dung 1a cong suat
nhiét dién va luu luong x4 thuy dién, trong chuong ndy chung t6i str dung cong suét nhiét
dién va thé tich ho chira lam bién diéu khién cho bai toan diéu do thity nhiét dién co xét
dén thé tich ho chira thay cho gié tri cong suat nhiét dién va luu luong xa thiy dién. Khac
v6i cac nghién ctru & [15-27] va [29] da sir dung cong suét thiy dién va luu luong xa;
tuy nhién, cac bién sd diéu khién nay khong mang dén hiéu qua cao cho cac phuong phap
CSA khi ap dung cho bai toan & chuwong nay. Piéu tra vé tinh hiéu qua cta cac chon lya
bién sb diéu khién 1én két qua cua cac thuat toan sé dugc thyc thi & muc 5.7.1. Do viéc
lya chon nay nén mdi trang tht d Xu duoc biéu dién Xy = [Psima Vima] VO1 Psima va
Vima l4n luot 13 cong sudt nha may nhiét dién tht i & khoang thoi gian thtr m va thé tich
hd thity dién thir j & cudi khoang thir m.

MBOi trimg s& duoc khdi tao nhu sau:

Pyima =Pimin +7and*(Py o =Py min)s i =2, Ny m=1,.., M (5.12)
Vima =Vimin +7and*V; o =V min)s j =Ly Nosm=1,..., M ~1 (5.13)

Ttr hai phuong trinh khéi tao (5.12) va (5.13) c6 thé thay duoc rang cong suat nhiét dién
& nha may thtr nhat va thé tich nudc & cubi khoang thir M (tirc thé tich nudc tai thoi
diém két thiic qua trinh phat dién t6i wu) di khong duoc xét dén nhu cac bién diéu khién.
Viéc chon lya nay nham muc dich dap Uing dugc cac rang budc trong hé théng. Cong
suét nha may nhiét dié€n thi nhét Pysma s& duoc tinh toan dua vao rang budc can béng
cong suat trong khi d6 thé tich & cudi khoang M ctia mdi hd thily dién Vjq thi duge gan
bang gié tri yéu cau van hanh t6i wu ¥} gue nhu 6 ct. (5.6).

Duya vao céc gia tri vé thé tich ho chira V; , luu lugng vé ho I, va luu luong thim qua
dap S, tong luu luong xa trong khoang thoi gian £, duoc tinh nhu sau:

O =Vimr=Vim+Lym—S, s m=1..M (5.14)

Luu ¥ khi xét m=1 (tc Vjm.1=V;0), lic d6 ct. (5.6) s& duoc st dung dé 13y gia tri Vj =
Vj imitiar. Luru lugng xa tirc thoi gj» s& tinh duge tir ct. (5.3) va cong suét thiry dién Py
tu ct. (5.4) duoc xac dinh:
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P - _bhj i\/ Z/ _4Chj(ahj _qj',m) )

2¢y,

hj,m _]:1, 2, --.,NZ (515)
Trong do
by =4y x(a=4;,) 20

Nhu vay cong suat ciia tit ca nha mdy thuy dién va cong sut ctia nha may nhiét dién
thtr 2 dén nha may N; da duoc x4c dinh. Sau cling cong suit cin bang clia nha may nhiét
dién thtr nhat dugc xac dinh dua vao ct. (5.11). Khi tat ca cac bién sé da duoc xac dinh,
ham thich nghi (5.16) s& dugc tinh toan nham danh gia chat lwong nghiém nhu sau.

M N1 M ) N2 M )
FTd = (ZZF;(PSi,m,d)-i_KSZ(Psl,m,d _Rlllm)z +quz(qj,m:d _q}lm)zj (516)

m=1 i=l m=1 Jj=1 m=1

e A e \ , TAL A A M i N e . i )
Giébi han cong suat nha may nhiét dién can bang Pi™ va gidi han luu luvong xa ¢ jlm o
ct. (5.16) duogc tinh bang:
Psl,max ifﬂl,m,d >Ps1,max
li .
Psllm = el,min lfPsl,m,d < Psl,min sm= 1""’M (517)
Py maq otherwise

q/‘,max lf‘]j,m,d >qj,max

(5.18)

lim

q! = qj,min if‘qj,m,d <qj,min 9]:197N2’

q;ma Otherwise m=1,..,.M

5.4.2. Tao ra thé hé nghiém mdéi thir nhat theo co ché Lévy Flights

Nhur d3 dé cép 6 3 quy ludt co ban ciia CCSA, hai 1an tao ra thé hé nghiém méi trong
mdi vong 1ap cia CCSA gdm Lévy flights va phat hiéu trang la. O muc nay, thé hé
nghi¢ém mai dau tién duoc thuc hién nhu bai toan & chuong 4 nhu sau:

X = Xbest,; +a xrand x AX ;" (5.19)

Trong d6 o 13 hé s ¢ gia tri duong va budc nhay AX/" duoc xac dinh nhu sau:

AX = wax()d)estd —Gbest) (5.20)
c,(B)

C6 hai tiéu chuan dé dam bao rang cac nghiém mai ludn ludn thoa man gidi han bién
clia no; tuy nhién, trong mot vai trudng hop cac nghiém ndy c6 thé vi pham bién trén
hodc bién dudi. Do d6, can kiém tra va hiéu chinh nhiing nghiém méi dé théa man gidi
han bién. Vi dy, véi truong hop cac nghiém mai cé gid tri nho hon can dudi thi n6 sé
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duoc gan voi gid tri can dudi. Nguoc lai, can trén s€ dugc gan khi vi pham can trén. Cach
giai quyét nay duoc thuc thi bai cong thire (5.21) va (5.22) nhu cac nghién ctru [7-12],
[28-57]. Ngoai ra, van c6 thé giai quyét cac vi pham nay bang cach khéi tao ngiu nhién
cac nghiém vi pham sao cho gi4 tri cia nd nam trong gidi han bién nhu cac cong thirc
khoi tao (5.12) va (5.13). Dé c6 danh gia cu thé vé tinh hiéu qu4, hai cach giai quyét rang
budc nay s€ dugc thir nghiém trén hé théng tht nhat.

Vj,max if Vj,m,d > Vj,max ;j=1,....,N2,
Vima =Vimin i Vipa <Vimn m=1.,M-1 (5.21)
Vi ma otherwise
Ps[,max if Psi,m,d > Pw',max 91 = 2""9]\]1
Psi,m,d = Ps[,min if Psi,m,d < P?[,min m= 1""’M (522)

Py ma otherwise

5.4.3. Tao ra thé hé nghiém moi thir hai theo co chéphdt hién trung la

Gidng nhu 4p dung phuong phap CCSA cho bai toan & chuong 4, & muc nay ciing ap
dung cac budc nhu muc 4.4.3 & chuong 4 dé tao ra nghi¢ém mai. Cac nghiém maoi sé
duogc kiém tra va hiéu chinh theo cong thirc (5.21) va (5.22). Gia tri ham thich nghi sau
d6 s& duoc tinh toan theo (5.16) va nghiém tuwong Gmg véi gia tri nho nhat s& 1a nghiém
tot nhat dén thoi diem hién tai Gbest.

5.4.4. Tiéu chuan dirng vong ldp

Thuat toan 1ap s€ ngrng 1am viéc khi vong 1ap hién tai G dat gia tri 16n nhat xac
dinh trudc d6 Guax.

5.4.5. Cac buoc tinh toan cua phuwong phap CCSA cho bai toan RC-FH-ST-HTS

Toan bg thu tuc tinh toan khi ap dung phuong phap CCSA cho bai toan ndy duogc trinh
bay trong luu do giai thuat hinh 5.1 va dugc mo ta nhu sau.

Budc 1: Chon céc thong sé cho CCSA gom N, to chim, x4c suat phat hién trimg la P,
va s vong 13p 16n nhit G

Budc 2: Khéi tao N, t6 chim nhu muc 5.4.1 va tinh todn cong sudt cac to may nhiét dién
can bang va thiy dién nhu (5.11) va (5.15).

Buéc 3: Tinh toan ham thich nghi (5.16) cho mdi nghiém va chon nghiém c6 ham thich
nghi nho nhat lam nghiém t6t nhat Gbest va cac nghiém con lai 12 Xbests. Khoi
dong v6i vong lap thir nhat G = 1.

Budc 4: Tao ra nghiém méi thé hé tha nhat theo co ché Lévy flights nhu muc 5.4.2

- Kiém tra gi6i han trén va gi6i han dudi sir dung cac cong thic (5.21) va (5.22).
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- Tinh toan coéng sut cac t6 may nhiét dién can bang va thuy dién nhu (5.11) va
(5.15).

Bué6c 5: Tinh toan ham thich nghi (5.16) cho mdi nghiém. So sanh nghiém moi va

nghiém cii dé giir lai nghiém tét hon

Budc 6: Tao ra nghiém méi thé hé thtr hai sir dung phat hién trimg la nhu myc 5.4.3

- Kiém tra gi6i han trén va giéi han dudi sir dung cac cong thie (5.21) va (5.22)
- Tinh toan cong sut cac td may nhiét dién can bang va thuy dién nhu (5.11) va
(5.15).

Bué6c 7: Tinh toan ham thich nghi (5.16) cho mdi nghiém. So sanh nghiém moi va
nghiém cii dé giit lai nghiém tt hon. Chon nghiém c6 ham thich nghi nhé nhat
lam nghiém tdt nhat Gbest va céac nghiém con lai déu duoc dat 1a Xbesty

Budc 8: Néu G<Gax, gdn G = G + 1 va tré lai bude 4. Nguoc lai, dirng qua trinh tinh

toan.
(Start)
i A

Budc 1 Luwa chon cac thong sb diéu khién N,, G, P,
v
- Khoi tao tap nghiém nhu ct. (5.12) va (5.13)
Buédce 2 - Tinh cong suat thuy dién va nhi¢t dién nhu cong thuce (5.15) va (5.11)
v
- Tinh toan ham thich nghi (5.16)

- Tim nghiém t6t nhat c6 ham thich nghi nho nhét, Gbest

Budc 3

- Bit ddu v6i vong lap déau tién G = 1.
v
- Tao nghiém m&i thé hé thir nhét theo Lévy flights
Budc 4 - Hiéu chinh nghiém vi pham theo (5.21) va (5.22)
- Tinh cong suat thily dién va nhiét dién nhu cong thic (5.15) va (5.11)
v
Budc 5 - Tinh toan ham thich nghi (5.16) cho tat ca cac nghiém
- So sanh nghiém moi va nghiém cii tai moi t6 chim dé gitlr lai nghiém t6t hon
v
- Tao nghi¢m méi thé hé thir hai theo co ché phat hién tring la
Budc 6 - Hiéu chinh nghiém vi pham theo (5.21) va (5.22)
- Tinh cong suat thity dién va nhiét dién nhu cong thirc (5.15) va (5.11)
v
- Tinh toan ham thich nghi (5.16) cho tit ca cac nghiém
- So sanh nghiém mdi va nghiém cii tai mdi t6 chim dé gitr lai nghiém t6t hon
- Tim nghiém t5t nhat dén thoi diém hién tai, Gbest.

X

Budce 8 Sai
G:Gmax
Dung

R
( Stop )
P

Hinh 5.1. Luu d6 gidi thudt dp dung CCSA cho bai todn RC-FH-ST-HTS

A

Budc 7

G=G+1

A4
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5.5. Ap Dung Phuwong Phip MCSA Cho Bai Toan RC-FH-ST-HTS

Toan bg thu tuc tinh toan khi ap dung phuong phap MCSA cho bai toan nay dugc trinh
bay trong luu do giai thuat hinh 5.2 va dugc mé ta nhu sau:

Budc 1: Chon céac thong s6 cho MCSA gém N, t6 chim, x4c suét phat hién trimg la P,
s6 vong lip 16n nhit Gy, va ti 18 gitta sb trimg trong nhom tdt va sd trimg trong
nhom xau.

Budc 2: Khéi tao N, to chim nhu muc 5.4.1
- Tinh toan cong sut cac to may nhiét dién can bang va thiy dién nhu (5.11) va

(5.15).

Budce 3:

- Banh gia ham thich nghi (5.16)

- Chon trimg tot nhit trong toan b tring 1am Gbest.

- Khoi dong vong lap thi nhat G =1

Budc 4: Dua vao chat luong, chia toan b tring dang c6 thanh nhom tét
Xbest _nodiscardas, va nhom xau Xbest discard,.
- Tao ra nghiém méi thé hé thi nhat theo co ché Lévy flights cho nhém x4u

va nhom tét
- GOp hai nhom & lai thanh mot nhom duy nhét
- Kiém tra gi6i han va hiéu chinh theo cong thirc (5.21) va (5.22).
- Tinh toan cong suét thuy dién va nhiét dién nhu (5.11) va (5.15).
- Tinh toan ham thich nghi (5.16).
Budc 5: So sanh chat luong giita cic nghiém cil va nghiém mai ¢ cing mot to dé gitr
lai nghiém tdt hon.

Budc 6: Tao ra nghiém maoi thé hé tht hai theo ché phat hién tring la theo muc 5.4.3.
- Kiém tra gi6i han va chinh stra theo cong thire (5.21) va (5.22).
- Tinh to4n cong suét thay dién va nhiét dién nhu (5.11) va (5.15).

Budc 7: Tinh toan ham thich nghi (5.16).

-So sanh chét lugng gitta cac nghiém cii va nghiém méi & cing mot to dé gitr
lai nghiém t6t hon.
- Chon nghié¢m tdt nhat lam Gbest.

Budce 8: Néu G<Goax, gan G = G + 1 va trd lai bude 3. Nguoc lai, dung qua trinh tinh

toan.
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(Start)

Bude 1 Lua chon céc thong s6 diéu khién Ny, Guay, Pyva ti 1€ trimg
v
- Khéi tao tap nghiém nhu ct. (5.12) va (5.13)
Budc 2 - Tinh cong suat thiy dién va nhiét di€n nhu cong thic (5.15) va (5.11)
v

- Tinh todn ham thich nghi (5.16)
- Tim nghiém t6t nhat c6 ham thich nghi nho nhét, Gbest

Budce 3 A . )
- Bat dau voi vong 1ap dau tién G = 1.

- Xép hang va tach ra lam hai nh6m nghiém: nhém tét va nhém xéu
Budc 4 - Tao nghiém méi thé hé thir nhit cho hai nhém nghiém theo co ché Lévy flights
- Hiéu chinh nghiém vi pham va gép hai nhém nghiém thanh m¢t <
- Tinh c6ng suat thuy dién va nhiét dién nhu cong thic (5.15) va (5.11)
- Tinh to4n ham thich nghi (5.16) cho tit ca cac nghiém

v
Budc 5 - So sanh nghiém mdi va nghiém cii tai mdi to chim dé gitr lai nghiém tdt hon
v

- Tao nghiém md&i thé hé thir hai theo co ché phat hién tring la va hiéu chinh nghiém vi pham

Buéc 6 :
- Tinh cong suét thity dién va nhiét dién nhu cong thirc (5.15) va (5.11)

v
- Tinh toan ham thich nghi (5.16) cho tat ca cac nghiém
Buge 7 - So sanh nghiém m&i va nghiém cii tai mdi to chim dé gitr lai nghiém tot hon
- Tim nghiém t6t nhat dén thoi diém hién tai, Gbest.

\ 4

G=G+1

Budc 8

i
[ St J
\>*P

Hinh 5.2. Luu d6 gidi thudt dp dung MCSA cho badi todn RC-FH-ST-HTS

5.6. Ap Dung Phuong Phap ASCSA Cho Bai Toan RC-FH-ST-HTS

Toan bg thu tuc tinh toan khi 4p dung phuong phap ASCSA cho bai todn nay duogc
trinh bay trong luu do giai thuat hinh 5.3 va duoc mé ta nhu sau.
Budc 1: Chon thong sé diéu khién cho ASCSA gdm N, t6 chim, x4c suat phat hién trimg
la P,, s6 vong lip 16n nhét G va gia tri ngudng threshold &
Budc 2: Khdi tao N, to chim nhu myc 5.4.1 va tinh toan cong suét cac to may nhiét dién
can bang va thiy dién nhu (5.11) va (5.15).
Buéc 3: Tinh toan ham thich nghi (5.16) cho mdi nghiém va chon nghiém c6 ham thich
nghi nhé nhat lam nghiém t6t nhat Gbest va cac nghiém con lai 1 Xbest,. Khoi
dong v6i vong lap thir nhat G = 1.
Budc 4: Tao ra nghiém méi thé hé tha nhit theo co ché Lévy flights nhu myc 5.4.2
- Kiém tra gi6i han trén va gi6i han dudi sir dung cac cong thic (5.21) va (5.22).
- Tinh toan cong suét cac to may nhiét dién can bang va thity dién nhu (5.11) va
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(5.15).
Bué6c 5: Tinh toan ham thich nghi (5.16) cho mdi nghiém. So sanh nghiém méi va
nghiém cii dé giir lai nghiém tét hon
Budc 6: Tao nghiém moi thé hé thir hai theo co ché phat hién tring la thich nghi nhu
muc 3.4.2.
- Kiém tra gi6i han trén va giéi han dudi sir dung cac cong thie (5.21) va (5.22)
- Tinh toan cong sut cac t6 may nhiét dién can bang va thay dién nhu (5.11) va
(5.15).
Bué6c 7: Tinh toan ham thich nghi (5.16) cho mdi nghiém.
- Ap dung thuat todn chon loc m&i nhu muc 3.4.1 & chuong 3 dé gilt lai N,
nghiém t6t nhat.
- Chon nghiém c6 ham thich nghi nhé nhat 1am nghiém tot nhat Gbest va céac
nghiém con lai déu dugc dat 1a Xbestq
Budc 8: Néu G<Gax, gdn G = G + 1 va trd lai bude 4. Nguoc lai, ding qua trinh tinh
toan.
Budc 1 Lua chon cac thong s6 diéu khién N, Gpax, P, va threshold €

v
- Khoi tao tap nghi€ém nhu ct. (5.12) va (5.13)
Budc 2 - Tinh cong suat thiy dién va nhiét dién nhu cong thire (5.15) va (5.11)
v
- Tinh toan ham thich nghi (5.16)

- Tim nghiém t6t nhat c6 ham thich nghi nhé nhat, Gbest

Budce 3

- Bit dau v6i vong lap dau tién G = 1.
v
- Tao nghiém méi thé hé thir nhit theo Lévy flights
Budce 4 - Hiéu chinh nghiém vi pham theo (5.21) va (5.22)
- Tinh cong suat thuy dién va nhiét dién nhu cong thirc (5.15) va (5.11)
v
Budc 5 - Tinh todn ham thich nghi (5.16) cho tit ca cac nghiém
- So sanh nghiém m&i va nghiém cii tai moi t6 chim dé gitt lai nghiém t6t hon
v
- Tao nghiém méi thé hé thir hai theo co ché phat hién trirng la thich nghi
Buac 6 - Hiéu chinh nghiém vi pham theo (5.21) va (5.22)
- Tinh c6ng suit thuy dién va nhiét dién nhu cong thic (5.15) va (5.11)
v
- Tinh todn ham thich nghi (5.16) cho tt ca cic nghiém
- Str dung k§y thuat chon loc méi dé gir lai N, nghi¢m troi
- Tim nghiém tSt nhat dén thoi diém hién tai, Gbest.

Buéce 8 } Sai

s

G:Gmax
bung

o)
[ St J
%P

A

Buoc 7

G=G+1

A 4

Hinh 5.3. Luu d6 gidi thudt dp dung ASCSA cho bai todn RC-FH-ST-HTS
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5.7. Két Qua S6

Ba phuong phap CCSA, MCSA va ASCSA duoc ap dung diéu do t6i vu hai hé thong
dién c6 sb lwong nha may va dic tinh ham chi phi khic nhau. Hé théng tht nhét c6 1
nha may thity dién va 1 nha may nhiét dién khong xét dén hiéu mg xa van tai cac nha
may nhié¢t dién va hé théng thtr hai ¢6 4 nha may thuy dién va 4 nha may nhiét dién co
xét dén hiéu ung x4 van. Ca hai h¢ théng duoc 1én ké hoach phat dién tdi uu trong 3
ngay voi 6 khoang thoi gian 12 gid. Dit lidu hé théng 1 dugc trich tir bai bao [17] va dix
liéu hé thdng 2 duoc cai bién tir hé thdng 1. Cho mdi truong hop thir nghiém, cac phuong
phap dugc 1ap trinh trén phdn mém Matlab va chay 50 1an doc lap cho mdi bo s diéu
khién trén laptop 2.0 GHz, 4GB RAM.

5.7.1. Thir nghiém véi cdc bién diéu khién khdc nhau va cdc phwong phdp xir Iy rang
buoc khac nhau

Trong muc nay, hai kich ban dugc thyc hién dé khao sat anh hudng cua cac phuong

phap chon bién va cac phuong phap hiéu chinh nghiém vi pham rang budc 1én két qua

cudi cung dat dugc boi CCSA. Va sau cung dya vao hai kich ban nay nham dé xuét cac

bién diéu khién hiéu qua nhat va phuong phap hiéu chinh nghiém vi pham t5t nhat. Hai

kich ban nhu sau:

Kich ban 1: Thu nghiém tinh hiéu qua cua cdc bién diéu khién khdc nhau

Nhu da giai thich & muc 5.4.1, cac tac gia trude day [15-27], [29] da su dung
cong suét nhiét dién va luu luong x4 lam cac bién diéu khién; tuy nhién, luan an nay dé
xudt cac bién diéu khién nén dugc sir dung 13 cong suét nhiét dién va thé tich ho chira.
bé chirng minh tinh hiéu qua cua hai cach lga chon nay, & kich ban nay ching to1 s€
thue thi phuong phap CCSA cho hé thdng thuy dién thir nhat. Trong d6, ¢ trudng hop
thir nhat bién nhiét dién va luu luong xa duogc sir dung 1am bién diéu khién va ¢ truong
hop thtr hai cong suit nhiét dién va thé thich hd thuy dién 1am bién diéu khién. Ngoai
ra, phuong phap bién duoc sir dung dé hiéu chinh nghiém méi nhu cong thirc (5.21) va
(5.22). Phuong phap CCSA duoc kiém tra két qua véi s6 to chim va s6 vong lap duoc
chon 1an luot 13 20 va 80. Két qua dat dugc trinh bay ¢ bang 5.1 cho lira chon bién diéu
khién & truong hop thtr nhat va bang 5.2 cho chon bién diéu khién & truong hop thir hai.
So sanh két qua cho thiy cac gia tri chi phi nho nhét & cac gia tri P, khac nhau cua trudng
hop thir nhat chénh léch cao trong khi d6 & truong hop thtr hai cac gia tri nhé nhat xap
xi bang nhau va bang gia tri nho nhat. That vay, chi phi nhé nhat va 16n nhat & truong
hop thi nhét 1an luot 1a 709862.9314$ va 710044.3488$ trong khi d6 gia tri nay & trudng
hop thir hai 1a 709862.0528$ va 709862.1645$. Ngoai ra, d9 1éch chuan 16n nhat & trudng
hop tht nhat kha 16n (780.812$) so véi truong hop thir hai (575.8013$). Phan tich két
qua cho thdy raing CCSA hiéu qua hon rat nhiéu & trudng hop tht hai véi sy lua chon
bién cong suat nhiét dién va thé tich thay dién 1am bién diéu khién. Do d0, cac bién nay
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tiép tuc duoc str dung 1am bién diéu khién cho phuong phiap MCSA va ASCSA cho hai

hé théng & chuong nay.

Badng 5.1. Két qua ciia CCSA cho truong hop chon bién diéu khién thir nhat

P CPNN CPTB CPLN DLC
’ &) $) ®) ®)
0.1 | 709879.0613 | 710081.6923 | 710459.2787 | 145.716
0.2 | 709880.7484 | 709976.3921 | 710193.0905 | 80.674
0.3 | 709871.3998 | 709926.5608 | 710068.0712 | 51.4704
0.4 | 709863.529 710055.5255 | 711708.7327 | 334.753
0.5 | 709864.6115 | 710338.8096 | 711942.3628 | 544.673
0.6 | 709869.8457 | 710522.7589 | 712981.0656 | 660.919
0.7 | 709865.01 710398.2062 | 712935.7451 | 668.579
0.8 | 710044.3488 | 711005.8618 | 712779.4419 | 672.435
0.9 17098629314 | 710949.6918 | 713892.5861 | 780.812

Bang 5.2. Két qua ciia CCSA cho trong hop chon bién diéu khién thir hai

P CPNN CPTB CPLN DLC
‘ &) ® &) &)

0.1 | 709862.108 | 709893.832 | 710258.03 78.0408
0.2 | 709862.0994 | 709886.447 | 710257.178 | 66.0652
0.3 | 709862.1645 | 709913.136 | 711388.633 | 221.8099
0.4 | 709862.0968 | 709931.763 | 712224.879 | 334.0042
0.5 | 709862.1104 | 709913.731 | 710529.526 | 129.9489
0.6 | 709862.0649 | 710001.116 | 712533.647 | 457.8465
0.7'1709862.0582 | 709908.81 710718.57 144.907
0.8 | 709862.0545 | 709997.444 | 713880.856 | 575.8013
0.9 | 709862.052 | 709888.105 | 710487.279 | 95.577

Kich ban 2: Thuwr nghiém tinh hiéu qua cua cdac phwong phap hiéu chinh nghiém maoi vi
pham

Nhu da thao luan & muc 5.4.3, c¢6 hai phuong phap dugc sir dung dé hiéu chinh
céc nghiém méi vi pham rang budc gidi han bién gdm phwong phéap gidi han bién nhu
cong thire (5.21) va (5.22) va phuong phép khéi tao ngau nhién nhu cong thirc (5.12) va
(5.13). O kich ban trén, CCSA da duoc thuc thi v6i cac bién diéu khién duoc sir dung 1a
cong suét nhiét dién va thé tich thuy dién, va phuong phéap bién dé hiéu chinh bién diéu
khién. Két qua nay da duoc trinh bay ¢ bang 5.2. Do d6, ¢ kich ban nay, CCSA chi dugc
thuc thi voi cac bién didu khién cong suat nhiét dién va thé tich thuy dién nhung phuong
phap hiéu chinh bién diéu khién duoc sir dung 14 phuong phép khai tao ngiu nhién. Két
qua dat dugc thé hién & bang 5.3 cho thiy gi4 tri tot nhat va xau nhat cua chi phi nho
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nhat 12 709862.1118$ va 709864.6688$ trong khi d6 do 1éch chudn nho nhat va cao nhét
lan luot 14 66.8909$ va 832.1938$. Cac gi4 tri nay ciia phuwong phap hi¢u chinh bién &
bang 5.2 lan luot 1a 709862.052$ va 709862.1645$, va 66.0652% va 575.8013$. So sanh
cac két qua cho thiy phuwong phap bién co chi phi va do 1éch chuan nho hon phuong
phap khéi tao ngau nhién 1an luot 1a 0.588$ va 256.3925$. Chi phi nhé nhat va d¢ léch
chuén nhé nhét nay cho thay phuong phap bién hiéu qua va 6n dinh hon phuong phap
khoi tao ngau nhién. Do d6, phuong phép bién sé tiép tuc dugc st dung cho cac phuong
phap CSA ¢ hai hé thong ¢ chuong nay.
Bdng 5.3. Két qua ciia CCSA khi sir dung phwong phdp khéi tao ngdu nhién

P CPNN CPTB CPLN DLC
¢ (%) ® &) &)

0.1 | 709862.108 | 709893.832 | 710258.03 78.0408
0.2 | 709862.0994 | 709886.447 | 710257.178 | 66.0652
0.3 | 709862.1645 | 709913.136 | 711388.633 | 221.8099
0.4 | 709862.0968 | 709931.763 | 712224.879 | 334.0042
0.5 | 709862.1104 | 709913.731 | 710529.526 | 129.9489
0.6 | 709862.0649 | 710001.116 | 712533.647 | 457.8465
0.7 | 709862.0582 | 709908.81 710718.57 144.907
0.8 | 709862.0545 | 709997.444 | 713880.856 | 575.8013
0.9 | 709862.052 | 709888.105 | 710487.279 | 95.577

5.7.2. Hé théng I b6 qua hiéu iing xd van

Pé thuc thi ba phuong phap CCSA, MCSA va ASCSA cho hé thong 1, s6 t6 chim N,
va s6 vong 1ap 16n nhat G duoc chon cho CCSA va MCSA 14 20 va 80 trong khi bd
gia tri nay chi la 20 va 40 cho ASCSA. Sy luya chon s6 vong lap 16n nhét cia ASCSA
nho hon CCSA va MCSA nhim cho thiy su ndi troi cia ASCSA so véi CCSA va
MCSA. Hon nira, bd gia tri nay ciing nham tim ra gia tri nghiém tot cho CCSA va MCSA
nham so sanh véi cac phuong phap khac di duoc nghién ciru trude day.

Két qua so sanh giita ba phuong phap duoc bao co trong bang 5.4. Trong do, gia tri
t6t nhat cia cac phuong phap ASCSA 13 P.= 0.9 va threshold £ =103 . Két qua cho thiy
ASCSA hiéu qua hon rat nhiéu khi dat duoc két qua t6t hon vé chi phi nho nhét, chi phi
trung binh, chi phi 16n nhét, 6 1éch chuén cling nhu thoi gian tinh todn so voi1 CCSA va
MCSA. Hon nita, ASCSA ciing chi sit dung mét nira sd vong lap so voi CCSA va
MCSA. Sy nbi trdi cia ASCSA c6 thé cho thay rd hon trong Hinh 5.4. That vay, gia tri
ham thich nghi cia ASCSA luén luén nhé hon CCSA va MCSA tai moi vong lap va dac
biét su chénh 1éch kha 16n. Hon nira, khi ASCSA da dat dugc nghiém t6i wu tai G=40
thi nghiém tot nhat hién tai cia CCSA va MCSA van con rat xa nghiém t6i wu nay.

So sanh gitra CCSA va MCSA cho thdy MCSA c6 két qua tot hon vé nghiém t6i wu
cling nhu d6 6n dinh vé tim kiém khi gia tri chi phi trung binh va d¢ léch chuan déu nhé
hon so vé1 CCSA ngoai trir thoi gian tinh toén.
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Bdng 5.4. Két qua so sanh giita ba phwong phdp CSA cho hé thong 1

Ph
ong CCSA MCSA ASCSA
phap
N, 20 20 20
Gmax 80 80 40
CPNN ($) 709,862.052 | 709,862.051 | 709,862.049
CPTB (%) 709,888.105 | 709,863.007 | 709,862.162
CPLN ($) 710,487.279 | 709,865.793 | 709,863.242
PLC ($) 95.577 0.88 0.263
TGTT (giay) 0.034 0.069 0.03
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Hinh 5.4. Pdc tinh hdi tu ciia cdc phwong phdp CSA cho hé thong 1

Dé co thé danh gia dugc tinh hiéu qua ciia ba phwong phap ap dung CSA, cac két
qua tur cac nghién ctru khac cling dugc so sanh trong bang 5.5 nhu GS [2], SA [15], EP
[16-17], FEP, IFEP [20], HEP [21], IBFA [23], SOH-PSO [24], RIFEP [25], IPSO [26-
27], CS [28], va FIPSO [29]. Cac phuong phap HEP [21], IBFA [23], SOH-PSO[24],
va IPSO [26-27] d4 bao cao chi phi thdp hon rat nhiéu so v6i cac phuong phap CSA.
Tuy nhién, HEP va IBFA d3 vi pham sir dung thé tich nudc nhiéu hon quy dinh va SOH-
PSO di bao cao chi phi khong dung véi gia tri duge kiém tra lai nhu trong dau ngodc.
Bén canh d6, IPSO da vi pham gidi han luu lugng xa khi gid tri x4 nho hon gia tri cho
phép. Ro rang rat nhiéu phuong phép bao cao nghiém tbi uu vi pham rang budc va két
qua nay khong duoc chip nhan. So véi cac phuong phéap khac, cac phuong phap CSA
nay cho gia tri chi phi xap xi hodc nhoé hon rat nhiéu va dic biét 1a thoi gian tinh toan
clia ba phurong phap rat nho so véi 1 gidy trong khi cac phuong phép khac c6 thé lén
dén hang chuc phat vi du 101.4 gidy cua FEP [20], 264 gidy cua EP [17] va 901 gidy
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ctia SA [15]. Két qua nay cho thiy cac phuong phap CSA rat hiéu qua cho bai toan dang
xét v6i hé thdng bo qua hiéu img xa van.

Badng 5.5. So sanh két qua gitta cdc phwong phdp cho hé thong 1

Phuong phép Chi Phi ($) TGTT (giy) CAu hinh may tinh
EP [17] 709,863.29 264 PC 486
EP [16] 709,862.06 8 PC-486
FEP [20] 709,862.05 101.4 Pentium-II,128MB Ram
IFEP [20] 709,862.05 59.7 Pentium-II,128MB Ram
RIFEP [25] 709,862.05 NA 1.83 GHz, 1GB Ram
GS [2] 709,877.38 NA -
SA [15] 709,874.36 901 PC- 486
CS[28] 709,862.05 4.54 Pentium IV, 256 MB Ram
HEP [21] 703,180 NA NA
IBFA [23] *709,837.926 NA NA
- %
SOH-PSO[24] ( 77(())99,,5592321)5 NA NA
IPSO [26] *606,423.16 NA NA
IPSO [27] *606,423.16 NA NA
FIPSO [29] *623,550 NA NA
CCSA 709,862.052 0.034
MCSA 709,862.051 0.069 2.0 GHz, 4 GB RAM
ASCSA 7098,62.0490 0.03

*Nghiém bao céo vi pham rang budc; NA: Khong bdo cdo
5.7.3) Hé thong 2 c6 xét dén hiéu irng xd van

Pé thir nghiém tinh hiéu qua cta cic phuong phap CSA, hé théng hai dugc xay
dung tir hé thdng thir nhat véi s6 luong nha may gp 4 1an va ham chi phi ciing phtc tap
hon. Bé thyc thi cac phuong phap nay cho hé théng dang xét, gia tri N, dugc chon bang
50 cho 3 phuong phap trong khi d6 ASCSA chi stt dung Giuux =500 con CCSA va MCSA
st dung 3 gia tr1 Gue =500, 800, 1000. Do hé théng 2 c6 kich thude 16n va ham chi phi
phuc tap nén CCSA va MCSA rat kho hoi tu dén nghi¢m kha thi théa man tat ca cac
rang budc. Tir d6, viée gia ting gia tri Gua cho CCSA va MCSA dé khao sat dugc tinh
ru viée ctia ASCSA so v6i CCSA va MCSA. Két qua ciia ASCSA véi 5 gia tri khac
nhau ctia Threshold & dugc cho hién thi trong Bang 5.6. Gia tri tot nhat ctia chi phi nhé
nhat 12 377594.090$ twong tng véi P =0.7 va the threshold & =103 va gia tri 16n nhat
ctia chi phi nhé nhét 1a 383,753.700$ twong mg voi P,=0.8 va & =10 trong khi ti 1¢
thanh cong cho tat ca cic trudng hop 1a 100%. Bang 5.7 so sanh két qua cia CCSA,
MCSA va ASCSA tuong tng v6i nhiéu gid tri ctia Gua cho CCSA va MCSA. Két qua
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cho thiy dugc rang khi G = 500, ca CCSA va MCSA khong thé hoi tu va kha ning
hoi tu da tang Ién dén 87.70% cho CCSA va 64.10% cho MCSA khi Ge = 800. Két
qua ti 1€ hdi tu khong dugc cai thién cho CCSA nhung hiéu qua cho MCSA khi Gax =
1,000. Chi phi tot nhat ca CCSA va MCSA khi Gua = 1,000 1an luot 1a 389761.0$ va
390440.15$. Nhu vay ASCSA c6 thé giam duogc chi phi rat 16n so voi CCSA va MCSA
1an lugt 12 12,166.913 va 12,846.06$. Khi so sanh voi gid tri 16n nhat cta chi phi nho
nhit cia ASCSA thi két qua nay van con kha 16n khi ASCSA c6 thé tiét kiém duoc
6,007.3$ va 6,686.45$ so vdi CCSA va MCSA. Rd rang su chénh 1éch van 1a kha 16n.
Két qua so sanh gitta CCSA va MCSA cho thdy CCSA hiéu qua hon MCSA cho hé
théng 2 nay khi c¢6 chi phi bé hon va ti 1¢ thanh cong cao hon. Hinh 5.5 mé ta dic tinh
héi tu ctia cac phuong phap cho hé thdng 2. Cac dudng cong cho thdy ring ASCSA luén
dat dugc nghiém t6i wu tét hon CCSA va MCSA cho tit ca céc vong lap. Hon nita thoi
gian hoi tu cia ASCSA nhanh hon gap ddi so vdi CCSA va MCSA do chi st dung 500
vong lap con hai phuong phap CCSA va MCSA sir dung dén 1,000 vong lap.

Nhu vay, két qua so sanh chi ra ring ASCSA 1a phwong phép hiéu qua nhat khi c6
thé giam duoc rat 16n chi phi nhién li€u, thoi gian tim kiém nghi¢m nhanh hon, stir dung
it vong lap hon va luon dat ti 1€ thanh cong 100%. So sanh tuong tu dua trén cac ti€u
chi trén cho thdy CCSA hiéu qua hon MCSA khi c6 két qua chi phi thip hon va ti 18
thanh cong cao hon.

Nghiém t6i wu ctia hai hé théng 0 chuong nay dat duogc tr ASCSA duoc dinh kéem
trong phu luc.

Bang 5.6. Két qua dat dwoc ciia ASCSA cho hé thong 2

Threshold e 151 g8y | 102(0.9) 10° (0.7) 10 (0.9) 10° (0.8)
(Pa)
CPNN ($) | 383,753.700 | 379,544.06 | 377,594.090 | 378,850.557 | 379,919.061
CPTB ($) | 390,256.967 | 386,213.51 | 385,393.368 | 384,333.231 | 388,163.143
CPLN (S) | 401,084.703 | 396,902.78 | 394,586.528 | 395,980.920 | 400,556.727
PLC (3) 4358561 | 3,536.198 | 3,509.840 | 3,463.811 | 4,804.250
TLTC 100% 100% 100% 100% 100%
TGTT (giay) 3.4 33 3.3 33 35
Bdng 5.7. So sanh két qua dat dwoc cho hé thong 2
Phuong phap | CCSA | MCSA | ASCSA | CCSA | MCSA | CCSA | MCSA
N, 50 50 50 50 50 50 50
G 500 | 500 500 800 800 1,000 1,000
CPNN ($) - [ 377594.09 | 392236.8 | 394144.7 | 389761.0 | 390440.15
CPTB (3) -  [7385393.37 | 403638.3 | 4020519 | 398739.6 | 403291.35
CPLN ($) - [ 394586.53 | 414370 | 413609 | 407834.5 | 410936.33
PLC ($) - ~ [73509.8396 | 46759 | 4465.073 | 3552.826 | 3594.85
TLTC 0% | 0% 100% | 87.70% | 64.10% | 84.75% | 75.6%
TGTT (gidy) | 3.18 | 3.65 3.23 5.4 6.1 6.9 7.8
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Hinh 5.5. Pdc tinh héi tu ciia cdc phwong phdp CSA cho hé thong 2
5.8. Tém Tit

O chuong nay, cac phuong phap CCSA, MCSA va ASCSA dugc ap dung dé dicu
phdi hé théng thuy nhiét dién ngan han xét chidu cao cot nude khong doi va thé tich hd
thiy dién trong toan thoi gian. Cac phwong phap dugc ap dung cho hai hé thdng va so
sdnh v&i cac phuong phap khéc. So sénh tinh hi€u qua gitra cdc phuong phap CSA véi
cac phuong phap trude cho thiy ring CSA hiéu qua hon trong tim nghiém t6i vu va thoi
gian tinh todn nhanh cho nghiém kha thi. So sanh gitta cac phuong phap CSA véi nhau
chi ra tinh hiéu qua ciia ASCSA vuot troi CCSA va MCSA khi ¢ chi phi thap hon rat
nhiéu, thoi gian tinh toan nhanh va ti 18 thanh cong cao. V4i hai phuong phap con lai,
CCSA t6 ra hi¢u qua hon MCSA.

Lién quan dén van dé van hanh t6i wu cac nha mdy thuy nhiét dién trén hé théng
dién thuc té, mot sb cac gia tri cua bién diéu khién va bién phu thudc & nghiém t6i wu
cling la cac thong s6 van hanh nha may nhiét dién va thuy dién ma cac van hanh vién
phai tuan thu. O bai todn nay, cong sut nhiét dién va thé tich thay dién dwoc chon lam
bién diéu khién; tuy nhién, gia tri van hanh chinh & nha may nhiét dién va thuy dién 1a
cong suit nhiét dién va luu luong xa. Cac van hanh vién & cac nha may nhiét dién s€
dua vao bién diéu khién cong suét nhiét dién dé van hanh céc thong sb trong 10 dot trong
khi d6 van hanh vién ¢ cidc nha may thuy dién s€ dua vao bién phu thudc luu lugng xa
dé diéu chinh canh huéng sao cho luu lwong x4 qua turbine thiy dién ding bang gia tri
& nghiém t6i vu va cong suit thuy dién ding bing gid tri mong mudn. O chuong nay,
cac phuong phap CSA di dugc ap dung thanh cong cho bai toan FH-ST-HTS c¢6 xét dén
thé tich hd chtra voi chét lugng 101 giai cao va thoi gian tinh toan nhanh. Do d6, kha
ning ap dung cua cic phuong phap nay cho cac hé thong dién thuc té 1 hoan toan kha
thi.
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CHUONG 6: AP DUNG CAC PHUONG PHAP CUCKOO
SEARCH DIEU PQ TOI UU HE THONG THUY NHIET DIEN
XET CHIEU CAO CQT NUOC BIEN POI

6.1. Giéi Thi¢u

So v6i bai toan diéu d6 toi uu hé thng thity nhiét dién xét chiéu cao cot nudc khong
d6i & chuong 4 va chuong 5, bai toan diéu do hé théng thuy nhiét dién xét dén sy bién
d6i ctia chiéu cao cot nude trong thoi gian hoach dinh trong chuwong nay hoan toan phtic
tap hon. Trong hai chuong truéc, mdi quan hé gitra cong suat thiry dién va luu lugng xa
qua turbine 1a mdt ham toan hoc bac hai trong d6 luu lugng xa 1a ham s6 theo bién sb
cong sudt phat con thé tich hd chira duoc bo qua do gia thuyét chiéu cao cot nude khong
thay d6i. O chuong ndy, cong suat thay dién 1a ham s6 theo bién luu luong x4 trong
khoang thoi gian va thé tich hd chia & cudi khoang d6. V&i méi lién hé nay cho thiy
viéc x4c dinh cong suét thay dién tré nén phic tap hon. Hon nita, cac hd thity dién & hai
chuong trude khong c6 mdi lién hé vé luu luong xa va luu luong vé gilta ho phia trén
va hod phia dudi do céc ho thuy dién la doc lap. Nguoc lai, mdt hé théng cac hod thuy
dién bac thang dugc xét & chuong nay véi thoi gian nude di chuyén tir ho phia trén vé
ho phia dudi ciing duoc xét dén. Cac phuong phap CCSA, MCSA va ASCSA van duoc
ap dung cho bai toan nay trong khi ALHN khéng thé giai quyét duoc do tinh phirc tap
vé s luong rang budc va bién s6 16n. Chi tiét bai toan dugc phan tich trong muc 6.2.

6.2. Mo Hinh Bai Toan

Tuong tu nhu chuong 4 va 5, ham muc ti€u ctia bai toan la cuc tiéu chi phi phat dién
NI
MinC, =3 S0 F, (6.1)
m=l i=1
Trong d6 Cr 13 tong chi phi phat dién trong tit ca thoi gian, £, 13 thoi gian cua khoang
thtt m va Fin 12 chi phi phat dién mdi gid cia nha may thir i trong khoang m. Ham chi
phi c¢6 dién khi bo qua hiéu ing xa van nhu sau [1]:
F, = [aﬂ. +b P, +c P’ ] (6.2)

Si™ si,m siT si,m

Ham chi phi khi ¢6 xét dén thanh phan Sin do hiéu img xa van nhu sau

—_ 2
Em - |:asi +bsiPsi,m +eu by, +

Si™ si,m

d, xsin(e,<(P™-P,,))| | 63)
Céc rang budc hé thong va thily dién
- Rang bujc cin bang céng sudt: Tong cong sudt phat cua thiy dién va nhiét dién
phai bang tong cong suat tai va ton that

N N,
Zpéi,m +thj,m_PL,m_PD,m =0 (64)
i=1 =

108



Trong d6 cong suit thily dién Py » duoc xac dinh nhu sau:

P;tj,m = Clhj (V],m )2 + C2/1j (Qj,m )2 + C3thj,mVj,m + C4thj,m + CSthj,m + C6hj (65)

- Rang budc cdn bang nguon nudée: Luu lugng nude trong hd, luu luong nude vé
hd, luu lugng xa va luu lugng thidm qua dép trong ¢, gid & khoang m phai tuan thi
quy luat sau:

Nu M

Vi L jn = om =S s + 2,2 Qiomee, , +Sins, ) =0 (6.6)

i=1 m=1
O bai toan nay, mot hé théng gém N, cac hd thuy dién bac thang dugc xét dén
nhu Hinh 6.1. Theo hinh ¢6 thé thiy, luu lwong x4 tir hd thtr nhét va th hai s& trd thanh
lru lwgng vé ho tht ba. Twong tu, luu lwong xa ¢ hd thir ba trd thanh luu lugng vé cua

V

J.m—1

hd thr 4. O day c6 xét dén thoi gian tré cia nudce xa tir ho trén vé hd dudi. Vi dy, 113 1a
thoi gian nude chay tir ho thir nhat vé ho thit ba va 125 13 thoi gian nudc chay tir ho thir
hai vé ho thir ba. S& khong c6 thoi gian tré nudc chay tir hd thir nhat va hd th hai vé hd
thi tu ciing nhu tir hd thtr nhat vé ho thi hai.

Hb thiy dién 3 \==—-

—— - ——

Hb thity dign 4 \= = =

Hinh 6.1. Mot he th(fng cac ho thuy dién bac thang

- Rang budc thé tich hé chiva thoi gian dau va cudi: Thé tich ho chira luc 1én ké
hoach phat dién t6i wu (V) va thé tich cudi thoi gian thuc hién (V;») phai dung
bang myc nudc dang c6 trong hd lac dau (V) mua) va muc nudc yéu cau lic két
thac (V) ena)

Vio=Vnitiars Ve =V Ena (6.7)

- Rang bujc gidi han hé chira: Thé tich hd nudc thuy dién ludn ludn duoc giam sat

sao cho nam trong khoang gidi han nho nhét va 16n nhat nham dam bao chiéu cao
ot nude 16n hon myc nudce chét va nho hon myc nuéc dang binh thuong
V. . < Vi vas J =12, Nysm =12, .M (6.8)

J,min J.m J,max
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- Rang budc gidi han luu lrong xa: Luu lugng xa qua turbine thuy dién phai ndm
trong gi6i han nho nhat va 1on nhat nhu thiét ké ban dau.

Qj,mm S j,m S j,max; j:1,2,...,N2;m:1,2,...,M (6.9)
- Rang budc gidi han mdy phdt dién: Cong sudt may phat nha may thuy dién va
nhiét dién phai nam trong gidi han nho nhat va 16n nhat dé dam bao an toan cho

may phat
Pymin < Pym < Pimaxs 1=L2,..., Nym=12,...M (6.10)
By mmin = By < Byamaxs J =L2,. . Nysm =1,2,... M (6.11)

6.3. Tinh Toan Luu Lwong X4 Va Cong Suit Nhiét Pién Can Bing

Trong bai toan nay, cac rang budc can bang cong suit (6.4) va rang budc can bang
ngudn nude (6.6) can dugc giai quyét mot cach hiéu qua trong khi d6 rang budc thé tich
h6 chita & dau va cudi qua trinh van hanh tdi vu duoc giai quyét mot cach dé dang. Véi
gia str tat ca cac luu lugng xa nudc tir khoang thoi gian dau tién dén khoang gan cudi
cung (M-1) va thé tich ho chira & dau va cudi thoi gian hoach dinh di biét, luu luong xa
0 khoang thir M dugc tim ra nhu sau:

M M-1 M Nu M
Ojnva =Vio—Via + mz_llj,m - mzl Q) —mz_lsj,m +2.2 Qimery, +Simr,,)  (6.12)

i=1 m=1
Tuong tu, voi gia st tit ca cong sut thay dién va nhiét dién (trir nha may nhiét dién
thir nhat) da biét, cong sut to may nhiét dién can bang thir nhat dugc tinh nhu sau:
N, N.
Psl,m :PD,m+PL,m_Z]:Psi,m_ZZ:Phj,m (613)
i=2 j=1

6.4. Ap Dung Phwong Phiap CCSA Cho Bai To4n
6.4.1. Khoi tao

Mot dan s6 gobm N, t6 chim dugc biéu dién boi X = [X7, Xo, ..., Xap]7, trong d6 mdi to
chim dai dién cho mdt tring cuckoo (mot nghiém) 1a Xy (d =1, ..., N,) va Xa = [Psimd,
Ojma)-

Céc bién diéu khién trong mdi nghi¢m tdi wu duoc khoi tao nhu sau:

P,

si,m,d

=P

si,min

P,

+rand *(Py pax — Byimin); i =2,... Ny m=1,.., M (6.14)

Oima =Ommin +7and *(O; pux — Oy min)ij =LouNysm=1.., M—1  (6.15)
Sau khi c6 gia tri luu luong xa theo thoi gian & M-1 khoang dau tién, luu luong xa &
khodng thir M s& dugc tinh theo (6.12) va cudi clng thé tich ho chtra & cudi mdi khoang
dugc tinh nhu sau dya vao ct. (6.6):

NTJ
I/j,m = I/j,mfl +1j,m _Qj,m _Sj,m +Z(Qj,m*7i,j +Sism77i,j ); m = 1, 2,....,M —1 (6.16)
i=1
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Dén thoi diém hién tai, thé tich hd chira va luu luong xa tai cac hd thuy dién da duoc
xéc dinh. Tir d6, cong suét thiry dién dugc tinh theo ct. (6.5) va cong suét nhiét dién can
bang dugc tim ra theo ct. (6.13).

Céc bién diéu khién va bién phu thudc cho mdi nghiém di dugc xac dinh. Tir d6, chat

lugng nghiém dugc danh gia thong qua ham thich nghi nhu sau:
N, M-1

M N, '
2 2 FiBima) +K, Z( wma —Pi")’ +sz2( ma V")

FTd _ m=1 i=] m=1 Jj=l m=1 (617)
+KQZ(<Q,Md -ojmy? )+KhZZ(PW pimy?

j=lm=1
Céc gidi han dung dé phat cac bién can bang va bién phu thudc nhu sau:

Pslmax lf‘ slym,d Pslmax
i
Psllm = vl ,min lf sl,m,d Pvlmm H :19"'5M (618)

P

2 ma Otherwise

Vj,max f J.m,d >V J,max
li . .7 .
V'lm = Vj,min lf J.m,d <V J,min 5] = 1"'9N2’ (619)

Vi ma otherwise m=1,.,M -1

Qj,max ifQj,M,d >Qj,max

li . .
0" =1Qimin ¥ Qjma <Qjmin 3/ =L, (6.20)
O; v Otherwise
Phj,max if‘Phj,m,d >Phj,max
li . .
By™ =4 Bymin I Byma < Pijmin 37 =L Na3 (6.21)

By m.a otherwise m=1..M

6.4.2. Tao ra thé hé nghiém mdi thir nhdt theo co ché Lévy Flights

Céc nghiém mdi duoc tao ra dua vao nghiém tdt nhat dén thoi diém hién tai theo co
ché Lévy flights nhu cong thirc sau:
X = Xbest, +axrand x AX1" (6.22)
Trong d6 AX/*" dugc tinh toan nhu cong thic (4.33).
Céc nghiém méi dugc tao ra s€ dugc kiém tra gid1 han va hiéu chinh theo cong thire sau:

Rvi,max if Psz m,d Psz max >! = 29'“7 N1
I)Si,m,d = Psi,min if I)st m,d < Psi,min m = 1,...,M (6.23)
P, ,..q otherwise

Q_j,max if Qj,m,d > Q_j,max ;j:L""NZ
Qj,m,d = Qj,min if Qj,m,d < Qj,min m :1’““7M_1 (624)

O; ma Otherwise
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Dua vao cong thic (6.12) va (6.16), luu luong x4 ¢ khoang M va thé tich hd chta &
cac khoang m duoc xac dinh. Sau do, thay cac gia tri nay vao (6.5) va (6.13), c6 thé tinh
dugc cong suit thuy dién va nhiét dién con lai.

6.4.3. Tao ra thé hé nghiém moi thir hai theo co chéphdt hién trung la

Hanh dong phat hién trang la ctia chim cht vi mot xac suat P, nham tao ra nghiém
méi gidng nhu co ché Lévy Flights & muc trén. Cong thirc sau ciing dugc ap dung nhu
cac chuong 4 va 5 & trén

s :{Xbestd+K><AXj“ if rand<Pa (6.25)

Xbest, otherwise
Céc nghiém m&i ndy sau d6 duoc kiém tra giéi han bién va hiéu chinh nhu cac cong thirc
(6.23) va (6.24). Dua vao cong thiic (6.12) va (6.16), luu luong xa & khoang M va thé
tich ho chtra & cac khoang m dugc xac dinh. Sau d6, thay cac gia tri nay vao (6.5) va
(6.13), ta c6 thé tinh dugc cong suit thuy dién va nhiét dién.

6.4.4. Tiéu chudn dirng vong Idp

Thuat toan 1dp s€ ngirng 1am viéc khi vong 1ap hién tai G dat gia tri 16n nhét xac
dinh trudc d6 Guax.

6.4.5. Cdc buoc tinh toan cua phuwong phap CCSA cho bai toan VH-ST-HTS

Toan bo thu tuc tinh toan khi 4p dung phuong phap CCSA cho bai toan VH-ST-HTS
nay duoc trinh bay trong luu d6 giai thuat hinh 6.2 va dugc mé ta nhu sau.
Budc 1: Chon céc thong sé cho CCSA gom N, to chim, x4c suat phat hién trimg la P,
va s vong 1ap 16n nhit G
Budc 2: Khai tao N, té chim nhu muc 6.4.1
- Tinh toan luu lugng xa tai khoang M va thé tich hd ¢ cac khoang m theo cong
thire (6.12) va (6.16)
- Tinh to4n cong suat nhiét dién va thuy dién sir dung cong thirc (6.5) va (6.13)
Budc 3: Tinh toan ham thich nghi (6.17) cho mdi nghiém
- Chon nghiém c6 ham thich nghi nhé nhat 1am nghiém t6t nhat Gbest
- Cac nghiém con lai déu dugc dat 1a Xbest,.
- Khoi dong v6i vong lip tht nhat G = 1.
Budc 4: Tao ra nghiém moi thé hé thtr nhat theo co ché Lévy flights nhu muc 6.4.2
- Kiém tra gi6i han va hiéu chinh theo cong thirc (6.23) va (6.24).
- Tinh toan luu luong x4 tai khoang M va thé tich hd & cac khoang m theo cong
thire (6.12) va (6.16)
- Tinh to4n cbng sut nhiét dién va thuy dién stir dung cong thirc (6.5) va (6.13)
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Budc 5: Tinh toan ham thich nghi (6.17) cho mdi nghiém
- So sanh nghiém méi va nghiém cii dé giir lai nghiém tot hon
Budc 6: Tao ra nghiém maéi thé hé thi hai theo co ché phat hién triing la nhu muc 6.4.3
- Kiém tra gi6i han va hiéu chinh theo cong thirc (6.23) va (6.24).
- Tinh toan luu luong x4 tai khoang M va thé tich hd & cac khoang m theo cong
thirc (6.12) va (6.16)
- Tinh to4n c6ng sut nhiét dién va thuy dién str dung cong thire (6.5) va (6.13)
Budc 7: Tinh toan ham thich nghi (6.17) cho mdi nghiém
- So sanh nghiém méi va nghiém cii dé git lai nghiém tt hon.
- Chon nghiém c6 ham thich nghi nhé nhat 1am nghiém t6t nhat Gbest va cac
nghiém con lai déu duoc dit 13 Xbestq
Budc 8: Néu G<Gax, gan G = G + 1 va tré lai bude 4. Nguoc lai, dimg qué trinh tinh
toan.
Budce 1 Lua chon cac thong s6 diéu khién Ny, Gpaxva P,

v

- Khoi tao tap nghiém nhu ct. (6.14) va (6.15)
Budce 2 - Tinh Iuu luong xa va thé tich ho chira nhu (6.12) va (6.16)
- Tinh cong suat thuy dién va nhiét dién nhu cong thire (6.5) va (6.13)

v
- Tinh todn ham thich nghi (6.17)
Budc 3 - Tim nghiém t6t nhét c6 ham thich nghi nhé nhat, Gbest
- Bit ddu véi vong lap diu 5én G=1.

- Tao nghiém méi thé hé thir nhit theo co ché Lévy flights

Buéc 4 - Hi¢u chinh nghi¢m vi pham

- Tinh luu luong xa va thé tich hd chtra nhu (6.12) va (6.16)

- Tinh cong suat thuy dién va nhiét dién nhu cong thirc (6.5) va (6.13)
v

Budce 5 - So sanh nghiém méi va nghiém cii tai mdi to chim dé giir lai nghiém t&t hon

v
- Tao nghiém méi thé hé thi hai theo co ché phat hién tring la

A

Budc 6 - Hiéu chinh nghiém vi pham

- Tinh luu luong xa va thé tich ho chira nhu (6.12) va (6.16)

- Tinh cong suat thuy dién va nhiét dién nhu cong thirc (6.5) va (6.13)
v

- Tinh toan ham thich nghi (6.17)

Bu6e7 | _ g4 sanh nghiém méi va nghiém cii tai m&i t& chim d gift lai nghiém t6t hon

- Tim nghiém tt nhat dén thoi diém hién tai, Gbest.

Sai

Budce 8 G=Gipax G=G+1 —

A 4

bung
e N\
| Stop |
N/

Hinh 6.2. Luu dé gidi thudt dp dung CCSA cho badi todn xem xét
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6.5. Ap Dung Phwong Phap MCSA Cho Bai Toan VH-ST-HTS

Toan bo thu tuc tinh toan khi &p dung phuong phap MCSA cho bai toan VH-ST-HTS
nay duoc trinh bay trong luu dd giai thuat hinh 6.3 va dugc mé ta nhu sau.

Budc 1: Chon céac thong s6 cho MCSA gém N, t6 chim, x4c suét phat hién tring la P,
s6 vong lip 16n nhit Gy, va ti 18 gitta sb trimg trong nhom tdt va sd trimg trong
nhom xau.

Budc 2: Khai tao N, to chim nhu muc 6.4.1
- Tinh toan luu lugng xa tai khoang M va thé tich hd & cac khoang m theo cong
thire (6.12) va (6.16)

- Tinh to4n c6ng suat nhiét dién va thuy dién sir dung cong thirc (6.5) va (6.13)

Budc 3: Tinh toan ham thich nghi (6.17) cho mdi nghiém
- Chon nghiém c6 ham thich nghi nhé nhat 1am nghiém tSt nhat Gbest
- Céac nghiém con lai déu duoc dit 1a Xbesta.

- Khoi dong v6i vong lip tht nhat G = 1.
Budc 4: Chia cac nghiém ra 1am hai nhom, nhom t6t va nhém xau

- Tao nghiém méi thé hé thir nhét theo co ché Lévy flights cho hai nhém nay
theo muc 4.5.2.1 va4.5.2.2

- Nhom cac nghiém méi ¢ hai nhom thanh mot nhom duy nhét

- Kiém tra gi6i han va hiéu chinh theo cong thirc (6.23) va (6.24).

- Tinh toan luu lugng xa tai khoang M va thé tich hd & cac khoang m theo cong
thie (6.12) va (6.16)

- Tinh to4n cong suét nhiét dién va thuy dién stir dung cong thirc (6.5) va (6.13)

Buéc 5: Tinh toan ham thich nghi (6.17) cho mdi nghiém
- So sanh nghi¢m mai va nghiém cii dé giflr lai nghi¢m tdt hon

Budc 6: Tao nghiém moi thé hé tht hai theo co ché phat hién tring la nhu muc 6.4.3

- Kiém tra gi6i han va hiéu chinh theo cong thirc (6.23) va (6.24).
- Tinh toan luu luong x4 tai khoang M va thé tich hd & cac khoang m theo cong
thirc (6.12) va (6.16)
- Tinh to4n cong sut nhiét dién va thuy dién stir dung cong thirc (6.5) va (6.13)
Budc 7: Tinh toan ham thich nghi (6.17) cho mdi nghiém
- So sanh nghiém méi va nghiém cii dé gitr lai nghiém tt hon.
- Chon nghiém c6 ham thich nghi nhé nhat 1am nghiém tSt nhat Gbest

Budc 8: Néu G<Gax, gan G = G + 1 va tré lai budc 4. Nguoc lai, ding qué trinh tinh

toan.
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(Start)

Bude 1 Lua chon céc thong s6 diéu khién N,, G, P, Va i 1¢ trimg
v
- Khoi tao tap nghiém nhu ct. (6.14) va (6.15)
Budc 2 - Tinh luu lugng xa va thé tich ho chtra nhu (6.12) va (6.16)
- Tinh cong suat thuy dién va nhiét di€n nhu cong thuc (6.5) va (6.13)
v
- Tinh toan ham thich nghi (6.17)
Budc 3 - Tim nghiém t6t nhat c6 ham thich nghi nhé nhat
- Bt du véi vong lap dziu tién G = 1.

- Xép hang va tich ra 1am hai nh6m nghiém: nhém tot va nhém xau

- Tao nghiém méi thé hé thir nhit cho hai nhém nghiém theo co ché Lévy
flights

- Hi€u chinh nghiém vi pham va g¢p hai nhom nghi¢m thanh mgt

- Tinh luu lugng xa va thé tich hd chira nhur (6.12) va (6.16)

- Tinh cong suat thuy dién va nhiét dién nhu cong thirc (6.5) va (6.13)

Budc 4

v
Budce 5 - So sanh nghiém mdai va nghiém cii tai moi to chim dé gitr lai nghiém tot hon

v
- Tao nghiém méi thé hé thir hai theo co ché phat hién tring la

Budc 6 - Hi¢u chinh nghiém vi pham

- Tinh luu lugng xa va thé tich ho chira nhu (6.12) va (6.16)

- Tinh cong suat thiy dién va nhiét di€n nhu cong thue (6.5) va (6.13)
v

- Tinh todn ham thich nghi (6.17)
- So sanh nghiém méi va nghiém cii tai mdi t6 chim dé gitr lai nghiém tt hon
- Tim nghiém tt nhat dén thoi diém hién tai, Gbest.

Budc 7

Budce 8 </(}T=Gm;$ G=G+1

bung
/- R
[ Stop |
\ Bt )

Hinh 6.3. Luu dé gidi thudt dap dung MCSA cho bai todn xem xét
6.6. Ap Dung Phuong Phap ASCSA Cho Bai Toan VH-ST-HTS

Toan b thu tuc tinh toan khi &p dung phuong phap ASCSA cho bai toan VH-ST-HTS
nay dugc trinh bay trong lwu do giai thuat hinh 6.4 va duoc mo ta nhu sau.
Budc 1: Chon thong s6 diéu khién cho ASCSA gém N, to chim, x4c sut phat hién tring
la P., s6 vong lip 16n nhat G va gia tri ngudng threshold e.
Budc 2: Khéi tao N, to chim nhu muc 6.4.1
- Tinh toan luu lugng xa tai khoang M va thé tich hd ¢ cac khoang m theo cong
thue (6.12) va (6.16)

- Tinh to4n cong suat nhiét dién va thuy dién sir dung cong thirc (6.5) va (6.13)
115



Budc 3: Tinh toan ham thich nghi (6.17) cho mdi nghiém
- Chon nghiém c6 ham thich nghi nhé nhat 1am nghiém t6t nhat Gbest
- Cac nghiém con lai déu duoc dat 1a Xbesta.
- Khoi dong v6i vong lip tht nhat G = 1.
Budce 4: Tao ra nghiém méi thé hé tht nhét theo co ché Lévy flights nhu muc 6.4.2
- Kiém tra gi6i han va hiéu chinh theo cong thirc (6.23) va (6.24)
- Tinh toan luu luong x4 tai khoang M va thé tich hd & cac khoang m theo cong
thie (6.12) va (6.16)
- Tinh to4n cbng sut nhiét dién va thuy dién sir dung cong thirc (6.5) va (6.13)
Budce 5: Tinh toan ham thich nghi (6.17) cho mdi nghiém
- So sanh nghiém mdi va nghiém cii dé gitt lai nghiém t6t hon
Budc 6: Tao ra nghiém moi thé hé tht hai theo co ché phat hi¢n triing la thich nghi nhu
muc 3.4.2 & chuong 3.
- Kiém tra gi6i han va hiéu chinh theo cong thirc (6.23) va (6.24).
- Tinh toan luu luong x4 tai khoang M va thé tich hd & cac khoang m theo cong
thure (6.12) va (6.16)
- Tinh to4n cong suét nhiét dién va thuy dién sir dung cong thirc (6.5) va (6.13)
Budc 7: Tinh toan ham thich nghi (6.17) cho mdi nghiém
- Ap dung k¥ thuat chon loc mé1 nhu muyc 3.4.1 dé gitr lai N, nghiém tdt nhat.
- Chon nghiém c6 ham thich nghi nhé nhat 1am nghiém tot nhat Gbest va céac
nghi¢ém con lai déu duoc dit 1a Xbestq
Budc 8: Néu G<Gax, gan G = G + 1 va tré lai budc 4. Nguoc lai, dimng qué trinh tinh
toan.
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Budce 1

Budce 2

Budc 3

Budc 4

Budce 5

Budc 6

Budc 7

Budce 8

(Start)

Lua chon cac thong so diéu khién N, Gar, P, Va &
v

- Khoi tao tap nghiém nhu ct. (6.1'4) va (6.15)
- Tinh luu lwong xa va thé tich ho chira nhu (6.12) va (6.16)
- Tinh cong suat thiy dién va nhiét dién nhu cong thic (6.5) va (6.13)

v
- Tinh toan ham thich nghi (6.17)

- Tim nghiém t6t nhét c6 ham thich nghi nho nhat, Gbest

- Bét du véi vong lap dau t*ién Gl

- Tao nghiém m&i thé hé thir nhét sir theo co ché Lévy flights
- Hi€u chinh nghiém vi pham

A

- Tinh luu lugng xa va thé tich ho chira nhu (6.12) va (6.16)
- Tinh cong suat thuy dién va nhiét dién nhu cong thirc (6.5) va (6.13)

v

- So sanh nghiém méi va nghiém cii tai moi to chim dé giir lai nghiém tot hon

v

- Tao nghiém méi thé h¢ hai theo phat hién trimg la thich nghi

- Hiéu chinh nghiém vi pham

- Tinh luu lugng xa va thé tich ho chira nhu (6.12) va (6.16)

- Tinh cong suat thuy di¢n va nhi¢t di¢n nhu cong thuc (6.5) va (6.13)

v
- Tinh toan ham thich nghi (6.17)

- Ap dung k¥ thuit chon lgc dé xuat dé giir lai N, nghi¢m troi
- Tim nghiém t6t nhat dén thoi diém hién tai, Gbest.

/i\ Sai

G=G+1

A\ 4

G=Gmax
e

f/Sto \‘
\ P

Hinh 6.4. Luu d6 gidi thudt dp dung ASCSA cho badi todn xem xét

6.7. Két Qua Sé

Dé kiém tra tinh hiéu qua cia CCSA, MCSA va ASCSA cho bai toan FH-ST-HTS, bén
hé thdng dugc sir dung dé so sanh két qua gitta cac phuong phap nay véi nhau va giita
cac phuong phap nay véi cac phuong phap & cac nghién ciru trude. Bon hé thdng duoc
chia ra hai truong hop: khong xét va xét hiéu ing x4 van tai cdc nha mdy nhiét dién.

Truong hop 1 gdm 2 hé théng [30], [39] va truong hop 2 gdm 2 hé théng [41], [92].

6.7.1. Hai hé thong khéng xét hiéu iing xd van
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O muc ndy, cic phuong phap CSA s& duoc 4p dung cho hai hé théng thuy nhiét
dién gém bbn nha mdy thuy dién bac thang va mot nha may nhiét dién dugc hoach dinh
phat dién ti wu trong trong 24 khoang 1 gio. Thoi gian nudce chay tir hd phia trén xubng
hd phia dudi ¢ hé théng 1 1an luot 1a 115=2, 123=3, 13s=4 gid, va & hé thdng 2 1an luot 13
t13=1, 123=2, 134=2 gid. Dit liéu hé théng duogc trich din tir nghién ctru [30] va [39] va
dugc dinh kém ¢ phuc luc.

Dé thuec thi cho hai hé théng nay, ba phuwong phap CCSA, MCSA va ASCSA duoc
chon gia tri cac théng sd diéu khién N, va G nhu trong bang 6.1 trong khi d6 céac gia
tr1 P, dugc chon trong khoang tir 0.1 dén 0.9 va gia tri threshold € cho ASCSA dugc chon
tir 10 dén 10" nhu cac chuong trudce. Tir bang thong sb ¢ thé thiy gid tri Gua dugc
chon cho MCSA 12 16n nhat trong khi d6 gia tri nay 13 nho nhat cho ASCSA.

Bang 6.1. Cai ddt théng s6 cdc phiwong phdp CSA cho hé thong I va 2

HT Phuong | N, | Guax
phap

CCSA 200 | 3,000

1 MCSA 200 | 6,000
ASCSA |200 | 2,000

CCSA 200 | 9,000

2 MCSA 200 | 9,000
ASCSA |200 | 3,000

Badng 6.2. So sanh két qua giita cdc phwong phap CSA cho hé thong 1 va 2

HT | PP | CPNN(3) CPTB(S) | CPLN($) | DLC(S) | TGTT
(&, Pa) (gidy)
CCSA | 922.896.12 1o
(. 0.5) 023292.06 | 923,788.7449 | 180.0018 | >
MCSA | 923,034.40
I (. 0.6) 02335641 | 923.928.6972 | 201.9796 | 65.4
ASCSA ?1202_;‘3%65%4 023,027.17 | 924.177.9045 | 428.5601 | 24.6
154,504 88
2 |ccsa | (. 0.5) 1545957 | 1545962 | 02800 | 546
MCSA | 154597.62 | 15460037 |154.602.4711 | 09508 | 89.6
ASCSA 253’15%443)2 15459872 | 154.905.8722 | 24.8486 | 35.4

Tom tat két qua dat duoc tir cac phuong phap CSA dugc trinh bay trong bang 6.2 cho
thay gia tri nho nhat ciia chi phi dat dugc tir CCSA, MCSA va ASCSA cho h¢ thong thir
nhét 1an luot 13 922,896.1233$, 923,034.4051$ va 922,366.8492$ va cho hé thong thir
hai 12 154594.882$, 154,597.6257$ va 154594.3212$. So sanh gitra cac con s6 nay cho
thiy ASCSA dat dugc chi phi nho nhét cho ca hai hé thong trong khi d6 MCSA kém hiéu
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qua nhat v6i chi phi cao nhat. So sanh thoi gian tinh toan ciing cho két qua twong tir véi
thoi gian lau nhat cia MCSA va nhanh nhat cia ASCSA. Vi hé théng 1, CCSA va
ASCSA d sir dung thoi gian x4p xi nhau va nhd hon MCSA trong khi d6 ¢ hé thong 2,
ASCSA da nhanh hon CCSA khi st dung 35.4 gidy trong khi d6 CCSA st dung 54.6
gidy. Dac tinh hdi1 tu cho hai hé théng duoc thé hién & hinh 6.5 va 6.6 dd minh hoa dugc
qua trinh tim kiém nghiém cta cac phuong phap. O d6, ASCSA di dat dugc chi phi nhé
nhat & mdi vong lap va nho hon rat nhiéu so véi CCSA va dic biét 1a MCSA. Hon nifa,
khi ASCSA di dimg qua trinh tim kiém ma CCSA va MCSA van tiép tuc qua trinh va
két thac & vong lip cudi cing véi chi phi vAn con cao hon rit nhiéu so véi ASCSA.

Phén tich tir so sanh trén c6 thé dan dén két luan ring ASCSA 14 phuong phép hiéu qua
nhat va MCSA 14 phuong phap kém hiéu quéa nhat khi 4p dung cho hai hé théng thuy
nhiét di¢n khong xét dén hiéu ung xa van.

5
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Hinh 6.5. Pdc tinh héi tu ciia cdc phwong phdp CSA cho hé thong 1

Bang 6.3 va 6.4 trinh bay két qua so sanh giita cac phuwong phap CSA va cac
phuong phép & cac nghién ctru trudc dy cho hai hé thong dang xét. Ngoai cac gia tri vé
chi phi va thoi gian, cac vi pham vé rang budc hé thdng tir cic phuong phap ciing duoc
bao cdo mot cach cu thé. Nhu thong tin tir cot cubi cung cia bang 6.3, cac phuong phap
GA [30], MHDE [33], LWPSO [34], HDE-SQP [44], ACRCGA [52] va IDE [53] da vi
pham céc rang budc nhu rang budc thé tich ho chira & khoang cubi thoi gian hoach dinh
va/hodc vi pham vé gidi han luu luong xa. Vi dy, chénh 1éch gitra gié tri yéu cau va gia
tri dat duge cua thé tich ho chaa thit tu & cudi thoi gian hoac dinh ciia GA va MHDE
lan luot 14 0.1 x10*(m?) va 13 x10%m?). Cac phuong phap HDE-SQP [44], ACRCGA
[52], IDE [53] va MDNLPSO [57] c6 gia tri chi phi nho hon cac phuong phap CSA; tuy
nhién, HDE-SQP da vi pham thé tich ho chtra tha tu & cudi khoang thoi gian hoach dinh,
ACRCGA vi pham ¢ h6 chira thi 3 va tha 4 trong khi d6 IDE da vi pham gi6i han bién
duéi ctia luu lwong xa tai hd thily dién thir tu va MDNLPSO di vi pham gi6i han bién
ctia hd chtra thr ba va thtr tu. Do nhitng vi pham liét ké trén nén cac phuong phap nay
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d3 khong con gid tri dé so sanh va danh gia con lai s& dua vao cac phuong phap co
nghiém t6i vu kha thi khong vi pham rang budc. So sanh véi cac phuong phap kha thi
con lai, cac phuong phap CSA déu cho chi phi nho hon tit ca ngoai trir IPSO[36] ¢6 chi
phi nho hon CCSA va MCSA.

Tuong tu, so sanh & bang 6.4 cho hé théng hai ciing c6 chi ra nhitng vi pham cta
cac phuong phéap & cot cudi cung. Phuong phap TLBO [51] dd béo cdo chi phi dat duoc
1a 154,594.18; tuy nhién, tinh toan lai cho tir gia tri cong suat nhiét dién cho thay gia tri
chinh xac la 154,693.1358. Ngoai ra, cac phuong phap ISAPSO[49], TLBO [51],
QOTLBO [51] va QMBBO [54] d3 bao c4o nghiém tbi wu vi pham céc rang budc nhu
thé tich & khoang cudi cung & cac hd chira. So sanh véi cac phuong phap khong bao cdo
nghiém ti vu hodc c6 nghiém tdi wu kha thi cho thiy cac phwong phap CSA hiéu qua
hon hau hét cac phuong phap ngoai trir MDNL-PSO [57] ¢6 gié tri chi phi nhé hon
CCSA va ASCSA khong dang ké.
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Hinh 6.6. Pdc tinh héi tu ciia cdc phiong phdp CSA cho hé thong 2
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Bdng 6.3. So sanh két qua gitta cdc phwong phdp cho hé théng 1

Phuong phap Ch({sl))hl ?g;;g Kiém tra vi pham rang budc
CEP [20] 930,166.25 [2292.1 |NA
FEP [20] 930,267.92 | 19112 |NA
IFEP [20] 930,129.82 [ 1,033.2 |NA
GA* [30] 926,707 1,920 Vi pham Vi eng
BCGA [41] 926,922.71 64.51 NA
RCGA [41] 925,940.03 57.52 NA
MDE [32] 922,555.44 - Khong vi pham
MHDE [33] *921,893.94 |8 Vi pham Vi eng
GCPSO [34] 927,288.4 182.4 NA
GWPSO [34] 930,622.5 129.1 NA
LCPSO [34] 925,618.5 103.5 NA
LWPSO [34] *925383.8 | 82.9 Vi pham V3 ena
EGA [35] 934,727.00 | NA NA
PSO [35] 928.878.00 | NA NA
EPSO [35] 922,904.00 | NA NA
IPSO[36] 922,553.49 | NA Khong vi pham
HDE-SQP [44] | #912267.89 | NA Vi pham Veend
HBMO [45] 923,300 153.8 NA
RCGA [52] 923,864.125 | 9.236 NA
ACRCGA [52] |922,451.500 | 7.866 Vi pham Vend, Veend
IDE [53] *917,237.7 | 366.0781 | Vi pham ¢y min
MDNLPSO Vi pham V3 min & khodng 4
[57] *922.3363 |35 Vi pham Vi e & khoang16, 18 va 19
CCSA 922,896.1233 | 25.8 Khoéng vi pham
MCSA 923034.4051 | 65.4 Khong vi pham
ASCSA 922,366.8492 | 24.6 Khong vi pham

* Nghiém khong kha thi; NA: Khong dugc bdo cao

Pé c6 thé so sanh duoc thoi gian tinh toan, thoi gian quy doi adjusted CPU time
duogc tinh tr cong thirc (4.79) nhu & chuong 4 va duogc trinh bay trong bang 6.5 cho hai
hé thong dang xét. Gia tri thoi gian ¢ hé thdng thir nhét cho thiy CCSA va ASCSA c6
thé nhanh gip tir 3.37 1an dén 39.4 1an so v6i cac phuwong phap khac ngoai trirt MHDE
[33], RCGA va ACRCGA [52]. O day can luu y rang, MHDE va cac phuong phap khac
& nghién ctru [54] da st dung ngdn ngir 1ap trinh C++ véi wu diém nhanh hon so véi
ngdn ngit Matlab tir 2 dén 3 1an [80]. Thoi gian quy doi nay & hé thong thi hai cho thay
céc phuong phap CSA da khong vuot trdi hon so v6i cac phuong phap nhu ¢ hé thong
thir nhét khi chi ¢6 thé nhanh hon phuong phap BBO [46]. Tuy nhién, nhitng phuong
phap co6 gid tri nho hon 1, tirc nhanh hon cac phuong phap CSA lai 1a nhiing phuong
phap bao cao nghiém khong kha thi hodc khong bao cdo nghiém kha thi. Tir d6 ¢6 thé
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két luan dugc rang cac phuwong phap CSA kha hiéu qua so vé6i cac phuong phap khéc
khi ¢6 chi phi nho hon, thoi gian tinh toan twong ddi nhanh va bao cao nghiém kha thi.

Badng 6.4. So sanh két qua gitta cdc phwong phdp cho hé thong 2

Phuong phéap CPNN ($) 2:;%; Kiém tra vi pham rang budc
TPNN [39] 154,808.5 NA NA
ALM[39] 154,739 NA NA
PSO [49] 154,705 NA NA
ISAPSO[49] 154,594 .9 NA Vi pham Vi eng
BBO [46] 154,670.7707 63 Khéng vi pham

*154,5941 Vi pham Vaend ,Vsend, Vaend
TLBO[51] (154,693.135) 23.8
QOTLBO [51] %154.593.7 203 | Vipham Ve, Viend
QMBBO [54] *154,580.55116 19.2 Vi pham Vsend, Viena
MDNL-PSO [57] | {54593 58 )8 Khoéng vi pham
CCSA 154,594.8 54.6 Khong vi pham
MCSA 154,597.6 g9.¢ | Khongvipham
ASCSA 154,594.3 35.4 Khong vi pham
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Bdng 6.5. So sanh thoi gian quy déi giiva cdc phwong phdp cho hé théng I va 2

Phuong phap | Phan mém & Téc do TGTT | TGTT Thoi
H¢ tbc do CPU CPU (giay) (pu) gian quy
thong (GHz) (pu) db6i (pu)
CEP [18] Matlab, 0,85 0.423 2292.1 | 93.17 39.4
FEP [18] Matlab, 0,85 0.423 19112 | 77.69 32.9
IFEP [18] Matlab, 0,85 0.423 10332 |42 17.8
GA [30] * NA NA 1920 78.05 NA
BCGA [41] Matlab, 3.0 1.503 64.51 2.622 3.94
RCGA [41] Matlab, 3.0 1.503 57.52 2.338 3.51
MDE [32] NA NA NA NA NA
MHDE [33] * C++, 2.4 1.197 8 0.325 0.39
GCPSO [34] C++,2.0 1 182.4 7.415 7.41
GWPSO [34] C++,2.0 1 129.1 5.248 5.24
LCPSO [34] C++,2.0 1 103.5 4.207 42
LWPSO [34] C++,2.0 1 82.9 3.37 3.37
EGA [35] Matlab, 2.0 0.999 NA NA NA
PSO [35] Matlab, 2.0 0.999 NA NA NA
EPSO [35] Matlab, 2.0 0.999 NA NA NA
IPSO[36] Matlab, 3.06 1.53 NA NA NA
HDE-SQP [44] | *NA NA NA NA NA
HBMO [45] Matlab, 2.67 1.332 153.8 6.252 8.33
RCGA [52] C++ 2.0 0.999 9.24 0.376 0.38
ACRCGA [52] | C++,2.0 0.999 7.87 0.32 0.32
IDE [53] * Matlab, 3.0 1.503 366.08 | 14.88 22.4
MDNLPSO [57] | * NA NA 35 1.423 NA
CCSA Matlab, 2.0 1 25.8 1.05 1.05
MCSA Matlab, 2.0 1 65.4 2.66 2.66
ASCSA Matlab, 2.0 1 24.6 1 1
BBO [46] Matlab, 2.0 1 63 1.78 1.78
TLBO [51] * Matlab, 2.0 1 23.8 0.672 0.67
QOTLBO [51] | * Matlab, 2.0 1 20.3 0.573 0.57
2 QMBBO [54] * Matlab, 2.67 | 1.335 19.2 0.542 0.72
MDNL-PSO NA NA 28 0.791 NA
[57]
CCSA Matlab, 2.0 1 54.6 1.542 1.54
MCSA Matlab, 2.0 89.6 2.53 2.53
ASCSA Matlab, 2.0 1 354 1 1
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6.7.2. Hai hé thong xét hiéu img xd van

O muc nay, cac phuong phap CSA duoc ap dung trén hai hé théng co xét dén hiéu
mg x4 van. Ca hai hé thong 3 va 4 déu c6 mot hé thdng thury dién bac thang véi 4 nha
may trong khi d6 hé thong 3 chi c6 mot nha may nhiét dién va hé théng 4 c6 3 nha may
nhiét dién. Ca hai hé théng déu dugc hoach dinh phat dién trong 24 khoang 1 gio. D
lidu hé théng duogc trich dan tir cic nghién ctru [41] va [92] va ciing duoc dinh kém &
phuc luc.

Bdng 6.6. So sanh két qua giita cdc phwong phap CSA cho hé thong 3 va 4

HT | Phuong | CPNN($) | CPTB(S) | CPLN(S) | DLC(8) | TGTT
phap (&, Pa) (gidy)
CCSA | 947.316.2564
(. 0.5) 047.810.9269 | 948,561.8442 | 281.5006 | 32.6
3 [MCSA | 947.797.3685
(. 0.5)) 0484504 | 949.1452 | 260.7036 | 68.5
ASCSA 9(‘{%_243'2)663 0474187997 | 948,038.3417 | 456.5164 | 30.8
CCSA | 41,701.2073
4 (. 0.6) 43,891.5080 | 45.5002320 | 611.2509 | 75.8
MCSA | 44836038 | 454602562 | 46,104.3631 | 415.0538 | 165.7
ASCSA ?116ﬁ6g'86;93 42,683.6470 | 43.945.9440 |533.4047 | 7523

Pé thyc thi cho cac hé thdng nay, N, duoc ¢ dinh véi 200 t6 chim trong khi d6 Giax
& hé théng 3 duoc chon lan luot 13 5,000, 6,000 va 3,000 cho CCSA, MCSA va ASCSA

va & hé thong 4 dugc chon lan luot 1a 9,000, 12,000 va 6,000 cho CCSA, MCSA va
ASCSA.
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Bang 6.6 thé hién chi tiét két qua dat duoc tir cac phuong phap CSA cho hé théng 3 va
4 cho thay ASCSA 1a phuong phap hiéu qua nhat khi ¢ chi phi nhé nhét va thoi gian
tinh toan nhanh nhét trong khi d6 gia tri tr MCSA 1a kém hiéu qua nhat vé6i thoi gian tinh
toan 1au nhat. Danh gia nay tiép tuc duoc phan anh théng qua hinh 6.7 va 6.8 vé dic tinh
hoi tu cua cac phuong phap.
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Hinh 6.8. Pdc tinh hdi tu ciia cdc phwong phdp CSA cho hé thong 4
Badng 6.7. So sanh két qua giita cdc phwong phdp cho hé théng 3

Phuong phap Chi phi TG:F R Kiém tra vi pham rang budc
$) (giay)

BCGA [41] 952,618.00 66.3 Khong vi pham
RCGA [41] 951,559.24 | 57.32 Khong vi pham
DE [44] 947,497.85 - Khong vi pham
HDE-SQP [44] | *945,293.81 | - Vi pham Vyena

CCSA 947,316.2564 | 32.6 Khoéng vi pham
MCSA 947,797.3685 | 68.5 Khoéng vi pham
ASCSA 946,744.0663 | 30.8 Khong vi pham

Béang 6.7 va 6.8 so sanh chi phi va thoi gian dat dugce tir cac phuong phap CSA
v6i cac phuong phap trude ddy voi hai hé thdng dang xét. Chi phi dat dugce & hé thong
3 tir cac phuong phap CSA nho hon hau hét cac phuong phap duoc so sanh ngoai trir
HDE-SQP [44] da bdo c4o chi phi nho hon cd ba phuong phap CSA, va DE [44] bao
c4o chi phi nhé hon MCSA. Tuy nhién, viéc kiém tra cac vi pham rang budc da cho thay
HDE-SQP d3 bao cdo nghiém khong kha thi vi pham thé tich ho thay dién thir tw &
khoang thoi gian cudi cung, gid tri nay 16n hon rat nhiéu so v6i yéu cau tir dir liéu dau
Vao.

Vi hé thdng 4, cac nghién ctru trude day da phan chi tip trung vao muc tiéu cuc
tiéu chi phi ma bo qua luu ¥ vé tinh kha thi ctia nghiém t6i wu. Do d6, cac vi pham rang
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budc dugc phat hién tir cac nghiém tdi wu bao céo tir cac nghién ciru trude ddy. Phuong
phap IDE [53] va MCDE [56] d3 vi pham rang budc cin bang cong suit, ACABC [37]
vi pham thé tich & khoang cubi cung ¢ hd thuy dién thir 4 va RCCRO [55] d3 vi pham
thé tich ho chira ¢ khoang cubi cing & ca 4 hd thuy dién va vi pham rang budc can bang
cong suat. So sanh thuc hién voi cac phwong phap kha thi con lai cho thdy CCSA va
ASCSA hiéu qua hon tét ca khi cho chi phi thip hon trong khi 46 MCSA chi vuot troi
so voi mot s6 phuong phap nhu EP-IFS [81], SA [31] va EP [31].

Bang 6.8. So sanh két qua giita cdc phwong phdp cho hé thong 4

Phuong phap Chiphi (§) | TGTT 2 : . n
o Kiém tra vi pham rang budc
(gidy)
EP-IFS [92] 45,063 NA Khong vi pham
SA [31] 47,306.00 NA Khong vi pham
EP [31] 45,466.00 NA Khong vi pham
PSO [31] 44,740.00 NA Khong vi pham
DE [33] 44,526.10 200 | NA
MDE [33] 42,611.14 125 | NA
HDE [33] 42,337.30 48 NA
MHDE [33] 41,856.50 31 Chi bao céo luu lugng xa
Clonal selection [28] | 42440.574 109 | NA
AABC [37] 42217.01 15 NA
CABC [37] 43362.68 21 NA
ACABC [37] *41074.42 16 Vi pham Vi ena
TLBO [51] 423,85 NA | Khong vi pham
TLBO [51] 42,386.13 25.7 | Khong vi pham
QOTLBO [51] 42,187.49 21.6 | Khong vi pham
IDE [53] *40,627.92 | 627.06 | Vipham can bang cong suat
RCCRO [55] Vipham Ve, Vaend , Viend, Viena VA
*41,497.851 | 15.51 | rang budc can bang cong suat
Béo cdo cong suat thuy dién khong
RCGA-AFSA [38] *40,913.82 21 dung voéi gia tri kiém tra
MCDE [56] *40,945.75 50.8 | Vi pham can bang cong suat
CCSA 41,701.207 75.8 | Khong vi pham
MCSA 44,836.038 165.7 | Khong vi pham
ASCSA 41,661.8193 | 75.3 | Khong vi pham

So sanh vé thoi gian tinh toan va thoi gian quy d6i adjusted CPU time dudi dang
don vi tuong ddi cling duoc trinh bay trong bang 4.9. O hé théng 3, CCSA va ASCSA
c6 thé nhanh hon gép 2 lan so v6i BCGA va RCGA in [41] trong khi &6 MCSA c¢6 téc
d6 khong bang CCSA va ASCSA nhung van nhanh hon hai phwong phép & nghién ciru
[41]. Cu thé, MCSA c6 gié tri 2.2 pu trong khi d6 BCGA va RCGA c6 gié tri lan luot 1a
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2.8 va 3.2. So sanh & hé thong 4 trd nén da dang hon khi c6 rat nhiéu phuong phap co
tdc d6 hoi tu nhanh va c6 nhiéu phuong phép 6 tc d6 hoi tu cham. cac phuong phap &
nghién ctru [33] va [37] sir dung cac phan mém java va C++ véi tbe do nhanh hon tir 2
dén 3 1an so voi Matlab [80]. So sanh véi cac phuong phap ¢ nghién ciru [33], cac
phuong phap CCSA va ASCSA nhanh hon DE va MDE nhung cham hon HDE va
MHDE véi gia tri cia HDE 1a 0.8 va cua MHDE 1a 0.5 trong khi gia tri cia CCSA va
ASCSA 1a 1. Tuy nhién, nhu da ghi chu v6i hai phuong phép nay da dugc chay trén
phan mém C++ nén 2 phuong phép nay khong nhanh hon so véi CCSA va ASCSA. Cac
phuong phap ¢ nghién ctu [37], [38], [53], [55] va [56] c6 thoi gian nhanh nhung 1a
nhimg phuong phép vi pham rang budc hé thong nén vé thoi gian tinh toan nhanh ciing
khong thé hién dugc sy so sanh véi cac phuong phap nay. Khi so sanh véi cac phuong
phap kha thi con lai & cac nghién ctru khéc, cac phuong phap CCSA va ASCSA déu
nhanh hon ngoai trir & nghién ctru [51]; tuy nhién, gia tri ham chi phi cho thiy phuong
phap CCSA va ASCSA hiéu qua hon rat nhiéu so v6i cac phuong phap nay.
Bdng 6.9. So sanh thoi gian quy doi cho hé thong 3 va 4

Phuong phap | Phan mém & CPU | CPU | TGTT TGTT | Thoi gian
He (GHz) (pu) (gidy) (pu) quy doi
thong (pu)

BCGA [41] Matlab, 3.0 1.5 |66.3 2.2 3.2

3 | RCGA [41] Matlab , 3.0 1.5 |57.32 1.9 2.8
CCSA Matlab, 2.0 1 32.6 1.1 1.1
MCSA Matlab, 2.0 1 68.5 2.2 2.2
ASCSA Matlab, 2.0 1 30.8 1.0 1.0
DE [33] C++,2.4 12 {200 2.656042 | 3.2
MDE [33] C++,2.4 12 | 125 1.660027 | 2.0
HDE [33] C++,2.4 12 |48 0.63745 | 0.8
MHDE [33] C++,2.4 12 |31 0.411687 | 0.5
CS [28] Matlab, 3.06 1.53 | 109 1.447543 | 2.2
AABC [37] JAVA, 2.53 1.265 | 15 0.199203 | 0.3
CABC [37] JAVA, 2.53 1.265 | 21 0.278884 | 0.4

4 [ ACABC[37] |*JAVA,2.53 1.265 | 16 0.212483 | 0.3
TLBO [51] NA NA |0 0 NA
TLBO [51] Matlab, 2.0 GHz | 1 25.7 0.341301 | 0.3
QOTLBO [51] | Matlab, 2.0 GHz | 1 21.6 0.286853 | 0.3
IDE [53] *Matlab, 3.0 1.5 |627.06 8.32749 | 125
RCCRO [55] | *Matlab, 2.3 GHz | 1.15 | 15.51 0.205976 | 0.2
EE?AAFSA *Matlab, 2.0 1 21 0.278884 | 0.3
MCDE [56] *Matlab, 2.4 12 [508 0.674635 | 0.8
CCSA Matlab, 2.0 1 75.8 1.00664 | 1.0
MCSA Matlab, 2.0 1 165.7 2.200531 | 2.2
ASCSA Matlab, 2.0 1 75.3 1 1.0




Két qua so sanh vé chat luong 101 giai, tbc do hoi tu va tinh kha thi ctia nghiém
t61 wu cho thay phuong phap CCSA va ASCSA hiéu qua hon rat nhiéu phuong phap khi
c6 chi phi nhé hon, thoi gian tinh toan nhanh hon va nghiém kha thi. Véi mét s it cac
phuong phap c6 thoi gian tinh toan nhanh hon CCSA va ASCSA nhung gip nhimng van
dé vé chét luong nghiém nhu chi phi qué cao hodc nghiém khong kha thi vi pham rang
budc. Tl d6 c6 thé két luan duoc rang CCSA va ASCSA rat hiéu qua cho bai toan nay.
Nguoc lai, tinh hiéu qua cia MCSA khong dugc nhu mong doi khi phuong phap MCSA
cho chi phi cao hon nhiéu phuong phap va co ban chi hiéu qua hon cac phuwong phap
nhu PSO, DE, EP va SA vé thoi gian tinh toan va chat luong nghiém. Nghiém tdi wu
ctia bdn hé théng 0 chuong nay dat dugc tir ASCSA duogc dinh kém trong phu luc.

6.8. Tom Tit

Bdn hé thdng thiy nhiét dién c6 xét dén hd thuy dién bac thang dugc xem xét trong
chuong nay véi su ap dung ba phuong phap CSA nham tim gia tri van hanh toi uu. Két
qua cho thay ba phuong phap CSA c6 thé giai duoc bai toan nay mot cach hiéu qua véi
chi phi va thoi gian chap nhan duoc. ASCSA 1a phuong phap t6t nhat va MCSA 1a
phuong phap kém hiéu qua nhét trong ba phuong phap. So véi cac phuong phap khac
da duoc ap dung trude day, ASCSA hiéu qua hon nhiéu trong khi d6 CCSA van con
kém hiéu qua hon so vi mot vai phuong phap va MCSA 13 phuwong phap kém hon hau
hét cac phuong phap lai va cai tién gan day.

Lién quan dén bai toan van hanh thuc té cua cac hé théng thuy nhiét dién, mot sb céc
bién diéu khién va phu thudc ctia nghiém t6i wu sé& 1a nhitng théng sé van hanh tai cac
nha may dién. O bai toan nay, cong suat nhiét dién va luu luong xa dugc xem nhu céc
bién diéu khién va thé tich hd chira Ia cac bién phu thudc; tuy nhién, cic gia tri van hanh
0 nha may nhiét dién 1a cong suit nhiét dién va & nha may thuy dién la luu lugng x4 qua
turbine giéng nhu ¢ bai toan van hanh & chuong 4 va 5. O bai toan nay, thoi gian tré cia
nudc chay tir hd phia trén xudng hd phia dudi 1a méot yéu td quan trong dé c6 duoc cac
gia tri diéu khién tai cac nha may thuy dién. Néu gia tri nay dugc du bao chinh xac thi
qua trinh van hanh s& hiéu qua, nguoc lai s& co két qua khong tét so v6i mong doi. Do
d6, van hanh thuc té & cac nha may thuy dién can ¢ nhirng thong s6 chinh xac vé nguén
nudce va ho thuy dién thi két qua 4p dung van hanh téi wu s& dat hiéu qua cao vé nang
luong. O chuong nay, cac phuwong phap CSA di duoc 4p dung thanh cong dat duoc 16
giai kha thi c6 chét luong tét. Do dé, viéc 4p dung cic phuong phap nay cho hé thong
dién thyc té 1a diéu hoan toan kha thi.

128



CHUONG 7: AP DUNG CAC PHUONG PHAP CUCKOO
SEARCH PHAN BO CONG SUAT TOI UU HE THONG
THUY NHIET DPIEN

7.1. Giéi Thiéu

Phén bd cong suat toi wu (OPF) 1a bai toan tinh khong tuyén tinh v6i nhiém vu chinh
13 12 x4c dinh cac thong sb trang thai cta tit ca cac may phat trén hé thong dién sao cho
chi phi phat dién 1a nho nhat ma van c6 thé dap tng tat ca cac rang budc trén ludi, rang
budc cua thiét bi nhu gi6i han gidi han cong suét tac dung va phan khang cia may phat,
dau phan 4p may bién 4p va cong sut tu bu, dién 4p & cac nht va gi6i han truyén tai cia
cac dudng diy [93]. Thong thudng, cac bién diéu khién ctia bai toan OPF dugc xac dinh
trudc nhu cong suat tac dung cia may phat, bién do dién ap cia may phat, cong suat
phan khang tai cac niit c6 tu bu va cai dit dau phan 4p va sau d6 cac bién phu thudc s&
duogc xac dinh sau nhu 13 céng suat phan khang méy phat, cong suat may phat ¢ nut can
bﬁng va bién dd dién ap & cac nuat con lai. Muc ti€u cua bai toan OPF nham dat duogc chi
phi nhé nhét phat dién tir cac tot may nhiét dién hodc giam thiéu ton that cong suat trén
duong day truyén tai.

O bai toan OPF, tat ca cac to may phat & cac nat déu 1a cac to may nhiét dién s
dung nhién liéu hoa thach trong khi d6 cac nha mdy thuy dién déu khong duoc xét dén.
Bai toan OPF d3 thach thirc cac phuwong phap toan t6i wu véi tap hop cac rang budc phic
tap tir cac may bién 4p, tu bu, ludi truyén tai va may phat. Vé khia canh nay, bai toan
phdi hop t6i wu cac nha may thiy dién va nhiét dién HTS xem xét ca nha mdy nhiét dién
va thay dién nhu cic ngudn chinh dé phat dién dén tai thong qua ludi truyén tai. He
théng nay trd nén pho bién trén hé thong dién do dong gop quan trong khi cac ngdn nang
luong tai tao khong thé dap tmg du nhu cu phuy tai gia ting hang nim. Van hanh hé
thong thuy nhiét dién trd nén phirc tap khi cac nha may thuy dién phai chiu nhiéu rang
budc vé hd chia va nguén nudc trong toan b thoi gian hoach dinh phat dién tdi wu.

Céc nghién ctru vé hé thdng dién tir trudc dén gid voi da phan bai toan OPF va HTS
déu dugc tach biét ra 1am hai bai toan riéng biét do tinh phirc tap riéng ciia tirng bai toan.
O bai toan HTS, cac rang budc tu cac hd thuy dién tr¢d thanh rao can 16n do thoi gian
hoach dinh phat dién t6i uu duoc chia ra nhiéu khoang thoi gian va anh hudng cia cac
dai lugng lién quan 1an nhau trong toan bo thoi gian nay. O bai toan OPF, cac nha may
thuy dién khong duoc xét dén nén tinh phirc tap dé giai quyét rang budc hd chira khong
gay kho khin nhung tap hop cac rang budc lién quan dén ludi truyén tai va thiét bi tro
nén phtrc tap va la thach thirc 16n. V61 bai toan OPF, thoi gian thuc thi 1a cac khoang
thoi gian riéng 1¢ khong anh hudng 1an nhau du c6 1a da khoang nhu bai toan OPF. Viéc
két hop hai bai toan ndy tré thanh bai toan phan bd cong suat toi uu hé thong thiry nhiét
dién (hydrothermal optimal power flow-HTOPF) d lam cho cic nghién ctru han ché
hon khi xem xét ca nhitng rang budc phirc tap ctia cac ho thuy dién. Véi thong ké tir cac
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nghién ctru trude vé hai bai toan cho thdy da c6 mot s6 lwong 16n cac cong trinh nghién
clru vé cac bai todn nay. Bao toan OPF di dugc quan tdm va nghién ctru & cac cong trinh
[94-126] trong khi d6 bai toan HTS dugc nghién clru ¢ cac cong trinh [1-63]. Mac du
vay, van c6 mot sb luong nhé cic cong trinh nghién ctru vé bai toan két hop HTOPF &
cac tai liéu [127-132].

Céc nghién ctru [127-131] da duoc thyc hién & ba thap nién vira qua voi cac Gng
dung tir phuong phap tién dinh trong khi d6 chi cé nghién ciru [132] 4p dung phuong
phap meta-heuristuc dé giai bai toan HTOPF ma chwa c6 cac tmg dung nao & phuong
phép thong minh nhan tao khac. Cac bai bao nay déu duoc trich tir ngudn IEEE trong
khi d6 & cac ngudn khac nhu sciendirect, Taylor Francis va Springer link, v.v. van chua
c6 nghién ctru ndo thyc hién. Trong sé nhitng nghién ctru ndy, Newton 1a phwong phap
dau tién dugc ap dung cho hé théng tir 5 nut dén 118 nut véi mo hinh thuy dién ngin
han chiéu cao cot nude ¢d dinh. Muyc tiéu cua nghién ctru nay la thir nghiém kha néang
ap dung ctia phuong phap Newton 1én bai toan phtrc tap dé danh gia kha nang giai quyét
cang rang budc cua ludi truyén tai & bai toan OPF va kha ning giai quyét cac rang budc
thity dién da thoi gian ciia bai toan HTS. Toan bo dit liéu cta hé théng va két qua ham
muc tiéu da khong dugc trinh bay ¢ nghién ctru ndy lam cho ban doc ciing nhu cac nha
nghién ctru khong thé thyc hién bai toan va so sanh két qua. Cac nghién ciru ¢ [128-131]
d3 dé cap dén tAm quan trong ctia viéc xem xét rang budc ton thit cong suét trén ludi
truyén tai khi giai quyét bai toan HTS. Cac nghién ctru da xay dung dir liéu riéng va ap
dung thuat toan dé xuét ctia ho dé thyc thi cho bai toan nay dé chtimg minh kha nang xir
ly thanh cong cic rang budc. Cac nghién ciru trude d6 duge trich dan tir cac nghién ciru
da rat 1au va cac dir liéu trén cac ngudn khong con nita. Chi ¢6 nghién ctru [132] gan
day nhit voi ung dung phuong phap PSO cai tién (IPSO) dé giai hé théng co 8 nut.
Tuong tu nhu cac nghién ciru [128-131], nghién ctru ndy ciing chi 4p dung nham ching
minh kha ning giai quyét cac rang budc ciia phuong phap IPSO hon 1 ching minh kha
nang tim nghiém t4i wu hiéu qua cua IPSO. Phan tich tir cic nghién ctru ndy cho thay
rang bai toan HTOPF két hop gitta bai toan OPF va HTS 14 bai toan phtic tap va lam
han ché cac cong trinh nghién ctru vé bai toan nay.

Do d6, bai toan phirc tap phan bd cong suat toi wu hé thong thily nhiét dién HTOPF
1a trong tim trong chuwong 7 ndy véi nhiém vu chinh 13 cyc tiéu chi phi phat dién cia
cac nha may nhiét dién nhung phai dam bao tit ca cac rang budc phai thoéa man nhu rang
budc cua bai toan HTS va rang budc cua bai toan OPF da dé cap ¢ trén. Tuy nhién, khi
xem xét bai toan HTOPF thi van dé cin ban ludn 1a dat nha may nhiét dién hay thiy
dién tai nat cAn bang 1a hiéu qua nhat. V& nguyén tic, nat can bing can c6 kha ning
dap tng nhanh viéc huy dong cong suit dam bao can bang cong suit trong thoi gian
ngan. Bén canh d6, nit cin bing cin co cong suit dap tmg 16n va 6n dinh trong thoi
gian dai dé tranh truong hop mat ngudn hay thiéu ngudn tir niit can bang. Néu niit can
bang dugc cap ngudn tir nha mdy thuy dién co cong suat 16n va ludn ludn on dinh trong
nam thi hé théng s& hiéu qua hon rat nhidu. Tuy nhién, cic nghién ciru trude [127-132]
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chi sir dung nha may nhiét dién & nut can bang cho cac hé thong IEEE 30 nut va 118 nut
va dd co thé van hanh thanh cong théa man tat ca cac rang budc. Tir d6 cho thay lya
chon nay 13 hop 1y va c6 thé 1y giai nhu sau:

1) Céc hé théng IEEE 30 va 118 nut la cac hé théng da duoc chuin hda nham muc
dich phuc vu cho nghién ctru. Trong cac hé thdng ndy, cac nha may ban dau dugc
dat & cac nut co nguén phat déu 1a nhiét dién.

2) Nha may thuy dién lai bi han ché cong suat phat & mua kho trong thoi gian dai
va tham chi trong mua mua cong suat ciing d6i khi mét 6n dinh do mua 1ii 16n.
Do d6, néu str dung nha may thiry dién tai nat can bang thi hé thong s& c6 nguy
co mét 6n dinh rat cao trong nim.

Do d6, dé giai quyét bai toan HTOPF trong luan 4n nay thi hai hé théng IEEE 30 nut va
IEEE 118 nat vén chi duoc cﬁp nguén boi cac nha may nhiét dién sé dugc thay thé mot
s6 nha mdy nhiét dién c6 cong suat vira va nho boi nhitng nha may thity dién c6 cong
suat twong ung trong khi d6 nat can bang van duoc cAp ngudn boi nha may nhiét dién.
Bén canh d6, cac phuong phap t6i wu CCSA, MCSA va ASCSA sé& dugc st dung dé
thuc thi hai hé théng IEEE 30 nut va IEEE 118 nuat nay. Céc két qua dat dugc tur hai hé
thng s& duoc phan tich dé chi ra kha ning ap dung cta cac phuong phap CSA va dic
biét 12 phuong phap dé xuat ASCSA. Chi tiét bai toan duoc trinh bay nhu muc 7.2 bén
dudi.

7.2. Mo Ta Bai Toan
7.2.1. Ham muc tiéu

Chi phi nhién liéu tai cdc nha may nhiét dién duoc giam thiéu dén mirc nho nhat c6
thé:

N
Min » F(P,) (7.1)
i=1
Trong d6 ham chi phi nhién liéu Fi(Py;) dugc cho dudi dang

F(P,)=a,+bP, +cP; (7.2)

it gi it g

7.2.2. Rang budc hé thong
- Rang budc cdn bang cong sudt:

N N,
Zf)si,m +zf)hj,m _PL,m _PD,m :0’ m = ]""’ M (73)
i=1 j=1
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- Rang budc nguon niede cho phép:

M
Dt =W,sj=1,.., N (7.4)
m=1
Trong do g;,» 1a luu luong xa qua turbine dugc xac dinh theo ct. (4.15) & chuong
4 nhu sau:
Qjom = + by Py + € P (7.5)

- Rang budc gidi han cong sudt tdc dung va phan khdng té6 mdy:

Pgi,min Sf‘)gz SPgi,max; izl""’Ng (76)
Opimin < i < Qo> 1 =1, N, (7.7)
- Rang budc dién ap t6 may phat:
Veanin < Vg Vi3 i =L N, (7.8)
7.2.3. Rang budc ludi truyén tdi
Rang budc cdn bang c¢éng sudt tdc dung va phan khdng maoi it
Nb
P,—P,= VI.ZVJ, [G;’/ cos(6;, —5,)+ B sin(J, —5j)]; i=1..,N, (7.9)
j=1
Ny
0,+0,-0,=V,>V,[G,sin(5,~5,)-B,cos(5,~5) s i=1... N, (7.10)
j=1

Trong d6 Pui va Qui 12 cong suét tac dung va phan khang tai yéu cau tai nit i; Py va Qg
1a cong suit tic dung va phan khang ctia may phat dat tai nit .
- Rang budc céng sudt phdt ciia tu bir:
Ooin <0, <0, s i=1,.,N, (7.11)
Trong truong hop hé théng tu bu khong duogc chi o $6 luong bo tu, dung lugng mdi bd
c6 thé chuyén d6i ma chi cho biét gii han 16n nhat va nho nhat thi cong suét bo tu phat
1én ludi duoc xac dinh 12 cac bién lién tuc nhu (7.11). Tuy nhién, néu dugc biét s6 bo tu
va cong suat mdi bo tu thi cong sudt phat 1én ludi cta tu 1 cac bién roi rac va co gid tri
dugc xac dinh nhu ct. (7.12) [133]
ch' = Qci,min + ch’ ‘AQci (7.12)

Trong d6 N 12 s6 bd tu duge chon 1am viée va AQ.; 13 cong suat mdi bo tu
tal nut i.
- Rang budc gi6i han dau phdn dp: Dau phan ap 1am viéc ctia may bién ap phai thoa
man gidi han sau:
T

k,min

ST ST s k=1.0N, (7.13)

Ciing gidng nhu gid tri tu bu, khi gid tri mdi nic phan ap ATk va s luong dau phan ap
N, d3 biét thi gia tri ddu phan 4p sé& 1a cac bién roi rac duoc xac dinh nhu ct. (7.14) [133]
132

,max ?



T, =T, . +N,AT, (7.14)

Trong d6 Ny 1a thtr tr dau phan 4p duoc chon trong tong s6 N, dau phan 4p ctua may
bién ap. V&i hai hé thong IEEE 30 nit va IEEE 118 nat duoc xét dén ¢ chuong nay, gia
tri tu bu dugc gi61 han trong khoang nho nhét va 1én nhat, va mdi nic chuyén ddi tu bu
duoc cho 1a AQ.; =0.1 MVar. Do dé, cong suét tu bu duoc xac dinh 13 boi s cua 0.1.
Déi voi dau phan ap ciia may bién ap, gia tri dugc tinh & don vi twong ddi va gia tri mdi
nac phan ap AT, =0.01[133].

- Rang buoc dién ap tai nut tai:

Li=1..,N, (7.15)

- Rang budc gidi han cong sudt truyén tdi : cong suat biéu kién truyén tai trén nhanh
I phai nhé hon gidi han cong suat cta ddy dan.
S, <8, e [ =1, N, (7.16)

Trong d6
Sl zmax{| S[j |7| Sj[ |} (717)

7.2.4. Bién diéu khién va bién phu thuoc

7.2.4.1. Tap hop cac bién diéu khién
Céc bién diéu khién trong bai toan phan b6 cong suat toi uwu hé thong thily nhiét
dién dugc chon nhu ct. (7.18)
u={P

g22°"

P.,..,Py.,V..V

g22°°2 7 gN, % " gl>* gl""VgNg’71"'7;("‘9TNt’ch""’Qci"’QcN(,}T (718)
Trong do:

Py (i=2, ..., Ng): Cong suat tac dung may phat thir i (khong xét dén cong suét nit
can bang)

Vei(i=1, ..., Ng): Dién 4p tai cac nit phat i

Ti (k=1, ..., N)): Gia trj dién ap dau phan ap

Q. (i=1, ..., No): Cong suit phan khang tu bu tai nit i

7.2.4.2. Tap hop cac bi¢n phu thude

TU céac bién diéu khién, bién phu thudc s€ duogc xac dinh dya vao phan bd cong suét
va cac rang budc hé théng. Tap hop cac bién phu thude duoc cho trong ct. (7.19)
X= AP Ot s Oios Ogn s Vs oo Viiows Vi, s Sis o5 Spsees Sy 5 @ s Wi (7.19)
Trong do:
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- Pg: Cong suit tac dung ctia may phat tai nut can bang.

- Vi(@i=1, ..., Np): Dién ap tai nut tai

- Q04 (i=1,..., Np): Cong sut phan khang cua tit ca may phat

- Si(I=1, ..., N): Cong suat biéu kién trén duong diy truyén tai /

- g;m: Luu lugng x4 cua thuy dién j ¢ khoang thot gian m trong ngay
- Wj: Thé tich nudc st dung trong ngdy & nha mdy thay dién thir j

7.3.  Ap Dung Phwong Phap CCSA Cho Bai Toan HTOPF
7.3.1. Khoi tao

Khi 4p dung phuong phap CCSA cho bai toan HTOPF, mdi tring d duoc khai tao s&
bao gom céc bién diéu khién nhu da dé cap ¢ cong thic (7.18) va duoc biéu dién boi
Xy =[Bs s By s Vers s Vs Qs s QT s Ty 1 . Trong d6, m la khoang thoi gian

thir m dang xét trong M khoang thoi gian hoach dinh phat dién t6i wu. O (M-1) khoang dau
tién, cong suét tac dung tir to may nhiét dién thir hai dén té may cudi cing va cong suit tac
dung cua tit ca cac t6 may thuy dién dong vai trd bién diéu khién trong khi d6 & khoang
cudi cing thir M cac cong suét thuy dién s& khong duge xem xét lam bién didu khién va tro

thanh bién phu thude. Qua trinh khéi tao dugc thuc hién nhu sau:

X=X, +randx(X,,, — X, );m=12,.,M-1; (7.20)
XY =X" +rand < (XM - XM );; (7.21)
Trong do:
KXo LB ooy P> V™, s Vo, OFF, oy ORIy TV (7.22)
Xoin ZLBS" s Pgs Vs s Vs O ey ORLT™ s TV, (7.23)
Koo ZLPR" s cos Pt V™ s Vs OF, oy ORI, oy TV, (7.24)
Xt =LBS" oy Pty Vs s Vs O8", ooy ORLT™, s TV, (7.25)

C6 thé thiy rang, & M-1 khoang dau tién tit ca cong suit thiy dién va cong suit
nhiét dién (ngoai trir tai nut can bang) déu duoc chon 1am bién diéu khién. Tuy nhién, &
khoang cudi cing chi c6 cac to may nhiét dién duoc chon nham gitip cho viée giai quyét
rang budc can bang ngudn nudc tai hd thiy dién.

Khi da co tat ca cong sut thuy dién & M-I khoang dau tién, luu luong xa & M-I
khoang nay s& dugc tim ra nho ct. (7.5). Sau do, dya vao ct. (7.4) va (7.5), luu lugng xa
va cong suat thuy dién & khoang M dugc tinh nhu sau:
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M-1
G =W, = 0,4, 3 J =1,..0N,
m=1

_bhj * \/b}?] - 4chj (ahj - qj',M )

hi,M

2¢,,

(7.26)

(7.27)

Khi di c6 day du cac bién cong sut & cac niit ngoai trir nut can bang, dién ap may
phat, gia trj tu bu va dau phan 4p, phan bd cong suit duoc thue hién nhd chay chuong
trinh Mathpower va thu duogc tat ca cac bién phu thudc cho M khoang thoi gian xem xét.

Ham thich nghi dugc tinh toan nhim danh gia chét lugng nghiém. Gia tri ham chi phi
va céc thanh phan phat cua céac bién phu thudc duoc xét dén trong ham thich nghi (7.28).

N, X i
Fak, (B =B ) + K2 (R -2

FT = A

Ng

i=1

N,

i=1

Ny ) N, )
+KqZ(Qgi o Qillm )2 + KVZI:(I/Ii - VI}Im )2 + Ks ;(Sl o Slhm )2

(7.28)

Trong d6 K, K, Ky, Ky, va K 1a cac hé $6 phat cho cong suat thuy dién ¢ khoang M,
cong sut tai nit cAn bang, cong suat phan khang may phat, dién 4p tai nut tai va cong
suat biéu kién truyén tai trén duong day.

Céc gidi han cong suét va dién ap ¢ ham thich nghi duoc xac dinh nhu sau:

B

P =) B
L
P

P | B
P,

gl
Qmax
gi
li min
letm = Qgi
Qgi
max
Vi
lim __ min
Vit =1V
Vi

Sl]im _ S[max
Sl

7.3.2. Tao thé hé nghiém méi thir nhdt theo co ché Lévy Flights

o max
if By > By
. min
if Py <P
otherwise
L) max
if P, >PF,
. min
if Py <P
otherwise
if Q>0
if Q<04
otherwise
if v, >V
. min
iV, <V,
otherwise
l‘f‘ Sl > Slmax

otherwise
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Thé hé nghiém méi thi nhat dugc tao ra theo co ché Lévy flights nhu cong thirc (7.34)
va sau d6 duoc kiém tra va hiéu chinh nhu cong thiic (7.35) sau:

X" = Xbest, + axrand x AX ™ (7.34)
Xmax lf X(;lew > Xmax
X =4 X™ qf X< XM (7.35)

X" otherwise

7.3.3. Tao thé hé nghiém moi thir hai theo co chéphdt hién trung la

Ciing gidng nhu nhu 4p dung cho céc chuong trude, thé hé nghiém méi thir hai dugc
tao ra thong qua co ché phat hién trimg la nhu cong thirc (7.36) va sau d6 dugc kiém tra
va hi€u chinh nhu cong thirc (7.35)

ing :{Xd +rand(X,, —X,,)if rand < Pa (7.36)

X, otherwise

7.3.4. Tiéu chudn dirng vong ldp

Thuat toan 1dp s€ ngirng lam viéc khi vong 1dp hién tai G dat gia tr1 lon nhat xé4c
dinh trudc d6 Guax.

7.3.5. Cdc buoc tinh todan cua phuwong phap CCSA cho bai toan HTOPF

Toan bd thu tyc tinh toan khi &p dung phuong phap CCSA cho bai toan HTOPF nay
dugc trinh bay trong luu d6 giai thuat hinh 7.1 va duoc mo ta chi tiét nhu sau:

Budc 1: Chon céc thong sé cho CCSA gom N, to chim, x4c suat phat hién trimg la P,
va s vong 1ap 16n nhit G

Budc 2: Khai tao dan s6 ban dau véi N, t6 chim nhu muc 7.3.1

Budc 3: Chay phan bd cong suit cho M-I khoang dau tién dé dat duoc gia tri cong suit
ctia cac bién phu thudc nhu & cong thire (7.19) trong d6 c6 cong suét tac dung
clia t0 may can bang.

Budc 4: Tinh toan cong suit tac dung ctia cac to may thuy dién & khoang thoi gian thir
M theo cong thure (7.26) va (7.27).

Budc 5: Chay phan bd cong suat cho khoang M dé dat dugc gid tri cong suat ciia cac
bién phu thudc nhu & cong thic (7.19) trong d6 c6 cong suit tic dung cua to
may can bang.

Budc 6: Tinh toan ham thich nghi cho céc trimg theo cong thire (7.28) dé chon trimg tot

nhit 1am Gbest va goi cac trimg con lai 13 Xbest,.
Khoi dong voi vong lap tha nhat G = 1.
Budc 7:Tao ra nghiém mai thé hé thir nhit theo co ché Lévy flights nhu muc 7.3.2
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- Kiém tra va hiéu chinh nghiém t6i vu theo cong thirc (7.35).
- Tim cong suét thiy dién & khoang cudi cing thir M theo cong thuc (7.26) va
(7.27).
- Chay phan bé cong suit cho M khoang dé dat duoc bién phu thudc
Budc 8: Tinh toan ham thich nghi theo cong thirc (7.28).
- So sanh cac nghiém cii va nghiém méi & cing td chim dé giit lai nghiém t6t
hon
Budc 9: Tao ra nghiém maoi thé hé tha hai theo co ché phat hi¢n trirng la nhu myc 7.3.3
- Kiém tra va hiéu chinh nghiém t4i vu theo cong thirc (7.35).
- Tim cong suat thiy dién & khoang cudi cing thir M theo cong thic (7.26) va
(7.27).
- Chay phan bé cong suit cho M khoang dé dat duoc bién phu thudce
Budc 10: Tinh toan ham thich nghi theo cong thirc (7.28).
- So sanh cac nghiém cii va nghiém méi ¢ cung to chim dé giit lai nghiém t6t
hon
- Chon nghiém c6 ham thich nghi nhé nhat lam Gbest va cac nghiém con lai 1a
Xbest.
Budc 11:Budc 8: Néu G<Gax, gan G = G + 1 va trd lai bude 7. Nguoc lai, dimg qué trinh
tinh toan.
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Buoc 1

Budc 2

Budc 3

Buoc 4

Budc 5

Budc 6

Budc 7

Budce 8

Budc 9

Bude 10

Buoc 11

Chon thong sb diéu khién
Y
Khoi tao nhu ct. (7.20) va (7.21) |
v

Phén b cong suat cho M- khoang dau tién dé c6 cac bién phu thudc

]

Tinh cong suat thuy dién & khoang M theo cong thire (7.26) va (7.27).

v

Phan bd cong sut cho khoang M nham thu dugc cac bién phu thudc

A
- Tinh todn ham thich nghi (7.28)

- Tim nghiém t6t nhat c6 ham thich nghi nho nhét, Gbest

- Bit dau voi vong lip dau tién G = 1.

v

- Tao nghiém méi thé hé thir hai theo co ché Lévy flights
- Hi¢u chinh nghiém vi pham
- Tinh cong suat thuy dién & khoang M theo cong thirc (7.26) va (7.27).

- Phan bé cong suat cho M khoang nham thu duogc cac bién phu thudc

- Tinh ham thich nghi (7.28).

- So sanh nghiém cti va nghiém mdi nham gitt lai nghiém tot hon

v

- Tao nghiém méi thé hé thir hai theo co ché phat hién tring la
- Hi¢u chinh nghi¢m vi pham
- Tinh cong sut thuy dién ¢ khoang M theo cong thirc (7.26) va (7.27).

- Phan bd cong sut cho M khoang nhiam thu duogc cac bién phu thudc

v

- Tinh ham thich nghi (7.28).
- So sanh nghiém cii va nghiém méi nham gitr lai nghiém tét hon
- Xac dinh nghiém t6t nhat c6 ham thich nghi nho nhat, Gbest

A

G=G+1

4

N
[ St :w
\>P)

Hinh 7.1. Luu d6 gidi thudt dp dung CCSA cho badi todén HTOPF
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7.4. Ap Dung Phwong Phap MCSA Cho Bai Toan HTOPF

Toan bo thu tuc tinh toan khi 4p dung phuong phap MCSA cho bai toan HTOPF nay
dugc trinh bay trong luu dd giai thuat hinh 7.2.

Bude 1 Chon thong s6 diéu khién
\ 4
Budre 2 Khoi tao nhu ct. (7.20) va (7.21) |
1
Buée3 ' phan bé cong sudt cho M-I khoang diu tién dé c6 cac bién phy thude
v
Budc 4 | Tinh cong suat thuy dién & khoang M theo cong thirc (7.26) va (7.27).
v
Budce 5 Phén b cong suat cho khoang M nham thu dugc cac bién phy thudce
v
- Tinh toan ham thich nghi (7.28)
Budce 6 - Tim nghiém tSt nhat c6 ham thich nghi nhé nhét, Gbest
- Bit dau voi vong lap dau tién G = 1.

- Phén loai thanh nhém nghi¢m t6t va nhém nghiém xiu
Buéc7 - Tao thé hé nghiém méi thir nhit cho 2 nhém theo co ché Lévy flights

A

- Hiéu chinh nghiém vi pham
- Tinh cong suat thuy dién & khoang M theo cong thirc (7.26) va (7.27).
- Phan bd cong suét cho M khoang nham thu duoc cac bién phu thudc

v

- Tinh ham thich nghi (7.28).

- So sanh nghiém cii va nghiém méi nham giir lai nghiém tot hon

Budc 8

- Gop hai nhom nghiém thanh mot nhém duy nhét

- Tao nghiém mai thir hai theo co ché phat hién trirng la

Budc 9 - Hiéu chinh nghi¢ém vi pham

- Tinh céng suét thity dién & khoang M theo cong thirc (7.26) va (7.27).
- Phan bd cong suét cho M khoang nham thu duoc cac bién phu thudc

v

- Tinh ham thich nghi (7.28).
Buéce 10 - So sanh nghiém cii va nghiém méi nham gii lai nghiém tét hon
- X4c dinh nghiém tSt nhat ¢6 ham thich nghi nho nhét, Gbest

X

s

Budce 11 G=Gax -
bung Sai

()

Stop |
%P
Hinh 7.2. Luu d6 gidi thudt dp dung MCSA cho bai toan HTOPF

G=G+1 —

A 4
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7.5. Ap Dung Phuong Phap ASCSA Cho Bai Toan HTOPF

Toan bd thu tuc tinh toan khi ap dung phuong phap ASCSA cho bai toan HTOPF nay
dugc trinh bay trong luu d6 giai thuat hinh 7.3.
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Budc 1 Chon thong sé diéu khién

Budc 2

Budc 3

Budc 4

Budc 5

Budc 6

Y
Khoi tao nhu ct. (7.20) va (7.21) |
v

Phén bd cong suét cho M- khoang dau tién dé c6 cac bién phu thudc

12

Tinh cong suét thity dién & khoang M theo cong thire (7.26) va (7.27).

v

Phén bd cong suét cho khoang M nham thu duogc cac bién phu thude

v
- Tinh toan ham thich nghi (7.28)

- Tim nghiém tSt nhat c6 ham thich nghi nho nhat, Gbest
- Bit dau voi vong lap dau tién G = 1.

v

Budc 7

- Tao thé hé nghiém moi thi nhit theo co ché Lévy flights
- Hiéu chinh nghi€m vi pham

- Tinh cong sut thuy dién ¢ khoang M theo cong thirc (7.26) va (7.27).
- Phan b cong suat cho M khoang nham thu duoc cc bién phu thudc

A

Budc 8

v

- Tinh ham thich nghi (7.28).

- So sanh nghiém cii va nghiém méi nham giit lai nghiém t6t hon

Budce 9

- Tao thé h¢ nghiém méi thir hai theo co' ché phat hién trimg la thich nghi

- Hiéu chinh nghiém vi pham
- Tinh cong suat thuy dién & khoang M theo cong thiic (7.26) va (7.27).
- Phén bd cong suét cho M khoang nham thu duoc cac bién phu thudc

Buéce 10

Buoc 11

v

- Tinh ham thich nghi (7.28).
- Sir dung k§ thuit chon loc dé xuit giir lai N, nghiém troi
- Xé4c dinh nghiém t6t nhit c6 ham thich nghi nhé nhit, Gbest

Sai

A\ 4

G=G+1

\‘/St \‘\
| Stop |
AN p/

Hinh 7.3. Luu do gidi thudt dp dung ASCSA cho bai toan HTOPF

7.6. Két Qua So

7.6.1. Lwa chon thong s6 dieu khién
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V& mit tmg dung, cac hé sb cua cac phuong phap CSA dang xét déu c6 anh huong
dén két qua cu thé vé chat luong nghiém va téc do tinh toan duoc phan anh thong
qua tong chi phi phat dién va thoi gian trung binh nhu dd phén tich & Chuong 4, Muc
4.9.1 vé cac anh hudng cua thong sb 16n két qua va di kiém nghiém trén mot hé
thdng. Bai toan HTOPF 1a bai toan rat 1on va phtc tap ciing v&i han ché vé cau hinh
may tinh nén thoi gian tinh toan kha l4u, mat khoang 1 phut cho mét lan chay cho
hé thong IEEE 30 niit va 5 phiit cho mot lan chay cho hé théng IEEE 118 nut. Do
do, rat kho dé danh gia hét tat ca cac to hop thong sd cua phuong phap CSA cho bai
todn nay. Hon nira, vi¢c giam lya chon thong s6 diéu khién ma van dat duoc két qua
cao la mot trong nhitng myc ti€u khi 4p dung cac phuong phap meta-heuristic do cac
phuong phéap nay thuong c6 dic diém 1a phu thudc vao nhiéu thong sé didu khién.
Vi cac bai toan don gian va kich thuéc nho, hau hét tt ca cac thong sd thudng duoc
xét dén va chay thir nghiém chi tiét dé tir d6 rat ra dugc cac anh hudng 1én két qua
va dé xuat cac gia tri cu thé néu co6 thé dé tmg dung cho bai toan 16n va phic tap
nham giam khdi lugng tinh todn ma van dat hiéu qua tdt. Tuy nhién, ddi vai bai toan
16n thi viéc thyc thi tat ca cac khao sat anh huong tir thong s6 1én két qua 1a khong
kha thi va cach chon thong s6 tot nhat cho cac truong hop nay 1a dua vao kinh nghiém
cac bai toan nho hon trude d6. O ddy, phuong phap CCSA duge st dung 1am din
chtng véi s6 luong thong s diéu khién cua CSA gém P., S, a, dan sd N,, s6 vong
13p 16n nhat Gy, V6i phan tich nhu sau:

- Pa thudc khoang [0, 1]: 10 gia tri (gia str chon budc nhay bang 0.1)

- P thudc khoang [0.3, 1.99]: 18 gia tri (gia sit chon budc nhay bang 0.1)

- o thudc khoang [0, 1]: 10 gia tri (gia st chon budc nhay bang 0.1)

- N, gia str thudc khoang [10, 200]: 20 gia tri (gia st chon budc nhay bang 10)

- Gumax gia str thudc khoang [25, 500]: 20 gia tri (gia sir chon budc nhay bang 25)

Nhu vay, s& c6 10x18x10x20x20 = 720,000 t6 hop gia tri va voi mdi to hop gia tri
thuong dugc chay it nhét 50 1an dé tim cac gia tri nho nhét, trung binh, 16n nhét, 6 1éch
chuan va thoi gian tinh toan. Nhu vay sé o tat ca 36,000,000 1an chay va voi thoi gian
chay cho hé théng IEEE 30 niit s& méat khoang 600,000 gio va chay cho hé théng IEEE
118 nat s& mét khoang 3,000,000 gio. Tuong tw, phwong phap MCSA c6 nhiéu hon
phuong phap CCSA mot thong s6 1a ti 18 trimg tot va tring xau. Nhu Bang 4.12, ti 1¢
nay dugc chon 5 gia tri. Do d6 thdi gian thuc thi cho MCSA sé& gap 5 1an CCSA. Vay
MCSA sé& mat thoi gian khoang 3,000,000 gior cho hé théng IEEE 30 nut va mét khoang
15,000,000 gio cho hé théng IEEE 118 nat. ASCSA ciing nhiéu hon CCSA mét thong
sd 1a &. Bang 4.5 ¢6 5 gid tri cho €. Vay thoi gian chay cho ASCSA ciing xép xi thoi gian
cua MCSA.

Nhu vay, cac thong s6 khong anh hudng nhiéu dén két qua thi nén duoc ¢b dinh

dé giam bot thoi gian tinh toan. Céc thong sé c¢6 thé ¢b dinh va phan tich & Chuong 4

g0om P, o, € va ti 18 trimg véi gia tri nhu sau: p=1.5, a =1, e =107 va ti 18 tring 1a 1:3.

Cac thong s6 con lai gdm Pa, Np v Gax 12 nhitng gié tri khong thé c6 dinh cho cac bai

toan khac nhau nhu di phan tich & muc 4.9.1. Do d6, anh hudng cia cac thong s6 nay
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1én cac phuong phap CSA cho hé théng IEEE 30 nut va 118 nit s& dugc khao sat & cac
muc bén dudi. Tuong Gng véi mdi t6 hop thong sé diéu khién, méi phuong phap s&
dugc chay thanh cong 50 1an va sau d6 ti 1¢ thanh cong (TLTC) duoc tinh bang cach
chia tong s 1an chay cho 50 1an thanh cong nay.

7.6.2. Két qua tir hé thong IEEE 30 niit

Hé thong TEEE 30 ntit & hinh 7.4 v&i 6 nit phét, 24 nit tai va 41 nhanh dugc thé hién
& Trong d6, 4 t6 may phat nhiét dién ¢ nat 1, 2, 5 va 8, va 2 nat may phat con lai 11 va
13 dugc chay boi 2 nha may thuy dién. Ngoai ra con ¢ 4 may bién ap & cac nut 11, 12,
15, va 36, va hai bo tu 1an lugt duge dat & nat 10 va 24. Tong s bién diéu khién cua hé
thong 14 17 bao gdm cdong suat tac dung ciia 5 may phat khong ké may phat ¢ nit can
bang, dién 4p & 6 nut phat, dau phan ap ctia 4 may bién ap va cong suit phan khang cua
hai bo tu. Thoi gian 1am viéc cua hé théng la 24 gid duoc chia thanh hai khoang thoi
gian bang nhau. Cong suét tai & khoang thtr nhat dugc giit nguyén nhu coéng suit tai ¢
lu6i IEEE 30 nut va cong suat ¢ khoang thir hai bang 85% cong suat ¢ khoang thir nhat.
Gio6i han cong suat tic dung va cong suat phan khang cia cac to may phéat duoc cho
trong Bang 7.1. Hé s6 ham chi phi va ham xa nudc duge cho trong Bang 7.2 va Bang
7.3. Gi6i han tu bu dugc cho trong Bang 7.4 va gii han duong day truyén tai duoc cho
& bang 7.5. Dir liéu ludi IEEE 30 nut va hé s6 ham chi phi duoc 1ay tir tai liéu [134] va
hé s6 ham xa nudc thuy dién duoc 13y tir tai liéu s6 [8].

Badng 7.1. Gidi han céng sudt tdc dung va phan khdng mdy phat

Loai nha may | TT | Nt | Pgimin | Pgimax | Ogimin | Ogimax
(MW) | (MW) |(MVAr)|(MVAT)
1 1 50 200 -20 200
Nhiét dién 2 2 20 80 -20 100
3 5 15 50 -15 80
4 8 10 35 -15 60
Thuy di¢n 5 11 10 30 -10 50
6 13 12 40 -15 60
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Three winding transformer equivalent 3
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Hinh 7.4. Luéi IEEE 30 nut

Bdng 7.2. Hé s6 ham chi phi

5

TT |ai ($/h) | b: ($/MWh) | ¢; ($/MW?h)
1 0 2.00 0.00375

2 0 1.75 0.01750

3 0 1.00 0.06250

4 0 3.25 0.00834

Badng 7.3. Hé s6 ham xd nuoc va thé tich nuoc su dung

Thuy Aapj bhj Chj VV]
dién |(MCF/h) [(MCF/MWh)| (MCF /MW?h) [(MCF)
1 1.980 0.306 0.000216 200
2 0.936 0.612 0.000360 400
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Bdng 7.4. Théng sé tu bi

Thu Nut Qci,min Qci,max
tu (MVAr) | (MVAr)
1 10 0 19
2 24 0 4.3

Bdng 7.5. Gi6i han truyén tdi dwong day

12

32
26
32
40
32

14
65
28
32

Nhanh 1 213 |14 (5|6 7|38 9

Simax MVA) | 130 [ 130| 65 [ 130|130 | 65 | 90 | 130 | 130
Nhéanh 1516|1718 |19 | 20|21 | 22| 23
Stmax MVA) | 65 | 65 |32 |32 32|16 | 16| 16 | 16
Nhéanh 29 |30 | 31 |32 33|34 |35 36|37
Simax MVA) | 32 |16 | 16 | 16 | 16 | 16 | 16 | 65 | 16

10 | 11

32 | 65
24 | 25
32 | 32
38 | 39
16 | 16

13
65
27
32
41
32

Dé c¢6 thé xéac dinh duoc cac gia tri cho cac thong sb Py, N, va Gax nham dat dugc
két qua chi phi tot va thoi gian tinh toan hop 1y cho hé thong IEEE 30 nit, & myc nay
ching t61 s€ xay dung 3 kich ban lan luot nhu sau:

Kich ban 1: Khdo sat anh hwéng ciia Py 1én két qua ciia cdc phirong phdp CSA

O kich ban nay, gia tri P, s& dugc thir nghiém tir 0.1 dén 0.9 trong khi d6 N,=10,
Gmax= 150 dugc ¢d dinh cho CCSA, MCSA va ASCSA. Bén canh d9, ti 18 trimg t6t doi
v6i trimg xdu cia MCSA duoc chon gia tri 1:3 (gia tri t6t nhat tr két qua bang 4.12 &
chuong 4) va ¢ ctia ASCSA duoc chon gia tri 1073 (gi4 tri cho chi phi nho nhét va do 1éch
chuan tuong dbi tot & bang 4.5).

Bang 7.6. Anh hwéng ciia Py lén két qua ciia CCSA cho hé thong IEEE 30 niit

DLC | TGTT | TLTC
P, CPNN ($) | CPTB ($) | CPLN (%) $) (gidy)
0.1 |13761.53 13886.34 | 14170.47 |89.76 | 66.94 | 76%
02 | 13742.46 13816.94 | 13955.57 |43.00 | 66.58 | 66%
03 |13742.46 13804.92 | 14145.14 |63.10 | 67.10 | 52%
04 |13742.46 13803.15 | 13979.34 |43.13 | 67.04 | 44%
0.5 |13733.51 13788.32 | 13893.24 |29.64 |67.76 |52%
0.6 | 13742.46 13797.02 | 14059.22 | 51.97 | 6549 |48%
0.7 | 13742.46 13779.71 | 13858.56 |21.64 |62.70 |58%
0.8 |13736.98 1377330 | 13883.88 |28.39 |66.68 | 60%
09 |13,72221 | 13,759.82 | 13,815.14 | 16.895 | 67.036 | 76%
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Badng 7.7. Anh huéng ciia Pa lén két qua ciia MCSA cho hé thong IEEE 30 mit

P. | CPNN($) | CPTB($) | CPLN($) | DLC ($) f;g TLTC
0.1 | 13787.72 | 14188.54 | 15048.44 |343.14 |68.28 | 92%
02 | 13754.61 | 14138.17 | 16147.94 |[511.11 |67.52 | 100%
0.3 | 13729.73 | 13882.93 | 14753.62 |179.81 |67.66 |98%
0.4 | 13741.95 | 13893.1 14929.45 |215.72 | 6731 |98%
0.5 | 13727.62 | 13791.28 | 13940.95 |44.81 |68.82 |98%
0.6 | 13727.62 | 1379128 | 13940.95 |44.81 |68.82 | 94%
0.7 | 13728.64 | 13798.76 | 14322.92 |87.993 |69.20 | 89%
0.8 | 1371823 | 13783.94 | 14066.09 |53.707 |65.69 |91%
0.9 | 13726.9 1378591 | 13964.96 |35.051 |67.51 | 90%

Bang 7.8. Anh hwéng ciia Pa lén két qua ciia ASCSA cho hé thong IEEE 30 niit

DLC | TGTT | TLTC
P, | CPNN($) | CPTB($) | CPLN ($) © | (aity)
0.1 |13714.84 |[13829.27 | 14491.05 |14823 |65.75 |98%
02 |13704.01 |13797.65 | 14542.65 |129.57 |63.12 |98%
03 | 1373443 |1404488 |15275.96 | 34849 |6620 |98%
04 |13,721.72 [13,829.32 | 14,592.14 | 177.07 | 65.64 | 92%
0.5 |13,746.08 |14,151.83 |15,79134 |404.15 |64.89 |96%
0.6 |13727.30 |14064.49 |15114.15 |377.39 |66.07 |94%
0.7 |13697.27 |13873.20 | 14347.765 |154.60 | 69.20 | 98%
0.8 | 13691.61 |13897.83 | 1460645 |22032 |65.78 | 98%
0.9 | 1365554 |13808.73 |1454891 |171.31 |65.871 |98%

Két qua dat duogc tir ba phuong phap duoc bao cdo ¢ cac Bang 7.6, Bang 7.7 va Bang
7.8. Cac bang s6 cho thiy gia trj chi phi nho nhét dat dwogc tir cac phuong phap o cac gia
tri ciia P, trong khoang tir 0.8 dén 0.9. Cu thé, CCSA, MCSA va ASCSA lan luot dat
gia tri nho nhat bang $13722.208, $13,718.230, va $13655.538 & cac gia tri cua P, 1an
luot 12 0.9, 0.8 va 0.9. Bén canh do, cac két qua ciing cho thay cac phuong phap cd xu
huéng dat gia tri nho nhat & cac gia tri cia P, trong khoang [0.6, 0.9] tot hon cac gia tri
trong khoang [0.1, 0.5]. Tl cac két qua nay c6 thé rat ra két luan rang gia tri cia P, anh
huong lén két qua dang ké va viéc chon gia tri cho mot bai todn cu thé nén duoc thi
nghiém tir gia tri 0.1 dén 0.9 d¢é tim ra gia tri hiéu qua nhét.
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Kich ban 2: Khdo sdt anh huéng ciia Gmax 1én két qua ciia cdc phirong phdp CSA

Kich ban thir hai tap trung vao phan tich vao anh hudng cia sé vong lip 16n nhat
Gomax 16n két qua dat duoc cia CCSA, MCSA va ASCSA. Dé diéu tra anh huong nay, ca
ba phuong phap duogc thyc thi véi théng sd dugce chon nhu sau: N,=10, P,=0.9 cho
CCSA va ASCSA, P,=0.8 cho MCSA va Gnar dugc chon cac gia tri 25, 50, 75, 100,
125, 150, 175 va 200. Cac két qua duoc trinh bay trong Bang 7.9, Bang 7.10 va Béng
7.11. So sanh két qua tir gia tri nho nhat, trung binh, 16n nhét va do léch chuan c6 thé
thiy rang cac phuong phap c6 xu hudng cai thién dugc nghiém t6i wu khi sb vong lip
tang dan nhung do cai thién giam dan khi s6 vong lap vuot qua gia tri 100 dén gia tri
200. Véi CCSA, chi phi nho nhat giam déng ké khi ting vong lap tir 25 1én 50, tir 50
1én 75 va dén 100 v6i su giam chi phi 1an luot 13 53.81$, 120.48$ va 19.48$ nhung khi
vong lap tang 1én 125, 150, 175 va 200 thi chi phi giam khong dang ké 1an luot 13 6.718,
6.97$, 10.21$, 0.96$. Gia tri d6 léch chuan va ti 18 thanh cong ciing thé hién su cai thién
vé tinh 6n dinh va kha ning xur 1y rang budc ciia cic phuong phap, khi tai gia tri Gmax=25
d6 1éch chuén 13 304.96 va ti 18 thanh cong 13 30% nhung dén gia tri Gmax=150 do léch
chuan chi con 16.895 va ti 18 thanh cong 1a 76%. Két qua tir MCSA ciing cho thay hién
tuong twong ty khi ting sb vong lip. Vi ASCSA két qua dat gid tri nho nhat khong thé
cai thién sau vong 1ap 150 khi gia tri nho nhét tai Gmax=175 va Gmax=200 khong cai thién
s0 vOi Gmax=150. So sanh d¢ 1éch chuan cho théy ASCSA c¢6 su cai thién khong dang
ké khi ting Gmax=175 v Gmax=200. Tuong ty, ti 1& thanh céng ctia ASCSA khong cai
thién khi Gmax ting dén 175 va 200. Cac phuong phap déu c6 dic diém chung vé thoi
gian ting dan khi s6 vong lap dugc ting 1én.

Céc két qua nay cho thiy sb vong lap ting s& dem lai hiéu qua cao cho cac phuong
phap. Tuy nhién, khi ting s6 vong lap vuot qua mot gia tri di 16n nao d6 thi két qua gan
nhu khong duoc cai thién hodc cai thién khong dang ké.

Bang 7.9. Anh hwéng ciia Guax 1én két qua ciia CCSA cho hé théng IEEE 30 nuat

CPNN CPTB CPLN DLC | TGTT | TLTC

$) $) $) ($) | (gidy)
25 | 13929.66 | 14100.52 | 14862.53 | 304.96 | 12.57 | 30%
50 | 13875.85 | 14014.92 | 14587.62 | 231.81 | 24.29 | 45%
75 | 13755.37 | 13870.36 | 14098.92 | 88.81 35.96 | 55%
100 | 13735.89 | 13810.85 | 13884.61 | 44.92 | 47.88 | 60%
125 | 13729.18 | 13772.22 | 13843.62 | 31.40 | 59.95 | 55%
150 | 13722.21 | 13759.82 | 13815.14 | 16.895 | 67.036 | 76%
175 | 13712.00 | 13737.76 | 13762.89 | 11.39 | 83.69 | 70%
200 | 13711.04 | 13733.40 | 13760.24 | 11.70 | 95.30 | 76%

Gmax
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Bdng 7.10. Anh huéng ciia Guax 1én két qud ciia MCSA cho hé théng IEEE 30 nit

G CPNN CPTB CPLN DLC | TGTT | TLTC
" $) $) $) ($) | (gidy)
25 | 1395291 | 14531.91 | 15754.58 | 417.45 | 12.54 | 48%
50 | 13819.28 | 14172.39 | 15305.17 | 320.66 |24.91 | 67%
75 | 13755.87 | 13965.06 | 14863.30 | 206.42 | 37.32 | 75%
100 | 13747.75 | 13877.87 | 14612.40 | 142.87 | 49.33 | 82%
125 | 13732.71 | 13842.23 | 14503.97 | 139.62 | 57.42 | 96%
150 | 13718.23 | 13783.94 | 14066.09 | 53.71 65.70 | 91%
175 | 13712.96 | 13790.76 | 14150.31 | 74.71 85.26 | 98%
200 | 13711.62 | 13766.32 | 13874.63 | 35.22 96.95 | 96%

Badng 7.11. Anh huéng ciia Guax 1én két qua ciia ASCSA cho hé théng IEEE 30 nit

G CPNN CPTB CPLN DLC TGTT | TLTC
" $) %) %) $) (gidy)
25 13843.65 | 14365.85 | 15498.90 | 354.80 | 12.28 66%
50 13751.79 | 14019.21 | 14896.44 | 265.93 | 24.86 86%
75 13718.40 | 13935.35 | 14741.69 | 238.77 | 36.78 80%
100 13715.61 | 13821.25 | 14550.69 | 176.35 | 47.60 98%
125 13716.98 | 13794.21 | 14738.99 | 156.53 | 57.10 98%
150 13655.54 | 13808.73 | 1454891 | 171.31 | 65.87 98%
175 13655.54 | 13792.64 | 14377.98 | 146.25 | 76.29 98%
200 13675.45 | 13796.77 | 14250.05 | 133.18 | 89.05 98%

Kich ban 3: Khdo sat anh hwéng ciia N, 1én két qua ciia cdc phwong phap CSA

Kich ban tht ba duoc thuc hién dé xét tinh anh huong cua dan s6 1én két qua dat
dugc cia CCSA, MCSA va ASCSA. Cac phuong phap sé& dugc thay doi voi sd to chim
tir 5 dén 20 voi bude nhay bang 5 trong khi d6 Gnw=150 dugc giit nguyén trong sudt
qua trinh tim kiém. Két qua thuc nghiém duoc bao cao & Bang 7.12, Bang 7.13 va Bang
7.14 cho CCSA, MCSA va ASCSA. Quan sat tur gia tri dat dugc nhu chi phi nho nhat,
trung binh, 16n nhét va d6 1éch chuan tét hon khi N, c6 gié tri 16n hon ngoai trir truong
hop N,=20 ctia MCSA va N,=15, 20 ctia ASCSA vi MCSA da dat duoc gid tri nho nhat
v6i Ny=15 va ASCSA di dat dugc gia tri toi vu tai N,=10. RS rang sy cai thién & gia tri
nho nhat va do léch chuan rat 16n & phuong phap CCSA nhung vdi MCSA 1a khong
dang ké va dic biét 1a ASCSA khong c6 sur cai thién khi N,=15, 20. Phan tich nay chi ra
rang khi cac phuong phap di dat duoc nghiém tdi wu toan cuc hodc gin diém téi vu toan
cuc thi viéc ting dan sd 1én cling khong thé cai thién hon duoc kha ning tim kiém nhung
thoi gian tinh toan thi luon ting khi dan sé ting.

148



Bang 7.12. Anh huéng ciia N, 1én két qua ciia CCSA cho hé thong IEEE 30 niit

N, 5 10 15 20
CPNN ($) | 1379622 | 1372221 | 13718.75 | 13715.64
CPTB (§) |13788.14 |13759.82 | 1377526 | 13777.90
CPLN ($) |13882.12 |13815.14 |13866.54 | 13866.54

DLC ($) |88.16 16.90 2851 27.19

TGTT (gidy) | 36.71 67.04 108.07 139.83

TLTC | 92% 76% 68% 72%

Bdng 7.13. Anh huéng ciia N, 1én két qua ciia MCSA cho hé thong IEEE 30 mit

N, 5 10 15 20
CPNN ($) | 13784.4915 | 13718.23 13715.4105 | 13717.5912
CPTB () 14248.0248 | 13783.94 13758.2883 | 13751.3078
CPLN (3) 15330.5361 | 14066.09 13830.0038 | 13793.7023
DLC ($) 357.6535 53.71 26.9698 17.9125
TGTT (gidy) |27.9914 65.7 84.1471 116.1841
TLTC 89.30% 91% 76.90% 77%

Bang 7.14. Anh huéng ciia N, 1én két qua ciia ASCSA cho hé thong IEEE 30 niit

N, 5 10 15 20
CPNN ($) 13733.06 13655.54 13655.54 13655.54
CPTB ($) 13861.77 13808.73 13738.69 13721.08
CPLN ($) 15236.45 14548.91 14080.34 13772.29
DLC ($) 403.92 171.31 53.25 14.2043
TGTT (gidy) |33.6 65.871 109.7516 118.1628
TLTC 78% 98% 98% 94%,

Két qua dat duoc boi cac phuong phap CSA dudi dang chi phi nho nhét, chi phi trung
binh, chi phi 16n nhét, do léch chuan, thoi gian chay chuong trinh va ti 1& thanh cong
dugc so sanh trong Bang 7.15 voi gia tri cia Guaw=150 va Np=10. Két qua cho thiy
ASCSA dat chi phi nhé nhat tét nhat voi 13,655.538$ trong khi MCSA dat gia tri tot thir
hai sau ASCSA véi 13,718.230$ va CCSA c6 chi phi 16n nhat véi 13,722.208$. Tinh
toan chi ra rang ASCSA c6 thé giam duoc 66.67$ so véi CCSA va 62.692$ so véi
MCSA. Hon nira, ti 1¢ thanh cong cia ASCSA rét cao gan nhu dat ti 16 100% trong khi
d6 CCSA chi dat 76% va MCSA dat 91%. Mic du két qua do léch chuan cia ASCSA
cao hon MCSA va CCSA nhung vin ¢6 da minh chimg dé cho thiy ring ASCSA hiéu
qua hon CCSA va MCSA do nghiém tdi wu chat lugng tot hon va kha niang xir 1y rang
budc hiéu qua hon véi TLTC cao hon. Dac tinh héi tu cua ba phuong phap dugc vé
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trong Hinh 7.5 cho thdy ASCSA 1uén luén hiéu qua hon hai phuong phap CCSA va
MCSA tir vong lap thit 25 tré vé sau. CCSA ¢6 duoc két qua tét hon MCSA gan nhu
toan qu4 trinh, tuy nhién & nhitng vong 1ap cudi cung thi MCSA d3 tim ra nghiém tdt
hon CCSA.

Két qua tir ludi IEEE 30 nit cho thiy ASCSA 1a phuong phép hiéu qua nhat va CCSA
13 phuong phap kém hiéu qua nhat.

Bdng 7.15. So sanh két qua cho heéi IEEE 30 it

Phuong phap | CCSA MCSA | ASCSA
Pa 0.9 0.8 0.9
CPNN ($) | 13,722.208 | 13,718.230 | 13,655.538
CPTB (§) | 13,759.815 | 13,783.937 | 13,808.732
CPLN ($) | 13,815.143 | 14,066.094 | 14,548.909

DLC ($) 16.895 53707 | 171.314
TGTT (giay) | 67.036 65.695 65.871
TLTC 76% 91% 98%
40"
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Mumber of terations = 150

Hinh 7.5. Dac tinh hoi tu cua cac phwong phap CSA cho lwoi IEEE 30 nut.

7.6.3. Két qua tir hé thong IEEE 118 mit

O muc nay, cac phuong phap CSA dugc kiém nghiém trén hé théng IEEE 118 nut
[127] v6i ngudn phat tir 50 nha may nhiét dién va 4 nha may thily dién, 54 nut phat, 64
nut tai, 186 nhanh, 9 tram bién ap, 14 vi tri lap dat tu bu. Cac may phét nhiét dién & cac
nat 111, 112, 113 va 116 duoc thay thé bsi cac té may thuy dién [127]. Hé théng nay
tr& nén phirc tap hon va 16n hon rat nhiéu so véi s6 lugng bién diéu khién 16n cho cac
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rang budc thuy dién, rang budc t may va da khoang thoi gian. Dé ap dung cic phuong
phap nay, mdi nghiém t6i wu bao gdm 130 bién diéu khién bao gém cong suat tac dung
ctia 53 to may khong ké dén to6 may & nit can bang & nut 69, bién d6 dién ap cta 54 nit
phat, ddu phan 4p ctia 9 may phat va cong suit tic dung cua 14 bo tu bu. Thoi gian phan
b cong suat tdi uru cho hé thong 1a mot ngay dém véi hai khoang thoi gian, khoang thi
nhat 20 gid va khoang thtr hai 4 gi. Cong suit & khoang thdi gian thir nhat duoc 1iy
bang véi cong suat tir ludi IEEE 118 nut trong khi d6 khoang thir hai c¢6 tai bang 70%
gia tri khoang thtr nhat.
Bdng 7.16. So sanh két quad cho ludi IEEE 118 niit.

Phuong phép CCSA MCSA ASCSA
Pa 0.9 0.9 0.8
CPNN ($) | 3,088,459.0 | 2,994,592.1 | 2,818,001.7
CPTB($) | 3,358,689.2 | 3,2163,12.3 | 2,961,433.3
CPLN ($) | 3,665,459.0 | 3,491,042.1 | 3,336,941.4

DLC ($) 153,667.7 | 129,941.3 | 123,993.9
TGTT (gidy) 278 286 282
TLTC 21% 46% 66%

Pé thue thi cac phuong phap CSA cho hé théng IEEE 118 nut, P, ciing duoc thir nghiém
trong khoang tir 0.1 dén 0.9 voi dan sé va s6 vong lip dugc cb dinh ¢ gia tri 20 va 300.
Gia tri dan s va sd vong 1ap duoc chon dua trén kich thudce hé théng 118 nut so vai 30
nut. Két qua chi phi nhé nhat dat dugc tir cac phuwong phap 1an luot 13 0.9 cho CCSA va
MCSA, va 0.8 cho ASCSA va duoc bao céo trong Bang 7.16. Két qua cho thaiy ASCSA
dat gi4 tri tbt nhat vé chi phi, d6 1éch chuan va ti 1é thanh cong 1an luot 1a 2,818,001.7$,
123,993.9$ va 66% trong khi d6 CCSA dat két qua kém nhét 1an luot 14 3,088,459.08,
153,667.7$ va 21%. So sanh gia tri vé chi phi nhé nhat va do léch chuan cho thay
ASCSA giam dugc 270,457.30% va 29,673.80$ so véi CCSA va giam dugc 176,590.40$
va 5,947.40$ so voi MCSA. Hinh 7.6 cho thdy duoc hiéu qua cia ASCSA va MCSA
ndi troi hon CCSA. Dua vao chi phi, d6 1éch chudn va ti 1¢ thanh cong c6 thé danh gia
dugc rang ASCSA 14 phuong phap hiéu qua nhat va CCSA 1a phuong phap kém hiéu
qua nhat cho ludi IEEE 118 niit. Nghiém t6i wu hai hé thong nay cia ASCSA duoc dinh
kém trong phu luc.
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Hinh 7.6. Dac tinh hoi tu cua cac phwong phap CSA cho lwoi IEEE 118 nut

Bang 7.17. Anh huéng ciia Guax 1én két qua ciia CCSA cho hé théng IEEE 118 nut

Gmax 150 200 250 300
CPNN ()" |- 3176044.27 | 3162046.63 | 3088459.0
CPTB (§) - 3389860.89 | 3346975.11 | 3358689.2
CPLN ($) - 3893408.99 | 3681661.74 | 3665459
DLC ($) - 174439.538 | 136062.946 | 153667.7
TGTT(giay) | - 185.518667 | 257.15 278

TLTC 0% 11% 16% 21%

Bdng 7.18. Anh huéng ciia Gmax 1én két qua ciia MCSA cho hé thong IEEE 118 nat

Grmax 150 200 250 300
CPNN($)" |- 3142021.64 | 3052933.52 | 2:994,592.10
CPTB (§) - 3388254.36 | 3339530.31 | 3,2163,12.3
CPLN(§) |- 3802714.81 | 3778668.27 | 3,491,042.10
DLC ($) - 171945.43 | 149863.70 | 129,941.30
TGTT(gidy) | - 191 267 286
TLTC 0% 24%, 41% 46%
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Bang 7.19. Anh huéng ciia Gmax 1én két qua ciia ASCSA cho hé théng IEEE 118 nut

Gmax 150 200 250 300
CPNN (§) [3021010.2 | 2908390.92 | 2862389.53 | 2818001.7
CPTB (§) 3413914 | 3227602.18 | 3173034.49 | 2961433.3
CPLN (9) 4207334.6 | 3684446.56 | 3562838.26 | 3336941.4
DLC () 276424.38 | 207251.66 | 18863.45 123993.9
TGTT(giay) | 139.1 185.9 2354 282
TLTC 42% 47% 62% 66%

Ngoai ra, ba phuong phap CCSA, MCSA va ASCSA cling dugc tht nghiém véi
gia tri s6 vong lap duoc thay doi trong khoang tir 150 dén 300 trong khi dan s6 dugc cb
dinh & gia tri 20, P, dugc chon 0.9 cho CCSA va MCSA va 0.8 cho ASCSA. Két qua
dugc bao cdo lan luot trong Bang 7.17, 7.18 va 7.19 cho thay & gia tri vong lap bang
150, CCSA va MCSA khong thé xir Iy cac rang budc cia hé théng va co gia tri ti 18
thanh cong bang 0% trong khi d6 ASCSA van thanh céng duoc 42%. Cac phuong phap
c6 sy cai thién ddng ké vé chi phi va ti 1¢ thanh cong khi s6 vong lap tang tir 200 dén
300. Cy thé, CCSA giam tir $3176044.27 xudng $3162046.63 va $3088459 khi s6 vong
lap tang ttr 200 dén 250 va 300. Tuong tw, CCSA ciing ting dan ti 18 thanh cong tir 11%
1én 16% va 21% khi tang s6 vong lap. Su cai thién dang ké hon duoc danh gia tir MCSA
khi chi phi giam tir $3142021.64 xubng 2,994,592.10 va ti 1é thanh cong ting tir 24%
1én 46% khi s6 vong lap tang tir 200 1én 300. Két qua tot hon rat nhiéu khi nhéan thiy
rang ASCSA c¢6 thé thanh cong khi Gmax=150 va ¢6 chi phi bang $3,021,010.2, gié tri
nay nho hon gia tri cia CCSA & Gmax=300 ($3088459.0) va ctia MCSA & Gmax=250
($3052933.52). Ti 1¢ thanh cong ctia ASCSA rét cao tir 42% & Gmax=150 va 66% &
Gmax=300. Tir viéc so sanh két qua vé chi phi nho nhat va ti 1¢ thanh c6 thé cho thiy rang
ASCSA 13 phuong phap hiéu quéa hon rat nhiéu so véi phuong phap CCSA va MCSA &
hé théng IEEE 118 nit.

7.7. Toém Tit

Chuong nay trinh bay tng dung cta cac thuit toan Cuckoo Search dé phan b cong
sudt t6i wu hé thong thury nhiét dién. Hai hé thdng truyén tai gdm IEEE 30 nut va IEEE
118 niit duoce xét dén trong chuong ndy véi ngudn phét tir hé théng nha may thuy dién
va nhiét dién dé thir nghiém tinh hiéu qua ctia cac phuong phap Cuckoo Search. Két qua
cho thiy cac phuong phap déu khong thé dat duoc ti 16 thanh cong 100% nhu & cac
chuong khac va dic biét CCSA c6 ti 1¢ rat thap véi ludi IEEE 118 nat. MCSA va ASCSA
cai thién két qua dang ké so voi CCSA. Cac két qua nhu chi phi, d6 16ch chuan va ti 18
thanh cong cho thiy ASCSA hiéu qua hon nhiéu so véi CCSA va MCSA. So sanh giira
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CCSA va MCSA cho thdy MCSA hiéu qua hon CCSA cho ca hai hé thong. Diéu nay
gidng voi két qua ciia hai bai toan & chuong 4.
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CHUONG 8: TOM TAT

8.1 Tém Tit

Noi dung nghién ctru cta luan 4n duge trinh bay trong hinh 8.1 vdi 5 bai toan diéu do
t61 wu hé théng thuy nhiét dién nhu sau:

1) Phéi hop hé théng cac nha may thiiy nhiét dién ngin han véi chiéu cao cot nudc
¢ dinh bo qua cac rang budc thé tich hd chira va xét don muc tiéu.

2) Phéi hop hé thdng cac nha may thiy nhiét dién ngin han véi chidu cao cot nude
¢ dinh bo qua cac rang budc thé tich hd chira va xét hai muc tiéu gdm chi phi va
phat thai

3) Phéi hop hé théng cac nha may thuy nhiét dién ngén han véi chiéu cao ¢t nuée
¢ dinh xét dén cac rang budc thé tich hd chira va xét don muc tiéu.

4) Phoi hop hé thong cac nha may thuy nhiét dién ngan han véi chiéu cao cot nudc
bién d6i xét dén hé théng cac ho thuy dién bac thang va xét don muc tiéu.

5) Phén bd cong suat t6i uu cho hé thong thiiy nhiét dién

Va céc thuat toan dugc ap dung dé giai nim bai toan trén la:

1) Thuét toan Cuckoo Search cd dién (CCSA)

2) Thuét toan Cuckoo Search cai tién (MCSA)

3) Thuat toan Cuckoo Search chon loc thich nghi (ASCSA)
4) Thuat toan mang Hopfield Lagrange tang cuong (ALHN)

Trong 4 phuong phap trén CCSA, MCSA va ALHN la cac phuong phép duoc 4p dung
trong khi 6 ASCSA 1a phuong phap duoc xay dung va ap dung lan dau trong luan an
nay.

Vé két qua:

- ASCSA hiéu qua cho tit ca cac bai toan trén voi cac rang budc don gian va phirc
tap.

- ALHN chi c6 thé giai dugc bai toan thtr nhat va tht hai véi ham chi phi kha vi
cho chat lugng 10i giai cao va thoi gian tinh toan nhanh. Tuy nhién, ALHN phu
thuoc dang ké vao thong sd didu khién trong khi viéc chon gia tri thong sd 1a
cong viéc khong dé dang. Vi bai toan c6 nhiéu rang budc nhu & cac chuong 5,
6 va 7, phuong phap ALHN sé& gap nhiéu khé khan do c6 nhiéu thong sé diéu
khién hon cac bai toan & chuong 4. Do d6, ALHN di khong duoc 4p dung & cac
chuong nay va tng dung ctia ALHN chi ding lai ¢ bai toan diéu do t6i wu hé
théng thuy nhié¢t dién ngén han xét chiéu cao ¢dt nude ¢d dinh va bo qua rang
budc hd chira.
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- MCSA hiéu qua hon CCSA cho bai toan 1, 2 va 5 va kém hi€u qua hon & bai
toan 3 va 4.
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CAC BAI TOAN PHOI
HQP TOI UU HE THONG

THUY NHIET DPIEN
Chiéu cao cdt nuée cb Chidu cao ¢ot nwée Phin bd cong suit toi
dinh bién dbi wu thuy nhiét di¢n
(Baitoan 1, 2, 3) (Bai toan 4 & chuong 6) (Bai toan 5 ¢ chuong 7)

B6 qua rang budc thé tich Xét rang budc ho chira

ho chira (Bai toan 3 ¢ chuong 5) 1.CCSA,
(Bai toan 1, 2 & chuong 4) — 2.MCSA
3.ASCSA

Don muc tiéu Pa muc tiéu 1.CCSA
(Bai toan 1 ¢ (Baitoan 2 & 2.MCSA

chuong 4) chuong 4) 3.ASCSA
4. ALHN

—

Hinh 8.1. Tém tdt nghién civu ciia ludn dn
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8.2 Hwéng Phat Trién

Do tho1 gian nghién ctru con han ché nén con nhi€u van dé s€ tiép tuc nghién ctru sau
khi hoan thanh luan an. Cac nghién ctru tiép theo nhu sau:

- (Cai tién thuat toan Cuckoo Search c6 dién dé dat hiéu qua t6t hon thuat toan
ASCSA

- Xét dén cac nang luong mdi nhu mat trdi, pin nhién liéu va gié cing véi hé thong
thuy nhiét dién.

- Ap dung cic thuat toan méi hiéu qua hon cho cac bai toan nghién ctru & luan 4n

- S& két hop cac phuong phap Cuckoo Search véi cac phuong phép khac nhu PSO,
DE, v.v. dé nang cao tinh hiéu qua.
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PHU LUC

A1: Nghiém tdi wu cac hé thong chwong 4

Bang A.1. Nghiém 16i wu tim dwoc boi ASCSA cho hé thong 1

Dicu do

Pp

m (MW) Py (MW) | Py MW) | Py (MW) Pr; (MW)
Kinh t& 1 900 168.6634 | 415.9205 | 245.3948 | 98.5524
2 1200 | 219.1281 | 570.2793 | 305.4036 | 157.0828
3 1100 | 202.1743 | 518.4747 | 285.2499 | 137.3699
Phat thai 1 900 | 299.9557 |359.1235 | 213.0055 | 59.9468
2 1200 | 299.9728 | 434.9514 | 330.9877 | 188.3681
3 1100 | 299.8197 | 415.1421 | 289.3711 | 141.2896
Kinh té-phat 1 900 | 229.9500 | 372.4037 |237.1526 | 89.9903
thai 2 1200 | 289.7771 | 488.0138 | 311.6328 | 163.8229
3 1100 | 269.9705 | 449.0947 | 286.7511 | 138.6597

Bdng A.2. Nghiém t6i wu tim dwoc boi ASCSA cho hé thong 2

m giz E"(L) (1\5[3\?\7) Py (MW) | Py (MW) | Pu (MW) (1\%\7)

1 12 1200 | 433.5774 | 3282687 | 160.8732 | 308.6786
2 12 1500 | 449.5233 | 444.7805 | 247.4742 | 407.1446
3 12 1400 | 449.7922 | 407.7626 | 216.7919 | 368.1650
4 12 1700 | 449.7328 | 566.8245 | 249.9468 | 497.1215
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Bang A.3. Nghiém 16i wu tim dwoc boi ASCSA cho hé théng 3

P Piéu dg kinh té Piéu dj phat thai Diéu dg kinh té-phdt thdi
T MW) | Pa(MW) | Py (MW) | Py (MW) | P (MW) | Py (MW) | Pu (MW)

1 | 455 |231.8769 | 2352000 |273.4875 | 191.8207 | 263.2428 | 202.4348

2 | 425 | 203.6943 | 232.4307 | 254.6108 | 179.3700 | 241.6474 | 192.7785
3 | 415 | 1942978 | 231.5304 | 2482996 | 175.2608 | 234.1149 | 189.9257
4 | 407 | 186.8320 | 230.7634 | 243.3159 | 171.9140 | 228.9807 | 186.7261
s | 400 | 180.2002 | 230.2021 | 238.9338 | 169.0132 | 223.3769 | 185.0832
6 | 420 | 199.0422 | 231.9307 | 251.4708 | 177.2979 | 237.7575 | 191.4790
7 | 487 | 261.9334 | 2382604 | 293.7428 | 205.0853 | 285.5055 | 213.6361
8 | 604 | 372.8085 | 249.3242 | 368.6690 | 253.6476 | 369.6337 | 252.6394
9 | 665 | 431.1252 | 255.1320 | 408.2837 | 279.0060 | 413.9746 | 273.0372
10 | 675 | 440.8545 | 255.9461 | 414.8211 | 283.1588 | 421.0270 | 276.6456
11 | 695 | 459.8355 | 258.1032 | 427.9131 | 291.4811 | 435.6319 | 283.3706
12 | 705 | 469.5090 | 259.0078 | 434.4751 | 295.6430 | 443.5437 | 286.1097
13 | 580 | 350.0394 | 246.9647 | 353.1818 | 243.6836 | 3522713 | 244.6338
14 | 605 | 373.8182 | 2493602 | 369.3027 | 254.0763 | 371.3327 | 251.9551
15 | 616 | 384.3249 | 2503803 | 376.4250 | 258.6413 | 378.2904 | 256.6903
16 | 653 | 419.7777 | 253.8283 | 400.4454 | 274.0311 | 404.8481 | 269.4162
17 | 721 | 484.9928 | 260.4715 | 447.1817 | 300.0000 | 456.2474 | 290.4669
18 | 740 | 503.2976 | 2623311 | 467.2179 | 300.0000 | 468.8336 | 298.3013
19 | 700 | 464.7077 | 2585174 | 431.1999 | 293.5545 | 439.5179 | 284.8122
20 | 678 | 4435196 | 256.4562 | 416.7676 | 284.4223 | 423.5640 | 277.2887
21 | 630 | 397.7189 | 251.6947 | 385.4969 | 264.4637 | 388.3202 | 261.5084
20 | 585 | 3548111 | 247.4218 | 356.4099 | 245.7524 | 355.8544 | 246.3323
23 | 540 | 312.1042 | 243.1525 | 327.5011 | 227.0842 | 324.0401 | 230.6875
24 | 503 | 277.1378 | 239.6452 | 303.9000 | 211.7290 | 296.8021 | 219.1041
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Bang A.4. Nghiém 16i wu tim dwoc boi ASCSA cho hé thong 4

Diéu dé kinh té Piéu dg phat thai Diéu dg kinh té-phat thdi
m Py, P P2 Py Py P Py P P
1 1.2692 | 20.2185 | 8.9613 6.0695 | 16.8535 | 7.3883 | 4.8282 | 18.5758 | 6.9654
2 2.0914 | 21.1934 | 10.2165 | 6.283 16.7437 | 10.3068 | 5.0936 | 19.7462 | 8.587
3 2.637 21.9027 | 11.0006 | 6.5018 | 22.1295 | 6.8821 | 5.2908 | 20.9099 | 9.2795
4 3.4438 | 229502 | 12.2073 | 6.4444 | 21.6032 | 10.4739 | 5.5572 | 21.9323 | 11.0525
5 3.9755 |23.5922 | 13.0744 | 6.3699 | 22.025 | 12.1642 | 5.7064 | 22.7984 | 12.0881
6 5.2874 | 25.2796 | 15.1874 | 6.699 24861 | 14.1583 | 6.212 | 24.9141 | 14.6012
7 6.7187 | 26.9999 | 17.1576 | 6.6712 | 26.3918 | 17.7918 | 6.6799 | 26.949 | 17.2461
8 9.1127 | 30.0056 | 21.0026 | 6.8097 | 32.5361 | 20.9319 | 7.5211 | 30.595 | 22.0634
9 9.6883 30.6874 | 21.8038 | 6.9005 | 31.9852 | 23.4114 | 7.7172 | 31.6547 | 22.8922
10 8.8402 29.6351 | 20.6155 | 6.8124 | 31.4029 | 20.9911 | 7.419 | 30.2905 | 21.4377
11 8.2944 | 29.0142 | 19.7278 | 6.7596 | 29.3947 | 20.9288 | 7.2503 | 29.3394 | 20.4808
12 8.6059 | 29.304 | 20.1519 | 6.8174 | 29.9932 | 21.3162 | 7.3328 | 29.9048 | 20.8746
13 9.4088 30.2303 | 21.5061 | 6.9629 | 32.168 | 22.1492 | 7.6055 | 31.1099 | 22.5057
14 9.696 30.6485 | 21.8331 | 7.1419 | 32.0833 | 23.0702 | 7.7381 | 31.812 | 22.7201
15 10.8454 | 31.9428 | 23.5084 | 6.9907 | 34.425 | 25.084 | 8.1121 | 33.2495 | 25.0579
16 11.6587 | 32.971 24.7641 | 7.0693 | 36.8989 | 25.7242 | 8.4019 | 34.32 26.8154
17 12.4358 | 33.9723 | 26.0862 | 7.1809 | 33.8995 | 31.567 | 8.6545 | 35.761 | 28.2627
18 9.9587 |30.992 |22.2576 | 6.8028 | 33.0155 | 23.5491 | 7.8433 | 32.0206 | 23.4361
19 8.0311 28.6527 | 19.3239 | 6.8277 | 29.6553 | 19.5884 | 7.1753 | 28.8208 | 20.0353
20 6.6571 26.9686 | 17.2504 | 6.6672 | 27.1017 | 17.112 | 6.7545 | 27.3435 | 16.7905
21 4.7782 24.65 14.2814 | 6.59 23.6175 | 13.4406 | 5.9931 | 23.977 | 13.6985
22 2.0774 | 21.1876 | 10.2364 | 6.2947 | 18.2737 | 8.8043 | 5.1087 | 19.7586 | 8.5597
23 1.5548 20.5585 | 9.3531 6.6161 18.6439 | 6.1063 | 4.8976 | 19.0539 | 7.4392
24 1.2444 20.2393 | 8.9661 6.2021 17.3699 | 6.7525 | 4.8109 | 18.5799 | 6.9787
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Bang A.5. Nghiém 16i wu tim dwoc boi ASCSA cho hé thong 5

m g\iw) Py (MW) | Po(MW) | P (MW) | P (MW)
1 (400 | 77.6831 | 136.8856 | 168.2674 | 22.7930
2 [ 300 61.6138 | 88.0302 | 149.4335 | 4.1851
3 | 250 532862 | 61.1838 | 137.8995 | 0.0001
4 | 250 533433 | 60.8589 | 138.1685 | 0.0024
5 | 250 532022 | 61.1584 | 138.0094 | 0.0000
6 | 300 61.7888 | 87.9729 | 1489640 | 4.5372
7 | 450 855907 | 160.8527 | 178.1458 | 32.4986
8 | 900 1582327 | 384.5638 | 266.8333 | 119.0004
9 1230 | 213.2001 | 553.1110 | 334.0924 | 1843093
10 | 1250 | 216.6235 | 563.3793 | 3384511 | 188.1365
11 | 1350 | 2333441 | 6155772 | 3589517 | 208.6348
12 | 1400 | 242.0480 | 6415138 | 369.5919 | 218.6463
13 | 1200 | 208.0736 | 536.8381 | 327.9850 | 179.0714
14 [ 1250 | 2163527 | 564.1343 | 338.1110 | 187.9882
15 | 1250 | 2164506 | 563.5739 | 338.0954 | 188.4709
16 | 1270 | 219.8857 | 574.0724 | 342.4155 | 192.1280
17 [ 1350 | 233.6024 | 615.7020 | 359.0031 | 208.1978
18 | 1470 | 2542683 | 678.3164 | 384.2598 | 232.7466
19 | 1330 | 230.0044 | 605.0363 | 354.5649 | 2048494
20 | 1250 | 216.6084 | 563.4881 | 338.2048 | 188.1988
21 | 1170 | 202.8279 | 522.4675 | 321.8921 | 172.0975
2y | 10s0 | 1829725 | 461.0206 | 296.9568 | 1484056
23 | 900 158.0611 | 385.0740 | 266.8225 | 118.6685
24 | 600 109.4387 | 234.6064 | 207.2290 | 61.2802
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Bang A.6. Nghiém 16i wu tim dwoc boi ASCSA cho hé thong 5

Piéu dj phdt thai Piéu dg kinh té-phdt thai
o oWy | Poawy | P W) g\”/fw) PyMw) | Pooviwy | PPMW L b viw)
1 | 192.6915 | 201.1468 | 14.6681 |0.0537 |212.58 | 155.6618 | 40.5969 |0.1025
2 | 159.0612 | 142.4605 | 2.8348 | 0.8864 | 136.9734 | 165.2829 | 1.1483 | 1.3342
31203071 | 131.101 | 1.36 0.6181 | 134.8239 | 111.293 |3.8756 | 3.649
4 | 119.9897 | 131.4044 | 1.7794 | 02064 |98.3161 | 154.433 |0.265 0.0759
5 | 125.8007 | 126.543 |0.717 04419 | 103.5107 | 149.5215 | 0.0169 | 0.1026
6 | 144.6028 | 159.2323 |0 1.0833 | 159.9122 | 138.1002 | 6.7721 | 0.44
7 | 218.4502 [202.0932 |38.1618 | 1.8436 | 187.8615 |217.368 |52.4895 | 1.6143
8 |296.8249 |304.4692 |329.4139 | 1.398 2643565 | 326.9807 | 291.7706 | 47.5754
9 |299.9863 |422.5924 | 398.9264 | 165.9816 | 291.251 | 445.6408 | 399.7606 | 150.0848
10 |299.2622 |379.2124 | 394.6984 | 238.06 | 293.8717 | 458.0649 | 396.5269 | 160.0937
11 |299.8428 | 439.6847 | 397.8704 | 283.3286 | 299.7433 | 499.5768 | 365.2981 | 254.112
12 |298.7266 | 512.3992 | 396.8207 | 266.3313 | 298.618 | 530.1118 | 399.9427 | 245.0566
13 |299.6358 | 373.3613 | 395.6511 | 187.2663 | 288.2393 | 401.4717 | 397.6118 | 167.4933
14 |298.1432 | 429.2083 | 396.7948 | 185.2549 | 296.8477 | 409.7018 | 376.136 | 227.3928
15 |298.1188 | 431.0795 | 386.7461 | 193.4238 | 290.6822 | 486.0947 | 396.8611 | 134.2818
16 |299.3815 | 428.2011 | 399.825 | 204.2349 | 298.3824 | 371.9167 | 378.8757 | 284.7865
17 1299.8188 | 497.5597 | 399.7981 | 221.4927 | 298.9347 | 449.9349 | 399.9077 | 271.5173
18 |298.4131 | 562.6983 | 393.9527 | 296.6175 | 299.3705 | 558.1608 | 399.743 | 294.5227
19 |299.2375 | 423.1693 | 389.6652 | 286.8879 | 298.8625 | 434.0005 | 384.6127 | 281.0423
20 |296.195 |426.9073 | 399.3809 | 186.9583 | 290.7133 | 429.9142 | 399.9972 | 188.66
21 |292.5397 |349.259 | 391.155 | 190.5973 | 292.9252 | 379.4309 | 400 150.1333
22 | 297.5226 | 398.8491 | 366.376 | 28.8745 | 284.796 | 340.0504 | 381.6775 | 85.7276
23 | 283.2309 | 291.275 |306.782 | 50.4798 | 250.6298 | 311.2651 |321.8338 | 46.7438
24 | 237.3409 | 248.8853 | 125.7219 | 3.5389 | 211.117 | 241.5526 | 152.4725 | 9.2063
Bdng A.7 Nghiém t6i wu tim diegc boi ASCSA cho hé thong 6
m gi];l E‘gl) (l\ffw) Py (MW) | Po (MW) | P (MW) | Piz (MW)
1 8 900 | 220.0824 | 399.0636 |238.6569 | 82.4836
2 8 1200 | 221.3586 | 538.6881 | 323.6736 | 184.0920
3 8 1100 | 221.3529 | 538.6790 | 274.2817 | 125.5669
Bang A.8. Nghiém 16i wu tim dwoc boi ASCSA cho hé thong 7
m | Pp(MW) | Pq (MW) | P (MW) | P (MW) | Py (MW) | Py (MW) | P, (MW)
1 900 95.5733 174.9945 110.8227 50.0012 177.8334 314.4102
2 1100 95.5733 174.9995 121.9693 50.0001 245.3832 411.2796
3 1000 95.5733 174.9982 119.6776 50.0173 203.0607 355.0632
4 1300 95.5733 174.9985 220.6308 69.4488 249.9983 499.9766
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Bang A.9. Nghiém 16i wu tim dwoc boi ASCSA cho hé thong 8

bieu d6 Pp Py Py P Py Pu Py
Tl MW) | MW) | MW) | (MW) | (MW) (MW) (MW)
1 900 |99.074 [30.179 | 125.065 | 139.795 | 175.171 | 346.455
2 | 1100 |98.647 |30.000 | 124.977 |229.506 |216.244 | 424.244
Kinht¢ [ 3 | 1000 | 98.574 | 30.000 | 40.000 | 229.494 | 242.226 | 379.766
4 | 1300 |98.554 | 112.675 |209.832 |229.606 |243.064 | 438.760
1 900 |72.376 |133.715 | 136.053 |91.508 | 167.833 |314.330
Phatthai | 2 | 1100 | 78.874 | 141.821 | 147.592 | 100.161 | 249.623 | 405.876
3 | 1000 |75.419 |137.437 | 142.303 |95.598 |208.030 | 360.863
4 | 1300 |101.826 | 167.785 | 184.864 | 129.322 |249.996 | 500.000
1 900 |98.523 | 112.683 | 124.935 |50.076 | 185.955 | 344.091
Kinhté- [ 2 | 1100 | 98.536 | 112.699 | 124.919 | 139.769 | 244.179 | 403.679
phatthai | 3 | 1000 |98.534 | 112.667 | 124.894 | 139.762 | 196.680 | 346.885
4 | 1300 |98.537 | 146.090 |209.813 | 139.768 |249.796 | 489.397

A2: Nghiém t6i wu cac hé thong chwong 5

Bdng A.10. Nghiém toi wu tim dwoc boi ASCSA cho hé thong 1

m Ppm Von qm Py Pm
(MW) (acre-ft) (arce-ft/hr) (MW) (MW)

1 1200 | 101914.6514 | 1840.4457 303.9126 | 896.0874
2 1500 85933.7628 3331.7407 603.9720 | 896.0280
3 1100 93847.9818 1340.4818 203.3162 | 896.6838
4 1800 60000.0000 4820.6651 903.5544 | 896.4456
5 950 70429.1366 1130.9053 161.1479 | 788.8521
6 1300 60000.0000 2869.0947 510.8842 | 789.1158

Bang A.11. Thé tich t6i wu tim dwoc béi ASCSA cho hé thong 2

Vim Vam Vsm Vam
" (acre-ft) (acre-ft) (acre-ft) (acre-ft)
1 111920 60860 96800 103750
2 115100 64630 78580 77650
3 114020 76010 99890 76760
4 62015 60143 60157 60000
5 60137 62247 60139 61937
6 60000 60000 60000 60000
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Bang A.13. Luu lvong xd 16i wu tim dwoc boi ASCSA cho hé thong 2

qim q2m q3m G4m
m (arce-ft/hr) (arce-ft/hr) (arce-ft/hr) (arce-ft/hr)

1 1.0065 5.2620 3.2666 1.6879

2 2.2355 4.6851 4.5181 5.1747

3 2.0901 4.0523 1.2246 2.0741

4 5.3333 5.3220 5.3110 5.3967

5 3.1565 4.8247 2.0015 0.8386

6 5.0115 4.1872 2.0115 5.1614

Bdng A.14. Céng sudt ti wu tim dwoc boi ASCSA cho hé théng 2

Phi P2 Phs Pha Pq Py Pg P

mo | (MW) | (MW) | MW) | (MW) | (MW) | (MW) | (MW) | (MW)
1 135.743 | 973.298 | 583.997 | 271.727 | 256.930 | 609.014 | 549.334 | 499.464
2 380.488 | 861.356 | 828.859 | 956.380 255.782 | 608.626 | 549.574 499.894
3 351.649 | 737.987 | 179.348 | 348.480 | 255.946 | 608.915 | 549.303 498.693
4 987.105 | 984.906 | 982.781 | 999.355 411.598 | 675.000 | 550.000 497.461
5 562.346 | 888.484 | 334.073 | 102.133 334.669 | 608.225 | 549.655 | 499.981
6 924.737 | 764.347 | 336.066 | 953.806 176.951 | 195.451 | 550.000 | 319.413
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A3: Nghiém t6i wu cac hé thong chwong 6

Bang A.15. Luu luong xa 16i wu cho hé théng 1 tim dwoc boi ASCSA

m Qi Q: Qs Qs
<10°m® | (x10°m’) (x10* m?) (x10* m?)
1 10.403 7.393138 29.9985781 13.000021
2 9.91412 6.015092 30 13
3 8.88573 6.132454 30 13
4 8.67184 6 29.998238 13.000132
5 8.10609 6.004554 17.8717465 13
6 8.04891 6.040286 18.2758679 13.000169
7 8.16364 6.616339 17.5466902 13.001029
8 8.43568 7.418679 16.0658411 13
9 8.76855 7.734379 14.7408161 13.006234
10 8.79002 7.954557 14.9583517 13.00597
11 8.7154 8.118506 15.535801 13.001842
12 8.66097 8.330343 14.9102911 13.753051
13 8.5745 8.447059 16.0385734 14.536914
14 8.39369 8.822026 16.1881605 14.954367
15 8.17484 8.855132 16.4368082 15.55289
16 8.18036 8.965131 17.7816904 15.047097
17 7.96728 9.270083 16.8826969 15.884271
18 7.68223 9.645615 16.4727897 16.192833
19 7.7421 10.31411 14.7053231 16.461155
20 7.64621 10.96507 13.3612269 17.773181
21 7.50422 11.63384 10 18.549371
22 7.41281 9.752431 10.000105 19.872425
23 5.00073 10.33973 10.0283825 20.923683
24 5.15713 11.23145 10.0205509 22.052858
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Badng A.16. Céng sudt t6i wu cho hé thong 1 tim dwoc boi ASCSA

PD Pio (MW) | P (MW) Pra P
m (MW) | Py (MW) (MW) (MW)
11370 87.63489 | 58.678287 0| 200.09384 | 1023.593
2 [ 1390 85.123797 | 50.609947 0| 187.75526 | 1066.511
3| 1360 79.613101 | 53.047785 0| 173.73325 | 1053.606
41290 77.846027 | 53.704756 0| 156.79253 | 1001.657
5] 1290 73.818002 | 54.764142 | 26.515657 | 178.74013 | 956.1621
6| 1410 73.099373 | 55.505819 | 25.178151 | 198.95799 | 1057.259
71 1650 73.725786 | 59.266378 | 27.768219 | 217.44762 | 1271.792
8 | 2000 75516434 | 64.382649 | 32.474558 | 234.18504 | 1593.441
9 | 2240 77.832322 | 66.515933 | 35.777145 | 238.72139 | 1821.153
10 | 2320 78.744715 | 68.424751 | 35.81835 | 243.40574 | 1893.606
11 [ 2230 79.428905 | 69.879746 | 35.259441 | 247.27198 | 1798.16
12 [ 2310 79.538044 | 70.967346 | 38.153898 | 256.74033 | 1864.6
13 | 2230 79.75164 | 71.412995 | 37.540928 | 264.39987 | 1776.895
14 | 2200 79.621633 | 73.644495 | 38.637399 | 268.23456 | 1739.862
15 | 2130 78.902083 | 73.906825 | 39.380393 | 273.52369 | 1664.287
16 | 2070 79.322104 | 73.993229 | 35.647212 | 268.93447 | 1612.103
17 | 2130 78.119002 | 74.370188 | 39.390855 | 276.38082 | 1661.739
18 | 2140 76.231304 | 74.162995 | 41.530275 | 278.96106 | 1669.114
19 | 2240 76.510657 | 75.290637 | 46.402002 | 281.13799 | 1760.659
20 | 2280 75.535393 | 76.159315 | 49.401359 | 291.25727 | 1787.647
21 | 2240 74.447913 | 76.944399 | 50.616655 | 295.09339 | 1742.898
22 [ 2120 73.915573 | 68.477292 | 52.818339 | 299.98771 | 1624.801
23| 1850 54.724859 | 69.544783 | 54.661367 | 299.00351 | 1372.065
24 | 1590 56.486671 | 70.848165 | 56.098509 | 294.13797 | 1112.429
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Bang A.17. Luu heong xd téi wu cho hé thong 2 tim dwoc boi ASCSA

m Q: Q: Qs Q4
x10°m’) | (x10°m®) | (x10°m®) | (x10°mY)

1 5.0000 6.0000 21.0749 13.0000
2 5.0000 6.0000 19.8717 13.0000
3 5.0000 6.0000 18.6982 13.0000
4 5.0000 6.0000 18.5392 13.0000
5 5.0000 6.0000 17.8155 13.0000
6 6.2404 6.0000 17.5765 13.0000
7 8.2771 6.0000 17.4306 13.0000
8 9.8731 6.6846 17.4496 13.0000
9 11.1370 7.8407 17.4543 13.0000
10 13.6622 9.8727 17.6318 13.0000
11 15.0000 11.8719 18.4157 15.0306
12 13.3614 10.1223 18.3964 14.2810
13 14.9990 11.9136 18.8503 17.2055
14 15.0000 12.4215 19.3012 18.4308
15 13.5428 11.2503 19.4079 18.1899
16 12.6228 10.8107 19.4488 18.5644
17 11.4870 10.3470 19.2310 18.9009
18 9.9761 9.7027 18.7735 19.2334
19 8.3969 8.8418 17.9875 19.5401
20 6.4049 8.1571 16.6548 19.9027
21 6.7237 8.6645 15.5936 21.0138
22 7.1303 9.4986 14.5434 22.1693
23 6.1654 6.0000 13.8122 23.1911
24 5.0000 6.0000 15.0414 24.4929
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Badng A.18. Céng sudt t6i wu cho hé thong 2 tim dwoc boi ASCSA

PD Pr (MW) Pis (MW) P Py
m | (MW) | Pu(MW) (MW) (MW)
1 190 23.7250 16.7560 42.9061 45.6210 60.9919
2 170 24.9000 17.3040 39.4683 41.6040 46.7237
3 170 26.0250 17.8440 37.3932 44.1389 44.5988
4 190 27.1000 18.3760 35.7775 46.1934 62.5531
5 190 28.1250 18.9000 33.9625 47.8254 61.1870
6 210 34.0272 19.4160 32.4325 49.3497 74.7747
7 230 42.2250 19.9240 31.2717 50.6249 85.9544
8 250 47.8248 22.4340 30.7132 51.7938 97.2341
9 270 51.5898 25.9457 30.5619 52.8856 109.0170
10 [310 57.6674 30.8560 30.9737 53.9426 136.5603
11 | 350 59.3505 34.1561 32.4263 59.3868 164.6803
12 [310 54.4710 29.6656 34.3395 58.4758 133.0480
13 | 350 56.7003 32.2742 36.3637 64.9164 159.7454
14 [350 55.0519 31.7322 38.1742 66.9786 158.0631
15 [310 50.6685 28.3810 40.1157 66.7737 124.0611
16 | 290 475977 26.5255 41.6931 67.5684 106.6153
17 | 270 44.1761 24.7476 42.6429 68.2197 90.2138
18 | 250 39.8747 22.7539 43.1095 68.7648 75.4971
19 [230 35.3360 20.4633 42.9400 69.1068 62.1539
20 | 210 29.2225 18.7119 41.7612 69.2657 51.0388
21 [ 210 31.2456 19.7601 40.3496 69.6540 48.9907
22 [210 33.4718 21.2158 38.7961 68.9375 47.5788
23 [ 190 30.7255 12.6960 37.7777 66.9741 41.8266
24 [ 190 27.1000 13.3000 40.1701 63.6743 45.7556
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Badng A.19. Luu heong xd téi wu cho hé thong 3 tim dwoc boi ASCSA

m Qi Q2 Qs Q4
<104 md) | (x10°md) | (x10°m) | (x10*m’)

1 9.8573 6.7865 30.0000 13.0000
2 9.6476 6.0877 29.9993 13.0000
3 9.8302 7.1638 30.0000 13.0000
4 10.7073 9.2208 16.6128 13.0001
5 10.6614 9.3274 29.9753 13.0003
6 9.9768 9.1767 15.6734 13.0001
7 5.0000 6.0000 30.0000 13.0001
8 5.0000 6.0021 19.5366 13.0000
9 10.6688 9.9325 12.7883 14.8489
10 10.2877 94811 12.7258 14.7900
11 10.7819 10.1444 12.9451 15.4380
12 11.2011 11.6975 12.6047 19.5310
13 9.5905 9.2322 13.8408 16.6246
14 7.0369 8.6222 15.4451 15.1979
15 5.0001 6.0001 20.2699 13.0000
16 5.0013 6.0000 18.9469 13.0008
17 5.0000 6.0001 17.4884 13.0000
18 5.0000 6.0011 14.4361 13.0000
19 8.3201 9.4850 13.8428 16.7861
20 9.5162 12.6072 11.5424 20.5465
21 7.8337 10.5044 10.0000 17.3260
22 5.0000 6.0000 10.0000 13.0001
23 7.8734 10.6112 10.0153 22.5003
24 6.2078 9.9160 10.0028 22.8827
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Badng A.20. Céng sudt t6i wu cho hé thong 3 tim dwoc boi ASCSA

PD Phi P2 Pps Prg Pq
Hour | (MW) | (MW) | (MW) | (MW) (MW) (MW)
1 1370 | 85.3856 | 55.1229 0 200.0937 | 1029.398
2 1390 | 84.1492 | 51.4293 0 187.7553 | 1066.666
3 1360 | 84.3554 | 59.7726 0 173.7334 | 1042.139
4 1290 | 86.5868 | 71.6922 | 36.14446 156.792 | 938.7846
5 1290 | 84.3116 | 71.4408 0 178.7439 | 955.5037
6 1410 | 80.1914 | 69.3099 | 36.56851 198.9579 | 1024.972
7 1650 | 49.7783 | 49.7238 0 217.4404 | 1333.058
8 2000 | 509099 | 50.3139 | 20.18489 221.1441 | 1657.447
9 2240 | 85.8686 | 72.4773 | 39.85008 252.9422 | 1788.862
10 2320 | 84.6569 | 69.9658 | 39.60617 253.285 | 1872.486
11 2230 | 87.1386 | 72.4025 | 41.29678 272.5264 | 1756.636
12 2310 | 88.1133 | 76.2218 | 45.02774 303.1442 | 1797.493
13 2230 | 82.1199 | 64.6658 | 47.7077 278.8679 | 1756.639
14 2200 | 68.6147 | 61.7197 | 48.35753 264.6762 | 1756.632
15 2130 | 53.5703 | 47.2713 | 34.02074 2439511 | 1751.187
16 2070 | 54.2846 | 48.4807 | 39.44811 243.6146 | 1684.172
17 2130 | 54.6839 | 49.0745 | 43.85099 244.3369 | 1738.054
18 2140 | 54.9043 | 49.0809 | 49.92872 246.4378 | 1739.648
19 2240 | 81.0402 | 68.5609 | 49.99253 283.771 | 1756.635
20 2280 | 87.4378 | 77.8184 | 50.62915 307.4786 | 1756.636
21 2240 | 77.0149 | 69.0358 | 50.73447 286.5843 | 1756.631
22 2120 | 54.7118 | 45.6513 | 53.13019 249.3692 | 1717.138
23 1850 | 78.0155| 69.7703 | 55.23589 309.2214 | 1337.757
24 1590 | 65.7606 | 65.3157 | 56.0653 297.3328 | 1105.526
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Bang A.21. Nghiém téi wu cho hé thong 4 tim dwoc béi ASCSA

Ps> Ps;

Hour Qi Q2 Qs Q4 (MW) (MW)
(x10*m®) | (x10*m®) (x10* m?) (x10* m?)

1 10.3033 6.3038 20.1498 9.5732 295.1177 50.7440
2 12.9518 12.2710 28.9867 9.6386 124.7283 139.9554
3 8.3395 8.3971 29.9990 9.8903 124.9035 139.8006
4 6.3418 6.0069 10.0873 18.8566 209.2471 50.0166
5 9.1845 7.7540 20.5141 10.3044 40.1765 229.0907
6 7.2359 6.2560 18.8524 8.0746 40.0008 319.0314
7 10.5177 6.8749 14.0281 8.2337 209.1946 319.4478
8 9.0613 6.1715 19.4292 9.8991 125.1754 408.8135
9 5.0004 8.4289 15.0462 18.0452 209.7814 409.1077
10 7.2045 7.4199 10.8956 8.3861 210.3053 319.1290
11 5.0306 9.0894 19.0814 15.3263 209.8410 408.6711
12 8.4346 7.2153 18.9541 18.4741 208.2668 408.5680
13 10.8768 6.4042 13.2870 18.5852 124.8258 409.5411
14 5.2959 6.0258 20.2018 12.6173 294.5935 139.8911
15 5.2948 8.1863 17.3137 14.2884 40.1229 409.1715
16 7.8579 8.5259 13.7400 19.7052 294.4179 229.2568
17 5.0590 6.0000 14.3408 12.5562 125.3463 319.2742
18 13.2111 10.1429 15.8683 19.7911 294.6437 319.4344
19 9.9743 8.0404 14.3402 19.8063 294.3439 139.7171
20 11.2105 14.6285 11.5914 19.9878 209.3330 230.1709
21 5.8974 14.9910 13.3350 17.4964 125.9538 229.6995
22 6.8762 11.4054 10.7611 19.8449 40.3383 319.0971
23 5.1009 9.3491 18.5492 17.7069 209.6703 50.1300
24 10.3033 6.3038 20.1498 9.5732 208.2865 50.0000
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A4: Nghiém tdi wu cac hé théng chwong 7

Badng A.22. Nghiém t6i wu tim dwoc béi ASCSA cho hé thong IEEE 30 niit

Gia tri m=1 m=2 Gia tri m=1 m=2
Py (MW) | 153.2844 149.3397 | Ves (pu) 1.0679 1.051
P (MW) | 43.0415 42.0074 Ve (pu) 1.0962 1.0688
Pgs MW) | 19.669 18.0139 Veis (pu) 1.0998 1.0902
Pes(MW) | 10 10.0061 T (pw) 1.02 1.04
Pgir (MW) | 24.8623 16.0447 T2 (pu) 1.04 0.92
Pgi; (MW) | 40 12 T1s (pu) 1.08 1.04

Ve (pu) 1.1 1.0857 T'ss (pu) 0.99 1

Vg2 (pu) 1.0875 1.0657 Ocio (MVAr) | 189 6.3

Ves (pu) 1.0619 1.042 Oc2¢« (MVAI) | 43 4
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Bdng A.23. Nghiém t6i wu tim dwge boi ASCSA cho hé thong IEEE 118 it ¢ khodng 1

Po (MW)  [19.0598 [Pgo0 (MW) [235.4283 | Vers (PU) 1.0018
Pes (MW)  [55.7638 |Pgos (MW) |29.832 | Verr (PU) 1.0186
Pos (MW)  [0.5868 | Pgos (MW)  |12.5777 | Veso (PU) 1.0244
Pos (MW)  [62.9104 |Pgros (MW) |0.8445 | Vess (PU) 1.0879
Peo MW)  [385.1619| Pgror (MW)  |57.3857 | Ves7 (PU) 1.0535
Por MW) (777162 [Pgrio (MW) [6.0031 | Veso (PU) 1.0854
Pos MW)  [10.2586 |Pgiis (MW) 72,9236 | Ve (PU) 0.9988
Pos MW)  [44213 [Py (MW) | 68.6941 | Veor (PU) 1.0322
Poo MW) (92522 [Pgis (MW)  |79.4957 | Vs (PU) 1.0691
Pos (MW)  [4.8536 | Pais (MW)  |61.6715 | Voo (PU) 1.0311
Pes (MW) | 186.0854 | V,; (PU) 09717 |V (PU) 1.0313
Pers (MW) | 268.4305 | Vs (PU) 1.0146 | V103 (PU) 1.0283
Por (MW)  |22.7964 |Ves (PU) 0.9955 | Vei0s (PU) 0.9969
Per (MW)  |4.9791 |V (PU) 1.0072 | Veros (PU) 0.9941
Pe (MW)  [23.0057 |Vero (PU)  [1.0498 | Vo7 (PU) 1.0015
Pgs (MW) (09164 | Vg2 (PU)  [0.9811 | Verro (PU) 1.0588
Poss MW)  |4.7562 | Vs (PU)  [1.0167 | Verrs (PU) 1.0884
Peio MW)  [56.9505 | Vs (PU)  [1.0366 | Vers2 (PU) 1.0684
Peir (MW) 20769 | Vers (PU)  [1.0353 | Verss (PU) 1.0202
Pes MW) 169152 [Vere PU) | 1.0402 | Verss (PU) 1.0196
Peo (MW) 196975 | Vs (PU)  |1.0208 | Ts (pu) 0.98
Poss (MW)  [0.0539 | Vs (PU)  [1.0601 | T3 (pu) 0.9
Pess MW) (9424 |V, (PU)  [0.9739 | T3 (pu) 1
Pess MW)  |76.0762 | Ve (PU) | 1.007 Ts; (pu) 0.92
Pgso (MW) | 133.4323 V2 (PU) | 0.98 Tos (pu) 1

Pest (MW)  [142.7216 | Ves (PU)  [1.0501 | Tos (pu) 1.09
P2 (MW)  |42606 | Vs (PU) | 1.0388 | Tuoz (pu) 1.05
Pess (MW)  |338.6671 | Vero (PU) | 1.0447 | T1o7 (pu) 1.02
Poss (MW)  [332.8104| Ve (PU)  |1.0837 | T127 (pu) 0.97
Peso (MW)  |434.6983 [ Vess (PU)  |1.0036 | Ocs (MVAr)  |-33.3
Peo (MW)  [1.1097 | Ve (PU) | 1.018 Ocs (MVAr) |34
Per (MW)  [0.1819 | Vess (PU)  |1.0582 | Q7 (MVAT) |-18.5
Pgs (MW)  |0.3883 | Vess (PU)  |1.0561 | Qe (MVAL) |7
Pes (MW)  |21.8734 |Vgss (PU)  |1.0555 | Qs (MVAI) |42
Pos (MW)  [2.0134 | Vgs (PU)  [1.0069 | Ocss (MVAT) |3.7
Por (MW) 61773 | Ves1 (PU)  [1.0225 | QOcss (MVAT) | 1.9
Peso (MW)  |406.4545 | Vs (PU)  |1.0384 | Qs (MVAT) 0.7
Pess MW)  [22.9793 |Vess (PU)  |1.0196 | Q7o (MVAr) | 18.5
Pgs7 (MW) 41302 |Vess (PU)  [0.9934 | Ous2 (MVAD) |0
Poso (MW) | 164.3211] Veso (PU) | 0.994 Ocss MVAr) 0.2
Poo (MW)  |47.9289 | Vo (PU)  |1.0475 | Qeros (MVAr) |20
Poot (MW)  |27.7547 | Vg2 (PU)  |1.0438 | Qcror (MVATD) | 1.7
Py (MW)  |32.9663 |Ver; (PU)  |1.0643  |Ocro (MVArD) |1
Peoo (MW) 154033 [V (PU)  [1.0157
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Bdng A.24. Nghiém t6i wu tim dwoc boi ASCSA cho hé thong IEEE 118 mit ¢ khodng 2

Py (MW)  [8.5778 | Paoo (MW) [164.7772 | Vers (PU) 1.0114
Pet (MW)  [5.5039 | Pgros (MW) |24.7425 Verr (PU) 0.9729
Pes (MW)  [97.5555 | Peros (MW) |3.1914 Veso (PU) 0.9698
Pos (MW)  |31.8538 | Poros (MW) |2.1724 Vess (PU) 0.9591
Poo (MW)  |278.4146 | Pror (MW) | 68.9825 Vs (PU) 0.9531
Pes MW)  |57.9114 | Pero (MW) | 99.9985 Veso (PU) 0.9666
Pas MW)  |4.6559 | Pes (MW) |38.254 Voo (PU) 1.008
Ps (MW)  [16.1638 | Perrz (MW) | 17.6654 Veor (PU) 1.0387
Pgo (MW)  [0.6935 | Poss (MW) | 1.5754 Vo2 (PU) 0.9926
Pes MW) 73221 |Pess (MW) | 54.8051 Voo (PU) 1.0387
Pos (MW)  |125.5236 | Ve (PU) | 0.9559 Veroo (PU) 1.004
Pgs (MW)  |262.3018 Ve (PU) | 1.0163 Veros (PU) 0.9808
P (MW) 42622 Ve (PU)  |0.9937 Veros (PU) 0.9744
Pgr (MW) [1.9636 | Ves (PU) | 1.0183 Veros (PU) 0.9894
P2 (MW)  [53.1329 |V (PU) | 0.9984 Veror (PU) 1.0007
Pgs (MW) 0763 | Va2 (PU) | 0.9844 V1o (PU) 1.011
Pgs (MW) [0.0233 | Vs (PU) | 1.0946 Ver (PU) 1.0458
Peo (MW)  [39.9631 | Vs (PU) | 1.0531 Veri2 (PU) 0.952
Peir (MW)  [9.4247 | Vg9 (PU) | 1.0939 Ver1s (PU) 1.0726
Pess (MW)  |15.8308 | Vs (PU) | 0.9841 Veris (PU) 1.0523
Peo (MW) |81.5138 | Vs (PU) | 1.0359 Ts (pu) 0.95
Pgss MW)  [0217 | Ve (PU) | 0.9543 Ts: (pu) 0.94
Pgss (MW) [11.059 | Ve (PU) [ 1.0132 T (pu) 0.99
Pgss (MW) |0 Vo1 (PU) | 1.0137 Ts1 (pu) 1.01
Pgso (MW)  [121.5805 | V52 (PU) | 1.0459 Tos (pu) 1.08
Pt (MW)  [124.1151 | Vs (PU) | 1.0788 Tos (pu) 1.08
Pes2 (MW)  |0.8983 | Vs (PU) | 1.0677 T102 (pu) 0.98
Pess MW)  |59.4265 | Ve (PU) | 1.0986 T107 (pu) 1.06
Poss (MW) | 285.8251 | Verz (PU) | 1.0881 T127 (pu) 1.08
Peso (MW)  |406.1577 | Vess (PU) | 1.0272 Ocs (MVAr) |40
Peo (MW)  [1.5995 | Ve (PU) | 1.0583 Ocs MVAr) [11.3
Por (MW) 02329 Ve (PU) | 1.0871 Ocs7 (MVAr) |22
Pgs (MW) [3.7515 | Vess (PU) | 1.087 Octs (MVAr) |0

Pgs (MW)  [99.9542 | V56 (PU) | 1.0808 Ocss MVAr) |87
Pos (MW) [1.9594 |V (PU) | 1.0141 Ocis MVAr) |93
Py7 (MW)  [8.1114 [ Ves (PU)  [0.9962 Octs MVAr) 0.2
Peso (MW)  |17.8145 |V (PU)  0.9999 O MVAr) 9.4
Pess (MW) 43697 | Vess (PU) | 1.0195 Ocs (MVAD) 2.1
Pgs7 (MW)  |5.0134 | Vess (PU) | 1.0264 Ocs2 MVAr) |7.6
Poso (MW)  |316.5723 | Vo (PU) | 0.9637 O3 (MVAD) |95
Peoo (MW) | 1.1845 | Ve (PU) | 1.0143 Ocos (MVAr) [19.3
Peor (MW) | 1.5896  |Ver (PU)  |0.95 Oc0r (MVAT) |53
P (MW) |0.6171 | Vg3 (PU)  |0.95 Oci0 (MVAT) | 1.4
Peoo (MW) |0.7622 | Vs (PU) | 1.0085
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