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LOI CAM DOAN

T6i xin cam céac két qua nghién ctru trong luan vin t6t nghiép nay 1a cac két qua
thu dugc trong qui trinh nghién ciru cua riéng hoc vién voéi sy hudng dan cua
PGS.TSKH Tran Hoai Linh va TS. P§ Vian Pinh. Khong sao chép bat ky két qua
nghién ctru nao cua cac tac gia khac.

N1 dung nghién ctru c6 tham khao va sir dung mdt $6 thong tin, tai li€u tur cac
ngué)n tai liéu da duoc liét ké trong danh muc tai liéu tham khao.

Néu sai toi xin chiu moi hinh thirc ky luat theo quy dinh.

Hai Duong, ngay 28 thang 12 nam 2019

Tac gia luan van

Lé Ngoc Tuén

Hoc vién: Lé Ngoc Tudn i Chuyén nganh: Ky thudt dién tir



Truong Pai hoc Sao Do Ludn van Thac st

LOI CAM ON

Véi 10ng kinh trong va biét on, ddu tién em xin chan thanh giri 161 cam on t&i
PGS.TSKH Tran Hoai Linh va TS. D3 Vin Dinh, hai thiy d3 tan tinh huéng din, gitp
d& em rat nhidu vé kién thtc ciing nhu tai liéu k¥ thuat va cho em nhiéu ¥ kién quy
bau trong sudt qua trinh 1am luan van.

Em xin chin thanh cam on cac quy thay c6 da truc tiép giang day tac gia trong
toan khoa hoc; Cam on tap thé céc théy co gido Khoa Di¢n, truong Dai hoc Sao Do;
Céam on tap thé, 1anh dao cong ty dién lyc thanh phé Ha Long, tinh Quang Ninh da hd
trg, cung cép s6 liéu dé hoc vién nghién ctru; Cam on anh, em, ban be, déng nghi¢p va
gia dinh da dong vién, hd trg, dong gop ¥ kién gitip em hoan thanh luan van nay.

Trong thoi gian khong dai, em d3 rat nd lyc va cd ging dé hoan thanh luan vin
t6t nghiép nay nhung su hiéu biét va thoi gian nghién ctru thuc té c6 han nén khong
tranh khoéi nhitng thiéu sot, rat mong nhan dugc sy gop ¥ cua cac théy, cO va ban doc
dé luan van cua tac gid dugc hoan thién hon.

Em xin tran trong cam on!

Hoc vién: Lé Ngoc Tudn ii Chuyén nganh: Ky thudt dién tir
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DANH MUC CAC KY HIEU, CAC TU VIET TAT

Tir, cum tir viét tit Tiéng Anh Tiéng Viét
Al Artifical Intelligence Tri thong minh nhan tao

BDPT Biéu dd phu tai

HTD Hé thong dién

MLP Multi Layer Perceptron Mang ml_l;?;tggén thang
MNR Mang no- ron

SOM Self Organization Map K¥ thuat truc quan hoa dir liéu
TTNT Tri tué nhan tao
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MO DAU
1. Ly do chon dé tai

Hién nay, quéd trinh Cong nghiép hoa, Hién dai hoa dit nudc va nhitng Ung
dung thanh tyu khoa hoc k§y thuat ngay cang duoc trién khai rong rii da day nhanh sy
phat trién cua nén kinh té, dan dén nhu cau st dung dién ting cao, do viy xdy dung
cong cu du bao vé phu tai dién, lam co s& cho vi¢c van hanh va khai thac hi¢u qua
ngudn va ludi dién, tién téi hd trg quy hoach phat trién ngudn 1a van dé can thiét.

Viéc du béo nhu cau dién nang ngén han nham hd tro cho qué trinh van hanh,
diéu do ludi xac dinh quy luat va dac diém cua phu tai dién nhim phat hién va giai
quyét cac van dé tiém an trong hé thong dién.

Trén biéu do phu tai co hai gia tri dic biét 1a phu tai cao diém Pray va phu tai
thip diém Ppi, va dang cta biéu dd phu tai 12 yéu t6 quan trong hang dau cua ngudi
1am cong tac dy bao. Pé dat dugc hiéu qua kinh té ciing nhu hudng phat trién tuong lai
ciia HTD thi phu thudc nhiéu vao dy bao chinh xac hai gia tri Py va Prin.

Pén nay da co6 rat nhiéu mo hinh giai phap duoc dé xuat va img dung cho du
bao phu tai dién ngan han, tuy nhién cho t&i thoi diém nay van chua c6 mot mo hinh
nao duoc coi 13 chudn va ap dung hiéu qua.

Trong luan vin nay tac gia da dé xuat mot mo hinh dy bao phuy tai dién ngan
han st dung mé hinh hdn hop (1a mo hinh st dung phdi hop cé hai giai phap phi tuyén
va tuyén tinh) va trinh bay kha ning tmg dung ctia mé hinh nay trong thyc tién dy bao
phu tai dién & thanh phd Ha Long tinh Quang Ninh.

2. Tinh cép thiét cia dé tai.

Trong nhiing nim gan day, qua trinh cong nghiép hoa, hién dai hoa dat nudc
ngay cang dugc nang cao nham thuc ddy manh mé su phét trién ctia nén kinh té qubc
dan, cac dé tai nghién ctru khoa hoc dugc ap dung nhiéu vao thuc té cudc sdng dic biét
1a cac nganh san xuit nham nang cao hiéu qua san xuat. Pong nghia véi viéc ngay
cang ap dung cac may moc dé thay thé con nguoi vao diy chuyén san xuét thi nhu cu
st dung dién ning ngay cang cao do vay viéc du bao phuy tai 1a mot trong nhitng dé tai
dugc quan tim chil yéu trong linh vuc phét dién, truyén tai va phan phdi dién nang. Co
nhimg phuong an dé ting ngudn dién ning phuc vu cho san xuat ngdy cang phat trién
1a xay dung cac nha may phat dién, ning cap duong dy tai dién, tram bién ap nhung
c6 phan han ché 1a thiéu sy dong bo giita cac hé thong vi hién nay viéc ning cip hé
thong khong dya trén quy hoach tong thé ma con mang tinh ty phat. Do vay di xay ra
tinh trang nhu: mét can doi giira nguon va ludi dién, gitta cung va cau, chat lugng dién
ning bi giam xudng, do tin ciy cta hé thong khong cao, ton that dién ning khi truyén
tai 16n. Co nhiéu nguyén din dén cac hau qua trén nhung nguyén nhan cha yéu 1a 1ap
ké hoach dé van hanh hé théng dién (HTD). Trong ké hoach van hanh hé théng dién
nhu phan phdi mét cach kinh té, hidu qua, 1én ké hoach bao dudng va sua chira,...
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nhiéu hoat dong thuong dugc thuc hién dua trén viée du bdo phu tai nham giam han
ché tbi da viéc ngung cung cép dién. Du bao phu tai co thé duoc phan thanh: Dy bao
dai han tir 10 dén 30 nam, du bao trung han tur 3 dén 10 nam va du bao ngén han (gio,
ngay, thang, mua nim). Du bao ngin han chil yéu phuc vu viéc diéu hanh san xuit,
truyén tai va phan phdi nang luong phuc vu cho nhu ciu truc tiép cia san xuit va doi
song, 1ap ké hoach san xuét va kinh doanh.

Dy béo phu tai dién 13 diéu hét sirc quan trong, néu du bao thira qua nhiéu so
v6i nhu cau thue té khién cho phai phat huy sb lugng ngudn phét 16n, nhung khong sy
dung hét cong suit cua chung s& giy ra lang phi, néu du bao qua thip so véi nhu cu
thuc té thi s& 1am thiéu hut nguff)n dién do vay phai cat dién 1am anh huong dén viéc
san xuat. Do vay viéc du bao tot s& giup phat huy téi da dugc cic ngudn phat va han
ché dugce viée phai cat dién 1am anh huong dén san xuét, sinh hoat doi séng.

3. Muc tiéu nghién ctru

- Xay dung mo hinh dyu bado cong sudt phu tai dién dua trén két qua tiéu thu di¢n
nang trong quéa khi tir sb liéu tong hop ciia cac Cong ty dién lyc.

- Nghién clru, 4p dung mang no- ron trong xay dung cdc md hinh du bao
phi tuyén.

- Pé xuat md hinh du bao cong suat phu tai dién cho thanh phé Ha Long, tinh
Quang Ninh.

4. Pbi twong va pham vi nghién ciru

- Péi tuong nghién ctru 1a bai toan du bao phu tai dién cua hé théng dién cu thé
g dung cho phu tai thanh phé Ha Long- tinh Quang Ninh.

- Pham vi nghién ctru: du béo cong suat dinh phuy tai (Pmay) va cong sudt day
phu tai (Ppi,) trong ngay.

S. Phuong phap nghién ctru

- Nghién ctu tai li¢u: Cac mo hinh, phuong phdp du bao phu tai dién da duoc
cong b trén sach, tap chi,...

- Nghién ctru thuc nghiém: tinh toan, mo phong trén phan mém Matlab du béo
cong suat phu tai dién
6. Y nghia khoa hoc va thue tién ciia dé tai
6.1. Y nghia khoa hoc

Bai toan du bao phu tai cia h¢ théng dién da co nhiéu nghién ctru trén thuc té tai
nhiéu nudc trén thé gii. Tuy nhién trong didu kién Viét Nam 1a nudc dang c6 nén kinh
té phat trién véi téc do cao, cac mo hinh di duoc xdy dung chuyén dung cho cic nudc
¢4 nén kinh té da phat trién khong dap ung duoc dd phuc tap ctua bai toan du bdo tai
Viét Nam. O nudc ta, cac giai phap du bao sir dung mang no- ron nhan tao ciing chi
dimg ¢ muc 1y thuyét hodc dé giai mot s6 bai toan don gian, co lugng thong tin can xir
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ly thap hodc do phirc tap ciia mo hinh khong cao. Pén nay da c6 mét vai nghién ctru img
dung mang no- ron trong dy béo phu tai hé théng dién va so sanh véi nhitng phuong
phap hién tai. Tuy nhién, cac két qua méi chi 1a budce dau, chua thyc su trd thanh hudng
nghién ctru phd bién. Do d6, viéc xdy dung mé hinh Gng dung mang no- ron nhan tao
trong dy béo 13 mot huéng nghién ctru nén dugc trién khai va thir nghiém.
6.2. Y nghia thuc tién

Két qua nghién ctru ctia dé tai c6 thé ap dung vao thuc tién dé du bao cong suit
phu tai dién ¢ cac khu vuc, ving kinh té dé c6 nhitng dinh hudng diéu chinh quy
hoach luéi dién va quy hoach phét trién kinh té.
7. Cau tric cia d@ tai

CAu trac cua ludn vin gém 04 chuong, ngoai ra con muc luc, danh sach cac ky
hiéu, tir viét tat; bang/hinh vé, dd thi; céc tai liéu tham khao; cu thé:

Chuong 1: Tong quan vé du béo phu tai dién

Chuong 2: Tong quan vé ing dung mang no-ron nhan tao

Chuong 3: M6 hinh lai va ing dung trong wéc luong phi tuyén

Chuong 4: Xay dung mo hinh, tinh todn va mo6 phong

Két luan va kién nghi
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CHUONG 1. TONG QUAN VE DU BAO PHU TAI PIEN

1.1. Pt van dé

Hién nay, trong doi sdng sinh hoat, phat trién kinh té, x4 hoi ctia mdi qubc gia
thi dién ning 13 ngudn ning luong khong thé thiéu dugc va sit dung cang nhiéu hon
nira trong twong lai. Nhung c6 mot van dé dit ra 1a dién ning tiéu thy khong phai luc
nao cling giéng nhau ma phu thudc chu yéu vao nhu ciu sir dung nhu: $6 gio lam viéc,
$6 g0 san xuét kinh doanh, nhiét dd moi truong .... Viéc san xuét dién nang khac voi
cac nganh khac san xuét khac 13 kha ning dap tng nhu ngay nhu cau sir dung va gan
nhu khong thé du trit duoc. Do vay, du bao phu tai dién la mot yéu td rat quan trong
dé tinh toan san xuét, truyén tai, phan phdi dién ning nham dap Gng dugc nhu cau sir
dung cua khach hang.

1.2. Tinh hinh nghién ctru ngoai nuéec.

Ngay 13/6/2018, Tap doan BP cong bd "Panh gia thong ké niang luong thé giéi"
(BP Statistical Review of World Energy) trinh bay dit liéu cap nhat méi nhat cia minh
vé tinh hinh ning lugng trén thé gidi. Pay 1a 1an dau tién bao cao thudng nién nay dua
thém céc so liéu vé dién [22].85,2% nhién liéu hoa thach trong hdn hop ning lugng
toan cau.

Vao thang 3/2018, Co quan Niang luong Qudc té (IEA) di bao co rang, mirc
tiéu thu ning luong toan cau vao nim 2017 da ting 2,1% so véi cung ky nim trudc.
Trong bdo cao cua minh, BP cho réng miuc tang thuc chét 1a 2,2% va xac nhan réng,
tat ca cac ngudn nang luong da dugc sir dung vao nam ngoai trén thé gidi, bao gdbm ca
than (+ 1%, do nhu cau ting & An P6). Theo BP, diy lan dau tién ké tir nam 2013,
toan bo cac ngudn ning luong trén thé gigi déu duoc sir dung [22].

Trong téng muc tiéu thu d6, nhién liéu hoa thach van chiém 85,2%, giam rat
it so voi mirc 85,5% cta nam 2016. Dau van 1a ngudn cung cip ning luong chinh
trong hdn hop ning lugng toan cau (34,2%), véi mirc ting 1,7 triéu thung/ngay vao
nam 2017.

Viéc phat trién cac ngudn ning luong tai tao ngoai trir thuy dién dic biét ting
manh (+ 16,6%) nhung van chi chiém 3,5% tong muc tiéu thy ning lugng so cip cia
thé gi6i vao nam 2017. Ty trong ning luong hat nhan vin twong ddi 6n dinh (4,4%
trong nam 2017) [22].

Panh gia thong ké ciia BP vé niang luong thé gidi da cung cap cac dit lidu chi
tiét vé dau khi. Tiéu thu dau va khi dét tu nhién tang 1an luot 1,4% va 2,7% trong nam
2017 [22].

Hon hop dién van bi thong tri béi dién than

San luong dién thé gidi tang 2,8% trong ndm 2017. Pa phan mirc ting ndy dén
tir cac nude mai ndi trong khi san xuit dién & cac nude thude To chirc Hop tac va Phat
trién Kinh t& (OCDE) van tuong d6i 6n dinh tir nim 2010. Ning luong tai tao va than

Hoc vién: Lé Ngoc Tudn 4 Chuyén nganh: Ky thudt dien tu



Truong Pai hoc Sao Do Ludn van Thac st

lan luot chiém 49% va 44% téng mirc ting ciia ning luong dién toan cau trong nim
2017 [22].

Tuy nhién, than van con ldu méi 13 ngudn cung cip dién 16n nhit cho thé gidi:
nhién lidu nay chiém téi 38% san lwong dién thé gidi, trong dwong muc cta nim 1998
mic du c6 su sut giam nhe trong nhitng nim gan day. Ty trong ning luong “phi hoa
thach” tham chi con thip hon muc cua 20 nidm trude, su gia ting cta ning luong tai
tao (chiém 25% san lugng dién toan cAu vao nim 2017) chi bu dép duoc mot phén cho
su sut giam cua nang luwong hat nhan (giam 10% vao nam 2017) [22].

Mot bude thut lui lon

Luong phat thai CO, toan cau lién quan dén st dung ning lugng ting 1,6%
trong nam 2017 sau 3 nim lién tiép & mirc on dinh. Su suy giam cudng d6 ning luong
d3 cham lai trong bdi canh ting trudng kinh té manh mé va su gia ting vé nhu cau than
da anh hudng dén lugng phat thai nay [22].

Sy thay ddi nay, duoc BP mé ta 13 “budc lui 16n”, khang dinh khoang cach rat
quan trong gitra cac tham vong thé hién & Hoi nghi COP21 vé chong bién doi khi hau
va xu huéng hién tai. IPCC (nhém cac chuyén gia lién chinh phu vé thay doi khi hau)
uoc tinh réng, dé dat duogc muc tiéu cua Hi¢p dinh Paris tai COP21 thi thé gio1 can
phai giam phat thai khi nha kinh toan cau 40-70% vao nam 2050 (so v6i mic clia nim
2010) va nén kinh té toan cau phai gan nhu trung hoa dugc luong khi carbon trong nira
sau cua thé ky XXI [22].

1.3. Tinh hinh nghién ciru trong nudéc

O nuée ta dy bao phy tai ngan han ciing thu hut sy quan tim nhat dinh trong
nganh dién, cac truong Pai hoc va Vién nghién ciru. Mot vai cong ty dién luc, co
quan diéu d6 quéc gia d3 bat dau xdy dung chuong trinh dy bao phuy tai dién. Ngoai
mot s6 nghién ctru tng dung mo hinh hdi quy. C6 thé thiy ring nhu cau du bao phu
tai ngan han & cac cong ty dién luc chi dugc thyc hién bang phuong phap chuyén gia
dua trén kinh nghiém cia cac k¥ su diéu d6. Nén mang tinh chat rii ro va do chinh
xac khong cao.

Néu du bao phu tai dién qua thtra so voi nhu cau thuc té thi dan dén viéc phai
huy dong mot sd luong 16n ngudn phat, nhung thuc té khong dung hét cong suat cua
chung s& gay lang phi. Néu két qua du bao phu tai dién qua thap so v6i nhu cau thyc té
s& din dén tinh trang thiéu ngudn dién, anh hudng dén phat trién cta nén kinh té qudc
dan. Khi két qua du bao tbt s& gitp cho viéc huy dong ngudn tot va diéu do ciing tot co
loi ich vé kinh té.

Do vay, viéc ap dung mang no- ron nhan tao cho du an bdo phu tai dién cho
mot thanh phé du lich 13 yéu t6 rat quan trong.
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1.4. Pinh huéng nghién ciru cia dé tai

- Tim hiéu vé cac m6 hinh thu thap, xir 1y, du bao cong suit phu tai dién.

- Nghién ctru vé kha ning mg dung mang no- ron trong xay dung cac md
hinh du béo phi tuyén.

- Bé xuit tng dung mé hinh lai gdbm mot khéi tuyén tinh méc song song vai
mot khdi phi tuyén (sit dung mang MLP) dé wéc luong tét hon trong du cong suit phu
tai dién chi dua trén cac két qua do cong suat phu tai trong ngdy ¢ qua khu tir s6 tong
hop cua Cong ty dién lyuc.

- Banh gia, lya chon céac thong ) qué khtr cho mo6 hinh dy béo trén co s& cac h¢
sO khai trién tuyén tinh.

- Trién khai, thir nghiém mé hinh du bao cong sudt dinh phu tai va cong suét
day phu tai trong ngay cho khu vuc Thanh phd Ha Long, tinh Quang Ninh.

- Tinh toan mo phong dé thir nghiém d6 chinh xac ciia mé hinh duoc dé xuat.
1.5. Két luan chwong 1

Nhu cau sir dung ning luong dién hién nay ngay cang tang cao dua ra khong it
nhimng kho khan vé san xuét, truyén tai va phan phéi dién nang nham dap ung du cho
nhu cau st dung dién hi¢n nay. Viéc ing dung mang no- ron nhan tao dé du béo phu
tai dién 1a mdt trong nhiing giai phdp du bao lugng dién nang ti€u thy tor do dua ra
dugc cac phuong thirc san xuat cho pht hgp véi nhu cau thyc tién. Tiép theo chuong 2
s& di tim hiéu vé mang no- ron nhan tao.
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CHUONG 2. TONG QUAN VE UNG DUNG MANG NO-RON NHAN TAO
TRONG DU BAO PHU TAI PIEN

2.1. Tri tué¢ nhan tao [23, 27].

Tri tué nhan tao 1a tri thong minh cua may moéc do con nguoi tao ra cd kha nang
thyc hién cac cong viéc ma con nguoi thuong phai xir 1y va khi nhiing dang vé, kha
nang xtr Iy mot s cong viée tot hon hodc twong dwong véi con ngudi thi d6 duoc goi
la may thong minh hay may do6 co6 tri thong minh. Sy thong minh cua may moéc dugc
danh gia trén két qua cua n6 cé gidng voi con ngudi hay khong.

(AL Artificial Intelligence) c6 thé dugc dinh nghia nhur mét nganh cta khoa hoc
may tinh lién quan dén viéc tu dong hoa cac hanh vi thong minh. Al 1a mdt bd phan
ctia khoa hoc may tinh va do d6 né phai dugc dat trén nhitng nguyén 1y 1y thuyét ving
chéc, c6 kha niang tmg dung duoc cia linh vire nay [23, 27].

Khai niém vé cong nghé Al xuat hién dau tién bdi John McCarthy, mot nha
khoa hoc may tinh My, vao nam 1956 tai Ho1 nghi The Dartmouth. Ngay nay, cong
ngh¢ Al 1a mdt thuat nglr bao gém tat ca moi thir tir qua trinh ty dong hoa robot dén
nguoi may thuc té [23, 27].

Cong nghé Al gan ddy tré nén ndi tiéng, nhan duoc sy quan tim cua nhiéu
nguoi 1a nho Dit liéu 16n (Big Data), mdi quan tdm ciia cic doanh nghiép vé tim quan
trong cua dit liéu cing voi cong nghé phan cing da phat trién manh mé hon, cho phép
xtr Iy cong nghé Al véi toc do nhanh hon bao gior hét [23].

O thoi diém hién tai, Thuat ngit ndy thuong dung dé nodi dén cac may tinh co
muc dich khong nhat dinh va nganh khoa hoc nghién ctru vé cac 1y thuyét va ang dung
cua tri tué nhan tao. Ttrc 12 mdi loai tri tué nhan tao hién nay dang diung lai & mac do
nhirng may tinh hodc siéu mdy tinh ding dé xt 1y mot loai cong viéc nao d6 nhu diéu
khién mét ngdi nha, nghién ctru nhén dién hinh anh, xu ly dir liéu ctia bénh nhan dé
dua ra phac do diéu tri, xtr Iy dit liéu dé tu hoc hoi, kha ning tra 16i cac cAu hoi vé
chan doan bénh, tra 151 khach hang vé cac san pham ciia mot cong ty,...

2.2. No-ron sinh hoc

No-r6n sinh hoc 13 nhitng t& bao than kinh chinh thirc ¢6 chirc ning cam tng va
truyén dan xung di¢n. N6 1a don vi co ban cAu tao nén hé théng than kinh va 1a phﬁn
quan trong nhat cta bd ndo dong vai tro rat quan trong trong co thé. Khi chung bi ton
thuong, con ngudi bi r6i loan van dong va cam giac, dan dén hién tuong run rrfly chan
tay hodc té liét mot phén hodc toan bd co thé.

No- ron 1a don vi cau tao ciia hé than kinh, trong hé than kinh c¢6 khoang 1000
ty no- ron. MJdi no- ron 12 mot té bao dic biét, co thé truyén cac tin hiéu dién. No- ron
¢6 clu trac ré ngd vao, than té bao va cdu tric ré ngd ra (soi than kinh). Céc soi than
kinh ctia mot t& bao két ndi véi cac té bao khac théng qua synapse. Khi mot no- ron
kich hoat, nd tao ra xung di¢n héa hoc doc theo sgi than kinh. Tin hiéu nay di qua cac
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synapse dén cac no- rén khac, va tiép tuc bi kich hoat. No- ron hoat dong chi khi tat ca
céc tin hiéu nhan duoc & than té bao thong qua ré ngd vao vuot qua mot mirc nao do
(ngudng hoat dong). Cuong d6 tin hiéu thu dugc ctia noron phu thudc vao do nhay cia
synapse (t& bao thu nhan) [24].

Cau tao cia moi no- ron dién hinh gom céc bd phan: than, dudi gai va sgi truc.

Mang té bao

Tua gai

Eo ranvier P
Bao myelin
(‘»“/2»__,
J
¥
ek
/@ W
Xi-nap .

Hinh 2.1. Cdu tao no- rén sinh hoc [28].
2.3. Mang no ron nhan tao
2.3.1. Lich sir hinh thanh va phat trién.

Nhitng nim gan day, kha nhiéu sach, bao, cong trinh nghién ciru khoa hoc dé
cap dén cac ky thuat tinh todn, ngudi ta hay nhac dén nhiéu thuat ngit nhu: may tinh
thong minh, may tinh thé hé V, hé chuyén gia, mang ngit nghia,... Cac ngdn ngir lap
trinh nhu LISP, PROLOG m¢é duong cho viée ap dung hang loat cac hé théng chuong
trinh c6 kha nang “thong minh”.

Trudc day, mdi khi néi dén Tri tué nhan tao (TTNT) ngudi ta thuong quan tim
dén viéc tao 1ap cic may tinh c6 kha nang “suy nghi”, tham chi trong mot sé pham vi
hep nao do, co thé canh tranh hodc vuot qué kha nang cua bo ndo con nguoi. Nhiing
hy vong niy trong mot thoi gian dai da anh hudng rat nhidu dén cac nghién ctru trong
phong thi nghi¢m. Mac du nhitng mo hinh tuong ty cdc may tinh thong minh da duoc
dua ra nhiéu nam trudce, nhung chi tir khi Alan Turing cong bd nhiing két qua nghién
clru quan trong dau tién, nguodi ta méi bit dau thuc su nghién ctu dén cac vin dé
TTNT mét cach nghiém tac. Phat hién ctia Turing cho ring chuong trinh c6 thé dugc
luu trit trong b nhé dé sau d6 duoc thuc hién trén co sd céc phép toan co ban thao tac
v6i cac bit “0”, “1”. Dicu nay di tao nén nén tang ctia nhitng may tinh hién dai. Viéc
lwu trit chwong trinh trong may cho phép thay doi chirc ning ciia né mot cach nhanh
chéng va dé dang thong qua viéc nap mdt chuong trinh mdi vao bd nhd. Theo mot
nghia nao do, kha nang nay lam cho may tinh c6 kha nang hoc va suy nghi. D6 cling
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chinh 12 mét trong nhiing biéu hién quan trong dau tién ciia nhitng may tinh duoc trang
bi TTNT.

Nam 1956, chuong trinh dan xuit két luan trong hé hinh thirc da dugc cong bo.
Tiép theo d6, nam 1959 chuong trinh chimg minh cic dinh 1y hinh hoc phang va
chuong trinh giai quyét bai toan van ning (GPS - General Problem Solving) dd duoc
dua ra. Tuy vdy chi cho dén khoang nim 1960 khi McCathy & MIT (Massachussets
Institute of Technology) dwa ra ngdn ngir lap trinh dau tién dung cho tri tu¢ nhén tao
LISP (list processing), cdc nghién ctru vé TTNT méi bdt dau phat trién manh mé.
Thuét ngit TTNT do Marvin Minsky mét chuyén gia ndi tiéng ciing & MIT dua ra nim
1961 trong bai bao  Steps Forwards To Artificial Intelligence”. Nhitng nim 60 c6 thé
xem 1a mdt mbc quan trong trong qua trinh xay dung cic may c6 kha ning suy nghi.
Céc chuong trinh choi ¢& va cac chuong trinh ching minh dinh 1y toan hoc dau tién
cling dugc cong bd trong khoang thoi gian nay [23].

Nhiing bé tic, han ché thanh cong cia cic cong trinh nghién ctru TTNT trong
nhirng nam 60 chinh 14 do gidi han kha nang cua cac thiét bi, bd nhé va dic biét 1a yéu
t6 thoi gian thuc hién. Chinh nhiing yéu t6 nay khong cho phép tong quat hda nhiing
thanh cong budc dau dat duoc trong cac hé chwong trinh TTNT da xay dung. Tuy rang
vao gitra nhiitng nam 70, bd nhd may tinh va thoi gian tinh toan da dugc nang cao dang
ké vé chat, song nhitng cach tiép can khac nhau dén TTNT van chua dem téi nhiing
thanh cong that su do su bung nd to hop trong qua trinh tim kiém 15i giai cho cac bai
toan dat ra.

Cudi nhitng nam 70, mdt s6 nghién ctru co ban trong cac linh vuc nhu xur 1y
ngdn ngit ty nhién, biéu dién tri thirc, 1y thuyét giai quyét van dé da dem lai dién mao
moi cho TTNT. Thi trudng tin hoc di bit dau don nhan nhimng san phim TTNT tng
dung dau tién mang tinh thwong mai. P6 1a cac hé chuyén gia dugc 4p dung trong cac
linh vuc khac nhau. Hé chuyén gia 1 cac phan mém may tinh, chira cac thong tin va tri
thirc vé mot linh vuc cy thé nao d6, c6 kha ning giai quyét nhitng yéu cau cta ngudi
dung & mot muc do nao d6 vai trinh @6 nhu mét chuyén gia cé kinh nghiém 1au nam.
Mot trong nhitng hé chuyén gia dau tién duoc sir dung thanh cong trong thuc té 1a hé
MYCIN, dugc thiét ké va cai dat tai truong Pai hoc Tong Hop Stanford [23].

Mot su kién quan trong trong sy phat trién cua khoa hoc TTNT 1a su ra doi
cua ngén ngir PROLOG, do Alain Calmerauer dua ra nam 1972. Nam 1981, du an
ciia Nhat Ban xdy dung cac may tinh thé hé thir V 1ay ngon ngir PROLOG nhu la
ngodn ngit co s& di 1am thay d6i kha nhiéu tinh hinh phét trién TTNT & My ciing nhu
chau Au.

Giai doan 1981 tré di ngudi ta cam nhan kha rd nét ring cac chuyén gia vé
TTNT dang dan chuyén cac két qua nghién ciru tir phong thi nghiém sang cai dat cac
g dung cu thé. Cé thé noi day ciing 1a giai doan canh tranh rao riét cta cac cong ty,
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céc vién nghién ciru hang dau nham dua ra thi trudng cc san pham phan mém ung
dung k¥ thuat TTNT [23].

Cudi nhitng nam 80, dau nhitng nam 90 thi truong cac san pham dan dung di co
kha nhiéu san pham ¢ trinh d6 cao nhu may giat, may anh,... st dung TTNT. Céc hé
théng nhan dang va xt Iy hinh anh, tiéng néi dang ngay cang thac day sy phat trién k¥
thuat mang Neuron. Sy xich lai ctia hai cach tiép can: Tiép can mo trong 1ap luan Xéip
xi va k¥ thuat mang Neuron da va dang gdy duogc sy quan tam ddc biét cuia cac chuyén
gia tin hoc. Bén canh sy xuét hién ctia cac hé chuyén gia, cac Gng dung cong nghiép va
quan 1y x hoi, quan 1y kinh té ciing doi hoi sy ra doi cia cac hé thong xir 1y tri thie —

dir liéu tich hop.
2.3.2. M6 hinh mang no rén nhén tao [25, 2].
X0 ) ‘?: .
w0,
, a. Z;
S [}

e
n
o aj = z wiixi + 6 zi=g(@)
i=l
Hinh 2.2. M6 hinh mang no- rén nhan tao[25]
trong do:

X; : cac dau vao

Wji : cac trong sO twong ung voi cac dau vao 0 : do 1éch (bias)

a: dau vao mang (net-input) Zj: dau ra ctia no- ron

g(x): ham chuyén (ham kich hoat).

Trong mdt mang no- ron cé ba kiéu don vi:

Céc don vi dau vao (Input units), nhan tin hiéu tir bén ngoai.

Céc don vi dau ra (Output units), giri dit liéu ra bén ngoai.

Cac don vi an (Hidden units), tin hiéu vao (input) va ra (output) ciia nd nam
trong mang.

Mbéi don vi jco thé c6 mot hodc nhiéu dau vao: xo, X1, Xo, ... Xp, nhung chi co
mot dau ra zj. Mot dau vao t&i mot don vi 6 thé 1a dir liéu tir bén ngoai mang, hodc
dau ra ciia mot don vi khac, hodc 1a du ra cua chinh no.

No- ron nhan tao nhan mot sb cac ngd vao tu dir licu géc, hay tir ngd ra céc
noron khac trong mang. Mdi két ndi dén ngd vao c6 mot cudng do (hay trong sd),
nhiing trong sd niy tuong mg véi tic dung synapse trong noron sinh hoc. Mdi noron
cling c6 mQt gia tri ngudng.

Hoc vién: Lé Ngoc Tudn 10 Chuyén nganh: Ky thudt dién tir



Truong Pai hoc Sao Do Ludn van Thac st

Tin hiéu duogc truyén qua ham kich hoat (hay con goi 1a ham truyén) tao gia tri
ngo ra no- ron.

2.3.3. Cac ham kich hoat [1, 2].

Phén 16n cac don vi trong mang no- ron chuyén net input bang cach sir dung
mot ham vo hudng (scalar-to-scalar function) goi 13 ham kich hoat, két qua cua ham
nay la mot gia tr1 goi la mirc do kich hoat cua don vi (unit's activation). Loai tror kha
nang don vi d6 thudc 16p ra, gia tri kich hoat dugc dua vao mét hay nhiéu don vi khac.
Céc ham kich hoat thuong bi ép vao mot khoang gia tri xac dinh, do dé thuong duoc
goi la cac ham bep (squashing). Cac ham kich hoat hay dugc str dung la:

- Ham dong nhat (Linear function, Identity function ).
g(x)=x (2.1)

Néu coi cac dau vao 1a mot don vi thi ching s€ sit dung ham nay. D61 khi mot

hang s6 dugce nhin voi net-input dé tao ra mot ham dong nhat.

h

-

X

2(x)

.
| il

Hinh 2.3. Ham dong nhat (Identity function)
- Ham bwdc nhi phin (Binary step function, Hard limit function).
Ham nay ciing duoc biét dén véi tén "Ham ngudng" ( Threshold function hay
Heaviside function). Pau ra cia ham nay dugc gidi han vao mot trong hai gia tri:
1,néu (x > 0)

Dang ham nay dugc st dung trong cdc mang chi cé mét 16p. Trong hinh v€ sau,
0 duoc chon bang “17”.
A

g(x

v

Hinh 2.4. Ham bwdc nhi phan (Binary step function)
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- Ham sigmoid (Sigmoid function (logsig))
1
I+e* (2.3)
Ham nay dac biét thuan loi khi st dung cho cac mang duoc huén luyén (trained)
boi thuat toan lan truyén ngugc (back-propagation), boi vi né dé 1dy dao ham, do dé ¢o
thé giam dang ké tinh toan trong qua trinh huan luyén. Ham nay duoc tmg dung cho
cac chuong trinh img dung ma cic du ra mong muén roi vao khoang [0,1].

g(x)

g(x)=

__ X

Hinh 2.5. Ham Sigmoid

- Ham sigmoid luwéng cuc (Bipolar sigmoid function (tansig))

A4

1—e™

I+e” (2.4)

Ham nay c6 céc thudc tinh twong tu ham sigmoid. N6 lam viéc tot doi vdi cac

gx)=

g dung c6 dau ra yéu cau trong khoang [-1,1].

g(x)

Hinh 2.6. Ham sigmoid luong cuc

Céac ham chuyén cua cac don vi an (hidden units) 1a can thiét dé biéu dién su
phi tuyén vao trong mang. Ly do 13 hop thanh cua cac ham dong nhét 1a mot ham dong
nhat. Mic du vy nhung né mang tinh chét phi tuyén (nghia 13, kha ning biéu dién cac
ham phi tuyén) lam cho cac mang nhiéu tang c6 kha nang rat tot trong biéu dién cac
anh xa phi tuyén. Tuy nhién, d6i véi luat hoc lan truyén ngugc, ham phai kha vi
(differentiable) va s& c6 ich néu nhu ham dwgc gin trong mot khoang nao d6. Do vay,
ham sigmoid 14 Iyra chon thong dung nhat.
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Pdi v6i cac don vi dau ra (output units), cac ham chuyén can duge chon sao cho
phtl hop véi su phan phdi cia cac gia tri dich mong mudn. Chung ta da thdy rang dbi
v6i cac gia tri ra trong khoang [0,1], ham sigmoid 1a c6 ich, d6i véi cac gia tri dich
mong mudn 13 lién tuc trong khoang d6 thi ham ndy cling van c6 ich, nd c¢6 thé cho ta
cac gia tri ra hay gia tri dich duoc cin trong mot khoang ctia ham kich hoat dau ra.
Nhung néu cac gia tri dich khong dugc biét trude khoang xac dinh thi ham hay duoc
st dung nhat 13 ham ddng nhat (identity function). Néu gid tri mong muén 1a duong
nhung khong biét can trén thi nén sir dung mot ham kich hoat dang mil (exponential
output activation function).

2.3.4. Phan logi cdac mang no ron [25, 5].
- Mang truyén thing (Feed-forward neural network):

Dong dit liéu tir don vi ddu vao dén don vi dau ra chi duoc truyén thang. Viéc
xur 1y dir lidu c¢6 thé mo rong ra nhiéu 16p, nhung khong co cac lién két phan hoi.
Nghia 13, cac lién két mé rong tir cac don vi dau ra ti cac don vi dau vao trong cling
mot 16p hay cac 16p trude do 1a khong cho phép.

bias bias
X, h, R}
x, OX >0 O
SN
x; 0, () ¥,
: ‘\ & ‘\
X . . - O Y
A1) h, W 2)
Input Layer Ji Hidden Layer Y Output Layer

Hinh 2.7. Mang no- rén truyén thang nhiéu I6p (Feed-forward neural
network)[25]

Trong do:

Input Layer: Lép dau vao

Hidden Layer: Lép an

Output Layer: Lép dau ra
- Mang héi quy (Recurrent neural network):

C6 chira cac lién két nguoc. Khac v6i mang truyén thang, cac thudc tinh dong
clia mang moi quan trong. Trong mdt sb trudng hop, cac gia tri kich hoat ctia cac don
vi trai qua qu4 trinh néi 16ng (ting giam sb don vi va thay d6i cac lién két) cho dén khi
mang dat dén mot trang thai 6n dinh va céc gid tri kich hoat khong thay doi nita. Trong
cac ung dung khac ma cach chay dong tao thanh dau ra clia mang thi nhiing sy thay
d6i cac gia tri kich hoat 12 dang quan tam.
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Hinh 2.8. Mang no- rén héi quy (Recurrent neural network)[25]
Trong do:

Input Layer: Lop dau vao

Hidden Layer: Lop an

Output Layer: Lop dau ra
2.4. Huén luyén mang no rén [25, 2].

Chtrc ning cia mot mang no- ron duoc quyét dinh boi cac nhan td nhu: hinh
trang mang (sé 16p, sd don vi trén mdi téng, va cach ma cac 16p duoc lién két voi
nhau) va cic trong sb cuia cac lién két bén trong mang. Hinh trang ciia mang thudng 1a
cd dinh, va cac trong s6 duoc quyét dinh bdi mot thuat toan huan luyén (training
algorithm). Tién trinh diéu chinh cac trong s6 dé mang “nhan biét” duoc quan hé gitra
dau vao va dich mong mudn duoc goi 13 hoc (learning) hay hudn luyén (training). Rat
nhiéu thuat toan hoc da duoc phat minh dé tim ra tap trong s6 toi wu lam giai phap cho
cic bai toan. Cac thuat toan d6 co thé chia 1am hai nhom chinh: Hoc c¢6 thiy
(Supervised learning) va Hoc khong c6 thiy (Unsupervised Learning).

- Hoc c6 thiy (Supervised learning):

Mang dugc huin luyén bang cach cung cap cho né cac cip mau dau vao va cac
dau ra mong mudn (target values). Cac cip duoc cung cap boi "thdy gido", hay bai hé
théng trén d6 mang hoat dong. Su khac biét gifra cac dau ra thuc té so vdi cac dau ra
mong mudn duoc thuat toan st dung dé thich ing céc trong sb trong mang. Diéu nay
thuong duge dua ra nhu mot bai todn xap xi ham s6 - cho dit liéu huan luyén bao gdm
cac cap mau dau vao x, va mot dich twong tng t, muyc dich 1a tim ra ham f(x) thoa man
tat ca cdc mau hoc dau vao.
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Training Data
Input Desired output

target

Network error
n out
Weight Objective ‘
changes Function

Training Algorithm
(optimization method)

Hinh 2.9. M6 hinh Hoc c¢6 thay (Supervised learning model)[25]

Trong do:

Training Data: Dir liéu hoc

Input: Pau vao

Desired output: Pau ra mong muén

Network: Mang no ron

Target: Gia tri mong mudn

Objective function: Ham muc tiéu

Training Algorithm: Thuat toan

Weight changers (optimization method): Phuong phap t6i wu hoa
- Hoc khong cé thiy (Unsupervised Learning)

Véi cach hoc khong cé thay, khong c6 phan hoi tir moi trudng dé chi ra rang
dau ra cla mang la ding. Mang s& phai kham pha cac dac trung, cac diéu chinh, cac
mdi trong quan, hay cac 16p trong dir liéu vao mot cach ty dong. Trong thuc té, dbi
v6i phan 16n cac bién thé cta hoc khong c6 thdy, cac dich tring voi dau vao. Noi mot
cach khac, hoc khong co théy ludn thye hién mot cong viéc tuong tu nhu mot mang tu
lién hop, c6 dong thong tin tir dir li¢u vao.

2.5. Mt s6 (rng dung ciia mang no ron

Theo da phat trién cta cong nghé, tmg dung Al ludn 1a xu huéng coéng nghé
tuong lai ma cac hang cong nghé trén toan thé gidi dua nhau sang tao, né 1a nén tang
¢t 16 cta cude cach mang 4.0.

Ngay nay, cac hé thong tri tué nhan tao dugc ding thuong xuyén trong kinh té,
y dugc, cac nganh k¥ thudt va qun su, cling nhu trong cac phan mém may tinh thong
dung trong gia dinh va tro choi di¢n tu.

Budc so khoi ctua Al trén cac thiét bi nghe nhin nhu tivi bit dau tir gitta nim
2017, khi ma AI gidng nhu mét tro 1i cia ngudi dung, hoc héi cach ma nguoi ding st
dung chinh chiéc tivi ctia minh.
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Vi nén tang tri tué nhan tao ThinQ dugc tich hop sin trén cac dong tivi cla
LG, nguoi dung dé dang tan hudng nhitng tinh ning tién loi tir cong nghé hd tro giong
néi tién tién, moi thao tac véi tivi duge thuc hién mét cach nhanh choéng chi béng
nhitng ménh 1énh bang 101 néi qua bo diéu khién.

Samsung ciling da tich hop tinh nang Al nay thong qua SmartHub trén cac dong
Tivi QLED cta minh, cling nhu IoT (Internet of Thing) trén cac dong tivi trudc do.
Véi cong nghé Al Tivi QLED Q900R ciia Samsung c6 kha nang nang cp hinh anh va
am thanh twong ximg véi mirc 8K tir cdc ngudn tin hiéu dau vao bat ké chét luong va
dinh dang.

Tri tué nhén tao (AI) da duoc tich hop trén smartphone tir 1au ké tir khi tro 1i 4o
Siri trén iPhone ra doi. Nam 2017 ching kién cudc dua tich hop tri tu€ nhan tao duoi
dang trg 1y 4o cua cac hang smartphone nhu trén Google Pixel, HTC U Ultra, LG G6
va sép t6i 1a Galaxy S8.

Siri ¢6 thé gitip iPhone thong minh hon nhd c6 nhiing tic vu thong minh qua
diéu khién giong ndi nhu: nhéc nhd; doc, soan va gui tin nhén; thong bao thoi tiét; tim
thong tin; thiét 1ap mot cudc hen; glri email; chi dudng; bat mot ban nhac; tan gau
nhitng cau co ban vai Siri.

Sense Companion - trg 1i 40 méi duoc gi6i thiéu trén HTC U Ultra ciing c6 thé
thuc hién cdc hanh dong thong minh: néu trdi mua, Sense Companion sé& hién thong
bao trudc khi nguoi dung ra khoi nha; néu dang trong gid nghi va khong co ghi chu
cap bach nao, tro 1i 40 nay ciing sé& tr dong tit cac chudng bao gid cai dit trudce do.

Thiét bi 4m thanh nhu hé thong loa hay cac loai loa mini duoc cac hing cong
nghé sang tao nham dap tmg nhu ciu cua ngudi ding vé su tién ich cta cac loai loa
thong minh trén thi truong.

Cu thé c6 thé ké dén tai sy kién IFA 2018, Sony da cho ra mit chiéc loa nho
gon thudc dong Extra Bass mang tén XB510G. N6 dugc tich hop microphone dé co
thé goi Google Assistant (mot tro 1y ¢4 nhan a0 c6 thé tham gia trd chuyén hai chiéu,
diéu khién qua giong ndi), bién no tré thanh mot chiéc Google Home (chiéc loa thong
minh mini ctia Google) loai 16n, va c6 kha ning két ndi véi cac loa khac dé mé rong
tam nhac.

Va con nhiéu hon thé nhitng img dung ctia mang no- rén nhan vao vao doi sdng
con nguoi.

2.6. Két luan chuong 2.

No6i dung chuong nay da gidi thi¢u vé tri tué nhan tao, sy hinh thanh no- ron
nhan tao tr d6 co thé phan loai, xay dung cdc mang no- ron béng cac ham kich hoat
nham muc dich tmg dung mang no- ron dé tinh phu tai dién ¢ chuwong tiép theo.
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CHUONG III: MO HINH LAI VA UNG DUNG TRONG UOC LUQNG PHI TUYEN

Trong chwong III s& trinh bay chi tiét v& md hinh lai va 1am rd viéc xay dung
khdi wéc lugng khoi tuyén tinh va phi tuyén cling nhu dé xuét vé viéc lua chon cac dic
tinh ddu vao cho mo hinh.

3.1. M6 hinh lai [1, 3]

Mo hinh lai hay mé hinh hdn hop 1a sy két hop giita hai hay nhiéu mé hinh,
thuat toan riéng 1¢ v4i nhau dé tang kha nang giai quyét mot noi dung phire tap mot
cach chinh xac va tot hon. Su két hop cac mo hinh phu hop sé& tich hop va bd tro cac
dic tinh wu viét cua ting mod hinh va gép phan lam giam thiéu di cac dic tinh x4u
khong mong mudn xuét hién & timg mo hinh riéng 1é. Trong luin vin nay, tic gia sir
dung mo hinh lai két hop ddng thoi 2 khéi 1a khoi tuyén tinh va khdi phi tuyén nhu
hinh 2.1.

Khéi tuyén tinh

— [

Tin hiéu vao Tin hiéu ra
—
X y=d

Khéi phi tuyén

SN e

Hinh 3.1. So d6 khoi tong thé ciia mé hinh lai [1]

Khi c6 tin hiéu dau vao x thi tin hiéu dau ra tong hop mé hinh s& duoc tinh bang:
d = y = f (x) = Linear(x) + Nonlinear (x) = f,(x) + f,(X) (3.1)

v6i fi(X) 1a khdi tuyén tinh trong mo hinh
f,(X) 1a khéi phi tuyén trong mé hinh
a) Khéi tuyén tinh
Khéi tuyén tinh trong mé hinh duoc gia st ¢ vée-to tin hiéu dau vao (x), véi

X=[X0 X0 %] 13 cac s Tigu qua khir, véi céc hé sb tuyén tinh ai duoc xéc dinh dé

tinh toan tin hiéu dau ra la d.

Ta co: i=1

Khi ta c6 tdp mau (p >1) ciia khdi tuyén tinh s& c6 dang:
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Xy :[X111X12’---’ Xln]’dl
: (3.2)

Xp = [xpl, Xp2smees xpn]dp
Pam bao diéu kién khi ta dua X; v6i cac hé sb a; ta thu duge tin hiéu dau ra cua

khdi tuyén tinh x4p xi bang tin higu d;. Twong tw nhu v&i Xy, X ..., X, .Ta thé hién tin
hiéu dau ra (d) dudi dang hé phuong trinh tuyén tinh tong quat:

Ay + X118 + Xo X+ + X8, = d;
Ay + X918y + Xoo Xy +...+ X8, = d,

(3.3)
g + Xp18y + Xppdy .+ Xppdy 2 d,,
Chuyén hoa hé phuong trinh (3.3) vé dang ma trn ta s& co:
Xmp Xn2 an _ —ak— —dp—
X1 X2 Xip & dy
< X1 X X5 a d,
Tadat: X=| "2t "2 Plia=| 2l;d=] .
d
| X1 Xp2 ..o Xnp | S L P

Khi d6 (3.4) sé twong duong voi: X-a=d
Bai toan dat ra phai xac dinh cac hé sb a; sao cho gia tri xép xi tot nhat. Khi d6
nghiém ctia hé phuong trinh nay duoc xac dinh tir bai toan t6i uu hoa sai sb.

|d =X -2y | =minfd - X 2] (3.5)

Luan vin nay s& st dung phuong phap binh phuong cyc tiéu xac dinh gia tri sai
50 toi thiéu.

Phuong phéap binh phuong cuc tiéu 1a phuong phap thuong duoc st dung dé
giai xap xi cac hé phuong trinh ma trong d6 sb phuong trinh nhiéu hon sé an. Co s& Iy
thuyét cua phuong phap 1a xac dinh xdp xi nghiém bang cach tdi thiéu hoa sai sb
thuong dugc xac dinh bang mot ham béc 2.
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Xét h¢ phuong trinh tuyén tinh véi n an va m phuong trinh ta c6 diéu kién dé
thuc hién phuong phap (m>n).

{xeR"|X-a=d},véi XeR™",deR"

0 day X la ma tranmxn, a va d cac la véc-to.

Vi bai toan ¢ dang nay duoc xem 13 vo nghiém. Vay dé X-a=d thi véc-to d
can phai 13 t6 hop tuyén tinh cuia cc cot trong ma tran X, hay d e range(X). Trong d6
véc-to d thudc khong gian m chiéu, trong dé, sb chiéu 16n nhat ctia ma tran X chi 1a n.
Nén ta c6, d e range(X) dugc coi la trudng hop dic biét duge gan gia tri.

Vi vy trong truong hop tong quat, ta s& khong di tim nghiém cta hé phuong
trinh, thay vao do ta cuc tiéu hoa véc-to sai sd. Véc-to sai s6 nay duoc tong quat hoa
dudi dang sau:

Hd—x-aoptH2 :r:mxin||d—X-a||2 (3.6)

voi reR™, vée-tor duoc lya chon sao cho c6 gia tri nho nhat bﬁng cach chon gia tri a
thich hop.

Pé giai bai toan binh phuong cuc tiéu ta cé rat nhidu phuong phap tac gia xin
dua ra mot s6 phuong phap thuong duoc ap dung hién nay nhu: giai bai binh phuong
cuc tiéu theo phuong phap Cholesky, theo phan tich QR va theo phén tich SVD.

e Thudt toan phan tich Cholesky phan tich ma tran X xac dinh duong thanh
tich cua hai ma tran.

X'-X=R'"-R (3.7)

v6i R 12 ma trdn tam giac trén. Phuong phap nay c6 wu diém téc do xur 1y tinh toan
nhanh, c6 khéi lugng tinh toan 16n, qué trinh thyc hién phuc tap, yéu cau diéu kién
tich clia hai ma tran X' "X phai di hang va c6 tinh 6n dinh. Sai sé ciia phuong phép
nay s& cao hon hai phuong phap QR va SVD do sai s6 duoc 1am tron.

e Phuong phap QR: 1a dya trén viéc phan tich ma tran
X=Q-R (3.8)

vo1 Q 1a ma tran tryc giao, R 1a ma tran tam gidc trén. Phuong phap QR co tde do xur
Iy cham hon so véi phuong phap Cholesky, nhung phuwong phap nay c6 thé xtr 1y t6t
céc bai toan c6 ma tran X khong di hang dong thoi tinh 6n dinh cao hon so véi
phuong phap Cholesky.
e Phuong phip SVD (Singular Value Decomposition) dugc hiéu nhu sau: véi
moi ma tran X c6 phan tich SVD la:
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X=U-S-V' (3.9)

thi ma tran X" =U-S"-V'1a ma trdn nghich ddo ciia m& rong cia X. Vi S* 1a ma
tran nghich dao cia S. Phuong phap 13 mot céng cu rat manh dé giai quyét cac bai toan
khi ma tran X c¢6 do on dinh thap. Viéc sir dung phuwong phép nay sé& cho két qua chinh
xac hon va on dinh cao hon.

Trong luan vin tac gia dé xuat st dung phuong phap binh phuong cuc tiéu dé
xay dung khéi tuyén tinh va sir dung phuong phap phan tich gia tri ki di SVD d¢é giai
quyét bai toan binh phuong tdi thiéu.

Khéi tuyén tinh f(X) dugc dé xudt xac dinh dau tién. Cac s6 liéu dau vao co
anh huong 16n, quyét dinh dén két qua uéc luong tuyén tinh s& duoc st dung lam sd
liéu dau vao dé ctia mo hinh phi tuyén f,(x).

b) Khoi phi tuyén

Giai quyét bai toan phi tuyén 13 viéc xac dinh gia tri gan dung. Viéc udc luong
va xac dinh cac thong s6 cia mo hinh phi tuyén: Qua trinh xac dinh cac thong sb cua
mo hinh phi tuyén 1a mot qua trinh toi wu héa sai s trén cac s liéu mau cho trudc.

Khéi phi tuyén trong mé hinh dé& xudt duoc gia sir voi tin hiéu dau vao 1a (x),
vOl X = [Xl, Xoyueny Xn] 1a céac sb li¢u quéa khtr va bﬁng tin hiéu dau ra cua khoi tuyén tinh
la (d) véi d=[d;,d,,...,d,] vay ta xdy dung khéi phi tuyén f,(X) véi dau ra tin higu
la y(t+l) ~ d(t+l)

£,(x) ~d — f,(x) (3.10)

[Xi.-'] :di.-']] }.i[—'.] N di[—'.l
> A1) >

Hinh 3.2. Khoi phi tuyén & dang tong qudt[1]

Khi x4c dinh dugc gia tri f,(X) ta thuc hién loai thanh phan nay ra khoi cac s6
liéu dau vao dé nham chi giir lai khéi phi tuyén trong tin hiéu cua d6i tugng dau vao.
Tin hiéu con lai ndy s& dugc dung dé huin luyén mé hinh phi tuyén.
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fix)

X ;
fax)

/ e=fix) - [d-f1(0)]

)

A 4
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Hinh 3.3. Khoi phi tuyén két hop véi sai s6 dau ra ciia khoi tuyén tinh [1]

Sai s6 dau ra cta khoi tuyén tinh duoc xac dinh nhu sau:
1L 2 ]
EZEZH fo(x;)—(d - fl(xi))H — min (3.12)
i=1

Hién nay, c6 rat nhiéu phuong phap uéc lugng khoi phi tuyén dugc sir dung
nhung mdi phuong phap déu cé nhiing wu viét va nhugc diém vé do phirc tap trong
tinh todn, mirc d§ chinh xac. Viéc lua chon iing dung mang no-rén vao xu 1y bai toan
khéi phi tuyén dua trén cac wu diém sau: tinh mém déo trong tinh toan, dé thich
nghi... Ngoai ra, mang c6 tinh ing dung da dang trong nhiéu linh vyc. Pic biét 1a cac
bai todn nhén dang mau, XU 1y, loc dir liéu, diéu khién va du bao. Ung dung ctia mang
no-ron dugc chia thanh cac hudng sau:

e Xu ly ngdn nglt nhu: Xur 1y ngdn ngilr tu nhién

e Nhan dang mau

Nhéan dang doi tuong tuyén tinh

Nhén dang ddi tugng phi tuyén

e X Iy tin hiéu: Diéu khién ty dong...

e Loc va phan loai dir liéu

- Chén doan bénh

- Tim kiém

e Du bao:

- Du bao céc yéu tb méi truong

- Du bdo phu tai dién

Nhan thay dugc nhitng huéng va kha nang ing dung rong rii ciia mang no-ron.
Tac gia da st dung mang no-ron nhan tao cu thé 1a mang no-ron truyén théng nhiéu
16p 1am cong cu xir Iy khdi phi tuyén ctia mé hinh dé xuat.
c) Mang MLP
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Mang no-ron nhan tao ANN (Artificial Neural Network) dugc thiét ké dua trén
mot s tinh chét ciia mang no-ron sinh hoc duge ing dung rong rii trong nhiéu van dé
k¥ thuat. Pay 13 mot phuong phap t6t dé giai quyét cac bai toan trong xur 1y tin hiéu.
Mang no-roén nhan tao c6 cac dac tinh wu viét sau:

e (6 kha ning tao ham truyén phi tuyén da bién vé6i d6 chinh xéac cho trude.

e Ciu tric mang no-roén dang truyén thing va cu tric c¢6 phan hdi d& dang lira

chon cho cac dbi tuong co6 déc tinh c6 nhd hoac khong c6 nhd.

e Trang bj nhiéu thuit toan hoc cho mang gitip ting kha ning diéu chinh thich
nghi cc thong s dé thich nghi véi cac bo sd liéu tinh hodc dong phu hop
hon vé6i yéu cau bai toan.

e (6 kha ning tong quat hoa dé hoat dong hiéu qua véi cac tin hidu dau vao
m&i, chua xudt hién trong qua trinh xay dung mé hinh.

Bén canh nhitng uu diém trén mang con ton tai mot sd nhiing nhuogc diém sau:

e DGi v6i mo hinh mang 16n nhiéu 16p d6 phirc tap 16n dén téi thoi gian xir 1y
lau.

e BJ trong s6 thu duoc thuong chua tdi wru toan cuc

e Qua trinh hoc thu dugc cé thé xay ra truong hop khong hoac héi tu cham do
vay can két hop thém cac thuat toan hd tro dé tang kha nang hdi tu cho mo
hinh.

Mang no- ron véi vu diém c6 kha niang hoc dudi nhiéu hinh thirc, tong quat hoa
dir liéu théng qua mau hoc va ciu tric tinh toan dua trén lién két nhiéu 16p xir 1y da
dang duogc lién két chit ché v6i nhau tao nén tinh mém déo cho mo hinh. Bo sd liéu
hoc mau ctia mang no-ron 1a nhiing s6 liéu cu thé.

Mang no-rén MLP 1 mot mang truyén thiang véi cac khdi co ban 1a cac no-rén
MCCulloch-Pitts. Mot s6 yéu cau vé ciu tric mot mang MLP:

e Mot mang MLP ¢6 n 16p v6i (N=2).Trong d6 gdm c6 mét 16p céac tin hiéu
dau vao (Input layer). Mot 10p cac tin hiéu dau ra (Output layer) va mot
hodc nhiéu 16p an trung giang gitta diu vao va dau ra (Hidden layers)

e Trén cung mot 16p s& khong cé sy lién két gitta cac no-ron. Cac ghép nbi
lién két s& duogc tao sao cho tin hiéu truyén thang tir dau vao dén dau ra.

e Céc no-ron trén cing mot 10p ¢6 ciing chung mot ham truyén dat.

Hoat dong co ban ciia mang MLP: Lop dau vao nhan tin hiéu dugc khuéch dai,
xéc dinh tong trong sd két néi W; va guri t6i ham kich hoat f (activation function). Két
qua ctia ham truyén duoc truyén téi cac no-ron cua 16p dau tién. Tai ddy cac no-ron s&
nhan tin hiéu, xur 1y va tiép tuc giri két qua dén 16p no-ron tiép theo cho dén 16p cho tin
hiéu dau ra.

Qua cac bao céo va nghién ctru d3 chimg minh dugc théng thudng chi can sir
dung da s6 1 16p an hodc t6i da 2 16p an dé md hinh hoa mot ham phi tuyén véi do
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chinh xac tiy chon. Viéc st dung qué nhiéu 16p 4n s& phirc tap mo hinh. Trong khuén
kho dé tai tac gia dé suat sir dung mang MLP v&i mot 16p an.

Lop Lop &n Lép an Lop
dau vao thir nhét thit hai daura

Hinh 3.4. M6 hinh mang no-rén truyén thang véi hai I6p dn [3]

Mot dic diém co ban cia mang MLP mot 16p an:

e Mang MLP 1 16p an gdm cé: N dau vao tin hiéu, M sé no-ron thudc 16p 4n
va K s6 no-ron 16p dau ra.

e Trong s ghép ndi 16p dau vao 16p 4n duogc quy ude 1a Wij véi i=1,2,....M
vaj=1,2,....N. Trong sb ghép ndi 16p an vé6i 16p dau ra 1a Vij véi i=1,2, ....K
va j=1,2, ...M. Tt d6 ta xac dinh dugc ma tran trong sb cac ghép ndi dau

5 Mx(N+1) ‘. ) \
vao 16p an 1a WeR va ma trn ghép ndi 16p 4n va 16p ddu ra
Ve RKX(M +1).

e Ham kich hoat 16p an fl, ham kich hoat 16p dau ra f2 :

W] V]

Hinh 3.5. M6 hinh mang no-rén truyén thang véi mét 16p an [3]

Ta c6 véc-to dau vao x =[x, x,...,X,]€ RN véi dau vao phan cuc c6 dinh xp=1.
Pau ra cua tin hiéu duogc xac dinh tuan ty theo chi€u lan truyén thuén nhu sau:

1. Téng céc kich thich diu vao cua no-ron an thi i (voii=1,2,....M):
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M
j=0

2. Tong dau ra ctia no-roén 16p an tha i (véi i=1,2,...,M):

Y \ ~ , A . V=1 .z A  n .2
Ta coi dau vao phan cyc cho cac no-ron 16p ra la 0 dé thuan cho viéc biéu
dién cong thuec.

3. Tong kich thich dau vao cta no-ron dau ra tht i (véi i=1,2, ..., K):
M
j=0

4. Tinh toan dau ra tht i cua mang (voi i=1,2,...,K)

Ta xac dinh dugc ham truyén dat cia mang MLP 1a mot ham phi tuyén:
N
j:

yi =f,(g;) = f{ivjvﬂ]— fz[jMZO fl(uj)vijj— fz[zo{fl(kiokajk jvij D

(3.15)
3.2. Chon dic tinh d4u vao ciia md hinh dw bso [1, 3]

Trich chon dic tinh dau vao 13 mot bude rat quan trong trong qua trinh nhan
dang, diéu khién tin hiéu hay du béo... sau khi dugc thu thap bﬁng cach loai bo nhiing
thong tin ddc trung cé rat it hodc khong c6 thong tin dy doan. Céc gia tri dugc chon
loc hd tro rat 16n cho qua trinh xur 1y, nhan dang tin hi¢u. Trich chon tin hi¢u dau vao
giup 1am giam kich c& cua khong gian dic trung, loai b cac tin hiéu nhiéu, thira tir
qué trinh do mang lai. Trong da sb cac phuong phap chon dic tinh dau vao tin hiéu dé
dam bao tdng do chinh xac va lam giam tinh phtrc tap cua cac thuat todn phai dam bao
yéu cau sau:

e (Cdc véc-to dac trung cua doi tuong duogc chon can phai dam bao nhé va gon

hon nhiéu so voi ddi trgng gbe nhung van dam bao dugc thong tin.

e Thoi gian tinh toan cc dic trung phai pht hop véi thuc té ap dung, khong
qua phirc tap dé giam hiéu qua hoat dong va ting thoi gian dép Gng cta hé
théng.

e Tap thong tin duoc chon cé thé phan biét twong dbi 16 rang véi cac tap
thong tin khac.

e Tin hiéu thu thap dugc tir cac thiét bj do phai co gia tri trong dong, dai gia
tri phan tac it, com cym.
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Khéi trich chon d&c tinh
(Features Extraction)

Bac tinh 1
— 40 : >
N Déac tinh 2 Véc-to dac tinh
X 2 > X=[x4, X5, X] >
L ]
[ ]
[ ]
Pac tinh N

Hinh 3.6. Cdu triic khéi trich chon ddc tinh [1]

Qua trinh trich chon dac trung bao gém cac budc co ban sau: Bo dir liéu dac
trung dau vao, sinh tap con, danh gia tap con, dicu kién ding trich chon va két qua.
Céc bude trén dugc thé hién theo hinh 3.7,

Dir liéu dic i W= Danh gia Dic tinh dAu vao phi
treng diu vio Sinh tip con 5 cha hop véi mo hinh chra?
No

Hinh 3.7. Cdu triic téng quat cac budc thuce hién trich chon dac tinh

Céac phuong phép chon loc dic tinh duoc tong quat hda bang cac bude sau: lua
chon trong s6 cua cac dic tinh. Trong do6, dac tinh c6 trong sb tot nhat s& duge chon dé
ap dung vao bai toan ciia mo hinh. Phuong phap trich chon thudc tinh phu thudc vao
céu trac cua bd dit liéu va thuat toan duoc dung dé sir dung dé khoi tao mo hinh. Cac
k¥ thuat chon dac tinh thuong duoc s dung trong cac bai toan bién ddi phi tuyén.
Hién nay, co rat nhiéu phwong phéap st dung dé trich chon dic tinh ta c6 hai hudng
tiép can dién hinh 1a: Filter va Wrapper.

a) Mo hinh theo huong Filter:

Huéng tiép can Filter 1a viéc danh gia timg dic tinh bang mot s tiéu chuan, sau
d6 chon ra tap con cac gia tri co dugc danh gia cao nhat. Hudng tiép can nay, thuc
hién viéc trich chon dic tinh trudce sau d6 méi str dung thuat toan dé phan 16p.
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Dt liéu || Tao Bo danh .| Thudt toan
dauvao | |tap con | |gid phan 16p

Hinh 3.8. Cdu triic mé hinh theo hiéng Filter

e Uu diém cua huéng tiép can nay la: d& dang nhén dién va thoi gian thuc
hién it hon moé hinh Wrapper, khong ¢6 qua trinh xt Iy hoc may trong viéc
Iwra chon dac tinh.

e Nhuoc diém: Kha nang tao ra cac tap con dac trung ¢ mirc thép. Cac ham
danh gia & cic pham vi nhét dinh dan toi két qua thu duoc giam do chinh
xac cua vi¢c hoc trong giai doan sau.

b) M6 hinh theo hwong Wrapper
Hudng tiép can Wrapper st dung mot thuat toan tim kiém dé danh gia mot
nhom (tap con) cac thudc tinh thay vi danh gia tung thudc tinh nhu Filter. Thong qua
viéc xac dinh ty 1€ thuc hién danh gia do tdt, x4u cua tap con dac trung.
e Uu diém: hiéu suit hoc cao hon hudng Filter.
e Nhuoc diém: Thoi gian hoc 16n, két qua danh gia phu thudc vao thuat toan
hoc. it dugc 4p dung hon hudng tiép can Filter.

B0 sinh tédp con

Dit lidu

i Panh gia thudce tinh >{ Thudt toan hoc may
ddu vao

Thudt toan phéan 1ép

Hinh 3.9. Cdu triic mé hinh theo huéng Wrapper

Sau day 1a mot s6 phuong phap trich chon dic tinh thudng duoc st dung trong
cac cac bai toan xay dyng mo hinh du béo hi¢n nay:

3.2.1. Phwong phdp phan tich thanh phdn chinh — PCA

Mot trong nhitng phuong phép phan tich dir liéu nhiéu bién don gian nhét hién
nay khong thé khong nhic t6i phuong phap phan tich thanh phan chinh PCA
(Principal Component Analysis). Pay 1a mt phuong cho phép nguoi dung dua dir licu
tor khong gian co s6 chiéu 16n khong thé xay dung mo6 hinh dya trén bo s6 lidu do vé
khong gian co s6 chiéu nho hon. Hon thé nita PCA con c6 mdt sd dic tinh wu viét sau:
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e PCA xiy dyng mot khong gian méi it chiéu hon, nhung van dam bao kha
nang dién dich dir liéu tot twong duong khong gian cii. Hodc ¢ thé néi PCA
dam bao d6 bién thién cta dit liéu trén chiéu moi xay dung.

e Truc toa do ctia khong gian mdi chinh 13 t6 hop tuyén tinh cua khéng gian cil.

e Céc lién két tiém an ctia bo dir liéu co thé duogc chon loc, phan tac ra &
khong gian méi tot hon va d& dang hon khong gian cii.

———— =
‘-sn:.

Hinh 3.10. Khéng gian méi dwoc tao ra qua phép bién déi PCA [1]

Bén canh nhirng dic tinh tét PCA ciing mang mot s khuyét diém sau:
e PCA dua toan bd trén cac bién doi tuyén tinh.

e Nhay cam véi cac diém riéng biét va vo cung (ourlier/extreme).

e Chi sir dung trong méi trudng dit liéu s6 (numeric).

e Xay dung thuit toan twong dbi phirc tap.

3.2.2. Phwong phdp phan tich sw khdc bigt tuyén tinh LDA

Phuong phap phéan tich sy khac biét tuyén tinh LDA (Linear Discriminat
Analysis) thuong duoc sir dung dé giai quyét cac bai toan phan 16p dbi tuong dau vao
trong mot hay nhiéu 16p di duoc xac dinh ddc trung. Vi hai 16p phan tich khac biét
trd 1én phuong phap nay s€ dugc goi la phan tich da khac bi¢ét (Multiple Discriminat
Analysis - MDA).

Muc dich ctia phuong phap 13 phéan loai ddi twong (nguoi, vat,...) vao mot hoic
nhiéu 16p dugc xac dinh trude dua trén cac dic trung dung dé mo ta dbi tuong. Hay co
thé noi tir tap cac thudc tinh mo ta ddi tuong ban dau tim ra céc thudc tinh tét dé biéu
dién cho d6i twong lam giam sai sé biéu dién dbi tuong.

Mot sb vu nhuoc diém cua phuong phap:

e Uu diém: phuong sai thfip, lam viéc tot khi s6 mau 16n. Pat hiéu qua cao

hon khi dua ra dugc mo hinh phu hop.

e Nhuoc diém: Khi sb luong mau huén luyén it hon so vdéi kich thude khong

gian dic trung s& giap kho khin trong viéc hudn luyén.
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3.2.3. Phwong phdp phdn tich gia tri Ky di (SVD)

Nhu nhitng phan tich so bd & (phan 3.1 ciia Chwong 111). SVD 1a mot trong
nhirng phuong phap tinh toan manh trong dai s6 tuyén tinh, dwgc tng dung rat nhiéu
trong viéc phan tich, xu 1y tin hiéu va thong ké.

Mot sb ddc diém wu viét cua phuong phap

e Giai thuat SVD cho két qua c6 sai s6 nho

e Giam s6 chiéu mé hinh.

e Hon thé nita phuong phap con hd tro trong viée xac dinh gia tri cuc tiéu toan
cuc trong hé da phuong trinh tuyén tinh.

e Phan tich t6t mbi quan hé khac nhau cac phén tir trong bo dit liéu gbc

e Giai quyét hiéu qua cac bai toan lién quan dén tinh toan ma tran.

e SVD dung dé x4c dinh va sip xép cac chiéu véc-to sao cho cac dit lidu c6 su
chénh léch nhiéu nhat.

e Dbi v6i ndi dung luan vin phuong phap SVD cho phép x4c dinh cac sir
dung SVD dé xac dinh hé s6 a trong mo hinh dy bao tuyén tinh va dé phan
tich thanh phan dau vao cho mé hinh du béo.

Tir nhitng phan tich kha ning, wu nhuoc diém cua cac phuong phép trich chon
dic tinh, trong luan van nay tac gia sir dung phuong phap SVD dé chon dic tinh cho
mo hinh du bao.

3.3. Ung dung giai thuit SVD xay dung khoi tuyén tinh [3]

Trong dai s6 tuyén tinh, giai thuat phéan tich gia tri ky di SVD 1a mét trong
nhitng phuong phép tinh toan manh duoc tng dung rat nhiéu trong viéc phan tich, xu
1y tin hiéu va théng keé.

Ta c6 dang tong quat ciia mot hé phuong trinh tuyén tinh nhu sau:

allxl +8.12X2 ++alka :bl

A X + 8 Xy +.o Ay X =D,

Hé phuong trinh tuyén tinh trén cé thé dugc viét dudi dang phuong trinh
ma tran:
A-x=b (3.17)

v6i A 12 ma trin chta cac hé sb a;; (1 1a thanh phan cot, con j 1a thanh phan hang cia

ma tran A, X 1a véc-to ¢ chir cac bién Xj, b 1a véc-to co chura céc hang s6 b;. Qua d6
phuong trinh (2.2) duoc viét dudi dang ma tran nhu sau:
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Ay 9 A || % by
dy; Ay Qi || X2 _ b, (3.18)
_anl Ao .- ank__Xk_ _bn_

Xét bai toan hé phuong trinh tuyén tinh dit ra cia mo hinh du bao dé xuét trong
luan van ta ¢ sd bién k nhé hon so voi hang r cia ma tran. Vay ta s€ c6 hé phuong
trinh tuyén tinh da 4n ctia mé hinh dé xuat giai bang phuong phép phén tich gia tri ky
di SVD.

Giai thuat SVD duya vao dinh 1y dinh 1y sau cua dai sb tuyén tinh: Cho ma trén
A c6 kich thuéc mxn gdm m hang va n cot (A e R™") véi didu kien m> n Ta co:
A >0 la gia tri riéng ctia ma tran AT A va véc-to riéng tuong tng.

Gia tri ky di cua ma tran A dugc xac dinh nhu sau:

o=% =l Ay | (3.19)
voi: /; 1a gia tri riéng thu i, vila gia tri véc-to riéng twong Gng thi i.
Tir didu kién % Z0vay ta s6 c6 véimoi 3 M A2 24 >0 4=0 (45

O-r+l:O-r+1:-":Gn :0

0120;2...20; >0 o

r ta suy ra:
Ma tran Ay, s€ ton tai 2 ma tran truc giao U e R™" va V e R™" sao cho
U"-A-V=diag(oy,...,0,)eR™" (3.20)
Céc cot cia ma tran U va V 1a cac véc-to ky di trdi va phai tuong ung. Véi
A=U-S-V' (3.21)
Vi S €R™" 1a ma trén dudng chéo diag(oy,...,o, ) c6 dang sau:

D
mxn = : . 1| voi Dy, =

0 -0 0 - o

o - 0 o - 0

Ma tran V xac dinh bang véc-to riéng cta ATA: V= [V, VooV ]
Ma tran U duogc xac dinh nhu sau.

Cac o; co gia tri 1€(L1). Ta xac dinh gia tri U; nhu sau:
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Oj
Ta xac dinh dugc cac gia tri ma tran U =[u,,U,,...u,] véi (m>r).
Ta sé& giai quyét bai toan toi wu hoa sai sé:
Xx=X=A"-b (3.23)
v6i A" 1a ma tran gid nghich ddo cia A™")thi ta c6 || A.x—b| dat gid tri nhé nhét va

| X || ¢6 d6 16n nho nhéat. Ma tran A™" véim>n ta x4c dinh dugc ma tran gia nghich

dao A". Theo phan tich SVD cuia ma tran A theo cong thirc (3.20) ta s& co:

A" =Vv.5".U (3.24)
st —diag(L, L Lyermm
%! 01 92 Oy la ma tran gid nghich ddo cua ma tran S.

Pé xac dinh duoc gia tri || X || ta thyc hién theo 5 budc co ban dudi day:

e Budce 1:Tim cac gia tri riéng 4 va xac dinh cac gia tri ky di i cua tich 2 ma
TA s oL
tran AT A bing cach giai phuong trinh JELA-4-1)=0

.
h (A"A=2-1)-x=0 tim cac véc-to

e Budc 2: Thuc hién giai phuong trin
riéng vi tur do ta xac dinh dugc ma tran Vva VT
e Budc 3: Xac dinh cic véc to ui ma tran U qua cong thic s (2.21)

e Buodc 4: Xéac dinh duogc dang khai trién cta ma trin A theo SVD:

T
A=U-S-V' v d6 xac dinh dugc ma tran gia nghich ddo A+.
e Budc 5: Tim gia tri nghiém x4p xi t6t nhat ctia phuong trinh:

x|

= A*-b (3.25)

Vi du 2.1: giai hé phuong trinh véi 3 phuong trinh va 2 an sb:

X+2y=06
—4x+2y =1(l)
X—-y=1

Loi giai:

H¢ phuong trinh (I) tuong duong véi dang phuong trinh:
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1 2 6
3 -1 1
Gia tri riéng A ciia ATA la: A =29,88
A, =512
Ta co gia tri ky di cua ma tran A la: o3 =\/Z= 29,88; 0, :M:m
-0,41 -0,76
29,88 0 + |-0,40 -0,92
Sox3 = =V = ; U<l _0o0a 124
0 512 -0,92 -0,40
-0,05 -1,04

Vay ta c6 ma tran

-0,41 -0,76

T 29,88 0 ||-0,40 -0,92
A=U-S-V =/-0,04 124
0 5,12 -0,92 -0,40
—0,05 -1,04

Ma tran gia nghich ddo A" duoc viét nhu sau:

1
—_ 0

A oy.gh T | 7040 —0.92]) 29,88 -0,41 -0,04 -0,05
~0,92 —0,40 1 |-0,76 1,24 -1,04

5,12

+ 1014 -0,22 0,19 _10.82
0,07 -0,1 0,083 0.42

3.4. Ung dung mang MLP xay dung khdi phi tuyén [1, 3]
Trudce hét ta xét bd s6 liéu mau cua mang. V&1 mang MLP bd s6 liéu mau duge
cho dudi dang véc-to dau vao va véc-to dau ra twong tmg {x,d;} voi

i=1,2,...p,x; eR";d, eR¥.

x,
——P| Déitrong f——7p

3| Mang MLP |—»

Hinh 3.11. Xdc dinh mang MLP xdp xi ham truyén ciia doi tiwong [1]

Hoc vién: Lé Ngoc Tudn 31 Chuyén nganh: Ky thudt dien tu



Truong Pai hoc Sao Do Ludn van Thac st

Khi cho véc-to dau vao x; thi dap tng dau ra cia mang s€ xap xi gia tri dich cho
trudc voi gid tri sai sO tién tdi mot gia tri cuc tiéu nao dé cia ham muc tiéu duogc thé

hién qua cong thire (2.12) v6i ||. || 1a chuin khoang cach.
13 2 :
E:EZHMLP(xi)—diH — min (3.26)
i=1

Mot s6 chuan khoang cach dugce st dung trong mang no-ron nhu sau:

N
Cong thuce O-clit: x,ceRN :d(x,c)=llx—cl= /Z(xi —c)? (3.27)
i=1

Tich v6 huéng d(x,c) =1—x-c=1-xl-[lc[- cos(x, c) (3.28)
Khoang cach N
d(x,c)= ) |% —C; 2

Manhattan (x.c) §| ¢ (3.29)
Khoang cach d(x,C) = max |x —c

V)= i i 3.30
Chebyshev |=1+N‘ =G (3.30)
Khoang cach

(3.31)

Minkowshi

Dé xac dinh mang MLP dé tai tao lai bo s liéu bao gém xac dinh cac thong )
cAu tric va trong s6 ghép ndi ta thuc hién theo cac budc sau:
e Xac dinh s6 kénh dau vao N bﬁng kich thuéc cua cac véc-to xi, xac dinh sb
kénh dau ra bang kich thudc cua véc to di.
e S6 10p an duoc sir dung: trong ludn vin xét truong hop mang c6 1 19p an
han ché d¢ phirc tap va bac phi tuyén cao.

Ham truyén Muc dich sir dung
. 1_ e—au
Lép dau vao tansig: f(u) =
1+e™
. i —e Tao ra cac tin hiu tron
Lép an tansig: f (u) = 1-e ) ’ g
lre ™ doan [-1,1]
—au
tansig: f (u) = 1-e
1+e
L&p dau ra ) 1 Tao ra céc tin hi¢u trong
logsig: f(u)=
14 doan [0,1]
Ham tuyén tinh Tao tin hiéu dau ra &
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ngoai doan [-1,1]

e Trong sb ghép ndi gita cac 16p ciia mang MLP: ta xét mang véi 1 16p an
vay ta xac dinh 2 ma tran trong sd ghép nbéi W (giita I6p dau vao va I6p dn)
va V (giita I6p dn va I6p dau ra). Viéc diéu chinh cac trong sd ghép nbi sao
cho phu hop va dua ra dugc dap ung dau ra ciia mang gan giéng véi gia tri
mong mudn. Ta c6 thé sir dung mat s6 thuat toan sau:

a) Thudt toan budc giam cuc dai:
V61 thuat todn budce giam cuc dai, cac gia tri trong s6 dugc khai tao béng gia tri
ngau nhién: [W]= [W](O) [V]= [V](O) . Ta xé4c dinh diém cyc tri cua ham muc tiéu E

qua cong thirc thay di cac trong sd trong hai ma tran W va V nhu sau:

ok
Wi = w2

oW,

o (3.32)
V(t+1) _ V(t)_ﬂ
aff af 5Va/g

Do I¢éch gitra véc-to dau ra yi cua mang va véc-to gia tri dich d; dugc tinh béng
cac cong thirc tinh chuan khoang cach da néu & trén.

Theo cong thire (3.12) dén (3.15) va (3.26) thuc hién bién doi ta dugc phuong
trinh sau:

OE p K ay
=2 (Vi i) (3.33)
Nop T3 Nop
ayij agu N aij
Vi =f,(gi | ——=1,( g Vi 3.34
ol 5Va/; Z(QU)aVaﬂ 2(glj)kzz(:) ik avaﬂ ( )
Tacod j=ava K=/ thi Yy =1; Yy =0 trong céac trudng hop con lai.
Nyp Ny
Vay cong thie (3.34) s& duoc viét lai nhu sau:
OB P
8V gl yla - Ia) 1:2 (gla) i (3'35)

Phuong trinh (2.33) duogc viét lai nhu sau:

p
—_ZZ(y,J dij ) £ (95 )V F1 (Ui ) X (3.36)

i=l j=1
Tur cong thue (2.36), ta tién hanh diéu chinh cac gié tri ctia hai ma tran W va V
dé xéac dinh cuc tiéu ciia ham sai sd.

b) Thudt toan Levenberg — Marquadt
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Trong bai toan tuyén tinh ciia md hinh dugc dé xuit tac gia sit dung phuong
phap binh phuong cuc tiéu dé t6i wu hoa sai s6 mo hinh. Trong trudng hop khdi phi
tuyén bai toan c6 thé giai bang thuit toan Levenberg — Marquadt.

Thuat todn Levenberg — Marquadt c6 kha nang cai thi¢n tdc dd hoi tu hay tdc do
hoc ctia mang no-rén. Ta c6 cong thirc diéu chinh cc trong s ctia mang nhu sau:

-1
WD Z WO _ U[H (W(t) ﬂ g (W(t)) (3.37)
-1
VD _yO _ U[H (V(t) )} g (V(t) ) (3.38)
trong do:
® O , < Wi,V
W, VP 1a cac ma tran chira trong so ghép noi Wi Vi tai budc lap thir (t)

trong qué trinh diéu chinh thich nghi.

. 9W) va g(V) 1a cac véc-to gradient cia ham sai sd theo ting trong s6
trong ma tran.

H(W)

trong s tlr cac ma tran W va V tuong tng.

o va H(V) 1a cac ma tran gradient bac 2 ctia ham sai s6 theo ting cip

Pé xay dung mot mang no-rén dap tng di yéu cau cong nghé ciia bai toan phi
tuyén can day du cac budc co ban sau day:

1. Méu sb liéu chia lam hai bd: b s6 liéu hoc va b s6 liéu kiém tra. D¢ don
gian cho qua trinh chia s6 liéu ta co thé thuc hién chia xép xi ngau nhién 2 bo s6 litu
hoc va kiém tra. Nhung dbi véi cac truong hop phuong phap chia ngau nhién khong
cho két qua cao, ta thyc hién chia bo s6 liéu theo mot trong cac phuong phap sau:
phuong phap Cross-Validation, Bootstrapping...

2. Lya chon thuét toan pht hop nhit dé xay mang cho tip sé liéu hoc. Trong
qua trinh xay dung mang ta can giai quyét 2 van dé sau:

e Xay dung ham anh xa phi tuyén giita khong gian dau vao va dau ra sao cho

ham anh xa bao quat day du cac khong gian ctia dau vao.

e Mang c6 tinh tong quat hoa dé dam bao tranh trudng hop hoc qua khop va

hoc it.

1. Kiém tra mang xay dung & budc 2 véi bo so liéu kiém tra. Néu két qua kiém
tra dat yéu cau thi két thuc. Néu khong dat thyc hién budc 4.

2. Thuc hién xay dung mang moi cho phu hop véi bo s6 liéu. Hodc xay dung lai
b s6 liéu cho phu hop.

Trén day 13 trinh ty cac budc dé xdy dung mot md hinh mang phi tuyén co ban
dé dam bao tinh chinh x4c clia mang ta can luu ¥ t6i cac yéu td sau:

e S6 dau vao va diu ra cua mang;

e S0 luong cip mau trong bd so6 lidu hoc;
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e Luong nhidu co trong tin hiéu dau vao;
e DO phurc tap cua ham anh xa;

e CAu triic cuia mang MLP dang xay dung;
e Dang cua ham truyén dat;

Thuat toan hoc;
e Cac phuong phap hd trg qua trinh hoc.
Vi du 2.3: Xét bai toan xét bo s6 liéu x, =0,5;x, =0,2,d =0,7

e Xét mang hai dau vao, mot 16p 4n va mot 16p dau ra;
e S6 luong no-ron 16p dau vao 1a 2;

e S luong no-ron trong 16p an 1a 2;

e Séno-ron dauralal.

Mang s& c6 cau tric 2-2-1 nhu sau:

U,
X Wi 1
1 Vi Vi
Wiz \ y
1 ———>
W U V.

X 2 Waz

1
1+e ™

Ham truyén st dung 1a ham logsig: f(x)=

Thuyc hién chon bd trong ) ngau nhién nhu sau:
v; =0,5v, =0,6

Ta c6 ham sai sO nhu sau:

1 2
E==(y—d
2(y )

Xéc dinh tong dau vao:
u, =0,27

Xac dinh dau ra cic no-ron:
v, =0,528
v, =0,567
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— y =logsig(g) = ;g =0,647
l+e

Ta tinh duoc sai sO nhu sau:

E:%(y—d)z =%(0,647—O,7)2 =0,014

Thue hién diéu chinh sai sd theo phuong phap bude giam cuc dai cong thirc sd
(3.32) véi vV, B.

OE
wid = wl) g —
o PO,
OE

1
v = v g oV,

Thuc hién dao ham 2 vé cta phuong trinh (I) theo Vi«
oE
I (y —d ) ﬂ
v, v,

oE
S —(y—d)yd-yV
N, (y-d)y@-y)v,

oy _0dlogsig(g) _ (-Le™®
o9 o9 (L+e79)?

Ta co
Dao ham phuong trinh (I) theo w«g ta co:

OE
a5
af aff

Thuc hién thay Y =10gsig(g) vao phuong trinh (II) ta cé:

oE 0logsi 0
_(y—d) 2logsiol@) g
oW, og  Oap

OE Y
o ——=(y-d)yl-y)V,.—=
o, (y-d)yd-y), duf

v W =10gsig(uy), v, =logsiguy) , 4.

oE _ : oV,
" (y—d)y@-y)V, -logsig(u, ) (1-logsig(u,)) dap

Tir phuong trinh (I) dao ham hai vé theo V; ta co:
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oE oy
= (v—d)2-
oV, y )avl

OE 69
o —=(y-d)gll-g9)—
N, (y—d)gd-9) ,

Thay céc gia tri y,d, d,09,0v; ta co:

% = (0,647 —0,7)0,604(1—0,604)0,528 = —0,669-10 2

1
Hoan toan tuong tu ta xac dinh duoc gia tri dao ham cua sai s6 E theo Vy:
% _ _719.1073
ov,
Tt cong thirc (2.32) ta ¢o:
oE

(VAORRYA() N
i i n EY)

1
=V, =0,5-15(-0,669-10%) ~ 0,6
=V, =0,6-15(-7,19-10"%) ~ 0,708

Tur phuong trinh (II) ta co:
oE , O
5 —(y-d) 2~ (y-d)f (@)~
aff aff ap
oE oV, +V,V.
> —SE = (y-d)gla- o) ML)
off of
E__ d)g@l-d)v_f'
ﬁm—(y— )9 —d)v,, T(v,)xs
T dé ta c6 dao ham theo trong $6 W11, Wip, Wo1, Wy, nhur sau:
oE
=(y—-d)g@-d)v, f '(u;)x
oW, (y—d)g( v (U)X

=3,35.107*

Hoan toan tuong tu:
oE oE

E _ —4,03-107*; —-8,845.107*: ~-5307-107*
W, W, W,

Chon 77 = 100 ta tinh duoc cic trong sd vao ctia mang nhu sau:

oE

11

=0,1-100-3,35-10~* = 0,0665

Wi =% —7
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Tu’Gng tlI ta co: W12 = O, 24, W21 = O, 39, W22 = O, 45

Vay sau khi xac dinh duoc cac gia trj cia trong sb trong mang ta thir két qua véi
bd trong s6 moi.
Cho x;=0,5; x,=0,3
Ta co:
{ul =Wy X + WX, =0,105 N {vl =log sig(u;) =0,526

Uy =Wy X + WX, =0,33 v, =logsig(u,) =0,582

= g =0,6v, +0,708v, =0,728
logsig(g) =y =0,67~d =0,7

voi Y=
3.5. Két luan chwong Il|

Qua nhiing phan tich vé mé hinh lai, xay dung cac khdi tuyén tinh, phi tuyén va
qua cac vi du cu thé trong chuong III c6 thé thiy duoc viéc st dung mo hinh lai gitra
mang truyén thang nhiéu 16p va phuong phap lua chon gia tri tuyét d6i 1a phu hop sir
dung trong mo hinh du bao cong suat phu tai dién. Udc luong gia tri cta khoi tuyén
tinh s& duoc Gng dung bang phuong phap binh phuong cuc tiéu dugce phan tich dua
vao phuong phap binh phuong cuc tiéu cu thé duoc khai trién bang giai phwong phap
phan tich gia tri ky di SVD. Sau d6 thuc hién loai bo thanh phan nay ra khéi bo sb liu
dau vao véi muc dich chi gitlr lai khdi phi tuyén trong tin hiéu. Céac budc thuc hién dé
xac dinh tin hi€u s€ dugc trinh bay ¢ chuong IV.
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CHUONG IV: XAY DUNG MO HINH, TINH TOAN VA MO PHONG

Tu nhitng phan tich vé md hinh lai trong chuong 3 tap trung phan tich viéc chon
bo s6 liéu dau vao, dau ra, mo hinh dé xuit cua luan van. T d6 xac dinh quy trinh xay
dung mé hinh du bio trong luan vin, xdy dung khéi tuyén tinh va phi tuyén trong mé
hinh lai thyc hién dy bao cong suit dinh phu tai Ppq va day phu tai Py, St dung cac
cong thirc kiém chirng sai s6 ctia mo hinh.

4.1. Xay dung mé hinh dw bao céng suit phu tii
4.1.1. Mé hinh dw bdo céng sudt phu tdi [1,3]
4.1.1.1. Céc s6 lidu dau vao

Mo hinh du bao dugc tac gia Iya chon va dugc trinh bay ¢ cac chuong trén st
dung bd sb lieu cong suat phu tai dién da dugc do véi d ngay. Luan van xay dung theo
huéng du bao cong sudt phy tai P, P theo ngy. Bo so liéu xay dung miu tin
hiéu:

Cong suét dinh phu tai ciia ngay dugc xac dinh: P, (d) = max P(d) (4.1)
i-1—>24
Cong suat day phu tai cua ngay duoc xac dinh: P.n(d)= min P(d) 4.2)
i-1->24

Gia st voi bo s lidu d ngay trén, ta s& st dung s6 liéu (d —X) ngay dau 1am bod
s6 lidu hoc, xdy dung mé hinh du bao véi (d-x) ngay dau va s6 liéu (X) con lai duoc st
dung 1am bd s6 liéu kiém tra.
4.1.1.2. M6 hinh dé xudt cia lugn van

M5 hinh lai ¢6 dau vao 1a P, P, voi dau rala 2 mé hinh dyu bao cong suat
phu tai dién cho P, Ppin. V6i sb liéu ddu vao ciia md hinh 1a s lidu di duoc do
dac. Tin hiéu dau ra duoc xac dinh 1a tong hop cua khdi udc luong tuyén tinh va khoi
wdc luong phi tuyén.

4.1.2. Quy trinh xdy dung cdc mé hinh dw bdo trong lugn vin [1]

Pé thuan tién cho viéc tinh toan va mo phong tic gia da tng dung phan mém
Matlab 2010b ban 7.10. Viéc xay dung mé hinh du bao cong suat phu tai dua trén cac
budc sau:

1. Xay dung mé hinh du béo Py, dwa trén mo hinh lai giita mé hinh tuyén tinh
sir dung thuét toan SVD va mé hinh phi tuyén sir dung mang MLP.

2. Tuong tu ta xay dung mo hinh P;;, dua trén mo6 hinh lai nhu trén.

Sau ddy 1a nhitng phan tich chi tiét dé xay dung mo hinh dy bao cong suat phu
tai dugc dé xut trong luin vin.

4.1.2.1. Xay dung mé hinh dy bao cong sudt dinh phu tai Ppay
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a) Xay dung khéi tuyén tinh
Gia sir voi bo s6 liéu mau {x.,d.} gom p gia tri vay ta, i=12,..., p. Khdi tuyén
tinh trong mo6 hinh dugc xac dinh dya trén co s& tdi uu hoa sai sd E trong bd s6 liéu

mau p. Vay ta s€ co:

p
viihx)=d & E =23 f(x) ¢ =min (4.4)
i=1

Tur day ta thyc hién x4c dinh gia tri cong suét dinh phu tai P, nhu sau:

Pmax(d) ~ 1:Z(Pmax (d —1), Pyin (d _i)'Ttb(d _i))

+i[ail *Prax (d =1) + 85 - Py (d =) + &5 - Ty, (d —i)]
i—1

(4.5)

v6i f,() 1a ham phi tuyén (i=12,..,K), a;la hé¢ sé md hinh tuyén tinh; Ppy, 14 gia
day clia cong sudt phuy tait cia cac ngdy c6 anh huong 16n nhat téi Ppay ctia ngay du
bao d 1a d —i;,d —iy,..., Ty, 14 gid tri nhiét d9 trung binh cta ngay anh hudng nhat dén
Pmax cua ngay d.

Tu phuong trinh trén ta xac dinh dugc P, cua cac ngay trong qua khir va

duogc xac dinh qua hé cac phuong trinh tuyén tinh sau:

3y Prax (K)+ 8y - P (K=1) +... + 8 Py (d = K) = B (K +1)
& Pox(K=D+a, P (K-2)+..4+ag P (d—K+1D) = P, (K+2) 4.6)
a-1' IDmax(Nmax _1)+az ) I:)max(Nmax _2)+---+ Pmax(Nmax - K) ~ Pmax(Nmax)
v6i a=[ay, a,, ... 3k ] 1a hé s6 ctia mo hinh tuyén tinh.
Bién d6i cong thirc (4.6) vé dang ma tran
Prax (K) Prax (K1) ... Poax@ [ & ] [Pux(K+D)]
Prax (K=1) Pax(K—=2) Prax (2) ‘ a | Pax (K+2)
Pmax(K_Z) Pmax(K_B) Pmax(3)
_Pmax(Nmax _1) I:)max(Nmax _2) F’max(Nmax_K)_ _aK_ _Pmax(Nmax)_
4.7)

Qua trinh tim P, thuc hién trong 3 budc sau:
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1. Thuc hién lya chon sb liéu trong qua khir K sao cho véc-to a du 16n. Trong
khuon kho luan vin ndy, tic gia dé xuat sir dung K =60 twong duong véi 2 thang sb
liéu qua khir trude ngdy can du bao.

2. Sau khi c6 dugc K qua khu, ta thyc hi¢én xac dinh véc-to

a=[a, a,, ... ac ] sao cho dat cyc tieu ham sai s0 udc lugng. Ta co:

K
Trnax (@) = D _[8; Ty (A —1)] (4.8)
i=1

bang phuong phap phan tich theo cac gia tri ky di SVD.
Bai toan m6 hinh tuyén tinh trén ta c6 thé dwa vé giai phuong trinh tim nghiém
X cua phuong trinh, theo cong thirc (3.16) ta co:

A-x=b

trong d6 A 1a ma tran ¢ K x N, X twong duong véi g (1=12,...,K) va b twong duwong
v6i gid tri P, coa cac ngdy K+1,K+2,..., N, . Do hé phuong trinh c6 s6 phuong
trinh nhiéu hon s6 an vi vy phuong trinh s& khong c6 nghiém duy nhat. Ta s& giai quyét
bai toan trén dua vao bai toan xac toi wu hoa sai sd, theo cong thirc s (3.23):

x=X=A"-b

v6i A" 1a ma trin gid nghich ddo cia A™") thi ta c6 |A-x —b|| dat gi4 tri nh6 nhat va
X || ¢6 do 16n nho nhat.

Theo phan tich SVD ctia ma tran A, tir cong thire sb (3.23) ta sé& co:
A" =Vv.S".U

: : 1 1 1 X 14 14 r r \ \ Y4
voi ST =diag(—,—,...,—) e R™™. Qua cic budc tinh toan dugc trinh bay chi tiét
0, 0, Oy
¢ muc 3.3 ta x4c dinh duoc gia tri X=A" -b ~a; theo cong thurc (3.23).

3. Sau khi xac dinh dugc véc-to a ta thuc hién tim va loai bo gia tri nhé nhét cua
véc-to a ing véi ngdy trong qua khir ¢6 anh hudng it nht téi du bao. Loai ngdy c6 anh
hudng it nay ra khéi bo sd liéu qua kh.

Ta thuc hién 13p lai bude 2 va budc 3 dé loai bo dan s6 K xudng mot sé phu
hop dé mo hinh khéng qua phic tap.

Prax (d) = i[ail' Prax (d —1) + &5 - Ppyjp (d —i) + &5 - Ty, (d —i)]
i=1
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(4.9)

Gia sir & khdi tuyén tinh xac dinh duoc 8 s6 lidu qua khir Prax(d-1), Prax(d-2),
Pmax(d'3), Pmax(d'6), Pm|n(d'1), Pm|n(d'2), Pm|n(d'7), Ttb(d'l) tu'O'l'lg 1:l'l'lg Vé.i
a,3,,83,3y,8:,3,3;,3g anh huong dén Py, clia ngay du bao d.

Tir d6 ta c6 mé hinh w6 lwong khéi tuyén tinh la:

Prax (d) = 8y Py (d —1) +25 Py (d = 2) + a3 B (d = 3) +24 By (d - 6) +
+85 Prin (d —1) +ag Fyjn (d —2) +87 Pk (d = 7) +ag Ty (d —1)

Pé kiém ching chét luong cua mo hinh du bao dugc dé xuit trong luan van ta
dua vao sai s6 ciia phwong phap du béo. Sai s6 du béao 1a nhiing sai 1éch giita gia tri do
dugc va gia tri dy bao dugc qua dé giup ta danh gia duoc chat luong ctia mé hinh va 1a
co s dé diéu chinh mo hinh du bao. Tac gia dé xuat sir dung cac cong thirc dudi day
dé danh gia sai so:

e Trung binh cua sai s6 twong d6i: MRE (Mean Relative Error)

MRE :i‘ﬁ -100% (4.10)
N| vy

e Trung binh cua sai sé tuyét d6i: MAE (Mean Absolute Error)
1
MAE:N|y—d| (4.11)

e Gia trj 16n nhét cua sai sb tuyét doi: MaxAE (Maximum Absolute Error)
MaxAE = max |y —d| (4.12)

trong do: y la gia tri thuc tai thoi diém do; d 1a gia tri tinh toan du bao; N la ) luong
thoi diém do (s6 mau)
b) Xay dyng khéi phi tuyén

Sau khi da x4c dinh dugec méi quan hé giita cong suat dinh phu tai trong ngay
du bao d véi Kpin ngdy trong qué kh, ta tinh sai s chénh 1éch giira s6 liéu thuc té va
s liéu wéc luong.

K
fz(d) = Pmax(d)_z

i=1

ail'Pmax(d _i)+ai2'Pmir‘l(d_i)+ (4 13)
+a3 - Ty (d —1) |

v6i f,(d)1a phan phu thudc phi tuyén con lai giita cong suat dinh phu tai trong ngay

V61 cac ngay trong qua kha.
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Khéi phi tuyén s& dugc xac dinh sau khi tim duogc cac thong sé khdi phi tuyén.
Thanh phan nay dugc xay dung bang mang MLP. Qua d6 ta udc luong sai s6 con lai.
S6 dau vao cua mang MLP duogc chon la ) ngay c6 anh hudng xac dinh dugc & khdi
va sd no-rén trong 16p an duwoc xac dinh qua qua trinh 1ap trinh tinh toan trén phin
mém Matlab.

Nhu & phan x4y dung khéi tuyén tinh d3 gia st v6i p ngay sb lidu. V6i p-x ngay
dau st dung 1am sd liéu hoc va x ngay s6 liéu con lai duge sir dung 1am bo sé lidu
kiém tra.

Ta xac 1ap mot mang MLP véi 09 dau vao nhu véi mo hinh udc lugng khéi
tuyén tinh (tng v&i 3 gia tri cong suat phy tai dinh cua 03 ngay trong qua khu 1a d-1,
d-2, d-6;, 03 gi4 tri cong suat ddy phuy tai cua 03 ngdy trong qua khw 1a d-1, d-2, d-12;
3 gi4 tri nhiét d6 trung binh ngay trong qua kht tai d-1, d-4, d-5). C6 01 dau ra (ing
Vo1 gia tri cong suit dinh phu tai cua ngay d can du bao.

S6 liéu dau vao ciia mang la sai sd cua qua trinh hoc cia mé hinh tuyén tinh
dugc tinh todn trong phén trén. Tiép sau qua trinh hoc, ta thyc hién kiém tra mang
MLP v&i bo s6 lidu dugc Iwa chon lam b s6 li¢u kiém tra.

Ta thuc hién kiém tra chit lugng du bédo cua khéi udc luong phi tuyén vO1 cac
cong thiic (4.10) dén (4.12) giéng nhu déi v6i khdi tuyén tinh.
4.1.2.2. Xay dung mé hinh dy bao gia tri day phu tai P,

a) Xay dung khdi tuyén tinh

Tuong tu voi viée xay dung du bao gia tri dinh phu tai Py, ta thuc hién xét voi bd
s6 liéu mau {x,d.} gom p gi4 tri vay ta, i =1,2,3,..., pnhu trén. Khdi tuyén tinh trong
mo hinh dugc xac dinh dya trén co so tdi vu hoa sai s6 E trong bo s lidu miu p. Vay
theo cong thuc (4.4) ta s€ co:

. 13 i
Vi:f,(x))~d < EZEZH i (%) = i[|* = min
i1

Tl day ta thuc hién xac dinh. P, V6i gia thiét gia tri cong suat day phu tai P,

dugc udc lugng nhu sau:

I:)min (d) ~ 1:pt (Pmin (d —i), I:)max(d _i)iTtb(d _I))

+i{ai1 P (A=) + 4P (0 1) 1 (4.14)

1| iz Ty (d —1)

voi fpt () 14 ham phi tuyén (i=1,2,3,...,K), a;;1a h¢ s6 md hinh tuyén tinh;
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Pmax 12 gia tri cong suét day phu tai cua cac ngay c6 anh huong lon nhat t6i Ppyp
cua ngay du bdod1a d —iy,d —i,,...

Ty 12 gia tri nhiét d6 trung binh cia ngdy anh hudng nhat dén Py, cia ngay d;

Tu phuong trinh trén ta xac dinh dugc P, ctia cac ngay trong qua khtr va dugc

xéc dinh qua hé cac phuong trinh tuyén tinh sau:

9 I:)min(K)"'aZ ) F)min(K _1)+---+aKPmin (d - K) ~ I:)min(K +1)

Q - I:)min(Nmin —1)—!—8.2 ) F)min(Nmin _2)+"'+ I:)min(Nmin - K) ~ I:)min(Nmin)

(4.15)
v6i a=[ay, a,, ... ax ] 1a hé s6 ctia mo hinh tuyén tinh.
Bién doi cong thirc (3.15) vé dang ma tran
I:)min(K) F)min(K _1) I:)min(:l-) ] _al_ I I:)min(K"']-)_
F:‘min(K _l) F)min(K _2) I:)min(z) . a2 - Ppmin(K +2)
Pmin(K _2) I:)min(K _3) I:)min (3)
_Pmin(Nmin _1) I:)min(Nmin _2) I:)min(Nmin - K)_ _aK_ L Tmin(Nmin)_
(4.16)

Qua trinh tim khdi tuyén tinh trong wéc luong P.;,thuc hién tuong tu
nhu voi P,y

1. Thuc hién lya chon sb liéu trong qua khir K sao cho véc-to a du 1on. Vi vige
sit dung K =60 tuong duong véi 2 thang so liéu qua khir trudc ngay can du bao.

2. Sau khi c¢6 dugoc K qua kha, ta thuc hién xac dinh véc-to

a=[a,, a,, ... a, ]" sao cho dat cuc tiéu ham sai s6 udc lugng. Ta co:
K -
I:)min (d) = Z[ai ’ I:)min (d - I)] (4'17)
i=1

bang phuong phap phén tich diém ky di SVD.

3. Sau khi x4c dinh dugc véc-to a ta thyc hién tim va loai bd gia tri nhd nhét
clia vée-to a tmg voi ngay trong qua khir co anh hudng it nhét téi du bao. Loai ngay co
anh huong it nay ra khoi bo sb liéu qua kh.
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Ta thuc hién 13p lai bude 2 va bude 3 dé loai bo dan s6 K xudng mot s6 phu
hop dé mé hinh khéng qué phirc tap.

K
Prin (d) = >

i=1

ail‘Pmin(d _i)+ai2'Pmax(d_i)+ (4 18)
+ay3 - Ty (d —1) |

Gia sir & khdi tuyén tinh xac dinh dugc 8 s6 liéu qua khit Prin(d-1), Prin (d-2),
Pmin (d_3), Pmm (d'?), Pmax(d'l), Pmax(d'z), Pmax(d'G), Ttb(d'l) tu’(n’lg l:l’l'lg
v6i:ay,ay,83,8y,8s,35,37,38g anh huong dén Py, clia ngay du bao d.

Tir d6 ta c6 md hinh udc lwong khéi tuyén tinh la:

Prin (d) = 8, Pryjn (d —1) + @, Py (d — 2) + 3Py (d —3) + 8,4 Pyin (d = 7) +
+a5Pmax (d _1) + aGF)max (d - 2) + a'7F)ma1x (d - 6) + a‘8Ttb (d _1)

(4.19)

Pé kiém ching chat luong dy bao cua khéi tuyén tinh ta sir dung cac cong thirc
(4.10) dén (4.12) twong ty trong muc xac dinh khéi tuyén tinh Py
b) Xay dung khéi phi tuyén

Sau khi da xac dinh dugc mdi quan hé gilta cong suat day phu tai trong ngay dy
bao d véi Kpin ngay trong quéa khu, ta tinh sai s6 chénh léch giita s6 lidu thyc té va sb
liéu udc luong.

K
f(d) = Prin (d) = 2

i=1

81 Prin (d =) +ay5 - Py (d =) + (4.20)
+ag, Ty (d —i) |

v6i f,(d)1a phan phu thudc phi tuyén con lai gitra cong suat day phu tii trong ngdy
V61 cac ngay trong qua kha.

Tuong tu nhu hudng giai quyét xac dinh khéi phi tuyén ctia cong suat dinh phu
tai Pray khoi nay duoc xay dung béng mang MLP. Qua d6 ta udc lugng sai s6 con lai.
Sb dau vao ctua mang MLP duoc chon 13 ngdy c6 anh hudng xac dinh dugc & khoi
tuyén tinh va s6 no-ron trong 16p an dugc xac dinh qua qua trinh 1ap trinh tinh toan
trén phan mém Matlab.

Nhu & phan xay dung khéi tuyén tinh ctia Py, nhu d3 gia sit voi p ngay s lidu.
Vi p-X ngay dau str dung lam s6 liéu hoc va X ngay s6 liéu con lai duoc st dung lam
bo s6 liéu kiém tra.

Ta xac lap mot mang MLP véi 9 dau vao nhu véi md hinh wéc lugng khoi
tuyén tinh (tng véi 3 gia tri cong suat day phu tai cia 3 ngay trong qua khtr 1a d-1, d-2,
d-10; 2 gi4 tri cong sudt dinh phu tai ciua 2 ngay trong qua khua 1a d-1, d-2; 4 gia tri
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nhiét do trung binh ngay trong qua khi tai d-1, d-3, d-5, d-9). C6 01 dau ra (tng véi
gi4 tri cong suat ddy phu tat ctia ngay d can dy bao.

Tiép sau qua trinh hoc, ta thyc hién kiém tra mang MLP véi bo s6 lieu duoc lua
chon 1am bé sb liéu kiém tra.

Ta ciing thuc hién kiém tra du bao dbi véi khdi wdc lugng phi tuyén voi cac
cong thirc (4.10) dén (4.12).
4.2. Két qua tinh toian va mé phong

Str dung bo s6 licu do Cong ty dién lyc thanh phé Ha Long va tram quan trac
khi tugng thuy van thanh phd Ha Long cung cép. Viéc tinh toan va mo phong tac
gia di Gng dung phan mém Matlab 2010b ban 7.10. Code cua cic chwong trinh
(xem phu luc).

4.2.1. Bé 56 liéu dau vao siz dung cho mé hinh dw bdo

M6 hinh du bao dugc tac gia lya chon va dugc trinh bay & cadc chuong trén su
dung bo sb liu 1a cong suat dinh, day phu tai dién hang ngay tong hop tai Cong ty
dién luc thanh phé Ha Long tinh Quang Ninh va b0 s6 liéu nhiét do trung binh ngay do
tai tram quan trac cta thanh ph6 Ha Long.

Bo s6 liéu duoc 13y trong thoi gian tir 01/6/2016 dén 30/06/2019. B6 s6 lidu xay
dung mAu tin hiéu: dugc tinh bang cong thic (4.1) va (4.2).

Véi 1125 ngay dit liéu ta s& sir dung 750 ngay dau tién (twong duong 2/3 bo sd
lidu) dé 1am bo s6 lidu hoc, dung dé xdy dung va diéu chinh thich nghi cac tham s6 cia
cac mo hinh udc luong. Str dung 375 ngay con lai (twong duong 1/3 bd sb licu) s&
dugc dung dé kiém tra chat luong ctia mo hinh. B s6 liéu gém 1125 mau s6 liéu duoc
miéu ta nhu hinh 4.1.

1125 mau so lieu goc (Pmax, Pmin)
250

—— Bo du lieu Pmax
—— Bo du lieu Pmin

200

150

100

Cong suat tieu thu (P)

50

0 200 400 600 800 1000 1200
So lieu mau

Hinh 4.1. D6 thi biéu dién b s6 liéu mau (Pmax, Prmin)
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4.2.2. Két qua mé hinh dw bdo céng sudt dinh phu tdi Py
4.2.2.1. Ubc heong thanh phdn tuyén tinh

Dung phuong phéap khai trién thanh phan tuyén tinh nhu dwogc trinh bay & muc
4.1.2.1.a, két qua nhu sau:

PAu tién, ta xac dinh gia tri Py trong qua khir anh hudng dén P,y du bao. Mo
hinh uéc lugng tuyén tinh cho Py dugc diéu chinh tir khoang gid tri K., =60 ngay
(twong dwong véi 2 thang) giam xudng véi K. i, <5. Lan luot st dung s6 liéu Py
ctia 60 ngay va dung SVD dé phan tich, két qua 3 ngay c6 anh hudng 16n (hé sé phu
thudc aj; cao) tGi gia tri ngdy can dy bao 1a: d —1,d —2,d - 6.

Tiép theo, ta xac dinh gia tri P, trong qua khir anh hudng dén Ppoy du bao. Két
qua ta 3 ngay c6 anh huong 16n nhat dén P,y cta ngay d d6 1a cac ngay d-1, d-2 va d-
12. Cac ngay con lai co hé sb tuyén tinh nho hodc ¢ xa ngay du béo 1én ta loai bo.

Tuong tu, ta xét anh hudng cua nhiét do trung binh ngay anh hudng dén Py
cua ngay du béo. Két qua ta xac dinh duoc 3 ngay ma Ty, anh hudng 16n dén P,y cia
ngay du bdo, d6 1a cac ngay d-1, d-4 va d-5. Tong hop lai ta ¢6 mo hinh duogc lya
chon dé dy bao gia tri Pmax ciia ngay thtr d s& gdm 09 s6 liéu tir qua khur:
P.(d-1),P._(d-2),P. (d-6) J

(4.21)
Puin (d =1), By, (d = 2), B, (d =12), T, (d —1), T, (d - 4),T,, (d —5)

Pra (d) = f (
Dung phuong phép khai trién hé sb tuyén tinh (SVD) ta xac dinh duoc cac hé sb tuyén
tinh ; Cu thé nhu phuong trinh 4.22.
P (d)=057-P,_ (d-1)+0,17 P, (d —2)+0,098-P _ (d —6)+
+0,40-P,. (d —1)+0,167-P,. (d —2)+0,106-P,. (d —12)+ (4.22)
+0,082-T,(d —1)+0,042-T,, (d —4) +0,036 - Ty, (d —5)

Bang 4.1 1a sai s6 hoc va sai s6 kiém tra khi wéc lugng thanh phan tuyén tinh
trong mo hinh du bao cong suat dinh phu tai Py bang phuong phap khai trién cac hé
s6 tuyén tinh SVD, qua bang 4.1 ta nhan thay sai s6 hoc va sai s kiém tra twong ddi
nho cd 7%.

Bang 4.1. Két qud woc lwong cong sudt dinh phu tdi (Pmax) dung phuwong phdp khai
trién tuyén tinh SVD

Qua trinh Sai 6 SVD
MRE :%‘% -100% 6,67%

Hoc MAE =y —d 4,87
MaxAE = max|y —d| 38,62
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MRE :i‘ﬂ -100% 7.50%

N| vy !
Kiém tra MAE =%|y—d| 4.97
MaxAE = max|y —d| 50,62

Hinh 4.2 va hinh 4.3 thé hién qua trinh hoc va qua trinh kiém tra khi trién khai
thanh phﬁn tuyén tinh cho mo6 hinh du bdo Ppay, duong mau dé 1a bo $b liéu mau,
duong mau xanh nude bién 1 két qua hoc/kiém tra, duong mau xanh 1a cdy 1 sai sd
qua trinh hoc/kiém tra.

750 bo so lieu mau cho qua trinh hoc de du bao Pmax

250 T T T T T
| | | ; ; Bo so lieu mau
—SVD

200 |- eemnn e mmmeeeenaeas ..... Sai so hoc

Pmax

1) S . B - ek - oo -

Sop e — i — —— .

00 i i i i i i
0 100 200 300 400 500 600 700
So lieu mau

Hinh 4.2. D6 thi sai sé hoc khi khai trién thanh phcin tuyén tinh cho mo hinh du

375 bo so lieu mau cho qua trinh kiem tra de du bao Pmax

Bo so licu mau

—SVD

Pmax

o e — e .

0 i i i i i i i
0 50 100 150 200 250 300 350 400
So lieu mau

Hinh 4.3. D6 thi sai s6 qud trinh kiém tra khi khai trién thanh phan tuyén tinh cho

mo hinh du bao Py
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4.2.2.2. Ubc lwong thanh phdn phi tuyén bang mang no-rén MLP

Thuc hién cic bude theo muc 4.1.2.1.b, ta ¢ két qua nhu sau: mo hinh mang
MLP duoc xiy dung co ciu trac 09 dau vao ung v6i 09 dai lugng qua khir (cong thic
4.22), 1 16p an véi 500 no-ron va 1 dau ra ung voi gia tri can du bao cho ngay tiép
theo. M6 hinh huan luyén mang MLP dé uéc luong Ppay nhu hinh 4.4.

-

4\ Neural Network Training {nntraintool) = Py

Meural Network

Hidden Output
Input Output
9 Ii E Ii |E 1
65 1

; §
Algorithms F
Data Divisicn: Random (dividerand) )
Training: Levenberg-Marquardt (trainlm)

Performance: Mean Squared Error  (mse)

Derivative: Default (defaultderiv)

Progress

Epoch: 0 IZ 53 iterations 500
Time: 0:00:06

Performance: agte+04 [ REET ] | 000
Gradient: 207e+05 [0 ME T | 1.00e-10
Mu: 0.00100 100 1.00e+10
Validation Checks: 0 0 6

Plots

Plot Interval: U

&

1 epochs

Training neural network...

Hinh 4.4. Quy trinh hoc cia mang MLP khi voc luong Ppay

Bang 4.2 1a két qua sai so hoc va sai s0 kiém tra cia cdc md hinh cho bai toan dy

bao phu tai dinh. Qua bang 4.2 cho thay sai s6 hoc c& 9% con sai s6 kiém tra ¢& 11%.

Bang 4.2. Mot 6 két qua trén bo 56 liéu hoc ciia bdi todn wéc lwong Pmin

Qua trinh Sai 50 Sai s6 ciia mang MLP
MRE =i‘ﬂ -100% 9.03%
N| vy ’
H 1
¢ MAE ==y ~d| 6,65
MaxAE = max|y —d| 25,92
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MRE :%‘ﬂ -100% 11,09%
y
R 1
Kiém tra MAE =W|y_d| 7,28
MaxAE = max|y —d| 38,42

Hinh 4.5 va hinh 4.6 1a d6 thi sai sb qué trinh hoc va kiém tra khi udc luong
P max béng mang no-ron MLP, duong mau do 1a bo s6 liéu mau, duong mau xanh nudce
bién 1a két qua hoc bang MLP, duong mau xanh 14 cay 1a sai s6 hoc/kiém tra.

750 so lieu mau cho qua trinh hoc de uoc luong Pmax bang PLP

= ! ! ! ! ! !

| : | | Du licu mau

Ket qua hoc bang MLP
Sai so hoe

Pmax

] et
ol _
| | | | | |
0 100 200 300 400 500 600 700
So lieu mau
Hinh 4.5. Do thi sai so6 qua trinh hoc khi wéc lwong Pmax bang mang MLP
375 so lien mau cho qua trinh kiem tra de uoc luong Pmax bang mang MLP

0 ! ! ! ! ! I I
| | | ; Du lieeu goc de kiem tra
Ket qua kiem tra bang MLP
Sai so kiem tra

-50
0 50 100 150 200 250 300 350 400
So lieu mau

Hinh 4.6. D6 thi sai s6 qud trinh kiém tra khi wéc eong Pmax bang mdng MLP
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4.2.3. Két qud mé hinh dw bdo céng sudt ddy phu tdi P
4.2.3.1. Ubc heong thanh phdn tuyén tinh

Dung phuong phéap khai trién thanh phan tuyén tinh nhu dwogc trinh bay & muc
4.1.2.2.a, két qua nhu sau:

DAu tién, ta xac dinh gia tr1 P, trong qua khtr anh hudéng dén Py du bao. M6
hinh uéc lugng tuyén tinh cho Py, duge diéu chinh tir khoang gia tri K., =60 ngay
(twong dwong véi 2 thang) giam xubng véi K .- <5. Lan lugt st dung sb liéu Py,
ctia 60 ngay va dung SVD dé phén tich, két qua 3 ngay c6 anh huéng 16n (hé sé phu
thudc aj; cao) t6i gia tri ngdy can du bao 1a: d —1,d —2,d —10. Ngay tiép theo c6 hé s6
tuyén tinh 16n anh hudng dén ngay du béao Pmin 12 ngdy d-20 nhung ¢ xa ngay du bao
1én bé qua.

Tiép theo, ta xac dinh gid tri Ppay trong qua khir anh huong dén Pryi, du bao. Két
qua ta 2 ngay c6 anh huéng 16n nhat dén P, ctia ngay d d6 1a cac ngdy d-1, d-2, Cac
ngau tiép theo c6 hé sé tuyén tinh 16n 1a ngay d-56 va d-60 nhung ¢ xa ngay du bao
1én khong xét.

Tuong tu, ta xét anh huong cua nhiét do trung binh ngay anh huéng dén P
cua ngay du bjo. Két qua ta xac dinh dugc 4 ngay ma Ty, anh hudng 16n dén P, cia
ngay dy bao, d6 1a cac ngay d-1, d-3, d-5 va d-9. Téng hop lai ta c6 md hinh dugc lya
chon dé dy bao gid tri P, ciia ngay thir d s& gdm 09 s6 licu tir qua khur:

P _(d-1),P. (d-2),P. (d-1
Pmin (d) — f min (d )’ min (d )7 min (d O)’ (4.23)
P.(d-1),P_(d-2),T,(d-1),T,(d-3),T,(d-5),T,(d-9)
Hay
P, (d)=0,462-P, (d -1)+0,167- P, (d —2) +0,149- R, (d —10) +
+0,64-PB,,(d-1)+0,32- B, (d —2) + (4.24)

+0,088T,, (d —1)+0,064-T,, (d —3) + 0,067 T, (d —5) +0,066 T, (d —9)

Bang 4.3. Két quad wéc lrong cong sudt ddy phu tdi (Pniny dung phwong phap khai trién
tuyén tinh SVD

Qud trinh Sai 56 SVD
MRE :i‘ﬂ -100% 5.33%
N| vy !
H 1
0c MAE = |y —d| 8,03
MaxAE = max|y —d| 36,36
2 1jy—-d 0
Kiém tra MRE =N B -100% 6,73%
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MAE:%|y—d| 11,52

MaxAE = max|y —d| 73,36

Bang 4.3 1a két qua udc luong cong suit day phu tai ding phuong phap khai

trién thanh phan tuyén tinh SVD, qua bang 3.2 ta nhan thiy sai s6 hoc va sai s6 kiém

tra twong ddi nho c& 6%.

Pmin

750 bo so lieu mau cho qua trinh hoc de du bao Pmin

120 |
Bo so lieu mau
| ) — SVD
100 Sai so hoc |

-40
0

100 200 300 400 500 600 700

So lieu mau
Hinh 4.7. P6 thi sai sé hoc khi khai trién thanh phdn tuyén tinh cho mo hinh dw
bdo Pmin

750 bo so lieu mau cho qua trinh hoc de du bao Pmin
120 T T T T T :

Bo so lieu mau
) IS NS N, I o o —— S
: ! : ' : : Sai so hoc
‘ | il i : T

| s I_‘ i
il‘n‘u'ﬁf‘fh‘ 7 R R | h‘f ’L L|| ’ 1 '1 \f

e ) gl
TN " r il !

WL LTI ™ W Jy i '1‘
60 ‘ 'H . \ ' ﬂlt ,

PPy J:-W,-H‘M\r‘{m
LWL (UL | R
o b b e b — f

80 e rrrrrrrrrrrrrrrrrrrrrrrr I /S -

Pmin

10 \ \ | | | |
0 8 700

So lieu mau
Hinh 4.8. D6 thi sai s6 qud trinh kiém tra khi khai trién thanh phan tuyén tinh cho
mo hinh du bao Ppip

Hinh 4.7 va hinh 4.8 thé hién qua trinh hoc va qua trinh kiém tra khi trién khai

thanh phan tuyén tinh cho mé hinh dy bao P, dudng mau do 1a bd sb lieu mau,
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duong mau xanh nude bién 1a két qua hoc/kiém tra, duong mau xanh 1a cdy 1 sai sd
qua trinh hoc/kiém tra.
4.2.3.2. Ubc lwong thanh phdn phi tuyén bang mang no-rén MLP

Thuc hién cic bude theo muc 4.1.3.1.b, ta ¢ két qua nhu sau: mé hinh mang
MLP duoc xdy dung ¢ ciu trac 09 dau vao tng véi 09 dai lugng qua khir (cong thirc
4.24), 1 16p an v6i 500 no-ron va 1 dau ra ung véi gid tri can du bao cho ngay tiép
theo. M6 hinh huan luyén mang MLP dé uéc lugng Ppyin nhu hinh 4.9.

4\ Neural Network Training (nntraintocl) o |
Neural Network
Hidden Output
Input Output
; E’Oﬁ E’Oﬁ :
65 1

Algorithms

Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainlm)
Performance:  Mean Squared Error  (mise)

Derivative: Default (defaultderiv)
Progress
b
Epoch: 0 500 iterations 500 [
Time: 0:01:03

1| Performance: 7.08e+03 [ mOst0T ] | 0.00
Jj|  Gradient 3.09e-04 [0EEST | 1.00e10 [

Mu: 0.00100 0.100 1.00e+10
Validation Checks: 0 0 6
Plots

(plotperform)

Training State (plottrainstate)
Error Histogram (ploterrhist)

Plot Interval: ﬂ 1 epochs

v Maximum epoch reached.

@ Stop Training @ Cancel

Hinh 4.9. Quy trinh hoc cia mang MLP khi woc luwong Pyin
Bang 4.4 1a két qua sai s6 hoc va sai sb kiém tra khi uéc luong Ppin b%mg mang
no-rén MLP, qua s6 liéu trén bang ta théy sai s6 khi uéc lugng P i, twong ddi nho (Sai
s6 hoc 7,34%:; sai sb kiém tra 10,26%)

Bang 4.4. Két qua sai $6 hoc va sai sé kiém tra khi wéc luwong Prin bcing MLP

; Sai s6 ciia mang
ud trinh Sai so *
0 MLP
MRE =i‘ﬂ .100%
Hoc Nl Yy 7,34%
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MAE:%|y—d| 11,00

MaxAE = max|y —d| 39,91

MRE =i‘ﬂ .100%
y

N 10,26

Kiém tra 1
MAE =Sy —d| 15,00
MaxAE = max|y —d| 45,38

Hinh 3.16, 3.17 thé hién qua trinh hoc va qua trinh kiém tra khi trién khai thanh
phﬁn tuyén tinh cho mo hinh du bao P, dudong mau do 1a bo $6 liéu mau, dudng mau
xanh nudc bién 1a két qua hoc/kiém tra, duong mau xanh 1a cdy 1a sai s6 qua trinh
hoc/kiém tra.

750 so lieu mau cho qua trinh hoc de uoc luong Pmin dung mang MLP

T
So lieu mau
—— Ket qua hoc bang MLP
100 i n So so hoe —

T :
W |
WWM” B WWIMW

Pmin

-40
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So lien maun

Hinh 4.10. 6 thi sai s6 qua trinh hoc khi woc luong Py, bdng mang MLP

375 so lien mau cho qua trinh kiem tra de uoc lnuong Pmin dung mang MLP
150

T
Du lieu mau
Ket qua kiem tra bang MLP

wm Sai so kiem tra
ool - I

U T

I ! ‘WW \( ]

Pmin
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-100
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Hinh 4.11. D6 thi sai s6 qua trinh kiém tra khi wéc luwong Ppin bcing mang MLP
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Dua trén céac két qua thu duoc ta co thé két luan réng nhiém vu du bao dinh va
day phu tai ngfm han da dugc thyc hién khé hi¢u qua nho vao vi¢e st dung mang no-
ron MLP. Sai s6 trung binh khoang 7% 13 mirc sai s6 khong 16n, thuc té chip nhan
duge. Tuy nhién néu st dung cac mo hinh mang no-rén khac, ta con cé thé tiép tuc
giam sai s6 nay xudng thap hon.

4.3. Két luan chwong IV

Trong chuong IV tac gia trinh bay két qua cia tng dung viéc xdy dung khdi tuyén
tinh va khoi phi tuyén trong mé hinh lai dy bao cong suat phu tai ngay. Bo sb liéu sir
dung trong mé hinh (Ppay, Pmin) do Cong ty dién luc thanh phd Ha Long, tinh Quang
Ninh cung cdp va nhiét do trung binh ngay l4y tai tram quan trac khi tuong thuy vin
thanh phd Ha Long, tinh Quang Ninh cung cip, thoi gian ldy tir thang 01/6/2016 dén
30/6/2019. Vi 1150 s lieu mau, chia thanh bd s6 liéu hoc véi 750 bo s6 lidu dau tién
(twong duong 2/3 bd s6 licu mau) va 375 s6 liéu con lai (twong duong 1/3 bo so lidu
mau) lam b s6 liéu kiém tra md hinh.

Téng hop khéi wéc luong tuyén tinh va khéi uwéc lugng phi tuyén ta xay dung 1én
m6 hinh dy bao cong suat dinh phil tai dién (Ppsx) va cong suat ddy phu tai dién (Pmin)
trong ngay.

Khéi tuyén tinh duoc xac dinh hé s6 bang phuong phéap phan tich gia tri ki di (khai
trién theo hé sé tuyén tinh) SVD két hop v6i phuong phap binh phuong cuc tiéu. Tac
gia xay dung khdi tuyén tinh ciia mé hinh du bao cong suat dinh phu tai Ppa v6i 09 s6
liéu qué khir: tuong tng véi cac gia tri phu thudc Prayx, Pmin, T, Twong tu xay dung mo
hinh dy bao Py, cing véi 09 sb liéu qua khu.

Khéi phi tuyén ctia mé hinh dy bao cho Ppay, Pmin dugc xdy dung bang mang
no-ron truyén théng nhiéu 16p MLP. V&1 mo hinh bdo cho Py, mang MLP ¢6 09 dau
vao tuong duong véi cac dau vao cua khéi tuyén tinh S6 16p an 1a 1, s6 no-ron an 1a
65. Tuong tu mo hinh bao cho Pp,, mang MLP c6 09 dau vao. S6 16p an 1a 1, s6 no-
ron an 1a 65; ham truyén dugc st dung chung cho ca hai mé hinh 14 tansig, qué trinh
hoc cua thuét toan st dung Levenberg — Marquardt véi 500 1an 13p.

Qua qua trinh x4y duyng mé hinh du bao két qua thu duoc sau khi tong hop 2
khéi uwdc lwong tuyén tinh va phi tuyén ta thu duoc két qua udc luong duoc danh gia
trén 3 phuong phap trung binh cta sai sé twong dbi, trung binh cia sai sb tuyét ddi va
gia tri 16n nhat cia sai s6 tuyét doi dé danh gia chat luong qua trinh hoc, qua trinh
kiém tra ctia timg khdi wéc luong va danh gia tong hop chung. Theo bang 4.2 va bang
4.4. Tir két qua va bang danh gia nhan xét ta thdy rang mé hinh lai gitta mang MLP va
thuat toan SVD cho gia tri du bao tdt hon so véi mé hinh mang MLP doc 1ap va mo
hinh tuyén tinh doc lap.
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KET LUAN VA KIEN NGHI

1. Két luan

Lu4n vin “Ung dung mang no-rén nhén tao dw bdo phu tdi dién thanh pho
Ha Long — tinh Qudng Ninh” dua trén nhitng nghién ctru Iy thuyét mang no-ron noi
riéng va cac mo hinh xir 1y tin hiéu tién tién noi chung dé dé xuat ung dung mé hinh
lai vao bai toan dy bao cong suat phu tai dién v6i do chinh xac cao.

Luan vin da thuc hién dugc cac cong viée cu thé nhu sau:

1. Tim hiéu vé cac mo hinh thu thap, xtr Iy, du bao cong suét phu tai dién.

2. Nghién ctru vé kha ning tng dung mang no- ron trong xay dung cic md
hinh du béo phi tuyén.

3. Dé xuét tmg dung mo hinh lai gdbm mot khdi tuyén tinh mic song song véi
mot khoi phi tuyén (sir dung mang MLP) dé udc luong tot hon trong du bao cong suat
phu tai dién chi dua trén cac két qua do cong suét phu tai trong ngay ¢ qua khir tir s6
tong hop cua Cong ty dién luc.

4. Danh gia, lya chon cac thong ) qué khtr cho m6 hinh du bdo trén co s¢ cac
hé sb khai trién tuyén tinh.

5. Trién khai, thir nghiém mo hinh dy bao cong suit dinh phu tai va cong sut
day phu tai trong ngay cho khu vyc Thanh phd Ha Long, tinh Quang Ninh.

6. Tinh toan md phong dé thir nghiém d6 chinh xac cia m6 hinh dugc dé xuét.
2. Kién nghi

Trong luan vin nay, phuong phap dé xuat da dat duoc mot sd két qua budc dau
kha quan, 4p dung vao dy bao cong suat phu tai dién tiéu thu trong ngay cta thanh phd
Ha Long, tinh Quang Ninh. Tuy nhién, trong linh vuc nghién ctru con mot sé ton tai
can duoc tiép tuc duoc nghién ctru va giai quyét: can dua thém vao md hinh mang
noron céac thong sé thoi tiét c6 anh huong 16n dén phu tai (lwong mua, sb gio nang....),
dic diém dic thu cta cac ngay dic biét (ngay 18, tét....) dé co thé nang cao hon do
chinh xac, muc do tin cay cua du bao.

Mot s6 hudng dé phat trién dé tai:

1. Xay dung md hinh du bao 24h trong ngay.

2. Thu thap thém s6 liéu dé ting d6 tin cAy cua md hinh; Xét thém cac yéu td
nhu (lugng mua, sd gid nang).

3. Sir dung md hinh mang no-ron khic uéc luong thanh phan phi tuyén trong
mo hinh lai nhu SVM, Deep learning,.. dé cho két qua sai s tot hon.
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PHU LUC
%%% ==== READ DATA DIEN LUC THANH PHO HA LONG ===== %%%%
clear all
clc

Pmin_QN=xIsread('Tong hop so lieu.xls','d3:d1127");
Pmax_QN=xIsread('Tong hop so lieu.xls','f3:f1127");
Tth_QN=xlsread('Tong hop so lieu.xls','i3:i1127");

Data_ QN_AIllI=[Pmin_QN Pmax_QN Ttb_QN];

save Data_ QN_All;

%%%%%% XAY DUNG MA TRAN 60 COT

clear all

clc

load Data_ QN_AllI

K=60;

Nmax = length(Pmax_QN);

BigA_Pmax = zeros(Nmax-K,K);

for i=1:K
BigA_Pmax(:,i)=Pmax_QN((K-i+1):(Nmax-i));

end;

B_Pmax = Pmax_QN((K+1):Nmax);

BigA_Pmin = zeros(Nmax-K,K);

for i=1:K
BigA_Pmin(:,i)=Pmin_QN((K-i+1):(Nmax-i));

end;

B_Pmin =Pmin_QN((K+1):Nmax);

BigA_Tmax = zeros(Nmax-K,K);

for i=1:K
BigA_Tmax(:,1))=Tmax_QN((K-i+1):(Nmax-i));

end;

B_Tmax = Tmax_QN((K+1):Nmax);

BigA_Ttb = zeros(Nmax-K,K);

for i=1:K
BigA_Ttb(:,i)=Ttb_QN((K-i+1):(Nmax-i));

end;

B _Ttb = Tth_ QN((K+1):Nmax);

save Data_ QN_SVD

%%%%%%%%%%%%%%%%%% Linear model for Pmax
%%% Phan tich SVD de xac dinh yeu to anh huong
%Pmax=f(Pmax)

clear all

clc

load Data_ QN_SVD;
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index=1:60;
CoeffAll_max=[]; % Tao ma tran rong de chua cac he so
for K=60:-1:5
K
Coeff=BigA_Pmax\B_Pmax
a=abs(Coeff);
[val,ind]=min(a);
vitri_min=ind % vi tri xac dinh min
Stt=index(ind) % So thu tu trong vector 60 phan tu
tmp2=zeros(60,1);
tmp2(index)=Coeff;
CoeffAll_max=[CoeffAll_max tmp2];% Tong hop thanh ma tran chua cac he so
if (ind==1)
index=index(2:end);
BigA Pmax=BigA_Pmax(:,2:end);
else
if (ind==length(a))
index=index(1:end-1);
BigA_Pmax=BigA_Pmax(:,1:end-1);
else
tmpind=[1:ind-1,ind+1:length(a)];
index=index(tmpind);
BigA_Pmax=BigA_Pmax(:,tmpind);
end,
end,;
index
end;

%%%%%%%%%%%%%%%%%% Linear model for Pmax
%%% Phan tich SVD de xac dinh yeu to anh huong
%Pmax=f(Pmin)

clear all
clc
load Data_ QN_SVD;
index=1:60;
CoeffAll_max=[]; % Tao ma tran rong de chua cac he so
for K=60:-1:5
K

Coeff=BigA_Pmax\B_Pmin

a=abs(Coeff);

[val,ind]=min(a);

vitri_min=ind % vi tri xac dinh min

Stt=index(ind) % So thu tu trong vector 60 phan tu

tmp2=zeros(60,1);

tmp2(index)=Coeff;

CoeffAll_max=[CoeffAll_max tmp2];% Tong hop thanh ma tran chua cac he so
% loai cot ind ra khoi bang BigA

if (ind==1)
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index=index(2:end);
BigA_ Pmax=BigA_Pmax(:,2:end);
else
if (ind==length(a))
index=index(1:end-1);
BigA Pmax=BigA_Pmax(;,1:end-1);
else
tmpind=[1:ind-1,ind+1:length(a)];
index=index(tmpind);
BigA_Pmax=BigA_Pmax(:,tmpind);
end,;
end;
index
Y%pause;
end;

%9%%%%%%%%%%%%%%%%% Linear model for Pmax
%%% Phan tich SVD de xac dinh yeu to anh huong
%Pmax=f(Ttb)

clear all
clc
load Data_ QN_SVD;
index=1:60;
CoeffAll_max=[]; % Tao ma tran rong de chua cac he so
for K=60:-1:5
K

Coeff=BigA_Pmax\B_Ttb
a=abs(Coeff);
[val,ind]=min(a);
vitri_min=ind % vi tri xac dinh min
Stt=index(ind) % So thu tu trong vector 60 phan tu
tmp2=zeros(60,1);
tmp2(index)=Coeff;
CoeffAll_max=[CoeffAll_max tmp2];% Tong hop thanh MT chua cac he so
if (ind==1)
index=index(2:end);
BigA_Pmax=BigA_Pmax(:,2:end);
else
if (ind==length(a))
index=index(1:end-1);
BigA Pmax=BigA_Pmax(:,1.end-1);
else
tmpind=[1:ind-1,ind+1:length(a)];
index=index(tmpind);
BigA_Pmax=BigA_Pmax(:,tmpind);
end;
end;
index
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end;

%% Ma tran tong hop sau khi thuc hien SVD

clear all

clc

load Data_QN_SVD

BigBigA_Pmax_SVD = [BigA_Pmax(:,[1 2 6]) BigA_Pmin(:,[1 2 12]) BigA_Ttb(:,[1
359)I;

whos BigBigA _Pmax_SVD

TestNr = 375; % Su dung 30% bo so lieu cuoi de kiem tra mo hinh

BigBigA Pmax_Learn = BigBigA Pmax_SVD(1:(end-TestNr),:);

B _Pmax_Learn = B_Pmax(1:(end-TestNr));

BigBigA_Pmax_Test = BigBigA_Pmax_SVD((end-TestNr+1):end,:);
B _Pmax_Test = B_Pmax((end-TestNr+1):end);
PmaxLinearCoeff Learn = BigBigA_Pmax_Learn\B_Pmax_Learn;

% He so hoc cua mo hinh tuyen tinh

ErrorLearnAfterLinear Pmax = B_Pmax_Learn -
BigBigA_Pmax_Learn*PmaxLinearCoeff_Learn; % Sai so con lai sau khi thuc hien
ErrorTestAfterLinear_Pmax = B_Pmax_Test -
BigBigA_Pmax_Test*PmaxLinearCoeff Learn; % Sai so con lai sau khi thuc hien
%% Tinh sai so hoc
MAE_Learn_Linear_Pmax_QN_SVD=mean(abs(ErrorLearnAfterLinear_Pmax))
MRE_Learn_Linear_Pmax_QN_SVD=mean(abs(ErrorLearnAfterLinear_Pmax./B_P
max_Learn)*100)
Maxae_Learn_Linear_Pmax_QN_SVD=max(abs(ErrorLearnAfterLinear _Pmax))

%% Tinh sai so Test

MAE_Test_Linear Pmax_QN_SVD=mean(abs(ErrorTestAfterLinear_Pmax))
MRE_Test_Linear_Pmax_QN_SVD=mean(abs(ErrorTestAfterLinear_Pmax./B_Pmax
_Test)*100)

Maxae_Test_Linear_ Pmax_QN_SVD=max(abs(ErrorTestAfterLinear_Pmax))
figure(1)

tt=length(B_Pmax_Learn);
plot((1:tt),B_Pmax_Learn,'r',(1:tt),BigBigA_Pmax_Learn*PmaxLinearCoeff Learn,'-
b',(1:tt),ErrorLearnAfterLinear_Pmax,'-g");

figure(2)

ttl=length(B_Pmax_Test);
plot((1:tt1),B_Pmax_Test,'r',(1:tt1),BigBigA_Pmax_Test*PmaxLinearCoeff Learn,'-
b',(1:tt1),ErrorTestAfterLinear_Pmax,'-g");

%%%% LINEAR MODEL FOR Pmin

%%% Phan tich SVD de xac dinh yeu to anh huong
%Pmin=f(Pmin)

clear all

clc

load Data_ QN_SVD;
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index=1:60;
CoeffAll_max=[]; % Tao ma tran rong de chua cac he so
for K=60:-1:5
K
Coeff=BigA_Pmin\B_Pmin
a=abs(Coeff);
[val,ind]=min(a);
%index(ind);
vitri_min=ind % vi tri xac dinh min
Stt=index(ind) % So thu tu trong vector 60 phan tu
tmp2=zeros(60,1);
tmp2(index)=Coeff;

CoeffAll_max=[CoeffAll_max tmp2];% Tong hop thanh ma tran chua cac he so

% loai cot ind ra khoi bang BigA
if (ind==1)
index=index(2:end);
BigA_Pmin=BigA_Pmin(:,2:end);
else
if (ind==length(a))
index=index(1:end-1);
BigA_Pmin=BigA_Pmin(:,1:end-1);
else
tmpind=[1:ind-1,ind+1:length(a)];
index=index(tmpind);
BigA_Pmin=BigA_Pmin(:,tmpind);
end;
end;
index
%)pause;
end;

%%%Linear model for Pmin
%%% Phan tich SVD de xac dinh yeu to anh huong
%Pmin=f(Pmax)
clear all
clc
load Data_ QN_SVD;
index=1:60;
CoeffAll_max=[]; % Tao ma tran rong de chua cac he so
for K=60:-1:5
K
Coeff=BigA_Pmin\B_Pmax
a=abs(Coeff);
[val,ind]=min(a);
vitri_min=ind % vi tri xac dinh min
Stt=index(ind) % So thu tu trong vector 60 phan tu
tmp2=zeros(60,1);
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tmp2(index)=Coeff;
CoeffAll_max=[CoeffAll_max tmp2];% Tong hop thanh ma tran chua cac he so
if (ind==1)
index=index(2:end);
BigA_Pmin=BigA_Pmin(:,2:end);
else
if (ind==length(a))
index=index(1:end-1);
BigA_Pmin=BigA_Pmin(:,1:end-1);
else
tmpind=[1:ind-1,ind+1:length(a)];
index=index(tmpind);
BigA_Pmin=BigA_Pmin(:,tmpind);
end,;
end;
index
end;
%%% Phan tich SVD de xac dinh yeu to anh huong
%Pmin=f(Ttbh)

clear all
clc
load Data_ QN_SVD;
index=1:60;
CoeffAll_max=[]; % Tao ma tran rong de chua cac he so
for K=60:-1:5
K

Coeff=BigA_Pmin\B_Ttb
a=abs(Coeff);
[val,ind]=min(a);
vitri_min=ind % vi tri xac dinh min
Stt=index(ind) % So thu tu trong vector 60 phan tu
tmp2=zeros(60,1);
tmp2(index)=Coeff;
CoeffAll_max=[CoeffAll_max tmp2];% Tong hop thanh ma tran chua cac he so
if (ind==1)
index=index(2:end);
BigA_Pmin=BigA_Pmin(:,2:end);
else
if (ind==length(a))
index=index(1:end-1);
BigA_Pmin=BigA_Pmin(:,1:end-1);
else
tmpind=[1:ind-1,ind+1:length(a)];
index=index(tmpind);
BigA_Pmin=BigA_Pmin(:,tmpind);
end;
end;
index
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end;
%% Ma tran tong hop sau khi thuc hien SVD
clear all
clc
load Data_QN_SVD
BigBigA_Pmin_SVD = [BigA_Pmin(;,[1 2 10]) BigA_Pmax(:,[1 2]) BigA_Ttb(;,[1 3
59)I;
TestNr = 375; % Su dung 30% bo so lieu cuoi de kiem tra mo hinh
BigBigA Pmin_Learn = BigBigA_Pmin_SVD(1:(end-TestNr),:);
B_Pmin_Learn = B_Pmin(1:(end-TestNr));
BigBigA_Pmin_Test = BigBigA_Pmin_SVD((end-TestNr+1):end,:);
B_Pmin_Test = B_Pmin((end-TestNr+1):end);
PminLinearCoeff Learn = BigBigA Pmin_Learn\B_Pmin_Learn;

%% He so hoc cua mo hinh tuyen tinh

ErrorLearnAfterLinear Pmin=B_Pmin_Learn -
BigBigA_Pmin_Learn*PminLinearCoeff_Learn; % Sai so con lai sau khi thuc hien
SvD

ErrorTestAfterLinear_ Pmin = B_Pmin_Test -
BigBigA_Pmin_Test*PminLinearCoeff Learn; % Sai so con lai sau khi thuc hien
%% Tinh sai so hoc

MAE_Learn_Linear_ Pmin_QN_SVD=mean(abs(ErrorLearnAfterLinear_Pmin))
MRE_Learn_Linear Pmin_QN_SVD=mean(abs(ErrorLearnAfterLinear Pmin./B_Pm
in_Learn)*100)
Maxae_Learn_Linear_Pmin_QN_SVD=max(abs(ErrorLearnAfterLinear_Pmin))

%% Tinh sai so Test
MAE_Test_Linear_Pmin_QN_SVD=mean(abs(ErrorTestAfterLinear_Pmin))
MRE_Test_Linear Pmin_QN_SVD=mean(abs(ErrorTestAfterLinear Pmin./B_Pmin_
Test)*100)
Maxae_Test_Linear_Pmin_QN_SVD=max(abs(ErrorTestAfterLinear_Pmin))
figure(1)

tt=length(B_Pmin_Learn);
plot((1:tt),B_Pmin_Learn,"-r',(1:tt),BigBigA_Pmin_Learn*PminLinearCoeff_Learn,'-
b',(1:tt),ErrorLearnAfterLinear_Pmin,'-g’);

figure(2)

ttl=length(B_Pmin_Test);
plot((1:tt1),B_Pmin_Test,-r',(1:tt1),BigBigA_Pmin_Test*PminLinearCoeff_Learn,'-
b',(1:tt1),ErrorTestAfterLinear_Pmin,'-g");

%%% UOC LUONG THANH PHAN PHI TUYEN

%%% Uoc luong Pmax

clear all

clc

load Data_QN_SVD

BigBigA_Pmax_SVD = [BigA_Pmax(;,[1 2 6]) BigA_Pmin(;,[1 2 12]) BigA_Ttb(;,[1
4 5])1;

whos BigBigA Pmax_SVD
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TestNr = 375; % Su dung 30% bo so lieu cuoi de kiem tra mo hinh
BigBigA Pmax_Learn = BigBigA_Pmax_SVD(1:(end-TestNr),:);
B_Pmax_Learn = B_Pmax(1:(end-TestNr));
BigBigA_Pmax_Test = BigBigA_Pmax_SVD((end-TestNr+1):end,:);
B _Pmax_Test = B_Pmax((end-TestNr+1):end);
PmaxLinearCoeff_Learn = BigBigA_ Pmax_Learn\B_Pmax_Learn;
ErrorLearnAfterLinear_Pmax = B_Pmax_Learn -
BigBigA Pmax_Learn*PmaxLinearCoeff_Learn; % Sai so con lai sau khi thuc hien
SVvD
ErrorTestAfterLinear Pmax = B_Pmax_Test -
BigBigA_Pmax_Test*PmaxLinearCoeff_Learn; % Sai so con lai sau khi thuc hien
BestResultError = inf;
for HiddenNeuron = 5:20:65

PmaxNN = feedforwardnet(HiddenNeuron,'trainlm’);

RepeatCount = 5;

for i = 1:RepeatCount
net2 = configure(PmaxNN, BigBigA_Pmax_Learn’,

ErrorLearnAfterLinear_Pmax’);

net2.divideParam.trainRatio =1;
net2.divideParam.valRatio =0;
net2.divideParam.testRatio =0;
net2.trainParam.min_grad=1e-10;
NumberEpoch = 500;
net2.trainParam.epochs = NumberEpoch;
[net3,tr] = train(net2, BigBigA Pmax_Learn', ErrorLearnAfterLinear_Pmax’);

ytest MLP=sim(net3, BigBigA_Pmax_Test);
err_test = sum((ytest MLP - ErrorTestAfterLinear_Pmax')."2);
if (err_test<BestResultError)
BestResultError = err_test
best_net = net3;
end;
end;
end
ylearn_MLP=sim(best_net, BigBigA_Pmax_Learn’);
ytest MLP=sim(best_net, BigBigA_Pmax_Test');
err_learn = sqrt(mean((ylearn_MLP - ErrorLearnAfterLinear_Pmax')."2
err_test = sqrt(mean((ytest MLP - ErrorTestAfterLinear_Pmax')."2))
return

% Sai so hoc NL

MAE_Learn_NN_Pmax_MLP = mean(abs(err_learn))
MRE_Learn_NN_Pmax_MLP = mean(abs(err_learn./B_Pmax_Learn)*100)
MaxAE_Learn_ NN_Pmax_MLP = max(abs(err_learn))

% Sai so kiem tra NL
MAE_Test NN_Pmax_MLP=mean(abs(err_test))
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MRE_Test_NN_Pmax_MLP=mean(abs(err_test./B_Pmax_Test)*100)
MaxAE_Test NN_Pmax_MLP=max(abs(err_test))

figure(3)

tt=length(ylearn_MLP);
plot((1:tt),ylearn_MLP,"-r',(1:tt),B_Pmax_Learn',-b',(1:tt),ylearn_MLP -
B _Pmax_Learn,’-g');

figure(4)

ttl=length(ytest MLP);

plot((1:ttl),ytest MLP,"-r',(1:tt1),B_Pmax_Test',-b",(1:tt1),ytest MLP -
B _Pmax_Test','-g");

%%% UOC LUONG THANH PHAN PHI TUYEN
%%% Uoc luong Pmin

clear all

clc

load Data_ QN_SVD

BigBigA_Pmin_SVD = [BigA_Pmin(;,[1 2 10]) BigA_Pmax(:,[1 2]) BigA_Ptb(;,[1 3
59))1;

whos BigBigA Ptbh_SVD

TestNr = 375; % Su dung 30% bo so lieu cuoi de kiem tra mo hinh

BigBigA_Pmin_Learn = BigBigA_Pmin_SVD(1:(end-TestNr),:);
B_Pmin_Learn = B_Pmin(1:(end-TestNr));

BigBigA_Pmin_Test = BigBigA_Pmin_SVD((end-TestNr+1):end,:);
B_Pmin_Test = B_Pmin((end-TestNr+1):end);

PminLinearCoeff_Learn = BigBigA_Pmin_Learn\B_Pmin_Learn;% He so hoc cua mo
%hinh tuyen tinh

ErrorLearnAfterLinear_Pmin = B_Pmin_Learn -
BigBigA_Pmin_Learn*PminLinearCoeff Learn; % Sai so con lai sau khi thuc %hien
SVvD
ErrorTestAfterLinear_Pmin = B_Pmin_Test -
BigBigA_Pmin_Test*PminLinearCoeff_Learn; % Sai so con lai sau khi thuc hien
SVD test tren cac mau so lieu con lai
% t=1:1504;
% t=1:1504;
% Timso lopan N
% results =[];
BestResultError = inf;
for HiddenNeuron = 5:20:65

PminNN = feedforwardnet(HiddenNeuron,'trainlm’);

RepeatCount = 5;

for i = 1:RepeatCount

net2 = configure(PminNN, BigBigA_ Pmin_Learn’,

ErrorLearnAfterLinear_Pmin");
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net2.divideParam.trainRatio =1;

net2.divideParam.valRatio =0;

net2.divideParam.testRatio =0;

net2.trainParam.min_grad=1e-10;

NumberEpoch = 500;

net2.trainParam.epochs = NumberEpoch;

[net3,tr] = train(net2, BigBigA_Pmin_Learn’, ErrorLearnAfterLinear_Pmin’);

ytest MLP=sim(net3, BigBigA_Pmin_Test");
err_test = sum((ytest MLP - ErrorTestAfterLinear_Pmin").*2);
if (err_test<BestResultError) %% ket qua test moi tot hon thi luu lai
BestResultError = err_test
best_net = net3;
end,;
end;
end
ylearn_MLP=sim(best_net, BigBigA_Pmin_Learn’);
ytest MLP=sim(best_net, BigBigA_Pmin_Test");
err_learn = sqrt(mean((ylearn_MLP - ErrorLearnAfterLinear_Pmin').*2)) %%% Tai
day tinh sai so trung binh de don vi cua sai so cung la do C nhe
err_test = sqrt(mean((ytest. MLP - ErrorTestAfterLinear_Pmin')."2))
return

% Tinh Sai so hoc NL

MAE_Learn_NN_Pmin_MLP = mean(abs(err_learn))
MRE_Learn_NN_Pmin_MLP = mean(abs(err_learn./B_Pmin_Learn)*100)
MaxAE_Learn_ NN_Pmin_MLP = max(abs(err_learn))

% Tinh Sai so kiem tra NL

MAE_Test NN_Pmin_MLP=mean(abs(err_test))

MRE_Test_ NN_Pmin_MLP=mean(abs(err_test./B_Pmin_Test)*100)
MaxAE_Test NN_Pmin_MLP=max(abs(err_test))
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