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LOI CAM ON

T6i xin dugc bay to 1ong biét on chan thanh dén Ban Giam Hiéu, cac thay
gido, co gido trudng dai hoc Dan Lap Hai Phong, di giang day va tao moi diéu kién
cho t6i hoc tap, nghién ctru va hoan thanh Db an nay.

bac biét, to61 xin bay to sy kinh trong va long biét on sau sic dén PGS.TS.
Ngd Quoc Tao - nguoi di tan tinh hudng din va gitp dd t6i trong sudt qua trinh
hoc tap, nghién ctru va hoan thanh Do an.

Cam on gia dinh, ban bé di hét 1ong giup dd, khich 1¢, dong vién t6i dé t6i

hoan thanh B an. Xin chia sé niém vui ndy véi ban bé va nhitng nguoi than yéu.
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Chuong 1: TONG QUAN VE PHUONG PHAP QUY HOACH PONG

1.1. Gioi thiéu chung

Quy hoach dong (Dynamic Programming) 1a mot phuong phap rat hiéu qua
giai nhiéu bai toan tin hoc, dic biét 1a nhitng bai toan t6i wu. Nhitng bai toan nay
thudng c6 nhiéu nghiém chip nhan duoc va mdi nghiém c6 mét gia tri danh gia.
Muyc ti€u dat ra la tim nghiém tdi wu, do 1a nghiém c6 gia tri danh gia 16n nhét hodc
nho nhat (t6i wu). Vi du tim duong di ngan nhat giira hai dinh cua d thi, tim chudi
con chung dai nhat cua hai chudi, tim chudi con ting dai nhat,... S luong bai toan
dugc giai bang 1ap trinh dong ciing rat 16m. Vi du riéng ki thi Olympic qudc té vé
Tin hoc 2004 c6 t6i ba bai trong sau bai co thé giai bang quy hoach dong.

Quy hoach dong giai cac bai toan bang cach két hop cac 101 giai cta cac bai
todn con cua bai todn dang xét. Phuong phép nay kha dung khi cac bai toan con
khong doc 1ap ddi voi nhau, tirc 1a khi cac bai toan con c6 ding chung nhitng bai
toan “chau”. Quy hoach dong giai cac bai toan “chau” dung chung nay mot 1an va
luu 101 gidi cua chung trong mot bang va sau do6 khoi phai tinh lai khi gdp lai bai
toan chau d6. Quy hoach dong dwoc ap dung cho nhitng bai toan tdi wu hoa
(optimization problem). Bdn budc cta qui hoach dong : Bac trung hoa ciu tric
cua 101 glal t6i uu. + Dinh nghla gia tr1 cua 101 glal tbi uu mot cach de quy. + Tlnh
tin da duoc tinh toan. Cac thanh phan cua quy hoach dong : + T1eu cAu trac ti vu -
Mot bai toan co tinh chat tiéu cau tric toi vu néu 10 giai tdi wu chia trong no
nhirng 15i giai t6i wu cta nhitng bai toan con. + Nhiing bai toan con trung lap - Khi
mot giai thuat d¢ quy gip lai cing mot bai todn con nhiéu lan, ta bao rang bai toan
t61 wru hoa c6 nhitng bai toan con trang lap.

Chudi con chung dai nhat LCS : O(m+n)

Bai toan cai tdi (Knapsack) : Bai toan céi thi c6 thé dé dang giai dugc néu M
khong 16n, nhung khi M 1én thi thoi gian chay tré nén khong thé chap nhan duoc.
Phuong phap nay khong thé lam viéc duoc khi M va trong luong/kich thude 1a

nhirng s6 thuc thay vi s6 nguyén. Giai thuat qui hoach dong dé giai bai toan cai thi
c6 thoi gian chay ti 1€ vé1 NM.

Giai thuat Warshall [O(V?)- Giai thuat Floyd [O(V®)] : thé hién su 4p dung
chién lugc quy hoach dong vi sy tinh todn cin cit vao mot hé thirc truy hoi nhung
lai khong xay dung thanh giai thuat dé¢ quy. Thay vao do 1a mot giai thuét lap voi
su hd tro cia mot ma tran dé luu trix cac két qua trung gian.

Giai thuat tham lam

Céc giai thuat t6i vu hoa thuong di qua mot s6 bude véi mot tap cac kha ning lya
chon tai mdi budc. Mot gidi thuadt tham lam thuong chon mdt kha ndng ma xem
nhu tot nhét tai lac do. Tuc 14, giai thuat chon mdgt kha nang tdi wu cuc bd voi hy
vong s& dan dén mot 1oi giai tdi wu toan cuc. VD : +Bai toan Xép lich cho cac hoat
dong + Bai toan cai thi dang phan s + Bai toan ma Huffman+ Giai thuat Prim dé
tinh cdy bao trum tbi thiéu.
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Hai thanh phan chinh cta giai thuat tham lam :

+ Tinh chét lya chon tham lam : Lua chon duoc thuc hién boi giai thuat tham
lam tuy thudc vao nhirng lya chon da lam cho dén bay gio, nhung né khong tuy
thudc vao bat ky lua chon trong twong lai hay nhirng 101 giai cuia nhitng bai toan
con.

Nhu vay, mot giai thuat tham lam tién hanh theo ki€u tir trén xuong, thyc hién
moi Iac mot lya chon tham lam.
+ Tiéu cau trﬁc to1 uu M6t bai t(’)an cc') tinh chat tiéu céu trl'lc to61 uu néu mot

..........

Dung giai thuat tham lam cho bai toan céi tii dang phan sb va qui hoach dong
cho bai toan cai tui dang 0-1.

Giai thuat tham lam cho bai toan xép lich cac hoat dong:

Hoat dong duoc chon bdi thu tuc GREEDY-ACTIVITY-SELECTER thuong
13 hoat dong v6i thoi diém két thiic sém nhat ma c6 thé dugc xép lich mot cach hop
1¢. Hoat dong dugc chon theo cach “tham lam” theo nghia no s€ dé lai co hoi dé
xép lich cho dugc nhiéu hoat dongkhac. Giai thuat tham lam khong nhét thiét dem
lai 101 giai t6i wu. Tuy nhién thii tuc GREEDY-ACTIVITY-SELECTOR thudng
tim dugc mot 101 giai t6i wu cho mot thé hién cua bai toan xép lich céac hoat dong.

Bai toan cai tai dang phan sé (knapsack) : O(n) + Giai thuast HUFFMAN
(dung phd bién va rat hiru hiéu cho viéc nén dir liéu) trén tdp n ky tu s& 1a :
O(nlgn) + Bai toan t6 mau d6 thi : Dau tién ta c¢b to cho duoc nhiéu dinh véi mau
dau tién, va roi dung mot mau méi t6 cac dinh chua t6 sao cho t6 dugc cang nhiéu
dinh cang tdt. Va qua trinh nay duoc lap lai véi nhitng mau khac cho dén khi moi
dinh déu dugc t6 mau. Do phirc tap cua tha tue SAME_COLOR: O(n). Néu m 1a sb
mau dugc dung dé t6 d6 thi thi thu tuc SAME_ COLOR duoc goi tAt ca m lan.

Do d6, 46 phiic tap cua toan giai thuat: m* O(n). Vi m thuong 1a mot s6
nh6=>d0 phurc tap tuyén tinh . Ung dung : xép lich thi hoc ky , gan tan sb trong
linh vyc vo tuyén ,dién thoai di dong.

Giai thuat quay lui : “buéc hudng vé 101 giai day du va ghi lai thong tin vé
budc nay ma sau d6 n6 c6 thé bi thdo g& va xda di khi phat hién rang budc nay da
khong dan dén 10i giai day du, tic 1a mot bude di dan dén “tinh thé bé tic”(dead-
end). (Hanh vi nay dugc goi 1a quay lui - backtracking.) VD : bai todn tdm con hdu
,bai toan con ma di tudn

Mot phuong phap tong quat dé giai quyét van dé: thiét ké giai thuat tim 10i
gidi cho bai téan khong phai 1a baAm theo mot tap qui luat tinh todn dugc xac dinh
ma 13 bang cach thir va stra sai .Khuon mau thong thuong 1a phan rd qué trinh thir
va sura sai thanh nhiimg cong tac by phan. Thuong thi nhirng cong tac bo phan nay
dugc dién ta theo 161 dé quy mot cach thuan tién va bao gdm viéc thim do mét sb
hitu han nhitng coéng tic con.Ta c6 thé coi toan bd qua trinh nay nhu 13 mot qua
trinh tim kiém ma dan dan cu tao va duyét qua mot cay cic cong tac con.

Tim tat ca cac 10i giai : Mot khi mot 10i giai duge tim thay va ghi lai, ta tiép
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tuc xét g vién ké trong qua trinh chon tng vién mot cach ¢ hé thong .

Thoi gian tinh todn cua cac giai thudt quay lui thuong la ham mi
(exponential). Néu mdi nut trén cay khong gian trang thai co trung binh a nut con,
va chiéu dai cua 16i di 101 giai 1a N, thi s6 nit trén cay sé ti 16 voi o

Giai thuat nhanh va can (branch-and-bound)

Y twrong nhanh va can: Trong qua trinh tim kiém mot 16i di tot nhat (tong trong sb
nho nhét) cho bai toan TSP, c6 mot ky thuat tia nhanh quan trong la két thuc sy tim
kiém ngay khi thdy rang n6 khong thé nao thanh cong duoc. Gia st mot 161 di don
¢6 chi phi x dd duoc tim thdy. Thi that vo ich dé duyét tiép trén 161 di chwa day du
nao ma chi phi cho dén hién gio da 16n hon x. Diéu nay c6 thé dugc thuc hién bang
cach khong goi dé quy thi tuc visit néu 16i di chua-day-da hién hanh da 16n hon chi
phi ctia 16i di day du tot nhat cho dén bay gio. RS rang ta sé& khong bo sot 16i di chi
phi nho nhat nao néu ta bam sat mot chién luoc nhu vay. K¥ thuat tinh can (bound)
cta cac 10i giai chua-day-da dé han ché sb 10i giai phai do tim dwoc goi 1a giai
thuat nhanh va can .

Giai thuat nay c6 thé ap dung khi c6 chi phi dugc gan vao cac 16i di.

Bai toan nguoi thuong gia du hanh (TSP) + Bai toan Chu trinh Hamilton(HCP) :
bé giai bai toan (HCP), ta co6 thé cai bién giai thuat tim kiém theo chiéu sau trudc
(DFS) dé giai thuat nay c6 thé sinh ra moi 161 di don ma di qua moi dinh trong do
thi.

NP-Complete

P : Tap hop tit ca nhitng bai toan co thé giai dugc bang nhirng giai thuat tat
dinh trong thoi gian da thie.

NP: tap hop tit ca nhitng bai toan ma c6 thé duoc giai bang giai thuat khong
tat dinh trong thoi gian da thuec.

VD : Bai toan c6 ton tai 16i di dai nhat tir dinh x dén dinh y ; Bai toan thoa
man mach logic CSP 1a mét bai toan thudc 16p NP

Tat dinh : khi giai thuat dang lam gi, cling chi c6 mot viéc duy nhat co thé
duogc thuc hién ké tiép.

VD : Xép thir tu bang phuong phap chén thudc 16p P vi c¢6 d6 phic tap da
thirc O(N?)

Khong tat dinh: khi mot giai thuat gap mot sy lya chon gitra nhiéu kha ning,
no co quyén nang “tién doan” dé biét chon mot kha nang thich dang. VD : Cho A la
mét mang s6 nguyén. Mot giai thuat khong tat dinh NSORT(A, n) sap thi tu cac sd
theo thir tu ting va xuét ching ra theo thir tir nay.

Su phan giai mot giai thuat khong tat dinh c6 thé dugc thuc hién bang mot sy
song song hoa khong han ché .Moi lan c6 bude lya chon phai thuc hién, giai thuat
tao ra nhiéu ban sao cua chinh n6 .Mbi ban sao dugc thuce hién cho kha ning lya
chon.

Nhu vay nhiéu kha nang dugc thuc hién cung mdt luc : +Ban sao dau tién két
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thic thanh cong thi 1am két thuc tit ca cc qua trinh tinh téan khac + Néu mot ban
sao két thuc that bai thi chi ban sao ay két thic ma thoi.

NP-complete : C6 mot danh sach nhitng bai toan ma di biét 13 thudc vé 16p
NP nhung khong 1 c6 thé thudc vé 16p P hay khong. Tic 13, ta giai chung dé dang
trén mot may khong tit dinh nhung chua ai c¢6 thé tim thdy mot giai thuat hiru hiéu
chay trén mdy tinh thong thuong dé giai bat ky mot bai toan ndo cta chiing. Nhirng
bai toan NP nay lai c6 thém mot tinh chat:“Néu bat ky mot trong nhiing bai toan
nay c6 thé giai duoc trong thoi gian da thirc thi tat ca nhimng bai toan thudc 16p NP
cling s& duoc giai trong thoi gian da thirc trén mot may tat dinh.” Day 13 bai toan
NP-complete . D& chirng minh mot bai toan thudc loai NP 1a NP-ddy du, ta chi can
ching t6 rang mot bai toan NP-day du da biét nao do6 thi kha thu giam da thirc vé
bai todn mai ay.

Mot s6 bai toan NP-day di : - Bai toan thoa man mach logic CSP : Néu ton
tai mot giai thuat thoi gian da thirc dé giai bai toan thoa man mach logic thi tat ca
moi bai toan trong 16p NP co6 the duoc giai trong thoi gian da thire - Bai todn phén
hoach sd: Cho moét tap nhing sO nguyén, c6 thé phan hoach chung thanh hai tap
con ma co tong tri s0 bang nhau ? - Bai todn qui hoach nguyén: Cho mot bai toan
qui hoach tuyén tinh, liéu c6 ton tai mot 101 giai toan s6 nguyén - Xep lich cong
viéc trén da b xtr Iy : Cho mot ky han va mot tap cac cong tac cod chiéu dai thoi
gian khac nhau phai duoc thyc thi trén hai bo xir ly. Van dé 1a c6 thé sip xép dé
thuc thi tat ca nhitng cong tic d6 sao cho théa man ky han khong - Bai toan phu
dinh (VERTEX COVER): Cho mot dd thi va mét sd nguyén N, c6 thé kiém duoc
mot tdp nho hon N dinh ma cham hét moi canh trong dd thi - Bai toan xép thung
(BIN PACKING): cho n mén db ma phai dit vao trong cac thung co sirc chira bang

nhau L. Mon dd i doi hoi 1; don vi stc chia caa thung. Muc dich 1a x4c dinh $6
thung it nhat can dé chira tit ca n mén do d6.? Bai toan ngudi thuong gia du hanh
(TSP): cho mét tap cac thanh phd va khoang cach gitta mdi cap thanh phd, tim mot
16 trinh di qua tit ca moi thanh phd sao cho tong khoang cach cta 16 trinh nhé hon
M+? Bai todn chu trinh Hamilton (HCP): Cho mdt dd thi, tim mot chu trinh don
ma di qua tt ca moi dinh.

Bai toan NP-day du trong cac lanh vuc : gidi tich s6, sap thir ty va tim kiém,
xu ly dong ky tu, Mo hinh hoa hinh hoc, xur Iy d6 thi. Su dong gop quan trong nhat
cta Iy thuyét vé NP-ddy du 1a: nod cung cAp mot co che dé xac dinh mot bai toan
méi trong cac lanh vyc trén 1a “d&” hay “kho”.Mot sé k¥ thuat dé d6i pho voi
nhirng bai toan NP-day du : + Dung “giai thuat xap xi dé tim 16i giai xap xi t6i uu
(near-optimal) + Dua vao hi€u nang cua truong hop trung binh dé phat trién mot
giai thudt ma tim ra 101 giai trong mdt so truong hgp nao do, mac du khong lam
viéc dugc trong moi truong hgp+ St dung nhirng giai thuat c6 do phuc tap ham mii
nhung hitu hiéu, vi du nhu giai thut quay lui+ Pua heuristic vao giai thuit dé ting
thém hi¢u qua cua giai thuat+ St dung metaheuristic.

Heuristic 14 tri thirc vé bai toan cy thé duoc sir dung dé dan dat qua trinh tim
ra 101 gidi cua giai thuat. Nho sy thém vao cac heuristic ma giai thuat tré nén hitu
hiéu hon.
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Meta heuristic 14 loai heuristic tong quat co thé ap dung cho nhiéu 16p bai
toan.Gan ddy meta heuristic 13 mét 1anh vuc nghién ctu phat trién manh mé, véi su
ra doi cua nhiéu meta heuristic nhu:- giai thuat di truyén - giai thuat moé phong
luyén kim - tim kiém tabu (Tabu search) ...

Bén 16p bai toan phan theo d6 kho:

Nhitng bai toan bat kha quyét : Day 1a nhirg bai toan chwa hé c6 giai thuat
dé giai. VD: Bai toan quyét dinh xem mot chuong trinh c6 dung trén mdt may
Turing

+ Nhimg bai toan kho giai : ddy la nhirng bai toan ma khong ton tai giai thuat
thoi gian da thic dé giai chung. Chi ton tai giai thuat thoi gian ham mi dé giai
ching

+Nhitng bai toan NP-day du : Nhitng bai toan NP-day du 1a mot 16p con dic
biét cua lop bai toan NP + Nhitng bai toan P.

Cach don gian nhat dé tim nghiém tdi vu ctia mot bai toan 1a duyét hét toan
bd tdp nghi€ém cia bai toan do (vét can). Cach nay chi ap dung dugc khi tap
nghiém nho, kich thude vai chyc byte. Khi gdp nhiing bai toan véi tap nghiém lon
thi phuong phap trén khong dap tmg dugc yéu cau vé mat thoi gian tinh toan. Néu
tim dung hé thirc thé hién ban chit quy hoach dong cua bai toan va khéo t6 chic
dir 1iéu thi ta c6 thé xtr 1i duge nhirng tap dir liéu kha 16n.

Quy hoach dong ciing nhu chia dé tri 1a cic phuong phap giai mot bai toan
bang cach td hop 10i giai cac bai toan con cia no.

Phuong phap quy hoach dong cung nguyén li t6i wvu duoc nha toan hoc My
Richard Bellman (1920 - 1984) dé xuat vao nhitng nim 50 cua thé ky 20. Phuong
phap nay da dugc ap dung dé giai hang loat bai toan thuc té trong cac _qua trinh ky
thuat cong nghe, t6 chure san xuat, ké hoach hoa kinh té,... Tuy nhién can luu ¥ rang
c6 mot sd bai toan ma cach giai bang quy hoach dong t6 ta khong thich hop.

Uu diém
Piém khac nhau co ban giita quy hoach dong va phuong phap phan ré 1a :

« Phuong phap phan ré giai quyét bai toan theo huong top-down, nghia la dé
giai bai toan ban dau, ta phai di giai tit ca cac bai toan con cua no. Bay 1a mot
phuong phap hay, tuy nhién phuong phap nay s& gap han ché vé mit thoi gian, toc
d6 do phai tinh di tinh lai nhiéu 1an mét s bai toan con gidng nhau nao do.

« Phuong phap quy hoach dong st dung nguyén ly bottom-up, nghia la "di tur
dudi 1én". Pau tién, ta s& phai cac bai toan con don gian nhét, c6 thé tim ngay ra
nghiém. Sau d6 két hop cac bai toan con nay lai dé tim 161 giai cho bai toan 16n hon
va clr nhu thé cho dén khi giai duoc bai toan yéu cau. Vi phuong phap nay, moi
bai toan con sau khi giai xong déu dugc luu trir lai va dem ra su dung néu can. Do
d6 tiét kiém bod nhé va cai thién duge toe do.
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Han che

Khong phai luc nio viée két hgp cac bai toan con ciing cho ta két qua cta bai toan
16n hon. Hay néi cach khac 1a viéc tim kiém "cong thtc truy hoi" rat khé khin.
Sb luong cac bai toan con can luu trit co thé rat 1on, khong chip nhan duoc vi dit
li¢u va bo nhé may tinh khong cho phép.

1.2. Thuét toan chia dé tri

Dbi v6i nhiu thudt toan dé quy, nguyén ly chia dé tri (divide and conquer)
thuong dong vai tro chu dao trong viée thiét ké thuat toan. Dé giai quyet mot bai
toan 10n, ta chia n6 1am nhiéu bai toan con cung dang véi nd dé co thé giai quyét
doc lap.

Khi giai mot bai toan P vai kich thudc ban dau nao d6 néu gip tré ngai vi kich
thude qua 10n, nguoi ta thudng nghi dén viée giai cac bai toan twong tu nhung véi
kich thudc nhé hon (goi 1a cac bai toan con cua P). Tu twong chia dé tri thuong
dugc nhéc t6i nhu hinh anh “bé dan ting chiéc dila dé bé giy ca bo dila”.

Chia @é tri thuc hién “tich” mot bai toén ban dau thanh céc bai toan con déc
ldp, cac bai toan con cung duoc sinh ra sau mdi lan “tach” dwoc goi 1a ciing mirc.
Nhiing bai toan con sinh ra sau hon thi & mic dudi (thdp hon) va cir tién hanh nhu
vay cho dén khi gdp cac bai todn nho dén muc dé dang giai dugc. Sau d6 gidi cac
bai toan con nay va t6 hop dan 10i giai tir bai toan con nho nhéat dén bai toan ban
dau.

Thu tuc dé quy ludn 1a cach thuong dung va hiéu qua dé thuc hién thuat toan
chia dé tri. Qua trinh dé quy lan luot xép dan cac bai toan con vao ngin xép bo nhd
va s€ thuc hién giai cac bai toan con theo thir ty nguoc lai tir bai toan don gian nht
trén dinh ngan xép cho dén khi giai dugc bai toan ban dau & day ngan xép .

Vi du: Tim s hang thir N cua diy Fibonacci. Cong thirc dé quy (truy hoi) cta
dady Fibonaci: F(1) =1, F(2) =1, F(N) = F(N-1) + F(N-2) v6i N > 2.

Loi gidi.
Xay dyng ham F() dé tinh s6 hang tha N cta day Fibonacci theo duing dinh

nghia toan hoc cua day.
Function F(N:integer): longint;
Begin

If (N=1) or (N=2) then F:=1

Else F:=F(N-1)+F(N-2);
End;

V6i cach nay khi goi F(N), da sinh ra cac 101 goi cung mot bai toan con tai
nhiéu thoi diém khac nhau. Ngan xép chura cac blen tuong Gmg voi cac 101 goi ham
nhanh chéng ting nhanh d& dan téi tran ngin xép. Vi du khi goi F(5), di 1an luot

goi
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1. F(5)

2. F(4) +F(3)

3. (F(3) + F(2)) + (F(2) + F(1))

4. ((F(2) + F(1)) + F(2)) + F(2) + F(1)

Nhu vy di ba 1an goi F(2). Khi N = 40, sb lan goi F(2) da tang t6i 63245986
lan. Thoi gian thuc hién chwong trinh khd 1au vi sb 1an goi ham qua 16n, gan nhu
tang theo ham mi.

1.3. Nguyén Iy t6i wu ciia Bellman

Trong thuc té, ta thuong gip mot s6 bai toan toi wu loai sau: C6 mot dai
luong f hinh thanh trong mét qua trinh gdm nhiéu giai doan va ta chi quan tim dén
két qua cudi cung 1a gia tri cua f phai 10n nhat hoic nho nhét, ta goi chung 13 gia tri
tdi wu cua f. Gia tri cua f phu thudc vao nhirng dai luong xudt hién trong bai toan ma
mdi bo gia tri cia chiing dugc goi 1a mot trang thai cua hé théng va cling phu thudc
vao cach thuc dat dugc gia tri f trong timg giai doan ma mdi cach thic dugc goi 1a
mét dieu khién. Pai luong f thuong dwoc goi la ham muc tiéu va qua trinh dat duogc
gia tri t6i uu cua f dwoc goi 13 qud trinh diéu khién t6i wu. C6 thé tom luge nguyén 1i
quy hoach dong do Bellman phat biéu nhu sau: Quy hoach dong la 16p cac bai toan
ma quyét dinh & bude tht i phu thudc vao quyét dinh ¢ cac bude di xur 1i trude hodc
sau do.

Chii y rang nguyén Iy nay dwoc thira nhdn ma khéng chirng minh.

Phuong phap tim diéu khién t6i wu theo nguyén 1y Bellman thuong dugc goi 1a
quy hoach dong.

1.4. Pic diém chung ciia phwong phap quy hoach dong

Phuong phap quy hoach dong dung dé giai bai toan tdi uu co ban chat dé quy,
tire la viée tim phuong an t6i wu cho bai toan d6 ¢ thé dwa vé tim phuong an tbi uu
ctia mot sd hitu han cac bai toan con.

Phuong phép quy hoach dong gibng phuong phap chia dé tri & chd: 101 giai
bai toan duoc t6 hop tir 101 giai cac bai toan con. Trong phuong phap quy hoach
dong, nguyén 1y nay cang duogc thé hién r6. Khi khong biét can phai giai quyét
nhitng bai toan con nao, ta s& di giai quyét cac bai toan con va luu trir nhimng 10i giai
hay déap sb cua chung véi muc dich st dung lai theo mét sy phéi hop nao do dé gidi
quyét nhitng bai toan tong quat hon.

“Chia dé tri” s& phan chia bai toan ban dau thanh bai todn con doc lap (hiéu
theo nghia sy phéan chia co ciu tric dang cdy), giai cac bai toan con nay thuong
bang dé quy, sau d6 to hop 101 giai cua chiing dé dwoc 101 giai cua bai toan ban dau.
Quy hoach ddng cling phan chia bai toan thanh cac bai toan con, nhung cac bai toan
con phu thudc nhau, mdi bai toan con co thé tham chiéu tGi cung mot sb bai toan
con muc dudi (goi 14 cac bai toan con gbi 1én nhau, sy phan chia khong c6 ciu tric
dang cay).
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Hinh 1.1. Pé thi mé ti quan hé giita cdc bai todn con ciia bai todn tim so hang
thir nam cua day Fibonacci

Db thi nay khong 13 cdy nhung 1a mot d6 thi c6 hudng phi chu trinh. Mdi bai
toan c6 nhiing bai toan con gbi 1én nhau dé 1a hién twong c6 bai toan con dong thoi
duogc st dung dé giai bai toan khac vai kich thudce 16n hon. Vidu Fs=F, + Fo va Fy
= F, + F3 nén viéc tinh mdi sd F5 hodc F, déu phai tinh F,. Mt khac ca F3 va Fy
déu can cho tinh Fs do d6 dé tinh Fs can phai tinh F, it nhét hai 1an. Diéu tinh toan
nay dugc ap dung & bat ctr chd nao c6 bai toan con gdi nhau xuat hién s& tiéu phi
thoi gian dé tim lai két qua t6i wu ctia nhimg bai toan con da duoc giai luc trude. Dé
tranh diéu nay, thay cho viéc giai lai cac bai toan con, chiing ta Iuu két qua nhiing
bai toan con da giai. Khi giai nhiing bai toan sau (murc cao hon), ching ta co thé
khoi phuc lai nhitng két qua da luu va st dung chung. Cach tiép can nay duoc goi 13
cach ghi nhé (luu trit vao bd nhé may tinh nhing két qua di tinh dé phuc vu cho
viéc tinh cac két qua tiép theo). Ghi nho 1a mot dac trung dep d& cua quy hoach
dong. Nguoi ta cling con goi cach tlep can nay la cach lap bang phuong an luu trix
nhing két qua da tinh dugc dé khi can co thé sir dung lai. Néu ta chac chan rang
moét 101 gidi nao d6 khong con can thiét nita, ta c6 thé x6a nod di dé tiét kiém khong
gian bo nh¢. Trong mot ) truong hop, ta con co thé tinh 10i giai cho cac bai toan
con ma ta biét trudc ring s& can dén.

Bai toan toi uvu P can dén 1ap trinh dong khi c6 hai dic diém sau day:

e Bai toan P théa man nguyén li t61 wvu Bellman. Khi d6 nguoi ta ndi bai todn P
c6 cau trac con td1 wu, nghia 1a co6 the sir dung 101 gidi toi vu cua céc bai toan con tur
ml'Ic thép dé tim dan 101 giéi téi uu cho béti toadn con & cac muc cao hon, va cuoi

.....

e Bai toan P c6 cac bai toan con phu chong (g6i) 1én nhau. Nghia 13 khong gian
céc bai toan con “hep” khong tao thanh dang hinh ciy (tree). Néu goi hai bai toan
con cung dugc sinh ra tir mot bai toan 14 hai bai toan con cliing muc thi c6 thé mo ta
hinh 4nh céc bai toan con phu chong 1én nhau la: khi giai hai bai toan con cung mirc
chung c6 thé doi hoi ciing tham chiéu mot sé bai toan con thudc mirc dudi chung.

Quy hoach ddng 13 mot phuong phap phan tich va thiét ké thuat toan cho phép
giam bét thoi gian thyc hién khi khai thac tét hai dic diém néu trén. Tuy nhién
thong thudng quy hoach dong lai doi hoi nhiéu khong gian bo nhd hon (dé thuc
hién ghi nhé). Ngay nay, voi sy mo rong bd nhé may tinh va nhiéu phan mém lap
trinh moi cho phép sir dung b nhé rong rai hon thi phuong phap quy hoach dong
cang c6 nhiéu kha ning giai cac bai toan trudc day khé giai quyét do han ché bo
nh¢d may tinh .
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1.5. Y twéng va nodi dung ciia thuit toan quy hoach dong
1.5.1. Cac khdi ni¢m

o Bai toan gidi theo phuong phap quy hoach dong goi la bai toan quy hoach
dong

« Cong thirc phdi hop nghiém cua cac bai toan con dé c6 nghiém cia bai toan
16n goi 1a cong thire truy hoi cuia quy hoach dong

o Tap cac bai toan nho nhét co ngay 10i giai dé tir 46 giai quyét cac bai toan
16m hon goi 1a co s& quy hoach dong

o Khong gian luu trit 10 giai cac bai toan con dé tim cach phdi hop chung goi
la bang phuong an cua quy hoach dong .

1.5.2. Y twéng

Quy hoach dong bat dau tir viéc giai cac bai toan nhé nhat (bai todn co sd) dé
tir d6 ting budc giai quyét nhitng bai toan 16n hon, cho t6i khi giai dugc bai toan
16n nhét (bai toan ban dau). Vay ¥ tudng co ban cua quy hoach dong 13 : Tranh tinh
todn lai moi thir hai lan, ma luu giik két qua da tim kiém dwoc vao mét bang lam gia
thiét cho viéc tim kiém nhitng két qud ciia truong hop sau.

Chung ta s& lam diy dan gia tri cua bang nay boi cac két qua cua nhimg
truong hop trude da dugc giai. Két qua cudi cung chinh 13 két qua cta bai toan can
giai. Néi cach khac phuong phap quy hoach dong da thé hién sticc manh ciia nguyén
1y chia dé tri dén cao do [7].

Tu tudng cua thudt toan quy hoach dong kha don gian. Tuy nhién khi ap
dung thuat toan vao truong hop cu thé lai khong d& dang (diéu ndy ciing tuong tu
nhu nguyén tic Dirichlet trong toan hoc).

1.5.3. Ngi dung

Quy hoach dong 1a k¥ thuat thiét ké bottom-up (tir dudi Ién). N6 dugc bat
dau voi nhimg trudng hop con nho nhat (thuong 1a don gian nhat va giai duoc
ngay). Bang cach t6 hop cac két qua da co (khong phai tinh lai) caa cac truong hop
con, s& dat téi ket qua cua truong hop c6 kich thude lon dan 1én va tong quat hon,
cho dén khi cudi cung dat t&i 101 giai cia trudng hop tong quat nhat.

Trong mot 6 truong hop, khi giai mot bai toan A, trudce hét ta tim ho bai
toan A(p) phu thudc tham s6 p (c6 thé p 1a mot véc to) ma A(pg)=A vdi po 12 trang
thai ban dau cia bai toan A. Sau do tim cach giai ho bai toan A(p) véi tham so p
bang cach ap dung nguyén 1y t6i wu ciia Bellman. Cudi ciing cho p = py s& nhan
dugc két qua ctia bai toan A ban dau [7].

1.6. Cac budc thuc hién
Budce 1: Lap hé thirc

Duya vao nguyén ly t6i wu tim cach chia qua trinh giai bai toan thanh ting
giai doan, sau do tim hé thirc biéu dién twong quan quyét dinh cua budc dang xi
ly véi cac budce da xur 1y trude d6. Hodc tim cach phan ra bai toan thanh cac “bai
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toan con” tuong tu co kich thudc nho hon, tim hé thirc néu quan he gitra két qua
bai toan kich thudc dd cho vé6i cac két qua cua cac “bai toan con” cung kiéu c6
kich thudc nhd hon cia n6 dang ham hodc thu tuc dé quy.

Khi déd c6 h¢ thirc twong quan chung ta co thé xay dung ngay thuat giai, tuy
nhién hé thire nay thuong 1a cac biéu thirc dé quy, do do dé gay ra hién tuong tran
mién nhé khi ta t6 chirc chuwong trinh tric tiép bang dé quy.

Buéc 2: To chive div liéu va chwong trinh

T6 chire dit liéu sao cho dat cac yéu cau sau:

a)  Dir liéu duoc tinh toan dan theo cac budc.

b)  Dit liéu duogc luu trit ¢ giam luong tinh toan 1ap lai.

¢) Kich thuéc mién nhé danh cho luu trir dir liéu cang nhé cang tét, kiéu
dr liéu dugce chon phu hgp, nén chon don gian dé truy cap.
Buée 3: Lam tot

Lam tbt thuat toan bang cach thu gon hé thirc va giam kich thudc mién nhé.
Thuong tim cach dung mang mot chiéu thay cho mang hai chiéu néu gia tri mot
dong (hodc cdt) cia mang hai chiéu chi phu thuoc mot dong (hoac cdt) ke trudce.

Trong mot s6 trudng hop co6 thé thay mang hai chiéu voi cac gia tri phan tir
chi nhan gia trj 0, 1 boi mang hai chiéu méi bang cach dung k§y thuat quan 1y bit .
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KET LUAN CHUONG 1

Phuong phap quy hoach dong 1a phuong phap hay dugc dung C}é giai cac bai
tap tin, hoc, dac biét cac bai tap trong cac ky thi hoc sinh gioi va mot so bai tap trong
thuc te.

Khi giai bai toan bang phwong phap quy hoach dong, chung ta phai thyc hién
hai y€u cau quan trong sau:

Tim cong thic truy hdi xac dinh nghiém bai toan qua nghiém cac bai
toan con nhd hon.

Véi mdi bai toan cu thé, ta dé ra phuong an luu trit nghiém mot cach
hop 1y dé tir d6 co thé truy cap mot cach thudn ti¢n nhat.

Cho dén nay, van chua c6 mot dinh ly nao cho biét mot cach chinh xac nhing
bai toan nao c6 thé giai quyet hiéu qua bang quy hoach dong. Tuy nhién dé biét
dugc bai toan co thé giai bang quy hoach dong hay khong, ta co thé tu dat cau hot:
"Mt nghiém t6i wu ciia bai todn 1ém ¢é phdi la sw phoi hop cdc nghiém ti wu ciia
cac bai toan con hay khdng?" va “Liéu cé thé nao heu triz diegc nghiém cdc bdi
toan con duoi mot hinh thirc nao do dépho‘i hop tim dwoc nghiém bai toan lon”.

Viée tim cong thirc truy hoi hodc tim cach phan ra bai toan nhiéu khi doi hoi
su phan tich tong hop rat cong phu, d& sai sot, kho nhan ra nhu thé nao 1a thich hop,
doi hoi nhiéu thoi gian suy ngh. Pong thoi khong phai lac nao két hop 10i giai cua
céc bai toan con ciing cho két qua cua bai toan 16n hon. Khi bang luu trir doi hoi
mang hai, ba chiéu... thi khé c6 thé xu 1y dir liéu véi kich ¢& mdi chiéu 16n hang
tram.
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) Chuong 2
MOQT SO KY THUAT GIAI BAI TOAN QUY HOACH PONG

2.1. Lap hé thirc
Thong thuong khi dung phuong phap quay lui, vét can cho cac bai toan quy
hoach d@ng thi chi c6 thé vét duoc géc tap dir lié}l nho, kich thudc churng vai chuc
byte. Néu tim dugc dung hé¢ thl'Ip thé hién ban chat quy hoach dong cua bai toan va
khéo t6 chtrc dir li¢u thi ta c6 thé xtr Iy duwgc nhitng tap dir liéu kha 16n .
2.1.1. Tao mét cong thirc truy hoi tiv mét cong thive di cé
Poi khi bai toan ban dau da cho mot cong thirc truy h01 nhung néu ta ap dung
ludn cong thirc d6 thi khong thé dap ung duoc yéu cau vé thoi gian va bo nhd VI
phat sinh nhiéu 1an goi ham tring lap va néu co luu trong bang phuong an thi t6n
qua nhiéu bd nhd. Vi vy tir cong thie truy hdi di cho trude ta c¢6 thé tim ra mot
cong thic truy hoi méi mac du cong thire madi co thé phirc tap hon nhung no s€ giup
ta khong phai luu trit nhi€u trong bang va lam viéc dugc voi dit li¢u rat 1om.
Vi du: Ham f(n)
Tinh ham f(n) vé&i bién s6 nguyén n cho trude, 0 < n < 1.000.000.000 (1 ty). Biét:
f(0) = 0; f(1) = 1; f(2n) =1(n); f(2n+1) = f(n) + f(n+1).
Thuat toan 1
_ Dua vao cong thure truy hoi da cho ta co thé viét duoc ngay doan chuong trinh
bang d¢ quy. Bang dudi day liét ké so lan goi ham f(n) khi giai bai toan véi n = 5.
Bing 2.1. Bing sé lin goi ham f(n) véin =5
N 0 1 2 3 4 5
S 1an goi ham f(n) 0 3 2 1 0 1

\{i duy, f(1) duoc goi ba lan, f(2) duoc goi hai lan, f(3) dugc goi mot lan,... téng sb
lan goi ham f 1a 6.

F(5)

Vi Hitu Truong - CT1301 Page 17



Do an tét nghiép Truong dai hoc dan 1ap Hai Phong

Hinh 2.1. Cdy biéu dién 1oi goi ham f ciia bdi todn tinh ham f(5)

Poan chiong trinh viét bang ngdn ngi Pascal
Function f(n:int64):int64;
Begin

c[n]:=c[n]+1; {c[i]: sb lan goi ham f(i)}

if (n=0) then f:=0

else if (n=1) then f:=1

else if (n mod 2 = 0) then f:=f(n div 2)
else f:= f(n div 2) + f(n div 2+1);

End;
Thuat toan 2

Dung bang dé luu lai gia tri cia ham f dé tranh nhing 1an goi lap. Tuy nhién
véi n = 1000000000 thi khong dia bo nhé deé Ivu trir gia tri ciia ham f,

Poan chwong trinh viét bang ngdn ngg Pascal
Procedure Make_table;
Var i:longint;
Begin
f[0]:=0; f[1]:=1;
fori:=2tondo
if i mod 2 =0 then f[i]:=f[i div 2]
else f[i]:= f[i div 2] + f[i div 2 +1];
End;
Do phuc tap: O(n)
Thuat toan 3

Tir ham d4 cho ta c6 thé xay dung ham m&i c6 gié tri twong dwong véi ham da
cho.

Xét ham 3 bién g(n,a,b) = af(n) + bf(n+1). Taco

1) g(n,1,0) = 1.f(n) + 0.f(n+1) = f(n).

2) g(0,a,b) = af(0) + bf(1) =a.0 + b.1 =h.

3) g(2n,a,b) = af(2n) + bf(2n+1) = af(n) + bf(n) + bf(n+1) = (a+b)f(n) + bf(n+1)
= g(n,a+b,b).

4) g(2n+1,a,b) = af(2n+1) + bf(2n+2) = af(n) + af(n+1) + bf(2(n+1)) = af(n) +
af(n+1) + bf(n+1) = af(n) + (a+b)f(n+1) = g(n,a,a+b).
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Ttr bon tinh chét trén ta thiét ké dwge ham f(n) nhu sau:

Dé tinh f(n) ta tinh g(n,a,b) véi a = 1, b = 0. Dé tinh g(n) ta lip dén khi n =
0. Néu n chin ta goi ham g(n/2,a+b,b); nguoc lai, néu n 1¢ ta goi ham g(n/2,a,a+b).
Khi n= 0 ta thu dugc f = g(0,a,b) = b.

Poan chiong trinh viét bang ngdn ngi Pascal
Function f(n: longint): longint;
Var a,b: longint;

Begin
a:=1;b:=0;
while (n <> 0) do
begin
ifodd(n)thenb :=b +aelsea:=a+Db;
n:=ndiv 2;
end;
f:=b;
End;

Do phure tap: logy(n) vong lap .
Dtr liéu test
f(100) = 7; f(101) = 19; f(1000000) = 191; f(1000000000) = 7623.

2.1.2. Dwa theo thw tw xdy dung

bé xdy dung cong thuc truy héi ta c6 thé dua theo ddi twong dau tién hay dbi
tuong cudi cung trong tap cac doi tuong dang xét.
2.1.2.1. Xdy dung dva theo thu tu dau

Duya theo dbi twong dau tién ta co thé chia bai toan ban dau thanh nhiéu bai
toan con. Sau do su dung két qua cua cac bai toan con do dé tim nghiém cua bai
toan. Chang han nhu bai Coc sau dy dya theo budc nhay dau tién ta c6 the chia cac
cach nhay thanh nhiéu nhom khong giao nhau.

Vi du: Bai COc.
Mot cha coc may cé thé nhay k bude voi do dai khac nhau (by, by, ..., by) trén

doan duong thang. it coc trén doan dudng thang tai vach xuat phat 0. Cho biét sd
cach nhay dé coc dén duogc diém N.

Thi dy, s6 budc k=2, b; =2, b, =3, doan duong dai N = 8.
CoO 4 cach: (2,2,2,2) (2, 3,3) (3,3, 2) (3, 2, 3).
Thuat toan: Quy hoach dong.
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Goi S(n) 1a sb cach dé coc vuot doan duong dai n. Dya theo budc nhay dau
tién ta chia toan bd cac phuwong an nhay cua coc thanh k nhom khéng giao nhau.

e Nhom 1 s& gom cac phuong 4n bét dau bang budc nhay do dai by, tirc 1a gdm
cac phuong an dang (by,...). Sau budc nhay dau tién, coc vugt doan duong b, doan
duong con lai s€ 1a n—by, do d6 tong s6 phuong an cua nhom nay sé€ la S(n—b,).

e Nhém 2 s& gdm cac phuong 4n bit dau bang budce nhay do dai by, tic 1 gdm
cac phuong an dang (by,...). Sau budc nhay dau tién, coc vugt doan duong by, doan
duong con lai s€ 1a n—b,, do d6 tong s6 phuong an cua nhom nay sé la S(n—b,).

o ..

e Nhom i s& gdm céc phuong an bat dau bang budc nhay do dai b;, tirc 1a gom
cac phuong an dang (b;,...). Sau budc nhay dau tién, céc vuot doan duong b;, doan
duong con lai s€ 1a n—b;, do d6 tong so phuong an ciia nhém nay s€ 1a S(n—b;).

o ..

e Nhom k s& gdm cac phuong 4n bat dau bang budce nhay d6 dai by, tic 1a gdm

cac phuong an dang (by....). Sau budc nhay dau tién coc vuot doan dudng by, doan
duong con lai sé 1a n-by, do d6 tong sd phuong an ciia nhom nay s& 1a S(n—by).

Di nhién, budc dau tién 1a b; s& duoc chon néu b; < n.
Vay ta co:
S(nN)= Z{S(n-b) |n=>b;ji=1,2,...,k} *)

Dé ¥ rang khi doan dudng can vuogt cd chiéu dai n = 0 thi coc c6 mot cach
nhay (ding yén), do d6 S(0) = 1. Ngoai ra ta quy dinh S(n) =0 néu n <O0.

St dung mang s ta tinh dan cac trj s[0] = 1; s[1], s[2]...., s[n] theo hé thirc (*)
noi trén. Keét qua dugc luu trong s[n] [7].

Poan chwong trinh viét bang ngdn ngir Pascal
Procedure make_table;
Var d,i:byte;v:longint;
Begin
s[0]:=1;
ford:=1tondo
begin
v:=0;
fori:=1tokdo
if (d>= b[i]) then v:=v+s[d-b[i]];
s[d]:=v;
end;
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End;

Do phuc tap: Voi mdi gia tri n ta tinh k budc nhay, vay do phic tap thoi gian
cd k.n.

2.1.2.2. Xay dung theo thir tir cudi

Dua theo ddi tuong cu01 cung trong tap cac di tuong dang xeét, ta xet cac
truong hop co thé xay ra néu nhan hoic khong nhin ddi tuong cudi. Tur d6 ta
ciing c6 thé chia bai toan 16n thanh nhiéu bai toan con. Chang han bai toan chia
thuong dudi day xét tir nguoi cuoi cung, bai du hanh xét bit cudi cung.

Vi du 1. Bai toan Chia thuong
Can chia hét m phan thudng cho n hoc sinh sép theo tht ty tir gioi trd xudng
sao cho mdi ban khong nhan it phan thuéng hon ban xép sau minh. Véi 1 <m, n <
100. Hay tinh so cach chia.
Thi du, véi s6 phan thuong 12 7, s6 hoc sinh 12 4 s& c6 11 cach chia

Bdng 2.2. Cac phwong dan chia keo voim =7,n=4

Phuwong 4n @ @)

© |0 N[O 01| B~ W |IDN |-

=
o

N W W W OO O N
N (N [P NN W NN W[k DN |- O

11

I\)I—‘HI\JHI—‘OI—‘OOO@
I—‘l—‘l—‘OOOOOOOO@

Thuat toan: Quy hoach dong
e Lap hé thuc
Goi C(i, j) 1a s6 cach chia i phan thudng cho j hoc sinh, ta thay:
- Néu khéng c6 hoc sinh nao (j = 0) thi khdng c6 cach chia nao (C(i, 0) = 0).

- Néu khong c6 phan thuong nao (i = 0) thi chi c6 mét cach chia (C(0,
J) = 1 - mai hoc sinh nhéan 0 phan thudng). Ta cling quy ude C(0, 0) = 1.
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- Néu s phan thuong it hon sb hoc sinh (i <)) thi trong moi phuong én chia,
tir hoc sinh thir i + 1 trd di s€ khong dugc nhan phan thudng nao:
C(i, ) =C(i, i) néu i <j.

Ta xét tit ca cac phuong an chia trong truong hop i > j. Ta tach cac phuong én
chia thanh hai nhom khong giao nhau dya trén s6 phan thuong ma hoc sinh dung
cuoi bang thanh tich, hoc sinh thir j, dugc nhan:

Nhom thu nhé‘g gdém cac phuong an trong d6 hoc sinh thir j khong dugc
nhan thudng, tirc 12 i phan thudng chi chia cho j - 1 hoc sinh va do do, s6 céch chia,
tirc 1a sO phan tir ctia nhom nay s¢€ la: C(i, j - 1).

Nhom thir hai gdm cac phuong an trong d6 hoc sinh thir j ciing duoc nhan
thuong. Khi d6, do hoc sinh dimg cudi bang thanh tich duoc nhan thuéng thi moi
hoc sinh khac ciing s& c6 thuong. Do ai cling dugce thudng nén ta bét cia modi nguoi
mot phan thudng (dé ho linh sau), sé phan thuong con lai (i - j) s& duge chia cho |
hoc sinh. S cach chia khi d6 sé& 1a C(i - j, j).

Tong s6 cach chia cho trudng hop i > j s& 1a tong sd phan tir clia hai nhom, ta
co:
C(i,=C(,j-1) +C(i-], )
Téng hop lai ta co:
Diéu kién
i: s6 phan thuong C(i, j)

J: s0 hoc sinh

j=0 C@H,))=0

i=0andj=0  C(i,j)=1

i < C(, j) = C(i, i)

i >j C@i,j)=C(i,j-1)+C(i-j))

Vi du 2. Du hanh
ACM/ICPC 2011

Poan du hanh c¢6 nhiém vu xuat phat tir hanh tinh s tim cach ton it ning luong
nhat dé& dén dugc hanh tinh e. M6i hanh tinh ¢6 ma s6 12 mot dady nhi phan dai n
(gom cac gia tri 0 va 1). Biét

e Tir hanh tinh x c¢6 thé dén dugc hanh tinh y néu x va y khac nhau tai dung 1
Vi tri.

e Mbi khi ha canh xudng hanh tinh y = (y1, Ya, ..., Ya) thi ning lugng chi phi s&
la

P1y1 + P2y2 * ... + PYn.
Input: Gom nhiéu test két thic bang dong 0. Mi test chiém 2 dong vin ban:
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- Dong thtr nhat: ba gia tri nse; 1 <n < 1000.

- Dong thtr hai: n gia tri p; P, ... pn 1a céc chi phi tuong tng véi vi tri tha i
trong ma sO hanh tinh.

Output: V&i mdi test hién thi chi phi nhé nhéat dé di chuyén tir hanh tinh s dén hanh
tinh e.

Vi du

Input

3110011

312

50000011111

12345

41111 1000

100111

30 000000000000000000000000000000 1111112121212121212121212121121
1234567891011121314151617 18192021 22 2324 25 26 27 28 29 30
0

Output

4

35

106

4960

Thudt toan Quy hoach dong.

Ta phat biéu lai bai toan nhu sau:

Cho 2 xau bit 0/1 s va e cung chiéu dai n bit. Cén tinh chi phi thip nhat dé bién doi s
thanh e theo cac diéu kién sau:

e MOi budc bién ddi chi duoc phép déo duy nhat 1 bit.

e Mbi khi bién d6i xau x[1..n] thanh xau y[1..n] thi phai tra thém chi phi
Cost(y) duoc tinh bang tong cac gia tri p[i] Gng véi vi tri y[i] = ‘1°, 1 <i<n.

Ta gia thiét 13 cac chi phi tai thanh phan i, p[i] duoc sdp ting va cac xdu s va e
cling dugc sap tuong ung theo p.

Goi ¢(i) 1a ham chi phi thap nhat khi phai bién doi doan xau bit (tién td) s[1..i]
thanh xau bit e[1..i], b(i) 1& ham cho s0 budc tung véi phép bien doi doan xau bit
s[1..i] thanh x&u bit e[1..i] theo cach trén, v(y,i) 1a tong cac gia tri p[k] tng v&i vi tri
y[k] = 1, 1 <k <i. v(y,i) chinh 14 chi phi phai tra khi ha canh xubng hanh tinh c6
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ma y[1..i]. Ta ki hiéu A va B 1a hai tién t6 gom i-1 gia tri ddu cias va e, tic 1a A =
s[1..i-1], B = e[1..i-1]. Ta xét bit i theo 4 trwong hop a, b, ¢ va d sau day:

a) A0, BO ttrc 12 s[i] = ‘0’ va e[i] = ‘0’: Ta chi can bién d6i A—B 1a hoan tat. Ta c6
e Sb budc can thiét: b(i) = b(i-1);
e Chi phi: c(i) = c(i-1).

b) A0, Bl tic 1a s[i] = ‘0’ va e[i] = ‘1’: Trudc hét ta bién doi A—B, giit
nguyén s[i] = 0 sau do bién doi thém 1 budc dé lat s[i] tir ‘0’ sang 1 vai chi phi
v(e,i). Tacd

e S budc can thiét: b(i) = b(i-1)+1;
e Chi phi: c(i) = c(i-1) + v(e,i).

c¢) Al, BO tc la s[i] = *1” va e[i] = *0’: Trudc hét ta 1at s[i] tir ‘1 thanh ‘0’ véi
chi phi v(s,i-1) sau d6 bién d6i A—B. Ta c6

e S bude can thiét: b(i) = b(i-1)+1;
e Chi phi: c(i) = c(i-1) + v(s,i-1).

d) Al, Bl tirc 1a s[i] = 1’ va e[i] = 1”: Ta can chon chi phi min theo hai kha ning
d.1 va d.2 sau day:

d.1 Giir nguyén s[i] va e[i], chi bién d6i A—B
e S bude can thiét: b(i) = b(i-1);
e Chi phi: c(i) = c(i-1) + b(i)*p[i].
~d.2 Tru6ce hét bién doi dé 14t s[i] tr ‘1> thanh ‘0’, sau d6 bién doi A—B,
cudi cung lat lai s[i] ttr ‘0’ thanh “1°
e S bude can thiét: b(i) = b(i-1)+2;
e Chi phi: c(i) = v(s,i-1) + c(i-1) + v(e,i).
Khi tinh toan ta ciing tranh thu tinh dan cac gia tri vs = v(s,i-1) va ve = v(e,i).
2.1.3. Phu thuéc vao sé bién ciia ham

Khi xay dung cong thire truy hoi dira theo yéu cau cua bai toan ta can xac dinh
c¢6 bao nhiéu ddi twong can quan tam, tir d6 xac dinh cong thirc truy h01 can lap c6
thé phu thudc vao mot bién, hai bién hodc ba bién. Ham thuong tra vé gia tri theo
yéu cau cua bai toan.
2.1.3.1. Céng thikc truy héi c6 mét bién

Véi cac bai toan ma ta chi quan tim dén mot d6i tugng nao d6. Khi lap cong
thirc truy hoi chi phu thudc vao mot bién. Ta xét bai toan sau:

Bai Tim cdc dwong ngdin nhit

Cho mot do thi co hudéng gom n dinh ma so tw 1..n voi cdc cung (u, v) co
hwong di twe dinh u dén dinh v va co chiéu dai thé hién duwong di noi twr dinh u dén
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dinh v. Viét chwong trinh tim moi dwong di ngdan nhat tir mét dinh s cho trude t5i
cac dinh con lai cua do thi.
Thuat toan: Quy hoach dong

Pbi tugng ma ta quan tim & day 1a véi dinh i nao d6 (i # ) thi dudng di ngin
nhat tir dinh s dén dinh i la bao nhiéu.

Thuat todn quy hoach dong dugc trinh bay dudi ddy mang tén Dijkstra, mot
nha tin hoc 10i lac ngudi Ha Lan. Ban chat cta thuat toan la sira dinh, chinh x4c ra
1a stra trong s6 cua moi dinh.

Theo so dd giai cac bai toan quy hoach dong trude hét ta xay dung hé thirc cho
bai toan.

Goi p(i) 1a do dai dudng ngin nhét tir dinh s dén dinh i, 1 <i < n. Ta thiy, ham
p(i) phai thoa céc tinh chat sau:

a) p(s) = 0: dudng ngan nhat tir dinh xuat phat s dén chinh dinh d6 c6 chiéu dai

b) Véii #s, mudn dén duoc dinh i ta phai dé'n‘ dugc mot trong cac dinh sat
trude dinh i. Néu j 1a mét dinh sat trude dinh i, theo diéu kién cia dau bai ta phai co

afji]>0

trong d6 a[j, i] chinh 1a chiéu dai cung (j — i).

Trong sb cac dinh j sat trude dinh i ta can chon dinh nao?

Ki hiéu path(x, y) 1a duong di ngin nhét qua cac dinh, xuét phat tir dinh tir X va
két thac tai dinh y # X. Khi d6 duong tir s dén i s& duoc chia 1am hai doan, duodng tur
sdén jvacung (j — i):

path(s,i) = path(s,j)+ path(j,i)
trong d6 path(j, i) chi gdm mét cung:
path(j,i)=(J — 1)
Do p(i) va p(j) phai 1a ngén nhat tire la phai dat cdc tri min, ta suy ra diéu kién

dé chon dlnhj sat trude dinh i 13 tong chiu dai duong tir s dén j va chiéu dai cung (j
— i) la ngan nhat. Ta thu duogc hé thirc sau:

p(i) =min{p()+alj,i]|al,i]>0,j=1.n}
Dé y rang diéu kién a[j, i] > 0 cho biét j 1a dinh sat trudc dinh i.
’ Diéu tai tinh la Dijkstra dé cung cé}p thuat toan tinh dong thoi moi dudng di ngan
nhat tir dinh s dén cac dinh con lai ctia @6 thi. Thuat toan d6 nhu sau.

Thuét toan thuc hién n lan 1ap, mdi lan 13p ta chon va xu 1i mot dinh ciia do
thi. Tai 1an ldp thtr k ta khao sat phan cta d6 thi gdm k dinh voi céc cung lién quan
dén k dinh duoc chon trong phﬁn dd thi do. Ta goi phﬁn nay la dd thi con thu duogc
tai budc xir Iy th k ctia d6 thi ban dau va ki hiéu 1a G(K). Vi do thi nay ta hoan tat
bai giai tim moi dudng di ngin nhit tir dinh xuét phat s #én moi dinh con lai cta
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G(K). Chiéu dai thu dugc ta gan cho moi dinh i nhu mot trong s6 p[i]. Ngoai ra, dé
chuén bj cho buédc tiép theo ta danh gia lai trong s6 cho moi dinh ké sau cua cac
dinh trong G(K).

Khai tri: Gan trong sd p[i] = o cho moi dinh, trir dinh xuét phat s, gan tri
plsl =

Y nghia cta thao tac nay 1a khi méi ding ¢ dinh xuit phat s cia do thi con
G(0), ta coi nhu chua thim manh nao cia do thi nén ta chua c6 thong tin vé duong
di tir s dén cac dinh con lai ctia d6 thi ban dau. Noi cach khac ta coi nhu chua co
duong di tir s dén cac dinh khac s va do do, do dai duong di tir s dén cac dinh do
1a .

Gia tri oo dugc chon trong chuong trinh [a: MAXWORD = 65535
Tai budc lap thir K ta thuce hién cac thao tac sau:
Trong s cac dinh chua xir i, tim dinh i ¢6 trong s6 min.

Vé6i mdi dinh j chua xtr 1i va ké sau véi dinh i, ta chinh lai trong s6 p[j]
cua dinh do theo ti€u chuan sau:

Néu p[i] + a[i, j] < p[j] thi gan cho p[j] gia tri m&i:
pll=plil+ali.j]
Y nghia cta thao tac nay 1a: néu do dai dudng di path(s, j) trong do thi con G(k

- 1) khong qua dinh i ma 16n hon d¢ dai duong di méi path(s, j) c6 qua dinh i thi
cap nhat lai theo duong mai do.

Sau khi cap nhat ta cé}n lwu lai vét cap nhat do bang 1énh gan before[i] = j
véi v nghia la, duong ngan nhat tir dinh s téi dinh j can di qua dinh i.

Panh diu dinh i 1a da xu 1.
’ Nhu V’éy, tai moi budc lap ta chi xir i ding mot dinh i c6 trong s6 min va danh
dau duy nhat dinh do.
(*------ Thuat toan Dijkstra -----*)
Procedure Dijkstra;

Var ik,j: byte;
Begin

Init;

fork:= 1tondo
begin

= Min; {tim dinh i co trong so p[i] -> min }
d[i] := 1; {danh dau dinhiladaxuli}
forj:= ltondo
if d[j] = 0 then {dinh chua tham }
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if a[i,j] > 0 then {coduong dii->j}
if p[i] + a[i.j] < p[i] then
begin {sua dinh }
p0l := pli] +ali,j];
before[j] := i
end;
end;
End;
D6 phirc tap: O(n%)
2.1.3.2. Céng thikc truy héi cé hai bién

V6i céc bai todn ma ta phai quan tdm dén hai d6i twong trong bai. Khi 1ap
cong thurc truy hoi loai nay thuong phu thudce vao hai bién. Ta xét bai toan sau:
Bai toan cai tui

Trong siéu thi c6 n gbi hang (n < 100), g6i hang thir i ¢6 trong luong la WJi]
<100 va tri gia \/[i] < 100. M¢t tén tréom dot nhap vao siéu thi, tén trom mang ,theo
mot cai thi cd thé mang duoc t6i da trong lugng M (M < 100). Hoi tén trom sé lay di
nhirng goi hang nao dé duoc tong gié tri 1on nhat.

Thugt toan: Quy hoach dong

Doi twgng ma ta quan tam la n g6i hang va trong luong toi da 1a W. Vi n goi
hang va trong luong t6i da 1a W thi gia tri I6n nhat trong cac géi hang tén trom lay
trong tdi la bao nhiéu. Vi vay ta goi ham F(i, j) tra ve gia tri 16n nhat c6 the c6 bang
cach chon trong céc goi {1, 2,..., i} véi gidi han trong lugng j. Thi gia tri I6n nhat
khi dugc chon trong s6 n goéi vai gidi han trong lugng M chinh 1a F(n, M).

Cong thic truy hoi tinh F(i, j).
Vi gi6i han trong luong j, viéc chon t6i uu trong sb céc goi {1, 2,...,1 -1,
i} dé co gia tri Ion nhat s€ ¢o hai kha nang:

Néu khong chon g6i th i thi F(i, j) 1a gié tri I6n nhat c6 the bang cach chon
trong so cac goi {1, 2,..., i - 1} v&i gidi han trong luong la j. Ttc 1a F(i, j) = F(i -
)

Néu c6 chon goi thir i (tat nhién chi xét toi truong hop nay khi ma W[i] <j)
thi F(i, j) bang gia tri goi thir i 1a V[i] cong voi gia tri 16n nhét c6 thé co dugc bang
cach chon trong sb cac goi {1, 2,..., i - 1} véi gi6i han trong lwong j - W[i]. Tac la
veé mat gia tri thu duoc: F(i, j) = V[i] +F(-1,)-WIi])

Vi theo cach xay dung F(i, j) 1a gia tri 1on nhét co thé, nén F(i, j) s& la Max
trong hai gia tri thu duoc o trén .

Poan chwong trinh viét bang ngdn nga Pascal
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Procedure make_table;
Var i,j:integer;
Begin
for j:=0 to m do f[0,j]:=0;
fori:=1tondo
for j:=0to m do
begin
flg]1:=ti-1,j];
if (j>=w[i]) and (f[i,jI< f[i-1,j-w[i]]+VIi]) then
f[i,j1:=fi-1,j-w[i]]+V[i];
end;
End;
2.1.3.3. Céng thirc truy héi c¢é ba bién

Vi cac bai toan ma ta phai quan tim dén ba d6i twong. Khi 1ap cong thirc truy
hoi loai nay thuong phu thudc vao ba bién. Ta xét bai toan sau:

Trén mot mang ddc nguoi ta dat N vién bi. Mdi vién bi c6 mot trong ba mau:
do (b), vang (V), xanh (X). Nguoi ta co thé boc céc Vlen bi cung mau dung sat
nhau. Néu 1y K vién bi nhu vay, ta s& nhan dugc diém 1a K2 S diém ban diu 14 0.
Sau khi bdc cac vién bi con lai tu dong sat vao nhau. Ta cé thé bdc nhiéu 1an cho
dén khi mang khong con vién bi nao. Téng s6 diém nhan duoc phu thudc vao trinh
tu chon.

Yéu cau: Hay x4c dinh cach chon sao cho téng s6 diém nhan duoc 1a 16n nhit.
Vi du: Ta dat 9 vién bi trén mang

va danh sd thir tu cac vién bi tr 1 dén g 9

° 22 " e000 —
Mot cach chon: \_Q,_, _—

Chon céc vién bi ‘V, V, V, V’ duoc
tong diém 16, con lai: ‘b, X, X, X, b’.

Chon tiép céc vién bi ‘X, X, X’ tong diém co6 duogc 14 25, con lai : ‘D, P’.

Chon cac vién con lai ‘D, D’ tong diém c6 dugc 1a 29, hét bi.

Mot cach chon khac:

Chon vién bi dé dau tién ‘D’ téng diém 1, con lai: ‘V, V, V, V, X, X, X, D’.

Chon tiép céc vién bi “X, X, X’ tong diém la 10, con lai: *V, V, V, V, P’

Chon tiép cacvién bi ‘V,V,V, VvV’ téng diém c6 duoc 14 26, con lai ; ‘D

Chon tiép vién bi ‘D’ téng diém c6 duoc 1a 27, hét bi.

Vi Hitu Truong - CT1301 Page 28




Do an tét nghiép Truong dai hoc dan 1ap Hai Phong

Thudt todn: Quy hoach dong

Ta c6 mot nhan xét nhu sau: Vé6i diy cic vién bi tir vién bi tht u dén vién bi
thtr v, ta ludn ¢ cach chon tdi wu sao cho trong lan chon cubi cung ta s¢€ léy mot
day céc vién bi ciing mau trong dé co vién bi thir u. Déi twong ma ta quan tam 1
day cac vién bi tir vién bi thir nhat dén vién bi thi N sau khi chon cudi cung khong
thira vién bi nao va thu dwoc tong diém 12 I6n nhat. Véi nhan xét d6, ta c6 ham quy
hoach dong véi y nghia nhu sau:

e D(i, ], k) 1a tong diém t6i vu thu dugc khi xét cac vién bi tir vién bi thi i dén
vién bi thtr j va con thira lai dang K vién bi cung mau vai vién bi thir i.
e Best(i, j) 1a tong diém tdi wu thu dugc Khi xét cac vién bi tir vién bi thi i dén
vién bi thr j va khong thira lai vién bi nao.
D(i, j, k) = max(D(i, u-1, k-1) + Best(u+1, j)) véiu=(i..])
Best(i, j) = max(D(i, j, k) + k*k) véik = (1 .. N)
Khéi tao:
D(, i, 1) := 0; Best(i, i):=1;
Poan chirong trinh viét bang ngén ngir Pascal
Procedure process;
Var color,len,i,j,k,u:integer;
Begin
fori:=1tondo
for j:=1tondo
for k:=1 to n do d[i]™[j.k]:=low(longint);
fori:=1tondo
begin
d[i]™Mi,1]:=0; best[i,i]:=1;
end;
for len:=2ton do
fori:z=1ton-len+1do
begin
color:=aJi];
j:=it+len-1;
d[i]™[j,1]:=best[i+1,j];
best[i,j]:=d[i]"[j,1]+1;
for k:=2 to dem([j,color]-dem[i-1,color] do
begin
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for u:=ito jdo
if a[u]=a[i] then
if dem[u-1,color]-dem[i-1,color]>=k-1 then

if d[i]7j k]<d[i]~[u-1,k-1]+best[u+1,j] then
d[i]~[i,K]:=d[i][u-1,k-1]+best[u+1,j];

it d[i]M[J, K]+k*k>best[i,j] then best[i,j]:=d[i][J k] +k*k;
end;
end;
write(best[1,n]);
End;
Luu y: Mang dem(j,color] tra vé s luong vién bi mau color trong day tur 1 dénj. Ta
c6 thé gan vién bi mau do s6 1, mau vang so 2, mau xanh so 3.
2.2. To chirc dir ligu

Phuong phap quy hoach dong Iuu gitr két qua da tim kiém duoc vao mot
bang lam gia thiét cho viéc tim kiém nhirng két qua cua treong hop sau. Bang s&
duoc 1am day gia tri bai két qua cua nhitng trudng hop trudc da duoc giai. Nhu
viy phuong phap quy hoach dong chinh 1a dién vao bang nhirng két qua 1oi giai
cua bai todn con da giai vo1 muyc dich tranh khoi vi¢c tinh toan thira.

Khi 1ap trinh ta thuong dung mang hai chiéu dé luu trit cac gia tri cua
bang phuong an. Pé thu hep sé chidu quy hoach dong ta sir dung ki thuat chong
mang, dua thuat toan quy hoach dong hai chiéu vé quy hoach dong mdt chiéu.

Bang phuong an (hay ham quy hoach dong, ham muc tiéu) dugc tinh theo
cOt (hoac hang) ma cot sau (hang sau) xac dinh chi thong qua mot ¢t lién trudc
(hang trudc).

Vi du: Bai Chia thuéng

Ta c6 phuong an dau tién nhu sau:
(*-----PHUONG AN 1: de quy.---*)
Function C(i,j: integer):longint;

Begin
ifj=0thenC:=0
else{j >0}
ifi=0then{i=0;j>0}
C=1
else{i,j>0}

ifi<jthen{0<i<j}
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C:= C(i,i)
else
C:= C(i,j-1)+C(i-.j);
End;

Phuong an nay chay cham vi phat sinh ra qua nhiéu 1an goi ham trung lap.
Bang dudi day liét ké s 1an goi ham cuc bd khi giai bai toan chia thudng véi m = 7
van=4.

Bing 2.3. Sé ldn goi ham cuc bé khi goi C(7, 4)
(0} o (2]

CHICHICEICRICRICHIC)
(N w0 o o o
© o |F |k |O|F F | @

R (kN |w oo [ |[©
[EEN e N S IR I O PN NCR S
P O oo |- oo o e

@ 1 1

Thi dy, ham C(1,1) s& dugc goi 9 lan . Tong sb 1an goi ham Chia 1a 79.79
lan goi ham dé sinh ra két qua 11 1a qua ton kem Duéi day 1a cdy biéu dién sb lan
goi ham cuc bo khi goi C(7,4).
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C(74)
C[13) C34)
C(12) O
cagllees) (e
-- o6 1)] | lc1.1)] \C{ \0(31
-- ) Tl

- ) o] [o ------ - -

a0 [ce)] [ceo[crnlfcrol[co]col
P i

c20)]lci.1)] \0(1,0)\

Hinh 2.2. Cdy biéu dién so lan goi ham cuc b khi goi ham C(7, 4)

Lam tot lan 1: Phuong an 1 kha d& trién khai nhung chwong trinh s& chay rét lau.
Dién ta dé quy thudng trong sang, ngan gon, nhung khi thuc hién s& sinh ra hién tugng
goi ldp lai nhitng ham dé quy. Dé tranh nhimg 1an goi l3p nhu vy chung ta tinh sin cac
gia tri cua ham theo cac tri cua dau vao khac nhau va dién vao mét mang hai chiéu cc.

Mang cc dugc mo ta nhu sau:
Const max = 100;
var cc: array[0 .. max, 0 .. max] of int64;
Ta quy udc cc[i, j] chira sé cach chia i phan thuéng cho j hoc sinh.
Theo phéan tich cta phuong &n 1, ta co:
¢ cc[0, 0] = 1; cc[i, 0] =0, vdi i:=1..m.
o ccfi,jl=cc[i, i], néui<j
¢ cc[i, j] = cc[i, j-1]+cc[i-], j1, néu i >j.
Tir d6 ta suy ra quy trinh dién tri vao bang cc nhu sau:
¢ cc[00]:=1
¢ voii = l.m: cc[1,0] :=
¢ cc[0,j]=1véij:=1.n
¢ Dién bang: Lan luot dién theo timg cét j:= 1..n. Tai méi cét j ta dat:
¢ véii = 1..J-1: cc[i,j] := cc[i,i];
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¢ véi i = j.m: cc[i,j] := cc[i,j-1]+cc[i-],j];
Nhan két qua: Sau khi dién bang, gid tri cc[m, n] chinh la két qua can tim.
(*--mmmmmmm- PHUONG AN 2: Dung méng hai chiéu €C ------------- *)
Procedure make_table2;
Var i,j:integer;
Begin
cc[0,0]:=1;
for i:=1 to m do cc[i,0]:=0;
for j:=1to n do cc[0,j]:=1;
for j:=1tondo
begin
for i:=1 to j-1 do cc[i,j]:=cc[i,i];
for i:=j to m do ccli,j]:=cc[i,j-1]+ccli-j,jl;
end;
writeln(cc[m,n]);
End;

Lam tét lan 2: Ding mang hai chiéu chiing ta chi co thé tinh toan dugc voi dit
liéu nho. Bude cai tién sau day kha quan trong: chung ta dung mang mot chiéu.
Quan sat ki quy trinh gan tri cho mang hai chiéu theo timg cot ching ta dé phat hién
ra rang cOt thi | co thé duogc tinh toan tir ¢t thtr j - 1. Néu goi ¢ 1a mang mdt chiéu
s& dung, ta cho s hoc sinh ting dan bang cach lan luot tinh j bude, véi j := 1..n. Tai
budc thir j, c[i] chinh 13 sé cach chia i phan thudng cho j hoc sinh. Nhu vay, tai
budc thir j ta co:

c[i] tai budc j = c[i] tai budc (j - 1), néu i < j. Tir day suy ra doan c[0..(j - 1)] duoc
bao luu.

c[i] tai budc j = c[i] tai budce (j - 1) + c[i - j] tai budc j, néu i >j.

Biéu thtrc thir hai cho biét khi cap nhat mang ¢ tir budce thir j - 1 qua bude thi j ta
phai tinh tir trén xudng, nghia la tinh dan theo chiéu tang cta i := j..m.

Mang ¢ dugc khai tri ¢ budc j = 0 nhu sau:
c[0]=1;c[i]=0,vdii:== 1.m.

Vi y nghia 1a, péu €6 0 hoc sinh thi chia 0 phan thuong cho 0 hoc sinh s&
dugc quy dinh 1a 1. Néu so phan thuéng m khac 0 thi chia m phan thudng cho 0 hoc
sinh s€ dugc 0 phuong an.

Ta c6 phuong an ba, ding mot mang mdt chiéu ¢ nhu sau:

(* --—--- PHUONG AN 3: diung mang mot chiéu ¢ -------------- *)
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procedure make _tablel;
var i,j:integer;
begin
fillchar(c,sizeof(c),0); c[0]:=1;
for j:=1tondo
for i:=j to m do c[i]:= c[i]+ c[i-j];
writeln(c[m]);
end; [7]
- Vo6im =80, n = 60 thi phuong an dung mang hai chiéu va mot chiéu chay
mat 0 mili gidy, con phuong an d¢ quy chay mat 2590 mili gidy.
KET LUAN CHUONG 2

Quy hoach dong 1a mot phuong phap rat hay va manh trong tin hoc.
Nhung dé giai dugc cac bai toan bang phuong phap quy hoach dong that chang
dé dang chut ndo. Chu yéu hoc sinh hién nay str dung quy hoach dong theo kiéu
lam tirng bai cho nhé miu va ap dung vao nhiing bai c6 dang twong tu. Cac k¥
thuat dugc trinh bay trén day 1a nhitng kinh nghiém duogc rat ra khi giai cac bai
toan quy hoach dong. Véi tung bai todn phai c6 sy ap dung linh hoat.

Van dé kho nhat cua viéc gidi mdt bai toan quy hoach dong la tim déu hiéu
nhdn biét quy hoach déng va tim quy ludt quy hoach dir liéu clia bai toan d6. Vi vay
khi giai mot bai toan quy hoach dong phai dit timg bai todn dudi nhiéu goéc nhin
khac nhau va danh gia rdi lua chon cac phuong an.
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] Chuwong3 ) .
THUAT TOAN QUY HOACH DPONG VA LY THUYET TRO CHOI

3.1. Bai toan tro choi

Trong cong viée thudng ngay dé dat dugc muc tiéu nay hay muyc tiéu khac,
con nguoi thuong thuong phai dua ra sy lya chon t61 wu. Bai toan toi wu gip ca
trong ly thuyet 1an trong tmg dung & tat ca cac nganh khoa hoc, tir y té dén vat ly, tur
toan hoc dén sinh hoc, tir quan sy dén kinh té. Van dé luya chon giai phap t6i wu
duoc hinh thirc hoa va viéc nghién ctru mo hinh toan hoc nay dan dén sy ra doi cua
mot s linh vuc nghién ctru 1y thuyét, trong d6 tong quat hon ca 1a 1y thuyét Nghién
ctru hd tro quyét dinh.

Trong sb cac diéu kién tac dong 1én chién lugc lua chon quyét dinh diéu kién
xung dot dong mat vai tro dac biét quan trong. N6 quan trong vi hai ly do:

e Xung dot 1a dong luc phat trién ctia cudc séng va xa hoi.
e Dac thu ciia xung dot 1a yéu t6 chinh tac dong 1én quyét dinh phai lya chon.

Trong diéu kién c6 xung dot, quyét dinh phai dya trén co so:

e Loi ich ctia minh va loi ich ciia cac ddi tac ma thong thudng céc lgi ich niy mau
thuan 1an nhau.

e Khi ra quyét dinh, ta phai luu y dén quyét dinh cta ddi tac, diéu ma thong thuong
ta khong biét trudc.

Chuyén nganh nghién ctru vé viéc dua ra quyét dinh trong truong hop c6 xung dot
la Ly thuyet tro choi. Xung dot trong tro choi thuong duoc goi 1a doi khang [2].

Chiing ta xét loai tro choi véi cac gia thiét sau day:

e Tro choi gom hai ddu thii 1a A va B, luan phién nhau, mdi ngudi di mot nude. Ta
ludn gia thiét dau thu di trudce 1a A.

e Hai dau thu déu choi rat gioi, nghia 1a c6 kha ning tinh trudc moi nudc di.

e Diu tht nao dén luot minh khong thé di dugc nita thi chiu thua va van choi két
thac.

e Khong c6 thé hoa, sau hitu han nudc di s& xac dinh dugc ai thing, ai thua.

Gia thiét choi giéi nham tranh cac truong hop “dn may”, tic 1a cac truong hop do
doi phuong hd hénh ma di lac nudce. Diéu nay twong duong vai gia thiét ca hai dau
thu déu co thé tinh trude moi nude di (v loai tro choi hitu han) hodc ca hai dau thu
déu biét cach di tot nhat.

Céc bai toan tin lién quan dén loai trd choi nay thuong 1a:

e Lap trinh dé xac dinh voi mot thé cd cho trude thi nguoi di trude (déu thu A) s€
thang hay thua.

e Lap trinh dé may tinh choi v6i ngudi. DI nhién chuong trinh ban 1ap ra 1a danh
cho may tinh.
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e Lap trinh dé hai may tinh choi véi nhau [7].
Vi loai tro choi nay ¢6 mot heuristic mang tinh chi dao sau day:
- hét can xdc dinh dwoc mét tinh chat T théa cdc diéu kién sau day:
a) Thé thua cudi cung thoa T,
b) Moi nuée di luén luén bién T thanh V = not T,
¢) Ton tai mot nude di dé bién V thanh T.

chat T duoc goi la bat bién thua cua tro choi.

3.2. Ly thuyét tro choi

MBJi tro choi bao gid ciing lién quan t6i hai khong gian: khong gian trang thai
va khong gian diéu khién. Him muc tiéu thuong dugc xac dinh trén tap trang thai.
Tap trang thai cua tro choi cé thé 13 hitu han hodc vo han nhung tap diéu khién luon
ludn hiru han va thong thuong 1a khong 16n. Xét tro choi ddi khang gitra 2 nguoi.

Vi du, xét bai toan tro choi lat xuc xac.

Cho mdt con x0c xac truyén théng, trén moi mat cta xuc xidc c6 mot sd chdm
trong pham vi tu 1 dén 6 x4c dinh s diém cua mat, khong c6 2 mdt nao cé cung sb
diém va tong diém ctia 2 mat d6i luon ludén bang 7. Con xuc xic dugc tung Ién ban
va téng S cua tro choi ban dau nhan gia tri b:;ing s6 diém mat trén cua xtc xic. Hai
ngudi 1an luot di. Khi dén luot minh di, ngudi choi 14t mot 1an con xuc xic qua
canh cta no va cong s6 diém & mat trén mdi vao S. Ai dén luot minh di lam téng S
16n hon Spax s€ thua.

Cudc choi dang dién ra so6i ndi thi nguoi dén luot di c6 dién thoai va ling ting
xin 16i phai di 1am mot viéc gap. Vi 1y do té nhi, khong ai hoi d6 1a viéc gi, nhung
ban duoc chi dinh thay thé. Véi tong S va mit trén v hién co, hdy xac dinh cudi
cung ban c6 thé thang duoc hay khong va néu c6 thi chi ra cac cach lat dé thang.

Dﬁ’ liéu: Vao tu file van ban DICE INP gém mot dong chua 3 s6 nguyén v, S va
Smax (1 Sv<6,1 <S<S < 10° ). Céc s6 ghi cach nhau mot diu cach.

Két qua: Dua ra file van ban DICE.OUT trén mét dong sO nguyén m - sb cach di
thang va néu m> 0 thi sau d6 lam s6 nguyén - cac mit can dwa thanh mit trén, dua
ra theo th ty ting dan. Cac sd ghi cach nhau mot ddu cach. m = 0 ing véi truong
hop khong c6 cach thang.

Vidu: ICE.INP CE.OUT
L3 20 234
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M6 hinh:

O bai nay, trang thai cua tro choi 1a tong S va mit trén ciia con xuc xac, con
di€u khién la cach lat. Co 4 céch lat: dua mat trudc Ién trén, dua mat phai 1én trén,
dua mat trai 1én trén hoac dwa mat sau 1én trén.

Hinh 3.1. Khéng gian trang thdi va khéong gian diéu khién ciia bai todn It
Xuc xdc
Ta ¢6 thé biéu dién cac nude di cua tro choi dudi dang mot dd thi ¢6 hudng,
trong d6 cac nut 1a trang thai. Diéu khién dugc thé hi¢n dudi dang cung c6 hudng,
noi cac trang thai véi nhau.

Hinh 3.2. Biéu dién cdc nwéc di ciia tro choi dwdi dang mot do thi c6 hudng
3.2.1. Tro choi trén do thi

Trén nguyén tic, moi trd choi déu co thé biéu dién dudi dang d6 thi c6 hudng.
Tuy vay, khong phal lac nao d6 thi c6 hudng nay ciing dé xay dung, luu trir va
thuan tién trong viéc hd tro tim chién lugc diéu khién.
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Nhiing trd choi ma mé hinh d6 thi cho phép ching ta dé& dang tim ra chién
lugc diéu khién dé thang (néu c6) dugce xEp vao 16p trd choi trén do thi.

Trd choi trén do thi ¢6 ndi dung nhu sau:

Cho d6 thi c6 hudng G = (V, E), trong d6 V - tap dinh ctia d6 thi, mdi dinh
tuong ung véi mot trang thai cua tro choi, E - tdp canh, moi canh tuong ung véi
mot nuoc di.

Gia thiét ca hai nguoi choi déu biét cach di téi uu, tic 12 néu c6 kha ning
thang dugc thi ho s€ khong bd qua.

Ky hiéu W - tap con cac dinh tir d6 ¢ cach di dé thing, L - tip con cac dinh tir
do khong c6 cach di dé thang va D - tap con céc dinh tir do tro choi s€ két thuc voi
ket qua hoa. Khido V=W u L UD.

Moi chién lugc diéu khién tro choi 1a mot phép anh xa f: V — E xdac dinh
nudc di can thyc hién tir dinh dang dliing.

Sd cung Xuét phat tr mgt dinh dugc goi 1a bac cua dinh d6. Cac nlt tuong trng
v6i trang thai két thuc trd choi c6 bac bang 0.

Giai thuat phan loai dinh do thi
3.2.1.1. Truong hop do thi khéng cé chu trinh

Bé dé 1. Néu G la do thi khong chira chu trinh va moi dinh bdc 0 déu thudc tap W
UL, khi dé méi dinh ciia G déu cé thé phan loai thanh dinh thang hodc thua (khéng
co truong hop hoa).

Chitng minh: Sip xép cac dinh cta d6 thi theo tht tir tir dién ting dan khoang cach
té1 dinh goc. Goi Wy 1a tap cac dinh bac 0 thuoc W, Lg 1a tap cac dinh bac 0 thudc
L. Nhu vay, néu u la mét dinh bac 0, n6 phai théa man mdt trong hai diéu kién:

e UeWyg=ueW,
o Ue LO:> uelL.
Do phai c6 it nhat mot cung dan téi dinh u nén:

e NbuueWo3Iviuve Evav e L,
e NéuueL< Vvnéuuv e Ethive W.

Nhu vay giai thuat c6 do phuc tap 1a O(E+V).
3.2.1.2. Truong hop do thi cé chu trinh

Xét trudng hop d6 thi G chta chu trinh. Mot nude di cua tro choi bao gdm hai
lan di: 1an di cia mgt nguoi va lan di tieép theo cua doéi phuong.

Goi W, 1a tap cac nit ma xudt phat tir 46 ngudi choi s& thing dugc sau khi
thuc hién khong qué k lan di ciia minh, Ly 1a tap cadc nat ma xuat phat tr d6 nguoi
choi sé€ chac chan thua sau khéng qua k 1an di ctia minh.

RO réng la W, W, Liac Ly
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Néu nhu mot nguoi nao do s€ thang sau mot s6 hiru han lan di thi ton tai cac
dang thtrc:

e W= OWK,
k=0

e L={JL,,
k=0

e Vatuong ng c6 D = E\ (WUL).

Cong thirc truy hoi xac dinh W, va L 1a nhu sau:

Xuat phat tir i = 0 (tir W va Lo):

e Wi,y={u|3viuve Evav e L},

o Ly ={u| Yv:uv e E=ve Wi}.

3.2.1.3. Giai thudt xdy dung W va L do phurc tap O(E)

Chuan bi mang count vai count[v] bang sb bac cia dinh v. Pua cac phan tir
cua Wy va Ly vao hang doi, sau d6 bat dau lay thong tin tir hang dgi ra xtr Iy. C6 thé
xay ra céac truong hop sau:

- Truong hop 1: u € L, khi do:
for vu € E do
if (v W) then
begin
W+=v; {Cho v vao tap W}
push(v)
end;
- Truong hop 2: u € W, khi do:
for vu € E do
begin
count[v]--;
if (count[v] ==0) then
begin L +=v; {Cho v vao tap L}
push(v)
end
end;
3.2.2. Tong truc tiép. Ham Sprague - Grundy

C6 nhimg tro choi G ¢6 thé phan ra thanh k tro choi doc lap dang dd thi G1,
G2,..., Gk. Mai tro choi doc 1ap nay dugc goi 1a tro choi con. V&i moi tro choi con
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cho biét trang thai thua. O trang thai nay va chi & trang thai ndy méi khong ton tai
nuoc di tiép theo hop 1€.

Nguoi choi s€é chon mdt trong sb céc tro choi con va thuc hién nude di cua
minh. Nguoi chot bi thua khi khong con tro choi con nao cé thé lya chon dé thyc
hién dugc nudce di. Trong truong hop nay G duoc goi 1a tro choi ¢6 tong truc tiép.

Trd choi G trong trudng hop nay co thé biéu dién nhu tro choi trén mot dd thi
duy nhat:

G=<VyxVyx...xVyE>,

<(Vq, Vo, .. o V), (Ug, Uy, . . ., U)>€ E <3i: uvie E;.

Dinh nghia 1. Ham Sprague - Grundy (SG) 1a anh xa dinh sang tap nguyén khong
am va thoa man dicu kién:

SG(u) = minfm > 0: m # SG(v), uv € E}.

SG(u) duoc goi la s6 Sprague - Grundy.

Nhu vdy, SG(u) 1a s nguyén khong 4m nho nhat chua tim thay trong tap gia
tri s6 Sprague - Grundy do61 voi u.

Sb Sprague - Grundy c6 cac tinh chat sau:

SG(u) = 0 néu bac cta u bang 0,
SG(u)=0néuu e L,

Néu SG(u) =0 va uv € E, thi SG(v) #0,
Néu SG(u) # 0 thi v: uv € E va SG(v) = 0.
Dinh ly Grundy

G =Gl x G, x...x GyvaSG;la ham Sprague - Grundy ciua G;, i = 1 ~ k, khi do
co:

SG(<ul, u2, ..., uk>) =SG(ul) &SG(u2) &@. .. & SG(uk)

SG(u)ESGuO . . . ©SG{uy)

S—

¢ ¢
soul)  SGu2) l"’\
SG(uy)
1(ul)& u2) - .- - . (uk;
Hinh 3.3. Biéu dién tinh s6 Sprague - Grundy

Trong d6 @ 1a phép tinh cdng tirng bit khong nhd (phép XOR trong PASCAL,
A trong C).
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Chung minh

Ta s& ching minh dinh 1y ndy bang phuong phap quy nap. Véik =2 ta c6 G,
G, va cac ham SGy, SG,. Ky hiéu SG(ul, u2) = SG1(ul) ® SG2(u2). Ta s€ ching
minh day chinh 1a ham Sprague - Grundy cho G.

Néu ton tai canh (ul, u2) — (v1, u2) thi SG1(ul, u2) # SG2(v1, u2). Gia thiét
diéu nay khong ding, tic 13 c6 SG(ul, u2) = SG(vl, u2). Khi d6 SGl(ul) @
SG2(u2) = SG1(vl) ® SG2(u2), suy ra SG1(ul) = SG1(v1) - mau thuan véi dinh
nghia cua ham SG1!

Gia thiét x < SG1(ul) ® SG2(u2). Ta s& ching minh rang ton tai canh ndi nut
(ul, u2) téi nut (v1, v2) thoa man diéu kién SG1(v1) ® SG2(v2).

Goi b 1a vi tri dau tién cua bit trong x ma bit xb cua x nho hon bit tht b cta
SG1(ul) ® SG2(u2). Khi 6 tai vi tri thir b cac sé SG1(ul) va SG2(u2) cb gia tri bit
khac nhau, con xb = 0.

Khong mét tinh chat tong quat, ta c6 thé coi bit thir b ciia SG1(ul) bang 1, con
bit thr b ciia SG2(u2) bang 0. R3 rang 1a SG2(u2) ® x < SG1(ul). Nhu vay trong
d6 thi G1 c6 canh ndi ul — v1 va SG(v1) = SG1(ul) @ x. Con trong G ta c6 canh
(ul, u2) - (vi, u2) va SG(<vl, u2>) = SG1(vl) ® SG2(u2) = x.

Diéu nay néi 1én rang SG 1a ham Sprague - Grundy ctia G. Do 1a diéu phai
ching minh. [2]

Bang cach quy nap, ta c6 thé dé dang chiing minh trong trudng hop tong
quat.

U’ng dung:. Tro choi NIM.

Tro choi NIM c6 xuat xi tir Trung Hoa, danh cho hai dau thu A va B véi cac
nuée di 1an luot dan nhau trén mot dau trudng véi N dong soi. Pong soi thir i 6 a;
vién (8>0, i = 1 + n). C6 2 ngudi choi. Mdi nguoi, khi d¢én lugt minh phai béc mot
s6 luong soi tiy ¥, 16n hon 0 tir mot ddng tiiy chon. Ai dén lugt minh khong con
cach boc thi nguoi d6 thua.

Phan tich

Vé6i mbi dong c6 sb luong X SG(X) = x. Nhu vay ham Sprague - Grundy c6
dang: SG(<ay, ay, . . ., a>) = a;@a,® . . . Pa,.

Dit x = a;®a,® . . . @a,. Ta chirg minh rang bdt bién thua ciia tré choi NIM
la x =0, tirc 1a néu x = 0 thi dén luot ai di ngudi do s€ thua.

Trudc hét nhac lai mot sb tinh chat clia phép toan @ theo bit.
1) a® b =1 khi va chi khi a #b.
2)a®0=a
Jad®l=nota
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4) Tinh giaohodn:a®@ b=b ® a
5) Tinh két hop: (a®b)®c=a® (b ® c)
6) Tinh lity linh: a® a =0

Na®b® a=b

8) Tinh chit 7 c6 thé mé rong nhu sau: Trong mot biéu thirc chi chtra phép xor ta co
thé x0a di chan lan c4c phan tir giong nhau, két qua sé khong thay doi.

Dé dé nhé ta goi phép toan nay la so khac - so xem hai d6i twong c6 khac
nhau hay khong. Néu khac nhau la dang (1) nguoc lai 1a sai (0).

Bét bién x = 0 c¢6 y nghia nhu sau: Néu viét cac gid trj a;, i = 1..N dudi dang
nhi phan vao mdt bang thi s6 lugng s6 1 trong moi cot déu 1a s6 chan.

Dang nhi phan
al=13|1 (1 |0 |1
a2=14]1 (1 |1 |0
a3=6 |0 |1 |10
ad=7 |0 (1|1 |1
a5=2 |0 |0 [1]0
®x=0)0 |0 |0 |O

khuyét nhu sau:
K(0) = a;®a,PazdPas,das = 13014060702 = 0.
K(1) = a,®PazPasdas = 1406702 = 13,
K(2) = a;PazPa,Pas = 1306702 = 14,
K(3) = a;®Pa,Pa,Pas = 13014072 = 6,
K(4) = a;®a,PazPas = 130140602 = 7,
K(5) = a;@a,Paz;ba, = 13014@6D7 = 2.
Ta phat hién duoc qui luat li tha sau day:

Ménh dé 1. Cho x 1a téng xor ctia N s6 ty nhién, a;, X = a;Pa,®...Pay. Khi d6 K(i)
= x®a,i=1,2,..N. Tiac 1a mudn bé mot sb hang trong téng @ ta chi viéc @ thém
tong vai chinh so hang d6. Noi riéng, khi x =0ta c6 K(i) = a;, i=1,2,...,,N.

Churng minh

Bang bén cho ta a;®@a,Paz;Pa,Pas = 13D14D6D7D2
=0.

Néu x 12 téng xor cta cac a;, i = 1..N, voi mdi i = 1..N
ta ki hiéu K(i) 12 tong xor khuyét i ciia cdc a; véi cach
tinh nhu sau: K(i)=a; @ a, @ ... ® a1 ® @ ... @ ay.
Nhu vay K(i) 1a tong xor cuia cac a; sau khi da loai trir
phan tir & va X chinh la tong xor du cua cac &;, i = 1..N. Do
a®a=0va0®y=yvsimoiynénK()=x® a. Dé
cho tién, ta cling ki hi¢u K(0) chinh Ia téng xor du cua
cac a;, i = 1..N. Véi thi du di cho ta tinh duogc cac tong

Goi X la téng xor du cta cac sd da cho, x = a;Pa,®...Pay. Van dung tinh
giao hoan va tinh Iy déng ta c6 thé viét x @ a = (a:Pa®...Pa;.
1Daj@Pay)®(ai@a;) = K(i) ® 0 =K(i),i=1,2,..,N, dpcm.

Ta chting minh tiép cac ménh dé sau:
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Ménh @@ 2. Néu x # 0 thi ¢6 cach di hop 1¢ dé bién do6i x = 0.

Chitng minh
Do x # 0 nén ta xét chit s6 1 trai nhat trong dang biéu dién nhi phan cua X =
(Xmy Xm-1,----%0), Xj = 1, X =0, i >j Do x la tong xor cua cac a;, i = 1..N, nén ton tai
mot a; = (bm, br-1,. bo) dé chir s6 b; = 1. Ta chon A
dbng a; ndy (dong c6 du *). Khi do ta tinh dugc Dang nhi phan
K(I) = x @ ai = (Xn®bm, Xm-1®br.1,....%@Pho) = x3 | x2 | x1 | X0
(Cmy Cm-1-.-,C0) VOI C; = Xi®b;, 0 <1 <m. Ta cod ~
nhan xét sau day: * Tai cac cot i > j: ¢; = b;, Vi ¢; al=12 11110 |0
:Xi@bi:()@bi:bi, a2=14 1 1 1 0
*Taicotjtaco: ¢;=0,vicg=x®bj=1®@1=|*a3=6 0 [1 (1 ]0
0 ad =3 0 o |1 |1
Dobj=1,¢= Ovamoivitr1i>jdéucoc. _
=binéna; >K(). Néu ta thay dong a; bang dong =2 0 101110
K(i) thi tong xor y khi d6 sé& la: @x=5 0 |1 (0 |1

y=(x® ay) ® K(i) = K(i) ® K(i) =0

Vay, néu ta bdc tai dong i s6 vién soi v = a; - K(i) thi sb soi con lai trong dong
nay s€ la K(i) va khi do tong xor s€ bang 0, dpcm.

Ménh dé 3. Néu x = 0 va con dbng soi khac 0 thi moi cach di hop 1& déu dan dén x
#0.
Churng minh

Cach di hop ¢ 1a cach di lam giam thuc su sb s6i clia mot déng a; duy nhét
nao d6, 1 < i < N. Gia st déng duoc chon 13 a; = (by, br-1s...,0g). DO @ bi stra nén
chac chian c6 mot bit nao d6 bi dao (tir 0 thanh 1 hodc tir 1 thanh 0). Ta goi bit bi
stra do 1a by. Khi d6 tong so bit 1 trén cot j s€ bi tang hodc giam 1 don vi va do do s&
khong con la s6 chan. Tir d6 suy ra rang bit j trong x s& 1a 1, tirc 13 X # 0 dpem.

Phan 1ap luan chu yéu trong ménh dé 2 nham muc dich chi ra su ton tai cta
mat tap a; thoa tinh chat a; > x®a;. Neu tim dugc tdp a; nhu vay ta s€ boc ai—(x®Da;)
vién tai dong soi i .

3.2.3. Tro choi trén ma trdn

Cho ma tran A = ((a;;)), i =1+ m, j =1+ n. Cac tro choi x4c dinh trén ma trin
A 1a tro choi trén ma tran.

Vi dul: V&i ma tran A ndi trén, v6i tong S ban dau bémg 0 va chua c6 hang
hay ¢4t nao bi danh dau x6a hai nguoi thyc hién Kk 1an doan s (k<min{m, n}). Mobi
lan hai ngudi dong thoi chon, nguoi thir nhat chon ‘mot hang i trong s0 cac hang
chua bi danh dau x6a, ngudi thir 2 chon cot j trong s6 cac cot chua bi danh déu xoa.
Phén tir nim & giao ctia hang va cdt nay, tic 1a phan tu ajj s€ 1a diém sb cua nguoi
thir nhat va duoc cong vao S, sau d6 hang i va ¢t j bi danh dau x6a. Hay xac dinh
tong S 16n nhét c6 thé dat duoc néu ca hai cung co su lya chon tdi wu.
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O bai toan ndy, nguoi thir nhat ¢b gang cuc dai hoa gia tri s& cong vao S, con
nguoi thr 2 - tim cach cuc tiéu hoa gia tri nay.

Phan 16n céc trd choi trén ma tran lién quan toi bai toan Minimax. Nhiing bai
toan nay c6 nhiéu Gng dung trong kinh té. Viéc giai nhitng bai toan thuc té da l1a
dong luc ra doi va phat trién nhimg 1y thuyét nhu quy hoach tuyén tinh, quy hoach
cau phuong, Iy thuyét Maximin,...

Trong pham vi chuong trinh trung hoc phd thong chung ta gap nhiing bai toan
don gidn hon va trong nhiéu truong hop - dugce phat bieu khong & dudi dang mot tro
choi tudng minh

3.3. Ky thuat 1ap trinh

Viéc lap trinh giai cac bai toan tro choi 1a mot van dé phire tap. Mdi chuong
trinh giai bai toan tro choi trén thuc té 12 mot hé théng tri tué nhan tao thu nho.
Cong ty IBM da tung lap rap siéu may tinh Deep Blue chi dé thir nghiém va
chiing minh kha nang xdy dung tri tué¢ nhan tao. Chuong trinh choi c¢ vua (co
Quéc té) da dugc xay dung, cai dit trén Deep Blue va dai kién tuéng, vo dich co
thé gidi Garry Kasparov da duoc moi téi dau cd voi may tinh.

Céc bai toan tro choi c6 dac trung chung:

e  (Céac phep xtur 1y trang thai it va don gian,
. Logic dé din xuét, lwa chon phép xtr Iy - phirc tap.

Su phtre tap nay tao ra dac thu cho viéc tiép can va 1ap trinh giai quyet cac bai
toan tro choi. V& nguyén tac VO’l cac bai toan tro choi trén d6 thi ta co thé tinh gla tri
ham Sprague - Grundy (goi ngén gon 13 s6 Grundy) va dua vao no dé diéu khién tro
choi. Tuy vay, “Trdnh vé duwa, gdp vo dira”! Viéc tinh sé Grundy trong nhiéu
truong hop 13 hét strc phic tap, thim chi co thé 1a khong tinh duge. Khi d6 nguoi ta
phai tim cach vong tranh. Cac bai toan lap trinh thudong gap véi bai toan tro choi

3.3.1. Tinh truc tiép ham Sprague - Grundy

Ban chét caa viéc diéu khién tro choi dya truc tiép vao ham Sprague - Grundy
| xdc dinh hodc danh gia so lugng nude di con lai. Trong tro choi 2 nguoi, néu cac
nguoi choi déu biét cach di ding thi ngudi di & budc ti€p theo thang duoc khi va chi
khi @€ lai mdt s6 chan nudc di. Néu doi phuong con nudc di, ta cling s€ con nude dé
di. Néu hét nudc di - doi phuong hét trude.

Tro choi NIM: C6 n dong soi, déng soi thir i ¢d a; vién (a>0, i =1 + n). C6 2
nguoi choi. Moi nguoi, khi dén Iugt minh phai boc mot so lugng soi tuy ¥, 16n hon
0 tor mot dong tuy chon. Ai dén lugt minh khong con céch boc thi ngudi do6 thua.
Hay xac dinh ¢ lan di dau tién nguoi thir nhat c6 may cach boc soi dé thang. Hai
cach boc goi la khac nhau néu n6 dugc thuc hién ¢ nhiing dong khac nhau.

Dir liéu: Vao tu file van ban NIM.INP:

e Dong dau tién chtra s nguyén n (2 < n < 1000),

e Dong thu i trong n dong sau chira s6 nguyén a; (1 < a; < 10%).
Két qua: Pua ra file vin ban NIM.OUT:
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e Dong dau tién dua ra s6 nguyén K - s6 cach boc khac nhau c6 thé thyc hién. k = 0
néu khéng c6 cach béc dé thing.

e Néu k> 0 thi mdi dong trong k dong sau dua ra 2 sb nguyén j va bj theo tht tur
tang dan cta j, xac dinh can bdc bj vién soi tir dong thr j.

Vi du:

M.INP M.OUT

13

a; = 12,0 = 1100, g-a; = 3 — s6 s6i can boc: 9
a= 8,,=1000,>g-a,=7 > s0 s6i can boc: 1
az = 519 =0101,—> g-a3 = 10—>khong béc duwoc tir d'é’ng nay

ay = 14,0 = 1110, g-a, = 1 — s s6i can boc: 13

g=1111
Luu ¥: Gia tri g - & ¢6 thé nhan dugc bang phép tinh 16 gic gPa;.
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Hinh 3.4. So dé thudt gidi tro choi NIM

Chuong trinh PASCAL
Program NIM;
Const tfi="NIM.INP’;
tfo="NIM.OUT";
Var a:array[1..1000] of longint;
1,n,g,t,k:longint;
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fi,fo:text;
BEGIN
assign(fi,tfi);
reset(fi);
readIn(fi,n);
for i := 1 to n do readIn(fi,a[i]);
close(fi);
9:=0;
for i:=1to n do g:=g xor a[i];
k:=0;
fori:z=1tondo
begin
t:=a[i]-(a[i] xor g);
if t>0 then
begin
inc(k);
a[i]:=t
end
else a[i]:=0
end;
assign(fo,tfo); rewrite(fo);
writeln(fo,k);
if k>0 then
for i:=1 to n do if a[i]>0 then writeln(fo,i," *,a[i]);
close(fo)
END. [2]
3.3.2. Ky thudt bang phwong dan (Decide Table)

Gia thiét hanh dong can thuc hién & budc tiép theo phu thudc vao két qua kiém
tra n diéu kién Cy, C,, . . ., Cp. Pibu kién C; (i= 1 = n) c6 thé 1a diéu kién 16 gic voi
két qua kiém tra 1a Dung (True) hodc Sai (False) hodc c6 thé 1a diéu kién Vol két
qua kiém tra ndm trong tap c6 nhiéu hon 2 gia tri. Vi dy, viéc so sanh hai sé p va
c6 thé cho két qua <, = hoic >.

Goi v; 1a két qua kiém tra diéu kién C;. Viéc kiém tra tit ca cac diéu kién tir C; dén
Chséchotabdgidtri V = (vl, v2,..., vn). B0 gia tri nay duoc goi la vec to diéu
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kien. V61 méi V cin phai thyc hién mgt hanh dong A nao do. Véc to (V, A) dugc
goi la quy tac hanh dong.

Bang phuong an (Decide Table) 13 bdng liét ké cdc quy tic hanh dong.
Ly thuyét bang phuong an nghién ctru cac van dé:
Phan loai bang phuong an,
Cach xay dung va biéu dién bang phuong an,
Tinh chit bang phuong an,
Str dung bang phuong an nhu cong cu phén tich va thiét ké giai thuat,
Str dung bang phuong an nhu cong cu ty dong hoa 1ap trinh.

Bang phuong an déng mot vai tro hét sitc quan trong trong 1ap trinh 16 gic,
trong cac hé thong tri tu¢ nhan tao, hé ho tro quyét dinh,...

Bang bang phuong 4n ta co thé dé dang kiém dinh giai thuét trong cac sach
bao, tai liéu gidi thiéu tro choi, chinh 1y cac sai sot lién quan t6i viéc xir ly cac
truong hop tinh té cta tro choi. Céc sai sot nay khong phai 1a qua hiém!

6] day chung ta khong di sau vao ly thuyét bang phuong 4n ma chi xem xét cach
trién khai n6 dé giai quyét mot s6 bai toan trong linh vyc trd choi.

Trong bang phuong an nay (cling nhu trong tuy¢t dai bd phan cac bang
phuong an cho tro chot) trong bang chi chira cac thong tin cho phép nguoi choi tim
duogc sy lwa chon phu hop vé6i chién luge diéu khién minh theo dudi.

Vi du: Bang phwong an cho bai toan Lat xic xic

Dé diéu khién tro choi ndy can c6 bang phuong an B kich thudc 6xSmax. i = 1
+6,] =1+ Smax.

Bang phuong an cho bai toan nay dugc xay dung trén co so phan tich dién
bién tro choi tir cudi vé dau, tic 14 vai j thay doi tir Smax vé 1.

O bai toan dang xét ta chi can mot phan cta bang phuong an. Trén phuong
dién giai thuat, viéc xay dung mot phan hay toan b bang phuong an 1a nhu nhau.

Bij bang 1 dé thing can dura xuc xic vé trang thai mat trén 12 i khi S bang |
Bj bang 0 s& thua néu dua xuc xac vé trang thai mat trén 13 i khi S bang j
Bang phuong an dugc xdy dung theo nguyén tac truy hoi. Gia thiét B; j da duoc
xac dinh vgii =1 + 6, ] = Smax + k+1. Bj, s€ dugc xac dinh nhu sau:
6
= 2B ;
[

pP#LPpFT-

| néut=0,
B —

0 trong truong hop nguoc lai.
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Pé 4p dung duoc cong thirc truy hdi trén ta can co 6 cot cudi ciing cia bang.
Cac cot nay co thé d& dang xdy dung dva trén nhan xet: khi J = Smax nguoi di 6
budc tiép theo, du 14t mat nao ciia xtic xic 1én trén ciing thua vi 1am cho tong S >
Smax, nhu vay, Bjsmax = 0,1 =1 + 6.

Céc cot nay ciing c6 thé duoc tinh theo so d6 chung néu khoi tao Bjj=1,i=1
+ 6, ] = Smax+1 + Smax+6.

Nhdn xét:
bé x4c dinh gia tri mot cdt ta chi can dya trén gia tri cua 6 cot trudce do.
Néu xay dung bang phuong an véi 10° cot, ta co thé dung n6 dé diéu khién tro choi
V01 Smax bat ky thoa man 1 < Smax < 10° ma khong can xay dung lai bang phuong
an (bang cach su dung Smax c‘(f)t cudi cung cua bang). ’
Vi bai toan dang xét, ta chi can B voi cac cot tir Smax dén S.
Chuong trinh PASCAL
Program DICE;
Const tfi="DICE.INP";
tfo="DICE.OUT";

Var b:array[1..6,-5..1000] of byte;

1,J,v,s,smax,n,m:longint;

fi,fo:text;
Procedure xd_b(p,q:longint);
var t,i,j:longint;
Begin

t:=0;

for i:=1to 6 do t:=t + bJ[i,q-p];

t:=t-b[p,q-p]-b[7-p.q-p];

if t >0 then b[p,q]:=0 else b[p,q]:=1
End;
BEGIN

assign(fi,tfi);

reset(fi);

readin(fi,v,s,smax);

close(fi);

assign(fo, tfo); rewrite(fo);
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forj:=-5to0do
fori:=1to 6 do bJi,j]:=1;
n:=smax-s+1;
for j:=1tondo
fori:=1to 6 doxd b(ij);
{ Dua ra bang phuong an }
for i:=1to 6 do
begin
for j:=1 to n do write(fo,b[i,j]," ");
writeln(fo);
end;
writeln(fo);
{ Het dua ra bang phuong an}
m:=0; b[v,n]:=0; b[7-v,n]:=0;
for i:=1 to 6 do m:= m+Db[i,n];
write(fo,m);
if m> 0 then
for i:=1 to 6 do if b[i,n]>0 then write(fo," *,i);
close(fo)
END.

Bing 3.1. Bing phwong dn cho bai todn lit xiic xic
5 4 3 -2 -1 0 1 2 3 4 5 6 7 8

1 /1|1 |1 1 12 |1 |O |2 |1 |O |O |O (O |O

2 |11 /1 |1 |1 |1 /O (O (2 (O |O |O |O |1
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K¥ thuat bang phuong an cho phép ta tranh viéc phai tinh tuong minh gia tri
ham Sprague - Grundy khi tro choi khong bi phan ra thanh cac tro choi con ddc 1ap.

V6i nhitng bai toan bi phan rd thanh céc tro choi doc lap (khong nhat thiét
phai theo cung mdt quy tac choi nhu bai todn ban dau) bang gia tri s6 Grundy la
mot thanh phan ctia bang phuong an vdi ba chirc nang:

Cho biét ngudi di & nuée tiép theo c6 thé thing duoc hay khong.
Cung cap céac thong tin dé tim ra chién luoc didu khién (tim nudc di).
Lam co s& dé tinh s6 Grundy cho céc tro choi voi bd tham sb ¢6 gia tri 1on hon.

O cac loai tro choi ndy viéc luu trit didu khién 1a khong t6i wu vi mién xac
dinh cua tap trang thai 16n. V&1 moi trang thai ctia trd choi di€éu khién dugc tim
bang con duong giai thuat, dua vao bang s6 Grundy da co .

KET LUAN CHUONG 3
Céc bai toan tro choi kha da dang va thuong 1a kho.
Ly thuyét dd choi duoc ap dung voi mot s6 mo hinh trén dd thi, ma tran.
K§ thuat 1ap trinh giai quyét bai toan tro choi:
- Tinh truc tiép ham Sprague - Grundy
- K¥ thuat 1ap bang phuong an
C6 nhiéu cach t6 chirc bang phuong an. Thong thuong cé 2 loai chinh:

- Bang phuong an phuc vu cho d‘z;éu khién tién trinh,
- Bang phuong an phuc vu trién khai cai dat chuong trinh, phuc vu nhdn
dang.

Viéc xay dung tuong minh bang phuong an cho phép:

- D& dang tim ra nuéc di can thiét tiép theo, dic biét khi nguoi choi thir hai
pham sai lam.

- Cho phép diéu khién tro choi theo mot trong sb cac chién lugc:

+ Chién thang trong thoi gian nhanh nhat c6 thé.

+ Kéo dai thoi gian dén mirc t6i da co thé.

+ Lam cho tro choi dién ra da dang: néu choi lai va nguoi thtr hai lip lai nuée
di cii, chuong trinh cho nudc di khac, dam bao xac xuat cac nuédc di tring nhau &
hai van 1 gan nhu bang 0.
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] Chuong 4 ] ] ]
THUAT TOAN QUY HOACH DONG CHO TINH KHOANG CACH

4.1: Khoang cach Levenshtein
Trong cac thuat toan ciia b0 mén khoa hoc may tinh, khai niém Khodng cach
Levenshtein thé hién khoang cach khac biét gitta 2 chuoi ki tu. Khoang céach
Levenshtein gifta chuoi S va chuoi T 1a s6 budc it nhat bién chudi S thanh chudi T
thong qua 3 phép bién doi la

e x0al1ki tur.

o thém 1 ki ty.

o thay ki ty nay bang ki tu khac.
Khoang cach ndy dugc dit theo tén Vladimir Levenshtein , ngudi dd dé ra khai
ni¢ém nay vao nam 1965. N6 dugc su dung trong viéc tinh toan sy giong va khac
nhau gilta 2 chudi, nhu chuong trinh kiém tra 161 chinh ta cta winword
spellchecker. Vi du: Khodng cach Levenshtein gitta 2 chudi "kitten" va "sitting" 1a
3, vi phai dung it nhat 3 lan bién doi.

1. kitten -> sitten (thay "k" bang "s")

2. sitten -> sittin (thay "e" bang "i")

3. sittin -> sitting (thém ki ty "g")

4.1.1:Thuat toan
Dé tinh toan Khoéng‘ cach Levenshtein, ta st dung thuat toan quy hoach dong, tinh
toan trén mang 2 chiéu (n+1)*(m+1), v6i n, m la d¢ dai cua chuoi can tinh. Sau day
la doan ma (S, T la chudi can tinh khoang cach, n, m la do dai cua chuoi S, T):
int LevenshteinDistance(char s[1..m], char t[1..n])
/l d is a table with m+1 rows and n+1 columns
declare int d[0..m, 0..n]

forifromOtom

dfi, 0] :=i
for jfrom O ton
d[0,j]:=j

forifrom1ltom
forjfrom1lton
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{
if s[i] = t[j] then cost := 0
else cost := 1
d[i, j] := minimum(
dli-1,j1 +1, [/l truong hop xod
dli, j-11 +1, // truong hop thém
d[i-1, j-1] + cost /I truong hop thay thé

return d[m, n]

vi du, gid tri ciia bang d :

|
|
|
|

[ ]

|
|
|

(@ [ J[w [[& [[& [0 [ |[& ]
[ [ |[& [a joa [ [N ][o

|
|

|
(= ]

o 1l
[0 J[= ]

[E=M
I[N [

|[@
[I=E=
[=

[ ]|

N J[eo J[& [ = ]
IS

= = 1=
=

= 1=
[ES)

[w [[& [0 [ J[o [N ]J[ec [

[ [» J[w [N ][N ][N [
[0 [ J[w Jw [N [[w |[& ][c
[ [ ][& [ J[w [ J[a0 ][5

=%
(o [0 J[& [[w J[N [F
[ [ J[w ][N [[=
[ [ J[w [N ][

=

(N [ [ |[& [ [N = [[= |[F ]
(o [ J[& [[w J[N [ [N [N J[=

[ [ J[w [N [ ][N J[w

[ [ ][N [
[ [ J[N [N J[w [ J[on J[ar [@

[N [ J[o0n [ J[w ][N [F
(W ][N [[w Jw [[& [0 jo [ |[S

(=)

Nhu vay, két qua can tinh chinh 1a gia tri cua d[n, m]. Thuc chat, thuat toan nay la
mot phan trong giai phap Longest common subsequence problem
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Vidu :

Nhitng tir “ computer “ va “ commuter “ rat gidng nhau, va mot sy thay doi cua chi
mot chit, p-> m s& thay do6i tir dau tién thanh tir thir hai. Tir * sport “c6 thé duoc
thay d6i thanh “ sort ” bang cach chit “p’ hoaflc tuong tir ,” sort “ c6 thé duogc thay
d6i thanh “ sport ” bang cach chén chit “p

Cach tinh khodng cdch cta hai chudi, s1 va s2, duoc dinh nghia 13 s6 luong tdi thiéu
dot bien diém can thiét dé€ thay doi sl trong s2, noi mét dot bién di€m 1a mot trong
nhirng:

1. Thay doi ki tu,
2. Chén mot ki tu hodc
3. X6a mot ki tu

Céc mdi quan hé tai phat sau day xac dinh khoang cach chinh sira, d (s1, s2), cia
hai chuoi s1 va s2:

d (",") = 0 -" = chudi rong
d(s,")=d (", s)=|s|- tic la chiéu dai cua s
d (sl +chl, s2 + ch2)
= Min (d (s1, s2) + if chl =ch2 then O else 1
d(sl+chl,s2)+1,
d (sl,s2 +ch2) + 1)

Hai quy tic dau tién o trén rd rang 1a ding, vi vay né chi can thiét xem xét cudi
cung. O day, khong chudi 12 chudi rdng, vi vay mdi chudi c6 mot ky tu cudi clng,
chl va ch2 twong ung. Bang cach nao d6, chl va ch2 phai duoc giai thich trong
mot chinh stra ctia s1 + chl vao ch2 + s2. Néu chl bang ch2, chung c6 thé duogc két
hop dé khong bi tring, nghia 1a 0, va chinh sira tong thé khoang cach 1a d (s,
s2). Néu chl khac ch2, sau d6 chl c6 thé duoc thay doi thanh ch2, tic 1a 1, dua ra
mot tong thé d chi phi (s1, s2) 1. Mot kha niang khac 1a dé x6a chl va chinh sira sl
vao s2 + ch2, d (s1, s2 + ch2) 1. Kha nang cudi cing 1a chinh sira s1 + chl vao s2
va sau d6 chén CH2, d (s1 + chi, s2) 1. Khong c6 lya chon thay thé khac. Ching it
ton kém, tiét kiém thoi gian, cac lya chon thay thé.

Céac mdi quan hé bao ham sy tai phat mét thoi quen béc ba-dé quy r6 rang. Diéu nay
la mot y tuong khong t6t vi nd 1a theo cip s6 nhan cham, va khong thuc té cho
chudi hon mét sé rat it ky tu.

Klem tra cac mdi quan hé cho thay d (s, s2) chi phu thugc vao d (sl, s2 '), not sl'
ngan hon s1, s2 hodc 'ngin hon s2, hoic ca hai. Diéu nay cho phép cac chuong trinh
quy hoach dQng duoc su dung.
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Mot ma tran hai chiéu, m [0 .. | S1 |, 0 .. | s2 |] dugc st dung dé gitr cac gia tri
khoang cach :

mi,j]=d(sLL..i], 2L j])

m[0,0]=0
m[i,0]=ii=1.|S1|
m[0,jl=kj=1.]s2]

m [i, j] = min (m [i-1, j-1]
+ Néu s1 [i] = s2 [j] 12 0 khac 1 fi,
m[i-1,j] +1,
m[i, j-1]+1),i=1.|S1],j=1..|s2]

m [,] c6 thé dugc tinh ting hang . Hang m [i,] chi phu thudc vao hang m [i—‘l,]. bo
phtre tap cua thuat toan nay la O (| S1 [ * | s2 [). Néu sl va s2 c6 mot 'chiéu dai,
khoang 'n" tuong tu ndi, phtrc tap 1a O (n2 ), tot hon nhiéu hon theo cap s6 nhan!

Vi du:
Chudi s1: appropriate meaning

Chudi s2: approximate matching

appropri ate mean ing

approximate matching
d(s1,s2) =7

4.1.2 : Do phurc tap

Do phuac tap cua thudt toan 14 O (| s1 | * | s2 [), tirc 12 O (n 2 ) néu d6 dai cua ca hai
chudi 1a vé 'n . Céc khong gian phtc tap cling la O (n 2 ) neu toan by ma tran dugc
luu gitr trong mot dau vét, tro lai dé tim mot su lién két t01 vu. Néu chi c6 gia tri
khodng cach sira 1a can thiét, chi ¢6 hai hang ctia ma tran can dugc phan bo, ching
c6 thé duoc "thay thé", va su phirc tap khong gian 1a sau d6 O (| S1 |), tirc 14 O (n).

4.1.3: Bién thé

Chi phi ctia cac d6t bién diém c6 thé thay doi duoc sb khac hon 1a 0 hoic 1.Khoang
cach tuyén tinh, chi phi d6i khi duogc str dung khi chay trong lan (hodc x6a) chiéu
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dai "x ', c6 mdt chi phi’ ax + b', cho cac hang s6 "a 'va' b . Néu b> 0, di€u nay gay
bat 1g1 cho nhi€u chay ngan cua chén va xda bo.

4.2 : Day con chung dai nhét

Day con chung dai nhét (LCS) cua hai trinh ty, s1 va s2, la mét day con cua ca sl
va s2 c6 do dai t6i da co thé. Su giong nhau hon 1a s1 va s2 1a, con 1a LCS cua ho.

4.3 : Cac thuat toan khac

C6 nhitng thuit toan nhanh hon cho cac van dé tinh khoang cach, va cic van dé
tuong ty. Mt sO cac thuat toan dugce nhanh chong néu mot sé dic€u kién to6 chuce, vi
du nhu cac day tuong tu, hodc khong giong nhau, hodc bang chir cai 1a 16n, vv.

Ukkonen (1983) da dua ra mgt thuat toan véi thot glan t6i té nhét truong ‘hop phurc
tap O (n * d), va su phtrc tap trung binh 1a O (n + d?), trong d6 n 1a chiéu dai cua
day, va d 1a khoang cach chinh stra ctia ho. Nay 1a nhanh chong cho céc chudi twong
tu trong do d 1a nho, tue 1a khi d <<n.

4.4 : Ung dung

Tap tin siva doi

Lénh Unix la tim théy su khdc bi¢t gitrta cac tap tin fl1 va {2, tao ra mdt kich ban
chinh sita dé chuyén d6i thanh f1 £2. Néu hai (hodc nhiéu) may tinh chia sé cac ban
sao ctia mot tap tin F 16n, va mot ngudi ndo d6 trén may tinh-1 sira doi F = F.bak ,
thuc hién mot vai thay doi, dé cung cﬁp cho F.new , nd c6 thé rat ton kém va / hodc
cham dé truyén tai cac tap tin chinh sira toan bo F.new dé mdy 2.Tuy nhién, khac
F.bak F.new s& cung cip cho mot nkd kich ban chinh stra ¢6 thé truyén mot cach
nhanh chong dé may 2 trudng hop ban sao dia phwong cia tap tin ¢ thé duoc cap
nhat bang F.new .

khac d6i xtr voi mot dong toan bo nhu mot "nhan vat" va st dung mot thuat toan
sira-khoang cach dic biét d6 1a nhanh chong khi cac "bang chit cai" 1a 16n va c6 rat
it co hoi phu hop gitta cac yéu té cua hai chudi (cac tap tin). Nguoc lai, ¢ rit nhidu
co hoi ky tu tran dau trong DNA ma kich thudc bang chir cai chi la 4, {A, C, G, T}.

Tw xa Cdp nhdt van dé man hinh :

Néu mot chuong trinh may tinh trén may tinh-1 dang duoc st dung boi mot nguoi
nao do tr mot man hinh trén (& xa) may 2, vi du nhu thong qua rlogin vv, sau d6
may-1 co6 thé can phai cap nhat cac man hinh trén mdy tinh-2 nhu sé tién thu dugc
tinh toan. Mot cach tiép can 1a cho chuong trinh (trén may tinh-1) dé gitr mot "hinh
anh" ctua nhiing gi man hinh hién nay (trén may 2) va mdt hinh anh cua nhiing gi n6
phai tr¢ thanh. Su khac biét co thé dugc tim théy (béng mdt thudt todn lién quan dén
chinh stra-khoang cach) va su khac biét truyén ... tiét kiém trén truyén dan bing
rong.
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Stra 16i chinh td :

Céc thuat toan lién quan dén khoang cach chinh sira c¢6 thé duge sir dung trong sua
ban chinh ta. Néu mot vian ban co chira mot tir, w, ma khong cé trong tir dién, mot
gan tu, tirc 1a mot trong v41 mot chinh stra khoang cach nhd vai w, co thé duoc
xem nhu mot sy diéu chinh.

Lo1 chuyén vi rat pho bién trong van ban bang van ban. Mot chuyén vi c6 thé duoc
col nhu mdt xéa cdng vd1 mot cheén, nhung mdt bién thé don gidn trén cac thuat
todn c6 thé xtr Iy mot chuyén vi nhu mét dot bién diém duy nhat.

Quy hoach dong chu yéu la d& quy ma ‘khéng c6 sy lap lai. Phat trién mot thuat toan
lap trinh quy hoach dong thuong bao gom hai budc riéng biét:

« Formulate van @& dé quy . Viét ra mot cong thirc cho toan b van dé nhu mot
su két hop don gian cua cau tra 1oi cho bai todn nho hon.

« Xay dung cac giai phap dé tai phat tir dwéi 18n . Viét mot thuat toan bat dau
véi truong hop co sé va hoat dong theo cach cua nd dén giai phap cuoi clng.

Céac thuat toan lap trinh dong can phai luu trir cac két qua cta bai todn trung
gian. Piéu nay thuong duoc nhung khong ludn ludn thyc hién v6i mot so loai
bang. By gio ching t6i s& gidi thiéu mot sd vi du vé cac van dé trong do giai phap
duoc dua trén chién lwgc 1ap trinh quy hoach dong tinh khoang céch.

Dong chir "computer" va "commuter” rat gibng nhau, va mot su thay doi cia chi
mot tir, p-m, s& thay doi tir dau tién vao thir hai. Tir "sport" ¢ thé dugc thay doi
thanh "sort" boi viéc x0a 'p', hodc twong duong, 'sort' c6 thé dugc thay ddi thanh
'sport’ bang cach chén cua 'p'.Tinh khoang cach cua hai chudi, s1 va s2, dugc dinh
nghia 1 sé luong t6i thiéu cua dot bién diém can thiét dé thay do6i s1 vao s2, trong
d6 mot dot bién diém 1a mot trong nhiing:

« thay doi ky tu,

« chen mot ky tu hoac

« X6a mot Ky tur

Vi du, khoang cach hiéu chinh gitra cic FOOD va MONEY la nhiéu nhét 12 bon:
F OOD - — MOO D - — MON-D

- — MONED - — MONEY

Tinh khoang cach : Ung dung

C6 rét nhiéu tng dung cua cac thuat toan tinh Khoang cach. Duéi day 1a mot sb vi
du:

Stra 16i chinh ta

Néu mot vin ban c6 chira mot tir khéng co trong tir dién, mot ‘close’ tir, tirc 14 mot
trong v4i mot chinh stra khoang cach nhd, c6 thé dugc xem nhu mot su diéu
chinh. Hau hét c&c xir Iy van ban cac ing dung, chang han nhu Microsoft Word , da
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kiém tra chinh ta va co s¢ sira chira. Khi Word, vi duy, tim thay mot tir khong dang,
no lam cho 101 dé nghi cua nguoi thay thé co thé.

Phat hién dao van :

Néu mot ngudi ndo dé ban sao, néi rang, mot chuong trinh C va lam mot vai thay
doi ¢ day va ¢ do, vi du, thay doi tén bién, thém mot binh luan cia hai, khoang cach
chinh stra gitra nguon va ban sao la rat nho. Chinh stra khoang cach cung cap mot
dau hiéu cua sy tuong dong do c6 thé la qua gan trong mot so truong hop.

Tinh toan Sinh hoc phan ta DNA la mot polymer. Cac don vi monome cua DNA
nucleotide, va cac polymer duoc biét dén nhu mot “polynucleotide.” Moi nucleotide
bao gom mdt duong 5 carbon (deoxyribose), nito ¢O chira co s& gan lién véi duong,
va mot nhom phosphate. C6 bon loai khac nhau ciia cac nucleotide trong DNA, chi

khac nhau & c4c co so dam. Bon nucleotide dugc cho mot chir viét tit thu 12 viét tat
cho bon co s6.

« A-adenine
« G-guanine
» C-cytosine
* T-thymine

Xoan kép ctia phan tr DNA vé6i nucleotide hinh ctia doi xodn ctia phan tr DNA
nucleotide di day. C4c chinh stra khoang céch nhu c4c thuit toan duoc st dung dé
tinh toan khoang céach giira cac trinh ty DNA (chudi hon A, C, G, T, hoic cic chudi
protein (trén mot bang chit cai cua 20 amino acid), cho cdc muc dich khéac nhau, vi
du nhu:

« tim gen hodc protein cd thé chia sé cac chiic nang hodc tai san
« dé suy ra cac méi quan hé gia dinh va cay tién hoa hon sinh vat khac nhau.
Speech Recognition:

Cac thuat toan tuong tu nhu dbi v6i cac van dé tinh-khoang cach duoc st dung
trong mot sO hé thong nhan dang giong ndi. Tim mot ma tran chat ché gitra mot 1oi
noi mai va mot trong mot thu vién cac 1oi phat biéu phan loai.

Khoang cach chinh stra thuat toan
Mot céch tot hon dé hién thi qué trinh chinh stra ndy 1a dat cac tir trén khéc:

S D | I M D | M

S
MA | A R|TT | H]|S

Tir dau tién c6 mot khoang cach cho mdi chén (1) va tir thir hai 6 mot khoang céch
cho mdi x6a (D). Cot v6i hai nhan vat khac nhau twong tng véi thay thé (S). ma
tran (M) khong dugc tinh. Cac bdang Chinh sira duoc dinh nghia nhu 12 mot chudi
trong bang chir cai M, S, I, D m6 ta mot chuyén doi mot chudi thanh khac. Vi du

Vi Hitu Truong - CT1301 Page 58


http://en.wikipedia.org/wiki/Nucleic_acid_double_helix
http://en.wikipedia.org/wiki/DNA

Do an tét nghiép Truong dai hoc dan 1ap Hai Phong

S DI ™M D M
1+ 1+ 1+ 0+ 1+ 0+ =4

NGi chung, n6 khdng phai la d& dang dé xé4c dinh chinh sira t6i wu khoang cach. Vi
du, khoang cach giitg ALGORITHM va ALTRUISTIC nhiéu nhit Ia 6.

ALGORITHM
ALTRUISTIC
La toi vu nay?
4.5: Tinh Khoang cach: Quy hoach dong, Lap trinh thuét toan
Gia str chiing ta c6 mot m-chudi ki tu A va mot chudi n ky tu B. Xéc dinh di¢n tr (i,
j) 12 khoang céch gitra t6i stra Ky tu dau tién cua A va cac nhan vat j dau tién cua B.
Vi dy,
A—L G O R I T H M

A L T RU I S T 1 C

Chinh sira khoang céach giita toan bo chudi A va B 1a E (m, n). Pai dién cho khoang
cach cac trinh tu stra ¢6 mot "quan trong Ha tang co' sé téi wu . Néu ching ta loai
b6 céc cot cudi cling, cac cot con lai phai dai dién cho sira chudi ngin nhit cho céc
chudi con con lai.Chinh sira khoang cach la 6 cho hai tir sau day.

A LG ORI THM

A LT RUI STI1I1I C

Néu chiing ta loai bo cac cot cudi cung, khoang cach chinh sira 1am giam dén 5.
A L G ORI TH

A LT RUI S TI

Ching ta c6 thé sir dung tai san ha ting co so ti vu dé dua ra mot céng thuc dé
quy cta van dé chinh stra khoang cach. Co mét vai truong hop co sé rd rang:

« Cach duy nhat dé chuyén d6i mot chudi rong vao mot chudi cac ky tu j 1a bang
cach lam chén j. Do d6

E(.))=]

« C4ch duy nhat dé chuyén doi mot chudi cta toi Ky tu vao chudi san pham nao la
vai tbi x6a bo:

E(@,0) =i

C6 bbn kha ning cot cudi cling trong stra chudi ngan nhat co thé:

X6a: muc cudi trong hang duéi cling c6 san pham nao.

i=3
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AL G O RI T H M
A Lej=2 T RU I S T
Trong truong hop nay
EG,j)=E(i-1j) +1
Cheén: Cac muc cudi cing trong hang dau tién c6 san phim nao.

I C

i=5

A—L G_O R I T H M

AL T RUI S T 1I1C

j = 5
Trong truong hop nay

EG,j)=E(@,j-1)+1
Thay thé : Ca hai hang c6 ky tu trong cot cudi cung.

i=4

A—L G O RI T H M

A L TRU I S T | C

i = 3
Néu céc ki tu khac nhau, sau d6

EG,j)=E(i-1,j-1)+1

A—L G O RI T H M

i=5

A L T RU I'S T | C

j=4

Néu ki ty 1a nhu nhau, khong thay thé 1a can thiét:

EGj)=E@-1]j-1)

Do d6, khoang cach stra E (i, j) 12 nho nhat trong bon kha nang:

E (i,j) = min

EGi-1,j)+1
E@G,j-1)+1E(i-1,j-1)+1néuAfi]=B[JE(-1,j-1)néuA[i]=B[]j]
Xem xét c4c vi du vé stra giita cac tir "ARTS" va "MATHS":

A R T S

M A T H S

Chinh stra khoang cach s& la trong E (4, 5). Néu ching ta dé¢ quy dé tinh toan,
chang toi sé co

E(3,5)+1

E(4,5)=minE (4,4) +1

E(3,4)+1néuA[4]=B][5]
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E (3, 4) néu A [4] =B [5]

Dé quy rd rang ddn dén mé hinh cudc goi liap di lip lai twong ty nhu ching ta da
thay trong chudi Fibonnaci. Bé tranh diéu nay, ching tdi s& sir dung phuong phap
DP. Ching t0i s&€ xay dung cac gidi phap tr dudi Ién. Ching toi s& st dung cac
truong hop co s6 E (0, j) dé dién vao dong dau tién va trudng hop co so dién tir (i,
0) dé dién vao cot dau tién. Chang ti s& dién vao E hang ma tran con lai boi hang.

A R T S

M
A
T
H
S
A R T S
4
3 —
!
M 1
!
A 2
!
T 3
!
H 4
!
S 5
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Hang dau tién va muc cot dau tién sir dung cac trudng hop co sé

Bay gio ching t6i c6 thé dién vao hang thir hai. Bang nay khdng chi cho thiy gia tri
ctia cac té bao E [i, j] ma con mii tén

chi ra cach no da dugc tinh toan s dung gia tritrong E [i- 1, j], E[i, j- 1] va E [i -
1,j-1]. Vi vay, néu mot té bao E [i, j] c6 mot mii tén xudng tir E [i - 1, j1 thi t6i
thiéu da duoc tim thiy str dung E [i - 1, JI- D61 véi mot miii tén bén phai, t01 thiéu
da dugc tim thay sir dung E [i, j - 1]. Pi v6i mot dudng chéo miii tén xubng bén
phai, t6i thiéu da duoc tim thiy

sit dung E [i - 1, j - 1]. C6 cac té bao nhét dinh c6 hai miii tén chi vao nd. Trong
truong hop nay, tdi thiéu 6 thé duoc 14y tir E chéo [i - 1, j - 1] va mot trong E [i - 1
jl va E [i, j - 1].Chung tdi s& sir dung cic mili tén sau dé xé&c dinh kich ban chinh
stra.

A R T S

!
M 1 1
!
A 2
!
T 3
!
H 4
!
S 5
A R T S
4
3 —
! 2
M 1 1 —
!
A 2
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!
T 3
!
H 4
!
S 5

May tinh dién tar [1, 1] va E [1, 2]
A R T S

M
1
A 2
1
T 3
1
H 4
1
S 5
A R T S
4
3 —
4
M | 8| =
l
A 2
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!
T 3
!
H 4
!
S 5

May tinh dién tir [1, 3] va E [1, 4]

Mot kich ban chinh stra ¢6 thé dugc chiét xuat bang cach 1am theo mot con dudng
duy nhat tir E [0, 0] E [4, 5]. C6 ba con dudng cd thé trong vi du hién tai. Ching ta
hdy lam theo cac duong dan va tinh todn cac kich ban chinh sira. Trong viéc thuc
hién thuc té cia phién ban 1ap trinh niang dong ctia cac thuat toan chinh stra khoang
cach, cac miii tén s& duoc ghi lai cach st dung mét cu tric dir liéu thich hop. Vi
du, mdi t& bao trong ma tran c6 thé 1a mot ky luc véi cac linh vuc cho cac gié tri
(s6) va co cho ba miii tén dén.

A R T S

— — 4

1 2 3 —

! — — 4
M 1 1 2 N
! — — 4
A 2 1 2 3 —
LY 3
T 3 2 2 2 —
(R S
H 4 3 3 3 3
[
S 5 4 4 4 3

Bang cubi clng voi tat ca cac E [i, j] muc tinh
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Giai phép duong 1:
1+0+1+1+0=3

S

W «— N «— = —

Do

!
5

R

™~
@

~LoN
@

@

W «—

!
4

W «—

!
4

D

SN

D

w

3

Chinh stra ¢ thé kich ban. Cac mili tén mau do tir E [0, 0] E [4, 5] cho thay cac

duong dan c6 thé dugc theo sau dé trich xuét chinh stra kich ban.
Puong 2 giai phap:
1+1+0+1+0=3

Giai phép 3 con duong:
1+0+1+0+1+0=3

4.6 :Phan tich ctiia DP Tinh Khoang cach

C6 ® (n2) muc trong ma tran. Mdi muc E (i, j) ¢6 ©® (1) thoi gian dé tinh toan. Tong
thoi gian chay la © (n2).
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4.7. Xay dung chwong trinh tinh khoang cach bang thuit toan quy hoach dong
e Giao dién chuong trinh :

8 Form1

PO AN TOT NGHIEP

Tinh khoang cach bang thuat toan quy hoach déng

Chudi thil nhét

Chudi thil hai

Khoang céch gitia 2 chudi

ViU Hiu Trudng - CT1301

e Khai chay chuong trinh va nhap chudi thir nhét :
3R 0 dJ

., . . Lookin | CaDal ) o
DO AN TOT NGH'EP L) htwira caig\du v
b‘b hFireFux fbchrumeSetup‘exe
. 2 . 2 - . N Wy Recent CFost Reader ﬁCSO_InstaIIer_VDSS‘exe
Tmh khoang CaCh bang thua‘ toan quy h°§‘3h dong Documents |5 inkernet Downlaad Manager ﬁdotNetFHD_Full_xBE_xE‘?‘exe
= | Mirascft Office 2007 Portatlz )Firsfo-Setup-15.0.exe
[ [Cphatashop B gesa0
Deskiop ) SkyDrversP_yi1.1 et 1t
o o | [sopcast sttt
Chualtl st - ‘ S TeraCony (VS pressERSPENLRLSO4728.50
’J" hultraISO U WUHUUTrUOng ppkx
b Dot |5 U1 Disk Security gwmpll-winduwsxp-xaﬁ-enu‘zip
b I3 Winer+4, 20-en4FinaHFl
Y e hwmpll-windowsxp-xaﬁ-enu
Chugi il !—] awra_antivir _persanal_en exe
. E]caigidu it
My Camputer
¢ *
1 File: name: ‘teslml V| I (pen I
Khoing céch gila 2 chudi ‘ | My Netwark  Fies ofype: V| [ Cancel I
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% Formn

PO AN TOT NGHIEP

Tinh khoang cach bang thuat toan quy hoach déng

” . | came to Hanoi on an auturmn day, and my first ~
Chudi thil nhat feeling wag the feeling of a peaceful space, not :
v

like inHao C_hi Minh City. That feeling was ]

Chudi thil hai

Khoang céch aitia 2 chudi

Vi Hiu Trudng - CT1301

e Nhap chudi thtr 2 :

(& Form1 Open @

- . . Lok in: | < Cai Dat (D] ¥ O2 EE-
PO AN TOT NGHIEP < |[@ewe Hen o i
{ 2} [CFireFox (L5 Chromesetup. exe
. . . - N . . My Recent | |)Fosit Reader [Fleso_tnstaller_vo53.exe
Tinh khoang céch bang thudt tean quy hoach déng Documents | |25 Internet Download Manager F dothietFx40_Ful_<66_xt4 exe
7= [ Micrnsoft OFfice 2007 Portable (LY Firefox-Setup-15.0.exe
Ir [©)Photoshop [ ghost 6Ho
i Deckiop | LD SkyDriverxp_v11.1 2] test1 bxt
B | came to Hanoi on an autumn day, and my first A [)50pCast 4
vt ind il fesling was the fesling of 3 peacsful space, not ) TeraCopy (DVSZO0BE RpressWithSP1ENLUX 1504725, is0
like in Ha Chi Minh City. That fesling was v :
Mt H S - __j [S)Uikralso |5 vuHuuTrueng. ppt
Mo (C3)USE Disk Security BB wrnp1 1-windowexp-xB5-enu.2ip
(Z5ywinrar-+4, 20-en+Final+Full

[Z3avira_antivir_personal_en.exe
(2] caigido bt

< >

wmp1 1-windowsxp-x86-enu
Chui tha hai ‘ Chn Dvmp P

My Computer

File name: [testz e v [Coeen ]

& Files of b Cancel
Khoang céch gilla 2 chudi My Network | Files of type: [ v [ caneal |
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Form1

PO AN TOT NGHIEP

Tinh khoang cach bang thudt toan quy hoach déng

" . | zame to Hanoi on an autumnn day, and oy firgt A
Chudi thil nhat feeling was the feeling of a peaceful space, not =
like in Ho Chi Minh City. That feeling waz ) w
e : kil floveer on the streets of Hanoi goes deeply ~
Chuai thil hai inside the: memories of Hanoi people and all = .
visistorsl who have come ta Hanai. It alzo goes into

Khoang cach gitla 2 chudi

Vu Hiu Trudng - CT1301

e K¢&t qua dua ra 1a khoang céach 2 chuoi can tim :

Form1

PO AN TOT NGHIEP

Tinh khoang cach bang thuit toan quy hoach déng

. . | came to Hamoi on an autumn day, and mp first A
Chuai thil rhat feeling was the feeling of a peaceful space, not E :
ke in Ho Chi Minh City. That feeling was “
. . Milk flower on the streets of Hanoi goes deeply -
Chuai thd hai inzide the memaries of Hanoi people and all = -
visislors_who have come to Hanoi. It alzo goes into

. 743
Khodng cach gitla 2 chudi
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KET LUAN

D6 an da thu duoc mot sb két qua co ban sau:

1. D6 an da hé thoéng hoéa duoc cac van dé& xung quanh phuong phap quy hoach
dong. Day 1a mot phuong phap hay dugc sir dung dé giai cac bai toan trong
thuc té cling nhu trong céc ky thi hoc sinh gioi.

2. D6 an ciling di dua ra duge mot sé ky thuat duoc dung dé giai cac bai toan quy
hoach dong. Nhitng k¥ thuat nay dugc rat ra tir kinh nghiém giai cac bai toan
dua theo phuong phap quy hoach dong.

3. Nhin chung dé biét dugc mot bai todn nao dé c6 thé giai bang phuong phap quy
hoach dong 1a rat kho. Nhitng k¥ thudt giai bai toan quy hoach dong dua ra
trong do 4n la dinh hudng giup ta lap duoc hé thitc quy hoach dong mot cach
nhanh chéng va to chirc chuong trinh sao cho d ton bo nhé.

4. Do thoi gian thyc hién han ché va kién thuc con han ché nén em méi chi nghién
ctru dugc mot sb 1y thuyét co ban trong thudt toan quy hoach dong cho tinh
khoang cach. Con nhiéu 1y thuyét ciing nhu k¥ thuat em van chua tim hiéu, khai
thac va tng dung vao cac bai toan thyuc té. Mic du da rit ¢d ging, song do ning
lyc va trinh d c6 han nén trong qua trinh thyc hién bai tap em da khong tranh
khoi nhitng thiéu s6t. Kinh mong céac thay co va cac ban quan tim giap d& chi
bao dé chuong trinh ciia em mot hoan thi¢n hon.

5. Nhu vay nhimg vin dé ma d6 an néu ra la phu hop véi yéu cau cia thuc tién,
dap tng nhu cau dio tao bdi dudng hoc sinh giéi mén tin trong giai doan hién
nay, cac nhiém vu dit ra da hoan thanh. PJ an da dat dugc muyc dich dé ra. Tuy
nhién cic vin dé xung quanh thuit toan quy hoach dong ciing nhu dé giai duoc
nhiéu bai toan quy hoach dong va cac bai toan tinh khoang cach trong thyc tién

can phai c6 mot qua trinh nghién ctru sadu hon nira.
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