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Pé quy v&i ham void
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(overflows)
P& quy v&i ham tra vé gia tri
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Suy nghT theo kiéu dé quy
Ky thuét thiét ké dé quy
Tim ki€m nhi phan

Bai gidng c6 st dung hinh v& trong cubn sach “Absolute C++. W. Savitch,Addison Wesley,2002”
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Minh hoa B¢ Quy




Gioil thiéu vé d¢ quy (recursion)

» MOt ham goi chinh né

Trong dinh nghia clia ham do, c6 1 goi dén chinh ham dé
» C++ cho phép dé quy

Giong nhw phan 1&n ngdn ngl 13p trinh bac cao

Cé thé la mot kY thuat I1ap trinh hiru ich

Co nhirng gi¢i han



bé¢ quy voi ham void

» Chia dé tri (Devide and Conquer)
K§ thudt thiét ké co bén
Chia cac tac vu I&n thanh cac tac vu con

» Tac vU con c6 thé la phién ban nhé hon cla tac vu goc!
Khi do goi la dé quy



Vi du B¢ quy véi ham void

» Xem xeét tac vU sau:
Tim kiém mot gia tri trong danh sach
Tacvu con |:tim kiém nilra dau cla danh sach

Tac vuU con 2:tim kiém nia sau cla danh sach
» Cac tac vu con la phién ban nhd hon clia tic vu goc!
» Khi diéu nay xdy ra, ham dé quy cé thé dwoc si¥ dung



bé¢ quy voi ham void:

sO theo chiéu doc

» Tac vu: hién thi cac chi¥ s6 clia mot sb nguyén theo
chiéu doc, mGi sO mOt dong

» Vidu |&i goi ham writeVertical(1234); s& c6 két qua:
|
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s6 theo chiéu doc
dinh nghia ham dé¢ quy

» Chia van dé thanh 2 trudng hop
» Trdng hop don gian/co s if n<10
Pon gidn in s n ra man hinh
» TrirOng hop dé quy:if n>=10, c6 2 tac vu con:
Hién thj theo chiéu doc tat ca chir sO trlr ch sO cudi cling
Hién thi ch sO cudi cling
» Vi dy: v&i tham sO 1234
Tac vu con |:hién thi 1,2,3 theo chiéu doc
Tac vu con 2:hién thj chir s 4



binh nghia ham writeVertical()

» Xét cac trirOng hop & slide tridc
void writeVertical(int n)

{

if (n < 10) /I TritkOng hop €O sO
cout << n << endl;

else

{ I/ Buroec dé quy
writeVertical(n/ 1 0);
cout << (n%10) << endi;

}



Truy vét ham writeVertical()

» Vidu lOi goi: writeVertical(123);

- writeVertical(12); (123/10)

- writeVertical(l); (12/10)
-2 cout << | << endl;
cout << 2 << endi;

cout << 3 << end;
» MUi tén chi dinh tac vu ham thwc hién
» Chay hai l&i goi dau tién: goi lai cting ham (dé quy)
» L& goi cudi cuing hién thj (1) va “két thuc”



P¢ quy — mot cai nhin gan hon

» May tinh lwu vét cac 1 goi dé quy
Dwng ham hién tai
Phai biét két qua cla 10 goi d& quy mai trude khi tién
hanh x(¢ ly (proceeding)
Lwu trl? moi thong tin can thiét cho 1&i goi hién tai
Pé st dung sau
Tién hanh v&i danh gia | goi d& quy moi
Khi IO goi d6 hoan thién, tra lai cho tinh toan bén ngoai
("outer” computation)



¢ quy — buc tranh 16n

» TOng quan v& ham d& quy thanh cong:
M6t hodic nhiu trudng ho'p khi ham hoan thién nhirng
nhi@ém vu cla né bang cach:
Tao mot hodc nhiéu 0i goi d& quy dé gidi quyét nhirng phién ban
nho hon cla tac vy goc
Puwoc goi la“cac trwong hgp dé quy”
Mot hodc nhiéu trird'ng ho'p khi ham hoan thién tac vu cla
no ma khong dung 10 goi dé quy
Puoc goi la“trrdng hop co' s@” hodc trvdng ho'p dirng



¢ quy vo han

» Trwdng hop co’ s& cudi ciing phdi dwoc goi

» Néu khong = dé quy vé han
LOi g0i dé quy khong bao gi drng!

» Nh& lai vi du: writeVertical()
Trwd'ng ho'p co s& xay ra khi xét dén so chi c6 | chir sO
Khi do s dé quy sé drng



Vi du dé quy vo han

» Xét mOt dinh nghia ham thay thé
void newWriteVertical(int n)

{

newWriteVertical(n/10);
cout << (n%10) << endi;

}
» Dwdng nhw ham nay la day da
» Thiéu “trudng ho'p co’ s&”!
» Bé quy khéng bao gi0’ dwng



Ngan Xép cho d¢ quy

» MOt ngin xép (stack)
Mot cAu tric bd nh& chuyén biét
GiOng ngin xép gidy
Pat t& mai trén dau ngin xép
Lay ra khi can thiét tlr dau ngin xép
Puwoc goi la cau tric bd nh& “vao sau/ra trudc” (last-in/first-
out)
» D& quy st dung ngin xép
Méi |&i goi dé quy dwore dat trén ngin xép
Khi mot 1&i goi hoan thanh,né s& dwoc loai bd khoi ngin xép



Tran ngan xép (stack overflow)

» Kich thwdc clia ngin xép la gi¢i han
BO nh&’ c6 han
» Chudi dai cla I&i goi dé quy tiép tuc dwg'c thém vao
ngin xép
Tat cd dwoc thém vao trwdc khi gap trdng hop co sO (sé
khién |&i gOl bi loai bo khdi ngan xep)

» Néu ngin xép cO gang phat trién vwo't qua gidi han
L&i tran ngin xép
» D& quy v6 han luén tao ra 16i nay



P¢ quy so véi cau truc lap

» D& quy khéng phai ludn ludn can thiét
» Tham chi khéng cho phép trong mdt sO ngdn ngly
» Moi tac vu dugrc hoan thanh v&i dé quy cé thé dwoc lam
ma khong can str dung dé quy
Khir d& quy (nonrecursive):g0i la cau tric 18p, st dung vong
lap
» Dé quy:
Chay cham, st dung nhiéu bd nh&
[t code hon, gidi phap ngan gon hon (elegent solution)



Ham dé quy tra vé mot gia tri

» D& quy khong chi gi¢i han v&i cac ham void

» Cé thé tra vé gia tri clia bat ky kiéu nao

» Cung mOt ky thuat:
MOt hoac nhiéu trivo'ng hop co gié tl:'i trd vé dworc tinh
toan boi 10 goi dé quy:nhirng van dé nho hon

Mot hodc nhiéu trrdng hop co gia tri trd vé dworc tinh
toan ma khéng cé 10 goi dé quy:trirdng hop co sO&



Tra vé mot gia tri
vi du d¢ quy: ham lay thua (Power)
» NhO lai ham dwoc dinh nghia trvdc pow():
result = pow(2.0,3.0);
Tra vé két qua 2.0 Iy thtra 3 (8.0)
Nhéan 2 tham s0 kiéu double
Tra vé gia tri kiéu double
» Hay viét theo cach dé quy
Cho vi du don gian



Pinh nghia ham power|)

» int power(int x, int n)
{
if (n<0)
{

cout << "lllegal argument";
exit(l);
}
if (n>0)
return (power(x, n-1)*x);
else
return (1);
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Goi ham power() (1/2)

» Vidu I0i goi ham:
» power(2,0);
> trd vé gid tri |
> power(2, 1);
> tra vé (power(2, 0) * 2);
> tra vé |
» Gia tri | dwoc nhan v&i 2 va trd vé cho IO goi géc

21



Goi ham power() (2/2)

» Vidu Ion hon
» power(2,3);
- power(2,2)*2
- power(2,1)*2
—“power(2,0)*2
>
Di dén trud'ng hop co' s&
Dwrng dé quy
Gia tri dwoc trd lai ngwo'c trén ngin xép
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Luu vét ham power|()
danh gia 101 goi ham d¢ quy power(2,3)

Display 13.4,  Evaluating the Recursive Function Call power(2,3)

SEQUENCE OF RECURSIVE CALLS HOW THE FINAL VALUE IS COMPUTED

power(2, 3) is 8




Suy nghi theo cach d¢ quy

» B0 qua chi tiét
Quén di cach ngin xép hoat déng
Queén di nhirng tinh toan bi treo (suspended)
Pay 1a mét nguyén tac “triru twong” ("abstraction”
principle)!
Va cling 1a nguyén tac déng goi (encapsulation principle)!
» Hiy dé& may tinh thwe hién chi tiét (“bookkeeping”)
Lap trinh vién chi nghT vé “blrc tranh I&n” (big picture)
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Suy nghi theo cach dé quy:
ham power
» Xetlai ham power ()
» Dinh nghia dé quy cla ham power():
power(x,n)
Tra vé gia tri:
power(x,n — |) * x
Chi can ddm bao “céng thirc” dung
Va ddm bao tinh dén trudng hop co sé
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Ky thuat thiet ké dé quy

» Khéng Iu vét toan bd chudi dé quy

» Chi kiém tra 3 thudc tinh:
Khong dé quy v6 han
Cac trudng hop dirng tra vé gia tri ding
Cac trwdng hop dé quy tra ve gia trj ding
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Kiém tra thiét ké dé quy:
ham power|()

» Kiém tra ham power() vOi 3 thuQc tinh

Khong dé quy vo han
Tham sO th(r 2 gidm di | m&i lan goi ham
Cudi cting phai gép trwvdng hop co' s& 1a |

Cac trieOng hop dirng tra vé gia tri dang
power(x,0) la trw&ng hop cO sO&
Tré vé gia tri |, diing v&i x°

Cac trvdng hop dé quy tra vé gia tri ding
V&in > |, power(x,n) tra vé power(x,n- 1 )*x
Gia tri nay dung
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Tim kiém nhi phan

» Ham dé quy dé tim kiém trong mang
Q’uyét dinh xem liéu mot phan t& c6 & trong mang khéng va
neu Cco:
Phan tlr d6 & vi tri nao trong mang

» Gid str mang di dwoe s3p xép

» Chia danh sach thanh 2 phan

Quyét dinh xem liéu phan tlr d6 & nilra thlr nhat hay nlra thiy
hai

Sau dé lai bat dau tim kiém trén nlra dé -> mot cich lam theo
kiéu dé quy!
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Ma gia cho tim kiém nhi phan

Display 13.5 Pseudocode for Binary Search

int a[Some_Size_Value];

ALGORITHM TO SEARCH a[first] THrRouGH a[last]

//Precondition:
//alfirst]l<= a[first + 1] <= a[first + 2] <=... <= al[last]

TO LOCATE THE VALUE KEY:

if (first > last) //A stopping case
found = false;
else
{
mid = approximate midpoint between first and last;
if (key == a[mid]) //A stopping case
{
found = false;
location = mid;
ks
else if key < a[mid] //A case with recursion
search a[first] through a[mid - 1];
else if key > a[mid] //A case with recursion
search a[mid + 1] through a[last];
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Kiém tra su dé quy

» Kiém tra tim kiém nhj phan theo cic tiéu chi:

Khong dé quy vo han
MOi 10 goi tang first hodc gidm last
Cubi cung first s& 1on hon last

Cac trvong hgp dirng thire hién hanh dOng ding
Néu first > last > khéng c6 phan tlr nao & gilra chling,do dé key
khéng thé & do!
Néu key == a[mid] > tim dwoc ding!

Cac triong hop dé quy thirc hién hanh dOng dung
Néu key < a[mid] = key & trong nlra dau tién — |&i goi dling
Néu key > a[mid] = key & trong nlra th(¥ hai — 1&i goi ding
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Display 13.7 Execution of the Function search
— key is 63 -
54 a[0] | 15| first == 54 a[0] |15
55 a[l] | 20 55 a[l] | 20
56 al[2] | 35 56 al2] |35 Not in
— — this half
57 a[3] |41 57 al3] |41
58 a[4] | 57 |==—— mid = (0 + 9)/2 58 a[4] |57
59 a[5] | 63 59 a[5] |63 |-e—— first==
60 a[6] | 75 next 60 a[6] |75
61 a[7] |80 61 al7] |80 mid = (5 + 9)/2
62 a[8] | 85 62 a[8] |85
63 a[9] | 90 f~=—rIast == 63 a[9] | 90 la—Iast==9
54  a[@] |15
55 a[1] |20 o
56 afl2] |35
57 a[3] |41
58 a[4] |57
— mid = (5 + 6)/2 whichis 5
59 a[5] |63 ja—— first == a[mid] is a[5] == 63
- found = TRUE;
60 a[6] |75 e—— last== location = mid;
61 al[7] |80
62 a[8] |85 ot here
63 a[9] | 90

lllL.«l\./ Cill Liilil
kiém nhi
phan



Hiéu qua cua tim kiém nhi phan

» Cwc ky nhanh, khi so sanh v@i tim kiém tuan tuw

» MOt nlra clia méng bi loai bé tai thdi diém dau tién
Sau d6 1a /4, tiép theo la 1/8, etc.
Vé ban chat loai bd mét nira v&i mbi 10 goi

» Vi du: mbt mang c6 100 phan ti»
Tim ki€m nhi phan khéng bao gi® can dén nhiéu hon 7 so
sanh!
M(rc d6 hi€u qua theo logarit (log n)
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Nhitng giai phap dé quy
» Chuy rang thuat toan tim kiém nhj phan thuc sw
gidi quyét van dé “tOng quan hon”
Muc tiéu ban dau: thiét k& ham dé tim kiém trong toan b0
mang
Ham cla ching ta: cho phép tim kiém bat ky doan con nao
cla mang
Bang cach chi dinh hai ranh gi®i first va last
» Rat pho bién khi thiét ké ham dé quy
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Tom tat
» Gidm mot van c’ié thanh cic tridng hg'p nho hon
cUa cung m@t van dé -> gidi phap dé quy
» Thuat toan dé quy co 2 trio'ng hop
TriOng hop co s&/drng
TrwOng hop dé quy
» Dam bao khong cé6 dé quy vo han
» SO dung cac tiéu chi dé quyét dinh xem dé quy
dung
Ba thuQc tinh quan trong
» Thwdng gidi quyét van dé “tong quat hon”
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