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 template <typename T> Vector<T>::bubbleSort( Rank lo, Rank hi ) {
while( lo < --hi ) //:Zi#e:8i3HE (MABRIE : 0 <= 1o < hi <= size)
for( Rank i = lo; i < hi; i++ ) //BHEMPTE
if( _elem[i] > _elem[i + 1] ) //¥F%
swap ( _elem[i], _elem[i + 1] ) s //!ﬂﬂﬁ}ﬁ
} )
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( it - jRAnELE )

** template <typename T> void Vector<T>::bubbleSort( Rank lo, Rank hi ) {
for( bool sorted = false; sorted = !sorted; )
_ ‘ _ ) Lo Last hi
for( Rank 1 = lo; 1 < hi - 1; i++ )
if( elem[i] > elem[i + 1] ) {
swap( elem[i], elem[i+1l] );

sorted = false; //INEKRZZLEBFE

} //else ... IEBUZELE

{ Data Structures & Algorithms, Tsinghua University )—@




(it : REIEELE + BRER )

** template <typename T> void Vector<T>::bubbleSort( Rank lo, Rank hi ) {

for( Rank last

--hi; lo < hi; hi = last )

Last

for( Rank 1

last = lo; i < hi; i++ )

if( _elem[i] > _elem[i + 1] ) {
swap( elem[i], elem[i+1l] );

last = i; //@ENE0JgE%EF[1o, last)
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Big-O0 Notation

Mathematics 1s more in need of good notations than of new theorems. - A. Turing
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Play=0C{fn)) HE e >0 1. T(n)l<c-finl Yu>2

Eg \/Sn-[Bn'(n+2)+4]+6 < \/5?1-[67?’2,2%—4]%—6 < \/35n3+6 < B = Oln")

O il = e (n)) On*+n’) = O, a>b>0
4 running 0
time T
T(n)
7 > n
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T(n) = Q(f(n)) iff

T(n)=0O(f(n)) iff

LLJ
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Asymptotic Analysis

IERATHYE] , IESRAE .



(&R + BAREH )

for( int i = 0; 1 < n; i++ ) ofor( int i =0; i < n; i++ )
for( int j = @; j < n; j++ ) for( int j = 0; j < i; j++ )
Olop(const i, const j); Olop(const i, const j);

n—1
Zn = nxn = On)
i=0
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st for( Int 1= 1;: 1 € n: I <<= 1 ) wfor( int 1 = 0; 1 < n; i++ )
for( int j = 9; j < i; j++ ) for( int j = 0; j < i; j += 2019 )
Olop(const i, const j); Olop(const i, const j);
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o for( int 1

for( int j

O; 1 <= n; i++ )

1; j <i; j +=3F )

Olop(const i, const j);
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T(n) = / iz )de = n-ln(ﬂ,)—/ 2ad(In(z)) = w:ln
=0 =0
log n logn k log n logn
s Zk_Qk—l LLQRJ Il ZZQRJ—J
=1 k=1 1=1 1=1 k=t
log n logn log n log n
Tln) = Z 22‘1‘:_1 E ZQID” = Zn — & e
=0 k=1 =1 =1
logn logn log n logn
Palz 3, 3. 295 3 1= % wll =52
1=1 k=logn i—1 =1 p
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Back Of Envelope Calculation

He calculated just as men breathe, as eagles sustain themselves in the air.
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Back-Of-The-Envelope Calculation )

SHEK (FFBE ) B = 787 x 360/7.2

o 14

& 11

,., i —
i':l-

= =2y
“ FH

787 X 50

39,350 km

= 24hr x 60min X 60sec

25 X 4000 = 105 sec

i

~ 1{8%2 = 100yr x 365 = 3 x 1074 day = 3 x 10”9 sec
HEEBRITIERTSE" =~ 1.6 x 1079 sec
£=it" = 300 yr = 16710 = (1 googel)~(1/10) sec

KIEEES = 4 x 10717 > 1078 x —4

Enrico Fermi
(1501 - 1854)
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(260 : SEAOZEMIZAHS )

n=147 x 10°

O(107)

ZEPC
1GHz
1079 flops

A 1A
FHIZR = 1P
10715 flops

iEfH

Bubblesort
(1079)~2
10718

1079 sec
30 yr

1073 sec
20 min

1079 x log(10”9)

Mergesort

30 X 1079 = -
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Selectionsort

K TIRERMA. EU—E

EIE

T

=, —IMARIFRSENZ | B—IPAIERIFHYATE




(REEHE | SRR )

(
\

Data Structur

es & Algorithms, Tsinghua University _)————{Eiéa




3t )

-
b

1 a
. g &
-~ n__ﬂ m—_-







-

L selectionSort() )

/ /3P E=RRIR F LS pANEEN N T EIMEIFEHES | valid(p) && rank(p) + n <= size
template <typename T> void List<T>::selectionSort( Posi(T) p, int n ) {

Posi(T) head = p->pred; Posi(T) tail = p; //SHEFX[Bl(head, tail)

for ( int i = 9; i < n; i++ ) tail = tail->succ; //head/tailnJgeRL/RElHE

while ( 1 < n ) { //REMN (IFEN ) SHIFXBAZLEXE , HiZEZBFXIERR
insertB( tail, remove( selectMax( head-s>succ, n ) ) ); //B0#...

tail = tail->pred; n--; //fSHEIEFERXIE., BFEXEAEE | IR EFH

} nn n to be rotated . .

e | rotated Jum =
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( selectMax() )

< template <typename T> //MBIGFHBpAInPc=ZEHEAT , 1 < n

Posi(T) List<T>::selectMax( Posi(T) p, int n ) { //©(n)

Posi(T) max = p; //BRABEEIP

for ( Posi(T) cur = p; 1 < n; n-- ) //[BEPRIZE—SmaxEbiR

if (! 1t( (cur = cur->succ)->data, max->data ) ) //data > max
max = cur; //MEFHRAXTTEMEICH

return max; //IRBIERADEME

} 0

probed & compared
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< HiEniX |, EBGRIEH

- selectMax()FEAYO(n - k) swap
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<+ BEWL , oERER(Fimn ) Fie HF / /58 h%E0

tREEIR , 0(n?) EEZRBFTITRHAILLBIRE //FENIE(R
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Lower Bound

, S7oKE AMBEARE , MRS



( HERIRER -> Algebraic Decision Tree
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( Lower Bound <- Comparison Tree )

#leaf > n!

height > logn!
— loge- (nlnn —n+ O(lnn))

-h 5
|
| |
Iilll
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1| 1;:,.'r
b J
m .
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L Lower Bound -> Entropy )

E(S) = logN = logn! = Q(nlogn)

000000

E(Se) ~ logn E(S1) ~ logl = ©

ONORONOROGRONO m

E(Sg) ~ nlogn E(S1) ~ logl = 0
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Insertionsort
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/ /3IFRPERI F LB pANELN PN TTRIEGAANRER |, valid(p) && rank(p) + n <= size

template <typename T> void List<T>::insertionSort( Posi(T) p, int n ) {

for (int r=0; r < n; r++ ) { //Z—S|IANSZTR , HS.53S...,

insertA( search( p->data, r, p ), p->data ); //Bf¥ + A

p = p->succ; remove( p->pred ); //FERETF—P=

} //niRES , BiXo(r + 1)

} //{ERo(1)5EN=EE , BFREEE
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Inversion
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k Inversion J

(z,7) is called an inversion if 0 <7< j < nand Afi] > A[J]

Z(j)=|{0<i<j | A[s] > A[j] and hence (i, j) is an inversion } |
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( Inversions In Bubblesort )

, X _ i
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( Inversions In Insertionsort )

45“

Yy

lsearch(r)| = Z(r)

Z search(r)| =1

r
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Mergesort

RKIKE , TARE , GALD
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9 Divide-And-Conquer )

6 m——
=
6 B
B9
155
& 3
i
6
;
3 5 2
T(n) = 2-T(n/2)+ O(n) H = El %
2
= O(n -logn) 8 E
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L mergesort(lo, hi) )

* template <typename T>

void Vector<T>::mergeSort( Rank lo, Rank hi ) { //[lo, hi)

if ( hi - 1o < 2 ) return; //BREXEBARR , &N...

int mi = (lo + hi) >> 1; //LIHREAR

|_ -
mergeSort( lo, mi ); //XBIERHERE —

lo mi hi

mergeSort( mi, hi ); //NEXEEHIFE

merge( lo, mi, hi ); //V3FF
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2-Way Merge

mi) + S[mi, hi)

S[lo, hi)

&
*l:.:l'

(o)) L mM ®
8-8-8-8-6-80-8-0

o)
|

i (3] (&)
85-8-8-0-8-8-0

(c) (d) (e) () (g) (h) (1)
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\merge(lo, mi, hi))

template <typename T> void Vector<T>::merge( Rank lo, Rank mi, Rank hi ) {

T* A = elem + 1lo; int 1b = mi - lo; T* B = new T[1b]; //A[0, hi - 1lo) = elem[lo, hi)

for ( Rank i = @; i < 1b; i++ ) B[i] = A[i]; //SEHIBIFMEEB[0, 1b) = _elem[lo, mi)

int 1c = hi - mi; T* C = _elem + mi; //[GFMEC[0, 1c) = _elem[mi, hi)

for ( Rank i =@, j =0, k =0; j < 1b; ) //V3H : REMBHICETEPRILENE
A[i++] = ( lc <= k || B[J] <= C[k] ) ? B[j++] : C[k++]; //i8RIIAAR

delete [] B; //BEMIGAIZSE

T
} e
elen
1o mi
_-—

hi
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Counting Inversions )

Q(n*)

‘ -

O(nlogn)

(
\

Data Structures & Algorithms, Tsinghua University )—@




-

A
\LC++ STL MergesortJj
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- hi
rotate |
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Shellsort
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k Example. h5 = 8‘)
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k Example. h4 =5 ‘/

AOODOBOOO

23 o Jas s
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k Example. h2 = 2‘/

ADODOOOODODAM0

vl BN BNechE BECEE B
QO g ©O g Ul g Oh § OO

\D
NI

~ N — = Y
= w N \D
O ~ N — = Y
Ul DO O D 00

AOODNCOORNODO0
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Example: h; = 1)

ADODOOOODODAM0

LB
(
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(' call-By-Rank )

BLIL] ]
. o
! (=
Blllj] = Ali- h+ ] 2 @
: i
: =
E el
Alk| = Blk/h||k7%h]
A[] —
ih + j S
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9 Shell's Sequence )

Heavp = o 1, 2, & By 5505 ' .

o s
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o i

14+243+:--4+2Y"1 = Q09
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KPostage Pr'oblemj

** The postage for a letter is 50F, and a postcard 35F
But there are only stamps of 4F and 13F available

** Possible to stamp the letter and the postcard EXACTLY?

e lalalalalal m T m

i o)t s nn——

determine whether P € {n-4+m-13 | nme N }
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9 Linear Combination )

SLlet g heN

“*For any nmeN, n-g+m-h is called a linear combination of g and h

“Denote C(g,h) = {ng+mh|n,meN }
N(g,h) = N\C(g,h) //numbers that are

x(g,h) = maz{ N(g,h) }

* Theorem: when g9 and h are relatively prime, we have

NOT| combinations of g and h

x(g,h) = (g—1)-(h—1)—1 = gh—g—h

e.g. x(3.7) = 11, x(4,9) = 23, (4|13

//always exists?

35| x(b,14) 51
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kTheor'em KJ

< [Knuth, ACP Vol.3 p.90] // 2 RBREHr[12-12, 12-13]

A g-ordered sequence REMAINS g-ordered after being h-sorted.

(
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Order Preservation
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k Lemma L

N

J

_______________
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e e e e E e o o E—

X[m, m+r)
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S Linear Combination )

* A sequence that is both g-ordered and h-ordered
is called (g,h)-ordered, which must be both

(g+h)-ordered and (mg+nh)-ordered for any my n € N

— g+h —DI — h+g —f

B e | e | - | e |hlehlehfanln ] n R
— e

- DEICOERERDOOOESE 30
-—————mg+nh —m
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k Inversion J

*Let S[O,n) be a (g,h)-ordered sequence, where ¢ and h/ are relatively prime

* Then for all elements S[i] and S[j], we have

j—1 > x(g,h)+1 = (¢g—1)-(h—1) onlyif S[i] <S[y]

“* This implies that to the RIGHT of each element,

only the next x(g,h) elements could be smaller

could be smaller than S[1i] must be no less than S[1i]
F— ¢-v;-1) ——

* There would be no more than n-x(g,h) inversions altogether
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PS Sequence

N

F

1,3, 7, 15, 31, 63, 127, 255, 511, 1023, ...}

)
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L Pratt Sequence )

{1,2 3,4, 6,8, 9 12, 16, 18, 24, 27, 32, 36, ...}

12038 | mgeEe N}

O(n - log® n)
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Sedgewick Sequence

et

O 41 209 929 3909
'{ 1 19 109 005 2161

g ab—ggaS ]| e>pE U {4"=3%2041]E>21

O(n - log® n)

3929

16001 64769 }

36239
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