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1. Internal Sorting(PIEBEES)
1. #AY—LI(insertion sort)
2. D499Y—b(quick sort)
2. vector (RD%)ICLéSorting
1. E—7Y—I(heap sort)
2. 7)Y —I(bubble sort)
3. ¥=YvYy-+ (mer'ge SOf"r) m #E—F: 91150
3. Searching ($#3) = EfT SREIENME
1. =48R (binary search) , %u:;;-fﬁb;m
2. 1WwYaik(hashing) " HEE—Y4yFLE
4. Pyh-HBBOI5S) 4

Sorting (%)

= REREFI (internal sorting)
e T—RFTARTERELIZELNTES|
1ERBEEZTEB ALY .
2.LEBREIHEBHREST .

= 5} EE 5] (external sorting)
« SNERDECIEREZRALTES
. FEBLMBEEIRELDETOT—RER

EEHEIB ARSI

Internal Sorting(PI#BEEZ])
» ERANE
« & AY—F(insertion sort)
o E—7Y—k(heap sort)
w N\YTFHE
e J4%*)—k (quick sort)
» /N7 JLY—F (bubble sort)
s T/ (SERES|EHLE)
o ¥v—Y—k(merge sort, fia&Y—Hk)

Javal2 &b TE
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1A18H-FHMDA 21—

1. Internal Sorting(PRIEBEEZ)
1. #®AY—I(insertion sort)
2. D499Y—b(quick sort)

2. vector (AD5)[cL&Sorting
1. E—=7Y—Fk(heap sort)
2. )N7TILY—I(bubble sort)
3. ¥—YY—Ih(merge sort)

3. Searching (¥3%K)

1. Z45#E% (binary search)
2. 1\WwYaik(hashing)

WA Y—I(insert sort)

(define (insert-sort-pred pred records)
(i (null? records)

(
(insert-elem pred (car records)
(insert-sort-pred pred (cdr records))

(define (insert-elem pred elem ordered-rec)
(cond ((null? ordered-rec) (cons elem *()))
((pred elem (car ordered-rec))
(cons elem ordered-rec) )
(else
(cons (car ordered-rec)
(insert-elem pred elem
(cdr orderd-rec) )))))

(define (insert-sort records . args)
(insert-sort-pred
(if (null? args) > (car args)))
records ))




WA Y—F(insert sort) DE{TFL—A

(insert-sort-pred > "(2 3 1 6 4))
2
3 2
1
6 3 2 1
4 3 2 1

A Y— M (insert sort) DRITFL—2

1. (insert-sort-pred > "(2 3 1 6 4))
2. (insert-elem > 2
(insert-sort-pred > "(3 1 6 4)) )
3. (insert-elem > 2
(insert-elem > 3
(insert-sort-pred > "(1 6 4)) ))
4. (insert-elem > 2
(insert-elem > 3
(insert-elem > 1
(insert-sort-pred > "(6 4)) )))
5. (insert-elem > 2
(insert-elem > 3
(insert-elem > 1
(insert-elem > 6
) (insert-sort-pred > “(4)) ))))
6. (|q?ert—eleq > 2
insert-elem > 3
(insert-elem > 1
(insert-elem > 6
(insert-elem > 4
(insert-sort-pred > () ))))

@A Y— M (insert sort) DRIT ML —2A2

7. (insert-elem > 2
(insert-elem > 3
(insert-elem > 1
(insert-elem > 6
(insert-elem > 4 ")) ))))
8. (insert-elem > 2
(insert-elem > 3
(insert-elem > 1
(insert-elem > 6 "(4)) )))
9. (insert-elem > 2
(insert-elem > 3
(insert-elem > 1 "(6 4)) ))
10. (insert-elem > 2
(insert-elem > 3
(cons 6 (insert-elem > 1 "(4))) ))
11. (insert-elem > 2
(insert-elem > 3
(cons 6 (cons 4 (insert-elem > 1 “()))) ))
12. (insert-elem > 2
(insert-elem > 3
(cons 6 (cons 4 “(1))) D))

@A Y— M (insert sort) DE{T L —A3

13. (insert-elem > 2

(insert-elem > 3

(cons 6 (cons 4 "(1))) ))

14. (insert-elem > 2

(insert-elem > 3 (6 4 1)) )
15. (insert-elem > 2

(cons 6 (insert-elem > 3 "(4 1))) )
16. (insert-elem > 2

(cons 6 (cons 4 (insert-elem > 3 "(1)))) )
17. (insert-elem > 2 "(6 4 3 1))
18. (cons 6 (insert-elem > 2 "(4 3 1)))
19. (cons 6 (cons 4 (insert-elem > 2 "(3 1))))
20. (cons 6 (cons 4 (cons 3 (insert-elem > 2 *"(1)))))
21. (cons 6 (cons 4 (cons 3 (cons 2 "(1)))))
22.(64321)

#®AY—(insert sort) DRIHAE

1. REDIHE (worst case) (predh=&d3)
B KEGLEDMLIBIZADSTLS

2. B D5EE (best case)
B /PSNEDOMBIEIZASTLS
B B Zn:l=(n—1) @(n)

3. E¥DiHE (average case)
B §TICASTWST—2DE 12T HLE
| &E@&(i ;%(i—l)=%n(n—1) @(nZ)

1A18B-FHMDAZ1—

1. Internal Sorting(PIEBEEZ)
1. #®AY—I(insertion sort)
2. D199Y—b(quick sort)

2. vector (AD3)[cL&Sorting
1. E=7Y—Fk(heap sort)
2. 13JILY—I(bubble sort)
3. ¥—YY—Ih(merge sort)

3. Searching (#3%R)

1. Z452E% (binary search)
2. WY1k (hashing)




D499y — b (quick sort)

(define (quick-sort records . args)
(quick-sort-pred (if (null? args) > (car args))
records ))
(define (quick-sort-pred pred records)
(if (null? records)

(let* ((pivot (car records))
(division (partition pred p
(cdr records) () O )
(append gqulck—gort—pred pred (car division))
cons pivo
(quick-sort-pred pred
(cdr lelSIOn) M)
(define (partition pred pivot records left right)
(cond ((null? records) (cons left right))
((pred pivot (car records))
(partition pred pivot (cdr records) left
cel (cons (car records) right) ))
else
(partition pred pivot (cdr records)
(cons (car records) left) right ))))

quick sortM3&{T L —A(FEEH)

(quick-sort-pred > '(2<:)1 6 4))

2
(B> O
3 1
(D)) o) o) o)
° S EIEAS
© (;@ (divide and conquor)
O O

quick sort®%{T L —21

%. gqU|ck sort- p;ed(; l(g i) () ())
. (partition >
(B 64) (1))
3. (append (quick-sort-pred > "(3 6 4))
(cons 2 (quick-sort-pred > (1)) )]

3-1. (partition > 3 "(6 4) "O "0Q)

«6 4 )

3-2. (append (quick-sort-pred > "(6 4))
(cons 3 )
4-1. (partition > 674 "O "0
4-2. (appen ()
(cons 6 (qU|ck sort-pred > "(4))) )

5-1. (partition > 4 "0 "0 "0O)
4-3. (append6 2 (cons 6 (append () (cons 4 O))))
4-4. 6 4) ©

quick sort®3{TFL—22

3-1. (partition >3 "6 4) O "0Q)
(6 4 )
3-2.  (append (qu;ck—sort—pred > (6 4))

(cons O
3-3. (appezd '(6)4) [€)))

3-4. (append (6 4 3)
(cons 2 (quuok sort- pred > "(1)) )
4-1. (partltlon >1 "0 "0 ")
4-2. (append "(6 4 3)
(cons 2 (1)) )
(64321)

h1vhy—-rquick sort omtus

1. REDIHE (worst case) (predh=&d3)
B /PNEVNEDIBIEIZASTLS
B partitionTOEERERIE

iEill(n—i):nz—%n(n+1)=%n(n—1) @(nZ)
2. BRDHE (best case)

B DEINNFURLTLNS
B partition®MIEh S EHIF

log n ®(nlog n)
3. FH D15 4E (average case)

bavhy—rquick sort) otus

3. F¥DiHE (average case)
T—RETRTRLED, HHPIIETINEREE,
e BPTOHNEITERKDIRENEILT HET S,
B nEFROquick sort (ZE$ B8/ : T(n) &35
B EEORROMEICETSHEM: cn (c: EH)
B nERNEREN-FIERICHEIShT=ETBE
T(N)=T(i)+T(n-i-1)+cn

T(N)<T@U)+T(n—1-1)+cn




v4vhy-rquick sort) ottt 1H18H -AHDA=1—

B nEZEDHEL (0,n-1), (1, n-2),..., (n-1,0) HA SRR 1. Internal Sorting(FI#BEESI)
TETDHLET L ROFHEXEHBD 1. #AY—LI(insertion sort)

= 2. D49DY—(quick sort)
T(n)=cn+ HZT 1 (=2 2. vector (RH%)IcLdSorting
=0 1. E—7Y—I(heap sort)

T(0)=0 2. )§7)Y—F(bubble sort)
T =1 3. ¥—YY—Ih(merge sort)
m REE TR A 3. Searching (%)

1. Z4512E% (binary search)
T(n)~2nlogn ©(nlogn) 2. 1\wYa3k (hashing)

JakldTRE{1S Square-limit [CBE{FIFS(k5E)

define (wind-mill painter colors (defme (r- ht-split painter n colors)

p rame
(lambda (frame)
(Set—COlOF (Car COlOI’S)) alntggmgﬁreni Erlght split painter (- n 1) (cdr colors))) )
(painter frame) # ‘C RIS HORC T A G O I
set-color (cadr colors))

g(rotatego painter) frame) * ‘ (define (corner-split painter n colors)

(lambda (frame)

(set-color (caddr colors)) e p— s
((rotatel80 painter) frame) *

gset -color (cadddr colors) g
(rotate270 painter) frame) ))

?a{nl(:er fEame) it t ¢ %)
€ u up-s| 1 ainter (-
§ P ‘i) ht- gpllt palnter (-"'n 1) (cdr colors))) )

let ((to ﬁe t_(beside u
¢ (gg ogtom—rlg(;ht (belox?v r%gt right))
corner (corner-split painter (-'n_1) (cdr colors))) )

g(f (pair? colors) (set- color car colors)))

(define (moulin painter colors) beside (below painter top-left) = =770 -
(lambda (frame) , frame 3)) ))OW ottom-right corner) ) AARARAARNAND AR

M A A A
(cond ((pair? colors) ’ (deflne square-limit painter n colors) ﬁf( )\i
(sei_:—color (car colors)) (le E(guarter corﬁer split painter n colors))) i_ﬂ A A )\i
ainter frame half (beside f ? horlz quarter) quarter))) & i
(p ) o § }
lin (rotate90 painter) (cdr colors)) ow (flip-vert hal) halh) v Y Y 4
" ((mou ¥ X Yy
rame) )))) ((square—l imit color—letterlambda 5 ARy, vy
(moulin color-lambda "(red blue green yellow)) "(red green blue yellow black) ) RARAEANIAARAARY

reverse®iE A : [/ 3 (palindrome) 15188 -ABMDA=1—

(d?gangl’gpgggpgrgpg\’iegggriaars) b} 1. Internal Sor"l'iﬂg(l’ii’:‘ﬁﬂ?ll)
Coetigs ke dabindrone o) e 5 A Dinsertion sort)
ot (e ) I e
¢ (app(gnd chars F()cdr (reverse chgrs))) ) 2. vector (’\'79)(uJ:§$or‘l'lng
(palindrome? *(shi n bu n shi)) 1. E=7Y—F(heap sort)
(palindrome? "(ta ke ya bu ya ke ta)) 2 }(j‘}b\)_h(bubble SOf‘T)

(palindrome? “(M ADAMITIMADA M) s
(define (last-but-one items) 3 ~ /J F(mer‘ge SOI‘T)

(reverse (cdr (reverse items))) ) 3. Sear'ching (#5R)
(last-but-one *(shi n bu n shi)) 1. =98k (binar'y search)
= (shi n bu m) 2. 1\WwYai%(hashing)




HULLT—5E: K54 (vector)

T—AQEVERERTHT—42H
HUEXR,)) ... (BX, D)

AT vY R (index) [XOMBIEFES (0-origin)
(BExR ) REEDT—4

Wb d1RES| (array)

Constructor (i%£EF)

- (make-vector (¥4 X) [KF—2D
« (vector {(T—4y) == (T—%..1))
- (list->vector (JRF))

HFLLT—5E: K55 (vector) (#)

m SelectorsGEIRF)
» (vector-ref {(Ry3) (LT YIR))
m EDith
- (vector-length (R%%))
YA X%ERT
- (vector-set!
(ROBZY ALV TIIRT—E))
- (vector->list {(R%4%))
- AHAIF
#(1 2 3 4 5)

AHA (vector) D

m (define y (make-vector 5))
#(O O O O O)

m (define x #(1 2 3 4 5))
#(1 2 3 4 5)

m (vector-length x) 5

m (vector-ref x 2) 3

m (vector-set! x 3 128)
#(1 2 3 128 5)

B X #(1 2 3 128 5)

m (vector-set! x 0 “foo)
#(foo 2 3 128 5)

1A18H -AHMDAZ1—

1. Internal Sorting(PI#BESI)
1. #AY—LI(insertion sort)
2. D499y —b(quick sort)
2. vector (RD5)IcLdSorting
1. E=7Y—I(heap sort)
2. N7)bY—(bubble sort)
3. ¥—YY—I(merge sort)
3. Searching (I®%)
1. Z4#R3R (binary search)
2. N\w¥aik(hashing)

E—7 (heap) ELVST—5 &

m E—JEIR2n RO
m E—TDEIENETHE h-1
1. BEh-1 ETREL2H9K h
2. BShDEFERE
3.H/—FDfE v, &

F/—FDiE v, £T5HE
v, pred v,

ML, pred [HEEER
B ROSTRETS

E—7 (heap) DAYIRE

RE—TDEEEhET HE
- Bch-1 FTIIER2H K h
hd _I%ﬁ_éh a)ﬁ'i&% 0
BRJAFHDOF R il \
cHDAVTYIREI 2
s FDAUTYHRIE 2i, 2i+1 >
[ 2i 2+l

NAE| ©




E-JOmRN - F e

(define (make-heap maxsize)
(let ((heap (make-vector (+ maxsize 1))))
(vector-set! heap 0 0)

heap )))
(define (heap-size heap) (vector-ref heap 0))

(define (heap-left-child n) (* n 2))
(define (heap-right-child n) (+ (* n 2) 1))
(define (heap-parent n) (quotient n 2))
(define (heap-top heap) (vector-ref heap 1))
(define (heap-size-set! heap n)
(vector-set! heap 0 n) )

i 2i  2i+1

NAG ©

insert-heap (E—7CERWA)

(define (insert-heap heap element pred)
(let ((n (+ (heap-size heap) 1)))
(vector-set! heap n element)
(heap-size-set! heap n)
(sift-up heap n element pred)
element ))

L +
F H

i sift-upTIlE.

L EEHIOT O

sift-up (heapi&{il)

(define (sift-up heap from element pred)
(if (<= from 1)
element
(let ((parent (heap-parent from)))
(let ((value (vector-ref heap parent)))
(cond
((pred value element) element)
(else
(vector-set! heap from value)
(vector-set! heap parent element)
(sift-up heap parent element
pred )))))))
n 1E#RYIRT EFSHFLD
n EREE 0 LTHLEAERIG ®(|0g n)

BAEROMHheap B

(define (heap-extract-top heap pred)
(let* ((value (heap-top heap))

(n (heap-size heap))

(element (vector-ref heap n)) )
(heap-size-set! heap (- n 1))
(vector-set! heap 1 element)

(sift-down heap 1 (- n 1) element pred)
value ))

sift-downT
%, &EH1DF
DI,

sift-down (heap&{l)

(define (sift-down heap from to element pred)
(let ((left-child (heap-left-child from))
(right-child (heap-right-child from)) )
(if (or (>= from to) (> left-child to))
element
(let ((max-child
(if (> right-child to)
left-child
(if (pred
(vector-ref heap left-child)
(vector-ref heap right-child) )
left-child
right-child ))))
(let ((max-child-value
(vector-ref heap max-child)))
(cond ((pred element max-child-value)
element)
(else
(vector-set! heap from
max-child-value)
(vector-set! heap max-child element)
(sift-down heap max-child to

element pred ))))))))

heap-sort ORtHE

m 1EHRYIRY EESAIED
n BREEN LTHEHFAER

®(log n)

I sift-downward
i 1 Tk ESHLYOEm,




E—7Y— I (heap-sort)

(define (heap-sort records . args)
(let ((pred (if (null? args) >= (car args)))
(heap (make-heap 100))
(result ) )
(for-each
(lambda (i) (insert-heap heap i pred))
records)
(do ((i (length records) (- 1 1))
(result nil) )
((<= 1 0) (reverse result))
(set! result
(cons (heap-extract-top heap pred)

result )))))
= c—ov—tostgz  ©(nlogn)

E=7Y—I(heap-sort) DIELE

e RYZx DE—THILEH heap(m,n)
Vie[m+1,n] x[i/2]> x]i]
- sift-down TIX
« BITHT: heap(l,n) DREILIE?
« BIT#: heap(1,3) AL,
- kBEIH® sift-down TIX
« TR : heap(1,k) &R 3L, heap(k,n) ?
« 217 :heap(k,2k+1) AFEIL,
« DFY, heap(1,2k+1) HSRRIL,

E=7Y— I (heap-sort) DIE LE(2)

BRYA x DE—TREIIEH heap(m,n)
Vie [m +1,n] x[i/2]2 x[i]
msift-up TIX
- 24781 :heap(1,n) 3L, heap((n+1)/2,n+1) 2
[+h3?
o B1T# :heap((n+1)/4,(n+1)/2) £ ?
mkEIB® sift-up TIX
- 1THI:heap(k/2,k) ? fhIEMRII,
o E17% :heap(k/2,n) RR3L, heap(k/4,k/2) ?

1A18H -AHMDAZ1—

1. Internal Sorting(PI#BESI)
1. #AY—LI(insertion sort)
2. D499y —b(quick sort)
2. vector (RD5)IcLdSorting
1. £E=7Y—1I(heap sort)
2. ’7IW—F(bubble sort)
3. ¥—YY—I(merge sort)
3. Searching (I®%)
1. Z4#R3R (binary search)
2. N\w¥aik(hashing)

137IY— I (bubble sort)

(define (bubble-sort records . args)
(let ((pred (if (null? args) >= (car args)))
(size (vector-length records)) )
(do ((i 0 (+ i D))
((>= 1 size) records)
(do (g (- size 1) (-] 1))
(data nil) )
(=1 D)
(set! data (vector-ref records j))
(cond ((pred data
(vector-ref records (- j 1)) )
(vector-set! records j
(vector-ref records (- j 1)) )
(vector-set! records (- j 1)

data) ))))))

N7V = (bubble sort) 34T FL—2A
918253074

98 1:72 530
98|:712523430T
87[152430I
87514230
87541320
87543120
87543210

© © ©O© ©O© ©




_ 1%7Y—=1(bubble sort) Dit N &
1BICEIZHE( )1 DTDOESD

n

Z(i—l)z%n(n—l)

i=1

®(n?)

Y1)V — b (Shell sort)

mN\T)LY—b: BET—SELE

 h=1

m RURU (h) [ZHE
- h=3h,+1 .., 1 O
. eg.,40,13,4,1

@(n1.25)

#AY—I(insert sort) DRt HE
1. REDHA (worst case) (predh’=Ed3)
B PEVEDMBSIEIZADTLS
m LERE#IE Z(i—l):%n(n—l) @(n 2)
2. B DIZEE (best case)
B REGLOHNBLIRICASTLS
m A BT > 1=(n-1) @(n)

3. DB A (average case)
B §TICASTWST—E2DFEAIEITHE

" HRERE 51y e @(n?)

I=I9Y—MBFEY—F. merge sort)

Y—bEBDT—EERDEI— (BHE)
R MR

RHBBR
HEBRAADTF—EDRFLLDH
m BOF—4& n BOTF—2ETHE

O(m+n)
ERFHEELRSIC @(m + n)

1A18H -AHDAZ1—

1. Internal Sorting(PI#BESI)
1. #AY—LI(insertion sort)
2. DA4v9Y)—b(quick sort)
2. vector (KD%)IcLdSorting
1. E—=7Y—F(heap sort)
2. )¥7)LY—I(bubble sort)
3. ¥—JY—F(merge sort)
3. Searching (I®%)
1. Z4#R3 (binary search)
2. 1'\w¥aik (hashing)

R#EY—JY— | (In-place merge sort)

SElRaE

D DN I DN DD DD DD I DD D
—— S e o

Y Y Y Y
e M [ [
~ —
... .

ﬁ*

P52 (run) EES @(n |Og n)




R#BY—JY—F(In-place merge sort)

SEIRIBE (ROADIGE)

N o ¢
A P S —

|
|

|
0

I | || |
J X ~ \-W

—

Sorting (&3) DEEH
= ERY—F (selection sort) e(n?)
= #EAYJ—F (insertion sort) EO(n?)

s 1)LV —k (Shell sort)

1.25
hd hk: 3hk-l+1’ ,1 U)H# ®(n )

|
| | | n 749 —h (quick sort), 3 El#k A% (divide and
| —= | | —= | conquer)
~ - T  O(nlogn) EE 06(n%)
| | s E—7Y—F (heap sort) EB ®(nlogn)
@(n |Og n) = ¥—JY—h (merge sort) & ®(nlog n)
Sort (E5) FAVSDIER 1A18H-ABDA=a1—
Z 5485 (binary search) 1. Internal Sorting(R#EEEZI)
| > [ =] - | 1. #AY—I(insertion sort)
| —— @ - | 2. D49yDY— b (quick sort)

[N N | N | O I |
IO T I T T T I T I

(T 0T 0 0 00 OO0 (0 (0
—a3#E0HEE O(log n)

2. vector (RD5)IcLdSorting
1. E—=7Y—Fk(heap sort)
2. N7)bY—(bubble sort)
3. ¥—YY—I(merge sort)
3. Searching (I®%)
1. Z4#R3R (binary search)
2. )\wYaik (hashing)

NyY1ik (hashing)

FEL-WT—2 DK

fl: EK10XFDHEE

50X FLIHEMEHLEDH#HIT  s50°
log(50°)=10(2—-1log 2) =17 10"

ECANERDOEEHITHFA  10°

N5 (BLH) CHEZEER I LHLEE

ITHhTHIDES
1wk (hashing) Z{#

2 JMPPRE [ ] empty(%)
3
apocalypse — | BR :5 7 \“J:/:LI
apocope — EES ﬁE Jl‘U
apocrypha  — | EESIH apocalypse -2 apogee Eﬂhnﬁ“
I apocope — 6
apocrypha — 4 apocalypse
apodosis — 5
apogee — | EiA apogee — 0 apocrypha
. apodosis
direct-
access APoeope
table




NI REMTLETH

= hashed beaf
- ERIFAEL

1\WwYaik (hashing)

s XF—DEOHERGLIZTIER

» 7\ aB8% (hash function)

= F— = n\wiafE(ERH)

= /\w a3 (hash table) . 41X M
» HEFZFE (load factor)a, T—FE N

a=Ng
= BRAX—ITHLT/ Wi alENEL
. N\ {EDEZE (collision)

NyYa1B8% (hash function)

= REtDIEEH: SUFLMEETHED,

= X—: Xx=aa,---a, key(x)=m

. Bl1:F—p5  h()=m mod M

= fl2: XFIHNHCBEADER
h,(x) = Zn:code(ai) mod M

= 3 MmO RERSD logM #1593 % 5
hy(x) = \_m%(J mod M
where constant K such that MK ? = N ?

NoY1EORFFHE
& A (insert)
hashF[ZkeyZED>T—42%#HE A

% (member)
hashBMDkey CTT—2% R %R

HllB& (delete)
hash& M SkeyZF DT —42% Bk

NyY2{EEZ (collision) 3 i

= F 1A% (chaining, separate chaining, X% .
RER/ N k)
» BAFEH% (open addressing, 7Z—F 2% 4MER
Ny aik)
1. #87 FEE % (linear probing)
2. AHE/\w 2% (universal hashing)
3. 2&/\v 2% (double hashing)
h, 978,
h(x), h(x)+g(x), h(x)+2g(x), h(x)+3g(x), ...

Fxion NLAEDEE
Backet (/34 Y)ZE4EY ,
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