2020.2.21

SENFIRDOZ ENEEERY £,

o CSV 77 AN DiisEE LY T2 R 5
o ARG CES5) #H T IV T) XA DWTHMET S

1 T—Y9DHEMAIAEX
1.1 CSV 774 ILDOFK

CZETCCEHETHRABTINIY ZALEMI - TRELZN, TOTINITY ALATHDES T—4
X (B2 UATANADT—4] BETUA, UNUERICIZE DA A, FRARLEIANLES
TRAFEBRT —AXWET — 227075 AT RN 20D TY, TDEOIZIE. 77 Virb
T REGMAAIZY, TOT T AT ZERE2ESHLUAZD TI2HERHY £,
T=AT77ANVORRZERLZBEDNRH Y A, ZITEBITERLTHD (REHEY 7 b
TfibNd &\ EIEK), CSV(comma separated value) oz 5iAEE 4L L WD @M 2 O£,
KeMEY 7 hTRT—Z 2O~ ) 7 ZTHE LU TR E 32, CSVEATIETOT—4% 1
790, &tz I,] TRY->THEALZETRL £,

7= & ZIEMOFNE, HADW K D OHETHOFE TR & FHBEKED T — 4 % CSVIEATRLU T
WET,

city,temprature,precitipation
Sapporo,8.2,1129.6
Sendai,11.9,1204.5
Tokyo,15.6,1405.3
Kanazawa,14.1,2592.6
Qosaka,16.3,1318.0
Hiroshima,16.2,1511.8
Kouchi,16.4,2582.4
Fukuoka,16.2,1604.3
Naha,22.4,2036.8

FobEiEFS>THWTRILWVWTTMN, AHNRDZEDTIERNDTINTHIZERWIRTT, ZL
T, XFHEHUEIZE IZEHL TV EE A,

THFANDOHNETRT ASCILDXFEZITTEMN, HAFEZES HEI ecucjp £721F UTF8 5N
A MRATHRTHLTE [, OXFI—=RIE T,] LLTOAEDNLSDTTDEETOK TY (X
FHOFRGZ T D & XX -HORETT N, SEIENA MIOFETUMENER A,

£S5 12, vodiz T, BHETERDGEITELVOXFEY &Kz v v TG ETRYY &
UTHDOERNESIZERS>TVEZDTTA, I TREHEDZOTOMEIFELEL FHA, !

VEHEMEE LT ET, BEMNEEZLES Z L FEHEMEIILTE LI DRI DERDEHRTT DT,



1.2 CSV 2> T7—41#E&E

CSV TF—R %707 T MMIGIHAAIZE LT, TRIEEDI D RT—REEIZR STV DN
TL&OD, ZIZTIRTOMNEE@IZESIZTDHE UT, 1{70HEM 1 ED LS I12, EERDE
SEIZE I)VOMEHE num 23D D . T DRIZLFEHIRA VA OB cell B 2OV E L E L,

struct csv struct csv
Cer:lum 3 | wNaha' |3 [N]a[h]a|w[2]2] [4]v]2]3]o]6]. [8]v0]
[ "22.4" 3
celly] [ 4+ 7 _
cell2] | —+—=2036.8"

X 1: CSVD 1472 KRT T — XSG

FEEDAEY ETIER1AD L DT, GARALZITINED FE EXFRS L B>TWT@BD T, 1%
BRIV DOXFHFEDY 2R FIVXFIZEEL, FRIVOEIEMNER cell[i] THLUTWET,
ZOMEEEMH>TCSV 2 AEITDIAPIOANY X T 7V EREL LD, TNETLEST,
AN T 7 AIVHIZ struct csv D7 o« =)V RBIEIPNTWET, Tk, AAARE CSV 2 HY
TEHNZWVDT, ZDZOIZIET 4 —I)V K nun X cell 22 BT I2HENHLI2NETT, BNER
WE, FHEZROND LDICULTWS 2D, ZHUTSR T — 2 TIEAWFED T — X EETY,

// csv.h --- csv file read/write API.

struct csv { int num; char *cell[1]; };

typedef struct csv *csvp;

int csv_read(char *fname, int limit, csvp arr[]);

void csv_write(char *fname, int size, csvp arr[]);

UL, el cell DEREM 1 IR > TOEGTH- AL, HAAL CSVITIGU T (XHIZE L
MUZLITZ L) BVDOEIFZE D> TLKBDT, W DEFIFRWNLTY, UL UEBROMHEKT
DE DL, malloc THEY Y TIHRHIIFETIURNNDT, W< DIZTETET XY, C SFETIAS]
DORFOHPAMEZ LAV (SEEMAEETERWY) 720, ZOX5% (o7 1+ —)V R & is % E#
2D 7) FEtaraeTcd, 2

B D /T D, csvread 17 71 IV & struct csv DRA VX DOEHIZFEL., T ZITinAA
A TEBITOREERNDRA ¥ 22U TITEZR U 9 (7 7 A IUH5H R, EfR 1init TRV
BWREDIS —WHo /G813 DRV ET), csvurite AU 77 A4 L struct csv
DRA VEDOEHMETEEZE L., 771 CSVIERATHELZESHUET,

ZNE TOHIG T — X BLITIHE S MITIXERREE 30202 & 220 O TSR OB E AR L £ L7~
MAZZDIATIVIEREEARLTHEDT, &7 I 0TI LELE, 5
BIOHIETIET7 7 IVE 1 D> 72568 DDLZDTHRBIZL THWETA,

1.3 CSVSA 735 DEE

TIEEEZRTAZU LD, WYRABAY ZOHIZ ctype.h BB Y I, ZHIEZVREDHT
FNFTOTYHAEE LT ZI, B readline & readl 12D 7 7 A IIVHNEZITD REEITRDT
static LIELTWET, WINE FILExZZ I, TIN5 LITRADT — X &AM £9,

readline [$HIZ 1 7. 38A D XFF] % BlH] buf IZGiARAR, TDT—ZE2THoLELTEL 20,
NERIE % malloc THW YT T IIIXFH %2 I — LU TEY YTAEKDOLEEZEL £3, &
B, 1175 AAABE fgets ITOBRBOBATZHIFRL ZRNDT, XFHOBRENBATZ>726TN
EFNVXFIEET D VO ML L TWET,

2Java R EHPHME R T2 ST, L I — ROMWEE L EFIOHEBIIAN T2 HERH Y £7,



// csv.c --- csv file read/write API impl.
#include <ctype.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include "csv.h"
#define MAXLINE 1000
static char *readline(FILE *f) {
char buf [MAXLINE], *str;
if(fgets(buf, MAXLINE, f) == NULL) { return NULL; }
int len = strlen(buf);
if (buf[len-1] == ’\n’) { buf[--len] = °\0’; }
str = (charx)malloc(len+1); strcpy(str, buf); return str;
}
static csvp readl(FILE *f) {
char *arr[100], *s = readline(f); if(s == NULL) { return NULL; }
int 1 = 0;
for(arr[i++] = s; *s != ’\0’; ++s) {
if(xs == ?,?) { *s = °\0’; arr[i++] = s+1; }
}
csvp r = (csvp)malloc(sizeof (struct csv) + ixsizeof (charx));
r->num = i;
for(i = 0; i < r->num; ++i) { r->celll[i] = arr[i]; }
return r;

3

readl (¥ readline T 11T & @i, FLIVFHIDI LI BLH] arr (ICANTWE £9, JeiAII T
FIOEET, HElE [0,7] BH2EIZT XTIV FIZEHL, MOXFEDT RV AZERDOEILD
HHHE UET, [TORBEETROOZ6INTRIVDOEBESHIY £ 5, malloc THREEARDFEIE
REDMTET, RICHHALAZEDIZ, BIVOMEBIZIEU THYD Y TR HEEE P L TVET, 3

read_csv $7 7 1 V% fopen THI X, readl THEY K UIT R G 4 BlF IZHEIGEARR A > & % KA
U, 80276774 NVEHUTYHAS XZRLUEY, BB, TI7—2Hh>25AIEEADMHEZRL
FIH TTANDHIT LN oL FET -1 ZBLTEINTE A, BAMMDO L X771V %
fclose TRIAKRTZHEDNDH D720, size ll-2% ANTIL—T%2HKII2ES5IZLTVWET,

int csv_read(char *fname, int limit, csvp arr[]) {
int size = 0; csvp line;
FILE *f = fopen(fname, "rb"); if(f == NULL) { return -1; }
while((line = read1(f)) !'= NULL) {
if(size+1 >= limit) { size = -2; break; }
arr([size++] = line;
}
fclose(f); return size;

}

S I I E R D EE T cell[1] X LT 1 HSA ML TH D DT, HPITRIK (i-1)*sizeof (charx) TLWT
I, BALBLHEARTIDEZDIZ 15 < DIFEEL L2, KUAEEKTIER DT,

4 [(line = readl(f))] & readl M SR X NMEERD R A ¥ & %258 1ine IZANFE A, TD ANl % XDl
YUTRUET, EUENMNULL 72272567 71 IVDKD Y BblFTT,



void csv_write(char *fname, int size, csvp arr[]) {
FILE *f = fopen(fname, "wb"); if(f == NULL) { return; }
for(int 1 = 0; i < size; ++i) {
fprintf (£, "%s", arr[i]->cell[0]);
for(int j = 1; j < arrl[i]l->num; ++j) { fprintf(f, ",%s", arr[i]->cell[jl); }
fprintf (£, "\n");
}
fclose(f);
}

csvuwrite [T T, 77 AN EHW/ZHERITITLIZ, REORVIVIZZTDE E, BOEIVIE
1O TH AL, TROBITXFEE2ZHNTE2EDICH8>TVET, EOL A, T—ArEXH
AIZ) I EPTILr2EZLE, INEZIEINEYHBITH TS HMBERRZENLNTL LD,

1.4 CSV Zz@&#AATRS
TIEFEBRIZHD CSV 7 7 A IV EGHAAATEDE EHHBHT, LWHOHIEEIED £ L 72 (F*D T R
¥ MTIZDW TR AR,

// csvread.c --- demonstration for csv_read.
#include <stdio.h>

#include <stdlib.h>

#include <string.h>

#include "csv.h"

int main(int argc, char *argv([]) {
csvp datal[1000], p;
int size = csv_read(argv[1], 1000, data);
if(size <= 0) { return O; }
//qsort(data+l, size-1, sizeof(csvp), cmpl); // *x*
p = datal0];
printf("%11s %11s %11s\n", p->cell[0], p->cell[1l], p->cell[2]);
for(int i = 1; i < size; ++i) {
p = datali];
printf("%11s %11.3f %11.3f\n",
p—>cell[0], atof(p->cell[1]), atof(p->cell[2])/12.0);
}

return O;

}

CSV 7 7 AIVTIE LATHIX &0 7 AWM ZEERT B0 2RTXFH (N &) Th DD
THROEZIR>TVWSDT, 1HFHIFAFRNUTWETS, fiXdZOIIE printf OFELXZ2HiF
TH, TOZOIIFFERIIBICTI2HENH DD T, atof TLXFHNOLEBLTVWET, EfTDK
S FIFIRDIEY

% gcc8 cvsread.c cvs.c
% ./a.out jcitytemp.csv
city temprature precitipation
Sapporo 8.200 1129.600
Sendai 11.900 1204.500



Tokyo 15.600 1405.300

Kanazawa 14.100 2592.600
Oosaka 16.300 1318.000
Hiroshima 16.200 1511.800
Kouchi 16.400 2582.400
Fukuoka 16.200 1604.300
Naha 22.400 2036.800

BB 1 LOflEE2ZOE FENE, BIWAZ5RO T T T AEEN, EEICEINU THERT D Z &,

a. ERIFEKEDOND D IZHEEKEEZ T HHT,

b. EBEKEDL BT DT =2 Z T &2 BT,

BB AR @R T AR T O T — & 2 BT,

d. eps 714 77 EHAEDODETCIDT—X 2 S IZHHEAT 5,
e. TOMIFERT— 2% L THHHT,

o

1.5 T—4DEF|

BIEiD &S 7% NEAZT =41 1T L., REDOHKETEINTSL, LI DIFRELSHLIUBETT,
BHITINTY XALEH L THLIRD I, TOHHC COEHET £ 75V I1ZH D gsort &> T
BHELUTAEL & D, gsort DEF (stdlib.h IZH Y £9) IFIKDEDTT,

void gsort(void *base, size_t nmemb, size_t size,

int (*comp) (const void*, const voidx));

Z 2T sizet XL E > T ZX W, base [FFA9 DS DITEFM, nmemb I$FEF T 5 HHE
B, size FERE 1{EH/-YD DN TS, Tk, 2 FED XD, BEOT 1+ =V K5 S
REIEIRDIN A 7205 % #5258 I3 BERZDREI IR SN > TV DI HERHD7/2HDTT,

struct x a[6]

struct x *a[6] | | |/ |\ | |

2: FEIRDES & ERR A > & DELS

7 BHNIAEE T2 2 BEIT S 0, BERPERA B 2 & SR RRE MRS O
E—9238MPREINTY, I TH@EIE, MEERIEHOGHIZES (nalloc THIY Y TTE RO
EARDELFNIZASTWTEDT RVAZEDDTH L), BHTLDIE [HA 2 ZDEFI) DAHIC
T2HIENHNTT (M2 k), HWifiEFTOT—AEL LTS R>TWELE, TOHEA, 1 HEDOK
F T3 sizeof (csvp) (AR Y AMEIZHIZ 8 /51 M) T4 £,

iz R U T, BBEOSIBDPHL TS TR, [HESKT S L. const void«HID 4 2 i & HX
DEBZ RSB | fE (BBADRS Y AE) 2L ES, DFY gsort (FEEZ THIH 2
WMARE A, EOFEETHIENK, /37 XX THEU 72 LB (comparator function) ZEUNH LT
WHES, °

> Tconst AHIIHTT AL, CAUE - DBIBIZZ -1 ¥ A DISTHEMEZEL FHAE, L1052 L ERUET,

SHOCTIHID EETD /LB 2FBbALHEHSEIIIITALTITVDOANY XDIMELNTOETH, I 2 TIEEMBH
ABANBDTTA T ) THIELT L RKRAZ T RNET,




FEEREARE 2 DDFE M Z Z T . TOFHIZASTND 2ODHE S UEHA, TRIE/NI
B, MFLW AsYo, MHENKEIV] BOEDBRZRTILIZR>TWET, £ 2AT IF
22 ] IZERL TSI, JHAEM 2 O &SIk S AiE 2 AR 7265 T H sk
%A —F2DTRIBMAZFIEL ZADPIRNEZNSZSIBR>TOETHE, K2 FOE I8 d
ERAVEDOEIMTHoTE, TDRAVEADBASDTODEH EOFMZIEL T &IZHY), &
BROKRA V2 %D H9I12I% 1 BRI 2 08X HY 7,

TIXEBIIR® O TAZEL LD, TR EWHHDIEIZAANFEZ D & LT, RO & 5 2 KBS cmp1
EDE Uz, TN%E main D EIZEE, £72 stremp 2> TWHDTAY X7 7 A )b string.h £
include U %9,

static int cmpl(const void *x, const void *y) { // comp-fn.
csvp a = *(csvpx)x, b = *(csvp*)y;
return strcmp(a->cell[0], b->cell[0]);

}

WAIZRTO®EY T, ST ARDKA VA% csvpxlZF Y AP LT HMESHEL, £28a bl
RAVEEWIHLES, TDHE, 2 DD T % stremp THE LU TNFLW/RDGEIZETH
THE/PO/EOMHEEZEL £9, main DR TOFOH UIREOHEIZIAY RTHENTHY £ U7,
2 data+l M5 size-1 ML WD & BEHDIFIEAY & (ZHDORHUSLFHZ TN A>T
2)MMHTY, BINLTADE, HNICEHTHAD ABCIHIZZRSTOWET, AB. BIHNMHS M (B4
WUF—) IR 1D EIERY FA, ZEAEZOHTELRENFUBTHIHY £9, €T M9
JENE, REDFE UL DIXBKRIE] Ok 2 FBHUBROBIHEZ EET DI TT,

% ./a.out jcitytemp.csv

city temprature precitipation

Fukuoka 16.200 133.692
Hiroshima 16.200 125.983
Kanazawa 14.100 216.050
Kouchi 16.400 215.200
Naha 22.400 169.733
QOosaka 16.300 109.833
Sapporo 8.200 94.133
Sendai 11.900 100.375
Tokyo 15.600 117.108

EE 2 BITLHEZTOEEHNE, BWAZLROISIZEEL, #r U TEFELZHERT L

a. BT A DFENE (HIE & ) DIE) 123N D,

b. BEKEDZWIIEIZIEND,

c. FHELRBEDEWIEIZAAND, 7272 USEERIEDE UGS 138 T4 0 ABC HIZIENRS (57—
2 % M EIE U CHERL T L),

d.3~D/A®%ﬂ$®ﬂﬁ®$ﬁwﬁtE?ﬁ%ﬁ%%ﬁbt(ﬁV%ﬁ%ﬁ%bK%%
U7z, BEEADIZRDEDIZZR>T WD, Zhve TEAOEIE, FEAE U Tidabtio
FNE] TAART CSV & LTHIT 5,
Nation,City,1,2,3,4,5,6,7,8,9,10,11,12,AVG
Austria,Vienna,0.3,1.5,5.7,10.7,15.7,18.7,20.8,20.2,15.4,10.2,5.1,1.1,10.4
Belgium,Brussels,3.3,3.7,6.8,9.8,13.6,16.2,18.4,18.0,14.9,11.1,6.8,3.9,10.5

Finland,Helsinki,-3.9,-4.7,-1.3,3.9,10.2,14.6,17.8,16.3,11.5,6.6,1.6,-2.0,5.9
Finland,Kuopio,-9.2,-9.2,-4.1,2.0,9.1,14.5,17.5,15.0,9.7,4.1,-2.0,-6.7,3.4
Finland,Oulu,-9.6,-9.3,-4.8,1.4,7.8,13.5,16.5,14.1,8.9,3.3,-2.8,-7.1,2.7



e. WERT—REBHIUZ ETHMONDT — AN HBEAEZS IR D,

2 EAMLREIT7ZII) AL+

2.1 BIRY— b (BHLRIRE)

ZIMOIIRA BB T N TY AL /D720, T—2DHIE MEEOEN %] LD R i
B(AMOXRTWV) BRI £U &5, BANHIZANEE UE9,

OIS EMLEIRGE (EIRY — B, selection sort) EFEIEND TILTY ALATY, ZHIEK 3 IZHD &
212, M~ OHPATER/NOMEZ 1 FHIZES ] [2~n OHPATHRNDfEZ 2 FHIZELS ] [3~n D
HPFEATHRNDMEZ 3FHICELS ] Y EU T ZeTEAZERIETET, 20 NHHIEL]
FEDLE, ZTOBFIIINETH o HEZHESTLETVTTN, BFVEIITEI D LT HHENIN
FTHOGMIFELSDT, THLHIIBULEY (HERMHT LD TY),

B/ MEDAL B % T
| 18 13 20/@2) 15 14| | 12 (13) 20 18 15 14| | 12 13 20_ 18 15/@4)|
¥
| 12~ 13 20 18 15 14| | 12 13 20 18 15 14| | 12 13 14~ 18 15\20|
-
[ 12 138 14 18 (15) 20 | [ 12 18 14 15 (i?/) 20 | T
[ 12 13 14 15" 18 20| [ 12 18 14 15 18 20 |

3: HAREIRIE

TIFI—RZRTAZL LD, fiFlaDiFL jBERMMT DB isvap NETHETT, ZhiX
©OHPHAETY 4,

RIZ, s adDi®Fe jHEOHMAT [—F/NIWVHDAE] 225 FNifl) B minrange 2 HE
UELZ (INDHDD LM MY RT), THUTIE, alil 22 D HA T min, i 2L D HAT pos il
AN, ZNRS i+~  OFEFHIZOWT, £ U alk] A min KD/NI WAL ZDfEZE min IZANEL,
[RFIZ k % pos ICANEL £,

KA T=] BHETTHY., RALLBEZOEDEET Z LMD, lpos & ANEL DD a DIRT &
LTEMS] E2ICBNTHY EFTA, ZOEDIELETDLIAIECESHEDHKIHTT (5P LK
DEBETTEETH), FANKD 725 mBITNLE pos ZIEU T,

static void iswap(int al[], int i, int j) {
int x = alil; alil = alj]l; aljl = x;
}
static int minrange(int a[], int i, int j) {
int min = a[i], pos = i;
for(int k = i+1l; k <= j; ++k) {
if(alk] < min) { min = al[pos = k]; }
}
return pos;
}
void selectionsort(int n, int al]) {
for(int i = 0; i < n; ++i) { iswap(a, i, minrange(a, i, n-1)); }

3

DA EDHEGEN T X 72 S ARMRIEFHHFE T, [0~n-1 DHFPFHAD i IZDWT, i FHHIZ i~n-1 FOHIFADH/N
RELS] RITT (BT TIVTY AATT), ZOLIZ, TIVT) ALERDZRGEND
JAZA—=RBETZ L 0N PRTVTLLD?



2.2 \HAYV— b (BHEANE)

RIFBFEHRE AL (FEAY — b, insertion sort) TY, ZDSHikIE, 1HHIX LEZIFTHAZIZEHE
A, RBFHOMZEY B, 1~1 BOFIDOELUWLEICFEAL 3EHOMEZEY LIS, 1~2 FDF]
DIEUVWALEIZH AL T4 ZBEHOMEZEY EIF, 1~3 BOFDIELU WA EIZFFA] VR L TS
9 (K4),

| 18 13 12 15 20 14

13 || (137 18 12 15 20 14

<
12 || (127’13 18 15 20 14

. : é:lﬁ—bf:
O

P a2k
EEVRVAL VAT

=
20 || 12 13 15 18 (20) 14

|
| |
| |
[ 15]] 12 13 (18) 18 20 14 |
| |
| |

<
14 || 12 13 (14T’15 18 20

4: B AR

I—RTEA, NHBHDMEZ 0~i-1 F (BINFEAR) DIEUWALEICE 9| TiEbl) shiftrange &
BULELAZ, THIZE, iBHEZxITHWHL, Tn6i% 129326 LML, i~1 FHHIZI-1
~OFRDOEHZE ANTHESET (DFD 12928413 57F),

EZEUTHTDIE x KD RIVWEEZIFT, E2TRVEDNTTEALZITIEEY T (x %
ZTHEVRNCENZSBINIR LR, REEFTRHTOITHALHY T, mFBIC, §6LTZE
WA x ZRUTHDY T, PR TEE, AMRIE TT~n-1 1220 T, T2 IELWALE
IZHEAL 25717 T9,

static int shiftrange(int al[l, int i) {
int x = al[il;
for( ; i > 0 && ali-1] > x; --i) { alil = ali-1]; }
ali] =
}
void insertionsort(int n, int al]) {
for(int i = 1; i < n; ++i) { shiftrange(a, i); }

3

2.3 NTI)ILY—Fh

N7V — b (bubble sort) DJHRIE, FNEIZIENDDTETNS, JEHICEEET O HER LS UKL,
[KINDPHR XM 528 T, TH29DEX5DEIIZ, 1 KHM KDL & AMEIZAL IS E)
LET, 2KHERAIUED12TDE, ZAYIEEAR?S 2BENRROBEICIEREL £,

1 XH 23K H 3XKH
— —— =
10 15 20 12 13 14 | 10 15 12 13 14 20 | | 10 12 13 14 15 20

—1
10 12735 13 14 20 | gipgcms s s sy
—1
10 12 13" 15 14 20 |

l_l
10 15 12 éo 13 14 |

10 15 12 13 20 14 |

BIINGE T

|
|
|

—
10 15 12 13 14 20 | | 10 12 13 147 15 20
RARERPRBIZ T ‘{M:ﬁ%b\%ifﬁ%@:@‘{kf

YA SIAVESEN



INEFEYELU T & n-1 KT UEBTHEDY 0, ERITIZTARIIP LR TE&RT
THRETD2ZEEHIYET, T 1 KUTAT N EER\PEI RN/ Z&THMNY F9,
ZOZLzMBITIE T (flag)l 2V ET, 1 KT DANIEE LT, HRUZERRHEZ T D L
XIEEEALUE T, REZTRTENEY THAEP-256, 1HEZBBLTORVDTRET TT,
RO I — R Tl while XEMEDS 720, HANIEOLEE (B 7-4R88) & U, while DEMFIE THE
MY TV BE] T, while DF TIXETHEA T TS —KIZADEDIZLTVWET,

void bubblesort(int n, int al[]) {
bool done = false;
while(!done) {
done = true;
for(int 1 = 1; i < n; ++i) {
if(ali-1] > a[i]) { iswap(a, i-1, i); done = false; }
}
}
}

2.4 ALY —h

INTNY = NEFPORTVITNEFHNL <HEHSHY FHA, ThEDUELEELZZITTHEST
EHHE LT, ALY — b (comb sort) ZHTAHAEU &S, T4 (comb) &IFHiDZ & T, [RHIFE
PR R BOTROMTE &, BoTEIAORAITHMMPOHIZT S LD OBLETORKET S
T9,

E3ND Zemend e, DONTIY — Tl ali-1] & ali] ZHEEZHBLUTHE LR, 2
NTIEEA DS HOMMMNETRILO > 20D £9, TITiEltd 28 AL, ali-d] & ali] &
RdHZLIZUT, d2BMIEREL (L ZFFAOT 1 X)), —EHRTNISLTVE, K
E1IZARDEDIZULET (M6), 1LIZBR/2EZIZ@INTNY = RNEEUBDT, [EEHNTESD
T TDFETKRELET,

X 6: 2LV —h

ZIZTHERZDIF TENSHVDHIT] dEZ/NIK LTSN TY, hFEY [—RITPMIL] U
TLE L, FEENTFRDL T TORVDTHATOENVERENSL L, d=1 TMMES &N 72dNT
WY —beZEDY FEA, TLY—RTIRdZE MEE Z ] ICT200E0EINTOET,

VWD ZETIA—RERTAFZFLED, NTIWY—REIFLAYEDY FEAN, EdBDESI2d
Nz ZAYS LERKLET, dOWEMEIEn & U, V—7NT1 Y RENEEITHER 13 L
F9, TUT while DFMAN TdD 1 &) RKEIWH, FIFHELED TWB] IZR>THWET,

void combsort(int n, int al]) {
int d = n; bool done = false;
while(d > 1 || !'done) {



done = true;
for(int 1 = d; i < n; ++i) {
if(ali-d] > ali]) { iswap(a, i-d, i); done = false; }
}
if(d >1) {d=4 % 10 / 13; }

3

2.5 BT~ EHEEHA

TIXFEBIZBIINTE TS 0AND 20, BRT AN EERLEL LD, INETEEY, KE
T—RTTANT D720, FHEVDRITIUE OK, HAIUXKNIE S TOWDEMD 5% HEIT5 L
WISRDIZUE U2, IOICHKEGFHIE 7o TWE T, #2175 BEIIBEEUR T > 2 TZIFTELY .
TNEWFEFHIL D DIFOH U TWET, [(xf) (n, a)] IFBEEBARA V& £ THRIN TS BEEIE]
BnlazZPOHTIe2ERUET, FEHTOEGNIEIZE D YT, B TRICHBKUET,
main CTIETARDEOERTET—2%E2 IV REIBHE U TZITWMS E5ICLEL A, BH0
I—RIFAE—LTANTELVTTN, TORRAS TESEZEVTEOTI VA IHRHZ I L
TE&WTT,

// test_sort.c --- unit test for sort algorithms.
#include <stdbool.h>

#include <stdio.h>

#include <stdlib.h>

#include <time.h>

(ZZIZEEY —hDa— R TO M A TES%2 AND)
void expect_sort_iarray(int n, void (*f)(int m, int *a), char *msg) {
int ¢ = 0, *a = (int*)malloc(n * sizeof(int));
srand (time (NULL)) ;
for(int i = 0; i < n; ++i) { al[il = rand()%10000; }
struct timespec tml, tm2;
clock_gettime (CLOCK_REALTIME, &tml);
(xf) (n, );
clock_gettime (CLOCK_REALTIME, &tm2);
for(int 1 = 1; i < n; ++i) {
if(a[i-1] <= a[i]) { continue; } // correct order
if (++c < 5) {
printf (" wrong order at %d: %d > %d\n", i-1, ali-1], alil);
} else if(c == 5) {
printf (" more wrong place omitted.\n");
}
}
double dt = (tm2.tv_sec-tml.tv_sec) + le-9%(tm2.tv_nsec-tml.tv_nsec);
printf ("%s time=%.4f %s\n", c==07"0K":"NG", dt, msg); free(a);
}
int main(int argc, char *argv([]) {
int n = atoi(argv[1]);

expect_sort_iarray(n, selectionsort, "selectionsort");
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//expect_sort_iarray(n, insertionsort, "inserctionsort");
//expect_sort_iarray(n, bubblesort, "bubblesort");
//expect_sort_iarray(n, combsort, "combsort");

return O;

}
FATIERLET, BINETITOS £S5 T,

% ./a.out 1000

OK time=0.0015 selectionsort
OK time=0.0008 inserctionsort
OK time=0.0045 bubblesort

OK time=0.0002 combsort

AN TEFEK 50000 12U XOXET I T XLADOKMZF IO Y Y TEHHIL THAEZE DHHE
1T, NIV —=RMEIBENTTA, TAYV—NMNIETEHRNZ B Y £7,

% 1: n = 50000 T D& FHEELF| 0D ffr

TOTY XL | K (B | REEEE
selectionsort 3.770 O(n?)
insertionsort 2.371 O(n?)
bubblesort 14.824 O(n?)
combsort 0.012 | O(nlogn)

BEERFEETT A, BIRY — b, AV — b ATV —MIWIThE On?) 1228 £9, ZHud,
ALY — T DREIED n [\ (N TIVY — MIEHFTHRD L NERNETAPT T & n IZHHBIT S
[E1450). DL — T OEEAH 2 E1E 1~ n B TEHE 2 [E N7V — MIFEICn BT, #IHETS
& nZ IZHHIT DRSBTS DT,

LY —RNEESTULED, dDERn NOHIOTELLRGETHE> TOIHHFKITX 1IZRDZDT, 1
12722 EFTOMBULZ logn IZHHBIL £, BRDT, MITRS/ZE JITFEBHEIFIFKD>TWE | &
SITBR STV (FEBRIZ PAEL VDI DIXT SR LS ITHHB L AMETT), ZOEBUC 1H Y
DI (R %122 <R TR A R TY) 28#II T, O(nlogn) 1222 DIFTT,

BB 3 AV — ORHERHE K OWFHEHE A, d IS8 U CTHITE S 2 (BT 19) 2&{6T 5
LEDEDITHEIND D, FRL, TLEBRIGHIU THRE LRIV,

BG4 ZETNT)ALTITIVELRT—REEBHT LRI OWTIE ETHRARAZED) THDEH, =
N THIEIZWATWS | TRRIEIZWATWS ] T—R7ZEZTNTNEDLDIRZ B bhb
M, FAEL. FAEBICEHIIL THRE LR XN,

HB S BTN TV ZNIDWTHEREDE, I TR gsort LRIV HTHR S &S (Z
ZHEL, gsrot DRDOVIZCSV 7 7 A IVOBFNHEHU THERZ MR LRIV, CSV 2D
T T L% gsrot ZPET L ZADAMMIEFEL RN L,

AHDEH 10a]
M 1) ~ MEE 2) THMNLAZTOY I L1280 VAR— Ma AR (REHD 23:59 £T) 124
HUTSEIW,

1. ZFEER S, Kf, X7 OFFERS (£ MEAEE] ), RIEHE, #aT0fTI3EEIC T[eQa]
#MTB 2B D,
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2. TRV LENN 1L OOV — A& [ffHZR] i,
3. LEa—fflE, #7077 AT HMA (NT SN NODOIHA (727207075 ADON
BT D) a AV,
4. MFOT v r— N DRE%,
Q1. CSV 7 7 A IVDERAAASTTEMN TN E U T2d,
Q2. HAMLEES TN T ALEZHMEL U720,
Q3. VI7LUY 2y (SEOBETHN>AEIL) - B - BEE Y ST,

JR[E % T D3R 10b]

(B 1) ~ T 5) (7272 U[10a]THRILL 72 € DIZBRSA. BB E FER) O (1) FED 5L T 2
DU EEE DY, VAR—N2EELAIV, TI2EFEMOEENLERZ L, A= MIRE
BEEATH 23:69 Z IR E U X9,

1. FEERS., K, T OFPERS (721 MEAEE] ), REHK, ZAiT0f7IdLHEIC Taaa)
TR REID D,

2. 1 OHDBBEDFE (EOBEBEL P> 0 NEE ), TOYS A0V —Ak [T8EA] 3
B, BLUOER GREZP > TATH NI 8, . BFARY),

3. 2 OHODOHEIZDOWTE Ak,

4. LFOT7 v /r— hoHE%,

QL. CSV 7 7 A V& GRAAATT —AWETEZT S TID,
Q2. 777503 — RNz R THHEGFHEEI DN TS TED,
Q3. V7V rvay (SEOBETHPo/I L) - B - HEEESE,
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