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Hafta 2 — Bagli Listeler, Diziler ve Matrisler

CENZ207 Veri Yapilari (eski adiyla CE205) - Gliz 20262027

B} Buhafta

Ogrenme giktilari. Bu haftanin sonunda, bu dersin geri kalaninin iizerine kuruldugu iki yapi ailesini agiklayabilecek,
gizebilecek ve uygulayabileceksiniz. Birinci aile dizi (array): dederler bellekte yan yana dizilir, basit aritmetikle
indislenir, iki boyuta genisletilince matris (matrix) olur, hiicrelerinin neredeyse tamami sifirsa da seyrek (sparse)
bicimde sikistirilir. ikinci aile bagh liste (linked list): degerler bellekte daginik durur ve isaretgilerle (pointer) birbirine
dikilir; bu, dizinin anlik indisleme 6zelligini, herhangi bir yerden ucuz ekleme ve silmeyle takas eder. Diz bir diziye elle
ekleme ve silme yapacak, bir dinamik dizinin (dynamic array) biiylimesini izleyecek, M[1]1[j] 'nin bellek adresini hem
satir 6ncelikli (row-major) hem siitun 6ncelikli (column-major) diizende hesaplayacak, bir diziyi yerinde dondiirecek
ve yeniden dlizenleyecek, bir seyrek matrisi tigli (triplet) tablo olarak saklayacak, iki seyrek matrisi hig sifira
dokunmadan devrigini alip toplayacak, ve sonra bes tiirde bagl listeyi — tekil (singly), ¢ift yonli (doubly), dairesel
(circular, ve onun klasik bilmecesi Josephus problemi), XOR, ve atlamali liste (skip list) — elle kuracak, her adimda
ekleme, silme, arama ve tersine gevirme yapacaksiniz. Bu giktilar, ders izlencesinin 0G.1 (temel veri yapilarini
agiklama), 0G.2 (algoritmik karmasikhigi analiz etme) ve 0G.7 (bir problem igin dogru yapiyl segme) maddelerine
karsilik gelir.

Onceden bilmeniz gerekenler. Hafta 1 size Big-O gdsterimini, bellegi numarali kutulardan olusan uzun bir sira olarak
goren bir resmi, ve — en 6nemlisi — isaretgileri (pointer) verdi: baska bir dediskenin adresini tutan bir degisken, int
*p olarak tanimlanir, *p ile referansi ¢oziilir, ve hicbir seyi gostermeyebilir de (NULL ). Hafta 1 ayrica struct I
(adlandiriimig alanlardan olusan bir demet) ve malloc / free'yi (isletim sisteminden bir bellek blogu isteme ve geri
verme) verdi. Asagidaki her sey bu dérdiiniin de saglam oldugunu varsayar; 0. bélimdeki kisa hatirlatma, herhangi
biri sallantidaysa sizi birka¢ dakikada oraya getirir.

3 saatlik bir oturum igin zaman plani. Bellekte diziler, ekleme ve silme, dinamik dizi biiytimesi (~30 dk) - iki boyutlu
diziler ve matrisler, satir 6ncelikli/stitun dncelikli (~20 dk) - dizi algoritmalari: dondiirme ve yeniden diizenleme (~20
dk) - kisa ara - seyrek matrisler: tgliler, hizli devrik, toplama (~30 dk) - baglh listeler: dogus, tekil bagl liste
ekleme/silme/arama/tersine gevirme (~40 dk) - ¢ift yonli bagl liste (~20 dk) - dairesel bagl liste ve Josephus
problemi (~20 dk) - XOR bagl liste ve atlamali liste (~20 dk) - diziler ve bagli listeler, 6zet ve kendini sinama (~10 dk).

0. Baslamadan once

0.1 Zaten bildikleriniz
Hafta 1'den Ug fikir bu haftanin agirhginin neredeyse tamamini tasiyor. Bunlarin saglam oldugundan emin olalim.

Numarali kutular olarak bellek. RAM, her birinin kendi adresi olan, 0'dan baslayip sayan, bayt boyutunda kutulardan
olusan devasa bir siradir. Bir struct, ardisik bir kutu dizisi ayirir ve her alana o dizinin iginde sabit bir konum (offset) verir;
bir int tipik olarak bu kutulardan 4 tanesini kaplar. Bu haftanin malzemesinin higbiri bundan daha fazla bir zihinsel
modele ihtiyag duymaz.
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isaretgiler. Bir isaretci, degeri bir adres olan bir degiskendir — bir kutunun igerigi degil, bir kutunun numarasi. Node *p,

" p, bir Node 'un adresini tutar" der; p->data," p 'nin gosterdigi kutuya git, ve onun data alanini oku" demektir; p = NULL,
" p higbir seyi gostermiyor" demektir (adres 0, kural geregi higbir zaman gegerli bir nesne degildir). Bu haftanin
malzemesindeki her islem — bir diziye ekleme, bir bagli listede yiiriime, silinen bir diigiimiin etrafindaki iki komsuyu
yeniden baglama — adres boyutunda bir avug sayiyi okuyup yazmaktan baska bir sey degildir.

malloc ve free. malloc(sizeof(Node)) ,isletim sisteminden tam olarak bir Node igin yetecek kadar biyiikliikte taze
bir bellek blogu ister ve onun adresini donddiriir (ya da hi¢ uygun blok yoksa NULL ); free(p) , isiniz bittiinde o blogu geri
verir. Bu boliimdeki bir bagli listenin olusturdugu her diigiim tam olarak bir kez malloc edilir ve tam olarak bir kez free
edilir — ornek programlarimiz bunu dikkatle takip eder, siz de 6yle yapmalisiniz: hi¢ free edilmeyen bir diigiim bellek
sizintisidir (memory leak), ve digimi free edildikten sonra kullanilan bir isaretgi sarkan isaretgidir (dangling pointer) —
C'deki en yaygin hatalardan biri.

Bunlardan herhangi biri "ha evet, hatirladim" degil de yeni geliyorsa, devam etmeden 6nce Hafta 1 notlariyla gegirilecek
bes dakika kendini defalarca 6deyecektir — asagidaki her sey bunu varsayar.

0.2 Bu haftanin haritasi

Asagidaki her kutu kendi bolimini alir, gogu kisa adim adim bir animasyonla, tam bir C ve Java programiyla, ve
karmasiklik ile sik yapilan hatalar tizerine bir notla birlikte.

1. Bellekte diziler

1.1 Baslangi¢ sorusu

200 numarali yeri olan diiz bir sira halinde otopark diigliniin. Bir arabanin 137 numarali yerde oldugunu biliyorsaniz,
dogrudan oraya siirersiniz — asla 1. yeri, sonra 2.yi, sonra 3.yl aramazsiniz. Simdi tam tersini diisiiniin: hi¢ numarasi
olmayan bir otopark, her arabanin tizerinde "bir sonraki araba su mavi diregin arkasinda" yazan bir not olan. 137. arabayi
bulmak artik araba araba yiiriimek demektir, yol boyunca 136 notu okuyarak. ikisi de bir "araba" koleksiyonunu
diizenlemenin gayet gegerli yollari, ama ortadan bir tanesini ekleme ya da ¢ikarma istemeye basladiginizda tamamen
farkli davranirlar. Bu hafta ikisiyle de ilgili — numarali otopark dizidir, arabaya-bagli-not diizeni ise bagh listedir — ve her
birinin ne zaman dogru arag oldugunu tam olarak 6grenmekle ilgili.

1.2 Sezgi ve adres formiili

Bir dizi, ayni tipten n eleman tutan, birbirinin hemen ardina yerlestirilmis — bitigik (contiguous) — bir bellek blogudur. Her
elemanin biyikligld tam olarak ayni oldugundan, bilgisayar i . elemani asla aramak zorunda kalmaz: onun adresini
dogrudan dizinin kendi baglangig adresinden (taban adres, base address), elemanin sabit biyiikliigiinden ve indisten
hesaplar:

adres(A[i]) = taban + ¢ x sizeof(T')

1000 adresinde baslayan bir int dizisi (her biri 4 bayt) i¢in, A[@] 1000'de, A[1] 1004'te, A[5] 1020'dedir — i ne kadar
blyiik olursa olsun bir garpma ve bir toplama. Bir diziye indisle erismenin O(1) olmasinin nedeni budur: maliyet asla n'ye
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yada i'ye bagh degildir.

1.3 Soyut veri tird olarak dizi

islem Ne yapar

Aldi] i indisindeki elemana erisir

(okuma/yazma)

insert_at(k, v) v'yi k indisine ekler, A[k..size-1] i biradim

saga kaydirr

delete_at(k) k indisindeki elemani siler, A[k+1..size-1]"i
bir adim sola kaydirir

On kosul

0 <=

size

dizi dolu degil

0 <=

size

i<

k <

Hafta 2 — Ders Notu

Karmasiklk

o(m)

O(n) —yalniz k == size
iken O(1)

O(n) —yalniz k == size-1
iken O(1)

indisle okuma ve yazma hicbir ek maliyet getirmez ¢iinkii yukaridaki adres formiiliiniin hicbir arama yapmaya ihtiyaci
yoktur. Ortada ekleme ya da silme yapmaksa gergek bir fiziksel maliyet tasir: bosluktan sonraki her eleman, dizinin delik
olmadan bitisik kalmasi igin fiziksel olarak bir yuva 6teye tagsinmalidir. Asagidaki animasyon bu kaydirmayi hiicre hiicre

tamamen gorundr kilar.
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1.4 Kaydirarak ekleme ve silme
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1. CAP = 16 hiicrelik bir dizi ve bir size sayaci: dizi
dolulugunu size takip eder, bos hiicreler kullaniimaz.

3. arr[0] = 10, size++ — 1. k == size: bu bir ekleme
(append), kaydirma yok.

5. arr[2] = 30, size++ — 3. k == size: bu bir ekleme
(append), kaydirma yok.

size - 5

B honoo

7. arr[4] = 50, size++ — 5. k == size: bu bir ekleme
(append), kaydirma yok.

size = 8

B nnoonoo

10. arrf{7] = 80, size++ — 8. k == size: bu bir ekleme
(append), kaydirma yok.

size - 18

N oo ooooooiE

12. arr[9] = 100, size++ — 10. k == size: bu bir ekleme
(append), kaydirma yok.

size = 11

B oooooooooois

14. delete_at(5): arr[5] (50) kaldirilacak; ardindan
k+1..size-1 bir sola kaydinlacak (5 kaydirma).
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2. insert_at(0, 10): yer var. k'den size'e kadar olan
hticreleri SONDAN BASLAYARAK bir saga kaydiracagiz
(0 kaydirma).

size = 2

T

4. arr[1] = 20, size++ — 2. k == size: bu bir ekleme
(append), kaydirma yok.

size = 4

N aool

6. arr[3] = 40, size++ — 4. k == size: bu bir ekleme
(append), kaydirma yok.

size - &

N aooon)

8. arr[5] = 60, size++ — 6. k == size: bu bir ekleme
(append), kaydirma yok.

size - 9

N nononooois

11. arr[8] = 90, size++ — 9. k == size: bu bir ekleme
(append), kaydirma yok.

size = 11

N S BoDooooooois

13.arr[0] = 5, size++ — 11.k = 0 en kot durum: TUM
eski elemanlar kaydi.

size = 18

Soooooooooois

15. size-- — 10. 5 hiicre kaydi.
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size - 9

- OEOEEEEEE

16. size-- — 9. 9 hiicre kayd:.

Hafta 2 — Ders Notu

size - 9

- OEEEEEEE

17. Bitti: size = 9, toplam 24 kaydirma. k = 0 en yavas
(O(n)), k = size en hizh (O(1)) eklemedir.

Segicide ayrica sunu da deneyin: sik bastan ekleme, negatif ve yinelenen degerler, karisik silmelerle 14-kapasiteli bir
dizi (zor) ve ug durumlar tagma: 10-kapasiteli bir diziyi doldurup sonra bir ekleme reddedilir, alttan tagma: bos bir
diziden silme, ve sinir: her zaman 0. indise ekle, sonra her zaman sona ekle — ya da dort zorluk seviyesinde rastgele veri
icin . 'ya basin, ya da kendi cap=N degerinizi ve bir ik:v / dK islem dizisi yazin.

"Tagma" ve "alttan tagsma" u¢ durumlarinda hem insert_at 'In hem delete_at 'In 6n kosulunu herhangi bir bellege

dokunmadan once kontrol ettigine, ve dizinin sonunun 6tesine yazmak ya da basinin 6ncesini okumak yerine iglemi
sadece reddettigine ( false dondirerek) dikkat edin — bu, bu derste yer alan her dizi uygulamasinin uydugu tam olarak

ayni disiplindir.

#define MAX_CAP 16
static int arr[MAX_CAP];
static int size;

static int cap;

/* this scenario's capacity, <= MAX_CAP */

/* insert v at index k; shifts arr[k..size-1] right, from the end backwards */

bool insert_at(int k, int v) {
if (size == cap)
return false;
for (int i = size; i > k; i--)
arr[i] = arr[i - 1]; /* shift right */
arr[k] = v;
size++;
return true;

/* full: overflow,

nothing inserted */

/* delete the value at index k; shifts arr[k+1..size-1] left */

bool delete_at(int k) {
if (size == 0)
return false;
for (int i = k; i < size - 1; i++)
arr[i] = arr[i + 1]; /* shift left */
size--;
return true;
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static final int MAX_CAP = 16;

static int[] arr = new int[MAX_CAP];

static int size;

static int cap; // this scenario's capacity, <= MAX_CAP

// insert v at index k; shifts arr[k..size-1] right, from the end backwards
static boolean insertAt(int k, int v) {

if (size == cap)
return false; // full: overflow, nothing inserted
for (int i = size; i > k; i--)
arr[i] = arr[i - 1]; // shift right
arr[k] = v;
size++;

return true;

// delete the value at index k; shifts arr[k+1..size-1] left
static boolean deleteAt(int k) {

if (size == 0)

return false; // empty: underflow, nothing to delete
for (int i = k; 1 < size - 1; i++)

arr[i] = arr[i + 1]; // shift left
size--;

return true;

Hafta 2 — Ders Notu

Tam sinif (code/week-02/java/ArrayInsertDelete.java ), C programinin dort senaryosunu birebir yansitir.
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E Tam program: array_insert_delete.c / ArrayInsertDelete.java v
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/* Week 2 -- Linked Lists, Arrays and Matrices

* A fixed-capacity array with a running size: insert at an index k

* (shifting the tail right, from the end backwards) and delete at an index
* k (shifting the tail left). Matches the array-insert-delete.js animation.
* The animation gives each preset its own #define CAP; this program keeps
* one array big enough for every scenario (MAX_CAP) and tracks the

* scenario's own capacity in the runtime variable ‘cap’, so insert_at and

* delete_at are otherwise identical to the animation's code panel.

* CEN207 Data Structures (formerly CE205)

*

/

#include <stdbool.h>
#include <stdio.h>
#include <stdlib.h>

#define MAX_CAP 16

static int arr[MAX_CAP];

static int size;

static int cap; /* this scenario's capacity, <= MAX_CAP */

/* insert v at index k; shifts arr[k..size-1] right, from the end backwards */
bool insert_at(int k, int v) {

if (size == cap)
return false; /* full: overflow, nothing inserted */
for (int i = size; i > k; i--)
arr[i] = arr[i - 1]; /* shift right */
arr[k] = v;
size++;

return true;

}

/* delete the value at index k; shifts arr[k+1..size-1] left */
bool delete_at(int k) {

if (size == 0)

return false; /* empty: underflow, nothing to delete */
for (int i = k; i < size - 1; i++)

arr[i] = arr[i + 1]; /* shift left */
size--;

return true;

}

static void print_array(void) {
printf("arr:");
for (int i = @; i < size; i++) printf(" %d", arr[i]);
printf(" [size=%d cap=%d]\n", size, cap);

}

/* tokens: "iK:V" = insert_at(K, V); "dK" = delete_at(K) */
static void run_scenario(const char *label, int scenario_cap, const char *ops[], int n) {
printf("-- %s --\n", label);
size = 0;
cap = scenario_cap;
print_array();
for (int i = 0; 1 < n; i++) {
const char *op = ops[i];
if (ople] == 'i') {
int k, v;
sscanf(op + 1, "%d:%d", &k, &v);

bool ok insert_at(k, v);
printf("insert_at(%d, %d): %s\n", k, v, ok ? "ok" : "overflow, rejected");
} else {

int k = atoi(op + 1);
bool ok = delete_at(k);
printf("delete_at(%d): %s\n", k, ok ? "ok" : "underflow, rejected");
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print_array();
}
printf("\n");
}

int main(void) {

/* normal: 16-capacity: 10 appends, an insert at the front, a middle and a front delete */

const char *normal[] = {"i@:10", "i1:2@", "i2:30", "i3:40", "i4:50", "i5:60", "i6:70",
"i7:80", "i8:90", "i9:1@0", "i@:5", "d5", "de"};

run_scenario("normal: 16-capacity: 10 appends, an insert at the front, a middle and a front
delete", 16, normal, 13);

/* hard: 14-capacity: frequent front inserts, negative/duplicate values, mixed deletes */

const char *hard[] = {"i@:7", "i1:-3", "i2:15", "i@:-3", "i4:22", "i5:-3", "i@:99", "i7:-40",
"ig8:100", "i9:-1@00", "d3", "i9:50", "i1@0:60", "i@:1000", "de", "d5"};

run_scenario("hard: 14-capacity: frequent front inserts, negative/duplicate values, mixed
deletes", 14, hard, 16);

/* edge: overflow: fill a 1@-capacity array, then an insert is rejected */

const char *overflow[] = {"i@:3", "i1:6", "i2:9", "i3:12", "i4:15", "i5:18", "i6:21",
"i7:24", "ig8:27", "i9:3@", "i4:777", "ie@:111", "d3", "i3:888"};

run_scenario("edge: overflow: fill a 1@-capacity array, then an insert is rejected", 10,
overflow, 14);

/* edge: underflow: delete from an empty array, then fill it and drain it completely */
const char *delete_empty[] = {"de", "ie:5", "i1:15", "i2:25", "i3:35", "i4:45", "i5:55",
"i6:65", "i7:75", "i8:85", "i9:95",
"de", "de", "de", "de", "de", "de", "de", "de", "de", "de",
"de"};
run_scenario("edge: underflow: delete from an empty array, then fill it and drain it
completely", 12, delete_empty, 22);

return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices

* A fixed-capacity array with a running size: insert at an index k

* (shifting the tail right, from the end backwards) and delete at an index
* k (shifting the tail left). Matches the array-insert-delete.js animation.
* The animation gives each preset its own capacity constant; this program
* keeps one array big enough for every scenario (MAX_CAP) and tracks the

* scenario's own capacity in the runtime field ‘cap’, so insertAt and

* deleteAt are otherwise identical to the animation's code panel.

* CEN207 Data Structures (formerly CE205)

*

/

public class ArrayInsertDelete {

static final int MAX_CAP = 16;

static int[] arr = new int[MAX_CAP];

static int size;

static int cap; // this scenario's capacity, <= MAX_CAP

// insert v at index k; shifts arr[k..size-1] right, from the end backwards
static boolean insertAt(int k, int v) {

if (size == cap)
return false; // full: overflow, nothing inserted
for (int i = size; i > k; i--)
arr[i] = arr[i - 1]; // shift right
arr[k] = v;
size++;

return true;

}

// delete the value at index k; shifts arr[k+1..size-1] left
static boolean deleteAt(int k) {
if (size == 0)

return false; // empty: underflow, nothing to delete
for (int i = k; i < size - 1; i++)

arr[i] = arr[i + 1]; // shift left
size--;

return true;

}

static void printArray() {
StringBuilder sb = new StringBuilder("arr:");
for (int 1 = @; i < size; i++) sb.append(' ').append(arr[i]);
sb.append(" [size=").append(size).append(" cap=").append(cap).append(']");
System.out.println(sb);
}

// tokens: "iK:V" = insertAt(K, V); "dK" = deleteAt(K)
static void runScenario(String label, int scenarioCap, String[] ops) {
System.out.println("-- " + label + " --");
size = 0;
cap = scenarioCap;
printArray();
for (String op : ops) {
if (op.charAt(@) == 'i') {
String[] parts = op.substring(1).split(":");
int k = Integer.parselnt(parts[0]), v = Integer.parselnt(parts[1]);
boolean ok = insertAt(k, v);
System.out.println("insert_at(" + k + ", " + v + "): " + (ok ? "ok" : "overflow,
rejected"));
} else {
int k = Integer.parseInt(op.substring(1));
boolean ok = deleteAt(k);
System.out.println("delete_at(" + k + "): " + (ok ? "ok" : "underflow,
rejected"));

}
printArray();
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}
System.out.println();

}

public static void main(String[] args) {
// normal: 16-capacity: 10 appends, an insert at the front, a middle and a front delete
String[] normal = {"i@:1@", "i1:20", "i2:3@", "i3:40", "i4:50", "i5:60", "i6:70",
"i7:80", "i8:90", "ig9:1@0", "i@:5", "d5", "de"};
runScenario("normal: 16-capacity: 10 appends, an insert at the front, a middle and a
front delete", 16, normal);

// hard: 14-capacity: frequent front inserts, negative/duplicate values, mixed deletes

String[] hard = {"i@:7", "i1:-3", "i2:15", "i@:-3", "i4:22", "i5:-3", "i@:99", "i7:-40",
"i8:100", "i9:-100", "d3", "i9:50", "i10:60", "i@:1000", "d0", "d5"};

runScenario("hard: 14-capacity: frequent front inserts, negative/duplicate values, mixed
deletes", 14, hard);

// edge: overflow: fill a 1@-capacity array, then an insert is rejected

String[] overflow = {"i@:3", "i1:6", "i2:9", "i3:12", "i4:15", "i5:18", "i6:21", "i7:24",
"ig:27", "i9:3e", "i4:777", "ie@:111", "d3", "i3:888"};

runScenario("edge: overflow: fill a 10-capacity array, then an insert is rejected", 10,
overflow);

// edge: underflow: delete from an empty array, then fill it and drain it completely
String[] deleteEmpty = {"d@", "i@:5", "i1:15", "i2:25", "i3:35", "i4:45", "i5:55",
"i6:65", "i7:75", "i8:85", "i9:95",
"de", "de", "de", "de", "de", "de", "de", "de", "de", "de",
"de");
runScenario("edge: underflow: delete from an empty array, then fill it and drain it
completely", 12, deleteEmpty);
}
}

Deneyin
gcc -std=c11 -Wall -Wextra -o /tmp/x array_insert_delete.c && /tmp/x

Beklenen cikti:
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Hafta 2 — Ders Notu

-- normal: 16-capacity: 10 appends, an insert at the front, a middle and a front delete --

arr: [size=0 cap=
insert_at(@, 10):
arr: 10 [size=1 c
insert_at(1, 20):
arr: 10 20 [size=
insert_at(2, 30):
arr: 10 20 30 [si
insert_at(3, 40):
arr: 10 20 30 40
insert_at(4, 50):
arr: 10 20 30 40 5
insert_at(5, 60):
arr: 10 20 30 40 5
insert_at(6, 70):
arr: 10 20 30 40 5
insert_at(7, 80):
arr: 10 20 30 40 5
insert_at(8, 90):
arr: 10 20 30 40 5
insert_at(9, 100):

16]

ok

ap=16]

ok

2 cap=16]

ok

ze=3 cap=16]

ok

[size=4 cap=16]

ok

0 [size=5 cap=16]

ok

0 60 [size=6 cap=16]

ok

0 60 70 [size=7 cap=16]

ok

0 60 70 80 [size=8 cap=16]
ok

0 60 70 80 90 [size=9 cap=16]
ok

arr: 10 20 30 40 50 60 70 80 90 100 [size=10 cap=16]
insert_at(@, 5): ok

arr: 5 10 20 30 40 50 60 70 80 90 100 [size=11 cap=16]

delete_at(5): ok

arr: 5 10 20 30 40 60 70 80 90 100 [size=10 cap=16]
delete_at(@0): ok

arr: 10 20 30 40 60 70 80 90 100 [size=9 cap=16]

-- edge: underflow: delete from an empty array, then fill it and drain it completely --

arr: [size=0 cap=12]

delete_at(0): underflow, rejected

arr: [size=0 cap=12]

insert_at(@, 5): ok

arr: 5 [size=1 cap=12]

insert_at(1, 15): ok

arr: 5 15 [size=2 cap=12]

insert_at(2, 25): ok

arr: 5 15 25 [size=3 cap=12]

insert_at(3, 35): ok

arr: 5 15 25 35 [size=4 cap=12]
insert_at(4, 45): ok

arr: 5 15 25 35 45 [size=5 cap=12]
insert_at(5, 55): ok

arr: 5 15 25 35 45 55 [size=6 cap=12]
insert_at(6, 65): ok

arr: 5 15 25 35 45 55 65 [size=7 cap=12]
insert_at(7, 75): ok

arr: 5 15 25 35 45 55 65 75 [size=8 cap=12]
insert_at(8, 85): ok

arr: 5 15 25 35 45 55 65 75 85 [size=9 cap=12]
insert_at(9, 95): ok

arr: 5 15 25 35 45 55 65 75 85 95 [size=10 cap=12]

delete_at(9):
arr: 15 25 35
delete_at(9):
arr: 25 35 45
delete_at(9):
arr: 35 45 55
delete_at(®@):
arr: 45 55 65
delete_at(9):

ok

45 55 65 75 85 95 [size=9 cap=12]
ok

55 65 75 85 95 [size=8 cap=12]

ok

65 75 85 95 [size=7 cap=12]

ok

75 85 95 [size=6 cap=12]

ok
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arr: 55 65 75 85 95 [size=5 cap=12]
delete_at(0): ok

arr: 65 75 85 95 [size=4 cap=12]
delete_at(@): ok

arr: 75 85 95 [size=3 cap=12]
delete_at(@): ok

arr: 85 95 [size=2 cap=12]
delete_at(0): ok

arr: 95 [size=1 cap=12]
delete_at(@): ok

arr: [size=0 cap=12]
delete_at(0): underflow, rejected
arr: [size=0 cap=12]

javac -d /tmp/j ArrayInsertDelete.java && java -cp /tmp/j ArrayInsertDelete

Beklenen ¢ikti: yukaridaki C ¢alistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. insert_at / delete_at, dizinin tam sonunda (k == size yada k == size-1) O(1) maliyetlidir ve basinda
(k == @) O(n) — her var olan eleman kaydirilmak zorundadir; rastgele diizgiin dagilmis bir indise ekleme ya da silme
ortalamada da O(n)'dir, ¢linkii kaydirilan eleman sayisinin beklenen dederi n ile orantilidir.

Sik yapilan hatalar

e Yazmadan Once size == cap kontrolini yapmayi unutmak — bu, diziyi tasirir ve ardindan gelen bellegi bozar;
baslangi¢ seviyesi C kodunda ¢okmelerin en yaygin nedenlerinden biridir.

e Ekleme sirasinda yanls yonde kaydirma: insert_at igindeki dongli size 'dan k 'ye kadar, her elemani bir yuva
saga kopyalayarak galismali, ve sondan basa dogru gitmelidir — ileri dogru gitmek, degerleri okunmadan once
lzerine yazard.

e delete_at igin kaydirma sinirinda bire bir fazla/eksik (off-by-one) hatalar: déngli size 'da degil size - 1'de
durur, ¢linkii arr[size] (heniiz) gegerli bir eleman tutmaz.

2. Dinamik diziler: istendikce blyumek

2.1 Baslangig sorusu

1. bolimdeki sabit kapasiteli dizi, icine gomdill rahatsiz edici bir soru tasir: hangi kapasiteyi segmeli? Cok kii¢likse, dizi
dolar ve daha fazla eklemeyi reddeder; ¢cok biiyilikse, hi¢ kullanilmayabilecek bellegi israf edersiniz. Bir dinamik dizi
(dynamic array) (C++'ta std::vector,Java'da ArraylList, Python'in 1list 'inin arkasindaki yapi), kiiglik baslayip yer
bittiginde kendini biiyiiterek (growing) bunu ¢ézer — ama bitisik bir bellek blogunu biiyiitmek bedava degildir: var
olan her tek eleman yeni, daha biyiik bloga kopyalanmalidir. "Bazen her seyi kopyala" nasil olur da genel olarak hala
hizli bir yapi olarak toplanir?

2.2 Bir faktorle buytimek, ve "amorti” fikri

Bir dinamik dizi (i¢ sey tutar: gegerli bloguna bir isaretgi, bir size (gercekte kag eleman saklandigi), ve bir cap (gegerli
blok, dolmadan 6nce kagini tutabilir). Yer varken ekleme basittir: dederi data[size] 'ayaz, sonra size++ — O(1). size ==
cap oldugu anda ise dizi biiyiimelidir (grow): kapasitesi gecerli cap 'in bir bliylime faktoriyle (gogu ders kitabi
uygulamasinda 2, ama 1.5 de yaygindir) ¢arpilmis hali olan taze bir blok ayir, var olan size elemanin her birini igine
kopyala, eski blogu serbest birak, ve ancak o zaman yeni dederi yaz. O tek ekleme O(n) maliyetlidir.

RTEU Bilgisayar Miihendisligi - Dr. Ogr. Uyesi Ugur CORUH - 2026-2027 Giiz Page 14 /181



CEN207 Veri Yapllari Hafta 2 — Ders Notu

Dinamik dizileri ortalamada hizli yapan numara, biiyimenin her seferinde kapasiteyi ikiye katlamasi, bdylece n ekleme
boyunca yalniz O(log n) kez gergeklesmesi, ve simdiye kadar kopyalanan toplam eleman sayisinin n + n/2 + n/4 + ...
< 2n ile sinirli olmasidir — geometrik bir seri. Bu 2n toplam kopyalama maliyetini n eklemeye yayarsaniz, herhangi bir
tekil ekleme O(n) maliyetli olabilse bile, her ekleme ortalamada O(1) maliyetlidir. Bir islem dizisi izerinden ortalama alan
bu tlirden bir argiimana amorti edilmis analiz (amortized analysis) denir, ve biiyliyen bir dinamik dizi bunun ders kitabi
ornegidir.
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1. Bos bir dinamik dizi: cap = 1 ile baslar, dolunca
kapasite 2 ile carpilarak biyiir.

arr e | 3

4. fresh[i] = a->datal[i] heriicin: 1 eleman yeni, daha
blytik bloga kopyalanir.

9. data[size++] = 19: yer var, tek adimda yazildi. size =
4,

3, cap e B

v CEEEE)

11. data[size++] = 3: yer var, tek adimda yazildi. size =
5

siee = &, cap - &

- (O EEEE)

14. data[size++] = 6: yer var, tek adimda yazildi. size =
8.
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Hafta 2 — Ders Notu

arr e | 3
——

2. data[size++] = 5: yer var, tek adimda yazildi. size =
1.

5. free(a->data): eski blok serbest birakildi. data artik
yeni, cap'i 2 olan blogu gosteriyor.

o E]

7. free(a->data): eski blok serbest birakildi. data artik
yeni, cap'i 4 olan blogu go6steriyor.

4, cap .8

R —

10. free(a->data): eski blok serbest birakildi. data artik
yeni, cap'i 8 olan blogu gosteriyor.

L

aoannt

12. data[size++] = 27: yer var, tek adimda yazildi. size
= 6.

siee = 8, cap = 18

- OEOEEEEE

15. free(a->data): eski blok serbest birakildi. data artik
yeni, cap'i 16 olan blogu gosteriyor.
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e CIECEEEEEE)

16. data[size++] = 31: yer var, tek adimda yazildi. size
=9

siet » 12, cap = 18

- GO EEMEEEEE

19. data[size++] = 17: yer var, tek adimda yazild1. size
=12.

Hafta 2 — Ders Notu

e CIECEEEEEEE

17. data[size++] = 9: yer var, tek adimda yazildi. size =
10.

- CIECEEEMEEEEEE

20. Bitti: 12 ekleme, 4 biyiime, toplam 15 kopya (2-12
= 24'den az). Bir ekleme bazen O(n) siirer ama
ORTALAMASI (amortized) O(1)'dir.

Segcicide ayrica sunu da deneyin: cap0=2, faktor 2: arada 2 gikarmayla 14 ekleme (kii¢iilme yok) (zor) ve ug¢ durumlar
biiyiime faktorii 2 yerine 1.5: daha sik ama daha kiigiik biiyiimeler ve kiigiilme: dizi dortte bir dolulukta kapasitesi yariya
iner — ya da dort zorluk seviyesinde rastgele veri igin . 'ya basin, ya da kendi capé=, factor=, shrink= ayarlarinizi ve

bir av (ekle) / r (son elemani gikar) iglem dizisi yazin.

typedef struct {
int *data;
int size;
int cap;

} DynArray;

static void da_resize(DynArray *a, int new_cap) {

int *fresh = malloc(new_cap * sizeof(int));
for (int i = ©; i < a->size; i++)
fresh[i] = a->data[i];

free(a->data);
a->data = fresh;
a->cap = new_cap;

}

void da_append(DynArray *a, int v) {
if (a->size == a->cap) {

int new_cap = (int)(a->cap * factor);

da_resize(a, new_cap);

}
a->datala->size++] = v;

}

void da_remove_last(DynArray *a) {
if (a->size == @) return;
a->size--;

/* copy every element to the new block */
/* old block is freed */

/* growth factor “factor™ */
if (new_cap <= a->cap) new_cap = a->cap + 1;
/* full: grow before writing */

if (shrink_on && a->size <= a->cap / 4 && a->cap / 2 >= cap@)

da_resize(a, a->cap / 2);

RTEU Bilgisayar Miihendisligi - Dr. Ogr. Uyesi Ugur CORUH - 2026-2027 Giiz

/* quarter full: shrink to save memory */

Page 17 /181



CEN207 Veri Yapllari Hafta 2 — Ders Notu

class DynArray {
int[] data;
int size;
int cap;

static void resize(DynArray a, int newCap) {
int[] fresh = new int[newCap];
for (int 1 = ©; i < a.size; i++)

fresh[i] = a.data[i]; // copy every element to the new block
a.data = fresh; // old block is now garbage -- freed by the GC
a.cap = newCap;
}
static void append(DynArray a, int v) {
if (a.size == a.cap) {
int newCap = (int) (a.cap * factor); // growth factor “factor’
if (newCap <= a.cap) newCap = a.cap + 1;
resize(a, newCap); // full: grow before writing
I3
a.data[a.size++] = v;
}
static void removelLast(DynArray a) {
if (a.size == @) return;
a.size--;
if (shrinkOn && a.size <= a.cap / 4 && a.cap / 2 >= cap@)
resize(a, a.cap / 2); // quarter full: shrink to save memory

Tam sinif (code/week-02/java/DynamicArrayGrowth.java ), C programinin dort senaryosunu birebir yansitir.
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E Tam program: dynamic_array_growth.c / DynamicArrayGrowth. java v
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/* Week 2 -- Linked Lists, Arrays and Matrices

* A dynamic array: append n values into a block that starts tiny and grows
* by a factor whenever it is full; count every element copy to show why

* appending is amortized 0(1) even though a single growing append is

* 0(n). Matches the dynamic-array-growth.js animation. The animation bakes
* cap@/factor/shrink into the source text per preset; this program keeps

* them as runtime globals set per scenario, so da_resize/da_append/

* da_remove_last are otherwise identical to the animation's code panel.

* CEN207 Data Structures (formerly CE205)

*

/
#include <stdio.h>
#include <stdlib.h>

typedef struct {
int *data;
int size;
int cap;

} DynArray;

static double factor; /* growth factor, e.g. 2 or 1.5 */

static int cap®; /* starting capacity, for the shrink floor */
static int shrink_on; /* whether da_remove_last shrinks at all */
static int copies; /* total elements copied by resizes, this scenario */

static int growths, shrinks;

static void da_resize(DynArray *a, int new_cap) {
int *fresh = malloc(new_cap * sizeof(int));
for (int i = 0; i < a->size; i++)

fresh[i] = a->data[i]; /* copy every element to the new block */
copies += a->size;
free(a->data); /* old block is freed */

a->data = fresh;
a->cap = new_cap;

}
void da_append(DynArray *a, int v) {
if (a->size == a->cap) {
int new_cap = (int)(a->cap * factor); /* growth factor “factor™ */
if (new_cap <= a->cap) new_cap = a->cap + 1;
da_resize(a, new_cap); /* full: grow before writing */
growths++;
}
a->datala->size++] = v;
}
void da_remove_last(DynArray *a) {
if (a->size == @) return;
a->size--;
if (shrink_on && a->size <= a->cap / 4 && a->cap / 2 >= cap@) {
da_resize(a, a->cap / 2); /* quarter full: shrink to save memory */
shrinks++;
}

}

static void print_array(DynArray *a) {
printf("arr:");
for (int i = 0; i < a->size; i++) printf(" %d", a->data[i]);
printf(" [size=%d cap=%d]\n", a->size, a->cap);

/* tokens: "aV" = da_append(V); "r" = da_remove_last() */
static void run_scenario(const char *label, int scenario_cap®, double scenario_factor, int
scenario_shrink, const char *ops[], int n) {

printf("-- %s --\n", label);
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1.5,

"a6"

2.0,

}
int main(void) {

/* normal: cap@=1, factor 2: 12 appends, total copies < 2n */

const char *normal[] = {"a5", "al2", "a8", "a19", "a3", "a27", "al4", "a6", "a31", "a9",
"a22", "al17"};

run_scenario("normal: cap@=1, factor 2: 12 appends, total copies < 2n", 1, 2.0, 0, normal,
12);

"a-9", "a25", "all", "a6", "a29"};

2, 2.0, 0, hard, 16);

"a27", "al3"};

cap@ = scenario_cap9;
factor = scenario_factor;
shrink_on = scenario_shrink;
copies = 0; growths = 0; shrinks = 0;
DynArray a;
a.cap = capo;
a.size = 0;
a.data = malloc((size_t) cap® * sizeof(int));
print_array(&a);
for (int i = 0; i < n; i++) {
const char *op = ops[i];
if (op[@] == 'a") {
int v = atoi(op + 1);
da_append(&a, Vv);
printf("da_append(%d)\n", v);
} else {
da_remove_last(&a);
printf("da_remove_last()\n");
}
print_array(&a);
}
printf("growths=%d shrinks=%d copies=%d\n\n", growths, shrinks, copies);
free(a.data);

/* hard: cap@=2, factor 2: 14 appends with 2 removes in between (no shrinking) */
COnS‘t Chal" *hard[] = {lla-IalI' IIa_4II' "321"' l|a7||' Ilrll’ Ila33||' IIa_15|l' nazll' ||a4eu' llrn’ I|a18||'

run_scenario("hard: cap®=2, factor 2: 14 appends with 2 removes in between (no shrinking)",

/* edge: growth factor 1.5 (instead of 2): more frequent, smaller growths */

const char *factor15[] = {"a4", "a9", "al15", "a2", "a23", "a8", "a31", "a6", "al9", "al",
run_scenario("edge: growth factor 1.5 (instead of 2): more frequent, smaller growths", 1,
0, factor15, 12);

/* edge: shrinking: capacity halves once the array is only a quarter full */

const char *shrink_quarter[] = {"a3", "a8", "al15", "al", "a22", "a9", "a30", "a4", "al7",
, "a25", "a11", "r", "r", "r", "r", "r", Urt,tr", "rt, r"}s

run_scenario("edge: shrinking: capacity halves once the array is only a quarter full", 2,
1, shrink_quarter, 21);

return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices

* A dynamic array: append n values into a block that starts tiny and grows
* by a factor whenever it is full; count every element copy to show why

* appending is amortized 0(1) even though a single growing append is

* 0(n). Matches the dynamic-array-growth.js animation. The animation bakes
* cap@/factor/shrink into the source text per preset; this program keeps

* them as runtime fields set per scenario, so resize/append/removelLast are
* otherwise identical to the animation's code panel.

* CEN207 Data Structures (formerly CE205)

*

/
public class DynamicArrayGrowth {
static class DynArray {

int[] data;
int size;
int cap;
}
static double factor; // growth factor, e.g. 2 or 1.5
static int cap®; // starting capacity, for the shrink floor
static boolean shrinkOn; // whether removelLast shrinks at all
static int copies; // total elements copied by resizes, this scenario

static int growths, shrinks;

static void resize(DynArray a, int newCap) {
int[] fresh = new int[newCap];
for (int i = 0; 1 < a.size; i++)

fresh[i] = a.data[i]; // copy every element to the new block
copies += a.size;
a.data = fresh; // old block is now garbage -- freed by the GC
a.cap = newCap;
}
static void append(DynArray a, int v) {
if (a.size == a.cap) {
int newCap = (int) (a.cap * factor); // growth factor “factor"
if (newCap <= a.cap) newCap = a.cap + 1;
resize(a, newCap); // full: grow before writing
growths++;
}
a.datala.size++] = v;
}
static void removelast(DynArray a) {
if (a.size == @) return;
a.size--;
if (shrinkOn && a.size <= a.cap / 4 && a.cap / 2 >= cap@) {
resize(a, a.cap / 2); // quarter full: shrink to save memory
shrinks++;
}

static void printArray(DynArray a) {
StringBuilder sb = new StringBuilder("arr:");
for (int i = 0; i < a.size; i++) sb.append(' ').append(a.data[i]);
sb.append(" [size=").append(a.size).append(" cap=").append(a.cap).append(']"');
System.out.println(sb);

// tokens: "aV" = append(V); "r" = removeLast()
static void runScenario(String label, int scenarioCap®, double scenarioFactor, boolean
scenarioShrink, String[] ops) {
System.out.println("-- " + label + " --");
cap@ = scenarioCap®@;
factor = scenarioFactor;
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shrinkOn = scenarioShrink;
copies = 0; growths = 0; shrinks = 0;
DynArray a = new DynArray();
a.cap = capo;
a.size = 0;
a.data = new int[cap@];
printArray(a);
for (String op : ops) {
if (op.charAt(®) == 'a') {
int v = Integer.parseInt(op.substring(1));
append(a, v);
System.out.println("da_append(" + v + ")");
} else {
removelast(a);
System.out.println("da_remove_last()");
}
printArray(a);
}
System.out.println(“growths=
System.out.println();

+ growths + shrinks=" + shrinks + copies=" + copies);

public static void main(String[] args) {
// normal: cap@=1, factor 2: 12 appends, total copies < 2n
String[] normal = {"a5", "al12", "a8", "al19", "a3", "a27", "al4", "a6", "a31", "a9",
"a22", "al7"};
runScenario("normal: cap®=1, factor 2: 12 appends, total copies < 2n", 1, 2.0, false,
normal) ;

// hard: cap®=2, factor 2: 14 appends with 2 removes in between (no shrinking)

String[] hard = {"a10", "a-4", "a21", "a7", "r", "a33", "a-15", "a2", "a40", "r", "a18",
"a-9", "a25", "all1", "a6", "a29"};

runScenario("hard: cap@=2, factor 2: 14 appends with 2 removes in between (no
shrinking)", 2, 2.0, false, hard);

// edge: growth factor 1.5 (instead of 2): more frequent, smaller growths

String[] factor15 = {"a4", "a9", "al15", "a2", "a23", "a8", "a31", "a6", "al19", "al",
"a27", "al13"};

runScenario("edge: growth factor 1.5 (instead of 2): more frequent, smaller growths", 1,
1.5, false, factori15);

// edge: shrinking: capacity halves once the array is only a quarter full

String[] shrinkQuarter = {"a3", "a8", "al15", "al1", "a22", "a9", "a3@", "a4", "al17", "a6",
"a25", "a11", "r", "r", "r", r", ", Urct, o "r", r, "r"y

runScenario("edge: shrinking: capacity halves once the array is only a quarter full", 2,
2.0, true, shrinkQuarter);

}
}

Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x dynamic_array_growth.c && /tmp/x

Beklenen gikti:
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-- normal: cap®=1, factor 2: 12 appends, total copies < 2n --

arr: [size=0 cap=1]

da_append(5)

arr: 5 [size=1 cap=1]

da_append(12)

arr: 5 12 [size=2 cap=2]

da_append(8)

arr: 5 12 8 [size=3 cap=4]

da_append(19)
arr: 512 8 19
da_append(3)
arr: 512 8 19 3
da_append(27)
arr: 512 8 19 3
da_append(14)
arr: 512 8 19 3
da_append(6)
arr: 512 8 19 3
da_append(31)
arr: 512 8 19 3
da_append(9)
arr: 512 8 19 3
da_append(22)
arr: 512 8 19 3
da_append(17)

arr: 512 8 19 3 27
growths=4 shrinks=0

-- edge: shrinking: capacity halves once the array is only a quarter full --

[size=4 cap=4]

[size=5 cap=8]

27

27

27

27

27

27

arr: [size=0 cap=2]

da_append(3)

[size=6 cap=8]

14 [size=7 cap=8]

14 6 [size=8 cap=8]

14 6 31 [size=9 cap=16]

14 6 31 9 [size=10 cap=16]

14 6 31 9 22 [size=11 cap=16]

14 6 31 9 22 17 [size=12 cap=16]
copies=15

arr: 3 [size=1 cap=2]

da_append(8)

arr: 3 8 [size=2 cap=2]

da_append(15)

arr: 3 8 15 [size=3 cap=4]

da_append(1)

arr: 3 8 15 1 [size=4 cap=4]

da_append(22)
arr: 3 8 15 1 22
da_append(9)
arr: 3 8 15 1 22
da_append(30)
arr: 3 8 15 1 22
da_append(4)
arr: 3 8 15 1 22
da_append(17)
arr: 3 8 15 1 22
da_append(6)
arr: 3 8 15 1 22
da_append(25)
arr: 3 8 15 1 22
da_append(11)
arr: 3 8 15 1 22
da_remove_last()
arr: 3 8 15 1 22
da_remove_last()
arr: 3 8 15 1 22
da_remove_last()
arr: 3 8 15 1 22
da_remove_last()
arr: 3 8 15 1 22

9

[size=5 cap=8]

[size=6 cap=8]

30

30

30

30

30

30

30

30

30

30

RTEU Bilgisayar Miihendisligi - Dr.

[size=7 cap=8]
4 [size=8 cap=8]
4 17 [size=9 cap=16]
4 17 6 [size=10 cap=16]
4 17 6 25 [size=11 cap=16]
4 17 6 25 11 [size=12 cap=16]
4 17 6 25 [size=11 cap=16]
4 17 6 [size=10 cap=16]
4 17 [size=9 cap=16]

4 [size=8 cap=16]
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da_remove_last()

arr: 3 8 15 1 22 9 30 [size=7 cap=16]
da_remove_last()

arr: 3 8 15 1 22 9 [size=6 cap=16]
da_remove_last()

arr: 3 8 15 1 22 [size=5 cap=16]
da_remove_last()

arr: 3 8 15 1 [size=4 cap=8]
da_remove_last()

arr: 3 8 15 [size=3 cap=8]
growths=3 shrinks=1 copies=18

javac -d /tmp/j DynamicArrayGrowth.java && java -cp /tmp/j DynamicArrayGrowth

Beklenen ¢ikti: yukaridaki C galistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. Yer varken tek bir ekleme O(1) maliyetlidir, ve tam olarak bir biiyimeyi tetikledigi anda O(n); kiigiik bir
kapasiteden baslayarak n ekleme boyunca, tim biyiimelerin toplam maliyeti O(n)'dir (yukaridaki geometrik seri
arglimani), yani ekleme basina amorti edilmis maliyet O(1)'dir. "Kliglilme" u¢ durumu ayni fikri ters yonde calisirken
gosterir: da_remove_last normalde O(1) maliyetlidir, ve tam olarak bir kiiglilmeyi tetikledigi anda O(n).

Sik yapilan hatalar

e Tam olarak size 'a kiigilmek (ya da her seferinde yalniz +1 bliylimek) tim amaci bosa ¢ikarir: kapasite yalniz
sabit bir miktarda biytrse, n eklemelik bir dizi O(n) tane, ortalama O(n/2) maliyetli yeniden boyutlandirma yapar,
toplamda O(n?) verir — 1. bélimdeki sabit diziden daha iyi degil. Geometrik seriyi yakinsak yapan sey biyime
faktoriidiir (sabit bir artis degil).

e Tam olarak bir biiyimeyi tetikleyen boyutta geri kiiglilmek (6rn. size == cap/2 oldugu anda kiigiilmek)
cirpinmaya (thrashing) yol agabilir: bir ekleme daha hemen tekrar biiylimeyi tetikler, ve dizi birbirini izleyen her
ekleme/gikarmada iki boyut arasinda salinir. Bu program yalniz dizi dortte bir dolulukken kiiglir, béylece bir
glvenlik payi birakilir.

o Eski blogu serbest birakmadan 6nce var olan elemanlari kopyalamayi unutmak — da_resize ©nce kopyalamal,
sonra free etmelidir, bu sirayla, yoksa veri kaybolur.

3. Iki boyutlu diziler ve matrisler

3.1 Baslangic sorusu

Bir hesap tablosu, bir satrang tahtasi, ve siyah-beyaz bir goriintii hepsi ayni sekli paylasir: satirlar ve siitunlar. Kodda M[i]
[§] yazariz ve bir 1zgara diisiinlriiz, ama RAM'de 1zgara yoktur — o, bayt sayisinca numaralanmis diiz, tek boyutlu bir
siradir. Peki M[i][j] gercekte nerede yasar, ve hiicreleri ziyaret ettigimiz sira, kodumuzun ne kadar hizh galistigini
degistirir mi?

3.2 Bir 1zgarayi bir satira diizlestirmek: satir oncelikli ve siitun oncelikli

ROWS x COLS boyutlu bir matris satir 6ncelikli (row-major) diizende saklandiginda, tim ilk satir dnce yerlestirilir, sonra
tim ikinci satir hemen ardindan, ve bdyle devam eder — tam olarak C, Java ve Python'in int[ ][]/ List[List[]]"i
sakladigi bigimde. M[11[j] 'nin (eleman cinsinden, bayt degil) adresi o zaman soyledir:
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addr(z,j) = ¢ x COLS + j

Siitun oncelikli (column-major) diizen (Fortran, MATLAB ve R'da kullanilir) tam tersini yapar: tim ilk siitun 6nce
yerlestirilir. Adres formiili, satirlarin ve siitunlarin rollerini degistirir:

addr(Z, j) = j x ROWS +1

Bu diizenlerden higbiri "digerinden daha dogru" degildir — bunlar ayni 1zgarayi diizlestirmenin, esit derecede gegerli,
yalnizca iki farkli yoludur. Onemli olan, gezinme (traversal) siranizin saklama siranizla eslesip eslesmedigidir. Eslesiyorsa,
dénginin ardisik adimlar ardisik bellek adreslerini ziyaret eder (her seferinde A = 1 sigramasi) — bu da tam olarak bir
CPU'nun 6nbelleginin 6dillendirmek tizere kuruldugu seydir, ¢clinkil belledi pargalar halinde getirir ve A = 1 erigim diizeni
zaten yiiklenmis bir pargayi yeniden kullanir. Gezinme sirasi saklama sirasina ters giderse, her tek adim bellekte biitiin bir
satir (ya da situn) kadar sigrar; bu, 6nbellek igin cok daha az dosttur.
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a 1 2 3 a 1 2 3
- (00 SN B E3 EY
- (o J(w ) Y] - (o J(o [ Y]

- CEEEETEEGS CECEEEEERER -

a

b :

2. M[0][0] = 8: addr(0,0) = 0. Gezinmenin ilk hiicresi.

gezime -

1. mat[3][4] matrisi hafizada dtiz bir dizi: addr(j, j) =
i*COLS+j (satir oncelikli). Altta hafizayr GERCEK adres

sirastyla gOsteriyoruz.

Baan wlu@@

n[E] -

@ 1 2 3 4 5 5 7 El el w1 a 1 2 3 4 5 5 7 El el | u
SN O nannnononoFtEEIEEEn R nn on oo nn oo
saur satiri satir 2 satir satr i satir
a 1 [ 2
B@ = B B@@

4. M[0][2] = 24 at addr = 2.

gezime -

3. M[0][1] = 16: addr(0,1) = 1. Bir dnceki adresin
HEMEN yaninda -- bitisik bellek.

w- ()GEE0E) 3 O ENER
- (e )L (e )] - [ (e (e )]
Naoon

.B.BE].I- - e [_J..EE].I- -

oaan - (DCOEOEI0)

6. M[1][0] = 40 at addr = 4.

gerime -

5. M[0][3] = 32 at addr = 3.

ne] - [ | 16 | 24 | 2 J

n[e] - ' 8 ‘|' 16 \|' 24 | 32
|

I )
(e )Ce )] - (o) J(ee )]
-

- | ae

- -
..!\.1.,:\.3.,4..5.5 z 2 2
.@@... . e noooonoononer:
EE-'.\-I' B at ‘

onoaonn N nooonc

gezime -

7. M[1][1] = 48 at addr = 5. 8. M[1][2] = 56 at addr = 6.
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a 1
n[e] - 16 24 32 n[e] - 8 16 24

m[1] M[1] =

——
= | a8 48 56 [ J 48 a8 56 64
| S
e M[2] = 72 J
a 1 z 3 5 s 5 7

o ooonooc e COCE0EIEEGE0)

9. M[1][3] = 64 at addr = 7. 10. M[2][0] = 72 at addr = 8.
n[e] - 8 16 24 n[e] - 8 16 24
H[1] - a8 48 56 64 M[1] - a8 48 56 64

o ooooooaan o ooDoooooonn

11. M[2][1] = 80 at addr = 9. 12. M[2][2] = 88 at addr = 10.
n[e] - 8 16 24 n[e] - 8 16 24
H[1] - a8 48 56 64 M[1] - a8 48 56 64
Mzl - | 72 88 88 96 Mzl - | 72 88 88 96
bellek 8 1 4 E 8 8 5 64 T B 88 96 J 1 bellek 8 1 4 E 8 82 5 64 7 B 88 £

2

oo oooonoonooi oo oooooonooo

13. M[2][3] = 96 at addr = 11. 14. Bitti: 12 hiicre, 11/11 adim bitisik (A=1), en biiytik
atlama A=1. Gezinme depolamayla ESLESTIGI icin
onbellek dostu.

Segicide ayrica sunu da deneyin: satir oncelikli 4x4 matris, siitun siitun gezilir: her adimda sigrama (zor) ve u¢ durumlar
siitun oncelikli 3x5 matris, satir satir gezilir ve siitun oncelikli 3x4 matris, siitun siitun gezilir — ya da dort zorluk
seviyesinde rastgele veri i¢in . 'ya basin, ya da kendi layout= / traversal= segiminizive ; ile ayrilmis satirlari yazin.
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/* address of mat[i][j], counted in ints from the start of the array */
int addr(int i, int j) {
return row_major ? i * cols + j : j * rows + 1i;

}

void traverse_row_major(int mat[MAX_ROWS][MAX_COLS]) {
for (int i = @; i < rows; i++)
for (int j = 0; j < cols; j++)
visit(mat[i][j]);
}

void traverse_col_major(int mat[MAX_ROWS][MAX_COLS]) {
for (int j = 0; j < cols; j++)
for (int i = 0; i < rows; i++)
visit(mat[i][j]);

// address of mat[i][j], counted in ints from the start of the array
static int addr(int i, int j) {
return rowMajor ? i * cols + j : j * rows + 1i;

}

static void traverseRowMajor(int[][] mat) {
for (int i = 0; i < rows; i++)
for (int j = 0; j < cols; j++)
visit(mat[i][j]);
}

static void traverseColMajor(int[][] mat) {
for (int j = ©; j < cols; j++)
for (int i = @; 1 < rows; i++)
visit(mat[i][j]);

Tam sinif ( code/week-02/java/MatrixRowMajor . java ), C programinin dort senaryosunu birebir yansitir.
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E Tam program: matrix_row_major.c / MatrixRowMajor.java v

RTEU Bilgisayar Miihendisligi - Dr. Ogr. Uyesi Ugur CORUH - 2026-2027 Giiz Page 30/ 181



CEN207 Veri Yapllari Hafta 2 — Ders Notu

/* Week 2 -- Linked Lists, Arrays and Matrices
A 2D matrix is really flat, 1D memory underneath. Row-major storage
places mat[i][j] at word offset i*COLS+j (column-major: j*ROWS+i).
Matches the matrix-row-major.js animation. The animation bakes the
layout into the source text per preset; this program keeps a runtime
flag "row_major’ so addr/traverse_row_major/traverse_col_major are
otherwise identical to the animation's code panel.

* CEN207 Data Structures (formerly CE205)

27
#include <stdio.h>

* X X X X X

#define MAX_ROWS 4
#define MAX_COLS 5

static int rows, cols;
static int row_major; /* 1 = row-major layout, @ = column-major layout */

/* address of mat[i][j], counted in ints from the start of the array */
int addr(int i, int j) {
return row_major ? i * cols + j : j * rows + i;

}

void traverse_row_major(int mat[MAX_ROWS][MAX_COLS]) {
int prev = -1;
for (int i = 0; i < rows; i++)
for (int j = 0; j < cols; j++) {
int a = addr(i, j);
printf(" M[%d][%d]=%d addr=%d%s\n", i, j, mat[i][j], a,
prev <@ ? "" : (a - prev ==17?" (adjacent)" : " (jump)"));
prev = a;

void traverse_col_major(int mat[MAX_ROWS][MAX_COLS]) {
int prev = -1;
for (int j = @; j < cols; j++)
for (int i = 0; i < rows; i++) {
int a = addr(i, j);
printf(" M[%d][%d]=%d addr=%d%s\n", i, j, mat[i][j], a,
prev <@ ? "" : (a - prev ==17? " (adjacent)" : " (jump)"));
prev = a;

}

static void run_scenario(const char *label, int r, int c, int mat[MAX_ROWS][MAX_COLS], int
layout_row_major, int traversal_row) {

printf("-- %s --\n", label);

rows = r; cols = c¢; row_major = layout_row_major;

printf("layout=%s traversal=%s\n", row_major ? "row-major" : "column-major", traversal_row ?
"row" : "column");

if (traversal_row) traverse_row_major(mat); else traverse_col_major(mat);

printf("\n");
}

int main(void) {
/* normal: 3x4 row-major, row-by-row traversal: always adjacent */
int normal[MAX_ROWS][MAX_COLS] = {{8, 16, 24, 32}, {40, 48, 56, 64}, {72, 80, 88, 96}};
run_scenario("normal: 3x4 row-major, row-by-row traversal: always adjacent”, 3, 4, normal, 1,

1);

/* hard: 4x4 row-major, column-by-column traversal: a jump on every step */

int hard[MAX_ROWS][MAX_COLS] = {{3, -7, 15, 22}, {9, -14, 31, 6}, {18, -2, 27, 11}, {5, -19,
33, 8}};

run_scenario("hard: 4x4 row-major, column-by-column traversal: a jump on every step", 4, 4,
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hard, 1, 0);

/* edge: 3x5 column-major, row-by-row traversal: jumpy */

int col_row[MAX_ROWS][MAX_COLS] = {{4, 9, -3, 16, 21}, {7, -12, 25, 2, 18}, {-6, 14, 8, -20,
30}};

run_scenario("edge: 3x5 column-major, row-by-row traversal: jumpy", 3, 5, col_row, @, 1);

/* edge: 3x4 column-major, column-by-column traversal: adjacent again */

int col_col[MAX_ROWS][MAX_cOLS] = {{2, 5, -8, 13}, {19, -4, 7, 22}, {10, -15, 26, 1}};

run_scenario("edge: 3x4 column-major, column-by-column traversal: adjacent again", 3, 4,
col_col, @, 0);

return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices

A 2D matrix is really flat, 1D memory underneath. Row-major storage
places mat[i][j] at word offset i*COLS+j (column-major: j*ROWS+i).
Matches the matrix-row-major.js animation. The animation bakes the
layout into the source text per preset; this program keeps a runtime
flag ‘rowMajor  so addr/traverseRowMajor/traverseColMajor are otherwise
identical to the animation's code panel.

CEN207 Data Structures (formerly CE205)

* X X X X X X

2
public class MatrixRowMajor {
static int rows, cols;
static boolean rowMajor; // true = row-major layout, false = column-major layout

// address of mat[i][j], counted in ints from the start of the array
static int addr(int i, int j) {
return rowMajor ? i * cols + j : j * rows + 1i;

}

static void traverseRowMajor(int[][] mat) {
int prev = -1;
for (int i = 9; i < rows; i++)
for (int j = 0; j < cols; j++) {
int a = addr(i, j);
System.out.println(" M[" + i + "][" + j + "]=" + mat[i][j] + " addr=" + a
+ (prev < @ ? "" : (a - prev ==1 7" (adjacent)" : " (jump)")));

prev = a;

static void traverseColMajor(int[][] mat) {
int prev = -1;
for (int j = @; j < cols; j++)
for (int i = 0; i < rows; i++) {
int a = addr(i, j);
System.out.println(" M[" + i + "][" + j + "]=" + mat[i][j] + " addr=" + a
+ (prev <@ ? "" : (a - prev==17?" (adjacent)" : " (jump)")));

prev = a;

}

static void runScenario(String label, int[][] mat, boolean layoutRowMajor, boolean
traversalRow) {

System.out.println("-- " + label + " --");

rows = mat.length; cols = mat[0].length; rowMajor = layoutRowMajor;

System.out.println("layout=" + (rowMajor ? "row-major" : "column-major") + " traversal="
+ (traversalRow ? "row" : "column"));

if (traversalRow) traverseRowMajor(mat); else traverseColMajor(mat);
System.out.println();
}

public static void main(String[] args) {
// normal: 3x4 row-major, row-by-row traversal: always adjacent
int[][] normal = {{8, 16, 24, 32}, {40, 48, 56, 64}, {72, 80, 88, 96}};
runScenario("normal: 3x4 row-major, row-by-row traversal: always adjacent", normal, true,
true);

// hard: 4x4 row-major, column-by-column traversal: a jump on every step

int[][] hard = {{3, -7, 15, 22}, {9, -14, 31, 6}, {18, -2, 27, 11}, {5, -19, 33, 8}};

runScenario("hard: 4x4 row-major, column-by-column traversal: a jump on every step",
hard, true, false);

// edge: 3x5 column-major, row-by-row traversal: jumpy
int[][] colRow = {{4, 9, -3, 16, 21}, {7, -12, 25, 2, 18}, {-6, 14, 8, -20, 30}};
runScenario("edge: 3x5 column-major, row-by-row traversal: jumpy", colRow, false, true);
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// edge: 3x4 column-major, column-by-column traversal: adjacent again
int[][] colCol = {{2, 5, -8, 13}, {19, -4, 7, 22}, {18, -15, 26, 1}};
runScenario("edge: 3x4 column-major, column-by-column traversal: adjacent again", colCol,
false, false);
}
}

Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x matrix_row_major.c && /tmp/x

Beklenen cikti:
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-- normal: 3x4 row-major, row-by-row traversal: always adjacent --
layout=row-major traversal=row
M[oe][@]=8 addr=6

M[e][1]=16
M[e][2]=24
M[B][3]=32
M[1]1[0]=40
M[1][1]=48
M[1][2]=56
M[1][3]=64
M[2]1[0]=72
M[2][1]=886
M[2][2]=88
M[2][3]=96

-- hard: 4x4 row-major, column-by-column traversal: a jump on every step --

addr=1
addr=2
addr=3
addr=4
addr=5
addr=6
addr=7
addr=8
addr=9

(adjacent)
(adjacent)
(adjacent)
(adjacent)
(adjacent)
(adjacent)
(adjacent)
(adjacent)
(adjacent)

addr=10 (adjacent)
addr=11 (adjacent)

layout=row-major traversal=column
M[@][0]=3 addr=0
M[1][@]=9 addr=4 (jump)
M[2][@]=18 addr=8 (jump)
M[3][@]=5 addr=12 (jump)
M[B][1]=-7 addr=1 (jump)
M[1][1]=-14 addr=5 (jump)
M[2][1]=-2 addr=9 (jump)
M[3][1]=-19 addr=13 (jump)
M[0][2]=15 addr=2 (jump)
M[1][2]=31 addr=6 (jump)
M[2][2]=27 addr=10 (jump)
M[3][2]=33 addr=14 (jump)
M[0][3]=22 addr=3 (jump)
M[1][3]=6 addr=7 (jump)
M[2][3]=11 addr=11 (jump)
M[3]1[3]=8 addr=15 (jump)

-- edge: 3x5 column-major, row-by-row traversal: jumpy --

layout=column-major traversal=row
M[e][@]=4 addr=6
M[B][1]=9 addr=3 (jump)
M[@][2]=-3 addr=6 (jump)
M[0][3]=16 addr=9 (jump)
M[@]1[4]=21 addr=12 (jump)
M[1][@]=7 addr=1 (jump)
M[1][1]=-12 addr=4 (jump)
M[1][2]=25 addr=7 (jump)
M[1][3]=2 addr=10 (jump)
M[1][4]=18 addr=13 (jump)
M[2][@]=-6 addr=2 (jump)
M[2][1]=14 addr=5 (jump)
M[2][2]=8 addr=8 (jump)
M[2][3]=-206 addr=11 (jump)
M[2][4]=30 addr=14 (jump)

-- edge: 3x4 column-major, column-by-column traversal: adjacent again --

layout=column-major traversal=column
M[@][0]=2 addr=0
M[1][@]=19 addr=1 (adjacent)
M[2][@]=10 addr=2 (adjacent)
M[B][1]=5 addr=3 (adjacent)
M[1][1]=-4 addr=4 (adjacent)
M[2][1]=-15 addr=5 (adjacent)
M[0][2]=-8 addr=6 (adjacent)
M[1]1[2]=7 addr=7 (adjacent)
M[2][2]=26 addr=8 (adjacent)
M[0][3]=13 addr=9 (adjacent)
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M[1][3]=22 addr=10 (adjacent)
M[2][3]=1 addr=11 (adjacent)

javac -d /tmp/j MatrixRowMajor.java && java -cp /tmp/j MatrixRowMajor

Beklenen gikti: yukaridaki C ¢alistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklk. addr(i, j)'yi hesaplamak O(1)'dir — bir carpma ve iki toplama. R x C boyutlu bir matrisin her hiicresini
ziyaret etmek, gezinme sirasindan bagimsiz olarak her zaman O(R-C)'dir; degisen sey bellek erigsimlerinin sayisi dedil,
onlarin yerelligidir (locality) — bu Big-O'da gériinmez ama gergek donanimda saat siiresinde ¢ok gorinirdiir.

Sik yapilan hatalar

e Satir oncelikli bir matriste "1zgarayi yiiksek sesle okudugum gibi" diye for (j...) for (i...) yazmak — dongu
sirasini saklama diizenine gore degistirmek, kazara dnbellek-diigmani bir i¢ déngii yazmanin en yaygin yoludur.

e Satir oncelikli ve siitun oncelikli dizenlerin M[i][j] igin farkl degerler verdigini sanmak — vermez; ikisi de ayni
mantiksal matrisi tanimlar, yalniz altta farkli bicimde yerlesmis halde. Yalniz adres formiili degisir.

4. Dizi algoritmalari

4.1 Ug ters cevirme ile déndiirme

Baslangi¢ sorusu. Bir mizik calarin "ileri kanstir" digmesi, her sarkinin konumunu d yuva geri kaydirir, ilk d sarkiyi sona
sararak. Bir diziyi d konum sola dondiirmenin agik yolu, ayni boyutta ikinci bir dizi kullanir — A[d..n-1] 'i basa, sonra
A[@..d-1] 'i sona kopyalayin. Bu O(n) ek bellek maliyetlidir. Yerinde, yalniz O(1) ek bellek kullanarak dondiirebilir miyiz?

Yapabiliriz, hos bir sekilde sasirtici bir numarayla: ilk d elemani ters gevirin, kalan n-d elemani ters gevirin, sonra bditiin
diziyi ters gevirin. Her ters gevirme, iki ugtan ice dogru galisan basit bir iki isaretgili takas islemidir, ve toplam 2n
uzunlugundaki t¢ ters gevirme yine de O(n) toplanir — ama artik hig ek dizi olmadan.
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- BEEEEEEEEEREE) - EEEEEDEOEEEREE] -

reverse[0.3)

1. rotate_left: 6nced =d % n=4% 12 = 4 (asil 2. reverse(0,3): arr[0] ve arr[3] takas edilecek.
kaydirma miktar budur). Sonra UC ters cevirme yapilir:
reverse(0,d-1), reverse(d,n-1), reverse(0,n-1).

|

- CIEEEEEEEEEE ] - - CEEEEEEEEEEE] -

reverse(0 3] reverse[0,3)

3. takas edildi: arr[0] = 40, arr[3] = 10. 4. takas edildi: arr[1] = 30, arr[2] = 20.

- EEEEEEEEEEE) - - EEEE)E D EEEEE) -
e, weans | A8 z.., ., 1w || sa ‘,.., o | s | sa || aem |-,.-,., -,.,-.., revare(,3) weans | 48 z.., ., 1w || =& e.., || == | s0 || 1e8 |-,.-,., .
6. takas edildi: arr[4] = 120, arr[11] = 50. 7. takas edildi: arr[5] = 110, arr[10] = 60.

- BEEEEEEEEEEE - - BEEEEEEEEEEE -

|

8. takas edildi: arr[6] = 100, arr[9] = 70. 9. takas edildi: arr[7] = 90, arr[8] = 80.

- CEEEEEEEEEEE] - - BEEEEEEEEEEE] -

revarse(4,11) severse(0,11)
wrw(d,]) wan 40 i = = e L ™ s |--u 0 |'-'-u e revarsa(d, 1) wnean | 48 w = 1w e e B = |'.'\: 100 |'.'.u e
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10. reverse(4,11) bitti: 4 takas. Bu durumu asagida yeni
bir satir olarak tutuyoruz.

R nnanananann

reverse(0,11)

12. takas edildi: arr[1] = 60, arr[10] = 30.

- DEEEEEEFEEEEE -

reverse(0,11)

15. takas edildi: arr[4] = 90, arr[7] = 120.

i o

reverse(0,11)

17. reverse(0,11) bitti: 6 takas. Bu durumu asagida yeni
bir satir olarak tutuyoruz.

Hafta 2 — Ders Notu

11. takas edildi: arr[0] = 50, arr[11] = 40.

- )00 o

sevarsel0,11)

13. takas edildi: arr[2] = 70, arr[9] = 20.

- DEEEEEEEREEE -

reverselD,11)

16. takas edildi: arr[5] = 100, arr[6] = 110.

e

18. Bitti: d=4 sola dondirme, 12 takas ile O(n) strede.
Sonug: 50, 60, 70, 80, 90, 100, 110, 120, 10, 20, 30, 40.

Segcicide ayrica sunu da deneyin: 15 deger (negatif/yinelenen), d=7 (yariya yakin) (zor) ve u¢ durumlar d=0: higbir sey
degismemeli, d=n: d%n=0 olur, yine degismez, ve d>n: d%n ile kiigiiltiiliir — ya da dort zorluk seviyesinde rastgele veri i¢in

'+ 'ya basin, ya da kendi d=N degerinizi ve bir dizi yazin.
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void reverse(int arr[], int lo, int hi) {
while (lo < hi) {
int tmp = arr[lo];
arr[lo] = arr[hi];

arr[hi] = tmp;
lo++;
hi--;
}
}
void rotate_left(int arr[], int n, int d) {
if (n == 0)
return; /* empty array: nothing to rotate */
d=d%n;
reverse(arr, 0, d - 1); /* reverse the first d elements */
reverse(arr, d, n - 1); /* reverse the remaining n-d elements */
reverse(arr, 8, n - 1); /* reverse the whole array */

static void reverse(int[] arr, int lo, int hi) {
while (lo < hi) {
int tmp = arr[lo];
arr[lo] = arr[hi];
arr[hi] = tmp;
lo++;

hi--;

}

static void rotateLeft(int[] arr, int d) {
int n = arr.length;

if (n == 0)

return; // empty array: nothing to rotate
d=d%n;
reverse(arr, 0, d - 1); // reverse the first d elements
reverse(arr, d, n - 1); // reverse the remaining n-d elements
reverse(arr, 8, n - 1); // reverse the whole array

Tam sinif ( code/week-02/java/ArrayRotation.java ), C programinin bes senaryosunu birebir yansitir.
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E Tam program: array_rotation.c / ArrayRotation.java v
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/* Week 2 -- Linked Lists, Arrays and Matrices
* Rotate an array left by d positions with the reversal algorithm: reverse
* the first d elements, reverse the rest, then reverse the whole thing.
* Matches the array-rotation.js animation.
* CEN207 Data Structures (formerly CE205)
*/
#include <stdio.h>

void reverse(int arr[], int lo, int hi) {
while (lo < hi) {
int tmp = arr[lo];

arr[lo] = arr[hi];
arr[hi] = tmp;
lo++;
hi--;
}
}
void rotate_left(int arr[], int n, int d) {
if (n == 0)
return; /* empty array: nothing to rotate */
d=d%n;
reverse(arr, 0, d - 1); /* reverse the first d elements */
reverse(arr, d, n - 1); /* reverse the remaining n-d elements */
reverse(arr, 0, n - 1); /* reverse the whole array */

}

static void print_array(const char *label, const int arr[], int n) {
printf("%s:", label);
for (int i = @; 1 < n; i++) printf(" %d", arr[i]);
printf("\n");

}

static void run_scenario(const char *label, int arr[], int n, int d) {
printf("-- %s --\n", label);
print_array("before", arr, n);
printf(“rotate_left(arr, %d, %d)\n", n, d);
rotate_left(arr, n, d);
print_array("after", arr, n);
printf("\n");

int main(void) {
/* normal: 12 values, d=4 */
int normal[] = {106, 20, 30, 40, 50, 60, 70, 80, 90, 160, 110, 120};
run_scenario("normal: 12 values, d=4", normal, 12, 4);

/* hard: 15 values (negative/duplicate), d=7 (near half) */
int hard[] = {3, -8, 15, 3, 22, -1, 4@, 9, -17, 26, 5, -30, 11, 3, 18};
run_scenario("hard: 15 values (negative/duplicate), d=7 (near half)", hard,

/* edge: d=0: nothing should change */
int d_zero[] = {4, 9, 15, 23, 2, 31, 8, 19, 6, 27};
run_scenario("edge: d=0: nothing should change", d_zero, 10, 0);

/* edge: d=n: d%n=0, still no change */
int d_eq_n[] = {5, 12, 18, 24, 3, 30, 9, 21, 15, 6};
run_scenario("edge: d=n: d%n=0, still no change", d_eq_n, 10, 10);

/* edge: d>n: reduced by d%n (d=23, n=10 -> 3) */
int d_gt_n[] = {7, 14, 21, 2, 28, 9, 35, 16, 4, 22};
run_scenario("edge: d>n: reduced by d%n (d=23, n=10 -> 3)", d_gt_n, 10, 23);
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return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices
* Rotate an array left by d positions with the reversal algorithm: reverse
* the first d elements, reverse the rest, then reverse the whole thing.
* Matches the array-rotation.js animation.
* CEN207 Data Structures (formerly CE205)
*
public class ArrayRotation {
static void reverse(int[] arr, int lo, int hi) {
while (lo < hi) {
int tmp = arr[lo];

arr[lo] = arr[hi];
arr[hi] = tmp;
lo++;

hi--;

}

static void rotateLeft(int[] arr, int d) {
int n = arr.length;

if (n == 0)

return; // empty array: nothing to rotate
d=d%n;
reverse(arr, 0, d - 1); // reverse the first d elements
reverse(arr, d, n - 1); // reverse the remaining n-d elements
reverse(arr, 9, n - 1); // reverse the whole array

}

static void printArray(String label, int[] arr) {
StringBuilder sb = new StringBuilder(label + ":");
for (int v : arr) sb.append(' ').append(v);
System.out.println(sb);

}

static void runScenario(String label, int[] arr, int d) {
System.out.println("-- " + label + " --");
printArray("before", arr);
System.out.println("rotate_left(arr,
rotateLeft(arr, d);
printArray("after", arr);
System.out.println();

+ arr.length + ", " +d + ")");

}

public static void main(String[] args) {
// normal: 12 values, d=4
int[] normal = {10, 20, 30, 40, 506, 60, 70, 80, 90, 160, 110, 120};
runScenario("normal: 12 values, d=4", normal, 4);

// hard: 15 values (negative/duplicate), d=7 (near half)
int[] hard = {3, -8, 15, 3, 22, -1, 4@, 9, -17, 26, 5, -30, 11, 3, 18};
runScenario("hard: 15 values (negative/duplicate), d=7 (near half)", hard, 7);

// edge: d=0: nothing should change
int[] dZero = {4, 9, 15, 23, 2, 31, 8, 19, 6, 27};
runScenario("edge: d=0: nothing should change", dZero, 0);

// edge: d=n: d%n=0, still no change
int[] dEgN = {5, 12, 18, 24, 3, 30, 9, 21, 15, 6};
runScenario("edge: d=n: d%n=0, still no change", dEgN, 10);

// edge: d>n: reduced by d%n (d=23, n=10 -> 3)
int[] dGtN = {7, 14, 21, 2, 28, 9, 35, 16, 4, 22};
runScenario("edge: d>n: reduced by d%n (d=23, n=10 -> 3)", dGtN, 23);
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Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x array_rotation.c && /tmp/x

Beklenen cikti:

-- normal: 12 values, d=4 --

before: 10 20 30 40 50 60 70 80 90 100 110 120
rotate_left(arr, 12, 4)

after: 50 60 70 80 90 160 110 120 10 20 30 40

-- hard: 15 values (negative/duplicate), d=7 (near half) --
before: 3 -8 15 3 22 -1 40 9 -17 26 5 -30 11 3 18

rotate_left(arr, 15, 7)
after: 9 -17 26 5 -30 11 3 18 3 -8 15 3 22 -1 40

-- edge: d=0: nothing should change --
before: 4 9 15 23 2 31 8 19 6 27
rotate_left(arr, 10, 0)

after: 4 9 15 23 2 31 8 19 6 27

-- edge: d=n: d%n=0, still no change --
before: 5 12 18 24 3 30 9 21 15 6
rotate_left(arr, 10, 10)

after: 5 12 18 24 3 30 9 21 15 6

-- edge: d>n: reduced by d%n (d=23, n=18 -> 3) --
before: 7 14 21 2 28 9 35 16 4 22
rotate_left(arr, 10, 23)

after: 2 28 9 35 16 4 22 7 14 21

javac -d /tmp/j ArrayRotation.java && java -cp /tmp/j ArrayRotation

Beklenen c¢ikti: yukaridaki C calistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. Ug ters gevirmenin her biri O(uzunluk) maliyetlidir, ve ti¢ uzunluk (d, n-d, n)toplamda 2n eder, yani
rotate_left O(n)zaman ve O(1) ek alan kullanir — yardimci diziye hig gerek yoktur.

4.2 Yeniden diizenleme: iki isaretgili bolimleme

Baslangig¢ sorusu. Bir konveyor bant, "ret" ve "kabul" kutularina egyalari, retleri bir tarafa kaydirarak ayirir, ret olanlarin o
taraf icinde belirli bir sirada olmasina gerek duymadan — yalniz ayriimis (segregated) olsunlar yeter. Bu, siralamaktan
(sorting) daha kiiglk bir istektir, ve tek bir O(n) gegiste, birbirine dogru yiiriyen iki isaretgiyle yapilabilir — tam olarak
quicksort iginde kullanilan bolimleme (partition) adimi: left zaten dogru tarafta olan degerleri atlar, right diger
yonden zaten dogru tarafta olan degerleri atlar, ve ikisi de durdugunda, aradaki iki deger yerinde degildir ve takas edilir.
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- B

1. Iki isaretci birbirine dogru yiirr: left negatif
degerleri atlar, right negatif olmayanlan atlar. ikisi
durunca, aradaki iki deger takas edilir.

right

Sonononnono oo

negatif negatif degil

3. takas edildi: arr[0] = -4, arr[11] = 12.

right
1¥

negatif negatif degil

5. takas edildi: arr[4] = -8, arr[6] = 9.

Hafta 2 — Ders Notu

right

SSnononnnooool

2. arr[left] (12) negatif degil ve arr[right] (-4) negatif:
ikisi takas edilecek.

right

- EOEMOEOEEE0E -

4. takas edildi: arr[2] = -20, arr[9] = 5.

ganhnnnnononnn
6. Bitti: 3 takas ile negatifler sola, negatif olmayanlar
saga toplandi: -4, -7,-20, -3,-8, -1, 9, 6, 15,5, 3, 12.
Tek geciste O(n).

Segcicide ayrica sunu da deneyin: sifirlar ve yinelenenler igceren 15 deger (0 negatif SAYILMAZ) (zor) ve ug¢ durumlar hepsi
negatif: hi¢ takas gerekmez, hepsi negatif olmayan (0 dahil): hi¢ takas gerekmez, ve zaten ayrilmis: isaretciler takas

etmeden gaprazlanir — ya da dort zorluk seviyesinde rastgele veri igin

void segregate(int arr[], int n) {
int left = @, right = n - 1;
while (left < right) {
while (left < right && arr[left] < 0)
left++;
while (left < right && arr[right] >= 0)
right--;
if (left < right) {
int tmp = arr[left];
arr[left] = arr[right];
arr[right] = tmp;
left++;
right--;
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static void segregate(int[] arr) {
int left = @, right = arr.length - 1;
while (left < right) {
while (left < right && arr[left] < 0)

left++; // already negative: leave it
while (left < right && arr[right] >= 9)
right--; // already non-negative: leave it

if (left < right) {
int tmp = arr[left];
arr[left] = arr[right];
arr[right] = tmp;
left++;
right--;

Tam sinif (code/week-02/java/ArrayRearrange.java ), C programinin bes senaryosunu birebir yansitir.
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E Tam program: array_rearrange.c / ArrayRearrange.java v
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/* Week 2 -- Linked Lists, Arrays and Matrices

Rearrange an array in place: every negative value ends up left of every
non-negative value, using two pointers walking toward each other (the
same shape as a quicksort partition). Matches the array-rearrange.js
animation.

CEN207 Data Structures (formerly CE205)

* % Sk F F

55/
#include <stdio.h>

void segregate(int arr[], int n) {
int left = @, right = n - 1;
while (left < right) {
while (left < right && arr[left] < 0)

left++; /* already negative: leave it */
while (left < right && arr[right] >= 0)
right--; /* already non-negative: leave it */

if (left < right) {
int tmp = arr[left];
arr[left] = arr[right];
arr[right] = tmp;
left++;
right--;

}

static void print_array(const char *label, const int arr[], int n) {
printf("%s:", label);
for (int i = 0; i < n; i++) printf(" %d", arr[i]);
printf("\n");

}

static void run_scenario(const char *label, int arr[], int n) {
printf("-- %s --\n", label);
print_array("before", arr, n);
segregate(arr, n);
print_array("after
printf("\n");

, arr, n);

}

int main(void) {
/* normal: 12 values, mixed sign */
int normal[] = {12, -7, 5, -3, 9, -1, -8, 6, 15, -20, 3, -4};
run_scenario("normal: 12 values, mixed sign", normal, 12);

/* hard: 15 values with zeros and duplicates (© does NOT count as negative) */

int hard[] = {6, -5, 3, -5, @, 8, -12, @, 4, -3, 7, -7, @, 9, -2};

run_scenario("hard: 15 values with zeros and duplicates (@ does NOT count as negative)",
hard, 15);

/* edge: all negative: no swap is ever needed */
int all_negative[] = {-3, -8, -1, -15, -22, -4, -9, -17, -2, -6};
run_scenario("edge: all negative: no swap is ever needed", all_negative, 10);

/* edge: all non-negative (@ included): no swap is ever needed */

int all_nonnegative[] = {4, 0, 9, 15, 2, 8, @, 11, 6, 3};

run_scenario("edge: all non-negative (@ included): no swap is ever needed", all_nonnegative,
10);

/* edge: already segregated: the pointers cross without any swap */
int already[] = {-5, -3, -8, -1, -9, 2, 4, 6, 8, 10, 12, 14};
run_scenario("edge: already segregated: the pointers cross without any swap", already, 12);
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return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices

Rearrange an array in place: every negative value ends up left of every
non-negative value, using two pointers walking toward each other (the
same shape as a quicksort partition). Matches the array-rearrange.js
animation.

CEN207 Data Structures (formerly CE205)

* % Sk F F

Y
public class ArrayRearrange {
static void segregate(int[] arr) {
int left = 0, right = arr.length - 1;
while (left < right) {
while (left < right && arr[left] < 0)

left++; // already negative: leave it
while (left < right && arr[right] >= 0)
right--; // already non-negative: leave it

if (left < right) {
int tmp = arr[left];
arr[left] = arr[right];
arr[right] = tmp;
left++;
right--;

}

static void printArray(String label, int[] arr) {
StringBuilder sb = new StringBuilder(label + ":");
for (int v : arr) sb.append(' ').append(v);
System.out.println(sb);

}

static void runScenario(String label, int[] arr) {
System.out.println("-- " + label + " --");
printArray("before", arr);
segregate(arr);

printArray("after ", arr);
System.out.println();
}

public static void main(String[] args) {
// normal: 12 values, mixed sign
int[] normal = {12, -7, 5, -3, 9, -1, -8, 6, 15, -20, 3, -4};
runScenario("normal: 12 values, mixed sign", normal);

// hard: 15 values with zeros and duplicates (@ does NOT count as negative)
int[] hard = {0, -5, 3, -5, @, 8, -12, 8, 4, -3, 7, -7, 0, 9, -2};
runScenario("hard: 15 values with zeros and duplicates (@ does NOT count as negative)",

hard) ;
// edge: all negative: no swap is ever needed
int[] allNegative = {-3, -8, -1, -15, -22, -4, -9, -17, -2, -6};
runScenario("edge: all negative: no swap is ever needed", allNegative);
// edge: all non-negative (@ included): no swap is ever needed
int[] allNonnegative = {4, @, 9, 15, 2, 8, @, 11, 6, 3};
runScenario("edge: all non-negative (@ included): no swap is ever needed",
allNonnegative) ;
// edge: already segregated: the pointers cross without any swap
int[] already = {-5, -3, -8, -1, -9, 2, 4, 6, 8, 108, 12, 14};
runScenario("edge: already segregated: the pointers cross without any swap", already);
}
}
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Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x array_rearrange.c && /tmp/x

Beklenen ¢iktr:

-- normal: 12 values, mixed sign --
before: 12 -7 5 -3 9 -1 -8 6 15 -20 3 -4
after : -4 -7 -20 -3 -8 -1 96 155 3 12

-- hard: 15 values with zeros and duplicates (© does NOT count as negative) --
before: 8 -53 -50 8 -12 84 -3 7 -70 9 -2
after : -2 -5 -7 -5-3-12806407306909

-- edge: all negative: no swap is ever needed --
before: -3 -8 -1 -15 -22 -4 -9 -17 -2 -6
after : -3 -8 -1 -15 -22 -4 -9 -17 -2 -6

-- edge: all non-negative (@ included): no swap is ever needed --
before: 46 9 152 80 11 6 3
after : 40915280 11 6 3

-- edge: already segregated: the pointers cross without any swap --
before: -5 -3 -8 -1 -9 2 46 8 10 12 14
after : -5 -3 -8 -1 -92 46 810 12 14

javac -d /tmp/j ArrayRearrange.java && java -cp /tmp/j ArrayRearrange

Beklenen ¢ikti: yukaridaki C ¢alistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. left ve right yalniz birbirine dodru hareket eder ve asla geri gitmez, dolayisiyla ikisi birlikte toplamda en
¢ok n adim atar: O(n) zaman, O(1) ek alan.

Sik yapilan hatalar

e Bunu kararh (stable) bir bolimlemeyle karistirmak: segregate, her tarafin igindeki elemanlarin goreli sirasini
korumaz (yukaridaki "'normal” senaryoda 12 ile 3 'ln birbirine gore yer degistirdigine dikkat edin). Siranin
korunmasi gerekiyorsa, farkl bir (O(n) ek alan kullanan) teknik gerekir.

o I¢c while ddngiilerininiginde left < right korumasini kagirmak: onsuz, hepsi negatif ya da hepsi negatif
olmayan bir dizi, i¢ dongulerden birinin left'iya da right I digerinin tam &tesine yiriitmesine neden olur,
sinirlarin digini okur.

5. Seyrek matrisler

5.1 Baslangi¢ sorusu

Bir sosyal agin bir milyon kullanici igin "kim kimi takip ediyor" matrisi 1.000.000 x 1.000.000 hicreye ihtiya¢ duyardi —
bir trilyon hiicre — ama bu hiicrelerin ezici gogunlugu 0'dir (cogu insan ¢ogu diger insani takip etmez). Bir trilyon hiicrenin,
neredeyse tamami sifir olsa da, saklanmasi esasen tiim o bellegi israf eder. Girdilerinin biyiik gcogunlugu sifir olan bir
matrise seyrek (sparse) denir, ve yalniz gergekten var olan girdiler icin bedel 6deyen bir gosterimi hak eder.
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5.2 Uclii gosterim

En basit seyrek gosterim, yalniz sifir olmayan hiicreleri, her birini bir (satir, situn, deger) Ugliisii (triplet) olarak, satir
oncelikli sirayla listeler. Diyelim %95'i sifir olan bir matris, yogun izgaranin kabaca %5'i biiyiikliigiinde bir tabloya kigulir —
ve tasarruf, matris biiylidiikge ya da daha da seyreklestikge yalniz artar.
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o] = [Z]

]

2] = E]

a1 -

M[4]

s
a

rows=5, cols=6, count=0

row col value

1. Yogun bir matriste her hticre (sifir olsa bile) yer
kaplar. to_triplets, sifir OLMAYAN hicreleri satir satir
tarayip (row, col, value) lgliileri olarak listeler.

M[e] = e

M[1]

- - (]

M[4]

]

s
g

rows=5, cols=6, count=0

rowW col value
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a 1 2 3 4 5
- (- 0]
)
a1 = E]
a1 -
- ()

rows=5, cols=6, count=0

row col value

2. M[0][0] = O: atlanir, tabloya girmez. Kalan sifirlar
sessizce atlanacak.

e 1 2 3 4 5
miej = e e 3

a1 = E]
- (]

1 =
o= (o]

rows=5, cols=6, count=1

row col value

e )= )=
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3. M[0][2] = 3: sifir degil -- triplet tablosuna eklenir. 4. out[0] = (0, 2, 3), k++ -> 1.

o «

QOG0
e -

n n
.Y SR
@ L]
— e
Y o
[} @
e

M[1] = [

M[2] = e E] e e e e M[2] = 2 E] e e e 2
M[2] = 2 e e e e M[2] = 8 e e e e
W O e O
rows=5, cols=6, count=1 rows=5, cols=6, count=2
row col value row col value
Lo Jlz ) ) Le )z )2 ]
L e e ]
5. M[1][4] = 4: sifir degil -- triplet tablosuna eklenir. 6. out[1] = (1, 4, 4), k++ -> 2.

] 1 2 3 4 5 @ 1 2 3 4 5
wore (o (o JCs JLe e JLe) | me- (e J e )0 e
s (o o JLe L J0e 0] mms (0 e )0 e
e - e
S S
mM[3] = 2 2 2 2 e 7 M[3] = 2 e 2 2 e 7
| |
WD O e O
rows=5, cols=6, count=2 rows=5, cols=6, count=3
row col value row col value

Le = =) Le )= o]
= ) L )L ). ]
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7. M[2][1] = 5: sifir degil -- triplet tablosuna eklenir. 8. out[2] =(2, 1, 5), k++ -> 3.
2 1 2 3 a 5 @ 1 2 3 a 5
- N ~ ~ N ~ p \ \ ~ ~ N
mM[e] = e e 3 e e e M[e] = ] e 3 e e e
\ s\ 7 N AN L 7 N " \ s\ s A J N\ s\ 7 N "
~ ~ aYd N ~ ™ ™) ' N oY d ava ™ ™ )
M[1] = e e e e 4 e M[1] = ] ] e e 4 e
\ N AN AN \ AN . \ N L% 7 \ AN .
M[2] = e 5 e e e e M[2] = ] 5 e e e e
\ AN AN \ FAN . \ 7\ \ AN .
p - \ 7 - - - N\ ; \ - 4 \ \ 7 \
M[2] = e e e e e 7 M[3] = ] e e e e 7
L. o N AN o N AW A N o’ L. AW AN o N AW AN »
— Y — "
M[a] = 6 e e 8 e e M[a] = 6 e e 8 e e
— — — —
rows=5, cols=6, count=3 rows=5, cols=6, count=4
row col value row col value

(e =) -] (e )= (=)

5
N N TR
9. M[3][5] = 7: sifir degil -- triplet tablosuna eklenir. 10. out[3] = (3,5, 7), k++ -> 4.
2 1 2 3 4 5 @ 1 2 3 4 5
s Ya N aYd N ™ ) s 2 Ya a v d Y d N ™ )
mM[e] = e e 3 e e e mM[e] = ] e 3 e e e
. s\ 7 N F AN L 7 N\ ’ . s\ s 7 N\ s\ 7 N ’
- - - N - ~ < - - - - - ~ N
M[1] = e e e e 4 e M[1] = ] e e e 4 e
LY " AN AN “ AN 7 LY " L% “ AN 7
' [ Y N\ y g \ y
M[2] = e 5 e e e e M[2] = ] 5 e e e e
\ AN AN \ FAN . \ 7\ \ AN .
p - \ 7 \ £ - \ \ p - p 4 - - 5
M[3] = e e e e e 7 M[3] = ) e e e e 7
L. o’ N AN o N o N 7 N o L. 7 N AN o N o N 7 N o
— — F Y
M[4] = 3 2 2 8 2 2 M[4] = 6 e 2 8 2 )
— — — —
rows=5, cols=6, count=4 rows=5, cols=6, count=5
row col value row col value

Ce = =) e = e ]
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11. M[4][0] = 6: sifir degil -- triplet tablosuna eklenir. 12. out[4] = (4, 0, 6), k++ -> 5.
a 1 2 3 4 5 a 1 2 3 4 5
s Ya N aYd N ™ ) s 2 Ya a v d Y d N ™ )
mMie] = e e 3 e e e mMie] = ] e 3 e e e
. s\ 7 N F AN s\ 7 N\ ’ . \ s 7 N\ s\ 7 N ’
~ ~ aYd N ~ ™ ™) 'S ) ava ava ™ ™ )
M[1] = e e e e 4 e M[1] = ] e e e 4 e
\ . AN AN . AN 7 \ . . PN . AN 7
' [ Y N\ y g 'y N "\ N
mM[2] = e 5 e e e e M[2] = ] 5 e e e e
\ AN \ FAN FAN . \ 7\ \ \ AN .
r Y Y d \ aVd N\ ' r 2 Va r Y a2V d \ N
M[3] = e e e e e 7 M[3] = ) e e e e 7
L > o N L . o N\ L v 7 N L . o N
p - - o N p - \ -
M[4] = 6 e e 8 e e M[4] = 6 e e 8 e e
L s N\ 7 N\ A 7 L s\ s AN 7
rows=5, cols=6, count=5 rows=5, cols=6, count=6
row col value row col value

Le = =) Le )= e ]

13. M[4][3] = 8: sifir degil -- triplet tablosuna eklenir. 14. out[5] = (4, 3, 8), k++ -> 6.
0 1 2 3 4 5
s Va N aYd N 2V ™
Mm[e] = ) ) 3 ) e e
L 7 N\ 7 N F AN 7 N\ 7 N\
'8 N ata 8 aYa ™)
M[1] = ] ] e e 4 )
L AN L AN 7
m[z2] = ] 5 e e ) )
- \ . > N .
M[3] = ) ) ) ) e 7
L. 7 N 7 L 7 N >
- . > - - - o
Mm[aj = 6 ) ) 8 e e
. 7 N\ 7 N 7 N\, . 7 N\ v
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rows=5, cols=6, count=6

rowW col value

[e][zJ[s]
Lo ) -
[_]

LLE
Bt

— ) —

| E
e )
=)

—
— AN

15. Bitti: 30 hiicreden yalniz 6 tanesi sifir degil (%80
sifira aynlirdi). Triplet tablosu 6 satir -- yogun
matristen cok daha kdictk.

Secicide ayrica sunu da deneyin: 6x6 matris (36 hiicre), 9 sifir olmayan (negatif dahil) (zor) ve u¢ durumlar 4x4 matris,
hepsi sifir: triplet tablosu bos kalir ve 4x3 matris, hepsi sifir olmayan: triplet tablosu dizi kadar biiyiir — ya da dort zorluk
seviyesinde rastgele veri igin . 'ya basin, ya da kendi matris satirlarinizi ; ile ayirarak yazin.

typedef struct {
int row, col, value;
} Triplet;

int to_triplets(int mat[ROWS][COLS], Triplet out[]) {
int k =
for (int i = @; i < ROWS; i++)
for (int j = @; j < COLS; j++)
if (mat[i][j] !'= @) {
out[k].row = 1i;
out[k].col = j;
out[k].value = mat[i][j];
k++;

}

return k;

static class Triplet {
int row, col, value;
Triplet(int row, int col, int value) { this.row = row; this.col = col; this.value = value; }

}

static Triplet[] toTriplets(int[][] mat) {

Triplet[] out = new Triplet[ROWS * COLS];
int k = 0;
for (int i = ©; i < ROWS; i++)

for (int j = @; j < COLS; j++)

if (mat[i][j] '= @)
out[k++] = new Triplet(i, j, mat[i][j]);

Triplet[] trimmed = new Triplet[k];
System.arraycopy(out, @, trimmed, 0, k);
return trimmed;

Tam sinif (code/week-02/java/SparseMatrixTriplet.java ), C programinin dért senaryosunu birebir yansitir.
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E Tam program: sparse_matrix_triplet.c / SparseMatrixTriplet.java v
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/* Week 2 -- Linked Lists, Arrays and Matrices

* A sparse matrix (mostly zeros) wastes memory if stored densely. Scan it
* row-major and record only the nonzero cells as (row, col, value)

* triplets. Matches the sparse-matrix-triplet.js animation. The animation
* bakes ROWS/COLS into the source text per preset; this program keeps

* runtime globals “rows / cols® set per scenario, so to_triplets is

*

otherwise identical to the animation's code panel.
* CEN207 Data Structures (formerly CE205)
2y

#include <stdio.h>

#define MAX_ROWS 6
#define MAX_COLS 6
#define MAX_NNZ (MAX_ROWS * MAX_COLS)

typedef struct {
int row, col, value;
} Triplet;

static int rows, cols;

int to_triplets(int mat[MAX_ROWS][MAX_COLS], Triplet out[]) {
int k = 0;
for (int i = 0; i < rows; i++)
for (int j = 0; j < cols; j++)
if (mat[i][j] !'= @) {
out[k].row = i;
out[k].col j;
out[k].value = mat[i][j];
k++;

}

return k;

}

static void run_scenario(const char *label, int r, int c, int mat[MAX_ROWS][MAX_COLS]) {
printf("-- %s --\n", label);
rows = r; cols = c;
Triplet out[MAX_NNZ];
int nnz = to_triplets(mat, out);
printf("rows=%d cols=%d cells=%d nnz=%d\n", rows, cols, rows * cols, nnz);
for (int i = @; 1 < nnz; i++)
printf(" (%d, %d, %d)\n", out[i].row, out[i].col, out[i].value);
printf("\n");

int main(void) {
/* normal: 5x6 (30 cells), only 6 nonzero */
int normal[MAX_ROWS][MAX_COLS] = {
{0, @, 3, @, 0, 0}, {0, 0, 0, 0, 4, 0}, {0, 5, 0, 0, 0, O}, {0, ©, O, 0, O, 7}, {6, O, 0O,
8, 0, 0}
b

run_scenario("normal: 5x6 (30 cells), only 6 nonzero", 5, 6, normal);

/* hard: 6x6 (36 cells), 9 nonzero (negatives included) */
int hard[MAX_ROWS][MAX_COLS] = {
{6, -3, 0, 0, 0, 5}, {0, 0, 0, 9, 0, 0}, {7, 0, 0, B, O, O},
{6, e, -12, o, 4, 0}, {0, 0, 0, 0, 0, 0}, {2, 0, 0, -6, O, 11}
b

run_scenario("hard: 6x6 (36 cells), 9 nonzero (negatives included)", 6, 6, hard);

/* edge: 4x4 (16 cells), all zero: the triplet table stays empty */

int all_zero[MAX_ROWS][MAX_COLS] = { {0} };

run_scenario("edge: 4x4 (16 cells), all zero: the triplet table stays empty", 4, 4,
all_zero);
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/* edge: 4x3 (12 cells), all nonzero: the triplet table grows as large as the array */

int fully_dense[MAX_ROWS][MAX_cOLS] = { {1, 2, 3}, {4, 5, 6}, {7, 8, 9}, {10, 11, 12} };

run_scenario("edge: 4x3 (12 cells), all nonzero: the triplet table grows as large as the
array", 4, 3, fully_dense);

return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices
* A sparse matrix (mostly zeros) wastes memory if stored densely. Scan it
* row-major and record only the nonzero cells as (row, col, value)
* triplets. Matches the sparse-matrix-triplet.js animation.
* CEN207 Data Structures (formerly CE205)
*/
public class SparseMatrixTriplet {
static class Triplet {
int row, col, value;
Triplet(int row, int col, int value) { this.row = row; this.col = col; this.value =
value; }

}

static Triplet[] toTriplets(int[][] mat) {

int rows = mat.length, cols = mat[@].length;
Triplet[] out = new Triplet[rows * cols];
int k = 9;
for (int i = 0; i < rows; i++)

for (int j = 0; j < cols; j++)

if (mat[i][j] '= @)
out[k++] = new Triplet(i, j, mat[i][j]);

Triplet[] trimmed = new Triplet[k];
System.arraycopy(out, @, trimmed, 0, k);
return trimmed;

}

static void runScenario(String label, int[][] mat) {
System.out.println("-- " + label + " --");
int rows = mat.length, cols = mat[@].length;
Triplet[] out = toTriplets(mat);
System.out.println("rows=" + rows +

+ out.length);
for (Triplet t : out)
System.out.println(" (" + t.row + ", " + t.col + ", " + t.value + ")");

System.out.println();

cols=" + cols + " cells=" + (rows * cols) + " nnz="

}

public static void main(String[] args) {
// normal: 5x6 (30 cells), only 6 nonzero
int[][] normal = {
{6, o, 3, @, 0, 0}, {0, ©, 0, ©, 4, 0}, {0, 5, 0, 0, 0, 0}, {0, 0, 0, 0, O, 7}, {6,
0, 0, 8, 0, 0}
b

runScenario("normal: 5x6 (30 cells), only 6 nonzero", normal);

// hard: 6x6 (36 cells), 9 nonzero (negatives included)
int[][] hard = {
{86, -3, @, @, @, 5}, {8, @, @, 9, @, O}, {7, @, 0, 0, 0, 0},
{6, 8, -12, @, 4, 8}, {0, 9, 0, 0, 0, 0}, {2, 0, 0, -6, 0, 11}
b

runScenario("hard: 6x6 (36 cells), 9 nonzero (negatives included)", hard);

// edge: 4x4 (16 cells), all zero: the triplet table stays empty
int[][] allZero = { {8, @, 0, 0}, {0, 8, 0, 0}, {0, O, 0, 0}, {8, O, 0, O} };
runScenario("edge: 4x4 (16 cells), all zero: the triplet table stays empty", allZero);

// edge: 4x3 (12 cells), all nonzero: the triplet table grows as large as the array
int[][] fullyDense = { {1, 2, 3}, {4, 5, 6}, {7, 8, 9}, {10, 11, 12} };
runScenario("edge: 4x3 (12 cells), all nonzero: the triplet table grows as large as the
array", fullyDense);
}
}

RTEU Bilgisayar Miihendisligi - Dr. Ogr. Uyesi Ugur CORUH - 2026-2027 Giiz Page 61/ 181



CEN207 Veri Yapilar Hafta 2 — Ders Notu

Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x sparse_matrix_triplet.c && /tmp/x

Beklenen c¢ikti:

-- normal: 5x6 (30 cells), only 6 nonzero --
rows=5 cols=6 cells=30 nnz=6

(0, 2, 3)
(1, 4, 4)
(2, 1, 5)
(3, 5, 7)
(4, 0, 6)
(4, 3, 8)

-- hard: 6x6 (36 cells), 9 nonzero (negatives included) --
rows=6 cols=6 cells=36 nnz=9

(e, 1, -3)
(6, 5, 5)
(1, 3, 9)
(2, 0, 7)
(3, 2, -12)
(3, 4, 4)
(5, 8, 2)
(5, 3, -6)
(5, 5, 11)

-- edge: 4x4 (16 cells), all zero: the triplet table stays empty --
rows=4 cols=4 cells=16 nnz=0

-- edge: 4x3 (12 cells), all nonzero: the triplet table grows as large as the array --
rows=4 cols=3 cells=12 nnz=12

(6, o, 1)
(0, 1, 2)
(e, 2, 3)
(1, o, 4)
(1, 1, 5)
(1, 2, 6)
(2, o, 7)
(2, 1, 8)
(2, 2, 9)
(3, 0, 10)
(3, 1, 11)
(3, 2, 12)

javac -d /tmp/j SparseMatrixTriplet.java && java -cp /tmp/j SparseMatrixTriplet

Beklenen ¢ikti: yukaridaki C ¢alistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. Triplet tablosunu kurmak O(rows-cols)'tur — tarama her hiicreyi, sifir olsa da olmasa da, bir kez ziyaret eder.
Tablonun kendisi O(nnz) yer kaplar, burada nnz (sifir olmayan sayisi), rows-cols 'tan ¢ok daha kiiglk olabilir.

5.3 Hizl devrik: siralama yerine sayim

Baslangi¢ sorusu. Yogun bir matrisin devrigini almak yalniz M[i][j]'yi M[j]1[i] ile de@istirmektir. Seyrek bir triplet
listesinin devrigini almak daha zordur: her lgli iginde row ve col 'u degistirmek kolaydir, ama sonug artik satir oncelikli
sirada degildir — yeniden siralanmasi gerekir, ki bu genel amagli bir siralamayla O(nnz log nnz) maliyetlidir. Daha iyisini
yapabilir miyiz?
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Yapabiliriz, O(nnz + COLS) maliyetle, sayma siralamasi (counting sort) ile ayni fikri kullanarak: énce 6zgiin matrisin her
slitununda (devrigin her satirinda) kag sifir olmayan oldugunu sayin; bu sayimlari, kosan bir toplamla (6nek toplami, prefix
sum) baslangi¢ konumlarina gevirin; sonra 6zgiin tgliiler Gizerinde bir gegis daha yapin, ve her biri igin, stitununun ¢iktida
nereden basladigina bakin, onu oraya yerlestirin, ve ayni siitundaki bir sonraki tg¢lu igin o baslangi¢ konumunu bir artirin.
Sonug, devrigin satir dncelikli sirasinda zaten hazir ¢ikar — higbir karsilastirma tabanl siralama calismaz.
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a[] (dzgin} =

Wel- ' o ' @ E] [Z]
ol )

mz] = 8
o ()
2 1 2 3 4
saywm[] =

kenum[] =

siitun ¢, b[]'de burada baslar

b[]1 (devrik) =

row col value

1. Amac: a[]'deki 5 tcliiyd, row ve col yer degistirmis
halde, devrigin satir-oncelikli sirasina gore b[]'ye
yerlestirmek -- ama YENIDEN SIRALAMADAN.

a[] (ézgin) =

2 1 2 3 4 row 1
ma] =
m] =
mz] =

M3l = [3

8 1 2 3 4
sayanl] = : :
siitun bagina sifir olmayan sayis1
8 1 2 E 4
konum[] =

.
siitun ¢, b[]'de burada baglar

b[] (devrik) =

o col value

3. count[a[1].col] = count[4]+ +: slitun 4'de simdiye
kadar 1 sifir olmayan var.

all (dzgin} =
] 1 2 ] £ row col  wvalue
[ e
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a[] (ozgin} =

sayim[] = a a

konum[] =

siitun ¢, b[]'de burada baglar

b[] (devrik) =

roW col value

2. count[a[0].col] = count[2]++: sttun 2'de simdiye
kadar 1 sifir olmayan var.

a[] (ozgin) =

oW

@
-
ra
w
-

e CCY ()
we (LU E))

nz] = 8 ) 8 8 - — :
ni3] = [B e "8 18 1 @ [::C:-

a8 1 2 3 4
e - ()]G

siitun bagina sifir olmayan sayis1

konum[] =

.
siitun ¢, b[]'de burada baglar

b[] (devrik) =

o col value

4. ik gecis bitti: count[] = [1,0, 2, 1, 1].

all (dzgin} =
] 1 2 ] £ row col  value
[ e
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me] = 8 8 3 8 a

o UG

Mz] = 8 8 8 8 8

CHEEEEEE

@

e 1 2 3 4
B
]

saywn[] =
siitun bagina sifir olmayan sayisi
e 1 2 3 4
. - s
siitun ¢, b[]'de burada baglar
b[] (devrik) =

row cal value

5. pos[0] = O: stitun 0'in tclileri b[]'nin basinda (indis
0) baglar.

a[l (zgin) =

- [ OB
wre o b =)o) e

Mz] = 8 8 8 8 8

n{z]:@ 8 8 8 8

] 1 H 3 4
et - ()]
L. -
stitun bagina sifir olmayan sayisi
] 1 2 3 4
- ()
siitun ¢, b[]'de burada baslar
b[] (devrik} =

row col value

7. pos[2] = pos[1] + count[1] =1 + 0 = 1.

a[] (TEB'EH) =
[} 1 2 3 kS value

woeie i ) () COC0)
mil= | @ ] [I]
CJ&) RN

90s
g
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Hafta 2 — Ders Notu

a[] (gzgin) =

n[e] = a a 3 a 4
anoon
n[z] = a a a a ]
n3] = @ a a a8 a8
e 1 2 3 4
e nooon
- "
siitun bagina sifir olmayan sayisi
e 1 2 3 4
e ()
. . y
siitun ¢, b[]'de burada basglar
b[] (devrik) =
oW col value
6. pos[1] = pos[0] + count[0] =0 + 1 = 1.
e 1 2 3 E
w ) )
o O
n[z] = a a a a ]
m[3] = @ ] 8 8 a
saywn[] =
- .
siitun basina sifir olmayan sayisi
] 1 2 3
- (D)

1+2=3

a[] (bzgin} =
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L2 JLe Lz

8 1 2 ] 4
ot = () )00
stitun basina sifir olmayan sayisi
] 1 2 ] 4
et = (0 )2 )2 )]

.
siitun c, b[]'de burada baslar

b[] (devrik) =

row col value

9. pos[4] = pos[3] + count[3] =3 + 1 =4.

a[] (dzgin} =
2 1 2 3 2
Ma] = 8 8 8 E]
NS noor
Mz] = 8 8 8 8 8

saywm[] =

siitun bagina sifir olmayan sayisi
1

e 2 3 4
S oonon

.
siitun ¢, b[]'de burada baglar

b[] (devrik) =

row cal value

N R &N

11.p = pos[2]++ = 1: b[1] = (row=2, col=0, value=3)
-- satir ve siitun YER DEGISTI.

all (dzgin} =
] 1 2 3 4
me] = ] ] ] E]
B Boor
mz] = 8 ] ] ] ]

M[3] = E] a a a a
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GO

e 1 2 3 4
e - (1))

siitun basina sifir olmayan sayisi

e 1 2 3 4
- (JICIC)

.
siitun ¢, b[]'de burada baslar

b[] (devrik) =

roW col value

10. Déng bitti (c == COLS): pos[] tamam.

a[] (bzgin} =
e 1 2 3 4
w- (G )
MEdoor
niz] = a a 8 a a

saywm[] =

siitun bagina sifir olmayan sayisi
1

e 2 3 4
S ooaon

.
siitun ¢, b[]'de burada basglar

b[] (devrik) =

oW col value

N D &

LG

12.p = pos[4]++ = 4 b[4] = (row=4, col=0, value=4)
-- satir ve siitun YER DEGISTI.

all (dzgin} =
] 1 2 3 4
nie] = ] ] ] E]
B noor
nz] = 8 ] ] ] ]

n[z] = E] a 8 a a
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e 1 2 3 4
o - ()

e 1 2 3 4
konum] = E]

b[] (devrik) =

8 EED
GG

Hafta 2 — Ders Notu

e 1 2 3 4
- ()0

e 1 2 3 4
konum] = E]

b[] (devrik} =

B ERED
T En TS

13. ikinci gecis bitti: b[] dolduruldu, hicbir yeniden 14. Bitti: 5 ticlt, b[]'ye tek bir ek geciste (O(nnz +

siralama gerekmedi.

COLS)) yerlesti -- genel siralamadan (O(nnz log nnz))
cok daha hizl.

Secicide ayrica sunu da deneyin: 6x6 matris, 9 sifir olmayan (negatif dahil) (zor) ve u¢ durumlar 4x4 matris, hepsi sifir:
devrik de bos kalir ve 4x3 matris, hepsi sifir olmayan: her hiicre devrige girer — ya da dort zorluk seviyesinde rastgele
veri igin & 'ya basin, ya da kendi matris satirlarinizi ; ile ayirarak yazin.

/* Builds the triplets of the transpose in ONE pass, already sorted in
row-major order of the transpose -- no re-sorting needed afterwards. */
void fast_transpose(Triplet a[], int nnz, Triplet b[]) {

int count[COLS] = {0};

int pos[COLS];

for (int i = 0; i < nnz; i++)
count[a[i].col]++;

/* how many nonzeros in each column */

pos[@] = ©;
for (int ¢ = 1; ¢ < COLS; c++)

pos[c] = pos[c - 1] + count[c - 1]; /* where column ¢ starts in b */
for (int i = ©; i < nnz; i++) {

int ¢ = a[i].col;

int p = pos[c]++;
b[p].row = a[i].col;
b[p].col = a[i].row;
b[p].value = a[i].value;

/* row and col swap ... */
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static Triplet[] fastTranspose(Triplet[] a) {
int[] count = new int[COLS];
int[] pos = new int[COLS];

for (Triplet e : a)

count[e.col]++; // how many nonzeros in each column
pos[@] = 0;
for (int ¢ = 1; ¢ < COLS; c++)

pos[c] = pos[c - 1] + count[c - 1]; // where column c starts in b

Triplet[] b = new Triplet[a.length];
for (Triplet e : a) {
int p = pos[e.col]++;
b[p] = new Triplet(e.col, e.row, e.value); // row and col swap

}

return b;

Tam sinif (code/week-02/java/SparseMatrixTranspose.java ), C programinin dort senaryosunu birebir yansitir.
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E Tam program: sparse_matrix_transpose.c / SparseMatrixTranspose.java v
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/* Week 2 -- Linked Lists, Arrays and Matrices

* Sparse matrix transpose, the fast way: count how many nonzeros sit in

* each column, turn that into starting positions with a prefix sum, then

* place every triplet directly at its final spot in one more pass. Matches
* the sparse-matrix-transpose.js animation.

* CEN207 Data Structures (formerly CE205)

#include <stdio.h>

#define MAX_ROWS 6
#define MAX_COLS 6
#define MAX_NNZ (MAX_ROWS * MAX_COLS)

typedef struct {
int row, col, value;
} Triplet;

static int cols;

/* Builds the triplets of the transpose in ONE pass, already sorted in
row-major order of the transpose -- no re-sorting needed afterwards. */
void fast_transpose(Triplet a[], int nnz, Triplet b[]) {
int count[MAX_COLS] = {0};
int pos[MAX_COLS];

for (int i = @; 1 < nnz; i++)
count[a[i].col]++; /* how many nonzeros in each column */

pos[@] = 0;
for (int c 1; ¢ < cols; c++)
pos[c] = pos[c - 1] + count[c - 1]; /* where column c starts in b */

for (int i 0; i < nnz; i++) {
int ¢ = a[i].col;
int p = pos[c]++;
b[p].row = a[i].col; /* row and col swap ... */
b[p]l.col = a[i].row;
b[p].value = a[i].value;

}

static int to_triplets(int rows, int c, int mat[MAX_ROWS][MAX_COLS], Triplet out[]) {
int k = 0;
for (int i = 0; i < rows; i++)
for (int j = 0; j < c; j++)
if (mat[1][j] '= @) { out[k].row = i; out[k].col = j; out[k].value = mat[i][j]; k++;

return k;

}

static void run_scenario(const char *label, int rows, int c, int mat[MAX_ROWS][MAX_COLS]) {
printf("-- %s --\n", label);
cols = c;
Triplet a[MAX_NNZ], b[MAX_NNZ];
int nnz = to_triplets(rows, c, mat, a);
printf("rows=%d cols=%d nnz=%d\n", rows, c, nnz);
printf("a[] (original):\n");
for (int i = 0; i < nnz; i++) printf(" (%d, %d, %d)\n", a[i].row, a[i].col, a[i].value);
fast_transpose(a, nnz, b);
printf("b[] (transpose):\n");
for (int 1 = @; 1 < nnz; i++) printf(" (%d, %d, %d)\n", b[i].row, b[i].col, b[i].value);
printf("\n");
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int main(void) {

/* normal: 4x5 (same example matrix), 5 nonzero */

int normal[MAX_ROWS][MAX_cOLS] = { {@, @, 3, 0, 4}, {@, o, 5, 7, @0}, {0, @, @, 0, @}, {6, O,
8, 0, 0} };

run_scenario("normal: 4x5 (same example matrix), 5 nonzero", 4, 5, normal);

/* hard: 6x6, 9 nonzero (negatives included) */
int hard[MAX_ROWS][MAX_COLS] = {
{e, -3, 0, 0, 0, 5}, {0, 0, 0, 9, 0, 0}, {7, 0, 0, B, 0, O},
{0, @, -12, 0, 4, 0}, {0, 0, 0, 0, 0, 0}, {2, 0, 0, -6, O, 11}
b

run_scenario("hard: 6x6, 9 nonzero (negatives included)", 6, 6, hard);

/* edge: 4x4, all zero: the transpose stays empty too */
int all_zero[MAX_ROWS][MAX_COLS] = { {0} };
run_scenario("edge: 4x4, all zero: the transpose stays empty too", 4, 4, all_zero);

/* edge: 4x3, all nonzero: every cell enters the transpose */
int fully_dense[MAX_ROWS][MAX_COLS] = { {1, 2, 3}, {4, 5, 6}, {7, 8, 9}, {10, 11, 12} };

run_scenario("edge: 4x3, all nonzero: every cell enters the transpose", 4, 3, fully_dense);

return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices

Sparse matrix transpose, the fast way: count how many nonzeros sit in
each column, turn that into starting positions with a prefix sum, then
place every triplet directly at its final spot in one more pass. Matches
the sparse-matrix-transpose.js animation.

CEN207 Data Structures (formerly CE205)

* % Ok F F

&l
public class SparseMatrixTranspose {
static class Triplet {
int row, col, value;

value; }

}

static Triplet[] fastTranspose(Triplet[] a, int cols) {
int[] count = new int[cols];
int[] pos = new int[cols];

for (Triplet e : a)

Triplet[] b = new Triplet[a.length];
for (Triplet e : a) {
int p = pos[e.col]++;

}

return b;

}

static Triplet[] toTriplets(int[][] mat) {

int rows = mat.length, cols = mat[@].length;
Triplet[] out = new Triplet[rows * cols];
int k = 0;
for (int i = 0; i < rows; i++)

for (int j = 0; j < cols; j++)

if (mat[i][j] '= @)
out[k++] = new Triplet(i, j, mat[i][j]);

Triplet[] trimmed = new Triplet[k];
System.arraycopy(out, @, trimmed, 0, k);
return trimmed;

}

static void runScenario(String label, int[][] mat) {
System.out.println("-- " + label + " --");
int rows = mat.length, cols = mat[@].length;
Triplet[] a = toTriplets(mat);
System.out.println("rows=" + rows +
System.out.println("a[] (original):");

for (Triplet t : a) System.out.println(" (" + t.row + ", " + t.col +
"))

Triplet[] b = fastTranspose(a, cols);

System.out.println("b[] (transpose):");

for (Triplet t : b) System.out.println(" (" + t.row + ", " + t.col +
")");

System.out.println();

}

public static void main(String[] args) {
// normal: 4x5 (same example matrix), 5 nonzero
int[][] normal = { {0, @, 3, @, 4}, {6, 6, 5, 7, 0}, {0, @, 0, 0, 0},
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Triplet(int row, int col, int value) { this.row = row; this.col = col; this.value =

count[e.col]++; // how many nonzeros in each column
pos[@] = 0;
for (int ¢ = 1; ¢ < cols; c++)

pos[c] = pos[c - 1] + count[c - 1]; // where column c starts in b

b[p] = new Triplet(e.col, e.row, e.value); // row and col swap ...

cols=" + cols + " nnz=" + a.length);

Hafta 2 — Ders Notu

+ t.value +

+ t.value +

{6, 0, 0, 0, 0} };
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runScenario("normal: 4x5 (same example matrix), 5 nonzero", normal);

// hard: 6x6, 9 nonzero (negatives included)
int[][] hard = {
{6, -3, @, 0, 0, 5}, {0, @, 0, 9, 0, O}, {7, 0, 0, B, O, O},
{6, @, -12, 0, 4, 0}, {0, 0, 0, 0, 0, 0}, {2, 0, ©, -6, O, 11}
b

runScenario("hard: 6x6, 9 nonzero (negatives included)", hard);

// edge: 4x4, all zero: the transpose stays empty too
int[][] allZero = { {6, 0, @, 8}, {8, 0, O, 8}, {0, 0, 0, 8}, {0, 0, 0, 8} };
runScenario("edge: 4x4, all zero: the transpose stays empty too", allZero);

// edge: 4x3, all nonzero: every cell enters the transpose
int[][] fullyDense = { {1, 2, 3}, {4, 5, 6}, {7, 8, 9}, {10, 11, 12} };
runScenario("edge: 4x3, all nonzero: every cell enters the transpose", fullyDense);

Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x sparse_matrix_transpose.c && /tmp/x

Beklenen ¢ikti:

RTEU Bilgisayar Miihendisligi - Dr. Ogr. Uyesi Ugur CORUH - 2026-2027 Giiz Page 73 /181



CEN207 Veri Yapilar Hafta 2 — Ders Notu

-- normal: 4x5 (same example matrix), 5 nonzero --
rows=4 cols=5 nnz=5
a[] (original):

(0, 2, 3)

(0, 4, 4)

(1, 2, 5)

(1, 3, 7)

(3, 0, 6)

b[] (transpose):

(0, 3, 6)

(2, o0, 3)

(2, 1, 5)
(3, 1, 7)
(4, 0, 4)

-- hard: 6x6, 9 nonzero (negatives included) --
rows=6 cols=6 nnz=9
al] (original):

(e, 1, -3)
(0, 5, 5)
(1, 3, 9)
(2, 0, 7)
(3, 2, -12)
(3, 4, 4)
(5, 9, 2)
(5, 3, -6)
(5, 5, 11)
b[] (transpose):
(0, 2, 7)
(0, 5, 2)
(1, @, -3)
(2, 3, -12)
(3, 1, 9)
(3, 5, -6)
(4, 3, 4)
(5, 0, 5)
(5, 5, 11)

-- edge: 4x4, all zero: the transpose stays empty too --
rows=4 cols=4 nnz=0

al] (original):

b[] (transpose):

-- edge: 4x3, all nonzero: every cell enters the transpose --
rows=4 cols=3 nnz=12
al] (original):

(8, 0, 1)
(0, 1, 2)
(0, 2, 3)
(1, 0, 4)
(1, 1, 5)
(1, 2, 6)
(2, 0, 7)
(2, 1, 8)
(2, 2, 9)
(3, 0, 10)
(3, 1, 11)
(3, 2, 12)
b[] (transpose):
(0, 0, 1)
(0, 1, 4)
(@, 2, 7)
(0, 3, 10)
(1, 0, 2)
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(1, 1, 5)
(1, 2, 8)
(1, 3, 11)
(2, 0, 3)
(2, 1, 6)
(2, 2, 9)
(2, 3, 12)

javac -d /tmp/j SparseMatrixTranspose.java && java -cp /tmp/j SparseMatrixTranspose

Beklenen ¢ikti: yukaridaki C galistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. fast_transpose, nnz Uglu Gzerinde iki dogrusal gegis, arti coLS sayim lizerinde bir dogrusal gegis yapar:
O(nnz + COLS) — bunu, satir/siitun degisiminin ardindan genel amagli bir siralamanin maliyeti olan O(nnz log nnz) ile
karsilastirin.

5.4 Toplama: iki sirali G¢li listesini birlestirme

Baslangig sorusu. iki yogun matrisi toplamak énemsizdir: her hiicre giftini toplayin. iki seyrek matrisi ti¢lii bigiminde
toplamak daha da ucuz olmalidir — her ikisinde de ¢ogu hiicre sifirdir,ve @ + @ = @ hig is gerektirmez. iki iiclii listesi de
zaten satir oncelikli siraliysa (bizimkiler dyle, ¢linkii dogrudan to_triplets 'ten ¢iktilar), toplama bir birlegtirmeye
(merge) doniislir — tam olarak birlestirmeli siralamanin (merge sort) birlestirme adimi: her listeye bir isaretgi olacak
sekilde ikisini birden yiirliyin, her zaman hangisinin gegerli (row, col) 'u 0nce geliyorsa onu kopyalayin; her iki liste de
ayni (row, col) Uzerinde uzlastiginda, iki degeri toplayin, ve toplami yalniz sifir degilse yazin (iki sifir olmayan deger
birbirini tam olarak gotirebilir).
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toplam=18

toplam (sum) =
roW col

1. Iki liste de (row, col)'a gére siralt: sirali-birlegtirme
(merge) yapabiliriz, add_sparse'ta tam bir tarama
gerekmez. i = a[], j = b[] isaretcisi.

2. Ayni hiicre (0,0) her iki listede de var:4 + 6 = 10 --
tabloya eklenir.

a[l = b[] = all = B[] =
So Bt e cee T
> ()0 ) EENER DE COG )

)
@008

topl am (sum)

COCI0)
D EN ED
R ERED

topl am (sum) =
col

e A

L))
803

3. b[j] (0,1) daha &nce gelir: dogrudan kopyalanir. 4. a[i] (0,3) daha once gelir: dogrudan kopyalanir.

al] - b[] =

EIL_@
D
COCG)
{ ;{[ e
2 | & 7

|

)
)
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toplam (sum]

5. Bitti: 6 + 6 licli tek bir birlestirmede (merge) 9
sonug Uclistne indi (3 iptal/6rtiisme). O(na + nb),
yeniden siralama yok.

Hafta 2 — Ders Notu

Segicide ayrica sunu da deneyin: 4x4 matris, 7+7 iiclii, negatif degerler, iptal yok (zor) ve u¢ durumlar ortak hiicre yok:
her iiclii oldugu gibi kopyalanir ve ii¢ hiicre birbirini tam olarak gotiiriir — ya da dort zorluk seviyesinde rastgele veri igin
'+ 'ya basin, ya da kendi aR,C,V / bRr,C,V Ugli listelerinizi yazin.

/* Both a[] and b[] must already be sorted in row-major order.
Returns the number of entries written to out[]. */

int add_sparse(Triplet a[], int na, Triplet b[], int nb, Triplet out[]) {
inti=0, j =0, k =0;
while (i < na & j < nb) {
if (a[i].row < b[j].row || (a[i].row == b[j].row && a[i].col < b[j].col)) {
out[k++] = a[i++]; /* a's entry comes first */
} else if (a[i].row > b[j].row || (a[i].row == b[j].row && a[i].col > b[j].col)) {
out[k++] = b[j++]; /* b's entry comes first */

} else {
int sum = a[i].value + b[j].value;
if (sum !'= @) {
out[k].row = a[i].row;

out[k].col = a[i].col;
out[k].value = sum;
k++;
}
it
J+t;
}
}
while (i < na) out[k++] = a[i++];
while (j < nb) out[k++] = b[j++];
return k;

/* same cell in both */
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// Both a[] and b[] must already be sorted in row-major order.

static Triplet[] addSparse(Triplet[] a, Triplet[] b) {
Triplet[] out = new Triplet[a.length + b.length];
int i =@, j =0, k =0;
while (i < a.length && j < b.length) {
if (a[i].row < b[j].row || (a[i].row == b[j].row & a[i].col < b[j].col)) {
// a's entry comes first
(a[i].row == b[j].row && a[i].col > b[j].col)) {
// b's entry comes first

out[k++] = a[i++];
} else if (a[i].row > b[j].row ||
out[k++] = b[j++];
} else {
int sum = af[i].value + b[j].value;
if (sum != @)
out[k++] = new Triplet(a[i].row, a[i].col, sum);

// same cell in both

i++;
J+t;
}
}
while (i < a.length) out[k++] = a[i++];
while (j < b.length) out[k++] = b[j++];

Triplet[] trimmed = new Triplet[k];
System.arraycopy(out, @, trimmed, 0, k);
return trimmed;

Tam sinif (code/week-02/java/SparseMatrixAddition.java ), C programinin dort senaryosunu birebir yansitir.
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E Tam program: sparse_matrix_addition.c / SparseMatrixAddition.java v
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/* Week 2 -- Linked Lists, Arrays and Matrices

* Add two sparse matrices directly in triplet form: merge a[] and b[]
* (both already sorted row-major) like the merge step of merge sort.
* Matches the sparse-matrix-addition.js animation.
* CEN207 Data Structures (formerly CE205)
2/

#include <stdio.h>

typedef struct {
int row, col, value;
} Triplet;

/* Both a[] and b[] must already be sorted in row-major order.
Returns the number of entries written to out[]. */
int add_sparse(Triplet a[], int na, Triplet b[], int nb, Triplet out[]) {
inti=0, j=0, k=0;
while (i < na & j < nb) {

if (a[i].row < b[j]l.row || (a[i].row == b[j].row && a[i].col < b[j].col)) {
out[k++] = a[i++]; /* a's entry comes first */

} else if (a[i].row > b[j].row || (a[i].row == b[j].row & a[i].col > b[j].col)) {
out[k++] = b[j++]1; /* b's entry comes first */

} else {
int sum = a[i].value + b[j].value; /* same cell in both */

if (sum != @) {
out[k].row = a[i].row;
out[k].col = a[i].col;
out[k].value = sum;

k++;

I3

i++;

j+;

}

}
while (i < na) out[k++] = a[i++];
while (j < nb) out[k++] = b[j++];

return k;

}

static void print_triplets(const char *label, Triplet t[], int n) {
printf("%s:\n", label);
for (int 1 = @; 1 < n; i++) printf(" (%d, %d, %d)\n", t[i].row, t[i].col, t[i].value);

}

static void run_scenario(const char *label, Triplet a[], int na, Triplet b[], int nb) {
printf("-- %s --\n", label);
print_triplets("a[]", a, na);
print_triplets("b[]", b, nb)
Triplet out[64];
int k = add_sparse(a, na, b, nb, out);
print_triplets("sum", out, k);
printf("\n");

’

int main(void) {
/* normal: 3x4, 6+6 triplets, some cells shared */
Triplet al1[] = { {0, 0, 4}, {e, 3, 2}, {1, 1, 5}, {2, 0, 3}, {2, 2, 7}, {2, 3, 1} };
Triplet b1[] { {e, 0, 6}, {0, 1, 3}, {1, 1, -2}, {1, 3, 8}, {2, 1, 4}, {2, 3, 9} };
run_scenario("normal: 3x4, 6+6 triplets, some cells shared", al, 6, b1, 6);

/* hard: 4x4, 7+7 triplets, negative values, no cancellation */

Triplet a2[] = { {8, 1, -8}, {0, 2, 5}, {1, @, 12}, {1, 3, -4}, {2, 2, 9}, {3, @, -15},
3, 6} };

Triplet b2[] = { {0, 1, 3}, {0, 3, 7}, {1, 0, -10}, {2, 1, 10}, {2, 2, -5}, {3, 0, 10},
2, 2} };
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run_scenario("hard: 4x4, 7+7 triplets, negative values, no cancellation", a2, 7, b2, 7);

/* edge: 3x4, no shared cells: every triplet is simply copied through */

Triplet a3[] { {0, @, 3}, {0, 2, 5}, {1, 1, 7}, {2, 0, 9}, {2, 3, 2} };

Triplet b3[] { {e, 1, 4}, {0, 3, 6}, {1, o0, 8}, {1, 2, -3}, {2, 1, 18}, {2, 2, -7} };
run_scenario("edge: 3x4, no shared cells: every triplet is simply copied through", a3, 5, b3,

6);
/* edge: 3x3 (the program's own example, extended): three cells cancel out */
Triplet a4[] = { {0, @, 5}, {o, 2, 3}, {1, 1, 4}, {1, 2, -6}, {2, 6, 2}, {2, 1, 9} };
Triplet b4[] = { {@, @, -5}, {e, 1, 7}, {1, 1, 6}, {1, 2, 6}, {2, @, -2}, {2, 2, 9} };
run_scenario("edge: 3x3 (the program's own example, extended): three cells cancel out", a4,
6, b4, 6);
return 0;
}
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/* Week 2 -- Linked Lists, Arrays and Matrices
* Add two sparse matrices directly in triplet form: merge a[] and b[]
* (both already sorted row-major) like the merge step of merge sort.
* Matches the sparse-matrix-addition.js animation.
* CEN207 Data Structures (formerly CE205)
2/
public class SparseMatrixAddition {
static class Triplet {
int row, col, value;
Triplet(int row, int col, int value) { this.row = row; this.col = col; this.value =
value; }

}

// Both a[] and b[] must already be sorted in row-major order.
static Triplet[] addSparse(Triplet[] a, Triplet[] b) {
Triplet[] out = new Triplet[a.length + b.length];
inti=0,j=0, k=0;
while (i < a.length & j < b.length) {

if (a[i].row < b[j]l.row || (a[i].row == b[j].row && a[i].col < b[j].col)) {
out[k++] = a[i++]; // a's entry comes first
} else if (a[i].row > b[j].row || (a[i].row == b[j].row && a[i].col > b[j].col)) {
out[k++] = b[j++]; // b's entry comes first
} else {
int sum = a[i].value + b[j].value; // same cell in both
if (sum !'= @)
out[k++] = new Triplet(a[i].row, a[i].col, sum);
i++;
j+t;
}

}

while (i < a.length) out[k++] = a[i++];
while (j < b.length) out[k++] = b[j++];
Triplet[] trimmed = new Triplet[k];
System.arraycopy(out, 0, trimmed, 0, k);
return trimmed;

}

static void printTriplets(String label, Triplet[] t) {
System.out.println(label + ":");
for (Triplet e : t) System.out.println(" (" + e.row + ", " + e.col + ", " + e.value +
D))
}

static void runScenario(String label, Triplet[] a, Triplet[] b) {
System.out.println("-- " + label + " --");
printTriplets("a[]", a);
printTriplets("b[]", b);
Triplet[] sum = addSparse(a, b);
printTriplets("sum", sum);
System.out.println();

}

public static void main(String[] args) {
// normal: 3x4, 6+6 triplets, some cells shared
Triplet[] a1 = { new Triplet(®, 0, 4), new Triplet(®©, 3, 2), new Triplet(1, 1, 5), new
Triplet(2, 0, 3), new Triplet(2, 2, 7), new Triplet(2, 3, 1) };
Triplet[] b1 = { new Triplet(®, @, 6), new Triplet(®, 1, 3), new Triplet(1, 1, -2), new
Triplet(1, 3, 8), new Triplet(2, 1, 4), new Triplet(2, 3, 9) };
runScenario("normal: 3x4, 6+6 triplets, some cells shared"”, al, b1);

// hard: 4x4, 7+7 triplets, negative values, no cancellation

Triplet[] a2 = { new Triplet(®, 1, -8), new Triplet(®, 2, 5), new Triplet(1, 9, 12), new
Triplet(1, 3, -4), new Triplet(2, 2, 9), new Triplet(3, @, -15), new Triplet(3, 3, 6) };

Triplet[] b2 = { new Triplet(®, 1, 3), new Triplet(®, 3, 7), new Triplet(1, @, -10), new
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Triplet(2, 1, 10), new Triplet(2, 2, -5), new Triplet(3, 0, 10), new Triplet(3, 2, 2) };
runScenario("hard: 4x4, 7+7 triplets, negative values, no cancellation”, a2, b2);

// edge: 3x4, no shared cells: every triplet is simply copied through

Triplet[] a3 = { new Triplet(®, @, 3), new Triplet(®, 2, 5), new Triplet(1, 1, 7), new
Triplet(2, 0, 9), new Triplet(2, 3, 2) };

Triplet[] b3 = { new Triplet(®, 1, 4), new Triplet(®, 3, 6), new Triplet(1, 9, 8), new
Triplet(1, 2, -3), new Triplet(2, 1, 10), new Triplet(2, 2, -7) };

runScenario("edge: 3x4, no shared cells: every triplet is simply copied through", a3,
b3);

// edge: 3x3 (the program's own example, extended): three cells cancel out

Triplet[] a4 = { new Triplet(®, @, 5), new Triplet(®©, 2, 3), new Triplet(1, 1, 4), new
Triplet(1, 2, -6), new Triplet(2, 0, 2), new Triplet(2, 1, 9) };

Triplet[] b4 = { new Triplet(®, @, -5), new Triplet(®, 1, 7), new Triplet(1, 1, 6), new
Triplet(1, 2, 6), new Triplet(2, 0, -2), new Triplet(2, 2, 9) };

runScenario("edge: 3x3 (the program's own example, extended): three cells cancel out",

a4, b4);
}
}
Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x sparse_matrix_addition.c && /tmp/x

Beklenen ¢ikti:
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-- normal: 3x4, 6+6 triplets, some cells shared --

all:

(0, 0, 4)
(0, 3, 2)
(1, 1, 5)
(2, o0, 3)
(2, 2, 7)
(2, 3, 1)
b[]:
(0, 0, 6)
(e, 1, 3)
(1, 1, -2)
(1, 3, 8)
(2, 1, 4)
(2, 3, 9)
sum:
(0, 0, 10)
(e, 1, 3)
(0, 3, 2)
(1, 1, 3)
(1, 3, 8)
(2, 0, 3)
(2, 1, 4)
(2, 2, 7)
(2, 3, 10)

-- edge: 3x3 (the program's own example, extended): three cells cancel out --

0, 5)
(0, 2, 3)
(1, 1, 4)
(1, 2, -6)
(2, 0, 2)
(2, 1, 9)
b[]:
(0, @8, -5)
(@, 1, 7)
(1, 1, 6)
(1, 2, 6)
(2, 0, -2)
(2, 2, 9)
sum:
(e, 1, 7)
(0, 2, 3)
(1, 1, 10)
(2, 1, 9)
(2, 2, 9)

javac -d /tmp/j SparseMatrixAddition.java && java -cp /tmp/j SparseMatrixAddition

Beklenen ¢ikti: yukaridaki C ¢alistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. add_sparse, her listeyi yalniz ileri hareket eden iki isaretgiyle bir kez yiirir, dolayisiyla O(na + nb) maliyetlidir
— hig karsilastirma bosa harcanmaz, ve hi¢bir zaman sifir-garpi-sifir isi yapiimaz.
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Sik yapilan hatalar

e "Toplam sifir" durumunu unutmak: (0,0,5) arti (e,90,-5), giktidan tamamen kaybolmalidir, (0,0,0) olarak
gorinmemelidir — saklanan bir sifir, seyrek gosterimin tim amacini bosa gikarirdi.

» Hangi lgliiniin 6nce geldigine karar verirken yalniz row 'u (ya da yalniz col 'u) karsilagtirmak: dogru satir
oncelikli sira 6nce row 'u karsilastirir, ve yalniz ikisi de esitse col ile beraberligi bozar.

e add_sparse 'l sirall OLMAYAN Ugli listeleri Gizerinde ¢calistirmak: birlestirme yalniz her iki girdi de zaten satir
oncelikli siradaysa galisir — bu program onu yalniz to_triplets 'in ¢iktisi Gzerinde gagirir, ki bu her zaman yapi
geregi siralidir.

6. Bagli listeler: dogus, digum, bas, ve NULL

6.1 Baslangi¢ sorusu

1. bolim dizinin topugunu gosterdi: en sonu disinda herhangi bir yere ekleme ya da silme O(n) maliyetlidir, ¢linki diziyi
bitisik tutmak igin sonraki her eleman fiziksel olarak kaymalidir. Ya elemanlar hig bitisik olmak zorunda olmasaydi —
her biri yalnizca bir sonrakinin nerede yasadigini bilseydi? O zaman ekleme, hi¢ kaydirma olmadan bir yeni eleman
olusturmak ve birkag "bir sonrakinin nerede oldugunu bilme" bagdlantisini yeniden kurmak demek olurdu. Bu yapi bagh
liste (linked list)'tir.

6.2 Kisa bir tarihge

Bagli liste, bilgisayarlikta bulunan en eski veri yapilarindan biridir, alanin modern adindan bile daha eski. 1955-56'da
RAND Corporation'da Allen Newell, Cliff Shaw ve Herbert A. Simon tarafindan, Bilgi isleme Dilinin (Information

Processing Language, IPL) bir pargasi olarak, Logic Theorist programlarini desteklemek igin tasarlandi — bu program,
Whitehead ve Russell'in Principia Mathematica'sindan teoremler kanitlayabilen, yaygin olarak ilk ¢alisan yapay zeka
programi sayilan bir yapittir. IPL'nin, boyutu 6ngorilemez sekilde dedisen sembolik ifadeleri temsil etmesi gerekiyordu, ve
birbirine bagli hiicrelerden olusan liste — her biri bir deger ve bir sonraki hlicrenin adresini tutan — onlarin cevabiydi. Fikir o
kadar yararli ¢ikti ki, o glinden bu yana yazilmis hemen her genel amacli programlama dilinde bir bigcimde ya da digerinde
gorindr.

6.3 Sezgi: digum, bas, ve NULL

Bagl liste bir diigiim (node) zinciridir. Her diigiim bir veri pargasini, zincirdeki bir sonraki diigiime bir igaretgiyle (pointer)
birlikte demetler:

typedef struct Node {
int data;
struct Node *next;
} Node;

Liste bir biitiin olarak tek bir isaretgiyle, bas (head) ile tanimlanir; bu, ilk diigiimi gosterir (liste bogsa NULL 'dur). Son
digimdiin next alant NULL 'dur — o NULL, listenin "listenin sonu" isaretinin tamamudir; zincirin kendisine gomuili bir
uzunluk alani yoktur (yine de bir program, 6rnek programlarimizin ilerledikge zimnen yaptigi gibi, ayri bir tane tutmakta
serbesttir).
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islem Ne yapar On kosul Karmasikhk
insert_head(head, v yi yeni ilk digim olarak ekler - 0(1)

v)

insert_tail(head, v 'yi yeni son diigiim olarak ekler - son diiglim isaretgisi olmadan
v) 0(n), varsa 0(1)
insert_after(prev v yi bilinen bir prev diigiiminden hemen prev != o(1)

, V) sonra ekler NULL

delete_value(head v yi tutan ilk digumda kaldirir - 0(n) — 6nce bulunmali

, V)

search(head, v) v yi tutan ilk digimiin konumunu, ya da - 0(n)

"bulunamadi"yr donddiriir

reverse(head) Listeyi yerinde tersine gevirir - 0(n)

Bu islemlerin her biri tamamen next isaretgilerini okuyup yazmaktan kurulmustur — hi¢ kaydirma yok. Bu 6zgurligin
bedeli, bagh listenin dizinin O(1) rastgele erigimini feda etmesidir: i . diigime ulasmak igin bastan baslayarak bir seferde
bir next yirimeniz gerekir.

/. Tekil bagli liste islemleri

7.1 Ekleme: bastan, sondan, ve belirli bir digimden sonra

Bastan (head) ekleme, herhangi bir liste lizerindeki en ucuz olasi islemdir: yeni bir diigiim ayir, onu eski basi gosterecek
sekilde ayarla, ve onu yeni bas yap — (g isaretgi yazimi, O(1), liste ne kadar uzun olursa olsun. Sondan (tail) ekleme (ayri
bir son diigiim isaretgisi tutulmadiginda) énce gegerli son diigiimii bulmak igin tam bir yiriyis gerektirir, bu da onu O(n)
yapar. Zaten bir isaretgisi oldugunuz bir diigiimden sonra ekleme yine O(1)'dir, ama iki isaret¢i yaziminin sirasr kritik
derecede 6nemlidir: yeni digim, onceki diigiim yeni diigimu gostermeden once kendi ardilini gostermelidir — bu sirayi
tersine gevirmek, bir an igin bile olsa, listenin geri kalanini ona ulasabilecek her seyden koparirdi.
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K2V

1. Liste bos: head hicbir digtimi gostermiyor (NULL). 3. n->next = head: yeni diiglim eski basi gosterir.
Bu programda ayn bir tail isaretcisi YOK -- insert_tail head su an NULL, o yiizden n->next da NULL olur.
her cagnildiginda listenin sonuna kadar yirdir.

1 0L EI0 BNV
4. head = n: yeni diigiim artik basta. O(1): kag diigiim 6. insert_head(9): yeni diigiim artik basta. O(1): kag
olursa olsun tek adim. diigiim olursa olsun tek adim.

N0, B0 BN 0 K1V R 0 BN 0 0 0 BN 0 KV Gl
7. insert_head(1): yeni diigiim artik basta. O(1): kag 9. insert_tail(2): malloc ile digim ayrilir; liste bos degil
digiim olursa olsun tek adim. (head != NULL), cur = head ile baslayip sona kadar

ylrlyecegiz.

¥ ¥

0, B0 B0 BB KRV BNV R S5 BN O 0 O EN D K BNV
10. cur diglm 1'de: cur->next != NULL, bir ileri 12. cur diglm 3'de: cur->next = NULL, birileri
gidiyoruz. gidiyoruz.

CIPCIPCIPEER Y EnY S 0 5 N 3 0 3, N O K o BT
13. cur diigim 4'de: cur->next != NULL, bir ileri 15. cur->next = n: son digim artik yeni digimii
gidiyoruz. gosteriyor. Bu srimde insert_tail O(n): her cagr

listenin sonuna kadar yarr.
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16. insert_tail(10): Bu stirimde insert_tail O(n): her 18. insert_tail(6): Bu siiriimde insert_tail O(n): her cagn
cagn listenin sonuna kadar yirtr. listenin sonuna kadar ytiriir.

19. insert_tail(5): Bu strimde insert_tail O(n): her cagr 21.find prev'i buldu ve dondirdi: deger 8. Simdi
listenin sonuna kadar yrdr. insert_after(prev, 777) cagriliyor.

22.STEP 1 -- n->next = prev->next: yeni diigiim dnce 24. Bitti: 5 bastan, 5 sondan, 1 belirli bir diigiimden
eski bir sonrakini gosterir (1). Sira 6nemli: bu adim sonra ekleme. Liste (bastan sona): 8, 777,1,9, 3,7, 2,
henlz prev'e dokunmadi. 10,4, 6, 5.

Segicide ayrica sunu da deneyin: 12 deger (yinelenen/negatif), yinelenen hedefin iLK eglesmesinden sonra ekle (zor) ve
u¢ durumlar bos listeye ekleme, bastan hemen sonra ve son diigiimden hemen sonra ekle, ve insert_after igindeki iki
isaretci yazimi ters gevrilirse liste kopar (yalniz gosterim — gergek listeye hi¢ uygulanmaz) — ya da dort zorluk
seviyesinde rastgele veriigin & 'ya basin, yada kendi hN / tN / aX:N islemlerinizi yazin.
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typedef struct Node {
int data;
struct Node *next;
} Node;

Node *insert_head(Node *head, int value) {
Node *n = malloc(sizeof(Node));
n->data = value;

n->next = head; /* new node points at the old head */
return n; /* new node is the head now */

Node *insert_tail(Node *head, int value) { /* no tail pointer here: walks the list */

Node *n = malloc(sizeof(Node));
n->data = value;
n->next = NULL;
if (head == NULL)
return n;
Node *cur = head;

while (cur->next != NULL) /* walk to the last node: O(n) */

cur = cur->next;
cur->next = n;
return head;

void insert_after(Node *prev, int value) {
Node *n = malloc(sizeof(Node));
n->data = value;

n->next = prev->next; /* STEP 1: new node first */
prev->next = n; /* STEP 2: then link prev to it */
¥
Node *find(Node *head, int value) {
for (Node *cur = head; cur !'= NULL; cur = cur->next)
if (cur->data == value)

return cur;
return NULL;
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class Node {
int data;
Node next;
Node(int data) { this.data = data; }

static Node insertHead(Node head, int value) {
Node n = new Node(value);
n.next = head; // new node points at the old head
return n; // new node is the head now

}

static Node insertTail(Node head, int value) { // no tail field here: walks the list
Node n = new Node(value);
if (head == null)
return n;
Node cur = head;
while (cur.next !'= null) // walk to the last node: 0(n)
cur = cur.next;
cur.next = n;
return head;

}

static void insertAfter(Node prev, int value) {
Node n = new Node(value);

n.next = prev.next; // STEP 1: new node first
prev.next = n; // STEP 2: then link prev to it
}
static Node find(Node head, int value) {
for (Node cur = head; cur != null; cur = cur.next)
if (cur.data == value)

return cur;
return null;

Tam sinif ( code/week-02/java/SinglyInsert.java ), C programinin dort senaryosunu birebir yansitir.
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E Tam program: singly_insert.c / SinglyInsert.java v
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/* Week 2 -- Linked Lists, Arrays and Matrices
* Singly linked list: insert at head, at tail (no tail pointer -- walks the
* list), and after a given node. Matches the singly-insert.js animation.
* CEN207 Data Structures (formerly CE205)
5/
#include <stdio.h>
#include <stdlib.h>

typedef struct Node {
int data;
struct Node *next;
} Node;

Node *insert_head(Node *head, int value) {
Node *n = malloc(sizeof(Node));
n->data = value;
n->next = head; /* new node points at the old head */
return n; /* new node is the head now */

Node *insert_tail(Node *head, int value) { /* no tail pointer here: walks the list */

Node *n = malloc(sizeof(Node));

n->data = value;

n->next = NULL;

if (head == NULL)
return n;

Node *cur = head;

while (cur->next != NULL) /* walk to the last node: 0(n) */
cur = cur->next;

cur->next = n;

return head;

void insert_after(Node *prev, int value) {
Node *n = malloc(sizeof(Node));
n->data = value;

n->next = prev->next; /* STEP 1: new node first */
prev->next = n; /* STEP 2: then link prev to it */
}
Node *find(Node *head, int value) {
for (Node *cur = head; cur != NULL; cur = cur->next)
if (cur->data == value)

return cur;
return NULL;

static void print_list(Node *head) {
printf("list:");
for (Node *cur = head; cur != NULL; cur = cur->next)
printf(" %d", cur->data);
printf("\n");
}

static void free_list(Node *head) {
while (head !'= NULL) {
Node *tmp = head;
head = head->next;
free(tmp);

/* op tokens: "hV" = insert_head(V); "tV" = insert_tail(V); "aX:V" = insert_after(find(X), V) */
static Node *run_scenario(const char *label, const char *ops[], int n) {
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printf("-- %s --\n", label);
Node *head = NULL;
print_list(head);
for (int i = 0; 1 < n; i++) {
const char *op = ops[i];
if (op[@] == 'h") {
int v = atoi(op + 1);
head = insert_head(head, v);
printf("insert_head(%d)\n", v);
} else if (op[@] == "t') {
int v = atoi(op + 1);
head = insert_tail(head, v);
printf("insert_tail(%d)\n", v);
} else if (op[@] == 'a') {
int target, v;
sscanf(op + 1, "%d:%d", &target, &v);
Node *prev = find(head, target);
insert_after(prev, v);
printf("insert_after(find(%d), %d)\n", target, v);
}
print_list(head);
}
printf("\n");
return head;

}

int main(void) {

/* normal: 5 inserts at head, 5 at tail, then one after a node */

const char *normal[] = {"h7", "h3", "h9", "h1", "h8", "t2", "t10", "t4", "t6", "t5",
"a8:777"};

Node *11 = run_scenario("normal: 5 inserts at head, 5 at tail, then one after a node",
normal, 11);

/* hard: 12 values (duplicates/negatives), insert after the FIRST match of a duplicate target
W/

const Char *hard[] - {nt5n' ||t_3||' ||t5n’ "tB", |lt_3u’ "t8”, “tB“, l't_1", "t2“, |lt_3n’ "t199”,
"t-100", "a-3:777"};

Node *12 = run_scenario("hard: 12 values (duplicates/negatives), insert after the FIRST match
of a duplicate target", hard, 13);

/* edge: insert into an empty list at the head */
const char *into_empty[] = {"h42"};
Node *13 = run_scenario("edge: insert into an empty list at the head", into_empty, 1);

/* edge: insert right after the head and right after the tail (position k = @ and k = last)
27

const char *after_head_tail[] = {"t10", "t20", "t30", "t4@", "t50", "t6e", "t70", "t80",
"t90", "t100", "al10:111", "a100:222"};

Node *14 = run_scenario("edge: insert right after the head and right after the tail (position
k = @ and k = last)", after_head_tail, 12);

free_list(11);
free_list(12);
free_list(13);
free_list(14);
return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices
* Singly linked list: insert at head, at tail (no tail field -- walks the
* list), and after a given node. Matches the singly-insert.js animation.
* CEN207 Data Structures (formerly CE205)
Y
public class SinglyInsert {
static class Node {
int data;
Node next;
Node(int data) { this.data = data; }

}

static Node insertHead(Node head, int value) {
Node n = new Node(value);
n.next = head; // new node points at the old head
return n; // new node is the head now

}

static Node insertTail(Node head, int value) { // no tail field here: walks the list
Node n = new Node(value);
if (head == null)
return n;
Node cur = head;
while (cur.next !'= null) // walk to the last node: 0(n)
cur = cur.next;
cur.next = n;
return head;

}

static void insertAfter(Node prev, int value) {
Node n = new Node(value);

n.next = prev.next; // STEP 1: new node first
prev.next = n; // STEP 2: then link prev to it
}
static Node find(Node head, int value) {
for (Node cur = head; cur != null; cur = cur.next)
if (cur.data == value)

return cur;
return null;

static void printList(Node head) {
StringBuilder sb = new StringBuilder("list:");
for (Node cur = head; cur != null; cur = cur.next) sb.append(' ').append(cur.data);
System.out.println(sb);

}

// op tokens: "hV" = insertHead(V); "tV" = insertTail(V); "aX:V" = insertAfter(find(X), V)
static Node runScenario(String label, String[] ops) {
System.out.println("-- " + label + " --");
Node head = null;
printList(head);
for (String op : ops) {
char kind = op.charAt(0);
if (kind == 'h') {
int v = Integer.parseInt(op.substring(1));
head = insertHead(head, v);
System.out.println("insert_head(" + v + ")"); // trace text matches the C
program's output
} else if (kind == 't') {
int v = Integer.parseInt(op.substring(1));
head = insertTail(head, v);
System.out.println("insert_tail(" + v + ")");
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} else if (kind == 'a') {
String[] parts = op.substring(1).split(":");
int target = Integer.parselnt(parts[0]), v = Integer.parselnt(parts[1]);
Node prev = find(head, target);
insertAfter(prev, v);
System.out.println("insert_after(find(" + target + "), "+ v + ")");
}
printList(head);
}
System.out.println();
return head;

}

public static void main(String[] args) {
// normal: 5 inserts at head, 5 at tail, then one after a node
String[] normal = {"h7", "h3", "h9", "h1", "h8", "t2", "t1e", "t4", "t6", "t5",
"a8:777"};
runScenario("normal: 5 inserts at head, 5 at tail, then one after a node", normal);

// hard: 12 values (duplicates/negatives), insert after the FIRST match of a duplicate
target

String[] hard = {"t5", "t-3", "t5", "t@", "t-3", "t8", "t8", "t-1", "t2", "t-3", "t100",
"t-100", "a-3:777"};

runScenario("hard: 12 values (duplicates/negatives), insert after the FIRST match of a
duplicate target", hard);

// edge: insert into an empty list at the head
String[] intoEmpty = {"h42"};
runScenario("edge: insert into an empty list at the head", intoEmpty);

// edge: insert right after the head and right after the tail (position k = @ and k =
last)
String[] afterHeadTail = {"t16", "t2@", "t3@", "t4@", "t50", "t60", "t70", "t80", "t90",
"t100", "a108:111", "a100:222"};
runScenario("edge: insert right after the head and right after the tail (position k = @
and k = last)", afterHeadTail);
}

Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x singly_insert.c && /tmp/x

Beklenen ¢ikti:
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-- normal: 5 inserts at head, 5 at tail, then one after a node --

list:
insert_head(7)
list: 7
insert_head(3)
list: 3 7
insert_head(9)
list: 9 3 7

insert_head(1)

list: 1 93 7
insert_head(8)

list: 81937
insert_tail(2)

list: 819372
insert_tail(10)

list: 81937210
insert_tail(4)

list: 81937210 4
insert_tail(6)

list: 81937210 46
insert_tail(5)

list: 81937210465
insert_after(find(8), 777)
list: 8 777193 7 210 46 5

-- hard: 12 values (duplicates/negatives), insert after the FIRST match of a duplicate target --
list:

insert_tail(5)

list: 5

insert_tail(-3)

list: 50 -3

insert_tail(5)

list: 5 -3 5
insert_tail(0
list: 5 -3 5
insert_tail
list: 5 -3
insert_tail
list: 5 -3
insert_tail(8
list: 5 -3
insert_tail

(-3)
5
(
5
(
5
(-
list: 5 -3 5
(
5
(-
5
(1
5
(-

=g
8
-3 8

)

0

-3

0

)

0

)

0 -3 838

1)

0 -3 88 -1
insert_tail(2)

list: 5 -3 0
insert_tail(-3

list: 5 -3 0
insert_tail(100

list: 5 -3 0
insert_tail(-10

list: 5 -3 580 8 -1 2 -3 100 -100
insert_after(find(-3), 777)

list: 5 -3 777 506 -3 8 8 -1 2 -3 100 -100

-3 88 -12

)
=g & & =1 2 =8
)

8 8 -12 -3 100

-3
0)
-3 8
d

-- edge: insert into an empty list at the head --

list:
insert_head(42)
list: 42

-- edge: insert right after the head and right after the tail (position k = @ and k = last) --
list:

insert_tail(10)

list: 10

insert_tail(20)
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list: 10 20

insert_tail(30)

list: 10 20 30

insert_tail(40)

list: 10 20 30 40

insert_tail(50)

list: 10 20 30 40 50

insert_tail(60)

list: 10 20 30 40 50 60
insert_tail(70)

list: 10 20 30 40 50 60 70
insert_tail(80)

list: 10 20 30 40 50 60 70 80
insert_tail(90)

list: 10 20 30 40 50 60 70 80 90
insert_tail(1e00)

list: 10 20 30 40 50 60 70 80 90 100
insert_after(find(10), 111)

list: 10 111 20 30 40 50 60 70 80 90 100
insert_after(find(100), 222)

list: 10 111 20 30 40 50 60 70 80 90 100 222

javac -d /tmp/j SinglyInsert.java && java -cp /tmp/j SinglyInsert

Beklenen c¢ikti: yukaridaki C calistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. insert_head ve insert_after O(1)'dir — liste uzunlugundan bagimsiz bir avug isaretgi yazimi.
insert_tail, ayri bir son diigiim isaretgisi olmayan bu siriimde, O(n)'dir ¢linkii her ¢agri sona kadar ydirdr; bir tail
isaretcisi tutmak (8. bolimdeki cift yonli bagh listenin yaptigi gibi) onu da O(1)'e indirir.

7.2 Degere gore silme

Bir diigiimi silmek igin, 6nce onu bulmaliyiz — ve, 6nemlisi, ondan énceki digimui de bulmaliyiz, ¢linkd bir digimi
kaldirmak, 6nciliniin onu atlamasini ( prev->next = cur->next ) ve ardindan onu serbest birakmayi gerektirir. Bas, hig
oncili olmayan 6zel bir durumdur: onu silmek yalniz bas isaretgisini bir digim ileri tagimak demektir.
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hl:d n:a
=1/
1. Listeyi kuralim: her deger sona eklenecek. Sonra 2. 1. insert_tail(10) -- listeyi kurarken kullanilan
bazi degerleri silecegiz. yardimci fonksiyon.
h:d n:a

E10, 630,63V R E 0 1 B E 0 BNV

4. 3. insert_tail(30) -- listeyi kurarken kullanilan 5. 4. insert_tail(40) -- listeyi kurarken kullanilan
yardimci fonksiyon. yardimci fonksiyon.
- -

10, B0, E10 . E10 . EX = Lo [P (e [ [fp(se [ [ ]¥{= /)

6. 5. insert_tail(50) -- listeyi kurarken kullanilan 8. 7. insert_tail(70) -- listeyi kurarken kullanilan
yardimci fonksiyon. yardimci fonksiyon.
v

o [}otoe [o}o e [o]o{sn [ Jo{e [o}ol o [o oo [ o{ [/

9. 8. insert_tail(80) -- listeyi kurarken kullanilan 10. 9. insert_tail(90) -- listeyi kurarken kullanilan
yardimci fonksiyon. yardimci fonksiyon.

13. head = head->next; free(tmp): eski bas bellekten
tmp = head. geri verilir. O(1) -- listenin ortasina hi¢ bakmadik.
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14. prev = head; cur = head->next: silinecek digimu
ararken iki isaretci birlikte ilerler.

17. cur->data (50) |= 60: prev = cur; cur = cur->next.

(0 EN 00 N 3 o 1 3 00 00 N 0 N 9 . BV

20. free(cur): bellek geri verilir, removed = true déner.

Hafta 2 — Ders Notu

16. cur->data (40) != 60: prev = cur; cur = cur->next.

cur

head
¥ . S,
R E0 L 0 0 P 0, N0

()

18. cur->data == 60: bulundu. prev->next =
cur->next -- bypass oku: prev artik cur'u atlayip bir
ilerideki digimii gosterir.

head
v

[0 [0 [o]psn [o oo [} [ o 0 [ o0 [ ]¥{xe /]

21. Bitti: 2 silme basarili, 0 bulunamad. Liste (bastan
sona): 20, 30, 40, 50, 70, 80, 90, 100.

Segicide ayrica sunu da deneyin: yinelenen 5'e sahip 12 diigiim: once bastaki, sonra ortadaki silinir (zor) ve u¢ durumlar
tek diigiim: sil, sonra bos listeden tekrar sil ve 10 diigiim: son diigiimii sil, sonra listede olmayan bir degeri sil — ya da
dort zorluk seviyesinde rastgele veri igin ¢ 'ya basin, ya da kendi sayi dizinizi (ekle) ve dN 'lerinizi (sil) yazin.
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typedef struct Node {
int data;
struct Node *next;
} Node;

Node *delete_value(Node *head, int value, bool *removed) {
*removed = false;
if (head == NULL)
return NULL;

if (head->data == value) { /* removing the head itself */
Node *tmp = head;
head = head->next;
free(tmp);
*removed = true;
return head;

Node *prev = head;
Node *cur = head->next;
while (cur !'= NULL) {

if (cur->data == value) {
prev->next = cur->next; /* skip over cur: the bypass arrow */
free(cur);

5
*removed = true;
return head;

prev = cur;
cur = cur->next;

}

return head; /* value not found */
I3
class Node {

int data;

Node next;

Node(int data) { this.data = data; }
}

static DeleteResult deleteValue(Node head, int value) {
if (head == null)
return new DeleteResult(null, false);

if (head.data == value) // removing the head itself
return new DeleteResult(head.next, true);

Node prev = head;
Node cur = head.next;
while (cur != null) {
if (cur.data == value) {
prev.next = cur.next; // skip over cur: the bypass arrow
return new DeleteResult(head, true);
}
prev = cur;
cur = cur.next;

}

return new DeleteResult(head, false); // value not found

Tam sinif (code/week-02/java/SinglyDelete.java ), C programinin dort senaryosunu birebir yansitir.
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E Tam program: singly_delete.c / SinglyDelete. java v
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/* Week 2 -- Linked Lists, Arrays and Matrices
* Singly linked list: delete by value (head, a middle node, the tail, a
* value not present, and deleting from an empty list). Matches the
* singly-delete.js animation.
* CEN207 Data Structures (formerly CE205)
2/
#include <stdbool.h>
#include <stdio.h>
#include <stdlib.h>

typedef struct Node {
int data;
struct Node *next;
} Node;

Node *delete_value(Node *head, int value, bool *removed) {
*removed = false;
if (head == NULL)
return NULL;

if (head->data == value) { /* removing the head itself */
Node *tmp = head;
head = head->next;
free(tmp);
*removed = true;
return head;

Node *prev = head;
Node *cur = head->next;
while (cur != NULL) {

if (cur->data == value) {
prev->next = cur->next; /* skip over cur: the bypass arrow */
free(cur);

*removed = true;
return head;
prev = cur;
cur = cur->next;
}

return head; /* value not found */

static Node *insert_tail(Node *head, int value) {
Node *n = malloc(sizeof(Node));
n->data = value;
n->next = NULL;
if (head == NULL)
return n;
Node *cur = head;
while (cur->next != NULL)
cur = cur->next;
cur->next = n;
return head;

static void print_list(Node *head) {
printf("list:");
for (Node *cur = head; cur != NULL; cur = cur->next)
printf(" %d", cur->data);
printf("\n");
}

static void free_list(Node *head) {
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while (head '= NULL) {
Node *tmp = head;
head = head->next;
free(tmp);

/* tokens: a plain number inserts it at the tail while building the list; "dV" deletes value V */
static Node *run_scenario(const char *label, const char *ops[], int n) {
printf("-- %s --\n", label);
Node *head = NULL;
int removed_count = 0, not_found_count = 0;
for (int i = 0; i < n; i++) {
const char *op = ops[i];
if (op[@] == 'd") {
int v = atoi(op + 1);
bool removed;
head = delete_value(head, v, &removed);
if (removed) { removed_count++; printf("delete_value(%d): removed\n", v); }
else { not_found_count++; printf("delete_value(%d): not found\n", v); }
} else {
int v = atoi(op);
head = insert_tail(head, v);
printf("insert_tail(%d)\n", v);
}
print_list(head);
}
printf("removed=%d, not_found=%d\n\n", removed_count, not_found_count);
return head;

}

int main(void) {

/* normal: 10 nodes, delete the head, then delete a middle node */

const char *normal[] = {"10", "20", "30", "40", "50", "60", "70", "80", "98", "1@00", "d10",
"d60" };

Node *11 = run_scenario("normal: 18 nodes, delete the head, then delete a middle node",
normal, 12);

/* hard: 12 nodes with duplicate 5s: the head copy goes first, then a middle copy */

const char *hard[] = {"5", "5", "20", "30", "5", "48", "50", "5", "60", "70", "80", "5",
"d5", "d5"};

Node *12 = run_scenario("hard: 12 nodes with duplicate 5s: the head copy goes first, then a
middle copy", hard, 14);

/* edge: a single node: delete it, then delete again from the now-empty list */

const char *single_then_empty[] = {"99", "d99", "d99"};

Node *13 = run_scenario("edge: a single node: delete it, then delete again from the now-empty
list", single_then_empty, 3);

/* edge: 10 nodes: delete the tail, then delete a value that is not present */

const char *tail_and_missing[] = {"10", "20", "30", "40", "50", "60", "70", "80", "90",
"100", "d1@e", "d12345"};

Node *14 = run_scenario("edge: 10 nodes: delete the tail, then delete a value that is not
present”, tail_and_missing, 12);

free_list(11);
free_list(12);
free_list(13);
free_list(14);
return 0;
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Week 2 -- Linked Lists, Arrays and Matrices
* Singly linked list: delete by value (head, a middle node, the tail, a
* value not present, and deleting from an empty list). Matches the
* singly-delete.js animation.
* CEN207 Data Structures (formerly CE205)
2/
public class SinglyDelete {
static class Node {
int data;
Node next;
Node(int data) { this.data = data; }
}

static class DeleteResult {
Node head;
boolean found;

}

static DeleteResult deleteValue(Node head, int value) {
if (head == null)
return new DeleteResult(null, false);

if (head.data value) // removing the head itself
return new DeleteResult(head.next, true);

}
return new DeleteResult(head, false); // value not found

}

static Node insertTail(Node head,
Node n = new Node(value);
if (head == null)
return n;
Node cur = head;
while (cur.next !'= null)
cur = cur.next;
cur.next = n;
return head;

int value) {

}
static void printList(Node head)
StringBuilder sb = new StringBuilder("list:");

for (Node cur = head; cur != null; cur = cur.next) sb.append('
System.out.println(sb);

// tokens: a plain number inserts it at the tail while building the list;

static Node runScenario(String label, String[] ops) {

System.out.println("-- " + label + " --");
Node head = null;
int removedCount = 6, notFoundCount = 0;
for (String op : ops) {

if (op.charAt(@) == 'd') {
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DeleteResult(Node head, boolean found) { this.head = head; this.found = found; }

Node prev = head;
Node cur = head.next;
while (cur != null) {
if (cur.data == value) {
prev.next = cur.next; // skip over cur: the bypass arrow
return new DeleteResult(head, true);
}
prev = cur;
cur = cur.next;

') .append(cur.data);

Hafta 2 — Ders Notu

"dV" deletes value
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int v = Integer.parseInt(op.substring(1));
DeleteResult r = deleteValue(head, v);
head = r.head;
if (r.found) { removedCount++; System.out.println("delete_value(" + v + "):
removed"); }
else { notFoundCount++; System.out.println("delete_value(" + v + "): not found");
}
} else {
int v = Integer.parselnt(op);
head = insertTail(head, v);
System.out.println("insert_tail(" + v + ")");
}
printList(head);
}
System.out.println("removed=
System.out.println();
return head;

+ removedCount + ", not_found=

+ notFoundCount) ;

}

public static void main(String[] args) {
// normal: 10 nodes, delete the head, then delete a middle node
String[] normal = {"10", "20", "30", "40", "50", "60", "70", "80", "90", "100", "d10",
"d60"};
runScenario("normal: 10 nodes, delete the head, then delete a middle node", normal);

// hard: 12 nodes with duplicate 5s: the head copy goes first, then a middle copy
String[] hard = {"5"’ "5”' ”2@", "38"’ ||5|v‘ ”4@", "58"' ”5”’ "6@", l|7a||' Ilsell’ ll5ll’ lldslv'

"d5");

runScenario("hard: 12 nodes with duplicate 5s: the head copy goes first, then a middle
copy", hard);

// edge: a single node: delete it, then delete again from the now-empty list

String[] singleThenEmpty = {"99", "d99", "d99"};

runScenario("edge: a single node: delete it, then delete again from the now-empty list",
singleThenEmpty) ;

// edge: 10 nodes: delete the tail, then delete a value that is not present
String[] tailAndMissing = {"1e6", "20", "30", "40", "50", "60", "70", "80", "90", "100",
"d1ee", "d12345"};
runScenario("edge: 10 nodes: delete the tail, then delete a value that is not present”,
tailAndMissing) ;
}
}

Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x singly_delete.c && /tmp/x

Beklenen ¢ikti:
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-- normal: 18 nodes, delete the head, then delete a middle node --

insert_tail(10)
list: 10
insert_tail(20)
list: 10 20
insert_tail(30)
list: 10 20 30
insert_tail(40)
list: 10 20 30 40
insert_tail(50)
list: 10 20 30 40
insert_tail(60)
list: 10 20 30 40
insert_tail(70)
list: 10 20 30 40
insert_tail(80)
list: 10 20 30 40
insert_tail(90)
list: 10 20 30 40
insert_tail(100)
list: 10 20 30 40
delete_value(10):
list: 20 30 40 50
delete_value(60):
list: 20 30 40 50

50

50 60

50 60 70

50 60 70 80

50 60 70 80 90

50 60 70 80 90 100
removed

60 70 80 90 100

removed
76 80 90 100

removed=2, not_found=0

-- edge: 10 nodes:

insert_tail(10)
list: 10
insert_tail(20)
list: 10 20
insert_tail(30)
list: 10 20 30
insert_tail(40)
list: 10 20 30 40
insert_tail(50)
list: 10 20 30 40
insert_tail(60)
list: 10 20 30 40
insert_tail(70)
list: 10 20 30 40
insert_tail(80)
list: 10 20 30 40
insert_tail(90)
list: 10 20 30 40
insert_tail(100)
list: 10 20 30 40

delete_value(100):

list: 10 20 30 40

delete the tail, then delete a value that is not present --

50

50 60

50 60 70

50 60 70 80

50 60 70 80 90

50 60 70 80 90 100

removed
50 60 70 80 90

delete_value(12345): not found

list: 10 20 30 40

50 60 70 80 90

removed=1, not_found=1

javac -d /tmp/j SinglyDelete.java && java -cp /tmp/j SinglyDelete

Beklenen c¢ikti: yukaridaki C ¢alistirmasiyla birebir ayni (ayni algoritma, ayni veri).
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Karmasiklik. Basi silmek O(1)'dir — arama gerekmez. Baska herhangi bir degeri silmek (bulunsun ya da bulunmasin)
O(n)'dir, ¢linkd liste bastan baslayarak deger ortaya ¢ikana ya da liste bitene kadar ylriinmelidir.

Sik yapilan hatalar

e Hala ihtiyag duydugunuz bir alani okumadan énce bir diigimu serbest birakmak — prev->next = cur->next,
free(cur) 'dan sonra degil 6nce olmalidir, ¢linkli free, cur 'un belle§ini gegersiz kilar.

e Listenin geri kalanini yanhs isaretgiyle prev->next 'in Uizerine yazarak kaybetmek — o, silinen diigiimden sonraki
digim olan cur->next olmalidir, NULL ya da cur 'un kendisi degil.

e Basin 6zel bir durum oldugunu unutmak: onun giincellenecek bir prev i yoktur, yani onu silmek islevin geri
kalaninin yaptigi gibi iki isaretciyle yirimek degil, bas isaretgisinin kendisini tagimak demektir.

7.3 Arama

Bagli bir listede arama yapmak, Hafta 1'deki dogrusal aramayla (linear search) ayni fikirdir — bastan yiriyin, her elemani
karsilastirin, ilk eslesmede durun — ancak "bir sonraki eleman” artik indisi artirmak yerine bir next isaretgisini izlemek
anlamina gelir. Burada Hafta 1'in ikili aramasinin (binary search) bir esdegeri yoktur: ikili arama, orta elemana O(1)'de
dogrudan atlamaya ihtiyag duyar, ve bir bagli liste, 6nce oraya yirimeden bunu yapmanin bir yolunu sunmaz — ki bu tim
amaci bosa ¢ikarir. (Hafta 1'in array_linear_search.c ve array_binary_search.c dosyalarina son zamanlarda
bakmadiysaniz, asagidaki 12. bolimiin tablosu tam olarak bu takasi yeniden ele alir, ve Alistirma 1 sizden bunlari bu
bolimiin singly_search.c 'siyle yan yana yeniden calistirmanizi ister.)
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kargilagtrma: 0

1. Liste hazir (10 digiim). Simdi search(head, value) 2. 1. search(head, 23): index = 0, cur = head.
cagiracagiz.

3. cur->data (12) !'= 23: index+ +, cur = cur->next. 4. cur->data (45) I= 23: index++, cur = cur->next.

kargalagtirma: 3 kargalxgtirma: 4

head head

5. cur->data (3) '= 23: index++, cur = cur->next. 6. cur->data (78) != 23: index++, cur = cur->next.

head head

7. cur->data (23) == 23: bulundu, konum 4 déner. 8. Bitti: 1 arama. Sonuclar (konum, karsilastirma): (4, 5).

Segicide ayrica sunu da deneyin: yinelenenler iceren 12 deger — ilk eslesme kazanir (zor) ve ug durumlar ilk eleman, son
eleman ve listede olmayan bir deger ve bos listede arama — ya da dort zorluk seviyesinde rastgele veri igin . 'ya basin,
ya da kendi listenizi ve aranan degerlerinizi yazin.

typedef struct Node {
int data;
struct Node *next;
} Node;

int search(Node *head, int value) {
int index = 0;

for (Node *cur = head; cur != NULL; cur = cur->next) {
if (cur->data == value)
return index; /* found at this position */
index++;
}
return -1; /* not found */
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class Node {
int data;
Node next;
Node(int data) { this.data = data; }

static int search(Node head, int value) {
int index = ©;

for (Node cur = head; cur != null; cur = cur.next) {
if (cur.data == value)
return index; // found at this position
index++;
}
return -1; // not found

Tam sinif ( code/week-02/java/SinglySearch.java ), C programinin dort senaryosunu birebir yansitir.
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E Tam program: singly_search.c / SinglySearch. java v
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/* Week 2 -- Linked Lists, Arrays and Matrices
* Singly linked list: linear search with a comparison count. Matches the
* singly-search.js animation.
* CEN207 Data Structures (formerly CE205)
5/
#include <stdio.h>
#include <stdlib.h>

typedef struct Node {
int data;
struct Node *next;
} Node;

int search(Node *head, int value, int *comparisons) {
int index = 0;
*comparisons = 0;

for (Node *cur = head; cur !'= NULL; cur = cur->next) {
(*comparisons)++;
if (cur->data == value)
return index; /* found at this position */
index++;
}
return -1; /* not found */

static Node *build_list(const int values[], int n) {

Node *head = NULL, *tail = NULL;

for (int i = 0; i < n; i++) {
Node *node = malloc(sizeof(Node));
node->data = values[i];
node->next = NULL;
if (tail == NULL) head = node; else tail->next = node;
tail = node;

}

return head;

}

static void free_list(Node *head)
while (head '= NULL) {
Node *tmp = head;
head = head->next;
free(tmp);

}

static void run_scenario(const char *label, const int values[], int n, const int queries[], int
an) A
printf("-- %s --\n", label);
Node *head = build_list(values, n);
printf("list:");
for (int i = @; i < n; i++) printf(" %d", values[i]);
printf("\n");
for (int g = @; q < gn; gq++) {
int comparisons;
int index = search(head, queries[q], &comparisons);
printf("search(%d) = index %d, comparisons %d\n", queries[q], index, comparisons);
}
printf("\n");
free_list(head);

int main(void) {
/* normal: 10 values, the target is in the middle */
int normal[] = {12, 45, 3, 78, 23, 56, 89, 1, 67, 34};
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int normal_q[] = {23};
run_scenario("normal: 10 values, the target is in the middle", normal, 10, normal_q, 1);

/* hard: 12 values with duplicates -- the first match wins */

int hard[] = {8, 15, 8, 22, 40, 8, 55, 61, 8, 70, 80, 90};

int hard_q[] = {8};

run_scenario("hard: 12 values with duplicates -- the first match wins", hard, 12, hard_q, 1);

/* edge: the first element, the last element, and a value that is not present */

int first_last[] = {12, 45, 3, 78, 23, 56, 89, 1, 67, 34};

int first_last_q[] = {12, 34, 999};

run_scenario("edge: the first element, the last element, and a value that is not present”,
first_last, 10, first_last_q, 3);

/* edge: search on an empty list */

int empty[] = {0};

int empty_q[] = {1};

run_scenario("edge: search on an empty list", empty, 0, empty_q, 1);

return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices
* Singly linked list: linear search with a comparison count. Matches the
* singly-search.js animation.
* CEN207 Data Structures (formerly CE205)
5/
public class SinglySearch {
static class Node {
int data;
Node next;
Node(int data) { this.data = data; }

}

static class SearchResult {
int index;
int comparisons;
SearchResult(int index, int comparisons) { this.index = index; this.comparisons =
comparisons; }

}

static SearchResult search(Node head, int value) {
int index = @, comparisons = 0;

for (Node cur = head; cur != null; cur = cur.next) {
comparisons++;
if (cur.data == value)
return new SearchResult(index, comparisons); // found at this position
index++;
}
return new SearchResult(-1, comparisons); // not found

}

static Node buildList(int[] values) {
Node head = null, tail = null;
for (int v : values) {
Node node = new Node(Vv);
if (tail == null) head = node; else tail.next = node;
tail = node;
}

return head;

}

static void runScenario(String label, int[] values, int[] queries) {
System.out.println("-- " + label + " --");
Node head = buildList(values);
StringBuilder sb = new StringBuilder("list:");
for (int v : values) sb.append(' ').append(v);
System.out.println(sb);
for (int q : queries) {
SearchResult r = search(head, q);
System.out.println("search(" + q + ") = index
r.comparisons);
}
System.out.println();

+ r.index + ", comparisons " +

}

public static void main(String[] args) {
// normal: 10 values, the target is in the middle
int[] normal = {12, 45, 3, 78, 23, 56, 89, 1, 67, 34};
runScenario("normal: 10 values, the target is in the middle", normal, new int[]{23});

// hard: 12 values with duplicates -- the first match wins
int[] hard = {8, 15, 8, 22, 40, 8, 55, 61, 8, 70, 80, 90};
runScenario("hard: 12 values with duplicates -- the first match wins", hard, new int[]

{8});
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// edge: the first element, the last element, and a value that is not present

int[] firstLast = {12, 45, 3, 78, 23, 56, 89, 1, 67, 34};

runScenario("edge: the first element, the last element, and a value that is not present"”,
firstLast, new int[]{12, 34, 999});

// edge: search on an empty list
int[] empty = {};
runScenario("edge: search on an empty list", empty, new int[]{1});

Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x singly_search.c && /tmp/x
Beklenen c¢ikti:

-- normal: 18 values, the target is in the middle --
list: 12 45 3 78 23 56 89 1 67 34
search(23) = index 4, comparisons 5

-- hard: 12 values with duplicates -- the first match wins --
list: 8 15 8 22 40 8 55 61 8 70 80 90
search(8) = index @, comparisons 1

-- edge: the first element, the last element, and a value that is not present --
list: 12 45 3 78 23 56 89 1 67 34

search(12) = index @, comparisons 1

search(34) = index 9, comparisons 10

search(999) = index -1, comparisons 10

-- edge: search on an empty list --

list:
search(1) = index -1, comparisons ©

javac -d /tmp/j SinglySearch.java && java -cp /tmp/j SinglySearch

Beklenen c¢ikti: yukaridaki C calistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. En kétli durumda O(n) (deger sonda ya da yok), en iyi durumda O(1) (deder bastadir) — bir yardimci yapi
olmadan daha iyisini yapmanin yolu yoktur, ¢ilinkii liste, dederin nerede olabilecegi hakkinda bakmadan énce higbir bilgi
vermez.

7.4 Bir listeyi yerinde tersine ¢evirmek

Bir bagli listeyi tersine gevirmek, her tek next okunu ters yone gevirmek demektir, dyle ki eski son diigiim yeni bas olsun.
Bu, birlikte hareket eden iig isaretgiyle yapiimalidir: prev (baslangigta NULL ), curr (baslangigta head ), ve curr 'un
6zgln ardilini curr->next Uzerine yazilmadan 6nce kaydeden gegici bir next — bu gegici olmadan, ilk ok cevrilir
gevrilmez listenin geri kalani kaybolurdu.

RTEU Bilgisayar Miihendisligi - Dr. Ogr. Uyesi Ugur CORUH - 2026-2027 Giiz Page 114 /181



CEN207 Veri Yapllari

°¥
Ful €310, E10 . E10 . £10  E10. 310 530, E10,, E10 . £3Y

.....

1. prev = NULL; curr = head. Simdi listeyi tek geciste
tersine cevirecegiz.

:
ry E10.E10,010 . E10.C10 . E310 . EI0E10 . E3V

.....

3. curr->next = prev: digimiin oku cevrildi -- artik
NULL'I gosteriyor.

E10,.E10,, 830, E30E10E10,E10 . E10 .£3V

.....

5. next = curr->next: geri kalan liste (30'den baslayan
kisim) kaydedilir.

(2 1) (=) Lo Ll [ [ [ [ 2 [ [/

¥

7. prev = curr; curr = next: her iki isaretci de bir
digiim ileri gider.

- .
AL L L) b [ [ = [ = ]

9. curr (40): digimiin oku cevrildi -- artik 30’
gOsteriyor.

v :.‘t.-

oijopjosloslasios

.....

11. curr (60): diigiimiin oku cevrildi -- artik 50'i
gOsteriyor.

=) =) (L) (=] (=] (=] (=] (=]-{=]/]
VA VA VA VA VARV

13. curr (80): digumuin oku cevrildi -- artik 70'i
gosteriyor.

15. curr (100): diigiimiin oku cevrildi -- artik 90'i
gOsteriyor.
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3
Fol €110, B30 . E10 . C10 . E10 . E30 E30,,E10,, 10 . £3Y

.....

2. next = curr->next: geri kalan liste (20'den baslayan
kisim) kaydedilir.

Voo
E10,.E30,, 810, E30 . E10 . £30 . B30 . B30 . £3Y

.....

4. prev = curr, curr = next: her iki isaretci de bir
digim ileri gider.

4

-
(= 1/) (=1) Lo [l [l [Pl [P [ = [ |/

.....

6. curr->next = prev: digimiin oku cevrildi -- artik
10'i gosteriyor.

E1ZEI03EIEAEI0, E10 C10, K10, B30 E10,.EV/

8. curr (30): diglimiin oku cevrildi -- artik 20'i
gOsteriyor.

CEEL) L) (o [P [ [ [ = ]/
oA vV,

10. curr (50): digimiin oku cevrildi -- artik 40'i
gOsteriyor.

ol ED D ) el (L) (e [ M= M= 1]

uuuuu

12. curr (70): diigiimiin oku cevrildi -- artik 60'i
gOsteriyor.

o

T

.....

14. curr (90): digimiin oku cevrildi -- artik 80'i
gosteriyor.

16. curr == NULL: dongi bitti. prev, yeni bas olan eski
son diigimu gosteriyor; head de artik onu gésteriyor.
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Segicide ayrica sunu da deneyin: 20 diigiim (yinelenen/negatif degerler, iki satir) (zor) ve u¢ durumlar bos liste, tek
diigiim, ve iki diigiim — ya da dort zorluk seviyesinde rastgele veri igin i+ 'ya basin, ya da kendi listenizi yazin (bos

birakilabilir).

typedef struct Node {
int data;
struct Node *next;
} Node;

Node *reverse(Node *head) {

Node *prev = NULL;

Node *curr = head;

while (curr != NULL) {
Node *next = curr->next;
curr->next = prev;
prev = curr;
curr = next;

}
return prev;
}
class Node {
int data;
Node next;

Node(int data) { this.data =
}

static Node reverse(Node head) {
Node prev = null;
Node curr = head;
while (curr !'= null) {
Node next = curr.next;
curr.next = prev;
prev = curr;
curr = next;

}

return prev,;

Tam sinif (code/week-02/java/SinglyReverse.java ), C programinin bes senaryosunu birebir yansitir.

/* save the rest of the list */
/* flip this node's arrow */
/* prev catches up */
/* curr moves on */

/* prev is the new head */

data; }

// save the rest of the list
// flip this node's arrow
// prev catches up
// curr moves on

// prev is the new head
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E Tam program: singly_reverse.c / SinglyReverse. java v
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/* Week 2 -- Linked Lists, Arrays and Matrices
* Singly linked list: iterative reverse with three pointers (prev, curr,
* next). Matches the singly-reverse.js animation.
* CEN207 Data Structures (formerly CE205)
Y
#include <stdio.h>
#include <stdlib.h>

typedef struct Node {
int data;
struct Node *next;
} Node;

Node *reverse(Node *head) {
Node *prev = NULL;
Node *curr = head;
while (curr !'= NULL) {

Node *next = curr->next; /* save the rest of the list */
curr->next = prev; /* flip this node's arrow */
prev = curr; /* prev catches up */
curr = next; /* curr moves on */

}

return prev; /* prev is the new head */

static Node *build_list(const int values[], int n) {

Node *head = NULL, *tail = NULL;

for (int i = 0; i < n; i++) {
Node *node = malloc(sizeof(Node));
node->data = values[i];
node->next = NULL;
if (tail == NULL) head = node; else tail->next = node;
tail = node;

}

return head;

}

static void print_list(Node *head) {
printf("list:");
for (Node *cur = head; cur != NULL; cur = cur->next)
printf(" %d", cur->data);
printf("\n");
}

static void free_list(Node *head) {
while (head !'= NULL) {
Node *tmp = head;
head = head->next;
free(tmp);

static void run_scenario(const char *label, const int values[], int n) {
printf("-- %s --\n", label);
Node *head = build_list(values, n);
print_list(head);
head = reverse(head);
printf("reverse():\n");
print_list(head);
printf("\n");
free_list(head);
}

int main(void) {
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/* normal: 10 nodes */
int normal[] = {10, 206, 30, 40, 50, 60, 70, 80, 90, 100};
run_scenario("normal: 10 nodes", normal, 10);

/* hard: 20 nodes (duplicates/negatives, two rows) */
int hard[] = {5, -3, 5, @, -3, 8, 8, -1, 2, -3, 100, -100, 7, 7, -50, 63, -8, 19, 0, 44};
run_scenario("hard: 20 nodes (duplicates/negatives, two rows)", hard, 20);

/* edge: empty list */
run_scenario("edge: empty list", NULL, 0);

/* edge: a single node */
int one_node[] = {7};
run_scenario("edge: a single node", one_node, 1);

/* edge: two nodes */
int two_nodes[] = {1, 2};

run_scenario("edge: two nodes", two_nodes, 2);

return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices
* Singly linked list: iterative reverse with three pointers (prev, curr,
* next). Matches the singly-reverse.js animation.
* CEN207 Data Structures (formerly CE205)
Y
public class SinglyReverse {
static class Node {
int data;
Node next;
Node(int data) { this.data = data; }

}

static Node reverse(Node head) {
Node prev = null;
Node curr = head;

while (curr != null) {
Node next = curr.next; // save the rest of the list
curr.next = prev; // flip this node's arrow
prev = curr; // prev catches up
curr = next; // curr moves on

}

return prev; // prev is the new head

}

static Node buildList(int[] values) {

Node head = null, tail = null;

for (int v : values) {
Node node = new Node(V);
if (tail == null) head = node; else tail.next = node;
tail = node;

}

return head;

}

static void printList(Node head) {
StringBuilder sb = new StringBuilder("list:");
for (Node cur = head; cur != null; cur = cur.next) sb.append(' ').append(cur.data);
System.out.println(sb);

}

static void runScenario(String label, int[] values) {
System.out.println("-- " + label + " --");
Node head = buildList(values);
printList(head);

head = reverse(head);
System.out.println("reverse():");
printList(head);
System.out.println();

}

public static void main(String[] args) {
// normal: 10 nodes
int[] normal = {10, 20, 30, 40, 50, 60, 70, 80, 90, 100};
runScenario("normal: 10 nodes", normal);

// hard: 20 nodes (duplicates/negatives, two rows)
int[] hard = {5, -3, 5, @, -3, 8, 8, -1, 2, -3, 108, -100, 7, 7, -50, 63, -8, 19, 0, 44};
runScenario("hard: 20 nodes (duplicates/negatives, two rows)", hard);

// edge: empty list
runScenario("edge: empty list", new int[]{});

// edge: a single node
runScenario("edge: a single node", new int[]{7});
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// edge: two nodes
runScenario("edge: two nodes", new int[]{1, 2});

Deneyin
gcc -std=c11 -Wall -Wextra -o /tmp/x singly_reverse.c && /tmp/x
Beklenen ¢ikti:

-- normal: 10 nodes --

list: 10 20 30 40 50 60 70 80 90 100
reverse():

list: 100 90 80 70 60 50 40 30 20 10

-- hard: 206 nodes (duplicates/negatives, two rows) --

list: 5-3 508 -3 88 -12-3100 -100 7 7 -50 63 -8 19 0 44
reverse():

list: 44 06 19 -8 63 -50 7 7 -100 100 -3 2 -1 8 8 -3 8 5 -3 5

-- edge: empty list --
list:

reverse():

list:

-- edge: a single node --
list: 7

reverse():

list: 7

-- edge: two nodes --
list: 1 2

reverse():
list: 2 1

javac -d /tmp/j SinglyReverse.java && java -cp /tmp/j SinglyReverse

Beklenen ¢ikti: yukaridaki C ¢alistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. O(n) zaman — her diigiim tam olarak bir kez ziyaret edilir — ve O(1) ek alan: reverse, var olan digimleri
yerinde yeniden baglar ve asla yeni bir tane ayirmaz.
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Sik yapilan hatalar

e curr->next 'i iizerine yazmadan once kaydetmeyi unutmak — gegici next degiskeni olmadan, curr->next =
prev yapmak, 6zgiin listenin geri kalanina giden tek baglantiyi koparir, ve curr 'dan sonraki her sey sonsuza dek
kaybolur (C'de klasik bir bellek sizintisi, Java'da ise yalnizca erisilemez veri).

e Sonunda prev yerine head 'i dondirmek — dongiiden sonra, 6zgiin head degiskeni hala 6zgiin listenin ilk
digimuni gosterir, ki bu artik son diigiimdiir; yeni bas prev 'dir.

¢ Bos liste ve tek diigiim durumlarinin 6zel isleme ihtiya¢ duydugunu varsaymak — duymaz: ayni g isaretgili
dong, hi¢ dal (branch) gerekmeden hem n = 0 'I (dongl govdesi hig galigmaz, prev hald NULL 'dur) hem n =
1'i (dongu bir kez galiir) dogru isler.

8. Cift yonlu bagl liste

8.1 Baslangi¢ sorusu

1. bolim, insert_tail'i son digimi bulmak igin tim listeyi yuriyerek kurdu, ve delete_value 'yu, 6ncll her ihtiyag
duyuldugunda elde bulunsun diye iki isaretgiyle yiriyerek. Bu maliyetlerin ikisi de ayni sinirlamadan gelir: tekil bagl
bir listedeki bir digiim yalniz kendisinden sonra geleni bilir, 5nce geleni asla. Ya her diigiim de kendi onciiliine
(predecessor) bir isaretci tutsaydi?

8.2 DUgum basina iki isaretgi, bir head ve bir tail

Bir cift yonlii bagl liste (doubly linked list) diigimii prev ve next alanlari tasir; listenin kendisi hem bir head isaretgisi
(ilk digim) hem bir tail isaretgisi (son diigiim) tutar. Bu, ayni anda (¢ sey satin alir: 0(1) sondan ekleme (ylriimeye
gerek yok — tail zaten bilinir), geriye gezinme ( tail, tail->prev diye yirlyiin, ve bdyle devam edin), ve, herhangi bir
cur diglmine dogrudan bir isaretgi tutuyorsaniz, O(1) silme (komsulari cur->prev ve cur->next (izerinden zaten
bilinir — hi¢ arama gerekmez). Bedeli, iki kat isaret¢i muhasebesidir: her ekleme ve silme, degisikligin her iki tarafinda da
prev ve next 'i tutarl tutmaldir, ve dokunulan diigiim listedeki ilk ya da son diigiim oldugunda head / tail isaretgileri
dogru tutulmalidir.
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CEN207 Veri Yapllari

3. insert_tail(10): prev/next baglantilari kurulur, tail

1. Bos liste: head ve tail ikisi de NULL. Her diigiimde
glincellenir. O(1).

iki ok olacak: next (listte) ve prev (altta) -- hic Gst tste

binmezler.

LD

v
21/ LY
A 4
4. insert_head(20): yeni diigtim aynlir. 6. insert_tail(30): prev/next baglantilarn kurulur, tail
guncellenir. O(1).

head

head

¥ ¥

Lo [ e [ e [ 1 IS B0 E10% EI0S EI0S BV
4 ’

i tail

tail

9. insert_head(60): prev/next baglantilari kurulur, head

8. insert_tail(50): prev/next baglantilarn kurulur, tail
glincellenir. O(1).

glincellenir. O(1).

head

L
E03 010005 EI0Y E10S EI0Y EI0Y 3V
&

#ail

11. insert_head(80): prev/next baglantilar kurulur, 13. insert_head(100): prev/next baglantilar kurulur,
head gtincellenir. O(1). head gtincellenir. O(1).

head

£ 105 105 EI0Y E10% E10% E10 j—-]
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(o[ (=1 (=1/)
A

tail tail

14. delete_value(50): bulundu (ortadaki bir digtim). 16. print_backward: cur = tail'den baslayip cur->prev
Solu ve sagi birbirine baglayip digimi serbest ile geriye dogru gezilir.
birakacagiz.

h!;! m::

18. geriye gez: 70 -- cur = cur->prev 19. geriye gez: 30 -- cur = cur->prev

21. geriye gez: 20 -- cur = cur->prev 23. geriye gez: 60 -- cur = cur->prev

24. geriye gez: 80 -- cur = cur->prev 26. Bitti: 10 ekleme, 1 silme (0 bulunamadh). ileri: 100,
80, 60, 40, 20, 10, 30, 70, 90. Geri: 90, 70, 30, 10, 20, 40,
60, 80, 100.

Secicide ayrica sunu da deneyin: yinelenen/negatif 12 diigiim; yinelenen degerin iLK eslesmesi silinir (zor) ve u¢
durumlar tek diigiim: ekle, sonra sil, 10 diigiim: basi sil, sonu sil, olmayan bir degeri sil, ortadaki bir degerden sonra
ekleme, tail 'in gosterdigi diigiimden sonra ekleme: yeni diigiim yeni son diigiim olur, ve listede olmayan bir degerden
sonra eklemeye galisma — ya da dort zorluk seviyesinde rastgele veri igin . 'ya basin, ya da kendi hN / tN / aT:V / dN
/ b (geriye gez) islemlerinizi yazin.
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typedef struct Node {
int data;
struct Node *prev;
struct Node *next;
} Node;
typedef struct { Node *head; Node *tail; } List;

void insert_head(List *1ist, int value) {
Node *n = malloc(sizeof(Node));
n->data = value; n->prev = NULL; n->next = list->head;
if (list->head != NULL) list->head->prev = n; /* old head now has a prev */
list->head = n;
if (list->tail == NULL) list->tail = n;

void insert_tail(List *1ist, int value) {
Node *n = malloc(sizeof(Node));
n->data = value; n->next = NULL; n->prev = list->tail;
if (list->tail != NULL) list->tail->next = n; /* old tail now has a next */
list->tail = n;
if (list->head == NULL) list->head = n;
}

bool insert_after(List *1list, int target, int value) {
for (Node *cur = list->head; cur != NULL; cur = cur->next) {
if (cur->data == target) {

Node *n = malloc(sizeof(Node));
n->data = value; n->prev = cur; n->next = cur->next;
if (cur->next !'= NULL) cur->next->prev = n; else list->tail = n; /* cur was the tail */
cur->next = nj;
return true;

}
}
return false; /* target not found */
}
bool delete_value(List *1ist, int value) {
for (Node *cur = list->head; cur !'= NULL; cur = cur->next) {
if (cur->data == value) {
if (cur->prev != NULL) cur->prev->next = cur->next; else list->head = cur->next;
if (cur->next !'= NULL) cur->next->prev = cur->prev; else list->tail = cur->prev;
free(cur);

return true;

}

return false;

void print_backward(List *1ist) {
for (Node *cur = list->tail; cur != NULL; cur = cur->prev)
printf(" %d", cur->data);
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class Node { int data; Node prev,
class List { Node head, tail; }

static void insertHead(List list,
Node n = new Node(value);
n.next = list.head;
if (list.head != null) list.head.prev
list.head = n;
if (list.tail

int value) {

n;

null) list.tail = n;

static void insertTail(List list, int value) {
Node n = new Node(value);
n.prev list.tail;
if (list.tail != null) list.tail.next
list.tail = n;
if (1list.head

n;

null) list.head

n;

static boolean insertAfter(List list, int target,
for (Node cur = list.head; cur !'= null; cur
if (cur.data == target) {

Node n = new Node(value);

n.prev = cur; n.next = cur.next;

if (cur.next !'= null) cur.next.prev =
cur.next = n;

’

return true;

}

return false;

}

static boolean deleteValue(List list,
for (Node cur list.head; cur !'=
if (cur.data value) {
if (cur.prev != null) cur.prev.next
if (cur.next !'= null) cur.next.prev
return true;

int value) {
null; cur

}

return false;

static void printBackward(List list) {
for (Node cur = list.tail; cur !'= null; cur
System.out.print(" + cur.data);

next; Node(int d) { data

Hafta 2 — Ders Notu

=d; } )}

// old head now has a prev

// old tail now has a next

int value) {
cur.next) {

n; else list.tail n; // cur was the tail

// target not found

cur.next) {

cur.next; else list.head cur.next;
cur.prev; else list.tail = cur.prey;

cur.prev)

Tam sinif (code/week-02/java/DoublylinkedList.java ), C programinin bes senaryosunu birebir yansitir.
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E Tam program: doubly_linked_list.c / DoublylLinkedList.java v
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/* Week 2 -- Linked Lists, Arrays and Matrices
* Doubly linked list: insert at the front, at the back and after a given
* value, delete anywhere by value, and traverse backwards. Matches the
* doubly-linked-1list.js animation.
* CEN207 Data Structures (formerly CE205)
*/
#include <stdbool.h>
#include <stdio.h>
#include <stdlib.h>

typedef struct Node {
int data;
struct Node *prev;
struct Node *next;
} Node;
typedef struct { Node *head; Node *tail; } List;

void insert_head(List *1list, int value) {
Node *n = malloc(sizeof(Node));
n->data = value; n->prev = NULL; n->next = list->head;
if (list->head != NULL) list->head->prev = n; /* old head now has a prev */
list->head = n;
if (list->tail == NULL) list->tail = n;

void insert_tail(List *1ist, int value) {
Node *n = malloc(sizeof(Node));
n->data = value; n->next = NULL; n->prev = list->tail;
if (list->tail != NULL) list->tail->next = n; /* old tail now has a next */
list->tail = n;
if (list->head == NULL) list->head = n;

bool insert_after(List *1list, int target, int value) {
for (Node *cur = list->head; cur != NULL; cur = cur->next) {
if (cur->data == target) {
Node *n = malloc(sizeof(Node));
n->data = value; n->prev = cur; n->next = cur->next;

if (cur->next !'= NULL) cur->next->prev = n; else list->tail = n; /* cur was the tail
27
cur->next = n;
return true;
}
}
return false; /* target not found */
}
bool delete_value(List *1list, int value) {
for (Node *cur = list->head; cur != NULL; cur = cur->next) {
if (cur->data == value) {
if (cur->prev != NULL) cur->prev->next = cur->next; else list->head = cur->next;
if (cur->next != NULL) cur->next->prev = cur->prev; else list->tail = cur->prev;
free(cur);

return true;

}

return false;

}

void print_backward(List *1list) {
for (Node *cur = list->tail; cur != NULL; cur = cur->prev)
printf(" %d", cur->data);
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static void print_forward(List *list) {
printf("forward: ");
for (Node *cur = list->head; cur != NULL; cur = cur->next)
printf(" %d", cur->data);
printf("\n");
}

static void free_list(List *1list)
Node *cur = list->head;
while (cur != NULL) {
Node *tmp = cur;
cur = cur->next;
free(tmp);
}
list->head = list->tail = NULL;

/* tokens: "hV" = insert_head(V); "tV" = insert_tail(V); "aX:V" = insert_after(X, V);
* "dv" = delete_value(V); "b" = print backward */
static void run_scenario(const char *label, const char *ops[], int n) {
printf("-- %s --\n", label);
List list = { NULL, NULL };
for (int i = 0; i < n; i++) {
const char *op = ops[i];
if (op[@] == 'h") {
int v = atoi(op + 1);
insert_head(&list, v);
printf("insert_head(%d)\n", v);
} else if (op[@] == "t') {
int v = atoi(op + 1);
insert_tail(&list, v);
printf("insert_tail(%d)\n", v);
} else if (op[@] == 'a') {
int target, v;
sscanf(op + 1, "%d:%d", &target, &v);
bool ok = insert_after(&list, target, v);
printf("insert_after(%d, %d): %s\n", target, v, ok ? "inserted" : "not found");
} else if (op[@] == 'd") {
int v = atoi(op + 1);
bool ok = delete_value(&list, v);
printf("delete_value(%d): %s\n", v, ok ? "removed" : "not found");
} else if (op[@] == 'b") {
printf("backward:");
print_backward(&list);
printf("\n");
continue;
}
print_forward(&list);
}
printf("\n");
free_list(&list);

int main(void) {

/* normal: 10 nodes (alternating front/back), delete a middle node, traverse backward */

const char *normal[] = {"t10", "h20", "t30", "h4@0", "t50", "h60", "t70", "h80", "t90",
"h1ee", "d56", "b"};

run_scenario("normal: 10 nodes (alternating front/back), delete a middle node, traverse
backward", normal, 12);

/* hard: 12 nodes, duplicates/negatives; the FIRST match of a duplicate -3 is deleted */

const char *hard[] = {"t5", "h-3", "t5", "h@", "t-3", "h8", "t8", "h-1", "t2", "h-3", "t100",
"h-100", "d-3", "b"};

run_scenario("hard: 12 nodes, duplicates/negatives; the FIRST match of a duplicate -3 is
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deleted", hard, 14);

/* edge: a single node: insert it, then delete it (the list is empty again) */

const char *single_element[] = {"h5", "d5", "b"};

run_scenario("edge: a single node: insert it, then delete it (the list is empty again)"”,
single_element, 3);

/* edge: insert after the node tail points to: the new node becomes the new tail */

const char *insert_after_tail[] = {"t10", "t20", "t3@", "t4@", "t50", "t60", "t70", "t80",
"t9e", "t100", "a100:185", "b"};

run_scenario("edge: insert after the node tail points to: the new node becomes the new tail",
insert_after_tail, 12);

/* edge: trying to insert after a value that is not in the list */
const char *insert_after_not_found[] = {"t10", "t20", "t3@", "t4@", "t50", "t60", "t70",
"t80", "t90", "t100", "a99999:1", "b"}:

run_scenario("edge: trying to insert after a value that is not in the list",
insert_after_not_found, 12);

return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices
* Doubly linked list: insert at the front, at the back and after a given
* value, delete anywhere by value, and traverse backwards. Matches the
* doubly-linked-1list.js animation.
* CEN207 Data Structures (formerly CE205)
*/
public class DoublylLinkedList {
static class Node { int data; Node prev, next; Node(int d) { data = d; } }
static class List { Node head, tail; }

static void insertHead(List list, int value) {
Node n = new Node(value);
n.next = list.head;
if (list.head '= null) list.head.prev = n; // old head now has a prev
list.head = n;
if (list.tail == null) list.tail = n;
}

static void insertTail(List list, int value) {
Node n = new Node(value);
n.prev = list.tail;
if (list.tail !'= null) list.tail.next = n; // old tail now has a next
list.tail = n;
if (list.head == null) list.head = n;
}

static boolean insertAfter(List list, int target, int value) {
for (Node cur = list.head; cur != null; cur = cur.next) {
if (cur.data == target) {

Node n = new Node(value);
n.prev = cur; n.next = cur.next;
if (cur.next != null) cur.next.prev = n; else list.tail = n; // cur was the tail
cur.next = n;
return true;

}
}
return false; // target not found
}
static boolean deleteValue(List list, int value) {
for (Node cur = list.head; cur !'= null; cur = cur.next) {
if (cur.data == value) {
if (cur.prev != null) cur.prev.next = cur.next; else list.head = cur.next;
if (cur.next != null) cur.next.prev = cur.prev; else list.tail = cur.prev;

return true;

}

return false;

}

static void printBackward(List list, StringBuilder out) {
for (Node cur = list.tail; cur !'= null; cur = cur.prev)
out.append(' ').append(cur.data);
}

static void printForward(List list) {
StringBuilder sb = new StringBuilder("forward: ");
for (Node cur = list.head; cur !'= null; cur = cur.next) sb.append(' ').append(cur.data);
System.out.println(sb);

// tokens: "hV" = insertHead(V); "tV" = insertTail(V); "aX:V" = insertAfter(X, V);
// "dV" = deleteValue(V); "b" = print backward
static void runScenario(String label, String[] ops) {
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System.out.println("-- " + label + " --");
List list = new List();
for (String op : ops) {
char kind = op.charAt(0);
if (kind == 'h') {
int v = Integer.parseInt(op.substring(1));
insertHead(1list, v);
System.out.println("insert_head(
} else if (kind == 't') {
int v = Integer.parseInt(op.substring(1));
insertTail(list, v);
System.out.println("insert_tail(" + v + ")");
} else if (kind == 'a') {
String[] parts = op.substring(1).split(":");
int target = Integer.parselnt(parts[0]), v = Integer.parseInt(parts[1]);
boolean ok = insertAfter(list, target, v);
System.out.println("insert_after(" + target + ", " + v + "): " + (ok ? "inserted"
"not found"));
} else if (kind == 'd') {
int v = Integer.parseInt(op.substring(1));
boolean ok = deleteValue(list, v);
System.out.println("delete_value(" + v + "):
} else if (kind == 'b') {
StringBuilder sb = new StringBuilder("backward:");
printBackward(list, sb);
System.out.println(sb);
continue;

sV

+ (ok ? "removed" : "not found"));

}
printForward(list);

}
System.out.println();
}

public static void main(String[] args) {
// normal: 10 nodes (alternating front/back), delete a middle node, traverse backward
String[] normal = {"t1@", "h2@", "t30", "h40", "t50", "h60", "t70", "h80", "t90", "h100",
"d50", "b"};
runScenario("normal: 10 nodes (alternating front/back), delete a middle node, traverse
backward", normal);

// hard: 12 nodes, duplicates/negatives; the FIRST match of a duplicate -3 is deleted

String[] hard = {"t5", "h-3", "t5", "he", "t-3", "h8", "t8", "h-1", "t2", "h-3", "t100",
"h-100", "d-3", "b"};

runScenario("hard: 12 nodes, duplicates/negatives; the FIRST match of a duplicate -3 is
deleted", hard);

// edge: a single node: insert it, then delete it (the list is empty again)

String[] singleElement = {"h5", "d5", "b"};

runScenario("edge: a single node: insert it, then delete it (the list is empty again)",
singleElement) ;

// edge: insert after the node tail points to: the new node becomes the new tail

String[] insertAfterTail = {"t1@", "t20", "t30", "t40", "t50", "t60", "t70", "t80",
"t90", "t100", "al@0:105", "b"};

runScenario("edge: insert after the node tail points to: the new node becomes the new
tail", insertAfterTail);

// edge: trying to insert after a value that is not in the list

String[] insertAfterNotFound = {"t1@", "t20", "t3@", "t4@", "t50", "t60", "t70", "t80",
"t9e", "t100", "a99999:1", "b"};

runScenario("edge: trying to insert after a value that is not in the list",
insertAfterNotFound) ;

}
}
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Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x doubly_linked_list.c && /tmp/x

Beklenen ¢ikti:

-- normal: 10 nodes (alternating front/back), delete a middle node, traverse backward --
insert_tail(10)

forward: 10

insert_head(20)

forward: 20 10

insert_tail(30)

forward: 20 10 30

insert_head(40)

forward: 40 20 10 30

insert_tail(50)

forward: 406 20 10 30 50
insert_head(60)

forward: 60 40 20 10 30 50
insert_tail(70)

forward: 60 40 20 10 30 50 70
insert_head(80)

forward: 80 60 40 20 10 30 50 70
insert_tail(90)

forward: 80 60 40 206 10 30 50 70 90
insert_head(100)

forward: 100 80 60 40 20 10 30 50 70 90
delete_value(50): removed

forward: 100 806 60 40 20 10 30 70 90
backward: 90 70 30 10 20 40 60 80 100

-- edge: trying to insert after a value that is not in the list --
insert_tail(10)

forward: 10

insert_tail(20)

forward: 10 20

insert_tail(30)

forward: 10 20 30

insert_tail(40)

forward: 10 20 30 40

insert_tail(50)

forward: 10 20 30 40 50

insert_tail(60)

forward: 10 20 30 40 50 60
insert_tail(70)

forward: 10 20 30 40 50 60 70
insert_tail(80)

forward: 10 20 30 40 50 60 70 80
insert_tail(90)

forward: 10 20 30 40 50 60 70 80 90
insert_tail(100)

forward: 10 20 30 40 50 60 70 80 90 100
insert_after (99999, 1): not found
forward: 10 20 30 40 50 60 70 80 90 100
backward: 100 90 80 70 60 50 40 30 20 10

javac -d /tmp/j DoublylLinkedList.java && java -cp /tmp/j DoublylLinkedList
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Beklenen gikti: yukaridaki C ¢alistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. insert_head ve insert_tail O(1)'dir (hig¢ ylriime yok — head / tail her zaman bilinir). insert_after ve
delete_value burada O(n)'dir ¢linkii 6nce hedefi dedere gore ararlar; belirli bir diiglime dogrudan bir isaretginiz zaten
varsa (6rnegin, insert_head onu dondirdikten sonra oldugu gibi), o belirli diigim silmek O(1)'e doniisur, ¢linki her iki
komsusu da bir alan-okuma uzakliktadir. print_backward O(n)'dir.

Sik yapilan hatalar

 Bir degisikligin bir tarafinda next 'i glincelleyip diger tarafta prev 'i unutmak — her ekleme ya da silme, en fazla
dort isaretci alanina dokunur (yeni/silinen digimiin kendi prev / next 'i, arti komsularinin eslesen alanlari), ve bir
tanesini bile kagirmak, bir gezinme ydniinde dogru goriiniirken diger yonde listeyi tutarsiz birakir.

e head/ tail u¢ durumlarini unutmak: listedeki tek digiimi silmek hem head 'ihem tail'i NULL birakmalidir, ve

insert_after, gecgerli tail Uzerine ¢agrildiginda list->tail'i yeni diigime giincellemelidir, yoksa tail (ve
dolayisiyla her geriye gezinme) sessizce bayatlar.

9. Dairesel bagli liste ve Josephus problemi

9.1 Baslangi¢ sorusu

Bir round-robin CPU zamanlayicisi, sabit bir siire¢ kiimesi arasinda doner, her birine sirayla bir zaman dilimi verir, sonsuza
dek — son slregten sonra, hi¢ "son" olmadan dogrudan ilkine doner. Tekil bagdh bir listenin NULL sonlandiricisi bunun igin
tam olarak yanlhstir: istedigimiz sey sarnlan (wraps around) bir listedir.

9.2 Kendine geri sarilan bir liste

Bir dairesel bagli liste (circular linked list), son diigimiin next isaretgisinin, NULL yerine ilk digiime geri isaret etmesini
saglar, o kadar. Bos olmayan bir dairesel listede hicbir yerde NULL yoktur — "son", bir baslangi¢ noktasiyla karsilastirilarak
(ya da adim sayilarak) belirlenir, asla NULL sinanarak degil. Bu belirli uygulama yalniz bir tail isaretgisi tutar (en son
eklenen diigiim); bas her zaman tail->next olarak elde edilebilir, dolayisiyla ayri bir head isaretgisi gereksiz olurdu.
prev baglantisi olmadi§indan, dedere gore silme yine bastan ileriye taramak zorundadir, tam olarak diiz bir tekil bagli
liste gibi.
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1. tail en son eklenen digiimi gosterir; tail->next her
zaman basi gdsterir -- ayn bir head isaretcisi yok.
Silme, prev olmadigi icin bastan taranarak yapilir.

tail
v
£0E18,£30

4. insert_tail(tail, 30).

7. delete_value(tail, 30, &found): bulundu (ortadaki bir
digim).

11. insert_tail(tail, 80).

Hafta 2 — Ders Notu

3. insert_tail(tail, 20): yeni digim eski tail'in ardina
girer ve eski basi gosterir; yeni diiglim artik tail.

tail
v
(o [-Jelz [} [-}o{ 0 [-}p{ 0 ]
ral

6. insert_tail(tail, 50).

tail
¥
E10. C10,.CI8E10-C10
ral

9. insert_tail(tail, 60).

12. insert_tail(tail, 90).

17. gez: cur->data = 50 -- cur = cur->next.
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19. gez: cur->data = 70 -- cur = cur->next.
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20. gez: cur->data = 80 -- cur = cur->next. 22.gez: cur->data = 100 -- cur = cur->next sarilip 1.
diigiime doner.

23. Bir tur tamamlandi: basa (10) geri dondldd. 25. Bitti: 2 tur, toplam 18 adim (9 diigiim x 2), 1 silme
Dairesel listede "son" yok -- gezinme steps kadar (0 bulunamadi). Gezinme: 10, 20, 40, 50, 60, 70, 80, 90,
siirer. 100, 10, 20, 40, 50, 60, 70, 80, 90, 100.

Segicide ayrica sunu da deneyin: 12 ekle (yinelenen), 2 silme (biri bulunamaz), 3 tur (zor) ve ug¢ durumlar tek diigiim:
silinince liste bosalir, son eklenen (tail) diigiim silinir, ilk eklenen (bas) diigiim silinir, ve listede olmayan bir deger
silinmeye caligilir — ya da dort zorluk seviyesinde rastgele veriigin & 'ya basin, ya da kendi sayilarinizi (ekle) / dN 'lerinizi
(sil) yazin, | sonrasina tur sayisi ekleyerek.
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typedef struct Node {
int data;
struct Node *next;
} Node;

/* 'tail' always points at the last-inserted node; tail->next is the head. */

Node *insert_tail(Node *tail, int value) {
Node *n = malloc(sizeof(Node));
n->data = value;
if (tail == NULL) {

n->next = n; /* a single
return n;
I3
n->next = tail->next; /* new node
tail->next = n; /* old tail
return n; /* new node

}

node points at itself */

-> old head */
-> new node */
is the new tail */

Hafta 2 — Ders Notu

/* Deletes the FIRST node holding value, scanning forward from the head (no prev link to walk

backward) .

Returns the (possibly updated) tail via the return value; *found reports success. */

Node *delete_value(Node *tail, int value, bool *found) {

*found = false;

if (tail == NULL) return NULL;

Node *prev = tail, *cur = tail->next;
int n = list_size(tail);

for (int i = 0; i < n; i++) {
if (cur->data == value) {
*found = true;
if (cur == cur->next) {
free(cur);
return NULL;
}
prev->next = cur->next;
Node *new_tail = (cur == tail)
free(cur);

return new_tail;
prev = cur;
cur = cur->next;

return tail;

}

void traverse(Node *tail, int laps) {
Node *head = tail->next;
Node *cur = head;
int steps = list_size(tail) * laps;
for (int i = 0; i < steps; i++) {
printf(" %d", cur->data);
cur = cur->next;

? prev :

/* empty list */
/* cur starts at the head */

/* the only node in the list */
/* list becomes empty */

/* unlink cur */
tail;

/* not found: unchanged */
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Hafta 2 — Ders Notu

class Node { int data; Node next; Node(int d) { data = d; } }

// 'tail' always points at the last-inserted node; tail.next is the head.
static Node insertTail(Node tail, int value) {

Node n = new Node(value);
if (tail == null) {

n.next = n; // a single node points at itself
return n;

}

n.next = tail.next; // new node -> old head

tail.next = n; // old tail -> new node

return n; // new node is the new tail

}

// Deletes the FIRST node holding value, scanning forward from the head (no prev link to walk

backward) .

// Returns the (possibly updated) tail; sets “found® to report success.

static boolean found;

static Node deleteValue(Node tail, int value) {

found = false;
if (tail == null) return null;
Node prev = tail, cur = tail.next;
int n = 1listSize(tail);
for (int i = ©; 1 < n; i++) {
if (cur.data == value) {
found = true;
if (cur == cur.next) {
return null;
}
prev.next = cur.next;
return (cur == tail) ? prev
}
prev = cur;
cur = cur.next;

}

return tail;

// empty list
// cur starts at the head

// the only node in the list
// list becomes empty

// unlink cur

: tail;

// not found: unchanged

static void traverse(Node tail, int laps) {

Node head = tail.next;

Node cur = head;

int steps = listSize(tail) * laps;

for (int i = 0; i < steps; i++) {
System.out.print(" "
cur = cur.next;

+ cur.data);

Tam sinif ( code/week-82/java/CircularLinkedList.java ), C programinin bes senaryosunu birebir yansitir.
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E Tam program: circular_linked_list.c / CircularLinkedList.java v
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/* Week 2 -- Linked Lists, Arrays and Matrices

* Circular linked list: insert at the tail (no separate head pointer --
* tail->next IS the head), delete by value, and a traversal that wraps
* around. Matches the circular-linked-list.js animation.

* CEN207 Data Structures (formerly CE205)
2/

#include <stdbool.h>

#include <stdio.h>

#include <stdlib.h>

typedef struct Node {
int data;
struct Node *next;
} Node;

static int list_size(Node *tail) {
if (tail == NULL) return 0;
int n = 1;
for (Node *cur = tail->next; cur != tail; cur = cur->next) n++;
return n;

/* 'tail' always points at the last-inserted node; tail->next is the head. */
Node *insert_tail(Node *tail, int value) {

Node *n = malloc(sizeof(Node));

n->data = value;

if (tail == NULL) {

n->next = n; /* a single node points at itself */
return n;
}
n->next = tail->next; /* new node -> old head */
tail->next = n; /* old tail -> new node */
return n; /* new node is the new tail */

}

/* Deletes the FIRST node holding value, scanning forward from the head (no prev link to walk
backward) .
Returns the (possibly updated) tail via the return value; *found reports success. */
Node *delete_value(Node *tail, int value, bool *found) {
*found = false;
if (tail == NULL) return NULL; /* empty list */
Node *prev = tail, *cur = tail->next; /* cur starts at the head */
int n = list_size(tail);
for (int i = 0; 1 < n; i++) {
{

if (cur->data == value)

*found = true;

if (cur == cur->next) { /* the only node in the list */
free(cur);
return NULL; /* list becomes empty */

}

prev->next = cur->next; /* unlink cur */

Node *new_tail = (cur == tail) ? prev : tail;

free(cur);

return new_tail;
}
prev = cur;
cur = cur->next;
}

return tail; /* not found: unchanged */

void traverse(Node *tail, int laps)
Node *head = tail->next;
Node *cur = head;
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int steps = list_size(tail) * laps;
for (int i = 0; i < steps; i++) {
printf(" %d", cur->data);
cur = cur->next;

}

static void free_circle(Node *tail) {
if (tail == NULL) return;
Node *cur = tail->next;
while (cur !'= tail) {
Node *tmp = cur;
cur = cur->next;

free(tmp);
}
free(tail);
}
/* tokens: a plain number is insert_tail(value); "dV" deletes value V */
static void run_scenario(const char *label, const char *ops[], int n, int laps) {
printf("-- %s --\n", label);

Node *tail = NULL;
for (int i = @; 1 < n; i++) {
const char *op = ops[il];

if (op[@] == 'd") {

int v = atoi(op + 1);

bool found;

tail = delete_value(tail, v, &found);

printf("delete_value(%d): %s\n", v, found ? "removed" : "not found");
} else {

int v = atoi(op);
tail = insert_tail(tail, v);
printf("insert_tail(%d)\n", v);

}
printf("size = %d\n", list_size(tail));
if (tail !'= NULL) {
printf("traverse(%d laps):", laps);
traverse(tail, laps);
printf("\n");
} else {
printf("traverse(%d laps): (empty)\n

, laps);
}

printf("\n");

free_circle(tail);

}

int main(void) {
/* normal: 10 inserts, delete one value from the middle, 2 laps */
const char *normal[] = {"10", "20", "30", "40", "50", "d3@", "60", "70", "80", "90", "100"};
run_scenario("normal: 10 inserts, delete one value from the middle, 2 laps", normal, 11, 2);

/* hard: 12 inserts (duplicates), 2 deletes (one not found), 3 laps */

const char *hard[] = {"5", "5", "2", "3@8", "d5", "5", "48", "50", "5", "60", "70", "d12345",
"80", "5"};

run_scenario("hard: 12 inserts (duplicates), 2 deletes (one not found), 3 laps", hard, 14,
3);

/* edge: a single node: deleting it empties the list */
const char *one_node[] = {"42", "d42"};
run_scenario("edge: a single node: deleting it empties the list", one_node, 2, 5);

/* edge: the first-inserted (head) node is deleted: tail->next changes */
COnS‘t Chal" *delete_head[] = {II-I.III' |l12n’ l|13||' Il14|l’ "15”, “16“' ||17n’ ”18“, ||19||' nze!l’
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"d11"};
run_scenario("edge: the first-inserted (head) node is deleted: tail->next changes",
delete_head, 11, 2);

/* edge: 10 inserts, an attempt to delete a value that is not in the list */

const char *not_found[] = {"3", "6", "9", "12", "15", "18", "21", "24", "27", "3@", "d999"};

run_scenario("edge: 10 inserts, an attempt to delete a value that is not in the list",
not_found, 11, 2);

return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices
* Circular linked list: insert at the tail (no separate head field --
* tail.next IS the head), delete by value, and a traversal that wraps
* around. Matches the circular-linked-list.js animation.
* CEN207 Data Structures (formerly CE205)
2/
public class CircularLinkedList {
static class Node { int data; Node next; Node(int d) { data = d; } }

static int listSize(Node tail) {
if (tail == null) return 0;
int n = 1;
for (Node cur = tail.next; cur != tail; cur = cur.next) n++;
return n;

// 'tail' always points at the last-inserted node; tail.next is the head.
static Node insertTail(Node tail, int value) {

Node n = new Node(value);

if (tail == null) {

n.next = n; // a single node points at itself
return n;

}

n.next = tail.next; // new node -> old head

tail.next = n; // old tail -> new node

return n; // new node is the new tail

// Deletes the FIRST node holding value, scanning forward from the head (no prev link to walk
backward) .
// Returns the (possibly updated) tail; sets ‘found' to report success.
static boolean found;
static Node deleteValue(Node tail, int value) {
found = false;
if (tail == null) return null; // empty list
Node prev = tail, cur = tail.next; // cur starts at the head
int n = listSize(tail);
for (int i = 0; i < n; i++) {

if (cur.data == value) {
found = true;
if (cur == cur.next) { // the only node in the list
return null; // list becomes empty
}
prev.next = cur.next; // unlink cur
return (cur == tail) ? prev : tail;
}

prev = cur;
cur = cur.next;

}

return tail; // not found: unchanged

static void traverse(Node tail, int laps, StringBuilder out) {
Node head = tail.next;
Node cur = head;
int steps = listSize(tail) * laps;
for (int i = 9; i < steps; i++) {
out.append(' ').append(cur.data);
cur = cur.next;

}

// tokens: a plain number is insertTail(value); "dV" deletes value V
static void runScenario(String label, String[] ops, int laps) {
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System.out.println("-- " + label + " --");
Node tail = null;
for (String op : ops) {
if (op.charAt(@) == 'd') {
int v = Integer.parseInt(op.substring(1));
tail = deleteValue(tail, v);

System.out.println("delete_value(" + v + "): " + (found ? "removed" "not
found"));
} else {
int v = Integer.parseInt(op);
tail = insertTail(tail, v);
System.out.println("insert_tail(" + v + ")");
}
}
System.out.println("size = " + listSize(tail));
if (tail !'= null) {
StringBuilder sb = new StringBuilder("traverse(" + laps + " laps):");
traverse(tail, laps, sb);
System.out.println(sb);
} else {
System.out.println("traverse(" + laps + " laps): (empty)");
}
System.out.println();
}

public static void main(String[] args) {
// normal: 10 inserts, delete one value from the middle, 2 laps
String[] normal = {"10", "20", "30", "40", "50", "d3@", "60", "70", "80", "90", "100"};
runScenario("normal: 10 inserts, delete one value from the middle, 2 laps", normal, 2);

// hard: 12 inserts (duplicates), 2 deletes (one not found), 3 laps

String[] hard = {"5", "5", "208", "30", "d5", "5", "4", "50", "5", "60", "70", "d12345",
"80", "5"};

runScenario("hard: 12 inserts (duplicates), 2 deletes (one not found), 3 laps", hard, 3);

// edge: a single node: deleting it empties the list
String[] oneNode = {"42", "d42"};
runScenario("edge: a single node: deleting it empties the list", oneNode, 5);

// edge: the first-inserted (head) node is deleted: tail->next changes

String[] deleteHead = {"11", "12", "13", "14", "15", "16", "17", "18", "19", "2@",
"d11"};

runScenario("edge: the first-inserted (head) node is deleted: tail->next changes",
deleteHead, 2);

// edge: 10 inserts, an attempt to delete a value that is not in the list
String[] notFound = {"3", "6", "9", "12", "15", "18", "21", "24", "27", "3@", "d999"};
runScenario("edge: 10 inserts, an attempt to delete a value that is not in the list",
notFound, 2);
}
}

Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x circular_linked_list.c && /tmp/x

Beklenen cikti:
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-- normal: 18 inserts, delete one value from the middle, 2 laps --

insert_tail(10)
insert_tail(20
insert_tail(30
insert_tail(40
insert_tail(50
delete_value(30):
insert_tail(60)
insert_tail(70)
insert_tail(80)
insert_tail(90)
insert_tail(100)
size = 9
traverse(2 laps):

)
)
)
)

removed

10 20 406 50 60 70 80 90 100 10 20 40 50 60 70 80 90 100

-- hard: 12 inserts (duplicates), 2 deletes (one not found), 3 laps --

insert_tail(5)
insert_tail(5)
insert_tail(20)
insert_tail(30)
delete_value(5):
insert_tail(5)
insert_tail

(40)
insert_tail(5

(5

(6

0
0)
insert_tail(5)

insert_tail(60)

insert_tail(70)

delete_value(12345):

insert_tail(80)
insert_tail(5)
size = 11
traverse(3 laps):
80 5

-- edge: a single
insert_tail(42)
delete_value(42):
size = 0
traverse(5 laps):

removed

not found

520 30 5 40 50 5 60 70 80 5 5 20 30 5 40 50 5 60 70 80 5 5 20 30 5 40 50 5 60 70

node: deleting it empties the list --

removed

(empty)

-- edge: the first-inserted (head) node is deleted: tail->next changes --

insert_tail(11)
insert_tail(
insert_tail(
insert_tail(
insert_tail(
insert_tail(
insert_tail(
insert_tail(
insert_tail(
insert_tail(20
delete_value(11):
size = 9

traverse(2 laps):

1
1
1
1
1
1
1
1

removed

12 13 14 15 16 17 18 19 26 12 13 14 15 16 17 18 19 20

-- edge: 10 inserts, an attempt to delete a value that is not in the list --

insert_tail
insert_tail
insert_tail
insert_tail
insert_tail
insert_tail
insert_tail
insert_tail

3)
)

~ o~ o~~~ o~~~

6
9)
12)
15)
18)
21)
24)
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insert_tail(27)

insert_tail(30)

delete_value(999): not found

size = 10

traverse(2 laps): 3 6 9 12 15 18 21 24 27 30 3 6 9 12 15 18 21 24 27 30

javac -d /tmp/j CircularlLinkedList.java && java -cp /tmp/j CircularLinkedList

Beklenen c¢ikti: yukaridaki C calistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. insert_tail O(1)'dir — yeni digimiin komsulari ( tail ve tail->next, yani bas) zaten bilinir.
delete_value O(n)dir — ileriye taramalidir, ve (hi¢ prev baglantisi olmadan) list_size, yalniz bir turun kag adim
tuttugunu bilmek igin ¢agrilir, dolayisiyla tarama yalniz isaretgi karsilastirmasiyla "basladigimiz yere geri gelene kadar"
calisamaz. traverse, yapl geredi O(n - tur) maliyetlidir.

9.3 Josephus problemi

Kisa bir tarihge. 1. yiizyil tarihgisi Flavius Josephus'un, Yodfat Kugatmasi (M.S. 67) sirasinda bir kitle intihari
anlasmasindan, her k. kisiyi, yalniz biri kalana dek dldiirmeyi kabul eden bir asker gemberinde nerede duracagini
hesaplayarak sag kurtuldugu anlatilir — hikaye tam olarak dogru olsun ya da olmasin, tarif ettigi bilmece o giinden bu
yana onun adini tasiyor, ve bir dairesel bagli listenin dogal, canli bir uygulamasidir: n kisi bir gemberde durur, ve sabit bir
noktadan baslayarak, yalniz bir hayatta kalan kalana dek her k. kisi ¢ikarilir.

Benzetim, 9.2 bolimiindeki dairesel listenin dogrudan bir kullanimidir: n diigimluk bir gember kurun, sonra gegerli
konumdan tekrar tekrar k - 1 adim ileriye sayin ve ulasilan diigiimu kaldirin — tam olarak delete_value 'nun bir
digimu baglantisini kopardigi gibi, yalniz burada silinecek digiim degerlere gore degil adim sayilarak bulunur.
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1. 10 kisi bir cemberde. cur = head (kisi 1). Her 3. kisi 2. say 1/2: prev = cur; cur = cur->next -> kisi 2.
elenecek; prev, cur'dan bir onceki kisiyi tutar.

4. prev->next = cur->next: kisi 3 cemberden cikarilir 5. say 1/2: prev = cur; cur = cur->next -> kisi 5.
(bypass oku), free(cur).

7. prev->next = cur->next: kisi 6 cemberden cikarilir 8. 3. eleme: 2 adim sayilir, kisi 9'e varilir.
(bypass oku), free(cur).

9. prev->next = cur->next: kisi 9 cemberden cikarilir 11. prev->next = cur->next: kisi 2 cemberden cikarilir
(bypass oku), free(cur). (bypass oku), free(cur).

«
Clfele Lo [ oo [
-2l

12. 5. eleme: 2 adim sayilir, kisi 7'e varilir. 14. 6. eleme: 2 adim sayilir, kisi 1'e varilir.

cur cur

¥ ¥

Gl (e [ [ [hp( e ] G Lopee [l [l ]4)
a1 ral

15. prev->next = cur->next: kisi 1 cemberden cikarilir 16.7. eleme: 2 adim sayilir, kisi 8'e varilr.
(bypass oku), free(cur).

v v
0 &0, a0 (e T pele Teppte I
Taralel Tara1f
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18. 8. eleme: 2 adim sayilir, kisi 5'e varlir. 19. prev->next = cur->next: kisi 5 cemberden cikarlir
(bypass oku), free(cur).

cur

Ad . _
L L4 L)
Saralar

21. prev->next = cur->next: kisi 10 cemberden cikarilir 22. Bitti: hayatta kalan kisi 4. Eleme sirasi: 3,6, 9, 2, 7,

(bypass oku), free(cur). 1,8, 5, 10. (Not: kapali bicim -- J(1)=0, J(n)=UJ(n-1)+k)
mod n -- her adimi simiile etmeden ayni hayatta
kalani verir.)

Segcicide ayrica sunu da deneyin: n = 12, k = 5 (zor) ve ug¢ durumlar n = 10, k = 1: siradan eleme ve n = 1: elenecek kimse
yok — ya da dort zorluk seviyesinde rastgele veri igin & 'ya basin, ya da kendi n=N k=K 'nizi yazin.

typedef struct Node { int id; struct Node *next; } Node;

int josephus(int n, int k) {
Node *head = build_circle(n);
Node *prev = head;
while (prev->next != head) /* find the node before head */
prev = prev->next;

Node *cur = head;
int remaining = n;
while (remaining > 1) {
for (int step = 1; step < k; step++) { /* count k-1 steps forward */
prev = cur;
cur = cur->next;
}
prev->next = cur->next; /* remove cur from the circle */
free(cur);
cur = prev->next;
remaining--;
}

return cur->id; /* the sole survivor */

class Node { int id; Node next; Node(int id) { this.id = id; } }

static int josephus(int n, int k) {
Node head = buildCircle(n);
Node prev = head;
while (prev.next != head) // find the node before head
prev = prev.next;

Node cur = head;
int remaining = n;
while (remaining > 1) {
for (int step = 1; step < k; step++) { // count k-1 steps forward
prev = cur;
cur = cur.next;

prev.next = cur.next; // remove cur from the circle
cur = prev.next;
remaining--;

return cur.id; // the sole survivor
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Tam sinif ( code/week-02/java/Josephus.java ), C programinin dort senaryosunu birebir yansitir.
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B Tam program: josephus.c / Josephus.java v
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/* Week 2 -- Linked Lists, Arrays and Matrices
* The Josephus problem: n people in a circle, every k-th one eliminated,
* who survives? Solved with a circular linked list. Matches the josephus.js
* animation.
* CEN207 Data Structures (formerly CE205)
2/
#include <stdio.h>
#include <stdlib.h>

typedef struct Node { int id; struct Node *next; } Node;

static Node *build_circle(int n) {

Node *head = NULL, *tail = NULL;

for (int i = 1; 1 <= n; i++) {
Node *node = malloc(sizeof(Node));
node->id = i;
node->next = NULL;
if (tail == NULL) head = node; else tail->next = node;
tail = node;

}

tail->next = head; /* close the circle */

return head;

int josephus(int n, int k) {
Node *head = build_circle(n);
Node *prev = head;
while (prev->next != head) /* find the node before head */
prev = prev->next;

Node *cur = head;
int remaining = n;
while (remaining > 1) {
for (int step = 1;
prev = cur;
cur = cur->next;
}
printf("eliminate %d\n", cur->id);
prev->next = cur->next; /* remove cur from the circle */
free(cur);
cur = prev->next;
remaining--;
}
int survivor = cur->id;
free(cur);
return survivor; /* the sole survivor */

static void run_scenario(const char *label, int n, int k) {
printf("-- %s --\n", label);
printf("n=%d k=%d\n", n, k);
int survivor = josephus(n, k);
printf("survivor = %d\n\n", survivor);

}

int main(void) {
/* normal: n = 19, k = 3 */
run_scenario("normal: n = 10, k = 3", 10, 3);

/* hard: n = 12, k = 5 */
run_scenario("hard: n = 12, k = 5", 12, 5);

/* edge: n = 10, k = 1: eliminate in plain order */
run_scenario("edge: n = 108, k = 1: eliminate in plain order", 10, 1);

RTEU Bilgisayar Miihendisligi - Dr. Ogr. Uyesi Ugur CORUH - 2026-2027 Giiz

step < k; step++) { /* count k-1 steps forward */

Hafta 2 — Ders Notu

Page 151/ 181



CEN207 Veri Yapllari Hafta 2 — Ders Notu

/* edge: n = 1: nobody to eliminate */
run_scenario("edge: n = 1: nobody to eliminate", 1, 3);

return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices

* The Josephus problem: n people in a circle, every k-th one eliminated,

* who survives? Solved with a circular linked list. Matches the josephus.js
* animation.

* CEN207 Data Structures (formerly CE205)

2/
public class Josephus {

static class Node { int id; Node next; Node(int id) { this.id = id; } }

static Node buildCircle(int n) {

Node head = null, tail = null;

for (int i = 1; i <= n; i++) {
Node node = new Node(i);
if (tail == null) head = node; else tail.next = node;
tail = node;

}

tail.next = head; // close the circle

return head;

static int josephus(int n, int k) {
Node head = buildCircle(n);
Node prev = head;
while (prev.next != head) // find the node before head
prev = prev.next;

Node cur = head;
int remaining = n;
while (remaining > 1) {
for (int step = 1;
prev = cur;
cur = cur.next;

step < k; step++) { // count k-1 steps forward

}
System.out.println("eliminate " + cur.id);
prev.next = cur.next; // remove cur from the circle
cur = prev.next;
remaining--;
}
return cur.id; // the sole survivor

}

static void runScenario(String label, int n, int k) {
System.out.println("-- " + label + " --");
System.out.println("n=" + n + " k=" + k);
int survivor = josephus(n, k);
System.out.println("survivor =
System.out.println();

+ survivor);

}

public static void main(String[] args) {
// normal: n =10, k = 3
runScenario("normal: n = 10, k = 3", 10, 3);

// hard: n = 12, k
runScenario("hard: n

12, k = 5", 12, 5);

// edge: n = 10, k
runScenario("edge: n

n
=

: eliminate in plain order
10, k = 1: eliminate in plain order", 10, 1);

// edge: n = 1: nobody to eliminate
runScenario("edge: n = 1: nobody to eliminate", 1, 3);
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Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x josephus.c && /tmp/x

Beklenen ¢ikti:

-- normal: n =10, k = 3 --
n=10 k=3

eliminate
eliminate
eliminate
eliminate
eliminate
eliminate
eliminate
eliminate
eliminate 10
survivor = 4

= U100 = NN OO W

-- hard: n =12, k =5 --
n=12 k=5
eliminate 5
eliminate 10
eliminate 3
eliminate 9
eliminate 4
eliminate 12
eliminate 8
eliminate 7
eliminate 11
eliminate 2
eliminate 6
survivor = 1

-- edge: n = 10, k = 1: eliminate in plain order --
n=10 k=1

eliminate
eliminate
eliminate
eliminate
eliminate
eliminate
eliminate
eliminate
eliminate
survivor = 10

O 0N WN =

-- edge: n = 1: nobody to eliminate --
n=1 k=3
survivor

]
=

javac -d /tmp/j Josephus.java && java -cp /tmp/j Josephus

Beklenen ¢ikti: yukaridaki C ¢alistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. Her eleme, en gok k adim sayar ve bir diigiim kaldirir, dolayisiyla tim benzetim O(n - k) maliyetlidir — k = 1
icin (siradan sirayla eleme) tek, temiz bir O(n) taramaya indirgenir, yukaridaki "ug: k = 1" senaryosunda goriindr haldedir.
Kapali bigimli bir yineleme (recurrence), J(1) = @ ve J(n) = (J(n-1) + k) mod n, hayatta kalanin konumunu tek bir
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eleme bile benzetmeden O(n)'de verir — ama eleme sirasini ortaya gikarmaz, ki bunu yukaridaki benzetim ilerledikge
yazdirir.

Sik yapilan hatalar

e k yerine k adim saymak: "her 3. kisi elenir" gegerli konumdan basglayarak demek, gegerli konum zaten
e sayl olarak sayildigindan, 3. kisiye ulasmak igin yalniz 2 adim daha gerekir — dongi k degil k - 1 kez galisir.

o Her elemeden sonra prev 'in yeniden bulunmasi (ya da sirekli takip edilmesi) gerektigini unutmak — gemberde
hic prev baglantisi olmadigindan, bir dugimdu kaldiran kisi o diiglimiin 6ncilini zaten bilmelidir, ki bu tam
olarak prev ve cur 'un neden hep birlikte, asla ayri ayri ilerletildigidir.

10. XOR bagli liste

10.1 Baslangig sorusu

1. bolimiin ¢ift yonld bagh listesi, her diigiimde ikinci bir isaretci alanina bedel 6deyerek geriye gezinme elde eder. Ya
yalniz bir isaret¢i kadar bellege bedel 6deyerek ayni ¢ift yonlii gezinme yetenegini alabilseydik? Bu, dislayici-veya
(exclusive-or) igleminin su diizgiin 6zelligini hatirlayana kadar imkénsiz goriiniir: a XOR b XOR b == a.Butek
0zdeslik, XOR bagli listenin (XOR linked list) arkasindaki numaranin tamamidir.

10.2 Tek bir alan, prev XOR next

Her digim tek bir alan, npx, saklar, ki bu 6nciiliiniin ve ardilinin adreslerinin bit diizeyinde XOR'unu tutar: npx =
addr(prev) XOR addr(next) . Tek basina bu sayi higbir sey sOylemez — ama listede yliriiyorsaniz ve az 6nce geldiginiz
digimdin adresini biliyorsaniz, npx 'i geldiginiz adresle XOR'layarak diger komsuyu geri alabilirsiniz: addr (next) = npx
XOR addr (prev) . ileriye yiiriimek her zaman nereden geldiginizi ( prev ) bilmek demek oldugundan, numara her iki yénde
de, simetrik olarak ¢alisir — yalniz hangi adresi "bildiginiz" adres olarak ele aldiginiz meselesidir.

Bu, burada tretimde bagvurulacak bir teknik olarak degil, bir bellek-tasarrufu meraki (curiosity) olarak sunuluyor, iki somut
nedenle. Birincisi, standart C aslinda bunun galisacagini garanti etmez: bir isaretgiyi bir tamsayiya donistiirmek,
tamsayilari XOR'lamak, ve sonucu tekrar bir isaretgiye donustiirmek, C standardinin dogru bir sekilde geri donecegini
garanti ettigi bir sey degil, uygulamaya-bagli (implementation-defined) bir davranistir — gergek her makinenin diiz adres
uzayinda ¢alismasi olagandir, ama teknik olarak garantili C semantiginin disinda yasar. ikincisi, ve daha temel olarak, bir
¢op toplayicili (garbage-collected) dil bu numarayi hig yapamaz: bir ¢ép toplayicinin, bir nesnenin hala erisilebilir
oldugunu bilmesi ve onu tutup tutmayacagina karar vermesi igin, o yigin (heap) nesnesine olan her canli isaretgiyi gérmesi
gerekir, ve baska iki adresin XOR'unun iginde gizli bir adres ona goriinmezdir. Bu ylizden asagidaki Java sirimimiiz npx
icin hic gercek nesne referansi kullanamaz — kendi kiiglik bir dizisini (bir "havuz") tutar ve adresler yerine bu dizideki diiz
tamsayi indisleri saklar, adresleri degil indisleri XOR'layarak.
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1. XOR bagl liste bir hafiza tasarrufu tuhafhigidir:
standart C bunu GARANTI etmez (isaretci <-> tamsay!
donustmleri derleyiciye baghdir), ve cop toplayicili
diller (Java gibi) bunu hi¢ yapamaz -- gercek bellek
adresleri yerine kendi kiiglik havuz dizisindeki indisleri
kullanir.

6. head = n: yeni diiglim artik bas. Bu liste O(1)
ekleme yapar, tipki siradan bir tekil bagl liste gibi --
fark yalniz alan sayisinda.

11. insert_head(40): yeni digiim artik bas. Bu liste O(1)
ekleme yapar, tipki siradan bir tekil bagl liste gibi --
fark yalniz alan sayisinda.

15. traverse_forward(head): prev = NULL (0), cur =

head. Her adimda next'i cur->npx XOR prev ile
HESAPLIYORUZ -- sakli bir next alani yok.

ED GB GD GD G &0 GD GO GD ED

20. deger 50; ayni XOR hesabi hizli devam eder.
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(=1

3. head = n: yeni diigiim artik bas. Bu liste O(1)
ekleme yapar, tipki siradan bir tekil bagl liste gibi --
fark yalniz alan sayisinda.

8. insert_head(70): yeni diigiim artik bas. Bu liste O(1)
ekleme yapar, tipki siradan bir tekil bagl liste gibi --
fark yalniz alan sayisinda.

GD GO GO CD ED GO GO &0 &D

13. insert_head(20): yeni diiglim artik bas. Bu liste O(1)
ekleme yapar, tipki siradan bir tekil bagl liste gibi --
fark yalniz alan sayisinda.

18. deger 30; next = npx (0xEO) ~ prev (0x1080) =
0x1060 = digim 40.

GD GH GD GP GO D GH GRG0 ED

23. deger 80; ayni XOR hesabi hizli devam eder.
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Z5. deger 10U; ayni XUKR hesabi hizli devam eder. Z/.deger 10U; prev = npx (UX1010) ™ next (UxU) =
0x1010 = dugiim 90.

30. geriye: 70. 32. geriye: 50.
35. geriye: 20. 37. Bitti. ileri: 10, 20, 30, 40, 50, 60, 70, 80, 90, 100.

Geri: 100, 90, 80, 70, 60, 50, 40, 30, 20, 10. Tek bir npx
alaniyla iki yonli gezinme -- bedeli her adimda bir
XOR.

Segicide ayrica sunu da deneyin: 12 diigiim (yinelenen/negatif degerler) (zor) ve u¢ durumlar tek diigiim, iki diigiim, 10
diigiim, sirayla insert_tail (FIFO sirasi), 12 diigiim, insert_head ve insert_tail karisik, ve bos listeye
insert_tail : tek diigiim hem bas hem son olur — ya da dort zorluk seviyesinde rastgele veriigin . 'ya basin, ya da
kendi sayilarinizi ( insert_head )/ tN 'lerinizi (insert_tail) yazin.
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typedef struct Node {

int data;

uintptr_t npx; /* XOR of the addresses of prev and next */
} Node;

static uintptr_t addr(Node *p) { return (uintptr_t)p; }
static Node *xor_node(uintptr_t npx, Node *known) { return (Node *)(npx * addr(known)); }

Node *insert_head(Node *head, Node **tail, int value) {
Node *n = malloc(sizeof(Node));
n->data = value;
n->npx = addr(NULL) A addr(head); /* prev = NULL, next = old head */
if (head != NULL)

head->npx = addr(n) * addr(xor_node(head->npx, NULL)); /* old head's prev becomes n */

else
*tail = n; /* first node is both head and tail */
return n;

}

Node *insert_tail(Node **head, Node *tail, int value) {
Node *n = malloc(sizeof(Node));
n->data = value;
n->npx = addr(tail) * addr(NULL); /* prev = old tail, next = NULL */
if (tail != NULL)

tail->npx = addr(xor_node(tail->npx, NULL)) A addr(n); /* old tail's next becomes n */

else
*head = n; /* first node is both head and tail */
return n;

}

void traverse_forward(Node *head) {
Node *prev = NULL, *cur = head;
while (cur !'= NULL) {
printf(" %d", cur->data);
Node *next = xor_node(cur->npx, prev);
prev = cur; cur = next;

}

void traverse_backward(Node *tail) {
Node *next = NULL, *cur = tail;
while (cur !'= NULL) {
printf(" %d", cur->data);
Node *prev = xor_node(cur->npx, next);
next = cur; cur = prev;
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// Java has no pointer arithmetic: each node's "address" is its index in a small pool array.
static final int NONE = 0; // 8 means "no node" (real nodes live at indices 1..n)

class Node { int data; int npx; } // XOR of the POOL INDEX of prev and of next

Node[] pool = new Node[16@]; int count = ©;

static int insertHead(int head, int[] tail, int value) {
int n = allocate(value);
pool[n].npx = NONE * head; // prev = NONE, next = old head
if (head != NONE) {
int headNext = pool[head].npx A NONE; // old head's prev was NONE

pool[head].npx = n * headNext; // old head's prev becomes n
} else tail[0@] = n; // first node is both head and tail
return n;

static int insertTail(int[] head, int tail, int value) {
int n = allocate(value);
pool[n].npx = tail * NONE; // prev = old tail, next = NONE
if (tail !'= NONE) {
int tailNext = pool[tail].npx A NONE; // old tail's next was NONE

pool[tail].npx = n * tailNext; // old tail's next becomes n
} else head[0] = n; // first node is both head and tail
return n;

static void traverseForward(int head) {
int prev = NONE, cur = head;
while (cur != NONE)
System.out.print( + pool[cur].data);
int next = pool[cur].npx % prev;
prev = cur; cur = next;

static void traverseBackward(int tail) {
int next = NONE, cur = tail;
while (cur != NONE)
System.out.print( + pool[cur].data);
int prev = pool[cur].npx * next;
next = cur; cur = prev;

Tam sinif (code/week-02/java/XorLinkedList.java ), C programinin dort senaryosunu birebir yansitir.
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E Tam program: xor_linked_list.c / XorLinkedList.java v
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/* Week 2 -- Linked Lists, Arrays and Matrices
* XOR linked list: one field, npx, holds XOR(prev, next) instead of two
* separate pointers. Matches the xor-linked-list.js animation.
* CEN207 Data Structures (formerly CE205)
5/
#include <stdint.h>
#include <stdio.h>
#include <stdlib.h>

typedef struct Node {

int data;

uintptr_t npx; /* XOR of the addresses of prev and next */
} Node;

static uintptr_t addr(Node *p) { return (uintptr_t)p; }
static Node *xor_node(uintptr_t npx, Node *known) { return (Node *)(npx A addr(known)); }

Node *insert_head(Node *head, Node **tail, int value) {
Node *n = malloc(sizeof(Node));
n->data = value;
n->npx = addr(NULL) * addr(head); /* prev = NULL, next = old head */
if (head != NULL)
head->npx = addr(n) * addr(xor_node(head->npx, NULL)); /* old head's prev becomes n */
else
*tail = n; /* first node is both head and tail */
return n;

}

Node *insert_tail(Node **head, Node *tail, int value) {
Node *n = malloc(sizeof(Node));
n->data = value;
n->npx = addr(tail) * addr(NULL); /* prev = old tail, next = NULL */
if (tail != NULL)
tail->npx = addr(xor_node(tail->npx, NULL)) * addr(n); /* old tail's next becomes n */
else
*head = n; /* first node is both head and tail */
return n;

}

void traverse_forward(Node *head) {
Node *prev = NULL, *cur = head;
while (cur != NULL) {
printf(" %d", cur->data);
Node *next = xor_node(cur->npx, prev);
prev = cur; cur = next;

}

void traverse_backward(Node *tail)
Node *next = NULL, *cur = tail;
while (cur != NULL) {
printf(" %d", cur->data);
Node *prev = xor_node(cur->npx, next);
next = cur; cur = prev;

}

static void free_all(Node **pool, int count) {
for (int i = 0; i < count; i++) free(pool[i]);

}

/* tokens: a plain number is insert_head(value); "tV" is insert_tail(value) */
static void run_scenario(const char *label, const char *ops[], int n) {
printf("-- %s --\n", label);
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Node *head = NULL, *tail = NULL;
Node *pool[32];
int count = 0;
for (int i = 0; i < n; i++) {
const char *op = ops[i];
if (opl@] == 't") {
int v = atoi(op + 1);
Node *node = insert_tail(&head, tail, v);
tail = node;
pool[count++] = node;
printf("insert_tail(%d)\n", v);
} else {
int v = atoi(op);
Node *node = insert_head(head, &tail, v);
head = node;
pool[count++] = node;
printf("insert_head(%d)\n", v);
}
}
printf("forward: ");
traverse_forward(head) ;
printf("\n");
printf("backward:");
traverse_backward(tail);
printf("\n\n");
free_all(pool, count);

int main(void) {
/* normal: 10 nodes, inserted one by one with insert_head */
const char *normal[] = {"100", "9@", "8@", "70", "60", "50", "40", "30", "20", "10"};
run_scenario("normal: 10 nodes, inserted one by one with insert_head", normal, 10);

/* hard: 12 nodes (duplicates/negatives) */
COnSt Char *hard[] = {"_199“' ||100u’ Il_3l|' l|2||‘ II_-Ill’ ”8"' ||8||‘ |I_3ll’ llall, ||5||‘ |I_3ll’ llsll};
run_scenario("hard: 12 nodes (duplicates/negatives)", hard, 12);

/* edge: 10 nodes, inserted one by one with insert_tail (FIFO order) */

const char *tail_basic[] = {"t10", "t2@", "t3@", "t4@", "t50", "t6e8", "t70", "t80", "t90",
"1100"};

run_scenario("edge: 10 nodes, inserted one by one with insert_tail (FIFO order)", tail_basic,
10);

/* edge: 12 nodes, mixing insert_head and insert_tail */

const char *mixed[] = {"10", "t20", "30", "t4@", "50", "t68", "70", "t80", "90", "t100",
"110", "t120"};

run_scenario("edge: 12 nodes, mixing insert_head and insert_tail", mixed, 12);

return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices

* XOR linked list: one field, npx, holds XOR(prev, next) instead of two

* separate pointers. Java has no pointer arithmetic: each node's "address”

* is its index in a small pool array. Matches the xor-linked-list.js

* animation.

* CEN207 Data Structures (formerly CE205)

&l
public class XorLinkedList {

static final int NONE = ©; // @ means "no node" (real nodes live at indices 1..n)

static class Node { int data; int npx; } // XOR of the POOL INDEX of prev and of next
static Node[] pool = new Node[160];
static int count = ©;
static int allocate(int value) {
count++;
pool[count] = new Node();
pool[count].data = value;
return count;

}

static int insertHead(int head, int[] tail, int value) {
int n = allocate(value);
pool[n].npx = NONE * head; // prev = NONE, next = old head
if (head !'= NONE) {
int headNext = pool[head].npx A~ NONE; // old head's prev was NONE

pool[head].npx = n * headNext; // o0ld head's prev becomes n
} else tail[0@] = n; // first node is both head and tail
return n;

}

static int insertTail(int[] head, int tail, int value) {
int n = allocate(value);
pool[n].npx = tail * NONE; // prev = old tail, next = NONE
if (tail !'= NONE) {
int tailNext = pool[tail].npx * NONE; // old tail's next was NONE

pool[tail].npx = n * tailNext; // old tail's next becomes n
} else head[0] = n; // first node is both head and tail
return n;

}

static void traverseForward(int head, StringBuilder out) {
int prev = NONE, cur = head;
while (cur !'= NONE) {
out.append(' ').append(pool[cur].data);
int next = pool[cur].npx * prev;
prev = cur; cur = next;

}

static void traverseBackward(int tail, StringBuilder out) {
int next = NONE, cur = tail;
while (cur != NONE) {
out.append(' ').append(pool[cur].data);
int prev = pool[cur].npx * next;
next = cur; cur = prev;

}

// tokens: a plain number is insertHead(value); "tV" is insertTail(value)
static void runScenario(String label, String[] ops) {
System.out.println("-- " + label + " --");
int[] head = {NONE}, tail = {NONE};
for (String op : ops) {
if (op.charAt(@) == '"t') {
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int v = Integer.parseInt(op.substring(1));
int n = insertTail(head, tail[@], v);
tail[@] = n;
System.out.println("insert_tail(" + v + ")");
} else {
int v = Integer.parselnt(op);
int n = insertHead(head[@], tail, v);
head[0] = n;
System.out.println("insert_head(" + v + ")");
}
}
StringBuilder fwd = new StringBuilder("forward: ");
traverseForward(head[0], fwd);
System.out.println(fwd);
StringBuilder bwd = new StringBuilder("backward:");
traverseBackward(tail[@], bwd);
System.out.println(bwd);
System.out.println();
}

public static void main(String[] args) {
// normal: 10 nodes, inserted one by one with insert_head
String[] normal = {"100", "90", "80", "70", "60", "50", "40", "30", "20", "10"};
runScenario("normal: 10 nodes, inserted one by one with insert_head", normal);

// hard: 12 nodes (duplicates/negatives)
String[] hard = {ll_—laall, “19@"’ ll_3l|’ l|2||' "—1”’ ”8"’ l|8||' Il_3ll’ ll@ll, II5II' Il_3ll’ ”5"};
runScenario("hard: 12 nodes (duplicates/negatives)", hard);

// edge: 10 nodes, inserted one by one with insert_tail (FIFO order)

String[] tailBasic = {"t10", "t20", "t30", "t4@", "t50", "t68", "t70", "t80e", "t9e",
"t100"};

runScenario("edge: 10 nodes, inserted one by one with insert_tail (FIFO order)",
tailBasic);

// edge: 12 nodes, mixing insert_head and insert_tail

String[] mixed = {"10", "t20", "30", "t40", "50", "t60", "70", "t80", "90", "t100",
"110", "t120"};

runScenario("edge: 12 nodes, mixing insert_head and insert_tail", mixed);

Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x xor_linked_list.c && /tmp/x

Beklenen c¢ikti:
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-- normal: 10 nodes,

insert_head(100)
insert_head(90)

insert_head(
insert_head(
insert_head(
insert_head(
insert_head(
insert_head(
insert_head(
insert_head(10)

80)
70)
60)
50)
40)
30)
20)

forward: 10 20 30 40 50 60 70 80 90 100
backward: 100 90 80 70 60 50 40 30 20 10

-- hard: 12 nodes (duplicates/negatives) --
100)

insert_head(-
insert_head(100)
insert_head(-3)
insert_head(2
insert_head(-1)
insert_head(8
insert_head(8
insert_head(
insert_head(
insert_head(
insert_head(-
(5

insert_head

)

-3
)
‘
)
)
-3
0)
5)
-3

)
)

forward: 5 -3 50 -3 8 8
backward: -100 160 -3 2

-- edge: 10 nodes,

insert_tail(10)
insert_tail(2
insert_tail(3
insert_tail(4
insert_tail(5
insert_tail(6
insert_tail(7
insert_tail(8
insert_tail(90)
insert_tail(100)

)
)
0)
)
0)
)
e)
0

forward: 10 20 30 40 50 60 70 80 90 100
backward: 100 90 80 70 60 50 40 30 20 10

-- edge: 12 nodes,

insert_head(10)
insert_tail(
insert_head(
insert_tail(
insert_head(
insert_tail(
insert_head(
insert_tail(
insert_head(
insert_tail( )
insert_head(110)

insert_tail(120)

20)
30)
40)
50)
60)
70)
80)
90)
100

forward: 110 90 70 50 30 10 20 40 60 80 100 120
backward: 120 100 80 60 40 20 10 30 50 70 90 110

javac -d /tmp/j XorLinkedlList.java && java -cp /tmp/j XorLinkedList
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inserted one by one with insert_head --

-1 2 -3 100
-1 88 -305-35

inserted one by one with insert_tail (FIFO order) --

mixing insert_head and insert_tail --
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Beklenen cgikti: yukaridaki C ¢alistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. Gosterilen her igslem — insert_head, insert_tail, ve her iki gezinmenin de bir adimi — diigiim basina
O(1)'dir, gift yonli bagh listenin zaman karmasikligiyla tam olarak eslesir; tek fark alandir: diigiim basina iki yerine bir
adres (ya da indis).

Sik yapilan hatalar

e "Hangi adresten geldiginizi" gdzden kagirmak: xor_node(npx, known) 'un her adimi dogru "bilinen" komsuya
ihtiyag duyar — yanlisini kullanmak, gezinmeyi (C'de) ilgisiz bellege ya da (Java'da) yanlis havuz yuvasina
sessizce gonderir, agik bir hata vermek yerine.

e Bir uctan iceri yiirimeden once bir XOR bagli listenin ortasina atlamaya ¢alismak: hi¢bir digimiin npx 'i tek
basina gergek bir adres ortaya koymadigindan, "Gglinci diigim"e dogrudan referans veremezsiniz — tim yapi
yalniz bilinen bir baslangi¢ noktasindan (head ya da tail) ardigik bir yirlyis olarak anlam ifade eder.

e Bu teknigin tasinabilir, glivenli C oldugunu ya da Java'da hig kullanilabilecegini varsaymak: 10.2 bolimiin
acikladigi gibi, C'de uygulamaya-bagli isaretgi/tamsayi dontigimiine dayanir, ve ¢op toplayicili bir dilde gergek
referanslarla hi¢ yapilamaz.

11. Atlamal liste

11.1 Baslangi¢ sorusu

7.3 bolim, bir bagl listede aramanin O(n) oldugunu gésterdi — ikili aramanin yaptigi gibi "ortaya atlamanin” bir yolu
yoktur, ¢clinkl herhangi bir diigiime ulagmak bastan oraya yiirimeyi gerektirir. Ya listede bir hizli serit (express lane)

olsaydi: yalniz birkag diigiimi birbirine baglayan, tam listenin izerine katmanlanmis ikinci, daha kisa bir zincir; biyik
mesafeleri bir kerede atlamak igin kullanabileceginiz, son birkag adim igin tam listeye inmeden 6nce?

11.2 Kisa bir tarihge

Atlamali liste (skip list), 1990'da William Pugh tarafindan icat edildi, Communications of the ACM'de "Skip Lists: A
Probabilistic Alternative to Balanced Trees" olarak yayimlandi. Pugh'un 6zgiin tasarimi, her yeni diigiimiin "kag hizli seride
katilacagina" ekleme anindaki gergek bir yazi-tura ile karar verir, kirmizi-siyah agac gibi dengeli bir agagtan ¢ok daha basit
kodla beklenen O(log n) arama performansi verir, bedeli garantili degil beklenen sinirlardir. Ornek programlarimiz, her
anahtar icin seviye atamasini gergek bir yazi-tura yerine agik bir girdi yapar, boylece her ¢alistirma tam olarak yinelenebilir
olur — ama arama ve ekleme algoritmalarinin kendileri tam olarak Pugh'unkilerdir.

11.3 iki katman: taban liste ve bir hizli serit

Bu uygulama tam olarak iki seviye tutar: seviye 0 siradan sirali bagl listedir, her anahtari tutar; seviye 1 hizh serittir, yalniz
bazi anahtarlari tutar. Her iki seviyenin 6niinde 6zel bir baglik (header) nobetgi diigiimi oturur. Bir deger icin arama
yapmak igin, en (st seviyedeki baslikta (hizli serit) baglayin ve o seviyedeki bir sonraki anahtar hedeften hala kiiglikken
sa@a gidin; bu dogru olmadigi (ya da bir sonraki anahtar olmadigi) anda, bir seviye asag! inin ve seviye 0 tiikkenene kadar
devam edin — deger ya seviye 0'daki bir sonraki diiiimdiir, ya da listede hi¢ yoktur. Ekleme, 6nce ayni yukaridan-asagiya
taramayi galistirir, ama her seviyede ulagilan en sagdaki digiimi hatirlar (update dizisi), sonra yeni diigiimii ait oldugu
her seviyeye, ilgili hatirlanan dnciliiniin hemen ardina yerlestirir.
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1. Iki satir: (istte hizh serit (seviye 1), altta tam liste
(seviye 0). header her ikisinde de var; baslangicta ikisi
de bos listeye isaret eder (NULL).

=1/

4. sl_insert(20, level=2): bu anahtarin seviyesi 2 --
onceden belirlenmis (bir "yazi-tura” sonucu gibi
dasunuan), zar atilmryor.

(=1 (= 1/

e [ on [ = [ = [ p{ = [/

7. 4. ekleme: 40 sirali konumuna girdi, hizl seritte de
yer aldu.

- ﬂl n' ﬂn

10. 7. ekleme: 70 sirali konumuna girdi, yalniz taban
listede.

bas

13.10. ekleme: 100 sirali konumuna girdi, hizli seritte
de yer ald1.
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(= 1/

3. update[i]->forward[i] = n her seviyede: 10 sirali
konumuna girdi, yalniz taban listede.

X

6. 3. ekleme: 30 sirali konumuna girdi, yalniz taban
listede.

9. 6. ekleme: 60 sirali konumuna girdi, hizl seritte de
yer aldi.

as

12.9. ekleme: 90 sirali konumuna girdi, yalniz taban
listede.

as

15. seviye 1: cur->forward[1]->value (20) < 80 -- saga
git.
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|
|
|
|
|

16. seviye 1: cur->forward[1]->value (40) < 80 -- saga
git.

19. seviye 0: cur->forward[0]->value (70) < 80 -- saga
git.

.
=1 (=] (=] (=] =1/
810,530 E10, 030 10,230, £10 010, E10 .53

22. seviye 1'de daha yakin digiim yok -- asagi in.

Hafta 2 — Ders Notu

|
|
|
|
|

18. seviye 1'de daha yakin diigiim yok -- asagi in.

21. 2. sl_search(999): cur = header. Seviye 1'den (hizh
serit) baslyoruz.

v

24. Bitti: 10 anahtar, 2 arama. Taban liste (sirah): 10, 20,
30, 40, 50, 60, 70, 80, 90, 100.

bay
bay

Segicide ayrica sunu da deneyin: 14 anahtar (yinelenen/negatif), sira digi ekleme sirasi (zor) ve u¢ durumlar 10 anahtar,
hizli seritte YALNIZ bir diigiim ve 12 anahtar: ilk anahtar, son anahtar, listede olmayan bir deger — ya da doért zorluk
seviyesinde rastgele veri igin # 'ya basin, ya da kendi deger:seviye c¢iftlerinizi ve | sonrasina aranan degerleri yazin.
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#define MAX_LEVEL 2 /* level @ = the full 1list, level 1 = the express lane */
typedef struct Node { int value; struct Node *forward[MAX_LEVEL]; } Node;
typedef struct { Node *header; } SkipList; /* header: sentinel, present at every level */

void sl_insert(SkipList *sl, int value, int level, bool verbose) {
Node *update[MAX_LEVEL];
Node *cur = sl->header;
for (int i = MAX_LEVEL - 1; i >=0; i--) {

while (cur->forward[i] '= NULL && cur->forward[i]->value < value)
cur = cur->forward[i];
update[i] = cur; /* predecessor of the new node at level i */

}

Node *n = new_node(value);

for (int i = 0; i < level; i++) {
n->forward[i] = update[i]->forward[i];
update[i]->forward[i] = n;

int sl_search(SkipList *sl, int value, int *comparisons) {
Node *cur = sl->header;
*comparisons = 0;
for (int i = MAX_LEVEL - 1; i >=0; i--) {

while (cur->forward[i] '= NULL && cur->forward[i]->value < value) {
cur = cur->forward[i]; /* go right */
(*comparisons)++;
}
/* else: drop down one level */
}
cur = cur->forward[0];
(*comparisons)++;
return cur !'= NULL && cur->value == value;
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static final int MAX_LEVEL = 2; // level @ = the full list, level 1 = the express lane

class Node { int value; Node[] forward = new Node[MAX_LEVEL]; Node(int v) { value = v; } }

class SList { Node header = new Node(Integer.MIN_VALUE); } // header: sentinel, present at every
level

static void insert(SList sl, int value, int level, boolean verbose) {
Node[] update = new Node[MAX_LEVEL];
Node cur = sl.header;
for (int i = MAX_LEVEL - 1; i >= 0; i--) {

while (cur.forward[i] !'= null && cur.forward[i].value < value)
cur = cur.forward[i];
update[i] = cur; // predecessor of the new node at level i

}

Node n = new Node(value);

for (int i = 0; i < level; i++) {
n.forward[i] = update[i].forward[i];
update[i].forward[i] = n;

static SearchResult search(SList sl, int value) {
Node cur = sl.header;
SearchResult r = new SearchResult();
for (int i = MAX_LEVEL - 1; i >= 0; i--) {
while (cur.forward[i] '= null && cur.forward[i].value < value) {
cur = cur.forward[i]; // go right
r.comparisons++;
}
// else: drop down one level
}
cur = cur.forward[0];
r.comparisons++;
r.found = cur != null && cur.value == value;
return r;

Tam sinif ( code/week-02/java/SkipList.java ), C programinin dort senaryosunu birebir yansitir.
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B Tam program: skip_list.c / SkipList.java v
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/* Week 2 -- Linked Lists, Arrays and Matrices

* Skip list: a sorted linked list with an extra "express lane". Levels are
* given explicitly per key (a deterministic stand-in for a coin flip), not
* chosen at random, so every run is repeatable. Matches the skip-list.js

* animation (MAX_LEVEL = 2: level @ is the full list, level 1 is the

* express lane).

*

CEN207 Data Structures (formerly CE205)
53/

#include <limits.h>

#include <stdbool.h>

#include <stdio.h>

#include <stdlib.h>

#define MAX_LEVEL 2 /* level @ = the full list, level 1 = the express lane */
typedef struct Node { int value; struct Node *forward[MAX_LEVEL]; } Node;
typedef struct { Node *header; } SkipList; /* header: sentinel, present at every level */

static Node *new_node(int value) {
Node *n = malloc(sizeof(Node));
n->value = value;
for (int i = @; i < MAX_LEVEL; i++) n->forward[i] = NULL;
return n;

void sl_insert(SkipList *sl, int value, int level, bool verbose) {
Node *update[MAX_LEVEL];
Node *cur = sl->header;
for (int i = MAX_LEVEL - 1; i >= 0; i--) {

while (cur->forward[i] != NULL && cur->forward[i]->value < value)
cur = cur->forward[i];
update[i] = cur; /* predecessor of the new node at level i */

}

Node *n = new_node(value);

for (int i = 0; i < level; i++) {
n->forward[i] = update[i]->forward[i];
update[i]->forward[i] = n;

}

if (verbose) printf("sl_insert(%d, level=%d)\n", value, level);

int sl_search(SkipList *sl, int value, int *comparisons) {
Node *cur = sl->header;
*comparisons = 0;
for (int i = MAX_LEVEL - 1; i >= 0; i--) {

while (cur->forward[i] != NULL && cur->forward[i]->value < value) {
cur = cur->forward[i]; /* go right */
(*comparisons)++;
}
/* else: drop down one level */
}
cur = cur->forward[0];
(*comparisons)++;
return cur '= NULL && cur->value == value;

}

static void print_sorted(SkipList *sl) {
printf("sorted:");
for (Node *cur = sl->header->forward[0]; cur !'= NULL; cur = cur->forward[0])
printf(" %d", cur->value);
printf("\n");
}

static void free_list(SkipList *sl) {
Node *cur = sl->header->forward[0];
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while (cur !'= NULL) {
Node *tmp = cur;
cur = cur->forward[0];
free(tmp);

static void run_scenario(const char *label, const int values[], const int levels[], int n, const
int searches[], int sn) {
printf("-- %s --\n", label);
Node header_node = { INT_MIN, { NULL, NULL } };
SkipList sl = { &header_node };
for (int i = 0; 1 < n; i++)
sl_insert(&sl, values[i], levels[i], true);
print_sorted(&sl);
for (int q = 0; q < sn; g++) {
int comparisons;
int found = sl_search(&sl, searches[q], &comparisons);
printf("sl_search(%d): %s, comparisons %d\n", searches[q], found ? "found" : "not found",
comparisons) ;
}
printf("\n");
free_list(&sl);
}

int main(void) {

/* normal: 10 keys, every other one on the express lane, two searches */

int normal_v[] = {10, 20, 30, 40, 50, 60, 70, 80, 90, 100},

int normal_1[] {1, 2,1, 2,1, 2,1, 2, 1, 2};

int normal_s[] = {80, 999};

run_scenario("normal: 10 keys, every other one on the express lane, two searches", normal_v,
normal_1l, 10, normal_s, 2);

/* hard: 14 keys (duplicates/negatives), inserted out of sorted order */

int hard_v[] = {56, -20, 10, 10, 70, -20, 30, 90, 30, 0, 60, 40, 80, 20};

int hard_1[] = {1, 2, 1, 2, 1, 1, 2, 1, 1, 2, 1, 2, 1, 1};

int hard_s[] = {306, -20, 1000};

run_scenario("hard: 14 keys (duplicates/negatives), inserted out of sorted order", hard_v,
hard_1, 14, hard_s, 3);

/* edge: 10 keys, only ONE node on the express lane */

int one_express_v[] = {5, 15, 25, 35, 45, 55, 65, 75, 85, 95};

int one_express_1[] = {1, 1, 1, 2, 1, 1, 1, 1, 1, 1};

int one_express_s[] = {35, 90};

run_scenario("edge: 10 keys, only ONE node on the express lane", one_express_v,
one_express_1l, 10, one_express_s, 2);

/* edge: 12 keys: the first key, the last key, and a value that is not present */

int fl_v[] = {8, 16, 24, 32, 4@, 48, 56, 64, 72, 80, 88, 96};

int f1_1[] = {2, 1, 2, 1, 2, 1, 2, 1, 2, 1, 2, 1};

int fl_s[] = {8, 96, 200};

run_scenario("edge: 12 keys: the first key, the last key, and a value that is not present",
fl.v, f1.1, 12, fl_s, 3);

return 0;
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/* Week 2 -- Linked Lists, Arrays and Matrices

* Skip list: a sorted linked list with an extra "express lane". Levels are
* given explicitly per key (a deterministic stand-in for a coin flip), not
* chosen at random, so every run is repeatable. Matches the skip-list.js

* animation (MAX_LEVEL = 2: level @ is the full list, level 1 is the

* express lane).

*

CEN207 Data Structures (formerly CE205)
&/
public class SkipList {
static final int MAX_LEVEL = 2; // level @ = the full list, level 1 = the express lane
static class Node { int value; Node[] forward = new Node[MAX_LEVEL]; Node(int v) { value = v;
y}
static class SList { Node header = new Node(Integer .MIN_VALUE); } // header: sentinel,
present at every level

static class SearchResult { boolean found; int comparisons; }

static void insert(SList sl, int value, int level, boolean verbose) {
Node[] update = new Node[MAX_LEVEL];
Node cur = sl.header;
for (int i = MAX_LEVEL - 1; i >= 0; i--) {

while (cur.forward[i] !'= null && cur.forward[i].value < value)
cur = cur.forward[i];
update[i] = cur; // predecessor of the new node at level i

}

Node n = new Node(value);

for (int i = 0; i < level; i++) {
n.forward[i] = update[i].forward[i];
update[i].forward[i] = n;

}

if (verbose) System.out.println("sl_insert(

+ value + ", level=

+ level + ")");

}

static SearchResult search(SList sl, int value) {
Node cur = sl.header;
SearchResult r = new SearchResult();
for (int i = MAX_LEVEL - 1; i >= @; i--) {
while (cur.forward[i] '= null && cur.forward[i].value < value) {
cur = cur.forward[i]; // go right
r.comparisons++;
}
// else: drop down one level
}
cur = cur.forward[0];
r.comparisons++;
r.found = cur != null && cur.value == value;
return r;

}

static void printSorted(SList sl) {
StringBuilder sb = new StringBuilder("sorted:");
for (Node cur = sl.header.forward[@8]; cur != null; cur = cur.forward[0]) sb.append("’
') .append(cur.value);
System.out.println(sb);
}

static void runScenario(String label, int[] values, int[] levels, int[] searches) {
System.out.println("-- " + label + " --");
SList sl = new SList();
for (int i = @; i < values.length; i++)
insert(sl, values[i], levels[i], true);
printSorted(sl);
for (int q : searches) {
SearchResult r = search(sl, q);
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System.out.println("sl_search(" + q + "): " + (r.found ? "found" : "not found") + ",
comparisons " + r.comparisons);
}

System.out.println();

}

public static void main(String[] args) {
// normal: 10 keys, every other one on the express lane, two searches
int[] normalv = {10, 20, 30, 40, 50, 60, 70, 80, 90, 100};
int[] normalL = {1, 2, 1, 2, 1, 2, 1, 2, 1, 2};
runScenario("normal: 10 keys, every other one on the express lane, two searches",
normalV, normallL, new int[]{86, 999});

// hard: 14 keys (duplicates/negatives), inserted out of sorted order

int[] hardv = {56, -206, 10, 10, 70, -20, 30, 90, 30, 0, 60, 40, 80, 20};

int[] hardL = {1, 2, 1, 2, 1, 1, 2, 1, 1, 2, 1, 2, 1, 1};

runScenario("hard: 14 keys (duplicates/negatives), inserted out of sorted order", hardV,
hardL, new int[]{30, -206, 1000});

// edge: 10 keys, only ONE node on the express lane

int[] oneExpressV = {5, 15, 25, 35, 45, 55, 65, 75, 85, 95};

int[] oneExpressL = {1, 1, 1, 2, 1, 1, 1, 1, 1, 1};

runScenario("edge: 10 keys, only ONE node on the express lane", oneExpressV, oneExpressL,
new int[]{35, 90});

// edge: 12 keys: the first key, the last key, and a value that is not present

int[] flv {8, 16, 24, 32, 40, 48, 56, 64, 72, 80, 88, 96};

int[] flL {2, 1, 2,1, 2,1, 2,1, 2,1, 2, 1};

runScenario("edge: 12 keys: the first key, the last key, and a value that is not
present”, flv, flL, new int[]{8, 96, 200});

}

}

Deneyin

gcc -std=c11 -Wall -Wextra -o /tmp/x skip_list.c && /tmp/x

Beklenen cikti:
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-- normal: 10 keys, every other one on the express lane, two searches --
sl_insert(10, level=1)
sl_insert(20, level=2)
sl_insert(30, level=1)
sl_insert (40, level=2)
sl_insert(50, level=1)
sl_insert (60, level=2)

sl_insert(70, level=1)

sl_insert(80, level=2)

sl_insert (90, level=1)

sl_insert(100, level=2)

sorted: 10 20 30 40 50 60 70 80 90 100
sl_search(80): found, comparisons 5
sl_search(999): not found, comparisons 6

-- hard: 14 keys (duplicates/negatives), inserted out of sorted order --
sl_insert(50, level=1)

sl_insert(-20, level=2)

sl_insert(10, level=1)

sl_insert(10, level=2)

sl_insert (70, level=1)

sl_insert(-20, level=1)

sl_insert(30, level=2)

sl_insert (90, level=1)

sl_insert(30, level=1)

sl_insert (0, level=2)

sl_insert (60, level=1)

sl_insert(40, level=2)

sl_insert (80, level=1)

sl_insert(20, level=1)

sorted: -20 -20 © 10 10 20 30 30 40 50 60 70 80 90
sl_search(30): found, comparisons 6
sl_search(-20): found, comparisons 1
sl_search(1000): not found, comparisons 11

-- edge: 10 keys, only ONE node on the express lane --

sl_insert(5, level=1)
sl_insert(15, level=1)
sl_insert(25 1eve1=1)
sl_insert(35, level=2)
sl_insert(45, level=1)
sl_insert(55, level=1)
sl_insert(65, level=1)
sl_insert (75, level=1)
sl_insert(85, level=1)
sl_insert(95, level=1)

sorted: 5 15 25 35 45 55 65 75 85 95
sl_search(35): found, comparisons 4
sl_search(90): not found, comparisons 7

-- edge: 12 keys: the first key, the last key, and a value that is not present --

sl_insert(8, level=2)
sl_insert(16, level=1)
sl_insert(24 1eve1=2)
sl_insert(32, level=1)
sl_insert (40, level=2)
sl_insert(48, level=1)
sl_insert(56, level=2)
sl_insert(64, level=1)
sl_insert(72, level=2)
sl_insert (80, level=1)
sl_insert(88, level=2)
sl_insert(96, level=1)

sorted: 8 16 24 32 40 48 56 64 72 80 88 96
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sl_search(8): found, comparisons 1
sl_search(96): found, comparisons 7
sl_search(200): not found, comparisons 8

javac -d /tmp/j SkipList.java && java -cp /tmp/j SkipList
Beklenen gikti: yukaridaki C ¢alistirmasiyla birebir ayni (ayni algoritma, ayni veri).

Karmasiklik. Tam, iyi dagilmis ¢ok seviyeli bir atlamali listede (¢ok seviye, her biri altindakinin kabaca yarisi kadar dolu),
arama, ekleme ve silme hepsi beklenen O(log n)'dir — Pugh'un ana sonucu. Bu iki seviyeli 6gretim strimi elle izlemesi
daha basittir ama tek basina O(log n) sinirini gostermez; Alistirma 9 sizden daha fazla seviye eklendikge ne oldugu
Uzerine dislinmenizi ister.

Sik yapilan hatalar

e Seviye 0'l 6nce taramak, st seviyeden baslamak yerine: hizli seridin tim amaci, asagi inmeden once uzun
mesafeleri ucuza kapsamaktir, dolayisiyla tarama her zaman en yiiksek seviyede baslamali ve asadiya dogru

galismahdir.

e update[i] 'yi donglniln ziyaret ettigi her seviyede giincellemeyi unutmak, yeni digiimin katilmayacagi
seviyelerde bile — update , taramanin her seviyede su anda nerede oldugunu kaydeder, ki bu yeni diigiimiin
gercekten katildigi seviyelerde dnciiliine dogru karar vermek igin gereklidir.

e "Deger bulunamadi'yi "bir seviyenin sonuna ulasildi" ile karigtirmak: bir seviye asagi inmek, aramanin bittigi
anlamina gelmez — arama, yalniz seviye 0'in kendisi tiikendiginde tamamlanir.

12. Diziler ve bagli listeler: hangisi ne zaman kullanilir
Bu bélimdeki her yap, iki temel fikirden birinin bir varyasyonudur — bitisik olarak paketlenmis ve aritmetikle indislenmis

degerler, ya da dagdinik ve isaretgilerle birbirine baglanmis degerler — ve ikisi arasindaki segim, bu ders boyunca ve
Otesinde tekrar tekrar yapacaginiz gergek bir miihendislik kararidir.
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Dizi (1-5. boliimler) Bagl liste (6—11. boliimler)
Bellek diizeni Bitisik Daginik, isaretgilerle bagh
Rastgele erigim A[i] o(1) O(n) — bastan yirtinmeli
Bilinen bir konumda 0(n) (kaydirma) — bir dinamik dizinin 0(1), dogru yere bir isaretgi verildiginde
ekleme/silme tam sonunda O(1)
Degere gore Bulmak igin O(n), sonra kaldirmak igin Bulmak igin O(n), sonra kaldirmak igin O(1) (gift yonl)
ekleme/silme O(n) yada O(1) ya da O(n) (tekil/dairesel)
Eleman basina ek bellek Yok (yalniz deger) Bir isaretgi (tekil/dairesel/XOR-etkin) ya da iki (gift
yonli)
Onbellek davranisi Mikemmel — ardisik erigsim CPU'nun Zayif — her diigiim bellekte herhangi bir yerde olabilir

en sevdigi orintudar

Blyime Sabit, ya da bir dinamik dizi i¢in amorti Dogal olarak dinamik, bir seferde bir diigiim, hi¢
0(1) ekleme yeniden boyutlandirma gerekmez

Hicbir yapi genel olarak "digerinden daha iyi" degildir — bir sagilim tablosu (hash table) (sonraki bir ders konusu), tam
olarak ikisinin de gii¢li yanlarini almak igin, dizi ve bagl liste kullanir bile. Kaba bir kural olarak: hizli indisli erisime
ihtiyaciniz varsa ya da veriniz dogal olarak ardigiksa ve yeniden yapilandiriimaktan ¢ok daha sik okunuyorsa bir diziye (ya
da dinamik diziye) yonelin; ortadaki eklemeler ve silmeler baskinsa, son boyutu 6nceden tahmin edemiyorsaniz, ya da
(dairesel listenin Josephus problemi gibi) problemin sekli dogal olarak numarali bir siradan ¢ok bir zincir ya da bir
donglyse bir bagl listeye yonelin.

Ozet

« Bir dizi (array), elemanlari bitigik paketler, dolayisiyla A[i] O(1) aritmetiktir; ortada ekleme ya da silme O(n)
maliyetlidir ¢linkii bosluktan sonraki her sey fiziksel olarak kaymalidir.

« Bir dinamik dizi (dynamic array), kiigiik baslar ve doldugu her seferinde ¢arpimsal bir faktorle biyir, var olan her
elemani taze, daha biiyiik bir bloga kopyalayarak; tek bir biiyliyen ekleme O(n) maliyetlidir, ama uzun bir dizi Gizerinden
ortalanan amorti edilmig maliyet ekleme basina O(1)'dir.

e 2 boyutlu bir matris gergekte diiz 1 boyutlu bellektir: satir oncelikli (row-major) saklama M[i][j]'yi i*COLS+j 'ye
yerlestirir, siitun oncelikli (column-major) j*ROWS+i 'ye; saklama sirasiyla eslesen bir gezinme 6nbellek dostudur (her
adimda A = 1), ona ters giden her adimda biitiin bir satir ya da situn atlar.

o ki klasik dizi algoritmast: ii¢ ters gevirme ile dondiirme (O(n) zaman, O(1) ek alan) ve iki isaretgili bélimleme ile
yeniden diizenleme (O(n), yine O(1) ek alan).
 Bir seyrek matris (sparse matrix) (cogu sifir), (satir, siitun, deger) ligliilerinden (triplet) olusan bir tablo olarak

saklanir; devrigi sayim + onek toplamlariyla bir ek geciste hesaplanabilir, tam bir yeniden siralamadan kaginarak, ve
iki sirah Ggld listesi, tam olarak birlestirmeli siralamanin birlestirme adimi gibi, birlestirilerek toplanabilir.

« Bir bagh liste (linked list), her biri bir deger ve bir next isaretgisi tutan, malloc edilmis diigiimlerin (node) bir
zinciridir, bir head isaretgisiyle tanimlanir ve NULL ile sonlanir; bir dizinin O(1) indislemesini, dogru yere zaten
ulastiginizda 0O(1) ekleme/silmeyle takas eder.
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Tekil bagh liste (singly linked list), insert 'i (bag O(1), son diigiim isaretgisi olmadan O(n), bir diigiimden sonra O(1)),
delete_value 'yu (O(n)), search 'li (O(n)), ve yineli lg isaretgili reverse 'l (O(n), O(1) ek alan) destekler.

Cift yonlii bagh liste (doubly linked list), bir prev alani ve bir tail isaretgisi ekleyerek O(1) sondan ekleme, geriye
gezinme, ve zaten bilinen bir digimin O(1) silinmesini elde eder.

Dairesel bagl liste (circular linked list)'te hic NULL yoktur — son digiimiin next i ilkine sarilir — ki bu onu Josephus
problemi (bir gemberdeki n kisiden her k.si, yalniz biri kalana dek elenir) igin dogal yapi yapar.

XOR bagli liste (XOR linked list), prev ve next'i npx = addr(prev) XOR addr(next) Yyoluyla tek bir alana paketler,
ki bu, standart C'nin kesin olarak garanti etmedigi ve ¢op toplayicili dillerin gergek referanslarla hi¢ yapamadigi bir
bellek-tasarrufu merakhgidir.

Atlamali liste (skip list) (Pugh, 1990), sirali bir bagh listenin tGzerine bir "hizli serit" katmanlar, aramayi O(n)'den O(log
n)'ye dogdru indirir, son adimlar icin tam listeye inmeden 6nce biiylik mesafeleri atlayarak.

Alistirmalar

1.

10.

array_insert_delete.c 'nin "zor" senaryosunuy, yalniz ilk dort islemigin (i0:7, i1:-3, i2:15, i@:-3, baslangi¢ta
bos, 14-kapasiteli bir diziye) elle izleyin, her adimdan sonra dizinin igerigini ve size 'l gizerek, sonra ¢alismanizi
programin gergek ciktisiyla karsilastirin.

. array_rotation.cyi (ya da Java ikizini), ayni lig-ters-gcevirme teknigini kullanarak sola yerine saga d dondiirecek

sekilde degistirin — li¢ reverse ¢agrisinin hangi araliklari kapsamasi gerektigini diistiniin.

. sparse_matrix_triplet.c 'nin "zor" 6x6 matrisini kullanarak, ayni matris kendisine eklenseydi (yani a[] ve b[]

Ozdes Ugli listeleriyse) add_sparse 'In ne lretecegini elle hesaplayin. Hangi girdiler, varsa, sifira iptal olurdu?

. singly_insert.c 'nin "zor" senaryosuyla (12 son-diigiim eklemesi, sonra bir insert_after ) kurulan tekil bagli listeyi,

her tek igslemden sonra head 'i her adimda etiketleyerek gizin, sonra programin gergek ¢iktisiyla karsilastirin.

. singly_reverse.c 'nin reverse islevinin [1, 2, 3] girdisiigin Uretti§gi prev/ curr /next isaretci degerleri dizisini,

dongiinln her yinelemesi igin bir satir olacak sekilde kédgida yazin.

. Cift yonlii bir bagh liste suanda 16 <-> 28 <-> 30 'ututuyor (head 10'da, tail 30'da). delete_value(20) 'yielle

izleyin: hangi dort isaretgi alani (en ¢ok) degisir, ve sonrasinda head ve tail nedir?

. Josephus probleminde n = 7, k = 3 igin, josephus.c 'nin benzetimini kullanarak hayatta kalani elle hesaplayin (her

elemeyi sirayla listeleyin), sonra cevabinizi 9.3 bélimdeki kapali-bigim yinelemesiyle karsilastirin.

. 10.2 boliime geri bakmadan, kendi sozciiklerinizle, bir XOR bagl listenin npx alaninin, bir digiimiin hala erisilebilir

olup olmadigini belirlemek igin bir ¢op toplayici tarafindan neden kullanilamayacagdini agiklayin.

. Meydan okuma. skip_list.c,tam olarak iki seviye kullanir (MAX_LEVEL = 2 ). Bunun yerine dort seviye kullandigini,

her seviyenin altindakinin kabaca yarisi kadar anahtar tuttugunu varsayin (seviye 0: tim n anahtar, seviye 1: n/2,
seviye 2: n/4, seviye 3: n/8). Bu dort seviyeli listede bir aramanin, ayni n anahtarin miikemmel dengeli bir ikili arama
agacindaki aramayla kabaca ayni sayida digime dokundugunu agiklayin — ve bunun "seviye sayisi" ile arama maliyeti
arasindaki genel iliski hakkinda, n biiyldiikge, ne anlama geldigini.

Meydan okuma. sparse_matrix_addition.c'yi (ya da Java ikizini), add_sparse 'In birlestirmesini uyarlayarak seyrek
matris gikarma uygulayacak sekilde degistirin: degismesi gereken tek satir hangisi, ve neden geri kalan her sey
(sonug sifirsa girdiyi diiglirme kontroli dahil) tamamen ayni kalir?
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Kendini sina

/ 1.Birdiziigin A[i] 'nin zaman karmasikligi nedir, ve neden? v

O(1). Adres dogrudan taban + i * sizeof(T) olarak hesaplanir — bir carpma ve bir toplama, n 'ye ya da aramaya
hi¢c bagimli olmadan.

/2. Birdizinin 0. indisine eklemek neden sonuna eklemekten daha pahalidir? v

1. indise eklemek, yer agmak igin dizinin var olan her elemanini bir yuva saga kaydirmalidir — O(n) — oysa sona
eklemek (yedek kapasite varken) yalniz bir sonraki bos yuvaya yazar — 0(1).

?7? success "3. Kapasitesi 1'de baslayan ve her doldugunda ikiye katlanan bir dinamik dizi, 8 eklemeden sonra kag kez
biytimistr, ve son kapasitesi nedir?" 2., 3. ve 5. eklemelerde bliyir (1->2, sonra 2->4, sonra 4->8 kapasite gegcisleri) — 8
ekleme boyunca 3 biiylime, son kapasite 8.

7?7 success "4. Satir 6ncelikli saklanan bir ROWS x COLS matriste, M[i][j] 'nin (eleman cinsinden) adresi nedir?" i *
COLS + j.

7?2 success "5. Satir oncelikli bir matrisi siitun siitun ziyaret eden bir gezinme neden énbellek-diigmani sayilir?" Clinki bu
gezinmenin ardisik adimlari, gergek bellekte bitisik (A = 1) yerine coLS eleman uzaktadir (bir sigrama), dolayisiyla her
adim muhtemelen CPU &nbellegdini kagirir ve taze bir bellek pargasi getirir.

/ 6. Bir seyrek matrisin liglii gosterimi neyi saklar, ve neden bellekten tasarruf ettirir? v

Yalniz sifir olmayan her hiicre igin bir (satir, siitun, deger) Ugliisiinden olusan bir liste — (genellikle biiyiik
cogunlugu olusturan) sifir hiicreler hi¢ saklanmaz.

7?7 success "7. Tekil bagh bir listede, insert_head neden O(1)'dir ama (son diigiim isaretgisi olmadan) insert_tail
neden O(n)?" insert_head, liste uzunlugundan bagimsiz olarak yalniz ilk diigiime ve listenin kendi head isaretgisine
dokunur. Ayri bir son diigiim isaretgisi olmayan insert_tail, yeni olani eklemeden dnce gegerli son digimu bulmak igin
tim listeyi bastan yurimelidir.

7?2 success "8. Zaten dogrudan bir isaretginiz olan bir digim silerken, gift yonli bagh bir listenin tekil bagdh listeye gore
anahtar Ustinligi nedir?" O(1) silme: digimiin prev ve next alanlari zaten her iki komsuya da dogrudan erigim verir,
dolayisiyla 6nciili bulmak igin hi¢ arama gerekmez (bastan yiirlinerek dncdiliin bulunmasi gereken tekil bagli bir listenin
aksine).

??7? success "9. Josephus probleminde, n kisi ve k adim biyikliglyle, sayma dongiisii her elemeden 6nce kag adim ileri
gider, ve neden k degil?" k - 1 adim. Sayimin gegerli konumdaki kisi zaten "1" olarak sayildigindan, oradan k. kisiye
ulagsmak igin yalniz k - 1 adim daha gerekir.
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+/ 10. Bir atlamali liste aramasi galisirken hangi tek sayiy! biriktirir, ve bu ne dlger? v

comparisons sayisini — aramanin (herhangi bir seviyede) kacg kez saga hareket ettigi arti seviye 0'daki tek son
kontrol — bu belirli aramanin hizh serit sayesinde diiz bir O(n) dogrusal taramaya gore ne kadar daha ucuza geldiginin
dogrudan bir olgiisu.

lleriye bakis

Gelecek hafta yigin (stack) ve kuyruk (queue)'yu tanitiyor — bu haftaki yapilarin herhangi birinin izerine kurulabilen iki
kisitli-erisimli soyut veri tiirli (sirasiyla LIFO ve FIFO): dizi-tabanlh bir yigin ya da kuyruk, bu haftanin

insert_at / delete_at 'ini tek bir sabit ugta yeniden kullanir (ya da, dairesel bir kuyruk icin, tam olarak 9. bélimiin
dairesel bagli listesinin yaptigi gibi sararak), oysa bagli-liste-tabanli bir yigin ya da kuyruk, 7. bolimden insert_head ve
delete_value 'yu dogrudan yeniden kullanir. Hafta 3 ayrica 6zyinelemeyi (recursion) tanitir, ve bir 6zyinelemeli gagrinin
gergekten derleyici tarafindan yonetilen bekleyen ¢agrilardan olusan bir yidin oldugunu gosterir — az dnce elle kurmus
olacaginiz ayni LIFO disiplini.
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