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CSE 374: Lecture 29
Data Structures & Decision Trees
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Data Structures
● In common: 

○ Individual pieces of data are 
related 

○ Organization reflects 
relationships

● Different:
○ Complexity organization
○ Mutability of organization

Thanks: GeeksforGeeks.org



Data Structures & Algorithms
● In common: 

○ Individual pieces of data are 
related 

○ Organization reflects 
relationships

● Different:
○ Complexity organization
○ Mutability of organization

Thanks: GeeksforGeeks.org

Algorithms are intertwined with data 
structures.

● Structure components inform 
algorithmic possibilities.

● Structures can be designed to 
facilitate algorithmic  needs

● Algorithms are designed to react to 
inherent structures in the data



Data Structures & Algorithms
Algorithms are intertwined with data 
structures.

● Structure components inform 
algorithmic possibilities.

● Structures can be designed to 
facilitate algorithmic  needs

● Algorithms are designed to react to 
inherent structures in the data

Consider a list that is only traversed in 
one direction - single linkage is ok

But doubly linked lists allow for 
bi-directional movement



Data Structures & Algorithms
Algorithms are intertwined with data 
structures.

● Structure components inform 
algorithmic possibilities.

● Structures can be designed to 
facilitate algorithmic  needs

● Algorithms are designed to react to 
inherent structures in the data

Arrays & Linked-lists both store sequences 
of objects

Arrays great for quick random access

Lists great for insertion to the middle



Data Structures & Algorithms
Algorithms are intertwined with data 
structures.

● Structure components inform 
algorithmic possibilities.

● Structures can be designed to 
facilitate algorithmic  needs

● Algorithms are designed to react to 
inherent structures in the data

So many tree algorithms!

Because data can frequently be 
structured in a tree



How do we 
make 
these in C?
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Build up from scratch
● What do you need?

○ What primitives?
○ What structures?
○ What data structures?

■ What nodes are needed?
■ What connections are needed?

● Consider
○ Do you just read the structure
○ Or need to mutate it?
○ How do you move from one object to 

another?
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Basic Node in C
typedef struct Node {

  <primitive-type> data;

  <struct-type> more_data;

  struct Node* next;

  struct Node* branches[B];

} Node;



Basic Node in C
typedef struct Node {

  <primitive-type> data;

  <struct-type> more_data;

  struct Node* next;

  struct Node* branches[B];

} Node;

What data is needed?

What connections are needed?



Node* make_node

void* free_node

…connect_nodes …

…traverse_nodes …

…search_nodes …

…print_nodes …

Basic Node in C
typedef struct Node {

  <primitive-type> data;

  <struct-type> more_data;

  struct Node* next;

  struct Node* branches[B];

} Node;

Supporting Functions



Basic Node in C
Why do we use pointers 
here?

Does it matter if we 
stack-allocate or 
heap-allocate?

What does this mean we 
have to consider?

Node* make_node

void* free_node

…connect_nodes …

…traverse_nodes …

…search_nodes …

…print_nodes …

Supporting Functions



Basic Node in C++
class Node {

private:

  <primitive-type> data;

  <struct-type> more_data;

  Node* next;

  Node* branches[B];

};



Basic Node in C++
class Node {

private:

  <primitive-type> data;

  <struct-type> more_data;

  Node* next;

  Node* branches[B];

Supporting Functions
public:

  Node();

  ~Node();

  void addNode (Node*);

  void deleteStructure();

  friend ostream & operator<<
        (ostream &out, const
         Vector &v)
};



Simple Linked List in C

● Each node in a linear, singly-linked list contains:
○ Some element as its payload

○ A pointer to the next node in the linked list
■ This pointer is NULL (or some other indicator) in the last node in the list

20
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Linked List Node
● Letʼs represent a linked list node with a struct

○ For now, assume each element is an int

21

#include <stdio.h>

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

int main(int argc, char** argv) {
  Node n1, n2;

  n1.element = 1;
  n1.next = &n2;
  n2.element = 2;
  n2.next = NULL;
  return EXIT_SUCCESS;
}

manual_list.c

2  
element next

n2

1
element next

n1

Need to use struct 
node_st here.  Node not 
defined until after end of 

typedef.



Push Onto List
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typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}

push_list.c

 main

Arrow points to 
next instruction.

list  

 



Push Onto List
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push_list.c

Arrow points to 
next instruction.

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}

 main list  

head  
 Push e  

n



Push Onto List
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push_list.c

element next

Arrow points to 
next instruction.

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}

 main list  

head  
 Push e  

n



Push Onto List
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push_list.c

Arrow points to 
next instruction.

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}

 main list  

head  
 Push e  

n

element next



Push Onto List
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push_list.c

Arrow points to 
next instruction.

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}
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Push Onto List
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push_list.c

Arrow points to 
next instruction.

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}

 main list  

head  
 Push e  

n
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Push Onto List
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push_list.c

Arrow points to 
next instruction.

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}
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list
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element next

Push Onto List
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push_list.c

Arrow points to 
next instruction.

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}

 main
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push_list.c

Arrow points to 
next instruction.

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}



Push Onto List
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push_list.c

Arrow points to 
next instruction.

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}

list

head  
e  
n

1  
element next

 main

 Push

element next



Push Onto List
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push_list.c

Arrow points to 
next instruction.

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}
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push_list.c

Arrow points to 
next instruction.

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}
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Push Onto List
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push_list.c

Arrow points to 
next instruction.

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}
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Push Onto List
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push_list.c

Arrow points to 
next instruction.

typedef struct node_st {
  int element;
  struct node_st* next;
} Node;

Node* Push(Node* head, int e) {
  Node* n = (Node*) malloc(sizeof(Node));
  assert(n != NULL);  // crashes if false
  n->element = e;
  n->next = head;
  return n;
}

int main(int argc, char** argv) {
  Node* list = NULL;
  list = Push(list, 1);
  list = Push(list, 2);
  return EXIT_SUCCESS;
}

list
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Decision 
Trees

With thanks to http://ai.berkeley.edu
Figures from Artificial Intelligence: A Modern Approach, Russell & Norvig

http://ai.berkeley.edu


How?

With thanks to http://ai.berkeley.edu
Figures from Artificial Intelligence: A Modern Approach, Russell & Norvig

http://ai.berkeley.edu


Russell & Norvig



wikipedia





Decision Tree Nodes:



Decision Tree 
Structure:



Decision Tree Implementation:

Destructor:
 - Need to explicitly delete any allocated memory (the label and the two links). 
 - Nicely, using the destructors, this recursively deletes children nodes so the entire tree is deleted.

Constructors:

● Use the initializer 
syntax to initialize 
values

● Set unused pointers 
to nullptr

● Use constructor to 
allocate space for 
the string and copy 
a value into it.


