
Trees Graphs

Trees and Graphs

February ǖ–Ǘ, ǗǕǖǗ
CS 60: Principles of Computer Science

Assignment  dueMonday: Higher-Order Functions, Trees, Graphs, and Java(!)



Trees Graphs

T A I

Set: An unordered collection
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Map: Associates “keys” with
“values”
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T  G
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Nomenclature: node, root, leaves, child, parent, anscestor, descendant,…
Applications: sets/maps, èles and folders, graphics,…
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A S K  T: B S T
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Identifying Features:

✓ Every node has two (possibly
empty) subtrees

✓ Each node has a “key”

✓ The root key is always greater
than all nodes in a left subtree

✓ The root key is always less than
all nodes in a right subtree

But Racket only has lists...?
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R T  L

✓ Empty tree:
the empty list '()

✓ Nonempty tree:
a three-element list (ROOT-KEY LEFT-TREE RIGHT-TREE)

What Racket list represents this tree?
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S  BST

... ...

48

We have this tree. Where should I look for these values (and why?)

✓ ǙǗ

✓ ǛǕ

✓ Ǚǝ
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S  BST
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;; (find item BST) ===>
;; #t if item in BST,
;; #f otherwise
(define (find item BST)

(if (null? BST)

(let* ( [ root (first BST) ]
[ LEFT (second BST) ]
[ RIGHT (third BST) ])

(
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I      BST
Consider the tree
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Let LEFT be the left subtree of the root

ǖ. If we take just LEFT and insert 36, what slightly-larger tree should we
expect to produce? Draw it!

Ǘ. If we take the entire tree and insert 36, what slightly-larger tree should
we expect to produce? Draw it!

ǘ. How are these two trees related?
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N: “Q” T   BST

;; Given a BST, count the number of nodes
(define (size BST)
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Trust in recursion…

;; Given a BST and a new item *not in BST*,
;; create a new BST containing everything
;; in the given BST plus the new item.
(define (insert item BST)

(if (null? BST)
( )
(let* ( [ root (first BST) ]

[ LEFT (second BST) ]
[ RIGHT (third BST) ] )

(
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size

(define (size BST)
(if (null? BST)

0
(let* ( [ LEFT (second BST) ]

[ RIGHT (third BST) ] )
(+ 1 (size LEFT) (size RIGHT)))))
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insert

(define (insert item BST)
(if (null? BST)

(list item '() '())
(let* ( [ root (first BST) ]

[ LEFT (second BST) ]
[ RIGHT (third BST) ] )

(if (< item root)
(list root (insert item LEFT) RIGHT)
(list root LEFT (insert item RIGHT))))
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D
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To delete an item N (producing a
smaller tree)

✓ If the tree is empty?

✓ If the root is less thanN?

✓ If the root is bigger thanN?
✓ If the root isN?

▶ IfN = 25?
▶ IfN = 21?
▶ IfN = 42?



Trees Graphs

I     ,      …

Suppose our tree hasn nodes.

In the best case,

O(logn)


find

insert

delete

In the worst case,

O(n)


find

insert

delete
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T   

But what if the data conspires against you (e.g., a sorted list)?

✓ Self-balancing binary trees (covered in CS ǜǕ)

✓ E.g., http://www.cs.hmc.edu/~stone/Applets/avltree.html

http://www.cs.hmc.edu/~stone/Applets/avltree.html
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B-T ( B+ T)

wikipedia, B+ trees 

File systems and
databases tend to use
trees with higher
branching factors.
(Why?)
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TM’ F S
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A T

The “Oracle of Bacon”  at  oracleofbacon.org/ 

Kevin Bacon 

Chelcie Ross 

Cate Blanchett 

Edward Norton 

Brad Pitt 

Novocaine!

The Gift!

Sleepers!Fight!!Club!



Trees Graphs

U G

The “Oracle of Bacon”  at  oracleofbacon.org/ 

Kevin Bacon 

Abraham Lincoln 
 

Chelcie Ross 

Cate Blanchett 

Edward Norton 

Brad Pitt 

Novocaine!

The Gift!

Sleepers!Fight!!Club!

Benjamin!
Button!
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D G
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T . D G

How are they different?
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G P

Lists are our only building block in Racket.

✓ BSTs: '(42 (2 () ()) (50 (45 () ()) ()))

✓ Graphs: ???
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I S ǖ: A L
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(define G '( [ c1 (n y) ]
[ n (y) ]
[ c2 (n y) ]
[ k () ]
[ y (e) ]
[ e (u) ]
[ l (e) ]
[ u (i k) ]
[ i (l) ]

)
)
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I S Ǘ: E L
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(define G '( (c1 n) (c1 y)
(n y) (c2 n)
(c2 y) (y e)
(e u) (u i)
(i l) (l e)
(u k)

)
)
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F        G
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'( (c1 n) (c1 y) (n y) (c2 n)
(c2 y) (y e) (e u) (u i)
(i l) (l e) (u k) ))

;; Hint: there's a remove-duplicates function on lists.

(define (nodes G)

(remove-duplicates (flatten G))
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F      n    G
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'( (c1 n) (c1 y) (n y) (c2 n)
(c2 y) (y e) (e u) (u i)
(i l) (l e) (u k) ))

(define (kids n G)
(map second

(filter (lambda (e) (equal? (first e) n)) G)))
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H   
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'( (c1 n) (c1 y) (n y) (c2 n)
(c2 y) (y e) (e u) (u i)
(i l) (l e) (u k) ))

(define (parents n G)

(kids n (map reverse G))
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“U    ”—A  - 

ǖ. Single “it” out
Ǘ. Recursively solve the problemwithout “it”
ǘ. Recursively solve the problemwith “it”
Ǚ. Combine (as appropriate)
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A S

;; (sublists '(a b)) ===> '( () (a) (b) (a b) )
;; (sublists '(a b c )) ===> '( () (a) (b) (a b)

(a c) (b c) (a b c))
;; output possibly in a different order

(define (sublists L)
(if (null? L)

;; all sublists of the empty list L
'( () )

;; all sublists of a non-empty list L
(let* ( [it (first L)]

;; sublists without (first L)
[loseit (sublists (rest L)) ]
;; sublists including (first L)
[useit (map (lambda (s) (cons (first L) s))

loseit) ] )
(append loseit useit)) ))
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H P: make-change

(make-change 42 '(2 5 10 25 50)) ;; ===> #t

(make-change 42 '(3 5 10 25 50)) ;; ===> #f
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R

;; Is there a path from a to b in G?
(define (reach? a b G)
(cond
((equal? a b) #t)
((null? G) #f)
( else (let* ( [ EDGE (first G) ] ;; "it"

[ R (rest G) ]
[ loseit (reach? a b R) ]
[ c (first EDGE) ]
[ d (second EDGE) ]
[ useit (and (reach? a c R)

(reach? d b R)) ] )
(or useit loseit) ))))
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H: W G  S P

Find the shortest path from Bucharest to Arad.
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RW G

a b

c d

e

5

5

5

20

5 15
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10
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'( [a b 5] [b a 10]
[a c 20] [c b 10]
[b d 5] [d c 5]
[c e 5] [d e 15]
[e c 10] )
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