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L Searching

Linear search — check every item

A linear search Z;14#54; walks from start to
end until it finds the target (or the end). FOR
i+ 1T0n

IF A[i] = target THEN RETURN i
RETURN —1 Works on any list. Worst case

The returned —1 is a sentinel:
an impossible position that

means “not found".
O(n); best case 1 comparison. Use it on

unsorted data or small lists.
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LSearching

Linear search, step by step

Check each item in turn. Worst case is n comparisons, and the list need not be sorted.

start check each in turn

[A[BIC[D[E[F[G[H[1]J[K]L[MN[O[P]QIR[S[T[U[VIWX]Y]Z]
1 2 3 " comparison number T

target = W
found at position 23 (23 comparisons)
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LSearching

Binary search — halve the range

A binary search —4y#5#; needs the data
sorted. Look at the middle; if the target is
smaller, search the left half, else the right.
Worst case O(logy n) — a million items, about 2 M1 (w

20 comparisons. You must sort first (a one-off

O(nlog n) cost), worth it if you search many
times.
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LSearching

Binary search halves the list

Compare with the middle, then discard half. log, n steps — but the list must be sorted.

step 1 |AIBICIDIE[F|GIH|1[JIKILMIN|OIPIQIR[SITIUIVWIX]Y|Z] M < W, go right

low mid high
step 2 [A[BICIDIE[F[GH[ I [J]K[LIVIN]OIPIQIRIS[TIU[VMIX]Y|Z] T < W, go right
low mid high
step 3 [AB[CID[E[F[G[H] ITJ[KILIMIN[OIPIQRIS[TIUIVMMX]Y[Z] W = W, found
low mid high

Sorting
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L Sorting

Bubble sort — largest bubbles to the end

A bubble sort i@ walks the array,
swapping adjacent pairs that are out of order. -
After each pass the next-largest item is in

place. Best case O(n) (already sorted, with an

early-exit flag); average/worst O(n?). Simple,
slow for large n.
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LSol‘ting

Insertion sort — grow a sorted prefix

An insertion sort #f )\ #EF builds a sorted
prefix from the left, inserting each new key
by shifting larger items right. Best O(n)

(already sorted); worst O(n?). Good for
small or nearly-sorted arrays. It sorts in
place Fit and is stable 27E.

Trace [D, T, H, R]

pass 1 (T): no change
pass 2 (H): [D, H, T, R]
pass 3 (R): [D, H, R, T]
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LSorting

Insertion sort, traced

Each new item is slid back into the part already sorted.

pass 1: key T

pass 2: key H n
D]

pass 3: key R

o [B] 7] 5]
DD
P Y

D < T, so T stays

“ T shifts right,
H drops in

T shifts right,
R drops in

[] sorted pre[] key being inserted
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LSorting

ADTs inside algorithms

The Abstract Data Types from Topic 10 show up inside many algorithms.

stack ®
depth-first traversal, undo; push =
prepend

linked list R

grow and shrink; a tree is nodes
with two child pointers

queue A5

breadth-first traversal, print order

dictionary Fi

key — value, often on a hash table
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L Sorting

Binary trees and three traversals

A binary tree — Y #if: each node has up 4
to two children. Three depth-first visits:
m pre-order — root, left, right 2 6
m in-order — left, root, right (sorted on
a BST) 1 3 5 7
m post-order — left, right, root in-order- 1234567
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LSorting

The three traversals

Pre-, in- and post-order differ only in when the node itself is visited; in-order on a
binary search tree comes out sorted.

pre-order: 4213657

e e in-order: 1234567
0 o e e post-order: 132576 4

Complexity
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= Complexity

Time complexity — how it grows with n

Time complexity a8 E 2% F is written in Big-O & O 3%7Ri%: the dominant term.

0o(1) O(log n) O(n) O(nlog n) o(n?)
constant binary search linear search good sorts |rt1):eh:||zn

A smaller order wins at scale, even if another algorithm is faster for small n.
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= Complexity

Why order of growth matters

A million-name book: linear search averages 500,000 checks, binary search about 20.
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= Complexity

Worked example — 1000 sorted items

A sorted list holds 1000 items. Worst-case comparisons for each search?

Linear search checks items one at a time: up to 1000 — O(n).
Binary search halves each step: at most [log, 1000] = 10 — O(log n).

Double the list to 2000: binary search adds one comparison; linear search adds up to
another 1000. That is why the order of growth, not raw speed, decides the winner
at scale.
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= Complexity

Space, stability, simplicity

Space complexity %3 8] £ Z[F is the extra

memory. Also weigh simplicity, stability
= bubble / insertion: O(1) extra (in (equal items keep their order), and
place) adaptiveness (faster on nearly-
m merge sort: O(n) sorted data). The right algorithm
. depends on the data and the con-
m recursion uses stack memory )
proportional to its depth straints.

Recursion
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L Recursion

A routine that calls itself

Recursion %19 has two parts: a base case E 7 [E7 (small enough to solve directly)
and a recursive case i% 3157 (reduce the input and call itself).

FUNCTION Factorial(n)
IFn=00Rn-=1 THEN

RETURN 1 Without a base case the recur-
ELSE sion never stops — a stack over-
RETURN n * Factorial(n — 1) flow #zis

ENDIF
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L Recursion

What the stack holds

Each call adds a frame with its own parameters and return address; the base case is
what lets the stack unwind.

IFactorial(él) 24=4x6
calls Factorial(3) 6=3x2 returms
(push) Factorial(2) 2=2x1 (pop)
Factorial(l) = 1 1 (base case)
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L Recursion

Tracing Factorial(4) on the call stack

Each call has its own stack frame #£iii: parameters, locals, return address iz [E# ]}
Fact (4) waits

v

Fact (3) waits

v

Fact (2) waits

Unwinding: 2 x1=2,3x2=6,4x6=24. There is no special

“recursion mechanism” — it is ordinary call-and-return.
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L Recursion

When recursion is a poor fit

infinite deep repeated work

naive Fibonacci

miss the base case high memory use is exponential

— stack overflow for a tall call stack — use a loop or
memoisation 127 1/
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L Recap

Topic 19 — key takeaways

o Search e Sort

linear O(n); binary O(log n), bubble / insertion O(n?); trace
needs sorted each pass

e Big-0 o Recursion
dominant term; smaller order base case + recursive case;
wins at scale frames on the stack
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L Recap

Check yourself

e What must be true of a list before binary search?
e Best-case time for insertion sort on an already-sorted list?
e In-order traversal of a BST gives the keys in what order?

o What happens if a recursive routine has no base case?

| Answers 1. it must be sorted 2. O(n) 3. sorted order 4. stack overflow




