Week 7 Tutorial

CSCl 2100 Teaching Team



Outline

* Counting sort on key-value pairs
* Alinked list version (easy to understand)

* Another version without using linked lists (fast in
practice).



Counting Sort on Key-Value Pairs

* Input:

* An array containing n key-value pairs, where each key is
an integer from [1, U].

E.g., (93, 1155123456)

* Qutput:

* An array storing all the pairs in non-descending order of
key.



Counting Sort on Key-Value Pairs

* Input:
{{9' vl}' {7' UZ}' {21 Ug}, {61 U4}, {21 U5}, {71 v6}i {11 U7}, {2' US}}

* |Initially we have the following array
Input Array

ki vi ko, vy, ks v3 ki vy ks vs kg v k; v, kg vg

QO |lvi | 7 |V | 2 |3 | 6 |V | 2 |vs| 7 (Vg | 1 |V, | 2 |Vg

* Rearrange the elements so that their keys are sorted:

Sorted Array

1 (v, | 2 (v | 2 |vs| 2 |vg | 6 |vs | 7 (V| 7 Vg | 9 |V




Counting Sort (Linked List Ver.)

1 2 3 45 6 7 8 9

| 1 L _: Anull pointer
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Compute B

A AR AGAR AR AN AR




Counting Sort (Linked List Ver.)

1 23 456 7 89
.v1 TWy203|16(V4|2U5|7 V6|1 V7]2 Vg | 1

9 v, 7v2.v3 6V |2U5|7 V6|1 V7|2 0g | | 1




Counting Sort (Linked List Ver.)

1 2 3 4 5 6 7 8 9

QW |7Ww|2W3]|64f[21s5|7 V6|1 V7|2 |vg | 1N
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Counting Sort (Linked List Ver.)

1 2 3 45 6 7 8 9
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Counting Sort (Linked List Ver.)

1 2 3 45 6 7 8 9

QWi 7| 2W3[6Ws| 25| 7 V6|1 V7|2 Vg
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How do we produce the sorted array A’?

Scan array B. For each cell referencing a non-empty linked
list, enumerate all the pairs therein.

Overall time complexity: O(n + U)



Next, we will show how to solve
the problem without using linked lists.



Counting Sort (2nd Ver.)

9171 7|772 2U3 6174 2U5 7U6 1U7 2U8
A

We first compute an array B to store the number of
occurrences of each key.

The next slide will explain how to do so.



Counting Sort (2nd Ver.)

1 2 3 4 56 7 8
.v1 AR AV AANA AR ZARA L OOOOOOOO.
1 2 3 456 7 8
9v1.v2 V3|64 25| 7 V6|1 v/]|2vg OOOOO0.0
1 2 3 456 7 8
9 v, vz.vg Uy 2 V5| 7 V6| 1[U7] 2 Vg 0.00001
1 2 3 456 7 8
9 £ %) U3 V4 .175 Ve (% Vg 0 . 0(0|0]|1 0
1 2 3 4 56 7 8
Qw72 Ww3|6 Vs 175.176 V- | 2 [vg 0f2 001.0
1 2 3 4 5 7 8
QW | 7w|2W3]|6s|2V5]|7 Vg v7.v8 1.000120




Counting Sort (2nd Ver.)

9171 7|772 2U3 6174 2U5 7U6 1U7 2U8
A

Then we will change B from
1 2 3 4 5 6 7 8 9
1{3]o]ofo|1]|2]0]1

to

1 23 456 7 89
1(4|1414[(4(5|7]|7|8

Each B[k] in the new array equals Y.¥_, B[i] in the old array.
The next slide will explain how to do so in O(U) time.



Counting Sort (2nd Ver.)

For each i € [2,U], set B[i] « BJi] + B[i — 1].
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Counting Sort (2nd Ver.)

2 3 4 5 6 7 8 9

QW |7 Ww|2W3|6W4|2Ws5[7 V6|1 v7]2vg 1(4(414|4|5|7|7|8
A B

Our goal is to produce |1lv;[2w3|2vs|2Wg|[6ws|7v,|7 ve|9 vy

We will scan A backward and keep an invariant:

If (k, v) is the rightmost pair among all the
pairs with key k in the non-scanned part of
A, the position of (k,v) in A" is B[k].




Counting Sort (2nd Ver.)

Scan array A from right to left.

If (k, v) is the rightmost pair among all the
pairs with key k in the non-scanned part of
A, the position of (k,v) in A" is B[k].

1 2 3 456 7 89

9, [7l,[2vs[6va]2lvs[7vs[1 v, [2l0g] [1[8]4]4]4]5]7]7]8

. _ A — «~—— B —FF—

Insert the pair to A’ and update B.

1 2 3 4 5 6 7 8 1 2 3 456 7 89
[ 2 Jvg] 1@ 4]4]4]5]7]7]8

— A’ _ —-— B _




Counting Sort (2nd Ver.)

1 2 3 45 6 7 8 9

[1]3]4]4]4]5][7]7]8

QW |7 W|23]|6U4]2 Vg 7v6-2v8

1 2 3 45 6 7 8 9

Wl 3[4]4]4]5]7]7]8
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1 2 3 45 6 7 8 9
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Counting Sort (2nd Ver.)
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Counting Sort (2nd Ver.)

1 2 3 45 6 7 8 9

o[2]4]4]4]4]6]7]8

9 v, 7v2-6v4 2Ws|7slllv,]2vg

1 2 3 45 6 7 8 9

ol 4[4]4]4]6]7]8

7 g

1v7-2v5 2 Ug| 6 U,

AI

1 2 3 45 6 7 8 9

o]1]4]44]4]6]7]8

9v1-2v3 Bs|2s|7gllvs]2vg

1 2 3 45 6 7 8 9

IRAAAAA EE

1w, |12Ww;3|2Wws|2vs 6v4-7v6

AI



Counting Sort (2nd Ver.)

1 23 456 7 89
EARARAGAR AR AN A2 o]1]4]4]4]4]5]7]8]
1 2 3 4 5 6 7 8 1 23 456 7 89
1w, |2Ww3|2ws|2Wwg|6(v,]7 vy 7v6- 01444457.
— A’ _ «—— B — 0

Overall time complexity: O(n + U)
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