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1 Introduction and Objective

In this tutorial, we will discuss the last examinable topic for IT5003 (and second-last for CS2040S):
Single-Source Shortest Paths (SSSP) problem and continue talking about the ‘graph modeling’ soft
skill, i.e., the ability to model a seemingly random (non-explicit-graph) problem into a graph problem
(specifically the SSSP problem for this tutorial).

We will use https://visualgo.net/en/sssp during our discussion in this tutorial.

SSSP problem is quite easily found in many real-life applications and it is the source of many
interesting Computer Science problems, as you can see in this tutorial. Again, we recommend that

you put some thoughts on them before discussing the potential solutions with your tutor.

2 Tutorial Questions

Standard Stuffs

So far, you have been presented with these SSSP algorithms: Bellman-Ford algorithm (without the
proofs), BFS (only for unweighted graph), Dijkstra’s algorithm (the original that needs balanced BST
and the modification - so that we can use built-in min PQ data structure, especially for IT5003),
DFS/BFS (for Tree), and Topological Sort/DP (for DAG).

First, the tutor will (re-)demonstrate the executions of Bellman-Ford, BFS, Dijkstra’s, DFS, and/or
Topological Sort/DP algorithms on a small directed weighted graph using https://visualgo.net/
en/sssp from a certain source vertex s. The tutor will re-explain when a certain algorithm can be
used and when the same algorithm cannot be used. The tutor may invite some students to do this

live demonstration using different source vertex s and/or using different graph.


https://visualgo.net/en/sssp
https://visualgo.net/en/sssp
https://visualgo.net/en/sssp

Graph Modeling Exercises, via Past Paper Discussions

There are a few graph questions in recent final assessment papers. Let’s discuss two of them (you can
bet that there will be SSSP question(s) in the Final Assessment:

Q1). See Figure [1] and [2)), Question 4.1, Facebook Privacy Setting

4.1  Facehook Privacy Setting (19 marks)
4.1.1  Dwefinition

In Facehook, we can set our privacy setting so that only our Friewds of Friends (and our direct friends)
can ook at our profile (see Figure 2), Our direct friends are clissdfied s having degree 1 (one hop) toe

us, Our ‘friends of friends’ are therefore class=ified as having degree 2 (two hops away ).

Wiho can ook me up? Wha can bkuok you up weing Hhe email address or phone symbaer you provided? Cloms
This apoles: i peopie wha ot sleady see ywour emad address or phone numbier

Figure 2; Restrictimg Access to Friends of Friends (degres 2] Cnly

Let's assume that we have somebow managed Lo store Facebook graph in an Adjaceney List called
ﬂ,dj[,jst [ PS:; We know that Facchook uses a1 much better graph data structure than this), Each user
profile is given a unique integer index i. The friend list of profile { is stored in AdjList [1] and sorted
I.II -'I.‘“'l“l““..l,B_ url:l!':r.

MNow, we now want to check whether & user § can access user §'s profibe if user § sets hisher privacy
srtting to be degree 2 only ns shown in Figare 2. The function CanAccass(i, j,‘.l shonld return Eroe
if i is classified as degree 2, 1 or  of user j, or retarn false otherwise’,

4.1.2  (Optional) £V + E) Naive Solution (T marks); Marks =

Please implement the function CanAccess(i, j) using a simple OV 4+ E} naive solution.
Note that If you can alresdy fumad the better k) soluthon in Sectbon 4.1.3, you can choose (o leave
this part blank and still get the full marks. But please write the OV + E) naive solution in case you

hve no clue or unsure with your €28 ) solution.

function Boolean Candccess(int 1, imt j) { /f write an O(V + E} solution

"This problem B from & real Google interyisw question, but i bees been rewritten using another backgrouss] story,

Figure 1: Facebook 1



4.1.3 Ok) Eficient Solotion (12 marks); Marks

The size of V' or F in a Facohook g|.||_:-.'| can be very big, Therefore, an OV + E solation may ot b

ther best selution, Please implement the function CanAccess (i, j) using an officiont 2(k) solution

where b = &k + &y and E; /iy i the number of friends of user ifj. The memory is also at premium and

therelore we cannot use additional data sirocture other than a lew extra variables, The grmlmg

seheme for this part ls very sirbet, be. O (blank, Ineorrect, slower than Ofk). or uses additional data

stricture ], or W [minor error(s) ), 12 { fully correct )

function Boolean CamAccess{int i, imt j} { // writa an O{k) solution

Figure 2: Facebook 2
Q2). Read https://open.kattis.com/problems/emergency and solve it!

Hands-on
TA will run the second half of this session with a few to do list:
e Speedrun sssp of VisuAlgo Online Quiz:
https://visualgo.net/training?diff=Medium&n=5&t1=5&module=sssp

Then, share any last minute tips for VA OQ preparation based on TA’s experiences

(all questions involving negative weight edges have been turned off)

e Hands-on: One task about SSSP.

Problem Set 6

We will end the tutorial with high-level discussion of PS6.

We can now discuss more ideas of PS6.


https://open.kattis.com/problems/emergency
https://visualgo.net/training?diff=Medium&n=5&tl=5&module=sssp

Remarks for I'T5003

This is the last tutorial for IT5003.

Take class photo for momento.
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