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Home assignment 3 – Due May 31st, 23:55 
 
 

Submission instructions: 
 
• Submission is in pairs (or singles after approval from the lecturer) 

Honor code: 
Each student is expected to be fully involved in solving all the questions. Furthermore, 
although you may discuss the solutions with other pairs / students, each pair must write the 
whole solution separately. In particular, it is not allowed to spread any piece of code / 
solution. 
 

 
• The answers will be submitted in 2 files: 

 
1. A doc/docx file with the “dry” part: answers to all the questions and the required 

explanations.  
2. A py file with the ”wet” part: any code you have written to answer the questions. The 

code in this file must support your answers and conclusions, such that when run yields 
the results provided in the dry part. The grade for this part will be given for a correct 
and reasonable code, which avoids unnecessary complications and bad styling. 
 

• The assignment should be submitted via moodle. The 2 files should be uploaded to moodle 
by the deadline. You may submit late though, up to a maximum of 5 days for the whole 
semester. For that matter, submission after 23:55 is a day late. 

 
• Note: while each question normally has a single correct answer, the code you’ll write to 

answer them may be written in various ways. There is no single correct code. 
However, to get full score you must make an effort to write your code in a reasonable 
manner, in terms such as low complexity, meaningful names, etc. 
 
You are requested to comment (#) your code, and you may even leave old code that you 
have written and no longer use (commented out!). This way I will be able to track your 
thinking process, at least partially. 
 

• Bonuses: up to 5 points may be given as a bonus to your grade, for interesting, non-trivial 
comments, mostly biological ones, that you find relevant. For example: 

o A relevant application for the question’s topic that is beyond a trivial one 
o New information that sheds interesting light on the question, or puts it in an 

interesting biological context 
If you provide such comments, make sure you state your references.  
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Question 1 – Connectivity of random graphs 
In this question we will examine the connectivity of random graphs, using Dijkstra's shortest paths 

algorithm. Many computational biologists investigate properties of random networks, and compare 

them to those of "real" biological ones. One way to define a random network (graph) is called the 

Erdős–Rényi model: an undirected graph where each 2 nodes are connected by an edge with 

probability p. 

 

a. Write a function rGraph(n,p), which returns a random graph of n nodes, with p as defined above. The 

graph will be represented as an n x n matrix, as we saw in class. An edge will be represented by the 

value 1, a missing edge by inf = float('Inf'). Note that since the graph is undirected, G[i][i] = G[j][i]. 

Running examples: 

>>> G = rGraph(3,1) #p=1, all edges exist 
>>> G 
[[1, 1, 1], [1, 1, 1], [1, 1, 1]] 
>>> G = rGraph(3,0) #p=0, no edges at all 
>>> G 
[[inf, inf, inf], [inf, inf, inf], [inf, inf, inf]] 
>>> G = rGraph(3,0.5) 
>>> G 
 [[inf, 1, 1], [1, 1, inf], [1, inf, 1]] 
>>> G = rGraph(3,0.5) 
>>> G 
[[1, inf, 1], [inf, inf, inf], [1, inf, inf]] 

 

Use the function random of the package random, which picks a random value between 0 and 1. 

 

b. Create a random graph with n=100 nodes and p=0.1. Find the distances from node 0 to all other 

nodes using Dijkstra's algorithm taught in class:  

dists, prevs = dijkstra(rGraph(n,p),0) 

 

c. Is the graph you created in section b connected? Explain how you can answer this, using the results 

of section b. 

 

d. It is a known fact that for Erdős–Rényi graphs, slightly increasing the edge probability p near the 

value ln(𝑛)
𝑛

 takes us from a graph that is almost surely not connected to a graph that is almost surely 

connected. In other words, if 𝑝 = 𝑐 ln(𝑛)
𝑛

  and c<1, then the graph is probably not connected, while 

if c>1 it is probably connected. This value is termed a "sharp threshold" for the connectedness of 

the graph. 

http://en.wikipedia.org/w/index.php?title=Threshold_function&action=edit&redlink=1


page 3 of 4 

 
Test this property by code: generate 100 random graphs with n=100 nodes and p= 𝑐 ln(𝑛)

𝑛
  for c = 

0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4. For each c count how many of the 100 graphs were 

connected. Present the results in a simple plot/table. 

 

Help in calculating ln(n): use math.log(n, math.e). 

 
 

Question 2 – Hubs in the CA1 neuron 

In some biological networks, there are nodes that interact with a disproportionately large number of 

other nodes. They are known as hubs. For example, analysis of protein interaction networks in the 

budding yeast Saccharomyces cerevisiae has revealed such hubs, which have been shown to be 

essential for survival of the cell. The removal of hubs is likely to disrupt the connectivity or the shortest 

paths of the network more than the removal of random nodes (see more at: Jeong H, Mason SP, 

Barabási AL, Oltvai ZN (2001) "Lethality and centrality in protein networks", Nature). 

In this question you will be requested to find a hub in a graph representing the mammalian hippocampal 

CA1 neuron signaling network (see slides 37-38 in the lecture on graphs. For more information about 

this network, see: Ma'ayan A. et al. (2005) "Formation of Regulatory Patterns During Signal 

Propagation in a Mammalian Cellular Network", Science). 

For a directed graph such as this one, we will define an in-hub as a node with the maximal in-degree, 

and an out-hub as a node with the maximal out-degree.  

 

a. A representation of the CA1 signaling network appears in the file CA1.txt. The format of this file is 

the following: the first row is a title row. Then, each row represents an edge in a space-separated 

format. The first field in each row is the source node and the 6th field is the target node. For example, 

the first row represents an edge from GLYCINE to NMDAR. 

 
The file CA1.py contains an initial implementation of the function readgraph2mat(file_path). This 

function is supposed to read the CA1 network from the file CA1.txt, and store it as an adjacency 

matrix for later use. Complete the function. Note that it returns 2 objects: G – the matrix, and L – 

the list of nodes. The initial implementation already generates L. You only have to complete it to 

generate G as well. 

Running example, for a file named example.txt in the same format as CA1.txt: 

 

This is an example of a network 
Node1 NA NA NA NA Node2 NA NA NA NA NA NA NA 
Node2 NA NA NA NA Node3 NA NA NA NA NA NA NA 
Node1 NA NA NA NA Node3 NA NA NA NA NA NA NA 

 

 

http://www.nature.com/nature/journal/v411/n6833/full/411041a0.html
http://www.sciencemag.org/cgi/pmidlookup?view=long&pmid=16099987
http://www.sciencemag.org/cgi/pmidlookup?view=long&pmid=16099987
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>>> G,L = readgraph2mat("./example.txt") 
>>> G 
[[inf, 1, 1], [inf, inf, 1], [inf, inf, inf]] 
>>> L 
['Node1', 'Node2', 'Node3'] 

 

b. Write two functions, in-hub(G) and out-hub(G), that get a directed graph G, represented as an 

adjacency matrix. The functions will return an in-hub and an out-hub, correspondingly. If there is 

more than one in/out hub, these functions will return one of those, arbitrarily. 

Running examples (on the example graph above): 

>>> in_hub(G) 
2 
>>> out_hub(G) 
0 

 
c. Find an in-hub and an out-hub in the CA1 neuron signaling network. Specify the names of these 

nodes. What are the in-degree of the in-hub and the out-degree of the out-hub? 

 

Question 3 – Boolean model for regulatory networks 
A. Extend the Boolean model for regulatory networks into a discrete model, in which nodes' states 

may have values between 0 and U=9. Note that the changes should occur only in the function 

update_node. 

 

B. Look at the simulation of the yeast cell-cycle network in the slides. The initial vector 

[1,0,0,0,1,0,0,0,1,0,0] reaches a steady state with the final vector [0,0,0,0,1,0,0,0,1,0,0]. Simulate 

the discrete model on the initial vector [9,0,0,0,9,0,0,0,9,0,0] (1's replaced by 9's). What is the final 

vector of this simulation? 

 
C. Suppose nodes can start either with state 0, 4 or 9 (three possibilities for each node). How many 

initial vectors are there? How many of those initial vectors end up with the final vector reached at 

section B (that is: what is the size of that attractor)? You will need to make a small change in the 

function attractor_size to answer that. Note that running time to answer this section may be a few 

minutes, due to the large number of simulations. 

 
D. Give a possible biological interpretation for these results. What benefit can we have from using the 

extended (discrete) model, over the Boolean one? 

 

 

TGA 
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