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Home assignment 3 – Due May 23rd, 23:55 
 
 

Submission instructions: 

 

 Submission is in pairs. 

Honor code: 

Each student is expected to be fully involved in solving all the questions. Furthermore, 

although you may discuss the solutions with other 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: you need to write the required functions in the template file 

hw3_template.py. The code in this file must support your answers and conclusions, 

such that when run yields the results provided in the dry part.  

 

Important: whenever we give execution examples, your functions must behave 

identically. Test your code on these (as well as additional) inputs, and verify that the 

output is exactly the same. This part will be checks both by executing your code on 

various outputs, and manually to observe how you solved the problem. 

 

 Note: the files should be named hwX_NAME1_NAME2 where X is the HW number (e.g. 

hw2) and NAME1 and NAME2 are the names of the students. For example: 

hw2_gur_hevroni_amir_rubinstein.docx. Only one student will submit the files in Moodle. 

 

 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. 

 

You are encouraged to comment (#comment) your code. 

 

 Bonus: 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 added such comments and would like them to be considered for bonus, add a clear 

title "INSIGHTS" before the comments. Also, make sure you state your references (a 

website, a course you took, a book, etc.). 
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Question 1 – Hubs in biological networks 

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 are requested to find hubs in a graph representing the mammalian 

hippocampal CA1 neuron signaling network mentioned in class (see lecture slides. 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. Write two functions, in-hub(G) and out-hub(G), that get a directed graph G, represented as 

an adjacency binary matrix (1 represents an edge, 0 the lack thereof). The functions will 

return indices of 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, for the toy network from the lectures: 

>>> G = [ [0, 0, 1, 1, 0, 0, 0], 

          [1, 0, 0, 0, 0, 0, 0], 

          [0, 0, 0, 1, 0, 1, 0], 

          [0, 1, 0, 0, 0, 1, 1], 

          [0, 1, 0, 0, 0, 0, 0], 

          [0, 0, 0, 0, 0, 0, 1], 

          [0, 0, 0, 0, 1, 0, 0],  ] 

>>> deg, i = in_hub(G) 

>>> print("node", i, "has maximal in-degree of", deg) 

node 1 has maximal in-degree of 2 #not the only one… 

>>> deg, i = out_hub(G) 

>>> print("node", i, "has maximal out-degree of", deg) 

node 3 has maximal out-degree of 3 

 

 

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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b. 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? Leave 

the code you used in the py file. 

 

c. Bonus: can you find any interesting biological information about these nodes, which may 

relate to their large degree in the network?  

 

d. To know whether the large degrees of the hubs you found are exceptional and significant, a 

proper scientific process should compare them, for example, to those in a randomly generated 

graph. To that end we will choose a variation of the simple Erdős–Rényi model mentioned in 

class: a directed graph where each possible edge has probability p to appear in the graph. 

Fill the function ER_rand_graph(n,p) in the template file, 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 0. 

Running examples: 

>>> G = ER_rand_graph(3,1) #p=1, all edges exist 

>>> G 

[[1, 1, 1], [1, 1, 1], [1, 1, 1]] 

>>> G = ER_rand_graph(3,0) #p=0, no edges at all 

>>> G 

[[0, 0, 0], [0, 0, 0], [0, 0, 0]] 

>>> G = ER_rand_graph(3,0.5) 

>>> G 

 [[0, 1, 1], [1, 1, 0], [1, 0, 1]] 

>>> G = ER_rand_graph(3,0.5) 

>>> G 

[[1, 0, 1], [0, 0, 0], [1, 0, 0]] 

 

 

e. Generate a random ER graph with the same number of nodes as the CA1 neuron network. 

Set the parameter p such that the number of edges will be roughly the same number of edges 

as in CA1 (find out how many edges are in CA1, and do the math to know which value of p 

to pick). What are the degrees of the in-hub and the out-hub in this random network? Are 

they substantially different from the CA1 graph? (comment: we do not define what 

"substantially means formally here…). Leave the code you used in the py file. 

 

Question 2 – Images 

The goal of this question is to practice some academic paper reading. 

Read the short article 
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Argast et. al., “Using image processing and statistical analysis to quantify cell scattering for 

cancer drug research.”, Mathworks Newsletter, September 2012. (html, pdf). 

 

a) How did the authors tackle the problem of overlapping cells (aka blobs)? 

b) Explain briefly how histograms of nearest-neighbor distances can help in differentiating 

the four types of cells that are examined in this paper (figure 5). 

 

 

Question 3 – Images 

In the website you will find the following image. It contains human 

HT29 colon-cancer cells image. 

(source: http://www.broadinstitute.org/bbbc/image_sets.html)  

 

Give your best estimation fore the number of cells in this image. Use 

Python's labeling to answer this (you will need to install the package 

scipy, as explained in the lecture slides). 

You may use any image processing technique to improve the results, 

such as dilation, erosion, and segmentation.  

In your answer, describe all the steps you followed.  

Note that there is no single correct algorithm to answer this question. Just try to do your best to 

get as close as possible to the true number.  

 

 

 

 

 

TGA 

 

http://www.mathworks.com/company/newsletters/articles/using-image-processing-and-statistical-analysis-to-quantify-cell-scattering-for-cancer-drug-research.html
http://www.mathworks.com/tagteam/77466_92038v00_image-processing-statistical-analysis-quantify-cell-scatter.pdf
http://www.broadinstitute.org/bbbc/image_sets.html

