Matrix manipulations, Graph Translations, and drawing networks.

Purpose:


This assignment is designed to introduce you to ways of writing networks and the basic software tools used to analyze networks.   The traditional way of writing/storing network information is in an adjacency matrix, and many of the methods we use to create network measures involve matrix manipulation.  To that end, this assignment includes some basic matrix manipulation exercises.

Tools needed:

· PAJEK : A graph drawing and analysis program.  On the Web or the SIL

· UCINET: Perhaps the most-used network analysis program.

· SAS:  A statistical analysis, data manipulation program, particularly SAS IML

I strongly recommend buying UCINET 6, ($40) though you can download a trial version that last for quite a while..,

Writing networks

1)  Transform the network below into (a) an adjacency matrix, (b) an adjacency list and (c) an arc list.
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2) Transform the following networks into drawings (by hand is fine, but feel free to use software if you want):

a) Adjacency Matrix:

0 1 0 1 1 0

1 0 1 0 1 0

0 1 0 0 0 1

0 1 0 0 1 1

1 1 0 1 0 0

0 0 0 1 1 0

b) Adjacency list:

1 6 3 4

2 1 3 5

3 1 2

4 2 3 5 6

5 1

6

Using network analysis software

 In each of the following, you will create some data by hand, create a random network, and read some real data.  Then you will manipulate the data in various ways.   In general, we use programs like Excell or SAS to write our data for us, since it is too cumbersome to do it by hand.  

3) PAJEK.  PAJEK is a free network analysis and drawing program.  The manual is sparse, though getting better.  It basically details every function PAJEK does by walking through the menu.  

a) Create a small network by hand.  Input the network in 2a (above). You can do this on-screen or by writing a small program.  To do it by hand, use the following steps:

a. Create an empty network.  NET>RANDOM NETWORKS > Total No. of Arcs>

b. Then specify the number of NODES (i.e. 6 for 2a above)

c. Then specify the number of ARCS -- since we are going to add them by hand, say 0.

d. Then go to DRAW>DRAW and you should see 6 dots arranged in a circle on the screen.  Type Ctrl-N to see the node numbers.

e. Now draw the lines from each node to the other.  Do this by right-clicking on the node, which will open a dialog box describing the node's contacts.  Double click on NEWLINE.  To add a line, designate where it is going.  For example, to draw a line from node 1 to node 2, you would enter "-2" (no quotes).  To get a line from node 3 to node 1, you would enter "+3". 

f. Redraw the graph.  Once you have typed in the arcs for a given node, click on the drawing window again (close out the arc editor) and click on "redraw" at the top of the window. You should see the arcs displayed on the screen

g. Once you finish entering the data, let PAJEK draw a nicer picture for you.  From inside the DRAW window, go to: LAYOUT>ENERGY>KAMADA-KAWAI>FREE and see what you get.  Play with some different layout algorithms, and other options in the DRAW window.

h. When you finish, save the graph.  Go to: FILE > NETWORK > SAVE name the graph and close PAJEK.  If you then open the file in WORD or TEXTPAD, you will see the program you could have written to do the same thing that you did by hand.  

i. Turn in a printed version of this file.

b) Create and plot a random network.  

a. Random networks are useful for comparing to real networks (and sometimes interesting in themselves, though more so for mathematicians).   Create a random network of about 20 nodes and 60 arcs using the same steps as above (when it asks "network w. multiple lines?" say NO.  This is asking whether you want more than one relation between any pair of people).

b. Now identify the symmetric relations by going to: NET>TRANSFORM>ARCS-> EDGES>BIDIRECTED ONLY>MINVALUE.  If you say YES to make a new network, it will not write over your old one. If you say NO it will.  

c. Draw the network, using one of the layout algorithms.  Symmetric ties will be BLUE and will NOT have arrows.

d. Print the picture and turn it in.

i. The simplest way to do this is to use the "print screen" button to capture the image and then past it into WORD.

ii. If you want to create usable / printable files, use the EXPORT option to save the picture as a bitmap (.bmp) or as a postscript file (EPS), which you can then edit in other programs. 

c) Read data that has already been constructed.   From the course homework page, download  HS_2.NET and HS_2.CLU.  This is data on friendships in a high school.  Open the network  (HS_2.NET) (FILE>NETWORK>READ).  Open the grade partition (HS_2_GRD.CLU) and then plot the network by grade using one of the layout algorithms (DRAW > DRAW PARTITON).  Each color represents a grade. Use OPTIONS>COLORS> Partition Colors to see which colors relate to which grade.  Describe what you see in this network and turn in the picture you get. 

4) UCINET

a) Create a small network by hand.  Input the network in 2a (above).  To do it by hand, use the following steps:

a. DATA>SPREADSHEET EDITOR>

b. Click in the spreadsheet window to make it active. You can now type your matrix directly into this spreadsheet.  Do so.

c. Then save the file FILE>SAVE> and name it.  Note this creates a UCINET file, which really has two parts, neither of which you can read in a text editor, a .##h file and a.##d file.  This is transparent unless you start moving files aroundsomewhere.

d. Now display the data.  Go to DATA>DISPLAY> and load the filename you just saved.  

e. Turn in the results (Just copy-and-paste it).

f. If you are using UCINET 6, try drawing the network.  Click on the 'draw' file at the top of the screen, which will take you to NETDRAW (If it doesn't you may have to look around the drive  for NETDRAW).  Then use FILE>OPEN to open the file you just saved.  It should display on the screen.  Note the features of NETDRAW, allowing you to include nodes and such.

g. To see the kind of program you could write to generate this network (instead of typing it in by hand), export it as a .DL file.  Go to DATA>EXPORT>DL  and follow the prompts.  Note that you could also read in an EXCEL file.

b) Create and plot a random network.  

a. DATA>RANDOM

b. Here you will see many options for creating random networks.  For now, use MATRIX

c. Then choose matrix size (20) and number of levels (i.e. types of ties) - say 1.  Then choose a random distribution.  Since we want a zero-one matrix for now, use binomial, and set diagonal to be NOT valid, then pick a density (the proportion of cells to have ties).  Once you set your options, click on OK to generate the matrix.  Turn in the result 

d. If you have UCINET 6, draw the network using the same steps you did above.

c) We'll read in an excel file to UCINET 6, as this is a common way to have data collected.  Start by copying  HS_2_ms95b.XLS to your UCINET drive. (Note: this file is saved from the windows 95 version of excel, I can't get UCINET to read a win2000 version.  So for your own data, you may need to save it as a w95 file).  

a. Take a quick look at this excel file.  You'll notice there is no data in the first row/col.  This is because I didn't label the points.  If you want labels in your data, you would fill this row/column in.

b. To import, go to DATA>IMPORT>EXCEL and specify your directory and file.  You should see a summary of the data file once you import it.

c. Now, to see how to read in raw text data, let's get the grade data from hs_2_grd.txt.   Go to DATA>IMPORT>RAW.  The window requires that you specify the filename AND the numbers of rows and columns in the raw file.  Here there is 1 column and 71 rows.

d. Use these two datasets to get a summary of ties within and between grades. Do this by going to:

i. TRANSFORM>BLOCK

1. input dataset = HS_2_ms95b (or whatever you called it when you imported it)

2. method = sum

3. Diagonals = NO

4. Row partition / Blocking = hs_2_grd col 1

5. Col partition / blocking = hs_2_grd col 1

ii. click OK

iii. Turn in the reduced matrix you get at the bottom of the output.  This tells you the number of ties from each grade to the other.

5) SAS IML

SAS is a powerful statistical analysis tool that we will use in various ways.  The key element we will use is called PROC IML.  We'll deal with moving data into and out of the rest of SAS later.  For now, let's focus on getting just this part of SAS to work and identifying some basic SAS programming tools.  PROC IML is the Interactive Matrix Language in SAS -- a program that lets you manipulate matrices.  It also lets you define functions of your own and use them.  The SPAN suite that I have written is an example.


To use IML, you write a program and submit it.  IML is not a "network analysis" program per se, but a program we will use to analyze networks.  Unlike the programs above, you don't do interactive network analysis in SAS.   You can get all of the documentation for SAS online, it may be useful to read the PROC IML documentation (at least the intro).
a) Create a small network by hand.  Input the network in 2a (above). 

a. When SAS opens you should be in the PROGRAM EDITOR.  This is where you write the programs that SAS will run.   Some basic IML syntax rules:

i. Every command ends in a semi colon (;).  For example, you start and end an IML program with:

Proc IML;

<program lines>

quit;

ii. Everything in IML is a matrix, a function or a command.  Matrices are data and functions are stored sets of commands to process matrices.  All matrices and functions must have names.  Many of the functions are included, things like summing (SUM), taking the mean, etc. Many of the commands are basic logic commands (DO, DO OVER, IF - THEN, Etc). IML uses most of the standard mathematical symbols (*, =, /, etc.) 

iii. Comments are put between slash-stars: /* THIS IS A COMMENT */

iv. To type a matrix, enclose it in brackets.  Every ROW of the matrix is separated by a comma.  So to enter a two-row matrix that covers the numbers from 1 to 6, I would write:

x = {1 2 3, 4 5 6};

v. To enter data directly into SAS IML, you simply type in the matrix.  So the program for 2a. above would be:

Proc iml;

mat= {0 1 0 1 1 0,

  1 0 1 0 1 0,

  0 1 0 0 0 1,

  0 1 0 1 0 1,

  1 1 0 1 0 0,

  0 0 0 1 1 0};

mattrib mat format = 1.0; /* tell sas to print the matrix with only 1 digit per number, makes it easier to read */

print mat;

quit;

· Write a program that creates the matrix for 1 above.

The usefulness of IML comes from the program statements and the ease of manipulating matrices.  In class we said that you can find symmetric ties by adding a matrix to its transpose (why?).  To do that in SAS, you might have something like:

Proc iml;

mat= {0 1 0 1 1 0,

  1 0 1 0 1 0,

  0 1 0 0 0 1,

  0 1 0 1 0 1,

  1 1 0 1 0 0,

  0 0 0 1 1 0};



mattrib mat format = 1.0; /* tell sas to print the matrix with only 1 digit per number, makes it easier to read */

print mat;

sym = mat+mat`;

mattrib sym format=1.0;

print sym;

/* sym will have 1 where ties are asymmetric and 2 where they are symmetric.

If you wanted to know what proportion of an actors ties were symmetric, you would divide the number of ties they make by the number of symmetric ties they make.  the square brackets get at sub-parts of matrices.  The bracket refers to [rows,columns] of the matrix.  If you don't specify anything, it assumes you mean all of them. You can use operators within these brackets.  SO, for example, the mat[,+] commands below give you the SUM across the columns, or the number of ties a person makes. */

propsym = mat[,+] / (sym=2)[,+];

print propsym;

quit;

· Write a program to identify the proportion of ties that are symmetric for each actor in graph 1 above.

b) Create a random network in SAS IML.

To create a random network, we use some of the random distribution functions in SAS.  The following program generates a random network of size 10 with a density (proportion of ties that are present) of about .3:

Proc IML;

/* the J function creates a matrix.  The    first argument is the number of rows, the 2nd argument is the number of columns and the 0 is what value to set all cells to */

   blank=j(10,10,0); 

rannet = ranbin(blank,1,.3);

mattrib rannet format=1.0;

print rannet;

/* note that this may have some ties along the diagonal.  To fix that, subtract the diagonal */

rannet = rannet - diag(rannet);

print rannet;

quit;

· Create a random network with 20 nodes that has a density of about .2.  Turn in the program and the output.

You can be much more precise in your construction of the networks, specifying the number of ties each person has and so forth.  The SPAN suite contains a number of programs for doing just that.

c) Now we will repeat the analysis from UCINET on HS_2 in SAS.  To do this, we need to read in the data.  Again, we will start with the excel and raw data files.  This will show you how to read those files and how to manipulate them in SAS.  The following program does this.  Run this program and turn in your output.  You don't need to type the comments (/* stuff */) . You will need to download SPAN.ZIP from the course homework page, unzip the files and store them in a directory on your drive.

/* this program reads in the high school data from an excel file and from a text file then looks at the grade-grade mixing matrix. 

    Used for homework 1 in the networks class */
/* read the excel adjacency matrix.  

   NOTE YOU WILL HAVE TO CHANGE THE DIRECTORY FOR

   THE FILE NAME */
PROC IMPORT OUT= WORK.matrix 

            DATAFILE= "c:\jwm\temp\hs_2_ms95b.xls" 

            DBMS=EXCEL5 REPLACE;

     GETNAMES=YES; /* if you have no label/row column, then = no */
  RUN;

/* check the file, to see that it has the right number of 

   variables and such. Should be 71 obs and 71 variables */
proc contents data=work.matrix;

run;

/* now read in the text file with the grade attributes

   AGAIN, CHANGE THE DIRECTORY */
data grade;

 infile 'c:\jwm\temp\hs_2_grd.txt';

 input grade;

run;

/* get the distribution of grades */
proc freq;

 tables grade;

 run;

/* now use IML to get the count of the number of ties

   from each grade to the next */
 proc iml;

  use work.matrix; /* tell IML what data to read */
   read all var _all_ into adjmat; /* read in the entire matrix */
  use work.grade; /* tell IML where the grade data live */
   read all var{grade} into grade;

  /* there are many ways to get the grade mixing matrix.  We will 

     first do it "by hand" - spelling out how it is done, then 

     we will use a pre-recorded set of instructions to get it  */
/* to get the mixing matrix directly, you can use matrix multiplication between the adjacency matrix and a set of indicator variables (0/1). Construct those variables first.  This new matrix will have 71 rows = nrow(adjmat) and 6 columns (7,8,9,10,11,12) */
   grpmat = j(nrow(adjmat),6,0); 

    /* now assign every grade to one of the columns for each person. Again, there are faster / easier ways to code this, but we want the process to be transparent. */
    do i=1 to nrow(grade);


  if grade[i] = 7 then grpmat[i,1]=1; /* the [i] index follows each person */

  if grade[i] = 8 then grpmat[i,2]=1;


  if grade[i] = 9 then grpmat[i,3]=1;


  if grade[i] =10 then grpmat[i,4]=1;


  if grade[i] =11 then grpmat[i,5]=1;


  if grade[i] =12 then grpmat[i,6]=1;


end;


mattrib grpmat format = 1.0;


print grade grpmat; /* just to check */

/* now get the count using matrix multiplication.  If you multiply the transpose of GRPMAT (GRPMAT`) and the adjacency matrix (ADJMAT) you will get a 6 by N matrix (which substantively would be the number of ties people from group i send to each person j). If you multiply that result by grpmat, you get the 6x6 matrix of number of ties to and from each group. We can do both of these multiplications in one step:  */

mixmat = grpmat`*adjmat*grpmat;


/* now print it to look at it */

mattrib mixmat format=3.0 [rowname={"7" "8" "9" "10" "11" "12"} 

             colname={"7" "8" "9" "10" "11" "12"}];


print mixmat;


/* the other way to do this is to use the MIXMAT program I have written in SPAN. To use this, you need to have IML read the program module. Change the directory here to where ever you have saved the SPAN files */

%include 'c:\jwm\sas\programs\modules\mixmat.mod';


mixmat2 = mixmat(adjmat,grade);


mattrib mixmat2 format = 3.0 [rowname={"7" "8" "9" "10" "11" "12"} 

          colname={"7" "8" "9" "10" "11" "12"}];


print mixmat2;


/* you will notice that the result of the MIXMAT module include an extra matrix BELOW the simple count (i.e. the result has 12 rows and 6 columns). This extra matrix is the number of POSSIBLE ties in each cell, so you can calculate the density from the output */
quit;

