
CS 560: Homework 5
Domains, Dependences & Alpha AST

S. Rajopadhye, Colorado State University

The goal of this assignment is to gain experience in the mathematical objects we manipulate—
affine functions, and polyhedral domains, and to see the connection to the AST (abstract syntax
tree) of Alpha expressions. In particular, you will use the semantic rules for constructing the
domain of an expression (from its subexpressions), to so annotate the AST of a given program.
You will do the calculations by hand and also use AlphaZ to verify your answers, but when the
answer is not in the requested format you will have to rewrite it appropriately.

Problem I: Affine functions [20 pts] You are given the following definitions: f1(i, j,k) = i+
j− k, j+ k,k, f2(i, j,k) = k, j,k, f3(i, j) = i+ j, j, and f4(i, j,N) = i+ j,N− i.

Write each of them in matrix notation.
Find each of the following functions (note that all the functions may not be defined). Write your

answer in the Alpha dependence syntax (indices-arrow-expressions) as well as the matrix
notation. Remember that @ denotes left-associative function composition, while ◦ and . denote the
more mathematically common (right-associative) function composition.

1. Write each of the four functions in the matrix notation as well as in the Alpha dependence
syntax.

2. f1@ f2

3. f2. f1

4. f2@ f1

5. f1@ f2@ f3@ f4

6. f1 ◦ f2 ◦ f3 ◦ f4

7. f4@ f3

Use the AlphaZ Polyhedral Calculator to check your answers. Remember that when I grade
you I’ll want to see yout paper and pencil work.

Problem II: Domains & Polyhedra [30 pts] You are given the following domains: D1 =
{i, j | 0 < i+ j ≤ 100 && 0 < j <= 100}; and D2 = {i, j,k | 0 <= (i, j) < 100 && − 1 <=
k < (i, j)}. Also let, f ′4(i, j) = i+ j,100− i. Determine the following domains (report your an-
swers using both, the standard syntax as well as the matrix notation):

1. PreImage(D1, f3)

2. Image(D1, f ′4) (use the trick discussed in the notes so that you don’t have to construct the
vertices).
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3. Intersection(PreImage(D1, f ′4), Image(D1, f3))

4. Intersection(PreImage(D2, f2), Image(D2, f1))

Problem III: Domains of Alpha programs) [40 pts] Four different versions of an Alpha pro-
gram (RecMM.0.ab . . .RecMM.3.ab) are posted off the class web page (go to the Assignments tab).
They differ from each other in very slight ways, in just the restrictions in the branches of the case
of the equation. The first one does not pass the AlphaZ analyzer checkProgram. Your job is to
work your way through what the system is doing.

1. For the three programs that pass analysis, we want to determine the domains of each of
the nodes in the AST. Note that the program has only one equation, and hence only one
expression is to be analyzed. Use the function PrintAST to obtain the AST of this expression
(you may want to cut and paste and edit it so that there is les “clutter.” Determine the domains
of each of the nodes in the AST, using Alpha semantic rules.

2. Explain precisely why the system reports the error it does for RecMM.0.ab.

3. Explain where the domains of the subexpressions of the three programs in RecMM.1.ab
. . .RecMM.3.ab differ (note, if you construct the AST, you will see that a lot of the subex-
pressions are identical, so you can reuse the above answers.

4. Execute the following sequence of commands, and redo part 1 of this problem for the new
program (do not call Normalize, or AShow before printing out the AST):
prog = ReadAlphabets("../AlphabetsExamples/RecMM/RecMM.0.ab");
Inline(prog, system, "A", "A", 1);;
PrintAST();

Report [10 pts] Submit, using the checking program, a tar file containing your programs and
scripts. In addition, please also turn in a very short (1-page) report describing what you learnt
from the assignment.
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