
CSE 497: Advanced Programming Languages

Prof. G. Tan
Fall 2011

Homework 4
Total: 16 points. Due on Oct 4th by 2:30pm

Reading assignments. Chapter 8 and 9 of the textbook.

Submission format. Put your answers into one electronic file and submit it through CourseSite. Please
ensure that you file has a comment that includes your name, Lehigh network user id. Please add comments
that clearly mark your solutions for each problem.

1. (4 points) For each one of the following typing statements in Simply Typed Lambda Calculus, either
show a typing derivation of the statement, or argue that there is no typing derivation for it.

(a) f : Bool → Bool ` (λx : Bool. f x) : Bool → Bool

(b) ` (λx : Bool → Bool. x x) : (Bool → Bool) → Bool

(c) f : (Bool → Bool) → Bool ` (λx : Bool. f x) : Bool → Bool

(d) f : Bool → Bool → Bool ` (λx : Bool. f x) : Bool → Bool → Bool

2. The big-step, call-by-value operational semantics for simply typed lambda calculus is formulated by
the following rules:

(λx : T11. t) ⇓ (λx : T11. t)

t1 ⇓ λx : T11. t′1 t2 ⇓ v2 [x 7→ v2]t′1 ⇓ v

t1 t2 ⇓ v

(a) (3 points) Show that the small-step semantics in Fig.9-1 of the textbook and the big-step
semantics for the language coincide, i.e., t −→∗ v iff t ⇓ v.
Hint: you may need to first prove some auxiliary lemmas to prove it.

(b) (3 points) Assume the same type system as in Fig. 9-1 is used. With the big-step semantics,
how should the type-safety theorem be formalized? Write down the theorem and then prove it.

3. (6 points) Implement in OCaml the big-step, call-by-value operational semantics and the small-step,
call-by-name semantics of untyped λ-calculus by doing the following steps:

• Download untyped.tar.gz from CourseSite and unpack it. Make sure OCaml’s compiler,
ocamlc, is installed on your system. Compile the package by running make. It generates an
executable file called f. The package also includes test.f, which has a list of test cases. Run “f
test.f” to test the code. The package already implements small-step, call-by-value semantics
of λ-calculus in core.ml.
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• Implement the big-step, call-by-value semantics of λ-calculus by implementing a function named
bigstep. You also need to modify the eval function to invoke bigstep, since code in other
files including main.ml will assume an eval function form core.ml.

• Implement the small-step, call-by-name semantics for λ-calculus by implementing a function
named evalCBN. Again, you’d need to modify the eval function as well. The following two
rules specify the small-step, call-by-name semantics:

(λx. t) t1 −→ [x 7→ t1]t

t1 −→ t′1
t1 t2 −→ t′1 t2

• Figure out a λ-calculus term whose evaluation does not terminate in the call-by-value semantics,
but terminates in the call-by-name semantics. Test your input with your evaluators.

Notes:

(a) To understand how code in untyped.tar.gz is organized, read Chapter 7 and 10 of the textbook.

(b) It might help to understand how OCaml’s compilation works. Read Chapter 7 of the online
book “Developing Applications With Objective Caml”.
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