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1 Introduction

In this paper, I will formally describe the typing rule of Baremetalisp, which is
a well typed Lisp for trusted execution environment.

2 Notation and Syntax

Table @ and Fig. @ shows notation used in this paper and syntax for the typing
rule, respectively.

Listing 1: Example of variable and type

1 (defun add (a b) (Pure (-> (Int Int) Int))
2 (+ a b))

x is a variable. For example, z € {a,b} in Listing @M. T is a type. For example,
7 € {Int,(— (Int Int) Int)} in Listing M. (— (Int Int) Int) is a function
type which takes 2 integer values and return 1 integer value. Pure in Listing 0
denotes the effect of the function but I just ignore it now. Function effects will
be described in Sec. B. T can be other forms as described in Fig. [ such as Bool,
'(Int), [Bool Int], (List a), (List Int). C is a type constraint, which is a set of
pairs of types. For example, C' = {(— (t1 t2) t) = (— (Int Int) Int)} deduced
from Listing 0 means (— (¢1 t2) t) and (— (Int Int) Int) are semantically
equal and every type variable in C, t1,%9,t, is thus Int. I' is a map from variable
and label to type. For example, I' = {a : t1,b: to,+ : (— (Int Int) Int)} in
Listing M. T is called context generally, thus I call I context in this paper.

Listing 2: Example of user defined data type

1 (data (List a)
2 (Cons a (List a))
3 Nil)

t is a type variable. For example, t € {a} in Listing B. L is a label for
user defined type. For example, L € {Cons, Nil} in Listing B. D is user defined
data. For example, D € {List} in Listing B. T’ will hold mapping from labels in



Table 1: Notation
A= B logical implication (if A then B)

e expression

z integer literal such as 10, -34, 112
x  variable

t type variable

D  type name of user defined data

L label of user defined data

E

effect
Er:T — FE effect of type
T type
C  type constraint

io(C) : C — Bool does C contain I0 functions?
I"  context
P pattern
Pt pattern of let expression
Ti =a T2 7T1 and T3 are a-equivalent
S:t— T substitution from type variable to type
T-S applyStoT
X setoft
FVy:T — X function from T to its free variables
FVr:T — X function from I to its free variables
Size : L — Int the number of labels L’s type has
F'ke:T |x C estypeis deduced as T from T
under constraint C and type variables X

addition to variables. For example, I' = {Cons : (List a), Nil : (List a), Cons;; :
a, Consayg : (List a)} in Listing B.

FVy and FVr are functions, which take 7 and I' and return free variables.
For example, FVy((— (t1 t2) t)) = {t1,t2,t} and

FVr({a:t1,b:t1,+: (— (Int Int) Int)})
= {FVr(t1), FVy(t1), FV((— (Int Int) Int))}
= {t1,t2}.

T1 = T> denotes that 77 and 75 are a-equivalent, which means 7; and 75 are
semantically equal. For example, (— (t1 t2) t) =4 (— (t10 t11) t12). Sis a
substitution, which is a map from type variable to type, and it can be applied
to T as T -S. For example, if S(t1) = [Bool Int],S(t2) = (List ¢3) then
(= (t1 t2) t)-S = (— ([Bool Int] (List t3)) t).

Listing 3: Example of pattern matching
(data Dim2 (Dim2 Int Int))

(data (Maybe t)
(Just t)

B W N =



Nothing)

5
6
7 (defun match-let (a) (Pure (-> ((Maybe Dim2)) Int))
8

(match a
9 ((Just val)
10 (let (((Dim2 x y) val))
11 +x )
12 (Nothing
13 0)))

P and Pje; are pattern in match and let expressions. For example, in listings B,
(Just val) and Nothing at line 9 and 12 are from P and (Dim2 x y) at line
10 is from Pje;. Size is a function which takes a label and return the number
of labels the label’s type has. For example, Size(Just) = Size(Nothing) = 2
because Maybe type has 2 labels and Size(Dim2) = 1 because Dim2 type has
1 label in listings B.

3 Typing Rule

In this section, I will introduce the typing rule of Baremetalisp. Before describ-
ing the rule, I introduce an assumption that there is no variable shadowing to
make it simple. This means that every variable should be properly a-converted
by using the De Bruijn index technique or variable shadowing should be handled
when implementing the type inference algorithm.

Fig. B and B are the typing rule of expressions and function definitions.

4 Effect
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Figure 1: Syntax
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Figure 2: Typing rule (1/2)
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Figure 3: Typing rule (2/2)
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Figure 4: Typing rule of pattern
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