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Syntax of 𝜆I

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   

● A term e is a value if it is a location l, a boolean constant, or an abstraction 
with no free variables.

● new is a term for allocating a new cell on the heap, and term ! reads the 
contents of an allocated cell.



Operational semantics of new and !

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   

Note: In a language with side effects, the order in which terms are evaluated is important.



Safety

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   



Type definitions of 𝜆I
Box type
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chart style.   



Type definitions of 𝜆I
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Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   



Type definitions of 𝜆I
Box type

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   



Type definitions of 𝜆I
Bool

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   



Type definitions of 𝜆I
Arrow

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   



Type definitions of 𝜆I
Arrow

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   



A modal interpresentation - Possible Worlds

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   

To define:

● A set W of worlds                           

● An accessibility relation

● A labelling function

● Properties Acc should satisfy (reflexivity, transitivity)



Validity of types
closed under store extension

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   



Validity of types
closed under store extension

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   

1. Suppose                                       and                    (with     of the form           )
2. We have to show that 
3. Suppose                   and 
4. By definition of →, we now need to show:
5. Transitivity lemma gives us
6. By definition of →, and                                           with 5 and

implies 



Validity of types
closed under store extension

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   

1. Suppose                                and                    (with    some store location  )
2. We have to show that 
3. From                                we have that:

a.  
b.

4. Since    is a type, we have
5. From 3a and                 it follows that                             and
6. Hence, we have                              , so by definition of box we have     



Typing rules

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   



Semantics of Judgement

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   

For any type of environment      and a value environment       I write                  if for all 
variables                    we have                  ; that is,

I write                                                and                                                 where          is the result 
of replacing the free variables in     with their values under      .

I write                to mean                     for the empty environment      .



Safety

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   

PROOF:
1.
2.                                              , then
3.                                                                and we must prove that      is a value
4.                =>                      =>      is closed
5. Choose the empty value environment      and store
6.
7.                                                                              
8.



Validity of I-New

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   

Proof:

Part 1
1.
2.
Part 2
1.
2. l is a value => 
3.                                                         =>

                              =>                    ;                   =>                          which together with            =>



Validity of I-New

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   

Proof:
1.
2.                              ;
3. Since        is a closed term, the result now follows from Lemma 2.24



Validity of I-Deref

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   

Proof:
1.
2.
3.                     =>
4. From the definition of              we have
5. From the operational semantics we have 
6. Hence, 



Kripke Logical Relations

This chart is not a standard MS 
Excel chart, but has been 
especiallyy made for the 
corporate identity of the 
Radboud University. You can 
change the data, but you 
cannot choose a different 
chart style.   

There is a correspondence between Kripke logical relations and the possible-worlds 
model developed for      .
A Kripke logical relation  over a set A is defined as follows: 

Suppose that we have a set of worlds      , an accessibility relation
and a family            , of transition functions where      and        are worlds such that
                  . A Kripke logical relation is a family                    of relations        indexed by
types      and worlds                     , satisfying the condition:                 


