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I really like types.

(student->name x)
vs.

(caddadr x)



  

Not a string
Type Safety



  

Not a context Not a topics-fal



  

Not a tokenkind



  

Not tagged



  

Not a vector Not an index



  But I think types help me.



  

What I want...
● Easily introduce new types
● Safely change existing types
● Write type-safe programs
● Run them efficiently
● Reason about them effectively



  

struct student {
   string name;
   int age;
    …
};

Example



  

struct student {
   string name;
   int age;
    …
};

(defund student-p (x)  ...)
(defund student->name (x) (first x))
(defund student->age (x) (second x))
(defund make-student (name age) (list …)



  

(defund student-p (x)  …)
(defund student->name (x) …)
(defund student->age (x) …)
(defund make-student (name age) …)
(defthm booleanp-of-student-p …)
(defthm student-p-of-make-student …)
(defthm stringp-of-student->name …)
(defthm natp-of-student->age …)
(defthm student->name-of-make-student ...)
(defthm student->age-of-make-student …)



  

(defaggregate student
  ((name stringp)
   (age      natp) …))

Alternatives
defdata, defstructure, defrec

Easily introduce new types Std/Util



  
(cw “Little ~s0 was tardy!” (student->name x))

(defaggregate student
  (;; (name stringp)
    (first stringp)
    (last stringp)
    (age natp) …))

  Safely change existing types



  

(define reportcard ((x student-p))
   :returns (report report-p)
  …  (cat …
            “Obviously ” x.name 
            “ is far ahead of most ” x.age
            “ year-olds in many important
               areas.” …)  ...))

  Write type-safe programs



  

  Run them efficiently

Inlining

Layout options  (tagless, illegible)

Honsing options

Type safety handled statically



  

So far so good!
● Easily introduce new types
● Safely change existing types
● Write type-safe programs
● Run them efficiently
● Reason about them effectively?



  

  Reason about them effectively

(defthm student->name-of-make-student
  (equal  (student->name (make-student
                                                      :name name

                                                 :age age …))
                 name))

(defthm student->age-of-make-student
  (equal  (student->age (make-student ...))
                 age))



  

  Reason about them effectively

(defthm student-p-of-make-student
  (implies (and (stringp name)
                              (natp age))
                    (student-p (make-student ...))))

(defthm stringp-of-student->name
  (implies (student-p x)
                    (stringp (student->name x))))



  

Types

Functions

Theorems

hyps

Hyps

HYPS

So What?

Std/Util



  

ACL2 6.3

(defthm vl-plainarglist-p-of-vl-partition-plainarg
  (b* (((mv okp warnings plainargs)
            (vl-partition-plainarg arg port-width insts mod
                                                         ialist elem warnings)))
      (implies
          (and okp
                    (force (vl-plainarg-p arg))
                    (force (posp port-width))
                    (force (posp insts))
                    (force (vl-module-p mod))
                    (force (equal ialist (vl-moditem-alist mod))))
               (vl-plainarglist-p plainargs))))

End Result Std/Util



  

(defthm vl-plainarglist-p-of-vl-partition-plainarg
  (b* (((mv okp warnings plainargs)
            (vl-partition-plainarg arg port-width insts mod
                                                         ialist elem warnings)))
      (implies
          (and okp
                    (force (vl-plainarg-p arg))
                    (force (posp port-width))
                    (force (posp insts))
                    (force (vl-module-p mod))
                    (force (equal ialist (vl-moditem-alist mod))))
               (vl-plainarglist-p plainargs))))

ACL2 6.3

End Result
Tedious

Slow
Unreliable



  

(defthm vl-plainarglist-p-of-vl-partition-plainarg
  (b* (((mv okp warnings plainargs)
             (vl-partition-plainarg arg port-width insts ...)))
      (vl-plainarglist-p plainargs)))

FTY Discipline + Automation
for eliminating type hypotheses

FTY

Hyps



  

Treat bad inputs consistently

Functions on Numbers <   +   -   *    /

x*(y+z) = x*y + x*z

Functions on Naturals zp, nth, logbitp
Functions on Strings char, string-append
Functions on Conses car, cdr, endp
Functions on Sets set::head, set::union



  

Fixing Function
1. typep(fix(x)) 
2. typep(x)  fix(x) = x→

Example
1. natp(nfix(x)) 
2. natp(x)  nfix(x) = x→

How to handle
bad inputs



  

Fixing Equivalence

(defun nat-equiv (x y)
  (equal (nfix x) (nfix y)))

(defequiv nat-equiv)

(defthm nth-respects-nat-equiv
   (implies (nat-equiv n1 n2)
                   (equal (nth n1 x) (nth n2 x))))

 equiv(x,y) == fix(x) = fix(y)



  

FTY Discipline

1. Types should have a
corresponding fixing
function and equivalence
relation.



  

FTY Discipline

2. Typed functions should
produce equal results for
any equivalent inputs.

Fix your inputs
before using them



  



  

FTY Automation

1. Introducing types with fixing 
functions and equivalences

2. Proving congruences for 
functions that use these types



  

Deffixtype – Type Database

Basetypes – Definitions for basic types

Deftypes – Automation for new types

Deffixequiv – Automated congruences

FTY Automation



  

Base Types



  

(defprod student
  ((name stringp)
   (age      natp) …))

Deftypes

St
yle
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(defund student-p (x)  ...)
(defund student->name (x) (string-fix (first x)))
(defund student->age (x) (nfix (second x)))
(defund make-student (name age) (list …)
(defund student-fix (x) (if (student-p x) …)
(defund student-equiv (x y) (equal (student-fix …
(defthm student-fix-when-student-p (implies …
(defthm student-p-of-student-fix (student-p …
(defequiv student-equiv :hints((“Goal” :use …



  

defprod
deflist
defalist
defoption
deftagsum
deftranssum
defflexsum

Deftypes

+ Mutual Recursion!



  

Congruences

(define multiply-and-add ((a natp)
                                                      (b natp)
                                                      (c natp))
    ...)

(deffixequiv multiply-and-add)
or even fully automatically with a hook



  

Deffixtype – Type Database

Basetypes – Definitions for basic types

Deftypes – Automation for new types

Deffixequiv – Automated congruences

FTY Automation



  



  Thanks!
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