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Reluctance to teach Lisp 

Few Lisp jobs 

Staff see Lisp as obsolescent 

Too few Lisp programmers 

Education Industry 

Students reluctant to learn 





1. Lisp compatible.  
2. FOSS 
3. Compact  
4. Simple to learn  
5. Efficient.  
6. Has the characteristics of a modern FPL. 
7. But if possible in advance of ML and Haskell. 
8. Computationally adequate. 
9. Customisable. 
10. Well documented, theoretically secure. 

Runs under Common Lisp 
Conservatively coded – CLTL standard 
Easy to port 
Full resources of CL available to user 

Either GPL, MIT or BSD license Simple syntax – small BNF 
Simple execution model (semantics)  
Small set of system functions 

Should not be markedly slower than 
native Lisp. 
Applications are first class objects 
Currying 
Pattern directed list handling 
Optional static typing 

Not just a clone of existing FPLs 
Go beyond ML and Haskell 
Future proofed 

Supports graphics, multithreads, 
OS integration, FFI, web capable 
Nothing set in stone 
User programmable syntax 
Skinnable type system 

Well documented 
Correctness proofs (subject reduction 
etc). 
Formally specified 

Programs should be shorter than CL 
Clarity without obscurity 



(0-) (define father 
 “Winston Churchill” -> “Randolph Churchill”) 

father 

(1-) (tc +) 
true 

(2+) (define member 
          {A  [A]  boolean} 

    _ [] -> false 
          X [X | _] -> true 
          X [_ | Y] -> (member X Y)) 
member : (A  ((list A)  boolean)) 

(2-) (map *) 
#<CLOSURE :LAMBDA [X6] [map X5 X6]>  

   : ((list number)  (list number)) 

(3+) ((* 7) 8) : number 
56 

Simplicity 

Modern FPL 



•  Apply the following rewrite rules from the leaves up  

 rational n + rational m -> rational(n + m)  
rational n * rational m -> rational(n * m)  
symbol x -> symbol x  
0+f -> f  
f+0 -> f  
0*f -> 0  
f*0 -> 0  
1*f -> f  
f*1 -> f  
a+(b+c) -> (a+b)+c  
a*(b*c) -> (a*b)*c  

107 iterations, 2.6GHz 
simplify  
[* x [+ [+ [* 12 0] [+ 23 8]] y]]  



SBCL 1.0 

Qi 9.2 / SBCL 1.0 

O’Caml 3.09.03 

Time     LOC 



(define simplify  
  [Op A B] -> (s Op (simplify A) (simplify B))  
  A -> A)  

(define s  
  + M N -> (+ M N)      where (and (number? M) (number? N))  
  + 0 F -> F  
  + F 0 -> F  
  + A [+ B C] -> (simplify [+ [+ A B] C])  
  * M N -> (* M N)    where (and (number? M) (number? N))  
  * 0 F -> 0  
  * F 0 -> 0  
  * F 1 -> F  
  * 1 F -> F  
  * A [* B C] -> (simplify [* [* A B] C])  
  Op A B -> [Op A B])  

let rec ( +: ) f g = match f, g with  
  | `Int n, `Int m -> `Int (n +/ m)  
  | `Int (Int 0), e | e, `Int (Int 0) -> e  
  | f, `Add(g, h) -> f +: g +: h  
  | f, g -> `Add(f, g)  

let rec ( *: ) f g = match f, g with  
  | `Int n, `Int m -> `Int (n */ m)  
  | `Int (Int 0), e | e, `Int (Int 0) -> `Int (Int 0)  
  | `Int (Int 1), e | e, `Int (Int 1) -> e  
  | f, `Mul(g, h) -> f *: g *: h  
  | f, g -> `Mul(f, g)  

let rec simplify = function  
  | `Int _ | `Var _ as f -> f  
  | `Add (f, g) -> simplify f +: simplify g  
  | `Mul (f, g) -> simplify f *: simplify g  

Nathan’s Code 

(defun simplify-no-redundant-checks (xexpr)  
    (if (atom xexpr)  
      xexpr  
      (let ((op (first xexpr))  
            (z (second xexpr))  
            (y (third xexpr)))  
        (let* ((f (simplify-no-redundant-checks z))  
               (g (simplify-no-redundant-checks y))  
               (nf (numberp f))  
               (ng (numberp g)))  
          (tagbody  
           START  
             (if (eq '+ op) (go OPTIMIZE-PLUS) (go TEST-
MULTIPLY))  
           OPTIMIZE-PLUS  
             (when (and nf ng) (return-from simplify-no-
redundant-checks (+ f g)))  
           TEST-PLUS-ZEROS  
             (when (eql f 0) (return-from simplify-no-redundant-
checks g))  
             (when (eql g 0) (return-from simplify-no-redundant-

Qi Object Code 

(DEFUN simplify (V148) 
(BLOCK NIL (TAGBODY 
  (IF (CONSP V148) (LET ((Cdr159 (CDR V148))) 
    (IF (CONSP Cdr159) (LET ((Cdr158 (CDR Cdr159))) 
       (IF (CONSP Cdr158) (IF (NULL (CDR Cdr158)) 
         (RETURN (s (CAR V148) (simplify (CAR Cdr159)) 
           (simplify (CAR Cdr158)))) 
            (GO tag154)) 
            (GO tag154))) 
            (GO tag154)))) 
          tag154 
(RETURN V148))))  

(DEFUN s (V149 V150 V151) 
    (BLOCK NIL 
       (TAGBODY (IF (EQ '+ V149) 
          (IF (AND (NUMBERP V150) (NUMBERP V151)) 
                (RETURN (THE NUMBER (+ V150 V151))) 
           (IF (EQL 0 V150) (RETURN V151) 
                (IF (EQL 0 V151) (RETURN V150) 
                     (IF (CONSP V151) 
                          (LET ((Cdr170 (CDR V151))) 

Compact 

Efficient 





Invented 1943 by Gerhard Gentzen 

Foundation of Qi’s type notation 

Turing equivalent  

(1+) (datatype binary 

 if (element? X [0 1]) 
 _____________ 
 X : zero-or-one; 

 X : zero-or-one; 
 __________________ 
 [X] : binary; 

 X : zero-or-one; Y : binary; 
 ______________________ 
 [X | Y] : binary; 

 X : zero-or-one, [Y | Z] : binary >> P; 
 _______________________________ 
 [X Y | Z] : binary >> P;) 

binary  

(2+) (define complement 
          {binary --> binary} 
          [0] -> [1]  
          [1] -> [0]  
          [1 N | X] -> [0 | (complement [N | X])]  
          [0 N | X] -> [1 | (complement [N | X])])  
complement : (binary --> binary) 

(3+) (complement [0 1 0 1]) 
[1 0 1 0] : binary  

datatype zero_or_one = zero | one; 
datatype empty = e; 
datatype binary = place of zero_or_one * empty  
                           | bld of zero_or_one * binary; 

fun complement (place(one, e)) = place(zero, e) 
| complement (place(zero, e)) = place(one, e) 
| complement (bld (one, Binary)) = bld(zero, complement Binary) 
| complement (bld (zero, Binary)) = bld(one, complement Binary); 



Qi Prolog 

Extended Lambda Calculus  
      (Peyton-Jones) 

Lisp AUM 

Lisp 

Sequent Calculus 

Qi-YACC 

300 KLIPS, SBCL 1.0, 2,4 Ghz 

‘metacircular’ Qi evaluator, 720K inferences  
verified and compiled 3.3 sec 



Beyond ML/Haskell 

















(0-) (define expt 
 X Y -> (EXPT X Y)) 

expt 
Warning: the following variables are free in expt; EXPT 

(1-) (newfuntype expt (number  number  number)) 
expt 

(2-) (tc +) 
true 

(3+) (expt 5 3) 
125 : number 

(0-) (define cases  
          [cases] -> [error "case failure~%"]  
          [cases true B | _] -> B  
          [cases A B | Cases] -> [if A B (cases [cases | Cases])]  
          X -> X)  
cases 

(1-) (sugar in cases 0)  
cases 

(2-) (tc +) 
true 

(3+)  ((/. X (cases (= X 1) X  
                           (= X 2) X  
                            true  0)) 3)  
0 : number  

(0-) (eval [* 2 3]) 
6 

(1-) (eval [define my-tail 
                 [cons X Y] -> Y]) 
my-tail 

(2-) (my-tail [1 2 3]) 
[2 3]) 



1.  Lisp compatible. 

2. FOSS 

3. Simple to learn 

4. Compact 

5. Efficient.  

6. Characteristics of a modern FPL. 

7. In advance of ML and Haskell. 

8. Computationally adequate. 

9. Customisable. 

10. Documented, theoretically secure. 









Thanks 


