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#define Square(x) (x*x)

int main(){
return Square(3);

¥

int main(){
return 3*3;

h

C macro : 25HH|
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#define Square(x) (x*x)

int main(){

int main(){ return 1+2*1+2;

return Square(1+2); 1
ks

C macro
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#define LOG(msg) printf(“%d:%s\n”,pid,msg)
volid main(){

//1int pid = 0;

LOG(“some error”);

void main(){ o
//int pid = 0; error: 'pid
printf(“%d;%s” ,pid,“some error”); undeclared
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#define Square(x) ((x)*(x))

int main(){
return Square(1+2);
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A Modal Analysis of Staged Computation

Rowan Davies

and

Frank Pfenning

Carnegie Mellon University

We show that a type system based on the intuitionistic modal logic S4 provides an expressive
framework for specifying and analyzing computation stages in the context of typed A-calculi and
functional languages. We directly demonstrate the sense in which our A\;>%-calculus captures stag-
ing, and also give a conservative embedding of Nielson & Nielson’s two-level functional language
in our functional language Mini-ML", thus proving that binding-time correctness is equivalent to
modal correctness on this fragment. In addition, Mini-ML" can also express immediate evaluation
and sharing of code across multiple stages, thus supporting run-time code generation as well as

partial evaluation.
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#define LOG(msg) printf(“%d:%s\n”,pid,msg)
volid main(){

int pid = 0;

LOG(“some error”);
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A Polymorphic Modal Type System for Lisp-Like Multi-Staged
Languages

Ik-Soon Kim

Seoul National University
iskim@ropas.snu.ac.kr

Abstract

This article presents a polymorphic modal type system and its prin-
cipal type inference algorithm that conservatively extend ML by
all of Lisp’s staging constructs (the quasi-quotation system). The
combination is meaningful because ML is a practical higher-order,
impure, and typed language, while Lisp’s quasi-quotation system
has long evolved complying with the demands from multi-staged
programming practices. Our type system supports open code, un-
restricted operations on references, intentional variable-capturing
substitution as well as capture-avoiding substitution, and lifting
values into code, whose combination escaped all the previous sys-
tems.

Kwangkeun Yi

Seoul National University
kwang@ropas.snu.ac.kr

Cristiano Calcagno

Imperial College
ccris@doc.ic.ac.uk

are freely passed, stored, composed with code of other stages, and
executed when appropriate.

This article presents a polymorphic type system and its prin-
cipal type inference algorithm that conservatively extend ML by
all of Lisp’s multi-staged programming constructs. The combina-
tion is meaningful because ML is a practical higher-order, im-
pure, and typed language, while Lisp has long evolved to com-
ply with the demands from multi-staged programming practices.
Lisp’s staged programming features are all included in its so-called
“quasi-quote” system. This system supports open code templates,
imperative operations with code templates, intentional variable-
capturing substitution (at the sacrifice of alpha-equivalence) as well
as capture-avoiding substitution (as “gensym” does) of free vari-
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A Modal Analysis of Staged Computation

Rowan Davies

and

Frank Pfenning

Carnegie Mellon University

‘We show that a type system based on the intuitionistic modal logic S4 provides an expressive
framework for specifying and analyzing computation stages in the context of typed A-calculi and
functional languages. We directly demonstrate the sense in which our A;*P-calculus captures stag-
ing, and also give a conservative embedding of Nielson & Nielson’s two-level functional language
in our functional language Mini-ML?, thus proving that binding-time correctness is equivalent to
modal correctness on this fragment. In addition, Mini-ML? can also express immediate evaluation
and sharing of code across multiple stages, thus supporting run-time code generation as well as
partial evaluation.
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A Polymorphic Modal Type System for Lisp-Like Multi-Staged

Languages

Ik-Soon Kim

Seoul National University
iskim@ropas.snu.ac.kr

Abstract

This article presents a polymorphic modal type system and its prin-
cipal type inference algorithm that conservatively extend ML by
all of Lisp’s staging constructs (the quasi-quotation system). The
combination is meaningful because ML is a practical higher-order,
impure, and typed language, while Lisp’s quasi-quotation system
has long evolved complying with the demands from multi-staged
programming practices. Our type system supports open code, un-
restricted ions on intentional variable-capturing

i as well as capt iding subs and lifting
values into code, whose combination escaped all the previous sys-
tems.
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Seoul National University
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assed, stored, composed with code of other stages, and
vhen appropriate.

This article presents a polymorphic type system and its prin-
cipal type inference algorithm that conservatively extend ML by
all of Lisp’s multi-staged programming constructs. The combina
tion is meaningful because ML is a practical higher-order, im-
pure, and typed language, while Lisp has long evolved to com-
ply with the demands from multi-staged programming practices.
Lisp’s staged programming features are all included in its so-called
“quasi-quote” system. This system supports open code templates,
imp i i with code templates, i i variable-
capturing substitution (at the sacrifice of alpha-equivalence) as well
a< canture-avoidine substiftion (as “aensvm™ does) of free vari-
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#define Square(x) (x*x)

int main(){

int main(){ return 3*3;
return Square(3); }

¥
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(define (f n)
(if (= n 1)
C x+,(f (n-1))))
X))

(define x 2)
(eval (f (get)))
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A Polymorphic Modal Type System for Lisp-Like Multi-Staged
Languages *

Ik-Soon Kim

Seoul National University
iskim@ropas.snu.ac.kr

Abstract

This article presents a polymorphic modal type system and its prin-
cipal type inference algorithm that conservatively extend ML by
all of Lisp’s staging constructs (the quasi-quotation system). The
combination is meaningful because ML is a practical higher-order,
impure, and typed language, while Lisp’s quasi-quotation system
has long evolved complying with the demands from multi-staged
programming practices. Our type system supports open code, un-
restricted operations on references, intentional variable-capturing
substitution as well as capture-avoiding substitution, and lifting
values into code, whose combination escaped all the previous sys-
tems.

Kwangkeun Yi

Seoul National University
kwang@ropas.snu.ac.kr

Cristiano Calcagno

Imperial College
ccris@doc.ic.ac.uk

are freely passed, stored, composed with code of other stages, and
executed when appropriate.

This article presents a polymorphic type system and its prin-
cipal type inference algorithm that conservatively extend ML by
all of Lisp’s multi-staged programming constructs. The combina-
tion is meaningful because ML is a practical higher-order, im-
pure, and typed language, while Lisp has long evolved to com-
ply with the demands from multi-staged programming practices.
Lisp’s staged programming features are all included in its so-called
“quasi-quote” system. This system supports open code templates,
imperative operations with code templates, intentional variable-
capturing substitution (at the sacrifice of alpha-equivalence) as well
as canture-avoidine substitution (as “oensvm” does) of free vari-
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Syntax e := \r.e ‘ ee | T | 6‘ e | run e

1+1 & Value
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Syntax e := \r.e ‘ ee | T | 6‘ e | run e

1+1 & Value
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run ef

Syntax e:=MAz.e|ee|x|‘e],e]
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run ef

Syntax e:=MAz.e|ee|x|‘e],e]

run ‘(1 4 1) 2
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Definitions
Environment roo= o |
Environment Stack R ::= 1 | R,r

Context K i
Context Stack K ::

Environment Lookup
x ifr=r'+{x=x}

r(x) =< r'(x) ifr=r'+{y=_}andx #y
p-X ifr=p

Context Stack Merge Operator
I xK=K
Kxl=K
(K1, K1) > (K2, k2) = (K1 > K2), (k1[k2])

51

Term Translation

(TCON) RFEiw (z,1)
(TVAR) R,rFxw— (r(x),L1)
(TABS) R,r+{x=z}Fe— (e K)
R,7 F Ax.e — (Ax.e, K)
(TFIX) R,r+{x=zx}+{f=f}Fe— (e, K)
R,r Ffix fx.e — (fix fz.e, K)
(TAPP) RI-el l—>(e_1,K1) R|_€2|—>(e_2,K2)

Rt e 62I—>(e_1€_2,K1I>4K2)

(TBOX) R7 P e (ga (K7 ’{)) ne

R F box e — (k[Ap.€], K) o

R,pker— (e, 1)
Rt boxer (Ap.e, L)
RtFer— (e, K)
R,r Funbox e — (h r, (K, (Ah.[]) €))
RFer (e, K)
RF rune+— (let h=ein (h{}), K)

new p

(TUNB)

new h

(TRUN)

new h




Definitions
Environment roo= o |
Environment Stack R ::= 1 | R,r

Context K i
Context Stack K ::

Environment Lookup

x ifr =
r(x) =< r'(x) ifr=
p-X ifr =

Term Translation

(TCON)
(TVAR)

(TABS)

(TFIX)

r'+{
- 3= G

Context Stack Merge Operator
I xK=K
Kxl=K
(K1, K1) > (K2, k2) = (K1 > K2), (k1[k2])

(TUNB)

(TRUN)

RFiw— (i, 1)
R,rzw— (r(x),1)
R,r+{x=z}F e (e, K)

R,7 F Ax.e — (Ax.e, K)
Rir+{zx=z}+{f=f}+e— (e K)
R,r Ffix fx.e — (fix fz.e, K)
o (6_17 Kl) R F €2 — (6_27 KQ)

| e9 — (e_le_Q,Kl <1 Ks)

e (e, (K,K))

evr X € — (K[Ap.g], K) new e
R,pFe— (e 1)
new p
Rt boxer (Ap.e, L)
RtFer— (e, K)
new h
R,r Funbox e — (h r, (K, (Ah.[]) €))
RFer (e, K)
new h

RF rune+— (let h=ein (h{}), K)
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Theorem 1. (Simulation) Let e be a stage-n \s expression with

no free variables such that e —— €'. Let R - e — (e, K) and

RtEée w— (e,K"). Then K (e) A K'(e).
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