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We are developing the SC language system, which facilitates language extensions by translation into C.
SC languages are extended/plain C languages with an S-expression based syntax. This paper shows those
problems in this system that we have found during our process of the development of extended languages
using this system and our improvement of this system as our solutions to them. In particular, we focus
on additional features to extend existing translation phases (transformation rule-sets) between languages.
These features employ a mechanism that dynamically determines the transformation function to apply for a
single code fragment. We implemented this mechanism by using CLOS and dynamic variables in Common
Lisp. The proposed reuse mechanism enables us to implement extended languages only by writing the
difference from existing translators including the identity translators into the base languages. It also helps
us reuse a commonly-used rule-set as part of the entire translation. We implemented various features as
extensions to C including multithreading, garbage collection, and load balancing. This paper discusses the
multithreading case and shows the effectiveness of the proposed mechanism.
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(def (sum a n) (fn int (ptr int) int)
(def s int 0)
(def i int 0)
(do-while 1
(if (>= i n) (break))
(+= s (aref a (inc i))))
(return s))
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int sum (int* a, int n) {
int s=0;
int i=0;
do{
if ( i >= n ) break;
s += ali++];
} while(1);
return s;
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(define-ruleset scO-to-scO ()
(entry ’sc-program)
(default-input-handler #’no-match-error))
(defrule sc-program scO-to-scO
(#7(,0decl-1list)
(mapcar #’declaration decl-list)) )
(defrule declaration scO-to-scO
(#7(,scs[storage-class-specifier] ; 0000
(,0id-list[identifier]) (fn ,@tlist)
,0body)
~“(,scs (,@id-1list) ,(third x)
,@(mapcar #’block-item body)))

(defrule block-item scO-to-scO
((#7,bil[declaration]
#7,bi[statement])
(get-retval ’bi))

(defrule statement scO-to-scO
(#7(do-while ,exp ,@body)
“(do-while , (expression exp)
,@(mapcar #’block-item body)))

&ééherwise (expression x)) ; 00O

(defrule expression scO-to-scO ...)

(define-ruleset scl-to-scO (scO-to-sc0))
(extendrule statement scl-to-scO
((#7(let (,@decl-list) ,@body) )
“(begin ,@(mapcar #’declaration decl-list)
,@(mapcar #’block-item body)) )
((#7(while ,exp ,@body) )
(let ((cdt (expression exp)))
~(if ,cdt
(do-while ,cdt
,0(mapcar #’block-item body))) ))
((#7(for (,0@list ,exp2 ,exp3) ,@body) )
(let ((el-list (mapcar #’block-item list))
(e2 (expression exp2))
(e3 (expression exp3))
(new-body (mapcar #’block-item body)))
(list ~(begin
,@el-1list
(if ,e2
(do-while (exps ,e3 ,e2)
,@new-body))))
) )
((#7(loop ,@body) )
“(do-while 1 ,@(mapcar #’block-item body)))
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(statement ~(do-while x (while y (++ 2)))

:scl-to-sc0)
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00000000 O00#7(do-while ...) OO0

oood
3. scl-to-scOOOOOOON expression OO
000000000000 Osc0-to-sco OO
0000 expression 0000 xOOO0OOO
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O000000000000Osc0-to-scoO0O0O0O
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0 statement 0 0 0O DOOOOO0OOO
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00000 statement 0 OO OODODODODO
scl-to-scO 0 0 OOO O statement U 0O O
go0o0ooDoO00oooogooooooooo
(if y (do-while y (++ 2z))) O OOO
5. (do-while x (if y (do-while y (++ z)))) [
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0 default-input-handler [J [0 [J no-match-error
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(defmacro define-ruleset
(name parents &body parameters)
‘(defclass , (ruleset-class-symbol name)
, (or (mapcar #’ruleset-class-symbol
parents)
(list *base-ruleset-class-namex))
,(loop for (p v) in parameters
collect ‘(,p :initform ,v
:initarg ,p))))

(defun apply-ruleset
(input ruleset &rest initargs)
(let ((xcurrent-rulesetx*
(apply #’make-instance
ruleset initargs)))
(funcall (rule-function
(slot-value *current-ruleset*
’entry))
(if (or (stringp input)
(pathnamep input))
(sc-file:read-sc-file input)
input))))

(defun rulemethod-args (ruleset)
‘(x (,*ruleset-arg*
, (ruleset-class-symbol ruleset))))
(defmacro defrule
(name ruleset &body pats-act-list)
¢ (progn
(defmethod , (rule-method-symbol name)
, (rulemethod-args ruleset)
(block ,name
(case-match x
,@pats-act-list
(otherwise
;3 extendrule 0 (call-next-method)
(call-otherwise-default
x ’,ruleset)))))
(defun , (rule-function-symbol name)
(x &optional
(ruleset *current-ruleset* r)
&rest initargs)
(if r
(let ((*current-rulesetx*
(apply #’make-instance
ruleset initargs)
(, (rule-method-symbol name)
X *current-rulesetx*))
(, (rule-method-symbol name)
x *current-ruleset*)))))

05 0O00O0O0OO0OO0OO0OO00O0ODDODODDO

000oooooooooooon

0000000 *current-rulesetx] 0O 00O 0O
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O O *current-rulesetx0 00000000000
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(scO-program (,@decl-list))
-> (mapcar #’scO-declaration decl-list)) )
(scO-declaration
(,scs[scO-storage-class-specifier]
(,0id-1ist [scO-identifier]) (fn ,@tlist) ,@body))
-> “(,scs (,@id-list) ,(third x)
,@(mapcar #’scO-block-item body)))

(scO-block-item ,bi[scO-declaration])
(scO-block-item ,bi[scO-statement])
-> (get-retval ’bi)

(scO-statement (do-while ,exp ,@body))
-> ~“(do-while ,(scO-expression exp)
,@(mapcar #’scO-block-item body)))

(scO-statement ,otherwise)

-> (scO-expression x)

(scl-program (,@decl-list)) -> ...
(scl-declaration

(,scs[scl-storage-class-specifier] ...)) -> ...
(scil-block-item ,bi[scl-declaration])
(scl-block-item ,bil[scl-statement]) -> ...

(scl-statement (do-while ,exp ,@body)) -> ...

(scl-statement (let (,@decl-list) ,@body))
-> “(begin ,@(mapcar #’sci-declaration decl-list)
,@(mapcar #’sc-block-item body))
(sci-statement (while ,exp ,@body))
-> (let ((cdt (scl-expression exp)))
“(if ,cdt
(do-while ,cdt
,@(mapcar #’scl-block-item body))) )

(scl-statement (for (,Q@list ,exp2 ,exp3) ,@body))
-> (let ((el-list (mapcar #’scl-block-item list))

(e2 (scl-expression exp2))

(e3 (scl-expression exp3))

(new-body (mapcar #’scl-block-item body)))

(list ~(begin
,@el-1ist
(if ,e2
(do-while (exps ,e3 ,e2)
,@new-body)))))

(sci-statement (loop ,@body))
-> “(do-while 1 ,@(sci-function-body body))
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MT-SC code MT-SC code (with type information)
multithread-typeinfo . .
—L>| (for MT-SC) ’—Z>| multithread }—»
A
extend

for SC-0

O7 0OD0O0O0O0OO0OO0O0O00O0OODOODOOO0O0O0

000000 60 sci-statement O 0O O O O

00 scO-statement 0 D OO0 OO0 OOOOOO

scO-statement J 0 scO-block-item [0 0 O OO
0000d0ob0obb0O0d0d sci-block-item 0O OO
00000o0ooDooOoOooOo0oOoooooon
OO000000OscOo-statement DO OO OOOOO
scO-block-item O OOODODOOOOOOOOO
gooooooooooOoOoooooooooooo
goood
goooooooooOoBNFOOODOODOO
gooooooooooooo
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gboobooboooboobooooboooooon
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00000000000 4000000scl-to-sc0

oooooo scoo0oboOoOooOonoooonooon
00 sco-to-scOOOOOO00OO0OOODOOOOO
00000000 sco-to-scOOODOOODOOOODO
goooooooooOooo sc-oooooooono
gobob0ooO0ooooOoOoOosc-ooboOoO0oOooboon
gooobooboobon
00ooO0oooo0ooooooooooooon
goboooboboooboobooboobooobo
ooooooo0ooooooOooooooOooooo
gobooboooobooobobooboobooobo
ooo0oooOoooooooooooooooooo
0Oooooooo MT-sCcoOosc-10000000
o0oooO0ooOoboooO0ooOoooooooOooooo
O expresston00 00000000000 typeinfol
oooooooooooOoosc-oooooooooon
typeinfo 00000 MT-SCOOOO0OO0O0O00OO0OO

SC-0+MT code

SC-0 +MT+SC-1 code

|MT+SC—1 = MT| |MT—|—SC—1 - sc_1|

\C\Xtﬂn\d SC-0+SC-1code
v TS '

| MT — SC-0 || SC-1 — SC-0 |

. SC-0 —

08 ODO00OD0O0OO0OO0ODOOO0OO000

gbooooooooooDOoODeypeinfol 00O
000 MT-SCOOOOO multithread-typeinfo
000Do00o00o000o0ooooooooo 7)o
goooooobbobboooooboooooon
gooooobobobobbooooouoo20000
0 MTO multithreadO OO0 SC-10000000O
gooobooboboooobouoboboobo
goobobboooobboooobbobobboo
goobobo 8bouobob200boUoboobo
gooobboooobbooobobooooboo
goodooOooooooosc-1ioooooooo
MTOOOOOOOOOODOODOOooOOooooDo
goodOooOoooooooooboogosc-1ooo
goboooobooboooboobooboobooobo
gooooooMTOOOOUOOODOOOOOoOoO
gooosc-1ooooooooooogoooon
go0ooOoooOooboo200000000 SC-10
poboooobooooooooboobobboooooogg
goboooboobooboobooboobooo
poboooboboobooboboobobonbo
goooooboobo0oboobobobobooboon
O9ooMT-SCOOOOMTOOOOOOOGOO
goooooobooboooboobobooobooboboo
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(define-ruleset multithread-scl (scl-to-sc0))
(extendrule statement multithread-scl
(#7(thread-create ,dec-list ,@body)
~(thread-create
, (mapcar #’declaration dec-list)
,@(mapcar #’block-item body)) )
(#?(thread-suspend ,id[identifier] ,@body)
~(thread-suspend ,id
,@(mapcar #’block-item body)) )
(#7 (thread-resume ,exp)
“(thread-resume , (expression exp)))

09 MT-SCOUOOOO0OOOOODO sci-to-sc0 OO
oooooo
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(def (pfib n) (fn int int)
(def x int) (def y int)
(def nn int 0) (def c cont 0)
(if (k= n 1)
(return 1)
(begin
(thread-create
(= x (pfib (- n 1)))
;3 00 thread-suspend 00O 0O0OOOOOO
;3 D000O0OOOOOOOOO
(if (== (++ mn) 0)
(thread-resume c)))
(=y (pfib (- n 2)))
;5 (pfib (- n 1)) 0000000 OOOOOO
;3 suspend D0 00O0O0OOOOOOO
(if (< (== nn) 0)
(thread-suspend cO0 (= ¢ c0)))
(return (+ x y)))))

010 MT-SCOOOOOOOOO

oooogd
e (thread-create body) O body 0000000
gooooooooog
e (thread-suspend identifier body)0d O O iden-
tiffer 000000000000 OOOOODODO
o000 bdy OOOOODOOOODOOODO
“suspended” 0 O 00O
e (thread-resume expression)d “suspended” O
00o0oo0oo0ooooDDooOaodezpression O
thread-suspended 00O 0OOOOOOOOOO
goooMT-SCODOOOOoOOOoOooogO os
ooooobooobooboo0ooooboooooooo
00000 “active” O “suspended” 00O 00O 0O
UO00000Othread-create U0 O ODOOODOOO
O0000D00OD0 “active” OODODOOODOODOO
00000thread-suspend D OO0 0O0OO0O00OO0
00000 “suspended” OO0 O0O0O0OOO0OOOOO
dooboooooboboooooooooooooa
od0odoooooooboOooOoouooboooo
thread-resumue U OO 0OO0OO0OOOOOO0O0O
oooooopoooooocoOoooboboobooooo
00000000000 0000 “suspended” 00O
oOoodo0ooOOoO0oDobOObOOobobOoboOoDOo
00000 “active’ 00000000000 OOO
ooboOooobooOoooooooooobo
O1o0MT-SCO0DO0ODDOOOOO

(decl (struct _thstelm))
(deftype cont (ptr (lightweight (ptr void)
(ptr (struct _thstelm)) reason)))

(def (struct _thstelm)

(def ¢ cont)

(def stat (enum t-stat)))
(deftype thst_ptr (ptr (struct _thstelm)))
(def thst (array (struct _thstelm) 4192)) ; 00000000
(def thst_top thst_ptr thst) ; D00DODODODOOOOODO

(def (pfib c_p n) (fn int cont int)
(def 1n int 0)

(def x int) (def y int)

(def nn int 0) (def c thst_ptr 0)
(def tmp2 int) (def tmpl int)

(def cO thst_ptr)

(def (pfib_c cp rsn)
(lightweight (ptr void) thst_ptr reason)
(switch rsn
(case rsn_cont)
(switch 1n
(case 1) (goto L1)
(case 2) (goto L2)
(case 3) (goto L3))
(return)
(case rsn_retval)
(switch 1n
(case 2)
(return (cast (ptr void) (ptr tmp2))))
(return))
(return)
owner 10 000000D0000O0O0O0ODOOODOO ...
)

(if (<= n 2)
(return 1)
(begin
;3 000000O000DOO00O0O00 push OO
(begin
(=1n 1)
= (fref thst_top -> c) pfib_c)
(= (fref thst_top -> stat) thr_new_runnable)
(inc thst_top))
;; thread-create OO0
(begin
(def 1n int 0)
(def (nthr_c cp rsn)
(lightweight (ptr void) thst_ptr reason)
L)
(=1n 1)

(= x (pfib nthr_c (- n 1)))
(inc nn)
(if (== nn 0) (thr_resume c)))

;3 thread-create 0000000 O0O0OCOO
;; 0000000000000 pop OO
(if (!= (fref (- thst_top 1) -> stat)
thr_new_runnable)
;s 000000000000
;5 active DO0O0OODOODOOOOOO
(scheduling)
(dec thst_top))
;5 (label L1) 00O0OO0O0O0O0O0O0OO0OOO0OOOOOO
(=1n 2)
(= y (pfib pfib_c (- n 2)))
;5 (label L2) DO0OO0O0O0OO0ODOOOOOOO0OOOOOOO
(= nn (- nn 1))
(if (< nn 0)
(begin
gooooooooo
(= c0 (inc thst_top))
(= (fref cO -> c) pfib_c)
(= (fref cO -> stat) thr_new_suspended)
(= ¢ c0)
(= 1n 3)
;; 000D00O0OOOOOO
;5 active 00ODO0O0OODOOODOO
(scheduling)))
;5 (label L3) 0DO0O00D0OO0OODOOOOOOOOOOO
(return (+ x y)))))

011 Lw-SCOO0OO0OO0O0O00O0OO0oOoooooo
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