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Scheme 2875 7t A EH
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MEAT BT 28 RETER

TOTTIVTBEFEROBBE YR T B LKL o T, BEOMBAEET A L0 Ba
HEEELRATEL I LFMON TS, 70 L RS & RS X > THIRICEI TS 2 5EED—>
THD. WERFTOLAFELERATL20KRBAR L~ T4 VIV AFADKESDETH - 72
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Various control facilities can be built in the languages which support first-class continuations. Pro-
cess management is one of such control facilities. Kernel support is not required to provide process
management in the languages.

This paper shows how the state of a process is respresented by first-class continuations, and the
process managers can be written concisely in terms of first-class continuations. And we propose

protection mechanisms using closure to protect the process manager from applications programs.
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1 UK

RO L o THA 2HEEELERTE
HIEBMLENTVS, TOLAERLZTDLI L
HHED—DoTH 5. MRE 7Ot AEH + £
T5-DICIX0S DEBFLETHo7. LL,
RO LHEOSETEZTOLERLRL, EF
FEOREEF T ERAVT IO ASEEERT LT
ENTEDL, COLIRFETERSALZTOLA
ML OS AMRALT B O L AEEARHE L LB
LTRD &) REFERLTNS.

HEE. OS 2Rt 4 7o L AEEBHEERRT
ABERVATFAI=NDF—~y FPEEL R
5 VAFAA-NVOELH-RNVE—- FLa—H
E—- FOMZHEMLEL T2 LW, TOLE
WESSRURLICHERS LZEPREVAETD
B, E7, OSBY AT ADREDLDICHA R
2L TREL RV, FRIIFLT, £ED
KA VS BEEF S EVERTER SO LA
BWETOT T ATIRI VN, VD DBREORE
2ITH T EATE D,

EHME. FTULABEETIOTTALT T r—
avs/usIakfA—DOBRTRERTES. fo
T, 7oL RERISOTI 0, LOVRECTTY
F—av /Uy ALNETAII LUK R
5. IHICLoTC, HADT T r—a vy OEXK
KB bhA 7O ABEL L Y HBICERTEZ
ENTED,

Scheme 13 Lisp DHED—2TH ), H—HZO#
BEMALLSETHD (1] FRXTHE, COEFE
AT /o AEBEERTLFHELERD. £3
L=70xAERIO7 5 A3, HBEOKATHS
AUy Fi, BETAEBOA LY FOLRTH 2
FAIOBMEEHFLTVE, RNV OSDI AT
ALy FROETEHETIHBLET TR, TF
LAZHRRBEFRLFOENV O THo 2. o
T, ALy FROEFTLHE T ERCERTLC

ENEELVIGENH oz, KT O AER SO
5ATH, FOLIBRIFEIL Y AT &R THIE
PITH T EHNTE S,

AT, $3°2 8 T Scheme SREORHE R
RIS, SETHEEHT AU L AFR TS T A
OEEZRT. AETREHAFHRELT, #HETH
WALy FORBOERH, A2 L ALY FORE
B, ERHNERICLI ATy TV avn3 o0
BERLMIIBRRSD.

2 Scheme OBE

Scheme it Lisp D AFD—2TsH Y, Lisp L7
BoOBXEHRALTWA. T/, Common Lisp &
BLL)ICHHERAT—7EHD. T/, RERI
RKBERLETCELLL TR LRI LTER
HBOHTHEEN TV 5. Scheme DF KD
i, B—ROMELrHLTWLILTHS. E—&
DRk AV D Z LI L o T RS 2 RH
THILHFTES.

2.1 #EEE

Scheme TH; AT & 5 B2 B, BRI R
SZTELY, %D OFE 217 ) #E8E(continuation)
FHEELTWS, 2Fh, #EIL, AR
DBoOGEL*XRHAL VDS @B¥R 7S
SYHERBKOGELERT 5 I L 32V,
Be 2HBRELERT25EC, BICEE
Y RETILEFELBI ENDH D, HBEXE
7 F#i % call-with-current-continuation(L!
#, call/cc LEWET D) #IFUHTI LIS T,
oML ECALERECETIFRETHELLA
r—TEREIMELNL. COFRIEFRTHTE,
FRORH L 7z B s o dRIR & BRI, S DT AT —
TEFE Y ER L call/cc 25 BICHE SBAT
T5. AT, RORIT1 TR 0EET

(call/cc (lambda (k) (k 0) 1))
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ZDXTIH, call/cc il ko THEBEI NI X
T TFREFTHRBOFHRE TR L LTS
bha. (kx 0) FMT5TLITE5T, call/cc
PIEO %389 . call/cc LT A —TEHX O
Uit L A% Common Lisp @ catch B U throw & &
2o TVB R, RKBERER LAy — 7F:kE
EHEMLTBLZLILLE ST, call/cc DETEHR
ATBTHIIAT - TFRELRBTHI LA TE
HILTHB. 2D, FHREOAPLANDD ¥
TR TRL, APLAND Ty T h WL
oTWnh,

2.2 FiExLEa

FHREDBESBEH THE LV IBRELBNZ A
TI—TERFDE V) EFEHMD /DT, Scheme TIEH
BREEFHOTF— S BELTHLLAVTEET A
EXFLIELIITOR S, Bl KITRT Dl put!
Lget L) TODA Y =TV EZIFMHT, WERIC
—ODEERFTEA 7V b EERT AR
&, EOETHTH 5.

(define (make-cell cell)
(lambda (msg)
(case msg
((get) cell)
((put!) (lambda (x)
(set! cell x))) )))

(define a-cell (make-cell #t))
; BN make-cell IZ5-% 1 {lANE B
(a-cell ’get) = #t
; (a-cell put!) X Fhi& #3ET.
; CRICHIH "foo" ¥ 5 XL T Y
((a-cell ’put!) "foo")
; TAE cell DENEELIND
(a-cell ’get) == "foo"

EH cell 1ZFHE X make-cell FTLARES
LI EHTEY, MO TS5 ANRAEIIIOE
BEBETAI LA o TV A,

3 SchemellH T3 /Ot IEE

ERXTRELTVWL SO L ASHE SO 7S A
KROWRET 7)) r—avy7arys At LT
w5,

o BEOWHBEOWN (XL v F)
Al y FOER - HHf - BERT, ALy FE
A7 -5 Ok

e ETHALY FRE(S A 2) ¥ BH4 T2
Bt
F AT DER - PUT - BEIRT

o T & BHRICET PRt & F

CDEHT, 5 AT HH#EE % BT i Mach
? C-threads[2], & % \* i3 ML-threads[3] & I2iZ[H]
CBBEZIEE L Twa. A7 ALy FRigtL
TWBEELDOS T, ¥XZ7IFEALY FOARY
THDHEEMFICT FLAZHEGUH4 BREOE
EHETHD. T LT, AT/ O L XEB STy
TATRS A7 BHHEIRE L 2FoTwin, &
DIz, KTO X AEBRTIT S5 LD A5 1E 0S8
DYATIHRTELRoTBEY, L WELDBME
TALy FEOEFT2HET 0BT L
BTE5D,

5 A7 OEBIZLIT O make~task FHEXIC L o
Tirhbi 3.

(make-task mother)

O L o Tmother¥ | ET B Y R 7 Wtk
BN, BRLELTIRIATT 22 PISESHB.
AL F T2y MIRE4 LB RES L CRURT
ZERLoTHAIHDAL Y FOEF 2 HIET 5
TEHTED. PIZIE, ROX L EEMT 5 &

((task ’exit) wvalue)
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FATHDEAL Y FLLTOFHSY A7 HHRT &
o, ¥R OFERE L CvalueTREEND. &
OBEBEEHVLEI LICLoT, BHlor ¥ ERT S
ZENFTEL. HIRIE, ROTITF AT DODA
Ly FEERL, ELL0R L exit BET LD
KRLT1H50id2 KT,

(let* ((task (make-task #f))
(make-thread (task ’make-thread)))
(make-thread
(lambda () ---((task ’exit) 1)---))
(make-thread
(lambda () ---((task ’exit) 2)---))
(task ’result))

CDTAT T ADFD (task ’make-thread) i,
AVy VERFHEILETNTHS. COFHE %
HUHTZEICEsTALY FaEKEns, $/2,
(task ’suspend) ¥FHliT 52 &ICLoT, ¥ R
IHOEAV Y FEETRY A7 OETFPRENn
5,

4 FEBF%

—#I, ALY FREBETL /U TARAVY
FORBLEEBETET—FHBELTHEHL TS
DRI E IR Ly FAPRT S 7B O #bic
bR, foT, B BRETIRELRSF
ETI, CORET O ADRBLRET D
KHWAZ EATE 5, Wand i, #EF s, @B
BB BOMICLoTTOXARRHAL, T4 A
Ny Frle<w 77 R IOFHETERALTNE (8]
ARXDTOLAERTOT S LI, ALy FOF
BB DA LZEBEALVY FA TV 2
FERERBOPFICRREL TS, B35, 714 X
7%y F v P - FIER S SRR ERLC
Wh. ZOL)EHRRERALZOE, $FELSR
FTHDE, T4 ANy F v 2YeblE - FFHk 2
ZTH), OET 21—V oBBENLEET
FnZ Eitd 5.

4.1 ALy FERXIVDER
PUFIC Y A7 EFRTFHi & make-task %787 .

(define (make-task mother)
(let (; THDIAI DI RS
(daughters *())
;i COFATEBLTHEALYF
(threads *())
i SMAD Y AT CERELT ) 1-ODFHE
(to-mother
(if mother (to-mother ’make-daughter)
(lambda ()))
- ))

(define (make-thread proc)
(let (---) ---
(define (thread msg) (case msg --:)
(make-ready (cons thread proc))
thread ))
(define (make-daughter daughter)
(let ((cell (cons daughter daughters)))
(lambda (msg)
(case msg ---

((detach) (set-car! cell #f))
e

(define (task msg)
(case msg ---
((make-thread) make-thread)
((make-daughter) make-daughter)
e )
task )

CDFHREOFIIAL y FERFHEEIETALTW
B, ETRLIZTIOTSABDOLIIC, ¥R
F7Vxy VEBAK Lo TRESRTWA. HL
WE R BFERIND &, By AZ I3 LTHEA R
ERE2FTI 2O DFEHE to-mother 2T A7 >
S/BLE. TT)r—avbF I AT LTRLE
TRERIZGICBREBET 2700 L) REH
FEERHLTYA (K1)
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Mother task A o
: to-mother \
object procedure calll  Daughter task |
object 1
Daughter task
””,,1//’//,, object

4.2 FL RISy FvOER

TAANRYF v FEORE BRI, ET T2
Ly FOREE, 74 ANy FThbH. FO1BIC
BETTELZALY FRRSTF 12— HELE
{THRZLRV. Fa—RBbpTurs A0 080
SNBERETELZVOT, BEa2HWTHa— %1t
DTOTTAPLRBERLTWS,

(define (make-dispatcher)
(let (; VT4 Fa—
(q (make-queue))
; BEEFHOAL Y F
(cur #f£)
.

(define (make-ready th-and-k)
((q ’enq) th-and-k))
(define (dispatch)
(let ((th-and-k (q ’deq)))
(set! cur (car th-and-k))
i ALy FORBEET - #1750
({cdr th-and-k) #f) ))
(lambda (msg)
(case msg ---
((nake-ready) make-ready)
((current-thread) cur)
((dispatch) (dispatch))
R PPD

(define the-dispatcher (make-dispatcher))

mutex [ 2V L T b 2 #EIL, lock &
unlock DD THA. TTIlock ENTWA mu-
tex ¥ lock LE) &ETBE, ALy Flid7uvy s s
N, mutex POF 2 — [THEF S NBHICT 1 A8y
FrFREESNS. mutex b T4 ANy F v FH,
I TERIL TV 5. mutex DEBOBEE % LTS
R |
(define (make-mutex)
(let (; mutex DikkEE
(mutex #f)
; unlock %o TWAAL Y FOF 2 —
(q (make-queue))
=)
(define (lock)
(cond (mutex (set! mutex #t))
(else
(call/cc
(lambda (k)
((q ’enq)
(cons (the-dispatcher
’current-thread) k))
(the-dispatcher ’dispatch)))
(lock))))
(define (umlock)
(let ((th-and-k (q ’deqg)))
(if FFoTWBAL Y Fdfdho 7=
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exception interface routine
(UNIX signal handler) €Xception handler

i Continuation } :

...... [——

Y
written in Scheme | writtenin C  written in Scheme
(runtime)
B2 #sns

(make-ready th-and-k)
(set! mutex #f) )))
(lambda (msg)
(case msg ---
((lock) lock)
((unlock) unlock)
=)

4.3 FEMLERICLIZITUIC T3

Scheme IFERHMICRE T 2N HR L LE T
DB E VWD, SV TSy s v EAERT
H0IRBREEEL 2 TRIE2L 2. £
ST, PINRERICEDORADHEE call/cc K
Lo THABIPSMLEFES CHE LB THEL
BBRICIA . R FINLBESES ICETC L
& oT, BISMVE 22 1B ICET 2 BT 59,
5V HOME 4TS 2 2 BN LB S X A EH
KBRTAHIEHFTE S,

BB OBEE £ K 21K T, BINIT R+ 5 &,
HERBNA VS T2 —AN—F BT TH. B
F, BRI UNIX ETEHSATEY, 2oN—
FYRUNIXDYTFUNY FFELTEHSR
TWwh, ZONV—F VICHBEIBITT S L, FssT
RELHAOMRETERT LAy — 7 sk
HE% L, Scheme TRl & A7z BISMALE =45 X (21
WEBT. SO, ZAFr—-T7EREIFHELT
EEIND. FISRETRI I, CERRHE T
BRICCOMETERT I LICL > THORIRICHE

BLTOIWVL, XOTOF T A0 LD ITfboins
BT oTH v,

(define (preempt-by-timer k)
(make-ready k)
(dispatch) )

CDFHEE YA TE D AR RBAET BEICETT
Al EoT, ¥4 EB TV Tavy
EHTHIEPTES.

ML DB D ERITBAT L Tl i LB A S
5. BZE, FARNYFrOEFTHFRAEY £ E
DUTHIZT) ISy a viEfrbhTid, ELL
ETERTDHILFITERY, 22T, HEOLHE
BfToTWARMIZ S 20 7Y a v R EIET A
PUEELDL, VAFAI—=VIZLoTY T F IV E
BUETHIEILLoTHHATLIILbTRTH S
B, AEVHISTOL ) ICRBCET SN A5
TYATATI-NVEF) T ERFFERENTH L. *
DIz, RICRTHETERL TS,

T, BINA T T AN —F IRISRTHE
mehs.

int pending_signals = 0;

int critical = B/ D%,

exception_interface_routine()

{
pending_signals |= 7 F )L OIESITIE U fl;
if (critical > B/MOER) {

--critical; return;
}
FIBUCBIN T ERE R ORkEE R 3E
PNRBFHRE~NT Y T 5

TV Ty a VELERBTR, 3034 kK
ICRT 3~ FRERT 5.
++critical;

TYVLY 7Y a YEFRBROI—F

~--c¢ritical;
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if (A—nN—7o—R4) {

B AORBEET L LT, ASRBFHEE~Y YV
ARF
}

I & RIBEOBEED Reppy 12 & » T ML THH
ENTWS [7). Reppy OF LI AT VH Y HTH
TFbhsriT, #INAHMEIEHENL LI H
Doz LT, KRXOFHITIRIINL S
LI, £72, SPARC L TOEHATIE, 7V
LTy avERKBROWMEIC T EEEGE 1 &
FEMZBETTHY, =5y FIpE N,

5 F¢H

AR TR, #hix 7O 2DREBOFHRICHN
ATENTELIE, ZLT, BT BICEET S
BRE2FOSETTULATE SO T ANMHRC
HBRTEDZIEERLA o, BB EHVCE#R
OBRBEYITI S LIS Lo T, B FERELHY
FIZ, T AR TuS 7 ANOBRERETE
BT EERLT

EHLZTOuLABE 075 A, oA
THBEALY F&, MEOHLAL Y FHOETE
HEHTHIRX I 2HE>THE. HEEDOSDI R
ALy FEEOETZ I T 5808 & REERE R
DEVWLDTHo7z. H#oT, Aby FROETE
HEHTAEMCHERATAZ ETELVWEENH o
7o, SRICHRTERTOLAER IO 5 A TH,
FOEIRBEITDI I AL EACTHE AT =
FHEER>TVS,

SHOBEL LTbE 2 ) BIEHEE# LT
DER L, FHEE COLHAFEOR TS 5.
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