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The implementation of
a persistent programming language P3L

Shinji Suzukif Masaru Kitsuregawat Mikio Takagit

The problem of impedance mismatch between advanced application and database is now widely
recognized. One solution is to augment an programming language with an ability to store its
objects into database without any programmer intervention. In P3L a programmer can declare
an object to be persistent so that a group of objects will be stored in database without any
extra coding. Those objects will be automatically retrieved from database when they are
accessed later on. There are many ways for achieving this incremental loading ranging from
pure hardware method to the use of a class library. The P3L implementation employs a
software technique called pointer swizzling, which is taken care of by the P3L translator. In
this paper the pointer swizzling in P3L is described in comparison with other swizzling methods
and structure of P3L implementation is discussed looking closely at the interaction between
the translator and a transactional objectstore Kala 1.

tInstitute of Industrial Science, Univ of Tokyo
!Kala is a trademark of Penobscot Research Center



1 P3L O#iE

¥FEFIC, P3LBEICOWTHRRS, P3L @ syntax EH D C BAEIC persistent & \» 5 storage class Z1I
ABLLICEWMESHERDO LS KIEL TV 3, BERA 7+ 2 F A% db.binder ¥EBML TS L TH 5,

decl.qualifier.list identifier.declarator [initializer] [db.binder]
type.qualifier.list identifier.declarator [initializer] [db.binder]
default.declaring.list *,’ identifier.declarator [initializer] [db.binder]

77 L db.binder DE% Pk - TEE ¥ h 5 ZHIE persistent storage class ¥ b DEH D Y. THIXFEBREHTIEIC
BWTREXN 3. %% db.binder E# ¥4 i \» persistent EROEERFAERF I N TV, db.binder 2 v
FALEFITH b, KEEROEZRROFKELOND LS5 AR LA D,

persistent Employee * employee_list : "U-TOKYO.EMPLOYEES"

COEERXP L HLARLSIC, PILKBTIER (X7 V=2 ) OkEHERS v 25 v 2AECEESH
330CHh, BrrchH s, (Orthogonal Persistence) 7 ¥ = 7 MOKEH#ERFL b T~ F < —2R kEx
AENBOR, COXS CHBMCHRANICHEEI hABEL 7 v/ I LT EBHTT 7 V= 7 b2 MbOKEE
FTC2? b HbORL VEL L TEBBENTWEBRETH 5, (Persistence by Reachability) zm & & ik, T
ho7a”SA0EbbE, kEF Y V=7 VA ERAT V22 YA F— b BT L EERL, Tu S I~0
BHEBS BB A NS, [Hanson] ¥4, YR F<iF 7 V=7 + OERRICKEELCOTOREL T 5L
b A,

db.binder 7 v ¥ FAICAT V=7 v RHETS f:bPCFﬁV\Eﬂ'C‘Z’b b, \b® 3B persistent root ZEL D H
FanicHwbRD, PILF SV AL—# 1k, BEEXNIAKEFT V=2 bHET 075 ARBFHICT — 5 <— 2
bT T Iy —vavDTue REENCHIAENRZ LS KB — FETET 3, 7 v 7 A0RYORTHRIC
B FHEINAF T P2 2 M BF—ER—IFCRODbEWEEND L, TORICHR, HEIhAF V=7t %
F—E - ZPICER L C @ static B & FRICEHHET 5. ChRF—FX—RCF— K BT 520Kk
A5, BIAIE<LIST 1> D X5 ICER LA T P =7 + % persistent root CX > THMI N 3HSIBA T V=21
(e.g BREY 2 +) DER LT ZLLCF— 4 RBNT 505505 TH 5,

typedef struct foo { typedef struct foo {
struct foo * next; . struct foo * next;
char key[64]; char key[64];
char value[128]; char value[128];
} NODE; } NODE;
persistent NODE * root : "ROOT_NODE"; persistent NODE * root : "ROOT_NODE";

NODE * new_NODE() {
. sizeof( NODE ) ~A4 ' B3O AEY %
. malloc L. A ¥ %@l d 3,

>
int main(int ac, char **av) { int main(int ac, char **av) {
NODE * n; NODE * p;
n = new_NODE(); for(p=root;p;p=p->next)
n->next = root; ’ printf("%s:%s\n",p->key,p->value);
root = n; >
}
<LIST 1> Creation of Employee <LIST 2> Retrieval of Employees

n->next = root; root = n; DT, FLLLERLAZF I =2 b % oot XFE TS Y X FOEFHCHALT
VB, <LIST > DT R 7T ATHERENAKEA T V27 VORI REE L. / — FORBEIRT 570 s
Lk <LIST 2> IKiRT o

PV RL—F KRR DEE R RO X 5 KERT 5,



persistent NODE #* root : “ROOT_NODE";
===> NODE *#* root = p31_Load("ROOT_NODE", (void *)&root,sizeof(*root),
(void *)p31_Monadify_PPfoo);
<LIST 3>

CofirobdLk5ic, PIL V9 ¥R —& X P3L YV — 2% BHAL, C++ 2T 3. C++ oBEEXD
LR AV T2 ko TRBICa v AL 7, ) Y D POTICRBNOLTE LR YRS ¢ L X TE 3,
IV AL BTR S LB, COEEOBERLLED,

| AGEBEEOEERA
2. Kala(i) C X o TEHEINBA T V2 7 Y R b T~DF T V= 7 } OBEAZD 7 D ORISR

3. KA v A B ERABROBEDAL

D3I D>TH5,
DEDEI v a Y THRS VIBERACONTHEBL, 20HDOE 2 v 2 v CKala 2D/ v E—7 = 4 2%l
Ko v &4 LB DOWTR<S,
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EROT w77 bECTF— £ 2T DR, Tur5 roEFRLBACHERET FLAZRIKE T Va
I YERETIBESD L, —HEBICA T V27 (T 7 RTBICHE 77 V=7 Mt CPUKRA T4 Th%E
MICHFELZTNE R bR v BREOD L DR T B REFO—BLLEEF— 2 D HOFREE D YT, O
Bicxt L Transaction A & @ demand paging %33 ¢ ¥ TH 5, [That] £ ¢ TR N ¥ Sigle Space Address-
ing(SSA) MLz Licd b, SSA ICHETDX 5 ARERD 3,

L 2—FHETRER N~V 7 5= b~V FIBFIRTCERVESICR. A_L—F4 ¥ 7V X7 LR EET S
BEREBBC &

2. T FR—X2fkHEIB A Y ZEfic~ v 7 ¥ B 4 Page Table HOREYHBT 5 &
3. BED I2CPU, ARV —F 4 ¥ VL X7 AT DV 4 XOZEMRBHcE R T &

D3IDTHE. IBM @ System/38, AS/400 + J — X Tk 48bit DEARH AT F L XEHIC X 5T, 2,30fED
FRERDoT S, ABERICR. KB A% ) Z/E CPUDEROAEY T 7 e 2@a Ik > CHIERELRSE
Floc L2 BWKT3b0 &7 3,

SSA &M h 35 C Multiple Space Addressing(MSA) KR #H B0 ¢ OFRCR T 1t RZE[E] & kBl
Universal %22/ (UID Zf]) K7 — # #BE# L. K4 v & 2% dereference TNBR (HBVREDRY) K. KLV b
ENTREFS V= 7 bR RABAE Y BECHARL. COBTRE 1CTKT. UID 255 L b REZM I D &
RECBERZ Y, F— -2 LEHE A2 Y EHOV [ XOB e, HRMICLZ— 5T Frxggzsce
EEX 2L UID OERFCRERT FLRXD 3T B DYy P OB TR B,

Objects Fetched from Database

Objects still residing in Database

Single Space Addressing

1: SSA and MSA



UID ZefSlic s F 5 %4 » % % UID ¢MERC Licd 5 &, UID (YD R A I v 7 CRET FLRICERT ShIC
FoT MSA I DD 2—a YAREET 3o X v bh 35 R UID ZEHN, {18 A € J ZEENIc
rdrbbF OF T Fx 7 b~DBEY UID oA TREEL. 228 dereference (Ll#% deref) Xh 3Hfc [UID=>
BET FLADwy EvZF—Tn] ¥RBLTH I V=2 1T 272§ 5HRXTH5B, ONTOS, Versant, Ob-
jectivity BB 27 5 X (TRcf,LINK,Handle)1 REBTICLTEBLT WS, O,ETRav A ZHBI D deref
PRILC. Bk — VR332 colRoMELAR, ek LTcoRf v FID= Ew-Dza R b & deref @
TR FEBAC ETH B —H FlliH<y EV I F—TARN LT3 BEEREHTOF T V=7 +OBRY
(Copying GC ICFIFITIRE) LRBZEMPHLOFT V=7 T DEWEL (eviction) BESBCEDLTHECD D,
(R LBWELEF A2 AR, vy EvyF—Frxy 1) 0 GCHREICE S, )

UID=> {47 F v 2RERFRIKC A b D4 —~y FEFHET 3 HERICFL v & 2 & Hix (Pointer Swizzling)
Bh Do COHECH. FREMPCH 24T V=2 bhORS v £ % UID 0L ¥RFFFTs0TREL RET ¥
LRICX > TRBEMA B FRCE Ny EV T F—TADREK « BROA —~~y FPERET ST LHTEDSL,
FS Vs FAEEAE Y EECHEIA TN ABICERLA A FTAERA VD —Da Xt WA BT LHTE
2, BEHAREA YFOBERMIAYTRS ADLF T V=7 YHDFE[ VX BT BT EHRT s LEOD
Bl ATV FOBHECBAELBBLLRZCE, O2HATHE. 77 V=7 tDEWHLE LAV EHA
ARE R GAE A € ) EEREAD LT 385, ¢ OFXEIAL T3 Object Store ik, FERBRE~LALED T
BY—DDIIVFIva vy a VERTTACRTARIAXTHE, LERL T3, [CACM]

KA v 2 BERIFHAL, TOLEBERLIOEA I v CE>TIORKGEE NS,

2.1 Swizzling at Pointer Dereference Time

PS-Algol DRI BT NLHAFRTH B. Chll, BTR<S X5 CoB A HRICHFER KRR
HEn, TRABEL X Ad > AOREEA T ) BERCEINASBOERCL A LY P AL v TRELC,
PIDLAM ¢ PR3 F— S A~ 4 ¥ 7 7 X (LON, Local Object Number) ¥flnCri b Th55% o
Fe AR LON by AT V=7 Y OBBNAAETIT FLAB IV UID 2RF T I cHiCflEI N RIVE
Odqu%Lfﬁ‘ﬁmi—7»ﬁ77txén6kbﬁ4Vﬁ%%&ﬂ@kbOZZFH‘C@T—7»«O}
EVT7 A0 CBRTLES 32O COBERIMKFE L VO 1 GF L LTERTFEN. K YV IRE
DIAR MBI EARP oL LA HFEOBEIRTBCINFROVP2OKS 5, FBBx86(x>=2) DX 5Kt
IAVVNT %27 7 F v hffok<vi viflvnhlE, COBERIOADOREY ~— ¥V =T CETT 5T LHT
% 30O CHBE LORIBRFRTRECTH 5. LT TR, #Rhtbir 23 57%H PIDLAM i X 3SR i
Tzt 5,

2(a) ¥ BB K E i\, PS-Algol Tt F— & ~— X (Persistent Heap) 47 ¥ =7 b7 7€ XT5
feWic, 7wtk PS-Algol DEIFRE T £ 75 Y BT 3 lookup() 2FEU T, ZOBBRI TV =2 04
BiEF—t LT, 20X T V=2 + @ UID %80 IR TH 5. lookup() DR LD A% ) ORTFHE (a)
DEMICRENT W3, ERIOEHEH UID 2=, HFERE €IV EHTcH D, £ 4 PHEET FLv Tl
%< UID 2L TV 3 AR I Nicvo PS-Algol 03T, CPU KRS 74 T hFA v EBERBCESLT
FUREHEE =L, %5% UID oZfic, B EET FLREBCH YV HTTnd, oTHAL v & P UID
LEET FLRolbbThifiFTE, MSBRX->THESENERS,

b TS vy I LOEFHELL, KL VEBEBLTWEF T V=7 b (A) BT 7XEN3B, 2EHRI V4
P o deref BT 545, FORIKEL v E P RFLTWE AT ¥ = 7 FBEFHCRBERICHEIA TR TN 3 hE 0K
Fbhd, COBEE (A) ERERE A=) EilchwoT (A) DBEARL T b5 ELT, KAV E P
BEDORARALT FLATEE L bILEL KD (A)~DT 7t AT, 4 v 4 P ORERFTAbh 345, BRI
DRERFA V& P RFET FL XL Tw3C 2 #8hb2r 30T (A) REFA TR AV,

PS-Algol D HFH A, TR L X 5 &F 3 invariant (& Mderef KEDN 5+ Y 2 BL2CTEHEET FLRARRFELTw
3] 3 bDTHB, THAEBNICDS LT wHREN, ETRRA XS5 IC, ¥4 ¥ XD deref DIF IR
Thbh Bk, L v 20oRERZ A€ )SBOMARE A CEARETTAbRTLE 5, #HEAREDOL S ICa v
A T X DB CRERIBCFE S TR fTh b, BRI CiRA»ES 3,

lafhb C++ 02 520H3 )

2ECHnTR KT 7 P27 FOREIRAR R 3 Y AL AR A Y Vo —A XN SO THEITHCR~Y vy ¥ ¥ I F— T ARFEL LV,

S WoFUTRE ¥ F bl ,

‘PIDLAM ¥ Bwicstitcii. LON 28Ih4Tohh, £4 »2 PR LONCcL#EExh, PIDLAMOREA €Y T FLrAD74—AFiKK
(AYoT FLz=@#¥RAihnsd.




UID space VM space

left right

P

Read of a ptr
via Pointer P

The object (A) pointed to by the root pointer is read into
VM memory at startup. When the translator detects a
pointer dereference which yields an pointer value, it
inserts exira instructions for checking the pointer. If the
pointer is in UID then the referent is loaded and the
pointer is overwritten with VM-address.

(b) Swizzling at Pointer Fetch
UID space VM space UID space VM space
A

AN

Touch on A
via Pointer P

-
X = P->data;

P
Touch on A
via Pointer P

-
x = P->data;

No objects are loaded at a program startup and The object (A) pointed to by the root pointer is
root pointer contains an UID. Object A is faulted mapped onto VM memory (i.e. given VM address).
in when an expression P->data is evaluated. (e But the content is still on disk. When any potion of
when machine instruction for the expression is A is accessed, page fault occurs. Then exception

executed.) handler loads the content and maps those objects

(B,C) which is pointed to by pointers in A.
() Swizzling at Pointer Dereference (c) Swizzling at Page Fault Time

B2 BEHAA v X BERAFR

2.2 Swizzling at Pointer Fetch Time

COFAL PIL CEEC B CHREWAHKTH 5, [2b) OFOKRS v 4P, PALOTur 3 4KEW
Tpersistent EEFBINAF T V=27 V(2T HEA V2 TH B, TTREZ L a v I CR_ALS5CPILD LI >
Ab—F i, persitent 2 EEENAZW (x) EALEOF T V= 7 b ~OK[ Y FOEE (%) KB ¥ 24, FARIC
7u7 I LR X ~OBEE X CHERA S, EEANAKET T V=2 YR u Y5 ARBEIC ABICTELA
EhB0T, 2—-FORRLARDD T & 75 ABRETHIEDAEBECDO AT DRFEEE (b) ZDX S KhoTWn
%,

BT Fr22iho (A) oF e -t UIDZEHD (B),(C) 2L T3 4 » 245 525, P3LiCHn
THUID 24REBT FL22ME D bBoIcKE v, EDEHPS-Algol DX 5 UID %202 £ fEF 2 ¢ L i
DT, THRAVZ2OBESPRAT FL R UID] O~y Ev 73— S A% BT 5, UIDEROHAL v £ %R

E}%);ﬁKuw}Lk%Kﬁ\#4/5%$9i&hﬁﬁ}%)7kvz(UT%%&i‘V/t/yr T
K= b ) &iENT 35,

SBREOKECHHIMA R Kala KX o Tffkbh, L CTRRAHELEBIICT & X% 3FFENCRIL AR RT3,



Fur S AOERHIEE D, (A) DAHTF—& ($4 ¥ ATHRWF—F) KT 7 €AShBLECH, (A) K
LA BEDTHEA ¥V EORELTEHEEE . Ll M (b) oEMOE-bb22L5IC (A) DD FEA
VEARDBTLAERET FLARELT WAV, PLav ALk MR vikXZfL & DLW FRELT,
TOBBHEEEDRABCHA v X OBERMAY T B, 0F D, rp=P->right &\» 5% rp=Swizzle(P->Tight)
r S RICEF 3o Swizzle() BHBRE L XN MOHA ¥ £ UID(-1) THIHERELT, £5TH3B
AOH, ChiFRA Y P ERAF 7 V27 PORIET FLATEERA 5.

FIROMIEIC X > T TENERA. 2% v 7 FBA, CPUL YR EKHFET EH v EPLT 72X TED
F7 V= b B CRBEENICHEET 31 &\ 5 invarient SR E N 3, @ invariant & PS-Algol b XY
NERTR FVCERETE Bo Witk by —RCHEERS v EORBZAELEBBR A €I T 7 2 X0EBE I T L
HEN»BTH B, O invariant i Baker @ incremental copying garbage collector ®FERF % invariant [to
space b 7 = v FER B KA ¥ R LT to space ~DFEA VX TH 5| LREDLDTH D,

2.3 Swizzling at Page Fault Time

3 0B oA [Wilson] IKEWTHIBX fio [CACM] bbb 3 HEITH, B4 b < ObjectStore bF—»
ZVREDTEBLAARTAVCTRS LRI 5. z ®FHit Andrew Appel Ik X 3 two space incremental
copying garbage collector & Fl# invariant ¥ BT 5 X 5 KBIET 5. Thtk TEAT) ERIC =Y —END
BV FRETRIET FLRREELTWE ] TH B, £ LT Appel collector @ invariant & Tto space Ic = € —
INBRL VY EBLTtospace ~DFEA Y2 THB] i IDHK,

(RABZESICE L 2 B A ¥ ZHHRIEZR R LT3 LV SRR M AT D ICH (A) OO RS v & KFIEA
= ) RN B N (B)(C) 2L TR TR A bR e 20D (B),(C) bHADULLEHDY X
KREAHL v ERD DB, BT R 7S AERBCRTOF 7 V=7 P EHIFRTRTREVT R L5 CBbh
3. B x5 ¥, &Y PF A0 Copying Collector 253 =T live object % to space KT E— LA TRV RWE
5ICo ULy TR S CF—FR—XF L THEMT FLRICr—FF 32 L RFEHRYTHE. cofHE
OO B ic, Wilson 03 d Appel @ collector [Af MMU ic X 3 < — VRBEFIA L IBEn -7 4 v /%
FIFLT w3, BRI CHE, v—F4 Y7 EX-VEITIA5 X KREL TN CCRBBODF T Y=
7 VRt w—F 4 v 7R BEET B

2(c) DEDMEH, Wilson 0B EFAL AR OERD 2 ) DEFTH 5, (A) & UID EficErh
REETTHLH, KET FL R (A) ¥RAAD ADOZRBAEET I, CoFRCAVTIEAETIREXL
HYHThEV. ELTEOEEIKRT 7 v XBHEIT LN D BECKS & P % deref LT (A) 0—BET 7%
A LABICH, <— VEERANSRBET 5, R~V 7 A bV P TR (A) ORNEEFRARAD L LD, (A) ORER
DFEAVEBRLTCVEFT V=7  OBAZEBEREEL T ERbOFRA v E R EET VL XTEEHRLDZ, £L
T (B),(C) O¥MZERIC T 7 2 FHEE T TEHL THLT, [HBRENATT V=27 PROFA VL RIFET
FLRABRET 5] L) invariant 2ERLATEF 7 P22 v 2L v 2V Avircu—F LT, TOHFK
THR=TV 7 3—A FEORL v EBERIEIH— T 5D, R-PHOEDT — FRER[ v ETHE0%ER
FRT— 2% 2RIV LICSET 3 LERD B, Tl T4~ MECEIAUREF T V=2 O UID 2513
DI PIL Ly Ev YT —TA%k TV 24 AOFHT— 4 L LTEET 5 4H D 5,

2.4 EER2FROLEE

zzCth. P3LoOFA 2 Wilson DAFRORKHEEL S, 3 P3L OFXOFHE LTH,

1. MMU, 3R —F v PV RAFAB B a—FRETEAR— VT 4~ b~V FIRERLTCnEROT
BRESE .

2. REBERORBEABAEREF T A,

3. U—FLAF V=7 bDRCOFEA vET 4 —AFRFBERZZLER R VL, =7 -1 HBEEA
VDT cold start BT b 38 b B,

LS T eBEBFbNB, Wison DFK TR, H# VY FENBF T V=7 PBERRINEVWEECDL, F{ 2l
BERL OB, RIEBEEOBH (L, Page Tableick 3 27 (DBEL.-‘%’ TLB Dy PROETIORME 5,
Wilson O FROF AL (JEKA G PIL ORIER) B

1L I— FERRCBEEED D v A SREATE 2, (RO~ FI=2Rv—4B5vR T 7 ¥R L—FHEE)



2. B VEREO DD I EAGEBERE WA e (REDADOGEMLT T V=2 + ¥4 XOHK, RITE
EoETZEhL)

ez 2 eh iR, FROBECRAL X 5 RO Ho A YR, EROBLEDOT vi—va vEER
TERERDY, 24 7 L BFICEERLKGEEROBEE 7 v s 7 a0t 2 70 7 7 A RERLELS T
HhbEve ¥k, EFHECONTY, KEEROMT{LOBEEESC. P3L 0BLXDOUA (CSE 4 Loop Invari-
ant Motion, & 7 ¥ #4 ¥ F WEOFINLEA— ¥V = 7T OFH) 2 ELHE, BHCESERET 20 LRT
e

3 P3L 3‘/6’4’.&2:1(511;10)4’ YI—TxAR

3.1 The Kala Basket

[KalaStk OODBMS, OMS, k47 V= 7 VERBEA L OEAF T ¥ =27 VY AFADHDOKEA T V=
2 2y T7CHDB, Kala @F— X EHEOHAN (monad) % immutable £33 & & $IC, monad DEr Lr—¥E ¥
FOWBTH S Basket ¥ AT I L ICL Y, B—0EANET I IF 47 CEST, BarR b Fv¥Frvay
2, T7exH#, A=z vHf, av7 s Zv—va VEBEREREET 3. 1 [Kalg)

monad KE3ZEDO ml WRFT L S5CE sy bFl & monad ~DBM (K[ ¥ 2) hoERK I 5, monad DY
r—TEOBBCI 2 DDEEREB Y, —2ik kin & XENIHNASRTH 5, monad @ id(mid) K X Z DK
(kin) 3 b LT HENEDAEINZ LS Ao TR Y, Kk o TN A —F{LEN 3. b 5—D20HRi,
Basket &/FiIh 3 ADT i mid 2T DT ¢ R X > T ADN BB A+~ 7L TH 3,

kin ® 2 B =X 4k, Multi-version + 5 v ¥ 27 ¥ 2 vOEFEGIR—F7 P« 7 Y ORFEHEL LY (HE
I, FA—o kin IKEF 5510 mid % $ o 7% monad %#E3), version {iflic B 2 BEORF A FICH W3 C LT
¥%5, —4 Basket D A A =X Lk, VI vHZ s vORRE (item DEEFIF# & monad ~D <y ¥ v ) RiREE
LY, #"—=YaviilflcBd o3 v 7 4 Far—-va vOBEAY RV L EHTE S, HD ik, 2—¥FDF—
ER=Z~DT 7t REDFHC L FAI T LM TE D, M3EKH T, BHE A © Basket ICt: m1,m2,m3 O
monad ~ON Y FARKEME N nE, L CCHEAZA Eml ROSEEHRL m2,m3 ODNAKLT 7 € ATE 5,
—HEHEB Eml ~D» Y FAERF>TWEDOTml ONA, Tt m2, m3 ~OSBEE D B 35, EhE
FRLTm2, m3 DRNBERT 72 F 3T TE%\v, DX 5K Basket §® mid DiEZIC X T monad ~®
T 7 eRiHET 5 C L BHRECH B,

BE S v¥7vavdRoX5cEECE 3, KalalB LOT 7 e 2T~ L 51K, 3 kid(H2wn
K mid) ¥ L7RF monad %7 7+ 2§ 2 BRiC, Basket DADLD Y FARRELTT 7 ¢ AR FPET 30 <
DRFEFERET 2D Kalalk? 94 7 b2 L Basket ®J X | (BSL) #{ELTw3,

V2V FI v a vOREBICHoT, Kala 2 747 ¥ Fid#fi L\ Basket(B1) #4EK L, BSL ©sifc@in+

A Basket of User A
Basket Search List

A Basket of User B

B2

B2
B1

m1’ m2
k1) «2)
m2
1’ m1
r('k'l) &1 ) After Commit

Before Commit

3: An Acccess Control(right) Transaction and BSL(left)

SKala is a commercial product from Penobscot Research Center



3. COREBlI RZBTCH D, 7547 ¥ batkid=kl CHRINBZF— L R—XDitem #HAMT L X IcH, k1o
kin ICB3 3 monad @ ¥ FA i B2 ORI L AwDT, ml ORERELONE. 2 T4 TV raiml 2EFHL
ml DR % Kala KEERT & ¥iCi. monad i immutable tH 20T ml K LBETZ2b bic, kin k1 K
F 5% Lv»monad ml’ BERE N, 2D~ FARBlohcEbh s, COk, H—D 5 v¥ 7 vavriin
Tkl CHRENS item BERE AP KCE, 4K Bl 0,y FAREDHBEDOC, ml’ ORERZ 54T
YIEEND, BEICT I v FEfTARS5BICH, Basket Bl OO v FA B2 KBINBZINE, COL &,
BENZA Y FLLE—D kin KB 3 FAMB2 HICHEEL ZBEH. BEANECREMA LN, T
#. Basket B2 0ONBARAROHRD L SICA D, F— 2 R—ZXOEHHKT T 5. > FAOBEH Atomic IKfT4
bRBOT, P I ¥F 7 ¥ a D Atomicity BREFEX 3, Abort T3EA Kk, B Bl #BEIRIT X v 20
EEMUEBEIT 2~V FARL2 AL AZDT Kala @ ml KB ) BT O C WK% BT 3.

32 PIL>2944

PILOT v 54 LBMD 5 b BEICES) X 1 5 OB p3l Load()(<LIST 3> #BHH) ThH 3, ¢ OBIRILE
ENFADDEFE AV N T EMEREERL. ThEI R oA, Bl AEF7 V=2 b DA (char
¥) KEAT V= 7 bRIETHRA Y EDT FUR (void *¥), kit 7 Y= 7 + OF 4 X (int), KA TS =27 VOB
ERH DI DDBIHA~DHAL v # (void (*pfmonadify)()) TH 3. pfmonadify BkEEr 7T = 7 L OEIC & iC,
FI2vAV-ZREoCHEHBERE NS,

b7 ¥ R v — & X main() B LIFEIC p3lstartKala() BIOFUH L ¥ EHA L. © OBI#E Kala 0@IHHLE
A—FVEFFTH L 2tk LY R P ROBERCH LCROLBRFFA 50 |

FT V=2 v ==> kid OFHT— 71 (monad & LTEEINTWE) 2BET 3,

if( REFRLEDL ) {
kid #3773 % monad R FEBIAR. FA VA R FHIART F U 2CHIET 3,0

} else {
Flvkid ¥ Kala KCERL, A7 V=7 14 ==> kid DEHRTF —F ALy } U %EINT 3.
size FDAEY RFERL, AR ¥ 7 I T LT EDT FLATHRA ¥ X3 8HULT 3,

¥

Bl <%k 5ic, PALO M9 v AL — 2 BROEBCHA, ¥ IRED DD 2~ F (Swizzle BEBOPELA L)
AT 50 COBBE. R v EBHHAEET FLARBATVE0EREL, 25 ChFhE Kala® APIC
% % TouchPointer() ¥ U T k5 KE o T3, 2D Swizzle() BIRIC X VAT P22 VY BA Vv 2 I Avirk
T4RI EBBFEZMENTWL s Swizzle() BIREER EDLDICS v 54 vBIE LTERE RS,

75 LETT BHEACH p3lcommitKala() 2 F R E R B, p3lcommitKala() k ECR<Z Y X+ D
¥ P Y EDV DI LT pf_monadify 2457 B ¥ ALK ETLUHT. ¢ OMBEKD 2 ooMEN LA S,

L SRCHBENAT T 2 7 T ROEL Y E DL DD EDICH Ly # v & DER NULL Ch b hid, ®4 >
PERIAT P 7  ORIE L TED BB ERSMRE . EORL v ERFIBE LTFUHT. C OPREAR
LR fTabh s,

B 4: Monadifying of Persistent Objects



2. Kala API CreateDatum %0 A L, ¥4 Y ERIETA T P =7 b osb monad 4R T 5. CDLEAVY
A1 BSL o4&5liceb e 7 KT U Basket KD bIL DS,

chi, BEEXNAKEF TV =2 VhbRA v X ick DEER AL T V= 7 KX I —XT monad {£F
ZMETH S (M4). BikicT 45 J Basket ¥ public Basket KX v T LT T ¥ ¥ 7 ¥ a vEMT T %,

4 EERE

BZEOMUER 1k Sun SparcStation D ECBIWEL T3, #4 Y4 BERADO ¥ 2 v 3 vy TRALL 5K, P3L
DHBERET T v + 7 4 —LMTTH 30T Kala 259 #— M 3 ESICRARCH—F 4 ¥ 7 TE B,

PV RAL—F I CH+ FRWTIER TN, BHRRELTA2>TW D~y X7 7 A 125D 1 HITREDY
A RCH>TnE, PILTHRRBRENAT R T AL, COMFVAL—FILXD C++ TurFacEhiihn, gnu
gt+TavR_AAENRD, Y v IR, P3L B4R LB E Kala 54 75 ) 2504 bR b,

5 SEDOEE

BEOSIETI Object DF 4 X7 ~DREXLET A2 TAVED, F—FX—ZARNTOFES v a Vi
03 LREREENVORERETLE S0 PILRAF—TA 2N LARESEX ThAo T w1, CORERG
DEeDiCl, FHEERCREINAF T P22 05 bF 4 A 7B ERLTIVIORREBT3XERED 3. Dk
BICRRZ Y 7 EEBBERA YV E ¥R THRIETELERD IR, XRE v 7 LOFf v FE PV —XT 53X FEIFER
KHWL, F7%3203C L3RTAECH 2, BN X v 7 FOBEEZRX TR vZELTTIHDE TS, Conver-
sative collector [?] HBZ DT, CHEFIHLTGC LERICREZLETR S 2DDF v X 4 LY K-+ BINF
5, ¥, B v EBHZICOWT, P3LOFK L Wilson OFXOHEMERE D FL Eni v,
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