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Abltrad 

Open-ended activitieø such u CAD/CAM , VLSllayout and 回ftware devel­
opment require consÙltent concurrent accella and fault tolerance u舶ciated with 
databaae tran.sactiona, but the让 uncertain duration, uncertain developmenta 
during executi咄咄d long interactiona with other concurr回也 activitieø break 
traditional tranaactioo at明白city b创皿darieø. We propoee split.-trana缸tion u 
a new databaae 叩~rati侃 tbat solveø the 曲。ve probleml by permitting tran..­
a.ctions to commit data that w山 not chanp. Thu. an opeJHoded activity 
can releue the c帽unitted data and øerialise inwactiona 明白 other ∞ncurrent

缸tivities throup the committed data. 
TbiJ techniea1 re归n wu orisin&ÜJ ti山d S.p，.付 10，. M.hiuer SoftVJare 

Deve/o,me.' E.",ro.me.". 

1 



V!! 
SpHt-~'ransactions 

for 
Open..Ended ltctivities 

············Aea--

, •••••• 

, •.• 
EL
‘ ••• 
,.‘‘

P·s·-··· 

NOMTIan Hutclairuon 

Dep ll.rtment o( Computer Science 
Univeraity of Arizon ll. 

Calton PU and Gail E. Kai6er 

Dep ll.rtment of Computer Science 
Columbia University 

Open-ended aetiviti饵lI.le ch ll.lacterized by: 

• uncertain duration (from hour.ωmonth.). 

• uncertain deve10pmenta (缸tiona unCoreaeeable at 
the beginning). and 

Abstract 

• interaction with other concunent activities. 

Eacb one of tb回e cbaracten.tic. introducea difficu1tiea 
wben conatrained by traditional tranaaction atomieity 
propertiea. For examp岭， uneertain durat.ion reaulta in 
10ft' tnu....ctiou1 with two sp饵ifie problema. Fint, 
"ork done within ‘ long tranaaction ia vulnerable t。

crubet becau.e o( trana缸tion roUbaek at aboft. Sec­
。nd ， long tranaactiona become concurreney boUlenecb 
becaUM updated fe80U仅四lI.le ret&ined (or tbe dura.­
ti佣。( tbe tran皿ction. Interaction witb otber con­
current activitiet ia even more di fBcult, since reaource 
acce.e (rom all otber tr‘ naactiona mu.ai be aeri&ÜJed 
eitber beCore 饵aCter tbe tranaaction. 

Introduction 1 

One repfelentat.iveπ时el o( CAD tran皿tiona [1] , 
developed by Bancilh。囚， Kim. and Kortb , triea toωlve 
tbe回 diJftc ultia wi t.b an extended tra.naaction model 

tail町" Cor CAD activiti帽. In tbÎl IDI:如del ， tbe CAD 
environlT槌n‘四 divided into.ix bierarcbic创 cooeeptua1

levela: project tranaaction., e∞p钉atins t.ran皿tiona，

e1ienta/.ubcontrac阳.... ahort-d uration tranaac tioßl. ... 
quencea oC databue 叩erationa ， and ayatem operation.. 
Each level i.ωmp帽ed ohaet, a.叫uence， a hierarehy, 
。r a directed-acyclic IRpb oc eOmpoMnta of tbe imn悔
diac.ely low时 level D帽pite thÎl IOpbÎlticated activity 

Itructur., abortiAI • tr‘aAdtoa at any level impli. 
aboñial &11 tIM eacØed adivitÎel. 10 addit阳， inter­

ac t.ioa witb otber caacurren' activit&. ia limited to the 

Tranaactiona provide atomicity in two aeuee: eoneur-
rency atomicity (c∞.iatent concul'ren& acc..) &Dd re-
liability atomicity (Cault-toleruce) in datab.... 目。w­

ever, for severa1 reuon. thωe a&onúc i&1 pr吨~ñÌel ,. 
strict the applicability o( the truacÛOll eoacep‘ in. 
operaotnded activitiea, lucb u CAD/CAM projec:恤

VLSI design &nd aoft.an devel句....& ÎIl Propamminl 
environmenta. even tbo咽。食" t.... activit_ •• .&ill 
want cons Ïl tent eaec四na& acc_ aad (aul&-ωleraoc:e. 

111曲....， deftMd. tllll ，~由a&1M&"'~thl
....ti.....鸣....… ω.....t田.IM&.帽凶Iw. 01 t1M 
饵-.......，..…. .hida tJW, NIL 

PermiI皿. 110 capy 响曲.11…..... 01 dIi….w ia 
anna-t pI'Owidld lbI&也锢'回翩翩……也...阳
dirtICC cc翩翩回åIl ld咽幽鹏也 vu到l oapJr翅恤·翩翩 ... 
h幽d恤 pubtic幢幢... 幅画"句......回国由.ilp咱

也凰 copy同 iaby .. 固自由.ol 也 v.， .... 咿 D…
坠曲wm皿 To C:aPJ幽rWiI龟'冒........‘ .... 自..f.
·崛阳，回凰PIIIIÛIriDa fr四"坠....... 
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Open-ended activities such u CAD/CAM , VLSI 1ay­
out and 四ftwlI.le deve10pment r叫uire conaiatent con­
current accesa and fault tolerance &NOCiated with data­
bue tran盹cti。田. but their uncertain duration , uncer­
tain developmenta durin& execution and lon& interac­
tiona with otber concurrent activities break traditiona1 
traru缸lion atomicity boundariea. We prop倒e spli&­
traru缸lion aa a new databue operation tbat IOlv.倒t.be
above problema by permittins tranaactiona to comnút 
data that will not change. Tbu. &D opeo-ended ac­
tivity can releaae the comrnitted data and 蝇rwise in­
teraction. witb other coneurrent activitia thr创&h the 
committed data. 
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sibling tra lll&C tiona that are encl饵ed in the same par­
ent tran盹ctlon.

Unpredictable developmenta in open-ended activi­
tie5 revea1 two serioUl probleπ18 intrinaic to traditional 
transactions. Firat, 50metim四 initial activities modiCy 
data early in the transaction , which will remain un­
changed until commit. For ínstance , suppoøe we ate 
developing two modules to be relea.øed together in a 
transaction , F and G. Module F has been coded and 
tested before module G is finished. In thia cue , trana­
action abort due to cra.sh四 will cauae the 1俑. of mod­
ule F. Second , some (or a11) oC the later 缸tivities may 
become independent oC the previoua activitie.. In the 
above example , module F may have been modified 50 it 
does not uae module G any more. In th i.a caae, module 
F remains I臼ked unnecessarily until tran盹dion com­
mita. In both ca.ses, even though the original plan 
might commit F a.nd G a. tomically, tbe developmenta 
lead UI to 胃ant to commi t. mod ule F , while con t. inuing 
with module G. 

To 创刊 the di简cultiea outlined above, we in t.roduce 
the notion of Jplit.trafl'4ction , whicb divid~ an ongc如
ing tranaaction into two aeriaJ i.J&ble tran蝇ctiona. ln 
particular, resourcee r幅.d and updated by tbe orip. 
na1 tran皿ction are divided arnong the re.ultin, tran. 
a.ctiona into two or more aeta. Therealler, each one o( 
the resulting transaε t. iona may proc:eed indepeoden&ly 
with its own data. We u艇 split.tranaactioa mainly to 

commit one of the new tranaac: tiona and releue u帽ful

resultl from the ori&inal tranaac:t.ion. The other new 
tra.nsactlon cont lO uet. 

Spli t..tranl&ction brinp tbr回 major aGvaDt&‘四 into

tra.ns&c tion.oriented open-ended activit ies: 

1. adaptive recovery, commiUiDI r圈。urc.. tbat wm 
not ch a. nge , 

2. add~ concur"'1. rel幅ainl tbe commi&ted re­
回urces ， and 

J. serializable acc..ωr髓。"时回 by aU activitiee. 

The inverse opera t. ion o( split- tr&AlaC ti铺， called 
j创n.tran蝇εtKln for hiatoricaJ reU0Q8 (u expwned 

later) , can combine reauh.a t.嗨剖ber and re..... 

them atomícally. U.inl split.tran刷tiou &od join-

27 

trana缸tions we C&Q exploit the three ad吨ntages enu­
merated above to support open-ended a.ctivitiea. 

With spüt-tran斟川iona ， we do not intend to ~ttle 
the debate oC whether seriaüzability Ï8 too re:Jtrictive 
for open-ended activitiea. Neverthel锢， powerful seri­
alizable 缸C咽. ia useful even in a 町wtem that admits 
non-aerializable operationa. Therefore, üke a significant 
portion oCp陀vioua 胃ork [1 .4J ，胃e restrict our diacu5llion 
'0 seria.I izable accesa. 

Another non-goal oC thi. paper ia the philoøophical 
d Îlcussion oC whetber in principle an "a.tomie" trara­
action can be spüt compietely. We ooly remind the 
gentle reader tha t. in Phy.ïc. atoma were IIplit years 
ago. 

The r回t of t.bia paper ia organiJed u follows. In 
set:tion 2 we deftne tertnl and the concepta oC split­
tranaa.c tion and join-tran.aac tion. [n 鹏tion 3 we ap­
ply split- tranaactiona to several open-ended ac t. i忧阴

阳 demonatrate itl \血Cu!n锦1. In aection "阴阳teç‘u

conaiateDt daLaba蝇 acc帽 by lon, and abort trana­
actioD.l uain, Iplit-tran蝇.ct.iona. In IeCti∞ 5.. d ï.c:UM 

tbe implementatåon of Iplit.-tranaactioo 阳曲。w it ia 
practicaJ. In eeetåoD 6 we compare IPlit- tr&DI&C tioo to 
。tber work 00 t. ranadioD.l ~ωde吨n activitiea. Section 
7 conclud幅 tbe paper. 

2 Split-τransaction and 
Join-'I飞ransaction

2.1 Deftnitio l18 and AllumptioM 

Our databue ia a .t 0{ o6jccu , wbicb are acc饵Ied by 

tranaactåona. The r回ulta in thia paper apply to trau­
action proc:e.l in,. independent ol tbe data model and 

IChemu aupp饵ted by tbe databue. Since we Ulume 

a limple databue mociel witb tb. buic read and write 

(update) operattonl, we believe our retulta can be ex­

pl伺ed rurtber in o6jcd 6.." <allo caUed pem.tent ob­
jec t.a). 11M recent body of work 咽。bj创 bues [17], 
inapired by object-悦。回 1&01'1阴阳]， empbuiJes 

naviptioa tbroup compla atructurs u well u the 

exploitation ol 帽mantiCl o( hi,b-Ievel operatåona to in-



crease reliability and coocurrency. 10 th ï. aapeet , our 
approach 归。rthogon剖 to the objeet baae work. 

Each object is a sequence of version.t; each version 
is produced by an update operation. Even though we 
make th臼 standard UIIumption about the versions , we 
do not impose any particular concurrency control meth­
ods on the database. The operations that the databue 
manager supports are: 

• 8egín-Transaction , 

• Commit-Trans缸tion ，

• Abort-Tran跑ction ，

The split-trans缸tion operation on tran皿ction T pro­
duces the new tran蝇ctiona A and B. The inver帽 op­

eration, join-tran蝇ction ， finish四 executing the tra ll&­

action T (1ike a commit-tran邸tion) and mak咽 ita re­
sults part of the target transaction S. The syn t&x of the 
split-tran盹dion and join-tranaction ï.: 

Split-Tr‘ uaction( 
A:(Aa.adSet. AVr1t.Se~. l Procedure). 
8:(8RAadSe~. BVr1teSe~. BProc.d町的}

Join-Tranaaction(S:TID) 

For semantic: simplic:i ty, even thoup T may n~ bave 
completed all it.a activit町， we u.ume T ï. in a quie. 
cent state (similar to abort or corr田lit) when it ï. split. 

ln other wor巾， the re舶urces wiJl no' ch&np durinl the 

split-lransaction. lleadS.t. lWr1 t eSu. ..a.adSet. 
and 8Vrit.S.t &re 饵t.a of objec c.a acc~ in A &Dd 

8. AProc.dure &nd BProce4町. are the .u.ninl poinc.a 
of code in which A and r臼p<<'ively 8 will con,inue to 
e:'<ecute. 

For simplic: ity of preMntalioa. .. deIC rilM only the 

twc> W&Y split-tranac: tioa. To .püt a tran翩.c tion " 

ways. we can appl, tIM two-way 叩lit " - 1 times in 
succesaion. B创翩翩 oltIM .. 霄恤atic. of .plit (explained 

below) , the n-..，刷i&-lrloDACtÎOD may 1M MeQ .. Iyft­

tactic sugll ~时 the IUCC帽.ive two-way .plit. 

The split-tranaaction opera也ioa divides a1I tM activi­
ties complet.ed in T inωtwo.uble也a， A and 8. Tbe曲­
Ject seta aaωciated witb A (resp辑tively. 8) an tM ob­
jecta acc饵Ied by A (8). From tbe deftnitioa, tbe un町，

28 

。f object sets in A and B must equal the set of objects 
acc四aed by T 50 far. Without 1饵a of generality. we 
assume that A precedes 8 in the following dìscussion 
on the intersection of the object sets in A a.nd B: 

1. AWri tes.t n BWri teS.t = BWri te L.a.at 

2. AR.adS.t n BVriteS.t = e 

3. BR.adS.t n Awri t.S.t = ShareS.t 

ln property 1, objee t.a in BVriteL.a.at a.re updated la.at 
by B. Th i.s property 腿ys that A should not clobber 
B's output. but B ia &llowed to write over A's output. 
Property 2 幅ys that A can be serialized before B. sìnce 
A haa not seen any of the results produced by B. Prop­
erty 3 says that B may see the results from A; in other 
words, A i.s the preeeding tranaaetion and B the follow­
lOg trall&缸tion.

The a.bove properties 1, 2, &nd 3 aeri lÙize A before B. 
Sinee the da. ta.baae system guarantees the seri&lizabil­
ity oc T，证 A and B c:a.n be aerilÙiJ创 witb e缸h otber 
tben tbey ean be aerwiJed witb r四ped \0 aU otber 
tranaactíolll. 

IC botb Shar.S.t and BVr1 t.Lu t ar曹 empty， we caU 
tbï. the n.iepnie,,' eue, in whieh tbere ï. no obj配t

a.cc~ conftid betw伺n A and B. 10 they ca.n be 饵f1-

aliaed in ei白白。rder. Sinee A and B are independent , 

tbey c&D botb continue without additiona.1 restrietionl. 

lf eitber Shar.S.t or BVriteLu t ia not empty, we 
c:a11 tb ï. tbe .seri.1 C: IM, in wbieb B (ol1ow. A beeause 

of data aceeu dependeneies. ln the aerial cue. ea.e h 

object in tbe SbareS创 muat remain unc:ban,ed in A 
aner aplit-tran翩忍tion. Otherwi饵， B would be uain, 
uncommitted data. At.o in tbe aeri创 cue， if A aborta 

at some time. 8 mua‘ be aborted sinc:e otherwiae B 
wou &d be re\yinl on aborted da ta. 

The jOÎn-tranaaction ÏI conceptuaUy simpler tha.n 

split-tr翩翩tion. TranaactÎon T joiDl tbe tar&e t trana­
actiOD 5 ω c:on四川 (01 ‘阮)ft) the resu\ta of T atomi­

c&1ly witb S. T C&D be thoupt u a .ubtranaaction of 

S. Altematively, T and 5 are .iblin, tr&nAC tion. un­

der tM same lupenraa.c t ÎOn. An example of the uae 

ol joia-tr翩翩dÎOD ÏI to IfOUP the resulta from several 

d倒ipen for a rel铺M. After the atomic: commit of 
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thelr re理ulta they can immediately split again , regain­
ing their own tran皿ctions to proceed lndependentiy, if 
the information excbanged between the dωigners dur­
ing the supertranaaction is serializable. 

We have used tbe abstract term "computation" t。

denote the activitiee in botb A and B. The nature of 
computation depends on the transaction mode l, and it 
Wlll be described in detail in the fo l1owing 键时10M.

2.2 Sequential Transaction Model 

[n this section. we describe computationa involving 
the split-transaction operation for a simple transaction 
mode l. In the next section we extend it to tbe general 
ca.se. In th臼 simple model , a tra.ns缸 tion is a. (linear) 
sequence of databa.se operation.s. 

For the independent ca.se. A and B are sub院quences

of tbe transaction; objec t.. acce锚ed by A bave not been 
a.cc俑.ed by B, and vice versa. For tbe serw caae, A 
h&l not accessed any obj饵t.. updated by B, all valuee 
read by 8 from A's objec t.. -ill not cbanse until aCter 
A', commit , &Dd if A aborta tben B muat abort. 

Because of typical uncer t.ainties in open-ended activ­
ities, we want to give to tbe tranaactåon proçammer 

(for example , the dωigner uains a CAD dat.ab‘Ie) tbe 
ability to specify the readset and writeset of botb A 

and B. Once the split-tranaaction operatåon ia called , 

the databa.se manaser checu the extern剧。~ratωm
on objec t.a using &D optimi.tic concurreoc)' control a1‘。，

rithm, either centtal Î%ed [9] or diatributed [2J, to certi甜
the ~ria1izability between A and B. n. certiftcatioo 

sweeps the external operationa r惧。rded 00 tbe 1吨。r

versions to verify the tbr饵"鸣>>eriåel eoumerated io 

~ctlon 2. 1. which enaure terwia&b iJit1. 

Version-bued r响。Vflr/ alpitlunl re哩。rd read ac­

ceM何 u well u .币WKC帽... au' typ民a11oa-bued

d1\tabUt syste晴吨.r 0011 the write &CCeueI. f，创

the above automa&ic checkin，剖&OrithmωWOfk. •• 

ne叫 to tecord the Ion,-transac&ioa read KCHIH 00 

the 10S to veriCy the thr四"鸣>>erii.. 10 C: ue tIM 
prosrammer-叩ec ifled split ia not ...iaJil&b怡. the d .. 

tabue O\anaser can modify the .. 也 A of a and calcu-
1ate some seriaJÎ%able splita, uain, c10eure al,oritbrrw. 

a8 suggestioDs to the programmer. [n practice , the pro­
grarru11er 伽m:ay rèq ué8t a split a.òd cbooøe the appropri­
ate split from a menu. 

We should recognize that even thougb external 缸­

ceSlles conform to the three properties, rigorously 
speaking the algoritbm in general does not guarantee 
serializability between A and B. The reuon i. that a.a 

part of the sa.me original traIlA&C tion , A and B π\&y 
have excbanged information througb shared va.riables. 
To guarantee serializability in tbe rigorous sen!e, we 

n回d to record a l1 data acc铺(&1 in a.n undo log for an 
editing ses8ion) in tbe lons-traIlA&C tion and perform a 
dat.a ftow analysia on tbe internal operationa in T. 

Tbe abstract deKription of split也ranaaction may not 
give ua an imrnediate intuition of ita usefuln臼a. So let 
us con.sider a few exmnplee in wbich split-tran.saction 
yielda a deeirable reault. For example, let us div古de T 
into twOCOnat目cutive subs饲uencel， A祖d 8. Weuaume 
tbe diviaion i.a sucb that propert)' 1 holda. lf A and B 
are indepeodent, they can commit independently. Otb­
erwiae. since &11 object acc饵1IeII in A precede &ll accea崎
in B, they trivially satiafy OtU property 2. AlIO, after 
B bu at.a鸥ed A did n。也hins. 1O A 也n coIllll1ü at aoy 
time and theo B can commit. Thia eue iaωimportant 
tbat .e call A a pnp of T relative to B. A preflx can 

be Iplit and committed, I&vinS iu reaulta and releuins 
tbem to tbe .orld ouuide T. 

A sHshtly more seoeral c缸Ie ia wben tbe operationa 
in A and B interleave , but for eacb obj剧I A', acc四阳
conatitute a preftx ol T re1ative to B. AIIuminS tbat 

bet.伺n tbe ioterleaved operationa &U inCormatioo ex­
cbanse ia (rom A'a b阳U to 8'. blocu, we can rear­

ran,. the blocu to make A a preflx oC B. Thia 饵Ie may 

hapIMn wbeo n时iftcationa to • "ωp ol objecta mua‘ 
be commåued atomica1ly (or an interim releue , but Cur­
ther work continu. oa tbe same objecu. Thia ca属且Iao

m硝ivatel the more leoeral model oC tranaactiona witb 

c:oßC urreot operationa that 啊 .baU deecribe in the nex也

5eC tlOO. 

10 the Itquen&ial 何时剖， join-tran阳tion ia &110 sim­
ple. f帽 a tranaaction Tωjoin aoo恤er trana缸tion 5 , 

T ftniaba iu operationa .i也 tbe jo岱tr翩翩tioo caU. 

ioatead o(commit-t~tioo. T'a resul&a will be incOf-
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porated into S and eomnùtted/ aborted atomieaUy witb 
S. Whether S makes uøe of the objee t.ø inherited from 
T or not is up 阳 tbe open-ended activity in progr饵a in 
S. 

2.3 N ested and Concurrent 
Transaction 岛fodel

The sequential model of tran皿dioM hu been extended 
to indude pa叫lelism and nesting [11.13]. In the eon­
current model. a tran蝇etion is a set of databue opera.­
tions. Typically, nested trans斟tioM are introdueed to 
serialize object aeeesø witbin a trallS&C tion. A ".6trø n.t­

action is a subset of operatioM tbat form an atomic 
unit with respectωthe enelc圈ing tran.saction (par­
ent) and the sibling 8ubtran蝇.ctiOM. For example, in 
design aetivities, parta of the design may be carried 
out by different agenta (阳。la or penonnel using t∞Ia). 
The n倒ted traM缸tioM model haa been extended to 
indude superlranuctio fU [12]. A supertran皿tåon en­
d OleS two tran.aadåona and makes tbem app幅r atomic 
to tran皿.c:tiona out.ide tbe supertranaactioo. One ap­
plication of tbe .upertransacti佣 ÍI to implement the 
joín-trana&C tíon operation. 

The aame properti髓。f .plit-tranøction d~民bed iD

Seeti佣 2. 1. relating the objeet 饵ta in A and B. bc结d

for the concurrent mωel. For tbe independent C&i盹 A
and B are subaeta 01 the tranaact白画'. operati，创la that 
aceesa disjoint seta of objecta. For tbe 帽rial cue. A and 
B are subaeta 01 operationa .uch that for 幅.ch reIOurce, 

all updatee in A precede tbe ftm read iD 8. 

The join-tranaa.c tion 鸣Mratioa remaiu .imple in 山­
concurrent tranNC tioll m叫eI. .iDce ‘M 鸣，.ratiOll caa 
be invoked only at ‘h. ead 01 tbe trauactÎOIl. wben aU 
coneurrency hu c..... la coaUM&, DODdetermillÏlm 

in the 则。f钳制a"- mak. 嘟lfD阳tic cbeckiDI 0( 

split-trantaeti侃... IDON diftSc时也. We.山 e俑'挝er

flrst the c凶 cOftllllJC因iqωprefb ill tbe øquentåal 
model. 

To model tbe preftx. .e deecribe the .. ‘ olopen&iou 
aa a directed-acyc1ic çapb (DAG). AIl arrow reprelellta 
eaeh dependency bet.eell opera‘邸，皿 TheN are DO c'1. 

CI饵 since such a computation would be im~ble to 

carry out. An isolated node in the grapb represents 
an operat.icú llidcpc&lιùi; oC ùtn;;r ~p~=stio~1I cn the 
databue. A prefix of computations in the DAG is a 
subaet of nod饵 8ucb tha~ 四h node i.a either a lOurce 
node (a node witbout any ineoming arrows) , or con­
nected to a source node through a path entirely in the 
subset. 1n other words. the extended prefix contains 
only operatìons that are independent of the rest of the 
computation. One simple example oftb i.a extended def­
ìnition of prefix is a subset of connected eomponentll in 
tbe DAG , wbicb corresponda to the ìndependent c&Se. 

Sinee the two sub自ts are dÎlconnected. there ìs no de­
pendency be也ween tbem. 80 tbey can be serialized eìther 
way. The seri&l caae corr回ponda to a cut in the DAG. 
witb tbe source part u traoaacti∞ A and the sink part 
trara缸tion B. Since A d饵. no也 depend 00 B. A can be 
serialized before B. 

For the general cue. we really need tbe 10& of op­
eratioM in T for the data 80. ana1ytia. Since t.he 10s 
reeorda data ac饵.. in a serìal order, the aame a1&o­
rithma from the aequential model .uftlce. The蝇m
obeervation appüesωthe exiernal data obj创忧... 

3 Applications 

3.1 Editing 

。ne of the .implest open-ended aetivities ia the modifi. 
catÏOD 01 a text file. known u editin,. The 缸ndamental
problem iD encl创nl aa editÏDs 翩翩佣 .itbin & trau­
actioa ÌI that åf the macbine crubωin tbe middle oc 
tbe MUÏon, aU tIM typiDI e<<ort .'ωId ba四 been loet 
due to aborc roUbKk. Typ民‘1 text edi阳n prov挝e tbe 
explicit.roUback upect 0' trauactioDl .itb aa "undo" 
fa.c ility aad tIM faul&-tolel'&Dce upect by periodically 
蝇vinlωnaÍl&.ent intermediaωreaulta OD dilk (eome­
tim18 caUed & "checkpoiD‘-). 10 tbe editiD‘。'a .inp 
&.eù ftle, a coaa.t.eat .tate ia d.ftlled by tbe completion 

01 &11 previoωeditor commaadl. 
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To provid. the I&IDI fuDctioDa1ity 01 蝇viDI inter­
medi~ raulta of a .iqIe &eù ftle, ..幅D .plit. 

traDI阳ttoa &fter uay edi&or c倒四D&Ild. A‘ tha& point. 
tbe cOUÍltellt venioa ï. .pUt iDto A'. writae也 aad the 
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current st&te (which happena to be the 姐me) into.B's 
readaet. Committing A saves the conaistent version on 
disk , and B continues the editing tranaaction , 58 if it 
ha.s started from the version A hu just wrítten tO d臼k.

Although 飞mdo" and "checkpoint" ís probably the 
best mod~l for editing of a single text file , split­
transactíon becomes more useful when the user is edit­
ing several files that depend on each other for conaís­
tency, to coordinate the checkpointing of multiple files. 

3.2 CAD/CAM/CASE Databases 

We mentioned. ín the introduction that open-ended ac­
tivities are characterized by uncertain duration , uncer­
tain developments, and interaction witb otber concur­
rent activities. One example oC uncertain durat.ion i.s 

that a design activity in computer-aided d四ign ， manu­
facturing or 四ft.ware engin回ring (CADjCAMjCASE) 
may t&ke arbitrarily long 一 it may even be set uide by 
the designer for arbitrary period. oc t. ime, witbout c创P
mitting, while he worlta 00 IOme biper priOl'it)' taak. 
The problem witb traditÎonal tranaactioM i.a tba~ n。

informa t. ion can be releued wbi&e tbe d臼Îp remainl 
in the drawer. Split-tranaction "ould allo" partial 
resulta to be publi.hed b)' comRÙtting tranaaction A 

while the unfinished part st&)'. under "rape in trau. 
action B. 

An example oC uncer taÎD devel叩町lenu ar. in 
CASE when a prograJl\lnH NY 。川崎 ftx a bu，"日，

normally goel throup a c)'de "bere 1M ex.amiD. lbe 

program's operation in a debuuer, reada cert&in aourc. 
files that he gueues are re1a&ed阳也1M bUIo modiftel 

some sub削 oC theM fl阳• cor呻ilee ud linb. fUU 

test casω. discovera 也.~ tb. pa&cb do.a 't "orll. bacb 

up to the previo蝇 venioaa 01 翩翩创 all 0( theee 

files , readl other 崎咀嚼'阳 (perbape overlappin, "itb 

the first set) , mod. 1OIM IUbed. ec.c.. untål 1M', ft­
nally satilfìed wi&1t也....w&a udc棚unåLl all chu ... 

Split-tr&I\I&C tion allo明 tIM propaø圃.rωback up b, 
abortinl transaetion A "hile keepin, tIM chu,. 1M', 
currently happ)' "itb in tbe 侃pn， tr翩翩&ioD 8. [a 

the cue 01 ftxinl mulliple bup. b. may commit 10饵"

subtet oC the chanlet al∞， tbe "., to a110w。也be雷 P陪
grarnntera t.o take advaDlap o( the code a1ready ftxed. 

In a traditional tran跑时ion ， in contraat , the solutíons 
become public only when all the changes are commit­
ted. N ote alao that all 伺urce files read 'Rould remain 
locked until commit - even if they turn out irrelevant 
to the bug(s)! Tbe former problem can be avoided by 
publ Ì5hing each part of tbe change aa soon aa it is made , 

but this might lead to & cata.strophic cascading ro l1back 
if the programmer decided hia 101ution wu incorrect 
and aborted tbe transaction. The latter problem can 
be avoided by using optimistic concurrency conlrol. but 
tben tbe pr~rammer might diacover when it came time 
to commit (1) tbat bia cbanges were ínvalidated by 缸­
tiviti咽。C otber programmera or (川江 multiple versiona 
are uøed , that be ia faced with a complicated merge. 

Althougb traditional transaetiona are clearly inap­
propriate, CADjCAM/CASE still needa the fault tol­
erance auociated witb tran阳tiona. Conaider a VLSl 
layoul 阳。1 tbat bu b饵n given a specification and i.a 

now busy laying out. Sucb toola 0伐en run Cor several 
boun , 10 it's deairableω 跑回 intermediate resulta 迁( 1) 
il ia pauible for the t∞1 t.o continue Crom lhe aved re­
sulu, or (2) tbe intermediate r回ulta include error mes­
sagea that il "ou1d be uaeCul ror the buman dsper t。
see -t.o correct bia .pecification.e- even lboup tbe Cull 
se& oC error mesaagee wu n。也 generated due to a crw. 
Thia appli. to CASE u "eU, whe陀 tbe "layout"ωd 

becoma • lon, Iy.tem generatlon job (e.g. , uaing aai. 

[3]) , where the appropriate splil-t.ranaactÎon poÎnta are 

the d i.atinct comπl&nd linea. Ho"ever，且n Îndividual 
linkin, or compilati∞ job can run very long, and rea­
IOnabl. .pli&-tranaction pointa are n。也 ao ObVWlUl -
aDd În Cac& onl)' (2) appliee Lo m倒也 Înat.ancee of lhae 

t∞t.. Atomic tranaction "ould rollþack everythinl În 

th. cue 01 ‘ cruh. 

3.3 Programming Environmenta 

The cla.u o( ,y'&eml C&Ued "prolf&mmin, enviroo­
meaLl'" includ幅 .inp.u.aer CASE t∞也 U & IUbae&. 

Here ". &N coacerDed "Îth aD硝ber IUblet oc pre> 

lrammiD‘ envÍloom四ta: tbole tbat .uppor& c∞pera­

tåoo a"回a， multiple pr吨，副四ners"由kinl 旬pther 00 

tbe .. π.. lar,. IOft"are 1)'Item. n. a.me ï.lua come 

up in oßIce .uωma&i铺 'yl&eml in re萨rd， to report 

肘。duction &nd otber computer-.upported c∞归rative
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胃ork.

A simp~ example o( c∞peration among multiple 
uøera ia wbeo a prosr‘ mmer bu finiabed a haah-table. 
package that she ia soinS to uae in some larger pro­
gram. Somebody et.e d iac:oven her pa.c: kage and wanta 
to use it. Even thou&h thia haø not b伺n planned be­
forehand , she can split the transa.c: tion with the haah­
table in tran皿dion A, to be committed and relea.øed, 
while continuing her own work in transa.c: tion B. If she 
had uaed an atoffiÎc transa.c: tion, her manager would 
have to foresee the uaefuln髓. of the haah-table pa.c: kage 
and tberefore encloøe it in a separate transaction. 

For a more complex example, eonsider a eoordinated 
change to modul倒 F and G , where programmer Bob 
臼 responsible Cor F and programmer Aliee for G. Bob 
need. to uae the new venion oc G and Aliee n儒dato
uøe the new version F. When we treat. B饨'. work and 
Alice' lI work aa a paÏl of traditiooal tran.aact归国， we 
arrive at a d曲dl回k.

目。wever， m饵t modern proçammins lansuas~ pre> 

vide lansuase conatructa (or tepar&1inS tbe lpeciftea­
tion p臼tion o( a mod ule ft创n ita implementatÎOn , and 
eofo民e tbe constraint tbat ooe module can depen.d咽Iy
00 the IIpeciftcation pan o( an侃ber and can in no way 
depend on the de t&ila bidden in anotber module'. i~ 
plement&ti∞ part (15). Tbia worlu well u.inS tbe Ipli~ 
trarw.c tion: Bob &nd Alice .imultaneou.ly rnodify tbeir 
specific&tion.; the tranaactiOC1l are tben Iplitπ也kin，
the new specificationa public; fto&1ly, Bob and Alice 
modi(y their implemeotationa uain, t lM IMW 叩ecifka.

tiona. If we had u帽d .imp" IMII‘ed traaactÍOl皿 oaly

the immediately encl帽in， trauactÏOll would 1M able to 
see the specificati佣. ina&ad ol &he public. 

Thil simp~ .plit a& &he叩幅油ca&沁n/imp岭饵IentatÌOD

level d~ no也trOf‘ ..u 伽 c....... Învolvin, latp 

numbera of p~ - .,. mon thu tweaty -

becaUte t∞maIIJ....，翩翩腿"ωu&d be 1M&d up wai~ 
inl for &11 tbe 0啪，. to ftn凶 &heir epeciftcatioat 10 tbe 

trantactiona C&ft叩li队 n. prob阳11 CU 1M eoIved b, 
dividinl the propammel'l inωpoupe w阳_ modu阳

rtlOItcl帽Iy depend 侃 eacb 创阳，但J. Onl川鸣"盼

me... witbin th. aame poup ... t lM 1M. veni幅 01.

module. while ot悦目 initiall， UM tIM OkI venåoG; oaly 

the member曹 of the same group must split their trarus­
actiona at the I&me time. A Curther øet of splita ia 
made Iater when tbe sr四pac∞rdinate toπlðke their 
new versions public to a l1 tbe otber groupl 盹 they can 
complete the ne<.esar.ry modifications. 

Another reaaon to aplit an ongoio~ tranaaction 臼

management re-or~anization. For inatance. one project 
trans缸tion may have to be split into two when another 
manager ia d回ignated to .hare part of the responaibil­
ities. If tbe projec t. can be separated into two seri­
alizable parta. then .plit-t. ran皿ction would define tbe 
reaponaibiliti，饵 clearly.

Join-transactiona are UJeful wben two open~nded 
ac t.ivities t.um out to re1ate to ea.c:b otber throu&h 
some conaiatency con.atrainta , 11.βer t.he activiti四 have

IItarted. For e皿mple， modute. from two proçamrr腿"
. may need to be bund1ed to&ether in an emer&ency re­

leaae for tbe unexpected development of a demo for a 
potentweu.tomer. ICtbe proça.mme... knew tbey wefe 
bound by tbe 蝇me conaiatency conair&Ïnt& at tbe be­
ginnins, t.bey could bave cr曲时 two lub&la.naact沁M

n回tedin ‘1arser one, wbicb m&Ïntaina tbe c∞.iatency 

conat.raint&.目。weVef. due to uneertain d.velopmenta 
in opelHnded ‘ran.蝇ct沁na， t.be 6exibilityωjoin orip.. 
oally 蝇par&1e tra皿act.iona ÍI delirable. In our example, 
tbe demo m&y r明山re. 翩。(rr时u1e1 t.ha t. work wit.b 
eacb 。也ber and 阳ne 4~ laoc utilit.y proçama tb&t IIbow 

。fhb倒e modul~. Join-tran蝇ction can lfOuP a partic­
ular aube川oCmr:如ciulel thù have b铺n tested tosetber 
ud releue tbem to tb. utility prolf&Dll. 
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4 Integrating Long and Short 
Transactions 

Besid. t.beir dir民t UM 凶 applicationa men t.ioned in t.be 

previoua eec t.Îoa , çlit-t.ran阳ti佣 and jom-tranaac t.ioo 

cu ...., b.lp iD t.be d饵p ol t.be d.tabue .ynem t.。
IUpp情$啼帽-eDded activÎtåel. Opea-咽ded acti叫回

in叫.. bo&b I侃， &Dd .bon (t.radi&ioDal) t.ranaac&iou 

&Dd. ÎD uy cue, uelikely 阳。perat.e .imult.uωUIIyon 

t.IM aame da&abMe u otber applicationa Înwlvin& only 
abon tfUl&Ctio皿 1(&11 opelHaded ICtivit)' bu aecea 

to leV前世 r髓。urc帽， wbicb are required by a pendin, 

-
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sbort tran皿ction ，.the activity mu.øt not unduly hold up 

tbe sbort transactlon. 

To 901ve thia problem with split-tr&n.a&C tiolU, there 

3re tWO possibilities: 

• to continue the open-ended activity until tbe next 
opportunity for a split-transaction, 

• or to rollback tbe open-ended adivity to the pre­
vious point in it.a biatory wbere a aplit- transaction 

would be consiatent. 

In either case the resources are ∞mmitted at tbe split , 
the short transaction makes ita brief 缸ce剑 to the re­
别问 and the open-activity reaè孕ires the nec幡ary

subset of these resources to coatinUè ita operation. In 
compariaon , atomic ~吨蹦canoot be .ubdi­
vid此回 short tran鹏也i唰 ba哩坚 wait (or the loog 

transaction.s to either commit or a6òrt.. There are 00 

other alternatives. 

Our first caae i. appropriat.e when the future time o( 

the next opportunity for 叩lit-tranaactioo C&D be rea-
90nably predicted and the .bort. tran.uc tion C&D aff饵d
to wait th ï. long. The former r明町-ea applicati∞­
specific capabilities for the rele咽at ..阿al-time" predic­

tions , while the latter ï. realiatic only wben tbe Ib饵t

transaction i. part o( a batch job rather than a I1Mr 

query session. Thi. firat cue pernú t.l the leul d Ì.lrup­
tion oC the user carrying out tbe open~nded activity, 
since the short tranl&C tion c:an take place durin, the 

user's "think time". 

We believe the I<<ond 饵.. wiU be monωnunoa. 

Here. a history mUI' be m&intaiDed (01'幅，c b 100, tr‘a. 
action and the time to anaJYM 也ÍI bil&o哼阳 ftDd山­

mOlL recent pαnt for tbe Ipli~traaMctioa mUl& &180 be 

very short , the same order ollll吨:ai阳M .. traditioaa1 
concurrenc: y control OY回‘eed. F町‘... i& iI d.irable 

although not strictl, MCIII&rJ ωbe abil &0 &U~L­

ically redo the part 01 由·‘rUleCtiae &ba& w.. rOUed 
back , rather than r饲uirial tIM_帽&0 repea‘lOmI op­
erationl. The anaJytÍl π~1 饵 "1 DO& be app lic&&ioD­
speci f\c:; a n佣-appl ic: ation-lpecilc …17aiI wou1d coo­
sider only the standard read. aad upda阳.

One p铺.ibility ÌI to auωma&比a11y cbeckpoia& a& .u. 
updatet, 50 sucb analYIÍl doe.阳挑bOId up tbe lbon 

tran.saction but iMtead only cuta down the efficiency 
。f the loog tr&ll8缸tion (whic: h ï. probably aa it lIhould 
be). Thil alao baa the advant.age oC minimal work lost 

in craahes. 

Unfortunately, Crequen t. checkpointl lead. to a prc如
liferation oC versioM oC the updated re哩。urces. Many 
ofth回e versioD8胃让1 never be 能en by &ny tran盹ctions

excep t. the open-ended activity and such "obsolete ver­
siona" may be garbage collected automatically at in­
tervala (5) , perhap. when the datab脱 l叫 ia low or 
the storage media ia nearly Cul1. Altematively, if a 
checkpoint-induced vemon hu not been seen nor will 
be seen by any put or current trao盹ction ， it can be 
overwritteo by the next checkpoint- induced veraion. 

We have developed a Cl&mework Cor application-
speeific bebaYÎOr in tbe second c帽， where the hiatory 

o( the long tr&DACtioo Ì.I analY1ed to select the best 
point (or 叩lit-tranu.ction. Our Cramework extendl the 
notion o( atomic traDNCtiolU Cor abltra.c:t dat& typ饵

[18]. The moet l i&nificaat difference Ì.I we tr创陀\a-
tively large 阳。M 也at manipula也e the internal rep峙

sentation of multip~ data typea, rather tban beiq re­
IItricted to individual operaωDI on a lIin&Je data type. 

MOI& exiatin, toola u翩d for open-ellded activities (aU 
into tbe (ormer cat.el四y. For example, a compiler readl 

a IOU阳eproç‘m data etruet.ure and produces &0 er­
ror meuage data Itruet.ure and/ot &D object code data 

Itruet.ure. A debuuer rea也 tbe obj创 c叫e produced 

by tbe compiler aad generatea traeea. 
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The fr四Mwork Ì.I bued 俑 a two-dimeDlional D抽­

trix. wbere the &ll幅 are tbe data typtl and tbe t∞h 

tbat updaw tbe data typet. Tb. v‘1\1幅 in the πl&trÍJt 

areb∞leaa. .bere 气rue- meaDI it ÎI sx-ible 阳 repro­

duc:e th. ob阳t automa&ical1y by invokinl tbe t∞lon 

appro庐山"。‘民r ob如t.I aad "faJ.e" meaDl thÌ.l Ì.I not 

~ibl.. In pner创. falle entriel c:orr四pond to interac­

tive t∞. lucb u drawinl utilitiel and true entri倒 M

noa-interactive t∞Ia aucb u routel'l. 

Tbia n则rix ia UMd内Itl tbert.…协rt tr&DAC tioo 

tb&& aeeda to upda&e aa ob阳也 ohparticu阳 data type 

aadu 帽pn， Ioq t raa.c tiota iI bo&d问阳。bj创.

Th. bÍltory ol the Ioa& traaMC‘ÌOG iI帽amiaed 自由r the 

mωrecen& update 叩<<a&ÍOD 阳俗rmed by aay tool 



。n that objeet ",lte!'e the eorr四ponding matrix entry is 
"false". It is safe to split- tran皿ction after this update , 
but not before, since updat回 after the split point will 
have to be redone atter the short trans缸tion cOmnUts. 
For example, it is ok Cor a short tran蝇ction to interrupt 
a bug-fixing tr四saction after the programmer ha.a fin­
ished h臼 last edit on a source code file , since subsequent 
operations on that file such as pretty-printing, style­
cheàing and compilation can be re-run automatically 
with minimal disruption but the actual edits should not 
be automatically invalidated by the system. 

Note that if a t∞1 with a fa~ entry ia currently in 
operation , all work done so far during that tool invo­
cation - or since the 1a.at checkpoint - will have to 
be repeated later. The ca.ae where the short tran蝇dion

only needs to read an object is much simpler - the roll­
back of eurrent1y executins t∞18 is handled jU8t like a 
craah in the previoUl阳tion on Cault tolerance. For­
tunate1y, we expect that mr:泪t short transac t.ions t.hat. 
accesa the 姐me objec t.a &8 10ng tr四.aactioD.l t.o be in 
fact read-only. 

5 Implementation Issues 

In the first place, we note that t.he .plit.-t. ranaac t.ion ia 
an operation that ÍI independen t. o( any part. icular con­
currency control or cr&8h recovery n削bod.. Reprdlell 
of the imp1ement&tion techn叫ue choeea in a databue 

system, &8 long u it guaran&eel ler也Jisability and reli­
abilityatomicity, .p1it-tranMCtio…d joiD- tr翩翩d阳a

can be added to the databue ')'It.em. 

The general a1loritbm Cor ，pli~trulIC'åoa coataint 

three stepa. FrÍlt, w. creat.e a IMW ua问ue trauactioa 

id (TID)，随y (!崎 B. See幽d. .. add B', TID to t.he 

ruder's liat 01 ..也. obj幅幅 ia "'adS.~. Third. 
we reasai&n B', TIDω 1M ,1M writet 01 aU tbe ot如

jee t.a in !VriteS.'. !Þeci缸&11" 伽 t~pbue 阳kiq，

we jUl& add 饵础p B '. TID to th. appropriat.e以k
。wner IÏlt. For tin田~bued mtthoda. .. update 

the timeatampe for the objecta with 8', TID. FOf OP也←

miatic certiftcation 町隐恼。d.， wejua‘白幅t.e the aew .u 
f时 B. Tran阳tiolÌ A 帽talnt T', oripnal trauactioa MI. 

Thread. oC eontrol in A aad B are tran.Cernd to ."Pr。

cedure and BProcedure, respectively. 

From the concurreney control point of view , the 
transfer i8 relatively straightforward. We will consider 
the three major technique:s: two-phue locking, times-
tamps and optimiatie coneurreney control. For tw。
phase locking, the database system simply changes the 
。wnership of the 1倪u in BReadSet and BWriteSet to 
the new tra皿action. For timestamps, the database 
system needs to a.鲍isn a new timestamp to B, prefer­
ably immediately after A's 也m曾stamp. Multidimen­
slon剖 timestamps [101 ia one ofthe techniques that pro­
videa thia capability. For optimi.atic coneurrency con­
trol , since syneluoniza t.ion ia done only at commit , the 
only thins to be done at split-traDAaction is to move 
tbe worupacea of BWriteSet. to the new tran蝇etion.

M 

From tbe craab r院。very point. of view , tbe transfer 
m 剖80 8imple. For r屑。very sy.tema bued on versiona 
(wbicb ia wha' we bave 刷umed in tbia dÚICua.ion) , we 
simply make 8 tbe creator of tbe vemoD.l in 8 WriteSet. 

F饵 S)'Itema bued on logins, tbe recovery manaser 
needt to write a sp但也i 气E四uction reco时"幅 tbe 101, 
markin, t.be tranaition o( 8WriteS剖 objeda 告创n t.be 
old traaution to tbe new tranactÍOD. Durin, tbe Ios 
proceuina Cor recovery, tbe traD.lition record 础。uld be 
read durin, tbe baekward~， and then tbe 101 rec俐，
on 8WriteSet written by t.he old t r&D.I&Ction wi11 be 
tranalated correctly u 8'. record.. 

Tbe al,oritbma to verif'y the thr鸭 propertiea oC sec:­
tåoa 2.1 are exactly tbe aame oC the certåftcation &1-
&oritbml or optinUltic concurrency e饵trol metbod.. 
G iven tb. bil崎叮。r data &Ceeu for bo也 A and 8 , 

we build the acceu dependeney ,rapu and eb配k for 

conftictl. F，伺 rilOfOωlerialiaability， we n伺d to per­

form data 80w ana1ytål 00 tbe internal accω· 阔，bared

variab阳.

We note thM evftl 山ω&b we ha晴 introduced the 

netd 阳Iogia‘ 01 rad &CCeII &Dd J)C*Îbly .hared 
魄，也b怡 acc... 由画 kiDd of av回b幅d ÏI impOled only 

。D loG,-tr‘ uactÍlODI. Siac. toa,-traaactioaa bave low 

tbrou‘hp川 by deflaitÌOD, tbe additioaa1 overbead wiU 
nol bec。饵w a bo&tae"L 

Aø创herùn庐削"‘ C创~era 画 tbe ra\r ic: ted c‘.. oC 
cucaded ab饵tI intr创uced by tbe Mrial cue (Section 

-
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2.1). If A aboru then 8 must abort. since 8 has 

read objects written by A. Fortunately, th山 restricted

case is much ea.s ier to handle tha.n general cascaded 

aborts. Specifically, the d&tabaae system do回 not have 

to maintain the dependencies among all transactions. 

It is sufficient to remember only the dependency be­
tween transactions that have split , given to the data­
base manager explicitly by the split-transaction oper­
ation. Transactíons that have not split are protected 

by the usual concurrency control mechanism. Conse­
quently. if the "native" concurrency control prevents 

cascaded aborts (e.g. strict two-phase locking) , then 

the ca.scaded aborts are restricted exclusively to trana­
actions that have split. 

The implementation of join-tran蝇ction is also 

straightforward. Say tha. t the d a. ta.base system is try­

ing to join-transaction T and S. It can add TRea.dSet 

to SReadSet and TWriteSet to SWriteSet. If S 臼 aware

of T's joining, then S can start acc臼aing objecta read 

and written by T. Th i.s gener&l &lgorithm work.s for 8011 

the concurrency control methods &nd crash recovery 

techniques mentioned above for split- tr&naaction. 

6 Comparison 

The development of t∞Is &nd concep t.a for open~nded 

3ctivities. including CAD/CAM and progr.mming en­

vironments. motivated work in b。也b the databue co~ 

munityand the object-oriented progr.rnmiJJ, l.n l\la,e. 
communlty. 80th areu have embraced the term 

"object-oriented dat& bua" or object b翩. u the 

standard 5upport for wha' we caU open-ended &C tiv­

Itil's. Our work is orthol∞"ωtIM objecL bue w饵k

、 I lI ce we concentr&t.e OD • neW way to m副ntain seri卧

Izable accesa to & da&.abue in.aLad o( complex obj回t

structures and exploitaÜOG 01 aopbialicated operatωn 

semantlcll. 

For seVer剖 re&l侃. Iplål-lruaactÌOD ÌI 伺th唱。naJt。

the hier&rchical model prop帽d by 8ancilb佣 el &1. [IJ 

(summarized In section 1). Finl. in th剑， model abort 

and commÎl of each level ímply the aborl &nd com­
mit of &11 constituen t.a. (n contrut. 叩Iit-tranaac t白n

Introduces the p铺aibility oc comnUuinl p&l tial reaul t.a. 

Second. their model allows datA sharing at eac~ leve l. 
but not beyond. Split-transaction may comnut partial 

results and share data broadly thereafter. Finally, we 

emphasize that split-transactions maint80in the trans­

actloπs~rializability， aa does their mode l. 

Another representative work on long tr&nsactionsω 
Sagaa by Garcia-Molina and Salem at Princeton (4J. 
Sagaa are long transactions th&t consÎBt of a sequence 

。f relatively independent steps , where each step does 

not have to observe the same consiatent da.tabase state. 

Therefore , tbe r四ulta from the previou8 !lteps may be 

"committed" &nd releaaed to the rest of the concurrent 

transactions. If interrupted , a saga may try to proceed 

by executing the misaing steps. There i.s no difficulty 

witb 9ucb a forward recovery. However , in some cases 

a 蝇ga may be unable to pr出eed with forward recovery 

and it baa to abort with bacnard recovery, in which 

case c1 ient-8upplied compenaation transactiona are re­
quired. 

Split-tranaaction i. &00 ortho~on&1 to S8og&I. S&gu 

80re comp铺ed of normal, short-duration tranaactionl 

th&t form the stepa. Split-tranaaction ia &n operation 

internal to any kind or atom民 tranaaction ， includins 

the short-<i uration 饵es. More technica11y, 5&g&l may 

obaerve intern曾diate resu\ta or other 5&g&l. while split­

tranaaction produces 8otomic tran.a缸tiona by definition. 

Altruiltic I民kinS [14] ia an extenlion to two-ph皿
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lockin, th&t pernUta early re阳.ae or 1臼 ka without 抱b

rificing serialiJability. Short tra llJ&C tions &re &Ilowed 

to execute in the !,ake or a 10n, tranaa时ion that &1-

truiaticaUy rele..... \oc ka thal it wil\ not use &ga.i n. ln 

c: ompariaon. sp1it-tran崎岖tion ia not &n extenaion or &ny 

particular method. and apμ阴阳 botb cr&lh recovery 

&nd concurrency controt 

To the beal or our know怡dge. the earlie.t uae or tbe 

term Jp/d and )0'" oc tranaac.t.i侃. W&l in a technic&l 

reporl by Jeaeop et &1. [7J. Howev肘. the emphuia oC 
that work wu on the Eden TraD.I&di∞a1 File Sy.tem 

&nd tbey deacrib<<i theae operati饵. v饼"/ in(orπ1&l1y; 

the .plit corre.ponded rωpl，，/ toωr independent cue. 



1 Conclusion 

We bave informally introduced the claaø of open-ended 
activiti倒， wbich indude CAD/CAM design and pro­
gram development in CASEs. Th回e activities have be­
come an important application area for which tbe next 
generation of databu帽 are aiming (e.g. POSTORES 
[16]). 

To provide consistent databaae acceae in open-ended 
activities, we bave introduced the notiona of split­
transaction and join-trana缸 tion. Split-tranaaμion di­
vides the objects in an atomic transaction into two seta 
of objecta contained in two serializable transactioll.l. 

We bave defined the syntax of th饵Ie operatioll.l, their 
semantics , and the properti臼 that they sbould 腿阳市­
We alao outlined tbe algoritbma tbat implement tbese 
operationa and gave exampl回 of safe split-trana缸tiOll.l.

We bave demonatrated the use o( split- tranaactioll.l in 
several real-world problema in tbe cla.u o( open-ended 
activities , sucb u editing, computer aided d臼iSJ1， and 
program development. The split-tranuctioa 舶lved

problena in sin&le-UHr deaiga activiti.. and multiple­
user c∞rdination. 

[n summary, traditional tranAC tioa acce. to d .. 
tabues providea eoncurrency atomic: ity and reliabil­
ity atomicity, both very d臼irable propert阳 for opea­
ended activitiea. However , the uacert&in dur&tioa , ua­
certain developmenta, and interactåoa .Îtb 侃ben in 

open-ended aεtivitiea are formådable cba1IeD,. k) t1M 
traditional tran阳tiona. Witb IpÜt- t r&DMC t iou, •• 
hope to take advanta,.. oc tr&OMC tåoa a阳nicity fI饵

consistency and reliability &t tbe MmI t田MU.. iD­

crease Aexibility ia th…vin‘oC c饵npleWd w。也， e.uly 
releue of resulu to tIM worid, &Dd c饵.. 饵at iDUrac­

Ilon with eonCIUNDl acûviliee. 
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