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Pbetract

T™wo certificetion schemes for trenmsections 1n
Cistriktuted detebese systems are proposed Tre
scheres do rot construct eny conflict greph but
use eystam wide unicue timestempes to  serielize
certificetion reouvests of concurrent trensactions.
In the first scheme, the distributed certification
scheme, trensections ere acsigned timestemp when
they reoues* for certificetion 2 traznsaction cet
certified 1f, et no site, 1te certficetion rcoucet
conflict with thet of @2 transaction witr righer

timestemp. In the second scheme, the negetizted
certificetion schene, the systewm necctie*es with
perticipeting dete 1tems, erd comes up vath e

timestemp, 1f possible, with which the transection
w1l] not fece any corflict with concurrent trere-
actions end vill get certified The tve rhece
comrit protocol cen very essily ke integrated wath
eitber of the two certificetion schenes, end 1t a1¢
cshown thet the schemes do not need eny extre
messege cost to quarentee feilure atoricaty

1. Intrccucticn

In ¢ Cetebace system, wlere cccess conflicte (read
or vrite éccess) emong concurrert trensections ere
infrecuent, 1t 1s propeced [PALR 72, XKUNC €1) thet
~cccesce of trensactions shovld be ctermatted
“entetively with no synchronizetion whetsoever,
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zné the serizlizability [PERN 761 of & trensection
should ke wverified only when the trensectior
atterpts to termirete In other vords, wher &
trensection 1scves 1te End Trensection staterent
the syster checks whether thc eccees corflicte of
the trensection with otber concurrent transections
~re serizlizeble or not, If yes, the transecticn
18 certified an¢ thereby committed, othervise 1t
1¢ cborted. The methods follewino this  epproech
ere krown es certificetion schemes [RAL? 79], or
rptirastac retleds for  concurrency

control [KUNG €11, Thie epprcech 1s expected to ke
more efficient gince 1t does not use locke &t el1,
And trerchy 1t climiretes  the sgsocizted deleys
Thie ¢crprocct relies cr trercaction beckup e the
crly conticl mechenism, end bence, 1t 15 eot-
trective for overy cdomineted Cdatabase systemrs.
Thevoh  the cert frceticr schemes heve keer ep-
precicte” ae promising for centrelized Aztebese
systems, seriovs cdoubts beve leen rzised op 1ts
arplicebilaty for cFistributed detekese

csysters [RFRN €1] Fhercave [PPPAP 821 has propesed
en optimistic corcurrercy schere for Aaistributed
systare  whcre the nistory of commatted trensac-
tions ere meinteined, end g éynemic cenflact arerh
(sxmilrr te A wait~-fer ororbh) 1 constructed ot
e>ck =s1te +- bFoncir, cr zeoect, thre certification
of @ trensection Tn cortrast, we heve proposed &
screre which doce not censtruct eany conflact
arerh, but iLses & cyster-wice unicue timestewp to
serielize certificetion of cencurrent trensections
et verioue sitce Schlegeter [FCPL €1) bPes tried
to cdevelcp en crtimistic method for cencurrency
control 1n Cistrikuted detekecse cysters which uges
purely lecel trensaction nurker for certificetion
2t eech cite, but unfortunetely 1t foce not give
scrielizrble execrtion secuence elweys The feil-
vr¢ of Schlegeter scheme 15 shown throvok éep
eyerplc in [STNP €57,



cer=etized ~artrificeticr scharr eart ti-one-
ccticr bhes to go throuwsk & craticel

cecticr [DIJK 68] where tbe test of serizlizebili-
ty of 1ts execution secvencc with respect tc ctler
concurrent trensactions i1s done [KUNC €7], If the
test fei1le, the trensection comes o' of the
criticel cection end ekorts. Put 1f the
1e)izebilaty of the trensectiorn 15 certified, the
trensectior cormits, 1nstells 211 1ts tentztive
upcetes (1f any) permenently and  lerves the cri-
ticel section. Certificetion éend irstellctior cf
updetce ezre parts of the craticel section

r »

grr~

The neturel extension on this schere for & Cis-
rifurted drtarese «yetem will  be to execute &
trensaction as @ set of processes & set of locel
subtransection processes, one locel subtransaction
at each perticipeting site, and e trensaction
manager process that coordinztes the participeting
locel subtrensections [GRAY 78] 2 locel
subtransaction does 211 actions of the trersaction
releted with that site, with no synchronization
whatsoever. When & transaction 1s through with 1ts
activities and wants to complete, the trensaction
mznager follows two phase certificatior schere to
coordinate certification of all perticipeting lo-
cel subtrensections In the first phase, the
certficeticn ghesc, the transaction menAger asks
each of 1ts locel subrensections to get certifi=c
locally. For locsl certificetion, & suktrensaction
enters i1nto the locel criticel section of that
s1te, where the test of serializebility of the
loce]l subtrenssction with respect to cther loczl
subtrensactions running &t thet site 1s done
Bfter 211 the participoting locel subtransactions
inform the transaction menager &bout the euccess

of their local certificetions, the trensaction
menager enters the second phase, the instcllction
phase. In the 1nstalletion rhese, 1t asks 21l
participating local subtransactions to install
their tentetive updetes (1f any) pormenertly.
Since, the certificetion end installetion cf up-

dates ere integral part of the craticel section,
efter certificstion locazl subtransactions w1ll
bave to wait within their locel craticel sections
unti1l they get signel frem the transaction menager
to insta2ll (or cbort) their uvpdetes. This, 1n
turn, mey lead to @ situvetion where e group of

local subtransactions (locel subtransactions of
Cifferent trensectiorg) mey get invelved 1n ¢
certification deadlock & situation in which eech

merber  subtrensaction of the group weits in-
Gefinitcly to enter 1n 1ts locel criticel section
which 1s being visited by some member subtresec-
tion of the group (1.e., & locel subtrezneection cf
somc otber trensaction)
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The recuarerent for ¢ locel siktrensacticn to weit
"ne1de & criticel sectior 1 the priwery cefuse for
the s3tuetion of certifricetior deaclock to occur
veiting of » locel svbtrensection vithir e cri-
ticcl escction cen ke averded provided  the
instelletion phese 18 Qicintegreted from the
cer*ficetion_phesc by pushino 1t ouvt cf the cri-
tical sectien. Thie mecbenicel seperetion mey
everé the certificetior feedlock eltocetber, but
1t introduc:s ¢ prokler as well even 1f 2 trens—
cctior octs locel certificetior et 11 perticipet-
'ng £1tes the clobel serizlizebilaity of 1tes execu-
tion secuence cannct ke guerenteed. Locel
certificetions of & cet of conflicting trersec-
tions cen get interleaved, end this interleaving
robs off the guerentee of globel serializebility,
the resson on whick the epplicebility of
certificetion scheme i1n distributed detzbsse sys-
tems was cuestioned in [BRERN 81},

*n this paper, we precent certificetion schemes
for distributed datzbase systems where the

-nstalletion phase 1s not & part of the certifica-
tion craticel eection. To guarantee globel ser-
1alizability among conflicting concurrent transac-
tiors, e use gystem-wide unioue taimestamps for
bonouring, or rejecting, the certification recu-
ecte of conflicting transactions at various sites.
Wr have decompoeed the certificetion recuest into
Read Certify and Vvrite Certify reouvests. B2

Reed Certify (Write Certify) reovest faces 2 con-
flict 1f 1t requeste for certificetion on the date
1tem «here & Write Certify (Read Certify) recuest
of some other trasaction (ective or committed) has
2lready been honoured. We characterize the con-

flict to be entagonistic 1f the Read Certify
(Write Certify) recuest 1s beving timestawp smal-

ler than thet of the Write Certify (Reed Certify)
reovest whicn 1 bonoured. In the dis-
tributed certificetion scheme based on timestamps,
& certificotion recuect focing en entagonastic
conflict 1s rcjected, preventing & certification
deadlock.

2lrcocy

We have extended the dJistributed certificestion
echere besed on timestamps by 1ncorporsting the
concept of commutabilaty of trensaction [PAYF 82,
SINH 83] end have come up with the negotiated
certificetion scheme that selveges many trensac-
tiong that would have got eborted 1n the dJdis-
tributed certificetion scheme. In this scheme, the
system negotistes with participsting dete 1tems
for ¢ timestamp with which the tressction will not
“ace conflict with concurrent trersactions. If the
negotiztion succeeds, the trensaction gets certi-
fi1ed with thst timestamp, otherwise 1t 1s aborted.



™ gectior I, weo preeept the  Avetrabuted
certificetion scheme besed on timestamps, And 1n
section ? we ciscuss the integration of the
certificetion scheme witk thc two rhese covrat
protocol. Tn section ¢, we present the neqoti-ted
certaficeticon schere, end in the end we summerize

thc selient points of the teper

2. The Dastrakbitre Certaficzticr Schere Bosed cn

Tiwestemps

Ve present the distrabuted certificetion scheme 1r
the context of the ebstrect Cceate mofel eand the
trersaction processing rodel Cur mocel bas  come
simalerity with the wodel rresented in [CERY O3,
REFD 78], but 1n our scheme there 1€ no syn-
chrorization until the transaction reaches the end
of 1tg executaon.

2 1 The Distrikutec Datebese Mcdel

In & Qistrikuted detebase system, tbe informetion
1s spread across 2 collection of nodes (or sites)
1nterconnected througk 2 communication network

Each node bas a syster~wide unicue 1dentifier
(s1te_1d), and rocdes communicate through messages

P11 messages sent arrive et their destinations in
fipite time, and the site-to-site communicetion is
pipelined. Fach site 1s ecuipped witk & logic=»l
clock, end clocks of &l11 sates loceely

synchronized@ [LAMP 78]. The system provides & pri-
mitive, Cet timesterng(), which on being invcked,
generstes ¢ system-wide unicue timestzmp with the
belp of 1ts site 1d end the locel clock Crester
then (>) end less than (<) reletions for time-
starps ere cdefined ¢y crc given 1n [TPCM 79]

While comparing two trensactions, we cell the

Tre

~e
Loy S

trensection heving smeller (greeter) timest=mp a-
the olcder (yourcer) transection.

The model consists of two basic entities process
end deteé iter (cr okrect) A process 1s ap

autonowous ective entity thet 1g scheduled for
execution Every preccee nce @ system-wide unioue
name, celled process 14, and they comrunicete witb
eech other tbrcuch messagre Date 1ters ~re

A

M~C
sive entities that represent some 1ndepardently

accessikle pirece of informetion. Each dete 1tem 1s
associcted with a process (called thbe dete mena-
ger) thet bee the exclusive right to eccess 1t.

2 2 The Cbrect Mocel

B cCata ater 1s vicewed &g 7 <neme,vecreion> Lair.
The vercion of ¢ dete 1tem 1s represerted Ly
<vel,tree€,twrite>, where wvel givce ate velie,
tree€ civee the timestemp of the yourgest trersec-
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+10r thet reed this et 1ter, ond twritc gives
the timestamp cf the trensaction that crested this
velue The twritc field 1s elsc celleé ezg the
versior 4 of the version 2 detz ater cen be in

a1ther of the twe states normel state and trens-
1ent stete In trersient stete, 2 dete 1ter can

have apert from thc version, one or wore tokers,
l.e., tempcrery versions [REED 78). P token hes
structire similer to & version, end to distinauish
components cf & versicn from thet of 2 token we
w111 vge etbscrapte v end t respectively The eset
of priritives thet ere provided by 2 dete manzoer
to opercte or e Cdete 1ter are zg follows-

ReeC_Dete (Cete_atem) returns <value,version id>
Read Certify(dete_item,versien 14, tirestamp)
returne <recuest certified booleen,token 13>

Write Certify(dete_iter,new vzlue,tirestanp)
returns <recuest_certified-booleen,token_i¢>

RW Certify(data_1tem,version 14,
new_velue,timestamg)
returns <recuest_certified booleen,tcken_ 18>

Instell_Token(data_itemr,token 1d)
Delete_Toker (€at>_item,tcken 14).

Except the certafy reogvests, Read Certify,
write Certify, and RW Certify, no other recuest 1s
ever rejected by & data maneger. There 18 no
concept of locking & dete item, end 2 dete meneger
w1ll horour @ Reed Dete recuest at any time, and
irrespective of 1te stete. 211 the three certafy
recuests cerry the timestampr of the ainvoking
tvareacticr ge ore ¢f 1te prremeter (discussed 1n
secticn 2 4) A certify recuest, 1f 1t gets hon-
oured by the dete menager, crestes & token for the
feta 1tem, And tbe d~tz 1ter makes &2 trensition
frcr normel stote +o trancient stete (1f 1t 1s not
in trancient state &lready). The three certify
recuests creste tokens of tbhree different kinds,
and they are Read token, Write token, and RW token
respectively. Fech dete 1ter 1s provided with two
cueues, Rtolen C erd Wwtolen €, where 211 its
zscociated Read_tokens end Write tokens ere stor~
ed, 1n ascending order of their fields, tready and
twritey, respectively Since &n FW_token e 2
union of = Read_token and z Write token, 2 copy of
1t 15 ettached 1n both the cveves On being
1nvoked & date manager processes thece recuests in
the following ways

Read Data(data_item) - ¥When & dete menager receives
2 Rezd Dete reocuest 1t fetches tbe version of the

'



deta 1tem, end returng tbr velue glong with 1ts
veregion_3d whick 1g nothing kut the field tvrite
Leter, when the trensection wente to commt, 1t
uses version 1¢ as o peremeter of the Resd Certify
recuest.

Read Certify(date 1tem,version 1d,timestamp) The
recuester rrcvides the version 1d of the version
which 1t bad read esrlier, enrd wente the dete
menaeger to certify that 1ts reed recuest does not
face eny ertegonistic conflict with other trecec-
tions. Cn successful certificetior, the dste manz-
ger crestes 2 PRead tcken which 1e cveved 1n the
Rtoker ¢

11 twritey # version 1€
then recuest_certified -= felse -=={1)
else 1f Wtoken Q 1g enpty
then recuest_certified = true
get the olcdest write token, t,
from Wtoken ¢,
1f timestanp < twritet

1f rceuest_certified
then kecar
crecte & write_toker, t,
where vely = new_velue,

treey = trezdy,
tvritcy -= tipestenr,

stete = trensiert

ﬂ(:r

send recsporse to the recvester ecccrfincly,

Rw_Certafy(dete_item,version 1d,new_value,time-
stamp) : This cell 1s rothing but the corbinetion
of & ReaC Certify end & Wraite Certafy cells Cn
euccesstI ccrtificztaion the ﬁa:é man=qer creztes
only one token, an PRV token (szy, 1t 1st), &
union of & Reac_token é&nd ¢ ¥Wrate token, 1.e.,
treeCty as well zs twritey 18 set to timestemp 2
~opy of thre RW_token 1s Cueued 1n Rtcken ¢ as well
2e Wtoken ¢

As shown ebove, & certify reovest cen face feilure
cn four conditions Concitior (1) and
Concition(i11), 1n cese of Pead Certify, end
Conciticrn(121) end Condation(iv), 1n cese of

then recuest certified = true
elce recuest certified = felge
end, -—=—{11)

1f recuest certified
create ¢ Pead token, t,
where treedy -= tamestemp,
g-—cther fields are not used —-\
stete = trensient
eng,
senc response tc the reocvester acccrcéingly,

Write Certify(data_item,new value,timestemp) - The
uvser recuests the dete menager to write the
new_value tentatively, and provides the timcstonp
so thet the dJdate menager cer certify thst thae
tentetive wrate does not face eny entzcomistic
conflict with other transactiors Cn sicceesfi]
certificetion, the date menager creetes ¢
hWrite_token which 1s cveved 1n htoken €

Af Rtoken € 15 crpty
thon 1f treedy < timestemp
then reouest_certified
else recuest_certified

truc
felse
-—=1{111)

clec keqin
cet the ycurcest Recd token, t,
from 1ts Rtoken ¢,
1f treede < timestorgp

then recuest certified = trie
elec recuest_certaficd = felse

crd, ——(1v)

write_Certify. Agein, the fzilures or Cordition (1)
and Conciticn(111) erc due to committed trensec-
tion, but thet on Conciticrn(131) end Conciticn(1v)
ere due to the existence of tokens. Tt 1s possiblc
thet tbe trensaection which creete@ the token
{ceusing the ekortion of the certify recuest) mey
aget cborted. 2n¢ tence, relecting e certificetion
recuest due to the existence of 2 token 1gs toc
herebh 2 Jecision This 1ssuve 1s discussed Ir
gectior 4

2 user vhose certify recuest hes been honouvred by
the =t~ weneger mrust cerd either en Instzll_Token
receest ¢r ¢ Drlete_Toker recuest following that.
2 dzte menzger never honcurs en Inetall_Token or &
Delete Token recuest otberwise

Delete_Token(Catz_item,token 1d)- Cn receiving

this recucst the cete mweneger 1rcroves the token
from the system, whether 1t 1s in Rtoken ¢, or 1in
Wtoker ¢, or 1n both

1f tcken 14 existe in Rtcken ©
ther cdelete 1t from Rtoken (;

1f token 10 existe 1n htoken ¢
then Celete 1t from Wtoken C,
1f no toker 18 left then state = normel,

Instell _Token(date_item,token 1d)+ In bonourino
this recuest & cete menecaer follows tbe the Thomes
¥rate Rule [TFOV 79]



1f the token 18 (sey, t) erists in Rtcker O
then 1f 1t 1s not en outcated token

then begin
%~~2 version_fiel€ 1s rodifred\
treedy = trealy,
merk 211 Read tokens shead of t

1in Rtoken @ as outceted,
remove t from Rtoken Q
enc
else remove t from Rtoken C;

1f the token 1d (sey, t) exists in Wtoken ¢
then 1f 1t 1s not en outdsted token
then begir
t-2 field of toker 1s modified\
treedy = mex(tready, trealy):
delete the version and meke t
the version of the date 1tem;
mark all Write_tokens ahead of
% 1n Wtoken Q as outceated
end
else remove t from Wtoken Q,

1f no token 1s left then state = normel,
send acknowledgement to the reguester,

2.3 The Distrikbuted Transaction Processing Mocel

in an interactive mode with the
followang five operations oare
user-system interface

R user operates
system, and the
defined ot the
level [BERN 81].

Begin Transaction,

Rezd (data_item),
Write(Qets_atem,row value),
Rbort_Transaction,

End Transaction.

B user's trensaction 1c &
Write operstions on perticipating date
bracketed between Regin Transaction and
Abort Trensaction or End Transaction operations. 2
Begin Transaction call results in the crcetion of
& trensaction menager @t the user's site which
processes 8ll wuser's reocuvests following 1t. The
transaction menager initizlizes i1ts subtrensecticn

sequence of Rced eéend
1tems

Put, 1f & locel subtrensectior does not exist et
thet site 1t creetes ¢ locel subtrensection there,
=nd to which 1t pesses on the recuest Tt elso
updates 1ts subtrensgoction_teble fince the model
follows en optimistic concurrency control scheme &
user's Read enc Write recuests never fail.

vhen 2 locel subtrensection gets crested, 1t 1s 1n
sterted state It 1mtislizes 1ts zctivity tekle
that functions &s & buffer to keer information
2bout deta 1tems sccessed by 1t. For eech date
1ter entry in the activaty tekle, there ere fol-
lowing fields* (1) the neme of the dete 1tem,
(11) 1ts current_vezlue, (111) the version 1d (only
for those datz 1tems that have been read by the
user, end 1s useful for read certfication in the
end), (1v) the token 18 (filled oafter certifice-
tion), (v} & read fleg, set 1f the dates 1tem 1s
read, ané (vi) ¢ write flag, indiceting whether
the user has updated the deta 1tem or not 2An
entry cen have some fields set to null

When & subtrensaction receives & Read(dete_1tem)
recuest from 1te transaction menzger, 1t checks
whether or not the datez 1tem exists 1n the
activaty table. If 1t exists, 1ts current_velue 1s
returned to the user. If 1t does not exist, 1t
1ssues 2 Read Data(date_item) request to the dete
manager. After 1t receives the response from the
Gate manager, an entry in the &ctivity table 1s
created where the name, the current_velue (set to
the value of the date 1tem returned), &nd the
vesion 10 fields are filled, and the read_flag 1s
set When & subtransection receives @

Vrite (data_1tem,mew_velue) reouest from its trens-
ection renager, 1t zgein checks the activity takle
for an entry of the datz_1ter If 1t exaists, 1t
overwrites the current_velve in the teble by the
new_vzlue supplied, and sets the write flag. If 1t
does not find the dete 1tem in the teble, 1t
creztes en entry 1in the activity tasble and fills
accordingly. Please note that 1t does not 1ssue
eny recuest to the date menager.

When & trensection menasger receilves én
Rbort_Trensaction commend from the user, it sends
chort sigre) to 11 a1te locel subtrensactions (by

takle that keeps 1information sbout the s=et of
locz] subtransactions participating in this trans-
zction. To start with the teble 1c empty When 1t
receives & Rezd(deta 1ter) Mrite (dete_item,
new_velue) recuest, 1t checks whether or not a
Jocel subtrensaction bas been crezted et the site
of the recuvested datz 1ter. If 1t exasts, 1t
passes on the recvest to the locezl subtrensaction,
end returns the reply received to the user.
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going through 1ts subtransection_takle), and a-
borts 1itself When & locel subtransection 1n
started state receives an ebort_signzl from ate
trensaction meneger 1t Ciscerds 1te activity tekle
and terminetes PRut when & trensaction menager
receives the End Trensection comrend from the
user, 1t acquires & syster-wide unicue tirestamp
by 1ssuing the Get Timestemp() czll, and follcws
the distributed certification scheme



2.4 The Dagtributed Certification Scheme

The distributed certificstion schewe follows tvo
rhase certificetion protoco] In the first rh=ge

7
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menzger sends 2 certify signsl to ell participet-

ing subtransactions, and waits either for =2
certification success, or for & certification
fai1lure signzl from each one of them If 1t
receives & cerificetion failure signal 1t enters

the ebert phase, sends gbkort signal to 211 par-
ticipating subtransactions, éend termirates. But,
1f 1t recives 2 certification success signal from
each of 1ts participating subtraznsections 1t com—

rits, cné enters the commit phose. In  the
commit_phase, 1t writes commit _flag in s stable

place [LAMP 76], sends commit signal to 21l par-

+iomatring and wailte

WoOilo

subtransactions.

CALLpOlAlly SULLLOUSALLaVaey Gl

acknowledgements. 2fter receiving acknowledgemert
of 1ts commt signal from every participants it
terminates.

for their

cal

Similer to the transaection manager, a local sub-
transaction also goes through two phases. When 2
subtransaction receives & certify signal from i1ts
trensaction manesger 1t records 1ts started state
1n a steble place and enters the local certifice-
tion critical section, the first phase of the
two_rhase certification protocol. Each site hes
1ts own locel certification critical secticn which
1s as follows*

< for each entry 1in 1ts activity_table

do begin
1f read_flag and write flag
then send RW Certify recuest

to the data manager
else 1f Read flag
then send Read Certify recuest
to the data manager
else send Write Certify request
to the data meneger,
% -— data manager responds with
<request_certified boolesn,token 1d>\
1f not reauest_certified
then locpexat
else save token_1d in the activity table
enc;
1f recuest_certified
then signel certification success
to the transaction meneger
and set state = certified
certificetion failure
to the transsction mwsnsaer
end terminate,

else signel

< > denotes the criticel section

407

Cn successful certification, the locsl suktransec-
tion comes out of the certification critical
section, end 1t 1s 1n certified ctate. Tt weits
for an commit/abort signel from 1ts trersaction

™m
4

ar ney
=24

anr  and on ras, b T

= 7
ager, 2nc on re

~ T ] 1+ avecnita
<1V J

-
y 1L TATLULTCS

the following

for each entry in 1ts activaty table
Jdo fetch the token 18 of tbe entry (say, t)
1f 1t 15 a commit signal
then send Install Token(date_item,t)
to the dates meneger
else send Delete Token(data item,t)
to the data manager;

send acknowledgement to the trensaction manager
and terminate;

Please note that unlike the centralized certifica~
tion scheme [KUNG 81] tbhis portion of the code 1s
not pert of a critical section, since an
Install_Token regquest or s Delete Token recuest 1s
related to a specific token of the datz i1tem, and
1t 1s bound to get honoured 1irrespective of 1te
arrival time.

It 1s importent to reelize at this point that the
presence of a token may forbid a certification
recuest of some other subtransaction getting hon-
oured, e.g., the subtransactions facing
Condition(11) and Condition(iv). Fence, to inbance
the success of certificetion recuests, the locel
scheduler should give priority to the processing
of abort signal received by a subtransaction 1n
certified state.

3. Failure Atomicity and the Distributed
Certificatiop Scheme

While presenting the certificetion protocol, we
had essured a relizble distributed system. But, 2
distributed system 1s prone to failures, and to
ensure feilure atomicity @ transaction menager, on
receiving the End _Trensection recuest, must follow
the two phese commit protocol [GRAY 78] in com-
municating with 1ts locsl subtrensactiong The
two_rbase certificatior protocol and the two_phase
commit protocol can be nicely integrated since the
logicel point in the execution of the transaction
maneger (end local subtrznsactions), on which the
rhase does change 1s same for both the protocols.
Hence, a certify request cen be accorpanied by a
ore commit recquest [GRAY 78], and a commit/abort
signal cen be treated as 2 signzl for both the
orotocols, 1.e.,, no extre message cost 1s paid to
guarantee failure atomicity.




£ A Daztoaketed Certificetion Schenme Beged on
Negotiatiors

—————

In the dJdastrabuted certification schere based on
tiresterp, the certify recuests of concurrent
conflicting trersactions ere crcecred zccording to
their tiwestemps which 1s essigned to thew, by the
syster, prior to the occurerce of the conflict., 2
certify reocuest that reaches 2 site out of order
gets zborted, resulting i1n the restart of entire
trensection, In plece of essigning & timestamp
prior to the conflict, 1f 1t 1s essigned zfter the
occurence of the conflict 1t 1s possible to
selvege the transaction which otherwise would heve
¢ot ~borted [SINH 83]. We have incorporated the
concept of zssigning 2 timestamp after & conflict
has occurred in our certification schere based on
timestemp, and have come up with 2 new scheme, the
negotizted certiafication schere. A transaction
that would have got aborted, in the distributed
certification scheme, on Condition(ii) and
Condition(iv) can be salvaged in this new scheme.

The negotiated_certification scheme distinguishes
1tself from the dJdistrabuted certficztion scheme
based on timestamps in the following ways.

(1) Contrery to the CQistributed certificetion
scheme, where e transaction mareger accuires
a unigue timestamp from the syster 1n-
dependently, 1n this scheme, the transection
maneger tries to get 3 unicue tamestzmg,
thet will guarantee 1ts serislizzbility, by
going through negotiation with participating
data 1tems.

(11) The trensaction meneger negotiates directly
with the participeting dete menagers, and -t
does not creste any locel subtransacticn
All tasks, earlier done by & 1loccel sub-
trensaction (e.g., meinteining
activity_table, interacting with detez mwene-
gers, etc.), are done by the transaction
manager 1tself

(111) When the regotisticr 1s going or emerg the
transaction maneger end 211 1ts particapst-
ing Jdatez menegers, 2&l1 deta 1tems per-
ticipating 1in tbe transaction ere put uncder
necotigticn locks 2nd bence, no process bas
to go through eny crrticel section.

(1v) The negctizted certificetion schere bas
three pheses: YMcoctiaticr phase, Certafice-
tion phese, and Irstellation ghese
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4.1 The Cbrect Model for the Negotisted
Certificeticn Schere

For neagotiated certificetion, the Lkesic object
mciel needs mocificetion, and the modified chiect
model provides four more pramitives The first
three priritives oere pregotiation cells
(corresponcing to the three certification cells
described 1n section 2 2), end the fourth prami-
tive permits & trensaction maneger to shandon 1ts
neootiatior with participsting deta menegers It
also gives different semantics to the three certi-
fy primitives descriked earlier in section 2 2.

Pead Negotiation(deta_item,version 18}
returng <negotiation feesible boolean,
renge of timestemps>

Write Negotiztion(date 1tem)
returng range of timestamps

RW_Negotiation(Bata_jtem,version i)
returns <negotiation_feasikle koolesn,
renge of timestemps>

Withdrew Negotistion(data_item).

In the wmodified obaect model, a date 1tem offers
two separate negotistion locks whick are incepen-
dent of each other real negotiestion Jock and

P R
write negotiztion lock  We mention rw _negotieztion

lock when the read negotiztion lock as well es the
write negotietion lock of the dete item 1g 2c-
cuired by the came process When & dats 1tem 1s
under & negotiation lock, the deta meneger keeps
the negotiation recuests of the seme type pending,
and rejects ¢ certify recuest of the corresponding
type, cother than that received from the owner of
the lock. Processing of &ll1 other recuests
(Read_Date, Install Token, and Delete_Token) coes
rct get affecte? by the presence of &
negotietion_lock For the owner of tbe
negotiation lock, only two typce of recueste ere
velid, ¢ certify recuest of corresponding type, or
the R1thdrew_Negotiation recuest. 2ny of the two
reouests, on corpleticn, w111 remove the
negotiation Jock A negotiation lock should ke
distinguisbed from other locks since (1) 1t for-
bids only negotiation reouest of 1ts type end
(11) the negotiation_lock 1g for extremely short
period, and 1t 1s withdrawn by the very next
reauest of the owner. Again, to make 1t resilient
to failure, each negotiation lock 1s associrated
with & timeout.



Read_Negotlat1on(data_;tem,vers1on_;d)- The
requester provides the version 18 of the version
that 1t had read eerlier, end 1t wente to negcti-
ate for o timestamp (esking @ renge of time-
stamps), 1f possikle, with which 1t will not face
eny antagonistic conflict witbh those zoncurrent
transactions that have accessed this date 1temw
The dste menager keeps the request pending 1f the
deta 1ter 1s under 2 read negotietion lock

1f twritey # version 1d

then negotiation feasible = fzlse
else begin
negotiation feasible = true;

1f Wtoken C 1s enpty
then range = <twrite, .c0>
else begin -
get the youngest Write_ token,
t, of Wtoken Q,
range = <twritey..twrite;>
end Y =t

end;

1f negotiation feasible
then put read_negotiation lock
on the data 1item;
send response to the reguester accordingly;

Write Negotiation(data item): The dJdeta maneger
keeps the recuest pending 1f the data 1tem
under & write negotiation lock A

Write Negotiation reouest never fails.

18

1f Rtoken Q 1s empty
then range -= <tready..o00>
else begin -
get the youngest Read token, t,
of Rtoken Q;
range = <treaf¢..©00>
end; "

put write negotiztion lock on the dete 1tem;
send range as the response to the recuester;

RW_Negotiation(data_item,version 1d): It 1s a2 com-
bination of a Read Negotietion end =&

Write Negotiation requests. A user who has read es
well as written the deta i1tem will issue this
request, negotiationg for a2 timestamp (or & range
of timestamps) with which 1t will not face any
antagonistic conflict with those concurrent trans-—
actions that have accessed this dete aitem. The
dats menager keeps the recuest pendirg 1f the date
iter 1s either under a read negotizticn lock, or
under & write negotiation lock

1f twritey # vercion 16

then negotiztion feasible = felce
else kegin
negotiation fessible = true,

Af ¥Vtoken € 1s empty
then rengey = <twrite, oW
else beoin .
get the youngest Wraite_ tcken,
r, of Wtoken ¢;
rangey = <twritey..twriteed
ené e =

end;

1f negotietion feasikle
then kcgin
Af Rtoken O 1s empty
then rangey = <tready..o0>
else begin B
get the youngest Reac tcken,
t, of Rtoken 0;
rangey *= <treadi.. 00>
end; -
range := ranger (\
1f range 1s enmpty
then negotiztion feasible = felse
else put rw_negotiation lock
on the data 1tem;

rangey;

end,
gerd response to the reguester accordingly;

Withdraw_Negotiation(data_item): On receiving this
recuest, the data manager checks the 1dentity of
the owner of the negotistion lock. If the reaues-
ter 1s the owner, the negotietion lock 1s with-
¢rawn, and 2 pending negotiation reauest 1is chosen
from the cueue (1f any). If the data i1ter 15 not
under negotiation lock, the recuvest 1s ignored.

Certify Reqguests: P2 certify recuest of a process
gets accepted by the data manager only in the case
the deta 1tem 1s under regotietion lock owned by
the sarme process, not otherwise. Since a2 certify
recuest carries the negotiated timestamp, the
certificetion 1e bound to succeed, provided the
negotiation lock 1s not broken by timeout. 2
certify recuest, once honoured, creates a token of
corresponding type (s discussed 1n section 2.2)
and then, 1t releases the negotistion lock.

4 2 The Trensaction Processing Model for
Negotieted Certafication

The user interfece to the system remains un-
changed, but the activity of the transaction
manager chenges qualitatively.
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Thare 1s nc concert of ’ocel subtrznsaction, and
the transactior menager comrunicetes directly with
the participating data menagers.

wben a user 1ssues ¢ Pegin Transaction recuest, 1t
results 1n the creation of 2 trensaction meneger
at the user site. The transaction menager inita-
etes 1ts activity table (seme as thet of locel
subtransactions in the distributed certificetion
scheme), and 1s in sterted state. When 1t receives
any of the recuests, Read(dato_item),
Write(data_item, new_value), and Abort Transaction
from the user, 1t operates in the same wey as e
Jocal esubtrensaction does 1in the dJastributed
certificetion schewe, 1.e., 1ssuing appropriate
cells to the data managers, updsting the
activity table, etc. But when 1t receives an
End_Transaction commend from user, 1t follows the
negotiated certification scheme.

4.3 The Negotiated Certification Schemre

The negotiated certification scheme follows the
three phase negotisted certificetion protocol In
the first phase, the negotiation phase, the trans-
action monager scans through 1ts activity table,
and sends appropriate negotiation recuests to the
participating data meraegers. If the negot:iation
requests get granted by the dsta menagers (1.e.,
all perticipating data i1tems are put under either
read, or write, or rw _hegotiation lock), the
transaction manager receives a range of timestemps
from each of the participating date wenesgers. It
computes the intersection of the ranges of time-
stamps received If the intersection 1s empty (or
any of 1ts negotiation requests get rezjected) 1t
means that the tranaction manager 1s ungble to
acquire, through negotiation, a unique timestamp
which would guarantee the global serializability
of the trensaction In this cese, 1t sends

Withdraw Negotiation to datz managers that hon-
oured 1ts negotiation reguest, and terminetes.

If the intersection of the ranges of timestamps
received 1s non empty, the negotiation 1s succes-
sful, and the transaction manager chooses the
lowest timestamp from the intersection, called the
negotiated timestamp. Tt sends certify recuests to
211 1ts perticipating date menagers, slong with
the negotiated timestemp, &nd entere the

certificetion phase. Since @211 perticipating date
1tews are put under 2 negotietion lock, & trensac-—
tion manager w1ll receive certification success
signels from 1ts perticipating dJdata managers,
unless some locks got broken dve to timeout. P
successful certification crestes a token for the
data 1tem. If the transaction manager receives one
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or more certificetion feilure
Delete_Token reouest to )1 date mensgers thet
bave honoured 1ts certification recuest, and ter-
minetes, Cn the other hend, 1f the transection
menager receives certificetion success signels
from 11 1ts perticipeting dets mansgers, 1t
writes commat_flag in & steble plece, enters the
commt phage end sends Instezll Token recuests to
all perticipating dJate menagers. On receiving
acknowledgements of 211 1ts Install_Token recu-
este, the trensection meneger terminates.

signels, 1t sends

4,4 Faalure Rtomicity end the Negotizted
Certificetion Scheme

To guerantee failure atomicity, the transaction
menager follows two_rhase commit protocol while
communicating with the perticipating Jdate mana-
gers. Similar to the case of distributed

certificetion scheme (discussed in section 3), the
two_phase commit protocol can very essily be
integrated with the latter two phases of the
three phase negotiated certificetion protocol.

5. Summery

(1) We beve proposed 2 timestamp based
certificetion scheme for transections 1in
distributed database systems. P transaction
mey fail to get certified 1f 1te certificae-
tior reouest reaches ~ site later than that
of & conflicting younger trensaction.

(11) We bave proposed a negotizted certification
scheme for transactions where the system
negotiates with participeting date 1tems for
a timestemp wath which the transaction will
not facc conflict with concurrent trensec-—
tions, and will get certified.

Either of the two certification schemes can
be 1integrated with the two phase commit
protocol so approrriately that the integ-
rated schere does not pay any extra message
cost for guarenteecing failure ztomicity.

(111)
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