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The maintenance of consistency in a daistrirutea

conaitions of network partitioning,

This thesis investigates tne Use nf & progosen

solution for a numper of the prooiems tfacing tne
systen designer in the areas ot concurrency

partitionea networks, and longe=ljiveo trans§ctions.
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the dataocase system contalns replicated gata ana 1s also

designed to provide a nigh dearee of avalilapllity under

dagagtlive

congcurrency control algorithw a3 a §£0s8sioie ajterractive

Jatacase

COntroi,

: ..
9,
kot A e

emalalalsiase

-——

.

ST

i
s

Jvd

o

falal g o 4

a2 ..




TABLE OF CUNTMNIS

I}‘TRODUCTIUFJ ® 2 80D G I 0PI NC 00 QPO eROEEOIOOOLNETSTETSS

PREVIOUS WORK UN THESIS SUBJECT AREAS seecerncas

1,
11,
A,
B,
Co
D.
111,
A,
B,
v,

INTRODUCTION seseesvecvsassasensscsccsascsas
CONCURRENCY CONMTROL soasvesncosoncncrcannssn
NETWURK PARTITIUNING eeeeovsseseacsccncansose
1, une Partition SOLULIONS eeeevsncccsnannse
€. MultlePartition SOLUTIONS .esesvsvecsasnss

LQNG-LIVED TKA&&ACTIUNS 98 ee s et eI ROC RN TSI

TRANSACTION MOULEL AND The PRUPQSLD ALGURLTHIY oo

DESCRIPTION QF Tnte TKANSACIIUN MUDel sececee s

TRANSACTION EXECUTLION EXAMPLE +soesscsvssesses

EALTENSIONS TU Td& PRQPOS?D ALG?PJIHM EEEXEXREEEEN

A,

LUNG=LIVED TRANSACTIUND seceecscvnsceccassess
le Compensating ITansaction AppProach seeeas
2, A more General APProaACN ,seecvsessancesen
3. Temporary Versions and Long=-Livea

TransactionNsS esecescccesssnscescsnscsnans
4. [emporary versions ana the Dominc

EffeCL cevecceseensceseorssnsocscsnasconas
S¢ CONCLlUSION cevectnvossscctcnsccscsscnccnns
NETWORK PARTILIONING saqeaseescsccvccevecscnse
1. Partitioned Processing ceecsceoesnccceres
2, requirements For Conhcurrent Execution .,

3. Solving Tne Mutudl Consistency Prociem ,

11
11

il

;9
1»
17
14
e
25
31
31
32

23

35
37

37

s
S
Y R
.,.}”/”;K..
o g . s et




| . e e e B L A R L M A AP A TeTTTRTM

)
4, Partitions Create Lonha=Lived

. TranSaAcCtioNS cesssessenconsccevoessossnas +3

V. SIMULATIUN AND TESTING METAOUOLOGY seeoeococosss 49

) Ae INTRUDUCTIUN eeevascessraessassssansscnncncas 449

Be DATA STRUCTURES ssseesecssacsstsscncsosenscne 59

1, TransSactiONS ceesvasevsencnvevncnssasosas 50

2, Confllct HisStories sseeeveccesscscccacce 52

3. DAta UDJECLS seeseussavesnnseransssssncs 53

%, JAT3 DICLIONATY escvoesvvvstsncresssnrccssacs 23

Co SIMULATION EXECUTLON eeesosesenncssssscescses 54

1, bpgclfyinq the lest whAVIIONMeNt ceeeenee o4

2, Algorithm Simulation E£xeCUtionN ceeevconn 55

Do TESILING SCENARIOS eeecossasasesscsssasaneses 59

VI. TEST RESULTS sesvecesvvcaccavcoacreosarcosnanaas cZ

A, TRANSACTION STREA! LINPUT ceecesssccssssseaas 03

Be TIME=QUL PARAMETEX sevecsosasvsrncsssacsncen b

Ce THE "N" PARAMETER cevecssevsesrssccscscsccrans oo

Do CONCURRENCY CINTROL UVERHEAD convsesscsasans 07
VII, CONCLUSIONS veosovseenscsossnssanssessscnsassoas Iy i;f;j
APPENDLX A (PRUPUSED ALGGRITHM) cecoccvsvessoccanaasss 73 — :!ﬂ
APPENDIK B (SINULATION SOURCE CODE) sueeneeneesesacsaes /] o
APPENDLIX C (SAMPLE SIMULATION UUIPUT) seseeeecessseces 189 : lf?
LIST OF REFERENCES cecevacscecoossscesorossasnsstcsnnns 213 -,‘Qi
INITIAL DISTRIBUTION LIST eeeevenescvassesesccansnnces 213 ]




S S T Ty - . T w7 Y.y T e 2T 7 0% FTONT T AT LT T T T T e Y T e T T e T W w T,

Ie {NTECOLCTION

A fungamental concept tor gatavase systems is the rotion
of consistency. If a database 1s viewed as a set ot aata
objects whicn are related In some way, 4na {r these
relationsnips are viewea as assertjions about tne onjects,
then a database s considered consistent only it it
satisfies all integrity assertions, Transactions which
enter the database system and read or alter trne values 1n
data oojects are said to mocve the datdacase from one
consistent state to another, Thus, tne transacticns,
comprised of a set of atomic actions are consiaered units of
consistency. Since the transaction’s atomic actions cannot
execute at precisely tne same instant in time, the 4datapase
can pecome temporarily inconsistent, Moreover, conéurrent
execution can cause the dataoase to beccme ipnconsistent,
Therefore, to insure database consistency, a concurrency
control mechanism is requirea,.

Tne main task for a concurrency control mechanlsm 1s to
insure the serfalizabllity of transaction execution, i1t all
of the transactions in a database system were to execut2
serially, that is one right after ancther, consistency woula
be insured as no transaction could LIntervene 1in anotnher’s
execution cycle, 1f a set or transactions execute

concurrently and the result of tnhat executicn 1s equivalent
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to the result ootained from scne sequential executlor 53 Ttr2
same set of transactions, tne executlon 1s sala ¢tz ¢e
serializapcle (1], Sarifalizacle execution of transactions (s
sufficient to insure consistency in a datapase syster. ANy
execution sequence which cannot be serializea "ust not oe
allowed.

Tne mechanlsm for concurrency control we ipvestigate 1s
a proposea aagagtive concurrencCy control algoritnm pdasea <n
an optimistic strateqy for insuring datapase consistency,
Badal (2,3]. A transaction scneme emdoloylng SupLransactisans
with related atomic actions provides the transaction Mmoaal
tor the algoritnm, The proposea algorithm 1s orovigcea 1in
Appendlix A,

For a distrioyted datavase system, tne opartitionz2a
network environment introauces some aitficult problems. &
network partition occurs when tTwo or more aislioint
collections o0f nodes cannot communicate betseen tnemseives
even though noaes in a given sybset ot tne netasors Aare
operational, In a database system wnich cgcroviaes scre
degree of availaollity in the face of network Qartitioning,
tnis situation can completely Jdestroy nutual consistency.
AS a4 result, most solutions to tnils proolem oroviae a less
than desirable degree of cata avgilanility while operatinag
in the partitioned moce. Because ~e consider availaosility
of data Just as important as consistency for a aistricuteq

system, and since tne proposed algoritnm proviaces varyinc
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degrees of avallapility while maintaining Tutuael
- consistency, se extend the algoritnm to acnieve a soiruticn -‘
for the proolem ot the partitioned netsork and anAalyze its i
usefulness as a possiple solution to tnat prorlen, :
The transaction concept, which nas calnea wlae :qi

acceptance in such areas as airline reservations, electronic
fund transfers and car rental applications, does not in
itself place any limitations on the auration of Transactions
in a system, 1In this regara, tnere d4re soMme interestinz
parallels Dpetwseen the notion 0f a long=livea transacclon &s
introduced by Gray [4] and tne notion of temporary cata
states w~hich 1is contained {n the proposal for tne adaptive
concurrency control algorithm. The nparallels oecome Tore

pronounced once the algorithm is consliaerea {in tne context

0of a concurrency controli mechanism operating unaer netscr«

rartitioning, we analyze this situation in thils tnesis «iTn

the hope of shedaing some llignt on tne sybjlect,

g

Chapoter 2 is a summary of netnods pPreviously oroposea as ’;
possiple solutions to tne aforementioned oreciems zealini ;éi
with tne majintenance of consistency {n 4a ddatacdse system, =04
Chapter 3 introcuces the transaction model 3ang tne proodgsen

algorithm, In cnapter ¢ wse extena the algoritam to tnhe

netW#ork partition environment end aiscuss 1ts application to ’.!1
long=Llived transactions. In cnapters 5 and o we droviae an _\E
implementation of the algoritnm as w»ell as test resuits fcr iia
ditferent  scenarios, eq. tor various classes ot r!i
E

9 R
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transactions, aitfering degrees ot contlict rates, acliierant

complexities of noneserializaole execution, etc.
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I1. PREVICUS #0RK IN THESTS SUBJECT AREAS

A, INTRODUCTION

In tnis chapter ~e discuss some orior prorosals «ricn
have bteen introducea 2as possible solutions to the groclems
0f concurrency control, network partitioning, ana Llona=livea
transactions, In lookKing at concurrency <control we are
particularly i{nterested {n metnoas #nicnh, wnile 1insurincg a
consistent datapase, could also easily aacapt to the ever
changing database env;ronmenc. 4N tnhis regara, ve
discovered tnat there was a4 paucity ot metnoas wricn
providea any significant measure of tlexibiiity £or ei1tner
the datapase designer or tpe datapase user,

snile analyzing metnods for aqeallng ~1th odrtitlonea
network environments w#e are most interestea 1n soliutilons
whicn allow for non=stop ogeration in all partitions azter
network partition. Ihree solutions in this area provea mcst
attractive and providea some insignt towaras the extension
0f tne proposea algoritnm to tne cartitioned environrent.

At present, very little nas bteen written aoout tne
longe=lived transactlon problem In catapase systems., 4e
tnerefore present some thouqhts on tnhe subject oy Gray La]

and make an attempt to analyze these concepts 1n liynt of

tne proposed algoritor,

11
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T#o phase locking regquires a transaction to acculre 2
lock on every data objlect 1t will access oefore any of tre
locks are released. TInhis reduces the availacllity ct the
data objects as some of the data opjects lockxea oY the
transaction could have oeen open to reaas or ugcates «#nile
the transaction sas execuyting at cther adta ocjects., [his
metnod also has an aaverse eftect on tne level ot concurrent
execution which is experiencea py tne transaction., 1als i3
true because no portion of the transaction, nowever aisloulnt
it may ope ¢trom other components oOf tnhne transdction, 1s
allowed to execute in the system until every data ooject (s
lockea. However, wnen two=pnNdse LlOCK1NGg 13 compineu »1ta 3
two-pnase commit policy Such tnat commit occurs at tne 2ng¢
0f transaction executlicn, Aa simole regeovery metadc fCT
transactions is provigeda,

Tine stamps provice a second strategy ttor concurrency
control in a4 aistricutea dataoase systen, Jnaer tols
strategy, transacticons Are reguirea to execute in tne ornaer
of tnelr tlmé stamos, Time stames, in conjunction w»itn A3
t¥o=phase commit policy, can pe aliwost as restrictive as tne
twoepnase locking scheme in regaras to aata obpject
avajlability ana concurrency of transaction execuytioan,
Moreover, the lack ot glocgl system ANnoWieage At networx

partition provides the timwe stamp solution with nigntuwarisn

P - W T S N U

4
s
sk

o,

[ P

' _.4‘ dase o 4 ._!.. P

SO SR, 2N

- -
‘EAAA L—ALLE‘A‘_AA )

e



problems at merge time as consider3ition must bte given to tne
differences in time stamp assignment among all tne comcuters -
in the system, Gteither <tasc=-pnase locking NCr tite stamcs
provide a general solution to tne Jlong=livea transacticn
problem as neitner rprovides a mechanlsm wnicn can maxke a
alstinction betw¥een aata whicnh 1s permanent &na <cata wnicn
is temporary.

A strategy tor concurrency control +#nicn seems tO o2
gaining in popularify 15 called optimistic cecause it freely
allows transactions to execute witnin tne system and insures

that ¢tne results ot execution are seriallzdtle at tnhe azata

opject itselt, Tnis strategy is cased on the &ssumpFiion
tnat the conflict rate at a given cata ooject 1s low cecause
tne pcrtion of tne catacase accessed at any one time oy the .:‘1
atomic action of a <transactlon is small, 1,e., tne locx ]
granularity is small, Ullwan (5)J. Since it nas oveen SsSnNown
that (n many real-lifte agplicactions the procapoility of 0y
contlict 1is low, several prorcosals tor optimistic

concurrency control have been publisned, For a centrgllzed

, .
Iy ) PO

aatacase, hung and Rocinson have proposed a solution ial.
Inis approach was elaporatea on by Cerli ana Lwickl (/] ard
applied to a aistriouted datapase systenm, pagal Lz,3]

descriped 4 dlfterent approach utilizing an alaoriecnm

,
ki
ik

intended for use {n a aistributea system, It is tnis iast

e
'
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approach, extended by Bacal ana WMcelyea (s8] wnicn e
invesitgate for partitioned network execution &ana Long=liven

transactions.,

Ce MNETWORK FPARTITIONING

1. QOne Partitiocn Sojlution

lnhere are numerous solutions allowing one partition
operation in the event the networx expceriences cartiticning.
Since these solutions restrice availapility to 3N
unacceptable degree, we spenc lLittle time on thelr analysis.

Examples of these methods ere : voting, token
passing and primary sites, In voting eacnh site is assigned
a welgnt or numoper of votes, ashen a partition occurs, tne
sites in the partition witn tne most votes are tne sites
which can process transactions witn the least restricticas.
Sites in other partiticns can process reaa=-only type
transactions, »ith token passing each aata object nas A
token a4associated w«ith It «#nicn moves from site to site,
when a4 partition occurs, tne site w#itnh tne toxen £for a cata
coject may wupdate chat cata ooject, Primary sites 1is an
approacn where eacn data object nas a site assignea to 1t
wnich is responsible for a data oblect’s activities., At
partition time, 1f a transaction is executed in a cartition

that contains all the data objects in 1ts read and arite

14
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sets, the exe-ution 1is allcwed, utnersise, orly rea-s
operations are permitted,

Each strateqy attermpts to make tne ypaatlne or Aata
objects site=specific ad4ccording to a4 set o©of Trules anag
constraints, &Since the methods restrict activity (usually
updates) in scme partitlons, cata dvailaoiiity 1s aecreasea,
Consistency preservation varies trom metnoc to metnod,. in
voting, consistency is easy to malntain ~ith a nign cosSt 1in
availability as only the partition «1ith tre most vetes can

perform uypdate cperations on data ObJeCtS. This aeqgree of

(Al

freservation s not the c4Se siCn <tTnhe criuary 31%eS
strategy, «nich 1s similar ¢to the token netnoad, a&as thne
primary site for upaates could be involvea in a nard c¢rasn
and an alternate site is acesiynratec as a ocackup, UJdver aill,
each of these methods tall short ot a Jeneral solutich 1t
the desirability ot achieving o rezsonqole talance oetween

insuring consistency in a qatgbase ana providing a nign

degree of gvailacility at all sitces.,

2, #yltiepartition Solutions

Approaches to the particioning ©oroolem nave peern
suggested wnerepy consistency is maintained tnroughcut tre
system and increased availaoility is provicea at any given
site.

Parker ana Ramos (9] proocose @ metnog wnRlCN %0Uil

utilize a logetilter ana version vector sclneme o auetect

13
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multiple file joint consistency. This prooosal 4dcar=2sses
the automatic aetection of mutual Llnconsistencies at roe
file level and at the partition merce intertace, it 130es,
nowever, rely on user intervention auring processing tc
decide on a course or action once certain tyres or conflicts
are getecteda, In aadition, tnls approacn allows tor sowre
low level of i{nconsistency to exist in tne file system for
snort operiods of time after a transaction nas inp tact
committaa,

An approach involving semantic Xnosleage apcut the
datacase dprlications was proposec cy Faissol (lol. #rive
classes of semantics sranninrg the most simple operation to
the most complex are usea to allow upaates in ircepencent
partitions, Each class shares a commcn merde alaoritnm
which c¢an bpe tailored to a particular application cy tne
application programmer. At present, of tre crocoses
solutions to the partitioning proolem, Faissol’s approacn
seems to ne tne most interesting ana complete, 1e aces,
however, assume that a concurrency control mechanlsi exists
wnich will {nsure consistency in eacn 1indivioual partition
during periods of networx partition, Ine mcst atiractive

teature in the proposdl is that users may operate the system

under partitioning 1n a manrer snicn assures reconciliation

can pe pertormed automatically at merge time,
A metnod for auytomatic control of consistency Aand

datapase gqata object reconciljiation «nich relies on the

1o
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manipulation ot precedence graphs s proposea in =reszani
t11l. In this approach, Jse is made ot ralssol’s toyTal
definition of correct partitionea moae operation, *F4rtiticn
logs are utilizea to store informatlon necessary ror use cy
a partition merge algorithm, JTransaction activity is storec
in these 1logs +4#hich, a4t Terge tine, are convertea into
precedence graghs. TInese grarns 4re insgectea tTo 1hsure
that a resultant Jloval scheaule ot Ttransaction executlon is
serializapnle for all partitions.

#ilth tnese paoers as cackgrouna, 1n chapter « w2
investigate our pronosed adagtive concurrency control
algoritnm as a possiole canajdate for the concurreancy
control mechanism, during normal system operatiocn, «niie tae
systewm is partitioned, ang at gpartition merje tire. ae SO
tnis Investigation in tne nopes tnhat it may groviae +#ndt
seems to be a more general solution to tne netsork

partitioning problem,
De LONG=LIVED TKRANSACTIONS

vray (4] introduces transactions w~nich can persisc in 23
system for long gerioas of time petore they comnit, Inese
transactions may nave lifetires that can be measurea in cays
or weeks, For 1instance, appllcaticons sucn as travel,
insurance and escrow commonly nave transactions +nose
duyrations span sucn time frames. Gray envisayes solutions

to longe~lived transaction situation as having to accect a

17

TS YT I




D P A S A A A e R, |

@
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an extension of tne proposea algorithm as a go0ssiule ]
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concurrency control mechanisa £or JonNg=lived tr&nsactlons, .j

Inis mecnanism shoula not require the acceptance of a

lower degree of consistency in the handlinyg of tnese types __.;
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of transactions,
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I1i, TKRANSACYTIUN MODEL AND TnF PRUPASED ALGJIRILdA

A, DESCRIPTIUN UF THE TRANSACTIUN MiDeil

Tnis section descripes the transaction model, tre
components ot the concurrency conIrecl mecnanlsa ana
transaction execution under c¢oncurrency cControl.

Eacnh transaction enters and exits tne gistricutec systen
at one site, callea tne initiating sicte, {C 15 composec of
one or more atomic actions each of wnich pertorms either a
read or an upgate on a sirgle data ocject. Interdecenaent
atomic actions dre groupec into suptransactions, Ine
suptransactions may execute concurrentiy Or seguentilaliuiv.

A conflict history is a cart oz eacn transaction curing
its execution, This nistory is 4 recora ot Lie
transaction’s conflicts with otner transactions, contlict
is detinea as occurring w~nenever two transactions execute
any compination of read or upaate 0f tne same Jdatd ocject
except reaa-reaaq. The conflict nistory 1s upgateg #»ith
information hela at each gdata ooject visiteac Dpoy the
transaction. Tnis intormation 1s heic in a log (Ll Log).
The DJ Log holds the recora of a transaction®s activity
against the cata ooject along with data from ctne
transaction’s conflict nistory., Ihe uvO Loy, wnicn oferaces

in a fasnhion whicn 1is similar to that of 3 stack, is ucdated

19
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whenever the transaction accesses the catd ccject, L2 o
Log also 1indicates tne transacticn®s statusS as TemMCOTary,
committea or avorted, A commilted entry senotes a ccrmritten
transaction, 1l1.e. one whose lnjtiating site nas cetermineaq
the execution «cycle to pe cgmplete for sll of 1ts
suptransactions. It a <transaction 1s in contjiict wltnh an
entry {n the log which is not committea, it marxs 1ts entrvy
as temporary walting (t(«))., wsnen all previous temporary
versions (verslons generatead LY cther transactions) are
committed, a transaction’s tlemporary version, t(w), 15
changed to ready to commit (t(r)), For tne «case vnere 3
transaction nas to aoort, Aany transactions wnicn nave
temporary versions pased op tnat transaction a&lso nust
aoort,

buring transaction execution, a local concurrency
controller, resident at eacn site and executing a copy of
tne adaptive concurrency control algoritaa, utilizes tre
information c¢ontained in tne transact;on's conLlict nistory
and tnhe contents of tne UCU Log to geiect sna resolve non-
serializatle execution at eacn site, ine concurrency
control mecnanlsi® constructs a preceaence relation from tne
information 4in tne DU Log ana tne contiict N1story. A none-
serializaple execution OCCUrS when & transection appears in
more than one place in tne relation, ~nen non-serializapi2
executlion {s detected, the concurrency control mecnhanisn

will restore serializable execution v1ia a rollpack ana

20
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reexecution process which may involve onhe or more o: .2
transactions oresent in tne —rcreceaence relation, ({ne
restoration of serializaple execytion <¢can ope dcCcomoilsneAn
utilizing a metric incicating the amount ot "worx" sertorren
oy the transactjion,

snen a transaction attempts to read or urdate a gata
object at a aiven site, {t may or may not finu the ccjacet
locked by anotner transaction., I[f the opject is not lgcrea,
the transaction executes on 1t, howsever, should a loc< pe
encountered, the <transaction walts for 4 preqeterainea
period of tinme, It tne previous transaction releases tne
locx pefore the time=cut reriond explres, execution wiil
continue, witn tne jlock still reing present arter time=out,
the transaction attempting to access the op)ect sercs 4
conflict nistory to its initiating site, anrd inaicates it is
plockea at tne site, It will then 2e u¢ to tpe 1nittating
site concurrency controller to proceea #itn tne transaction
execution,

Once a transaction 1s allowed access to a data opJect,
it locxks that otjlect ana begins 1ts execution, Spoula tnls
transaction oe {n conflict, it may elect toc nold its iock on
the data object until the previous temporary versicn eltner
commits or aborts, or the transaction mnay release tne 19CK
atter creating its own temporary version., if tne tormer 1s
the case, the short duraticn locxk oecomes a long auration

locx and the concurrency control aigorithm saitcnes from tne

21
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optimistic moae to tne pessimistic mode, The .nurser ¢«
temporary versions (n) allowed to build up at a 1sta ccoject
can be adjustead to meet varidous application criteris an:
storage tecnnologies, If n = 0, then tnpe aiuoritnn
functions similar to two=pnase locking with t4o=pnase
Commit, FOr higher n, the algoritnm alloss a greater cegree
ot concurrency,

T#0 points snoula be noted here, 7The rirst is that anen
n = 0, a oceaalock detection process wili oe reuylrea ana
secondly, w#wnen n 1s high, a4 domino erfect can occur wherepv
all transactions «nOse LempoOrary versions are oasea of an
aborted transaction’s temporary version myst themsaelves
aport,

To illlustrate in more cetail now tne algorithm pertcrus
its concurrency control functjions, a view {s taken of tne
transaction as & carrier of information, The ctransaction
carries jits conflict history ¢from site to site anag i¢ a
transaction FURKS to execuze suptransactions concurrently,
eacn transaction carries a coPy of tne conflict nistory witn
it., At each site, the transaction attempts to detect anra
resolve noneserializable execution 4na 1n the sracess, 1%
updates its own conflict history w«nicn is depositea at tne
site in the data object’s DO Log, when tne transaction
completes its work, it returns to its 1initiating site. Any
concurrently executing subtransactions JJIN as tney move

towards the initiating site ana tneir conflict histories are

22
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merged, Before a transaction exits tne system, it “ust
ensure it has generatea only serfalizacle execution =zuring
1ts journey <tnrough tne system and onliy tnem may 1T COL™LT
all of its tempora.y versions.

At the initlating site tne transaction’s 2ntire conflict
history, accunulated during jcs execution cnrougn tne
system, i{s inspected., 1Llf the confiict nistory is emcty, tne
transaction is reaay to commit and 1t will so notify eacn
site where it nhas temporary versjons, Snoula a conriict
history contain entries, tnhe transaction sencs a cooy of its
conflict nistory to tne initiating site of eacn transaction
listed 1in the history., Ihe transaction that sent 1Ts
conflict nistory to other sites then invokes tne i1nitlatina
site’s concurrency controller, A creceaence relation is
constructed f£rom tne concatenation ot this contlict nistory
and any conflict nistories receivea from otner transacticns.
If no non=serlalizable execuytion 1s detected, the
transaction will send ({ts preceaence relation to tne
initiating site of wnicnever transactjcn it last aaded to
its preceaence relation, Thlis process continues until
elither non=serializaole execution is detected or until the
transaction receives a preceagence relation «~nich oniv
duplicates relations currently held. Iin the latter case,
the transaction 1s ready to commit and {t wiil be necessary
tor the transaction to breoadcast a commit nessaye LCO eacnh

Site w#nere the transaction nas temporary versions,
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For the <case wnere non=serlalizsapole exec.iticn

'~
n

indicated, serializable execution s restored in tn2 sase
manner as before, witn consiaeration given TO tne ecohowicC
factors invoivea 1In restoration, unce nonr=serializacle
executlion is no longer a possioility tor a qiven
transaction, the transaction enters 1ts commit ohase «rere
1t w4ill commit all ot 1ts temporary versions. Tnis oneése 1s
complete when all the <temcorary versions on wnlch tne
transaction nas pdsea 1ts temporary verslions pave commliren
ana the <transaction’s status s @warkea comrit 4T ail tne

data cpjects visites,

Cconsidering tne case asrere the 1nitiating site nas

recelved a conflict history from a suotramnsaction «nich nes
been dlocked out ot a aata object ana nas experienc2a i
time=out condition, tne iInitiating site takes tne sine
actions tnat it woula nave taken it tne transactlion raa
completed {ts course ana returned to the 1injtlatinyg site,
in this situation, any restoration requirea snould allow
this transaction to execute ldst oecause 1f it ala not, tne
transaction may create 1nore non-seri@llzaole execuytion 3atter
restoration,

The advantages o0f the proposed algeritnm can ce

summarizea as follows:

{« when there {s no conflict, it tunctions witn minipum

overne;d. There are fewer messages reqguired to commlt 3
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transaction thougn 1t must rce ©Pointed out AT Lo

'
w

reduction 1is acnievea at the cost of LoSing site agutcnony
for a Longer periocd of time,

2. An Increase {n concurrency may ©»De achievea v
dllowing transactions to access results generatea from otner
transactions not yet comnmitted., The algoritnm {s conslaereq
cptimistic 1n tpat it is a4assumea that tnose "not vetr
commitiea" transactions will eventually commit, L tals
does not occur, the amount of WorK »hiCn MUSC be UnNgon2 <an
be limited by a locxXxing mechanisme.

3. The algoritnm can switcn oetw2en oessimistic (usinw
long duration locxks) and optimistic (usinu sShOrt duration
locks) modes at any time and for any adate oobject, Taus, Iin
the same catabase, nignh centention riies can owerate in tne
pessimistic moae ana low contention tiies in tne optimnistic
mode = all oeing controllea oy Tne tne same CONCUrrency

contrel ajgorithm,
8, TRANSACTION EXECUTION EXAMPL,

For <this example w«e assume Lnat each waqata cCojeAct
accessea by @ transaction 1s located at a altrferent sit2
%1tnin the distrioputec system, Dat§ ocject (g} wiil ©oe
locatea at Site A, gata opoject {0} at Site b, and so tortn,
Furthermore, assume <tnat a rTelatively low aegree of

concurrency 1s desirea and tnus tne algoritne wiil switen

N
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from optimistic to pessimistic moqQes anen «4Cn
subtransaction encounters i{ts tirst contlict, Lt.e., N = 1.

Let transaction Tl enter <tThe system at Site A, il
conslists Of only one suptransdaccion wnicn £1rst execites at
Site C, Tl tnern transits to Site 3 «rere 1T, ugon
inspection of the applicable LU Loy, detects a conrlict «1lCn
transaction T2, Il executes On that data odject ana nolas 4
lock on (t as it returns to 1its initlacing site, 31te k.
T1°s conrlict nistory contains only 12 4t aata ocject ¢ «itn
4 metric retflecting Cre amount Of A40IX acne Dy twcin
subtransactions up to tne point in time 9% taeir reascrits
data object b, A Vviable torm for tne contiict nistory
entry, and the one usea in this example, is given as: 11 3
{T2T1 2 o ¢ 7},

Transaction I2 enters the system at Site [, It aisn
consists of only one subtransactlon wsnich filrst execut2s at
Site 3, tnen moves to Site F, 1lt there aiscovers tndat 1t 13
in contlict with transaction Ts, Lt executes on aata ooject
£, updates {ts conflict history to incliuage {13Iz2 : £ 3 4},
holds the lock on {f}, and trhen transits to Site C. AT 3S1ite
C 1t encounters a lock #nich 1s neld by I3, Atter waiting a
time=out period, 12 finas the lock still present., Lt sengs
a message to its initiating site containing its conflicet
history and the fact that it {s plockea at Site C. T¢ will
mark its conflict nistory with a "+¢" to inaicate that 1t 1s

still executing. T2 ¢ {(T3T2 : t : 4+}.
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Trgnsaction T3 enters the system at S$ite £ and ¢o”s8.303
0f two supbtransactions: ST3l and sT32. ST31 transizs L
Site ¥, executes there, ana then returns to 4{its initiating
s{te, Site £, Suotransaction oT32 moves from Site < to oite
C to execute tnere, After ootaining tne lock ana checking
the DO Log entry, ST32 aiscovers tnat 1t is 1n CORrlict aitn
transaction Tl. SI32 will execute at data ooject ¢ ang kKeen
its loex as it also moves pacx to Site £, its 1lnitiatinrc
site, ~nhen ST31 ana ST32 JJlM, Chey wilil werge tneir
separate contlict nistories to £orm ts°s contlict nistery.
Since 5T31"s is empty ana ST32°s ccensists of 41 &t agaata
object ¢ (assume the metric to pe (1) T4"s contiict history
wil]l oe T3 : {Tlr3 2 ¢ & 11},

wnen all 9of a transaction’s suptransactions nave
returned to their initiating site eltner tpe transaction
#111 ce able to enter its commit pnase or 1t will ce
necessary for 1t to invoke the site’s concurrency cantrotiler
in order to detect ana resolve cpossiple non-serializéoi=
execution, Since 1n our examble each Transaction n&as 3
non-empty conflict history, the initiating site must attentct
to getect non-serializaole executlion, Eacn transaction will
send 3 copy of its contlict history to tne initlating site

0f each transaction in 1ts cenflict history.
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TL ¢ {T2T1 : © & 7} ====> T
T2 3 AT3T2 3 £ 3 4+} ====> T3

T3 ¢ {T1T3 : € ! 11} ===s> 7]

Eacn transaction will construct a orecedenca relation
from the concatenation of 1its conflict nistory «itn any

conflict history 1t nas received from other transactions.

TL ¢ {T2T) ¢ o ¢ 1
T1T3 : ¢ ¢ 11}

T2 ¢ (T3TZ : ¢ : 4+
T211 3 o g 7}

T3 ¢ {T1T3 ; ¢ : 11
T3T2 2 £ : 4+}

A precedence relation w#1ll Tevedl the presence of
serializanie execution 1f, once @ rtrdansaction has received a
conflict nistory wnicn it nao received oreviously, it 1s not
avle Lo detect non-seéializable execution, That 1s, 1r ir
adding a relation to its precegence relation a transaction
aads only auplicate conflicts, and 1f£f amonast 4aill tne
conflicts rresent in 1ts orecegence reiation no cycles can
pe detected, then that transaction’s execution seauence 1s
serializaple, Transactlons will c¢ontinue to pass tnelr
conflict nhistories to the |injtiating site of wnichever
transaction was last ecded to 1ts contiict nistory, until
eitner noneserializable execution 1is detected or the
pPreceaence relation can detect serializaole execution, as

above. Since, {n our example, e nave not yet reachea
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either ot these conditions, it 1is necessary o r£ass =/ »
precedence relations whlcn have accumylated up to tnis -cint
in time, Tney will be passed as foliows:

Tl ====> I3

12 ==ee> )

T3 oome) 2

Each transaction constructs a nrew precedence relaticn

from the relations 1t receives:

TY {T2T1 ; o ¢ 7
T17T3 : ¢ ¢ 11
T3T2 : ¢ ¢ 4+
TT2T1 s o 1)
T2 ¢ {T3T2 : £ ;3 a4+
12Ty ¢t © ¢ 7
I1T3 3 ¢ : 11
I3T2 3 ¢ 3 4+)
T3 ¢ {T113 : ¢ : 11
T312 ¢ £ ¢ 4+
271 ¢ o ¢ 7
T1T3 ¢t ¢ ¢ 11}

Each transaction can no« detect tnat non=-seriallzaocle
execution has occurred since a transdction 1s listea in nora
than one location, sSince T2 is still executina, 1t 1s cest
to resolve the conflicts 1in a way wnich w»ill allow Iz te
execute last, (If none of tne <transactiors are still
executing then the Jleast Ccost transaction pair woulac oe
rolled pcack to break the cycle)., This means that 12%1 1s
the ctransaction calr wnich must bpe re=executea at .atsa

opject b in oraer to resolve tne non-serializacle execuyticen,

29
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T1 and T2 roll pacx to Site o, |1 executes ana raturns U2
its i{nitiating site witn an empty conflict nistory anz 13
able to commit., 4ahen [} conmits, T3 #1il Cnange Tihe o LS
entry at data object ¢ to t(r), reiedse 1ts locKk on (C}, ara

commit, Atter T1 has reeexecuted at {pr, 12 «1ll ce aple t9o

]

re-execute at {bJ, at {(t}, end at {c}., AL eacn aata Jdject
12 will acquire a lock, execute, dana mark {ts versions as
t(#) or t(r) depending on how long it takes Tl ana J3 T2
commit,

Commit will occur in the ttollowlng Manner, dnce tne
cycle 1s proken, Il w#ill oe returning to its initieting site
with an empty conflict history ana all otf 1ts versions
marked t(r), T1 bprcadcasts a message to all of its sites
telling them to commlt thelir VU Log entries., As soon as il
commits, T3 will release the lock that it is nolaing at sSite
C and send a message to {ts injitiating site saying tnat its
temporary version at Site C is ready to commit. As tnls 1s
the only t(w) version that I3 was #aiting for, 13 caen now
broaacast a commit message TCo all its Sites, At tnis goint,
transaction T2’s temporary versions will nave tneir
designation c¢hanged to t(r), the locks neld by i2 wiil ue
released, and messages will te sent to T«’s i1nitiatinc site
indicating that the siltes are ready to commit., Lastly, 1«

will oroadcast a commit message to tnhose sites,
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IV, EXTENSIONS TC TdHe PRUPUSED ALGURITH®

A, LUNG=-LIVED TRANSACTIOWNS

The usetulness ot tne transaction conceot in
applications such as electronic tund transters, airline
reservations and car rentals nds oecome evident 1h tne past
tew years, The traditional (ransaction model tor tnese
applications assumnes that tne transactions are snort livea
i.e,, tney are transactions of snort duration., nowever, tae
concept "transaction" doces not in itself fwply any
limitation o¢on the lifespan 0t tne transaction in 4 syster,
It ~ould seem that a more general concert of o Cransaction
wodla not 1Lmpose any time 1init on tne avratlon ct tre
transaction, In tfact, there are many dpplicatlions sucr a&s
esCrow, travel, ilnsurance, legal proceeuaings, etC., wnlch ¢y
thneir nature require transacticons (nich can iast fer 3 lonw
tine, ray (+4J calls tnis class ot Lransacticns jicona=-jiivec,
4¢ 411l attemvt TO sSnow# Now the {ransaction modei &na tae
adaptive concurrency control mecnanlism presentea (n ley  Tay
pe applicaoie to tne problem of supoorting lona=livea

transactions, This proolem (s also ddaressed 1n (2,4].
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1. Compensating lransaction Approach

In a conventional transaction environment, +nen tne 1

vvf{yr.v."
.
- A

effects or a comrmitted ¢transaction must cre alteres, 4

T Ilry
e 5 .

compensating transaction is run to back tne valuie out. ints

metnoa is nct general (n tnat {t only dbplles to commutative

JEDNY YN SRR S S

operations and it 1s screwhat ageceptive 1n that tnhe user nas

oeen led to celieve tnat trne valge or tne qata ocject, 2rior

a it B a L oa s

to compensation, w“as permanent wnen in fact {t «a3 NCt,

moreover, other users may have maae uecisions cased on tTne

@aata opject value with tne understanaing tnat tne value may

be permgnent. “hat each O0f tnese users nave peen ae3dilnj]

-‘fv:zwj.ﬁm.rrr-v,wr,.v Ilr.
A MO ,
o AN IR .

witn {s tne outcome Of 4 long=ilvea transaction 4na 1ot 3

permanent adata oblect vajue, It may ce true that

individuals who work in tnis environment are Jaware ot

"
-
D

pitfalls of maklng aqeclisions 1in tnese situations and &Ct
accordingly. 8ut, we pelieve tnat the system should provice
a4 vehicle wherepy the user can ce mnage expblicitly aware that
the data value nhe is cealing with is temgorary.

Adalitionaliy, the compensating methoa 1%ftselt Tay not ce

generally applicacle, Inis may pe because different parties .
who are affected or involved in the long=lived transaction

seem to have ditfering views as to snat constitutes a

4
transaction, For exarple, from Gray l4J, in a reservations ?
1
scenario: "The customer tnhninks Ot this whole scenario as a ]
. single transaction, Ine agent views tne fine structure of ;
: 32
[
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the scenarlo, treating each step as an action, lne airlines
and hotels see only i{ndiviauual actions put vies then &s
transactions, Ihis examnple Taxes Lt cledar tnet actions vay

be transactions at tne next loser leve, of arstraction.”

2. A More General Agcproacn

It seems tnat organlizations which ageal ALtn  tne
applications listea apcve Vview tnelr transactlons witn
customers as separate actions even tnougn each action aust
pe accomplisnea to satisfy the customer’s request, oS0me Of
tnese actions, dre long=lived, vslng tCtneé reservatlons
example, 1t seems tnpat tnpe <transaction inveolivea nas tso
levels of atomicity’s one dealing #1tn the gJeneratlon of
temporary datd and tne other »itn coamitusent (or doortion)
cf the data, It 1s tnls prorerty snich leadas us tTo rcelleve
that a mechanism snould re proviaded to tne dataoase user
tnat can make the nature of the gata more exglicltiy <Noan,
In tnis regarc, tne user reguires that two choices oe mace
availaole to him oy the system ! a) the ability for tne user
to bpe made a«are of the temporary ndature of tne agata doject
and/or o) a capaollity such tnat tne uyser can ce cgpresenced
with the illuslon tnat tne temgorary datd is persanent wnern,
in fact, it is not, Wothing e see in tne coinpensatina
transaction scheme allowss tor cnoices such as these. Anotner
conceptualizaction of tnls ldea is to view tne temdorary aata

as conditional data which becomes true only wnen tne
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long=livea transaction commits., For examplie, the grantir::
of a loan to an applicant is a3 temporary state for an 25Crow
process as it i8S preaicateo on all or the ¢Congitions ot tie
escrow oeing satisflea. Ihe loan is executed (committea)
only it tne conaitions are met; otnerwise 1t 1s canceled

gaborted).

3. JTermporary versicns and Longe=LiVeg Transactions

As the adaptive concurrency control alsoritn~ s
basea on temporary versions of gata ocjects ana temgorarv
states for data, one can expect trat the proposea 3deniive
concurrency control mechanismn can naturally suporort tpe
execution of long=livea transacticns. [his expectaticn 1s
based on the <fact that the algoritnm treats long=livea
transactions in the sanme manner as shortw-liveo transacticns.
This nanner Qf treatment {s ©vossibie as potn tvpes of
transactions jenerate temporary versions; the only
ditference s that long=livedq versions are more oersistent.,
As a result, even thougn long=lived <transactions seem TO
generate mostly temporary data, they provide no adaitional
complexity for the concurrency cControl mecnanisn.

The transaction model anad the tCtemporary Vverslons
introduced in tne croposea algorithm provide the procerties
we deem necessary for tnhe user’s more realistic view ot nis
data, Badal {12]. Uur reasons tor coming to tnhis conclusion

are twofold, First, the suotransdction scheme [as Cwd
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levels of atomicity. One wueals wlth tne generatlonrn c:
temporary data and the second ueals #ith tne commitnent or
apcrtion ¢f all tne syctransaction’s temporary vers:iinrs,
Tnis £1ts nicely witn our conception ot the two Levels of
atomicity displayed oy long=lived transactions (fcr a given
transaction, all temporary data actions have Lo oOccur aro
all temporary cAdta either oecomes perwanent or acorts).
Secondly, tne use of time stamps tor temporary versions ana
thelr permanent storage would allow tne concurrency cortrol
mechanism to suprort qQueries uUsin3y time rererences sSdJ4¢n  as
"what were the values or data ovoject x at tize t", 1Thls, c¢:
course, is a matter dependent on apolicaticn reaulreTerts

ana availarle storage technologies,

4, Temporary VvVersions anag tpe Comino cffect

Since the 1~th version of a aata cpjlect s createa
by upaating tne (i-1)~tn version, ana since the 1=-th versicn
cannot commit until all versions it 1s caseu on cormit, tre
possipility exists for a domino erfect when a transacticn
apoorts, 7This {s true pecause shen tne the x=tn version of 3
data ooject is acorted all 1 versionrs, 1>k, must alsdo acort,

Problems whicn may be posed ty the demino eftect can
bpe minimized because tne eftect can oe limited oy the uyser
varying the number of coples of the temporary versiors
allowed to exist at a data otject at any one tirve, i, e., oy

varying the value of "n", M™Moreover, the agomino effect 1in
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our scheme and the compensation transaction in <tre
conventional system are in fact tne same thirg fr2s Ine
user’s viewpoint., bBoth result in tne user losing tne vValue
of the data object which was current in the user®s view of
the database, However, 1t should oe noted tnat tne grorosea
agdaptive concurrency control mecnanism itselr 1s intenaéc to
minimize interference among transactions, This 1s aue to
the mechanlsm®s detection of non-serializaole executicn on
the smallest possible granuliarity i.e., tne accessed reccri
field, This will decrease ana Fpossioly elininate all
conflicts among transactions.

It may pe possible to minimize the Horino efiect for
the proposes algorithm througn tne applicaticn ot tac
methoas, The ¢tirst methoa would capltalize on tne
commutaole nature of moSt types ot data in trne
atorementionea application areas, Tnis woula allow Versiors
pased on an aborted version to remain active after some
acceptaole agjustment to the data orject values, ‘1ne use ot
a recovery algoritnm based on the semantics of tne datsa 1s
the otner methoa which Coula help TOo abrogate 4any crimary
concerns about the eftfect of aultiple temporary versicons
peing aported., 1Inis scheme is closely associatea with tne
particular type of application tihe DsM5 1S servicing because
semantic considerations are directed to the meaning or tne
data, An example, from Faissol (1lv], w»ill agemoastrate tne

semantic constraints whicn may apply to a adata opjlect: 1N a

3e
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credit=depit environrent, "money is conservea", f.e., °very
credit to one account Tust be matcned to a deblt to s°Te

cther account, To tfacilitate these «xinds of

aTantic

w

considerations, the DpoMS must pe aple €O proviae tne
application programmer «ith a vehicle for construction of
semantic-based algoritnms whicn can oe agplies to tne

temoorary versions resident at a given gata ooject,

5. Conclusion

The provosed optimistcic concurrency conrtrol
algorithm seems to have a&n {nnate aollity for nancling
long=lived transactions, decause Che algorithm can orovice
to the user a more realistic view ot temporary cata anile2
providing a nhiagh level of consistency, we pelieve 1ts
extension to the problem of long=lived transactions mignt ce

possiole,

8, NLZT#0RK FARTITIGNING

A distributed aatacase system nas the potential
advantages of greater data avail@blllty ana relidasllit
since aata objects nay oe replicatea ang nence accessed at
several sites throughout the system, I1¢, nowever,
consistency among copies of the data is more important tnan
avajilability, multiple copies mignt not provide any
improvement 1in availaoility, with consistency as tne

primary concern tne system #ould either oe holding locxs on
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data objects to prevent inconsistencies from arising <r .t
would be spending a large amount of time aetest:ins 3nA

resolving inconsistencies, cltner or these acticns sQuin

S

detract trom data availapility.

Mutual consistency reguires chat if all upcate activity
were to Ccease, atter some period of time all cooles Of tnhe
same data will converge to the sdame value, ihere are
numerous known algorithms for maintaining rutual consistency
during operation ot a distriouted datavase, La6,7,13,i4.
fhese  algoritnms don°t, however, aeal aith tnhe aanen
complexities wnien arise wnen the network pecgres
partitioned, A network carticion occurs wnen tws0 Or uore
dlsjoint subsets of sites 1n tne networkx ¢an not exchenge
messages through the networ< even tnougn Some oOr all crf tnew

are opergtlonal.

i, Partiti-ned Processing

Given that a system is partitioned there are <tnree
different general approaches to nanéllno transacstion
processing, +#ith each tnere s a trage~off vpetseen tre
level 6t cata availapility ana tne amount of ettort
necessary to restore system=-wide consistency once tne
partition ceases to exist =« as avallaoility is increasea so
is the amount of effort required for restoration of

consistency,
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a, Hhalt Processing
Une possibility is to halt ail transaction
processing until the networx 1s c¢omdletely reconrest=21a,
This is one extreme w#hereby data avallanllity goes tc zero
and NO need exists to restore consistency upon svstem merge
(due to tne partition).
b, Cne Site kxecutjion
Tne usual solution 1s to alleos only sites wltnin
a4 chosen partition to pProcess transactlions tnat uyradte aata
objects, All sites still nave tne Capnabllity of 4cceotinag
read-only transactions, tnough tne data reda willi possioly
oe out of aate, Tnis solution certainly 3llows some aegree
of availability, thcocugh at a cost of tne overnhedad necassary
to correct arising inconsistencies. Any 1irconsistencies
wnich qo develor, however, are talrly sicle to resolive
during system reconciliation. the resolution nAy oe
accomplisneq oy merely proragating any uUpdéetea data oolects,
trom the one and only site w#nich w~as allowea to rana
upaates, to all other sites where that adta 1s reolicatec,
c. Concurrent Execution
Another solution would ve to continue operatini
all sites "in parallel" ouring tne ¢parctition 43ana teo
reconcile the aatacases at oartition amerge. IT wouln npe
wortnanile to ndve all carticions in operatlon (allowinj
cotn read and upcate capability) if availaollity ot aata 15

more 1mportant than wdintaining {ts consistency, proviages
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tnat "conflicts" vpetween ccpies ot Jata can  dlways ce

aytomactically reconcliled wnen CowTynications are ree
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2. Requirements For Concurrent mxecution
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It sites 4itnipn disjoint partitions are Aallowea to

continue opergting, tnere are three general requirements

PPN Y N i

which must be satisfied in order for a system to »e viacle.

a, Intagrity <constraints

J
"
4

Integrity constraints must not e vioidtea, Lna

Pl ot e e At e ) vt
PP
. B

3 tWo components ot integrity constralnts gescricead 1in falsscl
" - -
[4 (10] are operational constraints and semantic constraints,

[ Uperational constraints wnicn mignt result n

inconsistencies 1in any given partition #ill =e nhanalec cvy
our concurrency control mecnanism, Semantlc constraints
present in eacn cartition of < partiticnes networ< neea not

differ from the constraints present #nen tne netaorx is

completely connected,

1]

If, nowever, the semantlc <constraints cresent

when the network is completely Connectea are correctlv

d i A"

modified to retlect oreration 1in a partiticned environsent, 4

tne system reconciilation can, In some cases, oe Tdace 3 }

; g

h

trivial process. That 1s, 1f sufficlent semantic «nowledge ]

13 useaq, the transaction schedules produced 1{n eacn 4
partition may ce made inderendent., ILf Site A 1s vartiticnea
from Site B and the partition®s cransactions are

2

b
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inderendent, the reconciliation ~rrecess may oOrocaes <3
follows: Site p’s transactions could pe executes on tor- >t
Site A®s to produce qata orject values at 3lte A aricn coula
then be taken to have the "correct" values, ynes? new
values sould simply pe passed to Site o anrd instaliea 3t tne
replicated aata objects,

Semantic constraints gresent snen tne nNetsork 1s
compbletely connected must necessarlly oe modifiec to ailow
updates w#itnin disjoint partitions, Conslcer an airiine
reservation system and a speclfic rllaint wlir 29V seats, It
is opovious that 1¢ tne reservatlon system were to partition,
it woula nct pe teasible To allow Tne reservatlon o: 2uv
seats within each crcartition, Semantic kKpowleage @wisnt
aictate that each partition nas control over reservations
for halt ct the seats, Certainly tne necessary seilantlc
modig¢ication for the cpartitjioneq enviroﬁment #ill re
}3bplication aepengent, Also eqgually certain 1is tne facet
that 1in any relatively large system it ~oula pe impossSioie
to proauce a comglete set oOf semantlic constraints whicn
wWould oe capable o0f nandling 4ll possirtle partitions. nre
therefore see %tnis semantic Approach to cengrelling

reconciliation as peing ot Jlimitec usetfulness and as

certainly not veing aole to nardle reconciliation in ¢t

most jeneral case,
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b, Control EXternal Action

External actions must ce controllea, Y"ese 4are
non=recoveracle actions (e,j. 4 discersea payment), Jecaus?2
0f the {ndependent processing nature of eacn partition, tne
problem of external actions {s <compiex. Tre catapase
manager most likely will restrict external actions asnen
operating under partitions, fFossioly oy allowing only cnosen
sites Lo execute transactions not easily reverseaq,

¢, Restore sMutual Consistency

Jpon elimination oz tne oartition, rdtual
consistency among replicated aata oovjects must pe restoradu,
Tnrougn tne use of the concurrency control mecnanlses toe
internal consistency of any one partition can oé preservea,
However, since tnere s no communlcation Dodetween tne
partictions, the transactions execdtinag in eacn partition nay
cause tne values of data objects replicated 1a aifrerent
partitions to aiverge, This divergence <destroys mutuai
consistency ana results in 3 adtavbase no longer meeting {ts
assertions once tnhe vopartition (s mergea, AS dlscusseqd
apbove, semantic constraints may oe utilizea 1n a linriltec
numper of applications to acnieve tne reguired
reconciliation, Oiscussing a general solution te tne nutual

consistency pgroblem s the gprimary gogl ot tris secticn,
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3, Solving The mytual Consistency Proolenm

In order to ascertain the correctness of ne
approach to be opresented 1in this section we Fust neve an
understanaing of what correct operation in a oartiticnen
environment consists o0f, de Ww1lll consider tirst an l1aea
wnich is presented in Faissol i10J,

It S is a scnedule composea of <Lransactioans n4ving
executea witnin two disjoint partitions, ae ar2 concerne:d
witn determinirg a schedule equivalent <tc scre serial
execution or S, It need not necessarily be a scnecul=?
equivalent to S, It shoulic be understood tnat tnls corcect
of schedule eguivalence miagnt not produce the sare resultls
as «cu'd pe obtained from a connected network (3ye to Lne
concurrency there may ope aitferent ‘"correct" sets of
results), tut this will cause no proolenm i{f serializacllity
is the criteria tor correct system operation,

gur dpgroach for hanaling mutudal consistency Takes
the following form., After a partition occurs, transacticns
within each partition will continue to execute a433inst their
data opJjects, some of which are repl;cated 1n at ledast one
cther gartition, witnin each partition, at a site
designated the control site, a Fartition Log is createa,
This log will nave informatjicn accumulated in 1t about every
transaction’s activities within tne gpartition, It ~11l1
contain information apout activity against eacnh gata opject

such as transaction=IDs, read and wrilte sets otf tne
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transaction, contlict histories, and tne ald ann new vajuas
of the data object, The necessary Information »i.. 22
collected by each transaction as 1t rasses ¢Gtarouan tne
system, This 1ingormation «1l)l ce passed to ani storea 1n
the Partition Log in tne oraer in wnich transactlons nave
finisned execution. 1t a transaction whicn nas completeaq
1ts execution 1s rollea back by the concurrercy controller
in order to maintain serializaole execution w1ltnhin tre
partition, tren i1t will te necessary to remove tae ©roLled
pack transaction’s data from tne Partition Log. Tois «#ill
result in a total oraeriny ot the transactions for & Jiven
partition,

At partition reconnect time, activity will oe
allowed €O contlnue only for transactions which nad alreaay
pequn executlon, It is necessary rirst to create a static
environment througnout the system sucn tpat no new
transactions are allowed to enter ana 4dli ola ones nave
completed execution.

The reconcilliation process vcegins by using tne cata
containea {n eacn Partition Log to create a serial schecule
for that partition, Since the schedule contdined within any
one Partiction Log resulted trom execution {nsured
serializable by tne partition’s concurrency controller, tne
serial schedule produced is qguaranteed to be cycle free,

vext, it is necessary to construct a global

precedence relation utilizing ootn the seriql scnedules
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which have been prcduced and information containets (n eacnH
Partition Log. Cnce the glooca) relaticn i{s constructeq 1%
1s necessary to inspect it for cycles, Lt tne reLatlon is
acyclic then  the transactions containea witnin are
serializavie (Lavidson (15J contains a proof ot L71s) ana it
{s sufficlent for restoration of consistency to £0rwaArc the
updated values of modlifled data oojects to tne sites wnere
replication occurs,

doth ~rignt {ls) ana wpavigson ('S] aiscuss trne
construction ana use of & rPreceaence grarh to oaroviaze 3
means for determinindg the transactions wnicn shouse oe
rolled opack, we will use their aporcach, moditlea TO fit
our implementation strategy ana concept of contilicet
histories and preceaence relations, Ineir preceaence gragn
G = (V,£) 1s definea as tne vertices Vv oeind tne union ot
the transactions from all partitions, and the eages E pelinc
the union of "vependency Edges" (#right, or "wipple Eadges",
Laviason) «ith "Prececence tages" anc "Interterence Edgyes".

Lependency tages are eagdes sNich represent tne tact
that one transaction read or wrote o value wnilcn naa ceen
previously updated by & aifferent transaction 1In tne same
partition, Ine rpresence of Preceaence £dges indicates tne
fact that a transaction read or wrote a value anicn was
later cnanged by ancther transaction also 1in tne save
partition, Interrerence £dges appear w~nen a transaction 1in

one partition nhas read or updated a data object and any

5
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transaccion in anotner partition also nas upgatea Lnst 1A
object,

fhe "Cepenaency Edges" and "erecedence ciyes” rnave
already peen constructed by OUr concurrency contrciier wnich
nas remained active within eacn partition, iney are
includea as conflict nistory pairs 1in tne rpartition Lous,
It still remains for us to construct a conflict pair for any
transaction wnich reads or writes a data 92dject 1n orne
partitlion ana tnat same data object is upa3atea 1 3
different partition = tne Interterence tages,

For example, if transaction {1 reaas data ooject A3
in partition I, anc transaction [2 writes gata oocject & 1in
partition II, then the conflict gpair ?T;Tz T a" must pe
includea 1in the glopal relation. Lf DOLN Transactions naaq
written aata op)ect & tnen eacn control sice woulu insert 3
conflict pair in the glocal relaticni "TITZ i a" and "tZlii ¢
a", Inls would easily oe detected as a cycle ana either .l
or T2 would be rolled pack to a point wnicn proceeded 1ts
execution on data object a. The netric wnicn mrust ce
present in contlict pairs snould ope caiculated as & runcilon
of the work which each transaction NJas pertormed,

Unce ail contlict pairs are constructea It oecones
convenient tc consiaer each partition”s control site as tne
only site within that partition. [Fhat control site shoula
nave the complete set of conflict hlstories wnich +ere

gerived from w;tnin its partition plus the agaeaq
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"Interference Eages"™ anpd It should 1nvoke & "Fartitico
Concurrency Controlier" algorithm which is essentlally cur
lmplemented procedure "GLOEAL.SR" (see appendix n). 131§
Invocation will cause tne rassing ot conflict nlsteriles
betseen control sites and the supseguent agetection of any
cycles, The cycles will te detected ana elimlnated 1n
exactly tne same Jay as is taking pldce at coth giate ocjects
and initiating sites when the proposed concurrency control
mechanism {s ;nsuring serializaole executlon #1tnin 3 tully
connectea syster,

BY inscecting tne glowal (recegence relaticn, tae
Partition <Cencurrency Controller finas either transactiors
involved in cycles or tnose wnich are not. For tnose
transactiors not part of a cycle, the transaction 1s removen
from the relation and tne values ot the gata orjects upaatec
are forwarded to the other partitions nolaing tnhat gAata
Object so that these gata orjects can ve reconciled, ~hen
the mechanlsm aetects a cycle 1t chooses tne lowest cost
transaction (possiply the ¢one naving tne tew~est transactionrs
dependent oh 1t) and senhas the transaction to a re=executicn
lisc, This eprocess continues until there are ne
transactions left in the relation. wastly, tnhe re=execution
list {s emptiea by processing the transactions present 1in

the list.
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4, Partitions Create Lona=Ljved Transdctions

Consluer now tne example Dpresented earll-=r in

) SRS A A

'
(I
.

Chapter 1lI, sSection b., Assume tpal after transacticn 137s
subtransaction, ST31, arrives at sSite r, 4 pdrtition occurs
isolating site E (T3°s ({inpitiating site) trom tne otner

Sites. 1Tnhus, ST§1 is unable to return to 1t3 1nitiating

C gt )

site, It will, as oefore, execute on data omject f and

Create {ts temporary versicn tnere, It »ill also remailn et

Site F waiting for tne partition to nerge.:

P4 O

ANat nas ceen
Created by tnhe partition is actually a tyre of leopa=livex

transaction, Inis transaction w1l ce automaticaliy nanclea

e on o | AL

by the system because 1t creates a temporary version in tne

~

same manner as do transactions wnicn are not longe=livea,

The fact that the temporary version Created 1is prooapgcly mcre
persjistent (it may exist for hours, Qays Or weekKksS) tnan most
other temporary versions d0es not introauce tne neea tor any

special nandliing ot such long=)lived versions,

A transaction wnicn is input {nto the system anc
wnich Is long~livea due to tne transaction’s very nature i;
presents problems in a partitioned environrent, To terye fﬁ
the partitions it 1s necessary, as was mentioned apove, to

cease new transaction inpyt and to allos¥ all presentiy

T
Adaa o s 4

executing transactions to comglete execution, 1LInls may not X

®

be feasible for the lonu~]livea transaction as it m13nt take 3
4

weexs for 1t to complete 1ts execution, Thls remains a ]
: : © ]

;

proolem which deserves fturther investigation, !41
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Ve SIMULATION AND TESTING METHUDUOLUGIH

A. INTRODUCTION

In orqer to test the proposed adaptive concurrency
control algoritnm and to provice some meaningtul
measurements of 1its capapilities, & simulaticn ot ¢tne
mechanism was irplementea. 1Ihe simusation was programmeaq 1n
VEC VAX~l1 PASCAL ana executea on the VEC VAa 11/7s0 runninc
aynder VAX/VMS, Source code for the simulation mncael ana
output from example sinulation runs are Frovidea in
Appendices B and C respectfully.

The simulation was designeg to facilitate a ©craseag
avproach for {nvestigation of the algoritnm 10 the areas
aadressea in previous sections of our tnesls, I'ne first
Phase, which Is the target phase ror our implemenzation
etfort, is an initial test of tnhe pasic algorithm’s aAapility
to act as a local <concurrengcy controller for edcn uata
object and as a site concurrency controller tor one gyven
site, Data structures and processing modules, aesigned anc
programmed for tnis tirst pnase of simulation, ~ere zesignesd
in a wmanner which would insure their extensibllity 1n any
future phase of investigation,

Future investigation o0f the algorithm’s <caparciiities

would center on 1its application to tnhe partitioned netaork
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environment, In this context, the aigoritnm would not onr.ivy
act as a local and site ccncurrency control mechanis™ =ut
alsc as a concurrency control mecnanlsim at part.itisn  Terje
time,

Because we envision the integration or exransion ot our
simulation to other areas of interest {n agistrioudteu systen
sottware design, we elected to rorege any tyove of
propablliistic modeling such as found in vaviason t154.
Instead, we opted tor a more pragmatic Aarcorosach 11avolving
stanaard adata structures sucn as linkea lists, arrays ana
records., Tre remainaer of this chdcter eldporates on our

design and testing scnemes, .
B, DATA STRUCTUKRES

i, Transactions

Transactions are {implemented in the simulation
design as & 1linked list structure pointed to by a8 glocal
variaole (TRANSSPTR), 1The structure contajins three entities
of differing types: transactions, suptransacticns ana atownic
actions, kesiaing at the nignhest level in tne structure 1s
the singly linsed list ot transactions. Each transactiocn 1s
uniguely known py its identitger: {INITLSITE,TIRANSLNU%},
Altnin each transaction record fjield are pointers ana tielas
which are used for Structure navigation ana nrocess

accountinge. For a given initiating site there can exist ud
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to one hunared different transactions, &acn transaction o3
active 1in the structure up TO tne point in time wpen 17 1is
committed; at tnis juncture, tne transaction ana any cr Its
polnters to lower level list are removea from tne structure,

Every transaction roae points to a singiy ilnke=z
list ot suptransactions eacn of wnicn {s 1dentiriea oy:
{INIT.SITE, TRANSLNUM,STaiiUM}s Sucptransactions are the oasic
units for scenarlocs where tne fUrk and JUl.s overations are
used, [ne suptransaction noae proviages tne nead ot tne iist
tor its atomic action string, A transaccion may own ug o
one nunareaq unigue Suptransacticns. Altrncuur
sybtransactions are rot autoncmeus in tremselves, they can
be consicered the execution enticty in our scheme as their
atomic actions must ©te processed in linear order as tney
appear in tne string, A given suptransaction, on the otner
hand, may &ce execuytecd awitncut regara to the orderiny of
suotransactions in & transaction,

Atomic actions, containea in another singiy 1lirikea
list pointed to oy tneir subtransacticn, constitute the last
ang lowest level in tne transaction structure, Icentitilers
for atoric actions contain four flelas:
{INITLSITE, TRAWSANUM,STLNUM,AA_NUM), ATOMic actions contain
all the 1information tne execution Process reqguires to
simulate transaction execution in tnhe system, IThe RarabLil,
00.ID, and MmEIRIC fields in tne atomic action oroviae tne

hecessary informgtion to be aple to access and execute at a
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data onject, Unce all atomic actions have executed £cr 3
given subtransaction and all suptransactions hnave exa2cuted
for a transaction, t{he transaction’s activity is ccnoiece
except for commit, Uf course this is assuming no acort or
rollbacx occurs, As previously noted, eacn atoric acticn
string for a subtransactlion must execute 1in tne order 1in

whicn they appear in the string,

2. Contlict Histories

A conflict nistory, Presentea 1n crapter 1L1 as:
12 3 {1213 : £ : 4}
is {mplemented as a pailr of noaes in a linked list. In tnis
instance, the first pair regpper would contain inforwation
about transaction T2°s execution at aata ocject £ ang  tone
second pair memper woula contain 13°s information, uhe or
more pairs in a 1list 1linkea oy <the tlrst palr Temper
constitutes a conflict nistory. These centlict nistary
pairs are transformed into precedence relations w~nenever it
s necessary to make a getermination regardiny serializaoie
execution, 1Tnhe foliowing entities nave pointer fields for
conglice nistories: transactions, Suctransactions, cata

oojects, and temporary verslions, AL thne dat«_s golect and

' temporary versions, conflict nistories are components of tne
. DG Log wnicn procvides {ntormation regaraing seriallzaole
;' execuytion to tne local concurrency controller,
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Cn the other hana, conflict nistories resizin’ «.
the subtransaction and transaction are used TtO  [Aass
informaticn from transaction to transaction anc &also te uat3
opjects visited for execution, In adaition, tnese conrlict
nistories at the suptransaction ana transaction are usec to
detect non=-serializaole execution at tne site level, w#nen 2
transaction is requirea to rolloack pgart of 1ts atomic
action stream, contlict histories a&are opurued at varlous
places in the system in oraer to insure 0no ‘“"tnantom" non-

serializable execution is cetected,

3., vata QObjects

An array (DOLAKRAY), containing one nundrea polinter
slots, simulates aatapase data opjects, anen dats coject 1
15 active at a site, UU-A/RAY(1]) points to & reccrd wnich
contains intormation cefining tnhat agata ooject, [he recora
also holds pointers tor the temporary versions, logx 2ueue
and contlict  nhistories present &t the data obvlect.
Temporary versions can reside a4t a adata object in auantities
determined oy tne vaiue 0f "n" coded into tne aata opject in
field N.CNT, For any one simulation run tne aata ocoject

parameter intormation 1s static.

4, Data Dictionary

ahen an 1initiating site preoares to execute a

subtransaction®s atomic action 1t must aeclae where tne
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target aata opject is resident. Tnis lnformation resices in

an array ot polinters (DICaArRAY), DIC.ArRAY[v] no0ias tne

T

initiating site’s own site numper so tnat no irstaenca ¢f tae
simulation execution In a computer 1s dgerendent on site=
specific code, l,e., if an initiating site neeas LO KNOW WwNO
it 1s, it 1interrogates its instance ot LIC.ARRAY([U), FoOr
any aata ooject 1, DICLARRAYL1, contains & linked 1liist
specifying at whicn site data opject { is resicent, ALl the

intormation for FURK, JJuld and replicateg dgata 1s reti=ectea

in the data dictionary array.
Co. SIMULATICH EXECULUTION

1, S8pecilfying tne lest kEnvironrent

defore simyulation executlion can peain, tee
transaction, 2ata opject ana aata auictlonary structures must
exist,. Modules nave cteen programmed to proviae tre
stryctures to tnhe simulation from lntormation lnput by tne
user, The provision of these structures is a three poased
operation,

In phase one the user specitles w~hicn comconents of
each structure «#w1ll oe active for 4 given simulaticn
scenario and anat intormation will reslae in eacn structure,
Phase one 1s executed by tne processinyg of module bLLDGS,
rere the user is prompted via menus to proviae the

intormation which will ope Jsed <To Cconstruct tne trnree
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structures, Information contained in atomic actions, <~ata

ﬁ . objects and tne gata dictionary can ce specified, .Jnce ta1is ;
. 1
E inrormation is input, it cannot oe cnangea Gty the user '
gi except oy anotner execution of bLLD.S, i
%I Pnase tw#o takes the iniormation providec tarougn tne E

: use o0of ELDDS, +#hich has Dpeen stored on tnree tiles, 3na
1 constructs the thnree PASCAL data structures, bLDTX pullcs
i the transaction, suotransaction ana atomic 4ction structdres
using oniy tre 2ata which was providea 1n specifing tne
aescription of the atomic actions. ineretore, a&tomic
actions must pe entered in sorted oraer in duULS, i.2,,

(‘1'1'111)' (1'1'1[2)' Ll'llzil)’ ':1'2'1'1), Ql,i,lpi)'

(1,3,1,1), etc,

BLDDU constructs the ddta ooject structure from tne
information providea 1n bLDuUS: the aata opject numoer ana
the value of "n" for that data ooJect, A value of U for "n"
is not allowea by tne implementation cecause at that value
tne alyorithm uses a two=pnase locklng scnere ana we d1a not

have time to rrogram such a method iato our simulation, For

the construction ot aata objects, any wata ooject 1,
1<={<=99, which was not recuested oy tne user in sLuwS, 1§ :}
indicated by tne presence of 3 MNIL value at LCLARRAYLLS,

The data dictionary structure is opullt oy moauie h
BLDOIC. Again, tne information provided in olL> 1s usec to

ouild the linked list otf array OIC-ARKAY, AS was trne case
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for the data objects, any data ooject {1 not 10 uyse 1s

represented by a NIL value at DIC-ARNAY(1],

.'d ‘

with the execution of siubls, bBLDLTX, oLuvbd, =zsLuviC
tne sinulation nas all the information it needs to cegin a

run, 0One aaditional phase of structure speclfication dliows

the user to specify the aacaition of tempordry versions an4g
contlict histories to tne three structures buiit adcve,
f‘ This pnase was 1includea in tpne simulation to oroviaue tne
user with some degree ot flexipility in tne testing of
if simulation modules and to allow the user to inrluence tne
simulation scenario 1n the areas 4dealing with Jona=liven
transactions, Mmodules SAVCHIV anc CUNCHIV execute in this

phase,

2. Algorithm Simulation execution

with the data structures built in the aforementioned
routines, tnhe simulation s ready for execution, Ire
tollowing alscussion 1ls an expianation of now transaction
activity 1is simulated and how the aljoritnm i1mplementation
pertorms its functions,

once control is passea to the main loor ot tne

simulation process (ALGOLTEST), a ranaom selection process

takes place wnich simulates concurrent processing ot
subtransactions on a database, At ranaom, a transaction and

one of its subtransactions is sejected for a set amount of

. - processing. “4e again note that atomic actions are selected
So
[
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in the oraer in which tney apgear in a suntransaction, Tre
amount of processing activity ajlottea Lo a selectea at2~1¢
action s controlled by steps definea in a CASe sistesent
within module ©EXeCUTE., f'or eacn random selection Ot an
atomic action, one step of the CASe statement 1s executed
¢or that atomic action, The tourteen steps 17 EAELUTIE
delineate tne execution activity for all atomic actions.

#ithin the CASEt statement 1s foupa ¢the code «1cCH
invokes the rodules tnat implerent the aaaptive congcurrency
control algorithm as a local concurrency controller, Inese
mocaules insure that the atomic aclion activity &t o 7iven
data object is seriallizacle., Local concurrency controiler
processes are callea whenever an atomic actiorn has
conflicted with another in sucn a «ay as to {indicate tus
possibility of non=serializacle executlion, JSince potnh tne
atomic action activity and tne implementation of tae
algoritnm are programmed in the CASE statement, aecisions as
to «hen tne adaptive concurrency control mecnanlsn is to ce
invoxea are easily nade,

Conflict nistorles constructed 4s 4 result ot stomic
action execution witnin the CASE statement (in wALCUTz) are
propagated to tne subtrarsaction and transacticn structures
in addition to being placed at tne aata opject., Tnis is
done to simulate tne suptransaction’s "carrying" ot its

conflict histories during its travel tnrough the system,
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b Simulation ot tne site concurrency controller i1s Ine
- other main <function performed in the maln loob. 4t &2¢n
E}- pass tnrcugh the main locp of ALGULTEST, one {nvac2tion  of

EXECUTE and GLUBAL.SK 15 performed, GLObALLOR  S1aply

inspects transactions at critical juncecions ot thelr .
execution and determines whetnher or NNL NcneserializZaoc.e
execution has occurred, It it nas, serlallzacle execution

is restoreq. Naturally, since the local concurrency

controlier and tne global cohculrency controlier are czocn
implementations ot the same galgoritam, tney utilize t;e -

services of conmon suproutines. ¢eQr instance, w2

DETECT.GLOUBALLSK rcutine is invokea wshen tne site controller

is checxking for non=-serializaple execution and «hen &n

|
j
i
d

atomic action times-out at a gata object ana 1s placeu 1
the loCcKk gueue,

The main loop invokes bXeCuT: and GLGBAL-sgf until
all the transactions 1in tnpe structure pave committec,
Simulaction activity 1s reflected {n tpe outdut regort

AUDIT.DAT, Since AULIT.DAT is a segquential log of nrocess

activity from the beginning Of simul«tion execution to tne
commitment of the last transaction, tne regort can ve usen
to audit simulation activity atc critical stages of

processing. 4

o, e e
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De TESTING SCENARIUS

A simulation run can be tajlorea to exercise the g

%
|
J

algorithm in various ways., An explanation of tne caraweters
which influence an execution ana <the possicle ettect a
parareter can nave is tne goal ot thls section,

Inrough the use ot the BLDUS module tne user can control
botn the complexity of the transactlion stream ana tne
conflict race at data objects. That {s, if a large anount
ot atomic acticns are lnput «hicn access 3 smail numper of

data oojects, 1t follows tnat the conflict rate iil ce

nign. Inen again, it a small number of atomic actions are

accessing a large guantity of gata oojects tne contlict rate

Ry v ) AR M in g gl B dne s auy o aa Y ol Sl Dl At SN e A PR Al Bl A dan it v
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will oe small and may well pe virtually non=existent. An

ingication ¢£f the amount ot syncnronization overnead

b

required oy the adaptive concurrency control mecnanism can
be obtainea oy inspection of tne auclt report ror varyina

contlict rates,

rtantlil A d o

BLOLUS can also be usea to set tne "n" value tor aata

objects. This parameter, In conjunction witn the aceiay tinme

f. factor, affects the trequency and Juantity or &tomic actions ’
g- entering tne 1lock gqueue, vt codrse, the "n" value also 1
ti determines the numper ot temporary versions allowead to oulld 1
ET up at a3 data obpject, A prompt to the terminal cetore %
E: entering the main loop allows the user to enter the celay ;
i} time factor. The delay time 1s tne time allotted to an ‘

ket tbih i
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atomic action betfore it times=-out waiting for a sncrc
duration lock to be removed 4t a data object,

Since selection of atomic actions 1s precicatex on 3
rangqom numper generator, ditferent seeds to tne Jenerator

can provide ditferent simylation results even 1¢ all otner

. "L ..

test parameters are held constant., LIhe seed i{s reguestea oy
a prompt pefore entering the main looOo executicn.
The presence Of long=-iivea transdctions at 4 data orject =

is slmulatea oy the constructlion 4anad glacerent 0of a
temporary version 4t tne target data ocject, Anctner iromect
at the oeginning ot a simuylatien run &lleas tnhe user O
input temporary versions and place tnem at the desirea cata
opJjects, BY varyingy tne aix of the aforementiconea
parameters, a user can generate a wlae variety or simulsation
scenarios.

Our fnitial tests of the algoritnm involvea the 1input of
successively more complex transaction schemwes, 4 Deazan
with simple transactions «#hich could not passiply contlict
with eacn otner {in order to insure tne valiilty of our
design, 10 test the local concurrency control mechanls?h, e

input transactions «~itn the capabliity ot generating siiple,

t#0 node cycles in a precegence grapn, A3 #@ Galnhea

contidence in the simulation, we tried transactions «nicn L

were sure to contlict coth at the data object level ana at

F' the site level, These nore complex lLransactions resultea in 7
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cycles involving four or more ncdes in a orecenence

relation,
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) V. TEST RESULILS

Once the simulation was operational, we were ccncerneqd
with two oblectives, First, we enacevoured to 1hsure
ourselves that tne implementation ala 1n fact retlect tne
Proposed algorithm in tne areas of local ccncurrency control
" and site concurrency control. Seccnaly, ~e were j1nteresten
in the anajiysis of simulation output 1in order to re aple to
make some meaningtul judgements on tne aly:rithm’s benavior
and possibly 1{ts performance, Jur testiny metincaoiogy,
designed to meet these two ocjectives, involves tne setiing

of various simulation parameters ecricr teo 9 simuiation run

.Y"'||"‘lv V._.|lc L)
S T T T \ . N

and then inspecting the output audlt Llisting for test
results, Appenaix C provicdes a sampie output listing zren
the AUDIT.LCAT tille creeated as a4 result of a simulation
execution,

Ihe parameters wnicn w~e were aple to vary for any one
simulation run are as follows, First, the comglexity cf tne
transaction i{nput stream, 1i.,e,, the gJuantity of atomic
actions and tnhe atomic action execution activity at any one
data object, Second, tne number ot temporary versions

¢ allowed to build up at a given data ovject. This paranmeter
i1s varied by changing the "n" value at a data oojJect ("n" at
4 data object is static tor a test run Of the simulatlon).

4 - Third, a variable <time=out vajlue for all data opjects
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provides tne final run parameter, Snorter deiay ti.es l
insure that subtransactions will encounter snort term loCxs .
at data objects and, as A& resuit, trijyer tne aeadiock

aetection mecnanism,

A. TRANSACTIUN STREAM INPUT

PRPUY LY S O

e Tnrougn tne use of small transaction streams wnich

[.
j' proauced simple cycles, we assurgd ourselves that tne

prooosea algorithm performed as an oftimistic concurrency
- controller at Dooth the data object ana the initiating site

levels, The simple cycles were detected, atomic actions

Y USRI - W Y

aa

were rolled Ptack and reexecuteg ana serializapn.e execution

#as restored.,

After these simple tests we allowea more 1invclved i
transaction streams in oraer to investigate tne algorithm’s

benhavior in more depth, we discovered 4t tnis stage of §

testing tnat our rollpack anag reexecution scheme, £9liowinag
tne detection o©of noneserializaoie executlcn, Was net

sopnisticated enough to insure tne commltment of transaction

streams wnich gJenerated complex cycles, ThatU 1s, atter

detecting & cycle, our strategy seiects tne least costly

contlict pair (vased on the mecric) wnicn will creak the

¥ N STV I B TV

:‘ cycle, It then rolls back poth ot these atomic actions anae
inserts the atomic action wnicnh nad executea last (in tne

pair selected) Intc a reexecution list, The reexecution

list is a gueue whicn will always {insure ctnat tne atomic

=
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actions contained therein will execute in the oraer 1n »™1ch
they w#ere entered, ana without any intervening executicn on
the part of other atonic actions. Any otner atomic sctions
not contained iIn the cycle whicn must ©pe reexecutea 4as a
result of an atomic action in tne cycle peing rollea rack
are rollea pack and reexecuted credicated on tneir selection
by the random selection process,

Tnis strategy is too simple in tnat it apoears to ce
necessary to also insure the seriali executlion of tne otlner
transactions whicnh were involved In tne cycle anen tne cycCle
is complex; otherwise, tne simulation experiences continual
rolloack and reexecution of tne same atomic actions.,
However, we were aole to run the simulation for a gperico of
time in order to demonstrate tne nonr=serlalizacle axecutlon
detection <capabilities of tne algorithm. anen complex
¢ycles resulted in continual rollpoack and reexecution, x2
acorted the run and relied on tne partial output for test
analysis,

In the following sections, we aiscuss our ooservations
regarding the eftect of various testinq parameters Ilc tne
greatest extent possibple, we neld all out one oI Ttne
simulation parameters constant ¢for a serles ot simulation
runs and opservea the changes the one fparameter groduced 1n
the output, In aadition, we provide comments on our
experiences with the proliferation ot contlict nistories

througnoyt system data structures,
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B, TIME=CUT PARAMETER

The time=out parameter determines now long a3 transaction
waits for tne completion o0f a transaction executing at i
data ooject cefore tne w#alting atomic action enters tne LoCk
queue, Tnis oarameter provea to be of great conseyuence
during testing, +#hen very short delay times Jere useu,
subtransactions would bte inserteqd 1nto tne 10CK uyyeue =t a
tast rate, Once in the lock queue, tne ajigoritnm reguires
subtransactions to pass conflict nistories, waich refiect
the conflict conaitions at tne aata object, to tne
transaction level, Iransactions wnicn 4gppear 1n tnese
conflict nistories then pass conftlict nistories amnong
themselves, shat s lnportant in tnis scenarlo is tnat tne
tnis sequence ¢cf events provides tne site concurrency
controller ~itn a nigh contlict rate and as a resuilt, & nign
procaoility of naving to nanale fairly compiex .cycles
involving possioly many transactions,

The ena result is a nigan rollpack rate wnlch couln
easily involve all the atomic actions which have aexecuteg un
to that polnt, Under these conditions, and becaudse our
simulation wuses a simple rolloack and reexecution strategy,
the simulation orocess experlences a c¢ontinual cycle o©f
rollback and reexecution witn oniy 3 small chance tnat
transactions will ope allowea to commic, From test

observations 1t was evident tnhat tnhis situation yets aorse
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as more atomic actions are forced {{nto the locx gueue,
Therefore, longer transactior input streams ~ith many atcwic
actions addressing a small numper ot data ocjects will
continually undergo a repetition of rolloack ana reexecution

without commits,
Ce THE "n" PARAMETER

Since the "n" parareter determines Nnow Nany temgorary
versions are allowed to reside at & data odject, it aiso
contrioutes to tne problewns opserved wnen snNort aelay taimes
were used, The rate at which suptransactions encer the lecck
queye is accelerated when tne "n" parameter 1s small 1t 1s
obvious that the ¢two parameters "n" and the aelay time,
togetnher, aftect the rate at s#nicn a lock gueue is filllea.
To better understand «hat effect "n" ana the aelay ractor
have on processing, we tested witn a fairly long and cemplex
transaction stream and varied "n? and tne delay. The
resuylts were very interesting.

“hen "n" was set low (values on the orger ot 1 or &)
with 34 snort gelay time (vajues ot 1,2,3), <the site
controller was unable to find a seauence of Troilepdcks ang
reexecutions wnich would commit the transactions., we
opserved longer cycles 1involving wmore transactions wnicn
necessitated the rolloack, time ana again, of all atonic
actions, sith a large "n" value and 3 long aelay time che

same transactlons committeq in a snort perilod of time, in
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this case, inspection of the audit listin3y snowed <tTpat tne

-y LRI

f‘ . local concurrency controller and the site concurrency

Ef controller nad to contend «ith snorter Cycla2s ana Lhal fewer

E' transactions were involved in the cycles. A long uelay cirme )
F and "n" set high seems to result in & lcwer contlict rate .—
k tor the local concurrency controller wnicn maxes it easler -
i- tor tne algoritnm to rind & Serializabple execution seayence. f
E‘ with a more sopnisticated rolltack ana reexecutlon strateaqy E
{

{f we feel that tne algoritnm would de acle to contena witn _é
E: these nign contlict rates caused oy syctransactions enterina }
;'. E
E! tne lock gueue, Uf course, this cdn also be controlled ov ;
- .

the proper selection of the two parameters.

ahlle attenoting to tind a compinaticn of smali "n" ana

snort delay times wnich woulc still commit the transactions ]
we observed longer ana longer execution Ctimes for trne o
sirulation runs. Tnis 1ls understandacle since tne confiicec

rate and tne complexity Of cycles arives the rolioacs and d

reexecution process.

Ce CONCURRENCY CONTKOL QVERHEAD i

F SRS
=

It has oceen ;rgued that unger optimistic concurrency

control the overnead associatea witn nonconflicting

bt

. SR A e A

e

{

. transaction synchronization is low and tprat tnere 1s

j potentially hign overneaa for conflicting transactions and

- restoration of serializaole execution., 0Uur observations on "
0 ;
3 tne performance of the oroposea algoritnm pear thils argument o
_ 3
3 67 ]
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out, for noncontlicting <tCtransacticns tnhne onrly al=¢ricss
gctivity observea was tnhe construction ot temporary versions
and tne coamltment o©f transactions. alth cenrlictinag
transactions the algorithm perrormed a ygredat gedl of »ork 1n
the areas of construction of contlict histories, aetection
of cycles, propacgation of conflict nistories, getection ot
non-serializacle execution, ana tne restoration ot
serializaple execution.

Cf great concern to us during ¢the inplementation and
testing ot the algorictnm was the amount ot nrocessing
required to deal witnh tne <contlict nistories, contlice
histories are procagated to data stiructures 1n a numcer of
#ays, ahen subtransactions tork throuan the systen they
geposit and collect conftlict nistories at data opjects.
Iransactions excnange contlict nistories auring aeaclock
getectlion ana auring site concurrency contrcller activity.
Ine housekeeping ot these <conflict nilstories during the
rollback and commit processes prove to pe 4gulte expensive,
every instance ot a conflict nistory p<ir #nich was created
by the execution Of an atomic &ction nNaa to be Tracxea qown
througnout the system whenever the 3lomlec action vas rollea
pack., It was also necessary to purge the system or confiict
histories related to a transaction wnhen tnat transacticn
committed, without this purge process talse information was
introduced into precedence rejations which resultea 1In

erroneous cycles ceing Jdetectea, 1Inis {s understanaaoly an

68
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untenable situation, Furtner investigation into tnis 3s.«ct
of the algorlthm s necessary to reocyce the oOovarseal

introduced by the propagation of tne contlict nhistecrizs.
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Vil COKRCLUSIONS

In this thesis we nave investigatea three relatea topics
of current interest in the tiela of districuted combuter
systems software: optimistic concurrency concral,
partitioned networxks, and longelived transdactions.

A previously proposed optimistic concurrency control
algoritnm was implemented ana tested, Tne test resuits ot
the algoritnm and our implementation ¢f 1t nave neen
discussed acove (Chapter Vi), neé present nere our
conclusions on tne feasioilicty ana opracticality of tne
algorithm,

Though it 1s understood that any workaole “ortimistic"
concurrency controller needs to vertorm well auring oceriocs
af low/no contlict, it is still necessary for it to runction
in a reasonaple manner it tne conflict rdte 1s hian. 1f tne
transaction stream wnicn 1s Input into our simulaction 1is
such that tne conflict rate is rign ana cycles of lenatn
greater than three are present, then our lasplementation ot
the algoritnm often will not work. wnille thls #as discussed
aoove in Chapter VI, we want o emPnasize here tnat tae
problem appears to reside not in tne algoritnm itself, out
in our implementation of {t. fhis needs to pe verifleu ana
is put one of many pPlaces wnere turtner i1nvestigation 1s

required, we do bpelieve tnat tnis proolenm is not
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insurmountavle and that a more soonhisticated aporsacn to
selecting wnich transaction to rollbacx and re-execute «nen
breaking a cycle is a likely solution,

Of greater concern, because it deals more closely «itn
the actual algoritnm as opePosed to our i1mplementdation, is
the provlem of eliminating conflict nistory pairs wnicn are
no longer valida. That is, «#nen a rolicack occurs (or a
transaction commits) it is imperative to remove frod™ <I.e
system tne conflict pairs «#hich refiect tne con:ilicts »nicn
are no longer present, This 1s not trivial O accoaciisn
without a 1lot of wasted eftort because the nairs =0 ue
removed may have bpeen cpropagated extensively ¢to otner
transactions, data oojects, and temporary versions. 1n our
simulation, which is o0f a small system witn few aata
objects, it was possible to simply looxk everywnere £Qr tne
conflict cairs wnich needed to be purgea, Iais woulag,
however, not bhe feaslible in a real system, we hone tnat
turther investigation of this problen wsould reveal a wetncd
for Kkeeping track of where the conflict nistories are
propagated, tnus enapbling a ruch more efricient scneme for
purging tnem,

Next, we consiaerea how tne concurrency control
algoritnm «ould handle a specific class of transactions,
called "long-lived", which presents systems with some uniaue
proolems, 1t appears that our algorithm may be anle to deal

witn long=lived transactions tecause tne temcorary version

71
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mecnanism causes long=lived transactions to ca
indistinguisnaple from otner <transactions, Tre alcoritnm
can also present a more reallstic viéw tc the user &5 L2 tne
status (whether or not it 1s committed/permanent} or any
long-lived transactions which might have been input.

The tnird topic wnich was investigatea w»as that of
partitioned networxs wWithin a gistriputed catacase systarm,
our algorithm also seems to be naturglly extensicle toO tne
partitioned environment since tne mechanlisms required £or
detecting ana resolving cycles ana nonserializaollity are
already present. Thus, extension of tne algoritnm to enaocie
it to hanale a partition merge should oe ta1rly
straigntforward, Inis 1s certainly yet anotner area uirere
further worx coula be accomplisned - tohe actual
implementation of the extenaeaq aigorithm to enanle its
operation in partitioned systens, Adaditionally, tnere 1s 23
need for further research into tne provblem of how to deaj
witnh long=lived transactions wnich are nresent in a system

which pecomes partitioned,
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APPENDIX A

THE PROPOSEU ALGORITHM

The three pnases of the proposed adaptive ontimlstic
concurrency control algoritnm are aescricea btelow, The
girst phase addresses the execution or transactions 4t a
data object, DLetection of don-serla;izaole execuytion 1s tne
objective of the second phase ang tne tnirc phase geadals »ith

the commitment ot tr._ans_act.ions.

Executlon Fhase:

#1tlLUE (more subtransactions in tnis transaction) 0O
FOR ‘each suptransaction DO or Du CONCURRENTLY
wallLE (more atomic actions in this suotransaction) UL
check for lock on data object CO pe accessed
lF locx InEn :
WALl FOR I1ME=QUT
END IF¥
IF no lock THEN
acquire locxk
read/update data ooject
inspect 4o log for contlilict
IF conflict ThEnw
construct preceaence relation from ao log
set s equal to numdber ot temporary
versions in the ao 10g w#itn which
current transaction 1s in confiict
IF¥ nonesr execution InEN restore sr exaecution
send message teliing contlicting
transaction to roll »ack to site
of non=sr execution and restore
serjializaole execution in most
economical manner
update conflict nistory
IF reads/ugdate based on temporary
version Tnen
mark new version as t(wv)
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ELSE
mark new version as t(r)

- END IF
R! . ELSE

- upaate conflict nistory

. mark new version as t(w)
END I

ELSE

s =0
Fl mark new version as t(r)
END IF ’ ‘
pusSn enptry onto do log
IF 5 € n ThHEN
release lock
END IF
ELSE
enter lock Jueuye
send message to own initilating site giving
conflict nhistory ana iocation
enter detect non=sr getection pnase
(L n = U consider all locks ana ali
engueued locks as a part of transaction
contlict nistory)
wait for losKk to pe rajedased
END IF )
END WAHILE
END FOR
IF concurrent subtransaction THEN
merge contlict nistories
EnND IF
END WHILE

..'I*.gt- T v "",-,ir
P o e et .

Kt D]
e
IR

Detect wson=SR Execution Phase:

IF conflict history empgty THEN
IF receive conflict nistories Tniw
send message to initiating site of contlicting
transaction saying °‘trans comritted”
END IF ) ‘
enter commit phase
ELSE '
fOR each transaction in conflict nistory uC
send copy of contlict nistory to initiating site ot
each transaction o
END FOR )
FOR each contlict nhistorys/precedence relation receivea Ly
construct precedence relation
IF precedence relation snows nonesSr executlon [HaN
restore serializacle execution
IF transactions stil)l executing THeN

74
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select least costly transaction pair tro-
among transactions that are still executing
ELSE )
select least costly transaction ralr
END IF '
transactions in selected transaction oair roll
back to site of contlict ana execute 1in
opposite ¢rder
update conflict history
lF read/update based on temporary version THEN
mark new versicn as C(w)
£LSk
mark new version as t(r)
END IF
ELSE
send precedence relation te {nitiating site or
transaction adaed to prececence relation
END 1IF
END FOR
IF receive “trans committed® message THEN
pass this message to initiating site from wnhicn
received most recent precedence relation
END IF
IF transaction completeg THeh
enter commit pnase ’
ELSE
continue witnh execution phase
END IF '
END IF

Commit Pnase:

IF all temporary versions are t(r) THEN
send commit message to all sites at wnicnh
transaction executed )
ELSE
FOR each t(w) version DO
IF t(w) site reports “abort’® THEN
roll back to site ot anort
resexecute remajinder ot subtransaction
enter detect non=sr execution pnase
ELSE
IF all t(w) versions report ‘ready to commit® THEN
send commit message to all sites at wnich
transaction executed
EnND IF '
END 1IF
END FOR
END IF
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ABPENDIX B

SIMULATION SCURCE CuDe

(EEEXXXERAFRXRERRFFRRE SRR LRI R R ER KRR AR KRR KRR KR XX RKEXERRXREENRS)
(AR R AR R EF AR TR B LR FFAEF R AR R AR KRB AR KR RR R R KR KREXEEEREK )

(* type declarations tor sinulatjion moaules x)
(* contained in file "strtype.pas" &)

(FERFSELSELRER SRR RREFELEEEEXE RN R LAEE AT KRR KKK KRXX KK EXXFKRX K LXK )
(FXEBEEXXEFX X XEEEATAREL RSB EEFELR R LR ESREXSNERXR XK EKRERERLE L4 RX)

(* pointer tyoes ¥)

(RXEEFERXRREX KA RRERERER AR R R RN RN R RRR RS SRR REXFEARBKE KRB LK)

otreChapair =~"ch.pair.rect:;
ptr.trans = “transa.rect;
ptr.strans s*strans.rect:;
ptre.dic = “aicarecet;

ptr.aa = “aaa.rect;

PLralV = “tv.recet;
PLlalOCKaG =*l0CKagwelect;
Ptred0Perm = “do.perm.rect;
PtraCh = *“Cha.rect;
ptr.reexec = “re.exec.rect;

(SEESBELEEERXRBRERAEREARERARAB KBRS EREEEEEXEERE R EXRRRERKEEK)
(XA SRR SRR R SRR E A RSN RN RS AR AP EE R A RN R KA KKKRER£K)

(* record tyres ¥)

(FESXEELREFXEERREEXREXRFEARRXRERAEEXRRARBEEARKKEERXERKA KR KK )

re.exec.rect s record
init.site : char;
trans.num : integer:
stanum t integer;
adanunm ! integer;
doaid : integer;
nxt ! ptr.reexec?

end;

(REETEREEESERXRXFARKA BB S AR AR REREREFEERERERRERX KK ERKXXX KX RN )
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do-Pert.rect = record
CNaPLr ¢ Ptrach;
CV.PEr : DIratVv’
10CK.0upPtr ! Ptralocka.q;
noareads : inteyer;
no.writes : integer;
lock & poolean;
Ne.Cnt ¢ integer;
S.CNt ! integer:;
lockaqty ¢ integer;
chaS€q : integer;

end;

(FESEERREERREKR KR KRR ERR R KRR RN A KRR AR KB REFF IR R SRR R KL E R £ 4 )

tv.rect = record
tVaChabtr ¢ ptrach;
aa.ld ¢ record
" trans.site : recorgd
init.site : char;
trans.num : integer;

end;
stanum : integer;
aa.num ¢ integer;

-W=£tlg $ char;
do-id ¢ integer;
che3€9 3 integer;
metric i integer;
end; )
metric.sum. : integer:
nxt : ptratv:
stat.fld : char;
end;

(FERBXESRRXRRBSRREBEREXRFAREREXR SRR R EREXRRX KRR EXSXFRRRR KX AR )

aa.rect = record
aa.ld : record
" trans.Site : record
init_site : char:
trans.num : integer;
end;
st.num : integer;
aa.num ¢ integer;
F-Waflg ¢ char:;
do.ld : integer;

chaseq ! integer;
metric : integer;
end;

stat : cnar;
timeoval : integer;
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step.num ! inteqer:;
have.lock ¢ osoolean:
inalockqgaflg ¢ boolean;
nXt ! ptraaa;

end;

(SEESSFEEFERFREREERRRRREERX R ERERER KR ERRKR XXX XA XA KKK KK KX)
strans.rect = record
aa.ptr : ptr.aa;
St.id ¢ integer:
aa.qty ! integer;
aa.tr.gty : integer;

da.finaqty : integer:
exec.flg ¢ pooOlean;
forkaflsg : ooolean:

STaCNLDLYr § ZLr.CD;
metricasum : integer;
nXt : ptrastrans

end;

(REXXEXEXXZAREERRSREFXFELABELREEEAE AR SEXBXXRERXXEERKXKIXEKX )

trans.rect = record
StePtr : DPtrastrans;
5tagqty : integer:
exec.flg : booleans
StallTQtYy ¢, integer:
sStafin.yty ¢ integer;
trans.site : recora
‘init.site : char;
trans.num : integer:
end;
nxt : ptr.trans;
Ltrans.Chadtr ¢ ptrach?
end;

(BXEXXXXRBERRABES KRS TASREER SRR XS FREARRXARRKRKRK K KRR K AKX K KX )

charect = record
NXt : otrach!
PaAlreptr ! ptre.chapair;
ddaid ! recora
" gtrans.site : recora
init.site : c¢cnar;
trans.num : integer;
end; '
st.num § integer;
aa.num { integer;
fe¥aflad : char:
doaia ¢ integer;
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chaSeq
metric
end;
end?

integer:
integer;

(FEEFFEERRXEXEARFRXERRER KR KR AR XX AN KNAKKRRRRRERF X EERELRF S &%)

ChePa3lir.rect
metric.sum

record
integer:

aaa.ld : record
trans.site :
init.site
trans.num

record

char;
integer;

end;

st.um ¢ integer;
aa.num $ integer;
fa%¥=£flQ ¢ char;
d0aid ¢ Iinteger:

ch.Seq : integer;
metric : integer;
end; )
end;

(REEEE BRI R IR AR EE R AR SR AR E KRR A AR NS R KR KRR EX KA RN KX )

lock.g.rect = record

nxt
loCKL.ChapPtr ¢ PLracn?

! Ptr.locke.g;

a3.ld ¢ record

trans.site : record

intt_site : cnar;

trans.num
end;
st.num ¢ integer;
aa.Nud : integer;
Te¥=fly $ char:
d0edia ¢ integer;

chaSeq ¢ integer;
metric : integer;
end; '
end;

integer;

(EEEEXREXEERREEURER SRR ERREE AR S XN RERAEEREEAARENRRX X KA TR KK )

dicerect = record

nxe

: ptradic;

Site.id : cnar;

end;

(RXRXXBREEFXLEX X R EFRIFXXXXEXIRERLRS LA RA NS XRFFBXEXEREEFESEX )
(EXEEERRB AR BEARREXELAZFE XX SR RABREE SRR R EAREX LI X AR KKK KK
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(¥ array types x)

(EXEXXREXEEETREBREREXEEXR R LR EXR R KR EFASKE KRR KA KKK XK FXEZREXEE5X)

data.onj.array = arrayil..9y] or ptroao-pernr;
data.dic.array = arrayl{0..9v) ot ptr.aic;

(RSAEEFEERSEERNBEFSEE AR NEE RS AR LR KA KRR KEXR RS SRR KN AXEXFRXERER )
(EBEEE AR REA S AR R R KRR AR R E R R R AR LR R KR KRR AR AR F KR XA REKEKE XX )
(BT R R RE KRR RRK R AR AR R E AR AR ER AR RS E AN KB FAEX X))
(EEREFREFRERARER KKK XA K E AR AR AR R E B EA RN XA S RE XKL EEFEEER)

(* varlable ageclarations for simulatlon moaules ¥)
(* contained in tile "strvar,pas" *)

(XXX XEFXEXRXEXRXREERKXE XL RLEX KKK KL X IR L RE XL XXX EXFEEXXFXER KX )
(EREES SRR RS R AR X R RS TR R LS RS A RS R RNFARERER KT AR EXNEXNEE)

(* pointer variables *)

(FESEXRE RS AR E SRR RE AR R AR R AR AR R RS RE R R KRR K XXX KR KKK XIKNE KX )

trans.ptr : ptr.trans;
reexecC.pir @ ptroreexec:?

(EXREEF SRR EAEE R XL RRR AR RFEX XX B R LKA KR RXR XX EREXXXEEEFFRXNTE X )
(RS RS R R A S SR F R R E IR AR RN R AR R KA F S AE R AR RSB R RS EZEEEK )

(* array variables *)

(FEXXEEREFEEEREREER AR A SR EF XL AR KR RS KSR AKX KK E RN KR KRR RRKX KX )

dowarray : data.oojearray;
dic.array : data.aic.array;

(BEEEXEXERERERRNERRSETERFEEARRARNXER AL ANKEFEERXRERREEXAKKREX)
(EEERREEXXNREN AR RS ERRS R RS S S KL SRR X FEEFEXSX XX KKXKKKNRK KKK )

(* record variables ¥)

(BXXXLIEXEXSXAFEREFEFERXFEREREARREXRXAREK AN IR AR KXKKERXEEX )

re.exec.rec : re.exec.rect;
tve.rec : tv.rect;

aa.rec : aa.rect:;
strans.rec : strans.rect;
trans.rec : trans.rect;
ch.rec : chorect;
ChaPaire.rec : chapairarect;
locKkadaIeC : lOCK.Galect;
sic.rec : dic.rect:;
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(R R RN SRR R RN A R AR LR R IR ER KR AR R R KRR R E KR E RS K2 %)

(* file declarations ¥)

(FZXEXXEXEXXXREXERFREFEEREFERAXFRXERRXERRERARAREFLFXRXE XXX EXR X )

trans : fille of aaarect;
audit, data, qatadic, dobj, runfiie : text;

(¥XEXERERREXXEEREEF R R R RRREEERLXRL LR AR EF XXX FXXXEZEZLEREXRZX )
(RER R R R R AR EF R SRR KRS AR R A AR N R A RN KRR KRR R R R IR R KRR & X)
(EE RN RN A R SR RN AR XS AR R RN A AR F AR R AR KE KRR X E)
(R R T E R R EREF R R AR RN AR KK E KA E S FEF SN KRR RN LK)

PRUGRAM plads (input,output,trans,aatacic,qonl);
(* this ouilas the data structures for alco.test *)

TYPE
~ %INCLUDE °"strtype,pas /nolistc’

VAR
$INCLUDE “strvar,pas /nolistc”
eh § char:; '
ans,a :iateqger;
gorrect,stoprun ¢ bkooleany

(P AR R R AR RN R AR R R AR KA NS SRR RN S KRR R AN AL SRR A KB LR RXE KX )
(SRR AR EREEF SRR AR R R R RN KRR AR XA AR SR E R AR KRR R IR EEFRRTN )

PROCEDURE reada.integer (VAR nrum :integer):;

(* This reaas an integer from the termindl in cnar format
and edits it tor type, It loops error msgs untll a legal
integer is input. *) '

CONST
goodset = [*0°
maxintalig = 10

933

.
[
’

VAR
line : array (1..,80] of char:?
index,length : integer;
gooa.answer : boolean;

BEGIN
gooa.answer := false;
wHILE not good.answer 0O
BEGIN ‘
index := 1;

- it asam oaana
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3

READ(Lline(.index.))s
WHILE not(line(,irdex,) = ° ’) ana not eoln
and (index < maxintdig) LG :
BEGIN ‘
index := inaex ¢+ 1
ReAD(line(.index,))
END?
READLN;
lengtn $:= index;
goodeansser :=
{index > 1) or not(line(.ingex.) = * *);
FCR index := 1 TO lengtn LO
good.answer := '
good.answer and (line(.,index,) in 3coaset):
IF not good.answer IHEN i
BEGIN
FUR index :2 1 [U lengtn ud
WRITE(line(,index,))?
ARITaL5C%ds not an 1nteger’):
4RITELN("please input again®)

'l-r'rr'i L e Al s e

) 20 L)
R
- e

?.; END
F END; (*wniles)
num := 0
FOR index $(= 1 10 lengtn DC
num = num 3 10 + (ord{(line(.index,))=-ora(*d”))
END} (*procs)

(R RN AT E RN AR AR X RN E AR AR KRR R KRR A KRR RRRE TR AR A TR R )
(FREE R AR RN AR R KRR AR SRR P AR AR KRS RRR KA AR R AR AN KX %)

PROCEDURE write.query (VAR ans 3 integer);

BEGIN (*WgX)
wRITELN(?tD1S proc builds new £iles for testacc’):
#RITELN(®wnAt dOo Yyou want to cnhange?”):
MRITELN; '
wRITELN(1
ARITELN(?2
#wRITELN(’3
ARITELN(’4
ARITZLNG
aRITE( respona witn single aizit=s==>");

S read.integer(ans):;

*@® END; (#wgs) '

atomic action tile’);
gata dictionary’):;
data oclect file®);
notning*);

s gs: 8e oa

(FEEEXBEEEXEXAREREREALELFEXAEX R RSN RERAF XS TLRAERRXIXX K KRR X & )
(S22 XEERXBLAXREXEXRXEXXRRABELAEEXRERATRXAER AR ARKERRRKERLX)

bl PROCEDURE check.stop (VAR stoprun : ooolean;

T K cnh ¢ char);
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o BEGIN (*checCkeStODp¥)

- IF not (¢n in (°y",°Y’, ' n","h?)) iHEWN
ch = "2°;

case ch of

| P T W L

‘n,"N° & stoprun istrue;
‘y’,7Y" & stoorun ;= false;
‘z* ¢ WRITELN(error try again’);

END; (*casex)
END; (%check.stop*)

-
-

(FEEXEXREREXRXFRERAB RN E LR R R XK AR AR K R R R AR XA N KK XRRERRRXX)
f*t#*#**t###!!#t!ltt*t;t##*#*t;*xt*****#t##¥¥xt*¥*::x:4*s#:)

PROCEDURE const.trans;

o

| J

(* this proc bullds tne trans file disk trom interactive
input *)

VAR
stoprun,correct ¢ boolean;
templaadaa,temp2.aa ¢ aa.rect;
inaint ! integer:
outch,in.char,ch ¢ cnar:

n H T,V rwawaes

BEGIN (*ctix)
stoprun := false;
wIIH tewpladada.ddald.trans.site vl
BEGIN (*witn®)
initosite 3= “90”;
transanum = G;
END; (*witns)
wITH templeaaa.aaaid DO
BEGIN ' '

s o

- O .
-e wp
) > 4

EwG; (*withx
wITH templ.aa 0O

BEGIN
stat :s°x”

’
time.val = =1; 4
stepLnum = 0 ']
have.lock := false; .
in.lockqatlg = false;
nxt = nil; 1
END; (xwith=®)
temp2.aa = templ.aa; 4
RE#RITE(trans); "
§4

Y 4
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REPEAT (*until stoprun = true¥)

PR LIS S

wRITELN("you are entering an atomic action”):
WRITELN?
ARITELN(®tNe last aa you entered wdas’);
ARITELNG '
wilTh templ.dd.ddmid.tréansasite CU
ARITE(init.site :3,trans-num :3);
wITn templ.aa,ad.ld DO
WRITE(StaNUM $3,3a.num $3,00.1d :3,metric :3);
WRITELN(temploaad.limesval :3);
ARITELN(”enter the new inite=site integer’);
READLN(cCN)
#4MILE not (ch in (°0°,°1°,°2°,°3°,°4°,°5"°,
’ ’6°,%7°,°87,°9°1) Lu
BLGIN
WRITELN(’error try again’);
READLN(CH)
END;
AITH temp2.aa.,adald,.trans.site DU
BEGIN -
initasite = ch;
(sconverts 1nit site to char for tile*)
wRITELN("enter the new trans numoer integer”);
read.integer(trans-numj;
END? (®with¥) )
wITd temp2ada.aa.lid CO
BEGIf S
WwRITELv("enter new subtrans numcer i{nteger”®):;
read.integer(st.num);
wxITELN(”enter new atomic action num intezer®);
read.integer(aa.num);
WwRITELN( enter new aata opjlect nunm inteager”);
reaad.integer(do.id);
WRITELN(®enter new metric integer”):;
read.integer(metric:;
WRITELN("enter r for reaaqa or & for write”);
PEAQLN(CN)?
wadlLeE not (¢h in (°r*,"w"]) uG
BEGIN
wRITELN("error try again’);
KEADLN(cCh)
END;
raeVeflg = ch;
chaSeq = U}
END; (swithn%¥)
wITH temp2.aa DO

BEGIN
time,val = =13
outch 1= °x°;
stat = °x”";
step.num = 07
€s

S 4 3 -~ Mk N B om B & _ B _2aa. . & ~m_ . a_ M-« e_m_
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havea.lock := false;
in<lockq.flg := false;
nxt = nil;
EnD)  (®witn¥)
wrRITE(trans,tempi.aa);
temploaa (= temp2.aa;

ARITELN("enter v Or n 1f you #dnt tO enter anotner aa’):;
READLHCEN) ; ) '
checkKaStop(stoprun,ch)?

UNTIL stoprun;

(*tnhe last aa on the file s a trans.nNum Y3$Y recoras)
templadd,daaid.transasite.trans-num = 99y;
WRITE(trans,templaddl}

END; (*%ctl¥)

(XX EE XA RN KEEE R KRR RN R R AR R AR ER R KR AR TR AR KR RREX KX )
(FE SRR EX IR TR R RN KRR R AR RR SRR AR RN KRR RSN AEERR RS REE KA F)

PROCEDURE consta.cataadic?

(*# this proc builds tne data dictionary aisk flle fronm
interactive input *)

VAR
stoprun,stopsite : pboolean;
cased,curd : ptradaic;
ch,init.site char;
aonum,inaint integyer;
dic : text;

BEGIN (*x1%)
REARITE(datadic);
stoprun := talse;
qonum := {;
ARITELN(’enter thils Sites number=integer®);
READLN(iINitosite); "
ARITELu(datadlic,initasite)y
REPEAT “(3%until stoprun = truex)
stopsite := false;
REPEAT (*untll stopsite = truex)
sRITELN(”note : enter a 9 it aata item not usea’,
‘¢ at all’); '
NRITEuUN(“enter a site zor data 1tem “,aonum : 2);
KREADLN(INnlt.site): ) '
akITELN(catadic,inltasite);
Ir {nitosite <> “9° THEN
BEGIN (%7%)
WRITELN(”another site for data i1tem °,
‘donum 3 2,°%°):
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- ARITELN(®answer y or n’);
READLNC(CN); -
. check.stop(stopsite,cn); )
ENU  (*7%) -
ELSE ' -
stopsite := true; o
UNTIL stopsite; .
donum $= dohum +1;
wikiTeLN(aataalc, *x*); ;
WRITELN("cCOntince with data item “,aonum : Z,°27); ?
WRITELN("answer y or n”); '
kEADLN(CND)? :
check.Stop(stoprun,ch):; -
UNTIL stoprun;
END; 1

(EEEERE R R R R R RN R AR KRR KRR KRR R AR R KEE KKK RN RRKKF) ¥
(AR E RN E R R KRR R RE AR R R R AR BRI AR EER SR F K AR REERRKEXF )

PRUCEDURE const.do:;

L.

(* this pullds the data object fjile from ipteractive
input *)

' o v .
I ! PR
Jala #2 a .sa PP R

. t
—l i 2’2

VAR
i,inint :integer;
stoprun ¢ boolean;
ch : cnar;

BEGIN (*1x)
i = 1; j
stoprun := false; ,
REWRITE (dorl):;
REPEAT (¥untll stoprun = true¥)
WRITELN("enter the n value for data object “,1 : 2);
readeointeger(in.int); ’
wRITELN(aOD], inalne):
AaRITELN(”answer v or n 1f more 40.s to enter”);

READLN(cn) 3 i
cneck.stop(stoprun,ch): ]

1 3= 4+ 1 R

UNTIL stoprun; ]
END; (%1%) ;
(FEEEREER AR R EE RS R RN AR NS R AR TR E RN R R AR A KRR KRR RS KN KR ) L
Ty R e R P T P L)) 7
- . - .:4
(% main for program oldds *) k
BEGIN (¥1%) b
REPEAT (*until stopruns) e

a
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correct := false;
a = 1;
#HNILE correct = false DO
BEGIN (%2%)
Writeé.gueryfans);
R IF (ans in (1,2,3,4]) THEN
correct = true;
END; (%2%)
case ans ot
1 ¢ BEGIN
constatrans;
trans«ptr := nil;
END;
! constadataaaic:
! constado;
T a = a+ 1;
END; (*case¥)

Lt o v g

VY Ty
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ARITELN("more changes? answer y Oor n”);
READLiNCCH)?
cnecka.Stoc(stoprun,ch):
UNTIL stoprunj
END, (*¥1%)

(XXX EEXREXXEEE TSR RERRBER XA RF XA R AR LXK KKK KR XS EAKRKEXRE KR XK )
(R R S IR AR E SRS AR IR KRR RNRRRRE SRR R K )
f###t**#*##tt*t##*#t##tt#t!*t:::t**t##t**#*#u*xx&*:x:s*x**:)
(SRR AR E N EE AR ER RN AR ERE XKL C KX KX MK RXRRRANRALE )

Ty 2L APA AN AR A s
Lo T Y RN
e S

(INHERIT (°sysslibrary:istarlet”),ENV.IRUNMENT (°builas.pen”))

MODULE 8 (input,output,audit,data,runfile,trans,qataqalc,
dopl); '

(* this moaule creates the glopnal procedures =)

TYPE
$INMCLUDE ’strtyce,pas /nolist’

VAR
$INCLUDE ‘strvar.pas /nolisc”’

(EFXBREEREERRI SRR ERER KR KRN RE XK XN R AN XX AR SRRASRREXEH KX )
(KRS AR EE R E TR AR AR KKK EE R E R R R LR AR AR R E AKX )

(GLOBALI
PROCEDURE bldtx;

g* this proc oullds tne trans structure trom the recorag tile
trans,.dat *)

bb
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BEGIN (*adastx)

ST, Ve Ve Te e . T e T R R T T LT e g AT TR T W ee—
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VAR

) baset,curt : ptr.trans;
curst,basest : ptre.strans;
curaa,oaseaa : ptr.aa;
tempaa,tempaas : aaarect;

(XX EXXXEXRELEXRELEXXXRERF RN RRAREXKKLERERREXRXXKZ LR L XXEF XS 5X)

PROCEDURE addt (curt ¢ ptratrans;
tempaa : dd-Tect):

(¥ £111 one trans record with acata ¥*)

BEGIN (#*aagdtx)
. ourt*,stagty
curt*.exec.flg ¢
curt*,st.tr_quy
curct*,statin.qty = Gj
curt*,trans.chaptr = nil;
curt®,trans.site.init.site :=
tempda.ad-id.trans-site,inic_site;
curtf,transasite.trans.num =
tempaa.,dd.la,trans.site,trans.num;
curt®.nxt :s nil;
END; (*adatx)

I IR E R 2222 2 2SR 2R RS R R X RS RS PR R SRR 2SS RS B

PROCEDURE adast (curst : ptrastrans;
tempaa : J3da=Trect);

(# £111 one suptrans record witn qata »)

CUISt®,Steld 1= temMpaad,.d3dmld.st.num;
curst®,aa.aty = 0;

QuUrst”*.aa.traqty = Q9
CuUrst”®,ad.fin.aty := U;
curst*,exec.flg := false;
Curst*,fork.flg = tfalse;
CUrST®,StaChapPtl = Nil;

curste.nxt := nil;
END; (*addst¥)

(SEXEEEXRRXEXXXXXXBRERENRR KRR RXKBRXAKERERERRERRENREELRX K KR )

PRUCEDUREL adadaa (curaa : ptraadg;
tempaa : aa.rect);

(# £111 one atomic action record #itn data ¥)
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B8EGIN (*addaa*)
curaa“®.adaa.lia s tempaa.aaalia;
curaa“*,stat 3= tempaa,stat;
curaa*,timewval := tempaa.time.val;
curaa*,stepanum :=
curaa~,have.lock 3
curaa“,in.lockgefl
curaa*,nxt = nil;
END; (*addaat)

g 3

(FERRERR R RRR R R TSR E S RSB E R R KRR A RN F AR RS A CR AR XA KR AR K )

(*main loop for bldtx®)
BEGIN (*1%)
" READ(trans,tempaa);
tempaa2 := tempaa;
NEw(curt);
trans.ptr :=curt;
paset := curt;
addat(curtc,tempaa);
NEwa(curst);
pasest := curst;
addst(curst,tempaa);
CUrt*,StaAty $= CULL~,ST.GLtY + 1!
NEw(curaa); i
paseaa := curaa;
aadaa(curaa,tempaal;
curst®,aa.qty = curst®.adaaqgty + 1:
trans.ptr*.staptr := curst: )
Curst®,aa.ptr := curaa;
READ(trans,tempaa);
#HILE not ecf (trans) OU
3EGIN (%2%)
IF tempaa,aaaid.trans.site.trans.num <> 999 Tntn
BEGIN (*%3%)
IF tempaa.adeid,trans.site,.trans-num <>
tempdad.daalid.trans,site,trans.num then
BEGIN (*4%)
NEa({Cure);
aadt(curt,tempaa);
baset®.nxt := curt;
New(Curst):
aaast(curst,tempaa);
Curt®.st.qgty := curt*,st.qty + i;
Curt®,stoptr := curst;
NEW(curaa);
agdaa(curaa,tempaa);
CUrsSt®.daagty = CUISC~.aa.qtV + 1;
curst®,aa.ptr := curaa;
caset i3 curt;
casest is curst;
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paseaa := curaa;

tenpaaz := tempaa;
ReEAD(trans,tempaa);
BND;  (%4%) '

IF (tempaa,aaaid.trans.site,trans.nuin =
tempaal,aasia.trans.site,transanur) and
(tempaa,adaiu,Stenum <>
tempaaz,asdaia.stanum) THEN
BEGIN (%5%) '

New(curst);

agdst(curst,tempaa);

curt®,.,stagty := curt®,stogty + 12
pasest*,nxt := curst;

S NEw(curaa):

f‘l addaa(curaa,tempaa);

o CUrst”,.aaaqty := curst®,aaaqty + 17

CUrst®.38.ftr :3 curaa;

o pasest 1= cyrst;

- paseaa 1= cyraa;

tempsa2 (= tempaa;
REAU(trans,tenpaal:’
END;  (%5%) :

Ir (tempaa,aa.idg.trans.site.trans.num =
tempaaZ,aa.la.trans.site,trans.num) ana
(tempaa,daela.stanum =
tempaas,adela.stanium) THEN
BEGIN (%6%)

Newn(curaa):

aaggaa(curaa,tempa’d);

CUrsSt*.a3.CLY = CUrSC®,3da5tY + 17
baseaa“,nxt := curaa: '
baseaa := curada;

tempaal := tempda;
READ(trans,tempaa);
END (%6%) ‘
END (*3%)

END  (%2%)
END; (*1%)

(FEXXXEEEXX XXX XL K EXRXEE LKA RE KA EX XL EXE S LK X EBXKXXXKLLE K KX )
f#*##*l#t#*#ll*##*t*#**#t#l**#**;t*#**l*l*!*x#¥$¥***¥***¥*¥)

{GLOBAL]
PROCEDURE blddics

g* this proc nullds tnhe data d1ct10n§ry structure
from the text file datadic*)

VAR
pased,curd

: ptredic;
) {1 : integer;
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(FEEEERERRXRREXRREREEER AR RXRRE XA AR KKK KA XK KGR KR KRS XK R KR FHGF )

PROCEDURE addd (curd : ptradic;
c€n ¢ ¢charl;

(% tnis proc £ills one aata dic link noade «with datcas)

BEGIN (*ai¥)
curd~,site_1d =
cura*,nxt := nil;

END; (%al¥)

chy?

(FEER AR EREE R AR RN ISR RN R AN KRR AN KR KRR KRR AR EXXREAKERS )

(¥ pegin main program blddic *)

BEGIN (*1%)
FUR L =3 0 to 99 O
dicearrayf{il :s nil;
NeEd(dicaarrayiol);
dic.array(o0l*.nxt := nil;
READLN(datadic,dic.array(0)”,siteaid);
1 := 1;
#HILE not eof(datadic¢) DO
BEGIN (*1a*)
IF not eof(aatadic) [HEN
KEADLN(dataalic,ch);
IF eh <> “9° THEN
BEGIN (%03
NEw(dicaarrayiij);
pased = dicaarraylil;
curd := dic.array(ii;
aadd(curd,ch);
END; (*1p*)
wHILE (ch <> °%X”) and (not eot(datadic)) ol
BEGIN (%¥2%)
Ir not eof(datacic) THEWN
REaDLv(datadic,cn);
IF (ch = 79°) TInEn
BEGIN (%2.5%)
dic.arraylij = nil;
READLN(gatadic,ch);
END (%$2.5%)
ELSE
IF (cn <> *x°) THEN
BEGQIN (%3%)
NEW(curd):
addd(curd,ch):
based®,nxt := curd;
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pased := cura:
END;  (%3¥)
; (¥2x%)

END?
END; (*x1%)

(BEEREXLERFREREREETERE R KRR EERERE X KRR E KRR ERKAX KX S KK XXNX R S KKK )
(BB RN SRR KRR F AR KR KA RN R RKRE AR KRRE R R KRR GIRXRKKEFER)

(GLOBAL]
PROCEDURE add.n.andat (VAR cuUr.cn.ptr : ptroch);

(* tnils procedure adds a header ang trailer to tne inout
contlict niscory list *)

VAR
oUtaChaPtr, TtVIPLr ¢ ptracCh;
POUlLChaDELTl ¢ pPtr.Chapalir;

BEGIN

(* build neader *)
NEN(OUtaChaPtr) ]
OUtaClaptr®,ddald,transasite.inftasite ¢
oUtaCN.ptr*.aa.id,trans.site.trans.num :
OULaCNufPtr*33ala,Stanum 3 0;
OUtlaClaptl*cd@nld,aaLnum 8= 0;

OU aCNapPil*iddalidela?afly 1= “2°;
OUtaCNopPtr”®,38u10,d0aid :=
OUlaCNapPtr®.4dald.Che52g =
OUlaCNaptr“.adai3.metric :=

e

(* puila header pair ¥)
NEW(pOUtChaPtr);
outach.ptr-.pair.ptr := goutocheptr:;
PoUt.Choptr-.da.la.transesite,initosite = "*°;
POULLCNpPLr® daaid.tlans.Site, trans-num s =1;
POUtLCNLPIr®,aaaidestanum = y;
POUtLCNaPLr®.ddaia.adunum
POUTCNaPtr®, 38010 .Ta¥aflg
POUtaCNaptr®,aanlc.dooia ¢
POUTLCN.PEtr*,adla.CN.5e
POULtLCNPtr*,aa.id.metry
POUtLCNaptr* metricasum

s o

cee B}
<

o Ve N

es N O

(* add the neader »)
OUtaCNLPtr®.NXt 2= CUr.ChaPtr;
CUraChapPtr % Outachaptr;

(* ouild trailer x)
NEW(outa.chaptr);
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outaChaptr®.aaald,trans.site,inic.site MR
OUtachoptr®,aa.id.transasite.trans.nun 999y ; ‘

- OUteChaPtr*,.dauid.stenum 3= 0; i
OUtaCN.ptr*ddaid,ac.num = 0;
OULwCNapPtl® dduldel¥atlqg 5 “2°;
OUtaCh.pPtr®,3a.1d,d0eid :=
OUtacChaptr*,ad.id.chaseq :=
OUtuChapPtr®,3a.id,.metric :=
out.ch.ptr®.nxt = nil;

U3
0
0

(¥ byllo trailer pair =)
NEw(PoutaChaptr):

= OUlaCNapPtr*.081irepPtr != POUta.CN.PLr;

3 pout.ch.ptr”.aa.id.trans.site,init.site = "a";
[_. POUt.Chaptr®,ad.id.trans.site,trans-num :=

' pout.chaptr*,aa.ia.stanun = 9;
POUt.Chaptr~,2did,aanunm 0

we &
cee )}

5 POUT.Chaptr®,ddalia.ranaflg = “z°;
[- POUt.CNaptr”,daaia.ddaid = U;
& POUTLChapPtr®,33uid.CNeseq = 03
. POUT.CN.pPTr*,da.la,metric = 0}
)

pout-cn-ptrf.metric-sum =

(* ada tne trailer ¥)

tVIPLr $= CUTeChaPtrI:

WHILE tviptr*.,nxt <> nil C¢
tvlptr := tviptr®, »7}

LVIPTr*.NXt = OUt.Cliuptr}

LND;

(EERERRE AR EERR R R R LR SRR EC RN R SR ER SRR KA RS AR N R KR ERRFXRKEFZ )
(AR R R AR KRR X AR A SRR RN R AKX RN R AR E LR R R FFEE R )

(GLCBAL]
PROCEDURE blado;

(* this bullds the data obJject structure from the integer
£ile dobj,dat x)

VAR
1 3 integer;

s ad gL

e BEGIN (#1%)
. FOR 1 := 1 te 99 uG
' ao=arraylil = nil;
0 1 1= 1;
K sHILE not eof(dopli)} UG
. BEGIN (%2%)
. NEW(do.array(il);
- READLAN(dOD],doaarraylil*.nacnt);
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(¥*add a header ana trailer record O A0 CN¥j
doearrayfil*,chaptr = nil;
add.haand.t (doaarrayiij®,cn.ptr);

(*£111 d.0. pers rec tields¥)
doaarrayl(i)~.tva.ptr := nil;
dowarray(1]*,10ckaq=ptr = nii;

domarraylil*.no.reads := u;
ao.array(tl®*,noawrites := 0;
do.arraylil*,lock := talse;
doe.arrayf(il®*,sacnt 3= 0;
dowarrayl(1l*.lockagty i= =1;
doaarray(i}*.cn.seq s 0;

i := 1+ 1
END; (*%2%)
END;  (*1¥)

(FEXEREE AR E AT E R LR AR KRR AT AR A AR R RE AR E KR KK AR X KRR A KR £5)
(RS EE R AR SRS R R R AR R IR LR R R AR AR SRR F R R AR IR B R RS XK R AR KT LX)

(GLOBALI
PROCEDURE enter.time.delay (VAr time.delay : integer);

(* this procedure requests as input an integer to act as a
delay value ¥)

BEGLWN
ARITELWN;
SRITELN (‘Enter an integer tor a time=-gelay constant :°7);
READLN (time.aelay); ’
timeL.delay := ABS (time.delay);
WRITELWN} ) ' ’
#RITELN ("The time=gelay constant i{s®, time.delay,:

END;

(XXX XXX XXX BAREEXREL SR L XL XX RXXEREXREXLEXXXRSEXEEXXEFLXIXR KX )
(REEE R SRR E B R BE AR AR KRR R KRR KR AKX KRR IR RR SR XS XS )

LGLOBAL]
PROCEDURE enter.random.seed (VAR seea : unsignea):

(*# tnis procedure requests as 1nput an integer to oe usea &s
the seed for a random number generator «)

BEGIMN
wRITELN;
ARITELN (Enter an integer to act as a seed for tne”,
° random nuuber generator :°%);
REAULN (seeq);
#«RITELN;
ARITELN (°The seed value is’, seeaq);
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(GLOBAL)
PROCEDURE check.Stop (VAR stoprun : boolean:
cn : char);

(# tnis reads a character from tne keypoara ana getermines
1£ input should stop or continue ¥)

BEGIN (f*CcheCK.StoOp¥*)
IF not (ecnh an [“y%,°Y°,°n",*N*]) THEN
cn 1= 'z
case ¢h of
‘n",’N* : stoprun i=true;
*y*,"Y° : stoprun := talse;
°z2° ! WRITELN(®error try again®);
END; (xcasex) '
END? (*checkaStorp¥)

(FXAXEXEFEXXERXXFEFERRRERREEER SRR R RN EE XA AL XERREXEIXKFERE XK
(FEXSEREXABSEF R AR ERFRXEFRERFRRAERRAAFRFERRRXBEFEXRRAREX KK XK )

tGLABAL]
PROCEDURE readwinteqger (VAR num :intgqer):

(* Inis reaas an intejer from the terminal in char formsat
and egits it for type. It looos error msgs untll a leaal
integer is inputs)

CONST
gcodset = [“0°,,°9%);
maxintdig = 10;

VAR
line: array (1,.80] ot cnar:
index,length : integer;
Jo00d.ans+er ¢ boolean;

BEGIN
Jo0d.answver := talse;
~HILE not goocd.,answer DO
BEGIN
index := {3
READ(line(.index,)):
wnlLE not(line(.index,) = ° %) and not eoln
and (index < maxintdig) DO
BEGIN
index = index + 1;
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REAU(lIine(,index,))
END;
REAULNY
lengtn := index;
gooceadnswer = (Index > 1) or
‘not(line(,index,) = * *):
FOR index := 1 TOQ lengtnh wO
Good,answer := gooc.answer and
(line(.index.) in goodset);
IF not good.answer THEN
B8EGIN
FOR index := { U lenytnh DO
WwRITE(line(.index,));
WRITELN(’lSs not an integer”’);
s ITELN(’pPlease input again’)
END ’
£vD: (*wnile*)
num = 0 '
FOR index := 1 IQ lengtn DC
num = num * 10 + (ord(line(.index,))=ora(7u”))
END:  (#procs) {

et

(EF R SRR F R EARENEREE AR R B ERE R RN EREASER R I RRIRREARXXEKA %R )
(SRR RS R R AR LR R R A SRR RN AR AR R AR AR AR R E I KX KR KRR KK )

& oa e aag an o

PROCEDURE writeaguery (VAR ans : inteqger);
(*thils srites the terminal output f£or bpldchtv *)

BEGIN (*wg%)
ARITELN(”thls proc tcuilas temp vers and contlict nists’);
wRITELN(®tOr tests®):
ARITELN("WNAt do you want to oulla?”);
#RITELN;
#RITELw(®1 ¢ a temporary version®):
#RITELN(®2 i a conflict history pair’);
#RITELN(”3 ¢ nothing’);
wRITELNS
#RITe(‘respona with single aigits==>7);
read.integer(ans);

END; (*wg®) o

(EXESERAXBERSEXRESEXRAERERREEEER R XXX RKXR KK KREXERRERAK KRR £ S )
(X EEREESEEE LXK EREREREE "X XA KR EEERRERERXR KRR RS RRXKK R XK XK )

(GLOBAL]
PRUCEDURE savchtvs

(* this constructs either conf nists or temp versions anag

outputs the data to tile "runtile" for use cy proc
conchtv,pas #)
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const _
aa = 100; (¥dummy const¥) B
]
VAR :
ch & char}
ans,a sinteger;
correct,stoprun § poolean;
curtv : ptratv; .

. curcn : ptrecnh; ]

. T T T Y P e TR TI T TR SIS E P PR L -

¢ PROCEDURE write.cn (curch & ptrach);

E (¢ this writes to file runtile for constructing ch ana tv b

- © structures ) ]

8 VAR

bf temppalir : ptr.chapatr;

2

BEGIWN
temppalir = curch”,pair.ptr;
WRITELN(rungile,curcn”,daelag.trans.site,1nit.site);
WRITELn(runfile,curcn®.dadelu.trans.site,trans.num)?
ARITELN(runtile,curen”®,adeid,stanuml;
ARITELN(TUntile,curcn®.ddalicegdaanuml
ARITELN(rUNZllie,Curcn® .d3alaelfwratlyg);’
#RITELN(runfile,curcn®,.ddmlg.atalajs
arRITELN(runtlle,curcn®.aasla.cnhaseqg);
#RITELN(runtile,curcn®,aaala.netric);
sRITELN(runtile,temppair*,aa-id.trans.site,tnitasite);
sRITELN(runtile,temppalr*,aauid.transasite,transanun);
wRITELN(runtile,temgpair®,as-id.stonuin);
#RITELN(runtile,temppair®.aaa1d,ad.num);
«xITELN(ruUNntile,temppair®,aaalderadatly);
ARITELN(runtile,temppair®,aaeld,.q0.14d);
ARITELN(runftile,tempoair®,aa«id.cn.seq);
wkITELN(runtile,tenppair®.asaid,metric);
sRITELNCruntile,temppair®, metric.sum);

END; (sproc writew.cns) ’

s

($FFEXXXRERAREREREXFRFBEETRRXAEXERRKBAFEXERXFCE RS XBXLATERK])
PROCEDURE const.tempv (VAR curtv : ptratv);

(% this constructs a temp ver trom parameters 1ingut
interactively and places the cata on tile runaata,aat *)

VAR

inval : integer;
¢h ¢ char;
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tempv ¢ ptratv?

BEGIN (¥1%)

NEW(curev);
ARITELN(runfile,’c’);
#RITELN(’enter the 1nit site number’);
REAULNCCR)}
anILE not (Ch in [ 0°,°1°%,%2%,%°3°,%4°,°y",
l-o ¢7o '8"'9'J) [»]0]
BEGIN ’ C
WRITELK(®error try again )?
READL:J(an'
END;
ARITELu(runtile,cnl);
WRITEuN(“enter tne trans number’);

read.integer(curtv*.da.id.trans-site,trans.nua);
ARITELN(runtile,curtv®,adeadd.trans.site, transanun);

sKIleLN(’enter tne sup trans numoer’);
readainteger(curtv*,da.1d.stenum);
aRITELN(runtile,curtv*.adaid,stanum);
#RITELN(”enter the atomic action number®):
read.integer(curtv*,3a.id.ad=num);
ARITELN(runtile,curtv®.aasla.adanum);
ARITELN(’enter tne read write r or « tlag”):;
READLN(Ch)
sailLE not (ch in L°r",°w’}) Du
BEGIN
*RITeELN("error try again®j;
READLN(CEN)
END;

NRITELN(run¢ile,cn);
WRITELN(’enter the gata ob)] numper’);
read.integer{curtv*.aaeid,do=1d);
WRITELN(runfile,curtv®,aa.idsaocaia);
#RITELN(’enter tne conf Nist seq number”);
readointeger(curtv®,d3a«ld.chaseg);
wkITnLN(runtile,curtv‘.aa-ld.cn-seq).
WRITELN(’enter the metric numper?):
read.integer(curtv*,aa.la,metric);
ARITELN(ruUntile,curtv®.aaslu.metric);
ARITELN(”enter the metric sum number®):
readginteger(curtv,metricasum);
ARITELN(ruUnfile,curtv.metric.sum):

WRITELN(enter tne status field char r,w,c,x’):;

READLN(CN)?
#«dILE not (ch In (°r”°,"w",%c’,"x%J) DU
BEGIN
wRITELMN( error try again’);
. READLN(EN);
END}
ARITELN(runtile,ch);
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ENDy (%1%)

. (XXX XEXXXXREEEEELE LXK EEXEEEREF XL X B A KRR FERXRERASEXXXEEXA XX )
PRUCECURE consta.connist (VAR curcn : ptrechl;

(*¥ this constructs a conf nist from parameters inout
interactively and places tne gata onh file runfile,dst ¥)

VAR
{inval : integer;
cn § char;
tempeh : ptrecn;
temppair ; ptroche.pair:

BEGLN (%1%)
NEw(curch)?
~nEa(temppair):
ARITELN(runtile,’c”):?
curcn®,.,nxt := nil;
curch”.pairoptr := temppalir;
ARITELN("enter tne values for the fi1rst ¢h pair nemper”’):
ARITELN(”enter tne iait site numoer”);
READLNCCN)
NHILE not (ch in C'O"'1'0'2','3'0'4'p'5'o
. '.6"'7'."5"'9']) Do
BEGIN ) o
wRITELN("error try again’):
READLN(CN)
END;
cuyrcn®,dadald,trans.site.init.sicte = cn;
aRITELN(”enter the trans nunmnber’);
read.integer(curch”®,.2aald,transasite,trans-num);
AaRITELN("enter the sup trans numoer’);
reaa integer(curcn®,d4dLid,stonum);
AaRITELN(’enter the atomic action number”):;
reaqd.integer(curcn®,3deld,ad.numn);
ARITELN(’enter the read write r or ~ £laq”):;
READLN(ch)
AHILE not (ecn 4in [“r",’w%}) DO
pEGIN ’
ARITELN(®error try again’):
REACLN(EN): )
END}
CUrcn* ,2a.id,ruwaflg = ch;
ARITELN(’enter the data otj numcer’);
read.integer(curcn®3as.1d,.doaid):;
ARITELN(’enter tne conf nist seq number’);
reag.integer(curcn®.da.id,cnaseqg)?;
ARITELN(’enter tne metric number’):
read_integer(curcn®,aa.ld.metric);
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ARITELN("enter values for tne second Ch pair meirner”);

ARITELN(®enter tne {nit site numoer®);

REAULN(CN)?

AHILE not (ch in (°0°,°1°,°¢°,%3°,%4°,°%°,
-'6"'7','8‘,'9'.]) DU

BEGIMN .

ARITELN(®error try again’):
REACLN(ER); '

END}
temppair*.daaid.trans.site.,1nit.site = cn;
WRITELN(®enter the trans number®);
read.integer(temppair®.aaaid.transsite,trans.numj);
YFITELN(”enter the sup trans numocer’);
reac.integer(temppair®.adalao.stannum};
ARLVYELN(”enter the atomic action number?);
reag.integer(temppair”,aa=la.aa.numjl:
WwRITELN("enter tne read write r or w tlag”);
READLN(CN);
adlbe not (¢ch in L°r°,°w’l)) LO

BEGIN ’

wRITELN("error try again’):
READLNCEN);

END;
temppair*,aaaid.rowatlg = ch;
#RITELN(’enter the data c¢bj numocer”’);
read.integer(temppair®,aa.1a.00.13);
WRITELN(”enter tne cont hist seq number<);
read.intecer(temprair®.sa-la.cnaseqa);
ARITELN(’enter the metric numoer’):;
read.integer(temppair®.ad-id.metric);
ARITELN(’enter tne metric sum number®):
reaa.integer(temppalr®,netric.sun,;

LND? (¥1%)

(EXEEXKEEEREEIAXEAERE ISR EIRRERBARLEEXNEXAXARS RN RS ARNEFE L KX
PRUCEDURE adda.connist (VAR curch : ptr.chj);

(* tnis proc aads tnhe newly built conf nist te tne
runfile,dat file ¥)

VAR
curtr : ptratrans;
curst ¢ ptr.strans;
tempch,folch ¢ ptrecn;
tempty : ptratv;
indo,inval,intr,inst : integer;
insite,ch : char:

BEGIN (¥%1%)
ARITELN(’thls places the new conf nist in a place’,
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* ot your choosing”);

WRITELN(”Select wnere you want the conf nlst to 0"y
. #RITELN; ‘ )
wRITELN(®L ¢ tO A data object=>sortea oraer’); .
ARITELN(C®2 § to a sup transaccion”); .
#4RITELN(’3 ¢ to a tenp version”); j
«RITELN(’4 ¢ to a transaction”); :
ARITELN; B

ARITELN(’Tespond witn a single digit ===>7)
read.integer(inval);
whILE not (inval in [1,2,3,4]) LO _
BEGIN ]
wRITELN( error enter again’):
read.inteqger(inval); '
EnD}
wRITELN(rUnNntile,inval);
case inval of
1 ¢ BEGIN (sclx®)
ARITELN("type which data oo3 gets tne cont’,
" nist®); T
read.integer(invail);
W4HILE not (inval in [(1,.99]) uC
BEGIN (%$2,5%) '
wrRITELN(®error enter again®);
readainteger(inval);
END; (¥%2.5%)
IF doearraylinvali = nil IHEWY
wRITELN("data obj not 1n use do over”);
«RITEULN(TUNEile,inval);
writeach(curch);
END} (¥c1#)

.
T w

PR R X

-4 N

KPP - TR

Bl bt oS d

A Ay

2 : BEGLIN  (%*c2%)
WRITELN(’YOU are placing a ¢onf hist 1n a“,
“* sup tran”®):; ’ :
#RITELN("enter tne init site for this cont”, 71
“? nist’);
READLN(iNnSite); )
AHILE not (insite in L°0°,°1°,°2°,°3°,°4°,°5°, y
N “"°0'97"0d"0901J Db | E
BEGIN ' -]
ARITELN(®error try 4qain’); x
: READLN(insite); o 2
y END; ' ‘
P WRITELN(runt¢ile,insite); !;
. ARITELN("enter the trans num for this cont’, -
“* nistt); ) R
: read.integer(intr); ]
- “HILE not (intr in (1,.99)) DU 5
b ] BEGIN ' 3

e SR

WRITELN(®error try again’):
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read.inteager(intr);

END? '
ARITELN(runtile,intr);
#RITELN(®enter the suo trans num tor tnis’,

“* conf hist’);
reaa.integer{inst);
#HILE not (inst in (1,.,.99J) DO

BEGIN

WwRITELN( error try again®);
read.integer(inst);

END; '
wRITELN(runtile,inst);
write.cn(curch);

END; (%2,.%)

—— r
l‘ .
Salala adim b oo a.

talsan’s A MR

3 ¢ BEGIN (*3%)
#wKRITELN{ you are placing a csnf hist 1n a’,
‘f temgp ver’):
WRITELN("enter the data ooJ num for tnis”,
‘¢ cont hist’);
reaa_integer(ingo);
#HILE not (indo in (1..99)) DG
BEGIN
wRITELN( error try aqain’®);
readeinteger(indol;
END? '
akITELN(runfile,indec);
wRITELN(enter the {nit site for this conc”,
“* nist’®);
REAVLN(iNSite)?
#nILZ not (insite in L707,°1°,72°,73°,%47,757,
‘6”,°7°,%°8°,°9°1) LU

20 AODIMADEL o =4 ORILISVEIDY I
R . ' RN

BEGIWN
whITELN( error try aqain’®):
READLN(iNnSiTe)?
END?
wRITELN(Tuntile,insite);
wRITELN(“enter tne trans num for this cont”,
“° nist’);
reaa.integer(intr);
WAHILE not (intr in (1..99J) DU
BEGIN
wRITELN( error try again’®);
readainteger(intri;
END? '
WRITELN(TUNtile,intr);
ARITELN(“enter the sub trans num ror this’,
“* conf hist”);
reaa.integer(inst);
#nILE not (inst in (1..99J) CU \
BEGIN ' 4

]
]
-
K
Y
4
h
8
3
r
<
R

103 3

e o e
ARAU L
I e
.
i

s




ARITELN(’error try again’);
readainteger(inst);
END; )
SRITELN(runtile,inst);
arite.ch(curch);

END;  L*3%)

4 3 BEGIN (%c4¥)
WRITELN("you are placing a conf hist in a“°,
" trans®); '
WwRITELN(”enter the init site for this cont”,
“* nist’);
READLN(insite):;
»HILE not (insite in (°U’,°1°,°2°,%°3°,%3°,"57,
N '0'1’7',’5','9'1) DU
BEGIN '
WRITELN(®error try again®);
ReADLN(inslte);
END}
sRITELd(runfile,insite);
ARITELN("enter the trans num tor tnis cont’,
“* nist®);
read,integer(intr);
AdILE not (intr in [{..99)) DU
BEGIN ’
#RITELN("error try again®);
reag.integer(intr):
END;
wRITELN(runtzile,intr);
. wWritewch(curch):;
END; (*4,%)
END; (scasex)
END: (®%1x%)

(REESERARAREEEERERXRERAAE AR RN KRR A KRR RABFRKRK KR REXRREX KKK KX KX )

(* main joop for savchtv #)

BEGIN (*1%)
rewrite(runtile);
REPEAT (*until stoprun#)
correct := false;
a = 13
wiILE correct = ralse DG
BEGIN (*2%)
write.query(ans)?
IF (ans in (1,2,3]) THeN
correct := true;
END;  (%2¥)
curtv s nil;
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curch ¢= nil;
case ans ot
1 ! const.tempv(curtv);
2% 3eGIN
constecConhisticurchl;
add.connistcurch);
END}
3 az=a ¢+ 17
END; (®cases)
ARITELN("MOre temp vers or cont nists : y cr n”});
READL#(CCN); '
cneckastop(stoprun,ch):;
UnNTIL stoprun;
END; (#1%)

(SRR TEREEE AR ERE XS EXRE SR AR AR RA R E A SRR AKX KXREKXRNKR X3 )
(RS EBEEATTFEEREEAEETRRIESE XN FEF X KRR RE SRR BERRR KX RXKAKERF )

(GLOBAL)
PROCEDURE concnhtv;

(‘ thls constructs elther cont hists or temp vers from tne
data 1n flle runfile enterea in proc savchtv *¥)

const
aa = 100} (®*dummry const#)

vaAR
insite,ch ¢ cnhar;
inere,inval,{ngo,1ntr,inst,ans,a :inteqger;
curtv : ptratv: ' cT
curcen : ptrach;

(‘l#*#“*#‘tl&ltll‘#t‘l‘ttt“!tttttt‘tltt*ttlt**!ltt##t*:lii)
PROCCEDURE constatemov @VAR CUrtv ¢ Dlratv):

(* this constructs a temp ver from parameters input frcmw
file runfile ¥)

VAR
inval : integer;
ch ¢ cnar;
tempv : ptrletv;

BEGIN (®1%)
NEa(curtv):;
curtv*,tv.Chaftr := nil;
curtvt,nxt = nil;
READLN(runfile,curtv*,ddaic.transesite,init.site);
READLN(runtile,curtv®,aaaid,trans-site,trans.num);

los
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REAULULN(runfile,curtv®,aaaid,st.num);
READLN(runfile,curtv®,aadelid,aanuin);
READLN(runtile,curtv®,aaaid.rowatia);
READLN(rurfile,curtv®,asalid,doalid);
READLN(TuUnflile,curtv®,aaald.chasey);
READLN(runfile,curtv®,aasla.metricy;
REACLN(runtile,curtv*,metric.sum);
REAULN(runfille,curtv*,.statafld);

S lan e a s A

v*3add the tv to the qo¥)
{nval := curtv®.da.id.dc.id;
IF dowarray(inval] = nil ThiN
wRITELM("tNLSs Qata obj not in use”’)
ELSE )
IF doaarraylinvall®.tvaptr = nil THEL
3eGIN i
goearrayiinvaly®.tvaptr :=
co=arrayiinvall*.cn.seq i=
go=arrayiinvalj~.ch.sea + 1;

curtv;

2 2a g h’ | T ar Py

v .
PURY

END
ELSE
BEGIN (%2%)
tempv $= domarrayfinvall”,tv.ptr;
WHILE temgv”~.nxt <> nil 0O N
tempv := tempv*.nxt; ;
tempv®,NXCL = Curty;
do.arraylinvall“*,Cn.seq =
ao.arraylinval)~,cn.seq + 1;
ENDy  (*2%) o
END;  (#1%) '

o

ol fn,

(XXX EXERA TR E R RS R A AR SRR SRR R R AR RN R RR LK KRR H)
PRUCEDURE constaconnist (VAR curch : ptrach);

(* tnis constructs a cont hist from parameters input fronm
file runfile.dat ¥)

VAR
inval ¢ integer;
ch : char;
tempcn ¢ ptrach;
temppalir ¢ ptr.ch.pair:

BEGIN (*¥1%)
NEw(curcen):
NEw(temppalr);
curcn*,.nxt := nil;
curcn~,galraptr := temppair;
REAUVULN(runfile,curch”,aa.la.transasite.initosite);
READun(runtile,curch®,aa.ld.transsite,trans.num);
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READLN(runtile,curch”adaala.stanUm);
READLN(runfile,curcn‘.ag_io.aa-num);
READLN(runfile,curcn®, 3«19, I Vafia);
AEADLN(runfiie,curcn*,aé=la.do=laj;
REAULM(IURELLle,CUrcn®,dd3.10.ChaSeq);
REAvuLN(runtile,curcn®*.aaala.retric);
READLN(runtile.temppa1r .aa-iq.trgns site,inlit.site);
READLM(runtile,temppalir®.da.ld.transasite.transnumj;
REAULN(rUNntlle,temppair®*.sacia.stanum);
RzADLN(runfile.temppair‘.aa;ia.ga;nUm):
READLN(runfile,temppalir®,8deicgefawatly);
READLN(runtile,temppair®,aaaicg.aoaia);
REAQLN(runtile,temppair®.dd3aic.CNeseq);
READLN(runfile,tempcair®,daanid.metric);
READLN(runfile,temppalr*.metric.sum);

ENDy (%1%) ’

(FE R AR E AR RN RN AR RN R KRR R XK R LK B LR RIS F AR EEERREED )

PRGCEDUKRE addaconhist (VAR curch : plrachn;
shere,inval,indo : intecer;
insite : char; ’
intr,inst : integer);

(* tnils proc adds tne newly built conf nist to trne seleactea
destination of a gata obj,temp ver or sub trans )

VAR
curtr ¢ ptr.trans:
curst : ptra.strans;
tempch,folch ¢ ptrach;
tenpty : ptratv;

BEGIN (*¥1%)
case where of
1 3 BEGIN (¥Cc1%*)
If do.arraylinvall = nil Trew
wRITELN("data ObJ not in use do over”)
ELSE o '
BEGIN (33s)
folch := cowarraylinvall®.chaptr;
tampch := do-atraytlnvall‘.cn-otr LNXt;
#HILE tempen®,nxt <> nii G
seGIN (%4%)
folch = tempch;
temnpcn = tempch”*,nxt:
END: (%4%)
curcn*,nxt := folch*,nxt;
folcn*.nxt := curch;
END; (*3%) ) '
END; (#cls)
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2 I BEGIN (*¥ci*)

ij Curtr ¢= transapPtr;

L' IF curtr = nil Then —
) ) sRITELN(®no transes at all’); "
{ wHILE (curcr*.,nxt <> nil) and not ((curtr- ;
[ .trans.site,init.site = insite) and’

(curtr~.trans.site,trans.num = 1ntrj) DU
CUrtr 3 QuUrtr-.nxt; _
IF (curtr“.nxt = nil) and not 3
((curtr~.trans.site.1nitasite = insite) anaga )
(curtr~.trans<.site,trans.num = 1intrl)) ircsw
SRITELN(“transaction does not exist in”,
* this run’)
cLSe
»' CEGIN (*%C2,1%) "
f curst $= curtr*,st.ptr; M
IF curst = nil 1H&N

#nITELN(°no Sup transes for this~,

{ ° trans”‘) }

- ELSE BEGIN (%¥Cle1,.5%) 3

fi woILE (curst-.nxt <> nil) ana rot v

' (curst®,st.ia = 1nst) LU ”
curst :s= curst~.nxt;

IF ¢(curst*,.,nxt = nil) and not
(curst®,staid = inst) Tach
WRITELN(“Sub trans qoes not exlst”)

ELSE BEGIN (*¥C2,2%)

IF curst*.st.chaptr = N1l THEW
CUrst®,st.Chaptlr != Curch
ELSE 8eGih  (*%c2.3%)
teupch 13 CUrSt*.StuChaptr;
wHilLe tempch®,nxt <> nil Cu
‘tempcn = tempch®,nxt;
tempch~.nxt := curch;
END?  (%C2.9%)
EnDs  (*c2,2%)
g END; (*¥Cc2,1.5%)
- END?  (%C2,1%)
F’ END:  (%2.%)

- 3 ¢ BEGIN (%2%)

' IF doaarray(indo)*,tvaptr = nil ThEHN
ARITELN( NO temps £0r this de0.°)

ELSe BEGIN (*3.1%)

rq temptv = doaarrayiindo]*.tvaptr;

;] wAILE (temptv®.,nxt <> nil) and not
({temptv~,aa.ld,trans.sice,infct.site =
insite) and (temgtv*,aa.ld.trans<site
stransanum = {intr) and
(temptv®,adeld,stanum = 1nst)) DU

temptv := temptv~.nxt;

MR T T
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IF (temptv®.nxt = nil) and not ((tempt+v”
sddala.transesite,initosite = 1nsite) arA4
(temptv®,adaid.Lre¢~sasite,transonum =
intr) ana (temptv®,aa.ld.sSt.num = 1AST))J
ThHEN " T
ARITELN(’NnO such temp version exists’)

ELSE
IF temptv®,tv.ChnapPtl = nil Thouo

temptv®,tvaCh.Ptr := curcn
ELSE BEGIN (#%3,4%)
tempeh = CeMmpiv®,tVaCh.btr;
wHILE tearcn®.nxt <> nil vu
temecn :='tem9cn‘.nxt: i
tempecn®,nxt = curceh;
END; (%3,.,4%)
END;  (%3,1%)
END:  (%3%)

4 : BEGIN (*¥C4q*)

CUrtr = transectr;

IF curtr = nil THAen
~RITELN(’nO trdnses at all’);

aHILE (curtr~.nxt <> nil) and not ((curtr~.

transesite.ingtasite = insitej) ana -
(curtr*.trans.site,trans.num = intr)) oLu
CUrtr := curtr-,nxt; )

IF (curtr~.nxt = nil) and not ((curctr~.
trans.site.init.site = {nsite) ano (curtr*
stransasite.trans-num = intr)) TnEN
WRITELN("transaction does not exist in-,

* this run’)

ELSE
BEGIN (*Cd,.li1¥)
IF curtr®.transaCn.ptr = nil THeEN
CUrtr”,transS«Cn.ptr = curen
ELSE BEGIW (kC2.3%)
tempch = curtr*,trans<ch.ptr;
wdlLE tempcn”.nNxt <> nil Do
tempcn := tempch™.nxt;
tempen*,nXxt := curch;
END; (¥Cc2.3%x)
END?; (%ca.1%)
END: (%4,%)
END; (xcasex)
END; (*1%)

(FEEREBEBXXXXRXBERERRXSEARKRERRXXEKERBRREAESRKREE K KR KRR KR )

(# main loop for conchtv ¥)

BEGIN (*1%) i
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AHILE not eof(runtile) bLO
BEGIN (*whiles)
READLian(runtile,cn);
IF en = °t’ THEN
const.tempv(curtv)
ELSE )
IF ch = *c” THEN
SEGIN (*¥it*)

READLN(runfile,wnere);

case s#here Of

1 ¢ BEGIN

READLm(runtile,inval);

const.connist(curch):

ada.conniscicurch,snere,1nval,v,’x",
0,0);

END;

¢ BEGIN

REAOLN(runtile,insite);

REAvLN(runziie,1intrl;

REAOLN{runziie,inst);

consteConnist(curcn);

adaeconnisticurch,where,v,v,1nsite,
intr,insc):

END;

: SEGIN

READLN(TUNtile,1indo});

kEADLN(runtile,insite);

KREAJLM(Tuntldie,intr);

READLM(runtiie,inst);

const.connist(curen);

ada.connist(curen,wnere, v, 1nao,
insite,intr,instci?’

END?

$ BEGIN

"®ReAUDLN(runtiie,insite);

READLN(runzile,intr);

const=Connist(curch);

ada.connist(curcn,where,v,,1nsite,
incr,0):

END

(*casex)

END  (*1f%)
ELSE

dRITEbng’error on run:i;e'l

ENDy (*wnllex)
ENDy  (*1%)

(SRSERFSXSTTRRXFBRERFFXARRARXAESZXXRRARAEXXLLXBXKENLERL R XX )
(ttvtt:ttt;t##**;ttt:tt;tt:#t:;:::nz#t;¢;t;*;::*4:::xt;t*$x)

PROCEDURE print-tran-struct:
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(* this prints out the transaction data structure to sile
aata.dat *)

VAR
temper : ptr.trans;

(XX XFEXFARER RS RSN SERRREEAXRREEFEEFXNFXREERRAXXXX R KK AKX R EEKF)
PROCEDURE printatrch (head.ch : ptrach);
(# this prints out the trans cont nist data x)

BEGIwn
IF neadach <> nil THEN
BEGIN (*if¥) )
“1Tn neade.cn* ol
BEGL (*witn%)
WwRITELN(Qata, “a trans conf hist : ");
aRITELN(aata);
WRITELN(cata, ° init.site -,
‘ddeld.transaSite.initosite : 4);
aklTebLN(cata,” trans.nun  ‘,
‘@aa.id.trans-site,trans.num ; 4);
Wx(TELN(data,”’ StaUm  ‘, 3daid.ST.NUR 4
4RITELN(aata,”’ ad=num ) 8dald.38NUd 14
AkITELN(3ata,”’ Tedatly *, )
wrRITELN(3ata,” ao0-ld *, aa.id,ac.la ! &
ARITELN(QaAta,’ chaSeyg °, Aadwld.ch.seq :
ARITELN(data,”’ metric ‘, ddeid,netric
axITELn(aaca);
aARITELN(data);
END; (4witn¥)
AITH nead.cnhn”.pair.ptr* Du
BEGINM (*withx)
skITELN(Qata, * inic_site -,
‘aanld,trans-site.,init.site : a);
WRITELN(aata,”’ trans.num  °,

‘ daeld,trans.site,.trans.num : 4);
WRITELN(Jdata,® StLNdm °, 4Ad.l1aQ.STonUic $4))
ARITELN(data,’ ad«num “, aa.iq,aauned <)
“RITELN(data,”’ TaVeild 7, Qdeldelaratldia);
#rRITELN(data,” a0=ia ’, Admld.q0.ia ! 47
«RITELN(qata,”’ CNeS€q *, Adela.ChaS€q !4d);

[ 4 [ 4
’ ;

Y N A N s
we Wa we Wa Wy wa

WRITELN(qata, metric adala,retric :4);
wrITEun(data, metricasu
WRITELN(data);
END; (*witne)
printatrch(neaca.cn®.nxt);
END (%1£3) '
ELSE '
BEGIN

*yMeLrLlCSUMIy) ]
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[ ~RITELN(data);

3 aRITELN(data, °enda of tnis trans conf hist iist”);
7‘ ARITELN(DAtA, "*EAXXRXARXNAB RSB ERFERERBERXLEEXR 657 ) 3
. . WKITELN(data); '
! ENG}
g END; (sproc printatrch ¥)

(EERRER KR SRR SRR AR RN AR RN KR A KRN E AR KR KA KRR KKK FKERRERKE)

PRUCEDURE print.stch (headu.ch & ptr.ch);

S (¥ trls prints out the syo trans cont nisc data tor a eacn
2 trans x)

BEGIN
S IF nead.ch <> nil THEN
h BEGIN (¥1t£%)
o #ITH heade.ch” 00
BEGIN (*sithx)
wRITELN(data, ‘& sup trans conf hist : °);
ARITELN(data); ~
ARITELN(data, * inic.site -,
daslid.transasite,1nic.site : 4);
ARITELN(3ata,”’ transa.num °,
‘aamlid.trans.site,trans.num : «);
ARITELN(aata,”’ stenum *, adawla,st.num :
4RITZLN(data,’ *, ddeld.ddNUm 3
¥RITELN(aata,” °, Adald.r.W.flyg:
vRITELN(qata,”’ goaia *, 4delQ,d0ald
agITZun(data,” ‘, Ad.10,CN.S58Q
wRIlELN(qata,” *, dadmla.metric :
aRITELN(data);
#RITELN(data):;
&5 END; (4witn®)
~ aITn headach”.paira.ptr”® DO
- BEGIN (*withe)
T.- +RITELN(data, * init_.site °,
s ‘aa.ld.transosite.initosite : 4);
we [TELWd(data,” trans.nun °,
‘aaeid.trans.site.,trans.num : 4);
wrRIITELN(Qata,”’ ste<NUN “*, adald.st.num ¢
dAdwlQ.ddLNUM 34

we %o N8 W e we

+);

WRITELN(cata,” aawnum °, 4);

snITELN(Sata,”’ febatld 7, ddnldeTaWafiqid;;

> wRITELN(qata,’  doaia ‘) Aaeld.do.ld ! 4j;
@ #4RITELN(3Jata,”’ ch.seq °, aaald.ch.seqg :4);
- aRITELN(Gata,” metric “, aaald.metric :4):
wRITELN(data,”’ metricasum ‘,metriCasumsi4);

«RITELN(data);
END; (*witn¥)
S printastch(neadacnh®,nxt);
® - END (*1£%)
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ELSE

BEGIN
ARITELN(data);
sRITELN(data,’end this sup trans conf nNist 11s5T17):
*RITELN(gagé,'nxt;$:4¢t;¢;:;;%n;¢:¢4x44t¢44:;.4;-);
WRITELN(Qata); '

END; T

END; (¥proc st¥)

(ttt#t##*###t##ttt#*tt:#tlt*ta#t;tt##*xtttt#:x#:;:vc:*t*:*:)

PROCECURE print.aa (headada i ptrw.aaj;
(* tnis prints the aa daata tor eacn sub trans *)

BEGIN
IF head.aa <> nil ThEN
BEGIN (*1f£*%)
wITd heaoc.aa~ vl
BEGIN (*withn#¥)
aklTELN(data, “an atamic action ¢ ‘)3
anITELN(qata)? )
aRITELN(aata, * init.site °,
‘aa~id.trans.site,initosite : +);
#RITELN(Gata,”’ trans.num °,
‘3acld.transasite,transanui : «J);
®KITELN(aata,’ stenum °, dduld.stonum i)

aRITELN(aata,’ ad-nPud 7, 2daldedda0UT 37
#RITELN(data,”’ TeWawtlg °, A3aldefaWaflidit);
aRITELN(data,’  aowla *, dd=ld.00aia i =J}
~xITELN(Gata,”’ chaseg ¢, daald.ChaSe€G 14)7
wRITEun(cata,” metric °, aaaid.meLric :i4;;
aRITELN(0ata,”’ stat °, stat : 4);
#RITELN(qata,” time.val °, time.val : )7
wrITELN(qata,” step.num °, stepenum : &)
sRITELN(data,® havealock “, have.lock : 5J);
#wKITELMN(Gata,’ iN.locKgmflg’,inalockaafiqin)y

aRITELN(data)?
ENDUS  (*with¥)

print.da(nead.aa“.nxt);

END (s1£%)

EL3E

BEGIN
WwRITELN(data);
JRITELN(data, “end cf tnis atomic action list7);
WRITELN(dété,'t#tt#t#:*1*4:#;::*;::::;:tt;;:#at:');
wrITeLN(data); ' o ' '

END; o7

END; (%proc aas)

(FRFXEERRRREREEABERERRAIEAERRSRRAFERERARARXRXXRABLEXTXA£A KK
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PROUOCEDURE printa.subt (head.st | ptrastrans):;

(* tnis prints the suc trans Structure tor a trans *)

BEGIN (*oroc sts)
[F nead.st <> nil THeN
bEGIN (*1£%)
#lTH neadaLst® 0C
BEGIN (*with¥)
WrRITELN(aata);
axITELN(cata, “a sup transaction : °);
WRITELN(3ata); ’

s ITELN(catsa,”’ staia f,8Ca1a ¢ 4

sRITELN(cata,”’ aa.qty *,8a8adtY 4l

wri{leLn(cata,’ 3Amll a0ty “,30atlaGlY ¢ )7

“R[(TELN(qata,”’ execCaftlg c,exeCafly : 5j:

aRITELV(aata,’ toIKafly *,tOorkaflG ¢ 5):
[ 4

MeTricL.Sum “,netricosum:a);

sRiTELN(qata,
WRITELw~(data):
END? (*witn¥)
printoda(neadast®,ad-ptr);
printastcn(nead.st®,stachaptr);
print.subt(neaas.st*,nxt);
ENC  (*1f%) )
ELSE
SEGIN
4RITEuLN(data);
wRITELN{data, “ena of sub trans list, tnis trans”);
SRITELN(JATA, " FEXRXXRAXEAEXRREAXXEXXAFKREXXXRTFLFES ;2
#RITELN(3ata); ' S ‘ '
END;
END: (®proc str)

(EEXEEREEERRRFRLAXBKEERAKK XS AR KRR R KR EERERREEX XX XRKKAKXRK)

PROCEDURE print.tran (neadwtr i vtratrdnsjj;
(# this porints out transactions in thne aata structure *)

BEGIN (%proc trs)
IF neadatr <> nil THEN
BEGIN  (%ir®)
wITH nhead.tr® VO
BEGIN (*with*)
wRITELN(data);
ARITELUN(CAtA, "¥FFFEXEEBXXEXRRXXRRKLKXTLXEXK" ) ?
#rRITELN(0ata,’a transaction : °): -
MRITELN(QATa, "*EXESEXXXXBTEEREXXRXKEERERXE" ) 2
#RITELN(3ata,” ' stagty “,Stagty & 4);
#RITELN(gata,”’ exec.fly ‘,eXecCL.ftlg ¢ d);
“RITELN(data,”  sStatr.dqty °,Statragty ¢ 4);
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wRITELN(qata,”’ initasite *,
transasite.initasite : 4);
. AMITELN(data, * trans<num *,
‘transasite,trans.num 3
ARITELN(data); '
END?  (*withs¥)
printa.trch(neaantr® trans.cn.ptr);
printasunt(heddatr®,staptr); ‘
printatran(neaa.tr®,nit): |
END (%1t%) ) !
ELSE '
BEGIN
WRITELN(qata);
b NRITELN(data' '#*t'#*#&‘**l**#**t*'**#**4*!*!*;**');
ﬂl wRITELN(data,’end of transactions °);
- V,RITEL‘N(Qata, CEEREXEREREEKSEE R AR LXK ERLEXR XXX XFXEE )
WRITEuN(data); '
END; T
END? (¥proc trej

(FPXEXXXEFEXXEXFXANREEEEEENEARXEEEESXRARRF XS EEXXRRXKRELEFE LKA X)

SaS . et w4k a6 AN ae mr

(# main loop for printatrans-struct =)

BEGIN (*mainx)
teaptr = Cransa.btr;
Printatran{temptr);
END; (¥main%*)

(REXEEREREARERF AR R EE AR A B R R R AR RN E R AR R RS RN RE XX KR KB KX )
(AR RS R E S E KBRS R AR KRR R F RS R AKX AR TR R A KN N R )

PROCEDURE print.do;

(# this procedure will output to file "data’ the aata ooject
structure )

:
3

-

VAR
{ ¢ integer;
tempoChapPtr ¢ ptrach;
teMOuLtVaftr ! PLratV}
LeMPelOCK3.DLr ¢ DLralOCKaq:

e

FEAL PR RN
RIS

Yy "‘(.;"r"rlr'r'

BEGIN
FOR 1 3= 1 TO 99 0OV
IF dowarray(i) <> nil THEN
BEGIN

wRITELN (data); )
- ARITELN (data); 1
e - wRITELN (data, “*s*x% doaarray (°,1:2,°) s*xxxx°); 3
: #RITELN (data)s ' i

;
1
1
1
i

e e e ¥
[
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(¥ output do.permarect ¥)
#1TH do.arrayl(i}® 0OC
BEGIN

hRITELN (data,
ARITELN (data,
wRIfELN (data,
WRITELN (data,
wrRITeLy (data,
WRITELN (aqata,
wRiTELN (cata,
wRITELN (data);

no.reads : °, nNo.resus
ROwwrltes : *, roawrit
lock ¢ 7, lock);
NeCNt ¢ ’, NaCNt);
SaCONt ¢ *, saCNL);
lccKk.qQty *, locKkaytyld:s
chaSeq : “, Chaseq);

L 2 T N UL TN T ]

g os w =

(* output the doeperm conflict nistory *)
wRITELN (data,’$* go_.perm CcOnflict nistory **7);
wRITELN (data);
tenP.ChaPtl := chaptr”.nxt;
wiilh LePDaCNaPtI®,daela.transaslite.transanum <>
9999 2C i
BEGIN
wlTH tempaChaptr*s 0C
BEGLN
NRITELN(data,’1nit.site : 7,aaaia
estrans-site,injit.site);
aRI[ELN(data,’trans.nun § °,aawia
.trans.site,transonum);
NRITELN(dAata,’st.num  ’,88ulC,5tanim);
wRIIELNn(Cata,“aa.num ¢ ’,28.1d.ad.nua);
WRITELN(QALa,  Tedafld :’,38ulaelavafld);]
sRITELN(Gata,’admid : “,d8eic0.do.ic);
aRITELN(data,’chaseqg *,8810.Ches8G);
WRITELN(data,’metric ’,3awld.netric);
#kITELN(Qata); ‘
WITh pair.ptr* DG
BEGIN '
aRITELN(data, ‘Ilnit.site : ’,aaald
‘.trans-site,init.site);
WRITELn(data, ‘trans.num : °,8a8.lc
‘Jtransasite,transanum);
#RITELN(dAata, "“StanuUm § °, Adald
T.5tonum);
WRITELw(data, ‘3a.hunm @ °, a&aaald
T.@aanum);
ARITELN(qata, ‘rewafla : °, aa.la
famWatfla);
WRITELN(gata, “doe.la ¢ *°, aa.ia
«Q0aid); ‘
WRITELN(data, “Cheseq : °, aaald
.Cha5eq); '
WHRITELN(aata, “metric : *, ddald
.metric); ‘
WRITELN(gata, “metric.sum : °,
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meLrlCaSum);
END
END? (% while *)
#RITELN (data);
WRITELN (data); -
LeNDLCNePtl !5 temp.ChaPtr®.NXt o
END; ' ’

B PR

(* output the temp versions ¥) =
WRITELN (gata); g
WRITELis (Qata, ***%% temporary versions **x£x7); '
wRITELN (data); ) ‘ i
tenpatvaptl = tVaptr’ -
NAIlLE Ctempe.tve.ptr <> nil DU -
BEGIN
AITH tempa.tvVve.pPiI® LG
BEGIN
NRITELN(data,’* temp version as.lc *°);
wRITELN(data):
wRiITeLN(gata,’lnlt.Site : “,a3.lq
«tfansasite,inict.site);
aRL1TELN(gatTE,‘transaiium ¢ ,d3ala
.trans.slite,trans,num);
WRITELN(data,’stanum : *, aa.ia,stanuin);
wRITELN(0ata,"aa.num ¢ °, aaalc.aa-num);
ARITELN(QACa,’ fawatly :%,8auldelavatig);
#RITELN(QaTa,’d0aiu ¢ ’, 8d4oid.d0eidy;
NRITELN(qata,’chaseq ¢ °, aawlia.chasea):
WwRITELN(data, metric : %, aa.ld,netric);
aRITeLN(cacta, "metriCa.sum :°,wetricasum);
WRlTELN(eata,’statatld @ *,stat.tla);
anlTELN(data);

(% output temp version cont hiscory «)
NRITELN(caca);
wRITELN(data,’*#*sxx temp version cont”’,
 nist xxxxx’)}; 4
(eMPaChaPtr (= TV.ChaPLI; -y
wilLk CeRPaChePtr <> nil [C 4
SEGIN
~ITH tempoChaptr~ 0O B
i BEGIN i -
wRITELN(QatA):
wRITELnN(gata,’initasice :’,3aa14
strans.site,lnitasite); ®
§ wRileLn(datd, “transanum 7,381
i strans.site,trans.nun);
- wi{TELN(Gata,’stfum ¢ °, daaia
a eStanum); '
' wRLTELN(QAta, ”aa-num ¢ °, aa.lc -
- ‘ vadaNum); ' L4

117 y




{

WRITELnv(aala, Tavatls ¢ 7, ceain

Tamliafly):

wRilTelLn(data, ‘doaia ¢ 7, Sdald

ed0ald);

wilgln(aata,chaseq @ 7, ciaid

eChaS5eq);

wR;Tabu(aaca,'metrlc $ 7, sdalc

.metric):
WR1TeELN(aata);
wITH pair.ptr”® DU oGl
nRITELN(Qata,’1nitasite

[ 4
14

dd=la,trans.site,inictasite);

A4R1iTELi(Cata,"transanum ¢

1 4
14

aa.la.trans.site.trans-numnj;

wRiTeln(gata,’stanun : 7,
aasig,st.numj);
wi TeLk{aata, "aa.llun ¢ *,
ddalG.cda0UMm);
“R1TeLN(QAataA, "Tawatliyg : °,
ddald . ravatly):
weifeln(aata,’aondia ¢ 7,
da.ia,coaid);
wRiielLn(qata,ch.seas : *,
dadaic,.ChaS5eq);
wRITelu(cata,"metric : °,
ddela.metric);
wKiTeLe(@ata, " metric.sum 3
metricaesum):;
ENU
END? (% wlth tempoCh.ptr *)
WRITELY (data);
#RITELN (data);
teMpPLCNapll := temp.ChaPtI~,.nXt
ENC (% while %) i
END; (% witn temPatV.ptr *)
wRITeLN (data);
teMPatVapPtrl = TenpatVaPtI*.nxt
END? (% while *) )

(* output the LoCk queue ¥)
WRITELN (data);
#RITELN (data, "**xxx 10CcK queue **xxx°);
WRITELN (aata)? '
LeMPalOCKJuPLr = lOCKO=DLI?
WHILe tempalockguptr <> nil ULC
BEGIN
WITH tenpulocKGaptr® DU
BEGIN '
sRITELN(data, " **¥%% 10CK.g da-lia”’,
’ 5x%x%x"),;
wKIIELN(gata);
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wRIIELN(data, inltasite-: ",aaala
strans.site,init.site);
ARITELN(data, trans.num : °,aaalc
vtTANSaSlLe,trans.nuin);
srITELMN(uata, 'Stenum § ‘,adald.3tanuni;
#RITELN(data, "@a3num ; °,adald.adanunl;
aRITELN(data, "TowWa.tlg :7,338l0.Taiaflid);
wRITELN(gata,’co=ia : *,ca.ia.a0aia);
wRITELN(Gata, chaseq § ‘,aduld.chaseq);
wRILELN(Gata,’metric 3 °,3a-ld.metric);
wRITELN(qata);
teiPelOCKJaPtr S LeMPLlOoCKU.PLIr~.nxt
END (% Wwith tempalOoCKQuptr ¥*) i
END (% wnile ¥)

et
<

oy . 1 Chn poy
ot e T e

END (% with dowarray )
END (% 1f then ¥)
END:

AR e B
. ..”"I

.rvr-ww-«'?'
PR A . i
o Tt .'.‘- 1~‘.“. .

(##4ttttat#;tt¥¥**¥*l#tttt***tt**¥‘¢¥:t*t***#*##«*4*:*#*:**)
(#tct#ttttt#lt#t!t###tt*#t*###**:*t*tttt#*#*:*l:#t¥&¥*¥¥4t;)

PRUCEDURE print.uicy

(*# this procedure outputs to file “data’ the cata aictionary
structure *)

VAR
o i ¢ i{nteger;
- tempadic.plr ¢ ptradic;

BEGIN
aRITELN (cata);
ARITELN (gata);
ARITELN (data);
FOR { := 0 TO 99 DO
IF dicaarray [1] <> nil THEN
BEGIN
wRITELN(Gat3)y
aR1TELN(data, “***xx dic.array (°,1:2,7] **&*27;;
wRITELN(aata); ) ‘
temp.dicC.ptr := dicearray tii;
REPEAT i
WKITE (data, ° °, tempadlcC.ptrt.siteaic);
temMpP=dicC.ptr := temp.alC.ptr®.nxt
UNTIL teMPeQiCePtr = nil;
wRITELN (data)
END )
END:

(ll*‘i*‘*“‘*‘##“#t!‘*#t#‘*******¥*¥#¥*¥t¥¥t*#*4***!*tt$¥¥)
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(GLOBAL)
PROCEDURE prselect;

(* this {s a utility print routine for all internal gats
structures allows 3 user to select wnicn aata structure

to print =3

VAR

i,insel : inteqer;

BEGIN

i:=

wKITELN(’select wnich printout you want”):;

02

NRITELN;

ARITELN(’!
WRITELN(®2
aRITELNC®3
WRITZLN(’S
NRITELN(®S
ARITELNC’E
wrRITELNC®T
wRITELN( S
«RITELN("enter an integer answer’);

G 06 @4, 88 08 as 00 oo

trans.structure’);

data.object structure’);
gatae.dlctionary structure’):;

trans and dataaopbji’);
trans ana aata aic’;;

data obl and aata aic’);

all three’):;
none *);

readainteger(insei);
case insel of

1
2
3
%

3

END;
END?

BEGIN

print-ttgn-struct:
print.,do:;
srint.dao’

printatranastruct;
print.doy

eND3?

BEGIN

print.tran.struct;
print.dic;

EnD?

BEGIN

print.dicy
printado:;

END;

BEGIN

printatran.strucet;
printa.dic:
print.doy

END}

$ 1 =

’

12

(*casex)

(*procx)
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END, (* module B ¥)

L?' (FXXXFXEXAEEXEEXX RN XA EEAEREEX KX EA LS ER XXX XXX EFRE LRI XX XXR 2K

) (EXEBEXSEURERRRES R SRR R KA RXI KRR LR KKK RARFERRRERIRFKXZA 55X
(FEEE R TR SRR RPN AR KN ER KRR RN F AR BC KKK EFET KK )
(ER R AR P AR ENAE BRI EERE RN R B AR R R RN R LR P RN EEXF AR ERF XX RS L5 XX

E- LINHERIT (°buillds.pen’))

FROGRAM algo.test (input,output,audic,data,runtile,
trans,datadic,dobj);

VAR
jo.timedelay, 1 : integer:
seed ¢ unsigned;
¢h ¢ char;
stoprun : boolean;
purgenlistaptr,tviacurge : ptrach;

LEXTERNAL]
PROCEDURE pldtxy
EXTERN

[EXTERNAL]
PROCEOURE blddic:
EXTERN;

[EXTERNAL]
PRUCELDURE blddo;
EXTERN;

[EXTEANAL])
PROCEDURE enter.time.delay (VAx timeadelay :integer);
EXTERN?

(EXTERNAL]
PRUOCEDURE enter.randonma.seed (\/AR seed (unsignea);
EXTEEREN] .

- (EXTERNAL)
- PRUCEOURE checkastop (VAR stopPrun : coolean; cr i char)?
g EXTERN;

r® (EXTERNAL}
u PRUCEDURE bldchtv;
EXIERN;

(EXTERNAL)

o - PRUCEDURE saventvy
Sl EXTERNY
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LEXTERNAL]
PROCEDURE conchtv;
EXTERN;

[EXTERNAL]
PROCEDURE prselect;
EXTERN}

(EXTEKNAL]
FUNCTION MTHSRANDOM QVAR seed { unsigned) : real;
EXTERW; .

(EXTERNAL]
PRUCEDURE addwNaandat (VAR cur.chaptr : ptr.cn);
EXTERYN;

(AXXXLSLXXEXEREERLEXXBEERETEFXREF LXK KK KR EEX AR XA XK S KX L FK R XTI ZX)
(REXEEREXREXEERE AKX AR XXX EBERX SR AR X NKEFRFERENKEEXEXFR KX ERLRRRKE )

PROCEDURE selectatrans (VAR selt_have.aa : boolean;
VAK Selt.franNSeFtr : ptr.trans;
VAR Seed : unsigneag);

(* this procedure will ranacmly select tne next transaction

" to ve worked on within those whlcn nave aireaay necun
execution and the next one in the linkea list ot
transactions ¥)

VAR
temPatrTansS.ptr ! ptr.trans;
i, throw : integer:;

BEGIN |
IF transaptr = nil THEN
seit.have.aa := false
ELSE BEGIN
SeltLtransSLptr (= transaptr’
i 1= 1; ’ '

(* set { = no., 0f trans already executing + 1 *) I
AHILE selt.trans<ptr <> ail vl
BEGIN
IF selta.trans.ptr*.execatlqg = true THEN
1 521+ 1; )
seltatrans.ptr := selt.trans.ptr.nxt
ENC; )

(* call random number generator tor integer 1 => 1 ¥)
tnrow (3 (TRUNCC(MTHSRANOOUM(seed))X¥1000uu)) M0DL L + 17

(* select the trans ¥)
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Selt.trans.ptr :s transaptr;
FIUr § 2= 1 TQ (tnrow = 1) OU
IF seltotrans.Ptr®.nxt <> nil THEN
selt.transeptr 3= seltatransaptr”.nxt;

(* £lag the trans as "executing" «)
selt.trans.ptr*,execaflg $= true
END (¥ ELSE ¥)
END; ’

(F¥REEXXEEXEXEXRRXEXERERREEEXFXRAEXRXREEXKR SR KA XBEKLIFEEFL LXK X )
(FXSFTREEXXEBAXEXBERXREXRERRXEBXERFXFXXLRCXXEXREBRZEEEEIXEF)

PROCEDURE select.St (VAR selsandave.aa : boolean;
sels.trans<ptr & ptratrans;
VAR SelSeSTaPLr ¢ pLT.strans:;
VAR seed ¢ unsijnea);

(* This procedure wi{ll randomly select tne next

" suptransaction to work on Wwltnin 4 giver transaction.
Those «hich have all tneir atomic actions as t(r) are no:
consicered; neitner are the suctransactions whicn are
forkea to another site *)

VAR
i, throw ! integer;
selS.tempapPtl ! ptr.aa;
have.st : opoolean;

BEGIR
IF selsatransaptr®,st.ptr = nil THEN
sels.have.aa :3 false

ELSE BEGIN
(# call numcer generator for integer 1=->no, 0f st’s ¥)
tnrow = (TRUNC ((MTHSRKAWDCM (seed)) * 1QU00UV)) '
' ' MUY selsatrans.gtre,staqty + 1;

(¥ select tne supstrans <)

S@1lSuStaPtl IS SClSullaNS.PLI" STapPLr}

FOR { := { TO (tnrow = 1) DO
$€1lSeST.PLr i3 SselS.Staptl*,nxt;

(*# cneck IF subtrans’® aa’s are all finisheo %)
Selsatemp.ptr := Sels.StofFtr-.da.ptr;

IF sels.tempaptr®,.step.nun < 14 THEDN
have.st := true;
sels.tempaptr = sels-temp-ptrf.nxt
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END?

IF (S€lSwmStapPtr*.forkaflg) or (NUT haveLst) [oux
gsels.haveada = false :

ELSE ‘

sels.St.ptr*.execatlg = true !

END ) i

END;

(SEXEFEXREXTRXEEERERXERE KR AESRRRE R R L LR EEXRXXF R LR XKL SE XN KR
(EEEXXERRREEAREXAEEEKRSRRRRARERRFERXE R AT XA X XXX XBKXIRXRXREE)

F PRUCEDURE tind.aa (init.site ! char:

= T transenum, st.onum, aa.num : intejer;
7. VAR OUtead : ptrl.aa;

| VAR OUtweSt ; pFtr-Strans;

- . JAR Outetr : ptratréns);

s (* This recursive proc returns tne pointers to tne requestcea
& atomic action,sub transaction and transaction, Iz tne
- - proc cannot tina tne entity requestead 4 nil value is

E?. returned in the pointer, 3*)
o VAR
- temptr : ptra.trans;

(SEEEFFRREFEFEREFAEARRSEERERAEFREAXEIRBAXRRREXRKKEX XXX EH XXX )
PROCEDURE aa.find (out.ad.ptr : ptraaajl;
(# this attempts to tina the input ags *)

BEGIN
IF OULLddLPtr <> nil THEN
IF outada.ptr®,da<ideada.num = daa=num THEN
OUtad3 3 0Utedaduptr
ELSE '
aafind(outaaa.ptr®,.nxt)
END; (*proc aa tina*) '

(FBXXXXEXKEBXBREXEERLXEBEXXLEREXLXIXANREZXKAEXEXREKREXEXXRF LXK )
PROCEDURE fina.st (outastaptr ¢! ptrastrans):
® (* this attempts to £ind the input Sub Ctrans¥)
BeGIN (¥proc sts)
IF OUt.StaPtrl <> nil THEN
IFf OUCaStaPtr*eStald = Stanum ThEN

BEGLN
OUt.St (= out.st.plry
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A3L2ind (OUtwmStaPLl",.,38PLT)
END ’ T
ELSE
find.st (out.st.ptr*.nxt)
END; (%prgc stx)

T
t d

(FEASEERXRIRAEBRRSERS S SRR R TR E TR SRR SRR R R RN KA KE XA F S KEEE)
PROCEDURE findatr (Out.tr.ptr : ptratrans);

(¥ this attempts to find the input trans action ¥)

PR et 0 3 PRI D 4
- A A
o A

BEGIN (*proc trk)
IF OUtatraPLr <> nil THEN
IF (outatraptr*,.trans.site,init.site
(out.traptr®.trans.site,trans.num
BEGIW )
OULLLr 3 OUt.lleELI;
tindaSt (OUTLLraPtr®,Staptl)
END ’ ) '
ELSE
findatr (OUt.tra.ptr”®,.nxt)
END; (*proc trs)

irit.site) &na
trans.nNum} irewn

v

T

(XX REEE R EEE RN E IR R A A B RE BN RN R R PR RN SRR R R L AR KRR REX R K %)

(* main program for find.aa *)
BEGIN (*main#) '
OUtaeaa $= Nil:
CuUtasSt = nily;
outalr 3 nil;
temptr :s trans.ptr:;
tind.cr(temptr);
END3  (*mains)

(EEEXEEE TSRS EERE AR E KA RN KRR R R AR I KA KRR KR EKR RS AEREREX KX )
(SEFEEREARE XA SRR AR EF AR EE R R R AR R R KB KR KKK KKK KRR X ERXAERRREXY)

PROCEDURE select.aa (VAR sgela.nave.aa : boolean;
VAR sela.trans.ptr § ptr.trans;
VAK SelawsSte.fFtr : ptrastrans:
VAK S€lamdd.pPlr ! ptr.aa;
VAR seec : unsignea):

ad (* Tnis procedure selects tne next atomic action TO #OrK oOn,.

- [t the re.execute list, whicn {s an input to tnis
procedure, is not empty tnen the atomic action to oe next

o executed is taxen from tnat list. Llf tne llst 1s empty

. then a ranaom numnber generator wilil proviade a means fcr

:‘. selecting the atomic action, *)

- 125
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VAR
{1 ¢ integer:
sela.discose.ptr : ptrareexec;

BEGIN
sela_have,.aa := true;
IF reexec.ptr <> nil T[HEN
(* execute next aa from re_execyte list ¥)
BEGIN
finde.aa (reexec.ptr*.init.site, reexec.ptr”
T ,trans.num, reexeC~ctr*,st.nun,
reexec.ptr®.aa.num, sela.aa.ctr,
S€lauStepPtr, Selamtrans.ptr);
sela.dispose.ptr = reexec.ptr;
reexecC.ptr :s reexec.ptr®,nst;
DISPUSE (sejia.aispose.ctr):
IF sela.trans.ptr = nil Tntku
sela.have.aa := talse
ELSE IF SelawnsStapPtr = nil TnEW
sela.nave.aa := false T
EL3EL IF seld.ad.ptr = nil TnEN
seia.nave.aa := false ’
END ) ' ‘
ELSE
(* "randomly" select next aa ¥)
SEGIN )
(* select the transaction to te next worked ch *)
select.trans (sela.have.aa, sela.trans.ptr, seea);

(* 1f there are syptransactions yet to complete
execution, then randomly select one s~itnin tne
apove selected transaction ¥)

I+ sela.have.aa IHEN
select.st (selaahave.aa, sela.trans.ptr,

‘sela.st.ptr, seedj);

(* within the apove selectea subtransaction, i1t
an atomic action is yet to f£inish, worx on
that, else ~#ork on tne next one ) '
IF sela.have.aa THEN ’
BEGIN )
S€1la.3a.Ptr = sela.st.ptr*,3a.ptr;
AnILE sela.aa.ptr-,step.num = 14 DU
BEGIN ’
lF selandaaptlI®.nXt = nil THEN
ARITELN (audit,’ERkJR 3 selecteaa *,
" "’1s trying to select next’,
* aa when none are there’);
$€1la_aa.0tr = 5elawda~ptro.nxt
END: o
(* [F aa {s {n lock queue don’t select 1t ¥)
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IF selaLdaLptr*.inalockqetflg = true THzy
sela.nNave.aa :z tailse
END; (% IF TieN ¥
EWD; ’ '

IF sela.have_,aa THEN
(% output wnicnh aa was selectea *)
BEGIN
ARITELN (auait, “aa selectea tor execution 1s :°);
WRITE (audit, sela.aa.ptr”
edaala,trans.site,initosite 3 2);
wRITE (audit, sela.aa.ptr”
«ddaia,trans.site,trans.num : z,;
#RITE (audit, sela=aa.ptr?
c33n1d.5tnum ¢ 2):
WRITE (auait, selawaa.prr®
’ e@3mldedannum ; 2):
ARITELN (audit);
EnD .

END;

(XX RERREREE RS ENEFE SRR S E RS AR AN R KRR R EEF R A AR KEX XX KK SRR KKK E XA
(XSS EERSARSERRREEERREEERRRB A SRR EAK KRR ER SR RFFARXNEERELXE R X )

FUNCTIUN lockea (donum : integer) : poolean;
(* tnis tests a d.0, to see {f it 1s locked x)
BEGIN

locked := dowarray{donuml=*,lock;
END: '

(RREEEEXEBEEESRNEEREEB XS ERR AR AR AR LR A SRR X REFEREXRXEFRAXREB &K )
(R ERREEE SRR IR B R RN R A AR E R RS KRR RN RN IER NS E AR XK RN K )

PRUCEDURE time.out (time.delay : integer;
tire.aa.ptr : ptraaaj;

(* this produces the time out period for aas wnicn are
locked oyt oy man;pulatinq 4 f£ielad 1n tne aa record ¥)

BEGIN
time,aa.ptrt,time.val = time.aa.ptre.time.val + 1

«RITELN (audlt, “this aa is in time out :°);

«RITE (audit,time.aa.ptr”,aa=id
etrans.site.inft.site : 2);

WRITE (auait,time.da.ptr®.da.id
«trans.site,trans-num s 2);

ARITE (audit,time.da.ptr*,.aaaid

o - JStonUm ¢ 233
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ARITE (audit,time.aa.ptr”.ad-ia
«ddaNuMm : 2):
wRITELNCaudit);
ENDy

(SEEXSXEERRBB RS A EERBRX RSB EEBASEREERRERREFKEAFEREXKAETEETN XD )
T I YT I I R R S ITITIIIYY

PROCEDURE acquire.lock (donum : {nteger;
aCd.Staptr : ptr.strans;
4CQedd.pPtr : ptre.aaqa);

(* Tnis locks the taryet do ana formats & msg tor every site
at which the do 1s reolicated. If tne tarjet ao is nOTU at
this site, tnhls proc sets tne sup Ctrans t1g as forking andg
packages the sSub trans travel msg. *)

BEGIN
(*insure tnhe data obJ Is in usex)
(*msg for forking sub trans & replicatec data focr lOCKS*)
It dicaarrayldcnuml]l = nil ThEwn
wR1TELN (audlit,”locxk attempt on a aata obj not usea”’
,donum) )
ELSE
{F dogarrayldonum)*,lock THEN
#»RITELN(audit, "atterect to lO0cK a lockeé 4.0, : °
’ sdonum : 4) '
ELSE
BEGIN (*1.1%)
do.arrayldonumj*,lock-gty := U}
so.arrayldonumi“®,lock = true:
#KRITELNCaudit, *locking qata obj®,donrun ¢ 4);
4CQu.aad.ptr*,have.lock := true; ‘
END?  (*%1.1%) )
END: (#*acquire.lock*)

(FEXEXREXEREARTA BRI SRR XA RRAER SRR R RN R KRR F XA KRR KFLNERNE KKK )
(B RRAREE N RN E A SRR R SRR RN R A RSN RK AR R I A AN R E RN K ER RN AR K )

FUNCTION jis.at.sSite gdonum ! integer) ¢ poclean;

(* this returns true 1t tne data object citea cy donum 1s at
this site, talse 1f it {s not ¥)

VAR
curgic : ptraodic:

BEGIN
Is.at.site (= false;
curdaic := dicearrayldonumr);
AnILE curdic <> nil vO
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BEGIN
I¢f curdic®,sitenid = dicearraylvl”®,siteo1a [rt"
is.at.site := true; ’
curdic = curdic”®,nxt;
END: '
END;

(FERXRXERRARAEXEERERXRFER RS AREAS KRN XK R KRR AR SR XX RFELXEEH R KX )
(FEXEXFXXEREREFEESERRSAR BN AR ER R SRS KRR SRR R EEXERE XX ERK AR R EKKR )

PROCEDURE loadtv (a0.ld : integer:
'10a8dutVFLr  ptratv;
l0ad.St.ptr : ptrostrans;
10adadaa.pPtr ¢ ptraaea)

(* this loads the newly created teme ver pointed to oy
load.tvaptlr wlitn cata pointed to by loaqLaa.ptr and
loadaSta.ptr ¥)

BEGIN
loddatvaptr®.aa.lo.trans.site, inft.site :=
load-aa-ptr“.aa-zd trans-site,inftasit
1020.tVaptr-,aa.ld,.trans.site,trans.num :=
loao-aa-ptr se@daldetlTans-site,trans.num;
102datVapPtr®,33a1d,Stanum = 103deadafptr .aaald.st.num;
loadatvaptr*,daaid.2dnum = 10adeddeptr®.dacla.daanin;
1034 tVaptr®,8d.10¢laW-tlg load.aa.ptrr.aasle.ranatlay
loadatv.ptr®.2aaic.qoaid :3 lodo.ga.ptrt,aa.iv.do.la;
1030aTV.PLr*,38.10,CN.S€Q = 1l08C.2dukLI%,24.1U,CNaSEG]
load.tv.ptr*,danid.metric := 108d=Ad.ptr .2a.la.metric;
load.tv.gtr*.nxt = ail; '
load.Steptr*, netricasum := loadaad_gtr*.as.la,metric +
loag.Staptro.metric.sum; ’ '
1030t Vbt~ MeTriCasum = lOddaSt_ptro,.metric.sun:

1

(*update ch.seq in &0 perm, place in new tv recorax)

doaarrayl(doe.icl *.Cnaseq 3 do.arrayido.id]*. chaseq + 1;

load.aa.ptr*,aa_id.ch.seqg := ao-arraytdo-ldj‘.cn-seq.

loaa-cv-ptr_.ga-id Ch.Seg = dOe.dalray(do=idj“.Cn.seq;
END?

(SEEBXTEABEEEEEAESERBAEREERAEXTRKKFXXREXRRRXRERRSAERXFIREER KX )
(SERERREXERARAEEFERESERREARSRFRRR AR FARLAR KRB A AXREXRKKEEREK)

.0 PROCEDURE sortold (curcna & ptrachj
: d40.1d : integer);

(# Tnis inserts a linked list Ot cortlict histories 1into the

data object conflict history list in sorted order, Ine

e new list {s pointed to oy curcha ana tne gata ocject 1is
'b . identified by the doaid input, tng Qo ch nas 3 neaaer ani
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i trailler record ¥)
VAR |
h‘ . sort.ch.ptr,basecnh,curcne,oldcn § otrach;
- pairen : ptrachepatr:; |
. BEGIN (*rix) i
[ SOrT.CN.Ptr $= curcna;
' ARILE sortachaptr <> nil DU !
BEG1N (¥r2%)
pasech := do.arrayldo.idl®.chaptr; |
curchb ;= basech”®.nxt; !
AHLLE curcno®,3a.lid.trans.site,initosite < |
SOrtaCNaPlr*sdanid,transasite,infcasite Do
BEGIN (3r3%) )
basecn :3 curcno;
curche $= CUrCnNp®,.nxt;
END; (*rix)
IF curcho®.aa.ld.trans.site.{nit.site =
SOrteCNePtr".daeidetransasite,initosite Ineyn
IF WUI(S0rtechactr”,aa-lc.trans.site,trans.nun <
CUrcho™ ,adeld.transosite,trans,num) 14
WHILE (curcho®.aa.ic.transe.site.,initosite =
‘sortechoptre.aa.la,trans.site
vinit.sice) ano
(S0rtechaptrt,aasla,transa.sice
trdns-num > qucnb“.aa 13,trans.site
etTans-num) DO
BEGIN (#r4ds)
pasech := curcno;
curchbt := curcnho~.nxt;
NI (*fr4s)
NEw(blden);
neEwlpaliren);
clden®,.pair.ptr := palrch;
clden®.nxt := pbasech*.nxt;
pasech~,nxt := tldcn:
raliren®.adald = SOrtafChapPtr®,pair.ptr*.aa.ia;
pairch*,metricasum := ’ ’ '
SOrteClepPtr*,pailapPtr " ,metricasum;
plach”.aa.ld := soOrtach.ptr*,aa.ia;
SOrtaChoptr 3 SOLt_CRaPLI~.nXt;
END;  (¥r2=)
END} (sris)
A (REAEREXXEEREXXEBXEERR RSB ERXRERERERKBARRXEREXERRERXXTXRKEEE )
. (KRR ER SRR RN B SRR R AR RN KA KRR KSR KK K ERKAR KR )
. PROCEDURE linkpbla (in.send.ptr,in.acceptaptr : ptracn);
® (# this adds the mempers Of tne c¢ontlict nistory 1link list
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cointed to by inasenc.ptr to the list pointed to cv
in.acceptoptr ¥) '

VAR
nuchptr,ptrtoch,linkaptr ¢ ptr.ch;
nueair ¢ ptrachapalr:;

BEGIN (*11%¥)

linka.ptr (= in.accepta.ptr;
ptrtoch = in.send.ptr:;
REPEAT

IF ptrtocn*,aa=ld.trans.site,trans.num <> Y99y L=gpi
BEGIN (*12%) ‘
NEw(nuchptr);
NEw(nupair);
nucChptr~.pairaptr $= nuoalir;
nuoair*,.da-lid :s ptrtocn*,pair.ptrt.aaalc;
aupair*.metric.sum :=
ptrtoch® . pailaplr . MatricC.sum;
nUChptr~.ad.id i= ptrrocn~.aa.lc?
aucnptr*.nxt = "nijil; i
l1inkaptr-.,nxt = nuchptr:
link.ptr ¢= nucnper;
END; (%12%)
ptrtoch := ptrtoch*,nxt;
UNTIL ptrtoen = nil:
END; (*%1li%)

(FEBERF AR EER R R B ER SR LB AR R RN R AR XA AR AE RN X KKK AKEKF)
(XA N R SRR IR AR KR AR AR A AR A A SRR E R A R AN TR RR LR X TF L XX

PROCEDURE copyatoutv (curcha : ptr.cn;
COPYLValVapTl & DLr.tY?
aocnum : integer);

(* link the conflict history list pointed to by curcha
to the newsly created temd version to tne zata opject
pointed to by donum *)

VAR
curenb : ptrachy
paircn ¢ ptrachapatr:

BEGIN (%cl®)
NnEa(curchb);
NEd(paircn);
curchb*.pair.ptr (= pairch;
COPYIValVaPtl®stVaChaeptr = curche:
paircn*,aa.id ¢= curcha*.pair.ptr-,sasia;
paircne,metric.sum := curcha“,paili_ptr*,vetric.sum;
curchb*.adald = curcha“.aaoid:
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curcho*,nxt = nil;
(*If more ¢h recs then link them in to tv chx)
[F curcha®.nxt <> nil THEN
linkold(Curcna® . NXt,CoPytValvVaptl . tVvaChallr)?
END; (%c1¥%) ' -

(EXEBREERERERRE B I ERR R EE R RN RN KRR AR KRR RN R KKK AR R KL RXXRR KK )
(RS RN E RSN R KRB R RN P RAR KA RR KRR KA R AR EXRREREL %)

PRUCEDJURE copY-tOaSt (curcha : ptra.cha;
COpPYStaStaplr :{ pPLr.strans);

(* link the conflict history pointed to by curcha to tne
suntrans pointed tO Dy COPYSTLSlaPLI *)

VAR
curcnop 3 Ptrach;
palrenh ! ptr.cnhapalr:

BEGIN (*s51%)
dEw{curchb);
NEa(pairen);
curcnb®,pair.ptr := pairch;
pairch*.aa.ld !z curcha“*,vair.ptr”.aas.lc;
pairch*,metric.sum = curcha~.pajirf.gtr*,metric.sum;
curcho“.aa.ld := curcha“.aacid:’ '
curcnp*.nxt = nil; S
COPYSTtaStupPLr*,st.Chaptl 3 cyurcho:
(*1F more 40 ¢€n, 1lin< them 1n to St cn lists)
IF curcha~.nxt <> nil THEL
linkbld(curchna .NXt,CopPyYStaStapPtI®,StoChaFLr);
END: (#s1%) )

(FEEXX AR R A RE B AR R R AR RN IR EE AR LR AR RN EX ALK R RRR KR KR KR KX X)
(BB RE RS TR R AR AR BN E AR RS AR E AR A KRR KRR R XKL EF AT R X )

PROCEDURE lnstalltv ginst-aa-ptr ! Plraday
instustastr ¢ ptr.strans:
instatvaptr : ctratv);

(* this installs a temp var at a data ob) as rer tne action
of an atomic action., It also coples any conr nists tO su»
trans ors/and data obJ)s or/and temp vers as necessary*)

VAR
curcna,curcnb,folcna,folcho ¢ ptracn;
palircn : ptrachepalr;
donum ¢ integer;

BEGIN (s11%)
donum 3= InStodd.ptr”,38-1d.cq0-14d;?
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AT (*¥load the temp vers fleldss)
b loadtv(donum,insStatvaptr,instStaptr,instadanptlrl;? 4

B

rf‘ ) (*connect the contlict nistories tor qao,tv 4ng st*)

- (*ao notning 1£ ali ¢n’s are emptyx*)

IF NOT((Q0earravi{conuml®.Chebtr*.Nxt*,adald,
trans-sSite.trans.nun = 99%9) ana
(I1NStuSTtaPLr* StaCNaptr = nll)) IhnEN

!i BEGIN (%12%)
¥ (¥do {f stch not empty and do ¢ch 1Is empty*)
8 It (doearrayldonumr]l”®,.chptr”.nxt*,aa.ld,

trans.site.trans.num = 9999) ana
(INStaStapPtr®estacChNaptr <> nil) ThHEN
. BEGIN (®1{3%)
{ | (¥*1inK cn to do perms)
) curcha := iNStast.ptr®,stacn.ptr;
. sortold(curcha,donum);
iy (*1ink cn to tvs) i
curcna = instost.ptr~,.,staChoptr; ]
CoPYalOmtv(icurcha,instotvadtr,ccnum); i

Ballea:.

END  (*i3*)
ELSE )

(*do 1f st ¢ch is empty ana do Ch 1S nots)

IF (do.arrayldonumi~,cha.ptr-.nxt*.3aala. 7
trans.site.transndm <> ¥999) ang )
(INStauStaPtr®*estaCiaftl = nil) ThEW X

BEGIN (¥14¥%) ° ’

(*1ink 4o ¢h to st chx)
curcna != Qowarravidonum)*,.cn.ptr*.nxt;
COPYmlOuSt{CUrcNd, lnStasStaLtr);

END  (*14%) S

ELSE )

(*this 1f st Ch and do ¢h not empty*)

IF (do-arrayldonum]®.cheptr®,.nxt*,aa.id,
transasite.trans.num <> 996y) and
(INSLaStapPtr®eSToCNadtr <> Ail) Thoiv

BEGIN (%15%)
(*lind st cnp to tv cn¥)
curcha (3 InsStasStaftr*.steCh.ptr;
CopPYatoatv(curcna,inst_tvoptr,donum);
(*copy st cn to 40 chs)
CuUrcha = inSt.StapPtr*,stacCh.ptr;
sortold(curcha,dorum);
(* copy do cn to st en¥x)
curcha s dowarrayldonum]*,che.dtr*.nxt;
3 COoPY—tOoaSt(curcna,instastaptrl);
: END; (%®15%)

EnD} (*{2%)
END?} (%11%)

3

]

3! : (FERERBSEERFARERERER T KA KL SRR A BEAKREF K FAE AR NKREXKERKK KKK LK)
r ' ‘ V
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M
.

1

'?‘ PRUCEDURE create.tenpaver (Cre.da.ptr : ptra.aa;

Al CreasSt—pPtr : PLr.strans;
Créatrartl & plratrans);

(# this installs a temp version at tne target data opnject
and places the sub tran‘’s contlict history in the temp
version, 1t also up= dates tne conflict histories at
the data object and at the sup trans x)

.)rv'..

VAR
Lempty,NXtatlVaPtr,CTeLtVLFLr ¢ PLLLTY]
curaost,curst ! ptr.ch;
{,loop.cnt,donum 3 integer;

BEGIN (%1%)
donum = Cre,dd.ptr.ads.ld.do.lda:
IF is.at.site(acnum) THEN
BEGIW (¥lax)
wrlTeELi(auait,creating a temp version ror:”;
anlTE(auait,creatroptro.transasite.initositce
CrewllepPtr®,trans.site,trans.nua : 2;
wRITE(audit,cre-staptr*,staia : <);
WRITE(auait,Cre.da.ptr*,da.1a,a3a-num : 2)
wRITEC(AUALT,CTeu@duftl*daala,acata ¢ &)
#K1TELMN(audit); T
(*install NEw temp version and {ts cnx}
" IF de.arrayldonum)~.tveptr = nil Thewd
. 3eGIN (%2%) i (*no tVv’s 4t co*)
o NEw(dowarraytidonumj*,tvaptr); '
NEa(Creotvaptr):;
installtv{creaaaaptr,cra.st.ptr,
CreatVptr):
Q0.3rrayldonumj*,tVv.ptr :3 Cre.tvaptr;
END (*2%) )
ELSE ’
- BEGIN (*3%) (*at least one tv at c0¥)
L) - temptv 3= do.arrayldonum]“.tv.ptr; ‘
WHILE temptv~.nxt <> nil DU ;
temptv ;= temutv*,.,nxt;
NEw(CTetVLpPEtr):
installtv(Creada.plir,cre.steetr,
Cre.tvactr);
o temptv®.,NXt = cre.tvaptr:
- END} (*3%) '
END (*lax)
ELSE T
#RITELN{“ERRQR:createtempver called s«hen ¢,0, not”,
“* at site’)

[
-

aaran e I g artg ,'_)’Ll,,l AR
Lo e ey T
. : . .

e 88 “a

e

Y e

® - END; (%1%)
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FUNCTIUN aetect.conflict (adoeia ¢ 1integer) :

eecodsean,

(* Inis function determines if tne latest tempg version

createa has causeg a conflict at 1ts data
the poolean is returned as truye; Iif not,

VAR
teMPutVepPLtl ! PLTaLV?
conflict ¢ voolean;

BEGI
conflice
CeMPwlilVepPtr

HES fglse:
i= dow.array [doaial”.tvaptr;

(% It oldest temp version {s a "wWnITE® an
only temp version then tnere is Confll
IF temPatVaPtr <> nil THEN
BeGIN

IF ((TemMpatvaplr®.ad.ld,favafiq =

(tempPpatVeptr®«nxt <> nil)) TH
conflict := true
ELSE
temDLtVLPLr != tempatVaolr®,nxt
END; (* IF %) i

(* search all remaining temp versions for
one 1s found thern tnere i{s conrflict )
AHILE ((tempPpetvaptr <> nil) and (conflict
BEGIN
IF temg-tv-ptr'.aa-ld.r-w_flq = ‘w’
conflict = true;
teMpP.lvV.DLr !2 teMPetvVeptr”
END; (% «dlle %)
detect.Conflict := conflict;
IF contlict [neEN
ARITELN (auait,
ELSE )

«NXT

WRITELN gaudlt,’no contlict 1s detected at ’

ENDJ

(FESASXRBEEEFEEXREEARTERAFABAXRFARRERARRBXXXRKRRERARERIRA RS )
(AR SRS AR A B ER AR KRR E AR SRR A F KSR RSN EMESRARXREIRAEER)

PROCEDURE detm.conflicts (doaia : 1nteger?
VAR CUIraCNLPtT ¢

‘conflict 1s qetected at

oL ject, i1f so,
as fé.se. x)

d 1t Is nct tre
ct %}

*«?) aha

BN

a "arllr’; 1f

false)) COC

Thid

"flo-ld : 4)

doaia 1 4)7

ptrachl:;

(* Inis procedure determines wnich temp verstons contlict
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~#itn the most recent temp version and {t constructs g«
linked 1list of those contlicts, Lt assumes a
contlict exists, ¥)

VAR
teMPeChaptl : Dtr.ch;
tempaPalir.ptr ¢ ptraChapalr;
teMPulVelPtl, laStWLlVLPLr ! PLratV?
1 : integer;

BEGIN
(* determine the conflicting temp versions ¥)
LeMPultVapPltl $= do.array (doeidl*.tve.ptr;
laStWotVLPLT 3 temPetvaptr; i
ARILE tempetV.dtr-.nxt <> nil OU
BEGIN ) '
IFf teMPulVLPLr",s38ald lalatlg = "’ ThEN
1aSthatVapPtl := temPatVaptr}
LeMPalVaPtl 1= teMPulVapltl® Nkt
END?

(x construct tne linked list of contllct temp versions ¥)

NEA (CUITaChaptrl):
LeMPuClapPll 13 CUrTLCNPLT?
AHILE lastwatva.ptr <> tempatva.plr DO
BEGIN
[eMPuClaPllr®,3duld 3 laSlVatVapPtr*.ddasla;
NEN (tempopairapetr);
teMPuChaptr®*.pairactr := tempapalr.octr:
LeMPuPailaPtir*.sadaid 1= temptveptre.aaaia;
teMpaPalr.ptr®*.metricasum := lastwatvapir-.
MeLriCaSUM + teMPutVaptr~,Tetric.sum;
laStaalVLptr !5 lastWatveotI*.nNxt;
IF laStWalVePtl <> temPotVapPtr [HEN
BEGIN '
IF teMDalValPtr®, 88allelaVetflad = “W° THEN
BEGIN
NEA (TerPuCheitl®«nNXt)?
teMPaCNaPll = tampoChafEtr®.n«xt
EnND
ELSE
lasStWalVapPtl = LEMPmlVaPLr
END (* IF IHEN x)
END; (% WHILE %)
temb.Chaptr®enxt = nily

#RITELN(audit,’conflict history constructed at °,do-la);

END?y

(SRR EEREEEE SRR SRR KR E R R R E KR A R K ERX KRR KX XA NEAEREN KRR KK )
(R R AR E AR R E A B AR RS SR AR F K AR AR XA KRR KRR KRR KK X )
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PROCEDQURE tindatv (initesite ¢ cnar;
trans.num,sStanum,da=-num,dowl1d : inteqer;
VAR outptr : gtratv);

(* This returns a pointer to the reguested tamrp version
(outptr)., If the requestea temp ver is rot touna the
outptr is returned nil *)

VAR
CUrptr ! ptr.tv;

BEGIN (¥proc¥)
IF do.arrayldoaidi®.tvaptr = nil ThEnl
ocutotr := nil
ELSE
BEGIN  (*2%)
(*tina the right tvs)
outptr := nil;
CUrptr = dowarraviaoeldi*.tveptr:;
REPEAT (*UNTIL curptr = nil or rouna¥*)
IF (curptr”.ddaldad,transasite,
’ intt.site = init.site) and
(curptr*.3asid,trans-site,
) trans-.num = transanum) and
(curptr*.ada.id,st.num =
’ st.num) and
(curptr*,3amlic.ddlumn =
' aa.num) I[HEN
outptr := curptr

ELSE
curptr = curptr*.nxt
UNTIL (curotr = nil) or (ocutptr <> hill;
END: (¥2%)
END; (#*proc find tve)

(SEEXBREXXREREIEEREREEERFABARNFRENKAIRRRSRARERRXFEB L KX KX RN
(EE RS ERSE SRR RR RS EE RS AR RN XN AR RN KA XA K EFRXRRRKXREXXTEENF)

PROCEDURE cornstruct.preca.rel (ac.ia : 1integer);

(stnis determines current conflicts «#itn tre newiy aoneénaeaa
temp version ana aads tnese conflicts to tne do conflict
nistory in sortec order and to tne sJbtrans ana tv ch’s«k)

VAR
conN.ChNptr,tvitv,tvist : ctrch;
CON.tIr_ptr : pPtr.trans;
CON-St_PLr ¢ ptrastrans;
CONmddaptr ¢ ptra-.a;
CONulVaPIrl ¢ PtratVv}

in{t.site : char:
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trans.num,stnum,aa-nium,donun i lnteger;

BEGIN (*oroc constprs¥)
ARITELNCAudit,const pre¢ rel at 1,0, “,d0.ic);
CONaChaptl = nNnily
detm.contlicts(doaid,conaChaptr);
(*add the NEw conf nist to the wata O0b) perm recoras)
SOrtpld(CoONLChaplr,a0.ia);
init.site :=
CON.CNLPtr®.pairaptr®,aastdstrans.site,initosite;
trans.num =
CONeCNePtl*Palr.ptr*,daeid,transasite,transanuin;
Stanum = CoNaChuptr*.pair.ptr-,aa.ld.st.num;
aa.num = coN.Ch-PtIr? s08irfuptr®,ad,1ds3aLnui;
donum =S COoNLCNaPLCr” .pair-~cr‘.aa-iu.co-la.
(*aaga the Nkx cont hist to the sus trans contf*)
find-aa(inlt-site trans.NuUm,stanum,l,
CONuddePll ,CONLStaPtr,CONatraptr);
IF conLst.ptr = nil iHEN
SEGIN
aRITELN(Qudit,"attempt Tto tina st that alanot ex1si’):
ARITELN(audit,’in proc const crec rel®);
arRITELN(audit,tnitasite, trans.num,stonum,aanum)
END ’ ' '
ELSe
3eGIN
T IF CONaSlaPtr®,StaCNedtrl = nll THESN
COPYl0aST(CONLCNaplr,COonastaptr)
ELSE ‘
BEGIN
tvlst = CONasStaPLr*,.staCn.ptr;
wRILE tvlst®.nxt <> nil du
TVvlst := tvist*,nxt;
linkbld(conaChaptr,tvisc):
END; (*IF%$)
END;

(*add the NEA conf hist to the temp versicnx)
find.tv(initasite,trans.num,st.num,danum,
donum,CoONLtVeptr): )
IF CONLtVEPLr 3 Nil THEN
BEGIN
#sRITELN(Audit,”attempt to find tv that didnot exi1st”):
ARITELN(audit,’in proc const prec rel’);
ARITELN(AUalit,init.site,trans.nun,stanNum,aaunun)
END '
eLSk
BeGIN
[F CONalVaPIr®etVaChaPtr = nil THEN
COPYulOwlV{CONaCNaFtl ,CONlVePtl, d0nuM)
ELSE )

. - - .
PP -4 WPOWA

b;-‘_-4.j

bt ‘_x___l_..l_A-'_ —

FiR4y RPN

Abobd

RT3

-4 SN

FOPLPS -SRI I,

i

SERN \. SO

D SRS

—



. .
-

T . e ET T

BeGIw
tVitv = CONLtVBLI",tvach.ptr;
WHILE tvltvi,axt <> nil ui

tvltvy := tvltv .nxt;

linkplda(conachaptr,tvitvy:

END;  (*IF¥)

END; '
END; (4proc constpr¥*)

(¥ XXX XXX FEEEXEXRNABREEEETALXRRFBEER RN RXEREER KL KB XLEF XXX RH K KX)
(REREEERBERX KRR AR KK EEEE I KT XX B R RSB RB NS KX KX KX F R AR XRKEFXEF )

PXOCEQURE set.s (do.id : integery;
(* sets s to tne numper of temp vers arter tne 1St akllF *)

VAR
LeMPLtV.PLr ¢! PLr.tV}
s : integer;

BEGIN
temp.tvaptr (= dosarray [(doaial®,tvaptr;
s = 0; '

(* SKip over all "read" temp versions ¥)
IF temPatVaDEr <> nil [HEWN
BEGIN ‘
AHILE ((temp.tv.ptr®.nxt <> nll)
 and (teMPelVapPll®.d3uidelawatld = “r°)J uvi
LeMPalVaPtr 3 tembatVapltl*.nxt;

(* count tne ot temp vers atter tne 1st wakllE +)
IF teMpPutlVapPtrl®38aldelabeflyg = “w° TnHEN
#HILE tempatvoptr®.nxt <> nil O
3eGIN i
s = 85 + 13
tempatvaetr ¢
END ’

temp.tvaptrt.nxt
EnU;
(* save the value Iin data oclect’s germanert recors ¥)
d0.array (ao.idl“®,se.cnt = s;
#RITELW (auait, “the value of "s" was set tc : °,s : 4)
END; ’

(R ERR AR SRS E AR AR AR AR AR R R AR A B AR S SR AR KSR AR KRXEREXREN)
(RN E AR ERRREB AR AE RS AR R AR AR BARA SRS AR RRESSERXRXEEREK)

PRUCEDURL COpYeCh (CRuPLr : Ptr-ch;
VAR reloptr : ptracn);
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3 '
- 4
4 ),
[ - (* this procedure creates a Copy ot a conflict historv
4 passed to it *) )
j! ‘ VAR 4
-~ 0ldaptr, NEWLPLr &t ptrach; .
- BEGIN :
- [F ch.ptr <> nil (HeN
BEGIN !
< NEW (rel.ptr); d
3 NEW.ptr = rel.ptr; 4
3 0ldepPtr 3= ChLILI;
:} A4HILE olduptr <> nil vy
;‘ NEWwaDtr".adald = oldeptr*,as.la:; y
1 NEw (NEWeptr®.pair.ptr); ~ %
= NENopLI*.pair.ptr+,aaaic := olao.ctr-. ]
2 ) ~ palraptr-.aaciag ]
b NE¥.pTr*.pair.ptr-.metric.sum := ]
- old.ptr®.pair.ptr-.metric.sum; J
p oldaptr $= oldaptr®.n«t; Y
- IF oldaptr <> nil THEW -
. BEGIN
o ME4 (MEw_ptr*.nxt};
- VEMaPLr = NEA_PTI®.NXT
. END (* IF TnEw ¥)
END? (¥ #dlLE #) »
NEaaptr®.0xt 33 nil
END ) E
ELSE Q
rel.ptr := nil .
END: :
(EEXEF XX EEEERRE KRR RS E R RN EREEE R LR XA AR B RS AT FAAREFERRR ) !ﬂ
(R AR ISR LR AR E SR E B E R R AR AR R KRR KRR KRR XX KR ) B
PRUCEDURE detect.nonasr (CNPtr ; ptr.cn; 3
VAR nonaLsr ¢ dboolean: "
VAR rel.ptr : ptr.cn); Y
(* This procedure will determine {t there are any cycles in
" the conflict nistory linked list ~#itn header ana tralier :
whicn {s input to 1t., If so, tne pooclean ‘non.sr” »ill 4
be true and tne pointer ‘re,.ptr’ «ill point to tne 4
“minimal™ conflict history, witn neader and trailer which (¥
contains the cycle(s)., If not, the ooolean ‘non.sr’ 1
#ill ce false, ¥) ’ ]
VAR ]
pase.otr, lead.ptr, follow.ptr, bldptr,print-ptr : ptr.cn; !
) pbldptr : ptre.chapair; &
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change, found ¢ boolean;

BEGIN
(* make a copy of the data ovject’ s centlict nistory so
that it can pe modifiea #)
WRITELMN (audit, “entering detect.noN.Sr<);
COPY-Ch (Chaptr, relaptr);

(¥ detect cycles by deleting conflict pairs wnicnh couid
NOT pe involved in 3 cycle = tnose wnose 2nd element

: never appears as a 1st element ¥)
3 REPEAT )
1 change 3
l. pasa.ptr
followap

laadaptr

lse;
13 relaptre.nxt;
Tr 1S rel.ptry
1= base_ptr;

= ta

WHILE basewptrf.adald.transasite,trans.num <> 9399 0L
BeGIwn
round = falsej

REPEAT
lead.ptr := leadaptr®.nxt;
IF ((lead.ptrr,aasia,transasite.,1nite.sice
0ase.Ptr*.cairaptr-,aa.la.transasice,
' i initasite)
and (lead.ptr*,3a.ld.trans.site,
) trans.numn =
pase.ptr*,pairaptr-,2aala.transasite,
) trans.num))

THEw
BEGIN
tound := true:
ledg.ptr®.aas1d.chaseg = ©
EnxD
UNTIL ((tound = true) or
‘(leacd.ptr-,aa.la,trans.site,transonum =
- ‘ 39993

L IF found = true Trelh
g 8eGIN ’
- followL,Dtr = paseasdlr;

‘ base.potr :='oase-ptrf.nxt:
d lead.ptr = rel.ptr
- END (% IF THeN %)

ELSE
(% tnrow out all palrs with base.ptr’s «nra
element = Chalda ¥)
SEGIN
cnange (= true;
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CNald.da.ld.trans.site :=
base.ptr®,pair.rtr®,daala.transasite;

continue moving base.ptr untili rsae
is not deletea *)
WHILE((Pase.otr",p3ir.ptr .2a-1a.
‘trans.site,inltasite
2 Chal0,3d@.3d.trans.site,lnit.site)
and (paseofFtr",.pair.ptr-,aa.ld.
trans.site.trans.nun ;
3 CNumld.ddeida.trans.site.
trans.num)) Du
2 BEGIN |
‘ follow.prr®.nxt := case.ptr®.nxt;
base.ftr := case.ctr*.,nxt
ENU; (¥ «HILz *) )

? ° g‘ delete rair pase.ptr polnts to, ann
S

- (* now searcn from peglnpinc ot iist for
- " pailrs to throw out )
fOlloWaptr = rei.ptr;
leacaptr (= rel.ptr*.nxt;
AHILE lead.ptr®.dd-jau,transasite,trans.nun
<> 9§93 O )
BEGIN ’
If ((leadaptr®,pair.ptr-.aaatd.
transa.site
Jlnitasice = chaid.aalid.
trans.site
iNjitasite) ana (leag.ptr”.

' PAlr-ftr”,4a8.14
sLrans-site,trans.num = chald.
dadaid . trans.site,
trans—num)) IHEW

BEGLN
tollowadCr*,NXL :=
' lead.ptr~.nxt;
leadaptr := lead.pir*.nxt
END (% Ir THEN ¥) i
ELSE ’ -
BEGIN
followaptllr = ledd.ptrl;
leada.ptr := lead.ptr-,.nxt
. END (* IF ELSE %) i
{ END? (¥ adILeE %)
: lead.ptr {= rel.ptr:
followaptr = rel.ptr
END (* LF ELSE %)

ENDs (% WHILE *#)
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(* If no otner cnanges have peen made ana 1f tne tlrsc
element of a conflict palr appears nowshere e.se,
then throw that pair away *)

If cnange = ftalse THEN
BeGlIN

£0llOoWaLDLr = rel.ptr;
lead.ptr := rel.ptr~,.nxt;
wHILE leadadtr <> nll LG
IF ledd.ptr®,da.iad.Chesea = v Trkn
BEGIN ‘ ’

IF leadaptr®.dd3.ia.transasite.transanunm
<> Y999 THiN
leadoptr*.daaia,.cnasec = 1

£0L1l0WaPLr := leadeptir:

lead.ptr := leagptr*,.nxt
END ’
ELSe
BEGIN

followapPLr" ,NXt := lead.gctr*.nxt;

leadaptr := leag.ptr .nxt; =

cnange := true
eND
END (% IF THEN %)

-

UNTIL cnange = false;

(¥ set the poolean "noN.sr’ )
IF rel_ptre.nxt*.,aa.id.transa.site,trans.num = 94999 1dHbeN

non.sr := talse

ELSE

BEGIN

non.sr := true

acITELN(audit,*detect non sr aetected non sr’);

ARITELN(Audlt,cycle 15 : 7))

printe.ptr := relogtr*.nxt;

#HILE print.ptz®.nxt <> nil Du

S3E0IN
ARITELN(audit,Printaptr®,daald.trans.site.
N init.site ; Z,printaptr’.ddaald,
trans.site,trans-num : 2,
print.ptr®.,ddnid,stanum ¢ 2,
PriNtaptr” ,ddald,@adaniua ¢ <,
* ‘,printoptr*,.palr-ptr-,aaatd.
trans.site,infit_sicte : 2,
PrintapPtr” PAil¢LtT*,ddald,
transesite,trans-num : 2,
printaptr*.palr.ptr*.da.lid.
stenum : 2,
printaptr*,palr.ptr*.3aal1d.
aa~num : 2); '
printaptr := prlnt-ptrf.nxt:
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END;

‘ol

(FEFEXEBREREEAEERERRERXFRIXERERRASXEF XK IERRRERKRXI KA FRE T F £ X)) :
(PR AR RS SRR S ERRE R RN SRR NS AR AR ERF AR RS AT RN AR EREE RS £ K) .

T, e T,

PROCEOURE determine_rollback (relaptr ¢ ptrach; ;
VAR rollback.ptr ! potracnjj; .

(¥ Thls procedure, when passed a contlict history linked

" list pointed to by ‘rel.ptr”, will proauce a new linked
list of contlict nistory pPairs +#hicn, wnhen roilled vack,
w11l eliminate all present cycles., Tne input list nust
nave a heager and trajler, tne output list is puilt
#itnout them, X)

L N R L T

VAR
TeMPLPtr, £0llOWLPLr, CODPY-PLIr, 3addaptr : Ctr.Cn;
small ¢ {nteger;
cycle ¢ pboolean;

BEGIN
rolloack.ptr = nil;

i
|

(* copy the conflict history linked list x)
wRITELN (audit, ‘entering determinearollzack’);
CODPYuCh (rel.ptr, cooy.ptr);

REPEAT

(* £ind the conflict pair with smallest metric.sun x)
tenpapltl = CODYaPLT*.NXT;

.- small := tempaptr-.pairptr*.metric.sums;

- REPEAT ) '

- IF temp.ptr®,pair.ptro,metric.sum < small fH&N
- small (=" tewpuptr-.pair.ptre,metric.sum;

e temp.ptr = temp.ptr*.,nxt

UNTIL temp.ptr~.nxt = nii;

-
Q' (# delete tne contlict history pair witnh tne smallest k
o metric.sum ) 1
o CeMpptr i3 COPY-PLT" nNXT; '
3 tollowaptr = copy.ptr;

re walle tempeptr”.pair.ptr-.metric.sum <> small 03 3
a BEGIN 3
- £followaptr 3= temc.ptr; 1
S temp.ptr = temo.ptr~,nxt

t; END? '

- follow.ptr®.nxt := tempaptr-.nxt;

9 - ‘ " 4
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(* append the geletec ralr to the rolloacKk list #)
tempaptr®.nxt = nil;
If rollback.ptr = nii ThaN
BEGIN
rellcackaots = tempptr?
addafFtr := rollbackaptr

END
ELSE
BEGIN
add-ptr“.nxt = temp.pPtr;
§dd-ptr 12 addaptr®.nxt
END? ’ i

(# determine ir any more cycles exist ¥)
detect.nonasr (coPy-ptr, cycle, COPY.pPLr)

UNTIL NOT cycle
EnNDy

(R RN E R R RS R KRR RN R E R R ALK X UL XX S R E AR DA 4 )
(AR R R E AR B AR R KRR KRR R AR B RRE RN R RERF )

FUNCTIUN {sainalist gini:-site s char;
Lrans.num,st.aum,&a-num : inteqger;
11stotr & ptroreexec) : rcoolean;

(* this returns true if tne input list memcer 1s 1n The 1i3T
0t type re_.exec.rect, talse othersise x)

VAR
curptr @ ptr.reexec;

BEGIN (3funcs)
isainalist := false;
curpetr := listotr;
IF curvtr = nil THEN
1s.in.list := talse
eLSE '
BEGIN (SELSE*)
repeat (#until curptr = nilx)

I# (curptr-.initesite = 1nit.site) and
(curptr*.trans.num = trans.num) andg
(curptr*,stonum = St_NUfk) and
(curptr*.aa.num = aauhuf ) THEN

i1saifalist := true;

curptr = curptr®.nxt;

UNTIL curptr = nil;
END; (®ELSE*)
END} (#tync isain.listx)
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PROCEDURE ch.dispose (VAR headaCheptl : ptrachjy;

(* this procedure «#1ll release un-neeged sStorage sgace so
that it may later we usea agajn, It aoes so tor rolied
back contlict nistories. ¥)

VAR
ChaPtl : pLracCn;
BEGIN
wHILE neadachaptr <> nil OO

BeGliv
ChaPtI $:= heaa.cChapPtlrl:;
NeddeChaPtl (3 NeadaChaptr*.nxt;
CISPOSE (choptr*.palraptr);
DIsSPGSE (cnaprr)
END ’
END; (¥ chaalspose )

(FEXRERSURXRERXREABEERE SRR KR EEERARREREXXEERAERRIENAREXNT S KX
(FEXRFEXREREXRRLEPAREF LR LRLANKERXEXREFEXEFRXESRTXFEXXEXAREXE )

PRUCEDURE rollbackacn (initosite : cnar;
trans-num, stenum, aa.num i intecer;
fromacommit : voolean);

(* This procedure «#ill remove conflict nistcries from

" throughout the database, Lt called trom the commit
procedure, all ch’s «#1ll te removed for tne comnlttinag
trans = identified cy its initasite ana trans.nun, It
callaa from rolloack, a list of cn gpairs «1ll nave been
nunNg on tne purge.list.ptr. ¥) ) ‘

(EFEXXEFXXELXBEBXEEEXXRSEAXLAXRNFEREFXZRERERE XX LRXEERNFRREXRR)

PROCEDJRE rpurge.ch (VAR neadach ; ptr.ch;
PYmptrtoch ! Ptracn;
VAR holaLELr ! DUlragChn):

(* this removes tne ¢ch palir rember pointed to oy odGm.ptrtoch
trom the list pointed to py neadoch*)

VAR
tvl.ch & ptracn;

BEGIN (*purge ch#)

IF nead.ch <> nil TheN
BEGIN (%1%)
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If headach = pg.ptrtogch ThEN

BEGIN :

% nNedaach = PJuPLrLtocn”,nxt; 8
 \ : noldaptr := cg.ptrtocn*.nxt; 2
- py-ptrtoch®,.nxt = purqge.list.ptr; ]
a3 puUrGealist.ptr := pge.ptrtoch; -
& END ’ 3
. ELSE -
i BEGIN (*2%) —
tvliacn (= heaa.ch; L}

. wnILE tvlach®,nxt <> pgaptrtoch DU
3 tvleCn $= tVvi.ch™.nxt;
tvliech*,nxt := pg.ptrtocn~.nxt;
holdaptr = pPgaptrtocn®.nxt; -3
FJd=pPLItocn®.nxt s purgealist.otr: —
purge.list.ptr := pg.ptrtocn D]
END (*2%)
END (s1%)
END; (*purge ch¥)

B4 TaEELAL L

Vj]v‘-"t‘v‘f 7T

(S SFEXEXFXXRREE R KT K ERXRRXEXEKRRE S ERXF XL XX KKIXFEXKBEXKFER KX -

PROCEDURE purge.commit (VAR heaa.cm.Cn : Otrach;
Cheinlt.site : cnar:
Chatlans.num : inteqer);

(* this finds all the ¢h members in the list pointed to vy
" head.Ch.ch which have identjitjers the same as tne
init.site and trans.num and removes tnem trcm tne
list oy caliing pburge.ch ¥)

VAR
purge.cm.f1g ! poolean;
NOldalCNapPlr,tViapracm § ptrach?

BEGIN (* purge commit ¥)
IF head.cmo.ch <> nil THEN
BeGIN (*1%)
tV]laePleCM = nNeadacChuoch;
purge.cm.flg = false;
aRILE tvilaDra.cm <> nil uUd
BEGIN (#2%)

I (tvlapPracm®,aa.la.trans.site.inft.site =
CMeainit.site) and (tVlaprachm®,adald.
trans.site.trans-nNuUm = CM_trans-num) iHk:i

BEGIN ’
purgeancn(neddaCM.Cch,tviapr.cm,
" noldacCmantr);
purge.cm.£f1lg = true;
END '
ELSE
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IF (tvl]l.practm”pairaptr®.8d8mld,transasizce,
‘inita.site =
cnmainite.site) ana (tvlapr.cm”™.
PAir-0tr®, Adeld., i
LranNs.5ite,trans-num™ = CM_Lranrs.nut)
THEN
3LGIN
PUrge.cnihead.cm.cn,tviapracn,
NolcwCmaptr):?
puUrge.Ccmafly $¢= true;
END;
IF purgeacmaflyg ITnkN
LVlePraCMm = Nola.Cmaptr

ELSE
CV1laPlalh S tvlapr.Cm*.nxt;
purge.cmnafliq s talse; i
EnD (x2%)
END (¥1%)

END? (* purge commit *)

(REEXXLLRREXEXXXFLERLELXAEREFERXRE RN LR EFEEF XL XX KL FXFX+XEXERT)

PROCEDURE purgenrollracx (VAR neadarl.cn @ ptrach;
rleinit.site : char;
rlatrans<num,rlastanunm,
fle2aenum : integer);

(* this firds all the cn memters in tne list rointed to cvy
nead.rl.ch whicn nave igentitiers tne same as tne
initasite ana trans.num and St-NUl ANd aanum
and removes them trom tne l1st oy c&lling curgewch ¥)

VAR
purge.rl.flg ! opoolean;
Noldaerlaptr,tvlaprarl & ptracn;

BEGIN (x* purge rolloack ¥)
I¥ nead.rlach <> nil THEN
BEGIN (X1%)
tvlePlarl := head.rl.ch;
purge.rlaflg := false;
AHILE tvlaprarl <> nil DO
BEGIN (#2%)

IF (tVvlaprerl®.da.ld.transa.site,.init.site =
rleinitasite) and (tviaprorl~.aasid,
transe.site,trans-nNum = rl.trans.num) ana
(tvlaeprari®.aaeid,st.num = rlast.num) and
(tVlePlell”,3auid.3danum = rloaa.nun) Tncdi
© BEGIN T ) ’

purge.cn(hitacdarlath,tviaprarl,
Noldallaptrl?
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purge.rlaflg := true:;
END
ELSE -
IF (tvieprari®,pair.ptr®,aa.ldetrans-sice.
Initasite = .
rlainitosice) ana (tvlaprari~. :
pair.ptr~, aa.ld, ’
Lransesite,trans<nNuUm = rl.trans.num) :
aNd (V] lallell . Fe8llaptr®,ddalde. -
SLaNUM = FlaStandm) and (TVliabrerli~,
PAlruPllI®ed3al0.a3aNUT = Fladdenuhi)
THEN - ' ‘
seGln
3 purgeacn(neadarlach,tvliaprari,
;‘ N0ldarieptr);
‘ purgeéarl.tly := true;
END; ‘ g
IF purgearlaflg ThEN M
TVilapPrerl = nola.rlaptr
ELSE ’
CVlaplarll 13 tvlapl.rl®.nxt;
Purge.rlatlyg t= talse; i
END (*$.%) ’
END (%1%)
END; (* purge rollback ¥)

(FFLFXXEXEEXERERE R RS S FARE AR X R R SRR XA SRR KREREEREKXX LR T KX )

PROCEDURE purge.tr.ch (pgainit.site : char;
‘UQetlans.num,éqg=stonur,
Pd-.aaLnum : integer;
tr-commit : coolean);

(% this removes tne ¢ch”s from the whole transaction ana

" suptransaction structures wnich nave the same parameters
as tne input initasite,trans-numn,5t.NUT aNnd aa_NUi.
1t tracommit 1s true, the call came from tne commi1t .
proc, {f false the call came from tne rolioéecks) g

VAR q
tr.iead,st.nNead ¢ otr.ch; R
tr.tvl : ptr.trans;
St.tVl : ptr.strans;

BEGIN (* purge tr cn =)
IF trans.ptr <> nil IREN
BEGIN  (#%1%)
tratVvl = trans.ptr;
ARILE tr.tvl <> nil 0u
BeGIN  (%2%)
IF tracommit THeN
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)

oUrge.commit(tratvi® trans.Cchaptr, .
PeiNitasite,fqatransanum :
ELSE "
purge.rolloack (tlfatvi®.transaCna.wtr, .
PGediNltesSite,cdatlAfiSaniuT, -]
PGaStaNUM,PGaedds.numn) ’
STLlVL $2 fratvi®,stlastl?}
AHILE Statvl <> nil LU
© BEGIN  (%3%) -
IF tr.commit 1ldeN
purge.commit(statvi®,staChaptr,
PGeinlitosite,rgatrans.num)
ELSE '
PUr9e.r01lloackK(StlalVLi®,5lalNartll,
PJelinltesite,pg.tlr4ns.num,
PYmStanim,00L3d.NUm)}
StalV]l = statvi“*.nxt:
ENCG} (*3x) '
LlfalVvVl 3 Cratvi®.nxt;
END (*2%) )
END (*1%)
END; (¥ purge tr ch ¥)

(FEBEREIEERE RN ERR RN R AR R B AR I AR AR KKK CAEXRRRRERRRFEF KX

PRUCEDURE frurgeadoa.cn (inita.site : cnar;
transanulm, stanum, aa.num ! 1nteger;
dCatTromaCommit ¢ odo0lean);

¥ > 4 W

(* this will purge a8 conflict history 1aentiriec oy aawla
elements trom all 4,0,"Ss ana all temp versicns ¥)

VAR WA
{1 : integery
tY-Ptr ¢ ptratv;

B » PPN

BEGIMN
FCR { 3= 1 TO 99 DO
IF do.arravy {1) <> nil THEN
BEGIN

(* purge this ¢n from the a,o0, perm *)

IF doatromg,commit ingEnN
purgewcommit (doearray Lil®.chaptr,
initasite, transanum)

e s 2 lalgagt

ELSE
ourge.rollback (doearray {iJ*.chaptr,
“init.site, trans.nun,
Ste-NUM, d4d8aNul);

PPRREIOUCIUSY i

(% purge tnis ¢h from all tv’s At this d.0. ¥*)
tvaptr (= goaarray (il°,.tvaptr; N
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#HILE tvaptr <> ntl 00
BEGIN
IF doafromecommit LHE:
gurge.comait (tvoptre,tvach.otr,
‘init.site, LransanuT)
ELSE
purge.rollrack (tVeaptr*.tveacn«otr,
‘inic.site, transonus,
St NuUm, adanui);
tVePLr = tvaptI®.nxt
END (% wnILE *) )
END (% IF THEN *)
END; (* purge_do.ch %)

(R RN RN AR AR SRR R R R SR F AR L AR E N RN KN AN KR E R KRR K KENRKEKRFE)

(* main for rolilbacxk.cn ¥)
BEGIN
It from,,commit IHEN
BEGIN
wfTELN (Aauait, “rollpackacn 1S removing ch"s tor’,
* commit’);
purgeatracn (initasite,trans.num,u,v,fromaccmmic}:
rurgeLdo.ch (init.site,trans.nun,v,0,tromacommitc;}
END '
ELSE
BEGIN
WRITELN (audit, ‘rollpack.cnh 1s removing cn"s for’,
” raollpack’);
purge.trach (initasite, transanum, st.hum, da.nunr,
fromacommit); _
purgeadowcn (1nit.site, trans.num, stahui, dAealum,
from.comrait)
END (% JF ELSE =)
END: (¥ rollbacketn *)

(EBXXEXXXXLXFEXZXERLLEL KRR LERXXFXEFXAEENE XXX ARFARXEERX S XK XKX)
(XXX XFXXERXXEAFAEXF LR XL L SLXFEAXR XA XS RRXXEX XX RXARRXAXEXR52%8)

PROCEDURE release.lock (aocald : integer;
rel.aa.ptr ¢ otraaa);

(* tnis procedure will release ajl locKks hela by the
currently executing atomic action x)

- VAR

| CUrr.ptr ! ptradic:

o dUMMYLStaPtT ¢ PLT.Strans;

T dUMMY.tr.ptr : ptratrans;

® NXt.3d.ptr ! ptr.aa;

-= reladispose.ptr ¢ otr.lockag:
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bEGIN
1 releaanptr®,have.lock := false;

( ) IF d0aerray (doaidl®,l0CKeqeFtr <> nil THEN
v BeGln ’ ) i
- (# £ind aa at tront 0f 1OCk qUeue + Ccnahi4e ils§ 3
. lonxk tlag ®)

3 «ITh aoaarray (doald]®,i10CKaguptr*,aanla at 1
find.aa (trans.site.init-site,’ j
.I ‘trans.site,trans.num, )
: StNlUM,88LNUM,NXudd8LPtl,CUMNVLStaELT,
] QUAMYetToPtr); '
IF nxtadaa.ptr <> nil [HEN
BEGIN
3 nxt.da.ptr*.nave.lock :=
L‘ NXtaddLPtr”,in.iockyLtlyg
: NXT.dd.ptr*,stepanum = 3
END ’ )
ELSE
ARITELN (audit, “aa.id not found(release_locx”j;

(# cail findatv and send conraining tne tv t£o eascn
site wnere the d.o, is replicatea x)
wllt 20aarray (doeid]”.loCKagQaptr®.adaia vl
8EGIN - i
ARITE (audit,“releadse lock °);
anITELN (audit,’removed froam lock 1iuaue : °);
anITE (auait,transesite.initasite : 2);
yRITE (audit,transesite,trans.num 3 2);
»xITE (auait,stonum : 2);
aRITE (audit,aawnum : 2);
¥RITELN(audit);

(* ramove aa from frent ot lockc + rollracx
it®s ¢h’s %)
rollobacka.cn (transasite.init.site, trans.site
' T efransanum,stonum,aa.nNum, false);
ENU; (% with ¥%)

e e
_AEA‘AAA‘

reladispose.ptr ! dO0LdrTayiLdOaldl)*“.i0CK quptr?
do.array{doaidi*,.lockaq.ptr :=
d0Ldrrayi{coeldl®,l0CkagaPtr* . Nxt;
DISFPGSE(rela.dispose.ptr); i
END (% IF TnEn ¥%)
ELSE
BEGIN g
(* release ]JoCcKs at eacn site 4,0, 1s reclicates
at = agter first installing the corresgonraing
temp version %) '
CUrr.ptr 1= dica.array (dqo.ical;
wnlLE cUurreptr <> nil Cu
BeGin

bbb ol

=

152

.!! aheabad ol b

L 1




- Gl i St Mietis At Mt hat Shads Sintte S Sindh it Sidis “Ehi Iidir St

Ir¥ currepPtr-.site_ia =
dlcaarray lU)~,site_id Inen
BEGIN ' )
dOedrlray (doaldi*.l0CK = fdlse
wrRITELN(AUGLt,"Felaase LOCK €T 4.2, °,
' 30widl:
END
ELSE
(* send msg to replicatea site =
" CUrTeptr*,site.ld toO lst install a tv,
then release tne LoCK *)
WRITELiW (audlt, °‘release loCK tor a,0. °,
' 2014 ¢ 2,
 at site ’, CUrr-ptr~.site.laq);
CUIT—pPLr IS CULr-ptr~.nxt; i
END (% WHILE *)
END (¥ IF ELSE ¥)
END?

(SEBXBRSEEREBRFEXRBEEFRSARBERRAXXER SRR FREXNKKEX KR EEZREX KK )
(SEFFERFEERFEERRREASRRFEXRXRARXRKARKBR N ERE XN R RRKERRERFER L&)

PROCEOURE rollpack (i1nlistaptr : plracn;
VAR rolle.chaptr g Ftrach);

(*tnis rolls vpack any atomic actions w~aich appear 1n tne
list pointed to by inlist ana any atomic actions in
the same sup transaction which follow tne rolled wacx
atomic 4action, Any temporary version oullct by the rollea
oack Jtomic actions are deleted ana any temporary versions
pased on tne temp ver which was Jdeletea are also neletea
and tneir atomic actions are rollea pack, the output
pointer points to the list of atomic actions snich must
pe executed pefore any others are allosed to execute,
tne input list will not be empty wnen tnis oroc 1s caliea.
No heagers or trailers on any output list, a list or
conf nistorles from rolled pack temp vers 1s aiso
output,*) )

LASEL 1

VAR
isatv,okaatlg,oktveilg,firstarolaflg,o0katflg ¢ coolean;
isite ; char; '
i,thum,stnum,aanum,doid ¢ integer;
inchptr ¢ ptracn;
folrolptr,nuroletr,nureptr,toloreptr,
currol,rollpack.ptr,re.ptr : ptr.reexec;

(* proceaures tor rollodck *%)
(SX2EEERRREABERAREARERR KRR RNA S AR RNBKEEB A XK EEF XXX EEE XS XS R LX)
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PROCEDURE rollback.aa (init.site : cnar;
transenum,st.num,da.num ; intecer;
VAR okaaflg,isatv : boolean);

TR Ty WY,
BT A
-

(*This rollsbacxk atomic actions found on the rol.i=ack iistT,
If any successor atomic actions need to be rollea oack
due to rolling an aa oack, tne successors are placea at
the ena of the roll- back list, Ine t(r) auantitlies are .
also adjusted at the sup trans and trans as necessarye. s
I1£ tne atomic action is in tnhne lock Queye It 1S removedq )
and 14astv is set to talsex*) )

TR W W W TV —
I3 LS P v ’ I
v
-y

VAR
rolloeaa.ptr | ctraaa; ;
aurolptr, tvlptr : ptrareexec; o
ptrtotv § ptratv; "

donum ; integer;
g£indptr,curptr § DtralocCkaq;
folloastapPtr ¢ ptrastrans;
rolloatr.fptr ¢ ptratrans;

b
b
]
Ll
-

(* droc for roliback.aa ¥)
(XXX EXXXEXREEXERRBAFERF SR REF XN SEREFEREEXRRXXEXREERERKLERX X))

PROCEDURE findaloC.q.memp (initsjite :
aanum,doid
VAR curptr

integer:

char; transnhum,stiaun,
! ptr.lock.a):

(*tnis proc returns tne pointer to a memper of tne locxk
queue at qaoid with tne attrioutes {ngut To the Droc, It ‘]
it canpot find the memper {t returns a nil in curotr#*)

VAR
tviptr ¢ ptralock.qg:?

U P

BEGIN (*£ind loc g membs¥)
tvlptr = doaarray(aoidl®,lockeg.ptr:

IF tvlptr = nil THEw i
curotr = nil
ELSE 1
BEGIN (*i¥) ]
curptr := nil; 1
REPEAT = (%until tvlptr = nil or found mempers) ‘
| IF (tvlptrt.3a.id.trans.site, 1
rd init.site = initsite) and )
(tvlptr®.3a.ic.trans.site, K
trans.num = transnum) and p
(tvlptr®,.aaaia.st.num = stnum) ana X
(tvliptr*.adaaia.aa.num = aanum) ThEN g
. curptr = tvlptr Q
. 154
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tvleptr :s tvlptr®,.nxt
UNTIL (tvlptr = nil) or (curptr <> nil)
END; (*1%)
ENDS (sfind loc q memoers)

(EEBXBERR SRR ERREEENE RN SRR R R RN R AR ERRS KR SR ERXNRRF AR SR XL F KKK )

BEGIN (*proc rollnacka.aas)
rollbe.ddaaptr = nil;
tind,aa(init.site,trans.num,st.num,aa.num,

roll5eaanptl,rollbasSt ptr,rollootrarce);
IF rollbadaaptr = nil THERN
okaatlg 1= false
ELSE '
BEGIn (¥1%)
- IF (roilpb.aa.ptr*.nave.iock) 7TdeN

: releasealock(rolicaadaptrt,a@da.la.q0.la,

o ' rollowaaagtri;’

' okaaflg != true;

N wRITELN(Audit,’rolling pack atomic action :7);

r'e wRITE(audit,initasite : 2);

KRR #RITE(audit,transanum : 2);

A4RITE(audit,stanum : 2);

#RITE(audit,aa.num : 2);

~KITELN(audit);

(* If the atomic action to rollodack was in stec 1l
agjust the £in gtys in tne sub trans ana
POSsSibly tne trans %)

IF rTollbadaeptr®.stepnum = 14 1HE:

BEGIN
IF 13llbeStabtr*.adaafinaaty =
FO0llPaStaptr™,3a.aty THL"
f0llbetlaPtr*osstaflnaqQty :=
0lidmtlaPlI®,Statinaaty = 13
rollbasStaptr®.3dafinagty :=
rolifPeStaftr*,aatin.aty = 1;

ENU;

(* It the atomic action owns a t(r) temnp verslon
then adjust the gquantities at tnhe sub trars
and trans as necessarys¥)

findatv(init.site,trans.num,st.num,da-num,

'7011l1De3daPtl® 8dald,0a1Q,DLTTOLY);
IF ptrtotv <> nil THEN
IF ptrtotv®.statafla = "r’ THEN
BEGIN ’
IF rolipasteptr*,.saatraoty =

: rollo.staptr®,”2a.aty Intw

- FO0llDutllaPlr®.Statlogty (=

- Iolloatlaplr Statraaty = 1;

N rollb.stoptrr,aaatiaoty :=

L 2 ro0llo=Staftr-,adatraqty = 1
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END;
(*If the atomic action {s {n tne lock ayeue,
" remove it¥)
donum :3 rollbPeddaftr*.ad.lc,.doaia;
IF rollr.aaeptr”®,.inalockgetlyg THEX
WITH r0llPaddeflil”.33ald DU BEGIN (*1,5%;
£iN0elOCad-Nemb(trans-site,1n1tasite,
‘transasite,trans.num,
StlanlU,d8aNUM,donlG,CUrpPLr);
IF curptr <> nil [Hay
BEGIN (#1,5%) ’
‘rollpackecn(transe.site,1nit.site,
‘trans<site.trans.nun,
St.NUM,ad-NUMm,talse);
ARITE(audit,’rollpack.aa 15 removing’): 4
MRITELNCauait,” aa trom lock q :1°);
wRITELN(auait,trans<site.in1ta.site ; «,
LransS<Site,.trdnNsanufm & 4,
Stanll ;3 4, A4NUD I &)
isatv = false; T
IF doearray(donumj”®,loCKaguptr = curotr
THEN ) '
doearraylLdonum)®,loCkaelaptl =
G0earraylaonumj®,10CKadaptrt.nxt

2 e e w_ e _mmmaa . .

PRNOICIER WY SSSNpry

.

ELSE
SEGIN (¥1,7%)
tinaptr := aoearraylaonumj=~,
’ 10CKLG=Ctr?:
wHILE finaoptr®.nxt <> curter uwv
findptr = finaLLtr*.nxt?
finaptr~.nxt = CUrptr*.nxtc; :
END (¥1.7%) )
END (*1.0%)
ELSE ’
oEGIN (Fl.5%)
«RITELN(AUOLitL,
‘roiaa talled to tnd LoC memp”,
transwSite.1nit-site : 4,
TranS-Slte,transanum : <,
SCaNUM & 9, daLNUT & 4)7
WRITELN(audit);
END? (*l,0%)
END? (*¥1,5%) )
(sreset filelds in rolled oack atomic actionx)
rollo.da.ptr®,aaaid,.cnaseq = U;
rolloeda.ptr®,stat := “x°;
rollDwdd.ptr®Stepanum :=
I0lloadadLptr .tineaval := H
r0llDad8.Ptr*,.lNaloCckqatly = falsey
b £0110a@8.PCr (= rOllDaddegtl*,.nxt;
19 - WHILE rollbe.adeptr <> nil DU

Aculeck il oot

I SRR
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END}
(*proc rollbacxkaas)

END;

oEGIM (%2%)

(*fina and sena to roiloack list anvy Atceric
actions w~hich executeg after the rol.e:
0ackK atomic actions)

IF roilcadaa.ptr ,stecenud <> u Lk

BEGIN (*3%) ~ '
IF NOT 1Sainelist(rollowddaptr®,1c.la,
’ transeSite,
ipit.site,rollbalda.ptr*c3a.la,
trans.site,
transS.nNum,rollonddaptr®.3dals.
st.num,
r0liPeddaptI*,d@nld,dalduit,
o rollbacKeptr) 1te.:
BEGIN (*4%)
NEw(nuroletr);
nurolptr®,.intt.site :=
ICliDud8ubll* Ad8al.
trans.site.lnit.S1te;
nurolptr®.transanum =
I0llomddablir~.gdaic,
trans.site,transanun;
NUrolptlr®.stLNun =
f0llbaddaptr*,.as.lic.,
stonum; ’
nurolptr®.aaanum 3=
| r0ilbaddLlrt.da-lia.
da.num; T
RUrOlptr®.30.19 = roilb_aas-ctr",
ddeid. aoaia: i
nurolptrt.nxt = nil;
lF rollbpack.Ptr = nil THEN
rollback-pPLtr = nuroiptr
ELSE
BEGIw (¥5%)
tvlptr := rollback.ptr;
wyILE tvlptr®.nxt <> nil uad
tviptr = tvictr~.nxe?
tvliptre.nxt := nuroinptr;
END;  (*5%)
END? (%4%)
rolloeddnptr := rolid.da.ctr®.nxt
END (%3%) '
ELSE )
rollbeadada.ptr = nil;
END? (*2%)
(*1%)

(FEEEEREERAEXIEEREREREA SR AR KR SRR KRR RS ABARENRREXREATK KKK XK F )
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PROCEDURE rollbacketv (initasite : cnar;
‘transanum,stonium,da.nun,
do0eld : integer;

VAR oxtvEilg : boolean):

(#this rollscack a temp version as a result or tne tert

" versions atomic action peing in the roilcack list
IF there are supsequent temp vers oased on tne rolioaca
candidate tney are placed on tne rollecack list for
tuture rolloackx)

VAR
PLrLOtV,CcuUrptr,tvadlsposSe.ptr ¢ Ctratv;
rolptr ¢ ctr.reexec; .
TV1pST,Nuroletr & ptrareexec:
donum § integer;

(* proc for rolloacketv ¥)
(BEXRERERRREF KR EAEEERXEBAREEXEEXXEEES AR AKR KRN ERE X FERXRXXERZK)

PROCEVDURE copyatoorolla.cn (curptr : ptr.cnj:

(#tnis coples the list of cont nhist polnted to oy Curotr te
a rollback list pointec to oy rollachaptrs)

VAR
tvilptr : ptrach;

BEGIN (#%proc copy to roll chx)
IF rollachaptr = nil THEN
roll.cha@tr := curptr
ELSE
BEGIN (%1%)
tV1Ptr :3 rollechaptr;
#HILE tvlptr*,nxt <> nil LG
tvlptr = tviptr*.nxt:
tviptro,nxt := curptr;
END; (*1%)
END; (¥*Proc COPYwlOurdllach¥*,

(SEXEREXXIRIEEEXXEXESERBEREXRARRARER SRR EREXRRXAEBEE KK AR XS )

BEGIN (%0r0C rolinacCketVve)
tind.tviinit.site,trans.num,st.NUMm,d8-NUM,001d,0LTL0LV);
IF ptrtotv = nil THEN
oktvfla (= false
ELSe \
BEGIN  (%2%)
oktvElg := true;
wRITELw(audlit,’rolling ocack temp version :”);
»RITE(aUdit,init.site : 2);
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sRITE(audlt,trans.num 2);
wRITE(auait,stanum
anITE(audit, daaanun
wWRITELNCaudit):
CUrptr = doa.arraylfdecaidl".tvaptr;
(*the case wshere the rolloack temp ver 1is tne only
one in the list*)
IF (curptr = ptretotv) and (ptrtotv®.nxt = nil) iidkN
BEGIN (*$2.5%)
IF ptrtotv <> nil TnEw
DISPUSE(ptrtotv);
dosarraylidoaiol".tvantr = nil;
COPYwlOulOllaCch{pPtrtotv .tvocnaptr);
END (*¥2,5%) ) )
ELSE
BEGIN (¥3%)

2)
Z)

se se
. we

(*the case where the rolilrack temp ver is tne
" first member in tne list==nullid 4 aummyv
first member SO0 you can hanale 1t like
the general casex) '

IF curptr = ctrtotv IudEw
BEGLN (¥3.1%) '
donum := curptr-,aa-ic.co.id;
NEN(CUPELED);
curptr®.ad.1d.trans-site,initasite 3=
b S
CUTPLL®NXL = gtrtotv:
d0edarraylaonuml *,tvaptr ¢= curotr:
END3 (%3.1%) )
(*hanale the generai Case where t;e rollkack
temp 1s impedaea 1n the li1st¥) )
AMILE curptr®.nxt <> grreotv v
CUrptr := Curptr*.nxt:
curptr”,nxt = PLrtotv~,.,nxt;
COPYalOul0LllaCN(PLItOLY , ,tVLCNaPLr);
IF PLrtotvV® .d8eld.lfaWeilg <> °"r* iAdth
BEGIN (%3,5%)
(*rolinacx subseguent temp versx)
snILE curpotr®.nxt <> nil LU
BEGIN (*3,0%)
IF ptrtotv <> nil THEN
DISPLSe(ftrtotv):
IF NOT isainalist(curptr*.nxt”~.daalu,
' ’ trans.site,
initasite,curgtr*nxt*.aaalac.
trans-site.
LransSaNum,cursrtr®,Nnxt",3deld,
stonum,
curptrt.nxtt,ea.id.da-num,
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rollpacxastlr) i e
BEGIN (*¥4%)
NEw(narolptr);
nurolptro.infitosice :=
43wl LréNSusSiteinitasit;
purolgtr®.trans.num s curctr-,nxt",
dadnia.trans.site,transanum;
NUrolptr®.Stanum = CuUrLptr*.nxt~,
dd.1d.5t.num; )
nuUrolptr .3da.num = curctr,nxt”,
dd.l0.danum; .
AULOlPLtI*.d0.la = CULDLI”~.RXL"~,
dad.10,00.10a;
RUrolptr®.nxt ¢= niiy
[F rollpackaptr = nr1li Treh
rolio@cKaptr 3= nureolgtr
ELSE '
8eGIvN (®9%)
tvliptr := rolloacxaptry
WwaluE tvlptr~.nxt <> nii LU
Tvilptr s tviptI~.nxt;
tvlptr*.nx% = nuroletr;
A PH (¥5%)
EnND; (*4%)
COPYwlOarollacn(curntr®,nxt".,
T tVeChePtrJ;
LVedlSPOS€.DLr :S CUrDLr~.NXL;
curptr~.naXt = curptr*.nXxt=.nxt;
DISPUSL({CVealSpoSe.ptr);
EtD? (*3.0%) -
END? (*3,5%)
END; (*%3%)
(*cut out dummy record I¥r 1t exists*)
: iF curptr*®,ad-ld,transasite.initasite = °x° THe
- do.arraylaonuml ®«tvaptr {3 CUrptr”.nxt;

[
t
[-
.

: END3 (*2%)

- END? (*proc rolibackatv®)

nq (EFABEEREEERREXRRREEERERKARERKLREREXRXE KNS RXARKERRIFLEXENNER )
- dEGIN (*proc rollpack¥)

roll.cn.ptr = nil;
L firstaroiatlg := true;
.’ {inenptr := inlist.ptr:

re rolloack.ptr := nil;
: i := 1
REPEAT (*until inchptr = nill*)

(*load tne re exec list witn the cata from the Cn
pair rec¥)
a IF NOT 1Sein.list(inchptr-.palr.ptr-,.da.la.
4 - trans.site.initosite,
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inenptr®.ralractr,eaaia.
trans.site,trans.num,
inCApLr®.vairedtr*,.3aalia.sc=ntin,
iRCNECr® e PpailePll*i@daic.daalill,
reexec.petr) THEN
BEGIN (3IF 1%)
New(nureptr);
IF reexec.ptr = nil THEN
BEGIN (*¥,5%)
ftoloreptr := pnureptr;
reexec.ptr = nureptr;
END  (%,5%)°
ELSE
BEGIN (*1%)
foloreotr = reexec.ptr;
snlLE foloreptro.nxt <> nil bLu
foloreptr := foloreptr~.nxt:
fcloreptr*,nXt := nureptr;
foloreptr := nureptr;
END} (%1%)
nureptr*,nxt := nil;
nureptr*,init.site = inchptr*,pair.ntr".
" aawld.trans.site.ilnit.site; )
nureptr-.trans.num := incnptr®,.pailraptr”.
" @dmld.trans.site,transanum; )
nureptr*,stanum :=
T olncnptr®,0airPtr®cAdald5Tanumn;
AUreptr”,adaflum =
T incnptrt,valiroptrt.3aLla.adLnun;g
nyreptr*.doeia = '
" incnptr*,.oair_ptr*.asa.1d,.q0a1a;
END? ($IF 1%) o '

(*load the rollpack list with data trom tre ch

pair recy¥)

IF NOT isainalist(incnptr®.palr.ptr*.aa.la,
trans.site,init.site,
irenptr*,.palre.Ptr*,acaaia.
trans.site, trans.num,
incnptr*,pair.ptr*,.daaia,st-num,
incnetr®.palr.ptr*,aa.1d,aa-nun,
rollpacKke.ptr) ThER

BEGIN (*IF 2%¥) -
NEw(nurolptr);
IF firstarol.tlg THeH
BEGIWN
rollbackaptr := nurolptr;
folrolptr := nuroletr;
END
ELSE
BEGIN (*1%)
folrolptrj.nxc $= nurolptr:;

161

P LT [ W S S D Y .

C T T T T T T W WU N TGS R N et T iy PN A ik, Ny N NIy SRy Wy S Wy Sy T



r"".'%‘."{"‘.",vﬂ“\ LaGRcasn e BT St St S iets St Sl Suih i AU I AT SV i i i - - T T T Ty ———v

g

7T

F
o

firstalolatlyq
nuroletr®.nxt :
Aurolptra.initasite = 1nCHptro,palrants”®,

) aa.la.trans.site,1n1tosice;
nurolptr*.trans-npum := lnchptr~,.cdir.ptr".

) aa.lc.trans.site,trarsnum;
nurolptr®,.stenum := {nchptri,.,rair.otr.caala.

g
END? (*1%)

st.numy
AUTOlpLtr~.aanum $3 1RCAPLr-.ralr.otr-.aa.ld.
) aa.num; ’
NUrolptr~,doela = INCHhEPLr*,0airagtrt.daald.
) dowia;

ENDy (¥IF 2%)
(*¥load the. rollback list with data from
the ch recs#)
IF NQOT is-inallst(incnptr-.sasld,.trans.site.,
1ﬁit-site.
ircnptr®.da.la.transasite,
transenum,
incnptre.aaaig,.stanum,
incnptr®.3aelil.dann,
rollpackaptl) TnfEy
BREGIN (*[F 3%) ’
HirAalnurolptr):
Ir tirstarolaflyg TrwmdN

- SEGIN
N rolloackaptr := nurolptr;
L folrolptr (= nurolstr;
V. END
Lo ELSE
_ BEGIN (*1%)
o folrolotr®.nxc := nuroletr;
o tolrolptr $= nurolstr
L ENDS (F1%)
o girstorolaflqg = talse;
b nurolptr®.nxt = niy;
nurolptr*.init.site := inchptr~®,

v

dae.ig.transasite,init.sitce;
- Aurolptr ,.trans-num := lnchptr=e,
L . daa.ld.trans.site,transanum;
S nurolptr®.st.num := inchptr~.aawia.st.num;
. AUTrOlPptr®,.ad.num = LNCNPTr*,3aul1d,dd-Num}
'@ nurolptr*.doaia :s 1nchptr*,3a.ld.do.lq;
, ENDS (¥IF 3%) -
inchgtr := incnptr*.nxt;

UNTIL inchptr = nil;

currol := rollpackaptr;
S REPEAT (*UNTIL currol = nil+)
o - okadflg iz false;
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oktvElg := talse;
. isatv := true;
L( (*IF this atomic action Is not trom this site, racrxaue
g4 - tne rolle ocack msg and sena it to tne init site
0f tre aa a0 not roll it or any temp vers
pack at this site at this time otherwsise, roviicacts tne
aa and the tv¥) '
roliback.aa(currol~.inita.sice,

.=

i‘ ‘eurrol“,trans.nunm, z
p currol®.stanum, ).
- - CurrOl“.aa-nUm. b

okaaflg,isatv);

3 (¥ purge the system of this aa’s ch’s ¥)
E‘ rolloack.chicurroi”.inft-site, currol”,.trans.nunw,
Currol®.stanum, currol*.aa.nus, talse);

(*1l£f the atomlc action mecst Llikely createq & temp ver,
tnen roll it backx)
IF isatv THEN
i‘ rollbackatv(curroi®,init.site,
currol®.trans—nuii,
Curroi®.stanum,
curroi®,adanum,
currol®.aowiy,
oOKtvElg):
(¥reset s value and release the Q,0, lock 1f nresents) N
(* IF oktvtlg THEN "
) BEGIN
set.s{currol*,do.ial;
if doaarraylcurrol®,doaial*,secnt <
goearrayicurrol*,do.la)*.nucnt ThEw
release.lock(currol®.aceidal;

U CUSUVUUT .. DDA

[P

-

AN aalalrt, L

END; %)
(*1f both aa and tv wsere rolled tackeqa, continuesx)
IF oxkaaflg ana oktvtlg tnen T
currol &= currol*.nxt
(Tnen aRITE an error ~arning and tnen continues)
ELSE ’ ’
3EGIN
«RITELN(audit,
attempt to rolnack an aa,tv tnat was not there’);
wRITELN(AQudit,currol®.{init.site : 4,
‘eurrol®.trans.num : 4,
currol®*,st.num : 4,currol”.aa.nunm : 4,
currol®*,doetd : 4): i
currol = currol”.nxt
END: )
UNTIL currol = nil;
1 ¢ IF rTollbacKeptr <> nil (Hew
BEGIN Y

PRy L

N AP IS W
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Te_ptr != rollvack.ptr;
OK-tlg := true;
rollbackaptlr $3 rolloack.ptr .nxt;
END ' o
ELSE
OKkefld = false;
IF OKaflqg THEN
BEGIN
(*UISPGSE(renptrl:»*)
goto 1;
END;
END: (*¥proc¢ rollback¥)

(#!#tt**t#tt****¥ta:t!#;#t#*t*tt;t;t**ttt;*x*#tt:A*:v*:x¥tu)
(tt***:*t:*x&z:x::;;s:;cttz*a#x*;t;x:tt::t;;s:x;a-¢;tx;¥4¢a;

PROCEOURE restore.sr (rel.ptr ¢! ptrach);

(* This procedure will restore serializaole execytion &t tne

" local data object, [t receives as 1lnput a list ct
contlict nistory palrs wnlcn are &all 1nvolved In cycles
and outputs a list of aa’s whicn nust be reexecutea

lineariy, *)

VAR
rollback.ptr, IrollaChaptl : pLracny

BEGIN
ARITLILN(Aaudlt,restoreL.sr 1s restoring sr’);
(* produce tnhe list of aa’s to pe rclled pack =)
getermineLroliocack (relaptr, rolloack.ptr):;

(* roll those temp versions back, and all related ones Xx)
rolloack (rollpaCkKapPlr, roliecnNagftr):

(* upcate all contiict nistories to retlect tnhe rolieq
0oack tv°s %)
(* rollbackach (rollachadtr, °v°, J, talse); x)

END;

(R RS F R AR R R AR SRR T AN A A KA SR AR KB AR R RN A K RKE NS X)
(R R RN SRR E AR N R AN AR AR KSR KRR RN LA RRNR SR E ¥ )

PRUCEDURE mark.tempaversion (status : cnar;
MAlKwddaDPtr ¢! ptr.daa;
MArKwStepll ! DULr.SLrans:
MArKelraDTr ¢ ptr.trans);

(*this marxks the most recently created temp ver as et:l:@ner
t(r) or t(w)., If the temg ver (s marked t(r), tne 5o
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trans ana trans which createg tne temp ver have tneir Ti(r)
quantity fielas adjusted as requireds)

VAR
LVipLT & pLratve
readflqg : boolean;
DLILOCLY : pPLrtV}
donum ¢ integer;

BEAGIN (*marxa.temo.versions)
fiNdatvV(Markeddaptr*sadala,transsite,inlcasice,

. MarKkedd.ptr*,ddeid.trans-site,trans.nunm,
Markwdd.ptr®,.dd-id,st.num,
MAlKeddepPtl*,d@.10,34a0U0,
MaArk.dad.ptre,daaia,doiqa,
ptrtotv);

ARITELN(Qudlt, "mMarkatenpaver marking 733

ARITEZE(AUDLIL ,M3rKmddaPlilr*sddld.transesite,inttosice ¢ 4,
MarkKea8d.ptrt.da.la.lransosite.trans.num i+,
M8rKedd.pPtr®.adala.stanum : 4,
MAlKeédeaPll®sdd4ld, 880Uy ¢ 4,
NArKmddwPtr*.da.id,.d0ala ¢ &)

WRITELN(audit); ' '

case status ot

‘r’ : ptrtotvi.stata.tla 3= ‘’r’;
4% 1 ptrtotve,stat.fld = ‘w’;

2% ¢ BEGIn (*case z¥)
readtlg := trye;

donum = PAIKe.d3d.ptr".38.la,do.iq;
tviptr := do.arrayldonuml”,tv.ptr;
Ir tvliptr = nil Takw i

BEGIN

nRITELN(AUdit, "Tark temp tried .. mark a’);
#RIfelLn(audit,”cerp which was not tnere”):
alTeud(auait, malKkaddaplr®,aaald.
' transesite,initasite,
TArKeddeltr*,dda.1d,trans.site,

' transanunm,
MAlkwddepPll~,d3.l1d,5t0UN,
MarkeddePtr*,33.1d,aa.nun,
MarKeddedll®,ddeid,cooia);

END ‘
ELSE
BEGIN
ARILE tvlptr <> nil DU
SEGIN (#abHIuEs)
IF (tviptre,daald,ruvwatlg
"and (readtlg) THEN

‘re)
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CVlDtrj.stat-tlo 1= "r°

ELSE
IF (tvlotr®,dd3uildelaWatly < )
T r7) and )
(502 readflg) TreEN
tvlpgtro,statatla 15 “a°
eLSE )
IF (tvlptr®.8dald,favatla = :
o “%*) and ;
(readflqg) THeN '
SEGIN ‘
tviptr*,.,stat.fld s "r*;
readflg := ftalse
LNL .
EusSe .
if (tvliptr~,aa.ia,. !

To#=tld = “w*) and
(NUT readaafly) [Reo
tvligtro,stat.tla
'N-;
tvliptr := tvlptr*,.nxt;
END; (*wrliex)
END? (*ELSE*)
END; (*case z*)
END; (¥casex)
IF otrtotv~,stateafld = °r° Tuzu
BEGIN (%IF 1is r¥) '
MarkaSt.pPtr*,,ddatr.qaty =
’ ) MArKeStePtr " ed@atlagty + 1
IF Parkasteptr.aa.trayty > ) '
MArKkeStlePlrl®,38.0TY ThHEN

[PPSRy ¥ - SR R N

J
i
4
1

BEGIN
MArKaStlaPtl*iddallaqgly =
i MArKoStaPtr*.38.3LY;
WRITELN(Audit,’in warktemp the aatr aty”):
WRITELN(BUdit,“exceeaed the aa aty”);
END} ) ' ' :
IF MarKeSleptr®.3datragqty = :
) ) MarkeStaPtr®,38.aty THEN
NATKallwPtl®eStullagqty 3 o §
MarKallaptr*,.statragty + 1;
IF MarKatlefPtr*.statragty > ‘
) ' MArKatraPLr®,staqty THEN

‘Aab_Ala b3

BEGIN
NMArKetllaPtr®*.Statr-gty :=
i MarKetraptr*,.staaty: :
o WRITELN(AUdIT, 1in marktemp the sSTLr 4qtv’):;
o wRITELN(Aualt,“exceeaed tnhe St gTy~“);

3 END?
B END;  (%IF is r*) .
q - END; (#marx temp versions) ?
g 166 3
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PROUCEDURE enter.locxK.queue (enter-ga,ptr ¢ Ptraaal:

(# this enters an atomic action into tnhne locK Jueue at
data opject wnen the atomic action tinds tne
data opject locked *)

VAR
nulocptr,tviptr : otralockag;
enter.st.ptr ¢ ptr.strans;
enter.tr.ptr : ptratrans;
donum : integer;

BEGIN (*enter lock gqueye¥)
(*puild and load the NEW loCk gueue memper cdatd¥)
sed(nulocptr);
nulocptr*,nxt = nil;
AUlOCPLr*,.3d.1d.trans.site,1nit.site =
enter.dd=ptr*.daoid.transasite,inlit.s1te;
nulocptr~.ad-lid.trans.site,transnum :=
enteruddeptr*,33-ld.trans_site,trans-num;
NULlOCPLr",a3.1d.StaNUN = enter.aa.ptr*,aa-ld,stonum
NULOCPLr*,adeld,d@.Num = enter.dd.ptr”,aaald,da.nusn
NUlOCPLr~,2321Q¢fuWallg i3 enTer.da-Pir”,aa.ia.farat
nUloCPLr*,33.149,00aid := enter.dsaaptr-.aanloc.conia;
nUlocptr+,dd-ld.Ch.5eq = enter.ad.ptr-,da.ld.chasey
AUlOCPEr*.3a8.1a.Metric = enter.da.ptr”,daiu.Metric
ARITEZLNn(Audit,’entering this aa in the lock queue”);
wRITELN(AUdLt,enterada.ptr”,aa-id.
trans.site,init.sice : 4,
enter.da.ptr®.aasdd.trans.site.trans-num 3
enter.a3a.ptr®,adeia,stanum : 4,
enter.aa.ptr®,aaaidesaa.num 3 4);
donum = enter.dd.ptr*.dad.icd.aoc=ic;
(xset tne atomic acction lock tiela as lockea out#*)
enter.aa.ptrt,.in.locxqatlyg := true;
(senter tne atomic action into the lock queues#)
[F doearraylaonum)*®,loCKkad=ptr = nil InkN
d0.AarrayiLdonum) *,lcCcXaG-ptr 3 nulocptr
sLSe '
BEGIN (*ELSE¥)
tvliptr := domarrayf{donuml”.,lock.d.ptr;
WHILE tvlptre.nxt <> nil 0O
tvlptr $= tvilptr*,.nxt;
tvliptr*,nxt := nulocptr;
END; (*<LSE=*)
END} (x*enter lock Queuex)

(XXEXFFEXLAEEEEEXERLZ XX XEEEFXXRE XA KL XXX FERXXXRERRXXX X &K
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. PRUCEDURE sortacn (inlistptr,sortlistptr : ptraca; -
ind.insert : poolean; ]
VAr sortainsert i ooolean);

(xthis inserts a linxked list of conflict nhistories pointed
to by inlistptr into 4 sorted list pocinted to oy

Al DR

sortlistptr sorted order, Dupljicate members are not

inserted in tnhe list. If the ind.insert tlag is on, the

sorteinsert flag {s true if an insert occurea. A neaacer ]
: ana a trajler are used {n tne sorted list for ease -
- of insert,*) -
P «
F] VAR Y

: sChoChaptr,baseptr, leadptr,nuchptr :ptra.cn;
- nupairptr { ptrochapalr;
) dupflg ipoolean

(SEEEEEEXEREEER AN AR RE AR KB SR XXX B SRS XX KRARENAEKKKARR KRN S KR K %)

@ VAP

PROCEDURE getermine.dup (dJet.da.ptr,ieadptr : ptr.cn;
VAR dupfly ibonlean);

g

b

:

. (* this sets dupflg true {f the conf Alst pointed to ty the
E' two lnput pointers are duplicates *)
y
4
PI
(

BEGIN (*determine dug¥*)
IF (cet.aaaptr®,aa.id.trans.site.init.site =
leadptr*.aa.id,transcsite.init.site) AnND
(det.2d.ptr*,daaid,trans.site,trans.nNum =
leaaptr*.aa.id,trans.site, transanum) AnD
(aet.da.ptr*,3anid,sstanum =
leaaptr.aa.iad.st.num) AND
(detaaa.ptr*,aaaia,adaniumn =
leadptr*.8a=l149,33-nuUn) AAD
- (det.aa.ptr*,pair.ptr.daeld.transasite,1nit.site =
- leadptr*,.paireptr*,.dadaia,transosite,initasite) an’
4 (det_aaptr®,pair-ptri.aa-id.trans.site,trans.nun =
" leadptr*,pair-ptre,2aaid.trans.site.transanum) Awt
- (det.da.ptr*,palraper” ¢e33aldeStafium =
X leaapPtr® PAllepPtl® @8l STNUM) AND
- (det_.aaptr*,pair.ptr*,3aeideaanum =
| leadptr~,vairaptr” «ddaid,aanum) THEN
4 dupfla :3 true; )
£ND} (*determine duo¥)

ol o aa i B

i

(BEEE R ERRER KRR R R KRR AR RS AR SRR R R R AR KRR F KRR K AR A K KX KRR IR KN )

| BEGIN (*sort ch¥)
- ' SCNaChaPtr = inlistetr;

= .
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WHILE scChacCh.ptr <> nil (O
SEGIN (xra=)

baseptr := sortiistetr;

leadptr := paseptr®.nxt;

anlle leadptrt.ddaic.transasite,initasite <

SCNeCNePtI®.3d.li0,traNs.51ite,1N1tas1Te LD
BEGIN (sr3s)’ '

paseptr := leaaptr:

leadptr := leaagptr®.nxt;
END: (3%ris)

IF leadptr*.,aa<id.trans.site,init_site =
SChaChepPtr®.aa.id,.trans.site,initosice THEN
1F NUT(SChaChePtr”® daeld.trans.slte,trans.num <

"leadptr-.aa.ia.trans.site,trans.num) ideu
aflLE(leadptr-.aa.id,trans.site.injit.site
' S5CheChaplr*.,ad.ld,trans.site.
' initasite) Anv
(SCNaChapPir*sddeia.trans.sitce,
T trans.num >
leadptr®.asa.lac.trans.site,trans.nums) v
BEGIN (*ras) '
baseptr := leadptr;
leadptr :s leadptr*.nxt;
END; (#r4x) '

duptlg := talse;

determine.qup(leacptr,sCNeCNaftl,durflsg);

IF NGT duptlg THEMN
BEGIN (*rS%)

New(nuchetr):
new(nupalrptr);
nuchptr®*.pair.ptr := nupalretr:
nucnptr®*.nxt :s paseptr”,nxt;
saseptr*,nxt := nucnptr;
aupalrptr*,aaaia :=
" SCheChoCtr*.pair.otr~,aa.la;
nupairptre,netricasum =
| SCNaCNaDtr",palraplr.metricosuin;
NUCHhPLr".ddaiq = SChaCh.PLI*,dd8.1d:
IF ind.insert THEN ‘
" SOrtelnsert := true;
END? (*T5%) i '
SCNCNGPLr 2 SCNaChapPtr®.nxt;
ENDs (¥r2¥%) ’
END} (*¥sort ch¥)

(SEEXSEEBERERAEEARBEXRRAEARER R AR RRRARRRARRLKKARRXRXERKER R XK )
(SEEEEEERR AR RRERERERBEEEERF AR AR RN R RN RS AR RRRKRERKSXRKR XK KX )

PROCEDURE add.andadetect (ada.chapPtr : ptrach;
VAR #a8sanONasSr ! poolean;

VAR rolleChaptrl : ptrocni;
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(* This adas a nheader and a trailer to the 1nput contlict

" nistory list and calls tne detect nonesr proc. [t non=sr
is detecteag the flag "was.nNon.sr" is set to true. ine
header and tralier are stripred otf prior to recurn ¥)

VAR
outachaptr, tvlptr, ch.cispose.ptr : otracn;
POUt.CN.pPLI ! Ptrachepair;

BEGIN
¥aS.NON.STr = false;

(* add neader and trailer ¥)
A0ddaNedNdat (addaChaptr):

(¥ see {f non=sr exists x)
detectononasr (8dd.CN.ptr, wasanon.sr, roll.chaptr);

(% strig oft neacer and traller ¥)

tvlptr := add.ch.ptr:

AHILE tviptr®.nxt",adaidetranssite,infitosite <> "4° Lu
tviptr = tviptr*.nxt;

ch.dispose.ptr := tviptro,nxt;

tviptr*,.nxt := nil; )

IF chadisposeaptr <> nil Tneh
VLISPCSE(chadisposeLptr):

ChedisposeLptlr = addaChapPtLr;

add.Ch.PLr = 3ad.ChR.pLIT”,nXt;

DISPISE(Chadisposeptr);

EnD3g ’

(KRR BERAE SRR L KRR EER AR RS AR RN R RN AR KRR E X R KK S LXRRAEXRF RN )
(REE RSN R TR RR AR R R R RN E SR AR E KB AR AR AR RAXEEN XX RIXNRE)

PROCEDURE SOrtatlaCh (SOrt.ptr,rergea.ptlr : ptr.ch;
VAR QUteChadtr : pPtr.cn;
VAR insert.flg : poolean);

(¥ this sorts the list of corflict nhistories pointed to oy
" sort.ptr andg merges into tne sorted list tne list
pointed to by merge.ptr, ~O duplicates are allowed 11
the final sorted list pointed to oy out.ch.ptr. (f any
inserts to the final list came from tne merge list,
the insert.tlg is set to true,*)

VAR
POULLCh.PLrI ¢ DtraChapair;
sort.insert : poolean;
tvilptr ¢ ptr.chn;

BEGIN (*sort tr ch¥*)
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insert.tlg 3= FALSE;

(*add a neaaer and trailer ch recorqd to tne outputilst¥)
outachaptr = nil;
400mNedNdatl (OUtLChaPLr)?

:
K
Ki
|

IF merge.ptr = nil THEN
SOllaCN{SOrtaPLr,;0UutaChaptr,FALSL,SOrt.insert)
ELSE . _ MOk
IF sort.ptr = nii 1HEN

BEGIN (*1%)
insertoflg := TRUE;
sortach(mnerge.ptl,ovt.Chapty, FALSE,sort.insert);

END (*¥1%)

ELSE (*neither pointer is nil#)

BEGIN (%2x%)
SOrtaCn(sSort.otr,out.CnapPtr,FALSL,SOrtainserte);
SOrt.ChN(Merge.pllr ,O0UtuChaptly, T3UL, S0l telniSErt);
1f sortainsert {neEdN

insert.ftig = TxUe;
EnD; (*%2%)

(* strip off header and trailer from output list#)
tvletr := out.chaptr;
WHILE tviptr,nxt .aa.ld.transasite.initosite <> *A” ¢9
tvliptr := 'vlptr X!
tviptre.nxt :s nil;’
OUtachaptr $= outach.ptr®.nxt;
END; (ssort tr ch¥)

(SRR RSEERREREF R RN R A E KRR E RN AR ERXRKEAKRRAKEXERLRE KR ) )
(ER RN E R E R R AR R R AR ARG R AL ARG AR KRR AR KRR RXAFERXR KR E KK ) #

PROCLDURE resolve.gloval.sr (ptrtotr : otratrans;
' VAR resoch.pPtr : ptrech;
VAR Wasanonasr : ooolean;
VAK I'oli.ChaPtr ¢ ptracn):

. -

(*tnis resolves qlonal none=serializanility by cerectiny non-
serializaoility on the concatenation ot conflict nistories 1
for the i{ngput transaction., ine 1terative process ot
concatenation of conflict nistorles and aetection of
noneser insures tnat the detection process and tne
resyltant resolution process are exhaustive for a given
transaction, roll.cheptr points to the minimal contlict
nistory to roll vacks)

VAR
tre.array ¢ arrayli,.99) of integer;
mtedrray.flg,found.a.one,nta.trch,insertatlg : ocolean;
1 ! integer;

I DG PPOT LI GP TN the
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tvlptr ¢ ptratrans;
sortptr,mergeptr,tempptr,NXtatrcnadtlr { otra.cn;

(x procs for res glo sr ¥) ’

ft##l##i;t#tt**“t*#¥¥4‘*¥¥¥¥#4#!*#***####*4‘*4;&*8;xz4#x84)

PROCEDURE set.array (set.chaFtrl : Ptrach);

(* this puts a 1 into each index Slot wnich 1s not a 1 or a ;
2 tor each transaction founa in the input list ot -
conflict histories. 7Tnhne inaex is the trans.num tiela .
in the conf hist¥) ;

VAR .
tvliptr : ptrach; Y

BEGIN (*set array¥)
tvliptr = SetaCNaPtr?}
waHILE tviptr <> nil DO
BEGIN (%*1%)
IF trearrayltviptr®.aa.ia.transasitce,
' ' transenum} = 0 THEN
trearrayftviptr-.aa.la.trans.site,
trans.numj :s 1;
IF trearray(tvlptr~.pair.ptr-,.aa-ld.
trans<site.,trans.nunl = ¢ lac
trearrayitvietr*.pair-ptr-,daaia.
’ transeSite,transanuni
tvlptr = tvlptr®,.nxt;
END; (*1%) ’
EnD; (*set arravr)

T SININ IS - RUCUETDU TR,

.e

i
-
-

(AXXFEEAEERERSERRRFAEFFREEAXTKABEXRRFXFRXXXIXKRERERXXALLT AR )

PROCEDURE findadw.one (VAR nxtatrch.ptlr { PLI.CN}
VAR foundaa-one,mtatr.ch : boolean):

(%this attempts to f£ind a 1 in tne tr.array. 1f a1l is

° found, a pointer to tne transaction’s conflict nlstory
with the same trans.num as tne incex 1n the array 1s
returned,the found.ad=one flag is set to true dnu 1Ir the
transaction conflict is not empty the mt.tra.ch £iad 1S
false, If no 1 is found the found-ad.one is returnea raise,
If a 1 is tound but the transaction’s conflict s empty,
the mt.tl.ch flag is set to trues)

:

R
Smebiades

VAR
idx,i ¢ integer:;
tviptr ¢ ptl.trans:

BEGIN (*tind a ones)

ol e I aes
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{ 1= 1;
nt.trach 1= talse;
found.aa0ne = talse;
nXtatrchoptr = nil;
ariLE NUT (1 > 99) LU
IF troarrayl(il] = 1 ThEN g
BEGLli (*1%) S
tound.a.one
tredarraytil :
{dx := {;
f $= 100 »

END :
ELSE 2
{ ¢t= 41 + 17 -
IF found.aa.one THEN
BEGIN (*2%)
tvlptr := transaptr;
IF tvipetr = nil Thbkn
weITELN(audit,
“ferror,find a 1 found mt trans list”)
ELSE ’
WHILE tvlptr <> nil DU
BEGIN
IF tvlotr®.trans.site,
' trans-num = 1ax [HEN
IF tvlptre,.transaCnNaptr <> nil Iluew
NXtetfcneptr ¢= tvlptr~,
’ trans.Chattr;
Ttviptr 3 tviptre.nxt;
END?
END;
1F nxtatrChaptr = N1l THEN
"tetlfaCh 3 true;
END; (#£ind a one*)}

(tlttttt:#atctttttltltattttt#t!t;##ttt;*tt::#*x:#t:xt*xtt:*)

(* main loop res glo sr ¥)
BEGIN Y

- aRITE(audit,’enctering resolve glocal sr £or trans = °)?
n wRITE(audit,ptrtotr®,.transa.site,initosite : 3 )}
' ARITELNCauait,otrtotr*,trans.site.transanum 3 3 J); ]

i FOR 1 $= 1 TO 99 0C ]

;5 tr.arrayiil &= 0; ,
Lo mtearray.£flg := false; —
- 4a5.N0NLST = false;

trearraylptitotr*,trans.site.trans.num) := 2;
set_ array(res.chaptr);
aHILE (NOT mt.array.£1g) AND (NUT wasanon.sr) OL
8eGIN (*1¥) )
found.a.oOne := false;
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Mt.tr.Ch $= true;
findedatnNe(NXLatrChaDtr,f0UNdudalne,NtatroCcn);’
IF (foundedaOne) AND (NUT mta tracn) Inkw
BEGIN  (*2%)
insert.flg := false;
SOrtatrach(resachoptr,nxtatrchogtr,temostr,
insert.f19);
ptrrotr®,transacn.ptr = tempptr;
res.chapPtr := tempptr;
setarray(reseCnaptr);
IF insert.flg Tatw
BEGIN
aRITe(audit,resolve aglobal 1s caliing~”,
* detecCtanoNesSr tor = ’);’
aRiTE(audit,fptrtotr .trans.site,
inicta.site ¢ 4+ )2
wxiTE(auait,ptrtotr*.trans.site,
transanum ¢ % )3

™7
s
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aRITeELN(audit):

“aS.NONLST := talse;

add.anaa.detect(resCn.ftr,#as.non.sr,
foliaChaptr)

h o
r

JENCMMIMELA + Dathl)
X : AAA! Ll‘)‘"s“.

EnD}
END S (%2%)
IF M0T toundwawone THEWN )
MladlTaY£f1lg = true; z
END; (*1¥%)
END} (sresolve global sr*)

v

(FEXERLERXSERXERRFEEEXRERREAEARE LN KR KA F KB AN KRR KX KX F KKK I KKK )
(FEEEREE RS R R R E R LA A KRR SR AN R R R KR AR LRSS ER KR KK )

PROCEDURE detect.globalasr (globaiaflia : boolean;
VA commitefly : poolean;
VAK Tr-PLr : Otr.trans:
lo¢KQuCNapPtl ! DLIaCh)?

(* Tnis procedure will determine ir tne transaction conflict
F nistories presently indicate serlallzable activity. 1€

y

\

L

l

i

so, the commit.flg will return true; otnherwise, false. f) ‘

VAR
dummy, non.Sr ¢ boolean;
rollaCha.ptr : Ptrach;

g
) D
- BEGIM ]
| ArITeLn(audic, “entering detecto.glonalasr®); ]
. IF global.fig = false THEN g
L BEGIN i
1 SOrtell.Chl (trptr®,trans«cn.ptr, locxkguChaFtr,

- traptr,trans-chaptr, 4dummy); ﬂ
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AARIRACIAY ™ EEERNOARE
AR ST

: globala.tlg, commitaflg § boolean:

3 donum ¢ {nteger;

- BEGLM

- ARITELN Caucit, °cnecking deaalock tor aa :°):

9 #RITE (audit,aa.ptr.aa.id

& Jtransasite,injitasite : 2);

o 1
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agdg.and.detect (tr.ptr”,transaChuptr, NON.sr,
rollochaptri;

o

IF nonasSr THEN
restore,sr (rollach.potr)
ELSE
resolveLgloralasSr (tradtlr, tractre.transacnaptr,
‘nonasr, roll.ch.otr):

-

IF nonasr TIhEn
restoreLsr (rollache.ptr);

IV e Y W Y Y

END
ELSE
BEGIN
SOltlallalh (traptr®.transaCh.ptr, locxkgach.ptr,
trePtr* .transS.Ch-Ptr, dummny):’
dddadnd.detect (traftr°,trans.cn.ptr, nNon.sr,
rollachaptr):
IF nonasr THEN
restore.sr (rollacn.ptr)
ELSE
resolve.gloralasrl (traptlr, traptrt.trans.Ch.ptr,
‘NoNeSI, rollocn.ptr):

i
]
g

IF nona.sr THEN
restoreLsr (rollachnaptr)
€LSE
commit.flg 3= trye
END
END;

(SEERXXXRRXXBEXXRREETAEXS BRI EXSARKEERFEREREXEFREERRTNRRA KR )
(SXXEXERXEERLFXB XXX EASEXBARXSEXNRERA KK F XXX RRXSEXREIKXERERXS)

PROCEDURE detect.deadiocCk (aaptr : Ftraaay
St-ptr : ptr.strans;
tr.ptr @ ptra.trans);

(* this proceaure will aetect ana, it necessary, resolve tne
deadlock whicn can occur when atomic actions are placed
in lock queuas x)

VAR
D0ASeLVLDPLDr, LAKELVLPLr, faKewllStapLrl ! DPLratv;
fake_end.ptr : ptratvy ) ’
l10CKQuChaPtl, teMp.CN.Ptr, St.CN.PLI ! ptrach;
LeMPaLloCkK.pPIr ¢ PLtralockaq:

Y - W RN
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ARITE (aualt,&sqaptrt.ac-la
.transasite,trans.num
ARITE (audit,aaeptr®.aa.la.stanum
WRITE (audit,dd.ptr®*,aaelc.aa.num
ARITELN(audit); ) '

s <4);
)
)

ws wa

t 2
HIY

(* construct "fake" temp versions trom the 4daa‘s 1n tpne
lock gueue so that a complete contiict hiscory
can be pullt %)
fake_list.ptr ¢= nii;
donun = Ad.ptr-.3d.id.qoaia;
LeMp.loCkapPtr := ao.arrayldonumi®,l0CK.Q.ptr:;
wBILE tempPelocKkePtr <> nil UG
S8EGIN i
NEw (takeatvaptr);
#ITH temp.loCKaptr®.aa.id 0OUL
BEGIN T N
fakeLtV.Ptr " .ad8Lldstransasite,initasite :
) transa.Ssite.inltaslte;
faKeoeTVapPtr®dadaide.transasite,transonum :
’ Lransasite.transnum;
faKealVapPtr®,dd3alad Stanum s stonur;
faKeeulVaPtr®,d8=10,Q8NUuM = aa.nua’
fAKCWIVLPLr® ,880idelfanafld 1= Tanafla;

d

fake.tv.ptr*,aa=la.qo=ic := do.1d;
faKe.tvaptr®,ad-id.cnaseq := ch.sea;
fakeatvaptr-.2aala.netric := metric;

fAKe . TV.DLr*.tValhaptr := N1l;
WRITELN(Caudit,’creating fake tv for:”):
wnRITE(audit,trans.site,1n1tsite : ¢,
‘transasite.trans.num : 2,
stanum : 2,
aa-num : 2,
doaid : 2);
ARITELN(audit);
END; (% with ¥)
IF faxke_listoptr = nil THeW

BEGIN
fakeLlist.ptr = fakeatva.ptr:
fakeaenNduptyr = fake.lVvapPLr
END
ELSE
EEGIN

faKe.end.ptr®.,Nxt s taKke.tva.ptr;
faKe.eNdaptr = faxke_tv.ptr
END;
LeMPLlOCKLDEIr (= temPalOoCKaPtr*,nxt;
END; (% wnile %) '
faketvaptre.,nxt = nil;

(* hang the fake tv s at the tv ¥)
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base.tVafFtr := doaarray {donuml~,tvaptr;
IF aoearrayldonum)®.tvaptr = nil THew
A0, 8rrayilaonuin) ®*.tvaptr = fake.listapt?
ELSE BEGIn i ) o
wilie case.tvaptr®nxt <> nii 0
base.tva.ptr :=’base-tv-ptr“.nxt;
DASeLLVLPLI®.NXL = fake.liSst.ptLr;
END} ' ' )

(% It conflicts exist, construct ana save conrtlict
history *)
locKk3acChaptr $= nil;
IF detectaconflict (donum) {regd
aetmecontlicts (donum, loCKJaCR.PLI):
COPYatn (lOCKQLCNLPLI, temDuCnaitr);
temMPLloCK.pPtr != doaarraylaonum)®.l10CK.Captr;
wHILE tempLlocKkaptr® nxt <> nii 0OU
tenp.loCKapCtr = TemPaloCK.ptr-.nxt;
LeMPLlO0CKaPLr*.1l0CKaCnaptl 3= tempochaptr;

(* remove the faxke tv frem the v list x)
IF pase.tva.ptr = nil THEN

do.array f{eonuml®,tvaptr := nil
ELSE i

dase.tva.ptr®,nxt = nil;

(* add tne current aa st’s ch to tne locKgwCihn ¥*)
COPYalN (STaPll®eStaChapPtl, StaChaptr);
IF l0CKQaChaPTr <> nil THEWN
BEGIN
LeMECN.PLr = 1l0CKQLChaPLI?
wnlLE temp.Cheaotr®.nxt <> nil DU
LeMPDaCNaPtl 5 teMPuCNertr~.nXxt:
TeMPaCNaPlr " NAXL = SCmChaPlr
END ' )
ELSE
lO0CKQuCNLPLr = St.ChaPtr;

(* detect and resolve any deaaloCh *)
IF lOCKJaChaPtr <> N1l THEw
BEGIN
glopna!l .tlg := false;
detectuyglobalesr (glooaletlg, commitatla, traptr,
l0CKGalNaktl)
END

END}

(FEXRXRXXXRBEAEAA R AKX AR AR AR KRR R G KA EBRE KB AR RRF XK KX XX KKK KKK )
(EERREB RS RF R SRS EEREREEE R AR R XX SRR RS KR ER X ERFRERLERRK KRR K EX)

PRUCEDURE urdate.finisnea.qty (fin.st.ptr ! ptr.strans;
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fiNatlPLtr ¢ ptr.transy);

(* This procedure s only calleo wnen an atomic action 1s

" finisned executing (at step 14)., It will upcete tne 2a
finisned quantity at the suctrans ana ir tre suctrans 1s
finishea {t #1l]1 mcve the subtrans cont nistory to tne
trans and update the subtrans f£lnlshea gudantit,. +)

VAR
f£in.Cheptl, LeMP.Ch.DOtr § pPTtr.ch; T

BEGIN
IF fiNLStaptlr®eddedty = filaStaptr®.dd.fin.gty 1HEN
WRITELM (audit, ’
"ERRUK: step 14 has more aa"s tinisned *,
‘tnan exist’)
ELSE BEGILN
(¥ add 1 to aa finishec yuantity *)
£iNaStaPLr®.83.£1iNLqty = tinaStaptr®,aactingty + 1i;

IF £iNeaStadll®,3d4uQlyY = fiNeSlaPll®.d8Lf10a30Y THbEu
SEGIN ' )
{(* aad 1 to subtrans finished guantity =)
fiNatr.ptr*,.stafinagty := '
) fiNatlapPtr®.statin.cty + 1

(¥ copy suptrans c¢n, then add 1t to tae
" trins’ ch ¥) )
COPYalh (EifNaStaptr®,.StoCnNaPtr, tinoCcnaptr);
IF £lNatlaPtr®etransaChnaftl = nil Ihew
fiNallePtl® trans.Cn.ptl = flhaCh.pLr
ELSE BEGIW ’
LeMPuClaPtl =2 fiNall-ptr”.trans.CcnNa.ctr;
AAdILE teTpaChaPLI®,Nxt <> nil Cu
(eMDWChaPtl (= temMP.CRaptI”~,nNxt;
LeMPuCNPLr* NXE = fifNeChaptl
END (% ELSE ¥)
END  (* [F IHEN %)

ENO (* c£LSE ¥)
END;

(FEXFEXXRERXRFEREXE X AR AR KA RX X KRR AEA XK KRR RERKERF XKL EF KR RERXR K )
(SR RRRERE S SRR SES TR A RA AR RRE R SRR R K LS EE R LK EF SRR XXX EK)

PRUCEDURE execute (VAR seed : unsigned;
time.delay : integer);

VAR
execa.trans.ptr : ptratrans;
exeC.St.ptr ! ptr.strans:
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exec.aa.ptr & ptr.aa;
relaptr ! ptrach;

j‘ . have.aa, Non.sr : vdoolean;

- BEG L

;- have.aa := tailse;

- (* "randomly" select next atomic action to execute *)
select.aa (nave.aa, exec.trans.ptr, exec.st.rctr,

‘exeC.da.ptr, seea);
3 (# execution sequence %)
IF nave.aa THEWN BEGIN
eXec.aa ptr*,stepanum = execed8a.ptri,step.aum + 1;

CASE exec-aa-ptrf.stec-num Cr

LINC et Sun ougnadlh SmtEE)

1 ¢ (¥ [f locked, then time=ouct,

) else acquire lock x)

I locked (eXeC.ddupll®,adald,dowuid) ThEN
time out{tine.aeiay, €x2Cadaaptr)

ELSE BEGIn
ACquUire.lock (eXeCadduftir®,dsalcd.d0alq,
) @XeC.SLuftr,execCadadaptr);
eXeC.38uPtr*,Step.num = exec.aa.ptr=.

step.nium + 1

EnNC; (% ELSE ¥)

2 ¢ (* remain here unti) time=out finisnea *)
(* [f still locked, enter lock cueue,
else get lock ¥)
IF eXeCada.plir*,timeaval < time_aelay IhnkEn
SEGIN " ’
(¥ continue to wait tor time=ocut toend #*)
‘timeLout(time.delay, eXeC.aamptr);
CXCCmdduP Ll ¢SLEPaNUT 2 eXeCndduPltl ™.
i ’ steponun = 1
END (% IF x)
ELSE )
BEGIN
IF locxked (eXeCalda ptr®.dd.lad.a0.1d) Llien
(¥ go to enter-lock.queue step x)
€XeCedamplr . Stepnum
'S eXeCadduptr*.step.num + 10
ELSE
ACquire.lock(exXxeCu@dapPir*,ddaliao.ud-ia,
| eXeCoStufir,eXeCeddmttr)

EdDS (¥ ELSE *¥)

3 ¢ (* remain here until all non=local 1lncks
are acquired )

o
.
O
¢
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IF doaarrayi{exeCada.ptr*,ddeid.a0eicl . icc<azty
- <> 0 THEN ’ c - )
-?E . €XCWddaPLir",STePLNUN = €XeCu.déaPlr™.
- ' | " stepanum = 1;

-~y
'

w
e

. 4 ¢ (* rest and relax =)
.- NONGLST = NONeSI?

BEGIN
(* reaa/update data object x)
create.temp.ver (exec.aa.ptr, exec.st.ptr,
exec.trans.ptr);

: (¥ If conflict exists tnen invoke tne local
{ | " concurrency controller )

o IF cdetect.conflict (execC.3a.fll".2a.l0

o «d0aid) THEN

I CONStruCtuprecarel (exec_.aa.ptr~.da-lo

‘ ndoaia) ' i

[ eLSE
' ~ (* go to set s to zero step ¥)
eXeCadadaptr ,stepanum s
exec-éa-ptrj.step-num + 43

END3}

6 ¢ (* store tne numoer o0t conhtlicts thls temo
version nas )
set.s (execC.aa.ptr®,aawld,do.1d);

7 ¢ (% the local concurrency controller x)
BeEGIN )
deteClaNONesSI(d0.arrayiexecCaeddair " 2dala,
d0uiul®*eCNapPlr, NONLSr, relogtr);

IF nonasr THEWN
restorea.sr (reli.ptr)

&£ LSE ’
2XCCadAaltllIStePNUN (= 2XeCadl.DLr".

) ' stepanum + 1

- END; (* case 7 ¥,

o § ¢ (% mark status as either t(r) or t(w) x)
- BeEGLu

.

,® marketemp.version(’z’,exXeCe3auptr,execastaptr,
: - exec.transoptr);

E (* go to check for release locxk step *)
r eXeC.3a.Ptr . SteP.nUN = eXxec.dd-ptr-.
- step.nur + 3
. END?  (* case © ¥) )
9.

e 9 ¢ (% mark status as t(w) ¥)

L
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BEGIN
MmarkatemMpaversion (“»’, exeCu.uddaptrlr,
execC.St.ptr, exec.trans.ptr);
(* go to checCk for release 1loCK stec +*)
€X8Ca3d-PLr " StepanuUin = eXxeCuddarll”.

Step.nut + £
END; (* case 9 x)

103 (* set s to zero x)
do.array lexec.as.ptr®.2daula,do.1d)j",s-cnt = G

e

113 (* mark statuys as t(r) «)
mgr;-temp-version (°r’, exeC.aa.ptr,
eXeCaSt-ptr, exec.trans.ptr);

12: (* rejease shorte-term log¢k, if necessdry *)
BEGIN '
IF doaarray (exeC.ad.ptr*,238.1d9,d0nlal*,s.cnt <
d0aarray (eXeC.ad.pPptr”.a3d.la.a0e10l",nacCnt
TnEn ) .
release.locx (exeC_.add.pPlir",ad.iq.qacalia,
| TexeC.aa.pdPtri;’
(* go to finisned step &)
€XeCad3.PLtr*,5tep.NUN = exec.da=otr",
T stegalum ¢+ 1
END; (¥ case (2 #)

13: (* time out nas expired x,
T IF locKed (eXeCwddeptrl”.3dald,qd0.ld) Thehk
BEGIN ) )
enter_,lock.gueue (exeC.da.ptr):
detectadeadlocK (€xeCwddaptlr,
eXeC.5t-Ptr, €xec.trans.ptr)
EdD
ZLSE
BeGIN
acauirenlock (exeC.dd.ptr*.,ad.ia,.soalc,
eXeC.5tasll,8XeCud3aFtr )}
X2Cad8uPlr*.stép.num s exeC.da.ptrl”.
) step.num = 11

END;

14: (* output w#hich aa nas tinisned and uccate
" nginished quantities" = tnis stepnum
explicitly usea in oroceaure select.aa ¥*)
BEGIN ' ' '
wRITELN (audit, “the aa at step 14 is :°);
WRITE (audit, exec.as ptr*.aa.ld, ’
‘trans.site.init.site : 4);
wRITE (audit,exec.aa.ptr” .a2a.la.
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transasite,trans.num ¢ 2);
WRITE (Qudit,eXeCedd-Ptr” ,ddald.stanun :2)
WRITE (audit,exec.d@.ptr® ,aa.ldg,aa.nun iz)
NRITELNCaudit); - ) -
updateafinished-qty (exec.St.Ptr,
exeCatrans.ptr);
EnD; (* case 15 #)

e we

END (x case x)
END (* [F THEN %)
ENDs (¥ PROCEVDURE execute ¥)

(EEERRRE AR SR EF AR AR R R R R R AR RN R E KRR KRR R R EE R RRRKE R KX )
(XX EREF RN RS R RK R LS A SR KRR AR SR A RE RN KRR RN KRR B RE KX ERERERKK)

PROCEDURE commit (comtl.Ptr : Ptratrans):

(*tnis commits a transaction aster all temgporary versions

" nave oeen labled tir). The temporary versions createc
oy the trans= actlion atomic actions 4&are aeletea, a N1IStoOry
message 1s sent to fiie audit, and the tengorary versicns
at tne data obJlects wshere a rempordary version nhas ceen
deleted are re=lablea t(r) or t(w) 4s necessary.¥)

VAR
tviptr ¢ ptr.trans;

(% procs for commit main loop %)
(FXXXXXEEEXEEXEBEEXEFLEFEBEX RS EXREXFLFER LR K XXX EXXS R EXXFXRERXX

PRUCEDURE Setotvatr (ptrtotv : ptr.tv);

(¥this sets a temp version pased on 4 committea t(r) terc
ver to t(r). ptrtotv goints to tne committing temp ver ¥)

VAR
sett.traptr ptr-trans;
sett.staptr ptre.strans;
sett.aad.ptr :ptr.aa;

BEGIN (sresetg tve)
(*If another tv {s basec on the currert tv then reset its
Statuss) )
IF ptrtotve,nxt <> nil THEN
lF ptrrtotv~,nxt“*,stat.fla <> °r’ THEN
BEGIN ~(®1%)
ptrtotv~,nxt*,stat.tla = °r’;
tind.aai{ptrtotv ,nxt",aa.dd, trans.site,1nit.site,
" ‘ptrrotv*.nxt*,aa.id.trans.site,transanum,
ptretotvo.nxt*,aa.ia,stonum,
ptrtotv*,nxt*,.aa-1a,8a.nur,sett.aa.ptr,
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settaStafFtr,seltatlr.ptr);
SettaSt.ptr .a8-tr.qty :=
SetLaStapPtr®,3datr.qty + 1;
IF SetlaSlaPil".3d3tragty >
’ ' Setl.ST.Ptr*,as.gty inun
BEGIw
SettaStaptr® ddatlr.qty =
i SettaStaPtr"~.38-QtYy;
WRITELN(audit,”from comnit’);
wRiTeun{audic,
‘*in mark temp the aa tr gty’):
wRITELN(AUdiL, excCeeqea tne aa aty’});
END}
IF settoStepPtr®.daatraqty =
' Setl StaPtr"da.aty Inth
SeTLallmPtl " eStallayty &= i
) | SeUUlLtlaPLI”,Statl.aty + 12
IF SetlatllaPtl®eStallaGly > ’
’ | SeTLillaPLr".StoGtYy Toii
BEGIN ’
SeLlallapPtlI®.SCtallagly i3
sett_trubtr*.staqty:
ARITELN(Caudit,’from commit®);
wR1ITELNCaudit,
"*in marx temp the st tr aty’):
sRITELN(AUalit,"exCceedea tnhe ST aty”’);

END;
END; (*1%)
END; (xTeset tv¥)

(ERRERXEX LR AR TR R R R R AR AR R R R KRR KRS X XE R KRR R XK )
PROCEDURE find-aa-commic(find-ga-ptr H ptr-ag);

(*tnis visits each atomic action ot a committing transaction
and deletes the tempOry version createa oy the
atomic ac:ion‘)

VAR
donum : integer;
tvliptr,ptrtotv : ptr.tv;

8EGIN (*£ind aa commitx)
IF finde.adL.ptr <> nil THEN
BEGIN (%1%)

findatv(findaaa.ptr.2a.ia.trans.site.initasite,
tindeda-ptr*,aaald.trans.site,trans.nun,
tiNdeda.ptr®,sdaa.id,stanum, '
£indedaLptr*.danld,aa.nun,
tind.da.ptr®,3a-id,dooid,ptrtotv):;

aonum = £indeda.ptr*,8a-id.do.1d;
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o IF ptrtotv = nil THEN ;
b BEGIN ($2%) y

;? (xerror, could not tind the tvs) }
b

A : aRITELN(audlt, cemmit coula not find a4 tv ==2>7;; )
- wRITELN(3udlt,find.da-ptr .aa-ld.transasite, -
g init.site ;4,

= £1lNdadd.ptr*.daala.trans.site,trans.num 4,

- find.aa.ptr*,.sa.iac.st.num : 4,

i £iN0ad3.ptr®,da-10,3anum : 4); =
F WRITELN(audit) ) ) )
- EnND (*¥2%)

: ELSE ’

BEGIN (*3%)
- (*remove tnis tv°’s conf histories £rom -
“ all cn’s#¥) ~
i rollbackacn (Ptrtotv*.ada.ld,trans.site ;
einitasite, ptrrotv®.qds.ld
«trans-site,trans.nunm,
0, 0, true);

{(*If ctcv 1s first in linex)
IF doedrrayl(donum]®.tv.ptr = ptrtoty Ihen
dosarraylaonuml*,tv.ptr = ptrtotv-,nxt
ELSE ) )
(¥the tv s impedded in the list ot tv” s¥)
T OBEGIMN (*4%)
tvlptr = cdoearraylaonumj~.tv.ptr;
whiILE tvlptr*.nxt <> ptrtotv LU
tvlptr = tviptr~,nxt;
tviptr®,nxt := petreotv .nxt;
END; (*x4%)
set.tvatr{ptrtotv);
(*reset the s=cnt value at the a,0., and
release the lock LF presents)
set.s(ptrtotv®,adnld,00-1a);

' IF doearraylptrtotv-.sa-la.doaial*(saent < >
% Q0.arrayl{ptrtotv*,adaLld,doaldl " nacnt ThEN g
7 release-locx(ptrtocv“.aa-ld.oo-ld, "4

tina.aaaptrl; y
EwD;  (%3%) Y

- find.aa.commit(find.aa.ptr*.nxc); :
END; (%$1%) ’ b
END; g*tind aa commite)

e

‘ (SEXEERBRXXXREEX RS RERERERRER XX RS XASEKRRR KK NSRS R KRRXKXXR KK ) )

PROCEDURE findasStocommit(finS.st.ptr : ptr.strans):

g*tnis visits each suotrans in a committing transaction so
tnat eacn atomic action can pe visiteds)
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BEGIN (*find st commit¥)
IF tinSastapPtr <> nil ThEN
BEGLIN (*1%)
tind.aa.commit(£ins.staptr®,aa.ptrl;
fingastacommit(£inSeStaptr®unxt);
END; (*1%)
END; (#find st commitx)

(XX RERREFEEEERER B AR NN RERESE R ERE SRR KRN KRR R KA KRR RR R KR KK

(* main loop commit *)
BEGIN )

WRITELN(audit,“committing transaction ==3==> 7,
CoOMatrptrio.trans.sice,initasite 1 4,
COMatr-PLr®,transasite,trans.num : 4);

findostecommit(comotroptro.stoptr):
(*remove this transaction trom the structure as It has
committed¥) ) ' '
IF COMLTr.PLI = trans.ptr tnehN
trans.ptr = comatrepgtr~,.nxt
ELSE ) i
pEGIN  (%1%)
tvlptr = trans.ptr:
NHILE tviptr®.nxt <> comatr_ptr VU
tviptr :s tvlotr*.nxt;
tViptr®,NXt = CONMellaPLr*,NXT;
EnL} (*1x) .
END; (xcommitx)

(SRR SRR RS R KRS RN R KA R KRN KK AN AR R R KRR KR SR EE RN REE XS )
(X R RS AR KRR R E AR KR KRR E KRR RN LG RA R B AR KRR KK S KR )

PROCEGURE globalasr;

{x tnis procedure 1s called in the main preoqram’s ao forever
locp ana will insure the glotal serializavility ot the
atomic qction seguence *)

VAR
teMPLtr.pPtr ! ptr.trans;
commit,£flg, glovale.flg : boolean:
Nilechaptr : ptracn;

BEGIN
temp.tT.ptr 2= trans.ptr;
WhILE tempe.tr.ptr <> nil DO
BEGIN
IF temp-tr-p tr* . St-qty =
temPtraPtr®,3tafinagty LHEN
BEGIN i o
IF (tempatreptr-.trans.chaptr = nil)
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and (teMpatlaPtr®*,stagaty
= teNMPatlaPtlI®eStalladty) Toreii
BEGIN
wRITELN (qudit, ‘transaction °,
teMPntlaptl®,trans.site,initasize,
teMPutlmplir®trans.site,transnums 3,
* 1s t(r) trom gloval.sr’);
commit (tempatlleptr)
END (% IF TdEJ *)’
ELSE BEGIN '
glocal.flg = true;
commit.£flg := false:
nilochaptr s nil;
detect.jlobalasr (globalaflg, commit flg,
teNMPallaPtl, NilaChaptlr);
IF commitatlyg ana (temptrectr®,staacy
T LeMPullapPll®eStoLraQlY) LHEN
commit (feéMpelleptir)
EnND (* IF ELSE %)
EnD2 (* [¥ THEN ¥)
LeMPullaPtrl 5 LeMP.Claptr®,nXxt
END (% WHILE *¥) ’
END; ’

(SEEXEXRREBEERREEREEER AR ERX AR EKEFRRAREE XXX EF XN KR RERRTR KR )
(AR AR RN XSRS E AR KRR LA E R AN KRR RN AR SRR ERIFARAK)

(* tnis program is an adaptive optimistic concurrency
controller *)

(* main program ¥)

BEGIN
RE~NRITE (audit);
REARITE (data):;
RESET (trans);
RESET (datadic):
RESET (dobl)?
RESET (runfile);

(¥ bulld the transaction tile ¥)
bldtx;
wRITELN (audit, “tne transaction rile #as built*):

(¥ pulla the data dictionary x)
blddicy
ARLTELN (auait, °tne data aictionary was oullt’);

(# ou{ld the data object databnase x)

blddo;
ARITELN (audit, °the data object catabase was pullt’);
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(*puild the tv,ch environment it requiredx)

ARITELN(°do you «ant to reao tv or ¢n, y or n 27);
. WARITELN (audit, °the tv,ch environment w~as oullt’);

readln(ch);

checkastop(stoprun,ch);

IF (ch = °Y°) or (ch = °y’) THEN

saventv; ]

concntv}

prselect:

CLOSE(data):

enter.time.delay (time.agelay);
aRITELi# (audit, °time delay constant enterec : °,
time.delay);

enter.randon,seed (seed):;
SRITELN (audit, ‘random seea value enterea : °*,seed):

(* initialize atomic action re.execution list #)
reexec.ptr := nil; '

wRITELN (“Enter a carriage return to tegin execution :7):
READLNG

ch = “y”;
adlLE ch = °y’ DQ
B8&GIN
NEw(purgeLlist.ptr):;
purgea.list.ptr®,nxt = nil;
NEx{purgenllistaptr®,pairaptr);
FOR § := 1 TO 1000 0O’ )
BEGIN
(* call receive message )

(* execute eacn atomic action and related
control #*)
execute (seed,timeaqeliay);

(¥ 1nsure that actions are seridlizable ¥)
glopbala.sr;

(* this code disposes ot no longer needed
" conflict hist noaes *)
tvliapurgye = purgeaiisteptr;
wroILE purgealist.ptr <> nil DO
BEGIN
purge.list.ptr = purge.listaptr®.nxt;
DISPOSE(tv].purge~,palr.ptrl;
DISPOSE(tvViapurge);
tvla.purge := purge.listaptr;
END?

oI e a0 KT tatalal

v Yf.TAY,f:‘rr_rv("v'.'.‘.“....‘ "
[ P Y
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e ;

- NEA(ourge.listoptr); !

5 purge.list.ptr~,nxt := nil; i

J] . NEWw(purgealistoptr®.pairaptr); !
- END; )

- IF trans.ptr = nil TH&b

; BEGIN ‘

“RITELN (aydit, j

‘all transactions are finisnea i!i°); !

- wKITELN (°All transactions are finisnea !i!7) :

ENDJ !

- ARITELN (“Continue main lOOP eeses "V" OF "n"."); ;

X READLN (ch); 3

1. cneck.stop (stoprun, ch) ]

3 END? |

L REARITE (data); ;

- prselect; :

CLUSE (data) )

END, (¥ program algoatest ¥) i

(REERFEXRERRRERKEKARARE XS XX RSN EK KRB KRR RES KRR X REREFXT KR ) ]

('tit*t*t##****!**tltt&;at;t:t***#tt##*&t*tt:;**3:*!::4;%nu) ]
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t - APPENVIX C

SAMPLE SIMULATLUW GUIPUT -

[ A

' the transaction tile was ouilt

tne data dictionary was cullt

the data object aatapase w¥as built
tne tv,ch environment was built
time delay constant entered : 3 B
-I random seed value entereag ¢ 1

locking data objJ 1

locking cata oon) 3

locking data op] 2

locking data objd 4

creating a temp version for:

. -
R II RETTY

- -
addetle.

. ~d
4 1 2112 |
F‘ no conflict {s detected at 2 3
2 creating a temp version for: X
- 14213 ;
% no confiict i{s detectea at 3 5
creating a temp versicn for: f
L3114 N

no conflict is detected at 4

marx.temp.ver marking :
1 3+ 1 4 X
release lock for d.c. 4
locking data onl 4
markateémp.ver marking @
1 2 i 1 2
creating a temp version for:
1 411 4
conflict is cdetected at 4
const prec rel at 4.0, 4
conflict history constructed at 4
the valuye of "s" wsas set to 1
marke.temp.ver marking :
1 b P 1 3
mark.tempaver marxing
1 4 1 1 4
release lock for d.o, 4 %
release lock tor a.o, 3 ’
locking data ob) 3
creating a temp version for:
114111
no conflict is detectea at 1 '
release lock for d,o. < !

ST _JR

P LRI

v
2t s

2
b
3
e
.
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entering this aa in the lock aueye
i 2 2 1
checking deadlock for aa
1 221
conflict is detected at 1
conflict history constructed at 1
creating a temp version for:
1312213
conftlict {s detected at 3
const prec rel at 4.0, 3
contlict history coastructed at 3
the valuye of "s" w~as set to : )
entering this aa in tnhe lock aueuye
1 3 1 2
cnecking deadlock for aa :
1 41 2
conflict is cvetected at 3
contlict nistory constructed at 3
loeking data ob] 4
marketeémp.ver marking ¢
1 1 1 1 1
mark.temp.,ver marking
1 3 1 2 3
release lock removed from locCk gueue
1 31 2
rolloackach is removing cn"s tor rolloack
creating a temp version for:

1 41 23
conflict is detectea at <
const prec rel at d.o. 3
conflict history constructed &t 3
the value of "s" was set to 2

markatemp_ver marking :
1 4 i 2 3
release lock for d.c. 3
release lock removed from leck queue ¢
1 221
rollbacke.ch is removing cn"s tor rollback
creating a temp version for: )
112 2 4
conflict is detectea at 4
const prec rel at d,0, 4

conflict history constructeag at 3

creating a temp version for:

1 2211
contlict 1is detected at 1
const prec rel at d.o0, 1

conflict history constructed at 1

the value of "s" was set to ! 1
lo¢cking data obJ 2
marketeémp-ver marking :
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1 2 2 i 1
. the valye of "s" was set to ! 2
?E entering this aa in tne lock gueuye
L . 1 3 1 73

checking deadlock for aa :
- 1 313
o conflict {s detectea at 1
S conflict history constructed at 1
locking data ob] 3
release lock removed from lock queue @
1 313
rollback.ch is removing ch"s for rolloack
marKk.temp.ver marking 3 '
1 1 2 2 4
creating a temp version for:!
1 34 31
conflict is detectea at 1
const prec rel at u,0. 1
contlict history constructed at 1
creating a temp version for:
111 2 2
contlict 1s detected at 2
const prec rel at d,o0. 2
conflict history constructed at 2
the value of "s" was set to : 2
release lock for d.o. 4
detect non sr qgetected non Ssr
cycle 1ls ¢
1121 131
1 311 1 41
141y 112
restore.sr (s restoring sr
entering aetermine.rolloack
rolling pack atomic¢ action ¢
1 411 '
rollback.ch 1s removing cn"s for rollcack
rolling pack temp version '
i 411
rolling back atomic action :
1311 ‘
rollbacxka.ch 1s removing cn"s for rollopack
rolling tack temp version ¢

NS

1311
rolling back atomic action
1 41 2 '
rollback.ch {s removing ch"s for rolioack
rolling back temp version @ )
1 412
rolling pack atomic action @
11 2 2 ’

rollback.ch 1s removing ch"s for rolloack
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attempt to rolback an aa,tv that was not there
1 1 2 2 4 ' ’
rolling back atomic action @
1 312 )
rollpackacn is removing ch"s tor rolloacx
rolling back temp version ¢
1 312
release lock for d.0. 1
rolling back atomic action ¢ -
1313 ‘ '
rollback.ch is removing ch"s for rollbacx
roliing back temp version ¢

Py e —
.'.'v.'.".", _'.".",l',"’. !‘: fA;‘Vr‘r‘VE [,' -
.. AP N

. 1 313

k] locking cata ob3j 4 ,

- the value of "s" was set to $ )

[ creating a temp version tor: g
14114 ‘

no contlict 1s detected at 4
mark=temp.ver marking

1 3 1 1 4
mark.temp_ver marking :

1 1 1 2 2
release lock for d,o, 4
locking data ob} 4

entering this aa in the lock gqueye
1 3 1 1
checking deaalock for aa
1 311
conflict 1s detectea at 4
conftlict history constructed at 4
entering this aa Iin the lock queye ;
14 12 *
checking deadlock for aa @
1 412 ﬁ
conflict is aetected at 3 d
conflict history constructed at 3 K
creating a temp version for: ]
1 2123 A
conflict is ocetectead at 3 Y
const prec rel at d.o. 3
conflict nistory constructed at 3 ]
creating a temp version tor: ]
'" 11224 i
A conflict is detectea at 4
- const prec rel at a,.o. 4 %
; conflict history constructed at 4 .
- release lock for d,o, Z .
- the value of "s" was set to : i !
' entering this aa in the l0¢ck gueuye o
L 1 2 2 2 8
checking deadlock for aa ¢ (]
]
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contlict is detected at 4

conflict historv constructed at 4
1! . detect non sr aetecteq non Ssr
;gi cycle is :
A 1111 1221
S 1211 1112
o 1 311 1222

restore.sr is restoring sr
entering ceterminea.rollback
detect non sr detected non st
cycle s :
1111 1 2 1
1211 1 1 2
rolling pack atomic action ¢
1222 '
rollback.ch 1s removing cn"s tor rolloack
rollback.aa is removing aa from lock q :
1 2 2 2
rolloack.ch 1s removing cn"s f£or rolilback
attempt to rolback an aa,tv that was not there
1 2 2 2 4 ) )
rolling back atomic action
1 311
rollbackach is removing ch"s for rolipack
rollback.aa is removing aa from lock gq ¢
1 3 1 1
rollback.ch is removing cn"s for rollirack
attempt to rolback an aa,tv that was not there
1 3 1 1 4
rolling pack atomic action ¢
1 221
rollbacka.ch i{s removing ch"s for roliback
rolling back temp version
1221
rolling pack atomic action :
1111 '
rollback.ch is removing ch"s for rollback
rolling back temp version :
1111
rolling oack atomic action :
1 11 2 )
rollback.ch is removing ch"s for rollback
rolling pack temp version : )
1112
locking aata obj 1
mrarKatemp.ver marking
1 1 2 2 4
the value of "s" was set to : 1
entering tnis aa in the lock queye
1 1 1 b

2
1
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checking deadlock for aa :

1 111
no confiict 1s detected at 1
release lock for d,o,. 4

locking data ool 4
rarx-temp.ver marking
1 2 1 2 3
release lock removed from lockX Qquede ¢
1 412
rollback.ch is removing ch"s for rollback
creating a temp version for:

1 311 4
conftlict is detected at 4
const prec rel at a,o0, 4
contlict history constructed at q
creating a temp version for:

1 4123
conflict is detected at 3
const prec rel at d.c. 3
conftlict nistory constructed at 3
the value of "s" was set to 2
creating a temp version for:

1 2211
no conflict is detected at 1

marketeémpaover marking i

1 4 1 2 3
release lock for d.c. 3
detect non sr cetected non sr
cycle {s

1121 1212
1212 1412
1411 1122

restore.sr 1s restoring sr
entering determinearolloack
rolling sack atomic action

1 21 2 '
rollback.ch is removing ch"s for rolioack
rolling pack temp version 3 '

1 212
rolling back atomic action :

1121
rollbacke.ch is removing ch"s for rollbacx
rolling back temp version

1121
rolling rack atomic action

1 41 2
rollecacxk.ch is removinyg ch"s for rollback
attempt to rolback an aa,tv that was not there

1 4 1 2 3 ) )

rolling back atomic action :

1122
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rollback.ch is removing ch"s for rolloack
rolling back temp version

p 112 2

T‘ . release lock for d.o0. Y

. roliing pback atomic action ¢

1311
rollrackech is removing ch"s for rolilback
attempt to rolback an aa,tv that was aot there

- 1 3 1 1 4

_l locking data ob] 3

28 marx.témp.ver marxing

5; 1 2 2 i 1

o locking data obj 4

entering this aa in the lock queue
1 3 1 2

checking deaglock for aa @

1 412
no contflict is detected at 3
creating a temp version for:

1 311 4
conflict (s aetected at 4
TONnsSt prec rel at d.o, 4
conflict history constructed at 4
the value of "s" was set to @ 1

mark.temp.ver marking :
1 3 1 1 4
release lock for d.o, 4
entering this aa in the lock gueue
1 1 2 1
checking ceadjiock for aa ¢
1121 '
conflict 1s detected at 3
conflict history constructed at 3
release lock removed from lock queue
1111
rolivack.ch {s removing ch"s for rollioack
creating a temp version for: ’

1212 3
no conflict {s detectea at 3
creating a temp version tor:
11111
conflict is detected at 1
const prec rel at d.o. 1
conflict history constructe: at 1

entering this aa in the lock queue
1 3 1 2
cnecking deadlock for aa @
1 312
conflict {s detected at 3
conflict history constructed at 3
tne value of "s" was set to ¢ 0
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mark.temp.ver marking ¢
1 2 1 2 3
v release lock removea from lock qQueue ¢
1 21 2
rollpackach is removing cn"s ror rolilvack
creating a temp version tor:
1 41 2 3
contlict is detected at 3
const prec rel at d,o. 3
conflict history constructed at 3
tne value of "s" wsas set to 3 1
rarke.temp.ver marxing
1 4 1 2 3
release lock removed from lock aueue
1121
rolloack.ch is removing ch"s for rollback
locking data obj 4
creating a temp version for:
11213
conglict s detected at 3
const prec rel at d.o, 3
conflict nistory constructed at 3
the value of "s" was set to : 2
creating a temp version for:
1 22 2 4
conflict is detected at 4
const prec rel at d.o. 4
conptlict history constructed at i
tne value of *s" was set to ¢ Z
markatempaver marking i
’ 1 1 1 1 1 ]
rejlease lock for d,0. 1 ;
marke-temo.ver marxking : h
1 1 2 1 3 ]
locking data oo 2 3
mar<.temp.ver marking : |
i 2 2 2 3
release lock removea from lock Gueue ¢ 4
1 312
rollbackach 1is removing ch"s for rolibaek !
release lock for d.o. 4 )
detect non Sr detected non sr
cycle s ¢
1 212 1412
1 3141 2 22
1 411 311
s restore.sr is restoring sr
- entering determine.rollback
rolling pack atomic action
9 - 1 41 2
rollback.ch is removing ch"s for rolibpack
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rolling back temp version 3
1 412
g rolling oack atomic action 3
{ . 1212
- rollbackacn is removing ch"s for rollback
o rolling pack temp version ¢
- 1212
rolling back atomic action :
1121 '

rolibackach is removing cn"s for rollback

attempt to rolecack an aa,ty that was not trere
1 1 2 1 i ' )

creating a temp version for:

11122
conflict {s aetected at 2
cornst prec rel at a,o, 2
conflict history constructed ac 2
the value of "s" was set to ¢ 1
creating a temp version for:

1 3123
no conflict 1s detecteg at 3

entering this aa in the lock queye
1 4 1 2

cnecking deaalock for aa :

1 41 2
conflict is cetectea at 3
conflict history constructea at 3
detect non sr detected non sr
cycle s ¢

1 31 2 1 411 2

1411 1311

restore.sr is restoring sr §

entering determine_rollboack R

rolling back atomic action ¢ .
1 41 2

rollpback.ch is removing cn"s for rollvack
rollibdcka.ae 15 removing aa from lock g ¢
i 4 1 2
rollbackach is removing ch"s for rolilpack
attempt to rolback an aa,tv that was not there
1 4 1 2 3 R
release lock for d.o. 3
rolling back atomic action :
1 312
rollibackach is removing ch"s for rolilback
rolling back temp version : )
1 312
locking data obd 3
creating a temp version for:
1 4123
no conflict is detectea at 3
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mark.tempover marking
1 4 1 2 3
mark.temp.ver marking
1 1 1 2 2
release lock for d.o. 2
release loCKk £Or d.0. 3

committing transaction ===3> 1 4
rollpackach is removing cn"s for commic
tne value of "s" was set to 1
release lock tor d.o. 4
rollibacka.cnh is removing ch'"s for commit
the value of "s" was set to ¢ h)
release lock f£Or d.o. 3

locking aata obj 3

entering this aa in the locxk aueye
t 3 1 2

cnecking deadlock for aa :

1 31 ¢
no conflict is detected at 3
creating a temp version for:

1 212 3
no confiict (s detected at 3

entering this aa in the lock gueye
1 i 2 1
cnecking deaaclocx tor aa ¢
1121
contlict {s detected at 3
conflict history constructed at 3
marke.tempaver marxing :
i 2 1 2 3
release lock removed from lock aQueue @
1 312
rollback.ch s removing ch"s for roliback
creating a temp version for:

1 3123
conftlict is detectedu at 3
const prec rel at 4,0, 3
conflict history constructed at 3
tnhe value of "s" was set to @ 1

mark.temp.ver marxking @
1 3 1 2 3
release locCck removed from locKk queue
1121
rollrackech is removing ch"s for rollback
locking data ob] 1
creating a temp version for:

11213
conflict {s detected at 3
const prec re)l at d,o0, 3
conglict nistory constructed at 3
the value of "s" was set to 2
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creating a teinp version for:

13131
conflict is detectea at 1
const prec rel at d.o. 1
conflict history constructed at 1
the value of "s" was set to 1

mark.temp.ver marxing :

1 3 1 3 1
release lock for d,0. 1
detect non Sr aetected non sSr
cycle 1is :

1111 1313
1221 1111
s 311 12 22

restore.sr is restoring sr
entering determine.rollback
rolling oack atomic action ¢
1111
rollbackach 1is removing cn"s for rollbacx
rolling bacxk temp version @
1111
rolliing tcack atomic action :
1221
rollback.ch is removing cn"s £or rollrack
rolling back temp version : '
1221
rolling pvack atomic action @
1112 '
rolloackach is removing cn"s for rollilpack
roiiling dack temp version )
1 112
rolling pacx atomic action :
1 313
rolloackach is removing cn"s for rollnack
attempt to rolback an aa,tv tnat was not there
1 3 1 3 1 ' )
rolling rpack atomic action ¢
1 2 2 2 )
rollbackach {s removing cn%"s for rolloack
rolling back temp version
1 222
locking aata ob] b
marKetemp.ver marking :
1 1 2 1 3
entering this aa In the lock queye
1 3 1 3
checking aeaalock for aa ¢

1 3113
no contlict is detectec at 1
release lock tor a.o, 3

creating a temp version for:
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11111
no conflict {s detected at 1
mark.temo,ver marking
1 1 i 1 1
locking data op] 4
release lock removed from lock gueue ¢
1313
roiiback.ch is removing ch"s tor rolioback
creating a temp version for:
1t 3131
conglict 1s cerected at 1
const prec rel at d.o. 1
conflict nistory constructed at 1
entering this aa in the lock Jyeue
1 2 2 1
checking deadlock tor aa ¢
1221
contlict is aetected at 1
conflict history constructed at 1
detect non sr detected non sr
cycle is 3
1212 1 1
1313 1 2
restore,sr is restoring sr
entering determinea.rolleack
rolling back atemic action @
1221 "
rolloack.ch is removing ch™s for rolipacx
Tollcackaaa is removing aa from lock a ¢
1 2 2 1 :
rollrack.ch is removing ch”s for rolipacx
agttempt To rolback an aa,tv that was not tnere
1 2 p) 1 1 '
release lock for d,0. 1
Tolling back atomic action t -
1 3113
iollbackach is removing cn"s for rolloack
rolling pack temp version @ -
1 313
restore.sr is restoring sr
rolling pack atomic action
1221t
rollback.cn (s removing cn®s for rolilback
attempt to rolback an aa,tv that was not tnere
1 2 2 1 1
tolliing back atomic action :
1 31 3 '
rollbackach is removing c¢cn"s for rolilback
attempt to roloack an sa,tv tnat was not tnere
b 3 1 3 b ’ ) ’
loeking data obJ 1

3 2
2 1
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creating a temp version for:

12211
conflict is detected at 1
[ | . const prec rel at a,o, 1

conflict history constructed at 1
creating a temp version for:
11224
L conflict is detected at 4
L - const prec rel at d.o, 4
.l conflict history constructed at <
1
1

- tne value of "s" was set o
s the value of "s" was set to
" locking data op] 2

S entering this aa in tne lock gJueue

> 1 3 1 3

E‘l checking deadlock for aa ¢

.. 1 313

e conflict {s detectea at 1

2 contlict history constructeas at 1

Parketenpe.ver marking
1 1 2 2 4
release l1ock £or a,o, 4
marKeteémpaver marking @
1 2 2 1 1
release 1l0Ck reioveag trom loCk aueue
1 313
rollrcackach 1S removing ch"s £0r rolloack
creating a temp version for: '

1 3131
conflict {s cetecteg at 1
const prec rel at a.o. 1
conflict history constructed at 1
the value of "s" was set to ! 2

mar<-temp.ver marking
1 3 i 3 1

creating a temp version for:

11122
contlict ls getectea at 2
const prec rel at a,0. 2
conflict history constructeg at 2
release lock £fOr d.0. 1
getect non sr Jdetected non Ssr
cycle s

1111 1 2 21

1212 1121
restore.sr is restoring sr
entering determine.rollback
rolling back atomic action @

1221 )
tolleacka.ch {s removing cn"s for rollpack
rolling pack temp version :
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1221
rolling pack atomic actien
1111
rollbackach is removing cn"s tor
rolling oack temp version ¢
1111
release lock for d,o0, 2
rolling cack atomic actien @
1112 )
rollbacke.ch is removing cn"s tor
rolling oack temp version @
1 311 2
rolling pack atomic action
1 313 ’
rollback.ch 1s removing ch"s for
attempt to rolback an aa,tv that
1 3 1 3 1
locking data ob) 1
creating a temp version for:
122114
no conflict is detected at 1
markKk.teémp.ver marking ¢
1 2 2 1 1

rollpacx

rollpack

rollnacx
wWas not tnere

entering this aa in the lock queuye

1 3 1 3
checking deadlock tor aad @
1 313
conflict is detected at i
conflict history constructed at

release l1ock removed from lcck queue ¢

1 313

rollcack.cn 1s removing cn"s for rollb@cx

locking data opJ 4
creating a temr version for:

1t 313 ¢+
contlict is detected at 1
const prec rel at d.o.
conflict hilstory constructed at
the value of "s" wWas set to ¢
creating a temp version for:

1 222 4

contlict {s detected at 4
const prec rel at a.o.

conflict history constructed at
nark.temp.ver marxing :

1 3 1 3 1

release lock for d,0, i

the value of "s" was set to
detect non S$r cetected non sr
cycle s :

1122 2 ¢ 2
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1212 {312
1 3141 11 22
restore.sr is restoring sr
entering determine.rollnack
rolling pack atomic action :
1 312
rollback.ch 1s reroving ch"s for rollback
rolling tack temp version ¢
1t 31 2
rolling back atomic action :
1 212
rollrackacn is removing ch"s for rolioack
rolling back temp version ¢ '
1 21 2
rolling oack atomic action
1 313
rolilvack.ch is removing ¢chn"s £{¢r rolicack
rolling back temp version
1 313
rolling pack atomic actioen ¢
1121
roliback.ch is removing c¢cn"s for rolioack

attempt to rolback an aa,tv that was not there

1 1 2 1 3
rolling pack atomic actioen ¢
112 2
rollbacka.ch is removing cn"s £90r rollpnaeg
rolling vack temp version :
1t 2 2
release lock for d.o.
Tolling racx atomic action :
1 2 2 2 ’
rollbackach 15 removing ch®"s for rollnack

A

attempt to rolback an aa,tv that was not tnere

1 2 2 2 4
locking data obi 3
creating a temp version for:
1 31 223
no conflict is detected at 3
markatempg,ver marking
1 3 1 2 3
release locxk for d.o. 3
locking data obpj} 4
locxing aata obpjd 3
locxking aata oboJ 1
creating a temp version for:

1 3131
conflict is detected at 1
const prec rel at d.o. 1
contlict nistory constructed at 1
the value of "s" was set to Q
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marx-teémpaver marking ¢
1 3 1 3 1
release lock for d,o. 1
entering this aa in the lock Jueye
1 2 i 2
checking deadlock tor aa :
1 212
conflict 1s detected at 3
contlict history constructed at 3
detect non sr detected non sr
cycle is
1221 13123
1312 t211¢
restore.sr is restoring sr
entering determine.rollipack
rolling back atomic action ¢
1 21 2
rollrack.ch is removing cn"s for rollback
Tolloackeaa 1is removing aa from lock g ¢
1 2 1 2
rolloackach is removinc ch"s €£or rollback
attempt to rolback an aa,tv that was not tnere
1 2 1 2 3 ) )
rolling cack atomic action ¢
1 31 2
rollback.ch is removing cn"s for rolioack
rolling tack temp version ¢
1 312
rolling back atomic action 3
1313 '
rollpacx.ch is removing ch"s for rollback
rolling back temp version

1 313
creating a temp version for:
11213
no contlict 1s detected at 3
¢reating a temp version for:
1 22 2 4
contlict {s detected at 4
const prec rel at a.o0, 4
conflict nistory constructed at 4

locking data obj] 1
entering this aa in the lock queue
i 3 1 P
checking deadlock tor aa @
1 312 ' N
conflict 1s detected at 3
contlict history constructed at 3
the value of "s" was set to 1
markatemp.ver marking ¢
1 1 2 1 3
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g release lock removed from lock queue

1 312
rollbackacn is removing ch"s for roliback
creating a temp version for:

1 3123
contlict {is qetected at 3
const prec rel at a,o0. 3
conflict nistory constructed at 3
the value of "s" was set to ¢ 1 .
marketeémpaver marking : H

1 3 1 2 3 g
release locxk for d,o, 3 N
rarketempaver marxing K

1 2 2 2 4 1
locxing data oc) 3 y
creating a temp version tor: %

1111 R
conflict 1is ocetected at 1
censt prec rel at d.o. 1
contlict nistory constructed at 1
release loCcKk for d,o. <
entering this aa in the lock queue

1 3 b 3
checking aeadlock for aa :

13123
conflict 1s detected at 1
contlict history constructed at 1
the value 0f "“s" was set to ¢ )]
Marketenp.ver marxing :

1 1 1 1 1
locking data ob] 4
creating a temp version for:

112 2 4
conflict {s detected at 4
const prec rel at a.o0. 3
conflict history constructed at 4
the value of "s" was set to ¢ 2
creating a temp version for:

1 21 2 3 k
contlict 1s detected at 3 '
const prec rel at d,o, 3
conflict nistory constructed at 3
mark.temp.ver marking :

1 i 2 2 4 -
release lock removed trom lock gueue : 1]

1 31 3 .
rolloackach is removing cn"s for roliloack
creating a temp versicn for: -

e T L o e et

. s
VTY B

1 3113 ¢4
conflict s detected at 1

const prec rel at d.o. 1 )
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conflict history constructea at 1
the value of "s" wsas set to ¢ 1
the value of "s" was set to
marketeémp.ver marxing :

1 3 1 3 1
release locKk for d,o, 1
aetect non sr detected non sr
cycle s ¢

1121 1 31¢
1221 1111
1 311 1222

restore.sr is restoring sr
entering determine.rollnack
rolling pack atomic action @
1111
roliback.cnh 1s removing ch"s for roliback
rolling back temp version
1111
rolling back atomic action ¢
1221
rollbackach is removing cn"s for rollback
rolling pack temp version )
1 221
rolling oack atomic action ¢
1 313 )
rollbackacn 1is removing cn"s tor rollbpack
attempt to rolback an aa,tv that #as not tnere
1 3 1 3 1 ’
rolling back atomic action ¢
1 2 2 2
rollback.ch is removing ch"s for roliback
rolling back temp version ¢
1 2 22
release lock for d.o. 4
rolling back atomic action :
112 2
rolloacka.ch is removing c¢cn"s for roliback
attempt to rolback an aa,tv that was not there
1 1 2 2 4
locking data ob] 1
marKatemp.ver mar<ing :
i 2 1 2 3
release lock for d,.0. 3
entering this aa in the lock queye
b 3 1 3
checking deadlocx for aa :

1 3113
no conflict is detected at 1
creating a temp version for:
11111
no conflict 1s detectea at 1
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rark.temp.ver marking :
1 1 1 1 1
rejease locxk removed from loCK queue :
1313
rollbackach is removing cn"s £or rollback
contlict is detectea at |
const prec rel at a.o. 1
creating a temp version for:?
13131
conglict history constructed at 1
locking data ob) 4
the value of "s" was set to @ 1
marketempaver marking 3
1 3 1 3 1
release lock for d,0. 1
locking cata ob] 1
creating a temp version tor:
112 2 4
conflict is detected at 4
const prec rel at a.o. 4
conflict history constructed at 4
locking data ob]J 2
the value ¢of "s" was set to ¢ i
marxetempover marxing :
1 { 2 2 4
creating a temp version for:
1112 2
conflict {s detected at 2
const prec rel at d.o. 2
conflict history constructed Aat 2
release lock for d,o0, 4
the value of "s" was set to 1
mark-temp.ver marxing
1 1 1 2 2
detect non sr detected non sr
cycle {s :
1121 {312
1 311 1122
restore.sr 1s restoring sr
entering determine,rollback
rolling vack atomic action :
1122 ‘
rollbackacn is removing cn"s for roliback
rolling back temp version '
1122
rolling pacx atomic action
1 311
rollback.ch 1is removing cn"s for rolltack
rolling back temp version : )
1311
rolling back atomic action
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rollbackach is removing ch"s for roliback
J! . rolling back temy version
- 1312
- rolling vack atomic action ¢

1 313
rollback.ch is removing cn"s for rolilback

rolling back temp version ¢

1 313
loexking data ob) 4
creating a temp version for:

12211

SO conflict is detectea at 1
1| const prec rel at d,o, - 1
L conflict nistory constructed at 1
release lock for d.o0. 2
the value of "s" was set to ¢ 1
¢ entering this aa in tne lock queue
- b 3 1 1
}i checking deadlock for aa

S 1311
- no contlict is detectea at 4
- creating a temp version for:

e 112 2 4
no contlict 1is detected at q
rarkeatemnpaver marxing

1 2 2 1 1
Telease lock for 4,0, 1
mark.teéemp.ver marking
i 1 2 2 4

release lock removed from lock aueue ¢

1 311
rollback.ch 1s removing ch"s £or rollback
creating a temp version for:

1 311 4
contlict 1s detected at 4
const prec rel at d.o. 4
conflict history constructea at 3
detect non sr detected non sr

cycie i{s ¢

1121 1212

1211 1112
. restore.sr is restoring sr
4 entering determine.rolloack
rolling back atomic action ¢

1112
rollback.ch 1is removing ca"s £or rollback
rolling pack temp version ¢ )
- 1112
q . roliing back atomic action
1 211
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rollracxk.ch {s removing ch"s £or rolloack
rolling back temp version ¢ )

1 211
rolling pack atomic action ¢

1 212
rollbackach is removing cn®s for roliback
rolling tack temp version ¢ '

1 21 2
locking data obj 2
the value of "s" was set to ¢ b

mark.temp.ver marking
1 3 1 1 1
release lock for d,o0, 4
locking data oo 3
creating a temp version for:

1 31 23
contlict is detected at 3
const prec rel at d,o0, 3
contlict nistory constructec at 3
the valye of "s" was set to ¢ 1
Creating a temp version for:

11122
Do contlict is detected at 2

entering this aa in the lock gqueye
1 2 1 1
checking aeaalock for aa 3

1 211 '
contlict {s cetected at 2
conflict history constructeq at 2
marke.temp.ver marking

1 3 1 2 3
release lock tor d.o. 3
locking data obj 1
creating a temp version tor:

1 31314 1
contlict {s detected at 1 i
const prec rel at a.o0. 1
conflict history constructed at 1
locking data obj 4
the value of "s" was set to @ 2
Park.tempa.ver marking @

1 1 1 2 2
mark.témp.ver marking : ;
1 3 1 3 14 ;

release loc¢k for d,o, 1
release lock removea from lock queue ¢
1 211

rollback.ch is removing ch"s for rolipack
transaction 1 i is t(r) from glopal.sr
committing transaction s=z=> S
Tollbackach 1is removing ch"s for commit
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the value of "s" was set to 3
release lock tor d,o, 1
rollback.ch is removing ch"s for
the value of "s" was set to ¢
release lock tor d.o, 2
rollback-ch {s removing ch"s tfor
the value of "s" was set to }
release lock for d.9. 3
rollback.ch 1s removing ch"s for
tne value of "s" was set to ¢
release lock tor d,o, 4
creating a temp version ror:

1 222 4
conflict is detected at 4
const prec rel at d.o.
confllict history constructea at
creating a temp version ford

1t 2112
no contlict is detected at 2
the value of "s" was set to i
rark.temp-ver marking :

1 2 b i 2
rarketempaver marking i
1 2 2 2 4

release locx for d,o0. 4
datect non sr detected non Sr
cycle is :

1221 13123

1t 311 1222
restore.sr 1s restoring sr
entering determinegrolloack
rolling back atomic action 3

1 22 2
rollback<ch 1is removing cn"s for
rolling back temp version 3

1 2 2 2
rolling back atomic action 3

1 311

rollback.ch {s removing cn"s tor
rolling pack tenmp verslion 3

1311
rolling pack atomic action ¢

1 312 )
rollback.ch is removing cn"s tor
rolling pacx temp version 3

1 312
rolling pack atomic action :

1 343

rolloack.ch is removing cn"s for
rolling cacx temp version ¢

1 313
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locxking data oo 4

release lcck for d.o. 2

locxing data ob] 3

entering this aa in the lock queye
| 3 1 1

checking deadlock for aa :

1 311
no contlict is detectea at 4
creating a temp version for:

1 2123
no conflict is detected at 3
creating a temp version for:

1 222 4
no contlict 1s detectea at 4

mMarketemp.ver marking
1 2 1 2 3

mark-temnp.ver marxking :
1 2 2 2 )

release locKk for d.¢. 3
release lock removed from 10CK gueue ¢
1311

follbackach is removing ch"s for rollvack
creating a temp version for:

1 3114
conflict is detected at q
const prec rel at a.o, 3
conflict nistory constructed at
the value of "s" was set to @ 1
transaction 1 2 1s t(r) from gloocal.s
committing transaction ==== 1 Z
rollbackach is removing ch"s for commit
the value of "s" was set to ! Q
release locx for d,o. 2
rollbacka.ch 1s removing ch"s tor commit
the value of "s" was set to ¢ 0
release lock for d,0. 3
rollbackach is removing ch"s for commit
the value of "s" was set to ¢ 0
release lock for d,o. 1
rollback.ch 1is removing ch"s for commit
the value of "s" was set to ! 0
release locx tor d.o0. 4

marketemp.ver marking

1 3 1 1 4
release lock for d.o. 4
locking data obJ 3
creating a temp version for:

13123

no contlict 1is detected at 3
marketemp.ver marking

1 3 1 2 3
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release Jlock for d,0. 3
loexking data obdj 1
creating a temp version for:
1 3131
no contlict is detectea at 1
marketemp.ver rarking
1 3 1 3 1

release lock for d.o, 1
transaction 1 3 is t(r) from glopal.sr
committing transaction =s=s= 1 3
roliback.ch is removing ch"s tor comwit
the value of "s" was set to 0
release lock for d.o. 4
rollbacka.ch is removing ch"s for commit
the value of "s" was set to 0
Telease loCKk for d.o. 3
rollbackeCh 18 removing cn"s £or commit
the value of "s" was set to 3 0
release lock for d.o. 1

Ail transactions are finfished !:!
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