Automated analysis of dependencies in advanced
transaction models

Daniel Owens
Department of Computer Science, Colorado State University
Fort Collins, CO 80523, USA

Abstract

Researchers have formalized the notion of transactionedii#encies and shown
how these dependencies can be ordered and combined in sushaswo express
various advanced transaction models. The problem has be¢ath the com-
plexity of these models and the way in which the dependerictesact can make
manual analysis cumbersome and error-prone. In this vhkis,vwiork enumer-
ates fifteen different dependencies that are often founddh snodels. Using the
given dependencies, transaction models can be built; reswiine models must be
checked for three different issues: redundant, conflictangd “ignored” depen-
dencies. These issues are described in the context of feultgpendencies per
a subtransaction as well as over the course of multiple anbéctions. An auto-
mated technique for checking any given model that will afieto simplify the
model and detect both conflicts and superfluous dependesaéso described.



1 Introduction

Thanks to the introduction of more complex and longer rugrdatabase transactions
researchers have been forced to create specialized mbdesdequately describe and
process such transaction models. The specialized modedssirece been turned into a
more abstract model that has more applicability than anyodtiee individual models.
While the abstract transaction-processing model has be#irdefined [9] for theoret-
ical usage, it lacked both practical definitions and an aatechprocess for detecting
conflicts and redundancy between dependencies. Furtheymesearchers were lack-
ing key theories required to completely minimize a givemsaction model.

By building on the theoretical definitions and concepts @nésd by researchers,
one can see that the abstract transaction-processing risockgbable of usage by in-
dustry. The new practical dependencies provide a platfonfuither research into the
actual usage of this model and, hopefully, eventually Iesithé model being feasible
for widespread, real-world use. Given this, the work predderein is meant as an
attractor to both researchers and industry, as well as teepitte abstract transaction-
processing model’s feasibility.

The goal of this work is to give practical definitions, basecdloe theoretical ones,
for fifteen of the sixteen known dependencies. After the ficatdefinitions are given
it is possible to discuss ways in which dependencies canicbaflbe redundant, re-
gardless of whether this occurs over the same edge, mudiides, or an opposing
edge. A new concept, that of “ignored” dependencies, is tlisoussed. The work
then takes those definitions and concepts and seeks to fravebdels can be mini-
mized in an automated method, relying on a proof-of-condegtly, the results of the
proof-of-concept are given to allow researchers and inglistuse the results without
having to run the proof-of-concept.

2 Practical definitions for the dependencies

e Abort(a): If Ti aborts,T; must also aborfTj cannot terminate prior t@;.
e Begin(b): Tj cannot begin until; has begin; order is enforced.

e Begin-on-abor{ba): T; cannot begin until; aborts; order is enforced. Note that
if Ti never abortsJ; is never run (e.g., il commits,T; is not run).

e Begin-on-commifoc): Tj cannot begin until; commits; order is enforced. Note
that if Ti never commits]; is neverrun (e.g., iy aborts,Tj is notrun).

e Commit(c): If both T; andT; commit, T; must commit first; order is enforced.
e Exclusion(ex): If T commits andT; is executingT; is aborted.

e Force-begin-on-abortfba): If T aborts and’; has not begunil; will begin.

o Force-begin-on-begi(fbb): If Ti begins andj has not beguril; will begin.

e Force-begin-on-commitbc): If T; commits andT; has not begunl; will begin.



e Force-begin-on-terminatio(fbt): If T; terminates (either aborts or commits) and
Tj has not begun; will begin.

e Force-commit-on-aboiffca): If Tj aborts,T; must commitT; must commit prior
to T; aborting.

e Serial (s): Tj cannot begin untill; has terminated (either aborts or commits);
order is enforced.

e Strong commi{(sc): If i commits, Tj must also commit]; cannot terminate
prior to Tj and if T; aborts, so musk,.

e Termination(t): T; cannot terminate (commit or abort) befofe terminates
(commits or aborts).

e Weak abor(wa): If T; aborts and’; has not committed[; will abort.

A list of the theoretical definitions can be found in [11] arf®].[ The theoretical
definitions for the dependencies are generally similar eoptactical definitions. The
first difference exists in the abort dependency. The abgreddency, in theory, does
not require an order; however, the only way to enforce theeddpncy in a practical
model is to do just that. We say instead tfigtannot terminate first because if it were
to commit, it would still be possible thdt aborts, thus violating the abort dependency.

The second difference is with the force-commit-on-abopegelency. This depen-
dency requires thak not be allowed to begin until; commits to ensure thaj does,
in fact, commit. The new definition restricts this model todiag T; to commit just to
allow T; to run, but is logical.

The last difference is with strong commit. Strong commit nioludes thafT;
terminates afteT; so as to prevenl; from aborting, as we cannot force something to
commit. The differences are shown using the theoreticahiieins in Section 10 so as
to make the new definition differences relational and obsiou

3 SWiI-Prolog

In order to automate the process of the detection of issuggiven transaction model,
one must be able to build an application that can decide ifdmmore dependencies
conflict or are able to be minimized. To do this, one needs a efdyaving the ap-
plication be both intelligent and logical. These constimied the author to choose
SWI-Prolog, as Prolog is a logic language, and SWI-Prolagaans to the 1ISO stan-
dard while still being highly flexible.

Prolog was used for the back-end, which meant that anyongiearhe definitions
of each of the dependencies as well as what constitutes aotaitflation or an include
situation into the Prolog code. In order to discover proldémdependencies, two sep-
arate Prolog applications were created: one that deteafiiate and one that detects
implied dependencies. A third was made to aid others in mikiitg a given model
without having to know why a dependency could not be addeldeartodel. The third
application (Appendix A) is merely a combination of the finsb and first checks to



see that there are no conflicts and then checks to ensuréhthdependency did not
already exist either directly or as an implied dependensyléscribed in Section 12).

One of the main benefits of using Prolog to write the actuacein engine is that
Prolog can be used as a database. Users are able to asseniitido into the engine
and check the database for conflicting assertions in a Ibgieaner. Furthermore,
Prolog naturally recurses through the database in attetmpliscover whether the goal
is known—if the goal is not known the query fails. One issuthwthie use of Prolog is
that it always constructs a tree of assertions for any quedyerforms a depth-first
search, so it can be inefficient. This can be overcome, hawesieg threads, which
are naturally supported by SWI-Prolog, thereby allowindtiple traversals of the tree
concurrently. Prolog offers tremendous flexibility to thegramming of the back-end
and the database capabilities are invaluable. [3, 4, 5]

4 Java and InterProlog

Java is used to create the front-end for the automation psoas well as to create a
Graphical User Interface. First, a simple Java program weated to iterate through
all combinations of the fifteen dependencies (excluding maning the dependency
against itself). The results of the first run whereby the sdgea in the same direction
are contained in Table 2, which describes conflicts thaeariger the same direction.
Table 3 describes the results when the program was madeateitiarough the com-
binations with the edges in opposing directions. A secorgiegtion, the Graphical
User Interface, from here-to-forth described as the fremd; is designed to allow those
who do not know Prolog to use the proof-of-concept. It alldins user to add edges
and displays a graph of the minimized, conflict-free, andigd dependency-free sub-
transaction set with the proper dependencies.

The basis for using Java was two fold. First, Java naturaibpsrts threads, which
greatly increases the speed of the iteration process inipmuessor environments.
Second, SWI-Prolog’s C++ headers seemed to be incompatitiiehe author’s ver-
sion of g++.

In order to have Java and Prolog exchange information, tae@figterProlog was
required. While SWI-Prolog came with JPL, InterProlog offgreater power in the
data exchange process between the Prolog engine and thenlgina. One problem
with InterProlog, however, is that it used sockets to talikwtine Prolog engine, rather
than JNI (Java’s native interpreter). The time taken totstad shutdown a Prolog
engine builds on the runtime of any application using it. sTisi likely unnoticed by
most users.

5 Analysis of the proof-of-concept

5.1 Tracing through the proof-of-concept

The backbone of the proof of concept relies on Prolog. Thentfilaiis transactionana-
lyzer.pl (Appendix A.1), which loads the driver, buildall (Appendix A.2). The most



commonly used termis likely to be add/3 as it allows us to see if we are able to add
the desired information without creating a conflict and wistill having a minimized
model.

transactionanalyzer.pl

addy(q1,92,a) add(q1,92,a)

transition(ql,g2) buildall:runchecks(ql,q2,a)

catch(transition(gq1,92), ..) catch(edge(ql,q2,a),..) fail
N | recurseconflict§ql,q2,a,)
transition(q1,92) edge(ql,q2,a) /\ ~
il [H|Tall=q2 fail Figure 2

fail

Figure 1: Partial call stack for add/3

Upon calling add/3, Prolog builds a tree containing all terthat might worR.
Figure 1 shows part of the tree; it should be noted that Prbidlgls the tree as need
be and performs a depth first search. We begin in transactayzer.pl and start with
the first add/3 that might work; in this case, we actually unefirst add/3 term in the
file. This term has several conditions that must be met poidiné¢ term being declared
as true. First of all, we see that we make a call to the catdittiecks if the transition
even exists. We can safely assume that if the transitiom/2 tives not exist, we can
add the edge without creating any issues. In order to trifgecatch we must try to
find transition/2, so Prolog checks if the transition existghe term is unknown, the
catch prevents any issues and instead adds in both thetimafdand the edge/3. If the
term is known and this specific transition exists, we do nal the edge, but continue
through the tree. If the transition does not exist, this bhefails and we must backtrace
and try another path through the tree.

Since the left branch failed altogether, we backtrace agihtie traverse the right
branch. We use the second add/3 term in transactionanallyzes designated by the
subscripty in the tree. First, we check to see if the transition existthin database,
which it does in this case. We then use buildall.pl's run&isés term, which makes
calls of its own. runchecks/3 is true if all conditions existhe database that define
the term are true. The term is true if and only if there are noflicts, no includes, the
model is minimized, and we can successfully add the depey&edefinition to our
database. We begin evaluating the truth of the term with sualitree structure and
depth-first search.

Figure 2 shows us the continuation of the call stack from fadus right branch.
We begin this subtree from recurseconflicts/4 and havelgathk/3 find all paths from

1A term consists of the functor and parameters listed in phemes and separated by commas

29%6functor%in signifies that we are referring to those ternth wiparameters and of the name %functor%

3e.g., if a term takes an empty list and you do not pass suctoam, #his term will not be in the tree even
though the name and arity may be correct



recurseconflictgq1,92,a,)

var() getallpaths(q1,q2,Path) setof(a,a"dep(a),Deps) recursecpath(a,Path,List,Deps)
[ | |
setof(C,C getpath(ql,q2.C),Path) Deps=[a,...,wa]
fail
getpath(q1,92,,C) getpath(q1,92,,C) Path= [[q1,q2]]

transition(ql,q2) C = [[ql,q2]]

transition(q1,q2) HIT] =] getpath(q2,92[ql,q2],E)
I

true transition(g2,92)  fail

fail

Figure 2: Partial call stack for recurseconfligts

the starting node to the destination node using setof/3chvisi a native Prolog term.
This term finds the set of all answers, orders them in the giveaf, and sets the third
object passed to equal the created set. In this example,anelbto the first getpath/4
term in our database. The purpose of the getpath/4 termdirsdt@ path from a given
node, to a given node such that non-trivial paths are nomntalkéiis means that we
will not take infinite loops, or even two, when present. Owstfgetpath/4 term merely
attempts to see if there is a path from one node to the othdn, va intermediates
taken.

In this case, such a path exists, so C is set to [[q1,q2]]. Bexaetof/3 attempts
to find all unique solutions, it will now call on the other mhileg term, which is the
second getpath/4 term in the database. This term providefinfting a path over
multiple nodes; if it fails, we know that no path exists oveultiple nodes. In this
example, we see that there exists a path from g1 to g2, sotg&tpzlls trying to find
a path from g2 to the destination. The only way that this pathld exist would be to
have a loop on g2, which we do not, and so this branch fails.selef/3 term collects
the answers, organizes them, and then sets Path to be etjuaktt of answers, which
is now [[g1,92]]. By mere chance, this is the result of onlyearall being successful
and would likely not occur in a more complex example.

Now that we have a set of unique paths, we must traverse ttoarkinlg for any-
thing that would conflict with our given dependency. We sed the traversal is as
simple as checking at each node to see if conditions exist that we would violate
the requirements of our dependency or such that our depepaesuld violate the re-
quirements already in place. After conflicts are checkediforone exist, we look to

“For our purposes, we order alphabetically



make certain that the dependency is not already impliedhelidependency is not, we
then make certain that anything it implies is removed fromdlatabase and now add
the dependency’s definition to the database. Lastly, the exdgdded to the database
and add/3 returns true.

5.2 BigO

A simple examination of the call stack reveals that the paiogspeed is slowest when
traversing recurseconfligigl. This term performs two tasks that can take time: looping
through all paths from Start to End, enumerating the path#gewboping, and then
actually traversing the paths and looking for any confligtse time taken to enumerate
the paths from a subtree with m branches and n nodes per bfalhplaths lead to the
same leaf from the same root) is O(m*n). This is a ratheratidig O, but is only
narrowly beaten by recursecpath, which gives us the time taken looking for any
conflicts.

Assume that we have a subtree with m branches and n nodesgrehbrif we
attempt to add either an edge with fca or sc going from thersabbot to the subtree
leaf (all paths lead to the same leaf from the same root), viiebeiforced to check
all edges for conflicts. Having already enumerated the pathigh took O(m*n) time,
we must now examine for conflicts. We know that we will onceiadeave at least
O(m*n), since that is the number of nodes that we must exaerimaasse, but we also
can see that we have to find one more piece of information: Wigatonflicts are for
each of the dependencies on the edge to be added as well agit¢fmEndencies in the
edges on the path.

This means that we introduce a third variable, x, which isttital number of de-
pendencies being examined per edge (the number of depaadamcthe edge being
traversed, plus the number of dependencies on the edge tddee)d. We are guar-
anteed that x be greater than or equal to two, as a result bfdmtges having at least
one dependency. Our tree can have an infinite number of pathdepth, but we can
only have a finite amount of dependencies per edge, whichrilsefuconstrained by
the issues that occur with the different dependencies, scanaot take the limit as x
approaches infinity. This means that we have x*m*n, whichiltesn our order being
(m*n) since x can be assumed to be a constant. This is the roogilex order, so we
can see that the proof-of-concept (Appendix A) has a worst 0 O(m*n), since X is
trivial.

6 Detecting issues with composite dependencies

6.1 Detecting conflicting dependencies

Because we can logically state that a given dependency ctsnflith another, we can
create a Prolog back-end that will detect such conflicts.efpiix A shows a proof-of-
concept that can demonstrate the ease with which Prologedince that two depen-
dencies conflict either as composites or over a series ofsiode



If we return to Figure 2 we can see that the right branch coetinthrough the
depth-first search and eventually retufad. A close look at the proof-of-concept
shows that we will recursively traverse the paths discayareaking certain to traverse
all of the paths, and collect information about all of the ftiots that could arise via
each path. To detect conflicts with composites, we perfoersdime set of tasks that
we would were we looking at conflicts over multiple nodes. Wit eollapse the paths
from the source to the destination, querying for conflictsvaggo. What we have after
collapsing the nodes is a set containing all possible casftitat would arise were
we to add an edge from the source to the destination. Simpglywainow check our
desired dependency to see if it is in the set. Either it is andbt or it is not. If it is
not, we must move on and check for other violations that weoalagse our model to be
either inefficient or incorrect.

An example of a composite conflict is when you have an €ige T; contain the
dependencies strong commit and terminate. Strong comquines that ifT; commits,
T; must commit. We cannot force something to commit, so we haveveT; termi-
nate first. IfTj aborts,Ti must also abort. If, howeveT; commits,T; is allowed to
terminate in any state. By having terminate on the same eslgg@g commit, we are
attempting to havd; terminate beford; is allowed to. The restrictions on the edge
are now such that nothing can occur and the database caruoatgat; thus, we have a
conflict and since the conflict is between two dependencidb®isame edge we say
that we have a conflict between composite dependencies.

If we were to separate how we detect composite dependendijctenve would
simply examine all direct edges for conflicts. This would mélat we would not
build a path, but rather would call directly to cdefs(%degemcy%,%from%,%t0%).
For efficiency, however, the detection of composite cordliis been merged with the
detection of conflicts over multiple nodes, since we havehteck both prior to ac-
cepting the transition as being conflict free. This optirtia serves two purposes:
complexity is reduced and redundant calls are eliminatédelwere to perform the
checks independent of one another, we would actually checkdmposite conflicts
twice: once on the direct call and again when traversing #tle and recursively check-
ing for conflicts.

6.2 Detecting implied dependencies

One form of superfluous dependencies that can arise in aakgaiye those that are
implied, but exist as an edge. If the abort dependency eaisthe edgd; — T; and
we were to add a composite dependency such as the termirggadincy, we would
be attempting to add a dependency to the edge that alreaslg.exihis is because
terminate states thdt will terminate prior toT; terminating. Abort already states that
Ti will terminate prior toTj, even though it defines the way with which the termination
will occur (T; aborts if T; aborts). Therefore we can say that the terminate dependency
already exists on the edge, however indirect the existesicarid regardless of the
stricter definition imposed by abort.

Detecting implied dependencies is as simple as checkinggldf sl of the restric-
tions imposed by a given dependency already exist [9]. Iy the, the dependency
already exists in the model, even if the existence is anéutlione. If even one condi-



tion is not already present in the database, the dependsemot implied and may be
added without redundancy.

6.3 Detecting other superfluous dependencies

There exists a second form of superfluous dependenciesh\whggone unnoticed by
researchers: those that are ignored. Certain dependgmeient a case in which other
dependencies can be run. This is not a conflict, howeverusecaconflict requires an
environment such that neither of the two dependencies mawithout violating the
other. In this case, one dependency creates an environonantisat the other cannot
be run, however it is not prevented from running by the othegrahdency.

A simple example of this would be if the commit dependencyenercomposite
with the begin-on-abort dependency over the subtransaptd T — T;. The commit
dependency states that if both nodes commitnust commit befordj. The begin-
on-abort dependency also imposes order restrictions ordie,; it requires thaf;
not begin untilT; aborts. The way in which begin-on-abort works preventsizasion
such thafl; andT; both commit asT; will not be run if T commits. This means that
the commit dependency will not be run. Given this, we musklabthe requirements
of the commit dependency; if it imparts restrictions thagyaent begin-on-abort from
being allowed to run a conflict exists. Commit, however, doesrequire that both
subtransactions commit, only that if they do, they commitioertain order. Given
this, we know that commit and begin-on-abort do not conftiat,that commit is over-
ridden and ignored. Therefore, we say that we have begiabmmt as an overriding
dependency and commit as an ignored dependency when theréwmaged on the
same edge.

L ® ]
a,b a,c,fba,s:sc,t,}J ‘ aex.t
wa

[

2.

Figure 3: Simple subtransaction model



7 Detecting conflicting dependencies over multiple nodes

Conflicts can be detected over multiple dependencies siempdyigh using the proof-
of-concept (Appendix A). If a model were created whereby \aeehthe subtransac-
tions in Figure 3.1, we can see that we have a conflict by csiltgpthe nodes going
from gy to gs, as Figure 3.2 shows. We now can clearly see that we cannohaddige
from g1 to gg. The logic behind this is largely that requirements areoidtrced such
that we cannot traverse the desired edge and the interreeslilgtes without having
conflicting requirements. It should be noted that the apghtdaken traverses all paths
from nodeA to nodeX, so the order does not matter. For ingtgifieve were to take
a simple model that has two edges;—sc r2> andra —gcr3. If we were to try adding
a third edge to connect directly torz and give it any dependency that conflicts with
the strong commit dependency, the proof-of-concept woetdrn that the call failed.
If we were to add the edge containing the conflicting depecaylérst and then add in
the strong commit edges, the call would fail again.

recursecpath(fca,[[[q1,92],[92,93],[93,98]1.[[q1]d44,05],[95.q6].[96,q8]1.[[q1.94].[94,97].[97,qB]la1,q8]]], List,[fca])

[FIT]=H recurseconflicts(fcdnl,q2], (g2, 93], [g3,q8]],ROut] fcal) fail

/\
F=qg3 T=[gg

[S-] =T recurseconflicts(fcg2,q3], [g3,g8]],ROut[fca])  fail

|
S=g8 /\

setof(fca,fca”cdefs(fca,q3,g8),out)ail

N

cdefs(fca,q3,q8) fail

N

cdefs(bc,q8,q3) fail

TN

cannot(q8,abort,q3, fail

TN

catch(not(allow(g8,abort,q3,_,true)  fail

buildall:allow(g8,abort,q3,abort) fail
|

true

Figure 4: Call stack for recursecpath

The complexity involved in checking all paths is greatlyuedd thanks to recur-
sion, however the call stack can become large and cumbeitsodiegram. In short, if
we are attempting to build this model and wish to add the egdge ¢4 g Wwe would
create a call stack similar to Figure 4. It should be noted Wexdonot conflict for

10



any other reason than that there are multiple paths thatfstar a single location, tra-
verse to another location, and thathsconflict with one another. When detecting for
conflicts over multiple nodes we are actually checking toig#gere is another path
that places constraints such that neither path can be sed¢®]. The complexity in
checking conflicts over multiple nodes and paths is largeb/td a model's complexity.

8 Minimizing a model

The minimizing of a model occurs on-the-fly in the proof-afrcept. This is because
implied dependencies and conflicting dependencies are laglek=d to the database,
as well as the removal of implied dependencies [9]. If teatgénwere added to an
edge prior to abort, the method for detecting implied degeictes would not remove

terminate. Instead, a static term is used: minimize/3 (AyipeA.2). The term makes

certain that if a case occurs such as the above, any depéesiémat are implied by the

new dependency are removed from the edge. For instanceg iabttve case, before
the abort dependency is actually added to the database gedeuhinate would be

removed from the edge. This helps to ensure that the datdizesbeen minimized,

other than just looking for conflicts or making certain that £dge being added is not
already implied.

9 Detecting equivalent models

Two models are said to be equivalent if they imply the sameghi9]. Given this,
equivalence can be found if a list of all implied dependenereated for each model
and compared. The back-end provides a simple way of listiegrhplied dependen-
cies, but a front end must be used to make the comparison. ifiitation is simply
that multiple engines must be run with a model in each enddiraply call recursein-
cludes/4 for each model and see if all transitions in eithedeh are implied in the
other model. If they are, there exists an equivalence waidietween the two models.

10 Practical dependencies

Dependency Practical Dependency

Ti —aTj Ti—tTj
T —fcaTj T —pc Ti
Ti —>sch Tj —>aTi,Tj =t Tj

Table 1: Dependency inclusion relationships

There exist a handful of dependencies that are required liyem gependency in
order for that dependency to function. An example of this lddwe with the abort
dependency. This dependency states thtaborts,T; must abort. We can note that
no order is explicitly stated, but that we have to have an icitpbrder. If T; were

11



to abort afterT; has committed, a problem would exist. We assume that theaa is
implicit order such thal; terminates first, preventing such a scenario. By making such
an assumption, we are stating that there exists a pracegritiency,, on the same
edge.

By using this logic, we can see that only three dependeneies g0 require any
practical dependencies to enforce their definitions: alforte-commit-on-abort, and
strong commit. Force-commit-on-abortrequires fatommit if T; aborts; while more
restrictive than the definition, the only practical solatis to place a begin-on-commit
dependency on the reverse edge. Strong commit requiresf thatommits, Tj must
also commit. Since we cannfidrce something to commit, we must state thafTjf
aborts,T; aborts and rely on the practical abort dependéncy

Practical dependencies are not always logically derivaddoieoften must be directly
input into the back-end code. By doing this, the user doetaot to add the practical
dependency transition, such as they would if it were not dad® the back-end. This
also means that we can be certain that all checks inctweeythingrequired by any
given dependency.

11 Conflicting dependencies

11.1 Conflicting composite dependencies

Dependency Conflicting Dependency

T —T, T—T

a fca,sc

b fca
ba bc,fbb,fbc,fbt,fca,sc
bc ba,fba,fbb,fbt,fca,sc
c fca,sc
ex sc
fba bc
fbb ba,bc
fbc ba
fbt ba,bc
fca a,b,ba,bc,c,s,sc,t,wa
s fca,sc
sc a,ba,bc,c,ex,fca,s,t
t fca,sc
wa fca

Table 2: Dependencies that conflict when presented in the sinection

Dependencies can conflict in two separate ways, the firsphehen presented as

STerminate is a practical dependency of strong commit becabsrt is a practical dependency of strong
commit

12



composites. Table 2 lists all know instances where comg®sibnflict. Such conflicts
occur in cases such a§:—, Tj andT; —¢ca Tj. The abort dependency requires that if
Ti aborts, so mustj, while force-commit-on-abort states thaflifaborts,T; will com-
mit. The two dependencies cannot be fulfilled, so are saidndlict as one requires;

to abort and the other to commit. Conflicts such as this arediseest to detect because
you lack the complexity of working with multiple subtransiaos.

11.2 Dependencies that conflict over multiple subtransaains

The second way that dependencies can conflict is when thesoarehow linked over
multiple transactions. Take, for instance, Figure 3.1. his tase if we add another
edge that goes fromg; to gg and has sc or fca as a dependency, we have a conflict.
This is because we have an edge going in the opposite dinestiowe create a path
that goes frongs to g1. These sorts of conflicts can be very difficult to detect bychan
in a complex model as the relations might not be clear or asdyemissed. A major
motivation for automating the detection process, such asave, came about because
of the complexities involved in checking a model by hand. M/the above example is

Dependency Conflicting Dependency
T — T T —Ti

a a,ba,bc,c,fca,s,t
b b,ba,bc,s
ba a,b,ba,bc,fca,s,t
bc a,b,ba,bc,c,s,sc,t
c bc,c
ex S
fba fca,s
fbb fca,s
fbc S
fbt fca,s
fca a,ba,fba,fbb,fbt,fca,s,sc,wa
s a,b,ba,bc,c,ex,fba,fbb,fbc,fbt,fca,s,sc,t,wa
sc bc,fca,s,sc

t a,ba,bc,c,s,t
wa fca,s

Table 3: Dependencies that conflict when present in oppakiegtions

simple enough to follow and such conflicts are listed in Téhlthis is not always the
case. Conflicts can occur when two dependencies are prdsarpposing directions.
The relations created therein can become complex and cwsorerbut are mapped
out in Table 3.
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Dependency Implied Dependency

T — Tj T, — Tj

a c,wa
ba b,s,t
bc b,c,s,t
fbb fba,fbc,fbt
fbt fba,fbc
S b,c,t
t c

Table 4: Dependency inclusion relationships

12 Implied dependencies

Dependencies can imply other dependencies. This fact mportant to preventing
conflicts, but it is very important to the speed, efficienayd aeadability of a set of
subtransactions. A model cannot be said to be minimizedfmieit if there are re-
peated dependencies; similarly, if there exist depeneéeribiat are already implied in
a edge, the model cannot be said to be efficient and minimized.

Assume that we have a model where there is at least one ssattéon pair]; and
T;. The pair contains multiple dependencies, two of which heeabort dependency
and the weak abort dependency. Abort states thatborts,T; must also abort. Weak
abort states that i; aborts andlj has not committed]; must abort. Given these
definitions, one can say that abort is a stricter form of wdadta including all of the
requirements that weak abort implies, however it alwaysdsf;j to abort if Ty aborts,
while weak abort does not make such a requirement.

Prolog, given the definitions, can easily detect all incluelationships. The ap-
proachis simply to see if a dependency has all of its requergsin the Prolog database
prior to allowing the dependency to be added to the edge.l Hfahe dependency’s
requirements are already present, it is safe to assumehndependency is already in
the database, be it by inclusion or by already existing. Ttnele comes when adding
abort after weak abort has already been added. In such aaasarch will be per-
formed to remove any edge known to be implied by the given dépecy. Table 4 lists
all known implied dependencies, where the left column shitvesdependency of in-
terest and the right column shows all dependencies thaitrgikeeid by the dependency
of interest.

13 Ignored dependencies

One of the least discussed issues that can occur but thayiswegortant in minimizing

a model is that of instances where dependencies are edlyeigtimred. This occurs
when one dependency specifies that nothing can occur urgieific action occurs.
If another dependency is introduced that is only used whesrtaio action that is not
governed by the above dependency, this new dependency eanawhieve its goal.
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Overriding Dependency Ignored Dependency

Ti—T, Ti—T,

ba c,ex
bc a,wa
fca c

Table 5: Overriding and ignored dependencies

This is not a conflict; however, as the two dependencies alexith satisfiable, it is just
that the second dependency will never have an instance whggctually used.

For instance, the dependencigs—pa Tj andT; —¢ Tj may exist in a given model
prior to minimization. Begin-on-abort will block; until T; aborts, sal; andT; cannot
both commit {; will do nothing if T commits). Therefore, it can be said thacauses
¢ to be ignored. Table 5 lists all known ignored dependeneibgre the left column
shows the overriding dependency and the right column shiog/gyhored dependency.

14 Conclusion

There now exists a method for logically minimizing a modedi atetecting conflicts.
The proof-of-concept demonstrates the ease with which t&asks can be undertaken
in a logic language such as Prolog. Furthermore, clear diefiisi are provided for
what makes two dependencies conflict, what makes a depgnazhmdant, and what
makes a dependency overridden by another. Comprehenabies tfor the conflicts
and superfluous dependencies are also provided, as weheticat dependencies that
can arise on an edge containing composite dependencies.imfostantly, a method
for detecting conflicts and ignored dependencies over pialtiodes has been defined,
thereby allowing for complicated models to be created ast&te

The proof-of-concept provided allows any Prolog programtoesasily add defi-
nitions to the database and is written in the ISO standaigowitusing complex state-
ments. As a result, a clean, easy to adapt proof-of-conbeptshould be relatively
simple to follow has been created. In doing this, the methsesl can be proven, al-
lowing the community to repeat and build on this researcH,alowing those willing
to work directly with a back-end to examine even the most desomodel for conflicts
when the model contains the fifteen dependencies defined.

While this work has added the ability to automate the prooéssxamining and
minimizing a model, it leaves more to be done. The methodsléecting conflicts
and implied dependencies are completely automated, buldtextion of “ignored”
dependencies has not been completely automated. While igmmied relations can
be detected by Prolog, such &s—p Tj andTj —4 Tj, others (such a§ —pa Tj and
Ti —¢ Tj) do not seem to be able to be derived given the definitionseoflé@pendencies.
Instead, these are practically ignored, not logically iggab The conflict detection
module of the program developed as a part of this researchrdgiretect some of the
ignored dependencies.

In addition, there is room for improving the speed of the frobconcept, as well
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as decreasing the memory footprint, which could not be dameguthe implemented

programming languages and interludes (such improvemeaets wacrificed for de-

creased complexity and increased ease of programming)théfamore, it might be

useful to consider the actual state by emulating the trdimsascheduler. By doing

this, it would be possible to have more specific definitiongtie dependencies as well
as include such dependencies as weak begin-on-commit. Méggk-on-commit needs
to be better defined, however, before it can be automated.

Finally, the addition of security constraints to both thele&nd and front-end will
increase the capabilities of the program. By adding therggaonstraints, developers
and researchers will be better able to create perfectlyrarogned databases and less
likely to create an unstable database model. Prior to dgaohstraints being added,
however, they must be better defined.
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A Proof-of-concept

Complete source code can be found at http://danielseesiitc.com/papers/ata.html

A.1 transactionanalyzer.pl
#/usrbin/pl —LO —TO —GO —s

/* Proof-of-concept created by Daniel Owens

* Version 2.0

* Copyright (C) 2006 Daniel Owens

* This program is free software; you can redistribute it aod/

* modify it under the terms of the GNU General Public License

* as published by the Free Software Foundation; either \@rs?

* of the License, or (at your option) any later version.

*/ 10

/*

* This program is distributed in the hope that it will be usefu

* but WITHOUT ANY WARRANTY; without even the implied wagraft

* MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. Bee t
* GNU General Public License for more detalils.

*/

/*

* You should have received a copy of the GNU General Publierise 20
* along with this program; if not, write to the Free Software

* Foundation, Inc., 51 Franklin Street, Fifth Floor, BostoMA 02110-1301,
* USA.

*/

:— ensureloaded[buildall]).

/*
* This is called if the database is empty.
*/ 30
addA, B, Dep :—

catchtransitior(A, B), _, (asserttransitior(A, B)),

asser{edg€A, B, Dep))),
catchiedge€A, B, Dep), _, fail),
I, %If the edge and transition exist, we don’t need to examirecther
%add/3's

runcheckéA, B, Dep).
/*
* This is called if the transition exists, but the edge does no
*/ 40
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A2

addA, B, Dep :—
transition(A, B),
runcheckéA, B, Dep),
I, %Speed up time by not letting it backtrace if we fail from here
not(edg€A, B, Dep),
asser{edg€A, B, Dep).
/*
* This is called if the database is not empty, but the trapnsitand edge
* do not exist.
*/ 50
addA, B, Dep :—
not(transitiornA, B)),
asserttransitior(A, B)),
(runcheckgA, B, Dep
—>true
;(retract (transitior(A, B)),
fail)),
I, %Speed up time by not letting it backtrace if we fail from here
not(edg€A, B, Dep),
asser{edg€A, B, Dep). 60

getpatiiA, B, List) :—
transition(A, B),
asser{blackB)), %Signals that the goal was found
List=[[A,B]].

getpatliA, B, List) :—
transition(A, C),
asser{grey(A)),
not(grey(C)), %Checks to see if C has already been explored
getpatkiC, B, E), 70
blackB), %Checks to see if the Goal was found
mergese([[A, C]], E, List).

getallpath6A, B, List) :—
setof{C, C getpatltA, B, C), List), %Get all unique paths

retractall (greyX)),
retractall (blackX)).

buildall.pl
:— ensureloaded[conflictdefsimpliesdefsrecurseconflictsecurseincludgy
[* 80

* Check for conflicts, includes, then minimize the transactnd add the
* definition.
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*/

runcheck&Nodel Node2 Dependency:—
recurseconflici®Nodel Node2 Dependency_),
not(idefgDependencyNodel Noded),
minimize(DependencyNodel Node3,
adddefDependencyNodel Nodel.

* 90
* Minimize the transaction by removing edges that are inelidy the

* definition of the dependency. The included dependencies beifed to

* Prolog explicitly in this case to avoid having to teach Ryglthe

* included dependencies every run.

*/
minimize(@A,B) —
(edg€A,B,wa)
—>retractall (edg€A,B,wa))
;true),
minimizet,A,B), 100

minimizgwa,A,B).
minimizeb,_,_).
minimizebaA,B) :—
(edg€A,B,9)
—>retractall (edg€A,B,9))
;true),
minimizes,A,B).
minimize(bcA,B) :—
(edg€A,B,9)
—>retractall (edg€A,B,9)) 110
;true),
minimizes,A,B).
minimize(c,_,-).
minimizeex,_,_).
minimizefba,_,-).
minimize(fbb,A,B) :—
(edg€A ,B,fbt)
—>retractall (edg€A,B,fbt))
;true),
minimizefbt,A,B). 120
minimizefbe,_,-).
minimizeg(fbt,A,B) :—
(edg€A ,B,fba)
—>retractall (edg€A,B,fha))
;true),
(edg€A,B,fbc)
—>retractall (edg€A,B,fbc))
;true),
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A3

minimize(fba A,B),
minimize(fbc,A,B). 130
minimizegfca,A,B) —
minimize(bc,B,A).
minimize(s,A,B) :—
(edg€A,B,b)
—>retractall (edg€A,B,b))
;true),
(edg€A ,B.t)
—>retractall (edg€A,B,t))
;true),
minimize(b,A,B), 140
minimizg(t,A,B).
minimize(scA,B) :—
minimize(@B,A).
minimizet,A,B) :—
(edg€A,B,c)
—>retractall (edg€A,B,c))
;true),
minimize(c,A,B).
minimizewa,_,_).

recurseconflicts.pl

antithesi¢ , [], Empty) :— 150
Empty=[]. %Empty is set to an empty list

/*
* The antithesis/3 term finds and creates a list of all knowpeat&encies
* that are not in the given list. This is used to create the &t
* dependencies that conflict.
*/
antithesigOrigList, Deps Conflicty :(—
[DepNewDep$=Deps
I, %Speed up time by not letting it backtrace if we fail from henetso
antithesigOrigList, NewDeps E),
(membe(DepOrigList)
—>Conflict=[]
;Conflicts[Dep),
mergese{Conflict, E, Conflicts.

/*

* Merely provides a more abstracted term for discovering tomflicts from
* Start to End.

*/ 170
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listconflictgStart End, List) :—
recurseconflictStart End _, List).

recurseconflicts, [], Empty, _) :—
Empty=[]. %Empty is set to an empty list

/*

* Recurses through the transitions; the list expected isralsi list.

*/

recurseconflicid®ependencyPath List, DependencyLigt:— 180
[H|Taill=Path %pull off a transaction pair from Path
I, %Speed up time by not letting it backtrace if we fail from here
recurseconflict®ependencyTail, ROut DependencyLigf
[F|TI=H, %get Nodel
[S|-]=T, %get Node2
setof{DependencypependencycdefgDependencyF, S),0ul),
antithesigOut, DependencyLis€onflictsLis),
mergese{ConflictsList ROut List).

[* 190

* Calls to recursecpath/4, which then recurses through aldeduist.

*/

recurseconflictStart End DependencyList) :—
var(List),
I, %Speed up time by not letting it backtrace if we fail from hene
getallpath&StartEnd, Path, %get all paths to End from Start
setof{DependencypependencydepgDependencyDependencyLigt
recursecpattbependencyPathList,DependencyList

recursecpath_, [], Empty, _) :(— 200
Empty=[].

/*

* Recurses through the double list, which contains path rinfation,

* extracting the single lists and having recurseconflictaraine the

* individual paths.

*/

recursecpattbependencyPath List, DependencyLigt:—
[HeadTail]=Path %pull off a transaction pair from Path,
I, %Speed up time by not letting it backtrace if we fail from heneio
recurseconflicid®ependencyHead ROut DependencyList
recursecpatftbependencyTail, OtherRoutesDependencyList
merge se{OtherRoutesROut List).

22



