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ABSTRACT

In this paper, we give a formal model for real-time database
systems using Duration Calculus. Our model supports the
formal reasoning about the operations in the systems. As a
case study for our technique, we give a formal specification
and verification of the Read/Write Priority Ceiling Protocol
(R/IWPCP).
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1 Introduction

Real-time Database Systems (RTDBS) have been used in
a wide range of applications such as air traffic control,
robotics and nuclear power plants. Research on RTDBS
has received a great deal of attention [1, 4], and belongs to
two different important areas in Computer Science: real-
time systems and database systems. Usually, transactions
in RTDBS are associated with time constraints, e.g. dead-
line. The concurrency control in Real Time Database Sys-
tems has to ensure not only the consistency of the data in
the multi-user environments like in traditional databases,
but also the temporal consistency of the data, and that all
transactions meet their deadline. Therefore, the concur-
rency control in Real Time Database Systems (RTDBS) is
much more complicated than the one in traditional database
systems (DBS). A formal technique for modelling and rea-
soning about the behaviour of the concurrency control will
support the analysis and verification of concurrency con-
trol algorithms. In this paper, we focus on the development
of such a mathematical model of RTDBS. In particular, we
focus on the formalisation of the integration of the concur-
rency control with scheduling in RTDBS. We use Duration
Calculus (DC) introduced by Zhou, Hoare and Ravn in [6]
as a logical foundation for our approach. The reason for
this choice is that DC is a simple and powerful logic for
reasoning about the time durations, which is a main con-
cept in scheduling.

Our approach is summarised as follows. We first ex-
tend the formal model of RTDBS proposed in [5] with
the capacity for modelling (iterated) periodic transaction
systems. Handling the periodic transaction systems with
deadline is not trivial. Then, we give a formal specifica-
tion of the correctness criteria for concurrency control in

RTDBS which consists of the serializability, the temporal
consistency and meeting timing constraints. To show the
advantages of our model, we give a formal specification
and verification of the Read/Write Priority Ceiling Proto-
col (RIWPCP).

2 Duration Calculus

Duration Calculus (DC) is a logical approach to formal de-
sign of real time systems. DC adopts continuous time and
uses boolean-valued functions over time to model states
and events of the real time systems. The duration of a state
over atime interval is the accumulated presence time of the
state over the interval. We refer to [3] for more comprehen-
sive introduction to DC..

Time in DC is the sef* of non-negative real num-
bers. Fort,t' € RT,t < ' [t,t'] denotes the time interval
fromt to¢'. Let Intv denote the set of all intervals.

DC has a seE of boolean state variable&: includes
the Boolean constants 0 and 1 denotiiatse and true
respectively. State expressions, denotedbg), Py, Q1,
etc., are built from boolean state variables using boolean
connectives. A state variable is interpreted as a function
I(P) : R™ — {0,1} (a state).I(P)(t) = 1 means that
stateP is present at time instantand(P)(t) = 0 means
that stateP is not present at time instant We assume
that a state has the finite variability in a finite time inter-
val. A state expression is interpreted as a function which is
defined in the obvious way from the interpretations for the
state variables and Boolean operators.

For an arbitrary state expressiéh the duration ofP
is denoted by[ P. Given an interpretatior of state vari-
ables and an intervat, ¢'], duration [ P is interpreted as

ftt/ I(P)(t)dt. [ 1 always gives the length of the intervals
and is denoted by. An arithmetic expression built from
state durations and real constants is called a term.

We also assume a set of temporal propositional letter
X,Y,... Each temporal propositional letter is interpreted
by I as truth-valued functions of time intervals.

A primitive duration formula is either a temporal
propositional letter or a Boolean expression formed from
terms by using the usual relational operations on the reals,
such as equality= and inequality<. A duration formula
is either a primitive formula or an expression formed from
other formulas by using the logical operatefsa, V, =,
<, and the chop.



A duration formulaD is satisfied by an interpretation
I'inanintervallt’,t"] just when it evaluates to true for that
interpretation over that time interval.

Given an interpretation, the chop-formuld,; D, is
true for[t’, "] iff there exists & such that’ < ¢ < ¢” and
D, and D, are true forff¢’, t] and[t, t”] respectively.

We give now shorthands for some duration formulas
which are often used. For an arbitrary state variaBle
[P] stands for([ P = ¢) A (¢ > 0). This means that
interval is a non-point interval an® holds almost every-
where in it. WhenP in interpreted as a one-side contin-
uous function,] P] means that the interval is a non-point
interval andP holds everywhere in it. We ude] to denote
the predicate which is true only for point intervals. Modali-
ties<, O are defined as® D=true; D; true, 0 D=--D.
This means that D is true for an interval iffD holds for
some subinterval of it, and D is true for an interval iffD
holds for all subintervals of it. We will use the abbreviation
[PI* = T1VIP]

We refer the readers to [3] for a powerful proof system
for DC which is complete for the abstract time domain.

3 Formal Model of Real Time Database Sys-
tems in DC

3.1 Basic model

Let a real-time database system consist of asef data
objects (ranged over by, y, z, . . .), and a se¥ of n trans-
actionsT;, 1 < ¢ < n.

Each transactioff; arrives at the DB system periodi-
cally with the periodP;. In a period, a transaction performs

some read operations on some data objects, does some lo-

cal computations and then performs some write operations

on some data objects. We assume the atomic commitment

of transactions: if a transaction has been aborted then it's

execution has no effects on the database. We also assume
that each transaction can read and write to a data object at

most once during its execution in one period. These as-
sumptions are for the simplicity and well accepted in the
literature. Each transactidfi, besides its period®;, also
has its own deadlin®;, a priorityp;, an execution timé¢’;,
a data read s€®0O; and a data write sét’ O, (RO, and/or
WO; may be empty).

Let z be a data object. For ea¢hs n let T;.wrin(z)
be a DC state variable expressing the behaviour:.of
T;.wrtn(z) holds at timet iff the value ofx att¢ is the
one written by transactioff;. The view of T; on x can
be modelled as a state variallleread(z) defined as fol-
lows. T;.read(x) holds at timet within a period iffT; has
performed a read operation ansuccessfully before in
that period. Therefore, the read operationzoim a period
is performed at the time th&t.read(z) changes its value
from 0 to 1 in that period. To express that a time interval
[a, b] is a period off;, we introduce temporal propositional
letter T;;.priod. T;.period([a,b]) = true iff [a,b] is a pe-

riod of T;. Of course,
T;.period = ¢ = P;. Q)

For eachi < n state variablel;.arrd is introduced
to express thaff; is standing in the system at time
T;.arrd(t) = 1iff at time ¢ transactior; is in the system
and has not been committed or aborted since then. Because
we assume that; arrives at the beginning of any period of
its, it holds:

T;.period = [T;.arrd] “true (2)

We introduce variable§;.req_rik(xz) andT;.reqwlk(x)
to express that; is requesting lock for a data objectat
timet: T;.reqrik(z)(t) = 1 iff transactionT; is request-
ing a read-lock on: at timet, andT;.req-wlk(x)(t) = 1
iff transactionT; is requesting a write-lock on at timet.

When a transactioff; requests a lock on data object
x, it may be granted or has to wait. Therefore, for each
i < n and for eachz, we introduce the state variables
T;.wt_wlk(z) andT;.wt_rik(x) as: T;.wt_rlk(z)(t) = 1
iff transactionT; is waiting for a read-lock on data ob-
jectz at timet, T;.wt_wlk(x)(t) = 1 iff transactionT;
is waiting for a write-lock on data object at time ¢,
T;.hld_rlk(x)(t) = 1 iff at time ¢ transactionT; holds a
read-lock on data objeat, andT;.hld_wik(z)(t) = 1iff at
time ¢ transactiori; holds a write-lock on data object

In a period, a transaction can commit or abort. There-
fore, for eachi < n state variableg;.comtd andT;.abd
are introduced to express tHathas already committed or
aborted at timet: T;.comtd(t) = 1 iff T; has commit-
ted successfully beforein a period of containing, and
T;.abd(t) = 1 iff T; has aborted beforein a period of
containingt.

At the beginning of a period, all transactions have not
read anything from the database.

O(T;.period = /\ ([-T;.read(x)];true))  (3)
zERO;

For any transactioff;, at any time, eithef’;.arrd or
T;.comtd or T;.abd (here we assume that at the beginning,
if a transaction has not arrived, it is committed)

O[T;.arrd V T;.comtd V T;.abd ] * (4)
These three states are mutually exclusive:
O[T;.arrd] = [-(T;.comtdV T;.abd)]  (5)
O[T;.comtd] = [-(Ti.arrdV T;.abd)] (6)
O[T;.abd] = [-(Ti.arrdV T;.comtd)] (7)

At any time the value of a data object is given by one and
only one transaction (here we assume that there is a virtual
transaction to write the initial value for all data):

af \/ T; wrtn(z)]* (8)
T eT

O /\ [-(T;.wrtn(z) A T;wrtn(z) ] (9)
T AT, €T



A transactionl’; requests a lock for a data objeciff it is
in state “arrived” and it is either holding it or waiting for it:

T;.reqrik(zx) < (Ti.arrd\ -,
U (T hidrik(@) v Tt rik(zy)) | 20
T;.requwlk(z) < (Tj.arrd\ -,
O (71 hidwik(z) v Towt wik(z) T @D

A transaction cannot hold a lock and at the same time wait
for it:

O[~(Ty.hldrlk(z) A Ty.wt_rlk(z))]*
O[—(Ty.hldwlk(x) A Ti.wt_wlk(x))]*

12)
(13)

The conflicting locks cannot be shared by transactions.
Therefore, fofl; # T;

O[~(T;.hld_rlk(z) A Tj.hidwlk(z))]*
O[~(T;.hid_wlk(z) A Tj.hld1k(z))]*

(14)
(15)
A transaction can read or write on a data objeonly

if it holds the corresponding lock on the data objeeit the
time:

O[-T;.read(z)]; [T;.read(x)] =

O[T;.hld_rik(z)] (16)
O[-T;.wrin(z)]; [T;.writn(z)] =
O[Ty hld-wlk(z)] 17)

In any period, a transacticfi cannot hold a lock for a data
objectsz after it has released this lock:

T;.period = —~O([ T hld_rlk(z)];

[-T;.hldrlk(x)]; [T hldrik(z)]) (18)
T;.period = =< ([T;.hld-wlk(x)];
[—T;.hld_wlk(x)]; [T;-hld wlk(x)]) (29)

As mentioned earlier, for each period, for alindx
the stateT;.read(x), T;.comtd andT;.abd can change at
most once.

T;.period = (20)

O([T;.read(z)]; true = [T;.read(z)])
T;.period =

O([T;.comtd]; true = [T;.comtd]) (21)
T;.period =

O([T;.abd]; true = [T;.abd]) (22)

From the assumption of atomic commitment it fol-
lows that if a transaction has written something into the
database then it should commit at the end.

T;.period =
((O[T;.wrtn(z)]) = true; [T;.comtd])

(23)

Let ENV be the set of the formulad), (2), (4),...,(24)
withx € 0,1 # jandi, j < n.

Let state variabl€;.run be defined ag;.run(t) =
1 iff transaction7; is running on a processor at time
t. When a transactioff; has arrived and got all data
object locks it needs, it is ready to run on the proces-
sor. T;.ready(t) = 1 iff transaction”; is ready to ex-
ecute on a processor at tinte When a transactiofT;
is ready, it must not wait for a read-lock or a write-lock:
[T;ready] = [-Tiwtorlk(z)] and [T;.ready] =
[-T;.wt_wlk(x)]. A transaction runs only if it is ready.
Therefore for every transactidf (Al):

O([T;.run] = [T;.ready])

In a period if a transaction is standing, the maximal
required execution time has not been reached. Hence, (A2):

T;.period =
(true; [-T;.comtd];true =
(JTi.Run < C;); [T;.comtd]; true)

In a period if execution time df;; is equal toC;, T;
will commit from that time (A3):

T;.period =
(JT;.run = Cj; € > 0 = true; [T;.comtd]))

Assume that the transactioffs, . . ., T,, share a sin-
gle processor, and transaction priorities are assigned by the
Rate Monotonic Algorithm, which assigns a higher priority
to a transaction with shorter period. Without the loss of the
generality, we assumi, < P, < --- < P,, and priorities
are in decreasing order from to p,,, wherep; denote the
priority of T;.

At any time if one transaction is running, any other

transaction cannot be running: Fog j
(A4) O[-(Tirun ATj.run)]*

The processor cannot stay idle when a transaction is
ready:

(A5) O([T;.ready] = [f\/lgjgn Tj.run])

A transaction with lower priority cannot be running
when a transaction with higher priority is ready:

(46) O([Tiready] = N j<,[-Tj.run])

The conjunction of the preceding formulas (A1)—(A6) cap-
tures our uniprocessor model for the transactions.

3.2 Correctness Criteria of Concurrent Exe-
cution of Transaction Systems

3.2.1 Serializability

The serializability of an execution of the transaction system
says that the relation ‘before’ between the executions of
transactions defined by the order of the conflict operations
in the execution is a partial ordering on the (infinite) set of



transaction executions. Given an execution of the transac-
tion system, any transaction has its own period, and in each
period, there is one execution of the transaction. Hence, the
set of all the executions of transactions is infinite. We have
to to describe a criterion for the infinite relation ‘before’ to
be acyclic by just a formula.

There is a nice characterisation for the relation ‘be-
fore’ of the transaction system to be acyclic which is about
the behaviour of transaction system in an interval with the
length(n+1) x P, only. Namely, we prove that the relation
‘before’ of a system execution is acyclic if and only if for
any interval which consists of exactly. + 1) consecutive
periods ofT,, its restriction on the transaction executions
in this interval is acyclic. The ‘only if’ part of the statement
is trivial. The proof of the ‘if’ part is by contradiction. For
contradiction, assume that there is a cy€le Cs, . .., Cy,
in the relation ‘before’ over the set of transaction execu-
tions, C; is ‘before’ C;; for j < k, andCj, is ‘before’

C1, whereCj is an execution of a transactidp, in a pe-

riod P. LetI; be interval of time for that perio@®. Let the
cycle C1,Csy, ..., Cy be ‘smallest’ (meaning that it does
not include another cycle). By the definition of the relation
‘before’, for eachy < k, there is a data objeet; such that

C; performs an operation; on x; beforeC;; performs

an operation orx; that is in conflict toc;. That means
there is a time point irf; that is earlier than a time point

in I;41. Similarly, there is a time point id;, that is earlier
than a time point in;. SinceC4, Cs, ..., Cy is a smallest,
there is not more than one execution of the same transaction
in the cycle (this is because that all executions of the same

transaction access the same set of data objects and performs

the same set of operations). Henkeg n. Consequently,
the union of the time intervals of the executions of this cy-
cle,U¥_, I; should be included in the time interval with the
lengthn x P,,. Hence, this interval should be included in
n + 1 consecutive periods of transactiép. This is a con-
tradiction to the fact that for any interval which consists of
exactly (n 4+ 1) consecutive periods df,,, the restriction

on the relation ‘before’ on the transaction executions in this
interval is acyclic.

The relation ‘before’ between the executions of dif-
ferent transactions are modelled as follows. ket=
(n+ 1)P,). The order between conflict operations on data
objectz in an interval with the length less thanis cap-
tured by
WR; (2)=(O([ T wrtn(x)] A [T .read(z)]);

l < a; [Tj.read(z)]),
RW, (2)2(O([Tr-read(x)] A [<Tj.wrtn(x)]);
¢ < a; [Tj.wrin(z)]),
WW,; (2)=(O[Ti.wrtn(z)]; £ < a; [T;.wrin(x)]).

To express that the relation ‘before’ defined as above
does not have a cycle longer than we first find an ex-
pression for its transitive closure. This is expresses by the
following DC formulaC}; defined as:

1
Cz’j
n
Cz’j

(RW; v WR; V WW;)
CitvepTtaeh)

~
~

Serializability Criterion

A concurrent execution of the set of transactions
is serializable iff it satisfie$T,,.period; ¢ = n x P,) =
Nij<n.iz ~(Cls ACF,) inany interval.

3.2.2 Temporal Consistency Criteria

In a RTDB, there are two kinds of data objects: continuous
data objects and discrete data objects.@eatenote the set
of all data objects in a RTDBS.

Continuous data objects are related to external objects
continuously changing with time. The value of a continu-
ous data object is obtained directly from a sensor or is com-
puted from the values of a set of other data objects.

Discrete data objects are static in the sense that their
values do not become obsolete as time passes. Let the set
of discrete data objects &

At each moment of time a continuous data object has
a value represented by its current version which is valid for
some time interval. Note that at the same moment of time
there may be several versions of the same continuous object
in database that are valid.

Let o be a continuous data object. For eack N
there is a state variablelidity, (o) to reflect the validity
of ¢'th version for the value ofv and a real state variable
valuey () to reflect the value of at timet is theg’th ver-
sion. validity, (o) holds at timet iff ¢'th version of a con-
tinuous data objecat has been created (before tirjeand
is still valid at timet. For the simplicity of representation,
we assume that discrete data only hétreversion ¢ = 0)
with the validity intervall0, +00).

validity, («)(t) = 1iff ¢ is in the valid interval of the
q'th version ofa, value, () (t) = 1 iff the value of« att
is theq'th version ofa.

There is a positive lower bound for the valid in-
terval (depending on the sampling periods), and each ver-
sion may have only a single interval of validity. For a ver-
sion ¢ of the data objecty, there is a predefined number
aviy(a) which is the maximal length of its validity inter-
val. Namely, versiory of « is valid for avi,(a) (> &)
time units since the time it was created. Therefore,

[-validity, (o) T; [validity, (c)];

[—validity, (a)] = ¢ > avig(a) (24)
[validity, (a)] = £ < avig(a)) (25)
[validity, () ]; true = [validity, (o) ]V

[validity, (o) ]; [—-validity, ()] (26)

The absolute temporal consistency at a tiroéa data
objecta means that there is a versigiof « which was born
at timet, ) that is still valid, i.e.t — t(, 4) < avig(c).
The absolute temporal consistency of the data in a RT-
DBS means that all data objects satisfy the absolute tem-
poral consistency at any time. Since we have assumed that
at any time, there should be a versigtior a data object
(normally, the version that was created most recently) for



which value, holds, the absolute temporal consistency is
formalised simply as follows.

Absolute Temporal Consistency CriterionACONS¢, q)

is defined as

O([valuey(a)] = [validity, (a)])

Relative consistency says that data objects from some
data set should be temporally correlated. Any3eif ver-
sions of continuous data objects, i.& is a set of pairs
(o, q), is associated with a number called lengthedétive
validity intervaldenoted byvi(R).

The relative consistency of a sBtof versions is ex-
pressed by the following DC formuRCONS$R), meaning
that R is relatively consistent iff DC formulRCONSR) is
true for all intervals, wher@CONSR) is defined as: For
any(a1,q), (az,r) € R

[validity, (a1) A —validity, (az2)];
O [-validity, (az)]*; [validity, (a2)] =
(¢ < rvi(R)); [validity, (as)]

As we have said earlier, for any data object at
any timet, there is a versiory for which value, () is
true. Normally, when a transaction readsat timet, it
will get the versiong for which value,(c). However, in
some scheduler, they may give a different valid version.
In order to be more general, we introduce the step func-
tion T;.readv to return the version number read By for
a value of data objectT;.readv(a)(t) = ¢ iff at time ¢
transactionl; has performed a read operation gth ver-
sion most recently of data obje@t).

A transactioril; can read a set of versions of data ob-
jects in an interval. Therefore, for eatk n we introduce
a temporal variablega; to express the set of versions of
data objects read b¥j; in an interval.

An execution of the transaction system is temporally
correct iff each transaction, in each period of its, meets
the deadline, reads the set of temporally valid (i.e., re-
cent enough) data objects and is committed before any
of them becomes invalid, and that all the data read by a
transaction in a period are relatively temporally consis-
tent. These conditions are specified by the DC formulas
DL;, ATC;, RTC; as follows.

[T;.period] =

DL,=| (O([T;.arrd] = £ < D;))A
JT;.run = C;)
et A [T,.read(a)]
T;.read(a) ] A
= ()ERO;,g£0 1 72
Then,

ATC=([T;.period] =

O([T;.arrd] = RDVLD)).
[ T;.period] A
((Oé,q) € Ra; — q 7& 0
AO([T;.read(a) A
[T;.readv(a) = q1))

= RCONS(Rw;).

LetCM = A,.,, DL; N ATC; N RTC;.

Correctness criterion for the execution of transactions
in RTDBS: an execution of sef’ of transactions is correct

RTC;=0

iff for any interval it satisfies the formuldF RIALACM.

4 Formalisation of Read/Write Priority Ceil-
ing Protocol in RTDB

Serializability of 2PL  We adapt the formalisation in [5]
for the iterated transaction systems. In 2PL, a transaction
execution consists of two phases. In the first phase data
object locks are acquired, while in the second phase the
data object locks are released and new locks can not be
acquired. For each transactidhwe introduce a state vari-
ableT;.obphase to express which phase the transacfion
is in at a time.T;.obphase(t) = 1 iff transactionT; is in
the obtaining phase at tinte

Then, 2PL is formalised by the following DC formu-
las.

T;.period =
([T;.obphase]; [ ~T;.obphase]) (27)
T;.period = (28)
O([T;.obphase]| = [-T;.comid])
T;.period = (29)

O = [-T;.hldrik(z)];
[T;.obphase];true

T;.period = (30)
[-T;.hldwlk(x)]; [T;-hld-wlk(x)] )

[T hld_rik(z)]; [T;.hld_rlk(z)] )

O = [-T;.hldwlk(x)];
[T;.obphase];true

T;.period =

(1)
- [T;.hld rik(x)]; [-T;.-hldrlk(z)]
( = [T;.hldrlk(z)]; [-T;.0bphase] )

T;.period = (32)
[T;.hld wlk(z)]; [-T;-hld-wlk(x)] >

. ( = [T;.hld_wlk(x)]; [-T;.obphase]

Let 2PLC be the set of the DC formula®7), ..., (32)
and2PL= A coprc Op

Theorem 1 SERIAL is provable fromENV and2PLC.

Formalisation of RI'WPCP Let WPL(z) andAPL(x)

be constants denoting the write priority ceiling and the
absolute priority ceiling for a data object let PN =
{p1,...,pn} denote the set of integers for expressing
the priority of transactions, and I€f;.locked_data and
T;.sysceil be object-set and real state variables (defined be-
low). The write priority ceilinglV PL(x) of data objectr

is defined as the highest priority of transactions which may
write z. WPL(xz) = max{p; | z € WO; andj < n}.
The absolute priority ceilinglPL(z) of data objectr is
defined as the highest priority of transactions which may



read or writez,
APL(z)=max{p; | r € RO; UWO, andj < n}

To express the behaviour of the R/IWPCP, we intro-
duce areal state variablIWV PL(x), called read write pri-
ority ceiling.

When data object is read-locked (write-locked), the
read write priority ceilingRW PL(x) is equal toW PL(x)
(APL(z)): RWPL(z)(t) = 0 if at time ¢ objectx is
neither read-locked nor write-locked by any transaction,
RWPL(z)(t) = WPL(x) if at time ¢ objectx is read-
locked (by some transaction) and is not write-locked, and
RWPL(z)(t) = APL(z) if at time ¢ objectz is write-
locked (by some transaction).

T;.locked_data is a function denoting the set of data
objects locked by transactions other th@nat a time:
T;.locked_data € [Time — 29], T;.locked_data(t) =
{z | thereisj such thafl;.hld_lk(x)(t) andi # j}.

T;.sysceil denotes the highest r/w priority ceiling
of data objects locked by transactions other tHgnat
a time. T;.sysceil(t) = max{RWPL(z)(t) | = €
T;.locked_data(t)}.

When a transactioff; attempts to lock a data object
x at timet, T; will be blocked and the lock on an object
will be denied, if the priority of transactidh; is not higher
thanT;.sysceil(t). In this case, we sa¥; is blocked by
a transactior?; which holds a lock orx. We introduce a
state expressioft;.blockedbyT};) for T; # T} to express
this fact:

Vaeco(Tj-hldrlk(z) A Tyawt rlk(z)A
T;.sysceil > p;)

V Vo (Tj-hdrlk(z) A Tiawt wlk(z)A
T;.sysceil > p;)

V Vo (Tj-Mdwlk(x) A Tpwt rik(z)A
T;.sysceil > p;)

V Vo (Tj-hdwlk(x) A Tiwt wlk(xz)A
T;.sysceil > p;)

Let HiPri(T;,T;) be a boolean-valued function of
time (a state variable) to express which transaction between
T; andT} has higher priority.

(a) As a prioryHiPri is a partial order:

/\TL#TJET(HIPH (Tl, TJ) = —HiPri (1}, TL))

(HiPri (T}, Ty ) A
/\T,;;ﬁTj;éTkeT

HiPri (T}, T;)) =
HiPri (T“TJ)
(b) HiPri (T, T;) has to capture the inheritance of pri-
orities by the R/IWPCP:
Ty .blockedby(T;) =
(HiPri (T}, T;) =
HiPri (T;,T;))
Ao e ( /\T.ke.T(ﬁTk.blockedby(Ti)) = )
# T (HiPri(T;,T;) = p; > pj)

R/WPCP always allows the transaction with ‘the
highest priority’ among the ready transactions to leR§:
ForT; # T1j:

O([T;.run] A [T;.ready] = [HiPri(T;,T;)])

Ar, AT £TRET

In RIWPCP, when a transaction requests a lock, it is
granted iff its priority is higher than the system ceiling for
it. This is formalised by GrR):

O([-T;.hldorlk(z)]; [T Mldrik(z)] =
Olps > T;.sysceil])

and Grw)
O([~T;.hldwlk(z)]; [T-hld-wlk(z)] =
Olpi > Ti.sysceil])

When a lock is available for which some transactions
are waiting, it will be granted to some of them. The one
who gets should have the highest priority. These unblock-
ing rules can be specified ddr{BI1):

O((Ag,er [-Ti-hld k() ]) =

(A er [-Tiwt 1k(z)]))
and UnBI2):

- ( [T wt lk(x) AT wtlk(z)]; )
"_—\Ti.wt,lk(ﬂi)] = HiPri R/WPCF(TZ‘7Tj)

(x € O,i # 7).

R/WPCP is now obtained as the conjunction
2PL A PPS A GIR A GrW A UnBll A UnBI2.

A number of properties oR/W PC P including the
correctness has been verified formally in DC. We refer the
readers to [7] for details.
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