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1 The Database Itself
DATA is the type of all objects in the database.
[DATA]
LOBJID is the set of logical object identifiers.
[LOBJID] |
TRANSID is the set of transaction identifiers.

"~ [TRANSID]
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PHYSDBID is the set of identifiers of physical databases.
[PHYSDBID) |

Initially I only want to work with a centralized system, so
#PHYSDBID =1

Databases (in the logical sense of a collection of named data) can be
associated with either a physical database or a transaction in execution.
DBID is the set of database identifiers.

DBID = physdb < PHYSDBID > |trans < TRANSID >

I’ll assume that operations on the databases (both physical and transac-
tional) are serial for any given DBID, so therefore version numbers on the
database states can be N for the moment.

VERSION = N

Initial VERSION : VERSION
precedes : VERSION « VERSION

Initial VERSION =0
precedes = N. <

__MazVersion
vs : P VERSION
vmaz : VERSION

#vs > 1

vmaer € vs

Vv:ovs— {vmaz} e
vmaz € precedes™ (v)

 NextVersion

Av : VERSION

v’ € precedes(v) -

V ov : precedes(v) — {v'} o
v’ & precedes*(ov)
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So we can uniquely identify the state of a database (i.e. a particular set

of named values) by DBVERSION.
DBVERSION

dbid : DBID
version : VERSION

__ FirstTVersion
t: TRANSID
dbv : DBVERSION

dbv.dbid = trans(t)
dbv.version = InitialVersion

__ FirstPVersion
p : PHYSDBID
dbv : DBVERSION

dbv.dbid = physdb(p)

dbv.version = Initial Version

__NextVersion

Adbv : DBVERSION

dbv'.dbid = dbv.dbid
dbv'.version = dbv’.version + 1

We can uniquely identify a particular object in a particular database state

with OBJVERSION. - :

OBJVERSION
DBVERSION
lobjid : LOBJID

An object in a database is therefore just data.
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__Value
obj : OBJVERSION
data : DATA

‘Returns’ the data corresponding to the specified object
version.

ddbv : DBVERSION ,lobj : LOBJID e
dbv.dbid = obj.dbid
dbv.version = obj.version
lobj = obj.lobjid
.dbv € dom db
lobj € dom db(dbv).dbobjs
- data = db(dbv).dbobjs(lobj).data

ValidObj checks to see if an OBJVERSION exists within the
DBSYSTEM

ValidObj = Value \ {data}

ExtractObJs s used to make ° copys of the requested logical
objects.
This involves copying their data and saying that they were ob-
tained

by copying.
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__ CurrentPVersion
p : PHYSDBID ,
pdbv : DBVERSION

pbdv € dom db
pdbv.dbid = trans(t)
Vdby :domdb e
dbv.dbid = pdbv.dbid =
pdbv.version € precedes*(dbv.version)

__ NezxtVersion

Adbv : DBVERSION

dbv'.dbid = dbv.dbid
dbv'.version € precedes™(dbv.version)
= Jv: VERSION e

v € precedest(dbv.version)

2 Concurrency Control Examples

In this section, we test drive the model on some common concurrency control
algorithms. .

First we describe the general form of the specification of a concurrency
control algorithm that I will use.

2.1 General Format for Concurrency Control Schemas

ConcurrencyControl

PDB : PHYSDBID
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_ ReadOperation
t : TRANSID
lobjs : P LOBJID

3 Atdbv, pdbv : DBVERSION , Atdbs, rdbs : DBSTATE e .
CurrentP Version
FxtractObj[pdbv/dbv, lobjs/lobjs, rdbs [ dbs]
CurrentT Version
FExtractAll[tdbv/ dbv, tdbs/ dbs]
tdbs' = tdbs @ rdbs
NextDBVersion[tdbv/ dbv, tdbv’ [ dbv']
AddDB[tdbv’ [ dbv, tdbs' [ dbs]

_ WriteOperation
t : TRANSID
wdbs : DBSTATE

3 Atdbv, Apdbv : DBVERSION, Atdbs, Apdbs : DBSTATE e
CurrentT Version
FExtractAll[tdbv/ dbv, tdbs [ dbs]
tdbs' = tdbs @ wdbs '
NeztDBVersion[tdbv/ dbv, tdbv' [ dbv']
AddDB[tdbv' [ dbv, tdbs' [ dbs]
CurrentPVersion
ExtractAll[pdbv/dbv, pdbs/ dbs]
pdbs' = pdbs ® wdbs ‘
NextDBVersion[pdbv/dbv, pdbv' [ dbv']
NextDBVersion[pdbv/dbv/, pdbv' | dbv']

_ Commit
t: TRANSID

Nothing much happens!
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Abandon
t : TRANSID

Nothing much happens!

2.3 Cached Chaos

Cached Chaos is the concurrency control that reads from its transaction
database rather than the physical database where possible, and always writes
to its transaction database. Commit writes the updated values to the physical
database. Abandon does nothing to the physical database. Therefore Cached
Chaos is a safer database than Chaos, in that abandoned transactions do not
affect the database.

— CachedChaos
ConcurrencyControl
DBSTATE = DBSTATE,

Written : P LOBJID ,
__IniT
Written = &
__StartTransaction
t: TRANSID
ddbv : DBVERSION , dbs : DBSTATE e
FirstTVersion :
dbs =
AddDB
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— ReadOperation
t : TRANSID
robjs : P LOBJID

3 Atdbv, pdbv : DBVERSION, Atdbs, rdbs : DBSTATE, mrobjs : P LOBJID e
CurrentT Version
FEztractAll[tdbv/ dbv, tdbs/ dbs]
mrobjs dom tdbs.dbobjs — robjs
mrobjs # & =
CurrentPVersion
ExtractObj[pdbv/dbv, mrobjs/lobjs, rdbs/ dbs]
tdbs' = tdbs @ rdbs
NextDBVersion[tdbv/ dbv, tdbv' [ dbv’]
AddDB[tdbv' [ dbv, tdbs' [ dbs]

_. WriteOperation
t: TRANSID
wdbs : DBSTATFE

3 Atdbv : DBVERSION, Atdbs : DBSTATE e
CurrentT Version
ExtractAll[tdbv/ dbv, tdbs [ dbs]
tdbs' = tdbs @ wdbs
NeztDBVersion[tdbv/ dbv, tdbv' [ dbv']
AddDB[tdbv' [ dbv, tdbs' [ dbs] -

Written' = Written U dom wdbs.dbobjs
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__ Commit

t: TRANSID

Jtdbv, Apdbv : DBVERSION , wdbs, Apdbs : DBSTATE e
CurrentT Version ‘
ExtractObjs[tdbv [ dbv, Written /lobjs, wdbs/ dbs]
CurrentPVersion

FExztractAll[pdbv/dbv, pdbs/ dbs]

pdbs' = pdbs & wdbs
NextDBVersion[pdbv/dbv, pdbv' [ dbv']
AddDB[pdbv'/ dbv, pdbs' [ dbs]

__Abandon
t: TRANSID

Nothing much happens!

2.4 Serial Execution

In Serial Execution, the transactions are executed one at a time. Serial
Execution is therefore just the same as Chags but without the dangerous

‘concurrency.

__SerialEzecution
CachedChaos

#Ongoing <1

If we are interested in a particular sequence of transactions being exe-
cuted, then we need to keep a track of the order that they start.

ParticularSerial Execution

I_ SerialExecution
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serial : seq TRANSID

__InIT
serial = ()
__StartTransaction

serial’ = serial ™ (t)

2.5 Serializability

Now that we understand serial execution, what is serializability? Well, we
need a notion of a ‘final state of the database’.
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—Serializability[ CC|
cc : historyCC

1 se : historySerialEzecution e
cc(1).db = se(1).db
The initial databases are the same
dcedb : CC,sedb: DBSYSTEM o
cedb = ce(Fcc).db
sedb = se(Fse).db
ccdb.Ongoing = sedb.Ongoing = &

Both databases are in a ‘final state’
cedb. Committed = sedb. Committed .

... and involve the same committed transactions

J ccv, sev : DBVERSION;; ccs, ses : DBSTATE, pdb : PHYSDBID e
pdb = cc.PDB = se.PDB
ccdb. CurrentP Version[pdb/p, ccv/pdbv]
sedb.CurrentP Version[pdb/p, sev/pdbv]
ccdb. ExtractAll[ccv [ dbv, ccs/ dbs)
sedb.ExtractAll[sev/dbv, ses [ dbs]

CCS = SE§ :

.. and produce the same final database state

2.6 Reader-Writer Rules

We will deal with the usual reader/writer rules, writers exclude both readers
and writers, and multiple readers are OK. In addition, we allow a single
process to hold the exclusive right to read-and-write (which excludes all other
processes).
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_ TwoPhaseLocking
CachedChaos ' .
readers, writers : LOBJID « TRANSID

VY1:LOBJID e
readers(l) U writers(l) C Ongoing
dt: TRANSID e readers(l) = writers(l) = {t}
V readers(l) = @ A #writers(l) < 1
V writers(l) = &

__Initially

Vi: LOBJID e _
readers(l) = writers(l) = &

This is actually derivable from being a subset of Ongoing

_ ReadOperation
t: TRANSID
robjs : P LOBJID

Yi: LOBJID o
l € robjs =
readers'(l) = readers(l) U {t}
l & robjs =
readers'(l) = readers(l) .

_ WriteOperation
t : TRANSID
wdbs : DBSTATE

Vi: LOBJID o
I € dom wdbs =
writers'(1) = writers(I) U {t}
| ¢ dom wdbs =
writers'(l) = writers(l)
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_ Commat

t: TRANSID
V1:LOBJID e

t ¢ ran readers U ran writers

DerivaBIe

__Abandon
t: TRANSID

Y1:LOBJID e

t & ran readers U ran writers

Derivable

3 Transactions

Having thought long and hard about it, a transaction is best viewed as the
sequence of interactions between the-User’ which makes the specific requests
for operations and the ‘DBMS’ which actually performs those operations. I
use ‘user’ and ‘dbms’ to characterize the sides of the interface rather than
suggest that they represent the ultimate end-user or the entire DBMS.

A transaction is a sequence of intermingled requests from the user and
replies from the dbms (which I will call events).

ENTITY = USER|DBMS

The possible operations that the user may request are START transac-
tion, READ, WRITE, COMMIT and ABANDON (where the user requests
that the transaction is aborted). The dbms will eventually reply to each of
these, indicating if the operation succeeded (i.e. took place, or failed). The
dbms may abort a transaction whenever it pleases.
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OPTYPE = START|READ|WRITE|COMMIT|ABANDON|ABORT
Naturally READs and WRITEs will need to include details of which

object and what values in requests and replies as appropriate.
Replies will need to specify the request which initiated them. This is
necessary as the dbms may be able to be instructed to do many things con-
currently. An event identifier, EVID, is used to uniquely identify an event.
 w.r.t. a particular transaction.

[EVID]

Operations at the database must inform the dbms if they succeeded or
not. E.g. suppose a READ request cannot take place because it references
a logical object which does not exist within the database. Another example
is COMMIT failing because some consistency contraint is violated. Apart
from having to pass this information to the user, the dbms itself must be
aware of this as the non-reading/non-committal of data is significant for
concurrency control purposes. However such failures do not automatically
cause the transaction to abort. '

Hence we regard our response as either ABORT or something that the
user can make sense of.

[USERRESPONSE] ‘
RESPONSE = ABORT|UserResponse << USERRESPONSE >>

So lets define our events

__FEvent
entity : ENTITY
optype : OPTYPE
replying : EVID
response : RESPONSE
objid : OBJID

data : DATA

We have a whole bunch of constraints about what sort of operations use what
fields and which ones have them NULL. It’s all rather messy and hopefully
some neater way will be found (polymorphism perhaps?). Anyhow I'll try
and summarize the request-response pairs.
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e user start: , dbms: replying response

e user read: objid, dbms: replying response data
¢ user write: objid data, dbms:replying response
¢ user commit: , dbms: replying response

e user abort : , dbms : replying response

e dbms abort:

Now we’ve defined what we mean by an event, we can move on to what we
mean by a transaction. This is a sequence of events, although it is possible
to group some events as they appear to have simultaneously, e.g. a user may
be able to request a read of X and a read of Y together. I'm not considering
a partial order here, as the interface of user and dbms should be visible as
a sequence based on the notion of a transaction in execution at a particular
site. If later we consider the remote execution of subtransactions, then we’ll
need partial orders.

In the general case, a transaction should look like ‘user start’, ‘dbms :
ok’, a bunch of read/write requests and responses, followed by ‘user commit?’,
’dbms: ok’.

The intention is generally that request event be followed (not necessarily
as the next event) by exactly one reply event.

Not surprisingly, there should be at most one ABORT and it should be
the last event of a transaction. (Do user-initiated ABORTS get replied to?)
Likewise ‘dbms: ok (commit)’ should be the last event in the successful case.
However there are many other little questions ...

Can read/write/commit/abort be requested by the user before the dbms
ok’s the start?

Can the user request commit/abort while read/write requests remain un-
replied? . '

~ Can the dbms OK/abort the commit when read/write requests remain
unreplied?

Can the dbms abort the transaction before ‘user start’?

Does a response mean anything in the the context of a user-initiated
abandon?

128




. Transaction

trans : seqP EVID
2"11--?9!’"0-71-‘3-T"?étraln’s(i) = # Ui:l..#irans tmns(i)

All the EVIDs are unique

and all the lists of constraints above are maintained

and perhaps some progress rules ... bring on the temporal logic

_Initially
trans = ()

Or perhaps we should start with ‘user start’ in trans

__ UserFEvents
A(trans)

userevents : P 1 Event

check that userevents really are ‘user’ events and that
event constraints are maintained

trans' = trans ™ userevents

__DBMSEvents

Similar to UserEvents, with obvious constraints like replies
must pertain to requests etc.
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3.1 Many Transactions

Clearly we are interested in not just one transaction, but many. We will
uniquely identify these transactions with TRANSID. There may exist some
ordering constraints between transactions, i.e. that at some higher level,
transaction2 is not started until transactionl has completed. So some sort
of partial order on the transactions is needed.

(Aside. The formal Z ‘partial order’ type includes reflexive properties,
my definition (based on the mighty Street & Wallis) does not!)

The actual event sequence associated with all transactions consists of all
of the events of the individual transaction event sequences (each occurring
exactly once). The overall event sequence is in fact a partial order. Naturally
the ordering within individual event sequences must still be observed, as must
be any ordering among the transactions as a whole.

- If weknow that the dbms is a single ‘funnel’ to the database itself, then all
of the actual database operations are in strict sequence BUT we only consider
requests and replies in our interface, not the actual database operations.
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