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Joint Actions

Suppose you want your bank to automatically move money from your savings to your
checking account — whenever the checking account is below a certain threshhold and
the savings account is above a different threshhold.

Let’s try to implement this as actions automatically taken either following a checking
withdrawal or a savings deposit:

in the checking account object:
synchronized withdrawal (amt) {
balance = balance - amt;
synchronized (savings) {if balance<cmin_balance &&
savings.balance>smin_balance {
savings.withdraw (transferAmt);
deposit (transferAmt);
1}
}
synchronized deposit (amt) {...}
in the savings account object:
synchronized deposit (amt) {
balance = balance + amt;
synchronized (checking) {if balance>smin_balance &&
checking.balance<cmin_balance {
withdraw (transferAmt);
checking.deposit (transferAmt);
1}
}

synchronized withdraw(amt) {...}

What's wrong?
Techniques for fixing:



e let the race winner do the work — try to obtain a test-and-set lock — if you get the
lock, do check for and do the transfer, otherwise do nothing.

e decouple: let some other process monitor the balances and do the transfers

e decouple: fork a new thread to check the balances and do the transfer

Decoupling is a very useful strategy: its use may force one to rethink the operations. In
our bank example, how do we really want the transfer to work? Process all the deposits,
total the withdrawals (but don't do them), transfer funds, do the withdrawals.

Transactions

Transaction lifetime: begin, in-progress, {abortjcommit}

Atomicity all or none
Consistency create a new valid state or restore state to what existed before it began
Isolation effects of an uncommited transaction are not visible to other transactions

Durability results of committed transactions persist across system failure and restart

The transaction concept is most often associated with databases, but transactions are
useful in other contexts as well, including contexts where one or more of the ACID
properties can be relaxed.

Relation of transactions to processes or threads: transactions and threads may be in
1-1 correspondence, but need not be. In a distributed system, multiple threads per

transaction are the norm. Some systems allow concurrency within a transaction, and

others will multiplex several transactions onto a single thread.

Techniques for passing transaction information:

(* non - 00 *)

tid = begin_transaction()
opl (tid, opl parameters)
op2(tid, op2 parameters)
commit_transaction (tid)

(* 00 *)
trans = new Transaction()
Ol.opl(trans, opl parameters)



trans.commit ()

(* implicit *)
begin_transaction()
opl (opl parameters)

commit_transaction()

General rules: each object (not thread) participating in a transaction has the right to
abort the transaction at any time up until the time it promises to commit. Usually
this policy is implemented by calling prepare-to-commit on each object (in optimistic
systems) or by aborting at the first operation (in optimistic systems).

Pessimistic systems:

e abort (or wait) at first operation if a conflicting transaction is already present —
either directly or on a referenced object; mark the object as belonging to this
transaction

o at the first operation make a backup copy of the current state in case of abort
¢ in case of any failure, mark the current transaction as not committable

e can commit? —yes (unless transaction marked as not committable)

e to commit, mark the object not busy;

e to abort, restore previous state
Optimistic systems:

o atfirst operation, create a copy of the state associated with the current transaction
e when performing actions, perform them on the copied state
e in case of failure, mark the current transaction not comittable

e can commit? — only if no conflicting transactions have committed (or promised
to commit)

e to commit, save thread-local state as new state of object;

e to abort, throw away thread-local state
Source of optimistic and pessimistic terminology: optimistic in the sense that we as-
sume that conflicts won't occur, run transaction to completion and then check for con-

flicts. Pessimistic, we assume that conflicts will occur and try to detect them early,
stopping if one is detected. (Stopping may mean either aborting or waiting).

Mixed optimistic and pessimistic strategies are also possible.



Non-database application

Dynamic code loading: an executing program loads new code into its address space.
The code to be loaded may consist of several modules. The requirement is that when
loading is complete all undefined symbols must be resolved, either to points in the
existing code (which may have dynamically loaded components) or to points in the
newly loaded set of modules.

A transactional strategy is appropriate here, even if there is no concurrency involved.
Since theload stateis potentially large, and we expect that programs will usually do

the right thing (i.e. load sets of modules that meet the all-symbols-resolved test), we
used an optimistic strategy for managing the state: the transaction treats the existing
state as read-only and makes up new data structures representing the changes to the
load state. If the loading is successful the new state is incorporated into the permanent
state, otherwise it is thrown away.



