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We want to efficiently support concurrent statements ofthenf{ At omi ¢ {S1; S2; ...; Sn}}such
that they are serializable. For instance, we may want to atggomic FetchAdd {a=+a+v; }). We
Assume that all memory systems are sequentially consistgatializability means that some sequential
ordering of atomic blocks is consistent with respect to mgnogperations

26.0.1 Approach 1: Single global lock

Acquiring a single global lock for each transaction, whikzializable is not efficient. It ruins parallelism
in the code. Another simple approach is to check the conftaply of the transactions, and determine the
maximum independent set of the graph. This set can be ruly safeultaneously. However, this does not
work too well when the conflict graph has too many dependsncie

26.0.2 Approach 2: Two Phase L ocking

Two phase locking is a technique developed for databasewlgsas the 1960s to aid atomic transactions of
databases.

Goal: Avoid serializing if no conflict.

Approach: separate locks for each location.

ldea:

1. Acquire lock in all transactions reading or writing (Adguphase)
- Run atomic code

2. Release all locks (Release phase)
Two natural questions that arise about this approach are:

e Can it guarantee serializability?

e Can it cause deadlocks?

The answer to the second question depends on the order it dtks are acquired. If two processors
acquire locks in the following order{P1: acq(x); acq(y)}, {P2: acq(y); acq(x) },then
there is a cycle in the lock acquisition order. A solutionh@stproblem is to impose an ordering on these
locks so that the processors can acquire locks only in tlisrofThis avoids cyclic dependencies between
locks and avoids deadlocks. For this, we need to know whatilmes need to be locked ahead of time.

An example of unsafe locking scheme for the computatiorx+y is:
acq(z); acq(x); rel(x); acq(y); rel(y); rel(z);



Some computation could execute between the lock releaseantl lock acquire of. If that computation
had written to bothx andy, then two incompatible version would be used to computeading to error.

Serializability can be proved similar to linearizabilitiEach atomic region should look like it happened at
the same point somewhere between the start and the end ddriifgutation. Here is an argument to show
serializability: Consider the point where all locks are aicgd. This atomic region looks like it happened at
the point where all locks have been acquired. When all thieslom my memory accesses are acquired, we
are guaranteed that no other processor can even look atrtiesery locations. Therefore other operations
on these memory location can not be interleaved to make i &sothough they are interleaved with the
instructions during the locking period.

Problems with this approach are:

¢ If all transactions share a variable, even just for readaligof them are sequentialized (will be ad-
dressed with approadd).

e Locks can be held for a long time. One long code can block dwtlaérs (will approacht).

26.0.3 Approach 3: writelocks

The only reason we need to acquire locks for reads is to aeaid-write conflicts. But since READ-READs
are OK, we are being overly protective in 2-phase locking.dAie take advantage of the fact that we don’t
need to lock read-only location.

1. Don’t acquire lock on read-only location (such as read dalva variables or functional variables).
Whether an arbitrary variables in the program is read-os\ifficult infer.

2. (reader-write room sync: readers have one room and writave another) Read-lock allows any
number of readers but only one write. At any given time, thklis in the read state or the write state.

26.0.4 Approach 4: Optimistic concurrency, delayed writing

If a certain transaction can take too long, it might be disai#geous to have other processors wait on
resources held by the long transaction. Instead, we cantbmristic and compute the atomic region (writing
changes locally), before attempting to acquire locks fatimg to shared locations. This allows for more
flexibility. The details for this are as follows:

keep the following log as computation progresses:

e Read: keep addresses of reads and their values.

e Write: keep addresses of writes and keep local values oésurit

After the computation is over, in the commit phase, localigalare written to shared variables conditioned
on whether the inputs of computations have changed in tregidarof the computation.

e acquire locks on read (can use read locks) and write location
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e Check if the read locations have same values. If read latatiave changes, abort and try again
e write values to memory

e release locks

This however has a minor bug: the ABA problem. The read coaldehbeen written to twice with the
initial value restored. Despite the fact that the locatias been over written, the current transaction goes
ahead and commits, which may lead to non-serializabilithisTcan be solved by storing the value and
version number for each variable. Whenever a variablesiisenr we increment the version number. When
checking whether a relocation has changed, also check thimrenumber.

Zombie transactions: Some transactions can read valueshgarts of some incomplete transactions.
These values may not be consistent with the specificatidmeahput parameters of the transaction, and may
cause the transaction’s computation part to behave untegigc Though this transaction has no chance
of succeeding because of version checks before writingantreevertheless go in to infinite loops are do

unexpected things that would not have happened otherwigaesaquential execution. One costly way to

avoid this is to have the processor check the current vessibreach of it's previous reads whenever it is

reading a new location.

26.0.5 Approach 5
e Give atransaction atime stamp based on when it startedémmgatt with FA)(unique and increasing).
e Serialize based on time stamp.

Assume that all locations have both Write timestamps (titaenp of transaction of last write) and Read
timestamps. The compute phase for a transaction with tiemayst :

¢ If when attempting to read a locationwith write time stamp greater than the time stampbtained
by the current transaction, then abort and retry with a nave tstamp. If not, the read just returns the
current value and the transaction progresses.

e Writes are buffered.
The commit phase works as follows:

e acquire write locks.

o If for any writesx, if read time stamp oK is greater tham then abort; else write values and release
lock. (some one with a greater time stamp (whose effectsupposed to take place after the current
transaction) could have read this value before the curransaction’s write and perhaps may have
even committed the transaction (with future time stampgdam current value at. Therefore, the
current transaction writing at would be like back in time. This would break serializabiliigsed on
timestamps)



