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3 Quorum Systems (cont.)

3.4 Read/Write Registers

Motivation. Read/write registerare a particularly simple and useful abstraction for shared
data storage and interprocess communication in shared-memory multiprocessor systems. In
the shared-memory model, processes typically access concurrent data objects asynchronously.
Wait-freeimplementations of such objects guarantee that any process can complete any opera-
tion in a finite number of steps, regardless of the execution speeds on the other processes.

R/W registers may be used for communication and process synchronization, but because of
their limited operations, objects with richer and more powerful operations have also been con-
sidered, like (binary) test-and-set operations or (multi-valued) read-modify-write operations.
Herlihy[Her91] defines a hierarchy of wait-free objects.

Definitions. R/W registers were formalized by Lamport [Lam86].

Definition 3.1 (R/W register). A read/write register: is characterized by two operations:
write(z, v): writes a valuev to x and returns the symbok ;

read(x) — v: reads the value of, returns it, and saves it in

W.l.0.g. we consider only one register and assume that every process executes at any time
only one operation. Operations angokedat some point in time angkturn at a later point in
time. When awrite operation with value returnsok , we say that itvritesv.

Definition 3.2 (precedence)For two operations; ando,, we say that
e 0, precede®, whenevel, returns befores is invoked (they arsequentigl, and
e 0; is concurrent witho, when neither operation precedes the other one.
Many variations of R/W registers are considered:
domain: binary and multi-valued,;

concurrent access:single-reader single-writer (SRSW), multiple-readers single-writer (MRSW),
and multiple-readers multiple-writers (MRMW));

semantics: safe, regular, and atomic (see next).



Semantics. The most important aspect of a register is its behavior under concurrent access.
W.l.0.g. assume there is an initiatite operation.

safe: An R/W register issafewhen everyread not concurrent with avrite returns the most
recentlywritten value. Readghat are concurrent with at least oweite may return any
value in the domain.

regular: An R/W register igegular if it is safeand anyread concurrent with awrite returns
either the most recenthlyritten value or theconcurrently writtervalue.

atomic: An R/W register isatomicif it is regular and if theread andwrite operations are lin-
earizable. Informally, this means that there exists an “equivalent” totally ordecpeen-
tial execution of alread andwrite operations. Formally, we require that if an operation
read; returns a value written bwrite;, an operationead, returns a value written by
writeo, andread; precedesead,, thenwrite; does not precederite;.

Reductions. Most variations of R/W registers are equally powerful in the sense that they can
be reduced to each other in the shared-memory model. In particular, a multi-valued MRMW
atomic register can be implemented with binary SRSW safe registers [AW98].

3.5 Fault-tolerant Implementation

Here we consider thiault-tolerantdistributed implementation of R/W registers hyservers
in an asynchronous network. This provides an abstraction of fault-tolerant data storage, i.e.,
for files or disk blocks.

Recall Algorithm 3.2; it implements a SRSW atomic register using quorums. (What hap-
pens with multiple readers or multiple writers?)

Algorithm 3.3 (Implementation of a MRSW Atomic R/W Register [ABND95]). The sys-
tem consists of servef® = {P;,... P,}, a quorum systen® on P, and client;, Cs, . . .,
among them a designatedtiter C,,. They are linked by asynchronous point-to-point channels.
C,, stores a timestampand P, maintains(z;, ;).

to write(z): Il executed by write€:,, only
T—T+1
send(write ,z,7)t0 Py,..., P,
wait for an(ack ) message from alp, in some quorun® € Q
returnok



to readt Il clientC;
send(read )to Py,..., P,
wait for (value ,z;, ;) messages from alf; in some quorunt) € Q
let (z, 7) be the receivedr;, ;) pair with the largest;

send(write ,z,7)t0Py,..., P,
wait for an(ack ) message from alP, in some quorung) € Q
returnx

upon receiving(write , z, 1) from C;: Il serverp;
if 7> 7, then

(xiv Ti) — (7 T)
send(ack ) to C;
upon receiving(read ) from C;: I serverp;
send(value ,z;,7;)to C}

Theorem 3.4. Algorithm 3.3 implements a MRSW atomic R/W register among a groap
servers, in the presence of a &t @ of faulty servers, for ang) € Q.

Proof. The only problem is avrite concurrent with multipleeads say,read; andread,. In
this case, observe thatifad, — v or write(v) precedesead,, thenread, — v becauseead;
andwrite both write to a quorum that intersects with the quorum from whietd, obtains its
value. ]
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