
Self-Tuning Synchronization Mechanisms inNetwork Operating SystemsYuval Hershko � Daniel Segaly Hadas Shachnai zDepartment of Computer ScienceThe Technion, Haifa 32000, Israel1 IntroductionA most challenging direction in the development of op-erating systems towards the next millennium, is the us-age of self-tuning modules, at various levels of the sys-tem. Self-tuning can come into play in many aspectsof system management: in the broadest sense it impliesthat computation, as well as storage of data and al-location of resources can be tuned, by monitoring thesystem behavior throughout its operation.In this work we discuss the design and implementa-tion of self-tuning modules: such modules (which maybe, e.g. a scheduler, a �le system manager or any sys-tem call), should be able to adjust to changes in theworkload or the type of applications/users in the sys-tem. This means, that at di�erent periods of time thesemodules may use di�erent algorithms for implementingtheir main functions. The goal is to employ self-tuningfor improving the performance of the system. Our twomain performance measures are system throughput, andthe average response time.We focus on self-tuning synchronization mechanisms.In a network operating system various processes may tryto access simultaneously shared data, stored at a �leserver. Mutual exclusion is achieved by using hardwaresynchronization primitives. One common approach insynchronization is blocking, that is, at any time onlyone of the contending processes can access the shareddata, and the other processes are blocked, waiting fortheir turn. A process can access the shared data onlyafter it has acquired a lock. This approach is some-times called pessimistic, as it assumes that atomicitymay be violated at any time (e.g., by an interrupt),therefore a lock on the shared data guards against thispotential violation, whenever the atomic operation is ex-ecuted. The Test&Set (TS) primitive is typically usedas the lower-level operation supporting blocking mecha-�corwin@tx.technion.ac.il.ysegald@techst02.technion.ac.ilzhadas@cs.technion.ac.il.

nisms [4]. Wait-free mechanisms allow each of the con-tending processes to access the shared data, and whenseveral processes try to update the data simultaneously,only one process succeeds, and the other processes haveto repeat their update operation. Thus, no process isever blocked while trying to access the shared data. In-deed, wait-free mechanisms rely on the optimistic ap-proach, that atomic sequences are rarely interrupted,and thus, the overhead of implementing a global lockcan be avoided. The Compare & Swap (CS) used onMotorola 68000 and the Load Linked and Store Cond(LL/SC) incorporated into the MIPS II architecture,Digital's Alpha and IBM's PowerPC (see in [5]) arewait-free synchronization mechanisms.Previous work study the settings for which these twotypes of mechanisms are most suitable. In particular, itwas shown, that blocking mechanisms are preferable inuse, when either (i) processes perform long sequences ofoperations on the shared data, or (ii) most of the ac-cesses result in changes in the data (due to write opera-tions). On the other hand, when each process performsonly a short sequence of operations, system throughputincreases when wait-free mechanisms are used (see, e.g.[1, 2]).Building on these �ndings, we study the performanceof a system having a dual-mode synchronization mod-ule: at certain times this module uses a blocking mecha-nism, and at other times � a wait-free mechanism. Wepropose two rules for switching between these modes:the Timeout rule and the Queue-length rule. Our sim-ulation study shows, that sensitive self-tuning (as im-plemented by the Queue-length rule) can substantiallyincrease the throughput, with a corresponding decreasein the average response time; both rules can be easilyimplemented on modern machines, which typically sup-port blocking primitives, as well as wait-free primitives.2 Model and Synchronization MechanismsConsider a computer network, in which shared data isstored at a �le server. Any client can access this data(for read/update operations) via the network, by send-ing a request to the server to provide this type of service.We call each of these requests a transaction. A clientconnects via the network to the server, and then sends a



set of transactions sequentially: a new transaction willbe sent once the previous one has been completed bythe server.A transaction is a sequence of operations. The lengthof the transaction is given by the size of this sequence;when a transaction does not include any write opera-tion, it is called a read (R) transaction, otherwise it isa write (W) transaction.Indeed, if at some time the server executes severalW transactions concurrently, the result may be invalid.Thus, we require that the execution of each transactionwill be atomic (that is, a transaction will either be exe-cuted to successful completion, or not started).The server can switch between two types of synchro-nization mechanisms: a blockingmechanism and a wait-freemechanism. Incoming requests are sorted by length:short (S) transactions will be executed using the wait-free mechanism; long (L) transactions will be executedusing the blocking mechanism. The e�ect of the R/Wratio will be explored, by varying the R/W ratio.2.1 Rules for Switching ModesWe consider two rules for switching between synchro-nization mechanisms (modes): (i) Timeout� prede�ne atime period for each mode (e.g. tb for blockingmode andtf for wait-free). The server will alternate between thesemodes, running the blocking mode for tb seconds, andthen switching for tf seconds to the wait-free mode. (ii)Queue-Length � maintain a queue of transactions wait-ing to be executed, for each mode; the server switches toa di�erent mode, when the number of transactions wait-ing for execution in this mode exceeds a predeterminedmaximum.
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Figure 1: Throughput vs. S/L Ratio under the Queue-Length Rule3 Simulation ResultsWe simulated a system having one transaction serverand �fty clients. We used two Sun Ultra machines,running Solaris 2.6 and connected on an Ethernet: theserver ran on one machine, and the clients on the other;we used as communication protocol the TCP/IP.For each switching rule we measured the throughputof the server and the average response time. Our re-

sults are given by reference to a basic transaction, whoselength is normalized to one. The wait-free mode wassimulated using the LL/SC mechanism; for the blockingmode we used the TS.We varied in the experiments either the R/W ratioor the S/L ratio. When we varied the R/W (S/L) ra-tio, the S/L (R/W) ratio remained �xed and equal to 1.The threshold value, for separating between short andlong transactions, was chosen to be 50.The Timeout rule was simulated using a timeout pe-riod of 0:2 sec. for the LL/SC mode; the period for theTS mode was changed. We found that switching by aninsensitive rule, such as the timeout, typically does notimprove upon the basic mechanisms: it outperforms thebasic mechanisms only in rare and special cases, whilein many cases it does even worse than the basic mech-anisms.In Figure 1 we plotted the throughput vs. S/L ratio, un-der the Queue-length rule. We note, that Queue-lengthguarantees a full-spectrum performance-gain of 70� 85percent, compared to the basic mechanisms. Also, byusing maximum queue lengths of 10 and 40 we increasethe throughput (compared, e.g. to the length 25): withthese values, a large number of transactions has to ac-cumulate in a queue, before the server switches to thecorresponding mode. This reduces the total number ofswitches. Moreover, any switch results in a service ofmore transactions.3.1 ConclusionsWe compared the Timeout rule, that switches betweenmodes at predetermined points of time, to the Queue-length rule, which sensitively tunes the synchronizationmode used by the server. Switching between modes byTimeout can result in some improvement over a singlesynchronization mode. In contrast, the adaptive charac-teristics of Queue-length rule enable to handle a varietyof inputs in real time, while maintaining the through-put high. Thus, when comparing the two rules (with re-spect to our two performance measures), Queue-lengthis a sure winner.References[1] B. N. Bershad. "Practical Considerations forNon-Blocking Concurrent Objects", Proceedingsof the Distributed Computing Systems Confer-ence (DCS), May 1993.[2] M. Herlihy, J. Eliot and B. Moss, a "Transac-tional Memory: Architectural Support for Lock-Free Data Structures". Proceedings of ISCA'93.[3] A. S. Tannenbaum, Distributed Operating Sys-tems. Prentice-Hall Int., Editing, 1995.[4] M. Milenkovic. Operating Systems : Conceptsand Design. McGraw-Hill Inc, pages 104{112,1992.[5] R. L. Sites. Alpha Architecture Reference Man-ual. Digital Press, Maynard, MA, 1992. MIPSComputer Company. The MIPS RISC architec-ture.


