Operating Systems Latency Measurement and Analysisfor Sound Synthesis and Processing ApplicationsAdrian FreedAmar ChaudharyBrian DavilaCNMAT, UC Berkeleyadrian,amar,davila@cnmat.berkeley.edu, http://www.cnmat.berkeley.edu/PeopleAbstractThere is increasing interest in using personal and workstation computer platforms for reactive soundsynthesis and processing applications. Much experimentation and tuning is required with each operatingsystem and hardware platform to achieve acceptable real-time performance for such applications. Tools tomeasure I/O latencies are critical for this tuning process. This paper introduces an affordable hardware-oriented measuring system.1 IntroductionDesktop and workstation computers are now veryattractive for reactive sound synthesis and processingapplications. Unfortunately few operating systemswere designed to deliver real-time performance andvendors generally don’t guarantee or even specify thetemporal performance of operating systems.Considerable experimentation is required with eachoperating system to achieve acceptable musicalresults.Measurement of I/O latency is fundamental toachieving reliable real-time performance for musicalapplications and is the primary focus of this paper.The first challenge is to synchronously log stimulusevents communicated with MIDI, ethernet, USB,IEEE-1394, audio input, etc., and subsequent changesin processed or synthesized audio sound streams."In vivo" measurement of latencies in mostcomputing and networking systems is challenging.Even in the rare systems where time stamping isavailable, most logging techniques interfere with theperformance of the system being evaluated. Also,many of the latencies to be characterized are hardwarebuffers inaccessible to software, e.g. FIR filter delayin audio codec reconstruction filters. In this paper we describe an affordable hardware-basedlatency evaluation strategy applicable to anyoperating system or computer.2 Event Logging2.1 Audio TranscodingModern instrumentation tools such as logic analyzersand digital storage oscilloscopes can perform eventlogging but are expensive and challenging toconfigure. The simpler approach used here is to convert eventsfrom a wide range of sources into audio frequencysignals. These signals and synthesized sound outputsare synchronously analyzed or recorded using standardmultichannel audio recording tools, such as an ADATrecorder connected to an SGI O2 computer.The multi-channel audio stream serves to bondtogether the event streams maintaining their temporalrelationships despite latencies in the analyzingsystem.This technique has been used [1] in stereo form toanalyze timing relationship between key displacementand sound from a pipe organ.The logging system requires a circuit to interfacecleanly and non-invasively with the source of eventinformation and a way to modulate events in theaudio frequency range.

a

Circuit Diagram of the Event Transducer.MIDI opticalspecified MIDI standard. ismaybe connected to a MIDI thru output.standard T-connector used 10BaseTEthernet receptiondifferential and CMOSrequirement for high impedance, non-invasive connection.Ethernet and MIDI are clocked athigher rates available audio bandwidth, somedown-sampling. used tostretch data fixed intervalgate audio oscillatorimplemented ofeach are theevent beginnings are accurately captured.retriggerable isend The time constant is set to provide adequate accuracy whendrives audio frequencytransformer. fromusebattery power float,thefront-end successfully capture and MIDI current resistance valueschosen end are providefor diodes intoare used here forclamping.avoiding between thecurrent and event desiredhavespecial minimizedescribed here toolsdeveloped broad theValidation [3].These have been used measure soundsoftware performance Macintoshand machines Ethernet and gesturallatency measurementsound synthesissoftware on each platform towards the latency ofmeasurement revealedand design flaws underlyingoperating systems and computers with respect real-address flawspursued vendors,would unfair particular atwould read gauged encouraging performance difficultiesidentified latency measurement were notinadequate real-time features operatingdesign and decisionsdefeat real-time requirements. pervasivedifficulty I/Oholding offfor periods. especiallyassembled manyvendors, there industrywide real-time validation catch thisWidespread affordable suchdescribed here eventually inaffordable reactive computing.More sophisticated front-end hardware required tomonitor USB and Firewire.circuitoutlined here is planned.We gratefully acknowledge financial ofand Graphics Inc.and Pirazzi clarified manyperformance and timing issues on SGI machines.References[1]of Articulation features in Organ Pipe Sound,�[2] Musical Control Structures from StandardThessaloniki, Greece.[3]http://www.cnmat.berkeley.edu/RSVP