A⊓⌈⟩≀F⟩↕⌉¬ A N⌉⊔⊒≀∇‖↖T∇⊣\∫√⊣∇⌉\⊔ S†∫⊔⌉⇕ {≀∇ D⟩∫⊔∇⟩⌊⊓⊔⌉⌈ A⊓⌈⟩≀ A√√↕⟩⌋⊣⊔⟩≀\∫ T⟨≀⇕⊣∫ M↙ L⌉⊑⌉∇}≀≀⌈⇔ A\⌈∇⌉⊒ C↙ P⊣†\⌉⇔ J⊣⇕⌉∫ G⌉⊔⊔†∫⇔ G↙ W⟩\⊘⌉↕⌈ T∇⌉⌉∫⌉⇔ ⊣\⌈ L⊣⊒∇⌉\⌋⌉ C↙ S⊔⌉⊒⊣∇⊔ D⟩}⟩⊔⊣↕ E∐⊓⟩√⇕⌉\⊔ C≀∇√≀∇⊣⊔⟩≀\ C⊣⇕⌊∇⟩⌈}⌉ R⌉∫⌉⊣∇⌋⟨ L⊣⌊

CRL ∃∋∝∀ J⊓\⌉ ∞∞⇔ ∞∃∃∋

A⊓⌈⟩≀F⟩↕⌉¬ A N⌉⊔⊒≀∇‖↖T∇⊣\∫√⊣∇⌉\⊔ S†∫⊔⌉⇕ {≀∇ D⟩∫⊔∇⟩⌊⊓⊔⌉⌈ A⊓⌈⟩≀ A√√↕⟩⌋⊣⊔⟩≀\∫ T⟨≀⇕⊣∫ M↙ L⌉⊑⌉∇}≀≀⌈⇔ A\⌈∇⌉⊒ C↙ P⊣†\⌉⇔ J⊣⇕⌉∫ G⌉⊔⊔†∫⇔ G↙ W⟩\⊘⌉↕⌈ T∇⌉⌉∫⌉ ∞⇔ ⊣\⌈ L⊣⊒∇⌉\⌋⌉ C↙ S⊔⌉⊒⊣∇⊔ ∈ D⟩}⟩⊔⊣↕ E∐⊓⟩√⇕⌉\⊔ C≀∇√≀∇⊣⊔⟩≀\ C⊣⇕⌊∇⟩⌈}⌉ R⌉∫⌉⊣∇⌋⟨ L⊣⌊

CRL ∃∋∝∀ J⊓\⌉ ∞∞⇔ ∞∃∃∋

A⌊∫⊔∇⊣⌋⊔ A⊓⌈⟩≀F⟩↕⌉ ⟩∫ ⊣ √≀∇⊔⊣⌊↕⌉⇔ ⌈⌉⊑⟩⌋⌉↖⟩\⌈⌉√⌉\⌈⌉\⊔⇔ \⌉⊔⊒≀∇‖↖⊔∇⊣\∫√⊣∇⌉\⊔ ∫†∫⊔⌉⇕ {≀∇ ⌋≀⇕√⊓⊔⌉∇ ⊣⊓⌈⟩≀ ∫†∫⊔⌉⇕∫↙ S⟩⇕⟩↕⊣∇ ⊔≀ ⊔⟨⌉ X W⟩\⌈≀⊒ S†∫⊔⌉⇕⇔ ⟩⊔ √∇≀⊑⟩⌈⌉∫ ⊣\ ⊣⌊∫⊔∇⊣⌋⊔ ⟩\⊔⌉∇{⊣⌋⌉ ⊒⟩⊔⟨ ⊣ ∫⟩⇕√↕⌉ \⌉⊔⊒≀∇‖ √∇≀⊔≀⌋≀↕ ⊔≀ ∫⊓√√≀∇⊔ ⊣ ⊑⊣∇⟩⌉⊔† ≀{ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⊣\⌈ ⇕⊓↕⊔⟩√↕⌉ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫ ⌋↕⟩⌉\⊔∫↙ T⟨⟩∫ ∇⌉√≀∇⊔ ⌈⌉∫⌋∇⟩⌊⌉∫ ≀⊓∇ ⊣√√∇≀⊣⌋⟨ ⊔≀ ⌈⟩}⟩⊔⊣↕ ⊣⊓⌈⟩≀⇔ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ √∇≀⊔≀⌋≀↕⇔ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇†⇔ ⊔⟨⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇⇔ ⊣\⌈ ∫≀⇕⌉ ⌋↕⟩⌉\⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ I⊔ ⊣↕∫≀ ⌈⟩∫⌋⊓∫∫⌉∫ ⊔⟨⌉ √⌉∇{≀∇⇕⊣\⌋⌉ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊣\⌈ ≀⊓∇ ⌉§√⌉∇⟩⌉\⌋⌉ ⊒⟩⊔⟨ ⊓∫⟩\} ∫⊔⊣\⌈⊣∇⌈ \⌉⊔⊒≀∇‖ √∇≀⊔≀⌋≀↕∫ {≀∇ ⊣⊓⌈⟩≀↙ A ∫≀⊓∇⌋⌉ ⌋≀⌈⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⟩∫ ⊣⊑⊣⟩↕⊣⌊↕⌉ {≀∇ ⊣\≀\†⇕≀⊓∫ FTP↙

K⌉†⊒≀∇⌈∫¬ ⊣⊓⌈⟩≀⇔ ⌋↕⟩⌉\⊔↖∫⌉∇⊑⌉∇⇔ ⇕⊓↕⊔⟩⇕⌉⌈⟩⊣⇔ ∫√⌉⌉⌋⟨ ⌋◯D⟩}⟩⊔⊣↕ E∐⊓⟩√⇕⌉\⊔ C≀∇√≀∇⊣⊔⟩≀\ ∞∃∃∋↙ A↕↕ ∇⟩}⟨⊔∫ ∇⌉∫⌉∇⊑⌉⌈↙ ∞A↕∫≀ ⊒⟩⊔⟨ MIT L⊣⌊≀∇⊣⊔≀∇† {≀∇ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉↙ ∈T⟨⌉ ⊣⊓⊔⟨≀∇∫ ⊣∇⌉ ↕⟩∫⊔⌉⌈ ⟩\ ∇⊣\⌈≀⇕ ≀∇⌈⌉∇↙ A\ ≀⊑⌉∇⊑⟩⌉⊒ ≀{ ⊔⟨⌉ ⇕⊣⊔⌉∇⟩⊣↕ ⟩\ ⊔⟨⟩∫ ∇⌉√≀∇⊔ ⊒⟩↕↕ ⊣√√⌉⊣∇ ⟩\ ⊔⟨⌉ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ S⊓⇕⇕⌉∇ ∞∃∃∋ USENIX C≀\{⌉∇⌉\⌋⌉↙

⟩

T≀⊓⌋⟨↖T≀\⌉ ⟩∫ ⊣ ⊔∇⊣⌈⌉⇕⊣∇‖ ≀{ AT↘T↙ SPARC ⊣\⌈ S⊓\OS ⊣∇⌉ ⊔∇⊣⌈⌉⇕⊣∇‖∫ ≀{ S⊓\ M⟩⌋∇≀∫†∫⊔⌉⇕∫⇔ I\⌋↙ M⊣⌋⟩\⊔≀∫⟨ ⟩∫ ⊣ ⊔∇⊣⌈⌉⇕⊣∇‖ ≀{ A√√↕⌉ C≀⇕√⊓⊔⌉∇⇔ I\⌋↙ I\⌈⟩}≀ ⟩∫ ⊣ ⊔∇⊣⌈⌉⇕⊣∇‖ ≀{ S⟩↕⟩⌋≀\ G∇⊣√⟨⟩⌋∫⇔ I\⌋↙ UNIX ⟩∫ ⊣ ⊔∇⊣⌈⌉⇕⊣∇‖ ≀{ U\⟩§ S†∫⊔⌉⇕∫ L⊣⌊≀∇⊣⊔≀∇⟩⌉∫↙ X W⟩\⌈≀⊒ S†∫⊔⌉⇕ ⟩∫ ⊣ ⊔∇⊣⌈⌉⇕⊣∇‖ ≀{ M⊣∫∫⊣⌋⟨⊓∫⌉⊔⊔∫ I\∫⊔⟩⊔⊓⊔⌉ ≀{ T⌉⌋⟨\≀↕≀}†↙ T⟨⌉ {≀↕↕≀⊒⟩\} ⊣∇⌉ ⊔∇⊣⌈⌉⇕⊣∇‖∫ ≀{ D⟩}⟩⊔⊣↕ E∐⊓⟩√⇕⌉\⊔ C≀∇√≀∇⊣⊔⟩≀\¬ A↕√⟨⊣ AXP⇔ DEC⇔ DEC⊣⊓⌈⟩≀⇔ DEC∫⊔⊣⊔⟩≀\⇔ DEC⊔⊣↕‖⇔ TURBO⌋⟨⊣\\⌉↕⇔ ULTRIX⇔ XM⌉⌈⟩⊣⇔ ⊣\⌈ ⊔⟨⌉ DIGITAL ↕≀}≀↙ S≀⇕⌉ ≀{ ⊔⟨⌉ ⊘}⊓∇⌉∫ ⊣\⌈ ⊔⊣⌊↕⌉∫ ⊣∇⌉ ⌋≀√†∇⟩}⟨⊔ ⌋◯∞∃∃∋ ⌊† ⊔⟨⌉ USENIX A∫∫≀⌋⟩⊣⊔⟩≀\ ⊣\⌈ ⊣∇⌉ ⊓∫⌉⌈ ⟨⌉∇⌉ ⌊† √⌉∇⇕⟩∫∫⟩≀\↙

⟩⟩

CONTENTS ⟩⟩⟩

C≀\⊔⌉\⊔∫ ∞ I\⊔∇≀⌈⊓⌋⊔⟩≀\ ∞ ∞↙∞ D⌉∫⟩}\ G≀⊣↕∫ . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1▷2 Fundamental Principles . . . . . . . . . . . . . . . . . . . . . . 3 1▷3 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . 4 2 Audio Abstractions 5 2▷1 Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 2▷2 Output Model . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 2▷3 Input Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2▷4 Events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 3 Background 13 3▷1 Signal Processing . . . . . . . . . . . . . . . . . . . . . . . . . 13 3▷2 Etherphone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 3▷3 Fireβy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 3▷4 VOX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 3▷5 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 4 Audio Hardware 15 4▷1 LoFi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 4▷2 JVideo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 4▷3 Integral Workstation Audio Devices . . . . . . . . . . . . . . . . 16 4▷4 LineServer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 4▷5 SGI Indigo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 5 Protocol Description 17 5▷1 Data Transport . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 5▷2 Events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 5▷3 Protocol Requests . . . . . . . . . . . . . . . . . . . . . . . . . 17 5▷4 Audio Device Attributes . . . . . . . . . . . . . . . . . . . . . . 18 5▷5 Telephony . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 5▷6 Audio Contexts . . . . . . . . . . . . . . . . . . . . . . . . . . 20 5▷7 GetTime Play and Record . . . . . . . . . . . . . . . . . . . . . 21 5▷8 Input and Output Gain and I◁O Control . . . . . . . . . . . . . . 21 5▷9 InterClient Communications . . . . . . . . . . . . . . . . . . . 21

6 Client Libraries 23 6▷1 Core Library . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 6▷1▷1 Connection Management . . . . . . . . . . . . . . . . . 23 6▷1▷2 Error Handling . . . . . . . . . . . . . . . . . . . . . . . 24 6▷1▷3 Synchronization . . . . . . . . . . . . . . . . . . . . . . 24 6▷1▷4 Events . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 6▷1▷5 Audio Handling . . . . . . . . . . . . . . . . . . . . . . 25 6▷2 Client Utility Library . . . . . . . . . . . . . . . . . . . . . . . . 27 6▷2▷1 Utility Tables . . . . . . . . . . . . . . . . . . . . . . . 27 6▷2▷2 Utility Procedures . . . . . . . . . . . . . . . . . . . . . 28 7 Server Design 34 7▷1 Implementation Considerations . . . . . . . . . . . . . . . . . . 34 7▷2 Buffering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 7▷3 Server Implementation . . . . . . . . . . . . . . . . . . . . . . . 37 7▷3▷1 DeviceIndependent Audio Server . . . . . . . . . . . . . 37 7▷3▷2 DeviceIndependent and Dependent Server Interfaces . . . 39 7▷4 DeviceDependent Server Examples . . . . . . . . . . . . . . . . 45 7▷4▷1 Aloα . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 7▷4▷2 Aaxp and Asparc . . . . . . . . . . . . . . . . . . . . . 49 7▷4▷3 Als . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 8 AudioFile Clients 51 8▷1 aplay � A Play Client . . . . . . . . . . . . . . . . . . . . . . . 52 8▷1▷1 aplay Options . . . . . . . . . . . . . . . . . . . . . . . 53 8▷1▷2 aplay Implementation . . . . . . . . . . . . . . . . . . . 54 8▷1▷3 Flow Control . . . . . . . . . . . . . . . . . . . . . . . . 57 8▷2 arecord � An Record Client . . . . . . . . . . . . . . . . . . . . 58 8▷2▷1 arecord options . . . . . . . . . . . . . . . . . . . . . . 58 8▷2▷2 arecord implementation . . . . . . . . . . . . . . . . . . 59 8▷2▷3 Flow Control . . . . . . . . . . . . . . . . . . . . . . . . 61 8▷3 apass � Copy From One Server to Another . . . . . . . . . . . . 61 8▷3▷1 apass Options . . . . . . . . . . . . . . . . . . . . . . . 62 8▷3▷2 apass Implementation . . . . . . . . . . . . . . . . . . . 64 8▷3▷3 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . 66 8▷4 Telephone Control . . . . . . . . . . . . . . . . . . . . . . . . . 67 8▷5 Miscellaneous Clients . . . . . . . . . . . . . . . . . . . . . . . 67 8▷6 A Trivial Answering Machine . . . . . . . . . . . . . . . . . . . 67

9 Contributed Clients 68 9▷1 abob � A Tk Demonstration . . . . . . . . . . . . . . . . . . . 69 9▷2 adial � A Screenbased Telephone Dialer . . . . . . . . . . . . . 69 9▷3 Device Control . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 9▷4 xpow � Display Signal Power . . . . . . . . . . . . . . . . . . . 70 9▷5 afft � A Realtime Spectrogram Displayer . . . . . . . . . . . . 70 9▷6 Miscellaneous Contributed Clients . . . . . . . . . . . . . . . . . 73 9▷7 Other AudioFile Applications . . . . . . . . . . . . . . . . . . . 73 9▷7▷1 Speech Synthesis . . . . . . . . . . . . . . . . . . . . . 74 9▷7▷2 DECspin . . . . . . . . . . . . . . . . . . . . . . . . . . 74 9▷7▷3 ARGOSEE . . . . . . . . . . . . . . . . . . . . . . . . . 74 9▷7▷4 VAT . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 10 Performance Results 75 10▷1 Server and Client Performance . . . . . . . . . . . . . . . . . . . 75 10▷1▷1 Basic Latency . . . . . . . . . . . . . . . . . . . . . . . 75 10▷1▷2 Play and Record . . . . . . . . . . . . . . . . . . . . . . 76 10▷1▷3 Preempt Play vs Mix Play . . . . . . . . . . . . . . . . . 78 10▷1▷4 Open Loop Record◁Play . . . . . . . . . . . . . . . . . . 79 10▷2 CPU Usage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82 10▷3 Data Transport . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 11 Summary 85 11▷1 Areas for Further Work . . . . . . . . . . . . . . . . . . . . . . 85 11▷2 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 11▷3 How to Get AudioFile . . . . . . . . . . . . . . . . . . . . . . . 87 11▷4 Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . 88 12 Glossary 90 References 94 Index 96 vi CONTENTS

1 Introduction Audio hardware is becoming increasingly common on desktop computers such as workstations PCs and Macintoshes▷ In 1990 the authors began a project at Digitalφs Cambridge Research Laboratory to explore desktop audio▷1 One of us ↼Levergood↽ designed a TURBOchannel2I◁O module called LoFi with capabilities for telephony and both low and highαdelity audio▷ Once that hardware was available we began work on software▷ The result of our efforts is the AudioFile System▷ It was clear from the outset that audio on the desktop should have the same βexibility that users have come to expect of the display▷ Similar to the X Win dow System♭14♯ AudioFile was designed to allow multiple clients to support a variety of underlying hardware and to permit transparent access through the net work▷ Since its original implementation AudioFile has been used for a variety of applications and experiments with desktop audio▷ These applications include au dio recording playback video teleconferencing answering machines voice mail telephone control speech recognition and speech synthesis▷ AudioFile supports multiple audio data types and sample rates from 8 KHz telephone quality through 48 KHz highαdelity stereo▷ Currently AudioFile runs on Digitalφs RISC DECstations under ULTRIX Digitalφs Alpha AXP systems under DEC OSF◁1 for Alpha AXP Sun SPARC systems under SunOS and Silicon Graphics Indigo workstations under IRIX▷ A source code distribution is available by anonymous FTP over the Internet▷ Like the X Window System AudioFile has four main components. • T⟨⌉ P∇≀⊔≀⌋≀↕↙ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ S†∫⊔⌉⇕ ⌈⌉⊘\⌉∫ ⊣ ⊒⟩∇⌉ √∇≀⊔≀⌋≀↕ ⊔⟨⊣⊔ ↕⟩\‖∫ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊒⟩⊔⟨ ⌋↕⟩⌉\⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ≀⊑⌉∇ ⊣ ⊑⊣∇⟩⌉⊔† ≀{ ↕≀⌋⊣↕ ⊣\⌈ \⌉⊔⊒≀∇‖ ⌋≀⇕⇕⊓↖ \⟩⌋⊣⊔⟩≀\ ⌋⟨⊣\\⌉↕∫↙ T⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊔⟨⌉ √∇≀⊔≀⌋≀↕ ⌋≀⇕⇕⊣\⌈∫ ⊣\⌈ ∇⌉∫√≀\∫⌉∫ ⌈⌉⊘\⌉ ⊒⟨⊣⊔ ∫⌉∇⊑⌉∇∫ ⊣∇⌉ ⌉§√⌉⌋⊔⌉⌈ ⊔≀ ⌈≀ ⊣\⌈ ⊒⟨⊣⊔ ∫⌉∇⊑⟩⌋⌉∫ ⌋↕⟩⌉\⊔∫ ⌋⊣\ ⌉§√⌉⌋⊔↙ • C↕⟩⌉\⊔ L⟩⌊∇⊣∇† ⊣\⌈ API↙ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇† ⊣\⌈ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ √∇≀↖ }∇⊣⇕⇕⟩\} ⟩\⊔⌉∇{⊣⌋⌉ ⇐API⇒ √∇≀⊑⟩⌈⌉ ⊣ ⇕⌉⊣\∫ {≀∇ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊔≀ }⌉\⌉∇⊣⊔⌉ √∇≀↖ ⊔≀⌋≀↕ ∇⌉∐⊓⌉∫⊔∫ ⊣\⌈ ⊔≀ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⌉ ⊒⟩⊔⟨ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊓∫⟩\} ⊣ √∇≀⌋⌉⌈⊓∇⊣↕ ⟩\∫⊔⌉⊣⌈ ≀{ ⊣ ⇕⌉∫∫⊣}⌉↖√⊣∫∫⟩\} ⟩\⊔⌉∇{⊣⌋⌉↙ • T⟨⌉ S⌉∇⊑⌉∇↙ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⌋≀\⊔⊣⟩\∫ ⊣↕↕ ⌋≀⌈⌉ ∫√⌉⌋⟩⊘⌋ ⊔≀ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ∞A\⌈ ⊑⟩⌈⌉≀⇔ ⌊⊓⊔ ⊔⟨⊣⊔ ⟩∫ ⊣\≀⊔⟨⌉∇ ∫⊔≀∇†↙ ∈TURBO⌋⟨⊣\\⌉↕ ⟩∫ ⊔⟨⌉ I∝O ⌊⊓∫ ⊓∫⌉⌈ ≀\ D⟩}⟩⊔⊣↕≃∫ DEC∫⊔⊣⊔⟩≀\ ⊣\⌈ A↕√⟨⊣ AXP ⊒≀∇‖∫⊔⊣⊔⟩≀\∫↙

∈ ∞ INTRODUCTION

⌈⌉⊑⟩⌋⌉∫ ⊣\⌈ ≀√⌉∇⊣⊔⟩\} ∫†∫⊔⌉⇕∫↙ I⊔ ⇕⌉⌈⟩⊣⊔⌉∫ ⊣⌋⌋⌉∫∫ ⊔≀ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⌈⌉⊑⟩⌋⌉∫ ⊣\⌈ ⌉§√≀∇⊔∫ ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉↖⟩\⌈⌉√⌉\⌈⌉\⊔ ⟩\⊔⌉∇{⊣⌋⌉ ⊔≀ ⌋↕⟩⌉\⊔∫↙ • C↕⟩⌉\⊔∫↙ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⟩\⌋↕⊓⌈⌉∫ ∫⌉⊑⌉∇⊣↕ ≀⊓⊔↖≀{↖⊔⟨⌉↖⌊≀§ ⊣√√↕⟩↖ ⌋⊣⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⇕⊣‖⌉ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕† ⊓∫⊣⌊↕⌉ ⊣\⌈ ⊒⟨⟩⌋⟨ ∫⌉∇⊑⌉ ⊣∫ ⟩↕↕⊓∫⊔∇⊣⊔⟩≀\∫ {≀∇ ⇕≀∇⌉ ⌋≀⇕√↕⌉§ ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙

T⟨⟩∫ ∇⌉√≀∇⊔ ⌊⌉}⟩\∫ ⊒⟩⊔⟨ ⊣ ⌈⟩∫⌋⊓∫∫⟩≀\ ≀{ ⊔⟨⌉ ⌈⌉∫⟩}\ }≀⊣↕∫ ⊣\⌈ ⊔⟨⌉ {⊓\⌈⊣⇕⌉\⊔⊣↕ √∇⟩\⌋⟩√↕⌉∫ ≀{ A⊓⌈⟩≀F⟩↕⌉↙ W⌉ ⊔⟨⌉\ √↕⊣⌋⌉ ⊔⟨⟩∫ ⊒≀∇‖ ⟩\⊔≀ ⊔⟨⌉ ⟨⟩∫⊔≀∇⟩⌋⊣↕ ⌋≀\⊔⌉§⊔ ≀{ ⌉⊣∇↕⟩⌉∇ ⌈⌉∫‖⊔≀√ ⊣⊓⌈⟩≀ ⌉{{≀∇⊔∫ ⊣\⌈ ≀⊔⟨⌉∇ ⇕≀∇⌉ ∇⌉⌋⌉\⊔ ⊣⊓⌈⟩≀ ⊒≀∇‖↙ F≀↕↕≀⊒⟩\} ⊣ ⌈⟩∫⌋⊓∫∫⟩≀\ ≀{ ∫≀⇕⌉ ≀{ ⊔⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉ ⊓∫⌉⌈ {≀∇ ⌈⌉∫‖⊔≀√ ⊣⊓⌈⟩≀⇔ ⊒⌉ ⌈⟩∫⌋⊓∫∫ ⊔⟨⌉ \⌉⊔⊒≀∇‖ √∇≀⊔≀⌋≀↕⇔ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇†⇔ ⊣\⌈ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⟩\ ∫≀⇕⌉ ⌈⌉⊔⊣⟩↕↙ T⟨⌉\ ⊒⌉ ⌈⌉∫⌋∇⟩⌊⌉ ⊣ ∫⊣⇕√↕⟩\} ≀{ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊔⟨⊣⊔ ⊓∫⌉ A⊓⌈⟩≀F⟩↕⌉⇔ {≀↕↕≀⊒⌉⌈ ⌊† ⊣\ ⊣\⊣↕†∫⟩∫ ≀{ A⊓⌈⟩≀F⟩↕⌉≃∫ √⌉∇{≀∇⇕⊣\⌋⌉↙ W⌉ ⌋≀\⌋↕⊓⌈⌉ ⊒⟩⊔⟨ ⊣ ⌊∇⟩⌉{ ⌈⟩∫⌋⊓∫∫⟩≀\ ≀{ √↕⊣\∫ {≀∇ {⊓⊔⊓∇⌉ ⊒≀∇‖ ⊣\⌈ ⌉§√↕⊣⟩\ ⟨≀⊒ ⊔≀ }⌉⊔ ⊔⟨⌉ ∫≀{⊔⊒⊣∇⌉↙

∞↙∞ D⌉∫⟩}\ G≀⊣↕∫ A⊓⌈⟩≀F⟩↕⌉ ⊒⊣∫ ⌈⌉∫⟩}\⌉⌈ ⊒⟩⊔⟨ ∫⌉⊑⌉∇⊣↕ }≀⊣↕∫ ⟩\ ⇕⟩\⌈↙ T⟨⌉∫⌉ ⟩\⌋↕⊓⌈⌉¬

• N⌉⊔⊒≀∇‖ ⊔∇⊣\∫√⊣∇⌉\⌋†↙ A√√↕⟩⌋⊣⊔⟩≀\∫ ⌋⊣\ ∇⊓\ ≀\ ⇕⊣⌋⟨⟩\⌉∫ ∫⌋⊣⊔⊔⌉∇⌉⌈ ⊔⟨∇≀⊓}⟨↖ ≀⊓⊔ ⊔⟨⌉ \⌉⊔⊒≀∇‖↙ T⟨⟩∫ √∇≀√⌉∇⊔† ⟩∫ ⌈⌉∫⟩∇⊣⌊↕⌉ {≀∇ ∫⌉⊑⌉∇⊣↕ ∇⌉⊣∫≀\∫¬ ⊣\ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⇕⊣† ⌊⌉ ↕⟩⌋⌉\∫⌉⌈ ⊔≀ ∇⊓\ ≀\↕† ≀\ ⊣ ∫√⌉⌋⟩⊘⌋ ⇕⊣⌋⟨⟩\⌉⇔ ≀∇ ⟩⊔ ⇕⊣† ∇⌉∐⊓⟩∇⌉ ⌋≀⇕√⊓⊔↖ ⟩\} ∇⌉∫≀⊓∇⌋⌉∫ \≀⊔ ⊣⊑⊣⟩↕⊣⌊↕⌉ ≀\ ⌉⊑⌉∇† ⌈⌉∫‖⊔≀√↙ N⌉⊔⊒≀∇‖ ⊔∇⊣\∫√⊣∇⌉\⌋† ⊣↕↕≀⊒∫ ∫⊓⌋⟨ ⌋≀\∫⊔∇⊣⟩\⌉⌈ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊔≀ ∇⊓\ ⊣\†⊒⟨⌉∇⌉ ⌊⊓⊔ ∫⊔⟩↕↕ ⟩\⊔⌉∇⊣⌋⊔ ⊒⟩⊔⟨ ⊔⟨⌉ ⊓∫⌉∇↙ A\≀⊔⟨⌉∇ ∐⊓⟩⊔⌉ ⌈⟩{{⌉∇⌉\⊔ ⌊⌉\⌉⊘⊔ ≀{ \⌉⊔⊒≀∇‖ ⊔∇⊣\∫√⊣∇⌉\⌋† ⟩∫ ⊔⟨⊣⊔ ⟩⊔ ⌉\⊣⌊↕⌉∫ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊔≀ ⊓∫⌉ ⊣⊓⌈⟩≀ ≀\ ∫⌉⊑⌉∇⊣↕ ∫†∫⊔⌉⇕∫ ⊣⊔ ≀\⌋⌉↙ T⌉↕⌉⌋≀\{⌉∇⌉\⌋⟩\} ⟩∫ ∫⊓⌋⟨ ⊣\ ⊣√√↕⟩⌋⊣⊔⟩≀\∅ ⟩⊔ ⇕⊓∫⊔ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⌉ ⊒⟩⊔⟨ ⇕⊓↕⊔⟩√↕⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇∫↙ • D⌉⊑⟩⌋⌉↖⟩\⌈⌉√⌉\⌈⌉\⌋⌉↙ A√√↕⟩⌋⊣⊔⟩≀\∫ \⌉⌉⌈ \≀⊔ ⌊⌉ ∇⌉⊒∇⟩⊔⊔⌉\ ⊔≀ ∇⊓\ ≀\ \⌉⊒ ⊣⊓↖ ⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉↙ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ S†∫⊔⌉⇕ √∇≀⊑⟩⌈⌉∫ ⊣ ⌋≀⇕⇕≀\ ⊣⌊∫⊔∇⊣⌋⊔ ⟩\⊔⌉∇{⊣⌋⌉ ⊔≀ ⊔⟨⌉ ∇⌉⊣↕ ⟨⊣∇⌈⊒⊣∇⌉⇔ ⟩\∫⊓↕⊣⊔⟩\} ⊣√√↕⟩⌋⊣⊔⟩≀\∫ {∇≀⇕ ⊔⟨⌉ ⇕⌉∫∫† ⌈⌉⊔⊣⟩↕∫↙ F⊓∇↖ ⊔⟨⌉∇⇕≀∇⌉⇔ ⊣∫ ⊒⌉ ⊒⟩↕↕ ⌈⌉∫⌋∇⟩⌊⌉ ⟩\ S⌉⌋⊔⟩≀\ ∀⇔ ∫≀⇕⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⌋⊣\ ≀√⌉∇⊣⊔⌉ ≀\ }⌉\⌉∇⟩⌋ ⊣⊓⌈⟩≀⇔ ⊒⟩⊔⟨≀⊓⊔ ⊒≀∇∇†⟩\} ⊣⌊≀⊓⊔ ⌈⌉⊔⊣⟩↕∫ ∫⊓⌋⟨ ⊣∫ ∫⊣⇕√↕⟩\} ∇⊣⊔⌉⇔ \⊓⇕⌊⌉∇ ≀{ ⌋⟨⊣\\⌉↕∫⇔ ≀∇ ⌉\⌋≀⌈⟩\}↙ • S⊓√√≀∇⊔ {≀∇ ⇕⊓↕⊔⟩√↕⌉ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫ ⌋↕⟩⌉\⊔∫↙ A√√↕⟩⌋⊣⊔⟩≀\∫ ⌋⊣\ ∇⊓\ ⌋≀\⌋⊓∇↖ ∇⌉\⊔↕†⇔ ∫⟨⊣∇⟩\} ⊣⌋⌋⌉∫∫ ⊔≀ ⊔⟨⌉ ⊣⌋⊔⊓⊣↕ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉↙ T⊒≀ ⊣⊓⌈⟩≀ ⊣√√↕⟩⌋⊣⊔⟩≀\∫

∞↙∈ F⊓\⌈⊣⇕⌉\⊔⊣↕ P∇⟩\⌋⟩√↕⌉∫ ∋

∇⊓\\⟩\} ≀\ ⊣ ∫⟩\}↕⌉ ⌋≀⇕√⊓⊔⌉∇ ∫⟨≀⊓↕⌈ ⌊⌉⟨⊣⊑⌉ |⊓∫⊔ ↕⟩‖⌉ ⊔⟨≀∫⌉ ∫⊣⇕⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∇⊓\\⟩\} ≀\ ∫⌉√⊣∇⊣⊔⌉ ⌋≀⇕√⊓⊔⌉∇∫ ⟩\ ⊔⟨⌉ ∫⊣⇕⌉ ∇≀≀⇕↙ ∋ • S⊓√√≀∇⊔ ⊣ ⊒⟩⌈⌉ ∇⊣\}⌉ ≀{ ⌋↕⟩⌉\⊔∫↙ I⊔ ∫⟨≀⊓↕⌈ ⌊⌉ √≀∫∫⟩⌊↕⌉ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ ⊣√√↕⟩⌋⊣↖ ⊔⟩≀\∫ ∇⊣\}⟩\} {∇≀⇕ ⊣⊓⌈⟩≀ ⌊⟩{{ △ ⊔≀ ⇕⊓↕⊔⟩⊓∫⌉∇ ⊔⌉↕⌉⌋≀\{⌉∇⌉\⌋⟩\}↙ W⌉ ⟨⊣⊑⌉ ⌋⟨≀∫⌉\ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ ⊣ {⌉⊒ ⊑⌉∇† }⌉\⌉∇⊣↕↖√⊓∇√≀∫⌉ ⇕⌉⌋⟨⊣\⟩∫⇕∫ ⊔⟨⊣⊔ √⌉∇⇕⟩⊔ ⊣ ⊒⟩⌈⌉ ⊑⊣↖ ∇⟩⌉⊔† ≀{ ⊣√√↕⟩⌋⊣⊔⟩≀\∫⇔ ⟩\⌋↕⊓⌈⟩\} ⌊≀⊔⟨ ⊣}}∇⌉∫∫⟩⊑⌉↕† ∇⌉⊣↕↖⊔⟩⇕⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊣\⌈ ⊔⟨≀∫⌉ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⇕≀∇⌉ ⌉⊣∫†}≀⟩\}↙ • S⟩⇕√↕⟩⌋⟩⊔†↙ A⌈⌈⟩\} ∫⟩⇕√↕⌉ ⊣⊓⌈⟩≀ ⊔≀ ⊣\ ⊣√√↕⟩⌋⊣⊔⟩≀\ ∫⟨≀⊓↕⌈ ⌊⌉ ⌉⊣∫†↙ S⟩⇕√↕⌉ √↕⊣† ⊣\⌈ ∇⌉⌋≀∇⌈ ⌋↕⟩⌉\⊔∫ ∫⟨≀⊓↕⌈ ∇⌉∐⊓⟩∇⌉ ⊑⌉∇† ↕⟩⊔⊔↕⌉ ⌋≀⌈⌉↙ C≀⇕√↕⌉§ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∫⟨≀⊓↕⌈ ⌊⌉ √≀∫∫⟩⌊↕⌉⇔ ⌊⊓⊔ ≀\⌉ ∫⟨≀⊓↕⌈ \≀⊔ ⌊⊓∇⌈⌉\ ∫⟩⇕√↕⌉ ⌋↕⟩⌉\⊔∫ ⊒⟩⊔⟨ ⇕⊣∫∫⟩⊑⌉ ⇕⌉⌋⟨⊣\⟩∫⇕↙ • Q⊓⟩⌋‖ ⊔⟩⇕⌉ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔↙ W⌉ ⊒⊣\⊔⌉⌈ ⊔≀ ∫⊔⊣∇⊔ ⌊⊓⟩↕⌈⟩\} ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∐⊓⟩⌋‖↕†↙ W⌉ ⌋⟨≀∫⌉ ⊔≀ ↕⌉⊑⌉∇⊣}⌉ ⊣∫ ⇕⊓⌋⟨ ⌉§⟩∫⊔⟩\} ⇕⌉⌋⟨⊣\⟩∫⇕ ⊣∫ ⊒⌉ ⌋≀⊓↕⌈⇔ ⊣\⌈ ⊒⌉ ⊔∇⟩⌉⌈ ⊔≀ √⊓⊔ ⊣∫ ↕⟩⊔⊔↕⌉ ⊣∫ √≀∫∫⟩⌊↕⌉ ⟩\⊔≀ ⊔⟨⌉ ≀√⌉∇⊣⊔⟩\} ∫†∫⊔⌉⇕ ‖⌉∇\⌉↕↙ A↕⊔⟨≀⊓}⟨ ⌈⌉⌊⊓}}⟩\} ‖⌉∇\⌉↕ ⌈⌉⊑⟩⌋⌉ ⌈∇⟩⊑⌉∇∫ ⟩∫ √≀∫∫⟩⌊↕⌉⇔ ⟩⊔ ⟩∫ \⌉⟩⊔⟨⌉∇ ⊣ ∇⌉⊒⊣∇⌈⟩\} \≀∇ ⊣ ⊔⟩⇕⌉↖⌉{⊘⌋⟩⌉\⊔ √∇≀⌋⌉∫∫↙

∞↙∈ F⊓\⌈⊣⇕⌉\⊔⊣↕ P∇⟩\⌋⟩√↕⌉∫ I\ ⊣⌈⌈⟩⊔⟩≀\ ⊔≀ ≀⊓∇ }≀⊣↕∫⇔ ⊒⌉ ⌈⌉∫⟩}\⌉⌈ A⊓⌈⟩≀F⟩↕⌉ ⊒⟩⊔⟨ ⊣ {⌉⊒ {⊓\⌈⊣⇕⌉\⊔⊣↕ √∇⟩\⌋⟩√↕⌉∫ ⟩\ ⇕⟩\⌈↙ T⟨⌉∫⌉ ⟩\⌋↕⊓⌈⌉¬ • C≀⇕√⊓⊔⌉∇∫ ⊣∇⌉ {⊣∫⊔↙ M≀⌈⌉∇\ ⇕⊣⌋⟨⟩\⌉∫ ⊣∇⌉ {⊣∫⊔ ⌉\≀⊓}⟨ ⊔≀ ⟨⊣\⌈↕⌉ ⊣ ⊑⊣∇⟩⌉⊔† ≀{ ∫⟩}\⊣↕ √∇≀⌋⌉∫∫⟩\} ⊣\⌈ ∇⌉⊣↕↖⊔⟩⇕⌉ √∇≀⌊↕⌉⇕∫↙ T⟨⌉∇⌉ ⟩∫ \≀ \⌉⌉⌈ ⊔≀ ⌊⌉ {∇⟩}⟨⊔⌉\⌉⌈ ⌊† ⊣ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋≀⇕√⊓⊔⌉∇ ↕≀≀‖ ⊣⊔ ⌉⊑⌉∇† ⊣⊓⌈⟩≀ ∫⊣⇕√↕⌉↙ U\\⌉⌋⌉∫∫⊣∇† ⌋≀√⟩⌉∫ ≀{ ⌈⊣⊔⊣ ⊣∇⌉ ⊔≀ ⌊⌉ ⊣⊑≀⟩⌈⌉⌈⇔ ⌊⊓⊔ ⟩⊔ ⟩∫ {∇⌉∐⊓⌉\⊔↕† ⌊⌉⊔⊔⌉∇ ⊔≀ ⌋≀√† ⌈⊣⊔⊣ ⊔⟨⊣\ ⊔≀ ⌋≀∇∇⊓√⊔ ⊔⟨⌉ ∫⊔∇⊓⌋⊔⊓∇⌉ ≀{ ⊣\ ⊣√√↕⟩⌋⊣⊔⟩≀\↙ W⌉ ⊣∫∫⊓⇕⌉ ⊣\ ADC∝DAC ⇕≀⌈⌉↕ {≀∇ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⌈⌉⊑⟩⌋⌉ ⊣\⌈ ⌈≀ \≀⊔ ⌈⌉√⌉\⌈ ≀\ ⟩\⊔⌉↕↕⟩}⌉\⊔ ⌋≀\⊔∇≀↕↕⌉∇∫↙ • C↕⟩⌉\⊔ ⌋≀\⊔∇≀↕ ≀{ ⊔⟩⇕⌉↙ C↕⟩⌉\⊔∫ ⊣∇⌉ ∇⌉∫√≀\∫⟩⌊↕⌉ {≀∇ ∫√⌉⌋⟩{†⟩\} ⊔⟨⌉ ⌉§⊣⌋⊔ ⊔⟩⇕⟩\} ≀{ ∇⌉⌋≀∇⌈⟩\} ⊣\⌈ √↕⊣†⌊⊣⌋‖↙ T⟨⟩∫ √⊓⊔∫ ⊣ ⇕⟩\≀∇ ⊣⌈⌈⟩⊔⟩≀\⊣↕ ↕≀⊣⌈ ≀\ ⊔⟨⌉ ⌋↕⟩⌉\⊔∫⇔ ⌊⊓⊔ }∇⌉⊣⊔↕† ∫⟩⇕√↕⟩⊘⌉∫ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊣\⌈ ⇕⊣‖⌉∫ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ S†∫⊔⌉⇕ ⌋⊣√⊣⌊↕⌉ ≀{ ⟨⊣\⌈↕⟩\} ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∇⌉∐⊓⟩∇⟩\} ⊣ ⊒⟩⌈⌉ ∇⊣\}⌉ ≀{ ∇⌉⊣↕↖⊔⟩⇕⌉ ⌊⌉⟨⊣⊑⟩≀∇↙ E§√↕⟩⌋⟩⊔ ∋W⌉ ⌈≀ ⊔⟨⟩\‖ ⊔⟨⊣⊔ ⊔⟨⌉∇⌉ ⟩∫ ∇≀≀⇕ {≀∇ ∫≀⇕⌉⊔⟨⟩\} ↕⟩‖⌉ ⊣\ ⊖⊣⊓⌈⟩≀ ⊒⟩\⌈≀⊒ ⇕⊣\⊣}⌉∇⪰ ⊒⟨⟩⌋⟨ ⊒≀⊓↕⌈ ⟩⇕√≀∫⌉ ⊣ √≀↕⟩⌋† ≀\ ⇕⊓↕⊔⟩√↕⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫⇔ ⌊⊓⊔ ∫≀ {⊣∇ ⊒⌉ ⟨⊣⊑⌉ \≀⊔ {≀⊓\⌈ ⟩⊔ \⌉⌋⌉∫∫⊣∇† ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ ≀\⌉↙ I\ ⊣\† ⌋⊣∫⌉⇔ ⊒⌉ ⊔⟨⟩\‖ ⊔⟨⌉ ⌋≀∇⌉ ∫†∫⊔⌉⇕ ∫⟨≀⊓↕⌈ ⊖√∇≀⊑⟩⌈⌉ ⇕⌉⌋⟨⊣\⟩∫⇕⇔ \≀⊔ √≀↕⟩⌋†⪰↙ △⌊⟩{{ ⟩∫ ⊣ B⌉∇‖⌉↕⌉† UNIX √∇≀}∇⊣⇕ ⊔⟨⊣⊔ \≀⊔⟩⊘⌉∫ ⊣ ⊓∫⌉∇ ⊒⟨⌉\ \⌉⊒ ⇕⊣⟩↕ ⊣∇∇⟩⊑⌉∫↙

△ ∞ INTRODUCTION

⌋≀\⊔∇≀↕ ≀{ ⊔⟩⇕⌉ ⊣↕∫≀ ⇕⊣‖⌉∫ ⟩⊔ ⊑⌉∇† ⌉⊣∫† ⊔≀ ⌋≀\∫⊔∇⊓⌋⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∇⌉∐⊓⟩∇⟩\} ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\ ≀{ ⇕⊓↕⊔⟩√↕⌉ ⊣⌋⊔⟩⊑⟩⊔⟩⌉∫↙ • N≀ ∇≀⌋‖⌉⊔ ∫⌋⟩⌉\⌋⌉↙ A⊓⌈⟩≀F⟩↕⌉ ⌈≀⌉∫ \≀⊔ ∇⌉∐⊓⟩∇⌉ ∫√⌉⌋⟩⊣↕⟩‡⌉⌈ ↕≀⊒↖↕⌉⊑⌉↕ \⌉⊔⊒≀∇‖ √∇≀⊔≀⌋≀↕∫ ≀∇ ⇕⊓↕⊔⟩⊔⟨∇⌉⊣⌈⌉⌈ ⌉\⊑⟩∇≀\⇕⌉\⊔∫↙ T⟨⌉∫⌉ {⊣⌋⟩↕⟩⊔⟩⌉∫ ⊒⌉∇⌉ \≀⊔ \⌉⌋⌉∫∫⊣∇† ⊔≀ ⊣⌋⟨⟩⌉⊑⌉ ≀⊓∇ }≀⊣↕∫ ⊣\⌈ ⊓∫⟩\} ∫√⌉⌋⟩⊣↕ √∇≀⊔≀⌋≀↕∫ ≀∇ ⊔⟨∇⌉⊣⌈∫ ⊒≀⊓↕⌈ ⟩⇕√⌉⌈⌉ ⊔⟨⌉ √≀∇⊔⊣⌊⟩↕⟩⊔† ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕↙ C≀\∫⌉∐⊓⌉\⊔↕†⇔ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⟩∫ ∫⟩\}↕⌉ ⊔⟨∇⌉⊣⌈⌉⌈⇔ ⊒⌉ ⊓∫⌉ ∫⊔⊣\⌈⊣∇⌈ TCP∝IP⇔ ⊣\⌈ \≀ ≀√⌉∇⊣⊔⟩\} ∫†∫⊔⌉⇕ ∫⊓√√≀∇⊔ ⇕≀∇⌉ ⌋≀⇕√↕⌉§ ⊔⟨⊣\ ⊔⟨⌉ ∫⌉↕⌉⌋⊔⇐⇒ ∫†∫⊔⌉⇕ ⌋⊣↕↕ ⟩∫ ∇⌉∐⊓⟩∇⌉⌈↙ ▽ • S⟩⇕√↕⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∫⟨≀⊓↕⌈ ⌊⌉ ∫⟩⇕√↕⌉↙ C≀⇕√↕⟩⌋⊣⊔⌉⌈ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∫⟨≀⊓↕⌈ ⌊⌉ √≀∫∫⟩⌊↕⌉↙ I\ ≀⊔⟨⌉∇ ⊒≀∇⌈∫⇔ ∫⟩⇕√↕⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∫⟨≀⊓↕⌈ \≀⊔ ⟨⊣⊑⌉ ⊔≀ √⊣† ⊣ √∇⟩⌋⌉ ⟩\ ⌋≀⇕√↕⌉§⟩⊔† ⊒⟨⌉\ ⊔⟨⌉† \⌉⌉⌈ ≀\↕† ∫⟩⇕√↕⌉ {⊓\⌋⊔⟩≀\⊣↕⟩⊔†↙

∞↙∋ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ T⟨⌉ √⊣∇⊔∫ ≀{ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ A⊓⌈⟩≀F⟩↕⌉ ⊔⟨⊣⊔ ⊣∇⌉ \≀⊔ ∫√⌉⌋⟩⊘⌋ ⊔≀ ⊣⊓⌈⟩≀⇔ ∫⊓⌋⟨ ⊣∫ ⌋↕⟩⌉\⊔∝∫⌉∇⊑⌉∇ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫⇔ ⊣∇⌉ ⌊⊣∫⌉⌈ ≀\ X∞∞ R⌉↕⌉⊣∫⌉ △↙ T⟨⌉ ⌋≀⌈⌉ ⊒⊣∫ {∇⌉⌉↕† ⊣⊑⊣⟩↕⊣⌊↕⌉ ⊣\⌈ √∇≀⊑⟩⌈⌉⌈ ⊣ ⊒⌉↕↕↖⊓\⌈⌉∇∫⊔≀≀⌈ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫ ⟩\{∇⊣∫⊔∇⊓⌋⊔⊓∇⌉↙ W⟨⟩↕⌉ ⊒⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈ ∫⌉⊑⌉∇⊣↕ ↕⊣\}⊓⊣}⌉∫ {≀∇ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ A⊓⌈⟩≀F⟩↕⌉⇔ ∫⊔⊣∇⊔⟩\} ⊒⟩⊔⟨ ⊔⟨⌉ MIT X∞∞R△ ∫≀⊓∇⌋⌉ ⌋≀⌈⌉ ⊔⟩√√⌉⌈ ⊔⟨⌉ ∫⌋⊣↕⌉∫ ⟩\ {⊣⊑≀∇ ≀{ ⊔⟨⌉ C ↕⊣\}⊓⊣}⌉↙ O{ ⌋≀⊓∇∫⌉⇔ ⊔∇⊣⊑⌉↕⟩\} ⊔⟨⟩∫ ∇≀⊓⊔⌉ ⌋⊣⊓∫⌉⌈ ⊓∫ ⊔≀ ⌋⊣∇∇† ⌉§⊔∇⊣ ⌊⊣}}⊣}⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ ≀∇⟩}⟩\⊣↕ MIT ∫≀⊓∇⌋⌉ ⌋≀⌈⌉ ⟩∫ ⊒∇⟩⊔⊔⌉\ ⊒⟩⊔⟨ C √∇⌉√∇≀⌋⌉∫∫≀∇ ⌋≀⇕⇕⊣\⌈∫⇔ ⇕≀∫⊔↕† ⊓∫⌉⌈ ⌊† ⊔⟨⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇†⇔ ⊔⟨⊣⊔ ⌋≀\⌈⟩⊔⟩≀\⊣↕↕† ⌊⊓⟩↕⌈ ⌋≀⌈⌉ ⊒⟩⊔⟨ ≀∇ ⊒⟩⊔⟨≀⊓⊔ {⊓\⌋⊔⟩≀\ √∇≀⊔≀⊔†√⌉∫↙ A⊔ ↕⌉⊣∫⊔ ≀\⌉ ⊒⌉↕↕ ‖\≀⊒\ ⊑⌉\⌈≀∇ ≀{ ⌊⟩}↖⌉\⌈⟩⊣\ ⌋≀⇕√⊓⊔⌉∇∫ ⌈≀⌉∫ \≀⊔ ∫⊓√√≀∇⊔ {⊓\⌋⊔⟩≀\ √∇≀⊔≀⊔†√⌉∫ ⊒⟩⊔⟨ ⊔⟨⌉⟩∇ ∫⊔≀⌋‖ C ⌋≀⇕√⟩↕⌉∇↙ F⊓\⌋⊔⟩≀\ √∇≀⊔≀⊔†√⌉∫ ⟨⊣⊑⌉ √∇≀⊑⌉\ ⊔≀ ⌊⌉ ∐⊓⟩⊔⌉ ⊓∫⌉{⊓↕ {≀∇ ⌈⌉⊑⌉↕≀√⟩\} ↕⊣∇}⌉ √≀∇⊔⊣⌊↕⌉ ∫†∫⊔⌉⇕∫ ⟩\ C↙ U\{≀∇⊔⊓\⊣⊔⌉↕†⇔ ⊖√≀∇⊔⊣⌊↕⌉⪰ ∫≀⇕⌉⊔⟩⇕⌉∫ ⇕⌉⊣\∫ ⊖↕≀⊒⌉∫⊔ ⌋≀⇕⇕≀\ ⌈⌉\≀⇕⟩\⊣⊔≀∇⪰ � ∫≀ ≀⊓∇ ⌋≀⌈⌉ ⟩∫ ⊣↕∫≀ ⌋↕⊓⊔⊔⌉∇⌉⌈ ⊒⟩⊔⟨ ↕⌉{⊔↖|⊓∫⊔⟩⊘⌉⌈ ⌋⟨⟩⌋‖⌉\ ∫⌋∇⊣⊔⌋⟨⌉∫ ∪∞∃⊎↙ ∀ W⌉ ∫⟨≀⊓↕⌈ ⌉⇕√⟨⊣∫⟩‡⌉ ⊔⟨⌉ {⊣⌋⊔ ⊔⟨⊣⊔ A⊓⌈⟩≀F⟩↕⌉ ⟩∫ \≀⊔ ⊣\ ⊣⌈⌈⟩⊔⟩≀\ ⊔≀ ⊣\ X W⟩\⌈≀⊒ S†∫⊔⌉⇕ ∫⌉∇⊑⌉∇↙ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⟩∫ ⊣ ∫⌉√⊣∇⊣⊔⌉ ⌉\⊔⟩⊔† ⊒⟨⟩⌋⟨ ⌊≀∇∇≀⊒⌉⌈ ∫≀⇕⌉ ▽I⊔ ∫⌉⌉⇕∫ ↕⟩‖⌉↕† ⊔⟨⊣⊔ ⊣ ⇕⊓↕⊔⟩⊔⟨∇⌉⊣⌈⌉⌈ ∫⌉∇⊑⌉∇ ⊒≀⊓↕⌈ √⌉∇⇕⟩⊔ ⊣ ∫↕⟩}⟨⊔↕† ⌋↕⌉⊣\⌉∇ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ ⌊⊓⊔ ⊒⌉ {⌉↕⊔ ⊔⟨⌉ √⌉∇{≀∇⇕⊣\⌋⌉ ⊣\⌈ √≀∇⊔⊣⌊⟩↕⟩⊔† ∇⟩∫‖∫ ⌈⟩⌈ \≀⊔ |⊓∫⊔⟩{† ⟩⊔↙ T̸⟨⟩∫ ⟩∫ ∇⌉⊣↕↕† ⟩⇕√≀∇⊔⊣\⊔ � \≀⊔⟩⌋⌉ ⊔⟨⊣⊔ ∫⟩⇕√↕⟩⌋⟩⊔† ⟩∫ ⌊≀⊔⟨ ⊣ }≀⊣↕ ⊣\⌈ ⊣\ ⊣⌊⟩⌈⟩\} √∇⟩\⌋⟩√↕⌉↙ O⊓∇ ⊔⟨⟩\‖⟩\} ⟩∫ ⊔⟨⊣⊔ ⟩{ ≀\⌉ }⌉⊔∫ ⊔⟨⌉ ⌋≀∇⌉ {⊓\⌋⊔⟩≀\⊣↕⟩⊔† ∇⟩}⟨⊔⇔ ⊔⟨⌉\ ⊣\ ⌉§√↕≀∫⟩≀\ ≀{ ⌋≀⇕√↕⌉§⟩⊔† ⌋⊣\ ⌊⌉ ⊣⊑≀⟩⌈⌉⌈↙ W⟨† ∫⊔⊣∇⊔ {∇≀⇕ ⊣ ⌋↕⌉⊣\ ∫⟨⌉⌉⊔ ≀{ √⊣√⌉∇⊥ F≀∇ ⇕≀∇⌉ ⟩\{≀∇⇕⊣⊔⟩≀\ ≀\ ⟨≀⊒ ⊔≀ ∫⊔⌉⊣↕ ⌋≀⌈⌉⇔ ⌋≀\∫⊓↕⊔ S√⌉\⌋⌉∇∪∞▽⊎↙ ∀T⟨⌉ \⌉§⊔ A⊓⌈⟩≀F⟩↕⌉ ∇⌉↕⌉⊣∫⌉ ⊒⟩↕↕ ∇⌉∐⊓⟩∇⌉ ⊣ ⌋≀⇕√⟩↕⌉∇ ⊔⟨⊣⊔ ∫⊓√√≀∇⊔∫ {⊓\⌋⊔⟩≀\ √∇≀⊔≀⊔†√⌉∫↙

▽

⌋≀⇕⇕≀\ ∫≀⊓∇⌋⌉ ⌋≀⌈⌉ ⊔≀ ⌊⊓⟩↕⌈ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙ C≀\⊔∇⊣∇† ⊔≀ ≀⊔⟨⌉∇∫⇔ ⊒⌉ ⌊⌉↕⟩⌉⊑⌉ ⊔⟨⊣⊔ ⊣⊓⌈⟩≀ ∫⌉∇⊑⟩⌋⌉∫ ∫⟨≀⊓↕⌈ ⌊⌉ ∫⌉√⊣∇⊣⊔⌉ {∇≀⇕ }∇⊣√⟨⟩⌋∫↙

∈ A⊓⌈⟩≀ A⌊∫⊔∇⊣⌋⊔⟩≀\∫ T⟨⟩∫ ∫⌉⌋⊔⟩≀\ ⌈⌉∫⌋∇⟩⌊⌉∫ ⊔⟨⌉ {⊓\⌈⊣⇕⌉\⊔⊣↕ ⊣⌊∫⊔∇⊣⌋⊔⟩≀\∫ ⊓∫⌉⌈ ⌊† A⊓⌈⟩≀F⟩↕⌉↙ T⟨⌉∫⌉ √∇≀⊑⟩⌈⌉ ⊔⟨⌉ ⊑⟩⌉⊒ ≀{ ⊣⊓⌈⟩≀ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⊔≀ ⌋↕⟩⌉\⊔∫ ⊣\⌈ }⊓⟩⌈⌉⌈ ⊔⟨⌉ ⌈⌉∫⟩}\ ≀{ ⊔⟨⌉ √∇≀⊔≀⌋≀↕⇔ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇†⇔ ⊣\⌈ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇↙ W⌉ ⇕≀⌈⌉↕ ⊣\ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊣∫ ⊣\ ⌉\⊔⟩⊔† ⊔⟨⊣⊔ √∇≀⌈⊓⌋⌉∫ ⊣\⌈ ⌋≀\∫⊓⇕⌉∫ ∫⊣⇕√↕⌉⌈ ⌈⊣⊔⊣ ⊣⊔ ⊣ ∇⌉}⊓↕⊣∇ ∇⊣⊔⌉ ‖\≀⊒\ ⊣∫ ⊔⟨⌉ ∫⊣⇕√↕⟩\} {∇⌉∐⊓⌉\⌋†↙ T⟨⌉ ∫⊣⇕√↕⌉ ⌈⊣⊔⊣ ⟩∫ ≀\⌉ ≀{ ∫⌉⊑⌉∇⊣↕ √∇⌉⌈⌉⊘\⌉⌈ ⊔†√⌉∫ ⊣\⌈ ⌋≀\∫⟩∫⊔∫ ≀{ ≀\⌉ ≀∇ ⇕≀∇⌉ ⌋⟨⊣\\⌉↕∫↙ T⟨⌉ ⊣⌋⊔⊓⊣↕ ⟨⊣∇⌈⊒⊣∇⌉ ⟩∫ ⌊⊣∫⌉⌈ ≀\ A\⊣↕≀} ⊔≀ D⟩}⟩⊔⊣↕ ⇐ADC⇒ ⊣\⌈ D⟩}⟩⊔⊣↕ ⊔≀ A\⊣↕≀} ⇐DAC⇒ ⌋≀\⊑⌉∇⊔⌉∇∫↙ T⟨⌉ ⟩⇕√≀∇⊔⊣\⊔ ⊣⌊∫⊔∇⊣⌋⊔⟩≀\∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟨⌉∇⌉ ⊣∇⌉ ⊔⟩⇕⌉⇔ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟩\√⊓⊔ ⊣\⌈ ≀⊓⊔√⊓⊔ ⇕≀⌈⌉↕∫⇔ ⊣\⌈ ⌉⊑⌉\⊔∫↙

∈↙∞ T⟩⇕⌉ T⟨⌉ ⌋≀\⌋⌉√⊔ ≀{ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉ ⟩∫ ⌋∇⟩⊔⟩⌋⊣↕ ⊔≀ ⊓\⌈⌉∇∫⊔⊣\⌈⟩\} ⊔⟨⌉ ⌈⌉∫⟩}\ ≀{ ⊣↕↕ A⊓⌈⟩≀F⟩↕⌉ ⌋≀⇕√≀\⌉\⊔∫↙ W⌉ ⌉§√≀∫⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉ ⟩\ ⊔⟨⌉ √∇≀⊔≀⌋≀↕ ⊣\⌈ ⊣⊔ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇† API↙ I⊔ ⟩∫ ⊣↕∫≀ {⊓\⌈⊣⇕⌉\⊔⊣↕ ⊔≀ ⊔⟨⌉ ⌋≀∇∇⌉⌋⊔ ≀√⌉∇⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇↙ A↕↕ ⊣⊓⌈⟩≀ ∇⌉⌋≀∇⌈⟩\} ⊣\⌈ √↕⊣†⌊⊣⌋‖ ≀√⌉∇⊣⊔⟩≀\∫ ⟩\ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ S†∫⊔⌉⇕ ⊣∇⌉ ⊔⊣}}⌉⌈ ⊒⟩⊔⟨ ⊔⟩⇕⌉ ⊑⊣↕⊓⌉∫ ⊔⟨⊣⊔ ⊣∇⌉ ⌈⟩∇⌉⌋⊔↕† ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ∇⌉↕⌉⊑⊣\⊔ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉↙ T⟨⟩∫ ∫⌉⌋⊔⟩≀\ ⌈⟩∫⌋⊓∫∫⌉∫ ≀⊓∇ ⌈⌉⌋⟩∫⟩≀\ ⊔≀ ⊓∫⌉ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉⇔ ⊔⟨⌉ ⊔⟩⇕⌉ ⊣⌊∫⊔∇⊣⌋⊔⟩≀\⇔ ⊣\⌈ ⟨≀⊒ ⊔≀ ⌋⊣↕⌋⊓↕⊣⊔⌉ ⊒⟩⊔⟨ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉∫⇔ ⊔⟨⌉\ ⊘\⟩∫⟨⌉∫ ⊒⟩⊔⟨ ⊣ ⌊∇⟩⌉{ ⌈⟩∫⌋⊓∫∫⟩≀\ ≀{ ⊣↕⊔⌉∇\⊣⊔⟩⊑⌉ ⊣√√∇≀⊣⌋⟨⌉∫↙ I\ ⇕⊓↕⊔⟩⇕⌉⌈⟩⊣ ∫†∫⊔⌉⇕∫⇔ ⌉§⊣⌋⊔ ⊔⟩⇕⟩\} ⟩∫ \⌉⌋⌉∫∫⊣∇† ⊔≀ ∫†\⌋⟨∇≀\⟩‡⌉ ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⊔ ⊣∫√⌉⌋⊔∫ ≀{ ⊣ √∇⌉∫⌉\⊔⊣⊔⟩≀\ ≀∇ ⊔≀ ∇⌉↕⊣⊔⌉ ⊔⟨⌉ ≀⌋⌋⊓∇∇⌉\⌋⌉ ≀{ ⇕⊓↕⊔⟩√↕⌉ ⌉⊑⌉\⊔∫↙ A⊓⌈⟩≀F⟩↕⌉ √⌉∇⇕⟩⊔∫ ⌋↕⟩⌉\⊔∫ ⊔≀ ⌉§√∇⌉∫∫ ⊔⟨⌉ √∇⌉⌋⟩∫⌉ ⊔⟩⇕⟩\} ≀{ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⌈⟩}⟩⊔⊣↕ ⊣⊓⌈⟩≀ ∫⊣⇕√↕⌉∫↙ W⟨† ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉⊥ T⟨⌉∇⌉ ⊣∇⌉ ⊣ ∇⌉⇕⊣∇‖⊣⌊↕⌉ \⊓⇕⌊⌉∇ ≀{ ⌋↕≀⌋‖∫ ⟩\ ⊣ ⇕≀⌈⌉∇\ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ⌋≀⇕√⊓⊔⌉∇ ∫†∫⊔⌉⇕↙ A ∫⟩⇕√↕⌉ ⌈⌉∫‖⊔≀√ ∫†∫⊔⌉⇕ ⇕⟩}⟨⊔ ⟨⊣⊑⌉ {≀⊓∇ ⌈⟩{{⌉∇⌉\⊔ ⊔⟩⇕⌉ ∫≀⊓∇⌋⌉∫¬ ⊔⟨⌉ ⊔⟩⇕⌉↖≀{↖⌈⊣† ⌋↕≀⌋‖⇔ ⊔⟨⌉ ⟩\⊔⌉∇⊑⊣↕ ⊔⟩⇕⌉∇⇔ ⊔⟨⌉ ⌈⟩∫√↕⊣† ∇⌉{∇⌉∫⟨⇔ ⊣\⌈ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌋↕≀⌋‖↙ E⊣⌋⟨ ⌋↕≀⌋‖ ⟨⊣∫ ⟩⊔∫ ≀⊒\ ⊓∫⌉∫¬ ⊔⟨⌉ ⊔⟩⇕⌉↖≀{↖⌈⊣† ⌋↕≀⌋‖ ⇕⟩}⟨⊔ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ∫⌋⟨⌉⌈⊓↕⌉ ≀⊑⌉∇\⟩}⟨⊔ ⌊⊣⌋‖⊓√⇔ ⊔⟨⌉ ⟩\⊔⌉∇⊑⊣↕ ⊔⟩⇕⌉∇ ⇕⟩}⟨⊔ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ∫⌋⟨⌉⌈⊓↕⌉ √∇≀}∇⊣⇕ ⌋≀⊓\⊔⌉∇ ∫⊣⇕√↕⟩\} {≀∇ √∇≀⊘↕⟩\} ⊣ √∇≀}∇⊣⇕⇔ ⊔⟨⌉ ⌈⟩∫√↕⊣† ⌋↕≀⌋‖ ⇕⟩}⟨⊔ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ∫⌋⟨⌉⌈⊓↕⌉ ⌋⊓∇∫≀∇ ⊔∇⊣⌋‖⟩\}⇔ ⊣\⌈ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌋↕≀⌋‖ ⟩∫ ⊓∫⌉⌈ ⌊† ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⊔≀ ∫⌋⟨⌉⌈⊓↕⌉ ⊔⟨⌉ ∇⌉⌋≀∇⌈⟩\} ⊣\⌈ √↕⊣†⌊⊣⌋‖ ≀{ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⌈⟩}⟩⊔⊣↕ ⊣⊓⌈⟩≀ ∫⊣⇕√↕⌉∫↙

̸∈ AUDIO ABSTRACTIONS

E⊣⌋⟨ ⌋≀⇕√⊓⊔⌉∇ ∫†∫⊔⌉⇕ ⟩\ ⊣ \⌉⊔⊒≀∇‖ ⟨⊣∫ ⟩⊔∫ ≀⊒\ ⌋↕≀⌋‖∫↙ T⟨⌉∇⌉ ⊣∇⌉ \⌉⊔⊒≀∇‖ √∇≀⊔≀↖ ⌋≀↕∫⇔ ∫⊓⌋⟨ ⊣∫ NTP∪∀⊎⇔ ⊒⟨⟩⌋⟨ ‖⌉⌉√ ⊔⟨⌉ ⊔⟩⇕⌉↖≀{↖⌈⊣† ⌋↕≀⌋‖∫ ⊣√√∇≀§⟩⇕⊣⊔⌉↕† ∫†\⌋⟨∇≀↖ \⟩‡⌉⌈⇔ ⌊⊓⊔ \≀ ⌉§⟩∫⊔⟩\} ∫†∫⊔⌉⇕∫ ⊒⌉ ⊣∇⌉ ⊣⊒⊣∇⌉ ≀{ ‖⌉⌉√ ⟩\⊔⌉∇⊑⊣↕ ⊔⟩⇕⌉∇∫⇔ ⌈⟩∫√↕⊣†⇔ ≀∇ ⊣⊓⌈⟩≀ ⌋↕≀⌋‖∫ ∫†\⌋⟨∇≀\⟩‡⌉⌈↙ E⊣⌋⟨ ≀{ ⊔⟨⌉∫⌉ ⇕⊣\† ⌋↕≀⌋‖∫ ⟨⊣∫ ⊣ \≀⇕⟩\⊣↕ ∇⊣⊔⌉ ⊣⊔ ⊒⟨⟩⌋⟨ ⊖⊔⟩⌋‖∫⪰ ≀⌋⌋⊓∇⇔ ⊣\⌈ ⟩{ ⊔⟨⌉∫⌉ ∇⊣⊔⌉∫ ⊒⌉∇⌉ ⌉§⊣⌋⊔⇔ ⊔⟨⌉\ ≀\⌉ ⌋≀⊓↕⌈ ⌉⊣∫⟩↕† ⌋≀\⊑⌉∇⊔ {∇≀⇕ ⊔⟩⇕⌉ ⊣∫ ∫⟨≀⊒\ ⌊† ≀\⌉ ⌋↕≀⌋‖ ⊔≀ ⊔⟩⇕⌉ ⊣∫ ∫⟨≀⊒\ ⌊† ⊣\≀⊔⟨⌉∇↙ U\{≀∇⊔⊓\⊣⊔⌉↕†⇔ ⊣↕↕ ⊔⟨⌉∫⌉ ⌋↕≀⌋‖∫ ⊑⊣∇† {∇≀⇕ ⊔⟨⌉⟩∇ \≀⇕⟩\⊣↕ ∇⊣⊔⌉∫⇔ ⊣\⌈ ⊔⟨⌉ ⌉§⊣⌋⊔ ∇⊣⊔⌉∫ ⊣∇⌉ ∫⊓⌊|⌉⌋⊔ ⊔≀ ⌋⟨⊣\}⌉ ⊒⟩⊔⟨ ⊔⟨⌉ ⊣}⌉ ≀{ ⊔⟨⌉ ⌉∐⊓⟩√⇕⌉\⊔⇔ ⊔⌉⇕√⌉∇⊣⊔⊓∇⌉⇔ ⊣\⌈ ≀⊔⟨⌉∇ ⌉\⊑⟩∇≀\⇕⌉\⊔⊣↕ {⊣⌋⊔≀∇∫↙ I\ √∇⟩\⌋⟩√↕⌉⇔ ⟩⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ ⊔≀ ⊓∫⌉ ⊣\† ⌋↕≀⌋‖ {≀∇ ⊣⊓⌈⟩≀ ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\↙ H≀⊒⌉⊑⌉∇ ⊒⌉ ⊒⊣\⊔⌉⌈ ⊔≀ ⌊⌉ ⊣⌊↕⌉ ⊔≀ ∫√⌉⌋⟩{† ⊣⊓⌈⟩≀ ⌈≀⊒\ ⊔≀ ⊔⟨⌉ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ∫⊣⇕√↕⌉⇔ ∫≀ ⊒⌉ ⌋⟨≀∫⌉ ⊔≀ ⊓∫⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉↙ W⟨⌉\ ⊣ ∫⌉∇⊑⌉∇ ∫⊓√√≀∇⊔∫ ⇕⊓↕⊔⟩√↕⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉∫⇔ ⟩⊔ ⊔∇⊣{⊘⌋∫ ⟩\ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉ {≀∇ ⌉⊣⌋⟨ ⌈⌉⊑⟩⌋⌉ ∫⌉√⊣∇⊣⊔⌉↕†↙ A⊓⌈⟩≀F⟩↕⌉ ⌈≀⌉∫ \≀⊔ √∇≀⊑⟩⌈⌉ ⊣ ⌋≀⇕√↕⌉⊔⌉ ⟩\{∇⊣∫⊔∇⊓⌋⊔⊓∇⌉ {≀∇ ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\∅ ∇⊣⊔⟨⌉∇⇔ ⟩⊔ ∫⊓√√↕⟩⌉∫ ↕≀⊒↖↕⌉⊑⌉↕ ⊔⟩⇕⟩\} ⟩\{≀∇⇕⊣⊔⟩≀\ ⊔≀ ⟩⊔∫ ⌋↕⟩⌉\⊔∫↙ C↕⟩⌉\⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⌋⊣\ ⌊⊓⟩↕⌈ ⌋≀\⊑⌉∇∫⟩≀\ ⇕⌉⌋⟨⊣\⟩∫⇕∫ ∫⊓⟩⊔⊣⌊↕⌉ ⊔≀ ⊔⟨⌉⟩∇ ≀⊒\ \⌉⌉⌈∫ {≀∇ ∫†\⌋⟨∇≀\⟩‡⟩\} ⇕⊓↕⊔⟩⇕⌉⌈⟩⊣ ∫⊔∇⌉⊣⇕∫⇔ ∇⌉↕⊣⊔⟩\} ⌉⊑⌉\⊔∫ ⊔≀ ⊔⟨⌉ ∇⌉⊣↕ ⊒≀∇↕⌈⇔ ≀∇ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕† ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩\} ⊒⟩⊔⟨ ⇕⊓↕⊔⟩√↕⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉∫↙ W⌉ ⌉\⊑⟩∫⟩≀\ ⊣⌈⌈⟩\} ∫⊔⊣\⌈⊣∇⌈ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇† ⊣\⌈ ∫⌉∇⊑⌉∇ ⇕⌉⌋⟨⊣\⟩∫⇕∫ {≀∇ ∫†\⌋⟨∇≀\⟩‡↖ ⟩\} ⇕⊓↕⊔⟩√↕⌉ ⌋↕≀⌋‖∫ ⊣\⌈ {≀∇ √∇≀⊑⟩⌈⟩\} ⌋↕≀⌋‖ ⌋≀\⊑⌉∇∫⟩≀\ ∫⌉∇⊑⟩⌋⌉∫ ⊔≀ ⌋↕⟩⌉\⊔∫⇔ ⌊⊓⊔ ⊒⌉ ⟨⊣⊑⌉ \≀⊔ †⌉⊔ ⌉\⌋≀⊓\⊔⌉∇⌉⌈ ⊣ ⌋≀⇕√⌉↕↕⟩\} \⌉⌉⌈ ⊔≀ ⌈≀ ∫≀↙ T⟨⌉ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉ ⊣⌊∫⊔∇⊣⌋⊔⟩≀\ T⟨⌉ ⊓\⌈⌉∇↕†⟩\} ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⌋↕≀⌋‖ ⟩∫ ⊔⟨⌉ ≀∫⌋⟩↕↕⊣⊔≀∇ ⊔⟨⊣⊔ ⌋≀\⊔∇≀↕∫ ⊔⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉ ∫⊣⇕√↕⌉ ∇⊣⊔⌉↙ T⟨⟩∫ ⌋↕≀⌋‖ ⇕⊣† ⌊⌉ ⌈⟩∇⌉⌋⊔↕† ⊣⌋⌋⌉∫∫⟩⌊↕⌉ ⊔≀ ⊔⟨⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇⇔ ≀∇ ≀\↕† ⟩\⌈⟩∇⌉⌋⊔↕† ⊣∫ ⊔⟨⌉ ∇⊓\\⟩\} ⊔≀⊔⊣↕ ≀{ ⊣⊓⌈⟩≀ ∫⊣⇕√↕⌉∫ }⌉\⌉∇⊣⊔⌉⌈ ≀∇ ⊣⌋⌋⌉√⊔⌉⌈ ⌊† ⊔⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉↙ I\ ⌉⟩⊔⟨⌉∇ ⌋⊣∫⌉⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⇕⊣⟩\⊔⊣⟩\∫ ⊣ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⌋↕≀⌋‖ ⟩\ ⊣ ⊖⊔⟩⇕⌉ ∇⌉}⟩∫⊔⌉∇⪰ {≀∇ ∫⌋⟨⌉⌈⊓↕⟩\} ⊣↕↕ ⊣⊓⌈⟩≀ ⌉⊑⌉\⊔∫ {≀∇ ⊔⟨⌉ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌈⌉⊑⟩⌋⌉↙ C≀\⊑⌉∇⊔⟩\} ⊔⟩⇕⌉ ⊑⊣↕⊓⌉∫ T⟨⌉∇⌉ ⟩∫ \≀ ⊣⌊∫≀↕⊓⊔⌉ ∇⌉{⌉∇⌉\⌋⌉ ⊑⊣↕⊓⌉ {≀∇ ⊣ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉∅ ⊔⟨⌉ ⊑⊣↕⊓⌉ ⟩∫ ∫⌉⊔ ⊔≀ ′ ⊒⟨⌉\ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⟩∫ ⟩\⟩⊔⟩⊣↕⟩‡⌉⌈ ⊣\⌈ ⊣⌈⊑⊣\⌋⌉∫ ⊔⟨⌉∇⌉⊣{⊔⌉∇↙ T⟨⟩∫ ⟩∫ ⟩\ ⌋≀\⊔∇⊣∫⊔ ⊔≀ ⊔⟨⌉ ⊓∫⊓⊣↕ ⌋≀⇕√⊓⊔⌉∇ ⇕⌉⊔⟨≀⌈ ≀{ ⟨⊣\⌈↕⟩\} ⊔⟩⇕⌉↖≀{↖⌈⊣†⇔ ⟩\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⌊⟩\⊣∇† ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⟩∫ ∫≀⇕⌉⊔⟨⟩\} ↕⟩‖⌉ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ∫⌉⌋≀\⌈∫ ∫⟩\⌋⌉ J⊣\⊓⊣∇† ∞⇔ ∞∃′′↙ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ⊔⟩⇕⌉ ⌋⊣\ \≀⊔ ⌊⌉ ⊣↕}≀∇⟩⊔⟨⇕⟩⌋⊣↕↕† ⌋≀\⊑⌉∇⊔⌉⌈ ⊔≀ ⊣ ⌋⊣↕⌉\⌈⊣∇ ⌈⊣⊔⌉ ⊣\⌈ ⊔⟩⇕⌉↙ O\⌉ ⌋⊣\ ⌉∫⊔⊣⌊↕⟩∫⟨ ⊣ ⌋≀∇∇⌉∫√≀\⌈⌉\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊔⊒≀ ⌋↕≀⌋‖∫↙ G⟩⊑⌉\ ⌋↕≀⌋‖∫ A ⊣\⌈ B⇔ ⊣\⌈ ⊣ √⊣⟩∇ ≀{ ⊑⊣↕⊓⌉∫ (T a, Tb) of the two clocks that occurred �at the same time,� and the rates of advance of the two clocks R a and R b, then given a future value of

2.1 Time 7

clock A, say t a, one can compute the corresponding value t b according to clock B:

tb = Tb + Rb ∗ ((ta − Ta)/Ra)

Although there is no exact relationship between device time and time measured by the system real-time clock or to time shown by the clock on the of↑ce wall, because the rates are not known to in↑nite precision, there is an approximate relationship which is good enough to permit reasonably accurate conversions between different clocks. The audio device sampling rate is used to move between time in sample ticks and time in seconds. For example, at 8 KHz, four seconds in the future maps to the current device time plus 32000 ticks. This is suf↑ciently accurate for most purposes, even though the exact sampling rate might be 7999.96 Hz rather than 8000.00.

Representation

Audio device time is represented by a 32-bit (↑nite length) unsigned integer that increments once per sample period and wraps on over↓ow. These time values are speci↑c to a particular audio device.

Figure 1: Circular representation of audio time

It is convenient to map this representation of time onto a circle, as shown in Figure 1. In this diagram, the time t is marked with the clock hand that sweeps out clockwise▷ The circumference of the circle is the range of the time counter or 232 samples▷ Because the 32bit numbers eventually wrap one cannot simply compare two val ues to establish their ordering▷ Servers and clients often have to make comparisons between two times and decide their relative positions▷ This is done by dividing all

8 2 AUDIO ABSTRACTIONS possible time values into the equally sized past and future regions▷ The division point q ↼equal to t + 231) is marked on Figure 1. Any time from t clockwise to q is considered to be after t and any time from q clockwise to t is considered to be before t▷ Time comparisons are easy to implement▷ Given two time values a and b compute their 32bit twoφs complement difference a − b▷ The most signiαcant bit of the result gives the result of the comparison▷ If it is set then b is in the future relative to a▷ Otherwise b is in the past▷ This computation is easily made by casting the difference to a signed data type▷ The following example is for a device running at 8000 samples per second▷ if ↼↼int↽ ↼b a↽ > 0↽ ◁⇀ time b is later than time a▷ ⇀◁ if ↼↼int↽ ↼b a↽ < 0↽ ◁⇀ time b is earlier than time a▷ ⇀◁ if ↼↼int↽ ↼b a↽ // 8000↽ ◁⇀ time b is one second later than time a ⇀◁ There is a problem of course when the difference approaches 231▷ A time in the distant past may suddenly switch over to the distant future as time advances▷ Programs that deal with time must be careful not to make comparisons between widely separated time values▷ However this is usually not a problem since even at a 48 KHz sampling rate 231samples represents about 12 hours of audio▷ At 8000 samples per second this period is about 3 days▷ Usually an audio device supports both input and output▷ However AudioFile supports only one time register for each audio device▷ This means that if the actual hardware uses different sampling rates for input and output then the server will present distinct unidirectional audio devices for input and output▷ Client use of explicit time Each play and record request carries with it an exact timestamp▷ The implemen tation of this abstraction is accomplished by buffering future playback and recent record data in the server▷ Continuous recording or playback is accomplished by advancing the requested device time for a request by the duration of the previous request▷ Explicit control of time provides the mechanism needed for realtime applications▷ As long as playback requests reach the server before their requested start times playback will be continuous▷ A leisurely application will schedule playback for well in the future while an aggressive realtime application will schedule playback requests for the very near future▷ The server will buffer requests up to four seconds in the future▷9 Both applications must supply audio at the same rate but the real 9We use four seconds to be concrete, the precise size of the server buffer is available to clients as

2▷1 Time 9 time application must assure a much lower variance in latency▷ For example if an application is scheduling audio for one second in the future any individual block can be delayed for up to one second without disturbing the playback▷ In contrast an application scheduling audio for 50 milliseconds in the future has to assure that blocks cannot be delayed for more than 50 milliseconds▷ The fact that the server buffers audio for future playback also allows clients to schedule playback asynchronously▷ This permits single threaded clients to handle audio in addition to their other activities▷ Recording is a much easier problem than playback▷ The server buffers all device input typically for the past four seconds▷ Therefore unless a record request fails to reach the server until four seconds after its requested start time no data will be lost▷ Of course an application making realtime use of the record data must make record requests close enough to current time to satisfy its realtime constraints▷ Because the server buffers all device input clients can request recording at times Ψin the pastν and deliver the appearance of instantaneous response▷ For example consider an application that displays a ΨRecordν button▷ There is some delay between the time that the user presses the button and when the record request reaches the audio device▷ By recording from the recent Ψpastν the application can begin recording at the instant the button was hit▷ This is a more natural interaction than requiring the user to wait for some indication such as a visual display or audible beep that recording has begun▷ Alternate designs In contrast to AudioFileφs design the usual way to handle sequential data such as audio in computers is as a stream just a sequence of values▷ The stream is a very simple abstraction but for audio work it fails three crucial tests. • S⊔∇⌉⊣⇕∫ ⌈≀ \≀⊔ √⌉∇⇕⟩⊔ ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\↙ I⊔ ⟩∫ ⊓∫⊓⊣↕↕† \⌉⌋⌉∫∫⊣∇† ⊔≀ ⌉⇕√↕≀† ⌋≀⇕√↕⌉§ ≀⊓⊔↖≀{↖⌊⊣\⌈ ⇕⌉⌋⟨⊣\⟩∫⇕∫ ⊔≀ ⊘\⌈ ≀⊓⊔ ⟨≀⊒ ⇕⊓⌋⟨ ⌈⊣⊔⊣ ⟩∫ ⌊⊓{{⌉∇⌉⌈ ⟩\ ⊣ ∫⊔∇⌉⊣⇕ ≀∇ ⊔≀ ⊘\⌈ ≀⊓⊔ ⟩{ ⊣ ∫⊔∇⌉⊣⇕ ⟩∫ ∇⊓\\⟩\} ≀∇ ⌊↕≀⌋‖⌉⌈↙ C≀\∫⌉∐⊓⌉\⊔↕†⇔ ⊣\ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊓∫⟩\} ⊣ ∫⊔∇⌉⊣⇕ ⇕⌉⌋⟨⊣\⟩∫⇕ ⊒⟩↕↕ ⟨⊣⊑⌉ ⌈⟩{⊘⌋⊓↕⊔† ⌉∫⊔⊣⌊↕⟩∫⟨⟩\} ⊔⟨⌉ ⇕≀⇕⌉\⊔ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ∫≀⊓\⌈ ⊒⟩↕↕ ⌉⇕⌉∇}⌉ {∇≀⇕ ⊔⟨⌉ ↕≀⊓⌈∫√⌉⊣‖⌉∇ ≀∇ ⊔⟨⌉ ⇕≀⇕⌉\⊔ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ∫⊣⇕√↕⌉ ⊒⊣∫ ∇⌉⌋≀∇⌈⌉⌈↙ • S⊔∇⌉⊣⇕∫ ⌈≀ \≀⊔ ∫≀↕⊑⌉ ∇⌉⊣↕↖⊔⟩⇕⌉ √∇≀⌊↕⌉⇕∫↙ S⊔∇⌉⊣⇕∫ ⊔⌉\⌈ ⊔≀ ≀⌊∫⌋⊓∇⌉ ⟩∫∫⊓⌉∫ ≀{ ⌊⊣\⌈⊒⟩⌈⊔⟨ ⊣\⌈ ↕⊣⊔⌉\⌋† ⊔⟨⊣⊔ ⊣∇⌉ ⌋∇⟩⊔⟩⌋⊣↕ ⊔≀ ∇⌉⊣↕↖⊔⟩⇕⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ T⟨⌉ ⟩⌈⌉⊣ ⟩∫ }≀≀⌈¬ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⇕⌉∇⌉↕† ⊒∇⟩⊔⌉∫ ⊣⊓⌈⟩≀ ⌈⊣⊔⊣ ⟩\⊔≀ ⊔⟨⌉ ∫⊔∇⌉⊣⇕⇔ ⊣\⌈ ⊔⟨⌉ ⊣\ ⊣⊔⊔∇⟩⌊⊓⊔⌉ ≀{ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉↙

∞′ ∈ AUDIO ABSTRACTIONS

∫≀⊓\⌈ ⊒⟩↕↕ ⌉⇕⌉∇}⌉ {∇≀⇕ ⊔⟨⌉ ∫√⌉⊣‖⌉∇ ⊒⟩⊔⟨≀⊓⊔ }⊣√∫↙ I\ {⊣⌋⊔⇔ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⇕⊓∫⊔ ∫⊔⟩↕↕ ‖⌉⌉√ ⊓√⇔ ⌊⊓⊔ ⟩⊔ ⟨⊣∫ \≀ ⊒⊣† ≀{ ⊔⌉↕↕⟩\} ⟨≀⊒ ⇕⊓⌋⟨ ⇕⊣∇}⟩\ ⊔⟨⌉∇⌉ ⟩∫↙ • S⊔∇⌉⊣⇕∫ ⌈≀ \≀⊔ ⌈⌉↕⟩⊑⌉∇ ⊣\† ⊣⌈⌈⟩⊔⟩≀\⊣↕ ∫⟩⇕√↕⟩⌋⟩⊔† ⊔≀ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\↙ I\ ⊔⟨⌉ ⊣⌊∫⊔∇⊣⌋⊔⇔ ⊣⊓⌈⟩≀ ⟩∫ |⊓∫⊔ ⊣\ ⊓\⌉\⌈⟩\} ∫⌉∐⊓⌉\⌋⌉ ≀{ ∫⊣⇕√↕⌉∫ ⊣\⌈ ⇕⟩}⟨⊔ ∫⌉⌉⇕ ⊔≀ ⌊⌉ ⊣ }≀≀⌈ ⇕⊣⊔⌋⟨ {≀∇ ∫⊔∇⌉⊣⇕∫⇔ ⌊⊓⊔ ⟩\ √∇⊣⌋⊔⟩⌋⌉⇔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⌈⌉⊣↕ ⊒⟩⊔⟨ ⊔⟨⌉ ⌈⊣⊔⊣ ⟩\ ⌊↕≀⌋‖∫ ⊣\†⊒⊣†⇔ ∫≀ ⊣↕↕ ∫⊔∇⌉⊣⇕∫ ⌈≀ ⟩∫ {≀∇⌋⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊣\⌈ ∫⌉∇⊑⟩⌋⌉∫ ⊔≀ ⌋≀\⊔⟩\⊓⊣↕↕† ⌋∇⌉⊣⊔⌉ ⊣\⌈ ⌈⟩∫⌋⊣∇⌈ ⊔⟨⌉ ⌊↕≀⌋‖⟩\} ⟩\{≀∇⇕⊣⊔⟩≀\↙ I\∫⊔⌉⊣⌈ ≀{ ⌈⌉⊣↕⟩\} ⊒⟩⊔⟨ ∫⊔∇⌉⊣⇕∫ ≀{ ⊣⊓⌈⟩≀ ∫⊣⇕√↕⌉∫⇔ ⊔⟨⌉ {⊓\⌈⊣⇕⌉\⊔⊣↕ ≀√⌉∇⊣⊔⟩≀\∫ ⟩\ A⊓⌈⟩≀F⟩↕⌉ ⊣∇⌉ ⌊↕≀⌋‖↖≀∇⟩⌉\⊔⌉⌈⇔ ⊣\⌈ ∫√⌉⌋⟩{† ⌉§⊣⌋⊔ ⊔⟩⇕⌉∫ ⊣⊔ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⌊↕≀⌋‖∫ ⊣∇⌉ ⊔≀ ⌊⌉ ∇⌉⌋≀∇⌈⌉⌈ ≀∇ √↕⊣†⌉⌈↙ ∞′

∈↙∈ O⊓⊔√⊓⊔ M≀⌈⌉↕ T⟨⌉ ≀⊓⊔√⊓⊔ ⇕≀⌈⌉↕ ⊒⌉ ⊓∫⌉ {≀∇ ⊣\ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⟩∫ ∫⟨≀⊒\ ⟩\ F⟩}⊓∇⌉ ∈↙ I\ }⌉\⌉∇⊣↕⇔ ⌋↕⟩⌉\⊔∫ ⌋⊣\ ∫⌋⟨⌉⌈⊓↕⌉ √↕⊣†⌊⊣⌋‖ ⊣⊔ ⊣\† ⊔⟩⇕⌉ {∇≀⇕ ⊔⟨⌉ √∇⌉∫⌉\⊔ ⊔≀ {≀⊓∇ ∫⌉⌋≀\⌈∫ ⟩\⊔≀ ⊔⟨⌉ {⊓⊔⊓∇⌉↙ P↕⊣†⌊⊣⌋‖ ⌈⊣⊔⊣ ⊔⟨⊣⊔ {⊣↕↕∫ ⟩\ ⊔⟨⌉ √⊣∫⊔ ⟩∫ ∫⟩↕⌉\⊔↕† ⌈⟩∫⌋⊣∇⌈⌉⌈↙ P↕⊣†⌊⊣⌋‖ ⌈⊣⊔⊣ ⊔⟨⊣⊔ {⊣↕↕∫ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉ ⟩∫ ⌊⊓{{⌉∇⌉⌈ ⊓\↕⌉∫∫ ⟩⊔ ⊣↕∫≀ {⊣↕↕∫ ⌊⌉†≀\⌈ {≀⊓∇ ∫⌉⌋≀\⌈∫ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉↙ P↕⊣†⌊⊣⌋‖ ∇⌉∐⊓⌉∫⊔∫ ⊔⟨⊣⊔ {⊣↕↕ ⌊⌉†≀\⌈ ⊔⟨⌉ {≀⊓∇↖∫⌉⌋≀\⌈ ⌊⊓{{⌉∇ ⊣∇⌉ ∫⊓∫√⌉\⌈⌉⌈ ⊓\⊔⟩↕ ⊔⟩⇕⌉ ⊣⌈⊑⊣\⌋⌉∫ ⊔≀ ⊒⟩⊔⟨⟩\ {≀⊓∇ ∫⌉⌋≀\⌈∫↙

F⟩}⊓∇⌉ ∈¬ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ≀⊓⊔√⊓⊔ ⇕≀⌈⌉↕ A{⊔⌉∇ ⊣ √↕⊣†⌊⊣⌋‖ ∇⌉∐⊓⌉∫⊔ ⟩∫ ∇⌉⌋⌉⟩⊑⌉⌈ ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇ ∫⌉⊑⌉∇⊣↕ ∫⊔⊣}⌉∫ ≀{ √∇≀⌋⌉∫∫⟩\} ⊔⊣‖⌉ √↕⊣⌋⌉↙ T⟨⌉ ∫⊣⇕√↕⌉ ⌈⊣⊔⊣ ⊒⟩↕↕ ⌊⌉ ≀\⌉ ≀{ ⊔⟨⌉ ∫⌉⊑⌉∇⊣↕ ∫⊣⇕√↕⌉ ⊔†√⌉∫ ∫⊓√√≀∇⊔⌉⌈ ⌊† ⊔⟨⌉ ∞′W⌉ ⇕⊣† ⟨⊣⊑⌉ ⇕⌉\⊔⟩≀\⌉⌈ ⊔⟨⟩∫ ⌊⌉{≀∇⌉⇔ ⌊⊓⊔ ⟩⊔ ⟩∫ ⟩⇕√≀∇⊔⊣\⊔↙

∈↙∋ I\√⊓⊔ M≀⌈⌉↕ ∞∞

⊣⌊∫⊔∇⊣⌋⊔ ⌈⌉⊑⟩⌋⌉⇔ ⌊⊓⊔ √≀∫∫⟩⌊↕† ⌈⟩{{⌉∇⌉\⊔ ⊔⟨⊣\ ⊔⟨⌉ ⌈⊣⊔⊣ ⊔†√⌉ ∫⊓√√≀∇⊔⌉⌈ ⌊† ⊔⟨⌉ ⊣⌋⊔⊓⊣↕ ⟨⊣∇⌈⊒⊣∇⌉↙ T⟨⌉ ⌈⊣⊔⊣ ⟩∫ ⊘∇∫⊔ √⊣∫∫⌉⌈ ⊔⟨∇≀⊓}⟨ ⊣ ⌋≀\⊑⌉∇∫⟩≀\ ⇕≀⌈⊓↕⌉ ⊔⟨⊣⊔ ⊔∇⊣\∫↕⊣⊔⌉∫ ⊔⟨⌉ ⌈⊣⊔⊣ ⊔†√⌉ ∇⌉⌋⌉⟩⊑⌉⌈ ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊔≀ ⊔⟨⌉ ⌈⊣⊔⊣ ⊔†√⌉ ∫⊓√√≀∇⊔⌉⌈ ⌊† ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉↙ F∇⌉∐⊓⌉\⊔↕†⇔ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⌈⊣⊔⊣ ⊔†√⌉ ⟩∫ ⊔⟨⌉ ∫⊣⇕⌉ ⊣∫ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⌈⊣⊔⊣ ⊔†√⌉ ⊣\⌈ ⊔⟨⟩∫ ⌋≀\⊑⌉∇∫⟩≀\ ∫⊔⊣}⌉ ⟩∫ \≀⊔ \⌉⌋⌉∫∫⊣∇†↙ T⟨⌉ ∫⌉∇⊑⌉∇ ∫⊓√√≀∇⊔ {≀∇ ⌋≀\⊑⌉∇∫⟩≀\ ⇕≀⌈⊓↕⌉∫ ⊒⟩↕↕ ⊣↕∫≀ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⟨⊣\⌈↕⌉ ⌋≀⇕√∇⌉∫∫⌉⌈ ⊣⊓⌈⟩≀ ⌈⊣⊔⊣ ⊔†√⌉∫↙ I\ ⌈⌉∫⟩}\⟩\} A⊓⌈⟩≀F⟩↕⌉ ⊒⌉ ⌉\⊑⟩∫⟩≀\⌉⌈ ⊔⟨⟩∫ ⇕≀⌈⊓↕⌉ ⟨⊣\⌈↕⟩\} ∫⊣⇕√↕⌉ ∇⊣⊔⌉ ⌋≀\⊑⌉∇∫⟩≀\ ⊣∫ ⊒⌉↕↕⇔ ⌊⊓⊔ ⊔⟨⌉ ⌈⌉∫⟩}\ {≀∇ ∇⌉∫⊣⇕√↕⟩\} ⟩∫ \≀⊔ ⌋≀⇕√↕⌉⊔⌉↙ ∞∞ O\⌋⌉ ⊔⟨⌉ ⌈⊣⊔⊣ ⟩∫ ⟩\ ⊔⟨⌉ {≀∇⇕ ∇⌉∐⊓⟩∇⌉⌈ ⌊† ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉⇔ ⟩⊔ ⟩∫ ⊣⌈|⊓∫⊔⌉⌈ ⌊† ⊣ ⌋↕⟩⌉\⊔ ∫√⌉⌋⟩⊘⌉⌈ }⊣⟩\ ⊑⊣↕⊓⌉ ⌊⌉{≀∇⌉ ⌊⌉⟩\} ⇕⟩§⌉⌈ ⟩\⊔≀ ⊣ ⌋≀⇕⇕≀\ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇↙ T⟨⌉ ⌋↕⟩⌉\⊔ }⊣⟩\ ⟩∫ ∫⊔≀∇⌉⌈ ⟩\ ⊣\ ⊣⊓⌈⟩≀ ⌋≀\⊔⌉§⊔ ⇐∫⌉⌉ S⌉⌋⊔⟩≀\ ⇒ ⊣\⌈ ⌈⌉{⊣⊓↕⊔∫ ⊔≀ ′ ⌈B↙ T⟨⌉ ⇕⟩§⌉⌈ ⌈⊣⊔⊣ ∫⊔⊣†∫ ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇ ⊓\⊔⟩↕ ⟩⊔∫ ∫⌋⟨⌉⌈⊓↕⌉⌈ √↕⊣†⌊⊣⌋‖ ⊔⟩⇕⌉ ⊣√√∇≀⊣⌋⟨⌉∫↙ A∫ ⊔⟨⌉ ∫⊣⇕√↕⌉ ⌈⊣⊔⊣ ⟩∫ ⌈∇⊣⊒\ {∇≀⇕ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ⌊⊓{{⌉∇ ⊣\⌈ ∫⌉\⊔ ⊔≀ ⊔⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉⇔ ⊣ ⊘\⊣↕ }⊣⟩\ ∫⊔⊣}⌉ ⟩∫ ⊣√√↕⟩⌉⌈↙ T⟨⟩∫ ⇕⊣∫⊔⌉∇ }⊣⟩\ ⊣⌋⊔∫ ⊣∫ ⊣ ⊑≀↕⊓⇕⌉ ⌋≀\⊔∇≀↕ {≀∇ ⊔⟨⌉ ⇕⟩§⌉⌈ ⊑⌉∇∫⟩≀\ ≀{ ⊣↕↕ ⌋↕⟩⌉\⊔ ⌈⊣⊔⊣ ∫≀⊓∇⌋⌉∫↙ F∇⌉∐⊓⌉\⊔↕†⇔ ⊔⟨⟩∫ ⊑≀↕⊓⇕⌉ ⌋≀\⊔∇≀↕ ⟩∫ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⌊† ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉↙ T⟨⌉ ∫⌉∇⊑⌉∇ ⟩∫ ∇⌉∫√≀\∫⟩⌊↕⌉ {≀∇ ⌉\∫⊓∇⟩\} ⊔⟨⊣⊔ ⊔⟨⌉ ∫⊣⇕√↕⌉∫ ⟩\ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ⌊⊓{{⌉∇ ⊣∇⌉ ∫⌉\⊔ ⊔≀ ⊔⟨⌉ DAC ⊣⊔ ⊔⟨⌉⟩∇ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⊑⊣↕⊓⌉∫ ≀{ ⊔⟨⌉ ⊔⟩⇕⌉ ∇⌉}⟩∫⊔⌉∇↙ S⟩\⌋⌉ ⊔⟩⇕⌉ ⟩∫ ⌉§√≀∫⌉⌈ ⊣⊔ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇† API⇔ ⌋↕⟩⌉\⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊣∇⌉ ⊣⌊↕⌉ ⊔≀ ⇕⊣\⟩√⊓↕⊣⊔⌉ ⌈⊣⊔⊣ ⊣⊔ ⊣∇⌊⟩⊔∇⊣∇† ∫⊣⇕√↕⌉ ⌊≀⊓\⌈⊣∇⟩⌉∫ ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ T⟨⌉ ≀⊓⊔√⊓⊔ ⇕≀⌈⌉↕ ∫√⌉⌋⟩⊘⌉∫ ⊔⟨⊣⊔ ∫⟩↕⌉\⌋⌉ ⟩∫ ⌉⇕⟩⊔⊔⌉⌈ ⌈⊓∇⟩\} √⌉∇⟩≀⌈∫ ≀{ ⊔⟩⇕⌉ ⟩\ ⊒⟨⟩⌋⟨ \≀ ⌋↕⟩⌉\⊔ ⌈⊣⊔⊣ ⟨⊣∫ ⌊⌉⌉\ ⊒∇⟩⊔⊔⌉\ ⊔≀ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ⌊⊓{{⌉∇↙ T⟨⟩∫ ⇕⌉⊣\∫ ⊔⟨⊣⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ \⌉⌉⌈ \≀⊔ ⊔∇⊣\∫√≀∇⊔ ⊖∫⟩↕⌉\⊔⪰ ⌈⊣⊔⊣ {∇≀⇕ ⌋↕⟩⌉\⊔ ⊔≀ ∫⌉∇⊑⌉∇↙ I\∫⊔⌉⊣⌈⇔ ⊣ ⌋↕⟩⌉\⊔ ∫⟩⇕√↕† ⊣⌈⊑⊣\⌋⌉∫ ⟩⊔∫ √↕⊣†⌊⊣⌋‖ ⊔⟩⇕⌉ ⊣⌋⌋∇≀∫∫ ⊔⟨⌉ ∫⟩↕⌉\⊔ ⟩\⊔⌉∇⊑⊣↕ ⌊⌉{≀∇⌉ ∇⌉∫⊓⇕⟩\} √↕⊣†⌊⊣⌋‖↙ T⟨⟩∫ ⇕⌉⌋⟨⊣\⟩∫⇕ ⌋⊣\ ∇⌉⌈⊓⌋⌉ \⌉⊔⊒≀∇‖ ⌊⊣\⌈⊒⟩⌈⊔⟨ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫↙

∈↙∋ I\√⊓⊔ M≀⌈⌉↕ T⟨⌉ ⟩\√⊓⊔ ⇕≀⌈⌉↕ {≀∇ ⊣\ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⟩∫ ∫⟨≀⊒\ ⟩\ F⟩}⊓∇⌉ ∋↙ L⟩‖⌉ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ⇕≀⌈⌉↕⇔ ⊔⟨⌉ ⟩\√⊓⊔ ⇕≀⌈⌉↕ ⌊⊓{{⌉∇∫ {≀⊓∇ ∫⌉⌋≀\⌈∫ ≀{ ∫⊣⇕√↕⌉ ⌈⊣⊔⊣↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉ ⟩\√⊓⊔ ⇕≀⌈⌉↕ ⟩∫ ⌋≀\⌋⌉√⊔⊓⊣↕↕† ∫⟩⇕√↕⌉∇ ∫⟩\⌋⌉ ⊔⟨⌉∇⌉ ⊣∇⌉ \≀ ⌈⌉√⌉\⌈⌉\⌋⟩⌉∫ ⌊⌉⊔⊒⌉⌉\ ⌋↕⟩⌉\⊔∫ ∫⊓⌋⟨ ⊣∫ ⊔⟨≀∫⌉ ⟩\⊔∇≀⌈⊓⌋⌉⌈ ⌊† ⊔⟨⌉ ⇕⟩§⟩\} ∫⊔⊣}⌉ {≀∇ √↕⊣†⌊⊣⌋‖↙ A∫ ∫⟨≀⊒\ ⟩\ F⟩}⊓∇⌉ ∋⇔ ⊔⟨⌉ ∇⌉⌋≀∇⌈⌉⌈ ⌈⊣⊔⊣ ⟩∫ ⇕≀⌈⟩⊘⌉⌈ ⌊† ⊣\ ⟩\√⊓⊔ }⊣⟩\ ⊒⟨⟩⌋⟨ ⟩∫ ≀{⊔⌉\ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⌊† ⊔⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉↙ T⟨⌉ ⌈⊣⊔⊣ ⟩∫ √↕⊣⌋⌉⌈ ⟩\⊔≀ ⊣ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇ ⟩\⌈⌉§⌉⌈ ⌊† ∞∞A⌋⊔⊓⊣↕↕†⇔ ⊒⌉ ∫⊔⟩↕↕ \⌉⌉⌈ ⊔≀ ⊣⌈⌈ ⊔⟨⌉ ∫⊓√√≀∇⊔ ≀{ ⇕⊓↕⊔⟩√↕⌉ ⊣⊓⌈⟩≀ ∫⊣⇕√↕⌉ ⌈⊣⊔⊣ ⊔†√⌉∫ ⌊† ⊣ ∫⟩\}↕⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ↙ W⌉ ⊒⌉∇⌉ \≀⊔ ⊣⌊↕⌉ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ ⊔⟨⟩∫ ⊣∫√⌉⌋⊔ ≀{ ⊔⟨⌉ AF∈R∈ ⌈⌉∫⟩}\ ⟩\ ⊔⟩⇕⌉ {≀∇ ⊔⟨⌉ ∇⌉↕⌉⊣∫⌉ ≀{ ⊔⟨⌉ ‖⟩⊔↙

∞∈ ∈ AUDIO ABSTRACTIONS

F⟩}⊓∇⌉ ∋¬ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⟩\√⊓⊔ ⇕≀⌈⌉↕

⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⊑⊣↕⊓⌉ ≀{ ⊔⟩⇕⌉↙ C↕⟩⌉\⊔∫ ∇⌉∐⊓⌉∫⊔⟩\} ⟩\√⊓⊔ ⌈⊣⊔⊣ ≀↕⌈⌉∇ ⊔⟨⊣\ {≀⊓∇ ∫⌉⌋≀\⌈∫ ⟩\ ⊔⟨⌉ √⊣∫⊔ ⊣∇⌉ }⟩⊑⌉\ ∫⟩↕⌉\⌋⌉↙ R⌉⌋≀∇⌈ ∇⌉∐⊓⌉∫⊔∫ ⊒⟩⊔⟨⟩\ ⊔⟨⌉ √⊣∫⊔ {≀⊓∇ ∫⌉⌋≀\⌈∫ ∇⌉⊔⊓∇\ ⊔⟨⌉ ⌊⊓{{⌉∇⌉⌈ ⌈⊣⊔⊣↙ R⌉⌋≀∇⌈ ∇⌉∐⊓⌉∫⊔∫ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉ ⌋⊣⊓∫⌉ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⌋≀\\⌉⌋⊔⟩≀\ ⊔≀ ⌊↕≀⌋‖ ⊓\⊔⟩↕ ⊔⟩⇕⌉ ⊣⌈⊑⊣\⌋⌉∫ {⊣∇ ⌉\≀⊓}⟨ ⊔≀ ∫⌉∇⊑⟩⌋⌉ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔↙ T⟨⌉ ∫†∫⊔⌉⇕ ⊣↕∫≀ ∫⊓√√≀∇⊔∫ ⊣ \≀\↖⌊↕≀⌋‖⟩\} ∇⌉⌋≀∇⌈ ⟩\⊔⌉∇{⊣⌋⌉↙ I{ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⌋⟨≀≀∫⌉∫ \≀⊔ ⊔≀ ⌊↕≀⌋‖⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊒⟩↕↕ ∇⌉√↕† ⊒⟩⊔⟨ ⊣∫ ⇕⊓⌋⟨ ⌈⊣⊔⊣ ⊣∫ ⟩⊔ ⌋⊣\ ∫⊓√√↕† ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕†↙ W⟩⊔⟨ ⌉⟩⊔⟨⌉∇ ⌊↕≀⌋‖⟩\} ≀∇ \≀\↖⌊↕≀⌋‖⟩\} ∇⌉⌋≀∇⌈⟩\}⇔ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⌋⊣\ ∇⌉⌋≀∇⌈ ⌋≀\∫⌉⌋⊓⊔⟩⊑⌉ ⌊↕≀⌋‖∫ ⌊† ⊣⌈⊑⊣\⌋⟩\} ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔⌉⌈ ∇⌉⌋≀∇⌈ ⊔⟩⇕⌉ ⌊† ⊔⟨⌉ ⌈⊓∇⊣⊔⟩≀\ ≀{ ⊔⟨⌉ √∇⌉⊑⟩≀⊓∫ ⌊↕≀⌋‖↙ T⟨⌉ ⟩\√⊓⊔ ⇕≀⌈⌉↕ ⊣↕∫≀ ∫⊓√√≀∇⊔∫ ⊣ ⇕≀⌈⊓↕⌉ ⊒⟨⟩⌋⟨ ⌋≀\⊑⌉∇⊔∫ ⊔⟨⌉ \⊣⊔⟩⊑⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⌈⊣⊔⊣ ⊔†√⌉ ⊔≀ ⊣ ⌋↕⟩⌉\⊔ ∇⌉∐⊓⌉∫⊔⌉⌈ ⌈⊣⊔⊣ ⊔†√⌉↙ W⌉ ⌈⟩⌈ \≀⊔ ⟩\⌋↕⊓⌈⌉ ⊣ √⌉∇↖⌋↕⟩⌉\⊔ }⊣⟩\ ⇕≀⌈⟩⊘⌋⊣⊔⟩≀\ ≀\ ∇⌉⌋≀∇⌈⟩\} ∫⟩\⌋⌉ ⊔⟨⌉ ⌈⊣⊔⊣ ⊒⟩↕↕ ⊣↕⊒⊣†∫ ⌊⌉ ∇⌉√↕⊣†⌉⌈ ⊔⟨∇≀⊓}⟨ ⊣ √⊣⊔⟨ ⊒⟨⌉∇⌉ }⊣⟩\ ⇕≀⌈⟩⊘⌋⊣⊔⟩≀\ ⟩∫ ∫⊓√√≀∇⊔⌉⌈↙

∈↙△ E⊑⌉\⊔∫ I\ ⊣ ⌋↕⟩⌉\⊔∝∫⌉∇⊑⌉∇ ∫†∫⊔⌉⇕⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊓∫⊓⊣↕↕† ⊒⊣⟩⊔∫ {≀∇ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⊔≀ ⊣∫‖ {≀∇ ∫⌉∇⊑⟩⌋⌉⇔ ⊔⟨⌉\ ∇⌉∫√≀\⌈∫↙ A\ ⌉⊑⌉\⊔ ⟩∫ ⊔⟨⌉ ⌉§⌋⌉√⊔⟩≀\¬ ⊣\ ⊣∫†\⌋⟨∇≀\≀⊓∫ ⇕⌉∫∫⊣}⌉ {∇≀⇕ ∫⌉∇⊑⌉∇ ⊔≀ ⌋↕⟩⌉\⊔↙ E⊑⌉\⊔∫ ⇕⊣† ⌊⌉ ⌋⊣⊓∫⌉⌈ ⌊† ⊣ ⌈⌉⊑⟩⌋⌉ ≀∇ ⊣∫ ⊣ ∫⟩⌈⌉ ⌉{{⌉⌋⊔ ≀{ ∫≀⇕⌉ ⌋↕⟩⌉\⊔≃∫ ∇⌉∐⊓⌉∫⊔↙ A\ ⌉⊑⌉\⊔ ⟩∫ \⌉⊑⌉∇ ∫⌉\⊔ ⊓\↕⌉∫∫ ⊣ ⌋↕⟩⌉\⊔ ∇⌉}⟩∫⊔⌉∇∫ ⊣\ ⟩\⊔⌉∇⌉∫⊔ ⟩\ ∇⌉⌋⌉⟩⊑⟩\} \≀⊔⟩⊘⌋⊣⊔⟩≀\↙ C↕⟩⌉\⊔∫ ⌋⊣\ ∇⌉}⟩∫⊔⌉∇ {≀∇ ⊑⊣∇⟩≀⊓∫ ⌋↕⊣∫∫⌉∫ ≀{ ⌉⊑⌉\⊔∫ ∫⊓⌋⟨ ⊣∫ ⊣ ⊔⌉↕⌉√⟨≀\⌉ ⌈⌉⊑⟩⌋⌉ ∇⟩\}⟩\}

∞∋

≀∇ ⊣ ⌋⟨⊣\}⌉ ⟩\ ⊣ √∇≀√⌉∇⊔† ⊓∫⌉⌈ {≀∇ ⟩\⊔⌉∇↖⌋↕⟩⌉\⊔ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫↙ P∇≀⊔≀⌋≀↕ ⌉⊑⌉\⊔∫ ⊣∇⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ▽↙∈∅ ⊔⟨⌉ ⊒⊣† ⊔⟨⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇† ⟨⊣\⌈↕⌉∫ ⌉⊑⌉\⊔∫ ⟩∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ↙̸∞↙

∋ B⊣⌋‖}∇≀⊓\⌈

C≀⇕√⊓⊔⌉∇ ⟨⊣\⌈↕⟩\} ≀{ ⌈⟩}⟩⊔⊣↕ ⊣⊓⌈⟩≀ ⟩∫ \≀⊔ \⌉⊒↙ T⟨⌉ ⟩⇕√≀∇⊔⊣\⊔ ⟨⟩∫⊔≀∇⟩⌋⊣↕ √≀⟩\⊔∫ ≀{ ∇⌉{⌉∇⌉\⌋⌉ ⊣∇⌉ ⊔⟨≀∫⌉ ≀{ ∫⟩}\⊣↕ √∇≀⌋⌉∫∫⟩\}⇔ ⊔⌉↕⌉√⟨≀\⌉ ⟩\⊔⌉}∇⊣⊔⟩≀\⇔ ⌈⌉⊑⟩⌋⌉↖⟩\⌈⌉√⌉\⌈⌉\⌋⌉⇔ ⊣\⌈ \⌉⊔⊒≀∇‖↖⊔∇⊣\∫√⊣∇⌉\⌋†↙

∋↙∞ S⟩}\⊣↕ P∇≀⌋⌉∫∫⟩\} R⌉∫⌉⊣∇⌋⟨ }∇≀⊓√∫ ⟨⊣⊑⌉ ⊓∫⌉⌈ ⊣\⊣↕≀}↖⊔≀↖⌈⟩}⟩⊔⊣↕ ⇐A∝D⇒ ⊣\⌈ ⌈⟩}⟩⊔⊣↕↖⊔≀↖⊣\⊣↕≀} ⇐D∝A⇒ ⌋≀\⊑⌉∇⊔⌉∇∫ {≀∇ ⌋≀⇕√⊓⊔⌉∇ ∇⌉⌋≀∇⌈⟩\} ⊣\⌈ √↕⊣†⌊⊣⌋‖ ≀{ ∫√⌉⌉⌋⟨ ⊣\⌈ ⊣⊓⌈⟩≀ {≀∇ ⇕⊣\† †⌉⊣∇∫↙ F≀∇ ⊔⟨⌉ ⇕≀∫⊔ √⊣∇⊔⇔ ⊔⟨⟩∫ ⊖⌈⊣⊔⊣ ⊣⌋∐⊓⟩∫⟩⊔⟩≀\⪰ ⟨⊣∫ ⌊⌉⌉\ ⊣⌋⌋≀⇕√↕⟩∫⟨⌉⌈ ⊒⟩⊔⟨ ⌉§↖ √⌉\∫⟩⊑⌉ ⊣\⌈ ∫√⌉⌋⟩⊣↕⟩‡⌉⌈ ⟨⊣∇⌈⊒⊣∇⌉ ⊣\⌈ ∫≀{⊔⊒⊣∇⌉ ⟩\⊔⌉\⌈⌉⌈ {≀∇ ⊔⟨⌉ ↕⊣⌊≀∇⊣⊔≀∇† ⟩\∫⊔∇⊓↖ ⇕⌉\⊔⊣⊔⟩≀\ ⇕⊣∇‖⌉⊔⇔ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ {≀∇ }⌉\⌉∇⊣↕ ⊓∫⌉↙ W⌉ ⊒≀⊓↕⌈ ⌋⊣⊔⌉}≀∇⟩‡⌉ ⊔⟨⌉∫⌉ ∫†∫⊔⌉⇕∫ ⊣∫ ⌈⌉⊑⟩⌋⌉↖⌈⌉√⌉\⌈⌉\⊔ ⊣\⌈ ∫⊔⊣\⌈⊣↕≀\⌉ ⇐\≀⊔ \⌉⊔⊒≀∇‖⌉⌈⇒↙ H≀⊒⌉⊑⌉∇⇔ ⌉∫∫⌉\⊔⟩⊣↕↕† ⊣↕↕ ⌉§⟩∫⊔⟩\} ⊔⌉⌋⟨\≀↕≀}† {≀∇ ⊣⊓⌈⟩≀ ∫⟩}\⊣↕ √∇≀⌋⌉∫∫⟩\} ⊒⊣∫ ⌈⌉⊑⌉↕≀√⌉⌈ ⊔⟨⟩∫ ⊒⊣†↙

∋↙∈ E⊔⟨⌉∇√⟨≀\⌉ I\ ⊔⟨⌉ ⌉⊣∇↕† ∞∃∀′≃∫⇔ ⊔⟨⌉ X⌉∇≀§ P⊣↕≀ A↕⊔≀ R⌉∫⌉⊣∇⌋⟨ C⌉\⊔⌉∇ ⌊⊓⟩↕⊔ ⊣ ⊔⌉↕⌉√⟨≀\⌉ ∫†∫↖ ⊔⌉⇕ ⟩\ ⊒⟨⟩⌋⟨ ⊑≀⟩⌋⌉ ⊒⊣∫ ⊔∇⊣\∫⇕⟩⊔⊔⌉⌈ ≀⊑⌉∇ ⊣\ E⊔⟨⌉∇\⌉⊔↙ T⟨⟩∫ ∫†∫⊔⌉⇕ ⊒⊣∫ ⌋⊣↕↕⌉⌈ E⊔⟨⌉∇√⟨≀\⌉ ∪∞⊎̸↙ B⌉∫⟩⌈⌉∫ ⟩⊔∫ ⊓⊔⟩↕⟩⊔† ⊣∫ ⊣ ⊔⌉↕⌉√⟨≀\⌉ ∫†∫⊔⌉⇕⇔ ⊔⟨⌉ E⊔⟨⌉∇√⟨≀\⌉ ∫†∫↖ ⊔⌉⇕ ⟨⊣⌈ ⌋⊣√⊣⌊⟩↕⟩⊔⟩⌉∫ {≀∇ ⊒≀∇‖∫⊔⊣⊔⟩≀\ ∇⌉⌋≀∇⌈⟩\} ⊣\⌈ √↕⊣†⌊⊣⌋‖⇔ ⊑≀⟩⌋⌉ ∫⊔≀∇⊣}⌉⇔ ⊣\⌈ ⟩⊔ ⊒⊣∫ ⌋⌉∇⊔⊣⟩\↕† \⌉⊔⊒≀∇‖ ⊔∇⊣\∫√⊣∇⌉\⊔↙ E⊣⌋⟨ ⊒≀∇‖∫⊔⊣⊔⟩≀\ ⊒⊣∫ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⊣ \⌉⊣∇⌊† E⊔⟨⌉∇√⟨≀\⌉⇔ ⊒⟨⟩⌋⟨ ⊒⊣∫ ⊣ ⌈⌉⌈⟩⌋⊣⊔⌉⌈ ⌋≀⇕√⊓⊔⌉∇ ⌈⟩∇⌉⌋⊔↕† ⌋≀\\⌉⌋⊔⌉⌈ ⊔≀ ⊔⟨⌉ ≀{⊘⌋⌉ √⟨≀\⌉ ↕⟩\⌉⇔ ↕≀⌋⊣↕ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉∫⇔ ⊣\⌈ ⊔⟨⌉ E⊔⟨⌉∇\⌉⊔↙ T⟨⌉ E⊔⟨⌉∇√⟨≀\⌉ ∫†∫⊔⌉⇕ ⊒⊣∫ ⊓∫⌉⌈ √∇⟩⇕⊣∇⟩↕† ⊔≀ ⌉§√↕≀∇⌉ ⟩∫∫⊓⌉∫ ≀{ ⇕⊓↕⊔⟩⇕⌉⌈⟩⊣ ⌈≀⌋⊓⇕⌉\⊔∫ ⊣\⌈ ⊔⌉↕⌉√⟨≀\⌉ ⟩\↖ ⊔⌉}∇⊣⊔⟩≀\↙ E⊔⟨⌉∇√⟨≀\⌉ ⊣⊓⌈⟩≀ ⊒⊣∫ ⌉\⊔⟩∇⌉↕† ⊔⌉↕⌉√⟨≀\⌉↖∐⊓⊣↕⟩⊔†↙ I\ ⊣⌈⌈⟩⊔⟩≀\⇔ ⌊⌉⌋⊣⊓∫⌉ ⊣⊓⌈⟩≀ ⊒⊣∫ √⊣∫∫⌉⌈ ⌈⟩∇⌉⌋⊔↕† {∇≀⇕ E⊔⟨⌉∇√⟨≀\⌉ ⊔≀ E⊔⟨⌉∇√⟨≀\⌉⇔ ⊒⟩⊔⟨≀⊓⊔ ⟩\⊔⌉∇⊑⌉\⊔⟩≀\ ⌊† ⇕≀∇⌉ √≀⊒⌉∇{⊓↕ ⌋≀⇕√⊓⊔⌉∇∫⇔ ⊔⟨⌉∇⌉ ⊒⊣∫ ↕⟩⊔⊔↕⌉ ≀√√≀∇⊔⊓\⟩⊔† {≀∇ ∫⟩}\⊣↕ √∇≀⌋⌉∫∫⟩\}↙

∞△ ∋ BACKGROUND

∋↙∋ F⟩∇⌉⊙† I\ ⊔⟨⌉ ⇕⟩⌈ ∞∃∀′≃∫⇔ ⊔⟨⌉ F⟩∇⌉⊙† ⇕⊓↕⊔⟩√∇≀⌋⌉∫∫≀∇ ⊒≀∇‖∫⊔⊣⊔⟩≀\∪∞∀⊎⇔ ⌈⌉⊑⌉↕≀√⌉⌈ ⊣⊔ D⟩}↖ ⟩⊔⊣↕≃∫ S†∫⊔⌉⇕∫ R⌉∫⌉⊣∇⌋⟨ C⌉\⊔⌉∇⇔ ⟨⊣⌈ ∫⟩⇕√↕⌉ ⊔⌉↕⌉√⟨≀\⌉↖∐⊓⊣↕⟩⊔† ⊣⊓⌈⟩≀↙ A\ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇ ≀\ ⊔⟨⌉ F⟩∇⌉⊙† ⌊⊓{{⌉∇⌉⌈ ⊔⟨⌉ √∇⌉⊑⟩≀⊓∫ {≀⊓∇ ∫⌉⌋≀\⌈∫ ≀{ ∇⌉⌋≀∇⌈⌉⌈ ⌈⊣⊔⊣ ⊣\⌈ ⊔⟨⌉ \⌉§⊔ {≀⊓∇ ∫⌉⌋≀\⌈∫ ≀{ √↕⊣†⌊⊣⌋‖ ⌈⊣⊔⊣∅ ⟩⊔ ⌉§√≀∇⊔⌉⌈ ⊣ ∫⟩⇕√↕⌉ ∇⌉⇕≀⊔⌉ √∇≀⌋⌉⌈⊓∇⌉ ⌋⊣↕↕ ⇐RPC⇒ ⟩\⊔⌉∇{⊣⌋⌉ ⊔≀ ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ T⟨⌉ F⟩∇⌉⊙† ⊣⊓⌈⟩≀ ∫†∫⊔⌉⇕ ⊒⊣∫ √∇⟩⇕⊣∇⟩↕† ⊓∫⌉⌈ {≀∇ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∫⊓⌋⟨ ⊣∫ ⊔⌉↕⌉⌋≀\{⌉∇⌉\⌋⟩\} ⊣\⌈ ⇕⊓↕⊔⟩⇕⌉⌈⟩⊣ √∇⌉∫⌉\⊔⊣⊔⟩≀\∫↙ T⟨⌉ F⟩∇⌉⊙† ⊣⊓⌈⟩≀ ⌋⊣√⊣⌊⟩↕⟩⊔† ⊒⊣∫ √∇⟩⇕⊣∇⟩↕† ⊓∫⌉⌈ {≀∇ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∫⊓⌋⟨ ⊣∫ ⊔⌉↕⌉⌋≀\{⌉∇⌉\⌋⟩\} ⊣\⌈ ⇕⊓↕⊔⟩⇕⌉⌈⟩⊣ √∇⌉∫⌉\⊔⊣⊔⟩≀\∫↙ W⌉ ⊒≀⊓↕⌈ ⌋⊣⊔⌉}≀∇⟩‡⌉ ⊔⟨⟩∫ ∫†∫⊔⌉⇕ ⊣∫ \⌉⊔⊒≀∇‖↖⊔∇⊣\∫√⊣∇⌉\⊔⇔ ⌊⊓⊔ ⟩⊔ ⊒⊣∫ ∫⊔⟩↕↕ ⌈⌉⊑⟩⌋⌉↖ ⌈⌉√⌉\⌈⌉\⊔↙ T⟨⌉ F⟩∇⌉⊙† ⊣⊓⌈⟩≀ ∫†∫⊔⌉⇕ √⟩≀\⌉⌉∇⌉⌈ ⌉§√↕⟩⌋⟩⊔ ⌋↕⟩⌉\⊔ ⌋≀\⊔∇≀↕ ≀{ ⊔⟩⇕⌉↙

∋↙△ VOX I\ ⊔⟨⌉ ⇕⟩⌈ ⊔≀ ↕⊣⊔⌉ ∞∃∀′≃∫⇔ ⊔⟨⌉ MIT M⌉⌈⟩⊣ L⊣⌊ ⊣\⌈ ⊔⟨⌉ O↕⟩⊑⌉⊔⊔⟩ R⌉∫⌉⊣∇⌋⟨ L⊣⌊ ⟩\ P⊣↕≀ A↕⊔≀ ⌋≀↕↕⊣⌊≀∇⊣⊔⌉⌈ ≀\ ⊣ √∇≀|⌉⌋⊔ ⌋⊣↕↕⌉⌈ VOX∪△⊎↙ VOX ⊒⊣∫ ⊣\ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇ ⌊⊣∫⌉⌈ ≀\ ⊣ ⇕≀⌈⌉↕ ⟩\ ⊒⟨⟩⌋⟨ ⌉∫∫⌉\⊔⟩⊣↕↕† ⊣↕↕ ⊣⊓⌈⟩≀ ∇⌉↕⊣⊔⌉⌈ {⊓\⌋⊔⟩≀\∫ ⊒⌉∇⌉ ⟩\⌋↕⊓⌈⌉⌈ ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ ⊒⟩⊔⟨ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⇕⊣⟩\↕† ⟨⊣\⌈↕⟩\} ⌋≀\⊔∇≀↕ ⊔⟨≀∫⌉ {⊓\⌋⊔⟩≀\∫↙ T⟨⌉ VOX ∫⌉∇⊑⌉∇ ⊒⊣∫ ∇⌉∫√≀\∫⟩⌊↕⌉ ⌊≀⊔⟨ {≀∇ ∇⌉⌋≀∇⌈ ⊣\⌈ √↕⊣†⌊⊣⌋‖ {⊓\⌋⊔⟩≀\∫ ⊣\⌈ {≀∇ ⌉∫⊔⊣⌊↕⟩∫⟨⟩\} ⌈⟩∇⌉⌋⊔ ⌋≀\\⌉⌋⊔⟩≀\∫ ⌊⌉⊔⊒⌉⌉\ ⌈⟩∫√⊣∇⊣⊔⌉ ⌈⌉⊑⟩⌋⌉∫↙ VOX ⊒⊣∫ √⊣∇⊔↕† ⌋≀\∫⊔∇⊣⟩\⌉⌈ ⌊† ⊣ ⊑⟩⌉⊒ ⊔⟨⊣⊔ ⊣⊓⌈⟩≀ ⊒≀⊓↕⌈ ⌊⌉ √∇⟩⇕⊣∇⟩↕† ∫≀⊓∇⌋⌉⌈ ⊣\⌈ ∫⊓\‖ ⌊† ⌉§⊔⌉∇\⊣↕ ⌈⌉⊑⟩⌋⌉∫⇔ √≀∫∫⟩⌊↕† ⊒⟩⊔⟨ ⌈⟩∇⌉⌋⊔ ⌋≀\\⌉⌋⊔⟩≀\∫ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉⇕↙ I\ ⊣⌈⌈⟩⊔⟩≀\⇔ ⊔⟨⌉ ⊑⟩⌉⊒ ⊒⊣∫ ⊔⟨⊣⊔ ⊣⊓⌈⟩≀ ⊒⊣∫ ∫⊓⌋⟨ ⊣ ∇⌉⊣↕↖⊔⟩⇕⌉ ⌋≀⇕√⊓⊔⌉ ⟩\⊔⌉\∫⟩⊑⌉ ⌈⊣⊔⊣ ⊔†√⌉ ⊔⟨⊣⊔ ⌋↕⟩⌉\⊔∫ ⌋≀⊓↕⌈ \≀⊔ ⇕⊣\⊣}⌉ ⊔⟨⌉ ↕≀⊣⌈↙ I\∫⊔⌉⊣⌈⇔ ⊣↕↕ ⌈⌉⊔⊣⟩↕∫ ≀{ ⊣⊓⌈⟩≀ ⟨⊣\⌈↕⟩\} ⊒⌉∇⌉ ∫⊓⌊∫⊓⇕⌉⌈ ⟩\⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ W⌉ ⊒≀⊓↕⌈ ⌋⊣⊔⌉}≀∇⟩‡⌉ ⊔⟨⟩∫ ∫†∫⊔⌉⇕ ⊣∫ ⌈⌉⊑⟩⌋⌉↖⟩\⌈⌉√⌉\⌈⌉\⊔⇔ ⌊⊓⊔ \≀⊔ \⌉⊔⊒≀∇‖↖⊔∇⊣\∫√⊣∇⌉\⊔↙

∋↙▽ R⌉↕⊣⊔⌉⌈ W≀∇‖ O⊔⟨⌉∇ √∇≀|⌉⌋⊔∫ ∫⟩⇕⟩↕⊣∇ ⊔≀ A⊓⌈⟩≀F⟩↕⌉ ⊒⌉∇⌉ ⊓\⌈⌉∇⊒⊣† ⊣⊔ ⊣⌊≀⊓⊔ ⊔⟨⌉ ∫⊣⇕⌉ ⊔⟩⇕⌉↙ XM⌉⌈⟩⊣ T≀≀↕∫∪∋⊎⇔ ⊣ D⟩}⟩⊔⊣↕ √∇≀⌈⊓⌋⊔⇔ ⊒⊣∫ ∫≀⇕⌉⊒⟨⊣⊔ ⇕≀∇⌉ ⊣⇕⌊⟩⊔⟩≀⊓∫ ⊔⟨⊣\ A⊓⌈⟩≀F⟩↕⌉⇔ ⊓∫⟩\} ⊣ ⇕≀∇⌉ ⌋≀⇕√↕⌉§ √∇≀⊔≀⌋≀↕ ⊣\⌈ √⊓⊔⊔⟩\} ⇕≀∇⌉ ⌉⇕√⟨⊣∫⟩∫ ≀\ ⟩⇕√↕⌉⇕⌉\⊔⟩\} ⊣√↖ √↕⟩⌋⊣⊔⟩≀\∫ ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ I\ ⌋≀\⊔∇⊣∫⊔⇔ A⊓⌈⟩≀F⟩↕⌉ ⌉⇕√⟨⊣∫⟩‡⌉∫ ∫⟩⇕√↕⟩⌋⟩⊔† ≀{ ⊔⟨⌉ √∇≀⊔≀⌋≀↕ ⊣\⌈ ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ ↕⌉⊣⊑⟩\} ⇕≀∇⌉ ⌋≀⇕√↕⟩⌋⊣⊔⌉⌈ ⊣⌋⊔⟩≀\∫ ⊔≀ ⌊⌉ √⌉∇{≀∇⇕⌉⌈ ⌊† ⌋↕⟩⌉\⊔∫↙ A∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ∞′⇔ ≀⊓∇ ⌉§√⌉∇⟩⌉\⌋⌉ ⊔≀ ⌈⊣⊔⌉ ⟩\⌈⟩⌋⊣⊔⌉∫ ⊔⟨⊣⊔ ⊔⟨⌉

∞▽

∇⌉∫⊓↕⊔⟩\} √⌉∇{≀∇⇕⊣\⌋⌉ ⟩∫ ∐⊓⟩⊔⌉ }≀≀⌈↙ T⌉∇⌉‖ ⊣\⌈ P⊣∫∐⊓⊣↕⌉ ⊣⊔ UCSD ⌈⌉⊑⌉↕≀√⌉⌈ ⊣\ ⊣⊓⌈⟩≀ ⌋≀\{⌉∇⌉\⌋⟩\} ∫†∫⊔⌉⇕ ⌊⊣∫⌉⌈ ≀\ ⊣ ⇕≀⌈⟩⊘⌉⌈ X ∫⌉∇⊑⌉∇ ∪∞⊎↙ I\ ⌋≀\⊔∇⊣∫⊔⇔ ⊒⌉ ⌋⟨≀∫⌉ \≀⊔ ⊔≀ ⟩\⌋≀∇√≀∇⊣⊔⌉ ⊣⊓⌈⟩≀ ⟩\⊔≀ ⊔⟨⌉ X ∫⌉∇⊑⌉∇↙ O⊓∇ ⊣√√∇≀⊣⌋⟨ ⟨⊣∫ ∫⌉⊑⌉∇⊣↕ ⊣⌈⊑⊣\⊔⊣}⌉∫¬ A⊓⌈⟩≀F⟩↕⌉ ⟩∫ ⟩\⌈⌉√⌉\⌈⌉\⊔ ≀{ X ⊣\⌈ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊒⟨⌉\ X ⟩∫ \≀⊔⇔ ∫⌉∇⊑⌉∇ ⟩⇕√↕⌉⇕⌉\⊔≀∇∫ \⌉⌉⌈ \≀⊔ ⊓\⌈⌉∇∫⊔⊣\⌈ ⊔⟨⌉ ⟩\⊔∇⟩⌋⊣⌋⟩⌉∫ ≀{ ⊔⟨⌉ X ∫⌉∇⊑⌉∇⇔ ⊣\⌈ ⌋↕⟩⌉\⊔∫ ⌈≀ \≀⊔ ∫⊓{{⌉∇ ⌊⌉⌋⊣⊓∫⌉ ≀{ ⊔⟨⌉ ∫⌋⟨⌉⌈⊓↕⟩\} ⌈⌉⌋⟩∫⟩≀\∫ ⊔⟨⊣⊔ ⊔⟨⌉ X ∫⌉∇⊑⌉∇ ⇕⊣‖⌉∫ ⟩\ ∫⌉∇⊑⟩⌋⟩\} }∇⊣√⟨⟩⌋∫ ∇⌉∐⊓⌉∫⊔∫ ⊣\⌈ ⟩\√⊓⊔ ⌉⊑⌉\⊔∫↙ I{ ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⊣⊓⌈⟩≀ ⊣\⌈ }∇⊣√⟨⟩⌋∫ ⟩∫ \⌉⌋⌉∫∫⊣∇†⇔ ⟩⊔ ⌋⊣\ ⌊⌉ √⌉∇{≀∇⇕⌉⌈ ⌊† ⊔⟨⌉ ⌋↕⟩⌉\⊔∫ ≀∇ ⌊† ⊓∫⟩\} ⊔⟨⌉ X ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\ ⌉§⊔⌉\∫⟩≀\↙ S≀\⟩§∪∞∈⊎ ⟩∫ ⊣ \⌉⊔⊒≀∇‖↖⊔∇⊣\∫√⊣∇⌉\⊔ ∫≀⊓\⌈ ∫⌉∇⊑⌉∇ ⌈⌉⊑⌉↕≀√⌉⌈ ⊣⊔ B⌉↕↕⌋≀∇⌉↙ I⊔ ⊒⊣∫ ⊣↕∫≀ ⟩\∫√⟩∇⌉⌈ ⌊† X ⊣\⌈ ⟩∫ ∫⟩⇕⟩↕⊣∇ ⊔≀ XM⌉⌈⟩⊣ ⟩\ ⌈⌉∫⟩}\⇔ ⊒⟩⊔⟨ ⊖√⊣⊔⌋⟨⌋≀∇⌈∫⪰ ⊔≀ ⟩\⊔⌉∇\⊣↕↕† ⌋≀\\⌉⌋⊔ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉∫ ≀∇ ⊔≀ ⌊†√⊣∫∫ ⊔⟨⌉ S≀\⟩§ ∫⌉∇⊑⌉∇ ⟩⊔∫⌉↕{↙ A⊓⌈⟩≀F⟩↕⌉ ⊔⊣‖⌉∫ ⊣ ⌈⟩{{⌉∇⌉\⊔ ⊑⟩⌉⊒ ≀{ ⊔⟩⇕⌉ ⊣\⌈ ⌉⇕√⟨⊣∫⟩‡⌉∫ ⌈≀⟩\} ⊒≀∇‖ ⟩\ ⌋↕⟩⌉\⊔∫⇔ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⇕⊣\⟩√⊓↕⊣⊔⟩\} ⊔⟨⌉ ⊙≀⊒ ≀{ ⊣⊓⌈⟩≀ ⌈⊣⊔⊣ ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ S≀\⟩§ ⟩\⌋↕⊓⌈⌉∫ ⇕⟩\⟩⇕⊣↕ ∫⊓√√≀∇⊔ {≀∇ ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\↙

△ A⊓⌈⟩≀ H⊣∇⌈⊒⊣∇⌉ T⟨⟩∫ ∫⌉⌋⊔⟩≀\ ⌈⌉∫⌋∇⟩⌊⌉∫ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⌋⊓∇∇⌉\⊔↕† ∫⊓√√≀∇⊔⌉⌈ ⌊† A⊓⌈⟩≀F⟩↕⌉↙

△↙∞ L≀F⟩ I\ ∞∃∃′⇔ ⊣∫ √⊣∇⊔ ≀{ ⊔⟨⌉ C⊣⇕⌊∇⟩⌈}⌉ R⌉∫⌉⊣∇⌋⟨ L⊣⌊≃∫ ≀⊑⌉∇⊣↕↕ }≀⊣↕∫ ≀{ ⌉§√↕≀∇⟩\} \⌉⊔↖ ⊒≀∇‖⌉⌈ ⊣⊓⌈⟩≀ ⊣\⌈ ⊑⟩⌈⌉≀⇔ ≀\⌉ ≀{ ⊓∫ ⇐L⌉⊑⌉∇}≀≀⌈⇒ ⌈⌉∫⟩}\⌉⌈ ⊣ TURBO⌋⟨⊣\\⌉↕ ⊣⊓⌈⟩≀ ⇕≀⌈⊓↕⌉ ⌋⊣↕↕⌉⌈ L≀F⟩∪⊎↙ ∞∈ L⊣⊔⌉∇⇔ D⟩}⟩⊔⊣↕≃∫ M⊓↕⊔⟩⇕⌉⌈⟩⊣ E\}⟩\⌉⌉∇⟩\} ≀∇}⊣\⟩‡⊣⊔⟩≀\ ∇⌉↕⌉⊣∫⌉⌈ ⊔⟨⌉ ⌈⌉∫⟩}\ ⊣∫ ⊔⟨⌉ √∇≀⌈⊓⌋⊔ DEC⊣⊓⌈⟩≀↙ T⟨⌉ ∇⌉∫⌉⊣∇⌋⟨ ⊖L≀F⟩⪰ ⊣\⌈ ⊔⟨⌉ √∇≀⌈⊓⌋⊔ ⊖DEC⊣⊓⌈⟩≀⪰ ⊣∇⌉ ∫⊓⌊∫⊔⊣\⊔⟩⊣↕↕† ⟩⌈⌉\⊔⟩⌋⊣↕∅ ⊒⌉ ⊒⟩↕↕ ⊓∫⌉ ⊖L≀F⟩⪰ ⊔≀ ∇⌉{⌉∇ ⊔≀ ⊔⟨⟩∫ ⌈⌉⊑⟩⌋⌉ ⟩\ ⊔⟨⌉ ∇⌉∫⊔ ≀{ ⊔⟨⟩∫ ⌈≀⌋⊓⇕⌉\⊔↙ L≀F⟩ ∫⊓√√≀∇⊔∫ ⊔⊒≀ ∀ KH‡ ⊔⌉↕⌉√⟨≀\⌉ ∐⊓⊣↕⟩⊔† CODEC∫⇔ ≀\⌉ ⌋≀\\⌉⌋⊔⟩\} ⊔≀ ⊣ ⊔⌉↕⌉√⟨≀\⌉ ↕⟩\⌉ ⊣\⌈ ≀\⌉ ⌋≀\\⌉⌋⊔⟩\} ⊔≀ ↕≀⌋⊣↕ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉∫↙ L≀F⟩ ⊣↕∫≀ ⌋≀\⊔⊣⟩\∫ ⊣ M≀⊔≀∇≀↕⊣ ▽′̸′∞ DSP ⌋⟨⟩√ ⊒⟩⊔⟨ ∋∈K ∈△↖⌊⟩⊔ ⊒≀∇⌈∫ ≀{ ⇕⌉⇕≀∇† ∫⟨⊣∇⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ⟨≀∫⊔ √∇≀⌋⌉∫∫≀∇↙ T⟨⌉ ▽′̸′∞ ∫⌉∇⟩⊣↕ √≀∇⊔ ∫⊓√√≀∇⊔∫ ⊣ △△↙∞ KH‡ ∫⊔⌉∇⌉≀ DAC ⊣\⌈ ⌋⊣\ ⊣↕∫≀ ⌊⌉ ⊓∫⌉⌈ ⊒⟩⊔⟨ ∞∈W⌉ ⌋⊣↕↕⌉⌈ ⟩⊔ L≀F⟩ √∇⟩⇕⊣∇⟩↕† ⌊⌉⌋⊣⊓∫⌉⟩⊔ ⊒⊣∫\≃⊔↙ L≀F⟩ ⊣↕⊒⊣†∫ ⟩\⌋↕⊓⌈⌉⌈ ⟨⟩}⟨ ⊘⌈⌉↕⟩⊔† ⊣⊓⌈⟩≀ ⌋⊣√⊣⌊⟩↕⟩⊔†⇔ ⌊⊓⊔ ⊒⌉ ⌋⟨≀∫⌉ ⊔⟨⌉ \⊣⇕⌉ ⊔≀ ≀⌊∫⌋⊓∇⌉ ⊔⟨⟩∫ {⊣⌋⊔⇔ ⌊⌉⌋⊣⊓∫⌉ ⊒⌉ ‖\⌉⊒ ⊒⌉ ⊒≀⊓↕⌈\≃⊔ }⌉⊔ ⊣∇≀⊓\⌈ ⊔≀ ⊒∇⟩⊔⟩\} ⊔⟨⌉ H⟩F⟩ ∫⊓√√≀∇⊔ ∫≀{⊔⊒⊣∇⌉ {≀∇ ⊣ ⊒⟨⟩↕⌉ ⊣\⌈ ⊒⌉ ⊒⊣\⊔⌉⌈ ⊔≀ ⌈⌉{⊓∫⌉ ⌉§√⌉⌋⊔⊣⊔⟩≀\∫↙ T⟨⌉ ⟨⟩}⟨ ⊘⌈⌉↕⟩⊔† ∫⊓√√≀∇⊔ ∫≀{⊔⊒⊣∇⌉ ⊒⊣∫ ⌋≀⇕√↕⌉⊔⌉⌈ ⟩\ ∞∃∃∈↙

∞ ̸△ AUDIO HARDWARE

⌉§⊔⌉∇\⊣↕ DSP √≀∇⊔ ⌈⌉⊑⟩⌋⌉∫ ⟩\⌋↕⊓⌈⟩\} ∫⊔⌉∇⌉≀ A∝D ⊣\⌈ D∝A ⌋≀\⊑⌉∇⊔⌉∇∫ ≀√⌉∇⊣⊔⟩\} ⊣⊔ ∫⊣⇕√↕⌉ ∇⊣⊔⌉∫ ⊓√ ⊔≀ △∀ KH‡↙ T⟨⌉ ⊔⌉↕⌉√⟨≀\⌉ ⟩\⊔⌉∇{⊣⌋⌉ ≀\ L≀F⟩ ⌉\⊣⌊↕⌉∫ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∫⊓⌋⟨ ⊣∫ ⊑≀⟩⌋⌉ ⇕⊣⟩↕ ⊣\⌈ ∇⌉⇕≀⊔⌉ ⟩\{≀∇⇕⊣⊔⟩≀\ ⊣⌋⌋⌉∫∫↙ W⌉ ∫⌉⌉ \≀ ⌈⟩{⊘⌋⊓↕⊔† ⟩\ ⊣⌈⌈⟩\} A⊓⌈⟩≀F⟩↕⌉ ∫⊓√√≀∇⊔ {≀∇ ≀⊔⟨⌉∇ ‖⟩\⌈∫ ≀{ ⊔⌉↕⌉√⟨≀\⌉ ⟩\⊔⌉∇{⊣⌋⌉∫⇔ ∫⊓⌋⟨ ⊣∫ ISDN ≀∇ P⟨≀\⌉S⊔⊣⊔⟩≀\ ∪∈′⊎↙

△↙∈ JV⟩⌈⌉≀ JV⟩⌈⌉≀ ⟩∫ ⊣ TURBO⌋⟨⊣\\⌉↕ ⇕≀⌈⊓↕⌉ ⌈⌉⊑⌉↕≀√⌉⌈ ⊣⊔ D⟩}⟩⊔⊣↕ E∐⊓⟩√⇕⌉\⊔ C≀∇√≀∇⊣⊔⟩≀\ {≀∇ ⌉§√⌉∇⟩⇕⌉\⊔∫ ⟩\ ⌈⌉∫‖⊔≀√ ⊑⟩⌈⌉≀↙ L⟩‖⌉ L≀F⟩⇔ JV⟩⌈⌉≀ ⟨⊣∫ ⊣ M≀⊔≀∇≀↕⊣ ▽′̸′∞ DSP √∇≀⌋⌉∫∫≀∇ ⊒⟩⊔⟨ ∫⟨⊣∇⌉⌈ ⇕⌉⇕≀∇†⇔ ⌊⊓⊔ JV⟩⌈⌉≀ ⊣↕∫≀ ⟨⊣∫ ∫⊔⌉∇⌉≀ ADC ⊣\⌈ DAC ⟨⊣∇⌈⊒⊣∇⌉ ⊔⟨⊣⊔ ⟩∫ ⌋⊣√⊣⌊↕⌉ ≀{ ⊑⊣∇⟩⊣⌊↕⌉ ∫⊣⇕√↕⌉ ∇⊣⊔⌉∫↙ H≀⊒⌉⊑⌉∇⇔ JV⟩⌈⌉≀ ⟨⊣∫ \⌉⟩⊔⟨⌉∇ ⊔⌉↕⌉√⟨≀\† ⌋⊣√⊣⌊⟩↕⟩⊔† \≀∇ ⊣\ ⌉§⊔⌉∇\⊣↕ DSP √≀∇⊔↙

△↙∋ I\⊔⌉}∇⊣↕ W≀∇‖∫⊔⊣⊔⟩≀\ A⊓⌈⟩≀ D⌉⊑⟩⌋⌉∫ T⟨⌉ P⌉∇∫≀\⊣↕ DEC∫⊔⊣⊔⟩≀\ ∫⌉∇⟩⌉∫⇔ ⊔⟨⌉ A↕√⟨⊣ AXP↖⌊⊣∫⌉⌈ DEC ∋′′′∝∋′′⇔ ∋′′′∝△′′ ⊣\⌈ ∋′′′∝▽′′⇔ ⊣\⌈ ⊔⟨⌉ S⊓\ SPARC∫⊔⊣⊔⟩≀\↖∈ ⊣↕↕ ⟩\⌋↕⊓⌈⌉ ∀ KH‡ CODEC ⌈⌉⊑⟩⌋⌉∫ ≀\ ⊔⟨⌉⟩∇ ∫†∫⊔⌉⇕ ⇕≀⌈⊓↕⌉∫↙

△↙△ L⟩\⌉S⌉∇⊑⌉∇ T⟨⌉ L⟩\⌉S⌉∇⊑⌉∇ ⟩∫ ⊣\ E⊔⟨⌉∇\⌉⊔ √⌉∇⟩√⟨⌉∇⊣↕↙ I⊔ ⟩∫ ⊣ M≀⊔≀∇≀↕⊣ ∀̸∋′∈ ⇕⟩⌋∇≀⌋≀⇕√⊓⊔⌉∇ ∫†∫⊔⌉⇕ ⊒⟩⊔⟨ ∞∈∀K ROM ⊣\⌈ △̸K RAM⇔ ⊣\ E⊔⟨⌉∇\⌉⊔ ⌋≀\⊔∇≀↕↕⌉∇⇔ ⟨⟩}⟨ ∫√⌉⌉⌈ V↙∋▽ ∫⌉∇⟩⊣↕ ↕⟩\⌉ ⟩\⊔⌉∇{⊣⌋⌉⇔ ⊣\⌈ ⊣\ ∀ KH‡ ISDN CODEC↙ W⌉ ⊓∫⌉ L⟩\⌉S⌉∇⊑⌉∇ ⊒⟩⊔⟨⟩\ D⟩}⟩⊔⊣↕≃∫ ∇⌉∫⌉⊣∇⌋⟨ ↕⊣⌊∫ {≀∇ ∇⌉⇕≀⊔⌉ E⊔⟨⌉∇\⌉⊔ ⌊∇⟩⌈}⟩\} ⊣\⌈ IP \⌉⊔⊒≀∇‖ ∇≀⊓⊔⟩\} ≀⊑⌉∇ ⌊≀⊔⟨ ⌈⌉⌈⟩⌋⊣⊔⌉⌈ ⌈⟩}⟩⊔⊣↕ ⌋⟩∇⌋⊓⟩⊔∫ ⊣\⌈ ⌈⟩⊣↕↖⊓√ ISDN ⌋⟩∇⌋⊓⟩⊔∫↙ T⟨⌉ L⟩\⌉S⌉∇⊑⌉∇ ⊑⌉∇∫⟩≀\ ≀{ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⟩∫ ⟩\⊔⌉∇⌉∫⊔⟩\} ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ∇⊓\∫ ≀\ ⊣ \⌉⊣∇⌊† E⊔⟨⌉∇\⌉⊔ ⟨≀∫⊔⇔ \≀⊔ ≀\ ⊔⟨⌉ L⟩\⌉S⌉∇⊑⌉∇ ⟩⊔∫⌉↕{↙ T⟨⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇ ⌉§⌋⟨⊣\}⌉∫ ↕≀⊒↖↕⌉⊑⌉↕ ⌈⌉⊑⟩⌋⌉↖∫√⌉⌋⟩⊘⌋ \⌉⊔⊒≀∇‖ ⇕⌉∫∫⊣}⌉∫ ⊒⟩⊔⟨ ⊔⟨⌉ L⟩\⌉S⌉∇⊑⌉∇↙

△↙▽ SGI I\⌈⟩}≀ R⌉⌋⌉\⊔↕† G⊓⟩⌈≀ ⊑⊣\ R≀∫∫⊓⇕ ≀{ CWI ⟩\ ⊔⟨⌉ N⌉⊔⟨⌉∇↕⊣\⌈∫ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈ A⊓⌈⟩≀F⟩↕⌉ ⌈⌉⊑⟩⌋⌉ ∫⊓√√≀∇⊔ {≀∇ ⊔⟨⌉ S⟩↕⟩⌋≀\ G∇⊣√⟨⟩⌋∫ I\⌈⟩}≀ ⊒≀∇‖∫⊔⊣⊔⟩≀\↙ T⟨⌉ I\⌈⟩}≀ ∫⊓√√≀∇⊔∫ ∫⊔⌉∇⌉≀ ⊣⊓⌈⟩≀ ⊣⊔ ⊣ ⊑⊣∇⟩⌉⊔† ≀{ ∫⊣⇕√↕⌉ ∇⊣⊔⌉∫ ⊓√ ⊔≀ △∀ KH‡↙

∞

▽ P∇≀⊔≀⌋≀↕ D⌉∫⌋∇⟩√⊔⟩≀\ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ √∇≀⊔≀⌋≀↕ ⟩∫ ⌈⌉∫⟩}\⌉⌈ ≀\ ⊔⟨⌉ ∫⊣⇕⌉ ⌊⊣∫⟩⌋ √∇⟩\⌋⟩√↕⌉∫ ⊣∫ ⊔⟨⌉ X W⟩\⌈≀⊒ S†∫⊔⌉⇕ √∇≀⊔≀⌋≀↕↙ C≀\⊔∇≀↕ ⊣\⌈ ⊣⊓⌈⟩≀ ⌈⊣⊔⊣ ⊣∇⌉ ⇕⊓↕⊔⟩√↕⌉§⌉⌈ ≀⊑⌉∇ ⊣ ∫⟩\}↕⌉ ⌊†⊔⌉↖∫⊔∇⌉⊣⇕ ⌋≀\\⌉⌋⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⌋↕⟩⌉\⊔ ⊣\⌈ ∫⌉∇⊑⌉∇↙ A ∫⟩\}↕⌉ ⌋≀\\⌉⌋⊔⟩≀\ ⌋⊣\ ⌋⊣∇∇† ⇕≀∇⌉ ⊔⟨⊣\ ≀\⌉ ⊣⊓⌈⟩≀ ∫⊔∇⌉⊣⇕↙ M⊓↕⊔⟩√↕⌉ ⌋↕⟩⌉\⊔∫⇔ √≀⊔⌉\⊔⟩⊣↕↕† ∇⊓\\⟩\} ≀\ ⇕⊓↕⊔⟩√↕⌉ ⇕⊣⌋⟨⟩\⌉∫ ≀{ ⌈⟩{{⌉∇⌉\⊔ ⊣∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉∫⇔ ⌋⊣\ ⊓∫⌉ ⊔⟨⌉ ∫⊣⇕⌉ ∫⌉∇⊑⌉∇ ⊣⊔ ⊔⟨⌉ ∫⊣⇕⌉ ⊔⟩⇕⌉↙

▽↙∞ D⊣⊔⊣ T∇⊣\∫√≀∇⊔ A⊓⌈⟩≀F⟩↕⌉ ⟩∫ ⟩\⊔⌉\⌈⌉⌈ ⊔≀ ⌊⌉ ⊓∫⌉⌈ ≀⊑⌉∇ ⊣↕⇕≀∫⊔ ⊣\† ⊔∇⊣\∫√≀∇⊔ √∇≀⊔≀⌋≀↕⇔ ⊔⟨≀⊓}⟨ ⊔⟨⌉⟩∇ ⌊⌉⟨⊣⊑⟩≀∇ ⇕⊣† ⊣{{⌉⌋⊔ ∇⌉⊣↕↖⊔⟩⇕⌉ ⊣⊓⌈⟩≀ √⌉∇{≀∇⇕⊣\⌋⌉ ⇐∫⌉⌉ S⌉⌋⊔⟩≀\ ∞∞ {≀∇ ∫≀⇕⌉ √⌉∇{≀∇↖ ⇕⊣\⌋⌉ ⊣\⊣↕†∫⟩∫⇒↙ A∫ ⟩\ X⇔ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ √∇≀⊔≀⌋≀↕ √∇⌉∫⊓⇕⌉∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⌈⊣⊔⊣ ⊔∇⊣\∫√≀∇⊔ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⟩∫ ∇⌉↕⟩⊣⌊↕⌉ ⊣\⌈ ⌈≀⌉∫ \≀⊔ ∇⌉≀∇⌈⌉∇ ≀∇ ⌈⊓√↕⟩⌋⊣⊔⌉ ⌈⊣⊔⊣↙ A\† ⊔∇⊣\∫√≀∇⊔ ⇕⌉⌋⟨⊣\⟩∫⇕ {⊓↕⊘↕↕⟩\} ⊔⟨⌉∫⌉ ⌋∇⟩⊔⌉∇⟩⊣ ⌋≀⊓↕⌈ ⌊⌉ ⊓∫⌉⌈↙ A⊓⌈⟩≀F⟩↕⌉ ⊔⊣‖⌉∫ ⊣⌈⊑⊣\⊔⊣}⌉ ≀{ ∫⊔∇⌉⊣⇕⟩\} ⊒⟨⌉\ √≀∫∫⟩⌊↕⌉⇔ ⊔⟨≀⊓}⟨ ⊒⌉ ⌊⌉↕⟩⌉⊑⌉ ⊔⟨⟩∫ ⟩∫ ↕⌉∫∫ ⌋≀⇕⇕≀\ ⊔⟨⊣\ ⟩\ ⊔⟨⌉ X ⌋⊣∫⌉↙ T⟨⌉ ⌋⊓∇∇⌉\⊔ ⊑⌉∇∫⟩≀\ ≀{ A⊓⌈⟩≀F⟩↕⌉ ∫⊓√√≀∇⊔∫ TCP∝IP ⊣\⌈ UNIX↖⌈≀⇕⊣⟩\ ∫≀⌋‖⌉⊔∫↙ W⌉ ⌊⌉↕⟩⌉⊑⌉ ⊔⟨⊣⊔ ⊔⟨⌉ √∇≀}∇⊣⇕⇕⟩\} ⇕≀⌈⌉↕ A⊓⌈⟩≀F⟩↕⌉ √∇⌉∫⌉\⊔∫ ⇕⊣† ∇⌉⌈⊓⌋⌉ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⊣⊓⌈⟩≀ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ \⌉⌉⌈⟩\} ↕≀⊒↖↕⊣⊔⌉\⌋† ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫⇔ ⌊⌉⌋⊣⊓∫⌉ ⌋↕⟩⌉\⊔∫ ⌋⊣\ ⌋≀\⊔∇≀↕ ⌉§⊣⌋⊔↕† ⊒⟨⌉\ ⊣⊓⌈⟩≀ ⊒⟩↕↕ ⊣√√⌉⊣∇ ≀∇ ⊒⟨⌉\ ⟩⊔ ⊒⊣∫ ∇⌉⌋≀∇⌈⌉⌈↙

▽↙∈ E⊑⌉\⊔∫ A∫ ⟩\ X⇔ ⌉⊑⌉\⊔∫ ⟨⊣⊑⌉ ⊣ ⊘§⌉⌈ ∫⟩‡⌉↙ O\↕† ⊘⊑⌉ ⌉⊑⌉\⊔ ⊔†√⌉∫ ⊣∇⌉ ⌋⊓∇∇⌉\⊔↕† ⌈⌉⊘\⌉⌈¬ {≀⊓∇ {≀∇ ⊔⌉↕⌉√⟨≀\⌉ ⌋≀\⊔∇≀↕ ⊣\⌈ ≀\⌉ {≀∇ ⟩\⊔⌉∇⌋↕⟩⌉\⊔ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫↙ S≀⇕⌉ ⌈⌉⊔⊣⟩↕∫ ≀{ ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉ ⌉⊑⌉\⊔∫ ⊣∇⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⌊⌉↕≀⊒ ⟩\ S⌉⌋⊔⟩≀\ ▽↙▽↙ A↕↕ ⌈⌉⊑⟩⌋⌉ ⌉⊑⌉\⊔∫ ⌋≀\⊔⊣⟩\ ⌊≀⊔⟨ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉ ≀{ ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉ ⊣\⌈ ⊔⟨⌉ ⌋↕≀⌋‖ ⊔⟩⇕⌉ ≀{ ⊔⟨⌉ ⟨≀∫⊔ ≀{ ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ T⟨⌉ ⟨≀∫⊔ ⌋↕≀⌋‖ ⊔⟩⇕⌉ ⇕⊣† ⌊⌉ \⌉⌉⌈⌉⌈ ⊒⟨⌉\ ∫†\⌋⟨∇≀\⟩‡⟩\} ⊒⟩⊔⟨ ≀⊔⟨⌉∇ ⇕⌉⌈⟩⊣ ≀\ ⊔⟨⌉ ∫⊣⇕⌉ ⟨≀∫⊔ ⇐{≀∇ ⌉§⊣⇕√↕⌉⇔ ⊑⟩⌈⌉≀ ⌊⌉⟩\} ⌈⟩∫√↕⊣†⌉⌈ ⌊† ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕⇒↙

▽↙∋ P∇≀⊔≀⌋≀↕ R⌉∐⊓⌉∫⊔∫ A↕↕ √∇≀⊔≀⌋≀↕ ∇⌉∐⊓⌉∫⊔∫ ⟨⊣⊑⌉ ⊣ ↕⌉\}⊔⟨ ⊘⌉↕⌈ ⇐∞ ̸⌊⟩⊔∫⇔ ⌉§√∇⌉∫∫⌉⌈ ⟩\ ∋∈↖⌊⟩⊔ ∐⊓⊣\⊔⟩⊔⟩⌉∫⇒⇔ ⊣\ ≀√⌋≀⌈⌉ ⇐≀\⌉ ⌊†⊔⌉⇒⇔ ⊣\⌈ ⊣\ ≀√⊔⟩≀\⊣↕ ≀√⌋≀⌈⌉ ⌉§⊔⌉\∫⟩≀\ ⇐≀\⌉ ⌊†⊔⌉⇒↙ T⟨⌉ ∫⟨≀∇⊔⌉∫⊔

∞∀ ▽ PROTOCOL DESCRIPTION

√≀∫∫⟩⌊↕⌉ ∇⌉∐⊓⌉∫⊔ ⟩∫ ⊔⟨⌉∇⌉{≀∇⌉ {≀⊓∇ ⌊†⊔⌉∫ ↕≀\}↙ T⟨⌉ ↕⌉\}⊔⟨ ⊘⌉↕⌈ ↕⟩⇕⟩⊔∫ ⊔⟨⌉ ↕≀\}⌉∫⊔ ∇⌉∐⊓⌉∫⊔ ⊔≀ ∈∉∞△△ ⌊†⊔⌉∫⇔ ⊔⟨≀⊓}⟨ ⟩\ √∇⊣⌋⊔⟩⌋⌉ A⊓⌈⟩≀F⟩↕⌉≃∫ ↕≀\}⌉∫⊔ ∇⌉∐⊓⌉∫⊔ ⟩∫ ∫⊓⌊∫⊔⊣\↖ ⊔⟩⊣↕↕† ∫⟨≀∇⊔⌉∇↙ A↕↕ ⌈⊣⊔⊣ ⟩\ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔∫ ⊣∇⌉ ‖⌉√⊔ \⊣⊔⊓∇⊣↕↕† ⊣↕⟩}\⌉⌈ ⟩\∫⟩⌈⌉ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ ⟨⌉⊣⌈⌉∇∅ ∇⌉∐⊓⌉∫⊔∫ ⊔⟨⊣⊔ ⊓∫⌉ ⊣⌈⌈⟩⊔⟩≀\⊣↕ ⌈⊣⊔⊣ ⊣∇⌉ √⊣⌈⌈⌉⌈ ⊔≀ ⊣ ∋∈↖⌊⟩⊔ ⌊≀⊓\⌈⊣∇†↙ T⟨⌉∇⌉ ⊣∇⌉ ∋ ∇⌉∐⊓⌉∫⊔∫ ⟩\ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ √∇≀⊔≀⌋≀↕↙ M≀∫⊔ ≀{ ⊔⟨⌉∫⌉ ⊣∇⌉ ∇⌉↕⊣⊔⌉⌈ ⊔≀ ⊣⊓⌈⟩≀⇔ ⊣↕⊔⟨≀⊓}⟨ ≀\↕† ⊔⊒≀ ⌈⌉⊣↕ ⊒⟩⊔⟨ ⊣⊓⌈⟩≀ ⌈⊣⊔⊣↙ T⟨⌉ ∇⌉⇕⊣⟩\⟩\} ∇⌉∐⊓⌉∫⊔∫ ⊣∇⌉ ⊓∫⌉⌈ {≀∇ ⟨≀⊓∫⌉‖⌉⌉√⟩\} √⊓∇√≀∫⌉∫⇔ ∫⊓⌋⟨ ⊣∫ ⊣⌋⌋⌉∫∫ ⌋≀\⊔∇≀↕⇔ ⟩\⊔⌉∇↖⌋↕⟩⌉\⊔ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫⇔ ⊣\⌈ ⌉§⊔⌉\∫⟩≀\∫ ⇐⊣↕⊔⟨≀⊓}⟨ \≀ ⌉§⊔⌉\∫⟩≀\∫ ⊣∇⌉ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊔≀⌈⊣†⇒↙ I\ ⌋≀⇕√⊣∇⟩∫≀\⇔ ⊔⟨⌉ X W⟩\⌈≀⊒ S†∫⊔⌉⇕ ⟨⊣∫ ∞∞∃ ∇⌉∐⊓⌉∫⊔∫ ⟩\ ⊔⟨⌉ ⌋≀∇⌉ √∇≀⊔≀⌋≀↕↙ A⊔ ⌋≀\\⌉⌋⊔⟩≀\ ∫⌉⊔⊓√⇔ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⊣\⌈ ∫⌉∇⊑⌉∇ ⌉§⌋⟨⊣\}⌉ ⊑⌉∇∫⟩≀\ ⟩\{≀∇⇕⊣⊔⟩≀\ ⊣\⌈ ⌋↕⟩⌉\⊔∫ √∇≀⊑⟩⌈⌉ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊣⊓⊔⟨⌉\⊔⟩⌋⊣⊔⟩≀\ ⟩\{≀∇⇕⊣⊔⟩≀\⇔ ⌉§⊣⌋⊔↕† ⊣∫ ⟩\ ⊔⟨⌉ X W⟩\⌈≀⊒ S†∫⊔⌉⇕↙ T⊣⌊↕⌉ ∞ ∫⊓⇕⇕⊣∇⟩‡⌉∫ A⊓⌈⟩≀F⟩↕⌉≃∫ √∇≀⊔≀⌋≀↕ ∇⌉∐⊓⌉∫⊔∫↙

▽↙△ A⊓⌈⟩≀ D⌉⊑⟩⌋⌉ A⊔⊔∇⟩⌊⊓⊔⌉∫

A\ ⊣⌊∫⊔∇⊣⌋⊔ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⟨⊣∫ ∫⌉⊑⌉∇⊣↕ ⊣⊔⊔∇⟩⌊⊓⊔⌉∫ ⊔⟨⊣⊔ ⊣∇⌉ ⊑⟩∫⟩⌊↕⌉ ⊔≀ ⌋↕⟩⌉\⊔∫↙ T⟨⌉ ∫⊣⇕√↕⟩\} ∇⊣⊔⌉⇔ ∫⊣⇕√↕⌉ ⌈⊣⊔⊣ ⊔†√⌉⇔ ⊣\⌈ ⌊⊓{{⌉∇ ∫⟩‡⌉ ⟨⊣⊑⌉ ⌊⌉⌉\ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ √∇⌉⊑⟩≀⊓∫ ∫⌉⌋⊔⟩≀\∫↙ T⟨⟩∫ ⊣\⌈ ≀⊔⟨⌉∇ ⟩\{≀∇⇕⊣⊔⟩≀\ ⟩∫ ∇⌉⊔⊓∇\⌉⌈ {≀∇ ⌉⊣⌋⟨ ⌈⌉⊑⟩⌋⌉ ⊣⊔ ⌋≀\\⌉⌋⊔⟩≀\ ∫⌉⊔⊓√ ⊔⟩⇕⌉↙ T⟨⌉ ⊣⌈⌈⟩⊔⟩≀\⊣↕ ⟩\{≀∇⇕⊣⊔⟩≀\ ⟩\⌋↕⊓⌈⌉∫ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌋⟨⊣\\⌉↕∫ {≀∇ ∇⌉⌋≀∇⌈ ⊣\⌈ √↕⊣†⌊⊣⌋‖ ⊣\⌈ ⊒⟨⌉⊔⟨⌉∇ ⊣ ⌋⟨⊣\\⌉↕ ⟩∫ ⌋≀\\⌉⌋⊔⌉⌈ ⊔≀ ⊣ ⊔⌉↕⌉√⟨≀\⌉ ⌈⌉⊑⟩⌋⌉↙ A\ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⇕⊣† ⟨⊣⊑⌉ ⇕⊓↕⊔⟩√↕⌉ ⟩\√⊓⊔∫ ≀∇ ≀⊓⊔√⊓⊔∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ∫≀⇕⌉ ⌈⌉⊑⟩⌋⌉∫ ⇕⊣† ⟨⊣⊑⌉ ⌊≀⊔⟨ ↕⟩\⌉↖⟩\ ⊣\⌈ ⇕⟩⌋∇≀√⟨≀\⌉↖⟩\ ⌋≀\\⌉⌋⊔≀∇∫ ⊒⟨⟩⌋⟨ ∫⟨⊣∇⌉ ⊣ ∫⟩\}↕⌉ ADC⇔ ⊣\⌈ ↕⟩\⌉↖≀⊓⊔ ⊣\⌈ ∫√⌉⊣‖⌉∇↖≀⊓⊔ ⌋≀\\⌉⌋⊔≀∇∫ ⌈∇⟩⊑⌉\ {∇≀⇕ ⊣ ⌋≀⇕⇕≀\ DAC↙ T⟨⌉ ⊣⌊∫⊔∇⊣⌋⊔ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⌉\⌋≀⌈⌉∫ ⊔⟨⌉∫⌉ ⌋⊣√⊣⌊⟩↕⟩⊔⟩⌉∫ ≀{ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⟩\ ⊔⊒≀ ∐⊓⊣\⊔⟩⊔⟩⌉∫ ⟩\⌈⟩⌋⊣⊔⟩\} ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⟩\√⊓⊔∫ ⊣\⌈ ≀⊓⊔√⊓⊔∫ ⊣\⌈ ⊔⊒≀ ⇕⊣∫‖∫ ⟩\⌈⟩⌋⊣⊔⟩\} ⊒⟨⟩⌋⟨ ⟩\√⊓⊔∫ ⊣\⌈ ≀⊓⊔√⊓⊔∫ ⊣∇⌉ ⌋≀\\⌉⌋⊔⌉⌈ ⊔≀ ⊣ ⊔⌉↕⌉√⟨≀\⌉ ↕⟩\⌉ ⟩\⊔⌉∇{⊣⌋⌉↙ W⌉ ⟩\⊔⌉\⌈ ⊔≀ ⇕≀⌈⟩{† A⊓⌈⟩≀F⟩↕⌉ ⊔≀ ⇕⊣‖⌉ ⊔⟨⌉ ∫⊣⇕√↕⌉ ⌈⊣⊔⊣ ⊔†√⌉ ⊣⊔⊔∇⟩⌊⊓⊔⌉ ⊣ √∇⟩≀∇⟩⊔⟩‡⌉⌈ ↕⟩∫⊔ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⊣ ∫⟩\}↕⌉ ⌉\⊓⇕⌉∇⊣⊔⌉⌈ ⊔†√⌉↙ T⟨⟩∫ ⌋⟨⊣\}⌉ ⊒≀⊓↕⌈ √⌉∇⇕⟩⊔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊔≀ ⟨⊣⊑⌉ ∫⌉⊑⌉∇⊣↕ ⌋≀\⊑⌉∇∫⟩≀\ ⇕≀⌈⊓↕⌉∫ √⌉∇ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉↙ T⟨⌉∫⌉ ⌋≀\⊑⌉∇∫⟩≀\ ⇕≀⌈⊓↕⌉∫ ⌋⊣\ ⊔∇⊣\∫↕⊣⊔⌉ ≀\⌉ ≀∇ ⊔⟨⌉ ⌉\⊓⇕⌉∇⊣⊔⌉⌈ ⌈⊣⊔⊣ ⊔†√⌉∫ ⊔≀ ⊔⟨⌉ \⊣⊔⟩⊑⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⌈⊣⊔⊣ ⊔†√⌉↙ W⌉ ⊒⟩↕↕ √∇≀⌊⊣⌊↕† ⌉§⊔⌉\⌈ ⊔⟨⌉ ∫⊣⇕⌉ ∫⌋⟨⌉⇕⌉ ⊔≀ ⟨⊣\⌈↕⌉ ⊑⊣∇⟩≀⊓∫ √≀√⊓↕⊣∇ ⌋≀⇕√∇⌉∫∫⟩≀\ ⇕⌉⊔⟨≀⌈∫↙

▽↙△ A⊓⌈⟩≀ D⌉⊑⟩⌋⌉ A⊔⊔∇⟩⌊⊓⊔⌉∫ ∞∃

A⊓⌈⟩≀ ⊣\⌈ E⊑⌉\⊔∫ S⌉↕⌉⌋⊔E⊑⌉\⊔∫ S⌉↕⌉⌋⊔ ⊒⟨⟩⌋⟨ ⌉⊑⌉\⊔∫ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⊒⊣\⊔∫ C∇⌉⊣⊔⌉AC C∇⌉⊣⊔⌉ ⊣\ ⊣⊓⌈⟩≀ ⌋≀\⊔⌉§⊔ C⟨⊣\}⌉ACA⊔⊔∇⟩⌊⊓⊔⌉∫ C⟨⊣\}⌉ ⊔⟨⌉ ⌋≀\⊔⌉\⊔∫ ≀{ ⊣\ ⊣⊓⌈⟩≀ ⌋≀\⊔⌉§⊔ F∇⌉⌉AC F∇⌉⌉ ⊣\ ⊣⊓⌈⟩≀ ⌋≀\⊔⌉§⊔ P↕⊣†S⊣⇕√↕⌉∫ P↕⊣† ∫⊣⇕√↕⌉∫ R⌉⌋≀∇⌈S⊣⇕√↕⌉∫ R⌉⌋≀∇⌈ ∫⊣⇕√↕⌉∫ G⌉⊔T⟩⇕⌉ G⌉⊔ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉≃∫ ⊔⟩⇕⌉ T⌉↕⌉√⟨≀\† Q⊓⌉∇†P⟨≀\⌉ G⌉⊔ ⊔⌉↕⌉√⟨≀\⌉ ∫⊔⊣⊔⌉ E\⊣⌊↕⌉P⊣∫∫T⟨∇≀⊓}⟨ E\⊣⌊↕⌉ ⊔⌉↕⌉√⟨≀\⌉ √⊣∫∫⊔⟨∇≀⊓}⟨ D⟩∫⊣⌊↕⌉P⊣∫∫T⟨∇≀⊓}⟨ D⟩∫⊣⌊↕⌉ ⊔⌉↕⌉√⟨≀\⌉ √⊣∫∫⊔⟨∇≀⊓}⟨ H≀≀‖S⊒⟩⊔⌋⟨ C≀\⊔∇≀↕ ⟨≀≀‖∫⊒⟩⊔⌋⟨ F↕⊣∫⟨H≀≀‖ F↕⊣∫⟨ ⟨≀≀‖∫⊒⟩⊔⌋⟨ E\⊣⌊↕⌉G⊣⟩\C≀\⊔∇≀↕ N≀⊔ {≀∇ }⌉\⌉∇⊣↕ ⊓∫⌉ D⟩∫⊣⌊↕⌉G⊣⟩\C≀\⊔∇≀↕ N≀⊔ {≀∇ }⌉\⌉∇⊣↕ ⊓∫⌉ D⟩⊣↕P⟨≀\⌉ O⌊∫≀↕⌉⊔⌉⇔ ⌈≀ \≀⊔ ⊓∫⌉ I∝O C≀\⊔∇≀↕ S⌉⊔I\√⊓⊔G⊣⟩\ S⌉⊔ ⟩\√⊓⊔ }⊣⟩\ S⌉⊔O⊓⊔√⊓⊔G⊣⟩\ S⌉⊔ ≀⊓⊔√⊓⊔ }⊣⟩\ ⇐⊑≀↕⊓⇕⌉⇒ Q⊓⌉∇†I\√⊓⊔G⊣⟩\ F⟩\⌈ ≀⊓⊔ ⌋⊓∇∇⌉\⊔ ⟩\√⊓⊔ }⊣⟩\ Q⊓⌉∇†O⊓⊔√⊓⊔G⊣⟩\ F⟩\⌈ ≀⊓⊔ ⌋⊓∇∇⌉\⊔ ≀⊓⊔√⊓⊔ }⊣⟩\ E\⊣⌊↕⌉I\√⊓⊔ E\⊣⌊↕⌉ ⟩\√⊓⊔ E\⊣⌊↕⌉O⊓⊔√⊓⊔ E\⊣⌊↕⌉ ≀⊓⊔√⊓⊔ D⟩∫⊣⌊↕⌉I\√⊓⊔ D⟩∫⊣⌊↕⌉ ⟩\√⊓⊔ D⟩∫⊣⌊↕⌉O⊓⊔√⊓⊔ D⟩∫⊣⌊↕⌉ ≀⊓⊔√⊓⊔ A⌋⌋⌉∫∫ C≀\⊔∇≀↕ S⌉⊔A⌋⌋⌉∫∫C≀\⊔∇≀↕ S⌉⊔ ⊣⌋⌋⌉∫∫ ⌋≀\⊔∇≀↕ C⟨⊣\}⌉H≀∫⊔∫ C⟨⊣\}⌉ ⊣⌋⌋⌉∫∫ ⌋≀\⊔∇≀↕ ↕⟩∫⊔ L⟩∫⊔H≀∫⊔∫ L⟩∫⊔ ⊒⟨⟩⌋⟨ ⟨≀∫⊔∫ ⊣∇⌉ √⌉∇⇕⟩⊔⊔⌉⌈ ⊣⌋⌋⌉∫∫ A⊔≀⇕∫ ⊣\⌈ P∇≀√⌉∇⊔⟩⌉∫ I\⊔⌉∇\A⊔≀⇕ A↕↕≀⌋⊣⊔⌉ ⊓\⟩∐⊓⌉ ID G⌉⊔A⊔≀⇕N⊣⇕⌉ G⌉⊔ \⊣⇕⌉ {≀∇ ID C⟨⊣\}⌉P∇≀√⌉∇⊔† C⟨⊣\}⌉ ⌈⌉⊑⟩⌋⌉ √∇≀√⌉∇⊔† D⌉↕⌉⊔⌉P∇≀√⌉∇⊔† R⌉⇕≀⊑⌉ ⌈⌉⊑⟩⌋⌉ √∇≀√⌉∇⊔† G⌉⊔P∇≀√⌉∇⊔† R⌉⊔∇⟩⌉⊑⌉ ⌈⌉⊑⟩⌋⌉ √∇≀√⌉∇⊔† L⟩∫⊔P∇≀√⌉∇⊔⟩⌉∫ L⟩∫⊔ ⊣↕↕ ⌈⌉⊑⟩⌋⌉ √∇≀√⌉∇⊔⟩⌉∫ H≀⊓∫⌉‖⌉⌉√⟩\} N≀O√⌉∇⊣⊔⟩≀\ N≀\↖⌊↕≀⌋‖⟩\} N≀O√⌉∇⊣⊔⟩≀\ S†\⌋C≀\\⌉⌋⊔⟩≀\ R≀⊓\⌈↖⊔∇⟩√ N≀O√⌉∇⊣⊔⟩≀\ Q⊓⌉∇†E§⊔⌉\∫⟩≀\ N≀⊔ †⌉⊔ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ L⟩∫⊔E§⊔⌉\∫⟩≀\∫ N≀⊔ †⌉⊔ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ K⟩↕↕C↕⟩⌉\⊔ N≀⊔ †⌉⊔ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ T⊣⌊↕⌉ ∞¬ A⊓⌈⟩≀F⟩↕⌉ √∇≀⊔≀⌋≀↕ ∇⌉∐⊓⌉∫⊔∫

∈′ ▽ PROTOCOL DESCRIPTION

▽↙▽ T⌉↕⌉√⟨≀\† W⟨⟩↕⌉ ⊒⌉ ⟨⊣⊑⌉ ⌉⊑≀↕⊑⌉⌈ ⊔⟨⌉ ⌈⌉∫⟩}\ ≀{ A⊓⌈⟩≀F⟩↕⌉ ⊣\⌈ ⊣⌈⌈⌉⌈ ∫⊓√√≀∇⊔ {≀∇ ∫⌉⊑⌉∇⊣↕ ⌈⌉⊑⟩⌋⌉∫⇔ L≀F⟩ ⟩∫ ∫⊔⟩↕↕ ⊔⟨⌉ ≀\↕† ⌈⌉⊑⟩⌋⌉ ∫⊓√√≀∇⊔⌉⌈ ⌊† A⊓⌈⟩≀F⟩↕⌉ ⊔⟨⊣⊔ ⟨⊣∫ ⊣\ ⊣\⊣↕≀} ⊔⌉↕⌉√⟨≀\⌉ ↕⟩\⌉ ⟩\⊔⌉∇{⊣⌋⌉↙ L≀F⟩≃∫ ⊔⌉↕⌉√⟨≀\⌉ ↕⟩\⌉ ⟩\⊔⌉∇{⊣⌋⌉ ⟩\⌋↕⊓⌈⌉∫ ⊣ ↕⟩\⌉ |⊣⌋‖⇔ ⊣ ∫⌉⊔ |⊣⌋‖⇔ ⟨≀≀‖∫⊒⟩⊔⌋⟨ ∇⌉↕⊣†⇔ ∇⟩\} ⌈⌉⊔⌉⌋⊔⟩≀\ ⌋⟩∇⌋⊓⟩⊔∇†⇔ ↕≀≀√ ⌋⊓∇∇⌉\⊔ ⌈⌉⊔⌉⌋⊔⟩≀\ ⌋⟩∇⌋⊓⟩⊔∇†⇔ D⊓⊣↕ T≀\⌉ M⊓↕⊔⟩↖F∇⌉∐⊓⌉\⌋† ⇐T≀⊓⌋⟨↖T≀\⌉⇒ ⌈⌉⌋≀⌈⟩\} ⌋⟩∇⌋⊓⟩⊔∇†⇔ ⊣\⌈ ≀⊓⊔√⊓⊔ √≀⊒⌉∇ ↕⟩⇕⟩⊔⟩\} ⌋⟩∇⌋⊓⟩⊔∇†↙ W⟩⊔⟨ ∫⊓⟩⊔⊣⌊↕⌉ ∫≀{⊔⊒⊣∇⌉ ⊔⟨⟩∫ ⟨⊣∇⌈⊒⊣∇⌉ ⊣↕↕≀⊒∫ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊔≀ ≀∇⟩}⟩\⊣⊔⌉ ⌋⊣↕↕∫ ⊓∫⟩\} DTMF ≀∇ √⊓↕∫⌉ ⌈⟩⊣↕⟩\}⇔ ∇⌉⌋⌉⟩⊑⌉ ⌋⊣↕↕∫⇔ ∇⌉⌋⌉⟩⊑⌉ DTMF ⌉⊑⌉\⊔∫⇔ ⇕≀\⟩⊔≀∇ ⊔⟨⌉ ⌉§⊔⌉\∫⟩≀\ √⟨≀\⌉ ∫⊔⊣⊔⊓∫ ⇐≀\↖⟨≀≀‖ ≀∇ ≀{{↖⟨≀≀‖⇒⇔ ⊣\⌈ ∫≀⊓∇⌋⌉ ⊣\⌈ ∫⟩\‖ ⊣⊓⌈⟩≀ ⊔≀∝{∇≀⇕ ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉ ↕⟩\⌉ {≀∇ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∫⊓⌋⟨ ⊣∫ ⊑≀⟩⌋⌉ ⇕⊣⟩↕ ⊣\⌈ ∇⌉⇕≀⊔⌉ ⟩\{≀∇⇕⊣⊔⟩≀\ ⊣⌋⌋⌉∫∫↙ W⟨⟩↕⌉ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ √∇≀⊔≀⌋≀↕ ⟩\⌋↕⊓⌈⌉∫ ⊣ D⟩⊣↕P⟨≀\⌉ ∇⌉∐⊓⌉∫⊔⇔ ⟩⊔ ⟩∫ \≀⊔ ⊓∫⌉⌈⇔ ⌊⌉⌋⊣⊓∫⌉ ⊒⌉ {≀⊓\⌈ ⟩⊔ ⌈⟩{⊘⌋⊓↕⊔ ⊔≀ ⇕⌉⌉⊔ FCC ⊔⟩⇕⟩\} ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫ {≀∇ ⌈⟩⊣↕⟩\} ⌊† ⊓∫⟩\} ≀⊓∇ ⟩\⊔⌉∇\⊣↕ ⊔⊣∫‖⟩\} ∫†∫⊔⌉⇕ ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ I\∫⊔⌉⊣⌈⇔ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇† ⟩⇕√↕⌉⇕⌉\⊔∫ ⌋↕⟩⌉\⊔ ∫⟩⌈⌉ ⊔≀\⌉ ⌈⟩⊣↕⟩\} ⌊† }⌉\⌉∇⊣⊔⟩\} ⊣√√∇≀√∇⟩⊣⊔⌉ ⊔≀\⌉∫ ⊣\⌈ ⊓∫⟩\} ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉ ⊔≀ √↕⊣† ⊔⟨⌉⇕ ⊣⊔ ⌉§⊣⌋⊔↕† ⊔⟨⌉ ∇⟩}⟨⊔ ⊔⟩⇕⌉↙ W⌉ ⌈≀ \≀⊔ ∫⊓√√≀∇⊔ √⊓↕∫⌉ ⌈⟩⊣↕⟩\}⇔ ⊔⟨≀⊓}⟨ ⊔⟨⌉ L≀F⟩ ⟨⊣∇⌈⊒⊣∇⌉ ⌋≀⊓↕⌈ ⟩\ √∇⟩\⌋⟩√↕⌉ ⌈≀ ∫≀↙ C↕⟩⌉\⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⌋⊣\ ↕⌉⊣∇\ ≀{ ∫⊔⊣⊔⌉ ⌋⟨⊣\}⌉∫ ⟩\ ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉ ↕⟩\⌉ ⟩\⊔⌉∇{⊣⌋⌉ ⌊† ⇕≀\⟩⊔≀∇⟩\} ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉ ⌉⊑⌉\⊔∫↙ DTMF ⌈⌉⊔⌉⌋⊔⇔ ↕≀≀√ ⌋⊓∇∇⌉\⊔ ⌈⌉⊔⌉⌋⊔⇔ ⟨≀≀‖∫⊒⟩⊔⌋⟨⇔ ⊣\⌈ ∇⟩\} ⌈⌉⊔⌉⌋⊔ ⌉⊑⌉\⊔∫ ⌋⊣\ ⌊⌉ }⌉\⌉∇⊣⊔⌉⌈ ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌉⊣⌋⟨ ⊔⟩⇕⌉ ⊔⟨⌉∇⌉ ⟩∫ ⊣ ⌋⟨⊣\}⌉ ⟩\ ∫⊔⊣⊔⌉↙ DTMF ⌈⌉⊔⌉⌋⊔⟩≀\ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ∇⌉⌋⌉⟩⊑⌉ ⟩\{≀∇⇕⊣⊔⟩≀\ {∇≀⇕ ⊣ ∇⌉⇕≀⊔⌉ ⌋⊣↕↕⌉∇↙ L≀≀√ ⌋⊓∇∇⌉\⊔ ⌈⌉⊔⌉⌋⊔⟩≀\ ⇐P⟨≀\⌉L≀≀√⇒ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⟩\⌈⟩⌋⊣⊔⌉ ⟩{ ⊔⟨⌉ ⌉§⊔⌉\∫⟩≀\ √⟨≀\⌉ ⟩∫ ≀\↖⟨≀≀‖ ≀∇ ≀{{↖⟨≀≀‖↙ L≀≀√ ⌋⊓∇∇⌉\⊔ ⌈⌉⊔⌉⌋⊔⟩≀\ ⊔≀}⌉⊔⟨⌉∇ ⊒⟩⊔⟨ DTMF ⌈⌉⊔⌉⌋⊔⟩≀\ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⊔∇⊣⌋‖ \⊓⇕⌊⌉∇∫ ⌈⟩⊣↕⌉⌈ ⇕⊣\⊓⊣↕↕† ≀\ ⊔⟨⌉ ⌉§⊔⌉\∫⟩≀\ √⟨≀\⌉↙ H≀≀‖∫⊒⟩⊔⌋⟨ ⌉⊑⌉\⊔∫ ⇐H≀≀‖S⊒⟩⊔⌋⟨⇒ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⟩{ ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉ ↕⟩\⌉ ⟩\⊔⌉∇{⊣⌋⌉ ⟩∫ ≀\↖ ⟨≀≀‖ ≀∇ ≀{{↖⟨≀≀‖↙ F⟩\⊣↕↕†⇔ ∇⟩\} ⌈⌉⊔⌉⌋⊔ ⌉⊑⌉\⊔∫ ⇐P⟨≀\⌉R⟩\}⇒ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⊒⟨⌉⊔⟨⌉∇ ⊔⟨⌉∇⌉ ⟩∫ ⊣\ ⟩\⌋≀⇕⟩\} ⌋⊣↕↕↙ O⊔⟨⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ∫⊓√√≀∇⊔ {≀∇ ⌉⊑⌉\⊔∫ ⊣\⌈ ⌈⌉⊑⟩⌋⌉ ⌋≀\⊔∇≀↕⇔ ⊔⟨⌉∇⌉ ⊣∇⌉ \≀ ∫√⌉⌋⟩⊣↕ ⊣⊓⌈⟩≀ ⊣∇∇⊣\}⌉⇕⌉\⊔∫ {≀∇ ∫⊓√√≀∇⊔⟩\} ⊔⌉↕⌉√⟨≀\† ⟩\ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ⌈⌉∫⟩}\↙

▽↙ ̸A⊓⌈⟩≀ C≀\⊔⌉§⊔∫ R⊣⊔⟨⌉∇ ⊔⟨⊣\ ∫√⌉⌋⟩{†⟩\} ⊣↕↕ √⊣∇⊣⇕⌉⊔⌉∇∫ {≀∇ √↕⊣† ⊣\⌈ ∇⌉⌋≀∇⌈ ⊒⟩⊔⟨ ⌉⊣⌋⟨ ∇⌉∐⊓⌉∫⊔⇔ ⊣ ⌋↕⟩⌉\⊔ ⊓∫⌉∫ ⊣\ ⊖⊣⊓⌈⟩≀ ⌋≀\⊔⌉§⊔⪰ ⇐AC⇒ ⊔≀ ⌉\⌋⊣√∫⊓↕⊣⊔⌉ ⇕≀∫⊔ ≀{ ⊔⟨⌉∫⌉ √⊣∇⊣⇕⌉⊔⌉∇∫↙ T⟨⌉ AC ⟩\⌋↕⊓⌈⌉∫ ⊔⟨⌉ √↕⊣† }⊣⟩\ ⇐∇⌉↕⊣⊔⟩⊑⌉ ⊔≀ ⊔⟨⌉ ′ ⌈B √≀⟩\⊔ ≀{ ⊣↕↕ ⌋↕⟩⌉\⊔∫⇔ ⟩\⌈⌉√⌉\⌈⌉\⊔ ≀{ ⊓∫⌉∇ ⊑≀↕⊓⇕⌉ ⌋≀\⊔∇≀↕⇒ ⊣\⌈ √∇⌉⌉⇕√⊔⟩≀\ ⊙⊣}↙ T⟨⌉ ⌋↕⟩⌉\⊔ AC ⌈⊣⊔⊣ ∫⊔∇⊓⌋⊔⊓∇⌉ ⊣↕∫≀ ∫⊔≀∇⌉∫ ⊔⟨⌉

▽↙ G⌉⊔T⟩⇕⌉⇔ P↕⊣†⇔ ⊣\⌈ R⌉⌋≀∇⌈ ∈∞

\⊓⇕⌊⌉∇ ≀{ ⌋⟨⊣\\⌉↕∫⇔ ∫⊣⇕√↕⌉ ⊔†√⌉⇔ ⊣\⌈ ⌊†⊔⌉ ≀∇⌈⌉∇↙ AC∫ ∫⟩⇕√↕⟩{† ⊔⟨⌉ √∇≀}∇⊣⇕⇕⟩\} ⟩\⊔⌉∇{⊣⌋⌉∫ {≀∇ √↕⊣† ⊣\⌈ ∇⌉⌋≀∇⌈ ⌋≀\∫⟩⌈⌉∇⊣⌊↕†↙

▽↙ G⌉⊔T⟩⇕⌉⇔ P↕⊣†⇔ ⊣\⌈ R⌉⌋≀∇⌈ G⌉⊔T⟩⇕⌉ ⟩∫ ⊔⟨⌉ √∇≀⊔≀⌋≀↕ ∇⌉∐⊓⌉∫⊔ ⊒⟨⟩⌋⟨ ∇⌉⊔⊓∇\∫ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉↙ P↕⊣†S⊣⇕√↕⌉∫ ⊣\⌈ R⌉⌋≀∇⌈S⊣⇕√↕⌉∫ ∇⌉∐⊓⌉∫⊔∫ ⊣↕∫≀ ∇⌉⊔⊓∇\ ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉ ⊣∫ ⊣ ⌋≀\⊑⌉\⟩⌉\⌋⌉ ⊔≀ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ √∇≀}∇⊣⇕⇕⌉∇↙ T⟨⌉ P↕⊣†S⊣⇕√↕⌉∫ ⊣\⌈ R⌉⌋≀∇⌈S⊣⇕√↕⌉∫ √∇≀⊔≀⌋≀↕ ∇⌉∐⊓⌉∫⊔∫ ⊣∇⌉ ⊣↕⇕≀∫⊔ ∫†⇕⇕⌉⊔∇⟩⌋↙ B≀⊔⟨ √⊣∫∫ ⊔⟨⌉ ∫⊔⊣∇⊔ ⊔⟩⇕⌉ {≀∇ ⊔⟨⌉ √↕⊣† ≀∇ ∇⌉⌋≀∇⌈ ⊔≀ ⌊⌉}⟩\⇔ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ∫⊣⇕√↕⌉∫ ⊔≀ ⊓∫⌉⇔ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌋⟨⊣\\⌉↕∫ ⟩\ ⊔⟨⌉ ⌈⊣⊔⊣⇔ ⊣\⌈ ⊔⟨⌉ ⌈⊣⊔⊣ ⊔†√⌉⇔ ⊒⟩⊔⟨ ⊣ ⊙⊣} ⌊⟩⊔ ⊔≀ ⟩\⌈⟩⌋⊣⊔⌉ ⊔⟨⌉ ⌊†⊔⌉ ≀∇⌈⌉∇ ≀{ ⊔⟨⌉ ⌈⊣⊔⊣↙ A\ ⊣⊓⌈⟩≀ ⌋≀\⊔⌉§⊔ ∫√⌉⌋⟩⊘⌉∫ ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉⇔ }⊣⟩\ √⊣∇⊣⇕⌉⊔⌉∇∫⇔ ⊣\⌈ ⟩\ ⊔⟨⌉ P↕⊣†S⊣⇕√↕⌉∫ ⌋⊣∫⌉⇔ ⊣ √∇⌉⌉⇕√⊔⟩≀\ ⊙⊣} ⊔⟨⊣⊔ ⌋≀\⊔∇≀↕∫ ⇕⟩§⟩\}↙ I\ ⊣⌈⌈⟩⊔⟩≀\⇔ P↕⊣†S⊣⇕√↕⌉∫ ⊓∫⌉∫ ⊣ ⊙⊣} ⊔≀ ∫√⌉⌋⟩{† ⊒⟨⌉⊔⟨⌉∇ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ∫⟨≀⊓↕⌈ ∫⊓√√∇⌉∫∫ ⊔⟨⌉ ⊓∫⊓⊣↕ ⊔⟩⇕⌉ ∇⌉√↕†⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇† ⌈≀⌉∫ \≀⊔ \⌉⌉⌈ ⟩\⊔⌉∇⇕⌉⌈⟩⊣⊔⌉ ∇⌉√↕⟩⌉∫ ⌈⊓∇⟩\} ⊣ ∫⌉∇⟩⌉∫ ≀{ ⌋≀\⊔⟩}⊓≀⊓∫ √↕⊣† ∇⌉∐⊓⌉∫⊔∫↙ R⌉⌋≀∇⌈S⊣⇕√↕⌉∫ ⊓∫⌉∫ ⊣\≀⊔⟨⌉∇ ⊙⊣} ⊔≀ ⌋≀\⊔∇≀↕ ⊒⟨⌉⊔⟨⌉∇ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ∫⟨≀⊓↕⌈ ⌊↕≀⌋‖ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⟩{ \≀⊔ ⊣↕↕ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔⌉⌈ ⌈⊣⊔⊣ ⌋⊣\ ⌊⌉ ∇⌉⊔⊓∇\⌉⌈ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕†↙ A⊔ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇† ⟩\⊔⌉∇{⊣⌋⌉⇔ ↕≀\} √↕⊣† ⊣\⌈ ∇⌉⌋≀∇⌈ ∇⌉∐⊓⌉∫⊔∫ ⊣∇⌉ ⊖⌋⟨⊓\‖⌉⌈⪰ ⟩\⊔≀ ∀K ⌊†⊔⌉ √⟩⌉⌋⌉∫⇔ ∫≀ ⊔⟨⊣⊔ \≀ ∫⟩\}↕⌉ ∇⌉∐⊓⌉∫⊔ ⊒⟩↕↕ ⊔⊣‖⌉ ⊑⌉∇† ↕≀\} {≀∇ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊔≀ √∇≀⌋⌉∫∫↙

▽↙∀ I\√⊓⊔ ⊣\⌈ O⊓⊔√⊓⊔ G⊣⟩\⇔ ⊣\⌈ I∝O C≀\⊔∇≀↕ E⊣⌋⟨ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⇕⊣† ⟨⊣⊑⌉ ⇕⊓↕⊔⟩√↕⌉ ⟩\√⊓⊔ ≀∇ ≀⊓⊔√⊓⊔∫↙ A⊓⌈⟩≀F⟩↕⌉ √∇≀⊑⟩⌈⌉∫ ∇⌉∐⊓⌉∫⊔∫ ⊔≀ ∫⌉↕⌉⌋⊔ ⟩\√⊓⊔∫ ⊣\⌈ ⊔≀ ⌉\⊣⌊↕⌉ ≀∇ ⌈⟩∫⊣⌊↕⌉ ≀⊓⊔√⊓⊔∫↙ I\ ⊣⌈⌈⟩⊔⟩≀\⇔ ⊔⟨⌉ }⊣⟩\ ⌋⊣\ ⌊⌉ ⌋≀\⊔∇≀↕↕⌉⌈ {≀∇ ⌉⊣⌋⟨ ⟩\√⊓⊔ ≀∇ ≀⊓⊔√⊓⊔ ⌈⌉⊑⟩⌋⌉ {≀∇ ⊓∫⌉ ⊣∫ ⌉\⌈ ⊓∫⌉∇ ⊑≀↕⊓⇕⌉ ⌋≀\⊔∇≀↕↙

▽↙∃ I\⊔⌉∇↖C↕⟩⌉\⊔ C≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫ A⊓⌈⟩≀F⟩↕⌉ ⊣⌈≀√⊔⌉⌈ {∇≀⇕ X ⊔⟨⌉ ∫⊣⇕⌉ ⌉§⊔⌉\∫⟩⌊↕⌉ ⊣⊔≀⇕ ⊔†√⌉ ∫†∫⊔⌉⇕ ⊣\⌈ √∇≀√⌉∇⊔† ↕⟩∫⊔ ⇕⌉⌋⟨⊣\⟩∫⇕ ⊔≀ ⌉\⊣⌊↕⌉ ⌋↕⟩⌉\⊔∫ ⊔≀ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⌉↙ A⊔≀⇕∫ ⊣∇⌉ ∫⟨≀∇⊔ ⊓\⟩∐⊓⌉ ⟩\⊔⌉}⌉∇ ⟨⊣\⌈↕⌉∫ {≀∇ ∫⊔∇⟩\}∫↙ T⟨⌉∇⌉ ⊣∇⌉ ⊣ ∫⌉⊔ ≀{ ⌊⊓⟩↕⊔↖⟩\ ⊣⊔≀⇕∫ {≀∇ ⌋≀⇕⇕≀\↕† ⊓∫⌉⌈ ⊔†√⌉∫ ⊣\⌈ √∇≀√⌉∇⊔† \⊣⇕⌉∫ ∫⊓⌋⟨ ⊣∫ ∫⊣⇕√↕⌉ ⊔†√⌉∫⇔ ⊔⟩⇕⌉⇔ ⊣\⌈ ∫≀ ≀\↙ N⌉⊒ ⊔†√⌉∫ ≀∇ √∇≀√⌉∇⊔† \⊣⇕⌉∫ ⌋⊣\ ⌊⌉ ⊣⌈⌈⌉⌈ ⌊† ⊖⟩\⊔⌉∇\⟩\}⪰ \⌉⊒ ∫⊔∇⟩\}∫ ⊔≀ ⌋∇⌉⊣⊔⌉ \⌉⊒ ⊣⊔≀⇕∫↙ N⊣⇕⌉⌈⇔ ⊔†√⌉⌈ ⌈⊣⊔⊣ ⇐⌋⊣↕↕⌉⌈ ⊖√∇≀√⌉∇⊔⟩⌉∫⪰⇒ ⌋⊣\ ⌊⌉ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⊣ ⌈⌉⊑⟩⌋⌉⇔ }⟩⊑⌉\ ⊣ \⊣⇕⌉ ⊣\⌈ ⊔†√⌉⇔ ⊣\⌈ ∫⊔≀∇⌉⌈ ⊣\⌈ ∇⌉⊔∇⟩⌉⊑⌉⌈ {∇≀⇕ ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ T⊣⌊↕⌉ ∈ ∫⊓⇕⇕⊣∇⟩‡⌉∫ A⊓⌈⟩≀F⟩↕⌉≃∫ ⌊⊓⟩↕⊔↖⟩\

∈∈ ▽ PROTOCOL DESCRIPTION

⊣⊔≀⇕∫↙ C↕⟩⌉\⊔∫ ⌋⊣\ ∇⌉}⟩∫⊔⌉∇ ⊔≀ ⌊⌉ \≀⊔⟩⊘⌉⌈ ⌊† ⌉⊑⌉\⊔ ⊒⟨⌉\ √∇≀√⌉∇⊔⟩⌉∫ ⊣∇⌉ ⌋⟨⊣\}⌉⌈ ⌊† ≀⊔⟨⌉∇ ⌋↕⟩⌉\⊔∫↙ P∇⟩⇕⟩⊔⟩⊑⌉ ⊔†√⌉∫ ATOM U\⟩∐⊓⌉ ⟩⌈ {≀∇ ⊣ ∫⊔∇⟩\} CARDINAL U\∫⟩}\⌉⌈ ⟩\⊔⌉}⌉∇ INTEGER I\⊔⌉}⌉∇ STRING S⊔∇⟩\} AC A⊓⌈⟩≀ ⌋≀\⊔⌉§⊔ ID DEVICE D⌉⊑⟩⌋⌉ \⊓⇕⌊⌉∇ TIME T⟩⇕⌉ MASK B⟩⊔ ⊑⌉⌋⊔≀∇⇔ ≀{⊔⌉\ ⟩\√⊓⊔∫ ≀∇ ≀⊓⊔√⊓⊔∫ TELEPHONE T⌉↕⌉√⟨≀\⌉ ⌈⌉⊑⟩⌋⌉ ⊔†√⌉ COPYRIGHT C≀√†∇⟩}⟨⊔ ∫⊔∇⟩\} FILENAME F⟩↕⌉\⊣⇕⌉ ∫⊔∇⟩\} E\⌋≀⌈⟩\} ⊔†√⌉∫ SAMPLE MU∈▽▽ μlaw SAMPLE ALAW Alaw SAMPLE LIN16 16bit linear SAMPLE LIN32 32bit linear SAMPLE ADPCM32 ADPCM compressed SAMPLE ADPCM24 ADCPM compressed SAMPLE CELP1016 CELP compressed SAMPLE CELP1015 CELP compressed Properties LAST NUMBER DIALED Type STRING contains last number dialed Table 2. AudioFile builtin atoms For example the property LAST NUMBER DIALED can be used by cooperating applications for storing the last telephone number dialed▷ It would have type STRING and its name would be LAST NUMBER DIALED with the convention that any client dialing the telephone should update the value of this property▷ Other clients interested in tracking telephone activity would register for notiαcation of changes▷ In this way a directory of recently used numbers could acquire all numbers dialed by all telephone applications▷ Clients can use such facilities to coordinate use of resources ↼like the telephone↽ and to cooperate among themselves allowing a collection of small applications to implement complex functions rather than requiring a single monolithic application▷

6 Client Libraries We have developed two libraries for use by clients of AudioFile▷ The αrst is a Ψcoreν library that provides the standard interface to an AudioFile server▷ The second is a utility library that includes common functions required by many clients▷ The client libraries perform two functions▷ The αrst is as the sole interface to the protocol▷ These functions include connection management local maintenance of data structures such as the clientside copy of the audio context and device data translation of client requests into protocol requests demultiplexing of the reply◁event stream and buffer management of the communications channel▷ The second main function of the client libraries is to provide language bindings of the requests events and functions suitable for a particular client programming environment▷ We currently supply bindings only for C language and semantics but other languages could be added▷

6▷1 Core Library The core client library is the standard interface for AudioFile clients▷ Some of its functions provide interfaces to the AudioFile protocol, others provide an interface to the libraryφs internal data structures▷ Tables 3 and 4 summarize the library functions▷ The header αle AFlib▷h contains the necessary deαnitions and declarations while the library libAF▷a contains the implementation▷

6▷1▷1 Connection Management AFOpenConnection↼↽ opens a connection to the audio server▷ The user can specify which server to use in the following ways. explicit argument on the command line the AUDIOFILE environment variable or the DISPLAY13environment variable▷ DISPLAY is used as a convenient fallback since the userφs workstation usually has both audio and graphics systems▷ AFAudioConnName↼↽ returns the name of the connection as used by AFOpenConnection↼↽▷ AudioFile provides a simple access control scheme based on host network address▷ The access control functions allow programmers to add or remove hosts from the access list and to enable or disable access control entirely▷ 13DISPLAY is used by the X Window System for specifying a particular graphics display▷

6▷1▷2 Error Handling Several functions modify the behavior of library functions when errors occur▷ The default action is to exit the application▷ AFSetErrorHandler↼↽ can be used to specify an applicationspeciαc error handler instead▷ An application can handle system call errors by supplying a new handler with AFSetIOErrorHandler↼↽▷ AFGetErrorText↼↽ translates a protocol error code into a string▷ This is commonly used to provide useful error messages to the user▷ 6▷1▷3 Synchronization Some of the library functions such as AFGetTime↼↽ require an immediate response from the server, others such as AFCreateAC↼↽ do not▷ In the former case the library blocks until a reply is received▷ When a response is not needed right away the library may delay sending the request to the server and put it on an outgoing request queue▷ In these cases the library function will return to the client immediately▷ Certain operations including the synchronous functions βush the outgoing request queue, these are noted below▷ Sometimes it is necessary to force synchronous operation for all protocol requests particularly when debugging▷ AFSynchronize↼↽ is used to enable or disable syn chronous operation with the server▷ If synchronous operation is enabled every library function that normally generates an asynchronous protocol request calls AFSync↼↽ before returning▷ AFSync↼↽ βushes all output to the server and uses a syn chronous protocol request to wait for the serverφs reply▷ If an application requires a different synchronization procedure it can specify one using AFSetAfterFunction↼↽▷ AFFlush↼↽ βushes the output buffer▷ Most client applications will not need to call this because the output buffer is βushed as needed by calls to AFPending↼↽ and AFNextEvent↼↽▷ Any events generated by the server are put onto the libraryφs event queue▷ 6▷1▷4 Events The library αlters events out of the data stream from the server and keeps them on a private queue▷ This allows events to be interspersed on the audio connection with other trafαc from server to client▷ Several functions can be used to examine and manipulate the libraryφs event queue▷ The most important one is AFNextEvent↼↽ which returns the next event in the

6▷1 Core Library 25 queue▷ If the queue is empty it will βush the output buffer and block until an event arrives▷ AFEventsQueued↼↽ checks the queue for pending events▷ Depending upon its arguments it may check only previously read events unread but available events or it may βush the output buffer and try to read new events▷ AFPending↼↽ is similar but it returns only the number of pending events that have been received but not yet processed▷ Occasionally a client may wish to block until a speciαc event occurs▷ To do this the client calls AFIfEvent↼↽ with a predicate procedure▷ AFIfEvent↼↽ blocks until the predicate returns True for an event in the queue▷ The matching event is removed from the queue and copied into a clientsupplied AEvent structure▷ If the client does not wish to block when checking for a speciαc event it can use AFCheckIfEvent↼↽ which removes a matching event ↼if there is one↽ from the queue and copies it into a client supplied AEvent structure▷ As an alternative a client can call AFPeekIfEvent↼↽ which is like AFCheckIfEvent↼↽ but it does not remove the event from the queue▷

6▷1▷5 Audio Handling AFPlaySamples↼↽ is used by an application to play back digital audio▷ The block of samples in the given buffer is played back starting at the speciαed time▷ ATime AFPlaySamples↼AC ac ATime startTime int nbytes unsigned char ⇀buf↽ A client can use the startTime parameter of a call to AFPlaySamples↼↽ to schedule samples to be played at any time in the near future▷ The time parameter speciαes when the initial sample of the request is to be played▷ The precise behavior of the server depends upon the requested time. • P⊣∫⊔↙ I{ √⊣∇⊔ ≀∇ ⊣↕↕ ≀{ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ ⟩∫ ∫⌋⟨⌉⌈⊓↕⌉⌈ {≀∇ ⊔⟨⌉ √⊣∫⊔ ⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌈⟩∫⌋⊣∇⌈∫ ⊔⟨⊣⊔ √⊣∇⊔ ≀{ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ ⊣\⌈ √↕⊣†∫ ⊣\† ∇⌉⇕⊣⟩\⟩\} ∫⊣⇕√↕⌉∫ ⌊⌉}⟩\\⟩\} ⊒⟩⊔⟨ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⊔⟩⇕⌉↙ • N⌉⊣∇ {⊓⊔⊓∇⌉↙ I{ ⊣\† √⊣∇⊔ ≀{ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ ⟩∫ ∫⌋⟨⌉⌈⊓↕⌉⌈ {≀∇ ⊔⟨⌉ ⟩\⊔⌉∇⊑⊣↕ ⌊⌉⊔⊒⌉⌉\ ⊖\≀⊒⪰ ⊣\⌈ {≀⊓∇ ∫⌉⌋≀\⌈∫ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌋≀√⟩⌉∫ ⊔⟨⊣⊔ √⊣∇⊔ ≀{ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ ⌈⟩∇⌉⌋⊔↕† ⊔≀ ⊔⟨⌉ ⊣√√∇≀√∇⟩⊣⊔⌉ ↕≀⌋⊣⊔⟩≀\ ⟩\ ⊔⟨⌉ √↕⊣†⌊⊣⌋‖ ⌊⊓{{⌉∇↙ • B⌉†≀\⌈ \⌉⊣∇ {⊓⊔⊓∇⌉↙ I{ ⊣\† √⊣∇⊔ ≀{ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ ⟩∫ ∫⌋⟨⌉⌈⊓↕⌉⌈ {≀∇ ⊔⟨⌉ ⟩\⊔⌉∇⊑⊣↕ ⌊⌉†≀\⌈ {≀⊓∇ ∫⌉⌋≀\⌈∫ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊒⟩↕↕ ⌊↕≀⌋‖ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⊓\⊔⟩↕ ⊔⟨⌉

∈ ̸ ̸CLIENT LIBRARIES

∇⌉∫⊔ ≀{ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ ⌋⊣\ ⌊⌉ ∫⊣{⌉↕† ⌋≀√⟩⌉⌈ ⟩\⊔≀ ⊔⟨⌉ √↕⊣†⌊⊣⌋‖ ⌊⊓{{⌉∇↙ T⟨⟩∫ ⟩∫ ⊔⟨⌉ ≀\↕† ⌋⊣∫⌉ ⟩\ ⊒⟨⟩⌋⟨ AFP↕⊣†S⊣⇕√↕⌉∫⇐⇒ ⊒⟩↕↕ \≀⊔ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕† ∇⌉⊔⊓∇\ ⌋≀\⊔∇≀↕ ⊔≀ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\↙ ∞△

T⟨⌉ ⌋↕⟩⌉\⊔ ⟩∫ ⊣↕∫≀ ⊣↕↕≀⊒⌉⌈ ⊔≀ ⇕≀⌈⟩{† ⊣\† ∫⌋⟨⌉⌈⊓↕⌉⌈ √↕⊣†⌊⊣⌋‖ ⇕⊣⊔⌉∇⟩⊣↕ ∇⟩}⟨⊔ ⊓√ ⊓\⊔⟩↕ ⊔⟨⌉ ⇕≀⇕⌉\⊔ ⊔⟨⌉ ∫⊣⇕√↕⌉∫ ⟨⊣⊑⌉ ⌊⌉⌉\ √↕⊣†⌉⌈↙ I{ \≀ ⌋↕⟩⌉\⊔ ∇⌉∐⊓⌉∫⊔ ⟩∫ ∇⌉⌋⌉⟩⊑⌉⌈ {≀∇ ⊣ }⟩⊑⌉\ ⊔⟩⇕⌉ ⟩\⊔⌉∇⊑⊣↕⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ √↕⊣†∫ ∫⟩↕⌉\⌋⌉↙ AFP↕⊣†S⊣⇕√↕⌉∫⇐⇒ ∇⌉⊔⊓∇\∫ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ A⊓⌈⟩≀F⟩↕⌉ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉⇔ ⊣∫ ⊒≀⊓↕⌈ ⌊⌉ ∇⌉⊔⊓∇\⌉⌈ ⌊† ⊣ ⌋⊣↕↕ ⊔≀ AFG⌉⊔T⟩⇕⌉⇐⇒↙ T⟨⟩∫ ⟩∫ ⌈≀\⌉ ⊣∫ ⊣ ⌋≀\⊑⌉\⟩⌉\⌋⌉ ⊔≀ √∇≀}∇⊣⇕⇕⌉∇∫↙ W⌉ \≀⊔⟩⌋⌉⌈ ⊔⟨⊣⊔ ⇕⊣\† ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊒≀⊓↕⌈ ⊣↕⊔⌉∇\⊣⊔⌉↕† ⌋⊣↕↕ AFP↕⊣†S⊣⇕√↕⌉∫⇐⇒ ⊣\⌈ AFG⌉⊔↖ T⟩⇕⌉⇐⇒↙ A⌈⌈⟩\} ⊔⟨⌉ ∇⌉⊔⊓∇\ ⊑⊣↕⊓⌉ ⇕⊣‖⌉∫ ⊣√√↕⟩⌋⊣⊔⟩≀\ √∇≀}∇⊣⇕⇕⟩\} ⌉⊣∫⟩⌉∇ ⊣\⌈ ∇⌉⌈⊓⌋⌉∫ ⌋↕⟩⌉\⊔∝∫⌉∇⊑⌉∇ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫↙ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐⇒ ⟩∫ ⊓∫⌉⌈ ⌊† ⊣\ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊔≀ ⌋⊣√⊔⊓∇⌉ ∫≀⊓\⌈ ⟩\ ⌈⟩}⟩⊔⊣↕ {≀∇⇕↙ A ⌊↕≀⌋‖ ≀{ ∫⊣⇕√↕⌉∫ ⌊⌉}⟩\\⟩\} ⊣⊔ ⊔⟨⌉ ⊔⟩⇕⌉ ∫√⌉⌋⟩⊘⌉⌈ ⟩∫ ⊘↕↕⌉⌈ ⟩\⊔≀ ⊔⟨⌉ }⟩⊑⌉\ ⌊⊓{{⌉∇↙ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐⇒ ⊣↕∫≀ ∇⌉⊔⊓∇\∫ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉↙

AT⟩⇕⌉ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐AC ⊣⌋⇔ AT⟩⇕⌉ ∫⊔⊣∇⊔T⟩⇕⌉⇔ ⟩\⊔ \⌊†⊔⌉∫⇔ ⊓\∫⟩}\⌉⌈ ⌋⟨⊣∇ ⇑⌊⊓{⇔ AB≀≀↕ ⌊↕≀⌋‖⇒

A ⌋↕⟩⌉\⊔ ⇕⊣† ⊓∫⌉ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐⇒ ⊔≀ ∇⌉∐⊓⌉∫⊔ ∫⊣⇕√↕⌉∫ {∇≀⇕ ⌉⟩⊔⟨⌉∇ ⊔⟨⌉ √⊣∫⊔ ≀∇ ⊔⟨⌉ {⊓⊔⊓∇⌉↙ I{ ⌊↕≀⌋‖ ⟩∫ AB↕≀⌋‖⇔ ⊔⟨⌉\ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐⇒ ⌊↕≀⌋‖∫ ⊓\⊔⟩↕ ⊣↕↕ ≀{ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔⌉⌈ ⌈⊣⊔⊣ ⟩∫ ⊣⊑⊣⟩↕⊣⌊↕⌉↙ I{ ⌊↕≀⌋‖ ⟩∫ AN≀B↕≀⌋‖⇔ ⟩⊔ ∇⌉⊔⊓∇\∫ ⊒⟨⊣⊔⌉⊑⌉∇ ⌈⊣⊔⊣ ⟩∫ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕† ⊣⊑⊣⟩↕⊣⌊↕⌉∅ ⊔⟨⌉ ∇⌉⊔⊓∇\⌉⌈ ⊔⟩⇕⌉ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⌋≀⇕√⊓⊔⌉ ⟨≀⊒ ⇕⊣\† ∫⊣⇕√↕⌉∫ ⊒⌉∇⌉ ⊣⌋⊔⊓⊣↕↕† ∇⌉⊔⊓∇\⌉⌈↙ T⟨⌉ √∇⌉⌋⟩∫⌉ ⌊⌉⟨⊣⊑⟩≀∇ ≀{ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌈⌉√⌉\⌈∫ ⊓√≀\ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔⌉⌈ ⊔⟩⇕⌉¬

• D⟩∫⊔⊣\⊔ √⊣∫⊔↙ I{ √⊣∇⊔ ≀∇ ⊣↕↕ ≀{ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ ⟩∫ {≀∇ ∫⊣⇕√↕⌉∫ {∇≀⇕ ⇕≀∇⌉ ⊔⟨⊣\ {≀⊓∇ ∫⌉⌋≀\⌈∫ ⟩\ ⊔⟨⌉ √⊣∫⊔⇔ ⊔⟨⊣⊔ √⊣∇⊔ ≀{ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ ⟩∫ ⊘↕↕⌉⌈ ⌊† ∫⊣⇕√↕⌉∫ ∇⌉√∇⌉∫⌉\⊔⟩\} ∫⟩↕⌉\⌋⌉↙ T⟨⟩∫ ⟩∫ ⌈⊣⊔⊣ \≀ ↕≀\}⌉∇ ∇⌉⊔⊣⟩\⌉⌈ ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ • R⌉⌋⌉\⊔ √⊣∫⊔↙ I{ √⊣∇⊔ ≀∇ ⊣↕↕ ≀{ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ ⟩∫ {≀∇ ∫⊣⇕√↕⌉∫ {∇≀⇕ ⊔⟨⌉ ⟩\⊔⌉∇⊑⊣↕ ⌊⌉⊔⊒⌉⌉\ {≀⊓∇ ∫⌉⌋≀\⌈∫ ⊣}≀ ⊣\⌈ ⊔⟨⌉ √∇⌉∫⌉\⊔⇔ ⊔⟨⊣⊔ √⊣∇⊔ ≀{ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ ⟩∫ ⊘↕↕⌉⌈ ⌊† ⊔⟨⌉ ⊣√√∇≀√∇⟩⊣⊔⌉ ∫⊣⇕√↕⌉∫ {∇≀⇕ ⊔⟨⌉ ∇⌉⌋≀∇⌈ ⌊⊓{{⌉∇↙ I{ ⊔⟨⌉ ⌉\⊔⟩∇⌉ ∇⌉∐⊓⌉∫⊔ ⟩∫ ⟩\ ⊔⟨⟩∫ ⟩\⊔⌉∇⊑⊣↕⇔ ⊔⟨⌉ ⌋⊣↕↕ ⊔≀ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐⇒ ⊒⟩↕↕ ∇⌉⊔⊓∇\ ⊒⟩⊔⟨≀⊓⊔ ⌊↕≀⌋‖⟩\}↙ ∞△T⟨⌉ ∫⌉∇⊑⌉∇ ∫⟨≀⊓↕⌈ √∇≀⌊⊣⌊↕† ∇⌉⊔⊓∇\ ⊣\ ⌉∇∇≀∇ ⟩\⌈⟩⌋⊣⊔⟩≀\ {≀∇ ⊔⟨⌉ ⊖⌈⟩∫⊔⊣\⊔⪰ {⊓⊔⊓∇⌉⇔ ⌊⌉⌋⊣⊓∫⌉ ∫⊓⌋⟨ ∇⌉∐⊓⌉∫⊔∫ ⊓∫⊓⊣↕↕† ⟩\⌈⟩⌋⊣⊔⌉ √∇≀}∇⊣⇕⇕⟩\} ⌉∇∇≀∇∫↙

↙̸∈ C↕⟩⌉\⊔ U⊔⟩↕⟩⊔† L⟩⌊∇⊣∇† ∈

• F⊓⊔⊓∇⌉↙ I{ √⊣∇⊔ ≀{ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ ⟩∫ {≀∇ ∫⊣⇕√↕⌉∫ {∇≀⇕ ⊔⟨⌉ {⊓⊔⊓∇⌉⇔ AFR⌉⌋≀∇⌈S⊣⇕↖ √↕⌉∫⇐⇒ ⊒⟩↕↕ ⌊↕≀⌋‖ ⊓\⊔⟩↕ ⊔⟨⌉ ⌈⊣⊔⊣ ⟩∫ ⊣⊑⊣⟩↕⊣⌊↕⌉⇔ ⌊⊓⊔ ⊒⟩↕↕ ∇⌉⊔⊓∇\ ⊣∫ ∫≀≀\ ⊣∫ ⊔⟨⌉ ↕⊣∫⊔ ∇⌉∐⊓⌉∫⊔⌉⌈ ∫⊣⇕√↕⌉ ⌊⌉⌋≀⇕⌉∫ ⊣⊑⊣⟩↕⊣⌊↕⌉↙ ∞▽

↙̸∈ C↕⟩⌉\⊔ U⊔⟩↕⟩⊔† L⟩⌊∇⊣∇† T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⊣↕∫≀ ⟩\⌋↕⊓⌈⌉∫ ⊣ ⊓⊔⟩↕⟩⊔† ↕⟩⌊∇⊣∇† ↕⟩⌊AFU⊔⟩↕↙⊣⇔ ⊒⟨≀∫⌉ ⌋≀\⊔⌉\⊔∫ ⊣∇⌉ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ⊔⟨⌉ ⟨⌉⊣⌈⌉∇ ⊘↕⌉ AFU⊔⟩↕∫↙⟨↙ T⟨⌉ ⊓⊔⟩↕⟩⊔† ↕⟩⌊∇⊣∇† √∇≀⊑⟩⌈⌉∫ ⊣ \⊓⇕⌊⌉∇ ≀{ {⊣⌋⟩↕⟩⊔⟩⌉∫ ⊔⟨⊣⊔ ⊣∇⌉ ⊓∫⌉⌈ ⌊† ∫⌉⊑⌉∇⊣↕ ⌋↕⟩⌉\⊔∫↙ T⊒≀ ‖⟩\⌈∫ ≀{ {⊣⌋⟩↕⟩⊔⟩⌉∫ ⊣∇⌉ √∇≀⊑⟩⌈⌉⌈¬ ⊔⊣⌊↕⌉∫ ⊣\⌈ ∫⊓⌊∇≀⊓⊔⟩\⌉∫↙ T⊣⌊↕⌉ ▽ ∫⊓⇕⇕⊣∇⟩‡⌉∫ ⊔⟨⌉ ↕⟩⌊∇⊣∇† ⊔⊣⌊↕⌉∫ ⊣\⌈ T⊣⌊↕⌉ ̸∫⊓⇕⇕⊣∇⟩‡⌉∫ ⊔⟨⌉ ↕⟩⌊∇⊣∇† ∫⊓⌊∇≀⊓⊔⟩\⌉∫↙

↙̸∈↙∞ U⊔⟩↕⟩⊔† T⊣⌊↕⌉∫ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ S†∫⊔⌉⇕ ⟨⊣\⌈↕⌉∫ ⊣ ⊑⊣∇⟩⌉⊔† ≀{ ⌈⟩}⟩⊔⊣↕ ⊣⊓⌈⟩≀ ⌈⊣⊔⊣ {≀∇⇕⊣⊔∫⇔ √⊣∇⊔⟩⌋⊓↕⊣∇↕† μlaw and Alaw the eightbitpersample companded formats used in the US and European telephone industries respectively▷ These formats are described by CCITT recommendation G▷711▷ They are similar logarithmically companded formats resembling 8bit βoating point numbers▷ The μlaw ↼Alaw↽ format is roughly equivalent to a linearly encoded format of 14 ↼13↽ bits▷ For mixing and gain control the AudioFile server and some clients need to convert these formats to and from linear encoding▷ It is possible but time consuming to do this algorithmically, fortunately it is very easy to do the necessary conversions by table lookup▷ Conversion from μlaw or Alaw to linear requires tables containing 256 16bit entries▷ Gain control for a speciαc gain requires only a 256 byte table▷ Tables for conversion from linear to μlaw or Alaw requires 16384 bytes▷ Another frequent operation is the computation of the signal power of a block of samples▷ The utlity library provides tables AF power uf and AF power af to translate μlaw and Alaw values to the square of the corresponding linear value▷ As discussed further below table lookup is a very powerful method of generating sine waves or other wave shapes at various frequencies▷ The library provides integer and βoating point sine wave tables AF sine int and AF sine βoat for this purpose▷ Finally the library makes a αrst attempt to describe various encoding formats that AudioFile supports today or may support in the future▷ The table AF sample sizes is an array of AFSampleTypes structure indexed by AEncodeType which is an 15As with AFPlaySamples↼↽ the notion of future should probably be bounded▷ enumerated type describing various digital audio encodings▷ struct AFSampleTypes ı unsigned int bits⌢per⌢samp, unsigned int bytes⌢per⌢unit, unsigned int samps⌢per⌢unit, char ⇀name, ℘, Many encoding types do not have integral numbers of bytes per sample so AF SampleTypes has two αelds for bytes per unit and samps per unit▷ Together these αelds can describe any αxedlength encoding format▷ ↼The αeld bits per samp is only a hint↽▷

6▷2▷2 Utility Procedures The AudioFile utility library gathers together a number of useful subroutines▷ With the exception of AFDialPhone↼↽ these procedures do not directly interact with the AudioFile protocol▷ Two procedures AFMakeGainTableU↼↽ and AFMakeGainTableA↼↽ are supplied to compute ontheβy translation tables for gain modiαcation of μlaw and Alaw encoded samples▷ Applications may αnd it more convenient to use the precomputed tables ↼AF gain table u and AF gain table a↽ but the procedures are provided for those situations calling for gain values outside the range 30 dB to ⇁30 dB or for clients without enough memory to store all 61 tables▷ Two procedures AFTonePair↼↽ and AFSingleTone↼↽ are supplied for generating tones or tone pairs▷ These procedures use the technique of direct digital synthesis where sample values are produced by stepping through a wave table at a rate proportional to the requested frequency▷ The requested frequency is divided by the sample rate to produce a phase increment value▷ The phase increment is added to a phase accumulator and the fractional value is used to index the wave table▷ AFSingleTone↼↽ is used to generate a βoating point tone into a buffer with a given peak value▷ AFSingleTone↼↽ accepts an initial phase and returns the αnal phase allowing multiple calls to AFSingleTone↼↽ to produce a signal that is continuous at block boundaries▷ double AFSingleTone↼double freq double peak double phase float ⇀buffer int length↽

AFTonePair↼↽ is used to generate a μlaw tone pair into a buffer▷ The two frequencies are individually speciαed with individual power levels relative to the Ψdigital milliwattν which in turn is 3▷16 dB down from digital clipping level▷ A special parameter gainramp controls how the tones will ramp up to full volume and ramp down at the end▷ This reduces the frequency splatter associated with switching the signal on and off▷ Twotone signals are frequently used in telephony for Touch Tone ringback busy and dialtone sounds▷ Table 7 shows some of the telephony related signals represented by tone pairs▷ The table shows the frequencies in Hertz and power levels in dB relative to the digital milliwatt of the two tones and the on and off times in milliseconds▷ An offtime of 0 represents a continuous tone▷ void AFTonePair↼double f1 double dBgain1 double f2 double dBgain2 int gainramp unsigned char ⇀buffer int length↽, AoD↼↽ stands for ΨAssert Or Dieν▷ A common idiom in programming is to check a condition and exit with an error message if the condition does not hold▷ AoD↼↽ simply captures this idiom into a library procedure▷ The αrst argument is a boolean expression▷ If the expression is true AoD↼↽ returns right away▷ If the expression is false the rest of the arguments are interpreted as a format string and arguments for fprintf↼stderr▷▷▷↽ after which AoD↼↽ calls exit↼1↽▷16 void AoD↼int bool char ⇀errmsg ▷▷▷↽, Finally AFDialPhone↼↽ encapsulates the operations necessary to generate Touch Tone dialing sequences on a telephone device▷

16This should be in a more general library but it isnφt▷

Connection Management AFOpenAudioConn Open a connection to the audio server AFCloseAudioConn Close the audio connection AFSynchronize Synchronize with the audio server AFSetAfterFunction Set a synchronization function Audio Handling AFGetTime Get the device time of a device AFPlaySamples Play digital audio samples AFRecordSamples Record digital audio samples Audio Contexts AFCreateAC Create a new audio context AFChangeACAttributes Modify an audio context AFFreeAC Free resources associated with an audio context Event Handling AFEventsQueued Check for events AFPending Returns number of unprocessed events AFIfEvent Find and dequeue a particular event ↼blocking↽ AFCheckIfEvent Find and dequeue a particular event ↼nonblocking↽ AFPeekIfEvent Find a particular event ↼blocking↽ AFNextEvent Return the next unprocessed event AFSelectEvents Select events of interest Telephone AFCreatePhoneAC Create an audio context for a telephone device AFFlashHook Flash the hookswitch on a telephone device AFHookSwitch Set the state of the hookswitch AFQueryPhone Returns the state of the hookswitch and loop current Table 3. AudioFile client library functions

I◁O Control AFEnableInput Enable inputs on an audio device AFDisableInput Disable inputs on an audio device AFEnableOutput Enable outputs on an audio device AFDisableOutput Disable outputs on an audio device AFEnablePassThrough Connect local audio to the telephone AFDisablePassThrough Remove the direct local audio◁telephone connection AFQueryInputGain Get minimum◁maximum input gains for a device AFQueryOutputGain Get minimum◁maximum output gains for a device AFSetInputGain Set the input gain of a device AFSetOutputGain Set the output gain of a device Access Control AFAddHost Add a host to the access list AFAddHosts Add a set of hosts to the access list AFListHosts Return the host access list AFRemoveHost Remove a host from the access list AFRemoveHosts Remove a set of hosts from the access list AFSetAccessControl Enable or disable access control checking AFEnableAccessControl Enable access control checking AFDisableAccessControl Disable access control checking Properties AFGetProperty Manipulate properties AFListProperties Get a list of existing properties AFChangeProperties Modify a property AFDeleteProperty Delete a property AFInternAtom Install a new atom name AFGetAtomName Fetch the name of an atom Error Handling AFSetErrorHandler Set the fatal error handler AFSetIOErrorHandler Set the system call error handler AFGetErrorText Translate error code to a string Miscellaneous AFNoOp Donφt do anything AFFlush Flush any queued requests to the server AFSync Default synchronization function AFAudioConnName Return the name of the audio server Table 4. Additional AudioFile client library functions

Conversion Tables AF comp u 13bit linear to μlaw AF comp a 13bit linear to Alaw AF exp u μlaw to 13bit linear AF exp a Alaw to 13bit linear AF cvt u2s μlaw to 16bit linear AF cvt u2a Alaw to 16bit linear AF cvt u2f μlaw to βoating point AF cvt a2f Alaw to βoating point AF cvt u2a μlaw to Alaw AF cvt a2u Alaw to μlaw Mixing Tables AF mix u Mix two μlaw samples AF mix a Mix two Alaw samples Gain Tables AF gain table u μlaw gain AF gain table a Alaw gain Sine Wave Tables AF sine int 1024 entry 16bit integer sine wave AF sine βoat 1024 entry βoating point sine wave Encoding Information Tables AF sample sizes Datatype information Table 5. AudioFile client utility library tables

Gain Control Procedures AFMakeGainTableU Generate a μlaw gain table AFMakeGainTableA Generate an Alaw gain table Signal Generation Procedures AFTonePair Generate a twotone signal AFSingleTone Generate a precise sine wave AFSilence Generate silence AFDialPhone Generate tone dialing signals Utility Procedures AoD Assertion checking Table 6. AudioFile client utility library functions

Name f1 dB1 f2 dB2 Timeon Timeoff Call Progress Tones dialtone 350 13 440 13 1000 0 ringback 440 19 480 19 1000 3000 busy 480 12 620 12 500 500 fastbusy 480 12 620 12 250 250 DTMF Tones 1 697 4 1209 2 50 50 2 697 4 1336 2 50 50 3 697 4 1477 2 50 50 4 770 4 1209 2 50 50 5 770 4 1336 2 50 50 6 770 4 1477 2 50 50 7 852 4 1209 2 50 50 8 852 4 1336 2 50 50 9 852 4 1477 2 50 50 ∗ ∃△∞ ↖△ ∞∈′∃ ↖∈ ▽′ ▽′ ′ ∃△∞ ↖△ ∞∋∋ ̸↖∈ ▽′ ▽′ ↓ ∃△∞ ↖△ ∞△ ↖∈ ▽′ ▽′ A ∄ ↖△ ∞∌∋ ↖∈ ▽′ ▽′ B ′ ↖△ ∞∌∋ ↖∈ ▽′ ▽′ C ∀▽∈ ↖△ ∞∌∋ ↖∈ ▽′ ▽′ D ∃△∞ ↖△ ∞∌∋ ↖∈ ▽′ ▽′ T⊣⌊↕⌉ ¬ T≀\⌉ √⊣⟩∇∫ {≀∇ ⊔⌉↕⌉√⟨≀\†

∋△ SERVER DESIGN

S⌉∇⊑⌉∇ D⌉∫⟩}\

T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⟩∫ ∇⌉∫√≀\∫⟩⌊↕⌉ {≀∇ ⇕⊣\⊣}⟩\} ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⊣\⌈ √∇⌉∫⌉\⊔↖ ⟩\} ⊣⌊∫⊔∇⊣⌋⊔ ⌈⌉⊑⟩⌋⌉ ⟩\⊔⌉∇{⊣⌋⌉∫ ⊔≀ ⌋↕⟩⌉\⊔∫ ⊑⟩⊣ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ √∇≀⊔≀⌋≀↕↙ T⟨⟩∫ ∫⌉⌋⊔⟩≀\ ⌈⟩∫⌋⊓∫∫⌉∫ ∫≀⇕⌉ ≀{ ⊔⟨⌉ ⟩⇕√≀∇⊔⊣\⊔ ⟩∫∫⊓⌉∫ ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇≃∫ ⌈⌉∫⟩}\⇔ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⌊⊓{{⌉∇⟩\} ⊔≀ √∇≀⊑⟩⌈⌉ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊣⌊∫⊔∇⊣⌋⊔⟩≀\⇔ ⊣\⌈ ∫≀⇕⌉ ≀⊔⟨⌉∇ ⌈⌉⊔⊣⟩↕∫ ≀{ ⊔⟨⌉ ∫⌉∇⊑⌉∇≃∫ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙

↙∞ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ C≀\∫⟩⌈⌉∇⊣⊔⟩≀\∫ P⌉∇{≀∇⇕⊣\⌋⌉ ⊒⊣∫ ≀⊓∇ √∇⟩⇕⊣∇† ⌋≀\⌋⌉∇\ {≀∇ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⊣\ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇↙ W⌉ ⊒⊣\⊔⌉⌈ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊔≀ ∇⊓\ ⌋≀\⊔⟩\⊓≀⊓∫↕† ⟩\ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈⇔ ∫≀ ⊒⌉ {⌉↕⊔ ⊔⟨⊣⊔ ⊔⟨⌉ ∐⊓⟩⌉∫⌋⌉\⊔ ∫⌉∇⊑⌉∇ ∫⟨≀⊓↕⌈ √∇⌉∫⌉\⊔ ⊣ \⌉}↕⟩}⟩⌊↕⌉ CPU ↕≀⊣⌈↙ F⊓∇⊔⟨⌉∇⇔ ↕≀⊣⌈ ⌈⊓⌉ ⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊒⟩⊔⟨ ⊣ {⌉⊒ ⌋↕⟩⌉\⊔∫ ∇⊓\\⟩\} ∫⟨≀⊓↕⌈ ↕⌉⊣⊑⌉ ⇕≀∫⊔ ≀{ ⊔⟨⌉ CPU ⊣⊑⊣⟩↕⊣⌊↕⌉ {≀∇ ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ O⊔⟨⌉∇⊒⟩∫⌉⇔ ⊓∫⌉∇∫ ⊒≀⊓↕⌈ \≀⊔ ⌊⌉ ⟩\⌋↕⟩\⌉⌈ ⊔≀ ⊓∫⌉ ⊣⊓⌈⟩≀↖ ⌊⊣∫⌉⌈ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉† ⊒≀⊓↕⌈ \≀⊔ }⌉⊔ ⊣\† ⊒≀∇‖ ⌈≀\⌉↙ W⟨⟩↕⌉ ∫⌉∇⊑⌉∇ √⌉∇{≀∇⇕⊣\⌋⌉ ⊒⊣∫ ⊣ √∇⟩⇕⊣∇† {≀⌋⊓∫⇔ ⊒⌉ ∇⌉⊣↕⟩‡⌉⌈ ⊔⟨⌉ ≀⊑⌉∇⊣↕↕ ⌈⌉∫⟩}\ ⇕⊓∫⊔ ⌊⌉ ‖⌉√⊔ ⟩\ ⌊⊣↕⊣\⌋⌉ ∫≀ ⊔⟨⊣⊔ ⊣\ ⌉{⊘⌋⟩⌉\⊔ ∫⌉∇⊑⌉∇ ⊒⊣∫ \≀⊔ ⌋≀⇕√∇≀⇕⟩∫⌉⌈ ⌊† ⊣\ ⟩\⌉{⊘⌋⟩⌉\⊔ ⌋↕⟩⌉\⊔ ≀∇ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇†↙ W⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈ ⊓∫⟩\} ⊔⟨∇⌉⊣⌈∫ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ ⌊⊓⊔ ⊒⌉∇⌉ ⊣√√∇⌉⟨⌉\∫⟩⊑⌉ ⊣⌊≀⊓⊔ ⊔⟨⌉ √⌉∇{≀∇⇕⊣\⌋⌉ ⊣\⌈ √≀∇⊔⊣⌊⟩↕⟩⊔† ≀{ ⌉§⟩∫⊔⟩\} ⊔⟨∇⌉⊣⌈ √⊣⌋‖⊣}⌉∫↙ A↕⊔⟨≀⊓}⟨ ⊔⟨⌉ ⟩\⊔⌉∇\⊣↕ ∫⊔∇⊓⌋⊔⊓∇⌉ ≀{ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⇕⟩}⟨⊔ ⌊⌉ ∫↕⟩}⟨⊔↕† ⌋↕⌉⊣\⌉∇ ⊒⟩⊔⟨ ⊔⟨∇⌉⊣⌈∫⇔ ⊒⌉ ⊔≀≀‖ ⊔⟨⌉ ∫⊣{⌉∇ ∇≀⊓⊔⌉ ⊣\⌈ ⌈⌉∫⟩}\⌉⌈ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊣∫ ⊣ ∫⟩\}↕⌉↖⊔⟨∇⌉⊣⌈⌉⌈ √∇≀⌋⌉∫∫↙ T⟨⌉ ∫⌉∇⊑⌉∇ ⇕⊓∫⊔ ⌊⌉ {⊣⟩∇ ⟩\ ⟩⊔∫ √∇≀⌋⌉∫∫⟩\} ≀{ ⌋↕⟩⌉\⊔ ∇⌉∐⊓⌉∫⊔∫⇔ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⇕⌉⌉⊔ ⊔⟨⌉ ∇⌉⊣↕↖⊔⟩⇕⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀{ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ T≀ ∫⊣⊔⟩∫{† ≀⊓∇ {⊣⟩∇\⌉∫∫ }≀⊣↕⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⟩∫ ⌈⌉∫⟩}\⌉⌈ ∫⊓⌋⟨ ⊔⟨⊣⊔ ≀\⌉ ⌋↕⟩⌉\⊔ ⌋⊣\\≀⊔ ⌈≀⇕⟩\⊣⊔⌉ ⊔⟨⌉ √∇≀⌋⌉∫∫⟩\} ⊔⟩⇕⌉ ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊣\⌈ √∇⌉⌋↕⊓⌈⌉ ⊔⟨⌉ ∫⌉∇⊑⌉∇ {∇≀⇕ }⌉⊔⊔⟩\} ⊒≀∇‖ ⌈≀\⌉ ≀\ ⊔⟨⌉ ⌊⌉⟨⊣↕{ ≀{ ≀⊔⟨⌉∇ ⌋↕⟩⌉\⊔∫↙ T⟨⌉ ∫⌉∇⊑⌉∇ ⊣⊔⊔⌉⇕√⊔∫ ⊔≀ ⊣⌋⟨⟩⌉⊑⌉ {⊣⟩∇\⌉∫∫ ⌊† ∫⌉∇⊑⟩⌋⟩\} ⊣⌋⊔⟩⊑⌉ ⌋↕⟩⌉\⊔ ⌋≀\\⌉⌋⊔⟩≀\∫ ⟩\ ⊣ ∇≀⊓\⌈↖∇≀⌊⟩\ {⊣∫⟨⟩≀\ ⊣\⌈ ⌊† ⌊∇⌉⊣‖⟩\} ↕⊣∇}⌉ ∇⌉∐⊓⌉∫⊔∫ ⟩\⊔≀ ∫⇕⊣↕↕⌉∇ ⌋⟨⊓\‖∫↙

↙∈ B⊓{{⌉∇⟩\} I\ S⌉⌋⊔⟩≀\ ∞⇔ ⊒⌉ ⇕⌉\⊔⟩≀\⌉⌈ ⊔⟨⌉ ⌉§⟩∫⊔⌉\⌋⌉ ≀{ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⟩\√⊓⊔ ⊣\⌈ ≀⊓⊔√⊓⊔ ⌊⊓{{⌉∇∫↙ T⟨⌉∇⌉ ⊣∇⌉ ∫⌉⊑⌉∇⊣↕ ⌊⊓{{⌉∇⟩\} ⌈⌉⊔⊣⟩↕∫ ⊔⟨⊣⊔ ⇕⌉∇⟩⊔ {⊓∇⊔⟨⌉∇ ⌉§⊣⇕⟩\⊣⊔⟩≀\↙ F⟩}⊓∇⌉ △ √⟩⌋↖ ⊔≀∇⟩⊣↕↕† ∇⌉√∇⌉∫⌉\⊔∫ ⊔⟨⌉ ⟩\√⊓⊔ ⊣\⌈ ≀⊓⊔√⊓⊔ ⌊⊓{{⌉∇∫ ⊣↕≀\} ⊣ ⊔⟩⇕⌉ ↕⟩\⌉ ⌋⌉\⊔⌉∇⌉⌈ ⊣∇≀⊓\⌈ \≀⊒⇔ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⊑⊣↕⊓⌉ ≀{ ⊔⟨⌉ ⊔⟩⇕⌉ ∇⌉}⟩∫⊔⌉∇↙

↙∈ B⊓{{⌉∇⟩\} ∋▽

F⟩}⊓∇⌉ △¬ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇⟩\}

P↕⊣† ≀∇ ∇⌉⌋≀∇⌈ ∇⌉∐⊓⌉∫⊔∫ ⊔⟨⊣⊔ ⌋≀∇∇⌉∫√≀\⌈ ⊔≀ √≀⟩\⊔∫ ≀\ ⊔⟨⌉ ⊔⟩⇕⌉ ↕⟩\⌉ ⊔⟨⊣⊔ ⇕⊣√ ⊔≀ ⊓\∫⟨⊣⌈⌉⌈ √≀∇⊔⟩≀\∫ ≀{ ⊔⟨⌉ ⌊⊓{{⌉∇∫ ⊣∇⌉ ⟨⊣\⌈↕⌉⌈ ⊔∇⟩⊑⟩⊣↕↕†↙ R⌉⌋≀∇⌈ ∇⌉∐⊓⌉∫⊔∫ ⌋⊣\ ⌊⌉ ∫⌉∇⊑⟩⌋⌉⌈ {∇≀⇕ ⊔⟨⌉ ∇⌉⌋≀∇⌈ ⌊⊓{{⌉∇ ⊣\⌈ √↕⊣† ∇⌉∐⊓⌉∫⊔ ⌈⊣⊔⊣ ⌋⊣\ ⌊⌉ ∫⟩⇕√↕† ⇕⟩§⌉⌈ ⟩\⊔≀ ⊔⟨⌉ √↕⊣† ⌊⊓{{⌉∇↙ R⌉∐⊓⌉∫⊔∫ ⊔⟨⊣⊔ ⌋≀∇∇⌉∫√≀\⌈ ⊔≀ ⊔⟨⌉ ∫⟨⊣⌈⌉⌈ ∇⌉}⟩≀\∫ ≀{ ⊔⟨⌉ ⌊⊓{{⌉∇∫ ⊣∇⌉ ⊔∇⌉⊣⊔⌉⌈ ⊣∫ ∫√⌉⌋⟩⊣↕ ⌋⊣∫⌉∫ ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ T⟨⌉ ∫⟨⊣⌈⌉⌈ ⊖⊓√⌈⊣⊔⌉ ∇⌉}⟩≀\∫⪰ ∇⌉√∇⌉∫⌉\⊔ ⊒⟨⌉∇⌉ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇∫ ⇕⊣† ⌊⌉ ⟩\⌋≀\∫⟩∫⊔⌉\⊔ ⊒⟩⊔⟨ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⌊⊓{{⌉∇∫↙ I{ ⊣ ∇⌉⌋≀∇⌈ ∇⌉∐⊓⌉∫⊔ {⊣↕↕∫ ⟩\⊔≀ ⊔⟨⌉ ∫⟨⊣⌈⌉⌈ ∇⌉}⟩≀\⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ √⌉∇{≀∇⇕∫ ⊣ ∇⌉⌋≀∇⌈ ⊓√⌈⊣⊔⌉ ≀√⌉∇⊣⊔⟩≀\ ⊒⟨⟩⌋⟨ ⇕⊣‖⌉∫ ⊔⟨⌉ ⟩\√⊓⊔ ∇⌉⌋≀∇⌈ ⌊⊓{{⌉∇ ⌋≀\∫⟩∫⊔⌉\⊔ ⊓\⊔⟩↕ \≀⊒↙ ∞ O\⌋⌉ ⊔⟨⌉ ⟩\√⊓⊔ ∇⌉⌋≀∇⌈ ⌊⊓{{⌉∇ ⟨⊣∫ ⌊⌉⌉\ ⊓√⌈⊣⊔⌉⌈⇔ ∇⌉⌋⌉\⊔ ⌈⊣⊔⊣ ⌋⊣\ ⌊⌉ ⌈⌉↕⟩⊑⌉∇⌉⌈ ⊔≀ ⊔⟨⌉ ⌋↕⟩⌉\⊔↙ I{ ⊣ √↕⊣† ∇⌉∐⊓⌉∫⊔ {⊣↕↕∫ ⟩\⊔≀ ⊔⟨⌉ ∫⟨⊣⌈⌉⌈ ∇⌉}⟩≀\⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊒∇⟩⊔⌉∫ ⊔⟨⌉ ⌈⊣⊔⊣ ⊔⟨∇≀⊓}⟨ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇ ⟩\⊔≀ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⇐≀∇ ↕≀⊒ ↕⌉⊑⌉↕ ∫≀{⊔⊒⊣∇⌉⇒ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⌉\∫⊓∇⌉ ⊔⟨⊣⊔ ∫⊣⇕√↕⌉ ⌈⊣⊔⊣ {≀∇ ⊔⟨⌉ \⌉⊣∇↖{⊓⊔⊓∇⌉ ⟩∫ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕† ⊣⊑⊣⟩↕⊣⌊↕⌉ ⊔≀ ⊔⟨⌉ DAC ⊒⟩⊔⟨≀⊓⊔ ⟩\⊔⌉∇⊑⌉\⊔⟩≀\ ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ I\ ⊔⟨⌉∫⌉ ⌈⌉∫⌋∇⟩√⊔⟩≀\∫ ≀{ ⟨≀⊒ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇∫ ⌈⊣⊔⊣⇔ ⊒⌉ ⟨⊣⊑⌉ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟨≀⊒ ⌋↕⟩⌉\⊔ ∇⌉∐⊓⌉∫⊔∫ ⌋⊣⊓∫⌉ ⇕≀⊑⌉⇕⌉\⊔ ⊔≀ ≀⌋⌋⊓∇ ⟩\ ⊔⟨⌉ ⟩\√⊓⊔ ⊣\⌈ ≀⊓⊔√⊓⊔ ⌊⊓{{⌉∇∫↙ I⊔ ∫⟨≀⊓↕⌈ ⌊⌉ ⌋↕⌉⊣∇ ⊔⟨⊣⊔ ⊣ √⟩⌉⌋⌉ ≀{ ⊔⟨⌉ ⌊⊓{{⌉∇⟩\} √⟩⌋⊔⊓∇⌉ ⟩∫ ⇕⟩∫∫⟩\}↙ T⟨⌉∇⌉ ⇕⊓∫⊔ ⌊⌉ ⊣ ⇕⌉⌋⟨⊣\⟩∫⇕ ⊒⟨⟩⌋⟨ √⌉∇⟩≀⌈⟩⌋⊣↕↕† ⇕≀⊑⌉∫ ⌈⊣⊔⊣ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⊣\⌈ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇∫ ⟩\⌈⌉√⌉\⌈⌉\⊔ ≀{ ⊣\† ⌋↕⟩⌉\⊔ ∇⌉∐⊓⌉∫⊔ ⊣⌋⊔⟩⊑⟩⊔†↙ T⟨⟩∫ ⇕⌉⌋⟨⊣\⟩∫⇕ ⟩∫ ⊣\ ⊓√⌈⊣⊔⌉ ⊔⊣∫‖ ⊔⟨⊣⊔ ‖⌉⌉√∫ ⊔⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉ ⌊⊓{{⌉∇ ⌋≀\∫⟩∫⊔⌉\⊔⇔ ∫⊓⌋⟨ ⊔⟨⊣⊔ ⊔⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉ ⌊⊓{{⌉∇ ⊣↕⊒⊣†∫ ∇⌉⊙⌉⌋⊔∫ ⊔⟨⌉ ∫⌉∇⊑⌉∇≃∫ ⌊⊓{{⌉∇ ⊣⊔ ⊔⟨⌉ ⊔⟩⇕⌉ ⊔⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉ ⌋≀\∫⊓⇕⌉∫ ⊣\ ≀⊓⊔√⊓⊔ ∫⊣⇕√↕⌉↙ F⟩}⊓∇⌉ ▽ ⟩↕↕⊓∫⊔∇⊣⊔⌉∫ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ∇⌉⌋≀∇⌈ ⊣\⌈ √↕⊣† ⌊⊓{{⌉∇∫ ⌊⌉{≀∇⌉ ⊣\⌈ ⊣{⊔⌉∇ ⊔⟨⌉ ⊓√⌈⊣⊔⌉ ⊔⊣∫‖ ⌉§⌉⌋⊓⊔⌉∫↙ A⊔ ⌉⊣⌋⟨ ⟩\⊑≀⌋⊣⊔⟩≀\⇔ ⊔⟨⌉ ⊓√⌈⊣⊔⌉ ⊔⊣∫‖ ⇕≀⊑⌉∫ \⌉⊒ ∇⌉⌋≀∇⌈ ⌈⊣⊔⊣ ⇐∫⟩\⌋⌉ ∞O∇ ⊑⌉∇† ⌋↕≀∫⌉ ⊔≀ \≀⊒↙ I⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ∇⌉⌋≀∇⌈ ⊓√⌈⊣⊔⌉ ⊔⊣∫‖ ⌋⊣\ ≀\↕† ⇕⊣‖⌉ ⊔⟨⌉ ⌊⊓{{⌉∇ ⌋≀\∫⟩∫⊔⌉\⊔ ⊔⟨∇≀⊓}⟨ ⊣ ⊔⟩⇕⌉ ⊔⟨⊣⊔ ≀⌋⌋⊓∇∇⌉⌈ ⊣ {⌉⊒ ∫⊣⇕√↕⌉ ⊔⟩⌋‖∫ ⟩\ ⊔⟨⌉ √⊣∫⊔ ⌈⌉√⌉\⌈⟩\} ⊓√≀\ ⊔⟨⌉ ↕⊣⊔⌉\⌋† ⟩\ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉↙

∋ ̸SERVER DESIGN

⊔⟩⇕⌉R⌉⌋L⊣∫⊔U√⌈⊣⊔⌉⌈⇒ {∇≀⇕ ⊔⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉ ⌊⊓{{⌉∇ ⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇⇔ ⊣\⌈ ⇕≀⊑⌉∫ ⊔⟨⌉ \⌉§⊔ ⌊⊣⊔⌋⟨ ≀{ √↕⊣†⌊⊣⌋‖ ⌈⊣⊔⊣ ⇐∫⊔⊣∇⊔⟩\} ⊣⊔ ⊔⟨⌉ ⊖⌊⌉{≀∇⌉⪰ ⊔⟩⇕⌉N⌉§⊔U√⌈⊣⊔⌉⇒ {∇≀⇕ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇ ⊔≀ ⊔⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉ ⌊⊓{{⌉∇↙

F⟩}⊓∇⌉ ▽¬ A⊓⌈⟩≀F⟩↕⌉ √⌉∇⟩≀⌈⟩⌋ ⊓√⌈⊣⊔⌉ ⊔⊣∫‖

I{ ⊣ ∇⌉⌋≀∇⌈ ∇⌉∐⊓⌉∫⊔ {⊣↕↕∫ ⊣{⊔⌉∇ ⊔⟩⇕⌉R⌉⌋L⊣∫⊔U√⌈⊣⊔⌉⌈⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ √⌉∇{≀∇⇕∫ ⊣\ ⊓√⌈⊣⊔⌉ ⌊⌉{≀∇⌉ ⟨⊣\⌈↕⟩\} ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔↙ I{ ⊣ √↕⊣†⌊⊣⌋‖ ∇⌉∐⊓⌉∫⊔ {⊣↕↕∫ ⌊⌉{≀∇⌉ ⊔⟩⇕⌉N⌉§⊔U√⌈⊣⊔⌉⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊒∇⟩⊔⌉∫ ⊔⟨⌉ ⌈⊣⊔⊣ ⊣↕↕ ⊔⟨⌉ ⊒⊣† ⊔⟨∇≀⊓}⟨ ⊔≀ ⊔⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉↙ S⟩\⌋⌉ ⊔⟨⌉ ⊓√⌈⊣⊔⌉ ⊔⊣∫‖ }⌉\⌉∇⊣↕↕† ⌋≀√⟩⌉∫ ⊣↕↕ ⌈⊣⊔⊣ ⇐⊒⟨⌉⊔⟨⌉∇ ⊣\† ⌋↕⟩⌉\⊔ ∫⊣⇕√↕⌉ ⊒⊣∫ ⊒∇⟩⊔⊔⌉\ ⊔≀ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ⌊⊓{{⌉∇ ≀∇ \≀⊔⇒⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇ ⇕⊓∫⊔ ⌊⌉ ⟩\⟩⊔⟩⊣↕⟩‡⌉⌈ ⊒⟩⊔⟨ ∫⟩↕⌉\⌋⌉ ⌈⊣⊔⊣↙ I\ }⌉\⌉∇⊣↕⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇≃∫ ⌊⊓{{⌉∇∫ ⊣∇⌉ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊣∫ ⌋⟩∇⌋⊓↕⊣∇ ⌊⊓{{⌉∇∫↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊔⟨⌉ ∫⟩↕⌉\⌋⌉ ⌈⊣⊔⊣ ⟩∫ ⊒∇⟩⊔⊔⌉\ ⌊† ⊔⟨⌉ ⊓√⌈⊣⊔⌉ ⊔⊣∫‖ ⟩\ ⊔⟨⌉ ∫⌉}⇕⌉\⊔ ⇐\≀⊒ ∫⊔⊣↕⌉⇒ {∇≀⇕ ⊔⟨⌉ ⊔⟩⇕⌉ ≀{ ⊔⟨⌉ ↕⊣∫⊔ ⊓√⌈⊣⊔⌉ ⊓\⊔⟩↕ \≀⊒↙ T⟨⟩∫ √↕⊣⌋⌉∫ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ≀\ ⊔⟨⌉ ∫⌉∇⊑⌉∇≃∫ √↕⊣† ⟨⊣\⌈↕⌉∇∅ ⟩⊔ ⇕⊓∫⊔ ⌋≀\∫⟩⌈⌉∇ ⊔⟨⌉ ∫⌉∇⊑⌉∇≃∫ √↕⊣† ⌊⊓{{⌉∇ ⊣∫ ⌉\⌈⟩\} ⊣⊔ ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉ ≀{ ⊔⟨⌉ ↕⊣∫⊔ ⊓√⌈⊣⊔⌉ √↕⊓∫ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇ ∫⟩‡⌉↙ T⟨⌉ ∫⌉∇⊑⌉∇ ⊒⊣∫ ⌈⌉∫⟩}\⌉⌈ ⊔≀ ⇕⟩§ ≀⊓⊔√⊓⊔ ⌈⊣⊔⊣ {∇≀⇕ ⇕⊓↕⊔⟩√↕⌉ ⌋↕⟩⌉\⊔∫ ⌊† ⌈⌉{⊣⊓↕⊔↙ W⌉ ⌊⌉↕⟩⌉⊑⌉ ⊔⟨⟩∫ ⟩∫ ⊔⟨⌉ \⊣⊔⊓∇⊣↕ ⌋⊣∫⌉↙ H≀⊒⌉⊑⌉∇⇔ ⟩⊔ ⟩∫ ⟩⇕√≀∇⊔⊣\⊔ ⊔⟨⊣⊔ ⊣ ⌋↕⟩⌉\⊔ ⌋⊣\ √∇⌉⌉⇕√↖ ⊔⟩⊑⌉↕† √↕⊣† ∫⊣⇕√↕⌉ ⌈⊣⊔⊣⇔ ∫⊓⌋⟨ ⊣∫ ⟩\ ⊣\ ⊓∇}⌉\⊔ ⊒⊣∇\⟩\} ⇕⌉∫∫⊣}⌉↙ C↕⟩⌉\⊔∫ ∫√⌉⌋⟩{† √∇⌉⌉⇕√⊔⟩≀\ ⊔⟨∇≀⊓}⟨ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌋≀\⊔⌉§⊔ ⊓∫⌉⌈ ⟩\ ⊔⟨⌉ √↕⊣† ∇⌉∐⊓⌉∫⊔↙ I{ √∇⌉⌉⇕√⊔⟩≀\ ⟩∫ ∫√⌉⌋⟩⊘⌉⌈⇔ ⊔⟨⌉ √↕⊣† ⌈⊣⊔⊣ ⊒⟩↕↕ ≀⊑⌉∇⊒∇⟩⊔⌉ ⊣\† ⌈⊣⊔⊣ ⊣↕∇⌉⊣⌈† ⟩\ √↕⊣⌋⌉↙ ∞∀ I\ ⌋⊣∫⌉∫ ⊒⟨⌉∇⌉ ⟨⊣∇⌈⊒⊣∇⌉ ⌊⊓{{⌉∇ ⊣⌋⌋⌉∫∫⌉∫ ⊣∇⌉ ⌉§√⌉\∫⟩⊑⌉⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ∫⟨≀⊓↕⌈ ⊣⊔⊔⌉⇕√⊔ ⊔≀ ⇕⟩\⟩⇕⟩‡⌉ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⟨⊣∇⌈⊒⊣∇⌉ ⊣⌋⌋⌉∫∫⌉∫ {≀∇ ⌉⊣⌋⟨ ∫⊣⇕√↕⌉ √↕⊣†⌉⌈↙ A⊔ ≀\⌉ ⌉§⊔∇⌉⇕⌉⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌋≀⊓↕⌈ √⌉∇{≀∇⇕ ⊣\ ⊣⌋⌋⌉∫∫ {≀∇ ⌉⊣⌋⟨ ⌋↕⟩⌉\⊔ √↕⊣†⟩\} ⊣⊔ ⊔⟩⇕⌉ T ▷ The 18We have yet to devise a CPU and memory efαcient scheme that supports a stacking order for clients playing data▷ Imagine that the relative mixing levels are controlled by the clientφs location on the stack with each level mixing 6 dB lower than the previous level for example▷ A design that supports this would require unique server buffers for each active client▷ minimum is one access for all clients playing audio at time T ▷ For recording the server always performs one access per sample▷ The number of accesses per output sample is approximately one for the periodic update task access as the serverφs buffer slides into the update interval plus one for each client playing in the update interval▷ A large number of applications will play audio by getting the current time and begin playing immediately and quickly move outside the update interval because they run faster than realtime ↼for example. abiff background music audio announcements↽▷ These clients enable the server to approach the minimum number of accesses desired▷ This may not be true for lowlatency applications which always schedule playback just ahead of the current time▷

7▷3 Server Implementation An AudioFile server is organized like an X server▷ It includes device independent audio ↼DIA↽ devicedependent audio ↼DDA↽ and operating system ↼OS↽ compo nents▷ The DIA section is responsible for managing client connections dispatching on client requests sending replies and events to clients and executing the main processing loop▷ The DDA section is responsible for presenting the abstract inter face for each supported device and contains all devicespeciαc code▷ Finally the OS section includes all the platform or operating systemspeciαc code▷ Much of the OS and DIA code is based on X11R4▷ The remainder of this section describes some of the functions provided by the DIA DDA and OS components as well as presenting some example DDA servers▷ The discussion is detailed, the interested reader may wish to refer to the source code▷ Because much of the OS and DIA infrastructure is based on X11R4 code various documents describing the implementation of the X Window System server ♭1 2 13 14♯ may be helpful▷

7▷3▷1 DeviceIndependent Audio Server Interoperability The server contains code to support byteswapping when communicating with clients on a machine with the opposite byte order▷ Each protocol request may have a companion swap procedure that interprets the contents of the request and byteswaps the necessary αelds▷ Play and record requests specify the byte order of the sample data, by default the AudioFile library uses the byte order of the client unless told otherwise by the application▷ Tasks Instead of using threads we implemented a simple task mechanism which allows procedures to be scheduled for execution at future times outside the main βow of control▷ The task mechanism is used by the serverφs update mechanism and by the dispatcher to resume execution of partially completed client requests▷ A task includes the address of a procedure ↼proc↼↽↽ the system time to execute ↼systime↽ and closure data ↼p time len ssize mask aDev ac↽▷19Procedures can create a new task initialize the task and add the task to the run list▷ typedef struct tTask ı struct Task ⇀next, ◁⇀ Next task on free list▷ ⇀◁ ClientPtr client, ◁⇀ Pointer to client struct▷ ⇀◁ fd⌢set fdmask, ◁⇀ Save fd mask for processing loop▷⇀◁ pointer request, ◁⇀ Client request information▷ ⇀◁ ATime time, ◁⇀ ATime at which to process task▷ ⇀◁ VoidProc proc, ◁⇀ Procedure to call▷ ⇀◁ pointer p, ◁⇀ Pointer to the task data▷ ⇀◁ int len, ◁⇀ Amount of data left▷ ⇀◁ int ssize, ◁⇀ sample size of remaining data ⇀◁ int mask, ◁⇀ request mask. endianness ⇀◁ AudioDevicePtr aDev, ◁⇀ Pseudo device handle▷ ⇀◁ ACPtr ac, ◁⇀ Audio context handle▷ ⇀◁ struct timeval systime, ◁⇀ System time ↼for scheduling↽▷ ⇀◁ ℘ Task, ◁⇀ Exported procedures▷ ⇀◁ void AddTask↼VoidProc proc TaskPtr task int ms↽, TaskPtr NewTask↼void↽, Here is a code example from the Aloα server that uses the task interface▷ The update procedure is named codecUpdateTask↼↽▷ During the server initialization sequence the DDA creates a new task attaches an audio device structure to the task structure and schedules codecUpdateTask↼↽ to run MSUPDATE milliseconds from now▷ TaskPtr task, AudioDevicePtr aDev, task / NewTask↼↽, task>aDev / aDev, task>time / 0, AddTask↼codecUpdateTask task MSUPDATE ◁⇀ 100 ⇀◁ ↽, 19This data should be private to proc↼↽▷

The codecUpdateTask↼↽ procedure will be invoked once system time has advanced beyond the taskφs expiration time▷ As shown by this example the update task reschedules itself for execution MSUPDATE milliseconds into the future causing this procedure to execute periodically▷ codecUpdateTask↼↽ calls codecUpdate↼↽ which does the actual work of updating the server buffers▷ void codecUpdateTask↼TaskPtr oldTask↽ ı TaskPtr newTask/NewTask↼↽, AudioDevicePtr aDev/oldTask>aDev, ⇀newTask / ⇀oldTask, ◁⇀ Task for next time▷ ⇀◁ ◁⇀ Get the current device time and update audio device time▷ ⇀◁ CODEC⌢UPDATE⌢TIME↼aDev↽, ◁⇀ Perform the writeback update with silence fill▷ ⇀◁ codecUpdate↼aDev↽, newTask>time / aDev>time0, ◁⇀ Mark new task with old time▷ ⇀◁ AddTask↼codecUpdateTask newTask MSUPDATE ◁⇀ 100 ⇀◁↽, ℘ Main Loop At the core of the DIA section is the main control loop▷ Inside of this loop the procedure WaitForSomething↼↽ is called when the server does not have anything to do▷ WaitForSomething↼↽ returns when a client audio device or task needs attention▷ WaitForSomething↼↽ relies heavily on the select↼↽ system call▷ select↼↽ is called with αle descriptors for client connections and open devices as well as a timeout argument for the next task which needs to execute▷ When select↼↽ returns the server runs any pending tasks and then handles input events and client requests▷ Client requests are processed by the dispatcher▷ The request type is used to index into a table of protocol request handler procedures▷ All handlers are implemented by the deviceindependent part of the server but audio requests are passed to the devicedependent part▷ When necessary the request handler calls into the DDA using interfaces that are deαned below▷

7▷3▷2 DeviceIndependent and Dependent Server Interfaces This section describes the interfaces shared between the device independent ↼DIA↽ and devicedependent audio ↼DDA↽ server components▷ The interfaces include the procedures exported by the DDA and the DIA as well as the shared data structures. AudioDeviceRec and AC▷ Exported DDA Interfaces When the components of an AudioFile server are linked while excluding the DDA library the linker complains about six unresolved symbols▷ The six symbols described in detail below are InitDevices↼↽ ProcessInputEvents↼↽ ddaGiveUp↼↽ AbortDDA↼↽ ddaUseMsg↼↽ and ddaProcessArgument↼↽▷ InitDevices↼↽ is called during server initialization from dia◁main▷c▷20This procedure creates and initializes an AudioDevice structure for each ↼abstract↽ audio device supported by the DDA▷ The DDA can perform any necessary hardware initialization at this time▷ The DDA registers αle descriptors for open devices that may deliver events with the DIA to be used in generating the arguments to select↼↽▷ If select↼↽ returns because a hardware device becomes ready for I◁O the DIA will call the ProcessInputEvents↼↽ procedure within the DDA▷ The ProcessInputEvents↼↽ procedure in the DDA is called from dia◁dispatch▷c when there are events pending and it is time to process them▷ The DDA removes pending events from a device driver input queue and then posts them to the DIAφs FilterEvents↼↽ procedure for further processing before being sent to interested clients▷ The ddaGiveUp↼↽ procedure is invoked by the dispatcher in dda◁main▷c if dis patchException masked with DE TERMINATE is true▷21 The DDA should close any open devices and tear down its state▷ The AbortDDA↼↽ procedure is invoked from within AbortServer↼↽ in os◁4▷2bsd◁utils▷c▷ Any fatal server error will cause AbortServer↼↽ to be invoked and subsequently AbortDDA↼↽▷ The DDA should close any open devices and tear down its state▷ The ddaUseMsg↼↽ procedure is invoked from within os◁4▷2bsd◁utils▷c if the server command line could not be parsed successfully▷ The DDA server should use ErrorF↼↽ to print formatted error messages indicating the list of DDAspeciαc server command line switches▷ The ddaProcessArgument↼↽ procedure is invoked from within os◁4▷2bsd◁utils▷c if the command line argument is not understood by the DIA server▷ The DDA server should check to see if this is a DDAspeciαc argument▷ If it is the DDA should con sume this argument and any subsequent related arguments that follow immediately▷ 20Pathnames are relative to the server directory in the AF subtree within the AudioFile source kit▷ 21We do not think this can happen▷ ddaProcessArgument↼↽ should return the number of arguments consumed▷ Exported DIA Interfaces The deviceindependent audio section of the server exports several procedures to the devicedependent audio section▷ These procedures are brieβy described below▷ The DDA creates an audio device by using the MakeDevice↼↽ procedure▷ MakeDe vice↼↽ returns a pointer to a newly created AudioDeviceRec structure ↼described below↽▷ The AddEnabledDevice↼↽ and FilterEvents↼↽ procedures are used by DDA imple mentations that produce events▷ The DDA informs the DIA of open devices through AddEnabledDevice↼↽▷ The DDA hands events to the DIA from the Pro cessInputEvents↼↽procedure by calling FilterEvents↼↽with a pointer to an initialized event structure and an audio device number▷ The exported interfaces to the task mechanism are the NewTask↼↽ and AddTask↼↽ procedures▷ NewTask↼↽ is used to allocate a task structure▷ Once the DDA adds its private data to the structure it schedules it for execution by passing the task structure to AddTask↼↽▷ The Xalloc↼↽ and Xfree↼↽ procedures allocate and free memory▷ The DDA uses ErrorF↼↽ to output formatted warnings and informational messages▷ The FatalError↼↽ procedure is called to output an informational message and then die▷ Audio Device Structure The AudioDeviceRec structure is used to share information between the DIA and DDA components▷ This structure encapsulates the information speciαc to an abstract audio device▷ For convenience similar αelds within this structure are grouped together and described separately▷ The αrst grouping in the AudioDeviceRec structure includes general αelds for dealing with the audio device▷ For example index indicates the audio device number and type indicates the type of enumerated audio device▷ The remaining elements in this group are private to the audio device and are located in this structure for convenience▷ userProps is used only by the DIA▷ devPtr and privPtr are only used by the DDA▷ typedef struct ⌢AudioDevice ı ◁⇀ ▷▷▷ ⇀◁ int index, ◁⇀ Index of audiodev device▷ ⇀◁ DevType type, ◁⇀ Codec HiFi ▷▷▷ ⇀◁

◁⇀ ⇀◁ PropertyPtr userProps, ◁⇀ Properties for this device▷⇀◁ ◁⇀ DDA hangs a physical device structure here ⇀◁ pointer devPtr, ◁⇀ Audiodev device private information is attached here▷ ⇀◁ pointer privPtr, ◁⇀ ▷▷▷ ⇀◁ ℘ AudioDeviceRec, This next grouping contains the elements to maintain the audio device time▷ The serverφs copy of the time register is held in time0 and represents the serverφs view of current time▷ dsptime and oldDevTime are used by the server to maintain time0▷ If the hardware maintains a time register that is narrower than 32 bits the server uses the difference between two consecutive hardware time register values to update time0▷ The previous hardware time register is held in oldDevTime▷ dsptime is the current view of the hardware time register and is only maintained here for implementation convenience▷ If the hardware time register is a 32bit register then time0 can be a copy of that register▷ ◁⇀ Some time information▷ ⇀◁ ATime time0, ◁⇀ Last computed▷ ⇀◁ ATime oldDevTime, ◁⇀ Old device time for delta▷ ⇀◁ ATime dsptime, ◁⇀ Holds dsp time at update▷ ⇀◁

The input and output capabilities are described by the next grouping of Au dioDeviceRec structure αelds▷ numberOfInputs and numberOfOutputs indicate the number of input and output connections that can be selected by clients▷ in putsFromPhone and outputsFromPhone are masks to indicate which of the input and output connections source◁sink audio to◁from a telephone line interface▷ These αelds contain a binary 1 in the bit position represented by the audio device number if that input or output is connected to the phone▷ ◁⇀ Describe the I◁O capability▷ ⇀◁ int numberOfInputs, ◁⇀ Number of input sources ⇀◁ int numberOfOutputs, ◁⇀ Number of output destinations ⇀◁ unsigned int inputsFromPhone, ◁⇀ Mask of inputs conn▷ to phone line ⇀◁ unsigned int outputsToPhone, ◁⇀ Mask of outputs conn▷ to phone line ⇀◁

The play and record features of the audio device are speciαed by the next grouping of αelds▷ These αelds indicate the sampling rate native audio hardware data type number of channels and the buffer size in samples▷ The buffer size in seconds is computed by dividing the the buffer size by the sampling rate▷ ◁⇀ Describe the play buffer type and size▷ ⇀◁ unsigned int playSampleFreq, ◁⇀ Sampling frequency▷ ⇀◁ AEncodeType playBufType, ◁⇀ Data type supported▷ ⇀◁ unsigned int playNSamplesBuf, ◁⇀ Length in samples of play buffer▷ ⇀◁ unsigned int playNchannels, ◁⇀ Number of channels▷ ⇀◁ ◁⇀ Describe the record buffer type and size▷ ⇀◁ unsigned int recSampleFreq, ◁⇀ Sampling frequency▷ ⇀◁ AEncodeType recBufType, ◁⇀ Data type supported▷ ⇀◁ unsigned int recNSamplesBuf, ◁⇀ Length in samples of record buffer⇀◁ unsigned int recNchannels, ◁⇀ Number of channels▷ ⇀◁

The update task uses the next grouping of αelds to manage the movement of sample data between the audio hardware and the server buffers▷ This process is described in the discussion of server buffering in Section 7▷2▷ ◁⇀ Server Update Information▷ ⇀◁ ATime timeLastUpdated, ◁⇀ Time of last update▷ ⇀◁ ATime timeNextUpdate, ◁⇀ Time at start of next update▷ ⇀◁ ATime timeLastValid, ◁⇀ Time of last valid play data ⇀◁ ATime timeRecLastUpdated, ◁⇀ time of last record update▷ ⇀◁ ◁⇀ reference counts ⇀◁ int recRefCount, ◁⇀ Number of open record streams ⇀◁ ◁⇀ Server Buffer Data ⇀◁ pointer playBuf, ◁⇀ Serverφs play buffer▷ ⇀◁ pointer recBuf, ◁⇀ Serverφs record buffer▷ ⇀◁

Lastly this next grouping of αelds contain function pointers that are used by the DIA to invoke device dependent procedures in the DDA usually as a result of client protocol requests▷ The procedure pointers are further grouped into sets that support time AC telephone interface and device control functions▷ These procedures are speciαc to an audio device and do not have clientspeciαc state▷ ◁⇀ ATime and Misc▷ ⇀◁ ATime ↼⇀GetTime↽↼↽, ◁⇀ AC ⇀◁ ABool ↼⇀ CreateAC↽↼↽,

◁⇀ Telephone Specific Procedures ⇀◁ int ↼⇀Dial↽↼↽, int ↼⇀HookSwitch↽↼↽, int ↼⇀FlashHook↽↼↽, int ↼⇀HookSwitchState↽↼↽, int ↼⇀LoopCurrentState↽↼↽, int ↼⇀TLICraftHookSwitchEvent↽↼↽, ◁⇀ Device control procedures▷ ⇀◁ void ↼⇀ChangeOutput↽↼↽, void ↼⇀ChangeInput↽↼↽, void ↼⇀ChangePassThrough↽↼↽, int ↼⇀QueryOutputGain↽↼↽, int ↼⇀QueryInputGain↽↼↽, int ↼⇀SelectOutputGain↽↼↽, int ↼⇀SelectInputGain↽↼↽,

Audio Contexts The context in which a client plays or records audio data is held in the AC structure▷ The server maintains play and record conversion procedure pointers for each audio context▷ The procedure pointers are used by the DIA to invoke the appropriate audio context handler in the DDA▷ For example play and record requests are handled by contextspeciαc procedures supporting the design of the output and input conversion modules described earlier▷ Conceptually the AC encapsulates audio device attributes and handlers for individual clients▷ typedef struct ⌢ACOps ı int ↼⇀ ConvertPlay↽↼↽, int ↼⇀ ConvertRec↽↼↽, ℘ ACOps, typedef struct ⌢AC ı AudioDevicePtr aDev, AEncodeType playType, AEncodeType recType, int playGain, int recordGain, ABool preempt, ◁⇀ Whether it should preempt▷ ⇀◁ ◁⇀ ▷▷▷ ⇀◁ ACFuncs ⇀funcs, ACOps ⇀ops, ◁⇀ DDA context specific handlers▷ ⇀◁ int recRef, ◁⇀ Record reference count▷ ⇀◁ ℘ AC, Each clientφs play or record request contains a handle to an audio context main tained within the audio server▷ The audio context is used to determine the clientφs

7▷4 DeviceDependent Server Examples 45 sample data type and the output gain ↼prior to mixing↽ and preemption mode for play requests▷ When the audio context structure AC is created the DDA server ini tializes the input and output conversion procedure pointers in the contained ACops structure▷ If the client data type is identical to the hardware data type then the DDA may choose to bypass the conversion stage▷ Upon receipt of a play or record client request the dispatch handler invokes the DDA through the ACops structure permitting the DDA to implement conversion modules on a per AC basis▷

7▷4 DeviceDependent Server Examples We have written servers for a variety of systems and audio hardware▷ These examples range from the simple 8 KHz baseboard audio CODEC on Alpha AXP workstations and SPARCstations to the LoFi with two CODECs a HiFi DAC and a NeXT compatible DSP port▷ In addition to these direct connected audio hardware devices we have implemented a server for a detached audio device named LineServer▷ This section describes some of the implementation details for these servers▷

7▷4▷1 Aloα As described in Section 1 the LoFi hardware has two 8 KHz CODECS a DSP56001 processor and HiFi hardware▷ The Aloα server presents αve audio devices to clients. two CODEC audio devices and three DSP port audio devices▷ Each of these audio devices has a separate notion of time▷ DSP Firmware The LoFi module has a DSP processor with 32K 24bit words of memory shared between the host workstation and the DSP▷ The DSP runs a simple program written in DSP56001 assembler language that is loaded by the AudioFile server at startup▷ The DSP αrmware maintains several important structures in shared memory▷ De vice time counters for the CODEC and HiFi devices are incremented once per sample▷ The DSP maintains the counters in 24bit registers in shared memory▷ The server software updates its view of time by the difference between the previous and current samples of the DSPφs counter▷ The DSP also maintains input and output buffers for each audio device▷ The host performs audio I◁O by reading and writing these buffers▷ There are 4 circular buffers for the CODEC devices. a play and record buffer for each of the two CODECs▷

Currently we store one 8bit sample in each 24bit word▷ One optimization would be to double or triple the CODEC buffer sizes by packing multiple samples per word at the expense of more complex ↼and slower↽ αrmware▷ There are also 4 circular buffers for the stereo HiFi device. a play and record buffer for each channel with one 16bit sample in each 24bit word▷ The buffer sizes are set by the server startup code before enabling the DSP▷ Each CODEC buffer contains 1024 samples ↼about 125 milliseconds at 8 KHz↽ and each HiFi buffer contains 4096 samples ↼about 85 milliseconds at 48 KHz↽▷ These sizes were chosen to be as large as possible given the size of the DSP static memory and to allow approximately equal buffering time for the CODEC and HiFi devices▷22 The server startup code also sets the initial conαguration for the DSP port such as sample rate and framing details▷ Currently there is no way to change the conαguration while the server is running▷ After the DSP αrmware is initialized it goes into an inαnite wait loop▷ All of the work is done by two interrupt routines. one each for the CODEC and HiFi devices▷ The CODEC interrupt routine αres at the CODEC rate ↼8000 Hz↽ and performs the following functions ↼for each of the CODEC devices↽.23 • W∇⟩⊔⌉ √↕⊣† ∫⊣⇕√↕⌉ {∇≀⇕ √↕⊣† ∇⟩\} ⌊⊓{{⌉∇ ⊔≀ CODEC ∇⌉}⟩∫⊔⌉∇∫ • B⊣⌋‖⊘↕↕ √↕⊣† ⌊⊓{{⌉∇ ⊒⟩⊔⟨ ∫⟩↕⌉\⌋⌉↙ • R⌉⊣⌈ ∇⌉⌋≀∇⌈ ⌊⊓{{⌉∇ {∇≀⇕ CODEC ∇⌉}⟩∫⊔⌉∇ ⊔≀ ∇⌉⌋≀∇⌈ ∇⟩\} ⌊⊓{{⌉∇ • I\⌋∇⌉⇕⌉\⊔ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉ ⌋≀⊓\⊔⌉∇↙

T⟨⌉ H⟩F⟩ ⟩\⊔⌉∇∇⊓√⊔ ⊘∇⌉∫ ⊣⊔ ⊔⊒⟩⌋⌉ ⊔⟨⌉ H⟩F⟩ ∇⊣⊔⌉⇔ ≀∇ ≀\⌋⌉ √⌉∇ ⌋⟨⊣\\⌉↕↙ T⟨⟩∫ ∇≀⊓⊔⟩\⌉ √⌉∇{≀∇⇕∫ ⊔⟨⌉ ∫⊣⇕⌉ {⊓\⌋⊔⟩≀\∫ ⊣∫ ⊔⟨⌉ CODEC ⊓√⌈⊣⊔⌉⇔ ⌉§⌋⌉√⊔ ⊔⟨⊣⊔ ⊔⟨⌉ ⊓√⌈⊣⊔⌉ ⊣↕⊔⌉∇\⊣⊔⌉∫ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ↕⌉{⊔ ⊣\⌈ ∇⟩}⟨⊔ ⌋⟨⊣\\⌉↕∫↙ T⟨⌉ ⟩\⊔⌉∇∇⊓√⊔ ∇≀⊓⊔⟩\⌉∫ ⊣∇⌉ ≀√⊔⟩⇕⟩‡⌉⌈ {≀∇ ⌉§⌉⌋⊓⊔⟩≀\ ∫√⌉⌉⌈↙ A⊔ ⟨⟩}⟨ ∫⊣⇕√↕⟩\} ∇⊣⊔⌉∫⇔ ⊔⟨⌉ ≀⊑⌉∇⟨⌉⊣⌈ ≀{ √∇≀⌋⌉∫∫⟩\} ⟩\⊔⌉∇∇⊓√⊔∫ ⇕⊓∫⊔ ⌊⌉ ⇕⟩\⟩⇕⊣↕↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊣⊔ ⊣ △∀ KH‡ ∫⊣⇕√↕⟩\} ∇⊣⊔⌉⇔ ⊔⟨⌉ H⟩F⟩ ⟩\⊔⌉∇∇⊓√⊔∫ ≀⌋⌋⊓∇ ⌉⊑⌉∇† ∞′ ⇕⟩⌋∇≀∫⌉⌋≀\⌈∫↙ T⟨⟩∫ }⟩⊑⌉∫ ⊣\ ⊓√√⌉∇ ⌊≀⊓\⌈ ≀{ ⊣⌊≀⊓⊔ ∈∀′ DSP ⌋†⌋↕⌉∫ ⇐≀∇ ∞△′ ⟩\∫⊔∇⊓⌋⊔⟩≀\∫⇔ \≀⊔ ⌋≀⊓\⊔⟩\} ⊔⟩⇕⌉ ⊔≀ ⊣⌋⌋⌉∫∫ ⇕⌉⇕≀∇†⇒ ⌊⌉⊔⊒⌉⌉\ H⟩F⟩ ⟩\⊔⌉∇∇⊓√⊔∫↙ T≀ ∇⌉⌈⊓⌋⌉ ≀⊑⌉∇⟨⌉⊣⌈⇔ ⊔⟨⌉ ⊘∇⇕⊒⊣∇⌉ ⇕⟩\⟩⇕⟩‡⌉∫ ⇕⌉⇕≀∇† ⊣⌋⌋⌉∫∫⌉∫ ⌊† ‖⌉⌉√⟩\} }↕≀⌊⊣↕ ⊑⊣↕⊓⌉∫ ⟩\ ∇⌉}⟩∫⊔⌉∇∫↙ ∈∈S⟩\⌋⌉ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⊓∫⌉∫ ⊔⟨⌉ ⌋⟩∇⌋⊓↕⊣∇ ⊣⌈⌈∇⌉∫∫⟩\}⇕≀⌈⌉∫ ∫⊓√√≀∇⊔⌉⌈ ⌊† ⊔⟨⌉ DSP▽′̸′∞⇔ ⊔⟨⌉ ⌊⊓{{⌉∇ ∫⟩‡⌉∫ ⊣∇⌉ ⊣↕∫≀ ⌋≀\∫⊔∇⊣⟩\⌉⌈ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉† ⇕⊓∫⊔ ⌊⌉ ⊣ √≀⊒⌉∇ ≀{ ⊔⊒≀↙ ∈∋B≀⊔⟨ CODEC ⌈⌉⊑⟩⌋⌉∫ ⌋⊣\ ⌊⌉ ∫⌉∇⊑⟩⌋⌉⌈ ⊣⊔ ⊔⟨⌉ ∫⊣⇕⌉ ⊔⟩⇕⌉ ∫⟩\⌋⌉ ⊔⟨⌉⟩∇ ⟩\⊔⌉∇∇⊓√⊔∫ ⊣∇⌉ ∫†\⌋⟨∇≀\⟩‡⌉⌈↙

↙△ D⌉⊑⟩⌋⌉↖D⌉√⌉\⌈⌉\⊔ S⌉∇⊑⌉∇ E§⊣⇕√↕⌉∫ △

O\⌉ {⌉⊣⊔⊓∇⌉ ⊔⟨⊣⊔ ⟩∫ \≀⊔ †⌉⊔ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⟩∫ ⌈⌉⊑⟩⌋⌉ }⊣⟩\ ⌋≀\⊔∇≀↕ {≀∇ ⊔⟨⌉ H⟩F⟩ ⌈⌉⊑⟩⌋⌉↙ B⌉⌋⊣⊓∫⌉ ⇕⊣\† H⟩F⟩ ⟨⊣∇⌈⊒⊣∇⌉ ⌈⌉⊑⟩⌋⌉∫ ⟨⊣⊑⌉ \≀ ⇕⌉⌋⟨⊣\⟩∫⇕ {≀∇ ⇕⊣\⟩√⊓↕⊣⊔⟩\} ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉ }⊣⟩\⇔ ⟩⊔ ⇕⊓∫⊔ ⌊⌉ ⌈≀\⌉ ⟩\ ∫≀{⊔⊒⊣∇⌉↙ F≀∇⊔⊓\⊣⊔⌉↕†⇔ ∫⊓⌋⟨ ⊣ ⇕⌉⌋⟨⊣\⟩∫⇕ ⊒≀⊓↕⌈ ⌊⌉ ⌉⊣∫† ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ ≀\ ⊔⟨⌉ DSP ⌋⟨⟩√ ⊒⟨⌉∇⌉ ⟩\⊔⌉}⌉∇ ⇕⊓↕⊔⟩√↕⟩⌉∫ ⊣∇⌉ ⟩\⌉§√⌉\∫⟩⊑⌉↙ H⟩F⟩ D⌉⊔⊣⟩↕∫ T⟨⌉ H⟩F⟩ ∫⌉⌋⊔⟩≀\ ≀{ ⊔⟨⌉ DDA ⟩∫ ∫⟩⇕⟩↕⊣∇ ⊔≀ ⊔⟨⌉ ∫⌉⌋⊔⟩≀\ ∫⊓√√≀∇⊔⟩\} ⊔⟨⌉ ∀ KH‡ CODEC∫↙ T⟨⌉ ⌈⟩{{⌉∇⌉\⌋⌉∫ ⊔⟨⊣⊔ ⌈≀ ⌉§⟩∫⊔ ⊣∇⌉ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⌊⌉↕≀⊒↙ T⟨⌉ H⟩F⟩ ∫⌉⌋⊔⟩≀\ ≀{ ⊔⟨⌉ L≀F⟩ ∫⌉∇⊑⌉∇ ∫⊓√√≀∇⊔∫ ⊔⊒≀ ⇕≀⌈⌉∫ ≀{ ≀√⌉∇⊣⊔⟩≀\↙ T⟨⌉ ∫⌉∇⊑⌉∇ ∫⊓√√≀∇⊔∫ ≀⊓⊔√⊓⊔ ⊣⊔ △△↙∞ KH‡ ⊔⟨∇≀⊓}⟨ ⊔⟨⌉ L≀F⟩≃∫ ⌊⊓⟩↕⊔↖⟩\ ∫⊔⌉∇⌉≀ DAC↙ T⟨⌉ ∫⌉∇⊑⌉∇ ⊣↕∫≀ ∫⊓√√≀∇⊔∫ ⌉§⊔⌉∇\⊣↕ ⌈⌉⊑⟩⌋⌉∫⇔ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ A∇⟩⌉↕ P∇≀P≀∇⊔⇔ ⊣⊔⊔⊣⌋⟨⌉⌈ ⊔≀ L≀F⟩≃∫ ⌉§⊔⌉∇\⊣↕ DSP √≀∇⊔↙ E§⊔⌉∇\⊣↕ ⌈⌉⊑⟩⌋⌉∫ ⇕⊣† √∇≀⊑⟩⌈⌉ ⟩\√⊓⊔ ⊣∫ ⊒⌉↕↕ ⊣∫ ≀⊓⊔√⊓⊔ ⊣⊔ ⊣ ⊑⊣∇⟩⌉⊔† ≀{ ∫⊣⇕√↕⌉ ∇⊣⊔⌉∫↙ T⟨⌉ ∫⊣⇕√↕⌉ ∇⊣⊔⌉ ⊣\⌈ ≀√⌉∇⊣⊔⟩\} ⇕≀⌈⌉ ⊣∇⌉ ∫⌉↕⌉⌋⊔⌉⌈ ⊣⊔ ∫⌉∇⊑⌉∇ ∫⊔⊣∇⊔⊓√ ⊣\⌈ ⌋⊣\\≀⊔ ⌊⌉ ⌋⟨⊣\}⌉⌈ ⌊† ⌋↕⟩⌉\⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ C⊓∇∇⌉\⊔↕†⇔ ⊔⟨⌉ ≀\↕† ∫⊣⇕√↕⌉ ⊔†√⌉ ∫⊓√√≀∇⊔⌉⌈ ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⟩∫ ∞↖̸⌊⟩⊔ ↕⟩\⌉⊣∇↙ I\ ≀⊓∇ ∫⌉∇⊑⌉∇⇔ ⊒⌉ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊣ ∫⟩\}↕⌉ ∫⊔⌉∇⌉≀ ⌈⌉⊑⟩⌋⌉ ⊔⟨⊣⊔ ∇⌉√∇⌉∫⌉\⊔∫ ⌊≀⊔⟨ ⊔⟨⌉ ↕⌉{⊔ ⊣\⌈ ∇⟩}⟨⊔ ⌋⟨⊣\\⌉↕∫↙ ⇐B† ⌋≀\⊑⌉\⊔⟩≀\⇔ ↕⌉{⊔ ⊣\⌈ ∇⟩}⟨⊔ ∫⊣⇕√↕⌉∫ ⊣↕⊔⌉∇\⊣⊔⌉ ⟩\ ⊔⟨⌉ ⌈⊣⊔⊣ ∫⊔∇⌉⊣⇕⇔ ∫≀ ⊣ ∫⊔⌉∇⌉≀ ⊖∫⊣⇕√↕⌉⪰ ⌋≀\∫⟩∫⊔∫ ≀{ ⊣ ∞↖̸⌊⟩⊔ ↕⌉{⊔ ∫⊣⇕√↕⌉ ⊣\⌈ ⊣ ∞↖̸⌊⟩⊔ ∇⟩}⟨⊔ ∫⊣⇕√↕⌉⇒↙ T≀ ∫⊓√√≀∇⊔ ⇕≀\≀ ⌋⟨⊣\\⌉↕ ≀√⌉∇⊣⊔⟩≀\∫⇔ ⊒⌉ ⊣↕∫≀ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊔⊒≀ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉∫ ⊔⟨⊣⊔ ∇⌉√∇⌉∫⌉\⊔ ⊔⟨⌉ ∫⌉√⊣∇⊣⊔⌉ ↕⌉{⊔ ⊣\⌈ ∇⟩}⟨⊔ ⌋⟨⊣\\⌉↕∫ ≀{ ⊔⟨⌉ ∫⊔⌉∇⌉≀ ⌈⌉⊑⟩⌋⌉↙ I\ ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ ⌉⊑⌉∇†⊔⟨⟩\} ⟩∫ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⟩\ ∫⊔⌉∇⌉≀ ⌊⌉⌋⊣⊓∫⌉ ⟩⊔ ⟩∫ ⊔⟨⌉ ⇕≀∫⊔ ⌋≀⇕⇕≀\ ⇕≀⌈⌉ ≀{ ≀√⌉∇⊣⊔⟩≀\⇔ ⊣\⌈ ⟩⊔ ⟩∫ ⇕≀∇⌉ ⌉{⊘⌋⟩⌉\⊔ ⊔≀ ⇕≀⊑⌉ ∫⊔⌉∇⌉≀ ∫⊣⇕√↕⌉∫ ⊣∇≀⊓\⌈ ⊣∫ ⊣ ⊓\⟩⊔ ⊔⟨⊣\ ⊣∫ ⊔⊒≀ ⟩\⌈⌉√⌉\⌈⌉\⊔ ⇕≀\≀ ⌋⟨⊣\\⌉↕∫↙ T⟨⌉ ⇕≀\≀ ⌋⟨⊣\\⌉↕ ⌈⌉⊑⟩⌋⌉∫ ⊣∇⌉ ⌊⊓⟩↕⊔ ≀\ ⊔≀√ ≀{ ⊔⟨⌉ ∫⌉∇⊑⌉∇≃∫ ∫⊔⌉∇⌉≀ ⌊⊓{{⌉∇∫↙ A ⇕≀\≀ √↕⊣† ∇⌉∐⊓⌉∫⊔ ⟩∫ ∫⟩⇕√↕† ⊒∇⟩⊔⊔⌉\ ⇐≀∇ ⇕⟩§⌉⌈⇒ ⟩\⊔≀ ⊔⟨⌉ ⊣√√∇≀√∇⟩⊣⊔⌉ ⌋⟨⊣\\⌉↕ ⟩\ ⊔⟨⌉ ∫⊔⌉∇⌉≀ ⌊⊓{{⌉∇∫⇔ ⊣\⌈ ⊣ ∇⌉⌋≀∇⌈ ∇⌉∐⊓⌉∫⊔ ∫⟩⇕√↕† ∇⌉⊣⌈∫ {∇≀⇕ ⊔⟨⌉ ⊣√√∇≀√∇⟩⊣⊔⌉ ⌋⟨⊣\\⌉↕↙ P⌉∇{≀∇⇕⊣\⌋⌉ C≀\∫⟩⌈⌉∇⊣⊔⟩≀\∫ T≀ ⌈⊣⊔⌉⇔ ⊒⌉ ⟨⊣⊑⌉ ≀\↕† ≀√⊔⟩⇕⟩‡⌉⌈ ⊔⟨⌉ H⟩F⟩ √⊣∇⊔ ≀{ ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ T⟨⌉ ⇕⌉⇕≀∇† ⌊⊣\⌈↖ ⊒⟩⌈⊔⟨ ⊣\⌈ CPU ↕≀⊣⌈ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫ {≀∇ ∫⊓√√≀∇⊔⟩\} ⊔⟨⌉ CODEC∫ ⌈≀⌉∫ \≀⊔ |⊓∫⊔⟩{† ⊔⟨⌉ ≀√⊔⟩⇕⟩‡⊣⊔⟩≀\∫ {≀∇ ⊔⟨⊣⊔ √⊣∇⊔ ≀{ ⊔⟨⌉ DDA ∫⌉∇⊑⌉∇↙ M≀∫⊔ ≀{ ⊔⟨⌉ ⊔⟩⇕⌉ ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⟩∫ ∫√⌉\⊔ ⇕≀⊑⟩\} ⟨⟩}⟨↖⊘⌈⌉↕⟩⊔† ∫⊣⇕√↕⌉∫ ⊣∇≀⊓\⌈ ⟩\ ⊔⟨⌉ √↕⊣† ⊣\⌈ ∇⌉⌋≀∇⌈ ⌊⊓{{⌉∇∫↙ T⟨⌉ ∫⌉∇⊑⌉∇≃∫ √⌉∇⟩≀⌈⟩⌋ ⊓√⌈⊣⊔⌉∫ ⇐⊔⟨⌉ ∇≀⊓⊔⟩\⌉∫ ⊔⟨⊣⊔ ⇕≀⊑⌉ ∫⊣⇕√↕⌉∫ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ∫⌉∇⊑⌉∇≃∫ ⌊⊓{{⌉∇∫ ⊣\⌈ ⊔⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉⇒ ⌋⊣\ ⌋≀\∫⊓⇕⌉ ∐⊓⟩⊔⌉ ⊣ {⌉⊒ CPU ⌋†⌋↕⌉∫⇔ ⌉∫√⌉⌋⟩⊣↕↕† ⊣⊔ ⟨⟩}⟨ ∫⊣⇕√↕⌉ ∇⊣⊔⌉∫↙ W⌉ ⟨⊣⌈ ⊔≀ ∫√⌉\⌈ ∫≀⇕⌉ ⊔⟩⇕⌉ ≀√⊔⟩⇕⟩‡⟩\}

△∀ SERVER DESIGN

⊔⟨⌉ ⊓√⌈⊣⊔⌉ √∇≀⌋⌉⌈⊓∇⌉∫ ⊔≀ ⊣⌋⟨⟩⌉⊑⌉ ⊣⌈⌉∐⊓⊣⊔⌉ √⌉∇{≀∇⇕⊣\⌋⌉↙ ∈△ T⟨⌉ ∇⌉⌋≀∇⌈ ⊓√⌈⊣⊔⌉ ≀\↕† \⌉⌉⌈∫ ⊔≀ ∇⊓\ ⟩{ ⊔⟨⌉∇⌉ ⟩∫ ⊣ ⌋↕⟩⌉\⊔ ⊔⟨⊣⊔ ⊒⊣\⊔∫ ∇⌉⌋≀∇⌈ ⌈⊣⊔⊣↙ A⊓⌈⟩≀F⟩↕⌉ ⟨⊣∫ \≀ ⌉§√↕⟩⌋⟩⊔ ⇕⌉⌋⟨⊣\⟩∫⇕ {≀∇ ⌋↕⟩⌉\⊔∫ ⊔≀ ⟩\⌈⟩⌋⊣⊔⌉ ⊔⟨⌉⟩∇ ⟩\⊔⌉\⊔ ⊔≀ ∇⌉⌋≀∇⌈⇔ ⌊⊓⊔ ⟩⊔ ⟩∫ ↕⟩‖⌉↕† ⊔⟨⊣⊔ ⌋↕⟩⌉\⊔∫ ⊔⟨⊣⊔ ∇⌉⌋≀∇⌈ ≀\⌋⌉ ⊣∇⌉ ↕⟩‖⌉↕† ⊔≀ ∇⌉⌋≀∇⌈ ⊣}⊣⟩\↙ T⟨⌉ ⊘∇∫⊔ ∇⌉⌋≀∇⌈ ≀√⌉∇⊣⊔⟩≀\ √⌉∇{≀∇⇕⌉⌈ ⊓\⌈⌉∇ ⊣ ⌋≀\⊔⌉§⊔ ⇕⊣∇‖∫ ⊔⟨⌉ ⌋≀\⊔⌉§⊔ ⊣∫ ∇⌉⌋≀∇⌈⟩\}↙ E⊣⌋⟨ ⌈⌉⊑⟩⌋⌉ ⇕⊣⟩\⊔⊣⟩\∫ ⊣ ⌋≀⊓\⊔ ≀{ ∇⌉⌋≀∇⌈⟩\} ⌋≀\⊔⌉§⊔∫¬ ⊣∫ ↕≀\} ⊣∫ ⊔⟨⌉∇⌉ ⟩∫ ≀\⌉ ≀∇ ⇕≀∇⌉⇔ ⊔⟨⌉ ∇⌉⌋≀∇⌈ ⊓√⌈⊣⊔⌉ ⌋≀⌈⌉ ∇⊓\∫↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊔⟨⟩∫ ≀√⊔⟩⇕⟩‡⊣⊔⟩≀\ ⌊∇⌉⊣‖∫ ⌋↕⟩⌉\⊔∫ ⊔⟨⊣⊔ ∫⊔⊣∇⊔ ⊓√ ⊣\⌈ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕† ⊒⊣\⊔ ⊔≀ ∫⊔⊣∇⊔ ∇⌉⌋≀∇⌈⟩\} ⟩\ ⊔⟨⌉ √⊣∫⊔↙ S⟩⇕⟩↕⊣∇↕†⇔ ⊔⟨⌉ √↕⊣† ⊓√⌈⊣⊔⌉ ∫⟨≀⊓↕⌈ ∇⊓\ ≀\↕† ⟩{ ⊔⟨⌉∇⌉ ⊣∇⌉ ∫⊣⇕√↕⌉∫ ⊔≀ √↕⊣†↙ T≀ ⊣⌋⌋≀⇕↖ √↕⟩∫⟨ ⊔⟨⟩∫⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⇕⊣⟩\⊔⊣⟩\∫ ⊣ ⊑⊣∇⟩⊣⌊↕⌉ {≀∇ ⌉⊣⌋⟨ ⌈⌉⊑⟩⌋⌉⇔ ⊔⟩⇕⌉L⊣∫⊔V⊣↕⟩⌈⇔ ⊒⟩⊔⟨ ⊔⟨⌉ ⊔⟩⇕⌉ ≀{ ⊔⟨⌉ ↕⊣∫⊔ ⊑⊣↕⟩⌈ √↕⊣†⌊⊣⌋‖ ∫⊣⇕√↕⌉ ⊒∇⟩⊔⊔⌉\ ⌊† ⊣\† ⌋↕⟩⌉\⊔↙ T⟨⌉ √↕⊣† ⊓√⌈⊣⊔⌉ ⌋≀⌈⌉ ≀\↕† ∇⊓\∫ ⊒⟨⌉\ ⊔⟨⟩∫ ⊑⊣∇⟩⊣⌊↕⌉ ⟩∫ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉ ∇⌉↕⊣⊔⟩⊑⌉ ⊔≀ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉↙ A ∫⌉⌋≀\⌈ √≀∫∫⟩⌊↕⌉ √↕⊣† ⊓√⌈⊣⊔⌉ ≀√⊔⟩⇕⟩‡⊣⊔⟩≀\ ⟨⊣∫ ⊔≀ ⌈≀ ⊒⟩⊔⟨ ⌊⊣⌋‖↖⊘↕↕⟩\} ∫⟩↕⌉\⌋⌉↙ A⊓⌈⟩≀F⟩↕⌉≃∫ √↕⊣†⌊⊣⌋‖ ⇕≀⌈⌉↕ ∫⊣†∫ ⊔⟨⊣⊔ √⌉∇⟩≀⌈∫ ⊒⟩⊔⟨ \≀ √↕⊣†⌊⊣⌋‖ ⌈⊣⊔⊣ ⊣∇⌉ ⊘↕↕⌉⌈ ⊒⟩⊔⟨ ∫⟩↕⌉\⌋⌉↙ O⊓∇ ⊘∇∫⊔ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⊣⌋⟨⟩⌉⊑⌉⌈ ⊔⟨⟩∫ ⌊† ⊘↕↕⟩\} ⊔⟨⌉ √↕⊣† ⌊⊓{{⌉∇ ⊒⟩⊔⟨ ∫⟩↕⌉\⌋⌉ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕† ⊣{⊔⌉∇ ⊔⟨⌉ √↕⊣† ⌈⊣⊔⊣ ⊒⊣∫ ∫⌉\⊔ ⊔≀ ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉↙ W⟨⟩↕⌉ ⊔⟨⟩∫ ⇕⌉⊔⟨≀⌈ ⊒⊣∫ ⌉⊣∫† ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔⇔ ⟩⊔ ⌈≀⊓⌊↕⌉∫ ⊔⟨⌉ ⇕⌉⇕≀∇† ⌊⊣\⌈⊒⟩⌈⊔⟨ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫ ⊔≀ ⊔⟨⌉ √↕⊣† ⌊⊓{{⌉∇↙ W⟨⌉\ √↕⊣†⟩\} ⌋≀\⊔⟩\⊓≀⊓∫ ∫⊔∇⌉⊣⇕ ⇐⊔⟨⌉ ⌋≀⇕⇕≀\ ⌋⊣∫⌉⇒⇔ ⊔⟨⌉ ∫⊣⇕√↕⌉∫ ⟩\ ⊔⟨⌉ √↕⊣† ⌊⊓{{⌉∇ }≀⊔ ⊒∇⟩⊔⊔⌉\ ⊔⊒⟩⌋⌉∅ ≀\⌋⌉ ⊒⟩⊔⟨ ∫⟩↕⌉\⌋⌉⇔ ⊣\⌈ ≀\⌋⌉ ⊣}⊣⟩\ ⊒⟩⊔⟨ ⊔⟨⌉ √↕⊣†⌊⊣⌋‖ ⌈⊣⊔⊣↙ T⟨⌉ ∫≀↕⊓⊔⟩≀\ ⟩∫ ⊔≀ ⊘↕↕ ∫⟩↕⌉\⌋⌉ ≀\↕† ⊒⟨⌉\ ⊣⌊∫≀↕⊓⊔⌉↕† \⌉⌋⌉∫∫⊣∇†↙ T⟨⟩∫ ⌋⊣\ ⌊⌉ ∫⟩⇕√↕† ⊣⌋⟨⟩⌉⊑⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ⊔⟩⇕⌉L⊣∫⊔V⊣↕⟩⌈ ⊑⊣∇⟩⊣⌊↕⌉↙ I{ ⊣ ⌋↕⟩⌉\⊔ √↕⊣† ∇⌉∐⊓⌉∫⊔ ∫⊔⊣∇⊔∫ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉ ∇⌉↕⊣⊔⟩⊑⌉ ⊔≀ ⊔⟩⇕⌉L⊣∫⊔V⊣↕⟩⌈⇔ ⊔⟨⌉\ ⊔⟨⌉ ∇⌉}⟩≀\ {∇≀⇕ ⊔⟩⇕⌉L⊣∫⊔V⊣↕⟩⌈ ⊔≀ ⊔⟨⌉ ∫⊔⊣∇⊔ ≀{ ⊔⟨⌉ √↕⊣† ∇⌉∐⊓⌉∫⊔ ⇕⊓∫⊔ ⌊⌉ ∫⟩↕⌉\⌋⌉ ⊘↕↕⌉⌈↙ T⟨⌉ √↕⊣† ⌈⊣⊔⊣ ⟩∫ ⊔⟨⌉\ ⇕⟩§⌉⌈ ≀∇ ⌋≀√⟩⌉⌈ ⟩\⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇↙ I{ ⊣ √↕⊣† ∇⌉∐⊓⌉∫⊔ ⟩∫ √∇⌉⌉⇕√⊔⟩⊑⌉⇔ ⊔⟨⌉ ⌈⊣⊔⊣ ⟩∫ ⌋≀√⟩⌉⌈ ⟩\⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇↙ O⊔⟨⌉∇⊒⟩∫⌉⇔ ∫⊣⇕√↕⌉∫ ⌊⌉{≀∇⌉ ⊔⟩⇕⌉L⊣∫⊔V⊣↕⟩⌈ ⊣∇⌉ ⇕⟩§⌉⌈ ⊣\⌈ ∫⊣⇕√↕⌉∫ ⊣{⊔⌉∇ ⊔⟩⇕⌉L⊣∫⊔V⊣↕⟩⌈ ⊣∇⌉ ⌋≀√⟩⌉⌈↙ I\ ⌊≀⊔⟨ ⌋⊣∫⌉∫⇔ ⊔⟩⇕⌉L⊣∫⊔V⊣↕⟩⌈ ⟩∫ ⊓√⌈⊣⊔⌉⌈ ⟩{ \⌉⌋⌉∫∫⊣∇† ⊔≀ ∇⌉⊙⌉⌋⊔ ⊔⟨⌉ ⊔⟩⇕⌉ ≀{ ⊔⟨⌉ ↕⊣∫⊔ ⊑⊣↕⟩⌈ ∫⊣⇕√↕⌉↙ N≀⊔⌉ ⊔⟨⊣⊔ ⟩\ ⊔⟨⌉ ⌋≀⇕⇕≀\ ⌋⊣∫⌉ ≀{ ⌋≀\⊔⟩}⊓≀⊓∫ √↕⊣†⌊⊣⌋‖ ∇⌉∐⊓⌉∫⊔∫⇔ ∫⟩↕⌉\⌋⌉ ⊘↕↕⟩\} ⟩∫ \⌉⊑⌉∇ \⌉⌋⌉∫∫⊣∇†↙ P⊣∫∫↖T⟨∇≀⊓}⟨ T⟨⌉ L≀F⟩ ⟨⊣∇⌈⊒⊣∇⌉ ⟩∫ ⊣⌊↕⌉ ⊔≀ ⌈⟩∇⌉⌋⊔↕† ∇≀⊓⊔⌉ ⊣⊓⌈⟩≀ ⌈⊣⊔⊣ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ CODEC ⌈⌉⊑⟩⌋⌉∫↙ T⟨⟩∫ ⊔⊓∇\⌉⌈ ≀⊓⊔ ⊔≀ ⌊⌉ ⊣ ⊑⌉∇† ⊓∫⌉{⊓↕ {⌉⊣⊔⊓∇⌉ ⊔⟨⊣⊔ √⌉∇⇕⟩⊔⊔⌉⌈ ⊓∫⌉∇∫ ⊔≀ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⌉ ⊔⟨∇≀⊓}⟨ ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉ ↕⟩\⌉ ⟩\⊔⌉∇{⊣⌋⌉ {∇≀⇕ ⊔⟨⌉ ↕≀⌋⊣↕ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊒⟩⊔⟨ ⊑⌉∇† ↕≀⊒ ↕⊣⊔⌉\⌋†↙ W⟨⟩↕⌉ ⊔⟨⟩∫ ⟩∫ \≀⊔ ⊣ }⌉\⌉∇⊣↕ ⇕⌉⌋⟨⊣\⟩∫⇕⇔ A⊓⌈⟩≀F⟩↕⌉ ∫⊓√√≀∇⊔∫ ⊔⟨⟩∫ {⌉⊣⊔⊓∇⌉ ∈△W⌉ ∫⟨≀⊓↕⌈ √≀⟩\⊔ ≀⊓⊔ ⊔⟨⊣⊔ ⊒⟨⌉\ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⊒⟩⊔⟨ DMA ∫⊓√√≀∇⊔ ⊣√√⌉⊣∇∫⇔ ⊔⟨⟩∫ ∫⟨≀⊓↕⌈ ⌊⌉ ↕⌉∫∫ ≀{ ⊣ √∇≀⌊↕⌉⇕↙

↙△ D⌉⊑⟩⌋⌉↖D⌉√⌉\⌈⌉\⊔ S⌉∇⊑⌉∇ E§⊣⇕√↕⌉∫ △∃

⊒⟩⊔⟨ ⊣ ⌈⌉⊑⟩⌋⌉ ⌋≀\⊔∇≀↕ √∇⟩⇕⟩⊔⟩⊑⌉ ⊔⟨⊣⊔ ⌋≀\\⌉⌋⊔∫ ⊔⟨⌉ ⟩\√⊓⊔∫ ⊣\⌈ ≀⊓⊔√⊓⊔∫ ≀{ ⊔⊒≀ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉∫↙

↙△↙∈ A⊣§√ ⊣\⌈ A∫√⊣∇⌋ T⟨⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇∫ {≀∇ ⊔⟨⌉ ⌊⊣∫⌉↖⌊≀⊣∇⌈ ⊣⊓⌈⟩≀ ≀\ A↕√⟨⊣ AXP ⊒≀∇‖∫⊔⊣⊔⟩≀\∫ ⊣\⌈ SPARC∫⊔⊣⊔⟩≀\∫ ⊓∫⌉ ⌈⌉⊑⟩⌋⌉ ⌈∇⟩⊑⌉∇∫ ⊒⟩⊔⟨ ∫⟩⇕⟩↕⊣∇ ⟩\⊔⌉∇{⊣⌋⌉∫↙ A∫ ⊣ ∇⌉∫⊓↕⊔ ⊔⟨⌉∫⌉ ⊔⊒≀ ∫⌉∇⊑⌉∇∫ ⊣∇⌉ \⌉⊣∇↕† ⟩⌈⌉\⊔⟩⌋⊣↕↙ T⟨⌉† ⌈⟩{{⌉∇ {∇≀⇕ ≀⊔⟨⌉∇ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇∫ ⟩\ ⊔⟨⊣⊔ ⊔⟨⌉ DDA ⌈≀⌉∫ \≀⊔ ⌈⟩∇⌉⌋⊔↕† ⊔⊣↕‖ ⊔≀ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⌊⊓⊔ ∇⊣⊔⟨⌉∇ ⊓∫⌉ ⊣ ‖⌉∇\⌉↕ ⌈⌉⊑⟩⌋⌉ ⌈∇⟩⊑⌉∇↙ T⟨⌉ ⌊⊣∫⌉↖⌊≀⊣∇⌈ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉ ⟩∫ ⊣\ ∀ KH‡ CODEC↙ T⟨⌉ ⌈⌉⊑⟩⌋⌉ ⌈∇⟩⊑⌉∇ ⟩⇕√↕⌉⇕⌉\⊔∫ ∇⌉⊣⌈ ⊣\⌈ ⊒∇⟩⊔⌉ ⌉\⊔∇† √≀⟩\⊔∫ {≀∇ ∇⌉⌋≀∇⌈⟩\} ⊣\⌈ √↕⊣†⟩\} ⊣⊓⌈⟩≀ ⌈⊣⊔⊣↙ T⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉ ⊓√⌈⊣⊔⌉ √∇≀⌋⌉⌈⊓∇⌉ ⟩\ ⊔⟨⌉ DDA ⊒∇⟩⊔⌉∫ ⊣ ⌊↕≀⌋‖ ≀{ ⌈⊣⊔⊣ ⊔≀ ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉ ⌈∇⟩⊑⌉∇ ⊒⟨⟩⌋⟨ ⟩∫ ⊔⟨⌉\ ∇⌉∫√≀\∫⟩⌊↕⌉ {≀∇ ∫⌉⌉⟩\} ⟩⊔ ⟩∫ ⌈⌉↕⟩⊑⌉∇⌉⌈ ⊔≀ ⊔⟨⌉ CODEC↙ S⟩⇕⟩↕⊣∇↕†⇔ ⊔⟨⌉ ⊓√⌈⊣⊔⌉ √∇≀⌋⌉⌈⊓∇⌉ ∇⌉⊣⌈∫ ⊣ ⌊↕≀⌋‖ ≀{ ⌈⊣⊔⊣ {∇≀⇕ ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉ ⌈∇⟩⊑⌉∇ ⊣\⌈ ∫⊔≀∇⌉∫ ⟩⊔ ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇↙ B⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ‖⌉∇\⌉↕ ⌈⌉⊑⟩⌋⌉ ⌈∇⟩⊑⌉∇∫ ⌈≀ \≀⊔ ⇕⊣⟩\⊔⊣⟩\ ⊣ ⊔⟩⇕⌉ ∇⌉}⟩∫⊔⌉∇ {≀∇ ⊔⟨⌉ ⌊⊣∫⌉↖⌊≀⊣∇⌈ CODEC∫⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⇕⊓∫⊔ ⇕⊣⟩\⊔⊣⟩\ ⊣\ ⌉∫⊔⟩⇕⊣⊔⌉⌈ ⊑⊣↕⊓⌉ ⊓∫⟩\} ⊔⟨⌉ ∫†∫⊔⌉⇕ ⌋↕≀⌋‖ ⊣\⌈ ⇕⊓∫⊔ ≀⌋⌋⊣∫⟩≀\⊣↕↕† ∇⌉∫†\⌋⟨∇≀\⟩‡⌉ ⊔⟨⌉ ⇕⌉∫∫⊣}⌉ ∐⊓⌉⊓⌉ ⟩\ ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉ ⌈∇⟩⊑⌉∇↙

↙△↙∋ A↕∫ F≀∇ ⊔⟨⌉ L⟩\⌉S⌉∇⊑⌉∇⇔ ⊣\ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ∇⊓\\⟩\} ≀\ ⊣ \⌉⊣∇⌊† ⊒≀∇‖∫⊔⊣⊔⟩≀\ ⊓∫⌉∫ ⊣ √∇⟩⊑⊣⊔⌉ UDP↖⌊⊣∫⌉⌈ √∇≀⊔≀⌋≀↕ ⊔≀ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⌉ ⊒⟩⊔⟨ ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉↙ T⟨⌉ L⟩\⌉S⌉∇⊑⌉∇ ∇⊓\∫ ∫⟩⇕√↕⌉ ⊘∇⇕⊒⊣∇⌉ ⊔⟨⊣⊔ √∇≀⌋⌉∫∫⌉∫ ⟩\⌋≀⇕⟩\} √⊣⌋‖⌉⊔∫ ⊣\⌈ ⇕≀⊑⌉∫ ∫⊣⇕√↕⌉∫ ⊔≀ ⊣\⌈ {∇≀⇕ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣∇⌈⊒⊣∇⌉↙ O\ ⊔⟨⌉ ⊒≀∇‖∫⊔⊣⊔⟩≀\⇔ ⊣ √⌉∇⟩≀⌈⟩⌋ ⊓√⌈⊣⊔⌉ ⊔⊣∫‖ ⇕≀⊑⌉∫ ⌈⊣⊔⊣ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ∫⌉∇⊑⌉∇≃∫ ⌊⊓{{⌉∇∫ ⊣\⌈ ⊔⟨⌉ L⟩\⌉S⌉∇⊑⌉∇≃∫ ⌊⊓{{⌉∇∫ ⊓∫⟩\} ⊔⟨⌉ √∇⟩⊑⊣⊔⌉ √∇≀⊔≀⌋≀↕↙ T⟨⌉ ∫⌉∇⊑⌉∇ ⇕⊣‖⌉∫ ⌉⊑⌉∇† ⊣⊔⊔⌉⇕√⊔ ⊔≀ ⇕⟩\⟩⇕⟩‡⌉ ⊣⌋⌋⌉∫∫ ⊔≀ ⊔⟨⌉ L⟩\⌉S⌉∇⊑⌉∇⇔ ∫⟩\⌋⌉ ⌋∇≀∫∫⟩\} ⊔⟨⌉ \⌉⊔⊒≀∇‖ ⟩∫ ⊣ ∇⌉↕⊣⊔⟩⊑⌉↕† ⌉§√⌉\∫⟩⊑⌉ ≀√⌉∇⊣⊔⟩≀\↙ O\↕† ∇⌉∐⊓⌉∫⊔∫ ⟩\ ⊔⟨⌉ ⊓√⌈⊣⊔⌉ ∇⌉}⟩≀\∫ ∇⌉∐⊓⟩∇⌉ \⌉⊔⊒≀∇‖ ⊔∇⊣{⊘⌋↙ F≀∇ ∇⌉∐⊓⌉∫⊔∫ ⊔⟨⊣⊔ ∇⌉∐⊓⟩∇⌉ ∇⌉⊔⊓∇\⟩\} ⊣ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ }⌉\⌉∇⊣⊔⌉∫ ⊣\ ⌉∫⊔⟩⇕⊣⊔⌉↙ A\ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ∇⊓\\⟩\} ≀\ ⊔⟨⌉ ⊒≀∇‖∫⊔⊣⊔⟩≀\ ⌈∇⟩⊑⌉∫ ⊔⟨⌉ ⟨⊣∇⌈⊒⊣∇⌉ ⊓∫⟩\} ⊣ ∫√⌉⌋⟩⊣↕ UDP↖⌊⊣∫⌉⌈ √∇≀⊔≀⌋≀↕ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⊒≀∇‖∫⊔⊣⊔⟩≀\ ⊣\⌈ ⊔⟨⌉ L⟩\⌉S⌉∇⊑⌉∇↙ T⟨⌉∇⌉ ⊣∇⌉ ∫⟩§ √⊣⌋‖⌉⊔ ⊔†√⌉∫⇔ ∫⊓√√≀∇⊔⟩\} ⊔⟨⌉ {≀↕↕≀⊒⟩\} {⊓\⌋⊔⟩≀\∫¬

• P↕⊣† ∫⊣⇕√↕⌉∫ • R⌉⌋≀∇⌈ ∫⊣⇕√↕⌉∫

▽′ SERVER DESIGN

• R⌉⊣⌈ CODEC ∇⌉}⟩∫⊔⌉∇∫ • W∇⟩⊔⌉ CODEC ∇⌉}⟩∫⊔⌉∇∫ • L≀≀√⌊⊣⌋‖ ⇐{≀∇ ⊔⌉∫⊔⟩\}⇒ • R⌉∫⌉⊔

R⌉∐⊓⌉∫⊔ ⊣\⌈ ∇⌉√↕† √⊣⌋‖⌉⊔∫ ⟨⊣⊑⌉ ⊔⟨⌉ ∫⊣⇕⌉ {≀∇⇕⊣⊔⇔ ⊒⟩⊔⟨ {≀⊓∇ ⟨⌉⊣⌈⌉∇ ⊘⌉↕⌈∫¬ ∫⌉∐⊓⌉\⌋⌉ \⊓⇕⌊⌉∇⇔ ⊣⊓⌈⟩≀ ⊔⟩⇕⌉⇔ {⊓\⌋⊔⟩≀\ ⌋≀⌈⌉⇔ ⊣\⌈ √⊣∇⊣⇕⌉⊔⌉∇↙ A\† ⌉§⊔∇⊣ ⌊†⊔⌉∫ ⊣{⊔⌉∇ ⊔⟨⌉ ⟨⌉⊣⌈⌉∇ ⊣∇⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈ ⌈⊣⊔⊣ ⌊†⊔⌉∫↙ T⟨⌉ L⟩\⌉S⌉∇⊑⌉∇ ≀\↕† ∫⌉\⌈∫ √⊣⌋‖⌉⊔∫ ⊣∫ ∇⌉√↕⟩⌉∫ ⊔≀ ∇⌉∐⊓⌉∫⊔∫ {∇≀⇕ ⊔⟨⌉ ⊒≀∇‖∫⊔⊣⊔⟩≀\↙ ∈▽ A↕↕ ∇⌉∐⊓⌉∫⊔∫ }⌉\⌉∇⊣⊔⌉ ∇⌉√↕⟩⌉∫ ⊒⟨⟩⌋⟨ ⌋≀\∫⟩∫⊔ ≀{ ⊔⟨⌉ ≀∇⟩}⟩\⊣↕ ⌋≀⇕⇕⊣\⌈ √⊣⌋‖⌉⊔ ⟨⌉⊣⌈⌉∇ ⊒⟩⊔⟨ ⊔⟨⌉ ⊔⟩⇕⌉ ⊓√⌈⊣⊔⌉⌈ ⊔≀ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ L⟩\⌉S⌉∇⊑⌉∇ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉ ⊣\⌈ ⊣\† ⌈⊣⊔⊣ ⌊†⊔⌉∫ ⇐⟩{ ⊣√√↕⟩⌋⊣⌊↕⌉⇒↙ T⟨⌉ L⟩\⌉S⌉∇⊑⌉∇ ⊘∇⇕⊒⊣∇⌉ ⟩∫ ⊑⌉∇† ∫⟩⇕√↕⌉↙ T⟨⌉∇⌉ ⊣∇⌉ ⊔⊒≀ ⊔⟨∇⌉⊣⌈∫ ≀{ ⌋≀\⊔∇≀↕¬ ⊣ \⌉⊔⊒≀∇‖ ⊔⟨∇⌉⊣⌈ ⊣\⌈ ⊣\ ⊓√⌈⊣⊔⌉ ⊔⟨∇⌉⊣⌈↙ T⟨⌉ \⌉⊔⊒≀∇‖ ⊔⟨∇⌉⊣⌈ ⟩∫ ⊣ ↕≀≀√ ⊔⟨⊣⊔ ∇⌉⊣⌈∫ ∇⌉∐⊓⌉∫⊔ √⊣⌋‖⌉⊔∫⇔ √∇≀⌋⌉∫∫⌉∫ ⊔⟨⌉⇕⇔ ⊔⟨⌉\ ∫⌉\⌈∫ ⊔⟨⌉ ∇⌉√↕† ⌊⊣⌋‖ ⊔≀ ⊔⟨⌉ ⊒≀∇‖∫⊔⊣⊔⟩≀\↙ T⟨⌉ L⟩\⌉S⌉∇⊑⌉∇ ⇕⊣⟩\⊔⊣⟩\∫ ∫⇕⊣↕↕ ⇐∈′△∀ ∫⊣⇕√↕⌉∫⇔ ≀∇ ∞∝△ ∫⌉⌋≀\⌈ ⊣⊔ ∀ KH‡⇒ ∇⌉⌋≀∇⌈ ⊣\⌈ √↕⊣†⌊⊣⌋‖ ⌊⊓{{⌉∇∫⇔ ⊣\⌈ √↕⊣† ≀∇ ∇⌉⌋≀∇⌈ ∇⌉∐⊓⌉∫⊔∫ ⊒∇⟩⊔⌉ ≀∇ ∇⌉⊣⌈ ∫⊣⇕√↕⌉∫ {∇≀⇕ ⊔⟨⌉∫⌉ ⌊⊓{{⌉∇∫↙ T⟨⌉ CODEC ∇⌉⊣⌈ ⊣\⌈ ⊒∇⟩⊔⌉ ∇⌉∐⊓⌉∫⊔∫ ⇕⊣\⟩√⊓↕⊣⊔⌉ ⊔⟨⌉ CODEC ∇⌉}⟩∫⊔⌉∇∫ ≀\ ⊔⟨⌉ L⟩\⌉S⌉∇⊑⌉∇↙ T⟨⌉ ⊓√⌈⊣⊔⌉ ∇≀⊓⊔⟩\⌉∫ ⊣∇⌉ ⟩\⊔⌉∇∇⊓√⊔ ⌈∇⟩⊑⌉\⇔ ⊣\⌈ ⌋≀√† √↕⊣† ⊣\⌈ ∇⌉⌋≀∇⌈ ∫⊣⇕√↕⌉∫ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌊⊓{{⌉∇∫ ⊣\⌈ ⊔⟨⌉ CODEC↙ A ↕≀≀√⌊⊣⌋‖ ∇⌉∐⊓⌉∫⊔ ∇⌉⊔⊓∇\∫ ⊔⟨⌉ ≀∇⟩}⟩\⊣↕ ∇⌉∐⊓⌉∫⊔ √⊣⌋‖⌉⊔↙ C↕⟩⌉\⊔ √↕⊣† ⊣\⌈ ∇⌉⌋≀∇⌈ ∇⌉∐⊓⌉∫⊔∫ ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ ⌋≀⇕√↕⌉⊔⌉↕† ∫⊣⊔⟩∫⊘⌉⌈ ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇≃∫ ⌊⊓{{⌉∇∫ ⊣∇⌉ ⌋≀⇕√↕⌉⊔⌉⌈ ⊒⟩⊔⟨≀⊓⊔ ⊔≀⊓⌋⟨⟩\} ⊔⟨⌉ L⟩\⌉S⌉∇⊑⌉∇ ⊣⊔ ⊣↕↕↙ O\↕† ∇⌉∐⊓⌉∫⊔∫ ⊔⟨⊣⊔ ⌋≀⊑⌉∇ ⊔⟨⌉ ⊓√⌈⊣⊔⌉ ∇⌉}⟩≀\∫ \⌉⌉⌈ ⊔≀ }≀ ⊔⟨∇≀⊓}⟨ ⊔≀ ⊔⟨⌉ L⟩\⌉S⌉∇⊑⌉∇↙ F≀∇ ∇⌉∐⊓⌉∫⊔∫ ⊔⟨⊣⊔ ∇⌉∐⊓⟩∇⌉ ∇⌉⊔⊓∇\⟩\} ⊣ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉ ⇐↕⟩‖⌉ √↕⊣† ⊣\⌈ ∇⌉⌋≀∇⌈⇒⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ }⌉\⌉∇⊣⊔⌉∫ ⊣\ ⌉∫⊔⟩⇕⊣⊔⌉ ≀{ ⊔⟨⌉ L⟩\⌉S⌉∇⊑⌉∇ ⊔⟩⇕⌉ {∇≀⇕ ⊔⟨⌉ ⊔⟩⇕⌉ ∫⊔⊣⇕√ ≀{ ⊔⟨⌉ ↕⊣∫⊔ L⟩\⌉S⌉∇⊑⌉∇ √⊣⌋‖⌉⊔ ⊣\⌈ ⊔⟨⌉ ↕≀⌋⊣↕ ∫⌉∇⊑⌉∇ ⊔⟩⇕⌉↙ O⊔⟨⌉∇ ⌋↕⟩⌉\⊔ ∇⌉∐⊓⌉∫⊔∫⇔ ∫⊓⌋⟨ ⊣∫ ⊣⌈|⊓∫⊔ ≀⊓⊔√⊓⊔ }⊣⟩\⇔ ⊣∇⌉ ⌋≀\⊑⌉∇⊔⌉⌈ ⟩\⊔≀ ⊔⟨⌉ ⊣√√∇≀√∇⟩⊣⊔⌉ CODEC ∇⌉⊣⌈ ≀∇ ⊒∇⟩⊔⌉ ⌋≀⇕⇕⊣\⌈ ⊣\⌈ ∫⌉\⊔ ⊔⟨∇≀⊓}⟨ ⊔≀ ⊔⟨⌉ L⟩\⌉S⌉∇⊑⌉∇↙ N≀ ⊣⊔⊔⌉⇕√⊔ ⟩∫ ⇕⊣⌈⌉ ⊔≀ ∇⌉⊔∇† √↕⊣† ≀∇ ∇⌉⌋≀∇⌈ √⊣⌋‖⌉⊔∫ ⇐⌊† ⊔⟨⌉\⇔ ⟩⊔ ⟩∫ √∇≀⌊⊣⌊↕† ⊔≀≀ ↕⊣⊔⌉ ⊣\†⊒⊣†⇒↙ CODEC ∇⌉⊣⌈ ⊣\⌈ ⊒∇⟩⊔⌉ ∇⌉∐⊓⌉∫⊔∫ ⊣∇⌉ ∇⌉⊔∇⟩⌉⌈ ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ ⟩{ \⌉⌋⌉∫∫⊣∇†↙

∈▽T⟨⌉∇⌉ ⟩∫ ∫≀⇕⌉⊔⟨⟩\} ⊔≀ ⌊⌉ ∫⊣⟩⌈ {≀∇ √⌉∇⟩√⟨⌉∇⊣↕∫ ⊔⟨⊣⊔ ∫√⌉⊣‖ ≀\↕† ⊒⟨⌉\ ∫√≀‖⌉\ ⊔≀↙

▽∞

∀ A⊓⌈⟩≀F⟩↕⌉ C↕⟩⌉\⊔∫ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ S†∫⊔⌉⇕ ⟩\⌋↕⊓⌈⌉∫ ⊔⊒≀ ∫⊓⟩⊔⌉∫ ≀{ ⊣√√↕⟩⌋⊣⊔⟩≀\ √∇≀}∇⊣⇕∫↙ T⟨⌉∫⌉ ⊣√↖ √↕⟩⌋⊣⊔⟩≀\∫ ⊣∇⌉ ⌋⊣↕↕⌉⌈ ⊖⌋↕⟩⌉\⊔∫⪰ ⊣{⊔⌉∇ ⊔⟨⌉ {⊣∫⟨⟩≀\ ≀{ ⊔⟨⌉ X W⟩\⌈≀⊒ S†∫⊔⌉⇕↙ T⟨⟩∫ ⟩∫ ⌊⌉⌋⊣⊓∫⌉ ⟩\ ⊣ ⌋↕⟩⌉\⊔↖∫⌉∇⊑⌉∇ ∫†∫⊔⌉⇕ ↕⟩‖⌉ A⊓⌈⟩≀F⟩↕⌉⇔ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ √∇≀}∇⊣⇕∫ ⊣∇⌉ ⌋↕⟩⌉\⊔∫ ≀{ ⊔⟨⌉ {⊣⌋⟩↕⟩⊔⟩⌉∫ √∇≀⊑⟩⌈⌉⌈ ⌊† ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇↙ T⟨⌉ ⊘∇∫⊔ ∫⊓⟩⊔⌉ ≀{ ⌋↕⟩⌉\⊔∫ ⟩\⌋↕⊓⌈⌉ ⌋≀∇⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ {≀∇ ∇⌉⌋≀∇⌈⟩\}⇔ √↕⊣†⌊⊣⌋‖⇔ ⊔⌉↕⌉√⟨≀\⌉ ⌋≀\⊔∇≀↕⇔ ⌈⌉⊑⟩⌋⌉ ⌋≀\⊔∇≀↕⇔ ⊣\⌈ ⊣⌋⌋⌉∫∫ ⌋≀\⊔∇≀↕↙ T⟨⌉∫⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⟨⊣⊑⌉ ⊑⌉∇† {⌉⊒ ⌈⌉√⌉\⌈⌉\⌋⟩⌉∫⇔ ∫≀ ⊔⟨⌉† ⊣∇⌉ ⌉⊣∫⟩↕† √≀∇⊔⌉⌈ ⊔≀ \⌉⊒ ∫†∫⊔⌉⇕∫⇔ †⌉⊔ ⊔⟨⌉† ⟨⊣⊑⌉ ⌉\≀⊓}⟨ {⊓\⌋⊔⟩≀\⊣↕⟩⊔† ⊔⟨⊣⊔ ⊔⟨⌉† ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⌊⊓⟩↕⌈ ⊓∫⌉{⊓↕ ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ T⊣⌊↕⌉ ∀ ∫⟨≀⊒∫ ⊔⟨⌉ ⌋≀∇⌉ ⌋↕⟩⌉\⊔∫⇔ }∇≀⊓√⌉⌈ ⌊† ⊔⟨⌉⟩∇ {⊓\⌋⊔⟩≀\∫ ≀{ ⊣⌋⌋⌉∫∫ ⌋≀\⊔∇≀↕⇔ ⌈⌉⊑⟩⌋⌉ ⌋≀\⊔∇≀↕⇔ ⟩\⊔⌉∇↖⌋↕⟩⌉\⊔ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫⇔ ⊣\⌈ ⊣⊓⌈⟩≀ ⟨⊣\⌈↕⟩\}↙ A⌋⌋⌉∫∫ ⌋≀\⊔∇≀↕ ⊣⟨≀∫⊔ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⊣⌋⌋⌉∫∫ ⌋≀\⊔∇≀↕ D⌉⊑⟩⌋⌉ ⌋≀\⊔∇≀↕ ⊣⟨∫ T⌉↕⌉√⟨≀\⌉ ⟨≀≀‖ ∫⊒⟩⊔⌋⟨ ⌋≀\⊔∇≀↕ ⊣√⟨≀\⌉ T⌉↕⌉√⟨≀\⌉ ⌈⟩⊣↕⌉∇ ⊣∫⌉⊔ D⌉⊑⟩⌋⌉ ⌋≀\⊔∇≀↕ ⊣⌉⊑⌉\⊔∫ R⌉√≀∇⊔ ⟩\√⊓⊔ ⌉⊑⌉\⊔∫ I\⊔⌉∇↖⌋↕⟩⌉\⊔ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫ ⊣↕∫⊣⊔≀⇕∫ D⟩∫√↕⊣† ⌈⌉⊘\⌉⌈ ⊣⊔≀⇕∫ ⊣√∇≀√ D⟩∫√↕⊣† ⊣\⌈ ⇕≀⌈⟩{† √∇≀√⌉∇⊔⟩⌉∫ A⊓⌈⟩≀ ⟨⊣\⌈↕⟩\} ⊣√⊣∫∫ R⌉⌋≀∇⌈ {∇≀⇕ ≀\⌉ AF ∫⌉∇⊑⌉∇ ⊣\⌈ √↕⊣†⌊⊣⌋‖ ≀\ ⊣\≀⊔⟨⌉∇ ⊣√↕⊣† P↕⊣†⌊⊣⌋‖ {∇≀⇕ ⊘↕⌉∫ ≀∇ √⟩√⌉∫ ⊣∇⌉⌋≀∇⌈ R⌉⌋≀∇⌈ ⊔≀ ⊘↕⌉∫ ≀∇ √⟩√⌉∫ T⊣⌊↕⌉ ∀¬ A⊓⌈⟩≀F⟩↕⌉ ⌋≀∇⌉ ⌋↕⟩⌉\⊔∫ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ S†∫⊔⌉⇕ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⊣↕∫≀ ⟩\⌋↕⊓⌈⌉∫ ⊣ ∫⊓⟩⊔⌉ ≀{ ⊖⌋≀\⊔∇⟩⌊⊓⊔⌉⌈⪰ ⊣√√↕⟩↖ ⌋⊣⊔⟩≀\∫⇔ ∫⟨≀⊒\ ⟩\ T⊣⌊↕⌉ ∃↙ T⟨⌉∫⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊔⌉\⌈ ⊔≀ ⌊⌉ ⇕≀∇⌉ ⌋≀⇕√↕⌉§ ≀∇ ⟨⊣⊑⌉ ⌈⌉√⌉\⌈⌉\⌋⟩⌉∫ ≀\ ≀⊔⟨⌉∇ ∫≀{⊔⊒⊣∇⌉ √⊣⌋‖⊣}⌉∫ ⊒⟨⟩⌋⟨ ⊣∇⌉ \≀⊔ ⊓⌊⟩∐⊓⟩⊔≀⊓∫↕† ⊣⊑⊣⟩↕⊣⌊↕⌉↙ I\ √⊣∇⊔⟩⌋⊓↕⊣∇⇔ ⇕⊣\† ≀{ ⊔⟨⌉ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈ ⌋↕⟩⌉\⊔∫ ⟨⊣⊑⌉ }∇⊣√⟨⟩⌋⊣↕ ⊓∫⌉∇ ⟩\⊔⌉∇{⊣⌋⌉∫ ⊓∫⟩\} ⊔⟨⌉ T⌋↕ ↕⊣\}⊓⊣}⌉ ∪∞′⊎ ⊣\⌈ T‖ ⊔≀≀↕‖⟩⊔ ∪∞∞⊎ ⌈⌉⊑⌉↕≀√⌉⌈ ⌊† J≀⟨\ O⊓∫⊔⌉∇⟨≀⊓⊔ ⊣⊔ ⊔⟨⌉ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣⇔ B⌉∇‖⌉↕⌉†↙ ∈ ̸S⌉⌋⊔⟩≀\ ∞∞↙∋ ⌉§√↕⊣⟩\∫ ⟨≀⊒ ⊔≀ }⌉⊔ T⌋↕ ⊣\⌈ T‖↙ ∈W̸⌉ ⟨⊣⊑⌉ {≀⊓\⌈ T‖ ⊔≀ ⌊⌉ ⊣ ⊑⌉∇† ⌉{{⌉⌋⊔⟩⊑⌉ ⊔≀≀↕‖⟩⊔⇔ †⌉⊔ ≀\⌉ ⊒⟨⟩⌋⟨ ⟩∫ ⇕⊓⌋⟨ ⌉⊣∫⟩⌉∇ ⊔≀ ⊓\⌈⌉∇∫⊔⊣\⌈ ⊔⟨⊣\ ⊣\† ≀{ ⊔⟨⌉ ∫⊔⊣\⌈⊣∇⌈ X W⟩\⌈≀⊒ S†∫⊔⌉⇕ ⊔≀≀↕‖⟩⊔∫↙ W⌉ ∇⌉⌋≀⇕⇕⌉\⌈ T⌋↕ ⊣\⌈ T‖ ⊔≀ ⊣\†≀\⌉ ⟩\⊔⌉∇⌉∫⊔⌉⌈ ⟩\ }∇⊣√⟨⟩⌋⊣↕ ⊓∫⌉∇ ⟩\⊔⌉∇{⊣⌋⌉∫↙

▽∈ ∀ AUDIOFILE CLIENTS

D⌉⊑⟩⌋⌉ ⌋≀\⊔∇≀↕ ⊣⌈⟩⊣↕ T‖ ⊔⌉↕⌉√⟨≀\⌉ ⌈⟩⊣↕⌉∇ ⊣§∫⌉⊔ T‖ ⊑⌉∇∫⟩≀\ ≀{ ⊣∫⌉⊔ ⊣{§⌋⊔↕ X↖⌊⊣∫⌉⌈ ⌉⊑⌉\⊔ ⌈⟩∫√↕⊣† ⊣\⌈ ⌈⌉⊑⟩⌋⌉ ⌋≀\⊔∇≀↕ A⊓⌈⟩≀ ⟨⊣\⌈↕⟩\} ⊣⌊⟩{{ I\⌋≀⇕⟩\} ⌉⇕⊣⟩↕ \≀⊔⟩⊘⌋⊣⊔⟩≀\ ⌊† ⊣⊓⌈⟩≀ ⊣⌊≀⌊ T‖↖⌊⊣∫⌉⌈ ⇕⊓↕⊔⟩⇕⌉⌈⟩⊣ ⌈⌉⇕≀\∫⊔∇⊣⊔⟩≀\ ∇⊣⌈⟩≀ M⊓↕⊔⟩⌋⊣∫⊔ \⌉⊔⊒≀∇‖ ⊣⊓⌈⟩≀ §√↕⊣† A\ X↖⌊⊣∫⌉⌈ ∫≀⊓\⌈ ⊘↕⌉ ⌊∇≀⊒∫⌉∇ ⊣⌊∇≀⊒∫⌉ T‖↖⌊⊣∫⌉⌈ ∫≀⊓\⌈ ⊘↕⌉ ⌊∇≀⊒∫⌉∇ S⟩}\⊣↕ √∇≀⌋⌉∫∫⟩\} ⊓⊔⟩↕⟩⊔⟩⌉∫ ⊣{{⊔ T‖↖⌊⊣∫⌉⌈ ∇⌉⊣↕↖⊔⟩⇕⌉ ∫√⌉⌋⊔∇≀}∇⊣⇕ ⌈⟩∫√↕⊣† ⊣{§√≀⊒ X ⌈⟩∫√↕⊣† ≀{ ⊣⊓⌈⟩≀ ∫⟩}\⊣↕ √≀⊒⌉∇ ⊣⊓⊔⟩↕ S⊔⌈⟩≀↖⌊⊣∫⌉⌈ ∫⟩}\⊣↕ }⌉\⌉∇⊣⊔≀∇∫ T⊣⌊↕⌉ ∃¬ A⊓⌈⟩≀F⟩↕⌉ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈ ⌋↕⟩⌉\⊔∫

I\ ⊔⟨⌉ ∇⌉⇕⊣⟩\⌈⌉∇ ≀{ ⊔⟨⟩∫ ∫⌉⌋⊔⟩≀\ ⊒⌉ ⌈⌉∫⌋∇⟩⌊⌉ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟨⊣\⌈↕⟩\} ⌋≀∇⌉ ⌋↕⟩⌉\⊔∫ ⟩\ ∫≀⇕⌉ ⌈⌉⊔⊣⟩↕⇔ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⟩↕↕⊓∫⊔∇⊣⊔⌉ ⊔⟨⌉ ∫⟩⇕√↕⟩⌋⟩⊔† ≀{ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇† API↙

∀↙∞ ⊣√↕⊣† � A P↕⊣† C↕⟩⌉\⊔ ⊣√↕⊣† ⟩∫ ⊔⟨⌉ √∇⟩⇕⊣∇† ⌋↕⟩⌉\⊔ ≀{ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ S†∫⊔⌉⇕↙ I⊔ ∇⌉⊣⌈∫ ⌈⟩}⟩⊔⊣↕ ⊣⊓⌈⟩≀ {∇≀⇕ ⊣ ⊘↕⌉ ≀∇ {∇≀⇕ ∫⊔⊣\⌈⊣∇⌈ ⟩\√⊓⊔ ⊣\⌈ ∫⌉\⌈∫ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌈⊣⊔⊣ ⊔≀ ⊔⟨⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇ {≀∇ √↕⊣†⌊⊣⌋‖↙ ⊣√↕⊣† ⟨⊣∫ ∫⌉⊑⌉∇⊣↕ ≀√⊔⟩≀\∫⇔ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⌊⌉↕≀⊒↙ W⟨⌉\ ⊓∫⌉⌈ ⊔≀ √↕⊣† ⌊⊣⌋‖ {∇≀⇕ ⊣ ⊘↕⌉⇔ ⊣√↕⊣† ⌋⊣\ ∫⌉∇⊑⌉ ⊣∫ ⊔⟨⌉ ⌋≀∇⌉ ≀{ ⊣ ∫≀⊓\⌈↖⌋↕⟩√ ⌊∇≀⊒∫⌉∇ ≀∇ ⊑≀⟩⌋⌉ ⇕⊣⟩↕ ∇⌉⊔∇⟩⌉⊑⊣↕ √∇≀}∇⊣⇕↙ W⟨⌉\ ⊓∫⌉⌈ ⊔≀ √↕⊣† {∇≀⇕ ⊔⟨⌉ ∫⊔⊣\⌈⊣∇⌈ ⟩\√⊓⊔⇔ ⊣√↕⊣† ⌋⊣\ ∫⌉∇⊑⌉ ⊣∫ ⊔⟨⌉ ⊘\⊣↕ ∫⊔⊣}⌉ ⟩\ ⊣ ∫⟩}\⊣↕ √∇≀⌋⌉∫∫⟩\} √⟩√⌉↕⟩\⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ≀{ ≀⊓∇ ∫≀{⊔⊒⊣∇⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ DEC⊔⊣↕‖ ∫√⌉⌉⌋⟨ ∫†\⊔⟨⌉∫⟩‡⌉∇ ⌋⊣\ ⌋≀\\⌉⌋⊔ ⌈⟩∇⌉⌋⊔↕† ⊔≀ ⊔⟨⌉ ⟩\√⊓⊔ ≀{ ⊣√↕⊣†↙ A⊔ ⊔⟨⟩∫ ⊒∇⟩⊔⟩\}⇔ ⊣√↕⊣† ⟨⊣\⌈↕⌉∫ ≀\↕† ⊖∇⊣⊒⪰ ∫≀⊓\⌈ ⊘↕⌉∫↙ I⊔ ⊒≀⊓↕⌈ ⌊⌉ ⊣√√∇≀√∇⟩⊣⊔⌉ ⊔≀ ⌉§⊔⌉\⌈ ⊣√↕⊣† ⊔≀ ⟨⊣\⌈↕⌉ ⊣ ⊑⊣∇⟩⌉⊔† ≀{ √≀√⊓↕⊣∇ ∫≀⊓\⌈ ⊘↕⌉ {≀∇⇕⊣⊔∫↙ ⊣√↕⊣† ⌈≀⌉∫ \≀⊔ √∇≀⌋⌉∫∫ ⊔⟨⌉ ⊘↕⌉ ⌈⊣⊔⊣ ⊣⊔ ⊣↕↕∅ ⟩⊔ ∫⟩⇕√↕† √⊣∫∫⌉∫ ⊔⟨⌉ ⌈⊣⊔⊣ ⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ I⊔ ⟩∫ ⊔⟨⌉ ⊓∫⌉∇≃∫ ∇⌉∫√≀\∫⟩⌊⟩↕⟩⊔† ⊔≀ ⊣∫∫⊓∇⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ⌈⊣⊔⊣ ⟩∫ ≀{ ⊣\ ⊣√√∇≀√∇⟩⊣⊔⌉ ⊔†√⌉ {≀∇ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ∫√⌉⌋⟩⊘⌉⌈↙ O\⌉ ⟩\⊔⌉∇⌉∫⊔⟩\} ⌊⌉\⌉⊘⊔ ≀{ ⊔⟨⟩∫ ⊣√√∇≀⊣⌋⟨ ⟩∫ ⊔⟨⊣⊔ ⊣√↕⊣† ⟩∫ ⌉§⊔∇⊣≀∇⌈⟩\⊣∇⟩↕† }⌉\⌉∇⊣↕ √⊓∇√≀∫⌉↙ I⊔ \⌉⌉⌈∫ \≀ ⇕≀⌈⟩⊘⌋⊣⊔⟩≀\ ⊔≀ ⊒≀∇‖ ≀\ ⊣\† ⊘§⌉⌈↖∫⟩‡⌉ ⌉\⌋≀⌈⟩\} ≀∇ {≀∇ ⊣\† \⊓⇕⌊⌉∇ ≀{ ⌋⟨⊣\\⌉↕∫↙ O\ ⊔⟨⌉ ≀⊔⟨⌉∇ ⟨⊣\⌈⇔ ⊔⟨⌉ ⊓∫⌉∇ ⇕⊓∫⊔ ‖\≀⊒ ⊔⟨⌉ {≀∇⇕⊣⊔ ≀{

∀↙∞ ⊣√↕⊣† � A P↕⊣† C↕⟩⌉\⊔ ▽∋

⊔⟨⌉ ⊘↕⌉ ⊣\⌈ ⌋⟨≀≀∫⌉ ⊣\ ⊣√√∇≀√∇⟩⊣⊔⌉ ∫⌉∇⊑⌉∇ ⌈⌉⊑⟩⌋⌉ ⟩\ ≀∇⌈⌉∇ ⊔≀ √↕⊣† ⟩⊔ ⌊⊣⌋‖↙

∀↙∞↙∞ ⊣√↕⊣† O√⊔⟩≀\∫ T⟨⌉ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ {≀∇ ⊣√↕⊣† ↕≀≀‖∫ ↕⟩‖⌉ ⊔⟨⟩∫⇔ ⊒⟩⊔⟨ ≀√⊔⟩≀\⊣↕ ⌉↕⌉⇕⌉\⊔∫ ⌉\⌋↕≀∫⌉⌈ ⟩\ ∫∐⊓⊣∇⌉ ⌊∇⊣⌋‖⌉⊔∫¬

⊣√↕⊣† ∪↖⌈ ℜ⌈⌉⊑⟩⌋⌉⊤⊎ ∪↖⊔ ℜ⊔⟩⇕⌉⊤⊎ ∪↖} ℜ}⊣⟩\⊤⊎ ∪↖{⊎ ∪↖⌋⊎ ∪↖⌊⊎ ∪↖↕⊎ ∪ℜ⊘↕⌉⊤⊎

⊣√↕⊣† ∫⊓√√≀∇⊔∫ ⊣ \⊓⇕⌊⌉∇ ≀{ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ ≀√⊔⟩≀\∫∅ ∫≀⇕⌉ ≀{ ⊔⟨⌉⇕ ⊣∇⌉ ∫⊓⇕⇕⊣∇⟩‡⌉⌈ ⟨⌉∇⌉↙ ↖⌈ ⌈⌉⊑⟩⌋⌉ S√⌉⌋⟩⊘⌉∫ ⊒⟨⟩⌋⟨ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊔≀ √↕⊣† ⊔⟨⌉ ∫≀⊓\⌈ ⊘↕⌉ ⊔⟨∇≀⊓}⟨↙ I{ \≀⊔ ∫√⌉⌋⟩⊘⌉⌈⇔ ⊣√↕⊣† ⌈⌉{⊣⊓↕⊔∫ ⊔≀ ⊔⟨⌉ ⊘∇∫⊔ ⌈⌉⊑⟩⌋⌉ ⊔⟨⊣⊔ ⟩∫ \≀⊔ ⌋≀\\⌉⌋⊔⌉⌈ ⊔≀ ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉↙ T⟨⟩∫ ⟩∫ ⊓∫⊓⊣↕↕† ⌋≀∇∇⌉⌋⊔⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ⊘∇∫⊔ \≀\↖⊔⌉↕⌉√⟨≀\⌉ ⌈⌉⊑⟩⌋⌉ ⟩∫ ⊓∫⊓⊣↕↕† ⌋≀\\⌉⌋⊔⌉⌈ ⊔≀ ⊔⟨⌉ ↕≀⌋⊣↕ ↕≀⊓⌈∫√⌉⊣‖⌉∇↙ I\ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\⇔ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⟩∫ ⊒⟨⊣⊔ ∫√⌉⌋⟩⊘⌉∫ ⊔⟨⌉ ∫⊣⇕√↕⌉ ∇⊣⊔⌉⇔ \⊓⇕⌊⌉∇ ≀{ ⌋⟨⊣\\⌉↕∫⇔ ⊣\⌈ ⌉\⌋≀⌈⟩\}↙ T⟨⌉ ⇕⊣\⊓⊣↕ √⊣}⌉ {≀∇ ⌉⊣⌋⟨ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⌉§√↕⊣⟩\∫ ⊒⟨⊣⊔ ⌈⌉⊑⟩⌋⌉∫ ⌉§⟩∫⊔↙ ↖⊔ ⊔⟩⇕⌉ S√⌉⌋⟩⊘⌉∫ ⟨≀⊒ {⊣∇ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉ ⊔⟨⌉ ∫≀⊓\⌈ ⊒⟩↕↕ ∫⊔⊣∇⊔ ⊔≀ √↕⊣† ∇⌉↕⊣⊔⟩⊑⌉ ⊔≀ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉↙ A √≀∫⟩⊔⟩⊑⌉ ⊑⊣↕⊓⌉ ≀{ ⊔⟩⇕⌉ ⊒⟩↕↕ ⌊⌉}⟩\ √↕⊣†⟩\} ⊔⟩⇕⌉ ∫⌉⌋≀\⌈∫ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉↙ I{ ⊔⟩⇕⌉ ⟩∫ \⌉}⊣⊔⟩⊑⌉⇔ ⊔⟩⇕⌉ ∫⌉⌋≀\⌈∫ ≀{ ∫≀⊓\⌈ ⌈⊣⊔⊣ ⊒⟩↕↕ ⌊⌉ ⊔⟨∇≀⊒\ ⊣⊒⊣†↙ T⟨⌉ ⌈⌉{⊣⊓↕⊔ ⟩∫ ′↙∞ ∫⌉⌋≀\⌈∫↙ I\⌋⟩⌈⌉\⊔⊣↕↕†⇔ ⟩{ ≀\⌉ ⌈⌉∫⟩∇⌉∫ ⊔≀ √↕⊣† ≀\↕† ⊣ √≀∇⊔⟩≀\ ≀{ ⊣ ∫≀⊓\⌈ ⊘↕⌉⇔ ⌉§⟩∫⊔⟩\} ⊓⊔⟩↕⟩⊔⟩⌉∫ ∫⊓⌋⟨ ⊣∫ ⌈⌈⇐∞⇒ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩{ ⊔⟨⌉ ∫⊣⇕√↕⟩\} ∇⊣⊔⌉ ⊒⌉∇⌉ ∀′′′ H‡⇔ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ⌋≀⇕⇕⊣\⌈ ⊒≀⊓↕⌈ ∫‖⟩√ ⊔⟨⌉ ⊘∇∫⊔ ∫⌉⌋≀\⌈ ≀{ ∫≀⊓\⌈⇔ ⊔⟨⌉\ √↕⊣† ⊔⟨⌉ \⌉§⊔ ⊔⊒≀ ∫⌉⌋≀\⌈∫⇔ ⊔⟨⌉\ ∫⊔≀√↙ ⌈⌈ ⟩{ℑ∫≀⊓\⌈↖{⟩↕⌉ ⌊∫ℑ∀′′′ ∫‖⟩√ℑ∞ ⌋≀⊓\⊔ℑ∈ ⌊∫ℑ∞′′′ ♣ ⊣√↕⊣†

↖} }⊣⟩\ A }⊣⟩\ ⟩\ ⌈B ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⊣⊔⊔⌉\⊓⊣⊔⌉ ≀∇ ⊣⇕√↕⟩{† ⊔⟨⌉ ∫≀⊓\⌈ ⌈⊣⊔⊣ √∇⟩≀∇ ⊔≀ ⇕⟩§⟩\} ⟩\ ⊔⟨⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇↙ T⟨⟩∫ √⌉∇⇕⟩⊔∫ ∇⌉↕↖ ⊣⊔⟩⊑⌉ }⊣⟩\ ⊣⌈|⊓∫⊔⇕⌉\⊔∫ ⊒⟩⊔⟨≀⊓⊔ ⌋⟨⊣\}⟩\} ⊔⟨⌉ ∫⌉∇⊑⌉∇ }↕≀⌊⊣↕ }⊣⟩\ ⌋≀\⊔∇≀↕∫ ⊣\⌈ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⌋≀∇∇⌉⌋⊔ {≀∇ ↕≀⊒ ≀∇ ⟨⟩}⟨ ∇⌉⌋≀∇⌈⟩\} ↕⌉⊑⌉↕∫ ⟩\ ⊔⟨⌉ ∫≀⊓\⌈ ⊘↕⌉↙

▽△ ∀ AUDIOFILE CLIENTS

↖{ T⟨⟩∫ ∫⊒⟩⊔⌋⟨ ⊔⊓∇\∫ ≀\ ⊙⊓∫⟨ ⇕≀⌈⌉↙ N≀∇⇕⊣↕↕†⇔ ⊣√↕⊣† ⊒⟩↕↕ ⌉§⟩⊔ ∫⌉⊑⌉∇⊣↕ ∫⌉⌋≀\⌈∫ ⌊⌉{≀∇⌉ ⊔⟨⌉ ↕⊣∫⊔ ∫≀⊓\⌈ ⟩∫ √↕⊣†⌉⌈⇔ ⌊⌉⌋⊣⊓∫⌉ ≀{ ⌊⊓{{⌉∇⟩\} ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ T⟨⟩∫ ∫⊒⟩⊔⌋⟨ {≀∇⌋⌉∫ ⊣√↕⊣† ⊔≀ ⊒⊣⟩⊔ ⊓\⊔⟩↕ ⊔⟨⌉ ↕⊣∫⊔ ∫≀⊓\⌈ ⟨⊣∫ ⌊⌉⌉\ √↕⊣†⌉⌈ ⌊⌉{≀∇⌉ ⌉§⟩⊔⟩\}↙ T⟨⟩∫ ⟩∫ ⊑⌉∇† ⊓∫⌉{⊓↕ ⊒⟨⌉\ ⊒∇⟩⊔⟩\} ∫⟨⌉↕↕ ∫⌋∇⟩√⊔∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊖⊣√↕⊣† ↖{ ∫≀⊓\⌈↖⊘↕⌉⪰ {≀↕↕≀⊒⌉⌈ ⌊† ⊖⊣∇⌉⌋≀∇⌈⪰↙ F≀∇ ∫≀⇕⌉ ⌈⊣⊔⊣ ⊔†√⌉∫⇔ ⊔⟨⌉ ∫≀⊓\⌈ ⊘↕⌉ ⇕⊣† ⌊⌉ ⟩\ ⌊⟩}↖⌉\⌈⟩⊣\ ≀∇ ↕⟩⊔⊔↕⌉↖⌉\⌈⟩⊣\ {≀∇⇕⊣⊔↙ N≀∇⇕⊣↕↕†⇔ ⊣√↕⊣† ⊣∫∫⊓⇕⌉∫ ⊔⟨⌉ {≀∇⇕⊣⊔ ≀{ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⇕⊣⌋⟨⟩\⌉↙ T⊒≀ ≀√⊔⟩≀\∫⇔ ↖⌊ ⊣\⌈ ↖↕ ⌉§√↕⟩⌋⟩⊔↕† ∫√⌉⌋⟩{† ⊣ ⌊⟩}↖⌉\⌈⟩⊣\ ≀∇ ↕⟩⊔⊔↕⌉↖⌉\⌈⟩⊣\ ⟩\√⊓⊔ {≀∇⇕⊣⊔↙ T⟨⌉ ∫⌉∇⊑⌉∇ ⌋≀\⊑⌉∇⊔∫ ⊔≀ ⟩⊔∫ ⌊†⊔⌉ ≀∇⌈⌉∇ ⊣∫ ⊣√√∇≀√∇⟩⊣⊔⌉↙ T⟨⌉∇⌉ ⊣∇⌉ ∫⌉⊑⌉∇⊣↕ ≀√√≀∇⊔⊓\⟩⊔⟩⌉∫ {≀∇ ⌉\⟨⊣\⌋⌉⇕⌉\⊔∫ ⊔≀ ⊣√↕⊣†↙ W⌉ ⟨⊣⊑⌉ ⊣↕∇⌉⊣⌈† ⇕⌉\⊔⟩≀\⌉⌈ ⊔⟨⊣⊔ ⟩⊔ ⊒≀⊓↕⌈ ⌊⌉ ⌈⌉∫⟩∇⊣⌊↕⌉ {≀∇ ⊣√↕⊣† ⊔≀ ⊓\⌈⌉∇∫⊔⊣\⌈ ⊣\⌈ ⟩\⊔⌉∇√∇⌉⊔ ⊣ ⊑⊣∇⟩⌉⊔† ≀{ √≀√⊓↕⊣∇ ∫⌉↕{↖⌈⌉∫⌋∇⟩⌊⟩\} ∫≀⊓\⌈ ⊘↕⌉ {≀∇⇕⊣⊔∫↙ I\ ⊣⌈⌈⟩⊔⟩≀\⇔ ⟩⊔ ⊒≀⊓↕⌈ ⌊⌉ ⟩\⊔⌉∇⌉∫⊔⟩\} ⊣\⌈ ∫⊔∇⊣⟩}⟨⊔{≀∇⊒⊣∇⌈ ⊔≀ ⊣⌈⌈ ⊔⟨⌉ ⌋⊣√⊣⌊⟩↕⟩⊔† {≀∇ ⊣√↕⊣† ⊔≀ ⌊⌉}⟩\ √↕⊣†⌊⊣⌋‖ ⊣⊔ ⊣ ∫√⌉⌋⟩⊘⌉⌈ ⊣⌊∫≀↕⊓⊔⌉ ⊔⟩⇕⌉⇔ ∇⌉↕⊣⊔⌉⌈ ⊔≀ ⊔⟨⌉ ⊒⊣↕↕ ⌋↕≀⌋‖⇔ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ∫⟩⇕√↕† ⊣ ∇⌉↕⊣⊔⟩⊑⌉ ⊔⟩⇕⌉ ∇⌉↕⊣⊔⌉⌈ ⊔≀ ⊔⟨⌉ ⇕≀⇕⌉\⊔ ⊣√↕⊣† ⌊⌉}⟩\∫ ⊔≀ ⌉§⌉⌋⊓⊔⌉↙ T⟨⟩∫ ⌋⊣√⊣⌊⟩↕⟩⊔† ⊒≀⊓↕⌈ ⇕⊣‖⌉ ⟩⊔ √≀∫∫⟩⌊↕⌉ ⊔≀ ∫†\⌋⟨∇≀\⟩‡⌉ ∫⌉⊑⌉∇⊣↕ ⟩\∫⊔⊣\⌋⌉∫ ≀{ ⊣√↕⊣†↙

∀↙∞↙∈ ⊣√↕⊣† I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ I\ ⊔⟨⟩∫ ∫⌉⌋⊔⟩≀\⇔ ⊒⌉ ⊔⊣‖⌉ ⊣ ↕≀≀‖ ⊔⟨⌉ ⌋≀⌈⌉ ≀{ ⊣√↕⊣†↙ T⟨⌉ ⊔∇⊓⊔⟨ ⟩∫ ∫≀⇕⌉⊒⟨⊣⊔ ⇕≀∇⌉ ⌋≀⇕√↕⟩⌋⊣⊔⌉⌈ ⊔⟨⊣\ ⊒⌉ √∇⌉∫⌉\⊔ ⟨⌉∇⌉⇔ ⌊⊓⊔ \≀⊔ ⇕⊓⌋⟨↙ R⌉⊣⌈⌉∇∫ ⊒⟨≀ ⊒⟩∫⟨ ⊣↕↕ ⊔⟨⌉ ⌈⌉⊔⊣⟩↕∫ ∫⟨≀⊓↕⌈ ∇⌉⊣⌈ ⊔⟨⌉ ∫≀⊓∇⌋⌉∫⇔ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⟩\⌋↕⊓⌈⌉⌈ ⟩\ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\↙

⟩\⊔ {↕⊓∫⟨{↕⊣} ℑ ′∅ ∝⇑ ∫⌉⊔ {∇≀⇕ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ ⇑∝ AFA⊓⌈⟩≀C≀\\ ⇑⊣⊓⌈∅ ∝⇑ ⌋≀\\⌉⌋⊔⟩≀\ ⊔≀ AF ∫⌉∇⊑⌉∇ ⇑∝ AC ⊣⌋∅ ∝⇑ ⊣⊓⌈⟩≀ ⌋≀\⊔⌉§⊔ ⇑∝ AFS⌉⊔ACA⊔⊔∇⟩⌊⊓⊔⌉∫ ⊣⊔⊔∇⟩⌊⊓⊔⌉∫∅ ∝⇑ AC ⊣⊔⊔∇⟩⌊⊓⊔⌉∫ ∇⌉⌋≀∇⌈ ⇑∝ AT⟩⇕⌉ ⊔⇔ ⊣⌋⊔⇔ \⊣⌋⊔∅ ∝⇑ T⟩⇕⌉ ⇑∝ ⊣√↕⊣†⇐⇒ ¶ ⊣⊔⊔∇⟩⌊⊓⊔⌉∫↙√↕⊣†∨}⊣⟩\ ℑ }⊣⟩\∅ ∝⇑ ∫⌉⊔ {∇≀⇕ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ ⇑∝ ⊣⊔⊔∇⟩⌊⊓⊔⌉∫↙⌉\⌈⟩⊣\ ℑ ⌉\⌈⟩⊣\∅ ∝⇑ ∫⌉⊔ {∇≀⇕ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ ⇑∝ ∝⇑ ≀√⌉\ ⊣ ⌋≀\\⌉⌋⊔⟩≀\ ⊔≀ ⊔⟨⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇ ∫√⌉⌋⟩{⟩⌉⌈ ⌊† ⊔⟨⌉ AUDIOFILE ⌉\⊑⟩∇≀\⇕⌉\⊔ ⊑⊣∇⟩⊣⌊↕⌉ ⇑∝ A≀D ⇐ ⇐⊣⊓⌈ ℑ AFO√⌉\A⊓⌈⟩≀C≀\\⇐↑↑⇒⇒ →ℑ NULL⇔ ↑↗∫¬ ⌋⊣\≃⊔ ≀√⌉\ ⌋≀\\⌉⌋⊔⟩≀\↙∩\↑⇔ ⊣∇}⊑∪′⊎⇒∅

∀↙∞ ⊣√↕⊣† � A P↕⊣† C↕⟩⌉\⊔ ▽▽

F⟩\⌈D⌉{⊣⊓↕⊔D⌉⊑⟩⌋⌉⇐⇒ ⟩∫ \≀⊔ ∇⌉√∇≀⌈⊓⌋⌉⌈ ⟨⌉∇⌉↙ I⊔∫ |≀⌊ ⟩∫ ⊔≀ ↕≀⌋⊣⊔⌉ ⊔⟨⌉ ↕≀⊒⌉∫⊔ \⊓⇕⌊⌉∇⌉⌈ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊔⟨⊣⊔ ⟩∫ \≀⊔ ⌋≀\\⌉⌋⊔⌉⌈ ⊔≀ ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉↙ T⟨⟩∫ ⊒⟩↕↕ ⊓∫⊓⊣↕↕† ⌊⌉ ⊔⟨⌉ ↕≀⌋⊣↕ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉↙ ⇐F⟩\⌈D⌉{⊣⊓↕⊔D⌉⊑⟩⌋⌉⇐⇒ ⟩∫ \≀⊔ ⊓∫⌉⌈ ⟩{ ⊔⟨⌉ ↖⌈ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ ∫⊒⟩⊔⌋⟨ ⟩∫ }⟩⊑⌉\⇒↙ ⌈⌉⊑⟩⌋⌉ ℑ F⟩\⌈D⌉{⊣⊓↕⊔D⌉⊑⟩⌋⌉⇐⊣⊓⌈⇒∅ ∝⇑ ∫⌉⊔ ⊓√ ⊣⊓⌈⟩≀ ⌋≀\⊔⌉§⊔⇔ √≀∫∫⟩⌊↕† ∫⌉⊔⊔⟩\} ⊔⟨⌉ }⊣⟩\ ⊣\⌈ ⌉\⌈⟩⊣\↖\⌉∫∫ ⇑∝ ⊣⌋ ℑ AFC∇⌉⊣⊔⌉AC⇐⊣⊓⌈⇔ ⌈⌉⊑⟩⌋⌉⇔ ⇐ACP↕⊣†G⊣⟩\ ♣ ACE\⌈⟩⊣\⇒⇔ ↘⊣⊔⊔∇⟩⌊⊓⊔⌉∫⇒∅

A⊔ ⊔⟨⟩∫ ⊒∇⟩⊔⟩\}⇔ ⟩⇕√≀∇⊔⊣\⊔ √∇≀√⌉∇⊔⟩⌉∫ ≀{ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉⇔ ∫⊓⌋⟨ ⊣∫ ∫⊣⇕√↕⟩\} ∇⊣⊔⌉⇔ \⊓⇕⌊⌉∇ ≀{ ⌋⟨⊣\\⌉↕∫⇔ ⊣\⌈ ⌉\⌋≀⌈⟩\} ⊔†√⌉ ≀⌋⌋⊓√† ⊘⌉↕⌈∫ ⟩\ ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉ ⌈⊣⊔⊣ ∫⊔∇⊓⌋⊔⊓∇⌉↙ T⟨⌉∇⌉ ∫⟨≀⊓↕⌈ ⌊⌉ ∫⊔⊣\⌈⊣∇⌈ ⊣⌋⌋⌉∫∫ √∇≀⌋⌉⌈⊓∇⌉∫ ≀∇ ⇕⊣⌋∇≀∫ {≀∇ ⊔⟨⌉∫⌉ ⊘⌉↕⌈∫⇔ ⌊⊓⊔ ⊒⌉ ⟨⊣⊑⌉ \≀⊔ †⌉⊔ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊔⟨⌉⇕↙ ∝⇑ ⌉§⊔∇⊣⌋⊔ √∇≀√⌉∇⊔⟩⌉∫ ≀{ ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉ ⇑∝ ∫∇⊣⊔⌉ ℑ ⊣⌋↖⊤⌈⌉⊑⟩⌋⌉↖⊤√↕⊣†S⊣⇕√↕⌉F∇⌉∐∅ ∝⇑ ∫⊣⇕√↕⌉ ∇⊣⊔⌉ ⇑∝ ⊔†√⌉ ℑ ⊣⌋↖⊤⌈⌉⊑⟩⌋⌉↖⊤√↕⊣†B⊓{T†√⌉∅ ∝⇑ ⌉\⌋≀⌈⟩\} ⊔†√⌉ ⇑∝ ⌋⟨⊣\\⌉↕∫ ℑ ⊣⌋↖⊤⌈⌉⊑⟩⌋⌉↖⊤√↕⊣†N⌋⟨⊣\\⌉↕∫∅ ∝⇑ \⊓⇕⌊⌉∇ ≀{ ⌋⟨⊣\\⌉↕∫ ⇑∝ ∫∫⟩‡⌉ ℑ AF∨∫⊣⇕√↕⌉∨∫⟩‡⌉∫∪⊔†√⌉⊎∝∀∅ ∝⇑ ⌊†⊔⌉∫ √⌉∇ ∫⊣⇕√↕⌉ ⇑∝ ∫∫⟩‡⌉ ⇑ℑ ⌋⟨⊣\\⌉↕∫∅ ∝⇑ ⊣↕↕≀⌋⊣⊔⌉ √↕⊣† ⌊⊓{{⌉∇ ⇑∝ A≀D⇐⇐⌊⊓{ ℑ ⇕⊣↕↕≀⌋⇐BUFSIZE⇑∫∫⟩‡⌉⇒⇒ →ℑ NULL⇔ ↑C≀⊓↕⌈\≃⊔ ⊣↕↕≀⌋⊣⊔⌉ √↕⊣† ⌊⊓{{⌉∇∩\↑⇒∅ ∝⇑ √∇⌉↖∇⌉⊣⌈ ⊔⟨⌉ {⟩∇∫⊔ ⌊⊓{{⌉∇↖{⊓↕↕ {∇≀⇕ ⊔⟨⌉ {⟩↕⌉ ⇑∝ ⟩{⇐⇐\⌊†⊔⌉∫ ℑ ∇⌉⊣⌈⇐{⌈⇔ ⌊⊓{⇔ BUFSIZE⇑∫∫⟩‡⌉⇒⇒ ℜℑ ′⇒ ⌉§⟩⊔⇐′⇒∅

I⊔ ⟩∫ \≀⊔ ↕≀}⟩⌋⊣↕↕† \⌉⌋⌉∫∫⊣∇† ⊔≀ √∇⌉↖∇⌉⊣⌈ ⊔⟨⌉ ⊘∇∫⊔ ⊘↕⌉ ⌊↕≀⌋‖⇔ ⌊⊓⊔ ⌈≀⟩\} ∫≀ ⊣⊑≀⟩⌈∫ √⊓⊔⊔⟩\} ⊔⟨⌉ ↕⊣⊔⌉\⌋† ≀{ ⊔⟨⌉ ⊘↕⌉ ∇⌉⊣⌈ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌋⊣↕↕ ⊔≀ AFG⌉⊔T⟩⇕⌉⇐⇒ ⊣\⌈ ⊔⟨⌉ ⊘∇∫⊔ ⌋⊣↕↕ ⊔≀ AFP↕⊣†S⊣⇕√↕⌉∫⇐⇒↙ T⟨⌉ {≀↕↕≀⊒⟩\} ∫⌉⌋⊔⟩≀\ ⟩∫ ⊔⟨⌉ ⟩\\⌉∇ ↕≀≀√ ≀{ ⊣√↕⊣†↙ I⊔ ⌉∫⊔⊣⌊↕⟩∫⟨⌉∫ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ √↕⊣†⌊⊣⌋‖ ⊔⟩⇕⌉ ≀\ ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ ⊣\⌈ ∫⌋⟨⌉⌈⊓↕⌉∫ ⊔⟨⌉ ⌉§⊣⌋⊔ ∫⌉∇⊑⌉∇ ⊔⟩⇕⌉ {≀∇ √↕⊣†⌊⊣⌋‖ ≀{ ⊔⟨⌉ ⊘∇∫⊔ ⌊↕≀⌋‖ ≀{ ⊣⊓⌈⟩≀↙ T⟨⌉∇⌉⊣{⊔⌉∇⇔ ⟩⊔ ∫⌋⟨⌉⌈⊓↕⌉∫ ⌉⊣⌋⟨ ∫⊓⌋⌋⌉∫∫⟩⊑⌉ ⌊↕≀⌋‖ ⊔≀ √↕⊣† ⌈⟩∇⌉⌋⊔↕† ≀\ ⊔⟨⌉ ⟨⌉⌉↕∫ ≀{ ⊔⟨⌉ ⊔⟨⌉ √∇⌉⊑⟩≀⊓∫ ⌊↕≀⌋‖⇔ ∫≀ ⊔⟨⊣⊔ √↕⊣†⌊⊣⌋‖ ⊒⟩↕↕ ⌊⌉ ⊓\⟩\⊔⌉∇∇⊓√⊔⌉⌈ ⊣\⌈ ⌋≀\⊔⟩\⊓≀⊓∫↙ A{⊔⌉∇ ⌉⊣⌋⟨ ⌋⊣↕↕ ⊔≀ AFP↕⊣†S⊣⇕√↕⌉∫⇐⇒⇔ ⊔⟨⌉ ⊔⟩⇕⌉ √≀⟩\⊔⌉∇ ⟩∫ ∫⟩⇕√↕† ⟩\⌋∇⌉⇕⌉\⊔⌉⌈ ⌊† ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ∫⊣⇕√↕⌉∫ √↕⊣†⌉⌈↙ ∝⇑ ⌉∫⊔⊣⌊↕⟩∫⟨ ⊣\ ⟩\⟩⊔⟩⊣↕ AF ∫⌉∇⊑⌉∇ ⊔⟩⇕⌉ ⇑∝ ⊔ ℑ AFG⌉⊔T⟩⇕⌉⇐⊣⌋⇒∅

▽ ̸∀ AUDIOFILE CLIENTS

∝⇑ ∫⌋⟨⌉⌈⊓↕⌉ ⊔⟨⌉ ⟩\⟩⊔⟩⊣↕ √↕⊣†⌊⊣⌋‖ {≀∇ ⊣ ∫⟨≀∇⊔ ⊔⟩⇕⌉ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉↙ ⊔≀{{∫⌉⊔ ⌋⊣\ ⌊⌉ ∫⌉⊔ {∇≀⇕ ⊔⟨⌉ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ ⇑∝ ⊔ ℑ ⊔ ⇓ ⇐⊔≀{{∫⌉⊔ ⇑ ∫∇⊣⊔⌉⇒∅ ⌈≀ ¶ ∝⇑ ∫⌉\⌈ ∫⊣⇕√↕⌉∫ ⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⇑∝ \⊣⌋⊔ ℑ AFP↕⊣†S⊣⇕√↕⌉∫⇐⊣⌋⇔ ⊔⇔ \⌊†⊔⌉∫⇔ ⌊⊓{⇒∅ ∝⇑ {⟩}⊓∇⌉ ⟨≀⊒ ⇕⊣\† ∫⊣⇕√↕⌉∫ ⊒⌉ ∇⌉⊣⌈ {∇≀⇕ ⊔⟨⌉ {⟩↕⌉⇔ ⊣\⌈ ∫⌋⟨⌉⌈⊓↕⌉ ⊔⟨⌉ \⌉§⊔ ⌊↕≀⌋‖ ⊔≀ ∫⊔⊣∇⊔ ⊣{⊔⌉∇ ⊔⟨⟩∫ ≀\⌉ ⇑∝ \∫⊣⇕√↕⌉∫ ℑ \⌊†⊔⌉∫ ∝ ∫∫⟩‡⌉∅ ⊔ ℑ ⊔ ⇓ \∫⊣⇕√↕⌉∫∅ ∝⇑ A⊔ ⊔⟨⟩∫ √≀⟩\⊔⇔ ⊔⟨⌉ ⌊⊓{{⌉∇∫ ⟩\ ⊔⟨⌉ AF ∫⌉∇⊑⌉∇ ⟨≀↕⌈ ⊔⟨⌉ ∫⊣⇕√↕⌉∫ {∇≀⇕ ⊔⟩⇕⌉ \⊣⌋⊔ ⊔≀ ⊔⟩⇕⌉ ⊔ ⇑∝ ♦ ⊒⟨⟩↕⌉ ⇐ ⇐\⌊†⊔⌉∫ ℑ ∇⌉⊣⌈⇐{⌈⇔ ⌊⊓{⇔ BUFSIZE⇑∫∫⟩‡⌉⇒⇒ ⊤ ′⇒∅

A⊔ ⊔⟨⟩∫ √≀⟩\⊔⇔ ⊒⌉≃⊑⌉ ⊘\⟩∫⟨⌉⌈ ∇⌉⊣⌈⟩\} ⊔⟨⌉ ⊘↕⌉⇔ ⊣\⌈ ∫⌉\⊔ ⊣↕↕ ⊔⟨⌉ ⌈⊣⊔⊣ ⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ ⌊⊓⊔ ⊣ ↕≀⊔ ≀{ ⟩⊔ ⟨⊣∫ \≀⊔ †⌉⊔ ⌊⌉⌉\ √↕⊣†⌉⌈ ≀⊓⊔↙ I{ ⊔⟨⌉ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ ∫√⌉⌋⟩⊘⌉⌈ ↖{⇔ ⊒⌉ \≀⊒ ⊒⊣⟩⊔ ⊓\⊔⟩↕ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊘\⟩∫⟨⌉∫ ⊔⟨⌉ √↕⊣†⌊⊣⌋‖↙ ∫↕⌉⌉√⇐∞⇒ ⟩∫ ⊣ ∫↕≀√√† ⊒⊣† ⊔≀ ⌈≀ ⊔⟨⟩∫⇔ ⌊⊓⊔ ⟩⊔ ⟩∫ ⌉⊣∫† ⊔≀ √∇≀}∇⊣⇕↙ ⟩{ ⇐{↕⊓∫⟨{↕⊣}⇒ ¶ ⊒⟨⟩↕⌉ ⇐⇐⇐⇐⟩\⊔⇒ AFG⌉⊔T⟩⇕⌉⇐⊣⌋⇒⇒ ↖ ⇐⇐⟩\⊔⇒ ⊔⇒⇒ ℜ ′⇒ ∫↕⌉⌉√⇐∞⇒∅ ♦ ∝⇑ ⊒⌉≃∇⌉ ⌈≀\⌉→ J⊓∫⊔ ⊣⌊⊣\⌈≀\ ⊔⟨⌉ ⌋≀\\⌉⌋⊔⟩≀\ ⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ ⟩⊔ ⊒⟩↕↕ ⌊⌉ ⌋↕⌉⊣\⌉⌈ ⊓√ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕†↙ ⇑∝ ♦

T⟨⌉ ≀\↕† ∫⊓⌊∫⊔⊣\⊔⟩⊑⌉ ⌋≀⌈⌉ ≀⇕⟩⊔⊔⌉⌈ ⊣⌊≀⊑⌉ ⟩∫ ⊔⟨⌉ ⇕⌉⌋⟨⊣\⟩∫⇕ ⊒⟨⟩⌋⟨ ⊣↕↕≀⊒∫ ⊣√↕⊣† ⊔≀ ∇⌉∫√≀\⌈ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕† ⊔≀ ⊣ ⌋≀\⊔∇≀↕↖C ≀∇ ⟩\⊔⌉∇∇⊓√⊔ ∫⟩}\⊣↕↙ W⟩⊔⟨≀⊓⊔ ∫√⌉⌋⟩⊣↕ ⟨⊣\⌈↕⟩\}⇔ ⊔⟨⌉ ∫⟩}\⊣↕ ⊒≀⊓↕⌈ ⌋⊣⊓∫⌉ ⊣√↕⊣† ⊔≀ ⌉§⟩⊔ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕†⇔ ⌊⊓⊔ ⊔⟨⌉ ⌊⊓{{⌉∇⌉⌈ ⊣⊓⌈⟩≀ ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊒≀⊓↕⌈ ⌋≀\⊔⟩\⊓⌉ ⊔≀ √↕⊣† {≀∇ ∫⌉⊑⌉∇⊣↕ ∫⌉⌋≀\⌈∫↙ F≀∇ ⌋≀\⊔∇≀↕↖C ⊔≀ ⌋⊣⊓∫⌉ ⊣√↕⊣† ⊔≀ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕† ⟨⊣↕⊔⇔ ∫√⌉⌋⟩⊣↕ ⟨⊣\⌈↕⟩\} ⟩∫ \⌉⌋⌉∫∫⊣∇†↙ ⊣√↕⊣† ∫⌉⊔∫ ⊓√ ⊣ ∫⟩}\⊣↕ ⟨⊣\⌈↕⌉∇ {≀∇ SIGINT⇔ ⊔⟨⊣⊔ ∫⌉⊔∫ ⊣ ⊙⊣}↙ E⊣⌋⟨ ⊔⟩⇕⌉ ⊣∇≀⊓\⌈ ⊔⟨⌉ ⇕⊣⟩\ √↕⊣†⌊⊣⌋‖ ↕≀≀√⇔ ⊣√↕⊣† ⌋⟨⌉⌋‖∫ ⊔⟨⌉ ⊙⊣} ⊣\⌈ ⟩{ ⟩⊔ ⟩∫ ∫⌉⊔⇔ ⊣√↕⊣† ⌊∇⌉⊣‖∫ ≀⊓⊔ ≀{ ⊔⟨⌉ ↕≀≀√⇔ ⊣∫ ⊔⟨≀⊓}⟨ ⟩⊔ ⟨⊣⌈ ∇⌉⊣⌋⟨⌉⌈ ⌉\⌈↖≀{↖⊘↕⌉↙ I{ ⊔⟨⌉ ⟩\⊔⌉∇∇⊓√⊔ ⊙⊣} ⟩∫ ∫⌉⊔ ≀\ ↕≀≀√ ⌉§⟩⊔⇔ ⊔⟨⌉\ ⊣√↕⊣† ⌈≀⌉∫ ⊔⟨⌉ {≀↕↕≀⊒⟩\}¬ ⟩{ ⇐⟩\⊔∨{↕⊣}⇒ ¶ ∝⇑ {⟩↕↕ ⊔⟨⌉ √↕⊣†⌊⊣⌋‖ ⌊⊓{{⌉∇ ⊒⟩⊔⟨ ⊢⊢∫⟩↕⌉\⌋⌉≃≃ ⊣⌋⌋≀∇⌈⟩\} ⊔≀ ⊔⟨⌉ ⌉\⌋≀⌈⟩\} ⊔†√⌉ ⇑∝ AFS⟩↕⌉\⌋⌉⇐⊣⌋↖⊤⌈⌉⊑⟩⌋⌉↖⊤√↕⊣†B⊓{T†√⌉⇔ ⌊⊓{⇔ BUFSIZE⇑∫∫⟩‡⌉⇒∅ ∝⇑ ⊔⊓∇\ ≀\ √∇⌉⌉⇕√⊔⟩⊑⌉ √↕⊣†⌊⊣⌋‖ ⇑∝

∀↙∞ ⊣√↕⊣† � A P↕⊣† C↕⟩⌉\⊔ ▽

⊣⊔⊔∇⟩⌊⊓⊔⌉∫↙√∇⌉⌉⇕√⊔ ℑ ∞∅ AFC⟨⊣\}⌉ACA⊔⊔∇⟩⌊⊓⊔⌉∫⇐⊣⌋⇔ ACP∇⌉⌉⇕√⊔⟩≀\⇔ ↘⊣⊔⊔∇⟩⌊⊓⊔⌉∫⇒∅ ∝⇑ ⌉∇⊣∫⌉ ⊔⟨⌉ ⌊⊓{{⌉∇⌉⌈ ⊣⊓⌈⟩≀ ∫⊔⟩↕↕ ⟨⌉↕⌈ ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ ⌊† ⊒∇⟩⊔⟩\} √∇⌉⌉⇕√⊔⟩⊑⌉ ∫⟩↕⌉\⌋⌉ ≀⊑⌉∇ ⊔≀√ ≀{ ⟩⊔↙ T⟨⟩∫ \⌉⌉⌈∫ ⊔≀ ⌊⌉ ⌈≀\⌉ {≀∇ ⊔⟨⌉ ⊔⟩⇕⌉ ⟩\⊔⌉∇⊑⊣↕ ⌊⌉⊔⊒⌉⌉\ ⊔⟩⇕⌉ \⊣⌋⊔⇔ ⊢⊢\≀⊒≃≃ ⊣\⌈ ⊔⟩⇕⌉ ⊔⇔ ⊔⟨⌉ ⊔⟩⇕⌉ {⊣∇⊔⟨⌉∫⊔ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉ {≀∇ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⟩∫ ⟨≀↕⌈⟩\} ⌊⊓{{⌉∇⌉⌈ ⊣⊓⌈⟩≀↙ ⇑∝ ⊒⟨⟩↕⌉ ⇐\⊣⌋⊔ ℜ ⊔⇒ ¶ ⊣⌋⊔ ℑ AFP↕⊣†S⊣⇕√↕⌉∫⇐⊣⌋⇔ \⊣⌋⊔⇔ \∫⊣⇕√↕⌉∫⇑∫∫⟩‡⌉⇔ ⌊⊓{⇒∅ \⊣⌋⊔ ⇓ℑ \∫⊣⇕√↕⌉∫∅ ♦ ♦

T⟨⟩∫ ⌋≀⌈⌉ {∇⊣}⇕⌉\⊔ ⟩∫ ⟩\⊔⌉∇⌉∫⊔⟩\} ⌊⌉⌋⊣⊓∫⌉ ⟩⊔ ⟩↕↕⊓∫⊔∇⊣⊔⌉∫ ⟨≀⊒ ⌉§√↕⟩⌋⟩⊔ ⌋↕⟩⌉\⊔ ⌋≀\⊔∇≀↕ ≀{ ⊔⟩⇕⌉ ⊣↕↕≀⊒∫ ⊣√↕⊣† ⊔≀ ⊔⊣‖⌉ {⊓↕↕ ⊣⌈⊑⊣\⊔⊣}⌉ ≀{ ⊣↕↕ ⊔⟨⌉ ⌊⊓{{⌉∇⟩\} ⌋⊣√⊣⌋⟩⊔† ≀{ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌈⊓∇⟩\} \≀∇⇕⊣↕ ≀√⌉∇⊣⊔⟩≀\ � ⟩\∫⊓↕⊣⊔⟩\} ⊣√↕⊣† {∇≀⇕ ⇕≀∫⊔ ∇⌉⊣↕↖⊔⟩⇕⌉ ⟩∫∫⊓⌉∫⇔ †⌉⊔ ∫⊔⟩↕↕ ⊣↕↕≀⊒∫ ⟩⊔ ⊔≀ ∫⊔≀√ ⊖≀\ ⊣ ⌈⟩⇕⌉⪰ ⊒⟨⌉\ \⌉⌋⌉∫∫⊣∇†⇔ ⌊† ⌉∇⊣∫⟩\} ⊔⟨⌉ ∇⌉⇕⊣⟩\⟩\} ⌊⊓{{⌉∇⌉⌈ ⊣⊓⌈⟩≀↙ ∈

∀↙∞↙∋ F↕≀⊒ C≀\⊔∇≀↕ N≀⊔⌉ ⊔⟨⊣⊔ ⊔⟨⌉∇⌉ ⟩∫ \≀ ⌉§√↕⟩⌋⟩⊔ ⌋≀⌈⌉ ⟩\ ⊣√↕⊣† {≀∇ ⊙≀⊒ ⌋≀\⊔∇≀↕↙ ⊣√↕⊣† ⇕⌉∇⌉↕† ∇⌉⊣⌈∫ {∇≀⇕ ⟩⊔∫ ⟩\√⊓⊔ ⊒⟩⊔⟨ {∇⌉⊣⌈⇐⇒ ⊣\⌈ ⊒∇⟩⊔⌉∫ ⊔≀ ⊔⟨⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇ ⊒⟩⊔⟨ AFP↕⊣†S⊣⇕√↕⌉∫⇐⇒↙ T⟨⌉∇⌉ ⟩∫ ⊣ {⊓\⌈⊣⇕⌉\⊔⊣↕⇔ ⌊⊓⊔ ⊓\⊒∇⟩⊔⊔⌉\⇔ ⊣∫∫⊓⇕√⊔⟩≀\ ⟩\ ⊣√↕⊣† ⊔⟨⊣⊔ ⊔⟨⌉ ⊘↕⌉ ∫†∫⊔⌉⇕ ⟩∫ {⊣∫⊔ ⌉\≀⊓}⟨ ⊔≀ ∫⊓√√↕† ⊣⊓⌈⟩≀ ⌈⊣⊔⊣ {⊣∫⊔⌉∇ ⊔⟨⊣\ ⟩⊔ ⟩∫ ∇⌉∐⊓⟩∇⌉⌈ ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ A∫∫⊓⇕⟩\} ⊔⟨⊣⊔ ⊔⟨⟩∫ ⟩∫ ∫≀⇔ ⊣√↕⊣† ⊒⟩↕↕ ⌋≀√† ⌈⊣⊔⊣ {∇≀⇕ ⊔⟨⌉ ⟩\√⊓⊔ ⊔≀ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⊣⊔ ⊣ ∫√⌉⌉⌈ ↕⟩⇕⟩⊔⌉⌈ ≀\↕† ⌊† ⊘↕⌉ ∫†∫⊔⌉⇕ √⌉∇{≀∇⇕⊣\⌋⌉ ⊣\⌈ ⊔⟨⌉ √⌉∇{≀∇⇕⊣\⌋⌉ ≀{ ⊔⟨⌉ ⊔∇⊣\∫√≀∇⊔ √∇≀⊔≀⌋≀↕ ⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ T⟨⌉ ⊣⊓⌈⟩≀ ⌈⊣⊔⊣ ⊒⟩↕↕ ⌊⌉ ⌊⊓{{⌉∇⌉⌈ ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ ⊓\⊔⟩↕ ⊣√↕⊣† }⌉⊔∫ ⊣⌊≀⊓⊔ {≀⊓∇ ∫⌉⌋≀\⌈∫ ⊣⟨⌉⊣⌈ ≀{ ∇⌉⊣↕↖⊔⟩⇕⌉↙ A⊔ ⊔⟨⊣⊔ √≀⟩\⊔⇔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌋≀\\⌉⌋⊔⟩≀\ ⇐AFP↕⊣†S⊣⇕√↕⌉∫⇐⇒⇒ ⊒⟩↕↕ ⌊↕≀⌋‖⇔ √∇≀⊑⟩⌈⟩\} ⊙≀⊒ ⌋≀\⊔∇≀↕↙ O\⌋⌉ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇∫ ⊣∇⌉ {⊓↕↕⇔ ∫⊓⌋⌋⌉∫∫⟩⊑⌉ ⌋⊣↕↕∫ ⊔≀ AFP↕⊣†S⊣⇕√↕⌉∫⇐⇒ ⊒⟩↕↕ ∇⌉⊔⊓∇\ ⊣⊔ ⟩\⊔⌉∇⊑⊣↕∫ }⟩⊑⌉\ ⌊† ⊔⟨⌉ ⌊↕≀⌋‖ ∫⟩‡⌉↙ T⟨⟩∫ ⇕⌉⌋⟨⊣\⟩∫⇕ ≀{ √∇≀⊑⟩⌈⟩\} ⊙≀⊒ ⌋≀\⊔∇≀↕ ⇕⌉⊣\∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⊘↕⌉ I∝O ∫⟩⌈⌉ ≀{ ⊣√↕⊣† ⌋≀⊓↕⌈ ⌊↕≀⌋‖ {≀∇ ⊣∫ ↕≀\} ⊣∫ {≀⊓∇ ∫⌉⌋≀\⌈∫ ⌊⌉{≀∇⌉ ⊔⟨⌉∇⌉ ⊒≀⊓↕⌈ ⌊⌉ ⊣ ⌊∇⌉⊣‖ ⟩\ ⊔⟨⌉ ∫⇕≀≀⊔⟨ √↕⊣†⌊⊣⌋‖ ≀{ ⊣⊓⌈⟩≀↙ S⌉∇⊑⌉∇ ⌊⊓{{⌉∇⟩\} ⊣↕∫≀ }⟩⊑⌉∫ ∇⟩∫⌉ ⊔≀ ⊔⟨⌉ \⌉⌉⌈ {≀∇ ⊔⟨⌉ ↖{ ⊙⊓∫⟨ ⊙⊣} ⊣\⌈ ⊔⟨⌉ ⟩\⊔⌉∇∇⊓√⊔ ⌋≀⌈⌉ ⟩\ ⊣√↕⊣†↙ T⟨⌉ ⊙⊓∫⟨ ⊙⊣} ⌋⊣⊓∫⌉∫ ⊣√↕⊣† ⊔≀ ⊒⊣⟩⊔ ⊓\⊔⟩↕ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟩∫ ⊣↕↕ √↕⊣†⌉⌈ ≀⊓⊔ ⌊⌉{≀∇⌉ ⌉§⟩⊔⟩\}⇔ ⊒⟨⟩↕⌉ ⊔⟨⌉ ⟩\⊔⌉∇∇⊓√⊔ ⌋≀⌈⌉ ⟩\ ⊣√↕⊣† ∈A⌋⊔⊓⊣↕↕†⇔ ⊔⟨⟩∫ ⟩∫ ∫⊔⟩↕↕ \≀⊔ ∐⊓⟩⊔⌉ ∇⟩}⟨⊔↙ I{ ⊣√↕⊣† ⟩∫ ∇⊓\\⟩\} ⌋≀\⌋⊓∇∇⌉\⊔↕† ⊒⟩⊔⟨ ≀⊔⟨⌉∇ ⌋↕⟩⌉\⊔∫⇔ ⊔⟨⌉ √∇⌉⌉⇕√⊔⟩⊑⌉ √↕⊣†⌊⊣⌋‖ ⊒⟩↕↕ ⌉∇⊣∫⌉ ⊣↕↕ ⊔⟨⌉ ≀⊔⟨⌉∇ ⌋↕⟩⌉\⊔∫≃ ∫≀⊓\⌈ ⊣∫ ⊒⌉↕↕ ⊣∫ ⊔⟨⊣⊔ ⌊⊓{{⌉∇⌉⌈ ⌊† ⊔⟨⟩∫ ⟩\∫⊔⊣\⌋⌉ ≀{ ⊣√↕⊣†↙

▽∀ ∀ AUDIOFILE CLIENTS

⊣⌋⊔⊓⊣↕↕† ⌉∇⊣∫⌉∫ ⊔⟨⌉ ⊖{⊓⊔⊓∇⌉⪰ ⊣⊓⌈⟩≀ ⌊⊓{{⌉∇⌉⌈ ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ ∫≀ ⊔⟨⊣⊔ √↕⊣†⌊⊣⌋‖ ⟨⊣↕⊔∫ ⊣∫ ∫≀≀\ ⊣∫ ⊣√↕⊣† ⟩∫ ⟩\⊔⌉∇∇⊓√⊔⌉⌈↙

∀↙∈ ⊣∇⌉⌋≀∇⌈ � A\ R⌉⌋≀∇⌈ C↕⟩⌉\⊔ ⊣∇⌉⌋≀∇⌈ ⊣\⌈ ⊣√↕⊣† ⊣∇⌉ ⌋≀⇕√↕⌉⇕⌉\⊔⊣∇† √∇≀}∇⊣⇕∫↙ ⊣∇⌉⌋≀∇⌈ ∇⌉⊣⌈∫ ∫⊣⇕√↕⌉∫ {∇≀⇕ ⊔⟨⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇ ⊣\⌈ ⊒∇⟩⊔⌉∫ ⊔⟨⌉ ⌈⊣⊔⊣ ⊔≀ ⊘↕⌉⇔ ≀∇ ⊔≀ ∫⊔⊣\⌈⊣∇⌈ ≀⊓⊔√⊓⊔ ⟩{ ⊣ ⊘↕⌉ ⟩∫ \≀⊔ ∫√⌉⌋⟩⊘⌉⌈↙ T⟨⌉ ∫⊣⇕√↕⟩\} ∇⊣⊔⌉⇔ ⌉\⌋≀⌈⟩\} {≀∇⇕⊣⊔⇔ ⊣\⌈ \⊓⇕⌊⌉∇ ≀{ ⌋⟨⊣\\⌉↕∫ ⊣∇⌉ ⊣↕↕ ∫√⌉⌋⟩⊘⌉⌈ ⟩\⌈⟩∇⌉⌋⊔↕† ⌊† ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⌈⌉⊑⟩⌋⌉↙ ⊣∇⌉⌋≀∇⌈ ⊣↕⊒⊣†∫ ⌋≀\\⌉⌋⊔∫ ⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ∫√⌉⌋⟩⊘⌉⌈ ⟩\ ⊔⟨⌉ AUDIOFILE ⌉\⊑⟩∇≀\⇕⌉\⊔ ⊑⊣∇⟩⊣⌊↕⌉↙

∀↙∈↙∞ ⊣∇⌉⌋≀∇⌈ ≀√⊔⟩≀\∫ T⟨⌉ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ {≀∇ ⊣∇⌉⌋≀∇⌈ ⟩∫ ⊣∫ {≀↕↕≀⊒∫⇔ ⊒⟩⊔⟨ ≀√⊔⟩≀\⊣↕ ⌉↕⌉⇕⌉\⊔∫ ⌉\⌋↕≀∫⌉⌈ ⟩\ ∫∐⊓⊣∇⌉ ⌊∇⊣⌋‖⌉⊔∫¬ ⊣∇⌉⌋≀∇⌈ ∪↖⌈ ℜ⌈⌉⊑⟩⌋⌉⊤⊎ ∪↖↕ ℜ↕⌉\}⊔⟨⊤⊎ ∪↖⊔ ℜ⊔⟩⇕⌉⊤⊎ ∪↖∫⟩↕⌉\⊔↕⌉⊑⌉↕ ℜ↕⌉⊑⌉↕ ⇐⌈B⇒⊤⊎ ∪↖∫⟩↕⌉\⊔⊔⟩⇕⌉ ℜ⊔⟩⇕⌉⊤⊎ ∪↖√∇⟩\⊔√≀⊒⌉∇⊎ ∪↖⌊⊎ ∪↖↕⊎ ∪ℜ⊘↕⌉⊤⊎ ⊣∇⌉⌋≀∇⌈ ⟨⊣∫ ⊣ \⊓⇕⌊⌉∇ ≀{ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ ∫⊒⟩⊔⌋⟨⌉∫ ⊒⟨⟩⌋⟨ ⟩⇕√∇≀⊑⌉ ⟩⊔∫ ⊙⌉§⟩⌊⟩↕⟩⊔†↙ T⟨⌉ {≀↕↕≀⊒⟩\} √⊣∇⊣}∇⊣√⟨∫ ⌈⌉∫⌋∇⟩⌊⌉ ⊔⟨⌉∫⌉ ≀√⊔⟩≀\∫ ⟩\ ⇕≀∇⌉ ⌈⌉⊔⊣⟩↕↙ ↖⌈ ⌈⌉⊑⟩⌋⌉ S√⌉⌋⟩⊘⌉∫ {∇≀⇕ ⊒⟨⟩⌋⟨ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊔≀ ∇⌉⌋≀∇⌈↙ I{ \≀⊔ ∫√⌉⌋↖ ⟩⊘⌉⌈⇔ ⊣∇⌉⌋≀∇⌈ ⌈⌉{⊣⊓↕⊔∫ ⊔≀ ⊔⟨⌉ ⊘∇∫⊔ ⌈⌉⊑⟩⌋⌉ ⊔⟨⊣⊔ ⟩∫ \≀⊔ ⌋≀\↖ \⌉⌋⊔⌉⌈ ⊔≀ ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉↙ T⟨⌉ ∫⊣⇕√↕⌉ ∇⊣⊔⌉ ⊣\⌈ ∇⌉⌋≀∇⌈⟩\} {≀∇⇕⊣⊔ ⊣∇⌉ ∫√⌉⌋⟩⊘⌉⌈ ⟩\⌈⟩∇⌉⌋⊔↕† ⌊† ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉ ∫⌉↕⌉⌋⊔⟩≀\↙ ⊣∇⌉⌋≀∇⌈ ≀{{⌉∇∫ ⊔⟨∇⌉⌉ ⇕⌉⊔⟨≀⌈∫ ≀{ ⟨⊣↕⊔⟩\} ⊔⟨⌉ ∇⌉⌋≀∇⌈↙ I⊔ ⊒⟩↕↕ ∇⌉⌋≀∇⌈ ⟩\⌈⌉⊘\⟩⊔⌉↕† ⟩{ \≀ ≀√⊔⟩≀\ ⟩∫ ∫√⌉⌋⟩⊘⌉⌈↙ I⊔ ⌋⊣\ ∇⌉⌋≀∇⌈ {≀∇ ⊣ ∫√⌉⌋⟩⊘⌋ ↕⌉\}⊔⟨ ≀{ ⊔⟩⇕⌉⇔ ⊑⟩⊣ ⊔⟨⌉ ↖↕ ∫⊒⟩⊔⌋⟨⇔ ≀∇ ⟩⊔ ⌋⊣\ ∇⌉⌋≀∇⌈ ⊓\⊔⟩↕ ⊔⟨⌉ ⟩\√⊓⊔ ⊣√√⌉⊣∇∫ ⊔≀ ⌊⌉ ∫⟩↕⌉\⊔ ⇐⊑⟩⊣ ⊔⟨⌉ ↖∫⟩↕⌉\⊔↕⌉⊑⌉↕ ⊣\⌈ ↖∫⟩↕⌉\⊔⊔⟩⇕⌉ ∫⊒⟩⊔⌋⟨⌉∫⇒↙ ↖↕ ↕⌉\}⊔⟨ ↕⌉\}⊔⟨ ≀{ ∫≀⊓\⌈ ⌈⊣⊔⊣ ⊔≀ ∇⌉⌋≀∇⌈⇔ ∫√⌉⌋⟩⊘⌉⌈ ⟩\ ∫⌉⌋≀\⌈∫↙ ↖∫⟩↕⌉\⊔↕⌉⊑⌉↕ ↕⌉⊑⌉↕ ↕⌉⊑⌉↕ ⇐⟩\ ⌈B⇕⇒ ⌊⌉↕≀⊒ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ∫≀⊓\⌈ ⟩∫ ⌈⌉⌉⇕⌉⌈ ⊔≀ ⌊⌉ ∫⟩↕⌉\⊔↙ T⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊑⊣↕⊓⌉ ⟩∫ ↖′̸↙ T⟨⌉ ′ ⌈B⇕ ∇⌉{⌉∇⌉\⌋⌉ ↕⌉⊑⌉↕ ⟩∫ ⊔⟨⌉ ⊖⌈⟩}⟩⊔⊣↕ ⇕⟩↕↕⟩⊒⊣⊔⊔⪰↙ ↖∫⟩↕⌉\⊔⊔⟩⇕⌉ ⊔⟩⇕⌉ ⊔⟩⇕⌉ ⇐⟩\ ∫⌉⌋≀\⌈∫⇒ ≀{ ∫⟩↕⌉\⌋⌉ ⊒⟨⟩⌋⟨ ⊒⟩↕↕ ⊔⌉∇⇕⟩\⊣⊔⌉ ⊔⟨⌉ ∇⌉⌋≀∇⌈⟩\}↙ T⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊑⊣↕⊓⌉ ⟩∫ ∋↙′↙

∀↙∈ ⊣∇⌉⌋≀∇⌈ � A\ R⌉⌋≀∇⌈ C↕⟩⌉\⊔ ▽∃

I{ ⌉⟩⊔⟨⌉∇ ↖∫⟩↕⌉\⊔↕⌉⊑⌉↕ ≀∇ ↖∫⟩↕⌉\⊔⊔⟩⇕⌉ ⟩∫ ∫⌉⊔⇔ ⊔⟨⌉\ ⊣∇⌉⌋≀∇⌈ ⊒⟩↕↕ ⊔⌉∇⇕⟩\⊣⊔⌉ ∇⌉⌋≀∇⌈⟩\} ⊣{⊔⌉∇ ∫≀ ⇕⊣\† ∫⌉⌋≀\⌈∫ ≀{ ↑∫⟩↕⌉\⌋⌉↑↙ ↖√∇⟩\⊔√≀⊒⌉∇ P∇⟩\⊔ ⟩\√⊓⊔ √≀⊒⌉∇ ↕⌉⊑⌉↕ ⟩\ ⌈B⇕ ≀\ ⊔⟨⌉ ∫⊔⊣\⌈⊣∇⌈ ⌉∇∇≀∇ ≀⊓⊔√⊓⊔ ⌉⊑⌉∇† ⌊↕≀⌋‖ ⇐∀ ⊔⟩⇕⌉∫ ⊣ ∫⌉⌋≀\⌈⇒↙ T⟨⟩∫ ⟩∫ ⊣ ⌈⌉⌊⊓}}⟩\} ≀√⊔⟩≀\⇔ ⌊⊓⊔ ⟩⊔ ⇕⊣† ⌊⌉ ⊓∫⌉{⊓↕ ⟩\ ⊘}⊓∇⟩\} ≀⊓⊔ √∇≀√⌉∇ ⊑⊣↕⊓⌉∫ {≀∇ ⊔⟨⌉ ↖∫⟩↕⌉\⊔↕⌉⊑⌉↕ ≀√⊔⟩≀\↙ ⊣∇⌉⌋≀∇⌈ ♣ ⊣√≀⊒⌉∇ ⊒⟩↕↕ ⊣⌋⌋≀⇕√↕⟩∫⟨ ⊣ ∫⟩⇕⟩↕⊣∇ {⊓\⌋⊔⟩≀\↙ ↖⊔ ⊔⟩⇕⌉ ⊔⟩⇕⌉ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⊣⌈|⊓∫⊔ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⊔⟩⇕⌉ ⊣⊔ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⊔⟨⌉ ⊣∇⌉⌋≀∇⌈ ⌋↕⟩⌉\⊔ ⌊⌉}⟩\∫ ⊔≀ ∇⌉⌋≀∇⌈ ⊔⟨⌉ ∫≀⊓\⌈ ⌈⊣⊔⊣↙ A √≀∫⟩⊔⟩⊑⌉ ⊑⊣↕⊓⌉ ≀{ ⊔⟩⇕⌉ ⊒⟩↕↕ ⌊⌉}⟩\ ∇⌉⌋≀∇⌈⟩\} ⊔⟩⇕⌉ ∫⌉⌋≀\⌈∫ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉↙ I{ ⊔⟩⇕⌉ ⟩∫ \⌉}⊣⊔⟩⊑⌉⇔ ∫≀⊓\⌈ ⌈⊣⊔⊣ ⊒⟩↕↕ ⌊⌉ ∇⌉⊔⊓∇\⌉⌈ {∇≀⇕ ⊔⟩⇕⌉ ∫⌉⌋≀\⌈∫ ⟩\ ⊔⟨⌉ √⊣∫⊔↙ G⌉\⌉∇⊣↕↕†⇔ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⟩∫ ⊣↕⊒⊣†∫ ∇⌉⌋≀∇⌈⟩\}⇔ ⊣\⌈ ‖⌉⌉√∫ ⊔⟨⌉ √⊣∫⊔ {≀⊓∇ ∫⌉⌋≀\⌈∫ ⟩\ ⌊⊓{{⌉∇∫↙ T⟨⊓∫ ⊣∇⌉⌋≀∇⌈ ↖⊔ ↖∈ ⊒⟩↕↕ ∫⊔⊣∇⊔ ∇⌉⌋≀∇⌈⟩\} ⊔⊒≀ ∫⌉⌋≀\⌈∫ ⌉⊣∇↕⟩⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ⊔⟩⇕⌉ ⊣∇⌉⌋≀∇⌈ ⌊⌉}⟩\∫ ⊔≀ ⌉§⌉⌋⊓⊔⌉↙ I{ ⊔⟨⌉ ⊔⟩⇕⌉ ≀{{∫⌉⊔ ⟩∫ ⊔≀≀ ⌉⊣∇↕† ⇐⌊⌉†≀\⌈ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇⟩\} ⌋⊣√⊣⌋⟩⊔†⇒⇔ ∫⟩↕⌉\⌋⌉ ⊒⟩↕↕ ⌊⌉ ∇⌉⊔⊓∇\⌉⌈↙ T⟨⌉ ⌈⌉{⊣⊓↕⊔∫ ⟩∫ ′↙∞∈▽ ∫⌉⌋≀\⌈∫↙ ⊘↕⌉ ⊣∇⌉⌋≀∇⌈ ⊒∇⟩⊔⌉∫ ⌈⊣⊔⊣ ⊔≀ ⊘↕⌉ ⟩\ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⊒≀∇‖⟩\} ⌈⟩∇⌉⌋⊔≀∇†↙ I{ ⊔⟨⌉ ⊘↕⌉ \⊣⇕⌉ ⟩∫ \≀⊔ ∫√⌉⌋⟩⊘⌉⌈⇔ ⊔⟨⌉\ ⊣∇⌉⌋≀∇⌈ ⊒∇⟩⊔⌉∫ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌈⊣⊔⊣ ⊔≀ ∫⊔⊣\⌈⊣∇⌈ ≀⊓⊔√⊓⊔↙ L⟩‖⌉ ⊣√↕⊣†⇔ ⊣∇⌉⌋≀∇⌈ ⌈⌉{⊣⊓↕⊔∫ ⊔≀ ⊔⟨⌉ ⌊†⊔⌉ ≀∇⌈⌉∇ ≀{ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⇕⊣⌋⟨⟩\⌉↙ T⟨⌉ ↖⌊ ⊣\⌈ ↖↕ ≀√⊔⟩≀\∫ ⊒⟩↕↕ ⌉§√↕⟩⌋⟩⊔↕† ∫⌉⊔ ⊣ ⌊⟩}↖⌉\⌈⟩⊣\ ≀∇ ↕⟩⊔⊔↕⌉↖⌉\⌈⟩⊣\ ≀⊓⊔√⊓⊔ {≀∇⇕⊣⊔↙

∀↙∈↙∈ ⊣∇⌉⌋≀∇⌈ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ T⟨⟩∫ ∫⌉⌋⊔⟩≀\ ⌈⟩∫⌋⊓∫∫⌉∫ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⊣∇⌉⌋≀∇⌈↙ T⟨⌉ ⟩\⟩⊔⟩⊣↕⟩‡⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌋≀\\⌉⌋⊔⟩≀\ ⊣∇⌉ ⌉∫∫⌉\⊔⟩⊣↕↕† ⊔⟨⌉ ∫⊣⇕⌉ ⊣∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ {≀∇ ⊣√↕⊣†⇔ ∫≀ ⊔⟨≀∫⌉ ⌈⌉⊔⊣⟩↕∫ ⊣∇⌉ \≀⊔ ∫⟨≀⊒\ ⌊⌉↕≀⊒↙ T⟨⌉ ∇⌉⊣⌈⌉∇ ⟩∫ ⌉\⌋≀⊓∇⊣}⌉⌈ ⊔≀ ∫⊔⊓⌈† ⊔⟨⌉ {⊓↕↕ ∫≀⊓∇⌋⌉ ⌋≀⌈⌉ {≀∇ ⊣∇⌉⌋≀∇⌈⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ⊒⟩⊔⟨ A⊓⌈⟩≀F⟩↕⌉↙ ⊣∇⌉⌋≀∇⌈⇐⇒ ¶ ∝⇑ ≀√⌉\ ⊣ ⌋≀\\⌉⌋⊔⟩≀\ ⊔≀ ⊔⟨⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇ ⊣\⌈ ⌈⌉⊑⟩⌋⌉ ∫√⌉⌋⟩{⟩⌉⌈↙ ⇑∝ ↙ ↙ ↙ ∝⇑ I{ ⊔⟨⌉ ⊓∫⌉∇ ∫√⌉⌋⟩{⟩⌉∫ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ∫⌉⌋≀\⌈∫ ⊔≀ ∇⌉⌋≀∇⌈⇔ ⌋≀\⊑⌉∇⊔ ⊔⟨⌉ ↕⌉\}⊔⟨ ⟩\⊔≀ ⊣ \⊓⇕⌊⌉∇ ≀{ ∫⊣⇕√↕⌉∫ ⊔≀ ∇⌉⌋≀∇⌈↙ ⇑∝ ⟩{⇐↕⌉\}⊔⟨ ⊤ℑ ′⇒ \∫⊣⇕√↕⌉∫ ℑ ∫∇⊣⊔⌉ ⇑ ↕⌉\}⊔⟨∅

′̸ ∀ AUDIOFILE CLIENTS

∝⇑ ⌉∫⊔⊣⌊↕⟩∫⟨ ⊣\ ⟩\⟩⊔⟩⊣↕ AF ∫⌉∇⊑⌉∇ ⊔⟩⇕⌉⇔ ⊣\⌈ ∫⌋⟨⌉⌈⊓↕⌉ ⊔⟨⌉ ⟩\⟩⊔⟩⊣↕ ∇⌉⌋≀∇⌈ ∇⌉∐⊓⌉∫⊔ ⊣⌋⌋≀∇⌈⟩\} ⊔≀ ⊔≀{{∫⌉⊔↙ ⊔≀{{∫⌉⊔ ⌋⊣\ ⌊⌉ ∫⌉⊔ ≀\ ⊔⟨⌉ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ ⇑∝ ⊔ ℑ AFG⌉⊔T⟩⇕⌉⇐⊣⌋⇒ ⇓ ⇐⊔≀{{∫⌉⊔ ⇑ ∫∇⊣⊔⌉⇒∅ ⊒⟨⟩↕⌉ ⇐\∫⊣⇕√↕⌉∫ ⊤ ′⇒ ¶ ∝⇑ I{ ⊒⌉ ⊣∇⌉ ∇⌉⌋≀∇⌈⟩\} ⊔⟨⌉ ↕⊣∫⊔ ⌊↕≀⌋‖ ≀{ ⊣ ⊔⟩⇕⌉⌈ ∇⌉⌋≀∇⌈⇔ ⊔⟨⌉\ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ ⊒⟩↕↕ ⌊⌉ ∫⟨≀∇⊔⌉∇ ⊔⟨⊣\ BUFSIZE ⇑∝ ⟩\⊔ \⌊ ℑ ⇐\∫⊣⇕√↕⌉∫ ⊤ BUFSIZE⇒ ⊥ BUFSIZE ¬ \∫⊣⇕√↕⌉∫∅ ∝⇑ R⌉⌋≀∇⌈ \⌊ ∫⊣⇕√↕⌉∫ ⊣⊔ ∫⌉∇⊑⌉∇ ⊔⟩⇕⌉ ⊔ ⇑∝ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐⊣⌋⇔ ⊔⇔ \⌊ ⇑ ∫∫⟩‡⌉⇔ ⌊⊓{⇔ AB↕≀⌋‖⇒∅ ∝⇑ ⊣⌈⊑⊣\⌋⌉ ⊔⟨⌉ ⊔⟩⇕⌉ √≀⟩\⊔⌉∇ ⌊† ⊔⟨⌉ ∫⟩‡⌉ ≀{ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⌊↕≀⌋‖ ⇑∝ ⊔ ⇓ℑ \⌊∅ ∝⇑ ⌈⌉⌋∇⌉⇕⌉\⊔ ⊔⟨⌉ ∫⊣⇕√↕⌉∫ ⊔≀ }≀ ⇐{≀∇ ⊣ ⊔⟩⇕⌉⌈ ∇⌉⌋≀∇⌈⇒ ⇑∝ \∫⊣⇕√↕⌉∫ ↖ℑ \⌊∅ ∝⇑ ⊒∇⟩⊔⌉ ⊔⟨⌉ ∫⊣⇕√↕⌉∫ ≀\ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ∫⊔∇⌉⊣⇕ ⇑∝ {⊒∇⟩⊔⌉⇐⌊⊓{⇔ ∫∫⟩‡⌉⇔ \⌊⇔ {⇒∅ {{↕⊓∫⟨⇐{⇒∅

T⟨⌉ {⊙⊓∫⟨⇐⇒ ≀√⌉∇⊣⊔⟩≀\ ⟩∫ \≀⊔ ∫⊔∇⟩⌋⊔↕† \⌉⌋⌉∫∫⊣∇†⇔ ⌊⊓⊔ ⟩{ ⊣∇⌉⌋≀∇⌈ ⟩∫ ⊓∫⌉⌈ ⟩\ ⊣ √⟩√⌉↕⟩\⌉ ↕⌉⊣⌈⟩\} ⟩\⊔≀ ∫≀⇕⌉ ∇⌉⊣↕↖⊔⟩⇕⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\⇔ ⊔⟨⌉\ ⊒⌉ ⌈≀ \≀⊔ ⊒⊣\⊔ ⊔≀ ⟩\⊔∇≀⌈⊓⌋⌉ ⊣\† ⌉§⌋⌉∫∫ ↕⊣⊔⌉\⌋†↙ I{ ∇⌉⌋≀∇⌈⟩\} ⟩∫ ⊔≀ ⌊⌉ ⊔⌉∇⇕⟩\⊣⊔⌉⌈ ⌊† ∫⟩↕⌉\⌋⌉⇔ ⊔⟨⌉\ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ⌋≀⌈⌉ ⟩∫ ⊣⌋⊔⟩⊑⌉↙ T⟨⌉ √∇≀}∇⊣⇕ ⊒⊣⟩⊔∫ {≀∇ ⊣ ∇⊓\ ≀{ ⌊↕≀⌋‖∫ ≀{ ⊔≀⊔⊣↕ ↕⌉\}⊔⟨ ∫⟩↕⌉\⊔ ⊔⟩⇕⌉⇔ ⌉⊣⌋⟨ ≀{ ⊒⟨⟩⌋⟨ ⟨⊣∫ ⊣ √≀⊒⌉∇ ↕⌉⊑⌉↕ ⌊⌉↕≀⊒ ∫⟩↕⌉\⊔ ↕⌉⊑⌉↕↙

⟩{ ⇐∫⟩↕⌉\⊔∨↕⌉⊑⌉↕∨{↕⊣}⇒ ¶ ∝⇑ ⌋≀⇕√⊓⊔⌉ ⊔⟨⌉ √≀⊒⌉∇ ≀{ ⊔⟨⌉ ⌊↕≀⌋‖ ⇑∝ √≀⊒ ℑ √≀⊒⌉∇⇐⌊⊓{⇔ \⌊⇒∅ ⟩{ ⇐√≀⊒ ℜ ∫⟩↕⌉\⊔∨↕⌉⊑⌉↕⇒ ∫⟩↕⌉\⊔∨∇⊓\ ⇓ℑ ⇐\⌊ ∝ ⇐⇐⌈≀⊓⌊↕⌉⇒ ∫∇⊣⊔⌉⇒⇒∅ ∝⇑ ⌊∇⌉⊣‖ ⊒⟩↕↕ ⌉§⟩⊔ ⊔⟨⌉ ∇⌉⌋≀∇⌈ ↕≀≀√ ⇑∝ ⟩{ ⇐∫⟩↕⌉\⊔∨∇⊓\ ⊤ℑ ∫⟩↕⌉\⊔∨⊔⟩⇕⌉⇒ ⌊∇⌉⊣‖∅ ⟩{ ⇐√≀⊒ ⊤ ∫⟩↕⌉\⊔∨↕⌉⊑⌉↕⇒ ∫⟩↕⌉\⊔∨∇⊓\ ℑ ′↙′∅ ♦ ♦ ♦

∀↙∋ ⊣√⊣∫∫ � C≀√† F∇≀⇕ O\⌉ S⌉∇⊑⌉∇ ⊔≀ A\≀⊔⟨⌉∇ ∞̸

∀↙∈↙∋ F↕≀⊒ C≀\⊔∇≀↕ I\ ⊣∇⌉⌋≀∇⌈⇔ ⊙≀⊒ ⌋≀\⊔∇≀↕ ⟩∫ √∇≀⊑⟩⌈⌉⌈ ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ I\ \≀∇⇕⊣↕ ≀√⌉∇⊣⊔⟩≀\⇔ ⌉⊣⌋⟨ ⌋⊣↕↕ ⊔≀ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐⇒ ∇⌉∐⊓⌉∫⊔∫ ⊣ ⌊↕≀⌋‖ ⌊⌉}⟩\\⟩\} ∫↕⟩}⟨⊔↕† ⟩\ ⊔⟨⌉ √⊣∫⊔ ⊣\⌈ ⌉§⊔⌉\⌈⟩\} ⟩\⊔≀ ⊔⟨⌉ {⊓⊔⊓∇⌉↙ T⟨⌉ ∫⌉∇⊑⌉∇ ⌊↕≀⌋‖∫ ⊔⟨⌉ ⌋⊣↕↕ ⊓\⊔⟩↕ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔⌉⌈ ∫⌉}⇕⌉\⊔ ⟩∫ ⌋≀⇕√↕⌉⊔⌉↕† ∇⌉⌋≀∇⌈⌉⌈⇔ ⊣\⌈ ⊔⟨⌉ ⌋⊣↕↕ ∇⌉⊔⊓∇\∫ ⊔≀ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ∫↕⟩}⟨⊔↕† ⊣{⊔⌉∇ ⊔⟨⌉ ⊔⟩⇕⌉ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⊔≀ ⊔⟨⌉ ⌉\⌈ ≀{ ⊔⟨⌉ ⌊↕≀⌋‖↙ O\⌉ ⊑⌉∇† ⟩\⊔⌉∇⌉∫⊔⟩\} √∇≀√⌉∇⊔† ≀{ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ S†∫⊔⌉⇕ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⟩∫ ⊣↕⊒⊣†∫ ↕⟩∫⊔⌉\⟩\}↙ I⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ {≀∇ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐⇒ ⊔≀ ∇⌉∐⊓⌉∫⊔ ⌈⊣⊔⊣ {∇≀⇕ ⊔⟨⌉ ∇⌉⌋⌉\⊔ √⊣∫⊔ ⇐⊔†√⟩⌋⊣↕↕† ⊒⟩⊔⟨⟩\ {≀⊓∇ ∫⌉⌋≀\⌈∫⇒↙ I\ ⊔⟨⟩∫ ⌋⊣∫⌉⇔ ⊔⟨⌉ ⌋⊣↕↕ ⟩∫ {⊓↕⊘↕↕⌉⌈ {∇≀⇕ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⌊⊓{{⌉∇∫ ⊣\⌈ ∇⌉⊔⊓∇\∫ ⊔≀ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ∇⟩}⟨⊔ ⊣⊒⊣†↙ T⟨⟩∫ ⌋⊣√⊣⌊⟩↕⟩⊔† √⌉∇⇕⟩⊔∫ ⊑≀⟩⌋⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊔≀ ≀⇕⟩⊔ ⊔⟨⌉ ⊓∫⊓⊣↕ ⌊⌉⌉√ ⊔⟨⊣⊔ ⇕⌉⊣\∫ ⟩⊔ ⟩∫ OK ⊔≀ ∫⊔⊣∇⊔ ⊔⊣↕‖⟩\}↙ I\∫⊔⌉⊣⌈⇔ ⊔⟨⌉ ⊓∫⌉∇ ⌋⊣\ ⟩\⊑≀‖⌉ ⊣∇⌉⌋≀∇⌈ ⊒⟩⊔⟨ ⊣ ∫⇕⊣↕↕ \⌉}⊣⊔⟩⊑⌉ ≀{{∫⌉⊔⇔ ⊣\⌈ ∇⌉⌋≀∇⌈⟩\} ⊒⟩↕↕ ∫⊔⊣∇⊔ ⊖⌊⌉{≀∇⌉⪰ ⊣∇⌉⌋≀∇⌈ ⌊⌉}⟩\∫ ⌉§⌉⌋⊓⊔⟩≀\↙

∀↙∋ ⊣√⊣∫∫ � C≀√† F∇≀⇕ O\⌉ S⌉∇⊑⌉∇ ⊔≀ A\≀⊔⟨⌉∇ ⊣√⊣∫∫ ⟩∫ ⊣\ A⊓⌈⟩≀F⟩↕⌉ ⌋↕⟩⌉\⊔ ⊒⟨⟩⌋⟨ ∇⌉⌋≀∇⌈∫ {∇≀⇕ ⊣ ⌈⌉⊑⟩⌋⌉ ⊣⊔⊔⊣⌋⟨⌉⌈ ⊔≀ ≀\⌉ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⊣\⌈⇔ ⊣{⊔⌉∇ ⊣ ∫⇕⊣↕↕ ⌈⌉↕⊣†⇔ √↕⊣†∫ ⌊⊣⌋‖ ≀\ ⊣ ⌈⌉⊑⟩⌋⌉ ⊣⊔⊔⊣⌋⟨⌉⌈ ⊔≀ ⊣\≀⊔⟨⌉∇ ∫⌉∇⊑⌉∇↙ O\⌉ ≀{ ≀⊓∇ √∇⟩⇕⊣∇† }≀⊣↕∫ ⟩\ ⊔⟨⌉ ⌈⌉⊑⌉↕≀√⇕⌉\⊔ ≀{ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ S†∫⊔⌉⇕ ⊒⊣∫ ⊔≀ ⌉\⊣⌊↕⌉ ⌉§√⌉∇⟩⇕⌉\⊔∫ ⟩\ ⊔⌉↕⌉⌋≀\{⌉∇⌉\⌋⟩\}↙ ⊣√⊣∫∫ ⟩∫ \≀⊔ ⊣ ⊔⌉↕⌉⌋≀\{⌉∇⌉\⌋⟩\} ⊣√√↕⟩⌋⊣⊔⟩≀\⇔ ⌊⊓⊔ ⟩⊔ ⊣⌈⌈∇⌉∫∫⌉∫ ∫≀⇕⌉ ≀{ ⊔⟨⌉ {⊓\⌈⊣⇕⌉\⊔⊣↕ √∇≀⌊↕⌉⇕∫ ≀{ \⌉⊔⊒≀∇‖ ⊔⌉↕⌉⌋≀\{⌉∇⌉\⌋⟩\}¬ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫ ⊒⟩⊔⟨ ⇕⊓↕⊔⟩√↕⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇∫⇔ ⇕⊣\⊣}⌉⇕⌉\⊔ ≀{ ⌉\⌈↖⊔≀↖⌉\⌈ ⌈⌉↕⊣†⇔ ⊣\⌈ ⇕⊣\⊣}⌉⇕⌉\⊔ ≀{ ⇕⊓↕⊔⟩√↕⌉ ⌋↕≀⌋‖ ⌈≀⇕⊣⟩\∫↙ I⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ ⊔≀ ∇⌉⌋≀∇⌈ {∇≀⇕ ≀\⌉ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇ ⊣\⌈ ⊔≀ ∇≀⊓⊔⌉ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⊔≀ ⊣\ ≀⊓⊔√⊓⊔ ⌈⌉⊑⟩⌋⌉ ≀\ ⊔⟨⌉ ∫⊣⇕⌉ ≀∇ ≀\ ⊣ ⌈⟩{{⌉∇⌉\⊔ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇ ⌊† √⟩√⟩\} ⊣∇⌉⌋≀∇⌈ ⟩\⊔≀ ⊣√↕⊣†↙ ⇐I{ †≀⊓ ⟨⊣⊑⌉ ⊣\ A⊓⌈⟩≀F⟩↕⌉ ⌉\⊑⟩∇≀\⇕⌉\⊔⇔ ⊔∇† ⊔⟨⟩∫⇒↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⟩∫ ⟩∫ \≀⊔ ⊣ ∫⊣⊔⟩∫{⊣⌋⊔≀∇† ∫≀↕⊓⊔⟩≀\ {≀∇ ∫⌉⊑⌉∇⊣↕ ∇⌉⊣∫≀\∫¬

• I\ ⊔⌉↕⌉⌋≀\{⌉∇⌉\⌋⟩\}⇔ ⟩⊔ ⟩∫ ⟩⇕√≀∇⊔⊣\⊔ ⊔≀ ⟨⊣⊑⌉ ⊔⟩}⟨⊔ ⌋≀\⊔∇≀↕ ≀⊑⌉∇ ⊔⟨⌉ ⌉\⌈↖⊔≀↖ ⌉\⌈ ⌈⌉↕⊣† ≀{ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌋≀\\⌉⌋⊔⟩≀\↙ I{⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ ∇≀⊓\⌈ ⊔∇⟩√ ⌈⌉↕⊣† ⟩∫ ≀⊑⌉∇ ⊣⌊≀⊓⊔ ∋′′ ⇕⟩↕↕⟩∫⌉⌋≀\⌈∫⇔ ⊔⟨⌉\ ⟨⊓⇕⊣\∫ ⌊⌉}⟩\ ⊔≀ ⟨⊣⊑⌉ ⌈⟩{⊘⌋⊓↕⊔† ⊒⟩⊔⟨ ⌋≀\⊑⌉∇∫⊣⊔⟩≀\⊣↕ ⌈†\⊣⇕⟩⌋∫↙ ⊣√⊣∫∫ ∫⌉⊔∫ ⊓√ ⊣ ∫⊔∇⟩⌋⊔ ⌈⌉↕⊣† ⌊⊓⌈}⌉⊔⇔ ⊣⌋⌋≀⊓\⊔⟩\} {≀∇ ⊔⟨⌉ ⊑⊣∇⟩≀⊓∫ {⊣⌋⊔≀∇∫ ⟩\⊑≀↕⊑⌉⌈↙ • I\ ⊣ ∫†∫⊔⌉⇕ ⊒⟩⊔⟨ ⇕⊓↕⊔⟩√↕⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉∫⇔ {∇⌉∐⊓⌉\⊔↕† ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⊔ ⌈⌉⊑⟩⌋⌉∫ ⊒⟩↕↕ ⌊⌉ ⌋≀\⊔∇≀↕↕⌉⌈ ⌊† ⌈⟩{{⌉∇⌉\⊔ ∫⊣⇕√↕⟩\} ∇⊣⊔⌉ ⌋↕≀⌋‖∫↙ E⊑⌉\ ⊔⟨≀⊓}⟨ ⌊≀⊔⟨ ⌋↕≀⌋‖∫

∉ ∀ AUDIOFILE CLIENTS

\≀⇕⟩\⊣↕↕† ∇⊓\ ⊣⊔ ⊔⟨⌉ ∫⊣⇕⌉ ∇⊣⊔⌉⇔ ⊔⟨⌉ √⟨†∫⟩⌋⊣↕ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\∫ ⊣∇⌉ ∫⊓⌊|⌉⌋⊔ ⊔≀ ∫↕⟩}⟨⊔ {∇⌉∐⊓⌉\⌋† ⌉∇∇≀∇∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⌋∇†∫⊔⊣↕ ≀∫⌋⟩↕↕⊣⊔≀∇∫ ⟨⊣⊑⌉ ⊔≀↕⌉∇⊣\⌋⌉∫ ≀{ √⌉∇⟨⊣√∫ ∞′′ √⊣∇⊔∫ √⌉∇ ⇕⟩↕↕⟩≀\ ⊣\⌈ ⊔⟨⌉† ⊑⊣∇† ∫↕⟩}⟨⊔↕† ⊒⟩⊔⟨ ⊔⌉⇕√⌉∇⊣⊔⊓∇⌉↙ I{ ⊔⟨⌉ ⊔∇⊣\∫⇕⟩⊔⊔⟩\} ⌉\⌈ ∫⊣⇕√↕⌉∫ {⊣∫⊔⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ∇⌉⌋⌉⟩⊑⟩\} ⌉\⌈⇔ ⊔⟨⌉\ ⊔⟨⌉ ⌉§⌋⌉∫∫ ∫⊣⇕√↕⌉∫ ⊒⟩↕↕ ⊣⌋⌋⊓⇕⊓↕⊣⊔⌉ ⟩\ ⌊⊓{{⌉∇∫ ⟩\ ⌊⌉⊔⊒⌉⌉\↙ T⟨⟩∫ ⊣⌋⌋⊓⇕⊓↕⊣⊔⟩≀\ ⊒⟩↕↕ ⇕⊣\⟩{⌉∫⊔ ⟩⊔∫⌉↕{ ⊣∫ }∇⊣⌈⊓⊣↕↕† ⟩\⌋∇⌉⊣∫⟩\} ⌉\⌈↖⊔≀↖⌉\⌈ ⌈⌉↕⊣†↙ I{ ⊔⟨⌉ ⊔∇⊣\∫⇕⟩⊔ ⌋↕≀⌋‖ ⟩∫ ∫↕≀⊒⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ∇⌉⌋⌉⟩⊑⌉ ⌋↕≀⌋‖⇔ ⊔⟨⌉ ⌊⊓{{⌉∇∫ ⊒⟩↕↕ ∇⊓\ ⌈∇† ⊣\⌈ ⊔⟨⌉ √↕⊣†⌊⊣⌋‖ ∫≀⊓\⌈ ⊒⟩↕↕ ⌊⌉ ⌊∇≀‖⌉\ ⊓√↙ ⊣√⊣∫∫ ⊔∇⊣⌋‖∫ ⊔⟨⌉ ⊔∇⊣\∫⇕⟩⊔ ⊣\⌈ ∇⌉⌋⌉⟩⊑⌉ ⌋↕≀⌋‖ ∇⊣⊔⌉∫ ⊣\⌈ ∇⌉∫†\⌋⟨∇≀\⟩‡⌉∫ ⊣∫ \⌉⌋⌉∫∫⊣∇†↙ ⊣√⊣∫∫ ≀√⌉∇⊣⊔⌉∫ ⌊† ∇⌉⊣⌈⟩\} ⌊↕≀⌋‖∫ ≀{ ∫⊣⇕√↕⌉∫ {∇≀⇕ ⊔⟨⌉ ⊔∇⊣\∫⇕⟩⊔ ∫⌉∇⊑⌉∇⇔ ≀\⌉ ⊣{⊔⌉∇ ⊣\≀⊔⟨⌉∇ ⟩\ ∇⌉⊣↕↖⊔⟩⇕⌉⇔ ⊣\⌈ ∫⌋⟨⌉⌈⊓↕⟩\} ⊔⟨⌉⟩∇ √↕⊣†⌊⊣⌋‖ ≀\ ⊔⟨⌉ ∇⌉⌋⌉⟩⊑⌉ ∫⌉∇⊑⌉∇↙ T⟨⌉ ≀⊑⌉∇⊣↕↕ ⌈⌉↕⊣† ⌊⌉⊔⊒⌉⌉\ ⟩\√⊓⊔ ⊣\⌈ ≀⊓⊔√⊓⊔ ⟩∫ ⇕⊣⌈⌉ ⊓√ ≀{ ⊔⟨∇⌉⌉ ⌋≀⇕√≀\⌉\⊔∫¬ • P⊣⌋‖⌉⊔⟩‡⊣⊔⟩≀\ ⌈⌉↕⊣†↙ S⟩\⌋⌉ ⊣√⊣∫∫ ⌈⌉⊣↕∫ ⟩\ ⌊↕≀⌋‖∫ ≀{ ∫⊣⇕√↕⌉∫⇔ ⊔⟨⌉ ↕⊣∫⊔ ∫⊣⇕√↕⌉ ≀{ ⊣ ⌊↕≀⌋‖ ⇕⊓∫⊔ ⌊⌉ ∇⌉⌋≀∇⌈⌉⌈ ⊣⊔ ⊔⟨⌉ ⊔∇⊣\∫⇕⟩⊔ ⌉\⌈ ⌊⌉{≀∇⌉ ⊔⟨⌉ ⊘∇∫⊔ ∫⊣⇕√↕⌉ ⌋⊣\ ⌊⌉ √↕⊣†⌉⌈ ⌊⊣⌋‖↙ T⟨⊓∫ ⊔⟨⌉ ∫⟩‡⌉ ≀{ ⊔⟨⌉ ⌊↕≀⌋‖ ∫⌉⊔∫ ⊣ ⇕⟩\⟩⇕⊣↕ ⊑⊣↕⊓⌉ ≀{ ⊔⟨⌉ ⌉\⌈↖ ⊔≀↖⌉\⌈ ⌈⌉↕⊣†↙ T⟨⟩∫ ⌋≀⇕√≀\⌉\⊔ ≀{ ⊔⟨⌉ ≀⊑⌉∇⊣↕↕ ⌈⌉↕⊣† ⟩∫ ⌋⊣↕↕⌉⌈ ⊔⟨⌉ √⊣⌋‖⌉⊔⟩‡⊣⊔⟩≀\ ⌈⌉↕⊣† ⊣\⌈ ⟩∫ ⌋≀\∫⊔⊣\⊔↙ • T∇⊣\∫√≀∇⊔ ⌈⌉↕⊣†↙ T⟨⌉ ⌊↕≀⌋‖∫ ≀{ ∫⊣⇕√↕⌉∫ ⊣∇⌉ ∫⌉\⊔ {∇≀⇕ ⊔⟨⌉ ⊔∇⊣\∫⇕⟩⊔⊔⟩\} ∫⌉∇⊑⌉∇ ⊔≀ ⊣√⊣∫∫⇔ ⊣\⌈ {∇≀⇕ ⊣√⊣∫∫ ⊔≀ ⊔⟨⌉ ∇⌉⌋⌉⟩⊑⟩\} ∫⌉∇⊑⌉∇↙ T⟨⌉ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊔∇⊣\∫⇕⟩∫∫⟩≀\ ⌈⌉↕⊣†⇔ √↕⊓∫ ⊣↕↕ ∫≀{⊔⊒⊣∇⌉ ≀⊑⌉∇⟨⌉⊣⌈ ⊣\⌈ ∇⌉∫⌋⟨⌉⌈⊓↕⟩\} ⌈⌉↕⊣†∫ ⇕⊣‖⌉ ⊓√ ⊔⟨⌉ ⊔∇⊣\∫√≀∇⊔ ⌈⌉↕⊣†↙ T⟨⟩∫ ⌋≀⇕√≀\⌉\⊔ ≀{ ⊔⟨⌉ ≀⊑⌉∇⊣↕↕ ⌈⌉↕⊣† ⟩∫ ⊑⊣∇⟩⊣⌊↕⌉↙ • A\⊔⟩↖|⟩⊔⊔⌉∇ ⌈⌉↕⊣†↙ ⊣√⊣∫∫ ⟩\∫⌉∇⊔∫ ⌉§⊔∇⊣ ⌈⌉↕⊣† ⊣⊔ ⊔⟨⌉ ∇⌉⌋⌉⟩⊑⟩\} A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇ ⌊† ∫⌋⟨⌉⌈⊓↕⟩\} √↕⊣†⌊⊣⌋‖ {≀∇ ⊣ √≀⟩\⊔ ⟩\ ⊔⟨⌉ \⌉⊣∇ {⊓⊔⊓∇⌉⇔ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⊣∫ ∫≀≀\ ⊣∫ √≀∫∫⟩⌊↕⌉↙ T⟨⟩∫ ⟩∫ √≀∫∫⟩⌊↕⌉ ⌊⌉⌋⊣⊓∫⌉ A⊓⌈⟩≀F⟩↕⌉ √⌉∇⇕⟩⊔∫ ⌉§√↕⟩⌋⟩⊔ ⌋≀\⊔∇≀↕ ≀⊑⌉∇ √↕⊣†⌊⊣⌋‖ ⊔⟩⇕⌉↙ T⟨⌉ ⌈⌉↕⊣† ⊣⊔ ⊔⟨⌉ ∇⌉⌋⌉⟩⊑⌉∇ ∫⌉∇⊑⌉∫ ⊔≀ ⊣⌊∫≀∇⌊ ⊑⊣∇⟩⊣⊔⟩≀\ ⟩\ ⊔⟨⌉ ⊔∇⊣\∫√≀∇⊔ ⌈⌉↕⊣†⇔ √∇≀⊑⟩⌈⌉⌈ ⊔⟨⊣⊔ ⊔⟨⌉ ⊑⊣∇⟩⊣⊔⟩≀\ ⟩\ ⊔∇⊣\∫√≀∇⊔ ⌈⌉↕⊣† ⟩∫ \≀⊔ ↕⊣∇}⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ⊣\⊔⟩↖|⟩⊔⊔⌉∇ ⌈⌉↕⊣†↙ A\† ⊣⌈⌈⟩⊔⟩≀\⊣↕ ⌉\⌈↖⊔≀↖⌉\⌈ ⌈⌉↕⊣† ∫√⌉⌋⟩⊘⌉⌈ ⌊† ⊔⟨⌉ ⊓∫⌉∇ ⟩∫ ⊣↕↕≀⌋⊣⊔⌉⌈ ⊔≀ ⊣⌈⌈⟩⊔⟩≀\⊣↕ ⊣\⊔⟩↖|⟩⊔⊔⌉∇ ⌈⌉↕⊣†↙

∀↙∋↙∞ ⊣√⊣∫∫ O√⊔⟩≀\∫ S≀⇕⌉ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ ≀√⊔⟩≀\∫ ⊔≀ ⊣√⊣∫∫ ∫⌉∇⊑⌉ ⇕⊓\⌈⊣\⌉ √⊓∇√≀∫⌉∫ � ⊔⟨⌉ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ≀{ ⟩\√⊓⊔ ⊣\⌈ ≀⊓⊔√⊓⊔ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇∫ ⊣\⌈ ⊔⟨⌉ ⟩\√⊓⊔ ⊣\⌈ ≀⊓⊔√⊓⊔ ⌈⌉⊑⟩⌋⌉∫↙ T⟨⌉ ⇕≀∇⌉

∀↙∋ ⊣√⊣∫∫ � C≀√† F∇≀⇕ O\⌉ S⌉∇⊑⌉∇ ⊔≀ A\≀⊔⟨⌉∇ ∌

⟩\⊔⌉∇⌉∫⊔⟩\} ∫⊒⟩⊔⌋⟨⌉∫ ⊣↕↕≀⊒ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ∫√⌉⌋⟩{† ⊔⟨⌉ ⌉\⌈↖⊔≀↖⌉\⌈ ⌈⌉↕⊣†⇔ ⌊⊓{{⌉∇ ∫⟩‡⌉⇔ ⊣\⌈ ⊣\⊔⟩↖|⟩⊔⊔⌉∇ ⌈⌉↕⊣†∫↙ T⟨⌉ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ {≀∇ ⊣√⊣∫∫ ⟩∫ ⊣∫ {≀↕↕≀⊒∫⇔ ⊒⟩⊔⟨ ≀√⊔⟩≀\⊣↕ ⌉↕⌉⇕⌉\⊔∫ ⌉\⌋↕≀∫⌉⌈ ⟩\ ∫∐⊓⊣∇⌉ ⌊∇⊣⌋‖⌉⊔∫↙ ⊣√⊣∫∫ ∪↖⟩⊣ ℜ⟩\√⊓⊔↖AF↖∫⌉∇⊑⌉∇⊤⊎ ∪↖≀⊣ ℜ≀⊓⊔√⊓⊔↖AF↖∫⌉∇⊑⌉∇⊤⊎ ∪↖⟩⌈ ℜ⟩\√⊓⊔↖⌈⌉⊑⟩⌋⌉⊤⊎ ∪↖≀⌈ ℜ≀⊓⊔√⊓⊔↖⌈⌉⊑⟩⌋⌉⊤⊎ ∪↖⌈⌉↕⊣† ℜ∫⌉⌋≀\⌈∫⊤⊎ ∪↖⊣| ℜ⊣\⊔⟩↖|⟩⊔⊔⌉∇↖∫⌉⌋≀\⌈∫⊤⊎ ∪↖⌊⊓{{⌉∇⟩\} ℜ⌊⊓{{⌉∇⟩\}↖∫⌉⌋≀\⌈∫⊤⊎ ∪↖}⊣⟩\ ℜ⌈B↖}⊣⟩\⊤⊎ ∪↖↕≀}⊎ ∪↖{ ℜ√⊣∇⊣⇕⌉⊔⌉∇↖⊘↕⌉⊤⊎ I{ \≀ ≀√⊔⟩≀\∫ ⊣∇⌉ }⟩⊑⌉\⇔ ⊣√⊣∫∫ ⊒⟩↕↕ ⊖↕≀≀√ ⌊⊣⌋‖⪰ ⊔⟨⌉ ⊘∇∫⊔ \≀\↖⊔⌉↕⌉√⟨≀\⌉ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ⌋≀\\⌉⌋⊔⌉⌈ ⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ∫√⌉⌋⟩⊘⌉⌈ ⌊† ⊔⟨⌉ AUDIOFILE ⌉\⊑⟩∇≀\⇕⌉\⊔ ⊑⊣∇⟩⊣⌊↕⌉↙ T⟨⌉ ⊑⊣∇⟩≀⊓∫ ≀√⊔⟩≀\∫ ⊣∇⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⌊⌉↕≀⊒¬ ↖⟩⊣ ∫⌉∇⊑⌉∇ S√⌉⌋⟩⊘⌉∫ ⊒⟨⟩⌋⟨ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇ ⊔≀ ∇⌉⌋≀∇⌈ ⊔⟨⌉ ∫≀⊓\⌈ {∇≀⇕↙ D⌉{⊣⊓↕⊔∫ ⊔≀ ⊔⟨⌉ ⊑⊣↕⊓⌉ ≀{ ⊔⟨⌉ AUDIOFILE ⌉\⊑⟩∇≀\⇕⌉\⊔ ⊑⊣∇⟩⊣⌊↕⌉↙ ↖≀⊣ ∫⌉∇⊑⌉∇ S√⌉⌋⟩⊘⌉∫ ⊒⟨⟩⌋⟨ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇ ⊔≀ √↕⊣† ⊔⟨⌉ ∫≀⊓\⌈ ⊔≀↙ D⌉{⊣⊓↕⊔∫ ⊔≀ ⊔⟨⌉ ⊑⊣↕⊓⌉ ≀{ ⊔⟨⌉ AUDIOFILE ⌉\⊑⟩∇≀\⇕⌉\⊔ ⊑⊣∇⟩⊣⌊↕⌉↙ ↖⟩⌈ ⌈⌉⊑⟩⌋⌉ S√⌉⌋⟩⊘⌉∫ ⊒⟨⟩⌋⟨ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ≀\ ⊔⟨⌉ ⟩\√⊓⊔ ∫⌉∇⊑⌉∇ ⊔≀ ∇⌉⌋≀∇⌈ ⊔⟨⌉ ∫≀⊓\⌈ {∇≀⇕↙ D⌉{⊣⊓↕⊔∫ ⊔≀ ⊔⟨⌉ ⊘∇∫⊔ ⌈⌉⊑⟩⌋⌉ ⊔⟨⊣⊔ ⟩∫ \≀⊔ ⌋≀\\⌉⌋⊔⌉⌈ ⊔≀ ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉⇔ ⊒⟨⟩⌋⟨ ⟩∫ ≀{⊔⌉\ ⊔⟨⌉ ↕≀⌋⊣↕ ⇕⟩↖ ⌋∇≀√⟨≀\⌉ ⌈⌉⊑⟩⌋⌉↙ ↖≀⌈ ⌈⌉⊑⟩⌋⌉ S√⌉⌋⟩⊘⌉∫ ⊒⟨⟩⌋⟨ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉ ≀\ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ∫⌉∇⊑⌉∇ ⊔≀ √↕⊣† ⊔⟨⌉ ∫≀⊓\⌈ ⊔≀↙ D⌉{⊣⊓↕⊔∫ ⊔≀ ⊔⟨⌉ ⊘∇∫⊔ ⌈⌉⊑⟩⌋⌉ ⊔⟨⊣⊔ ⟩∫ \≀⊔ ⌋≀\↖ \⌉⌋⊔⌉⌈ ⊔≀ ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉⇔ ⊒⟨⟩⌋⟨ ⟩∫ ≀{⊔⌉\ ⊔⟨⌉ ↕≀⌋⊣↕ ∫√⌉⊣‖⌉∇ ⌈⌉⊑⟩⌋⌉↙ ↖⌈⌉↕⊣† ∫⌉⌋≀\⌈∫ S⌉⊔∫ ⊔⟨⌉ ∇⌉⌋≀∇⌈ ⊔≀ √↕⊣†⌊⊣⌋‖ ⌈⌉↕⊣†↙ T⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊑⊣↕⊓⌉ ⟩∫ ′↙∋ ∫⌉⌋≀\⌈∫↙ T⟨⟩∫ ⌈⌉↕⊣† ⟩∫ ⇕⊣⌈⌉ ⊓√ ≀{ ⊔⟨∇⌉⌉ ⌋≀⇕√≀\⌉\⊔∫¬ √⊣⌋‖⌉⊔⟩‡⊣⊔⟩≀\⇔ ⊔∇⊣\∫√≀∇⊔⇔ ⊣\⌈ ⊣\⊔⟩↖|⟩⊔⊔⌉∇↙ T⟨⌉ ⇕⟩\⟩⇕⊓⇕ ⊑⊣↕⊓⌉ ≀{ ⊔⟨⟩∫ √⊣∇⊣⇕⌉⊔⌉∇ ⟩∫ ⌊⊓{{⌉∇⟩\}⇓⊣| ⊣\⌈ ⊔⟨⌉ ⇕⊣§⟩⇕⊓⇕ ⟩∫ ∋↙′ ∫⌉⌋≀\⌈∫↙ ↖⊣| ∫⌉⌋≀\⌈∫ S⌉⊔∫ ⊔⟨⌉ ⊔≀↕⌉∇⊣\⌋⌉ {≀∇ ⌋↕≀⌋‖ ⌈∇⟩{⊔ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⟩\√⊓⊔ ⊣\⌈ ⊔⟨⌉ ≀⊓⊔√⊓⊔↙ I{ ⊔⟨⌉ ⟩\√⊓⊔ ⊔≀ ≀⊓⊔√⊓⊔ ⌈⌉↕⊣† ⌈∇⟩{⊔∫ {∇≀⇕ ⟩⊔∫ \≀⇕⟩\⊣↕ ⊑⊣↕⊓⌉ ⌊† ⇕≀∇⌉ ⊔⟨⊣\ ⊔⟨⟩∫ ⊣⇕≀⊓\⊔⇔ ⊔⟨⌉ ⌈⌉↕⊣† ⊒⟩↕↕ ⌊⌉ ∇⌉∫†\⌋⟨∇≀\⟩‡⌉⌈⇔ √∇≀⌊⊣⌊↕† ∇⌉∫⊓↕⊔⟩\} ⟩\ ⊣\ ⊣⊓⌈⟩⌊↕⌉ ⌊↕⟩√↙ T⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊑⊣↕⊓⌉ ⟩∫ ′↙∞ ∫⌉⌋≀\⌈∫↙ L⌉}⊣↕ ⊑⊣↕⊓⌉∫ ⊣∇⌉ ′ ⊔≀ ∞ ∫⌉⌋≀\⌈↙

△̸ ∀ AUDIOFILE CLIENTS

↖⌊⊓{{⌉∇⟩\} ∫⌉⌋≀\⌈∫ T⟨⟩∫ √⊣∇⊣⇕⌉⊔⌉∇ ∫⌉⊔∫ ⊔⟨⌉ ⊣⇕≀⊓\⊔ ≀{ ⊣⊓⌈⟩≀ ∇⌉⊣⌈ {∇≀⇕ ⊔⟨⌉ ⟩\√⊓⊔ ⊣\⌈ ⊒∇⟩⊔⊔⌉\ ⊔≀ ⊔⟨⌉ ≀⊓⊔√⊓⊔ ⊣∫ ⊣ ∫⟩\}↕⌉ ≀√⌉∇⊣⊔⟩≀\↙ I⊔ ∫⌉⊔∫ ⊣ ⇕⟩\⟩⇕⊓⇕ ⊑⊣↕⊓⌉ {≀∇ ⌈⌉↕⊣†↙ T⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊑⊣↕⊓⌉ ⟩∫ ′↙∈ ∫⌉⌋≀\⌈∫↙ L⌉}⊣↕ ⊑⊣↕⊓⌉∫ ⊣∇⌉ ′↙∞ ⊔≀ ′↙▽ ∫⌉⌋≀\⌈∫↙ ↖}⊣⟩\ ⌈B↖}⊣⟩\ C≀\⊔∇≀↕∫ ⊔⟨⌉ √↕⊣†⌊⊣⌋‖ }⊣⟩\↙ T⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊑⊣↕⊓⌉ ⟩∫ ′ ⌈B↙ L⌉}⊣↕ ⊑⊣↕⊓⌉∫ ⊣∇⌉ {∇≀⇕ ↖∋′ ⊔≀ ⇓∋′ ⌈B↙ ↖↕≀} I{ ∫⌉⊔⇔ ⊣√⊣∫∫ ⊒⟩↕↕ √∇⟩\⊔ ⊣ ⇕⌉∫∫⊣}⌉ ≀\ ∫⊔⊣\⌈⊣∇⌈ ≀⊓⊔√⊓⊔ ⊒⟨⌉\↖ ⌉⊑⌉∇ ⟩⊔ ⟩∫ \⌉⌋⌉∫∫⊣∇† ⊔≀ ∇⌉∫†\⌋⟨∇≀\⟩‡⌉ ⌋↕≀⌋‖∫ ⌊⌉⊔⊒⌉⌉\ ⟩\√⊓⊔ ⊣\⌈ ≀⊓⊔√⊓⊔ ⊣\⌈ ⊒⟨⌉\⌉⊑⌉∇ ⊔⟨⌉ ∇⌉⌋≀∇⌈ ∫⟩⌈⌉ ≀{ ⊔⟨⌉ √∇≀}∇⊣⇕ ⊔⊣‖⌉∫ ↕≀\}⌉∇ ⊔⟨⊣\ △′′ ⇕⟩↕↕⟩∫⌉⌋≀\⌈∫↙ ↖{ ⊘↕⌉ W⟨⌉\⌉⊑⌉∇ ⊣ SIGUSR∞ ⟩∫ ∇⌉⌋⌉⟩⊑⌉⌈⇔ ⊣√⊣∫∫ ⊒⟩↕↕ ∇⌉⊣⌈ ⊘↕⌉ ⊔≀ ⊣⌋∐⊓⟩∇⌉ √⊣∇⊣⇕⌉⊔⌉∇∫↙ T⟨⌉ √⊣∇⊣⇕⌉⊔⌉∇ ⊘↕⌉ ∫⟨≀⊓↕⌈ ⌋≀\⊔⊣⟩\ ≀\⌉ ≀∇ ⇕≀∇⌉ ↕⟩\⌉∫↙ E⊣⌋⟨ ⊑⊣↕⊓⌉ ∫⟨≀⊓↕⌈ ⟨⊣⊑⌉ ⊣ ‖⌉†⊒≀∇⌈ ⊣\⌈ ⊣ ⊑⊣↕⊓⌉↙ L⌉}⊣↕ ‖⌉†⊒≀∇⌈∫ ⊣∇⌉ ⌈⌉↕⊣†⇔ ⌊⊓{{⌉∇⟩\}⇔ ⊣|⇔ ⊣\⌈ }⊣⟩\↙ A ⊔†√⟩⌋⊣↕ √⊣∇⊣⇕⌉⊔⌉∇ ⊘↕⌉ ⇕⟩}⟨⊔ ⌋≀\⊔⊣⟩\¬ ⌈⌉↕⊣† ′↙∋ ⌊⊓{{⌉∇⟩\} ′↙∈ ⊣| ′↙∞ }⊣⟩\ ′↙′ T⟨⌉ ↖{ ≀√⊔⟩≀\ ⊣↕↕≀⊒∫ ⊣\≀⊔⟨⌉∇ √∇≀⌋⌉∫∫ ⊔≀ ⌋≀\⊔∇≀↕ ⊣√⊣∫∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊣ T‖ √∇≀}∇⊣⇕ ≀∇ EMACS ‖⌉†⌊⟩\⌈⟩\}∫ ⌋≀⊓↕⌈ ⊣↕⊔⌉∇ ⊔⟨⌉ ⌊⌉⟨⊣⊑⟩≀∇ ≀{ ⊣√⊣∫∫↙ T⟨⟩∫ √⌉∇⇕⟩⊔∫ ⊣ ⇕⊓↕⊔⟩↖ √∇≀⌋⌉∫∫ ⌊⊓⊔ ∫⟩\}↕⌉↖⊔⟨∇⌉⊣⌈⌉⌈ ⌉\⊑⟩∇≀\⇕⌉\⊔ ⊔≀ ⊣⌋⊔ ↕⟩‖⌉ ⊣ ⇕⊓↕⊔⟩↖⊔⟨∇⌉⊣⌈⌉⌈ ⌉\⊑⟩∇≀\⇕⌉\⊔↙ T⟨⟩∫ {⌉⊣⊔⊓∇⌉ √⌉∇⇕⟩⊔∫ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ⌉§√⌉∇⟩⇕⌉\⊔ ⊒⟩⊔⟨ ⌈⟩{{⌉∇⌉\⊔ ⌈⌉↕⊣† ⌋≀\⊘}⊓∇⊣⊔⟩≀\∫ ⊒⟩⊔⟨≀⊓⊔ ∇⌉∫⊔⊣∇⊔⟩\} ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\↙

∀↙∋↙∈ ⊣√⊣∫∫ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ T⟨⟩∫ ∫⌉⌋⊔⟩≀\ ⌈⌉∫⌋∇⟩⌊⌉∫ ⊔⟨⌉ ⟩\\⌉∇ ↕≀≀√ ≀{ ⊔⟨⌉ ⊣√⊣∫∫ ⊣√√↕⟩⌋⊣⊔⟩≀\↙ M⊣\† ⌈⌉⊔⊣⟩↕∫ ⊣\⌈ ⌉∇∇≀∇ ⌋⟨⌉⌋‖∫ ⊣∇⌉ ≀⇕⟩⊔⊔⌉⌈↙ T⟨⌉ ⟩\⊔⌉∇⌉∫⊔⌉⌈ ∇⌉⊣⌈⌉∇ ⌋⊣\ ∇⌉{⌉∇ ⊔≀ ⊔⟨⌉ ⊣√⊣∫∫↙⌋ ∫≀⊓∇⌋⌉ ⇕≀⌈⊓↕⌉⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⟩\⌋↕⊓⌈⌉⌈ ⟩\ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\↙ ⟩\⊔ ⌈⌉↕⊣†∨⟩\∨∫⊣⇕√↕⌉∫∅ ∝⇑ \≀⇕⟩\⊣↕ ⌈⌉↕⊣† ⌉§⌋⌉√⊔ √⊣⌋‖⌉⊔⟩‡⊣⊔⟩≀\ ⇑∝ ⟩\⊔ ⌈⌉↕⊣†∨⊓√√⌉∇∨↕⟩⇕⟩⊔∅ ∝⇑ \≀⇕⟩\⊣↕ ⌈⌉↕⊣† ⇓ ⊣| ⇑∝ ⟩\⊔ ⌈⌉↕⊣†∨↕≀⊒⌉∇∨↕⟩⇕⟩⊔∅ ∝⇑ \≀⇕⟩\⊣↕ ⌈⌉↕⊣† ↖ ⊣| ⇑∝ {↕≀⊣⊔ ⌈⌉↕⊣† ℑ ′↙∈∅ ∝⇑ ∫⌉⌋≀\⌈∫ ⌈⌉↕⊣† {∇≀⇕ ⟩\√⊓⊔ ⊔≀ ≀⊓⊔√⊓⊔ ⇑∝ {↕≀⊣⊔ ⊣| ℑ ′↙∞∅ ∝⇑ ⊣\⊔⟩↖|⟩⊔⊔⌉∇ ⊔≀↕⌉∇⊣\⌋⌉ ⇑∝ {↕≀⊣⊔ ⊔⟩⇕⌉∨⌊⊓{∫⟩‡⌉ ℑ ′↙∞∅ ∝⇑ ⌈⊣⊔⊣ ⌊⊓{{⌉∇⇔ ⇕⌉⊣∫⊓∇⌉⌈ ⟩\ ∫⌉⌋≀\⌈∫ ⇑∝

∀↙∋ ⊣√⊣∫∫ � C≀√† F∇≀⇕ O\⌉ S⌉∇⊑⌉∇ ⊔≀ A\≀⊔⟨⌉∇ ▽̸

⟩\⊔ ∫⊣⇕√↕⌉∫∨⌊⊓{∫⟩‡⌉∅ ∝⇑ ⌈⊣⊔⊣ ⌊⊓{{⌉∇⇔ ⇕⌉⊣∫⊓∇⌉⌈ ⟩\ ∫⊣⇕√↕⌉∫ ⇑∝ ↓⌈⌉{⟩\⌉ SLIPHIST △ ⟩\⊔ ∫↕⟩√⇔ ∫↕⟩√⟨⟩∫⊔∪SLIPHIST⊎⇔ \⌉§⊔∫↕⟩√∅ ∝⇑ ∇⌉⌋⌉\⊔ ⌈⌉↕⊣† ⊑⊣↕⊓⌉∫ ⇑∝ ⊣√⊣∫∫⇐⇒ ¶ ∝⇑ ≀√⌉\ ⌋≀\\⌉⌋⊔⟩≀\∫ ⊔≀ ⊔⟨⌉ {∇≀⇕ ⊣\⌈ ⊔≀ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇∫ ⇑∝ {⊣⊓⌈ ℑ AFO√⌉\A⊓⌈⟩≀C≀\\⇐{⊣{⇒∅ ⊔⊣⊓⌈ ℑ AFO√⌉\A⊓⌈⟩≀C≀\\⇐⊔⊣{⇒∅ ∝⇑ ∫⌉⊔ ⊓√ ⊣⊓⌈⟩≀ ⌋≀\⊔⌉§⊔∫⇔ {⟩\⌈ ∫⊣⇕√↕⌉ ∫⟩‡⌉ ⊣\⌈ ∫⊣⇕√↕⌉ ∇⊣⊔⌉ ⇑∝ {⊣⌋ ℑ AFC∇⌉⊣⊔⌉AC⇐{⊣⊓⌈⇔ {⌈⌉⊑⟩⌋⌉⇔ ACR⌉⌋≀∇⌈G⊣⟩\⇔ ↘⊣⊔⊔∇⟩⌊⊓⊔⌉∫⇒∅ {∫∇⊣⊔⌉ ℑ {⊣⌋↖⊤⌈⌉⊑⟩⌋⌉↖⊤√↕⊣†S⊣⇕√↕⌉F∇⌉∐∅ {∫∫⟩‡⌉ ℑ ∫⊣⇕√↕⌉∨∫⟩‡⌉∫∪{⊣⌋↖⊤⌈⌉⊑⟩⌋⌉↖⊤√↕⊣†B⊓{T†√⌉⊎ ⇑ {⊣⌋↖⊤⌈⌉⊑⟩⌋⌉↖⊤√↕⊣†N⌋⟨⊣\\⌉↕∫∅ ⊔⊣⌋ ℑ AFC∇⌉⊣⊔⌉AC⇐⊔⊣⊓⌈⇔ ⊔⌈⌉⊑⟩⌋⌉⇔ ACP↕⊣†G⊣⟩\⇔ ↘⊣⊔⊔∇⟩⌊⊓⊔⌉∫⇒∅ ∝⇑ ⌉∫⊔⊣⌊↕⟩∫⟨ ⊣ ⊑⊣↕⊓⌉ {≀∇ ⊔⟨⌉ ⌈⌉↕⊣† {∇≀⇕ ∇⌉⌋≀∇⌈ ⊔≀ √↕⊣†⌊⊣⌋‖ ⇑∝ ⌈⌉↕⊣†∨⟩\∨∫⊣⇕√↕⌉∫ ℑ {∫∇⊣⊔⌉ ⇑ ⌈⌉↕⊣†∨⟩\∨∫⌉⌋≀\⌈∫∅ ∝⇑ }⌉⊔ ∫⊔⊣∇⊔⟩\} ⊔⟩⇕⌉∫ {≀∇ ⊔⟨⌉ ⊔⊒≀ ∫⌉∇⊑⌉∇∫ ⇑∝ {⊔ ℑ AFG⌉⊔T⟩⇕⌉⇐{⊣⌋⇒∅ ∝⇑ √↕⊣†⌊⊣⌋‖ ⊒⟩↕↕ ∫⊔⊣∇⊔ ⌈⌉↕⊣†∨⟩\∨∫⊣⇕√↕⌉∫ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉ ⇑∝ ⊔⊔ ℑ AFG⌉⊔T⟩⇕⌉⇐⊔⊣⌋⇒ ⇓ ⌈⌉↕⊣†∨⟩\∨∫⊣⇕√↕⌉∫∅ {≀∇ ⇐∅∅⇒ ¶ ∝⇑ ∇⌉⌋≀∇⌈ ∫⊣⇕√↕⌉∫ {∇≀⇕ ⊔⟨⌉ ∫≀⊓∇⌋⌉ ∫⌉∇⊑⌉∇ ⇑∝ {⊣⌋⊔⊔ ℑ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐{⊣⌋⇔ {⊔⇔ ∫⊣⇕√↕⌉∫∨⌊⊓{∫⟩‡⌉⇑{∫∫⟩‡⌉⇔ ⌊⊓{⇔ AB↕≀⌋‖⇒∅ ∝⇑ √↕⊣† ⊔⟨⌉⇕ ⌊⊣⌋‖ ≀\ ⊔⟨⌉ ∫⟩\‖ ∫⌉∇⊑⌉∇ ⇑∝ ⊔⊣⌋⊔⊔ ℑ AFP↕⊣†S⊣⇕√↕⌉∫⇐⊔⊣⌋⇔ ⊔⊔⇔ ∫⊣⇕√↕⌉∫∨⌊⊓{∫⟩‡⌉⇑{∫∫⟩‡⌉⇔ ⌊⊓{⇒∅

N≀⊔⌉ ⊔⟨⊣⊔ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐⇒ ⊣\⌈ AFP↕⊣†S⊣⇕√↕⌉∫⇐⇒ ⊣⌋⌋⌉√⊔ ⊔⟨⌉ √⊣∇⊣⇕⌉⊔⌉∇∫ {⊔ ⇐{∇≀⇕↖⊔⟩⇕⌉⇒ ⊣\⌈ ⊔⊔ ⇐⊔≀↖⊔⟩⇕⌉⇒ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕†⇔ ⊣\⌈ ∇⌉⊔⊓∇\ {⊣⌋⊔⊔ ⇐{∇≀⇕↖⊣⌋⊔⊓⊣↕↖⊔⟩⇕⌉⇒ ⊣\⌈ ⊔⊣⌋⊔⊔ ⇐⊔≀↖⊣⌋⊔⊓⊣↕↖⊔⟩⇕⌉⇒↙ I\ ⊣√⊣∫∫⇔ {⊣⌋⊔⊔ ⊒⟩↕↕ ⌊⌉ ⊣√√∇≀§⟩⇕⊣⊔⌉↕† ⌉∐⊓⊣↕ ⊔≀ {⊔⇓∫⊣⇕√↕⌉∫ ⌊⊓{∫⟩‡⌉⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ √⊣⌋⟩\} ⊙≀⊒ ⌋≀\⊔∇≀↕ ≀{ ⊣√⊣∫∫ ⟩∫ √∇≀⊑⟩⌈⌉⌈ ⌊† ⊔⟨⌉ ∫≀⊓∇⌋⌉ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇↙ T⟨⌉ {⊓↕↕ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⌋⟨⌉⌋‖∫ {≀∇ ⊔⟨⟩∫⇔ ⌊⊓⊔ ⊔⟨⊣⊔ ⊔⌉∫⊔ ⟩∫ \≀⊔ ⟩\⌋↕⊓⌈⌉⌈ ⟩\ ⊔⟨⟩∫ ⊣⌊⌊∇⌉⊑⟩⊣⊔⌉⌈ ⊑⌉∇∫⟩≀\↙ T⟩⇕⌉ ⊔⊔ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣⌊≀⊓⊔ ⌈⌉↕⊣† ⟩\ ∫⊣⇕√↕⌉∫ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉ ∇⌉↕⊣⊔⟩⊑⌉ ⊔≀ ⊔⟩⇕⌉ ⊔⊣⌋⊔ ⇐\≀⊒⇒↙ T⟨⌉ ⌉§⊣⌋⊔ ⊑⊣↕⊓⌉ ≀{ ⊔⟨⟩∫ ⌈⟩{{⌉∇⌉\⌋⌉ ⟩∫ ⊣\ ⟩\∫⊔⊣\⊔⊣\⌉≀⊓∫ ⌉∫⊔⟩⇕⊣⊔⌉ ≀{ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⌉\⌈↖⊔≀↖⌉\⌈ ⌈⌉↕⊣† ⇕⟩\⊓∫ √⊣⌋‖⌉⊔⟩‡⊣⊔⟩≀\ ⊣\⌈ ⊔∇⊣\∫√≀∇⊔ ⌈⌉↕⊣†∫↙ ⊣√⊣∫∫ ⊣⊑⌉∇⊣}⌉∫ {≀⊓∇ ⌋≀\∫⌉⌋⊓⊔⟩⊑⌉ ⊑⊣↕⊓⌉∫ ≀{ ⊔⟨⟩∫ ⌈⌉↕⊣† ⟩\ ≀∇⌈⌉∇ ⊔≀ ⌋≀⇕√⊓⊔⌉ ⊖∫↕⟩√⪰↙ ⊣√⊣∫∫ ⊔⟨⌉\ ⌋⟨⌉⌋‖∫ ⊔≀ ∫⌉⌉ ⟩{ ∫↕⟩√ ⟩∫ ⊒⟩⊔⟨⟩\ ⊣ ∇⊣\}⌉ ∫√⌉⌋⟩⊘⌉⌈ ⌊† ⊣ \≀⇕⟩\⊣↕ ⌈⌉↕⊣† √↕⊓∫ ≀∇ ⇕⟩\⊓∫ ⊔⟨⌉ ⊣\⊔⟩↖|⟩⊔⊔⌉∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\↙ I{ ⊔⟨⌉ ∇⌉⌋⌉⟩⊑⌉ ⌋↕≀⌋‖ ⟩∫ {⊣∫⊔⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ⊔∇⊣\∫⇕⟩⊔ ⌋↕≀⌋‖⇔ ∫↕⟩√ ⊒⟩↕↕ ⌉⊑⌉\⊔⊓⊣↕↕† ⌈∇⟩{⊔ ⌊⌉↕≀⊒ ⊔⟨⌉ ↕≀⊒⌉∇ ⌉\⌈ ≀{ ⊔⟨⌉ ∇⊣\}⌉↙ I{ ⊔⟨⌉ ∇⌉⌋⌉⟩⊑⌉ ⌋↕≀⌋‖ ⟩∫

̸ ∀ AUDIOFILE CLIENTS

∫↕≀⊒⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ⊔∇⊣\∫⇕⟩⊔ ⌋↕≀⌋‖⇔ ⊔⟨⌉\ ∫↕⟩√ ⊒⟩↕↕ ⌉⊑⌉\⊔⊓⊣↕↕† ⌈∇⟩{⊔ ⊣⌊≀⊑⌉ ⊔⟨⌉ ⊓√√⌉∇ ⌉\⌈ ≀{ ⊔⟨⌉ ⊣↕↕≀⊒⊣⌊↕⌉ ∇⊣\}⌉↙ I\ ⌉⟩⊔⟨⌉∇ ⌋⊣∫⌉⇔ ⊔⊔ ⟩∫ ∇⌉∫⌉⊔ ⊔≀ ⌉§⊣⌋⊔↕† ⊔⟨⌉ \≀⇕⟩\⊣↕ ⌈⌉↕⊣†⇔ ∇⌉∫†\⌋⟨∇≀\⟩‡⟩\} ⊔⟨⌉ ⌋≀\\⌉⌋⊔⟩≀\↙

∝⇑ R⌉⌋≀∇⌈ ⊔⟨⌉ ⌈⌉↕⊣† ⟩\ ⊔⟨⌉ ⌋⟩∇⌋⊓↕⊣∇ ⟨⟩∫⊔≀∇† ⌊⊓{{⌉∇↙ ⇑∝ ∫↕⟩√⟨⟩∫⊔∪\⌉§⊔∫↕⟩√⇓⇓⊎ ℑ ⊔⊔ ↖ ⊔⊣⌋⊔⊔∅ ⟩{ ⇐\⌉§⊔∫↕⟩√ ⊤ℑ SLIPHIST⇒ \⌉§⊔∫↕⟩√ ℑ ′∅ ∝⇑ ⌋≀⇕√⊓⊔⌉ ⊣\ ⊣⊑⌉∇⊣}⌉ ≀{ ⊔⟨⌉ ∇⌉⌋⌉\⊔ ⌈⌉↕⊣†∫ ⇑∝ ∫↕⟩√ ℑ ′∅ {≀∇ ⇐⟩ ℑ ′∅ ⟩ ℜ SLIPHIST∅ ⟩ ⇓ℑ ∞⇒ ∫↕⟩√ ⇓ℑ ∫↕⟩√⟨⟩∫⊔∪⟩⊎∅ ∫↕⟩√ ∝ℑ SLIPHIST∅ ∝⇑ ⟩{ ⊔⟨⌉ ⊣⌋⊔⊓⊣↕ ⌈⌉↕⊣† ⟨⊣∫ ⌈∇⟩{⊔⌉⌈ ≀⊓⊔∫⟩⌈⌉ ≀{ ⊔⟨⌉ ⊣↕↕≀⊒⊣⌊↕⌉ ∇⌉}⟩≀\⇔ ⊔⟨⌉\ ∇⌉∫†\⌋⟨∇≀\⟩‡⌉ ⊔⟨⌉ ⌋≀\\⌉⌋⊔⟩≀\ ⇑∝ ⟩{ ⇐⇐∫↕⟩√ ℜ ⌈⌉↕⊣†∨↕≀⊒⌉∇∨↕⟩⇕⟩⊔⇒ ♣♣ ⇐∫↕⟩√ ⊤ℑ ⌈⌉↕⊣†∨⊓√√⌉∇∨↕⟩⇕⟩⊔⇒⇒ ⊔⊔ ℑ ⊔⊣⌋⊔⊔ ⇓ ⌈⌉↕⊣†∨⟩\∨∫⊣⇕√↕⌉∫∅ ∝⇑ {⟩\⊣↕↕†⇔ ⊓√⌈⊣⊔⌉ ⊔⟨⌉ ∫⊔⊣∇⊔ ⊔⟩⇕⌉ ≀{ ⊔⟨⌉ \⌉§⊔ ⌊↕≀⌋‖ ⇑∝ {⊔ ⇓ℑ ∫⊣⇕√↕⌉∫∨⌊⊓{∫⟩‡⌉∅ ⊔⊔ ⇓ℑ ∫⊣⇕√↕⌉∫∨⌊⊓{∫⟩‡⌉∅ ♦ ♦

∀↙∋↙∋ D⟩∫⌋⊓∫∫⟩≀\ ⊣√⊣∫∫ ⊓∫⌉∫ ⊔⟨⌉ ∫⟩⇕√↕⌉∫⊔ ⟩⇕⊣}⟩\⊣⌊↕⌉ ⊣↕}≀∇⟩⊔⟨⇕ {≀∇ ⟨⊣\⌈↕⟩\} ⌋↕≀⌋‖ ⌈∇⟩{⊔↙ I⊔ ∫⟩⇕√↕† ∇⌉∫†\⌋⟨∇≀\⟩‡⌉∫ ⊔⟨⌉ ⌋≀\\⌉⌋⊔⟩≀\ ⊒⟨⌉\⌉⊑⌉∇ ⊔⟨⌉ ⌈⌉↕⊣† ↕⌉⊣⊑⌉∫ ⊣ ⊔≀↕⌉∇⊣\⌋⌉ ⌊⊣\⌈↙ T⟨⌉∇⌉ ⟩∫ ⇕⊓⌋⟨ ∇≀≀⇕ {≀∇ ⇕≀∇⌉ ⌋≀⇕√↕⟩⌋⊣⊔⌉⌈ ⊣↕}≀∇⟩⊔⟨⇕∫ � {≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ ⌋≀\\⌉⌋⊔⟩≀\ ⌋≀⊓↕⌈ ⌊⌉ ∇⌉∫†\⌋⟨∇≀\⟩‡⌉⌈ ⊒⟨⌉\⌉⊑⌉∇ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⟩∫ ∐⊓⟩⌉⊔⇔ ≀∇ ⊣√⊣∫∫ ⌋≀⊓↕⌈ ⊓∫⌉ ⌈⟩}⟩⊔⊣↕ ∫⟩}\⊣↕ √∇≀⌋⌉∫∫⟩\} ⊔≀ ⟩\⊔⌉∇√≀↕⊣⊔⌉ ⊔⟨⌉ ⌈⟩}⟩⊔⊣↕ ⊣⊓⌈⟩≀ ⊣⊔ ⊔⟨⌉ ∇⌉⌋⌉⟩⊑⌉ ∫⊣⇕√↕⌉ ∇⊣⊔⌉↙ A ∫⟩⇕√↕⌉ ⌉\⟨⊣\⌋⌉⇕⌉\⊔ ⊒≀⊓↕⌈ ⌊⌉ {≀∇ ⊣√⊣∫∫ ⊔≀ √⌉∇{≀∇⇕ ∫≀⇕⌉ ∫⟩⇕√↕⌉ ⊣⊑⌉∇⊣}⟩\} ≀{ ⊔⟨⌉ ⊒⊣⊑⌉{≀∇⇕ ⊣⊔ ⊔⟨⌉ √≀⟩\⊔ ≀{ ∇⌉∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\↙ T⟨⟩∫ ⊒≀⊓↕⌈ ⊔⌉\⌈ ⊔≀ ∇⌉⌈⊓⌋⌉ ⊔⟨⌉ ⊣⊓⌈⟩⌊↕⌉ ⌊↕⟩√ ⌋⊣⊓∫⌉⌈ ⌊† ⊣ ⊒⊣⊑⌉{≀∇⇕ ⌈⟩∫⌋≀\⊔⟩\⊓⟩⊔†↙ T⟨⌉ ∇⌉⊣⌈⌉∇ ∫⟨≀⊓↕⌈ \≀⊔⌉ ⊔⟨⊣⊔ ⊔⟩⇕⌉ ⊑⊣↕⊓⌉∫ {∇≀⇕ ⊔⟨⌉ ⊔⊒≀ ⊣⊓⌈⟩≀ ∫⌉∇⊑⌉∇∫ ⌋⊣\\≀⊔ ⌊⌉ ⌈⟩∇⌉⌋⊔↕† ⌋≀⇕√⊣∇⌉⌈⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉† ⟨⊣⊑⌉ ⌈⟩{{⌉∇⌉\⊔ ⟩\⟩⊔⟩⊣↕ ⊑⊣↕⊓⌉∫ ⊣\⌈ ∫↕⟩}⟨⊔↕† ⌈⟩{{⌉∇⌉\⊔ ∇⊣⊔⌉∫↙ I\∫⊔⌉⊣⌈⇔ ≀\⌉ ⇕⊓∫⊔ ⌋≀⇕√⊣∇⌉ ⌈⟩{{⌉∇⌉\⌋⌉∫↙ A ⌋⊣↕⌋⊓↕⊣⊔⟩≀\ ↕⟩‖⌉ (ft2 − {⊔∞)/(tt2 − ⊔⊔∞) estimates the ratio between the two clock rates, provided that time Ψ2˚ and time Ψ1˚ are sampled at the same time according to a third clock. apass avoids such calculations by instead allowing the overall ↓ow control to be set by the transmitting audio server. Then apass judges the necessity of resynchronization by tracking the buffering available at the receiving server.

8.4 Telephone Control 67

8.4 Telephone Control

AudioFile supplies a number of core clients for control of a telephone connection:

• ⊣⟨∫ √∇≀⊑⟩⌈⌉∫ ⟨≀≀‖∫⊒⟩⊔⌋⟨ ⌋≀\⊔∇≀↕↙ ⊖⊣⟨∫ ≀{{⪰ ⊒⟩↕↕ ⊔⊣‖⌉ ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉ ≀{{↖⟨≀≀‖⇔ ⌉⟩⊔⟨⌉∇ ⊣\∫⊒⌉∇⟩\} ⊣ ⌋⊣↕↕ ≀∇ ⌊⌉}⟩\\⟩\} ⊔⟨⌉ √∇≀⌋⌉∫∫ ≀{ √↕⊣⌋⟩\} ⊣ ⌋⊣↕↕↙ ⊖⊣⟨∫ ≀\⪰ √↕⊣⌋⌉∫ ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉ ⌊⊣⌋‖ ≀\ ⟨≀≀‖⇔ ⊔⌉∇⇕⟩\⊣⊔⟩\} ⊣ ⌋⊣↕↕↙ • ⊣⌉⊑⌉\⊔∫ ⟩∫ ⊣ }⌉\⌉∇⊣↕↖√⊓∇√≀∫⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ {≀∇ √∇⟩\⊔⟩\} ⌉⊑⌉\⊔∫ }⌉\⌉∇⊣⊔⌉⌈ ⌊† ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇↙ M≀∫⊔ A⊓⌈⟩≀F⟩↕⌉ ⌉⊑⌉\⊔∫ ⊣∇⌉ }⌉\⌉∇⊣⊔⌉⌈ ⌊† ⊔⌉↕⌉√⟨≀\⌉ ⌈⌉⊑⟩⌋⌉∫↙ ⊣⌉⊑⌉\⊔∫ ⊣↕∫≀ ⟨⊣∫ ≀√⊔⟩≀\∫ ⊔≀ ⌋≀⊓\⊔ ∇⟩\}∫↙ • ⊣√⟨≀\⌉ ⟩∫ ⊣ ⌋≀∇⌉ ⌋↕⟩⌉\⊔ ⊒⟨⟩⌋⟨ ⌈⟩⊣↕∫ ⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉↙ ⊣√⟨≀\⌉ ⊓∫⌉∫ ⊔⟨⌉ AFD⟩⊣↕↖ P⟨≀\⌉⇐⇒ ↕⟩⌊∇⊣∇† √∇≀⌋⌉⌈⊓∇⌉ ⊔≀ ⌈⟩}⟩⊔⊣↕↕† ∫†\⊔⟨⌉∫⟩‡⌉ ⊔⟨⌉ DTMF ⊔≀\⌉∫ }⌉\⌉∇⊣⊔⌉⌈ ⌊† √⊓∫⟨⌊⊓⊔⊔≀\ ⊔⌉↕⌉√⟨≀\⌉∫↙

∀↙▽ M⟩∫⌋⌉↕↕⊣\⌉≀⊓∫ C↕⟩⌉\⊔∫ B⌉∫⟩⌈⌉∫ ⊔⟨⌉ ⌋↕⟩⌉\⊔∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ∫≀ {⊣∇⇔ A⊓⌈⟩≀F⟩↕⌉ ⟩∫ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ⊒⟩⊔⟨ ⊣ {⌉⊒ ⇕⟩∫⌋⌉↕↕⊣↖ \⌉≀⊓∫ ⌋↕⟩⌉\⊔∫¬

• ⊣∫⌉⊔ ⟩∫ ⊣ }⌉\⌉∇⊣↕↖√⊓∇√≀∫⌉ ⌈⌉⊑⟩⌋⌉ ⌋≀\⊔∇≀↕ ⊣√√↕⟩⌋⊣⊔⟩≀\ • ⊣⟨≀∫⊔ ⊣↕↕≀⊒∫ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ⊣⌈⌈ ≀∇ ⌈⌉↕⌉⊔⌉ ⟨≀∫⊔∫ {∇≀⇕ ⊔⟨⌉ ↕⟩∫⊔ ≀{ ⇕⊣⌋⟨⟩\⌉∫ ⊔⟨⊣⊔ ⊣∇⌉ ⊣↕↕≀⊒⌉⌈ ⊔≀ ⇕⊣‖⌉ ⌋≀\\⌉⌋⊔⟩≀\∫ ⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ T⟨⟩∫ √∇≀⊑⟩⌈⌉∫ ⊣ ∇⊓⌈⟩⇕⌉\⊔⊣∇† {≀∇⇕ ≀{ √∇⟩⊑⊣⌋† ⌋≀\⊔∇≀↕ ⊣\⌈ ∫⌉⌋⊓∇⟩⊔†↙ • ⊣↕∫⊣⊔≀⇕∫ ⌈⟩∫√↕⊣†∫ ⊣ ↕⟩∫⊔ ≀{ ⊣⊔≀⇕∫ ⌈⌉⊘\⌉⌈ ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ • ⊣√∇≀√ ⌈⟩∫√↕⊣†∫ √∇≀√⌉∇⊔⟩⌉∫ ⊣⊔⊔⊣⌋⟨⌉⌈ ⊔≀ A⊓⌈⟩≀F⟩↕⌉ ⌈⌉⊑⟩⌋⌉∫ ⊣\⌈ ⌋⊣\ ⊔∇⊣⌋‖ ⌋⟨⊣\}⌉∫ ⊔≀ ⊔⟨≀∫⌉ √∇≀√⌉∇⊔⟩⌉∫↙

∀↙ ̸A T∇⟩⊑⟩⊣↕ A\∫⊒⌉∇⟩\} M⊣⌋⟨⟩\⌉ T⟨⌉ ⌋≀∇⌉ ⌋↕⟩⌉\⊔∫ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⌋≀\∫⊔∇⊓⌋⊔ ⟩\⊔⌉∇⌉∫⊔⟩\} ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ T⟨⟩∫ ∫⌉⌋⊔⟩≀\ ∫⟨≀⊒∫ ⊣ ⊑⌉∇† ∫⟩⇕√↕⌉ ⊣\∫⊒⌉∇⟩\} ⇕⊣⌋⟨⟩\⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊣∫ ⊣ ∫⟨⌉↕↕ ∫⌋∇⟩√⊔ ⌋≀\\⌉⌋⊔⟩\} ⊑⊣∇⟩≀⊓∫ ⌋≀∇⌉ ⌋↕⟩⌉\⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ T⟨⟩∫ ⟩∫ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇↕† ∫⟩⇕√↕⌉ ⌉§⊣⇕√↕⌉⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ∫⌉∐⊓⌉\⌋⌉ ≀{ ⊣⌋⊔⟩≀\∫ {≀∇ ⊣\ ⊣\∫⊒⌉∇⟩\} ⇕⊣⌋⟨⟩\⌉ ⊣∇⌉ ⊘§⌉⌈↙

∀̸ ∃ CONTRIBUTED CLIENTS

T⟨⌉ }⌉\⌉∇⊣↕ ⟩⌈⌉⊣ ⟩∫ ⊔≀ ⊓∫⌉ ⊔⟨⌉ ⌋≀∇⌉ ⌋↕⟩⌉\⊔∫ ⟩\ ⊣ ∫⊔∇⟩⌋⊔ ∫⌉∐⊓⌉\⌋⌉⇔ ⊔≀ ⊒⊣⟩⊔ {≀∇ ⊔⟨⌉ √⟨≀\⌉ ⊔≀ ∇⟩\}⇔ ⊔≀ ⊣\∫⊒⌉∇ ⟩⊔⇔ ⊔≀ √↕⊣† ⊔⟨⌉ ≀⊓⊔}≀⟩\} ⇕⌉∫∫⊣}⌉⇔ ⊔≀ ∇⌉⌋≀∇⌈ ⊔⟨⌉ ⟩\⌋≀⇕⟩\} ⇕⌉∫∫⊣}⌉⇔ ⊣\⌈ ⊔≀ ⟨⊣\} ⊓√ ⊔⟨⌉ √⟨≀\⌉↙

↓→∝⌊⟩\∝∫⟨ ↓ ↓ ↕≀≀√ {≀∇⌉⊑⌉∇ ↓ ⊒⟨⟩↕⌉ ⊔∇⊓⌉∅ ⌈≀ ↓ ↓ ⊒⊣⟩⊔ {≀∇ ⊔⟨⌉ √⟨≀\⌉ ⊔≀ ∇⟩\} ⊔⟨∇⌉⌉ ⊔⟩⇕⌉∫ ↓ ⊣⌉⊑⌉\⊔∫ ↖∇⟩\}⌋≀⊓\⊔ ∋↙′ ↓ ↓ ⊣\∫⊒⌉∇ ⊔⟨⌉ √⟨≀\⌉ ⊓∫⟩\} L≀F⟩ ↓ ⊣⟨∫ ≀{{ ↓ ↓ √↕⊣† ⊔⟨⌉ ≀⊓⊔}≀⟩\} ⇕⌉∫∫⊣}⌉⇔ ⊔⟨⌉\ ⊣ ⌊⌉⌉√ {∇≀⇕ ⊔⟨⌉ ⌉{{⌉⌋⊔∫ ↕⟩⌊∇⊣∇† ↓ ⊣√↕⊣† ↖{ ↖⌈ ′ ≀⊓⊔}≀⟩\}∨⇕⌉∫∫⊣}⌉↙∫\⌈ ⊣√↕⊣† ↖{ ↖⌈ ′ ⌊⌉⌉√↙∫\⌈ ↓ ↓ ∇⌉⌋≀∇⌈ ⊓√ ⊔≀ ∋′ ∫⌉⌋≀\⌈∫⇔ ≀∇ ⊓\⊔⟩↕ ⊔⟨⌉ ⌋⊣↕↕⌉∇ ∫⊔≀√∫ ⊔⊣↕‖⟩\} ↓ ⊣∇⌉⌋≀∇⌈ ↖∫⟩↕⌉\⊔↕⌉⊑⌉↕ ↖∋▽↙′ ∩ ↖⌈ ′ ↖∫⟩↕⌉\⊔⊔⟩⇕⌉ △↙′ ↖↕ ∋′↙′ ↖⊔ ↖∞↙′ ⊤⊤⇕⌉∫∫⊣}⌉∫↙∫\⌈ ↓ ↓ √↕⊣† ⊣ ⊔⟨⊣\‖↖†≀⊓ ⇕⌉∫∫⊣}⌉⇔ ⊔⟨⌉\ ⟨⊣\} ⊓√ ⊔⟨⌉ √⟨≀\⌉ ↓ ⊣√↕⊣† ↖{ ↖⌈ ′ ⊔⟨⊣\‖∫↙∫\⌈ ⊣⟨∫ ≀\ ↓ ↓ ⊣⌈⌈ ⊣ ⌈⊣⊔⌉ ∫⊔⊣⇕√ ⊔≀ ⊔⟨⌉ ⇕⌉∫∫⊣}⌉ {⟩↕⌉ ⊓∫⟩\} ⊣ ⊔⌉§⊔ ⊔≀ ∫√⌉⌉⌋⟨ ↓ ∫†\⊔⟨⌉∫⟩‡⌉∇ ⇐\≀⊔ √⊣∇⊔ ≀{ A⊓⌈⟩≀F⟩↕⌉ ↙↙↙⇒ ↓ ⌈⊣⊔⌉ ♣ ⊔⊔∫ ⊤⊤⇕⌉∫∫⊣}⌉∫↙∫\⌈ ⇕⊣⟩↕ ⊢⊒⟨≀⊣⇕⟩⊢ ↖∫ ↑N⌉⊒ ⊑≀⟩⌋⌉ ⇕⊣⟩↕ ∇⌉⌋⌉⟩⊑⌉⌈↑ ℜ∝⌈⌉⊑∝\⊓↕↕ ↓ ↓ ⌈≀\⌉→ G≀ ⌊⊣⌋‖ ⊣\⌈ }⌉⊔ ⊔⟨⌉ \⌉§⊔ ⇕⌉∫∫⊣}⌉ ↓ ⌈≀\⌉ ↓

∃ C≀\⊔∇⟩⌊⊓⊔⌉⌈ C↕⟩⌉\⊔∫ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈ ⌋↕⟩⌉\⊔∫ ⟩\⌋↕⊓⌈⌉ ⊣ ⊒⟩⌈⌉ ⊑⊣∇⟩⌉⊔† ≀{ ⊔⟨⟩\}∫⇔ ⊣\⌈ ⊓∫⌉∇∫ ⊣∇⌉ ⌉\⌋≀⊓∇⊣}⌉⌈ ⊔≀ ⌊∇≀⊒∫⌉ ⊔⟨⌉ ⇕⊣\⊓⊣↕ √⊣}⌉∫ ⟩\ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⊔≀ ∫⌉⌉ ⊒⟨⊣⊔

∃↙∞ ⊣⌊≀⌊ � A T‖ D⌉⇕≀\∫⊔∇⊣⊔⟩≀\ ∄

⟩∫ ⊔⟨⌉∇⌉↙ A ∫⊣⇕√↕⟩\} ≀{ ⊔⟨⌉ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈ ⌋↕⟩⌉\⊔∫ ⊣∇⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⌊⌉↕≀⊒↙

∃↙∞ ⊣⌊≀⌊ � A T‖ D⌉⇕≀\∫⊔∇⊣⊔⟩≀\ ⊣⌊≀⌊ ⟩∫ ⊣ ⊑⌉∇† ∫⟩⇕√↕⌉ ⇕⊓↕⊔⟩⇕⌉⌈⟩⊣ ⊣√√↕⟩⌋⊣⊔⟩≀\⇔ ⌋≀⇕⌊⟩\⟩\} ⊣⊓⌈⟩≀ ⊒⟩⊔⟨ ∫⌋⊣\\⌉⌈ ⟩⇕⊣}⌉ ⊣\⌈ ≀\↖↕⟩\⌉ ⟨⌉↕√ {⊣⌋⟩↕⟩⊔⟩⌉∫↙ ⊣⌊≀⌊ ⟨⊣∫ ⊣ T‖ ⊓∫⌉∇ ⟩\⊔⌉∇{⊣⌋⌉ ⊒⟨⟩⌋⟨ ⊣↕↕≀⊒∫ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ √↕⊣† ⊣ √∇⌉∇⌉⌋≀∇⌈⌉⌈ ∫≀⊓\⌈ ⌋↕⟩√ ⊣\⌈ ⊔≀ ⌈⟩∫√↕⊣† ⊣\ ⟩⇕⊣}⌉ ≀{ ⊔⟨⌉ √⌉∇{≀∇⇕⌉∇↙ ⊣⌊≀⌊ ⊣↕∫≀ ⟩\⌋↕⊓⌈⌉∫ ⊣ ⌈⌉⊑⟩⌋⌉ ∫⌉↕⌉⌋⊔⟩≀\ ⇕⌉\⊓⇔ }⊣⟩\ ⌋≀\⊔∇≀↕⇔ ⊣\⌈ ⟨⌉↕√ ∫⌋∇⌉⌉\∫↙ F⟩}⊓∇⌉ ̸∫⟨≀⊒∫ ⊔⟨⌉ ⇕⊣⟩\ ⊣⌊≀⌊ ⊒⟩\⌈≀⊒ ⊔≀}⌉⊔⟨⌉∇ ⊒⟩⊔⟨ ⊣ ⊔⌉⊣∇↖≀{{ ⇕⌉\⊓ {≀∇ ⌈⌉⊑⟩⌋⌉ ∫⌉↕⌉⌋⊔⟩≀\↙ T⟨⌉ T‖ ⊔≀≀↕‖⟩⊔ ⇕⊣‖⌉∫ ⊔⟨⟩∫ ∫≀∇⊔ ≀{ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊑⌉∇† ⌉⊣∫† ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔↙

F⟩}⊓∇⌉ ¬̸ ⊣⌊≀⌊ ⌋↕⟩⌉\⊔

∃↙∈ ⊣⌈⟩⊣↕ � A S⌋∇⌉⌉\↖⌊⊣∫⌉⌈ T⌉↕⌉√⟨≀\⌉ D⟩⊣↕⌉∇ ⊣⌈⟩⊣↕ ⟩∫ ⊣ ∫⟩⇕√↕⌉ T‖ ⌊⊣∫⌉⌈ ⊔⌉↕⌉√⟨≀\⌉ ⌈⟩⊣↕⌉∇↙ I⊔ ⊓∫⌉∫ ⊔⟨⌉ T⌋↕ ⌉§⌉⌋ ⌋≀⇕⇕⊣\⌈ ⊔≀ ∇⊓\ ⊔⟨⌉ ∫⊔⊣\⌈⊣∇⌈ ⌋≀∇⌉ ⌋↕⟩⌉\⊔ √∇≀}∇⊣⇕∫ ⊣⟨∫⇔ ⊣∫⌉⊔⇔ ⊣\⌈ ⊣√⟨≀\⌉ ⊔≀ ⌋≀\⊔∇≀↕ ⊔⟨⌉ ⟨≀≀‖∫⊒⟩⊔⌋⟨⇔ ⊔⊣↕‖⟩\} √⊣⊔⟨⇔ ⊣\⌈ ⌈⟩⊣↕⟩\}↙ ⊣⌈⟩⊣↕ ⊒⟩↕↕ ⌈⟩⊣↕ ⊣ \⊓⇕⌊⌉∇ ⌉\⊔⌉∇⌉⌈ ⟩\ ⊔⟨⌉ ⌉\⊔∇† ⊘⌉↕⌈↙ I{ ⊣ \⊣⇕⌉ ⟩∫ ⌉\⊔⌉∇⌉⌈ ⟩\∫⊔⌉⊣⌈ ≀{ ⊣ \⊓⇕⌊⌉∇⇔ ⊣⌈⟩⊣↕ ⊒⟩↕↕ ⊣⊔⊔⌉⇕√⊔ ⊔≀ ⊔∇⊣\∫↕⊣⊔⌉ ⊔⟨⌉ \⊣⇕⌉ ⊔≀ ⊣ \⊓⇕⌊⌉∇ ⊔⟨∇≀⊓}⟨ ⊣ √⌉∇∫≀\⊣↕ √⟨≀\⌉ ⌈⟩∇⌉⌋⊔≀∇† ∫⊔≀∇⌉⌈ ⟩\ ⊔⟨⌉ ⊘↕⌉ ↙√⟨≀\⌉↕⟩∫⊔ ⟩\ †≀⊓∇ ⟨≀⇕⌉ ⌈⟩∇⌉⌋⊔≀∇†↙ I{ ⊔⟨⌉ ⌉\⊔∇† ⊘⌉↕⌈ ≀{ ⊣⌈⟩⊣↕ ⟩∫ ⌊↕⊣\‖⇔ ⊣⌈⟩⊣↕ ⊓∫⌉∫ ⊣ T‖ {⊣⌋⟩↕⟩⊔† ⊔≀ ∇⌉⊔∇⟩⌉⊑⌉ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ X W⟩\⌈≀⊒ S†∫⊔⌉⇕ √∇⟩⇕⊣∇† ∫⌉↕⌉⌋⊔⟩≀\↙ I\ ⊔⟨⟩∫ ⊒⊣†⇔ ⊣⌈⟩⊣↕ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⌉∫⊔⊣⌊↕⟩∫⟨ ⊣ ⊔⌉↕⌉√⟨≀\⌉ ⌋≀\\⌉⌋⊔⟩≀\ ⊔≀ ⊣\†≀\⌉ ⊒⟨≀∫⌉ \⊣⇕⌉ ≀∇ \⊓⇕⌊⌉∇ ⟩∫ ⊣\†⊒⟨⌉∇⌉ ≀\ ⊔⟨⌉ ∫⌋∇⌉⌉\↙

′ ∃ CONTRIBUTED CLIENTS

F⟩}⊓∇⌉ ¬ ⊣⌈⟩⊣↕ ⌋↕⟩⌉\⊔

∃↙∋ D⌉⊑⟩⌋⌉ C≀\⊔∇≀↕ ⊣§∫⌉⊔ ⊣\⌈ ⊣{§⌋⊔↕ ⊣∇⌉ ⟩\⊔⌉∇{⊣⌋⌉∫ ⊔≀ ⊔⟨⌉ ⌈⌉⊑⟩⌋⌉ ⌋≀\⊔∇≀↕ ⌋⊣√⊣⌊⟩↕⟩⊔⟩⌉∫ ≀{ ⊣\ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇⇔ ⌊⊣∫⌉⌈ ≀\ ⊔⟨⌉ T‖ ⊣\⌈ X⊔ ⊔≀≀↕‖⟩⊔∫⇔ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕†↙ ⊣§∫⌉⊔ ⊣↕∫≀ ⟩↕↕⊓∫⊔∇⊣⊔⌉∫ ⊔⟨⌉ √≀⊒⌉∇ ≀{ ⊔⟨⌉ T‖ ⊔≀≀↕‖⟩⊔⇔ ⌊⌉⌋⊣⊓∫⌉ ⟩⊔ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕† ⊣⌈⌈∫ ⌋≀\⊔∇≀↕∫ {≀∇ ⊒⟨⊣⊔⌉⊑⌉∇ ⊣⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉∫ ⌉§⟩∫⊔ ≀\ ⊔⟨⌉ }⟩⊑⌉\ ∫⌉∇⊑⌉∇↙ T⟨⌉ √∇⌉{⌉∇∇⌉⌈ ⊣√√↕⟩⌋⊣⊔⟩≀\ {≀∇ ⌈⌉⊑⟩⌋⌉ ⌋≀\⊔∇≀↕ ⟩∫ ⊣§∫⌉⊔⇔ ⌊⊓⊔ ⊣{§⌋⊔↕ ⟨⊣∫ ⊣\ ⌉⊑⌉\⊔ ⟨⟩∫⊔≀∇† ↕≀} ⊒⟨⟩↕⌉ ⊣§∫⌉⊔ ⌈≀⌉∫ \≀⊔↙

∃↙△ §√≀⊒ � D⟩∫√↕⊣† S⟩}\⊣↕ P≀⊒⌉∇ §√≀⊒⇔ ∫⟨≀⊒\ ⟩\ F⟩}⊓∇⌉ ∀⇔ ⟩∫ ⊣ ∫⟩⇕√↕⌉ ⌋↕⟩⌉\⊔ ⊔⟨⊣⊔ ⌈⟩∫√↕⊣†∫ ⊣ ⌋⊣↕⟩⌊∇⊣⊔⌉⌈ ↕⟩\⌉ ⌋⟨⊣∇⊔ ≀{ ∫⟩}\⊣↕ √≀⊒⌉∇↙ I⊔ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⟨⌉↕√ |⊓⌈}⌉ √∇≀√⌉∇ ∇⌉⌋≀∇⌈⟩\} ↕⌉⊑⌉↕↙

F⟩}⊓∇⌉ ∀¬ §√≀⊒ ⌋↕⟩⌉\⊔

∃↙▽ ⊣{{⊔ � A R⌉⊣↕↖⊔⟩⇕⌉ S√⌉⌋⊔∇≀}∇⊣⇕ D⟩∫√↕⊣†⌉∇ ⊣{{⊔ ⊣⌋⌋⌉√⊔∫ ⊣⊓⌈⟩≀ ⌈⊣⊔⊣ {∇≀⇕ ≀\⌉ ≀{ ∫⌉⊑⌉∇⊣↕ ∫≀⊓∇⌋⌉∫⇔ ⌉§⌉⌋⊓⊔⌉∫ ⊣ ∇⊓\\⟩\} F≀⊓∇⟩⌉∇ ⊔∇⊣\∫{≀∇⇕ ≀\ ⊔⟨⌉ ⌈⊣⊔⊣⇔ ⊣\⌈ ⌈⟩∫√↕⊣†∫ ⊔⟨⌉ ⊔∇⊣\∫{≀∇⇕ ∇⌉∫⊓↕⊔↙ T⟨⌉ ⌈⟩∫√↕⊣† ⟩∫ ⊓√⌈⊣⊔⌉⌈ ⌋≀\⊔⟩\⊓≀⊓∫↕† ⟩\ ⌉⟩⊔⟨⌉∇ ⊖⊒⊣⊔⌉∇{⊣↕↕⪰ ≀∇ ⊖∫√⌉⌋⊔∇≀}∇⊣⇕⪰ {≀∇⇕⊣⊔↙ F⟩}⊓∇⌉ ∃ ∫⟨≀⊒∫ ⊣{{⊔ ⟩\

∃↙▽ ⊣{{⊔ � A R⌉⊣↕↖⊔⟩⇕⌉ S√⌉⌋⊔∇≀}∇⊣⇕ D⟩∫√↕⊣†⌉∇ ∞

⊒⊣⊔⌉∇{⊣↕↕ ⇕≀⌈⌉↙ ⊣{{⊔ ⟩∫ ⟩\⟩⊔⟩⊣↕↕† ⌋≀\⊘}⊓∇⌉⌈ ⊔⟨∇≀⊓}⟨ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ ∫⊒⟩⊔⌋⟨⌉∫↙ M⊣\† ≀{ ⊔⟨⌉ √⊣∇⊣⇕⌉⊔⌉∇∫ ⌋⊣\ ⌊⌉ ⌋⟨⊣\}⌉⌈ ⊒⟨⟩↕⌉ ⊔⟨⌉ √∇≀}∇⊣⇕ ⟩∫ ∇⊓\\⟩\} ⊑⟩⊣ ⊔⟨⌉ }∇⊣√⟨⟩⌋⊣↕ ⊓∫⌉∇ ⟩\⊔⌉∇{⊣⌋⌉⇔ ⊣∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⌊⌉↕≀⊒↙

F⟩}⊓∇⌉ ∃¬ ⊣{{⊔ ⌋↕⟩⌉\⊔ T⟨⌉ ⌋≀∇⌉ ≀{ ⊣{{⊔ ⟩∫ ⊣ C √∇≀}∇⊣⇕ ⊒⟨⟩⌋⟨ ∇⌉⊣⌈∫ ⊣⊓⌈⟩≀ ∫⊣⇕√↕⌉∫ {∇≀⇕ ⊣ ⊘↕⌉⇔ {∇≀⇕ ⊔⟨⌉ ∫⊔⊣\⌈⊣∇⌈ ⟩\√⊓⊔⇔ ≀∇ {∇≀⇕ ⊣ ∫⌉∇⊑⌉∇ ⟩\ ∇⌉⊣↕↖⊔⟩⇕⌉↙ ⊣{{⊔ ⊒⟩\⌈≀⊒∫ ⊔⟨⌉ ⌈⊣⊔⊣ ⊓∫⟩\} ⊣ ∫⌉↕⌉⌋⊔⊣⌊↕⌉ ⊒⟩\⌈≀⊒ {⊓\⌋⊔⟩≀\⇔ ⊔⟨⌉\ √⌉∇{≀∇⇕∫ ⊣ F≀⊓∇⟩⌉∇ ⊔∇⊣\∫{≀∇⇕ ≀\ ⊔⟨⌉ ⌈⊣⊔⊣↙ T⟨⌉ ∇⌉∫⊓↕⊔⟩\} ∫√⌉⌋⊔∇≀}∇⊣⇕ ⟩∫ √∇⌉∫⌉\⊔⌉⌈ ⟩\ ⊣\ X W⟩\⌈≀⊒ S†∫⊔⌉⇕ ⌈⟩∫√↕⊣† ⟩\ ⌉⟩⊔⟨⌉∇ ⊔⟨⌉ ⊒⊣⊔⌉∇{⊣↕↕ ≀∇ ∫√⌉⌋⊔∇≀}∇⊣⇕ {≀∇⇕⊣⊔↙ A\ ≀√⊔⟩≀\⊣↕ ≀\↖∫⌋∇⌉⌉\ ≀∫⌋⟩↕↕≀∫⌋≀√⌉ ⌈⟩∫√↕⊣† ∫⟨≀⊒∫ ⊔⟨⌉ ⊣⌋⊔⊓⊣↕ ⊒⊣⊑⌉{≀∇⇕↙ T⟨⌉ C ⌋≀∇⌉ ≀{ ⊣{{⊔ ⟩∫ ∫⊓∇∇≀⊓\⌈⌉⌈ ⌊† ⊣ T‖↖⌊⊣∫⌉⌈ }∇⊣√⟨⟩⌋⊣↕ ⟩\⊔⌉∇{⊣⌋⌉⇔ ⊒⟨⟩⌋⟨ ⊣↕↕≀⊒∫ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ⊣↕⊔⌉∇ ⊣ \⊓⇕⌊⌉∇ ≀{ √⊣∇⊣⇕⌉⊔⌉∇∫¬ • D⟩∫√↕⊣† ⌋≀↕≀∇∫↙ T⟨⌉ ⊣⇕√↕⟩⊔⊓⌈⌉ ≀{ ⊔⟨⌉ ∫√⌉⌋⊔∇⊣↕ ⟩\{≀∇⇕⊣⊔⟩≀\ ⌋⊣\ ⌊⌉ √∇⌉∫⌉\⊔⌉⌈ ⟩\ }∇⊣† ∫⌋⊣↕⌉⇔ ⌊↕⊓⌉ ⊔⟨∇≀⊓}⟨ ≀∇⊣\}⌉⇔ ≀∇ ⊔⟨⌉ ⊔∇⊣⌈⟩⊔⟩≀\⊣↕ ⌊↕⊓⌉ ⊔⟨∇≀⊓}⟨ ∇⌉⌈ ⊖∫√⌉⌋⊔∇⊣↕⪰ ⌋≀↕≀∇∫↙

∈ ∃ CONTRIBUTED CLIENTS

• W⟩\⌈≀⊒ {⊓\⌋⊔⟩≀\∫↙ T⟨⌉ ⌈⊣⊔⊣ ⌋⊣\ ⌊⌉ ⊒⟩\⌈≀⊒⌉⌈ ⌊† H⊣⇕⇕⟩\}⇔ H⊣\\⟩\}⇔ ≀∇ ⊔∇⟩⊣\}⊓↕⊣∇ ⊒⟩\⌈≀⊒∫⇔ ≀∇ ⊔⟨⌉ ⊒⟩\⌈≀⊒⟩\} ⌋⊣\ ⌊⌉ ⌈⟩∫⊣⌊↕⌉⌈↙ • FFT ↕⌉\}⊔⟨↙ T⟨⌉ ⊔∇⊣⌈⌉≀{{ ⌊⌉⊔⊒⌉⌉\ ⊔⟩⇕⌉ ⊣\⌈ {∇⌉∐⊓⌉\⌋† ∇⌉∫≀↕⊓⊔⟩≀\ ⌋⊣\ ⌊⌉ ⊣↕⊔⌉∇⌉⌈ ⌊† ⌋⟨⊣\}⟩\} ⊔⟨⌉ ⊔∇⊣\∫{≀∇⇕ ⌊↕≀⌋‖ ∫⟩‡⌉ ⟩\ √≀⊒⌉∇ ≀{ ⊔⊒≀ ∫⊔⌉√∫ {∇≀⇕ △̸ ⊔≀ ▽∞∈ ∫⊣⇕√↕⌉∫↙ • FFT ∫⊔∇⟩⌈⌉↙ T⟨⌉ √≀≀∇ ⌉{{⌉⌋⊔∫ ≀{ ⊣ ↕⊣∇}⌉ ⊔∇⊣\∫{≀∇⇕ ⌊↕≀⌋‖ ≀\ ⊔⟩⇕⌉ ∇⌉∫≀↕⊓⊔⟩≀\ ⌋⊣\ ⌊⌉ ⊣⇕⌉↕⟩≀∇⊣⊔⌉⌈ ⌊† ≀⊑⌉∇↕⊣√√⟩\} ⊔⟨⌉ ⊔∇⊣\∫{≀∇⇕∫ ≀{ ⊣⌈|⊣⌋⌉\⊔ ⌊↕≀⌋‖∫↙ T⟨⌉ ≀⊑⌉∇↕⊣√ ⌋⊣\ ⌊⌉ ⊣⌈|⊓∫⊔⌉⌈ {∇≀⇕ △̸ ⊔≀ ▽∞∈ ∫⊣⇕√↕⌉∫↙ • L≀} ∫⌋⊣↕⌉↙ T⟨⌉ ⌈⟩∫√↕⊣† ⌋⊣\ ⌊⌉ √∇⌉∫⌉\⊔⌉⌈ ⟩\ ↕⟩\⌉⊣∇ ≀∇ ↕≀}⊣∇⟩⊔⟨⇕⟩⌋ {≀∇⇕↙ • D⟩∫√↕⊣†↙ T⟨⌉ ⊓∫⌉∇ ⟩∫ }⟩⊑⌉\ ⊔⟨⌉ ⌋⟨≀⟩⌋⌉ ≀{ ⊒⊣⊔⌉∇{⊣↕↕ ≀∇ ∫√⌉⌋⊔∇≀}∇⊣⇕ ⌈⟩∫√↕⊣†∫↙ • L⟩⊑⌉ ⊑∫↙ ⌈⌉⇕≀↙ A ⌊⊓⟩↕⊔↖⟩\ ∫⊒⌉√⊔ {∇⌉∐⊓⌉\⌋† ∫⟩\⌉ ⊒⊣⊑⌉ ⟩∫ ⌈⟩∫√↕⊣†⌉⌈ ⊒⟨⌉\ ⊣{{⊔ ⟩∫ √⊓⊔ ⟩\⊔≀ ⊖⌈⌉⇕≀⪰ ⇕≀⌈⌉↙ • S↕⟩⌈⌉∇∫↙ S↕⟩⌈⌉∇ ⌋≀\⊔∇≀↕∫ }≀⊑⌉∇\ ⊔⟨⌉ ⌈⟩∫√↕⊣† }⊣⟩\⇔ ⊣\⌈ √⌉∇⇕⟩⊔ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ⌋≀⇕√∇⌉∫∫ ⊔⟨⌉ √≀⊒⌉∇ ↕⌉⊑⌉↕∫ ∫⟨≀⊒\ ⌊† ⊔⟨⌉ ⌈⟩∫√↕⊣†↙

T⟨⌉ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ {≀∇ ⊣{{⊔ ⟩∫ ∫⟨≀⊒\ ⌊⌉↕≀⊒↙ F⊓↕↕ ⌈⌉⊔⊣⟩↕∫ ⊣∇⌉ ⟩\ ⊔⟨⌉ ⇕⊣\⊓⊣↕ √⊣}⌉↙ ⊣{{⊔ ∪↖⌋≀↕≀∇⊎ ∪↖⌈ ℜ⌈⌉⊑⟩⌋⌉⊤⊎ ∪↖⊘↕⌉ ℜ⊘↕⌉⊤⊎ ∪↖}⊣⟩\ ℜ}⊣⟩\⊑⊣↕⊓⌉⊤⊎ ∪↖↕⌉\}⊔⟨ ℜ{{⊔↕⌉\}⊔⟨⊤⊎ ∪↖↕≀}⊎ ∪↖⇕⟩\ ℜ⇕⟩\⊑⊣↕⊓⌉⊤⊎ ∪↖⇕⊣§ ℜ⇕⊣§⊑⊣↕⊓⌉⊤⊎ ∪↖\≀⌈⌋⊎ ∪↖\≀∫⌋≀√⌉⊎ ∪↖\≀⊒⟩\⌈≀⊒⊎ ∪↖∇⌉⊣↕⊔⟩⇕⌉⊎ ∪↖∫⟩\⌉⊎ ∪↖∫√⌉⌋⊎ ∪↖∫⊔∇⟩⌈⌉ ℜ∫⊔∇⟩⌈⌉↕⌉\}⊔⟨⊤⊎ M≀∫⊔ ≀{ ⊔⟨⌉ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ ∫⊒⟩⊔⌋⟨⌉∫ ⊣∇⌉ ⊣↕∫≀ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⊣⊔ ∇⊓\⊔⟩⇕⌉⇔ ⌊⊓⊔ ↖⊘↕⌉ ⊣\⌈ ↖∇⌉⊣↕⊔⟩⇕⌉ ⇕⊓∫⊔ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ ≀\ ⊔⟨⌉ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉↙ T⟨⌉ ∫≀⊓∇⌋⌉ ≀{ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⊔⟨⊣⊔ ⟩∫ ⌈⟩∫√↕⊣†⌉⌈ ⌈⌉√⌉\⌈∫ ≀\ ⊔⟨⌉ ⌋≀⇕⇕⊣\⌈ ↕⟩\⌉ ⊣∫ {≀↕↕≀⊒∫¬ I{ ⊔⟨⌉ ↖⊘↕⌉ ∫⊒⟩⊔⌋⟨ ⟩∫ }⟩⊑⌉\⇔ ⊔⟨⌉\ ⊔⟨⌉ ⊣⊓⌈⟩≀ ∫≀⊓∇⌋⌉ ⟩∫ ⊣ ⊘↕⌉ ≀{ μlaw samples▷ Otherwise if the sine switch is given the audio source is a Ψcannedν sine wave that sweeps up and down the frequency spectrum▷ If neither αle or sine are given then afft takes its audio data from the audio server local input▷ When input is taken from a αle afft will continuously loop through the αle from beginning to end rewind the αle and repeat▷ If αle is given as Ψν input is taken from standard input▷ Since it is not possible to rewind standard input afft will terminate on endofαle in this case▷

9▷6 Miscellaneous Contributed Clients 73 If afft can connect to the audio server then the αle is played through the audio output device in synchronization with the fft display▷ If the realtime switch is given afft attempts to stay synchronized with the audio server in realtime▷ If afft cannot get enough CPU cycles to keep up with the incoming audio stream it may fall behind enough that it no longer captures valid audio data▷ If the switch is not given afft will discard audio samples in order to keep up with realtime▷

9▷6 Miscellaneous Contributed Clients Some of the other contributed clients in the AudioFile distribution include.

• ⊣⌊⟩{{ ⟩∫ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⊣\⊣↕≀} ⊔≀ ⊔⟨⌉ B⌉∇‖⌉↕⌉† UNIX ⊣√√↕⟩⌋⊣⊔⟩≀\ ⌊⟩{{↙ ⊣⌊⟩{{ ⊓∫⌉∫ ≀⊓∇ DEC⊔⊣↕‖ ⊔⌉§⊔ ⊔≀ ∫√⌉⌉⌋⟨ ∫†\⊔⟨⌉∫⟩‡⌉∇ ⊔≀ ⊣\\≀⊓\⌋⌉ ⊔⟨⌉ {∇≀⇕ ⊣\⌈ ∫⊓⌊|⌉⌋⊔ ⊘⌉↕⌈ ≀{ ⊣∇∇⟩⊑⟩\} ⌉↕⌉⌋⊔∇≀\⟩⌋ ⇕⊣⟩↕↙ • ∇⊣⌈⟩≀ ⟩∫ ⊣ \⌉⊔⊒≀∇‖ ⊓\⟩⌈⟩∇⌉⌋⊔⟩≀\⊣↕ ⇕⊓↕⊔⟩⌋⊣∫⊔ ∫†∫⊔⌉⇕↙ A\ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊣⊔ ⊔⟨⌉ ⊔∇⊣\∫⇕⟩⊔⊔⟩\} ⌉\⌈⇔ ∇⊣⌈⟩≀ ⇕⌋⊣∫⊔⇔ ⊔∇⊣\∫⇕⟩⊔∫ ⊣⊓⌈⟩≀ ⊓∫⟩\} E⊔⟨⌉∇\⌉⊔ ⇕⊓↕⊔⟩⌋⊣∫⊔↙ M⊣\† ⊓∫⌉∇∫ ⌋⊣\ ⊔⟨⌉\ ∇⊓\ ⊔⟨⌉ ∇⌉⌋⌉⟩⊑⟩\} √∇≀}∇⊣⇕⇔ ∇⊣⌈⟩≀ ∇⌉⌋⊑⇔ ⊔≀ ↕⟩∫⊔⌉\ ⟩\ ⊔≀ ⊣ ⇕⊓↕⊔⟩√≀⟩\⊔ ⌊∇≀⊣⌈⌋⊣∫⊔↙ W⌉ ⟨⊣⊑⌉ ⊓∫⌉⌈ ⊔⟨⌉∫⌉ √∇≀}∇⊣⇕∫⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔≀ ∇⌉↕⊣† ∇⊣⌈⟩≀ ⌊∇≀⊣⌈⌋⊣∫⊔∫ ⟩\⊔≀ ∇⌉}⟩≀\∫ ≀{ ≀⊓∇ ⌊⊓⟩↕⌈⟩\} ⊒⟨⌉∇⌉ ≀∇⌈⟩\⊣∇† ∇⊣⌈⟩≀ ∇⌉⌋⌉√⊔⟩≀\ ⟩∫ √≀≀∇↙ • ⊣⌊∇≀⊒∫⌉ ⊣\⌈ §√↕⊣† ⊣∇⌉ T‖ ⊣\⌈ X⊔ ⊔≀≀↕‖⟩⊔⇔ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕†⇔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ {≀∇ ⌊∇≀⊒∫⟩\} ⊣\⌈ √↕⊣†⟩\} ⌈⟩∇⌉⌋⊔≀∇⟩⌉∫ ≀{ ⊣⊓⌈⟩≀ ∫≀⊓\⌈ ⊘↕⌉∫↙ • ⊣√≀⊒⌉∇ ⊣\⌈ ⊣⊔≀\⌉ ⊣∇⌉ ∫⊔⊣\⌈⊣∇⌈ I∝O↖⌊⊣∫⌉⌈ ∫⟩}\⊣↕ √∇≀⌋⌉∫∫⟩\} ⊓⊔⟩↕⟩⊔⟩⌉∫↙ ⊣√≀⊒⌉∇ ⌋⊣↕⌋⊓↕⊣⊔⌉∫ μlaw signal power relative either to the CCITT Ψdigital milliwattν or to a sine wave 3▷16 dB below the digital clipping level▷ atone is a μlaw signal generator that will create a speciαed frequency and power level sine wave▷ Ψatone ȷ aplayν is a useful technique for setting playback levels▷

9▷7 Other AudioFile Applications There are already a number of applications which use AudioFile but are not dis tributed with it▷ We mention some interesting examples here▷

74 9 CONTRIBUTED CLIENTS 9▷7▷1 Speech Synthesis We built a softwareonly version of the DECtalk texttospeech synthesizer♭5♯ which generates output via the AudioFile system▷ The DECtalk synthesizer is a three stage process. letter to sound translation phone mic synthesizer and the vocal tract model▷ Of these the vocal tract model which generates the output digital waveform consumes about 95ϱ of the synthesizerφs CPU time▷ However the entire system uses only about 37ϱ of the processing power of the DECstation 5000 Model 200 which is based on a 25 MHz R3000 MIPS CPU▷ 9▷7▷2 DECspin DECspin is a network audio and video teleconferencing product produced by the Digital Equipment Corporation▷ DECspin uses AudioFile to provide audio tele conferencing facilities▷ An audioonly version of DECspin is generally available for public FTP▷ 9▷7▷3 ARGOSEE A group at Digitalφs Systems Research Center in Palo Alto California is exploring teleconferencing and collaborative work using among other things AudioFile▷ 9▷7▷4 VAT A team at the University of California led by Van Jacobson has built a network teleconferencing application using IP multicast protocols▷ VAT can use AudioFile for its audio I◁O▷

10 Performance Results In this section we present some performance results for our implementation of the AudioFile System▷ First we measure the time to complete client library operations▷ Next we measure the CPU load for recording and playback▷ Finally we discuss our experience using TCP as the transport protocol▷

10▷1 Server and Client Performance We measured latencies and performance of our AudioFile implementation by the timing various client library functions▷ We tested with two types of systems ↼MIPS and Alpha↽ under six local and networked conαgurations. alpha Alpha local client ς server alpha◁mips Alpha client MIPS server alpha◁alpha Alpha networked client ς server mips MIPS local client ς server mips◁mips MIPS networked client ς server mips◁alpha MIPS client Alpha server The testing environment was as follows. • A↕↕ ⊔⌉∫⊔⟩\} ⊒⊣∫ ⌈≀\⌉ ⊒⟩⊔⟨ ⊔⟨⌉ L≀F⟩ ∫⌉∇⊑⌉∇⇔ A↕≀⊘⇔ ⊒⟩⊔⟨ ⊣ CODEC ⇐∀ KH‡⇒ ⌈⌉⊑⟩⌋⌉↙ • A↕↕ MIPS ∫†∫⊔⌉⇕∫ ⊒⌉∇⌉ DEC∫⊔⊣⊔⟩≀\ ▽′′′∝∈′′∫ ∇⊓\\⟩\} ULTRIX △↙∋↙ A↕↕ A↕√⟨⊣ ∫†∫⊔⌉⇕∫ ⊒⌉∇⌉ DEC∫⊔⊣⊔⟩≀\ ∋′′′∝△′′∫ ∇⊓\\⟩\} DEC OSF∝∞ {≀∇ A↕√⟨⊣ AXP V∞↙∈↙ • A↕↕ \⌉⊔⊒≀∇‖ ⊔⌉∫⊔⟩\} ⊔≀≀‖ √↕⊣⌋⌉ ≀\ ⊣ ↕⟩}⟨⊔↕† ↕≀⊣⌈⌉⌈ E⊔⟨⌉∇\⌉⊔ ⇐∞′ M⌊⟩⊔∝∫⌉⌋⇒↙ • U\↕⌉∫∫ ∫⊔⊣⊔⌉⌈ ≀⊔⟨⌉∇⊒⟩∫⌉⇔ ⊣↕↕ {⊓\⌋⊔⟩≀\∫ ⊒⌉∇⌉ ⊔⟩⇕⌉⌈ ⌊† ⇕⌉⊣∫⊓∇⟩\} ⊔⟨⌉ ⊔⟩⇕⌉ ⊔≀ ⌋≀⇕√↕⌉⊔⌉ ∞′′′ ⟩⊔⌉∇⊣⊔⟩≀\∫⇔ ⊔⟨⌉\ ⌋≀⇕√⊓⊔⟩\} ⊔⟨⌉ ⊣⊑⌉∇⊣}⌉ ⊔⟩⇕⌉ √⌉∇ ⟩⊔⌉∇⊣⊔⟩≀\↙

∞′↙∞↙∞ B⊣∫⟩⌋ L⊣⊔⌉\⌋† T⟨⌉ ↕⟩⌊∇⊣∇† {⊓\⌋⊔⟩≀\ AFG⌉⊔T⟩⇕⌉⇐⇒ ⟩∫ ⊣ }≀≀⌈ ⌊⊣∫⌉↕⟩\⌉ ⌋⊣∫⌉ {≀∇ ⇕⌉⊣∫⊓∇⟩\} ⊔⟨⌉ ⊔⟩⇕⌉ ⊔≀ √∇≀⌋⌉∫∫ A⊓⌈⟩≀F⟩↕⌉ {⊓\⌋⊔⟩≀\∫ ⌊⌉⌋⊣⊓∫⌉ ⟩⊔ ⟩\⌋⊓∇∫ ⇕⟩\⟩⇕⊣↕ √∇≀⌋⌉∫∫⟩\} ≀\ ⊔⟨⌉ ∫⌉∇⊑⌉∇

̸∞′ PERFORMANCE RESULTS

⊣\⌈ ⌋↕⟩⌉\⊔ ∫⟩⌈⌉↙ ∈∀ F⟩}⊓∇⌉ ∞′ ∫⟨≀⊒∫ ⊔⟨⌉ ⊔⟩⇕⌉ ∇⌉∐⊓⟩∇⌉⌈ {≀∇ ⊣ ⌋⊣↕↕ ⊔≀ AFG⌉⊔T⟩⇕⌉⇐⇒ {≀∇ ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⊔ ⌋≀\⊘}⊓∇⊣⊔⟩≀\∫↙

F⟩}⊓∇⌉ ∞′¬ AFG⌉⊔T⟩⇕⌉⇐⇒ {⊓\⌋⊔⟩≀\ ⊔⟩⇕⟩\}∫ T⟨⟩∫ ⌉§⊣⇕√↕⌉ ∫⟨≀⊒∫ ⊔⟨⌉ ↕⊣⊔⌉\⌋† ⊔⟨∇≀⊓}⟨ ⊔⟨⌉ ≀√⌉∇⊣⊔⟩\} ∫†∫⊔⌉⇕ \⌉⊔⊒≀∇‖ ⌋≀⌈⌉ ⊣\⌈ ≀⊑⌉∇ ⊔⟨⌉ ⊒⟩∇⌉↙ M≀∫⊔ ≀{ ⊔⟨⟩∫ ≀⊑⌉∇⟨⌉⊣⌈ ⟩∫ ∫√⌉\⊔ ⟩\ ⊔⟨⌉ ≀√⌉∇⊣⊔⟩\} ∫†∫⊔⌉⇕ ⊣\⌈ \⌉⊔⊒≀∇‖ ⌈∇⟩⊑⌉∇¬ ⊔⟨⌉ ⊣⌋⊔⊓⊣↕ \⌉⊔⊒≀∇‖ ↕⊣⊔⌉\⌋† ⟩∫ \⌉}↕⟩}⟩⌊↕⌉↙ T⟨⌉ AFG⌉⊔T⟩⇕⌉⇐⇒ {⊓\⌋⊔⟩≀\ ⌋⊣⊓∫⌉∫ ⊣\ ∀ ⌊†⊔⌉ ∇⌉∐⊓⌉∫⊔ √⊣⌋‖⌉⊔ ⊔≀ ⌊⌉ ∫⌉\⊔ ⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊣\⌈ ⊣\ ∀↖⌊†⊔⌉ ∇⌉√↕† ⊔≀ ⌊⌉ ∇⌉⊔⊓∇\⌉⌈↙ A⌈⌈⟩\} ⊔⟨⌉ TCP⇔ IP⇔ ⊣\⌈ E⊔⟨⌉∇\⌉⊔ ≀⊑⌉∇⟨⌉⊣⌈∫ ∇⌉∫⊓↕⊔∫ ⟩\ ̸↖⌊†⊔⌉ ∇⌉∐⊓⌉∫⊔ ⊣\⌈ ∇⌉√↕† √⊣⌋‖⌉⊔∫↙ A⊔ ∞′ M⌉}⊣⌊⟩⊔∫∝∫⌉⌋≀\⌈⇔ ⊔⟨⌉∫⌉ √⊣⌋‖⌉⊔∫ ∫√⌉\⌈ ↕⌉∫∫ ⊔⟨⊣\ ▽′ ⇕⟩⌋∇≀∫⌉⌋≀\⌈∫ ≀\ ⊔⟨⌉ ⊒⟩∇⌉↙

∞′↙∞↙∈ P↕⊣† ⊣\⌈ R⌉⌋≀∇⌈ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ↕⟩⌊∇⊣∇† {⊓\⌋⊔⟩≀\∫ ⊔⟨⊣⊔ ⇕≀⊑⌉ ⌈⊣⊔⊣ ⟨⊣⊑⌉ ↕⊣⊔⌉\⌋⟩⌉∫ ⊔⟨⊣⊔ ⌈⌉√⌉\⌈ ≀\ ⊔⟨⌉ ↕⌉\}⊔⟨ ≀{ ⊔⟨⌉ ⌈⊣⊔⊣↙ F⟩}⊓∇⌉ ∞∞ ∫⟨≀⊒∫ ⊔⟨⌉ ⊔⟩⇕⌉ ∇⌉∐⊓⟩∇⌉⌈ ⊔≀ √∇≀⌋⌉∫∫ ⊑⊣∇⟩≀⊓∫ ↕⌉\}⊔⟨ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐⇒ ∇⌉∐⊓⌉∫⊔∫ ≀\ ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⊔ ∫†∫⊔⌉⇕ ⌋≀\⊘}⊓∇⊣⊔⟩≀\∫↙ T⟨⌉ ∇⌉⌋≀∇⌈ ∇⌉∐⊓⌉∫⊔∫ ⊒⌉∇⌉ ∫⌋⟨⌉⌈⊓↕⌉⌈ ⊔≀ ⟨⟩⊔ ⌉\⊔⟩∇⌉↕† ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇≃∫ ∇⌉⌋≀∇⌈ ⌊⊓{{⌉∇ ⇐⊣\⌈ \≀⊔ ⌊↕≀⌋‖⇒↙ ∈∀I\ ⊔⟨⟩∫ ⊑⌉∇∫⟩≀\ ≀{ A⊓⌈⟩≀F⟩↕⌉⇔ T⟨⌉ \≀↖≀√ {⊓\⌋⊔⟩≀\ AFN≀O√⇐⇒ ⌈≀⌉∫ \≀⊔ ⟩\⌋⊓∇ ⊣ {⊓↕↕ ⌋↕⟩⌉\⊔↖∫⌉∇⊑⌉∇ ⌉§⌋⟨⊣\}⌉↙

∞′↙∞ S⌉∇⊑⌉∇ ⊣\⌈ C↕⟩⌉\⊔ P⌉∇{≀∇⇕⊣\⌋⌉

F⟩}⊓∇⌉ ∞∞¬ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐⇒ ⊔⟩⇕⟩\}∫

∀ ∞′ PERFORMANCE RESULTS

A ∇⌉⌋≀∇⌈ ∇⌉∐⊓⌉∫⊔ √⊣⌋‖⌉⊔ ⟩∫ ∈′ ⌊†⊔⌉∫ ↕≀\}⇔ ⊣\⌈ ⊔⟨⌉ ∇⌉√↕† √⊣⌋‖⌉⊔ ⟩∫ ∋∈ ⌊†⊔⌉∫ √↕⊓∫ ⊔⟨⌉ ∇⌉⊔⊓∇\⌉⌈ ∫⊣⇕√↕⌉∫↙ T⟨⌉ ⊔⟩⇕⟩\} {≀∇ ∫⟨≀∇⊔ ∇⌉∐⊓⌉∫⊔∫ ∇⌉√∇⌉∫⌉\⊔∫ ⊔⟨⌉ ⌊⊣∫⟩⌋ ≀⊑⌉∇⟨⌉⊣⌈ ⊣\⌈ ⌋≀∇∇⌉↕⊣⊔⌉ ⊒⟩⊔⟨ ⊔⟨⌉ ⌊⊣∫⌉ ⊔⟩⇕⌉∫ {≀∇ AFG⌉⊔T⟩⇕⌉⇐⇒↙ T⟨⌉ |⊓⇕√∫ ⊣⊔ ⊣√√∇≀§⟩⇕⊣⊔⌉↕† ∀K ⌊†⊔⌉∫ ⊣∇⌉ ⌈⊓⌉ ⊔≀ ⊖⌋⟨⊓\‖⟩\}⪰ √⌉∇{≀∇⇕⌉⌈ ⟩\ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇†↙ R⌉∐⊓⌉∫⊔∫ ↕≀\}⌉∇ ⊔⟨⊣\ ∀K ⌊†⊔⌉∫ ⇐\≀⊔ ∫⊣⇕√↕⌉∫⇒ ⊣∇⌉ ⌊∇≀‖⌉\ ⟩\⊔≀ ∀K ⌊†⊔⌉ ∇⌉∐⊓⌉∫⊔ ⌋⟨⊓\‖∫ ⊔≀ ⌊⌉⊔⊔⌉∇ ⌋≀\⊔∇≀↕ ⟩\⊔⌉∇⊣⌋⊔⟩≀\∫ ⊒⟩⊔⟨ ⊔⟨⌉ ⊔∇⊣\∫√≀∇⊔ √∇≀⊔≀⌋≀↕ ⟨⌉⊓∇⟩∫⊔⟩⌋∫ ⊣\⌈ ⊔≀ ∫⟩⇕√↕⟩{† ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙ E⊣⌋⟨ ∇⌉∐⊓⌉∫⊔ ⌋≀⇕√↕⌉⊔⌉∫ ∫†\⌋⟨∇≀\≀⊓∫↕†�⊔⟨⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇† ⊒⊣⟩⊔∫ {≀∇ ⊔⟨⌉ ∇⌉√↕† ⌊⌉{≀∇⌉ ∫⌉\⌈⟩\} ⊔⟨⌉ \⌉§⊔ ⌋⟨⊓\‖↙ A ∞K̸ ⌊†⊔⌉ ∇⌉∐⊓⌉∫⊔ ⊔⟨⌉∇⌉{≀∇⌉ ⊔⊣‖⌉∫ ⊔⟨⌉ ∫⊣⇕⌉ ⊔⟩⇕⌉ ⊣∫ ⊔⊒≀ ⟩\⌈⌉√⌉\⌈⌉\⊔ ∀K ⌊†⊔⌉ ∇⌉∐⊓⌉∫⊔∫↙ I∫ ⊔⟨⟩∫ ≀⊑⌉∇⟨⌉⊣⌈ ∫⟩}\⟩⊘⌋⊣\⊔⊥ F≀∇ ⟨⟩}⟨ ∫⊣⇕√↕⌉ ∇⊣⊔⌉∫⇔ ⟩⊔ ⇕⟩}⟨⊔ ⌊⌉↙ F≀∇ ∞↖̸⌊⟩⊔ △∀ KH‡ ∫⊔⌉∇⌉≀ ⌈⊣⊔⊣⇔ ⊣\ ∀K ⌊†⊔⌉ ∇⌉∐⊓⌉∫⊔ ⟩∫ ⊣⌊≀⊓⊔ △∈ ⇕⟩↕↕⟩∫⌉⌋≀\⌈∫ ⊒≀∇⊔⟨ ≀{ ∫⊣⇕√↕⌉∫↙ I\ ⊔⟨⌉ ∫↕≀⊒⌉∫⊔ ⌋≀\⊘}⊓∇⊣⊔⟩≀\ ⇐⇕⟩√∫∝⇕⟩√∫⇒⇔ ⟨⊣\⌈↕⟩\} ⊣\ ∀K ⌊†⊔⌉ ∇⌉∐⊓⌉∫⊔ ⊔⊣‖⌉∫ ⊣⌊≀⊓⊔ ∞∈ ⇕⟩↕↕⟩∫⌉⌋≀\⌈∫⇔ ≀{ ⊒⟨⟩⌋⟨ ∈↙▽ ⇕⟩↕↕⟩∫⌉⌋≀\⌈∫ ⟩∫ ⊔⟨⌉ ⌊⊣∫⟩⌋ ≀⊑⌉∇⟨⌉⊣⌈↙ T⟨⟩∫ ⇕⌉⊣\∫ ⊔⟨⊣⊔ ≀⊓∇ ∫↕≀⊒⌉∫⊔ ⇕⊣⌋⟨⟩\⌉∫ ⊣∇⌉ ≀\↕† ⊣⌊≀⊓⊔ ⊔⟨∇⌉⌉ ⊔⟩⇕⌉∫ {⊣∫⊔⌉∇ ⊔⟨⊣\ ⊔⟨⌉† \⌉⌉⌈ ⊔≀ ⌊⌉↙ T⟨⟩∫ ⌉§⊣⇕√↕⌉ ⊣∫∫⊓⇕⌉∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⊔⟨∇≀⊓}⟨√⊓⊔ {≀∇ ⊔⟨⌉ H⟩F⟩ ⌈⌉⊑⟩⌋⌉ ⇐⊣∫ ⇕⌉⊣∫⊓∇⌉⌈ ⟩\ ⌊†⊔⌉∫ √⌉∇ ∫⌉⌋≀\⌈⇒ ⟩∫ ⊔⟨⌉ ∫⊣⇕⌉ ⊣∫ ⊔⟨⌉ CODEC ⌈⌉⊑⟩⌋⌉≃∫ ⊔⟨∇≀⊓}⟨√⊓⊔↙ T⟨⌉ ∫↕≀√⌉∫ ≀{ ⊔⟨⌉ ↕⟩\⌉∫ ⟩\ F⟩}⊓∇⌉ ∞∞ }⟩⊑⌉ ⊣ ⇕⌉⊣∫⊓∇⌉ ≀{ ⌊⊣∫⟩⌋ ⊔⟨∇≀⊓}⟨√⊓⊔↙ T⊣⌊↕⌉ ∞′ ∫⟨≀⊒∫ ⊔⟨⌉ ⊔⟨∇≀⊓}⟨√⊓⊔ {≀∇ ⊔⟨⌉ ∫⟩§ ⌈⟩{{⌉∇⌉\⊔ ⌋≀\⊘}⊓∇⊣⊔⟩≀\∫↙ C≀\⊘}⊓∇⊣⊔⟩≀\ T⟨∇≀⊓}⟨√⊓⊔ ⇐⌋↕⟩⌉\⊔∝∫⌉∇⊑⌉∇⇒ ⇐K ⌊†⊔⌉∫∝∫⌉⌋⇒ ⊣↕√⟨⊣ △△′′ ⊣↕√⟨⊣∝⊣↕√⟨⊣ ∃∀′ ⊣↕√⟨⊣∝⇕⟩√∫ ′̸ ⇕⟩√∫ ∈∈′′ ⇕⟩√∫∝⊣↕√⟨⊣ ′ ⇕⟩√∫∝⇕⟩√∫ ▽∀′ T⊣⌊↕⌉ ∞′¬ R⌉⌋≀∇⌈ ⊔⟨∇≀⊓}⟨√⊓⊔

∞′↙∞↙∋ P∇⌉⌉⇕√⊔ P↕⊣† ⊑∫ M⟩§ P↕⊣† T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ √↕⊣† ∇⌉∐⊓⌉∫⊔ ⟩∫ ⊑⌉∇† ∫⟩⇕⟩↕⊣∇ ⊔≀ ⊔⟨⌉ ∇⌉⌋≀∇⌈ ⌋⊣∫⌉¬ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔ √⊣⌋‖⌉⊔ ⟩∫ ⊣ ∈′ ⌊†⊔⌉∫ √↕⊓∫ ⊔⟨⌉ √↕⊣† ⌈⊣⊔⊣⇔ ⊣\⌈ ⊔⟨⌉ ∇⌉√↕† √⊣⌋‖⌉⊔ ⟩∫ ∀ ⌊†⊔⌉∫↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉ √↕⊣† ∇⌉∐⊓⌉∫⊔ ⌋⊣\ ⌊⌉ √∇≀⌋⌉∫∫⌉⌈ ⟩\ ≀\⌉ ≀{ ⊔⊒≀ ⇕≀⌈⌉∫¬ M⟩§ ≀∇ P∇⌉⌉⇕√⊔⇔ ⊒⟨⟩⌋⟨ ⇕⊣† ⟨⊣⊑⌉ √⌉∇{≀∇⇕⊣\⌋⌉ ⟩⇕√↕⟩⌋⊣⊔⟩≀\∫ {≀∇ ⊔⟨⌉ ∫⌉∇⊑⌉∇↙ A √∇⌉⌉⇕√⊔⟩⊑⌉ √↕⊣† ∇⌉∐⊓⌉∫⊔ ⟩∫ ⊓∫⊓⊣↕↕† ⊔⟨⌉

∞′↙∞ S⌉∇⊑⌉∇ ⊣\⌈ C↕⟩⌉\⊔ P⌉∇{≀∇⇕⊣\⌋⌉ ∃

{⊣∫⊔⌉∫⊔⇔ ∫⟩\⌋⌉ ⊔⟨⌉ ⌈⊣⊔⊣ ⟩∫ |⊓∫⊔ ⌋≀√⟩⌉⌈ ⟩\⊔≀ ⊔⟨⌉ ∫⌉∇⊑⌉∇≃∫ √↕⊣† ⌊⊓{{⌉∇∫↙ A ⇕⟩§⟩\} √↕⊣† ∇⌉∐⊓⌉∫⊔ ∇⌉∐⊓⟩∇⌉∫ ∫≀⇕⌉ √∇≀⌋⌉∫∫⟩\} ⊔≀ ⌊⌉ ⌈≀\⌉ ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊣∫ ⊔⟨⌉ \⌉⊒ √↕⊣† ∫⊣⇕√↕⌉∫ ⊣∇⌉ ⇕⟩§⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ⌉§⟩∫⊔⟩\} ∫⊣⇕√↕⌉∫↙ F⟩}⊓∇⌉ ∞∈ ∫⟨≀⊒∫ ⊔⟨⌉ ⊔⟩⇕⌉ ⊔≀ ⌋≀⇕√↕⌉⊔⌉ √∇⌉⌉⇕√⊔⟩⊑⌉ √↕⊣† ≀√⌉∇⊣⊔⟩≀\∫ ≀{ ⊑⊣∇⟩≀⊓∫ ↕⌉\}⊔⟨∫↙ I\ ⊣\ ⌉⊣∇↕† ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\⇔ ⊔⟨⌉ √↕⊣† √⌉∇{≀∇⇕⊣\⌋⌉ ⊒⊣∫ \⌉⊣∇↕† ⟩⌈⌉\⊔⟩⌋⊣↕ ⊔≀ ∇⌉⌋≀∇⌈ √⌉∇{≀∇⇕⊣\⌋⌉ ⌊⌉⌋⊣⊓∫⌉ ⟩⊔ ⊓∫⌉⌈ ⊔⟨⌉ ∫⊣⇕⌉ ⌋⟨⊓\‖⟩\} ⊣↕}≀∇⟩⊔⟨⇕↙ H≀⊒⌉⊑⌉∇⇔ ⊒⌉ ∇⌉⊣↕⟩‡⌉⌈ ⊔⟨⊣⊔ ⇕⊣\† ∇⌉√↕⟩⌉∫ ⟩\ ⊔⟨⌉ √↕⊣† ⌋⊣∫⌉ ⊒⌉∇⌉ ⊓\\⌉⌋⌉∫∫⊣∇†↙ W⌉ ⇕≀⌈⟩⊘⌉⌈ ⊔⟨⌉ √↕⊣† √∇≀⊔≀⌋≀↕ ∇⌉∐⊓⌉∫⊔ ⊔≀ ↕⌉⊔ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ∫√⌉⌋⟩{† ⟩{ ⊔⟨⌉∇⌉ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣ ∫⌉∇⊑⌉∇ ∇⌉√↕† {≀∇ ⊔⟨⌉ ∇⌉∐⊓⌉∫⊔↙ W⌉ ⊔⟨⌉\ ⇕≀⌈⟩⊘⌉⌈ ⊔⟨⌉ √↕⊣† ⌋⟨⊓\‖⟩\} ⌋≀⌈⌉ ⊔≀ ∇⌉∐⊓⌉∫⊔ ⇐⊣\⌈ ⊒⊣⟩⊔ {≀∇⇒ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ∇⌉√↕† {≀∇ ≀\↕† ⊔⟨⌉ ⊘\⊣↕ ⌋⟨⊓\‖↙ T⟨⌉ ∇⌉∫⊓↕⊔⟩\} √↕⊣† ⊔⟩⇕⟩\} ⟩∫ ⊣ \⌉⊣∇↕† ↕⟩\⌉⊣∇ {⊓\⌋⊔⟩≀\ ≀{ √↕⊣† ∇⌉∐⊓⌉∫⊔ ∫⟩‡⌉↙ T⟨⌉ ∫↕⟩}⟨⊔ |⊓⇕√∫ ⊣⊔ ∀K ⌊†⊔⌉ ⇕⊓↕⊔⟩√↕⌉∫ ⊣∇⌉ ⌈⊓⌉ ⊔≀ ⊔⟨⌉ ⇐⇕⟩\⟩⇕⊣↕⇒ ∇⌉∐⊓⌉∫⊔ ≀⊑⌉∇⟨⌉⊣⌈↙ F⟩}⊓∇⌉ ∞∋ ∫⟨≀⊒∫ ⊔⟨⌉ ⊔⟩⇕⟩\}∫ {≀∇ ⇕⟩§⟩\} √↕⊣† ≀√⌉∇⊣⊔⟩≀\∫⇔ ⊣\⌈ ⊔⟨⌉ ⌋≀∫⊔ ≀{ ⇕⟩§⟩\} ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⟩∫ ⌋↕⌉⊣∇↕† ⌉⊑⟩⌈⌉\⊔↙ A ⇕⟩§⟩\} √↕⊣† ≀√⌉∇⊣⊔⟩≀\ ⟩∫ ⊣↕⊒⊣†∫ ∫↕≀⊒⌉∇ ⊔⟨⊣\ ⊣ √∇⌉⌉⇕√⊔⟩⊑⌉ √↕⊣†↙ T⊣⌊↕⌉ ∞∞ ∫⊓⇕⇕⊣∇⟩‡⌉∫ ⊔⟨⌉ ⊔⟨∇≀⊓}⟨√⊓⊔ {≀∇ ⇕⟩§⟩\} ⊣\⌈ √∇⌉⌉⇕√⊔⟩⊑⌉ √↕⊣† ∇⌉∐⊓⌉∫⊔∫↙ C≀\⊘}⊓∇⊣⊔⟩≀\ T⟨∇≀⊓}⟨√⊓⊔ ⇐K ⌊†⊔⌉∫∝∫⌉⌋⇒ ⇐⌋↕⟩⌉\⊔∝∫⌉∇⊑⌉∇⇒ M⟩§⟩\} P∇⌉⌉⇕√⊔ ⊣↕√⟨⊣ ∈▽′′ ▽▽′′ ⊣↕√⟨⊣∝⊣↕√⟨⊣ ∞′′′ ∞∞′′ ⊣↕√⟨⊣∝⇕⟩√∫ ̸′ ∃△′ ⇕⟩√∫ ∞∞′′ ∈▽′′ ⇕⟩√∫∝⊣↕√⟨⊣ ∃▽′ ∞′′′ ⇕⟩√∫∝⇕⟩√∫ ▽̸′ ∀∋′ T⊣⌊↕⌉ ∞∞¬ P↕⊣† ⊔⟨∇≀⊓}⟨√⊓⊔

∞′↙∞↙△ O√⌉\ L≀≀√ R⌉⌋≀∇⌈∝P↕⊣† T⟨⌉ ⊔⟩⇕⟩\}∫ ≀{ ⊑⊣∇⟩≀⊓∫ A⊓⌈⟩≀F⟩↕⌉ ≀√⌉∇⊣⊔⟩≀\∫ ⟨⊣⊑⌉ ⟩⇕√↕⟩⌋⊣⊔⟩≀\∫ {≀∇ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊔⟨⊣⊔ √∇≀⌋⌉∫∫ ⊣⊓⌈⟩≀ ⟩\ ∇⌉⊣↕↖⊔⟩⇕⌉↙ S⟩⇕√↕⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫⇔ ∫⊓⌋⟨ ⊣∫ √↕⊣†⟩\} ⊣ ⊘↕⌉⇔ ⌈≀ \≀⊔ ∇⌉⊣↕↕† ⌋⊣∇⌉ ⟨≀⊒ ↕≀\} ⊔⟨⌉ ≀√⌉∇⊣⊔⟩≀\∫ ⊔⊣‖⌉ ⊔≀ ⌋≀⇕√↕⌉⊔⌉⇔ ⊣∫ ↕≀\} ⊣∫ ⊔⟨⌉ ⊔⟨∇≀⊓}⟨√⊓⊔ ⌉§⌋⌉⌉⌈∫ ⊔⟨⌉ ⊣⊓⌈⟩≀ ⌈⊣⊔⊣ ∇⊣⊔⌉↙ H≀⊒⌉⊑⌉∇⇔ ≀⊔⟨⌉∇ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⇐∫⊓⌋⟨ ⊣∫ ⊣ ⌋≀\{⌉∇⌉\⌋⟩\} ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊒⟨⌉∇⌉ ⊣⊓⌈⟩≀ ∫⊔∇⌉⊣⇕∫ ⊣∇⌉ ∫⌉⊔ ⊓√ ⌊⌉⊔⊒⌉⌉\ √⊣∇⊔⟩⌋⟩√⊣\⊔∫⇒ ⌈⌉√⌉\⌈ ≀\ ⇕⟩\⟩⇕⟩‡⟩\} ⊔⟨⌉ ⊔⟩⇕⌉ \⌉⌉⌈⌉⌈ ⊔≀ ⟨⊣\⌈↕⌉ ∫⊣⇕√↕⌉∫↙ T≀ ⟩↕↕⊓∫⊔∇⊣⊔⌉ ∫≀⇕⌉ ≀{ ⊔⟨⌉ {⊓\⌈⊣⇕⌉\⊔⊣↕ ↕⟩⇕⟩⊔∫⇔ ⊒⌉ ⌋≀⌈⌉⌈ ⊣ ↕≀≀√⌊⊣⌋‖ ⊔⌉∫⊔ ⊔⟨⊣⊔ ∇⌉⊣⌈∫

∀′ ∞′ PERFORMANCE RESULTS

F⟩}⊓∇⌉ ∞∈¬ P∇⌉⌉⇕√⊔⟩⊑⌉ AFP↕⊣†S⊣⇕√↕⌉∫⇐⇒ ⊔⟩⇕⟩\}∫

∞′↙∞ S⌉∇⊑⌉∇ ⊣\⌈ C↕⟩⌉\⊔ P⌉∇{≀∇⇕⊣\⌋⌉ ∀∞

F⟩}⊓∇⌉ ∞∋¬ M⟩§⟩\} AFP↕⊣†S⊣⇕√↕⌉∫⇐⇒ ⊔⟩⇕⟩\}∫

∀∈ ∞′ PERFORMANCE RESULTS

∫⊣⇕√↕⌉∫ {∇≀⇕ ⊣ ⌈⌉⊑⟩⌋⌉ ⊣\⌈ ⊔⟨⌉\ ⊒∇⟩⊔⌉∫ ⊔⟨⌉⇕ ⌊⊣⌋‖ ⊣∫ ∐⊓⟩⌋‖↕† ⊣∫ √≀∫∫⟩⌊↕⌉↙ T⟨⌉ ⊔⌉∫⊔ ⊓∫⌉∫ ⊣ \≀\↖⌊↕≀⌋‖⟩\} ∇⌉⌋≀∇⌈ {⊓\⌋⊔⟩≀\ ⊔⟨⊣⊔ ∇⌉⊔⊓∇\∫ ≀\↕† ⊒⟨⊣⊔ ∫⊣⇕√↕⌉∫ ⊣∇⌉ ⊣⊑⊣⟩↕⊣⌊↕⌉↙ T⟨⌉ ⊣↕}≀∇⟩⊔⟨⇕ ⟩∫ ∫⟨≀⊒\ ⟩\ ⊔⟨⟩∫ ⌋≀⌈⌉ {∇⊣}⇕⌉\⊔¬ {≀∇⇐∅∅⇒ ¶ \≀⊒ ℑ AFR⌉⌋≀∇⌈S⊣⇕√↕⌉∫⇐⊣⌋⇔ \⌉§⊔⇔ ∀′′′⇔ ⌊⊓{{⌉∇⇔ AN≀B↕≀⌋‖⇒∅ ↕⌉\}⊔⟨ ℑ \≀⊒ ↖ \⌉§⊔∅ AFP↕⊣†S⊣⇕√↕⌉∫⇐⊣⌋⇔ \⌉§⊔⇓△′′′⇔ ↕⌉\}⊔⟨⇔ ⌊⊓{⇒∅ \⌉§⊔ ℑ \≀⊒∅ ♦ T⟨⌉ ∇⊣⊔⌉ ⊣⊔ ⊒⟨⟩⌋⟨ ⊔⟨⟩∫ ↕≀≀√ ⟩⊔⌉∇⊣⊔⌉∫ ⟩∫ }≀⊑⌉∇\⌉⌈ ⌉\⊔⟩∇⌉↕† ⌊† ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ≀⊑⌉∇⟨⌉⊣⌈⇔ ⊣\⌈ ∇⌉√∇⌉∫⌉\⊔∫ ⊣ ↕⟩⇕⟩⊔ {≀∇ ⟨⊣\⌈↕⟩\} ∇⌉⊣↕↖⊔⟩⇕⌉ ⊣⊓⌈⟩≀↙ T⟨⌉ ⊣⊑⌉∇⊣}⌉ ⊔⟩⇕⌉∫ ⊔≀ ⌋≀⇕√↕⌉⊔⌉ ≀\⌉ ⟩⊔⌉∇⊣⊔⟩≀\ ⊣∇⌉ ∫⟨≀⊒\ ⟩\ ⊔⊣⌊↕⌉ ∞∈↙ C≀\⊘}⊓∇⊣⊔⟩≀\ T⟩⇕⌉ ⇐⌋↕⟩⌉\⊔∝∫⌉∇⊑⌉∇⇒ ⇐⇕∫⇒ ⊣↕√⟨⊣ ′↙∀ ⊣↕√⟨⊣∝⊣↕√⟨⊣ ∞↙∈ ⊣↕√⟨⊣∝⇕⟩√∫ ∈↙∞ ⇕⟩√∫ ∞↙∃∋ ⇕⟩√∫∝⊣↕√⟨⊣ ∈↙∞▽ ⇕⟩√∫∝⇕⟩√∫ ∋↙△▽ T⊣⌊↕⌉ ∞∈¬ L≀≀√⌊⊣⌋‖ ⊔⟩⇕⟩\} A⊓⌈⟩≀F⟩↕⌉≃∫ ≀⊑⌉∇⟨⌉⊣⌈ ⌉∫⊔⊣⌊↕⟩∫⟨⌉∫ ⊣ ⇕⟩\⟩⇕⊓⇕ ↕⊣⊔⌉\⌋† {≀∇ ∇⌉⊣↕↖⊔⟩⇕⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ H≀⊒⌉⊑⌉∇⇔ ⊒⌉ ⌊⌉↕⟩⌉⊑⌉ ⊔⟨⊣⊔ A⊓⌈⟩≀F⟩↕⌉ ⊒⟩↕↕ ⌊⌉ ⊣⌈⌉∐⊓⊣⊔⌉ {≀∇ ⊣↕↕ ⌊⊓⊔ ⊔⟨⌉ ⇕≀∫⊔ ⌈⌉⇕⊣\⌈⟩\} ∇⌉⊣↕↖⊔⟩⇕⌉ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫↙ I\ ⊣ \⌉⊔⊒≀∇‖⌉⌈ ⌋≀\⊘}⊓∇⊣⊔⟩≀\ A⊓⌈⟩≀F⟩↕⌉≃∫ ≀⊑⌉∇⟨⌉⊣⌈ ⊒⟩↕↕ ⌊⌉ ⌈≀⇕⟩\⊣⊔⌉⌈ ⌊† ⊔⟨⌉ \⌉⊔⊒≀∇‖ ⌈⌉↕⊣†∫↙ T⟨⌉ ↕⊣⊔⌉\⌋† {≀∇ ⊣ ↕⟩\‖ ⊣⌋∇≀∫∫ N≀∇⊔⟨ A⇕⌉∇⟩⌋⊣ ⟨⊣∫ ⊣ ⇕⟩\⟩⇕⊓⇕ ∞▽ ⇕⟩↕↕⟩∫⌉⌋≀\⌈ √∇≀√⊣}⊣⊔⟩≀\ ⊔⟩⇕⌉⇔ \≀⊔ ⟩\⌋↕⊓⌈⟩\} ⊔∇⊣\∫⇕⟩∫∫⟩≀\ ⊣\⌈ ∇≀⊓⊔⟩\} ⊔⟩⇕⌉↙

∞′↙∈ CPU U∫⊣}⌉ I\ ⊔⟨⟩∫ ∫⌉⌋⊔⟩≀\⇔ ⊒⌉ ⟩\⊑⌉∫⊔⟩}⊣⊔⌉ ⊔⟨⌉ CPU ⊓∫⊣}⌉ {≀∇ √↕⊣†⌊⊣⌋‖ ⊣\⌈ ∇⌉⌋≀∇⌈ ≀√⌉∇⊣⊔⟩≀\∫↙ T⟨⌉ ⊔⌉∫⊔ ⊒⌉∇⌉ ⌋≀\⊘}⊓∇⌉⌈ ⊣∫ ⌊⌉{≀∇⌉⇔ ⊒⟩⊔⟨ ⊣ ↕≀⌋⊣↕ ⌋≀\⊘}⊓∇⊣⊔⟩≀\ ⇐⊔⟨⌉ ⌋↕⟩⌉\⊔ ⊣\⌈ ∫⌉∇⊑⌉∇ ∇⊓\\⟩\} ≀\ ⊔⟨⌉ ∫⊣⇕⌉ ⇕⊣⌋⟨⟩\⌉ ⊓∫⟩\} UNIX ⌈≀⇕⊣⟩\ ∫≀⌋‖⌉⊔∫⇒↙ T⟨⌉ ⊔⌉∫⊔∫ ⌋≀\∫⟩∫⊔⌉⌈ ≀{ √↕⊣†⟩\} ⊣\⌈ ∇⌉⌋≀∇⌈⟩\} ∞′′ ∫⌉⌋≀\⌈∫ ≀{ ⊣⊓⌈⟩≀ ⊣⊔ ⊔⊒≀ ∫⊣⇕√↕⌉ ∇⊣⊔⌉∫ ⊣\⌈ ⊔†√⌉∫¬ ∀ KH‡ μlaw and 44▷1 KHz CD quality stereo▷ Table 13 sum marizes the server and client CPU usage for the two cases▷ Both user and system

10▷2 CPU Usage 83

times ↼in seconds↽ are given▷ The total time can also be viewed as a percentage load▷ Server Client User Sys User Sys Total Alpha 8 KHz playback 0▷6 0▷5 0▷0 0▷1 1▷2 DEC 3000◁400 8 KHz record 0▷3 0▷3 0▷3 0▷3 1▷0 44▷1 KHz playback 10▷0 7▷4 0▷1 1▷6 19▷2 44▷1 KHz record 12▷1 3▷1 2▷3 4▷9 22▷5 MIPS 8 KHz playback 0▷6 0▷4 0▷0 0▷4 1▷4 DEC 5000◁200 8 KHz record 0▷4 0▷6 0▷0 0▷6 1▷6 44▷1 KHz playback 5▷5 6▷5 0▷3 9▷8 22▷1 44▷1 KHz record 13▷5 11▷9 4▷0 10▷8 40▷2 Table 13. CPU usage Much of the server time is spent moving samples to and from the audio hardware▷ The LoFi does not have DMA and must be accessed with programmed I◁O▷ Table 14 summarizes the times to perform read and write operations to LoFiφs shared memory▷ These timings were obtained by measuring the time to complete ten millionoperations then computing the average time per operation▷ These timings were collected with LoFiφs DSP disabled▷ With the DSP enabled contention for the shared memory could increase these access times by up to 70ϱ▷ Reads are expensive because the processor stalls until the read data returns▷ Writes are fast because they are buffered, they run at nearly the full speed of the option module▷ One optimization we have not yet pursued is taking advantage of the Alphaφs 64 bit operations▷ An Alphaspeciαc version of the server could nearly double the bandwidth to the TURBOchannel by performing 64bit reads and writes▷ Time per op▷ System Operation ↼ms↽ Alpha read 0▷89 write 0▷23 MIPS read 0▷66 write 0▷25 Table 14. Read and write timings for LoFi

84 10 PERFORMANCE RESULTS 10▷3 Data Transport AudioFile can be used over almost any transport protocol though the details of the protocol may affect realtime audio performance▷ This section discusses our experience using TCP as the transport layer▷ Although applications such as apass may exercise tight control over timing most do not have strong realtime requirements▷ TCP is usually sufαcient for these applications because the delay caused by retransmission of lost packets is small compared to the buffering of unplayed samples▷ On the other hand applications like teleconferencing do require timely delivery of the audio data▷ We found that a naively implemented teleconferencing application displayed seri ous problems when used over a transcontinental TCP link▷ We observed frequent and lengthy dropouts in the audio stream which were especially likely with bidirec tional data streams▷ These stem from packet losses caused by a phenomenon known as ΨACKcompressionν ♭9 21♯ a subtle consequence of the use of windowbased βow control▷ The duration of each dropout is exacerbated by TCPφs slowstart algorithm ♭6♯ which comes into play when packets are dropped by the network▷ ACKcompression occurs when the spacing between acknowledgments is changed by delays in the routers▷ This can cause cause TCP to send large bursts of packets which overrun the buffers in a router causing packets to be dropped▷ Unfortunately the TCP slowstart algorithm converts these losses into lengthy recovery periods during which data βows more slowly▷ On a connection such as a longhaul T1 circuit it can take several seconds to restore full throughput▷ TCP is arguably the wrong transport protocol for applications such as teleconfer encing since it tries to guarantee ordered packet delivery without any concern for packet delay▷ Many applications instead need guarantees on bandwidth and latency but they may be prepared to accept some lost data▷ Networks and protocols that provide such guarantees are active areas of research▷ To manage these issues all of the teleconferencing applications mentioned in Section 8 are split among sites using special protocols over longhaul paths and only communicate locally with AudioFile servers▷

11 Summary The AudioFile System provides deviceindependent networktransparent audio services▷ With AudioFile multiple audio applications can run simultaneously sharing access to the actual audio hardware▷ Network transparency means that application programs can run on machines scattered throughout the network▷ Be cause AudioFile permits applications to be deviceindependent applications need not be rewritten to work with new audio hardware▷ Development of AudioFile began in 1990 at Digital Equipment Corporationφs Cambridge Research Laboratory▷ In February 1993 we released a version for public use▷ It supports both low and highαdelity audio using a variety of audio devices and runs on several different computer architectures▷

11▷1 Areas for Further Work It is remarkably difαcult to get something as big as AudioFile completely right▷ We are very pleased with the basic design decisions we made but we do have a list of items which if αxed or implemented would make AudioFile still more useful▷ • I⊔ ∫⟨≀⊓↕⌈ ⌊⌉ √≀∫∫⟩⌊↕⌉ {≀∇ ⊣ ⌈⌉⊑⟩⌋⌉ ⊔≀ ∫⊓√√≀∇⊔ ⇕⊓↕⊔⟩√↕⌉ ∫⊣⇕√↕⌉ ∇⊣⊔⌉∫ ⊣\⌈ ⟩⊔ ∫⟨≀⊓↕⌈ ⌊⌉ √≀∫∫⟩⌊↕⌉ ⊔≀ ∫⊓√√≀∇⊔ ⌈†\⊣⇕⟩⌋ ⌋⟨⊣\}⌉∫ ⟩\ ∫⊣⇕√↕⌉ ∇⊣⊔⌉↙ O\ ⊔⟨⌉ ≀⊔⟨⌉∇ ⟨⊣\⌈⇔ ⟩⊔ ⊒≀⊓↕⌈ ∫⌉⌉⇕ ↕⟩‖⌉ ⊣ ⇕⟩∫⊔⊣‖⌉ ⊔≀ ⊣⌈⌈ ⊣ ↕≀⊔ ≀{ ⇕⌉⌋⟨⊣\⟩∫⇕ ⊔≀ ⟨⊣\⌈↕⌉ ⊔⟨⌉ ⌋≀\{⊓∫⟩≀\ ⊔⟨⊣⊔ ⊒≀⊓↕⌈ ∇⌉∫⊓↕⊔ ⊒⟨⌉\ ⇕⊓↕⊔⟩√↕⌉ ⌋↕⟩⌉\⊔∫ ⊒⟨⟩⌋⟨ ⊒⊣\⊔ ⊔≀ ∇⊓\ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕† ⌊⊓⊔ ∇⌉∐⊓⟩∇⌉ ⌈⟩{{⌉∇⌉\⊔ ∫⊣⇕√↕⌉ ∇⊣⊔⌉∫↙ I\ ⊔⟨⌉ ↕≀\} ∇⊓\⇔ ∇⌉⊣↕↖⊔⟩⇕⌉ ∫⊣⇕√↕⌉ ∇⊣⊔⌉ ⌋≀\⊑⌉∇∫⟩≀\ ⇕⊣† ⌊⌉ ⊔⟨⌉ ⊣\∫⊒⌉∇↙ • A⊓⌈⟩≀ ⌈⌉⊑⟩⌋⌉∫ ∫⟨≀⊓↕⌈ ⟨⊣⊑⌉ ⊣\ ≀∇⌈⌉∇⌉⌈ ↕⟩∫⊔ ≀{ ∫⊓√√≀∇⊔⌉⌈ ⌈⊣⊔⊣ {≀∇⇕⊣⊔∫⇔ ∫≀ ⊔⟨⊣⊔ ⌋↕⟩⌉\⊔∫ ⌋⊣\ ⇕⊣⊔⌋⟨ ⊣}⊣⟩\∫⊔ ⟩⊔ ⊣\⌈ ∫≀ ⊔⟨⊣⊔ ⊣ ⌈⌉⊑⟩⌋⌉ √∇⌉{⌉∇⌉\⌋⌉ {≀∇ ≀\⌉ {≀∇⇕⊣⊔ ≀⊑⌉∇ ⊣\≀⊔⟨⌉∇ ⌋⊣\ ⌊⌉ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⌉⌈↙ • T⟨⌉ √∇≀⊔≀⌋≀↕ ⊣\⌈ ↕⟩⌊∇⊣∇† ∫⟨≀⊓↕⌈ ≀{{⌉∇ ⟩⇕√∇≀⊑⌉⌈ ∫⊓√√≀∇⊔ {≀∇ ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\ ⊣\⌈ ⌋≀\⊑⌉∇∫⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⌋↕≀⌋‖∫⇔ ⟩\⌋↕⊓⌈⟩\} ⌋↕≀⌋‖ √∇⌉⌈⟩⌋⊔⟩≀\ ∇≀⊓⊔⟩\⌉∫ ⊣\⌈ ⊔⟨⌉ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫ ∇⌉√≀∇⊔⟩\} ≀{ ⊣↕↕ ⌈⌉⊑⟩⌋⌉ ⌋↕≀⌋‖∫↙ T⟨⟩∫ ⊒≀⊓↕⌈ ⊣⟩⌈ ⊣}}∇⌉∫∫⟩⊑⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ≀∇ ⊔⟨≀∫⌉ ∇⌉∐⊓⟩∇⟩\} ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\ ⊒⟩⊔⟨ ≀⊔⟨⌉∇ ⇕⌉⌈⟩⊣ ≀\ ⊔⟨⌉ ∫⊣⇕⌉ ⟨≀∫⊔↙ • T⟨⌉ ⊑⊣∇⟩≀⊓∫ ⊣⊓⌈⟩≀ ⌋⟨⊣\\⌉↕∫ ∫⊓√√≀∇⊔⌉⌈ ⌊† ⊣ ∫⌉∇⊑⌉∇ ⊣∇⌉ ⊣∫∫⟩}\⌉⌈ ⟩\⊔⌉}⌉∇ ⌈⌉⊑⟩⌋⌉ \⊓⇕⌊⌉∇∫ ⊣∇⌊⟩⊔∇⊣∇⟩↕†↙ T⟨⌉∇⌉ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣ ∫†⇕⌊≀↕⟩⌋ ⊒⊣† ⊔≀ ∇⌉{⌉∇ ⊔≀ ⊖⊔⟨⌉ ↕≀⌋⊣↕

∀ ̸∞∞ SUMMARY

↕≀⊓⌈∫√⌉⊣‖⌉∇⪰ ≀∇ ⊖⊔⟨⌉ ⊔⌉↕⌉√⟨≀\⌉⪰↙ D⌉⊑⟩⌋⌉ ∫⊣⇕√↕⌉ ∇⊣⊔⌉ ⊣\⌈ ⌈⊣⊔⊣ ⊔†√⌉∫ ⊣∇⌉ ⊣↕∫≀ ⊓∫⌉{⊓↕ ⊒⊣†∫ ⊔≀ ∫⌉↕⌉⌋⊔ ⌈⌉⊑⟩⌋⌉∫↙ • A⊓⌈⟩≀F⟩↕⌉ ⌋↕⟩⌉\⊔∫ ⊒⟨⟩⌋⟨ ⌈⌉⊣↕ ⊒⟩⊔⟨ ⌈⟩∫‖ ⊘↕⌉∫ ≀\↕† ‖\≀⊒ ⊣⌊≀⊓⊔ ⊓\⟩\⊔⌉∇√∇⌉⊔⌉⌈ ⌊†⊔⌉ ∫⊔∇⌉⊣⇕∫↙ T⟨⌉∇⌉ ∫⟨≀⊓↕⌈ ⌊⌉ ∫⊓√√≀∇⊔ {≀∇ ⊔⟨⌉ ⊑⊣∇⟩≀⊓∫ √≀√⊓↕⊣∇ ∫≀⊓\⌈ ⊘↕⌉ {≀∇⇕⊣⊔∫ ⊒⟨⟩⌋⟨ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕† ∫√⌉⌋⟩{† ⊔⟨⌉⟩∇ ⌈⊣⊔⊣ ⊔†√⌉∫↙ • W⌉ ⊒≀⊓↕⌈ ↕⟩‖⌉ ⊔≀ ⊣⌈⌈ ⊔⟨⌉ ⌋⊣√⊣⌊⟩↕⟩⊔† {≀∇ ⊔⟨⌉ ∫⌉∇⊑⌉∇ ⊔≀ √↕⊣† ⊣\⌈ ∇⌉⌋≀∇⌈ ⌋≀⇕↖ √∇⌉∫∫⌉⌈ ⌈⊣⊔⊣ ⊔†√⌉∫↙ T⟨⌉∇⌉ ⟩∫ ⊣ √≀∫∫⟩⌊⟩↕⟩⊔† ⊔⟨⊣⊔ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ √↕⊣† ⊣\⌈ ∇⌉⌋≀∇⌈ √∇≀⊔≀⌋≀↕ ⟩\⊔⌉∇{⊣⌋⌉∫ ⊣∇⌉ \≀⊔ ⊣⌈⌉∐⊓⊣⊔⌉ {≀∇ ⌋≀⇕√↕⌉§ ⌋≀⇕√∇⌉∫∫⌉⌈ {≀∇⇕⊣⊔∫ ⊒⟨⟩⌋⟨ ⇕⟩}⟨⊔ ⟩\⌋↕⊓⌈⌉ ⊑⊣∇⟩⊣⌊↕⌉ ∇⊣⊔⌉ ⌋≀⌈⌉∫ ⊣\⌈ ⊓\⊓∫⊓⊣↕ ⌊↕≀⌋‖∫⟩‡⌉∫↙ • T⟨⌉ ⌋↕⟩⌉\⊔ ↕⟩⌊∇⊣∇† ∫⟨≀⊓↕⌈ √∇≀⊑⟩⌈⌉ ∫⊓√√≀∇⊔ {≀∇ ∫⊣⇕√↕⌉ ∇⊣⊔⌉ ⌋≀\⊑⌉∇∫⟩≀\↙ • R⟩}⟨⊔ \≀⊒ ⊒⌉ ⟨⊣⊑⌉ ∫⌉√⊣∇⊣⊔⌉ ∫⌉∇⊑⌉∇∫ {≀∇ ⌉⊣⌋⟨ ⟨⊣∇⌈⊒⊣∇⌉ ⌈⌉⊑⟩⌋⌉ ≀\ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⇕⊣⌋⟨⟩\⌉↙ A ∫⟩\}↕⌉ ∫⌉∇⊑⌉∇ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣⌊↕⌉ ⊔≀ ∫⊓√√≀∇⊔ ⊣↕↕ ⌋≀\⊘}⊓∇⌉⌈ ⌈⌉⊑⟩⌋⌉∫⊣ ⊣\⌈ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣⌊↕⌉ ⊔≀ ∫⊓√√≀∇⊔ ⇕⊓↕⊔⟩√↕⌉ ⌈⌉⊑⟩⌋⌉∫ ≀{ ⊔⟨⌉ ∫⊣⇕⌉ ‖⟩\⌈ ⊣∫ ⊒⌉↕↕↙ T⟨⟩∫ ⟩∫ \≀⊔ ⊣ ⌈⌉∫⟩}\ ⟩∫∫⊓⌉⇔ |⊓∫⊔ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙ • W⌉ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣⌊↕⌉ ⊔≀ ⊓∫⌉ ∇⌉⊣↕↖⊔⟩⇕⌉ ∫⌉∇⊑⟩⌋⌉∫ √∇≀⊑⟩⌈⌉⌈ ⌊† ⊔⟨⌉ OS ⊔≀ }≀≀⌈ ⊣⌈⊑⊣\⊔⊣}⌉↙ DEC OSF∝∞⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ∫⊓√√≀∇⊔∫ ⊔⟨⌉ POSIX ∇⌉⊣↕↖⊔⟩⇕⌉ ↕⟩⌊∇⊣∇†↙ • W⌉ ∫⟨≀⊓↕⌈ ⟩⇕√∇≀⊑⌉ ⊔⟨⌉ ⌉∇∇≀∇ ⟨⊣\⌈↕⟩\} ⟩\ ⊔⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ↕⟩⌊∇⊣∇⟩⌉∫⇔ ⌊⌉{≀∇⌉ ⊔⟨⌉ √∇⌉∫⌉\⊔ ⟩\⊣⌈⌉∐⊓⊣⊔⌉ ⌉∇∇≀∇ ⟨⊣\⌈↕⟩\} ∫⊓√√≀∇⊔ ⌊⌉⌋≀⇕⌉∫ ⊔≀≀ ⊒⟩⌈⌉∫√∇⌉⊣⌈↙ • W⌉ ⟨⊣⊑⌉ ⌊⊓⟩↕⊔ ⊔⟨⌉ ⟩\{∇⊣∫⊔∇⊓⌋⊔⊓∇⌉ {≀∇ ⟩\⊔⌉∇↖⌋↕⟩⌉\⊔ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫ ⊓∫⟩\} √∇≀√↖ ⌉∇⊔⟩⌉∫ ∫⊔≀∇⌉⌈ ⟩\ ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ ⌊⊓⊔ ⊔⟨⌉ ≀⊓⊔↖≀{↖⊔⟨⌉↖⌊≀§ ⌋↕⟩⌉\⊔∫ ⌈≀ \≀⊔ †⌉⊔ ⊓∫⌉ ⊔⟨⌉ ⇕⌉⌋⟨⊣\⟩∫⇕↙ • W⌉ \⌉⌉⌈ ⊔≀ ⟩\⌋↕⊓⌈⌉ ∫⊓√√≀∇⊔ {≀∇ ⊣⌈⌈⟩⊔⟩≀\⊣↕ ⊔∇⊣\∫√≀∇⊔ √∇≀⊔≀⌋≀↕∫ ⊒⟨⟩⌋⟨ ⇕⌉⌉⊔ ⊔⟨⌉ \⌉⌉⌈∫ ≀{ ⊣⊓⌈⟩≀ ∫⌉∇⊑⟩⌋⌉∫↙

∞∞↙∈ C≀\⌋↕⊓∫⟩≀\∫ W⌉ ⌊⌉↕⟩⌉⊑⌉ ⊔⟨⊣⊔ A⊓⌈⟩≀F⟩↕⌉ ⟨⊣∫ ⌈≀\⌉ ⊒⌉↕↕ ⟩\ ⇕⌉⌉⊔⟩\} ≀⊓∇ ⌈⌉∫⟩}\ ≀⌊|⌉⌋⊔⟩⊑⌉∫¬ \⌉⊔⊒≀∇‖ ⊔∇⊣\∫√⊣∇⌉\⌋†⇔ ⌈⌉⊑⟩⌋⌉ ⟩\⌈⌉√⌉\⌈⌉\⌋⌉⇔ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫ ⌋↕⟩⌉\⊔∫⇔ ∫⟩⇕√↕⟩⌋⟩⊔†⇔ ⊣\⌈ ⊣\⌈ ⌉⊣∫⌉ ≀{ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙ W⌉ ⊣↕∫≀ ⌊⌉↕⟩⌉⊑⌉ ⊒⌉ ≀⊓∇ ⌉§√⌉∇⟩⌉\⌋⌉ ⊔≀ ⌈⊣⊔⌉ ⟨⊣∫ ⊑⊣↕⟩⌈⊣⊔⌉⌈ ≀⊓∇ √∇⟩\⌋⟩√↕⌉∫¬ • C↕⟩⌉\⊔ ⌋≀\⊔∇≀↕ ≀{ ⊔⟩⇕⌉↙ A⊓⌈⟩≀F⟩↕⌉ √⌉∇⇕⟩⊔∫ ⌊≀⊔⟨ ∇⌉⊣↕↖⊔⟩⇕⌉ ⊣\⌈ \≀\ ∇⌉⊣↕↖⊔⟩⇕⌉ ⊣⊓⌈⟩≀ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊓∫⟩\} ⊔⟨⌉ ∫⊣⇕⌉ √∇⟩⇕⟩⊔⟩⊑⌉∫↙ I⊔ ⟩∫ ⇕⊓⌋⟨ ⌉⊣∫⟩⌉∇ ⊔≀ ↕⌉⊣∇\ ≀\⌉ ⊒⊣† ⊔≀ ⌈≀ ∫≀⇕⌉⊔⟨⟩\} ⊔⟨⊣\ ⊔≀ ↕⌉⊣∇\ ⊔⊒≀ ⊒⊣†∫↙

∞∞↙∋ H≀⊒ ⊔≀ G⌉⊔ A⊓⌈⟩≀F⟩↕⌉ ∀

• N≀ ∇≀⌋‖⌉⊔ ∫⌋⟩⌉\⌋⌉↙ O⊓∇ ⌈⌉⌋⟩∫⟩≀\ ⊔≀ ⌊⊓⟩↕⌈ ≀\ ⊔≀√ ≀{ ∫⊔⊣\⌈⊣∇⌈ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫ √∇≀⊔≀⌋≀↕∫ ⊣\⌈ \≀⊔ ⊔≀ ⊓∫⌉ ⊔⟨∇⌉⊣⌈∫⇔ ⟨⊣⊑⌉ ⟩⇕√∇≀⊑⌉⌈ ⊔⟨⌉ √≀∇⊔⊣⌊⟩↕⟩⊔† ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕↙ I⊔ ⟩∫ ⊣↕∫≀ ⊣∇}⊓⊣⌊↕⌉ ⊔⟨⊣⊔ A⊓⌈⟩≀F⟩↕⌉ √⌉∇{≀∇⇕∫ ∫≀ ⊒⌉↕↕ √∇⌉⌋⟩∫⌉↕† ⌊⌉⌋⊣⊓∫⌉ ≀{ ⟩⊔∫ ⇕⟩\⟩⇕⊣↕⟩∫⊔ ⊓\⌈⌉∇√⟩\\⟩\}∫↙ • S⟩⇕√↕⟩⌋⟩⊔†↙ S⟩⇕√↕⌉ √↕⊣† ⊣\⌈ ∇⌉⌋≀∇⌈ ⌋↕⟩⌉\⊔∫ ∇⌉∐⊓⟩∇⌉ ⊑⌉∇† ↕⟩⊔⊔↕⌉ ⌋≀⌈⌉↙ I\⌈⌉⌉⌈⇔ ⇕⊣\† ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⌋⊣\ ⌊⌉ ⌋≀\∫⊔∇⊓⌋⊔⌉⌈ ⊓∫⟩\} ⟩\⌈⌉√⌉\⌈⌉\⊔ A⊓⌈⟩≀F⟩↕⌉ ⌋↕⟩⌉\⊔∫ ≀∇}⊣\⟩‡⌉⌈ ⌊† ∫⟨⌉↕↕ ∫⌋∇⟩√⊔∫↙ • C≀⇕√⊓⊔⌉∇∫ ⊣∇⌉ {⊣∫⊔↙ W⌉ ⌈⟩⌈ \≀⊔ ↕⌉⊔ {⌉⊣∇ ≀{ √⌉∇↖∫⊣⇕√↕⌉ √∇≀⌋⌉∫∫⟩\} }⌉⊔ ⟩\ ≀⊓∇ ⊒⊣†↙ O⊓∇ ∫↕≀⊒⌉∫⊔ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ √↕⊣⊔{≀∇⇕ ∫⊓√√≀∇⊔∫ ⊣⊓⌈⟩≀ ⇕⟩§⟩\} √↕⊣†⌊⊣⌋‖ ⊣⊔ ⊔⌉↕⌉√⟨≀\⌉ ∐⊓⊣↕⟩⊔† ⊒⟩⊔⟨ ↕⌉∫∫ ⊔⟨⊣\ ∈↗ ≀{ ⊔⟨⌉ ⇕⊣⌋⟨⟩\⌉ √⌉∇ ⌋≀\\⌉⌋⊔⟩≀\↙

∞∞↙∋ H≀⊒ ⊔≀ G⌉⊔ A⊓⌈⟩≀F⟩↕⌉ T⟨⌉ A⊓⌈⟩≀F⟩↕⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⟩∫ ↕≀⌋⊣⊔⌉⌈ ⊣⊔ FTP ∫⟩⊔⌉ ⌋∇↕↙⌈⌉⌋↙⌋≀⇕ ⇐I\⊔⌉∇\⌉⊔ ∞∃∈↙▽∀↙∈′↙̸∈⇒ ⟩\ ∝√⊓⌊∝DEC∝AF↙ T⟨⌉ ‖⟩⊔ ⟩∫ ⌋≀\⊔⊣⟩\⌉⌈ ⟩\ ⊣ ⌋≀⇕√∇⌉∫∫⌉⌈ ⊔⊣∇ ⊘↕⌉ \⊣⇕⌉⌈ AF∈R∈↙⊔⊣∇↙Z↙ U∫⌉ ⊣\≀\†⇕≀⊓∫ FTP ⊔≀ ∇⌉⊔∇⟩⌉⊑⌉ ⊔⟨⌉ ⊘↕⌉↙ ↗ {⊔√ ⌋∇↕↙⌈⌉⌋↙⌋≀⇕ ↙↙↙ {⊔√⊤ ⌋⌈ ∝√⊓⌊∝DEC∝AF {⊔√⊤ ⌊⟩\⊣∇† {⊔√⊤ }⌉⊔ AF∈R∈↙⊔⊣∇↙Z T⟨⌉ ‖⟩⊔ ⟩∫ ∫⟨⟩√√⌉⌈ ⊣∫ ⊣ ⌋≀⇕√∇⌉∫∫⌉⌈ ⊔⊣∇ ⊘↕⌉↙ T≀ ⊓\√⊣⌋‖ ⊔⟨⌉ ‖⟩⊔⇔ ↗ ⌋⌈ ℜ⊣⊓⌈⟩≀∨∇≀≀⊔⊤ ↗ ‡⌋⊣⊔ AF∈R∈↙⊔⊣∇↙Z ♣ ⊔⊣∇ §√B{ ↖ W⌉ ⊣↕∫≀ √∇≀⊑⟩⌈⌉ ⊣ ∫⊣⇕√↕⌉ ‖⟩⊔ ≀{ ∫⊔⌉∇⌉≀ ∫≀⊓\⌈ ⌊⟩⊔⌉∫¬ AF∈R∈↖≀⊔⟨⌉∇↙⊔⊣∇↙Z↙ T⟨⌉∫⌉ ⟨⟩}⟨↖ ⊘⌈⌉↕⟩⊔† ⊘↕⌉∫ ∫⟨≀⊓↕⌈ ⊒≀∇‖ ⊒⟩⊔⟨ H⟩↖F⟩ ⌋⊣√⊣⌊↕⌉ A⊓⌈⟩≀F⟩↕⌉ ∫⌉∇⊑⌉∇∫⇔ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ L≀F⟩ ⊣\⌈ ⊔⟨⌉ SGI I\⌈⟩}≀ ⊑⌉∇∫⟩≀\∫↙ O⊔⟨⌉∇ ⊘↕⌉∫ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⟩\ ⊔⟨⟩∫ ∫⊣⇕⌉ ⌈⟩∇⌉⌋⊔≀∇† ⊣∇⌉ ⊔⟨⌉ ∇⌉↕⌉⊣∫⌉ \≀⊔⌉∫⇔ ⌋≀√†∇⟩}⟨⊔ \≀⊔⟩⌋⌉⇔ ⊣\⌈ ⊣ README ⊘↕⌉↙ R⌉⊣⌈ ⊔⟨⌉∫⌉ ⊘∇∫⊔→ W⌉ ⟨⊣⊑⌉ ∫⌉⊔ ⊓√ ⊣\ I\⊔⌉∇\⌉⊔ ⇕⊣⟩↕⟩\} ↕⟩∫⊔ {≀∇ ⌈⟩∫⌋⊓∫∫⟩≀\∫ ≀{ A⊓⌈⟩≀F⟩↕⌉¬ ⊣{ℵ⌋∇↕↙⌈⌉⌋↙⌋≀⇕ S⌉\⌈ ⊣ ⇕⌉∫∫⊣}⌉ ⊔≀ ⊣{↖∇⌉∐⊓⌉∫⊔ℵ⌋∇↕↙⌈⌉⌋↙⌋≀⇕ ⊔≀ ⌊⌉ ⊣⌈⌈⌉⌈ ⊔≀ ⊔⟨⟩∫ ↕⟩∫⊔↙ T⟨⌉ T⌋↕ ⊣\⌈ T‖ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\∫ ⇕⊣† ⌊⌉ ≀⌊⊔⊣⟩\⌉⌈ {∇≀⇕ ⇕⊣\† FTP ∫⟩⊔⌉∫ ≀\ ⊔⟨⌉ I\⊔⌉∇\⌉⊔⇔ ⟩\⌋↕⊓⌈⟩\} ∫√∇⟩⊔⌉↙⌊⌉∇‖⌉↕⌉†↙⌉⌈⊓ ⇐∞∈∀↙∋∈↙∞▽′↙∈⇒ ⊣\⌈ }⊣⊔⌉‖⌉⌉√⌉∇↙√⊣↙⌈⌉⌋↙⌋≀⇕↙

∀∀ ∞∞ SUMMARY

∞∞↙△ A⌋‖\≀⊒↕⌉⌈}⇕⌉\⊔∫ M⊣\† √⌉≀√↕⌉ ⟨⊣⊑⌉ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈ ⊔≀ A⊓⌈⟩≀F⟩↕⌉↙ W⌉ ⊒≀⊓↕⌈ ↕⟩‖⌉ ⊔≀ ⊔⟨⊣\‖ R⟩⌋‖† P⊣↕⇕⌉∇ ⊣\⌈ L⊣∇∇† P⊣↕⇕⌉∇ {≀∇ ⊔⟨⌉ SPARC∫⊔⊣⊔⟩≀\ DDA ⌋≀⌈⌉↙ T⟨⌉†⇔ ⊣↕≀\} ⊒⟩⊔⟨ L⊣\⌋⌉ B⌉∇⌋ ⊣\⌈ D⊣⊑⌉ W⌉⌋‖⌉∇⇔ √⌉∇∫⌉⊑⌉∇⌉⌈ ⊣∫ ⌉⊣∇↕† ⊓∫⌉∇∫ ≀{ A⊓⌈⟩≀F⟩↕⌉↙ L⊣\⌋⌉ B⌉∇⌋≃∫ ⌉§√⌉∇⟩⇕⌉\⊔∫ ⊒⟩⊔⟨ ↕≀\}↖⌈⟩∫⊔⊣\⌋⌉ ⊔⌉↕⌉⌋≀\{⌉∇⌉\⌋⟩\} ⊔⊣⊓}⟨⊔ ⊓∫ ⇕⊓⌋⟨ ⊣⌊≀⊓⊔ ⊔⟨⌉ \⌉⊔⊒≀∇‖ ⟩∫∫⊓⌉∫↙ J⌉{{ M≀}⊓↕ ≀{{⌉∇⌉⌈ ⊑⊣↕⊓⊣⌊↕⌉ ⊣∫∫⟩∫⊔⊣\⌋⌉ ≀\ ⊓\⌈⌉∇∫⊔⊣\⌈⟩\} ⊔⟨⌉∫⌉ ⟩∫∫⊓⌉∫↙ G⊓⟩⌈≀ ⊑⊣\ R≀∫∫⊓⇕ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈ ⊔⟨⌉ DDA ⌋≀⌈⌉ {≀∇ ⊔⟨⌉ S⟩↕⟩⌋≀\ G∇⊣√⟨⟩⌋∫ I\⌈⟩}≀ ≀\↕† ⊔⊒≀ ⊒⌉⌉‖∫ ⊣{⊔⌉∇ ⊒⌉ ∇⌉↕⌉⊣∫⌉⌈ ⊔⟨⌉ ⊘∇∫⊔ √⊓⌊↕⟩⌋ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\↙ D⟩⌋‖ B⌉⊣\⌉ √∇≀⊑⟩⌈⌉⌈ ⊓∫⌉{⊓↕ ⌋≀⇕⇕⌉\⊔∫ ≀\ ⌈∇⊣{⊔∫ ≀{ ⊔⟨⟩∫ √⊣√⌉∇↙ W⌉ ⊒≀⊓↕⌈ ⊣↕∫≀ ↕⟩‖⌉ ⊔≀ ⊔⟨⊣\‖ V⟩⌋⊔≀∇ V†∫∫≀⊔∫‖† ⊣\⌈ M⊣∇‖ R↙ B∇≀⊒\ {≀∇ √⊓⊔⊔⟩\} ⊓√ ⊒⟩⊔⟨ ⊓∫↙

A⊓⊔⟨≀∇ I\{≀∇⇕⊣⊔⟩≀\ L⊣⊒∇⌉\⌋⌉ C↙ S⊔⌉⊒⊣∇⊔ |≀⟩\⌉⌈ ⊔⟨⌉ C⊣⇕⌊∇⟩⌈}⌉ R⌉∫⌉⊣∇⌋⟨ L⊣⌊ ⇐CRL⇒ ⟩\ ∞∃∀∃ ⊣{⊔⌉∇ ▽ †⌉⊣∇∫ ⊣⊔ D⟩}⟩⊔⊣↕≃∫ S†∫⊔⌉⇕∫ R⌉∫⌉⊣∇⌋⟨ C⌉\⊔⌉∇↙ H⟩∫ ⟩\⊔⌉∇⌉∫⊔∫ ⟩\⌋↕⊓⌈⌉ ∫√⌉⌉⌋⟨⇔ ⊣⊓⌈⟩≀⇔ ⊣\⌈ ⇕⊓↕⊔⟩√∇≀⌋⌉∫∫≀∇∫↙ H⌉ ⊒⊣∫ ≀\⌉ ≀{ ⊔⟨⌉ ⌈⌉∫⟩}\⌉∇∫ ≀{ ⊔⟨⌉ ⊘∇∫⊔ A↕√⟨⊣ AXP ⌋≀⇕√⊓⊔⌉∇ ∫†∫⊔⌉⇕↙ B⌉{≀∇⌉ |≀⟩\⟩\} D⟩}⟩⊔⊣↕⇔ L⊣∇∇† ⊒⊣∫ ⊣⊔ X⌉∇≀§ PARC↙ H⌉ ∇⌉⌋⌉⟩⊑⌉⌈ ⊣\ S↙B↙ {∇≀⇕ MIT ⟩\ ∞∃⇎ ⊣\⌈ M↙S↙ ⊣\⌈ P⟨↙D↙ ⌈⌉}∇⌉⌉∫ {∇≀⇕ S⊔⊣\{≀∇⌈ ⟩\ ∞∃ ⊣\⌈ ∞∃∀∞⇔ ⊣↕↕ ⟩\ E↕⌉⌋⊔∇⟩⌋⊣↕ E\}⟩\⌉⌉∇⟩\}↙

G↙ W⟩\⊘⌉↕⌈ T∇⌉⌉∫⌉ |≀⟩\⌉⌈ CRL ⟩\ ∞∃∀∀ ⊣{⊔⌉∇ ⊒≀∇‖⟩\} ⊣⊔ MIT ≀\ P∇≀|⌉⌋⊔ A⊔⟨⌉\⊣↙ W⟩\≃∫ ⟩\⊔⌉∇⌉∫⊔∫ ⊣∇⌉ ⟩\ \⌉⊔⊒≀∇‖∫ ⊣\⌈ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ∫†∫↖ ⊔⌉⇕∫↙ H⌉ ∇⌉⌋⌉⟩⊑⌉⌈ ⊣\ S↙B↙ ⟩\ M⊣⊔⟨⌉⇕⊣⊔⟩⌋∫ {∇≀⇕ MIT ⟩\ ∞∃∀ ̸⊣\⌈ ⊣\ S↙M↙ ⟩\ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉ {∇≀⇕ H⊣∇⊑⊣∇⌈ U\⟩⊑⌉∇∫⟩⊔† ⟩\ ∞∃∃∈↙ H⌉ ⟩∫ \≀⊒ √⊓∇∫⊓⟩\} ⊣ P⟨↙D↙ ⊣⊔ MIT ⟩\ ⊔⟨⌉ ⊣∇⌉⊣ ≀{ ⌋≀⇕√⊓⊔⌉∇ \⌉⊔⊒≀∇‖∫↙ J⊣⇕⌉∫ G⌉⊔⊔†∫ |≀⟩\⌉⌈ CRL ⟩\ ∞∃∀∃↙ J⟩⇕≃∫ {≀⌋⊓∫ ⊣⊔ CRL ⟩∫ ⇕⊓↕⊔⟩⇕⌉⌈⟩⊣ ⊣⊓⌈⟩≀ ⊣\⌈ ⊑⟩⌈⌉≀ ∫†∫⊔⌉⇕∫↙ B⌉{≀∇⌉ |≀⟩\⟩\} CRL⇔ J⟩⇕ ∫√⌉\⊔ ⊔⊒≀ †⌉⊣∇∫ ⊣⊔ ⊔⟨⌉ S†∫⊔⌉⇕∫ R⌉∫⌉⊣∇⌋⟨ C⌉\⊔⌉∇↙ B⌉{≀∇⌉ ⊔⟨⊣⊔⇔ ⟨⌉ ⊒⊣∫ ⊣ D⟩}⟩⊔⊣↕ ⌉\}⟩\⌉⌉∇ ⊣\⌈ ⊑⟩∫⟩⊔⟩\} ∫⌋⟩⌉\⊔⟩∫⊔ ⊣⊔ MIT ⊒≀∇‖⟩\} ≀\ P∇≀|⌉⌋⊔ A⊔⟨⌉\⊣↙ H⌉ ⟩∫ ≀\⌉ ≀{ ⊔⟨⌉ ⊔⊒≀ √∇⟩\⌋⟩√⊣↕ ⌈⌉∫⟩}\⌉∇∫ ⊣\⌈ ⌈⌉⊑⌉↕≀√⌉∇∫ ≀{ ⊔⟨⌉ X W⟩\⌈≀⊒ S†∫⊔⌉⇕↙ J⟩⇕ ∇⌉⌋⌉⟩⊑⌉⌈ ⊣\ S↙B↙ {∇≀⇕ MIT ⟩\ ∞∃∀↙

A\⌈∇⌉⊒ C↙ P⊣†\⌉ |≀⟩\⌉⌈ CRL ⟩\ ∞∃∃∈ ⊣{⊔⌉∇ ∇⌉⌋⌉⟩⊑⟩\} ⊣ B↙S↙ ⟩\ E↕⌉⌋⊔∇⟩⌋⊣↕ E\}⟩\⌉⌉∇⟩\} {∇≀⇕ C≀∇\⌉↕↕ U\⟩⊑⌉∇∫⟩⊔†↙ A∫ ⊣ ⌋≀↖≀√ ⊣⊔ D⟩}⟩⊔⊣↕ ⟩\ ∞∃∃′⇔ ⟨⌉ ⟨⌉↕√⌉⌈ ⌊⊓⟩↕⌈ ⊔⟨⌉ ⊘∇∫⊔ A↕√⟨⊣ AXP ⌋⟨⟩√↙ A\⌈†≃∫ ⟩\⊔⌉∇⌉∫⊔∫ ⟩\⌋↕⊓⌈⌉ ∫⟩}\⊣↕ √∇≀⌋⌉∫∫⟩\}⇔ ∫√⌉⌉⌋⟨⇔ ⊣\⌈ ⊓∫⌉∇ ⟩\⊔⌉∇{⊣⌋⌉∫↙

T⟨≀⇕⊣∫ M↙ L⌉⊑⌉∇}≀≀⌈ |≀⟩\⌉⌈ CRL ⟩\ ∞∃∃′↙ T≀⇕≃∫ {≀⌋⊓∫ ⟩∫ ≀\ ∫√⌉⌉⌋⟨ ⊣\⌈ ⊣⊓⌈⟩≀↖∇⌉↕⊣⊔⌉⌈ ∇⌉∫⌉⊣∇⌋⟨↙ H⌉ ⟩∫ ⊣↕∫≀ ⟩\⊑≀↕⊑⌉⌈ ⟩\ A↕√⟨⊣ AXP ∫†∫⊔⌉⇕ ⊣\⌈ ∫≀{⊔⊒⊣∇⌉ √∇≀|⌉⌋⊔∫⇔ ⟩\⌋↕⊓⌈⟩\} ⊣\ ⌉§√⌉∇⟩⇕⌉\⊔⊣↕ ⌉⊑⊣↕⊓⊣⊔⟩≀\ ≀{ ∫√↕⟩⊔ ⊓∫⌉∇∝∫⊓√⌉∇⊑⟩∫≀∇ ⌋⊣⌋⟨⌉ ⇕⌉⇕≀∇⟩⌉∫↙ H⌉ ∇⌉⌋⌉⟩⊑⌉⌈ ⟨⟩∫ B↙S↙ ⟩\ E↕⌉⌋⊔∇⟩⌋⊣↕ E\}⟩\⌉⌉∇⟩\} ⟩\ ∞∃∀△ ⊣\⌈ M↙S↙ ⟩\ E↕⌉⌋⊔∇⟩⌋⊣↕ E\}⟩\⌉⌉∇⟩\} ⟩\ ∞∃∃∋⇔ ⌊≀⊔⟨ {∇≀⇕ W≀∇⌋⌉∫⊔⌉∇ P≀↕†⊔⌉⌋⟨\⟩⌋ I\∫⊔⟩⊔⊓⊔⌉↙ A↕↕ ≀{ ⊔⟨⌉ ⊣⊓⊔⟨≀∇∫ ⌋⊣\ ⌊⌉ ∇⌉⊣⌋⟨⌉⌈ ⊣⊔¬ D⟩}⟩⊔⊣↕ E∐⊓⟩√⇕⌉\⊔ C≀∇√≀∇⊣⊔⟩≀\⇔ C⊣⇕⌊∇⟩⌈}⌉ R⌉∫⌉⊣∇⌋⟨ L⊣⌊⇔ O\⌉ K⌉\⌈⊣↕↕ S∐⊓⊣∇⌉⇔ B↕⌈}↙ ▽̸′⇔ C⊣⇕⌊∇⟩⌈}⌉⇔ MA ′∈∞∋∃⇔ ≀∇ ⌊† ⌉↖⇕⊣⟩↕ ⊣∫ fstewart, treese, jg, payne, tmlg@crl.dec.com.

12 Glossary

AC AC is an abbreviation for audio context. See Audio context.

Access control list An AudioFile server maintains a list of hosts from which client program can be run. By default, only programs on the local host and hosts speci�ed in an initial list read by the server can use the server. This access control list can be changed by clients on the local host. Some server implementations can also implement other authorization mechanisms in addition to or in place of this mechanism. The action of this mechanism can be conditional based on the authorization protocol name and data received by the server at connection setup.

ADC Analog to digital converter. A hardware device that converts analog signals into digital form.

Atom An atom is a unique ID corresponding to a string name. Atoms are used to identify properties and types.

Audio context Various information for audio input and output is stored in an audio context (AC), such as the sample type, number of channels, playback gain, record gain, and so on. An audio context can only be used with the audio device on which it was created.

Audio device An audio device is the abstraction AudioFile uses to describe the underlying audio hardware’s ADC and DAC. Attributes of an audio device include audio data type, sampling rate, and server buffer size. A server may support multiple audio devices. Devices may support input, output, or both.

Byte order For audio data, the client de�nes the byte order and the server swaps bytes as necessary.

Client A client is an application program that connects to the audio server by some interprocess communication (IPC) path, such as a TCP connection or a shared memory buffer.

CODEC Contraction of CODer and DECoder. As used in this paper, a CODEC is an 8 KHz sampling device with integral ADC and DAC and anti-aliasing �ltering. The CODEC is generally used in telecommunications applications and supports the CCITT G.711 μlaw and Alaw encoding speciαcations▷ Connection The IPC path between the server and client program is known as a connection▷ A client program typically ↼but not necessarily↽ has one connection to the server over which requests and events are sent▷ DAC Digital to analog converter▷ A hardware device that con verts digital signals to analog form▷ dB An abbreviation for decibel which is a measure of relative power level▷ It is equal to 10 times the log of a power ratio so that a signal twice as powerful as another is said to be 3 dB louder▷ One decibel is approximately the minimum perceptible change in loudness▷ DECaudio See LoFi DSP Digital Signal Processor ↼or Processing↽▷ DSP port The DSP port encapsulates two βexible serial interfaces αrst found on the DSP56001 and used by NeXT on their αrst workstation▷ This interface has become an industry standard▷ Third party vendors such as Ariel and Applied Speech Technologies make boxes that connect to the DSP port and support βexible ADC and DAC sampling rates▷ DTMF Dual Tone MultiFrequency also known as TouchTone▷ This is the inband signaling method for dialing push button telephones that use 16 tone pairs constructed from two groups of four frequencies▷ In addition to its dialing function DTMF generation and decoding is frequently used to control voice response systems▷

Event Clients are informed of information asynchronously by means of events▷ Events can be either generated from devices or generated as side effects of client requests▷ Events are grouped into types▷ The server never sends an event to a client unless the client has speciαcally asked to be informed of that type of event▷ Event timestamps are reported relative to an audio device▷ Event mask Events are requested relative to an audio device▷ The set of event types a client requests is described by the event mask▷ Extension Named extensions to the core protocol can be deαned to extend the system▷ Extensions can add both new requests and new kinds of events▷ LineServer The LineServer is an Ethernet peripheral▷ It is a Motorola 68302 microcomputer system with 128K ROM and 64K RAM an Ethernet controller high speed V▷35 serial line interface and an 8 KHz ISDN codec▷ We use LineServer within Digitalφs research labs for remote Ethernet bridging and IP network routing over both dedicated digital circuits and dialup ISDN circuits▷ LoFi LoFi is a TURBOchannel option module that contains two CODECs a DSP56001 signal processor with static RAM a 44▷1 KHz stereo DAC a DSP port interface and analog and digital ↼ISDN↽ telephone line interfaces▷ This module is available from DEC as PN AV01BAA▷ ↼LoFi is the research prototype version of DECaudio↽▷ Property Devices can have associated properties that consist of a name a type a data format and some data▷ The protocol places no interpretation on properties▷ They are intended as a generalpurpose naming mechanism for clients▷ For example clients might use properties to share information such as the last telephone number dialed▷ Property list The property list of a device is the list of properties that have been deαned for that device▷ See also Property▷

Reply Information requested by a client program using the Au dioFile protocol is sent back to the client with a reply▷ Both events and replies are multiplexed on the same connection▷ Some requests do not generate replies▷ Request A command to the server is called a request▷ It is a single block of data sent over a connection▷ Sample rate The frequency at which and audio signal is sampled, usu ally given in Hertz or samples per second▷ Popular rates are 8 KHz for telephone quality audio and 44▷1 KHz for compact disc quality audio▷ Sample type The encoding format of the sample data supported by an audio device in the server▷ Popular encodings are 16bit linear PCM and μlaw▷ Server The server provides the basic audio mechanism▷ It handles connections from clients multiplexes multiple requests onto the audio devices and demultiplexes input back to the appropriate clients▷ Tcl The Tool Command Language▷ Tcl is a small interpreted applicationindependent command language▷ See also Tk▷ Time Audio device time is represented by a 32bit ↼αnite length↽ unsigned integer that increments once per sample period of an audio device and wraps on overβow▷ The audio device sampling rate is used to move between time in sample ticks and time in seconds▷ As an example at 8 KHz four seconds in the future maps to the current value in the time register plus 32000 ticks▷ Tk An X toolkit which is an extension to Tcl▷ See also Tcl▷

References ♭1♯ Susan Angebranndt Raymond Drewry Philip Karlton and Todd Newman et▷ al▷ Deαnition of the porting layer for the X v11 sampler server 1990▷ Located in the doc◁Server directory in the MIT X distribution▷ ♭2♯ Susan Angebranndt Raymond Drewry Philip Karlton and Todd Newman et▷ al▷ Strategies for porting the X v11 sample server 1990▷ Located in the doc◁Server directory in the MIT X distribution▷ ♭3♯ Susan Angebranndt Richard L▷ Hyde Daphne Huetu Luong Nagendra Sir avara and Chris Schmandt▷ Integrating audio and telephony in a distributed workstation environment▷ In Proceedings of the USENIX Summer Confer ence▷ USENIX June 1991▷ ♭4♯ B▷ Arons C▷ Binding K▷ Lantz and C▷ Schmandt▷ The VOX audio server▷ In Multimedia φ89. 2nd IEEE COMSOC International Multimedia Commu nications Workshop 1989▷ ♭5♯ Edward Bruckert Martin Minow and Walter Tetschner▷ Threetiered software and VLSI aid developmental system to read text aloud▷ Electronics Apr▷ 21 1983▷ ♭6♯ Van Jacobson▷ Congestion avoidance and control▷ In Proc▷ SIGCOMM φ88 Symposium on Communications Architectures and Protocols pages 314δ329 Stanford CA August 1988▷ ♭7♯ Thomas M▷ Levergood▷ LoFi. A TURBOchannel audio module▷ CRL Technical Report 93◁9 Digital Equipment Corporation Cambridge Research Lab 1993▷ ♭8♯ D▷ L▷ Mills▷ Network time protocol ↼NTP↽▷ Internet RFC 958 Network Information Center September 1985▷ ♭9♯ Jeffrey C▷ Mogul▷ Observing TCP dynamics in real networks▷ In Proc▷ SIGCOMM φ92 Symposium on Communications Architectures and Protocols Baltimore MD August 1992▷ ♭10♯ John K▷ Ousterhout▷ Tcl. An embeddable command language▷ In Proceedings of the USENIX Winter Conference January 1990▷ ♭11♯ John K▷ Ousterhout▷ An X11 toolkit based on the Tcl language▷ In Proceedings of the USENIX Winter Conference January 1991▷

♭12♯ Steven J▷ Rohall▷ Sonix. A networktransparent sound server▷ In Proceedings of the Xhibition 92 Conference June 1992▷ ♭13♯ David S▷ H▷ Rosenthal and Adam R▷ de Boor et al▷ Godzillaφs guide to porting the X V11 sample server 1990▷ Located in the doc◁Server directory in the MIT X distribution▷ ♭14♯ Robert W▷ Scheiβer and James Gettys▷ X Window System▷ Digital Press Bedford MA 3rd edition 1991▷ ♭15♯ Henry Spencer▷ How to steal code or inventing the wheel only once▷ In Proceedings of the USENIX Winter Conference pages 335δ346▷ USENIX February 1988▷ ♭16♯ D▷ C▷ Swinehart L▷ C▷ Stewart and S▷ M▷ Ornstein▷ Adding voice to an ofαce computer network▷ In Proceedings of GlobeCom 1983 November 1983▷ ♭17♯ Robert Terek and Joseph Pasquale▷ Experiences with audio conferencing using the X window system UNIX and TCP◁IP▷ In Proceedings of the USENIX Summer Conference▷ USENIX June 1991▷ ♭18♯ Charles P▷ Thacker Lawrence C▷ Stewart and Edwin H▷ Satterthwaite Jr▷ Fireβy. A multiprocessor workstation▷ IEEE Transactions on Computers 37↼8↽.909δ920 Aug▷ 1988▷ ♭19♯ Ken Thompson▷ A new C compiler▷ In Proceedings of the Summer 1990 UKUUG Conf▷ pages 41δ51 London July 1990▷ ♭20♯ Stephen A▷ Uhler▷ PhoneStation moving the telephone onto the virtual desktop▷ In Proceedings of the USENIX Winter Conference▷ USENIX January 1993▷ ♭21♯ Lixia Zhang Scott Shenker and David D▷ Clark▷ Observations on the dy namics of a congestion control algorithm. The effects of twoway trafαc▷ In Proc▷ SIGCOMM φ91 Symposium on Communications Architectures and Protocols pages 133δ147 Zurich September 1991▷

Index access control list 90 applications 90 abiff 37 52 73 abob 52 69 abrowse 52 73 adial 52 69 aevents 51 67 afft 52 70δ73 afxctl 52 70 afxpow 52 ahost 51 67 ahs 51 67 69 alsatoms 51 67 apass 51 61δ66 84 aphone 51 67 69 aplay 51δ59 61 73 apower 59 73 aprop 51 67 arecord 51 54 58δ61 aset 51 67 69 atone 73 autil 52 axset 52 70 Aloα 38 45 ARGOSEE 74 biff 3 DECspin 74 for access control 51 for device control 51 for playback 51δ52 for recording 51 58 for telephone control 51 67 miscellaneous 67 radio 52 73 VAT 74 xplay 52 73 xpow 70 atom 21 90 audio context 20 36 44 90 90 audio device 90 attributes visible to clients 18

AudioDeviceRec structure 41 connected to telephone 18 deαnition 5 hardware buffers 35 input and output buffers 34 input model 11 inputs 18 output model 10 outputs 18 time 5 7 20 93 Aaxp 49 AC 90 ADC 3 90 Alpha AXP 49 Ariel ProPort 47 Asparc 49 AudioFile applications see also applications design goals 2δ3 events 17 αrst public release 85 FTP from crl▷dec▷com 87 independent of X server 15 library 1 core 23 utility 23 mailing list 87 outofthebox applications 2 performance see also performance 75 protocol 1 10 17 21 34 chunking of large requests 78 realtime latency 82 server 4 contains all device and O▷S▷ de pendent code 1 supported devices 15δ16 AUDIOFILE 23 buffers hardware buffers 35 byte order 90 96 byteswapping 37 client blocks if record data is in future 12 connection 91 conversion module 11δ12 18 CODEC 91 dB 91 DAC 3 91 DECaudio 91 see LoFi 15 substantially identical to LoFi 15 DECtalk 52 73δ74 DISPLAY 23 DSP 91 port 91 DTMF 20 91 environment variable AUDIOFILE 23 58 63 DISPLAY 23 event 92 event mask 92 event DTMF 20 HookSwitch 20 PhoneLoop 20 PhoneRing 20 extension 92 αlename ▷phonelist 69 AFlib▷h 23 AFUtils▷h 27 dda main▷c 40 dia dispatch▷c 40 main▷c 40 libAFUtil▷a 27 os 4▷2bsdutils▷c 40 function prototypes 4 future work 85 Fourier transform 70 gain client speciαed output 11 input gain 11δ12 output gain 11 Guido van Rossum 16 interoperability 37 library buffers unless value returned 24 core 23 predicate event procedures 25 queues events from server 24 synchronous mode aids debugging 24 tables 27 utility library 27 utility procedures 28 LineServer 45 92 LoFi 20 45 92 DSP Port 16 DSP buffers 45 αrmware 45 HiFi 46 NeXT compatible serial port 47 Motorola 56001 DSP 15 prototype of DECaudio 15 stereo audio device 47 supports two 8 KHz CODECs 15 mixing 35 NeXT compatible DSP port 45 passthrough 49 performance as a function of play data 78 as a function of play data while mix ing 79 as a function of play data while pre empting 79 as a function of record data 76 cpu usage 82 loopback test illustrates fundamen tal limit for realtime 79 network latency is negligible 76 silence αll 48 suppressing unneeded replies 79 update task 47δ48 used LoFi server for testing 75 preemption 36 problems 85 procedure AbortDDA 40 AbortServer 40 AddEnabledDevice 41 AddTask 41 AFAudioConnName 23 AFCheckIfEvent 25 AFCreateAC 24 AFDialPhone 28δ29 67 AFEventsQueued 25 AFFlush 24 AFGetErrorText 24 AFGetTime 24 26 55 75δ76 78 AFIfEvent 25 AFMakeGainTableA 28 AFMakeGainTableU 28 AFNextEvent 24 AFNoOp 76 AFOpenConnection 23 AFPeekIfEvent 25 AFPending 24δ25 AFPlaySamples 25δ27 55 57 65 80δ81 behavior in future 25 behavior in near future 25 behavior in the past 25 AFRecordSamples 26δ27 61 65 76δ77 behavior in distant past 26 behavior in near future 27 behavior in recent past 26 AFSetAfterFunction 24 AFSetErrorHandler 24 AFSetIOErrorHandler 24 AFSingleTone 28 AFSync 24 AFSynchronize 24 AFTonePair 28δ29 AoD 29 codecUpdate 39 codecUpdateTask 38δ39 ddaGiveUp 40 ddaProcessArgument 40δ41 ddaUseMsg 40 ErrorF 40δ41 fβush 60 fread 57 FatalError 41 FilterEvents 40δ41 FindDefaultDevice 55 InitDevices 40 MakeDevice 41 NewTask 41 proc 38 ProcessInputEvents 40δ41 select 4 39δ40 WaitForSomething 39 Xalloc 41 Xfree 41 property 21 92 property list 92 protocol request ChangeACAttributes 19 ChangeHosts 19 ChangeProperty 19 CreateAC 19 DeleteProperty 19 DialPhone 19δ20 DisableGainControl 19 DisableInput 19 DisableOutput 19 DisablePassThrough 19 EnableGainControl 19 EnableInput 19 EnableOutput 19 EnablePassThrough 19 FlashHook 19 FreeAC 19 GetAtomName 19 GetProperty 19 GetTime 19 21 HookSwitch 19 InternAtom 19 KillClient 19 ListExtensions 19 ListHosts 19

ListProperties 19 NoOperation 19 PlaySamples 19 21 QueryExtension 19 QueryInputGain 19 QueryOutputGain 19 QueryPhone 19 RecordSamples 19 21 SelectEvents 19 SetAccessControl 19 SetInputGain 19 SetOutputGain 19 SyncConnection 19 realtime 79 related work Etherphone 13 Fireβy 14 VOX 14 XMedia 14 reply 93 request 93 sample rate 93 sample type 93 server 93 audio context 44 AudioDeviceRec 41δ43 buffers 35 byteswaps requests for clients 37 chunks large requests into pieces 34 DDA 40 DIA 40δ41 DIA and DDA interfaces 39 initialization 40 minimize data accesses 36 performance see also performance preemption 36 structure AudioDeviceRec shared between DDA and DIA 41 tasks 38 41 tenet 36 tenets 34 update task 39 signal processing 13 silence arecord can stop automatically 59 emitted when no data written 11 if data is more than four seconds old 12 streams deαnition 9 problems 9δ10 structure AC 40 44δ45 ACops 45 AEvent 25 AFSampleTypes 27δ28 ASampleTypes 27 AudioDevice 40 AudioDeviceRec 40δ42 supported systems Digital Alpha AXP 1 49 Digital DECstation 1 Silicon Graphics Indigo 1 Sun SPARCstation 1 49 SPARCstation 49 telephone control 20 telephone dialing 29 events 20 tenets complex apps▷ should be possible 4 computers are fast 3 87 control of time 3 86 no rocket science 4 87 simple apps▷ should be simple 4 simplicity 87 time carried with each play and record request 8 comparisons 7 control vital for realtime apps▷ 8 explicit control by client 8 exposed at library API 11 representation 7 transport protocols 17 84 TCP 4 17

Taylor Robert W▷ abob see also abob Director of Digitalφs System Research Center 69 Tcl 93 Tcl and Tk 51 64 69 FTP from sprite▷berkeley▷edu 87 Tk 93 variable ABlock 26 ANoBlock 26 volume control 11 X Window System 1 17 51 AudioFile similar to 1 freely available code 4 synchronization extension 15 Xt toolkit 70 73 Xerox Palo Alto Research Center 13