TES↖B⊣∫⌉⌈ V⟩⌈⌉≀ S≀⊓∇⌋⌉ M≀⌈⌉↕⟩\} F≀∇

P⌉∇{≀∇⇕⊣\⌋⌉ E⊑⊣↕⊓⊣⊔⟩≀\ ≀{ I\⊔⌉}∇⊣⊔⌉⌈ N⌉⊔⊒≀∇‖∫

B↙ MELAMED ∗ ⇔ D↙ RAYCHAUDHURI † ⇔ B↙ SENGUPTA ∗ ⊣\⌈ J↙ ZDEPSKI †

A⌊∫⊔∇⊣⌋⊔

T⟨⟩∫ √⊣√⌉∇ ⌋≀\∫⟩⌈⌉∇∫ ⇕≀⌈⌉↕⟩\} ⇕⌉⊔⟨≀⌈≀↕≀}⟩⌉∫ ≀{ ⊑⊣∇⟩⊣⌊↕⌉ ⌊⟩⊔↖∇⊣⊔⌉ ⇐VBR⇒ ⊑⟩⌈⌉≀ ∫≀⊓∇⌋⌉∫ {≀∇ √⌉∇{≀∇⇕⊣\⌋⌉ ⌉⊑⊣↕⊓⊣⊔⟩≀\ ≀{ ⟩\⊔⌉}∇⊣⊔⌉⌈ \⌉⊔⊒≀∇‖∫↙ W⌉ ⌋≀\∫⟩⌈⌉∇ ⊣\ ⌉§⊣⇕√↕⌉ ⟩\ ⊒⟨⟩⌋⟨ ⌋≀⇕√∇⌉∫∫⌉⌈ VBR ⊑⟩⌈⌉≀ ⟩∫ ⊔∇⊣\∫↖ ⇕⟩⊔⊔⌉⌈ ≀⊑⌉∇ ⊣ ↕≀⌋⊣↕ ⊣∇⌉⊣ \⌉⊔⊒≀∇‖ ⌋⊣∇∇†⟩\} ⌊≀⊔⟨ ⊑⟩⌈⌉≀ ⊣\⌈ ⌈⊣⊔⊣↙ W⌉ ⌈⌉⊑⟩∫⌉⌈ ⊣ }∇≀⊓√↖≀{↖⌊↕≀⌋‖ ⇐GOB⇒ ↕⌉⊑⌉↕ ∫⟩⇕⊓↕⊣⊔⟩≀\ ≀{ ⊣\ H↙∈∞̸ ⊣↕}≀∇⟩⊔⟨⇕ ≀⊑⌉∇ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩⊑⌉ VBR ⟩⇕⊣}⌉ ∫⌉∐⊓⌉\⌋⌉∫↙ T⟨⟩∫ ∫⟩⇕⊓↕⊣⊔⟩≀\ ⌈⊣⊔⊣ ⟩∫ √∇≀⌋⌉∫∫⌉⌈ ⊔≀ ≀⌊⊔⊣⟩\ ⊣ ∫⊔⊣⊔⟩∫⊔⟩⌋⊣↕ ⌋⟨⊣∇⊣⌋⊔⌉∇⟩‡⊣⊔⟩≀\ ⟩\ ⊔⌉∇⇕∫ ≀{ ⌊⟩⊔↖∇⊣⊔⌉ ⟨⟩∫⊔≀}∇⊣⇕⇔ ⊣⊓⊔≀⌋≀∇∇⌉↕⊣⊔⟩≀\ {⊓\⌋⊔⟩≀\⇔ ⌉⊔⌋↙ W⌉ ⊓∫⌉⌈ ⊣ \⌉⊒ ⇕≀⌈⌉↕⟩\} ⇕⌉⊔⟨≀⌈≀↕≀}†⇔ ⌋⊣↕↕⌉⌈ TES ⇐T∇⊣\∫{≀∇⇕↖E§√⊣\⌈↖S⊣⇕√↕⌉⇒⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⊣ }⌉\⌉∇⊣↕ ⇕⌉⊔⟨≀⌈ {≀∇ }⌉\⌉∇⊣⊔⟩\} ⊣⊓⊔≀⌋≀∇∇⌉↕⊣⊔⌉⌈ ⊔⟩⇕⌉ ∫⌉∇⟩⌉∫↙ TES ⟩∫ ⊣ \≀\↖√⊣∇⊣⇕⌉⊔∇⟩⌋ ⇕⌉⊔⟨≀⌈ ⊔⟨⊣⊔ ⌋⊣\ ⊣⌋⌋⊓∇⊣⊔⌉↕† ⌋⊣√⊔⊓∇⌉ ⊔⟨⌉ ⟨⟩∫⊔≀}∇⊣⇕ ⊣\⌈ ⊣√√∇≀§⟩⇕⊣⊔⌉ ⊔⟨⌉ ⊣⊓⊔≀⌋≀∇∇⌉↕⊣⊔⟩≀\ {⊓\⌋⊔⟩≀\ ≀{ ⊣\† ⌈⊣⊔⊣ ∫⌉⊔⇔ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕†↙ W⌉ ⊓∫⌉⌈ ⊔⟨⌉ TES ⇕≀⌈⌉↕ ⊔≀ ⌈∇⟩⊑⌉ ⊣ \⌉⊔⊒≀∇‖ ∫⟩⇕⊓↕⊣⊔⟩≀\ {≀∇ √⌉∇{≀∇⇕⊣\⌋⌉ ⌉⊑⊣↕⊓⊣⊔⟩≀\↙ T⟨⌉ ∫⟩⇕⊓↕⊣⊔⟩≀\ ∇⌉∫⊓↕⊔∫ ⊒⌉∇⌉ ⌋≀⇕√⊣∇⌉⌈ ⊒⟩⊔⟨ ⊔⟨≀∫⌉ ≀⌊⊔⊣⟩\⌉⌈ ⌉⊣∇↕⟩⌉∇ ⊒⟩⊔⟨ ⊣ ∫⟩⇕√↕⌉∇ {∇⊣⇕⌉↖≀∇⟩⌉\⊔⌉⌈ ⊣⊓⊔≀∇⌉}∇⌉∫∫⟩⊑⌉ ⇐AR⇒ ⇕≀⌈⌉↕↙ T⟨⌉ \⊓⇕⌉∇⟩⌋⊣↕ ∇⌉∫⊓↕⊔∫ ∫⟨≀⊒ ⊣ ∫⇕⊣↕↕⇔ ⌊⊓⊔ \≀⊔ \⌉}↕⟩}⟩⌊↕⌉⇔ ⌈⟩{{⌉∇⌉\⌋⌉ ⟩\ ‖⌉† \⌉⊔⊒≀∇‖ √⌉∇{≀∇⇕⊣\⌋⌉ ⇕⌉⊣∫⊓∇⌉∫ ⇐∫⊓⌋⟨ ⊣∫ ⊔⟨∇≀⊓}⟨√⊓⊔↖⌈⌉↕⊣†⇒↙

∗NEC USA I\⌋↙⇔ C↘C R⌉∫⌉⊣∇⌋⟨ L⊣⌊≀∇⊣⊔≀∇⟩⌉∫⇔ P∇⟩\⌋⌉⊔≀\⇔ N⌉⊒ J⌉∇∫⌉† ′∀▽△′ †D⊣⊑⟩⌈ S⊣∇\≀{{ R⌉∫⌉⊣∇⌋⟨ C⌉\⊔⌉∇⇔ P∇⟩\⌋⌉⊔≀\⇔ N⌉⊒ J⌉∇∫⌉† ′∀▽△∋

∞ I\⊔∇≀⌈⊓⌋⊔⟩≀\

T⟨⟩∫ ↕⌉⊔⊔⌉∇ ⌈⌉∫⌋∇⟩⌊⌉∫ ⊣ \⌉⊒ TES ⇐T∇⊣\∫{≀∇⇕↖E§√⊣\⌈↖S⊣⇕√↕⌉⇒ ⇕⌉⊔⟨≀⌈≀↕≀}† ∪∞⇔ ∋⇔ △⇔ ∃⊎ {≀∇ ⇕≀⌈⌉↕⟩\} ≀{ ⊑⊣∇⟩↖ ⊣⌊↕⌉ ⌊⟩⊔↖∇⊣⊔⌉ ⇐VBR⇒ ⊑⟩⌈⌉≀ ∫≀⊓∇⌋⌉∫ ∪∈⇔ ⇎ ∀⇔ ∞∞⊎↙ S⊓⌋⟨ VBR ⊑⟩⌈⌉≀ ∫≀⊓∇⌋⌉ ⇕≀⌈⌉↕∫ ⊣∇⌉ ⊣\ ⟩⇕√≀∇⊔⊣\⊔ √∇⌉∇⌉∐⊓⟩∫⟩⊔⌉ {≀∇ √⌉∇{≀∇⇕⊣\⌋⌉ ⌉⊑⊣↕⊓⊣⊔⟩≀\ ≀{ ⟩\⊔⌉}∇⊣⊔⌉⌈ ⌊∇≀⊣⌈⌊⊣\⌈ \⌉⊔⊒≀∇‖∫ ∫⊓⌋⟨ ⊣∫ FDDI ⊣\⌈ DQDB∝IEEE∀′∈↙ ̸⊣\⌈⇔ ⇕≀∫⊔ \≀⊔⊣⌊↕†⇔ ⊣∫†\⌋⟨∇≀\≀⊓∫ ⊔∇⊣\∫{⌉∇ ⇕≀⌈⌉ ⇐ATM⇒ B↖ISDN↙ TES ⟩∫ ⊣ \≀\↖√⊣∇⊣⇕⌉⊔∇⟩⌋ ⊔⌉⌋⟨\⟩∐⊓⌉ ⊔⟨⊣⊔ ⌉\⊣⌊↕⌉∫ ⊣ ⊓∫⌉∇ ⊔≀ ⇕≀⌈⌉↕ ∫⊔⊣⊔⟩≀\⊣∇† ∫⊔≀⌋⟨⊣∫⊔⟩⌋ √∇≀⌋⌉∫∫⌉∫ ⊒⟩⊔⟨ ⊣\ ⌉§⊣⌋⊔ ⇕⊣⊔⌋⟨ ≀{ ⊔⟨⌉ ⇕⊣∇}⟩\⊣↕ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⊣\⌈ ⊣ }≀≀⌈ ⊣√√∇≀§⟩⇕⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⊣⊓⊔≀⌋≀∇∇⌉↕⊣⊔⟩≀\ {⊓\⌋⊔⟩≀\↙ I\ ≀⊓∇ ⊣⊔⊔⌉⇕√⊔∫ ⊔≀ ⇕≀⌈⌉↕ ⊔†√⟩⌋⊣↕ VBR ⊑⟩⌈⌉≀ ∫≀⊓∇⌋⌉ √∇≀↖ ⌋⌉∫∫⌉∫⇔ ⊒⌉ ⟨⊣⊑⌉ {≀⊓\⌈ ⊔⟨⊣⊔ ⊔⟨⌉ TES ⇕⌉⊔⟨≀⌈ √∇≀⊑⟩⌈⌉∫ ⊣ ⇕≀∇⌉ ⊣⌋⌋⊓∇⊣⊔⌉ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⇐⌊≀⊔⟨ ∐⊓⊣↕⟩⊣⊔⟩⊑⌉↕† ⊣\⌈ ∐⊓⊣\⊔⟩⊔⊣⊔⟩⊑⌉↕†⇒ ⊔⟨⊣\ ⊣↕⊔⌉∇\⊣⊔⟩⊑⌉ ⌋≀\⊑⌉\⊔⟩≀\⊣↕ ⊣√√∇≀⊣⌋⟨⌉∫ ⊒⟨⟩↕⌉ ⟩\⊑≀↕⊑⟩\} ⌋≀⇕√⊣∇⊣⌊↕⌉ ⌋≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ ⌉{{≀∇⊔↙ I\ ⊔⟨⟩∫ ⊒≀∇‖⇔ ⊒⌉ ⟩↕↕⊓∫⊔∇⊣⊔⌉ ⊔⟨⌉ √∇≀√≀∫⌉⌈ TES ⇕≀⌈⌉↕⟩\} ⇕⌉⊔⟨≀⌈ ⊔⟨∇≀⊓}⟨ ⊣\ ⌉§⊣⇕√↕⌉ √⊣⌋‖⌉⊔ ⊑⟩⌈⌉≀ ∫⌋⌉\⊣∇⟩≀⇔ ⊣\⌈ √∇≀⊑⟩⌈⌉ ⌋≀⇕√⊣∇⊣⊔⟩⊑⌉ \⌉⊔⊒≀∇‖ √⌉∇{≀∇⇕⊣\⌋⌉ ∇⌉∫⊓↕⊔∫ ⌊⊣∫⌉⌈ ≀\ ⊣↕⊔⌉∇\⊣⊔⟩⊑⌉ TES ⊣\⌈ ⊣⊓⊔≀∇⌉}∇⌉∫∫⟩⊑⌉ ⇐AR⇒ ⊣√√∇≀⊣⌋⟨⌉∫↙ T⟨⌉ \⊓⇕⌉∇⟩⌋⊣↕ ∇⌉∫⊓↕⊔∫ ∫⟨≀⊒ ⊣ ∫⇕⊣↕↕⇔ ⌊⊓⊔ \≀⊔ \⌉}↕⌉}⟩⌊↕⌉⇔ ⌈⟩{{⌉∇⌉\⌋⌉ ⟩\ ‖⌉† \⌉⊔⊒≀∇‖ √⌉∇{≀∇⇕⊣\⌋⌉ ⇕⌉⊣∫⊓∇⌉∫ ∫⊓⌋⟨ ⊣∫ ⊔⟨∇≀⊓}⟨√⊓⊔↖⌈⌉↕⊣†↙

∈ S≀⊓∇⌋⌉ M≀⌈⌉↕⟩\} S⌋⌉\⊣∇⟩≀

W⌉ ⌋≀\∫⟩⌈⌉∇ ⊔⟨⌉ VBR ⊑⟩⌈⌉≀ ∫≀⊓∇⌋⌉ ⇕≀⌈⌉↕⟩\} √∇≀⌊↕⌉⇕ ⟩\ ⌋≀\⊔⌉§⊔ ≀{ ⊣\ ⌉§⊣⇕√↕⌉ \⌉⊣∇↖⊔⌉∇⇕ ∫⌋⌉\⊣∇⟩≀ ⟩\ ⊒⟨⟩⌋⟨ ↕≀⊒ ⌊⟩⊔↖∇⊣⊔⌉ CCITT H↙∈∞̸ ⊔⌉↕⌉⌋≀\{⌉∇⌉\⌋⟩\} ∝ ⇕⊓↕⊔⟩⇕⌉⌈⟩⊣ ⊑⟩⌈⌉≀ ⟩∫ ⊔∇⊣\∫⇕⟩⊔⊔⌉⌈ ≀⊑⌉∇ ⊣ ∞′ M⌊√∫ IEEE ∀′∈↙∋ CSMA∝CD ↕≀⌋⊣↕ ⊣∇⌉⊣ \⌉⊔⊒≀∇‖ ⇐LAN⇒↙ T⟨⌉ ∫√⌉⌋⟩⊘⌋ √⊣⌋‖⌉⊔ ⊑⟩⌈⌉≀ ∫†∫⊔⌉⇕ ⌋≀\∫⟩⌈⌉∇⌉⌈ ⌉⇕√↕≀†∫ VBR H↙∈∞̸ ⌋≀⌈⌉⌋∫ ⌋≀\\⌉⌋⊔⌉⌈ ⊔≀ ⊔⟨⌉ LAN ⊑⟩⊣ ⊣ ⊔∇⊣\∫√≀∇⊔ ⟩\⊔⌉∇{⊣⌋⌉ ⊔⟨⊣⊔ √∇≀⊑⟩⌈⌉∫ ⊑⟩⌈⌉≀↖∫√⌉⌋⟩⊘⌋ {⌉⊣⊔⊓∇⌉∫ ∫⊓⌋⟨ ⊣∫ ⌈⌉↕⊣† ⌋≀⇕√⌉\∫⊣⊔⟩≀\ ⌊⊓{{⌉∇⟩\}⇔ ⇕≀⌈⟩⊘⌉⌈ ⇐⌋≀⇕√⊣⊔⟩⌊↕⌉⇒ CSMA∝CD ∇⌉⊔∇⊣\∫⇕⟩∫∫⟩≀\ ⌊⊣⌋‖≀{{ ⊣\⌈ √∇⟩≀∇⟩⊔† ∐⊓⌉⊓⌉⟩\} ⇐{≀∇ ⊔⊒≀↖↕⊣†⌉∇ ⊑⟩⌈⌉≀⇒↙ I\ ∪∞∋⇔ ∞△⊎⇔ √⌉∇{≀∇⇕⊣\⌋⌉ ∇⌉∫⊓↕⊔∫ {≀∇ ⊔⟨⟩∫ ∫†∫⊔⌉⇕ ⊒⌉∇⌉ √∇⌉∫⌉\⊔⌉⌈ ⊓∫⟩\} ⊣ {∇⊣⇕⌉↖↕⌉⊑⌉↕ ⊣⊓⊔≀∇⌉}∇⌉∫∫⟩⊑⌉ ⇐AR⇒ ⇕≀⌈⌉↕⟩\} ⊣√√∇≀⊣⌋⟨ {≀∇ ⊔⟨⌉ VBR ⊑⟩⌈⌉≀↙ T⟨⟩∫ AR ⇕≀⌈⌉↕⟩\} ⊣√√∇≀⊣⌋⟨⇔ ⊒⟨⟩⌋⟨ ⟨⊣∫ ⊣↕∫≀ ⌊⌉⌉\ ⊓∫⌉⌈ ⌊† ≀⊔⟨⌉∇ ⊣⊓⊔⟨≀∇∫⇔ ⌉↙}↙⇔ ∪∈⇔ ∞∈⊎ ⊣√√⌉⊣∇∫ ⊔≀ ⌊⌉ ∫⊣⊔⟩∫{⊣⌋⊔≀∇† {≀∇ ⊣ ⊘∇∫⊔↖≀∇⌈⌉∇ ⌉⊑⊣↕⊓⊣⊔⟩≀\ ≀{ \⌉⊔⊒≀∇‖ ⌋⊣√⊣⌋⟩⊔†∝⌈⌉↕⊣†↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉ ↕⊣⊔⊔⟩⌋⌉↖⊘↕⊔⌉∇ AR {≀∇⇕⊓↕⊣⊔⟩≀\ ∫⊓{{⌉∇∫ {∇≀⇕ ⊔⊒≀ ∫⌉∇⟩≀⊓∫ ↕⟩⇕⟩⊔⊣⊔⟩≀\∫ {≀∇ ⊔⟨⌉ VBR H↙∈∞̸ ∫≀⊓∇⌋⌉¬ ⇐⊣⇒ T⟨⌉ ⇕≀⌈⌉↕ ⟩∫ ≀\↕† ⊣√√∇≀√∇⟩⊣⊔⌉ {≀∇ H↙∈∞̸ {∇⊣⇕⌉ ↕⌉⊑⌉↕ ⌈⊣⊔⊣⇔ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ↑}∇≀⊓√↖≀{↖ ⌊↕≀⌋‖∫↑ ⇐GOB⇒ ↕⌉⊑⌉↕ ⊔⟨⊣⊔ ⟩∫ ⊔⟨⌉ \⊣⊔⊓∇⊣↕ ⊔∇⊣\∫√≀∇⊔ ⊓\⟩⊔ {≀∇ ⊑⟩⌈⌉≀ ⌈⊣⊔⊣ ⌉\⊔⌉∇⟩\} ⊔⟨⌉ \⌉⊔⊒≀∇‖↙ T⟨⌉ GOB ↕⌉⊑⌉↕ ⌊⟩⊔↖∇⊣⊔⌉ √∇≀⌋⌉∫∫ ⟩∫ ⌋⟨⊣∇⊣⌋⊔⌉∇⟩‡⌉⌈ ⌊† ⊣\ ⊣⊓⊔≀⌋≀∇∇⌉↕⊣⊔⟩≀\ ⊔⟨⊣⊔ ⟩∫ √⌉∇⟩≀⌈⟩⌋ ⌊≀⊔⟨ ⊣⊔ ⊔⟨⌉ ∫√⊣⊔⟩⊣↕ GOB ∫⌋⊣\ ∇⊣⊔⌉ ⊣\⌈ ⊣⊔ ⊔⌉⇕√≀∇⊣↕ {∇⊣⇕⌉ ∇⊣⊔⌉⇔ ⌉{{⌉⌋⊔∫ ⊔⟨⊣⊔ ⌋⊣\\≀⊔ ⌉⊣∫⟩↕† ⌊⌉ ⟩\⌋≀∇√≀∇⊣⊔⌉⌈ ⟩\⊔≀ ⊔⟨⌉ AR ⇕≀⌈⌉↕↙ ⇐⌊⇒ A }⊣⊓∫∫⟩⊣\ ⊣√√∇≀§⟩⇕⊣⊔⟩≀\ ⊓∫⌉⌈ ⟩\ ⊔⟨⌉ AR ⇕⌉⊔⟨≀⌈ ⟩⇕√↕⟩⌉∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⇕⊣∇}⟩\⊣↕ ⌊⟩⊔↖∇⊣⊔⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⌋⊣\\≀⊔ ⌊⌉ ⌉§⊣⌋⊔↕† ⇕⊣⊔⌋⟨⌉⌈ ⊔≀ ⊔⟨⌉ ⇕⌉⊣∫⊓∇⌉⌈ ⌊⟩⊔↖∇⊣⊔⌉ ⌈⊣⊔⊣↙ T⟨⌉∫⌉ ⊔⊒≀ ↕⟩⇕⟩⊔⊣⊔⟩≀\∫ ⇕≀⊔⟩⊑⊣⊔⌉ ⊣ ⇕≀∇⌉ ⊣⌋⌋⊓∇⊣⊔⌉ ∫≀⊓∇⌋⌉ ⇕≀⌈⌉↕⟩\} ⊣√√∇≀⊣⌋⟨ ⌋⊣√⊣⌊↕⌉ ≀{ ⌋⊣√⊔⊓∇⟩\} ⊔⟨⌉ GOB↖↕⌉⊑⌉↕ ⇕⊣∇}⟩\⊣↕ ⌊⟩⊔↖∇⊣⊔⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⊣\⌈ √⌉∇⟩≀⌈⟩⌋ ⊣⊓⊔≀⌋≀∇∇⌉↕⊣⊔⟩≀\ √∇≀√⌉∇⊔⟩⌉∫↙

∋ V⟩⌈⌉≀ S≀⊓∇⌋⌉ M≀⌈⌉↕

A ⊑⊣∇⟩⊣⌊↕⌉ ⌊⟩⊔↖∇⊣⊔⌉ ⇐VBR⇒ ⌉\⌋≀⌈⌉∇ ⌊⊣∫⌉⌈ ≀\ ⊔⟨⌉ CCITT H↙∈∞̸ ⇕≀⊔⟩≀\ ⌋≀⇕√⌉\∫⊣⊔⌉⌈ ⇐MC⇒ ⌈⟩∫⌋∇⌉⊔⌉ ⌋≀∫⟩\⌉ ⊔∇⊣\∫{≀∇⇕ ⇐DCT⇒ ⊣↕}≀∇⟩⊔⟨⇕ ∪⊎ ⟩∫ ⌋≀\∫⟩⌈⌉∇⌉⌈ ⟩\ ⊔⟨⟩∫ ∫⊔⊓⌈† ⇐∫⌉⌉ F⟩}↙ ∞⇒↙ T⟨⌉ √⟩§⌉↕∫ ⊔≀ ⌊⌉ ⌉\⌋≀⌈⌉⌈ ⊣∇⌉ ⊔⊣‖⌉\ {∇≀⇕ ⟩⇕⊣}⌉∫ ⟩\ ⊔⟨⌉ CIF ⇐C≀⇕⇕≀\ I\⊔⌉∇⇕⌉⌈⟩⊣⊔⌉ F≀∇⇕⊣⊔⇒ {∇⊣⇕⌉ {≀∇⇕⊣⊔ ∫⟨≀⊒\ ⟩\ F⟩}↙ ∈↙ T⟨⌉ CIF {≀∇⇕⊣⊔ ⌋≀\∫⟩∫⊔∫ ≀{ ∋▽∈ × ∈∀∀ √⟩§⌉↕∫ ≀{ ↕⊓⇕⟩\⊣\⌋⌉ ⇐Y⇒ ⊣\⌈ ∞ ̸× ∞△△ √⟩§⌉↕∫ ⌉⊣⌋⟨ ≀{ ⊘↕⊔⌉∇⌉⌈ ⌋⟨∇≀⇕⟩\⊣\⌋⌉ ⇐U ⊣\⌈ V⇒⇔ ⊣⊔ ⊣ {∇⊣⇕⌉ ∇⊣⊔⌉ ≀{ ∋′ {√∫↙ O⌊∫⌉∇⊑⌉ ⊔⟨⊣⊔ ⌉⊣⌋⟨ {∇⊣⇕⌉ ≀{ CIF ⊑⟩⌈⌉≀ ⟩∫ √⊣∇⊔⟩⊔⟩≀\⌉⌈ ⟩\⊔≀ ∞∈ GOB ⊓\⟩⊔∫⇔ ⊒⟨⟩⌋⟨

∞

⊣∇⌉ {⊓∇⊔⟨⌉∇ ∫⊓⌊⌈⟩⊑⟩⌈⌉⌈ ⟩\⊔≀ ∋∋ ↑⇕⊣⌋∇≀⌊↕≀⌋‖∫↑ ⇐MB⇒ ⌉⊣⌋⟨↙ A ⇕⊣⌋∇≀⌊↕≀⌋‖ ⟩∫ ⊔⟨⌉ ⌊⊣∫⟩⌋ ⊓\⟩⊔ ≀{ ⊑⟩⌈⌉≀ ⊔≀ ⌊⌉ √∇≀⌋⌉∫∫⌉⌈⇔ ⊣\⌈ ⌋≀\∫⟩∫⊔∫ ≀{ {≀⊓∇ ∀ × ∀ √⟩§⌉↕ ↕⊓⇕⟩\⊣\⌋⌉ ⌊↕≀⌋‖∫ ⇐Y⇒ ⊣↕≀\} ⊒⟩⊔⟨ ⊔⟨⌉ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ √⊣⟩∇ ≀{ ∀ × ∀ ⌋⟨∇≀⇕⟩\⊣\⌋⌉ ⌊↕≀⌋‖∫ ⇐U⇔V⇒↙ M≀⊔⟩≀\ ⊑⌉⌋⊔≀∇∫⇔ ⊣⌈⊣√⊔⊣⊔⟩≀\ ⌋≀↖⌉{⊘⌋⟩⌉\⊔∫⇔ ⌉⊔⌋↙ ⊣∇⌉ ⌋≀⇕√⊓⊔⌉⌈ ≀\⌋⌉ √⌉∇ ⇕⊣⌋∇≀⌊↕≀⌋‖ {≀∇ ⊔∇⊣\∫⇕⟩∫∫⟩≀\ ⟩\ ⊣ MB ⟨⌉⊣⌈⌉∇⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⊔⟨⌉\ {≀↕↕≀⊒⌉⌈ ⌊† ∫⟩§ ⊑⊣∇⟩⊣⌊↕⌉ ↕⌉\}⊔⟨ ⌋≀⌈⌉⌈ ⇐VLC⇒ DCT ⌊↕≀⌋‖∫ ⌉⊣⌋⟨ ⌋≀\⊔⊣⟩\⟩\} ∐⊓⊣\⊔⟩‡⌉⌈ ⌋≀⌉{⊘⌋⟩⌉\⊔ ⊑⊣↕⊓⌉∫⇔ ‡⌉∇≀ ∇⊓\↕⌉\}⊔⟨∫⇔ ⌉⊔⌋↙ T⊣‖⟩\} ⟩\⊔≀ ⊣⌋⌋≀⊓\⊔ ⊔⟨⌉ ⊔†√⟩⌋⊣↕ ∫⟩‡⌉ ≀{ ⊣ MB≃∫ ⊣\⌈ GOB≃∫ ⌈⌉∫⌋∇⟩⌊⌉⌈⇔ ⊔⟨⌉ GOB ⟨⊣∫ ⌊⌉⌉\ ⟩⌈⌉\⊔⟩⊘⌉⌈ ⊣∫ ⊔⟨⌉ ⊣ ∫⊓⟩⊔⊣⌊↕⌉ √∇≀⊔≀⌋≀↕ ⌈⊣⊔⊣ ⊓\⟩⊔ ⇐PDU⇒ {≀∇ \⌉⊔⊒≀∇‖ ⊔∇⊣\∫√≀∇⊔↙ S√⌉⌋⟩⊘⌋⊣↕↕†⇔ {≀∇ ⊣ VBR H↙∈∞̸ ⌉\⌋≀⌈⌉∇ ⌋≀\⊘}⊓∇⌉⌈ ⊔≀ ≀√⌉∇⊣⊔⌉ ⊣⊔ ⊣\ ⊣⊑⌉∇⊣}⌉ ⌊⟩⊔↖∇⊣⊔⌉ ≀{ ∞∈∀ ‖⌊√∫⇔ ⊣ GOB ⊒⟩↕↕ ⊑⊣∇† ⟩\ ∫⟩‡⌉ ⌊⌉⊔⊒⌉⌉\ ↙▽ ⊣\⌈ ▽ ‖⌊ ⇐⊒⟩⊔⟨ ⊣\ ⊣⊑⌉∇⊣}⌉ ≀{ ⊣⌊≀⊓⊔ ∈ ‖⌊⇒⇔ ⊣\⌈ ⟩∫ ⊔⟨⌉∇⌉{≀∇⌉ ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ⊣⌋⌋⌉√⊔⊣⌊↕⌉ ∇⊣\}⌉ ≀{ √⊣⌋‖⌉⊔ ∫⟩‡⌉∫ {≀∇ ⊣\ ∀′∈↙∋ LAN↙ O⌋⌋⊣∫⟩≀\⊣↕↕†⇔ ⊣ GOB ⊒⟩↕↕ ⌉§⌋⌉⌉⌈ ⊔⟨⌉ ⇕⊣§⟩⇕⊓⇕ ↕⟩\‖↖↕⌉⊑⌉↕ √⊣⌋‖⌉⊔ ∫⟩‡⌉ ↕⟩⇕⟩⊔ ≀{ ⊔⟨⌉ LAN⇔ ∇⌉∐⊓⟩∇⟩\} ⊔∇⊣\∫√≀∇⊔ ↕⌉⊑⌉↕ ∫⌉}⇕⌉\⊔⊣⊔⟩≀\ ⊣\⌈ ∇⌉⊣∫∫⌉⇕⌊↕†↙

∋↙∞ T⟨⌉ TES M≀⌈⌉↕⟩\} M⌉⊔⟨≀⌈≀↕≀}† T⟨⌉ ↕⟩⇕⟩⊔⊣⊔⟩≀\∫ ≀{ ⊔⟨⌉ ∫⟩⇕√↕⌉ AR ⇕≀⌈⌉↕ ⊓∫⌉⌈ ⌉⊣∇↕⟩⌉∇ ⇕≀⊔⟩⊑⊣⊔⌉⌈ ⊓∫ ⊔≀ ⌋≀\∫⟩⌈⌉∇ ⊣↕⊔⌉∇\⊣⊔⟩⊑⌉ ⊣√√∇≀⊣⌋⟨⌉∫ ⊔≀ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕† ⌋⊣√⊔⊓∇⌉ ⊔⟨⌉ ⌉⇕√⟩∇⟩⌋⊣↕ GOB↖↕⌉⊑⌉↕ ⇕⊣∇}⟩\⊣↕ ⌊⟩⊔↖∇⊣⊔⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⊣\⌈ ⊔⟨⌉ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊣⊓⊔≀⌋≀∇↖ ∇⌉↕⊣⊔⟩≀\ {⊓\⌋⊔⟩≀\↙ T≀ ⊔⟨⟩∫ ⌉\⌈⇔ ⊒⌉ ⊓∫⌉⌈ ⊔⟨⌉ ∇⌉⌋⌉\⊔↕† √∇≀√≀∫⌉⌈ TES ⇕⌉⊔⟨≀⌈≀↕≀}† ∪∃⇔ ∋⇔ △⊎↙ TES ⟩∫ ⊣ ⌋↕⊣∫∫ ≀{ ⇕⌉⊔⟨≀⌈∫ {≀∇ }⌉\⌉∇⊣⊔⟩\} ⊣⊓⊔≀⌋≀∇∇⌉↕⊣⊔⌉⌈ ∇⊣\⌈≀⇕ ∫⌉∐⊓⌉\⌋⌉∫ ⊑⟩⊣ ⊣⊓⊔≀∇⌉}∇⌉∫∫⟩⊑⌉ ⇕≀⌈⊓↕≀↖∞ ∫⌋⟨⌉⇕⌉∫↙ T⟨⌉† ⌉\|≀† ∫⌉⊑⌉∇⊣↕ ⟩⇕√≀∇⊔⊣\⊔ ⊣⌈⊑⊣\⊔⊣}⌉∫↙ F⟩∇∫⊔⇔ ⊣ TES ⇕⌉⊔⟨≀⌈ ⟩∫ \≀\↖√⊣∇⊣⇕⌉⊔∇⟩⌋∅ ⊔⟨⊣⊔ ⟩∫⇔ TES ⌋⊣\ }⌉\⌉∇⊣⊔⌉ ⊣\† ⇕⊣∇}⟩\⊣↕ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ≀∇ ⊣\ ⊣∇⌊⟩⊔∇⊣∇⟩↕† ⌋↕≀∫⌉ ⊣√√∇≀§⟩⇕⊣⊔⟩≀\↙ I\ √⊣∇⊔⟩⌋⊓↕⊣∇⇔ TES ⌋⊣\ ⇕⊣⊔⌋⟨ ⊣\† ⌉⇕√⟩∇⟩⌋⊣↕ ⟨⟩∫⊔≀}∇⊣⇕↙ O∇⌈⟩\⊣∇† ⊘∇∫⊔ ≀∇⌈⌉∇ ⊣⊓⊔≀∇⌉}∇⌉∫∫⟩⊑⌉ √∇≀⌋⌉∫∫⌉∫ ⌈≀ \≀⊔ ⟨⊣⊑⌉ ⊔⟨⟩∫ √∇≀√⌉∇⊔†↙ S⌉⌋≀\⌈⇔ ⊔⟨⌉ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊣⊓⊔≀⌋≀∇∇⌉↕⊣⊔⟩≀\ {⊓\⌋⊔⟩≀\ ⌋⊣\ ⌊⌉ ∇⊣√⟩⌈↕† ⌋≀⇕√⊓⊔⌉⌈ \⊓⇕⌉∇⟩⌋⊣↕↕† ∪∋⇔ △⊎⇔ ⊔⟨⌉∇⌉⌊† {⊣⌋⟩↕⟩⊔⊣⊔⟩\} ⊣ ∫⌉⊣∇⌋⟨ {≀∇ ⊣\ ⊣⌈⌉∐⊓⊣⊔⌉ ⊘⊔↙ T⟨⟩∇⌈⇔ TES ⇕⌉⊔⟨≀⌈∫ ⊣∇⌉ ⌋≀⇕√⊓⊔⊣⊔⟩≀\⊣↕↕† {⊣∫⊔∅ ⟩\ {⊣⌋⊔⇔ ⊓\⟩{≀∇⇕ TES ∫⌉∐⊓⌉\⌋⌉∫ ⟨⊣⊑⌉ ⌋≀⇕↖ √⊓⊔⊣⊔⟩≀\⊣↕ ⌋≀⇕√↕⌉§⟩⊔† ≀\↕† ∫↕⟩}⟨⊔↕† ⟨⟩}⟨⌉∇ ⊔⟨⊣\ ⊔⟨⊣⊔ ≀{ ⊔⟨⌉ ⊓\⌈⌉∇↕†⟩\} √∫⌉⊓⌈≀↖∇⊣\⌈≀⇕ \⊓⇕⌊⌉∇ }⌉\⌉∇⊣⊔≀∇↙ A\⌈ {≀⊓∇⊔⟨⇔ TES ∫⌉∐⊓⌉\⌋⌉ ⌊⌉⟨⊣⊑⟩≀∇ ⟩∫ ⊑⌉∇∫⊣⊔⟩↕⌉⇔ ∇⊣\}⟩\} {∇≀⇕ ⌈∇⟩{⊔↕⌉∫∫ ∇⊣\⌈≀⇕ ⊒⊣↕‖∫ ⊔≀ ⌋†⌋↕⟩⌋ ≀\⌉∫↙ T⟨⌉ ⊣⊔⊔⌉\⌈⊣\⊔ ⊣⊓⊔≀⌋≀∇∇⌉↕⊣⊔⟩≀\ {⊓\⌋⊔⟩≀\∫ ⌋⊣\ ⟨⊣⊑⌉ ⊣ ⊑⊣∇⟩⌉⊔† ≀{ {⊓\⌋⊔⟩≀\⊣↕ {≀∇⇕∫⇔ ⟩\⌋↕⊓⌈⟩\} ⇕≀\≀⊔≀\⌉⇔ ≀∫⌋⟩↕↕⊣⊔≀∇† ⊣\⌈ ≀⊔⟨⌉∇∫↙ R⌉{⌉∇ ⊔≀ ∪∃⇔ ∋⇔ △⊎ {≀∇ ⇕≀∇⌉ ⌈⌉⊔⊣⟩↕∫↙ T⟨⌉ TES ⇕⌉⊔⟨≀⌈≀↕≀}† ⇕≀⌈⌉↕∫ ⌉⇕√⟩∇⟩⌋⊣↕ ⌈⌉\∫⟩⊔⟩⌉∫ ⊣∫ ⟨⟩∫⊔≀}∇⊣⇕∫⇔ ⊔⟨⊣⊔ ⟩∫⇔ ⊣∫ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋ ⇕⟩§⊔⊓∇⌉∫ ≀{ ⊓\⟩{≀∇⇕ ⊑⊣∇⟩⊣⊔⌉∫ ≀{ ⊔⟨⌉ {≀∇⇕ h(y) = N∑ n=1 1 [ln,rn)(y) p_n w_n , (1) where N is the number of histogram cells cell n has the form [ln, rn), 1A is the indicator function of set A w_n = r_n − l_n is the width of cell n and p_n is the probability of cell n▷ To model temporal dependences in empirical random sequences we made use of a TES variant called TES^+. Let ⌊x⌋ = max{n integer . n ≤ x} ⌊⌉ ⊔⟨⌉ ⟩\⊔⌉}∇⊣↕ √⊣∇⊔ ≀{ ⊣ ∇⌉⊣↕ \⊓⇕⌊⌉∇ x and denote by ⟨x⟩ = x − ⌊x⌋ ⊔⟨⌉ {∇⊣⌋⊔⟩≀\⊣↕ √⊣∇⊔ ≀{ x▷ Let {V_n} ⌈⌉\≀⊔⌉ ⊣ ∫⌉∐⊓⌉\⌋⌉ ≀{ ⟩\⌈⌉√⌉\⌈⌉\⊔ ⟩⌈⌉\⊔⟩⌋⊣↕↕† ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ∇⊣\⌈≀⇕ ⊑⊣∇⟩⊣⌊↕⌉∫⇔ ⌋⊣↕↕⌉⌈ ⟩\\≀⊑⊣⊔⟩≀\∫⇔ ⊒⟩⊔⟨ ⊣ ⌋≀⇕⇕≀\⇔ ⊔⟨≀⊓}⟨ ⊣∇⌊⟩⊔∇⊣∇†⇔ ⌈⌉\∫⟩⊔† f V ▷ A TES^+ time series {U^+n } ⟩∫ ⌈⌉⊘\⌉⌈ ∇⌉⌋⊓∇∫⟩⊑⌉↕† ⌊† U^+_n = { U0, if n = 0 ⟨U^+_{n−∞} + V_n⟩, if n > 0 (2) It was shown in [3] that {U^+n } ⟩∫ ⊣ ∇⊣\⌈≀⇕ ⊒⊣↕‖ ≀\ ⊣ ⌋⟩∇⌋↕⌉ ⊒⟩⊔⟨ ⌋⟩∇⌋⊓⇕{⌉∇⌉\⌋⌉ ≀\⌉ ⇐⊓\⟩⊔ ⌋⟩∇⌋↕⌉⇒⇔ ⊣\⌈ ⟩⊔∫ ⇕⊣∇}⟩\⊣↕ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⟩∫ ⊓\⟩{≀∇⇕ ≀\ [0, 1). Recall that any uniform variate U on [0, 1) can be transformed to a desired marginal distribution F through the inversion method by applying F^{−∞} (U ). Transformations of uniform variates on [0, 1) are called distortions. TES models routinely use compound distortions, composed of two successive transformations. The ↑rst, called a stitching transformation, is selected from a family, parameterized by 0 ≤ ξ ≤ ∞⇔ ⊣\⌈ ⌈⌉⊘\⌉⌈ ⌊† S_ξ(y) = { y/ξ, 0 ≤ y < ξ (1 − y)/(1 − ξ), ξ ≤ y < 1 (3) For 0 < ξ < 1 this constitutes a εsmoothingε operation since the associated Sξ is continuous on the unit circle and consequently the corresponding stitched sequence {S ξ(U +n )} ⟩∫ ↑∫⇕≀≀⊔⟨⌉∇↑ ⊔⟨⊣\ ⊔⟨⌉ ⊓\⌈⌉∇↕†⟩\} {U^+_n }↙ M≀∇⌉≀⊑⌉∇⇔ ⟩⊔ ⌋⊣\ ⌊⌉ ∫⟨≀⊒\ ⊔⟨⊣⊔ ⊣↕↕ S_ξ, 0 ≤ ξ ≤ ∞⇔ √∇⌉∫⌉∇⊑⌉ ⊓\⟩{≀∇⇕⟩⊔† ∪∃⊎↙ I⊔ {≀↕↕≀⊒∫ ⊔⟨⊣⊔ ∫⊔⟩⊔⌋⟨⌉⌈ TES √∇≀⌋⌉∫∫⌉∫ ⌋⊣\ ∫⊔⟩↕↕ ⌊⌉ ⊔∇⊣\∫{≀∇⇕⌉⌈ ⊔≀ ⊣∇⌊⟩⊔∇⊣∇† ⇕⊣∇}⟩\⊣↕∫ ⌊† ⊔⟨⌉ ⟩\⊑⌉∇∫⟩≀\ ⇕⌉⊔⟨≀⌈↙ T⟨⌉ ∫⌉⌋≀\⌈ ⊔∇⊣\∫{≀∇⇕⊣⊔⟩≀\⇔ ⌋⊣↕↕⌉⌈ ⟨⟩∫⊔≀}∇⊣⇕ ⌈⟩∫⊔≀∇⊔⟩≀\⇔ ⟩∫ D H = H^{−∞} ⇔ ⊒⟨⌉∇⌉ H is the cumulative distribution function corresponding to the density h(y) of Eq. (1). More explicitly, D_H(x) = N∑ k=1_{pk>0}^{1 [Ck−∞,Ck)} (x) [ l_k + (x − C_{k−∞} ) w_k p_k ] , (4)

where C n = ∑n j=1 p_n, 1 ≤ n ≤ N is the cumulative distribution of {p_n} ⇐C0 = 0 and C_N = 1). The outcome of the TES modeling methodology is a sequence {X^+n } ≀{ ⊔⟨⌉ {≀∇⇕ X^+n = DH (Sξ(U^+n )). Here the distortion D H is determined from the empirical data while ξ and f V are selected by the modeler through a heuristic search for a model whose autocorrelation function approximates its empirical counterpart and whose Monte Carlo sample paths bear εadequate resemblanceε to the empirical data▷ The search can be efαciently carried out using the visual interactive software environment described in ♭1♯▷ It employs general formulas TES autocorrelations developed in ♭3♯ and explicit ones for stitched histogram distortions derived in ♭4♯▷

3▷2 TESBased GOB Source Model for VBR Compressed Video

Fig▷ 3 displays the raw empirical data { ←Xn}⇔ ⊣\⌈ F⟩}↙ △ ∫⟨≀⊒∫ ⊔⟨⌉ ⌉⇕√⟩∇⟩⌋⊣↕ ⊣⊓⊔≀⌋≀∇∇⌉↕⊣⊔⟩≀\ {⊓\⌋⊔⟩≀\ ←ρ X (τ ) for 1 ≤ τ ≤ ∞′′ ⇐⌊⊓↕↕⌉⊔∫⇒ ⊣}⊣⟩\∫⊔ ⟩⊔∫ TES↖⌊⊣∫⌉⌈ ⇕≀⌈⌉↕ ⌋≀⊓\⊔⌉∇√⊣∇⊔ ⇐⌊⊣∇∫⇒↙ T⟨⌉ ⌋†⌋↕⟩⌋⊣↕ \⊣⊔⊓∇⌉ ≀{ ⊔⟨⌉ ⌈⊣⊔⊣ ⟩∫ ⌋↕⌉⊣∇↕† ⌉⊑⟩⌈⌉\⊔∅ ⌉⊣⌋⟨ ⌋†⌋↕⌉ ⌋≀∇∇⌉∫√≀\⌈∫ ⊔≀ ⊣ ∇⊓\ ≀{ ⊔⊒⌉↕⊑⌉ ≀⌊∫⌉∇⊑⊣⊔⟩≀\∫ ⌋≀⇕√∇⟩∫⟩\} ⊔⟨⌉ ⌋≀⌈⌉⌈ ⌊↕≀⌋‖∫ ≀{ ⊣ ∫⟩\}↕⌉ {∇⊣⇕⌉↙ S⟩\⌋⌉ ⌉⊑⌉∇† ⊔⊒⌉↕{⊔⟨ ⌊↕≀⌋‖ ⌋≀⌈⌉∫ ⊔⟨⌉ ∫⊣⇕⌉ ∫⌋∇⌉⌉\ √≀∇⊔⟩≀\ ≀{ ⊣ {∇⊣⇕⌉⇔ ⊒⌉ ⌉§√⌉⌋⊔ ⊔≀ ∫⌉⌉ ⊣ ∫⊔∇≀\} ⌈⌉⊔⌉∇⇕⟩\⟩∫⊔⟩⌋ √⌉∇⟩≀⌈⟩⌋⟩⊔† ≀{ ⊔⊒⌉↕⊑⌉ ⟩\ ⊔⟨⌉ ⌈⊣⊔⊣↙ T⟨⟩∫ ⟩∫ ⟩\⌈⌉⌉⌈ ⊔⟨⌉ ⌋⊣∫⌉⇔ ⊣∫ ⌉⊑⟩⌈⌉\⌋⌉⌈ ⌊† ⊔⟨⌉ ∫⊣⇕⌉ √⌉∇⟩≀⌈⟩⌋⟩⊔† ≀{ ⊔⟨⌉ ⌉⇕√⟩∇⟩⌋⊣↕ ⊣⊓⊔≀⌋≀∇∇⌉↕⊣⊔⟩≀\ {⊓\⌋⊔⟩≀\ ⊣\⌈ ⟩⊔∫ ∫⊓∫⊔⊣⟩\⌉⌈ ⊣⇕√↕⟩⊔⊓⌈⌉↙ S⟩\⌋⌉ TES ⊣⊓⊔≀⌋≀∇∇⌉↕⊣⊔⟩≀\ {⊓\⌋⊔⟩≀\∫ ⌈⌉⌋⊣† ⇕⊓⌋⟨ {⊣∫⊔⌉∇⇔ ⟩⊔ ⌊⌉⌋⊣⇕⌉ ⌋↕⌉⊣∇ ⊔⟨⊣⊔ ⊣ TES ⇕≀⌈⌉↕ ⌋≀⊓↕⌈ \≀⊔ ⌊⌉ √∇≀√⌉∇↕† ⊘⊔⊔⌉⌈ ⊔≀ ⊔⟨⌉ ∇⊣⊒ ⌉⇕√⟩∇⟩⌋⊣↕ ⌈⊣⊔⊣↙ R⊣⊔⟨⌉∇⇔ ⊔⟨⌉ ∇⊣⊒ ⌈⊣⊔⊣ ⊒≀⊓↕⌈ ⟨⊣⊑⌉ ⊔≀ ⌊⌉ ⊔∇⊣\∫{≀∇⇕⌉⌈ ⊘∇∫⊔⇔ ∫≀ ⊣∫ ⊔≀ ∇⌉⇕≀⊑⌉ ⊔⟨⌉ ⌈⌉⊔⌉∇⇕⟩\⟩∫⊔⟩⌋ √⌉∇⟩≀⌈⟩⌋ ⌋≀⇕√≀\⌉\⊔∫↙ T≀ ⊔⟨⟩∫ ⌉\⌈⇔ ⊒⌉ √⌉∇{≀∇⇕⌉⌈ ⊣ √⌉∇⟩≀⌈≀}∇⊣⇕ ⊣\⊣↕†∫⟩∫ ⊣\⌈ ⌉∫⊔⟩⇕⊣⊔⌉⌈ {∇≀⇕ ⊔⟨⌉ ∇⊣⊒ ⌈⊣⊔⊣ ⊣ ∫⌉⊔ ≀{ √⊣∇⊣⇕⌉⊔⌉∇∫ K ω i Ai and B i 1 ≤ i ≤ K such that the trigonometric sums {←Tn}⇔ }⟩⊑⌉\ ⌊† ←T_n = K∑ i=1 [ A_i cos(ω_in) + B_i sin(ω_in) ] , (5)

tracked well the oscillations of the raw data { ←Xn}↙ W⌉ ⊔⟨⌉\ ⊔∇⊣\∫{≀∇⇕⌉⌈ { ←Xn} ⟩\⊔≀ ⊣ \⌉⊒ ∫⌉∐⊓⌉\⌋⌉ { ←R_n} ⇐⌋⊣↕↕⌉⌈ ⊔⟨⌉ ∇⌉∫⟩⌈⊓⊣↕∫ ∫⌉∐⊓⌉\⌋⌉⇒⇔ ⊒⟨⌉∇⌉ ←R_n = X_n − ←T_n▷ The residuals sequence had a much faster decaying autocorrelation function as compared to ψρ X (τ ), and a considerably reduced magnitude. Based on the appearance of the residuals sample path, we ↑xed ξ at 0▷5 and selected a simple class of uniformly distributed innovations of the form V_n = L + (L + R)Z_n where −′.5 ≤ L < R ≤ ′.5 are parameters and {Z_n} ⟩∫ ⊣ ∫⌉∐⊓⌉\⌋⌉ ≀{ ⟩↙⟩↙⌈↙ ⊑⊣∇⟩⊣⊔⌉∫⇔ ⊓\⟩{≀∇⇕ ≀\ ∪′⇔∞⇒⇔ ⌋≀⇕⇕≀\↕† ⊣⊑⊣⟩↕⊣⌊↕⌉ ≀\ ⇕≀∫⊔ ⌋≀⇕√⊓⊔⌉∇∫ ⊣∫ √∫⌉⊓⌈≀ ∇⊣\⌈≀⇕ \⊓⇕⌊⌉∇ ∫⊔∇⌉⊣⇕∫↙ S⊒⟩⊔⌋⟨⟩\} ⊔≀ ⊔⟨⌉ ⌉∐⊓⟩⊑⊣↕⌉\⊔ √⊣∇⊣⇕⌉⊔⌉∇∫ α = R − L, ϕ = R^+LR_−L we performed a computer search of the parameter space {(α, ϕ) : 0 < α < 1, −∞ ≤ ϕ ≤ ∞)} {≀∇ ⊣ }≀≀⌈ TES ⇕≀⌈⌉↕ {U^+n }⇔ ∫⊓⌋⟨ ⊔⟨⊣⊔ Y n = DH(S0.5(U^+n )) had the same marginal distribution as { ←Rn}⇔ ⊣\⌈ ⊔⟨⌉ ⊘∇∫⊔ {⌉⊒ ⊣⊓⊔≀⌋≀∇∇⌉↕⊣⊔⟩≀\∫ ≀{ {Y n} ⊒⌉∇⌉ ⊣ }≀≀⌈ ⇕⊣⊔⌋⟨ ⊔≀ ⊔⟨⌉⟩∇ { ←Rn} ⌋≀⊓\⊔⌉∇√⊣∇⊔∫↙ T⟨⌉ ⊘\⊣↕ ∫⊔⌉√ ⊒⊣∫ ⊔≀ ⊣⌈⌈ ⌊⊣⌋‖ ⊔⟨⌉ ⊔∇⟩}≀\≀⇕⌉⊔∇⟩⌋ ⌋≀⇕√≀\⌉\⊔∫ { ←Tn} ⊔≀ {Yn}⇔ ↕⌉⊣⌈⟩\} ⊔≀ ⊔⟨⌉ ⊘\⊣↕ ⇕≀⌈⌉↕ ≀{ ⌋≀⌈⌉⌈ ⊑⟩⌈⌉≀ GOB ⌊⟩⊔↖∇⊣⊔⌉ X_n = D_H(S0_{.5}(U^+_n )) + T_n, (6) where D H is given by Eq▷ ↼4↽ S ξ by Eq▷ ↼3↽ U^+n by Eq▷ ↼2↽ and ψTn by Eq▷ ↼5↽▷ Fig▷ 5 depicts a sample path generated by a simulation of {X n} {∇≀⇕ E∐↙ ⇐⇏⇔ ⊒⟩⊔⟨ ⊔⟨⌉ ⌋⟨≀⟩⌋⌉ ≀{ α ϕ and ξ indicated in the heading▷ Notice the similarity of the simulated sample path in Fig▷ 5 to its empirical counterpart in Fig▷ 3▷ A comparison of the corresponding autocorrelation functions in Fig▷ 6 reveals a remarkable match at least up to lag 100▷ Finally Fig▷ 7 compares the simulationbased histogram ↼solid line↽ to its empirical counterpart ↼dashed line↽ again with good agreement▷ Note that the empirical histogram is far from being gaussian ↼as assumed in the simple AR model↽▷

4 Numerical Results A simulation study was conducted in order to assess the impact of using the more accurate TES source model instead of the AR model▷ As in ♭13 14♯ the performance measures were obtained by simulation of a CSMA◁CD LAN supporting a mix of interactive data stations and TESmodeled VBR video stations▷ The details of this simulation study appear in ♭10♯▷ The CSMA◁CD network is assumed to have a collision detection delay of 1 μs a channel speed of 10 Mbps with 50 data stations distributed uniformly over the length of 500 meters of cable▷ The number of video stations was varied to produce different load levels▷ Fig▷ 8 shows the corresponding video packet loss probability vs▷ LAN throughput predicted by the AR and TES models ↼both are shown for buffer size of 100 ms engineered for transportlevel delay compensation↽▷ As in ♭14♯ we observe that the video packet loss rises quite rapidly at throughput levels higher than about 50ϱ of capacity, an acceptable level of 10^{−▽} ⟩∫ ⊣⌋⟨⟩⌉⊑⌉⌈ ⊣⊔ ⊣\ ≀√⌉∇⊣⊔⟩\} ⊔⟨∇≀⊓}⟨√⊓⊔ ⟩\ ⊔⟨⌉ ∇⌉}⟩≀\ ≀{ ▽▽↗ ≀{ ⌋⊣√⊣⌋⟩⊔†↙ A⊔ ⊔⟨∇≀⊓}⟨√⊓⊔ ↕⌉⊑⌉↕∫ ⌉§⌋⌉⌉⌈⟩\} ′̸↗ ≀{ ⌋⊣√⊣⌋⟩⊔†⇔ ⊔⟨⌉ AR ⊣\⌈ TES ⇕≀⌈⌉↕ ∇⌉∫⊓↕⊔∫ ∫⟨≀⊒ ∫≀⇕⌉ ⌈⟩⊑⌉∇}⌉\⌋⌉⇔ ∫⊣⊔⊓∇⊣⊔⟩\} ⊔≀ ⇕⊣§⟩⇕⊓⇕ ⊔⟨∇≀⊓}⟨√⊓⊔ ↕⌉⊑⌉↕∫ ≀{ ′↙∀̸ ⊣\⌈ ′↙∞ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕†↙

I\ ⌋≀\⌋↕⊓∫⟩≀\⇔ ⊒⌉ ⟨⊣⊑⌉ √∇⌉∫⌉\⊔⌉⌈ ⊔⟨⌉ TES ⇕⌉⊔⟨≀⌈≀↕≀}† {≀∇ ⇕≀⌈⌉↕⟩\} ≀{ VBR ∫≀⊓∇⌋⌉∫ ⊣\⌈ ⌋≀⇕√⊣∇⌉⌈ ⟩⊔ ⊔≀ ⊔⟨⌉ AR ⇕⌉⊔⟨≀⌈↙ T⟨⌉ √⌉∇{≀∇⇕⊣\⌋⌉ ∇⌉∫⊓↕⊔∫ ≀⌊⊔⊣⟩\⌉⌈ {∇≀⇕ ⊔⟨⌉ ⊔⟨⌉ ⊔⊒≀ ⇕≀⌈⌉↕⟩\} ⊣√√∇≀⊣⌋⟨⌉∫ ⌈⟩{{⌉∇⌉⌈ ⟩\ ⌋⊣√⊣⌋⟩⊔† ⌊† ⊣⌊≀⊓⊔ △↖▽↗↙ W⟨⟩↕⌉ ⊔⟨⟩∫ ⌈⟩{{⌉∇⌉\⌋⌉ ⟩∫ \≀⊔ ↕⊣∇}⌉⇔ ⟩⊔ }⟩⊑⌉∫ ⇕≀∇⌉ ⌋≀\⊘⌈⌉\⌋⌉ ⟩\ ⊔⟨⌉ ∇⌉∫⊓↕⊔∫ ∫⟩\⌋⌉ ⊔⟨⌉ TES ⇕⌉⊔⟨≀⌈ ⟩∫ ⇕≀∇⌉ ⊣⌋⌋⊓∇⊣⊔⌉↙

R⌉{⌉∇⌉\⌋⌉∫

∪∞⊎ D↙ G⌉⟩∫⊔ ⊣\⌈ B↙ M⌉↕⊣⇕⌉⌈⇔ ⊖TES⊔≀≀↕¬ A\ E\⊑⟩∇≀\⇕⌉\⊔ {≀∇ V⟩∫⊓⊣↕ I\⊔⌉∇⊣⌋⊔⟩⊑⌉ M≀⌈⌉↕⟩\} ≀{ A⊓⊔≀⌋≀∇∇⌉↖ ↕⊣⊔⌉⌈ T∇⊣{⊘⌋⪰⇔ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ICC ⊢∃∈⇔ V≀↕↙ ∋⇔ ∞∈∀▽↖∞∈∀∃⇔ ∞∃∃∈⇔ C⟨⟩⌋⊣}≀⇔ I↕↕⟩\≀⟩∫↙

∪∈⊎ H⊣\}⇔ ⊖S≀⊓∇⌋⌉ M≀⌈⌉↕↕⟩\} {≀∇ P⊣⌋‖⌉⊔ V⟩⌈⌉≀⇔⪰ C≀\{↙ R⌉⌋↙ ICC⇔ P⟨⟩↕⊣↙ PA⇔ ∞∃∀∀⇔ √√ ∋∀↙↙∞↖∋∀↙↙↙̸

△

∪∋⊎ D↙L↙ J⊣}⌉∇⇕⊣\ ⊣\⌈ B↙ M⌉↕⊣⇕⌉⌈⇔ ⊖T⟨⌉ T∇⊣\∫⟩⊔⟩≀\ ⊣\⌈ A⊓⊔≀⌋≀∇∇⌉↕⊣⊔⟩≀\ S⊔∇⊓⌋⊔⊓∇⌉ ≀{ TES P∇≀⌋⌉∫∫⌉∫ P⊣∇⊔ I¬ G⌉\⌉∇⊣↕ T⟨⌉≀∇†⇔⪰ S⊔≀⌋⟨⊣∫⊔⟩⌋ M≀⌈⌉↕∫⇔ V≀↕↙ ∀⇐∈⇒⇔ ∞∃∋↖∈∞∃⇔ ∞∃∃∈↙

∪△⊎ D↙L↙ J⊣}⌉∇⇕⊣\ ⊣\⌈ B↙ M⌉↕⊣⇕⌉⌈⇔ ⊖T⟨⌉ T∇⊣\∫⟩⊔⟩≀\ ⊣\⌈ A⊓⊔≀⌋≀∇∇⌉↕⊣⊔⟩≀\ S⊔∇⊓⌋⊔⊓∇⌉ ≀{ TES P∇≀⌋⌉∫∫⌉∫ P⊣∇⊔ II¬ S√⌉⌋⟩⊣↕ C⊣∫⌉∫⇔⪰ S⊔≀⌋⟨⊣∫⊔⟩⌋ M≀⌈⌉↕∫⇔ V≀↕↙ ∀⇐∋⇒⇔ △∃∃↖▽∈⇔ ∞∃∃∈↙

∪▽⊎ J≀∫⌉√⟨⇔ R⊣†⌋⟨⊣⊓⌈⟨⊓∇⟩ ⊣\⌈ Z⌈⌉√∫‖⟩⇔ ⊖S⟨⊣∇⌉⌈ A⌋⌋⌉∫∫ P⊣⌋‖⌉⊔ T∇⊣\∫⇕⟩∫∫⟩≀\ ∫†∫⊔⌉⇕∫ {≀∇ C≀⇕√∇⌉∫∫⌉⌈ D⟩}⟩⊔⊣↕ V⟩⌈⌉≀⇔⪰ IEEE J↙ S⌉↕⌉⌋⊔⌉⌈ A∇⌉⊣∫ ⟩\ C≀⇕⇕⊓\↙⇔ ∞∃∀∃⇔ √√↙ ∀∞▽↖∀∈▽↙

∪⊎̸ K⟩∫⟨⟩⇕≀⊔≀⇔ O}⊣⊔⊣ ⊣\⌈ I\⊓⇕⊣∇⊓⇔ ⊖G⌉\⌉∇⊣⊔⟩≀\ I\⊔⌉∇⊑⊣↕ D⟩∫⊔∇⟩⌊⊓⊔⟩≀\ C⟨⊣∇⊣⌋⊔⌉∇⟩∫⊔⟩⌋∫ ≀{ P⊣⌋‖⌉⊔⟩‡⌉⌈ V⊣∇⟩↖ ⊣⌊↕⌉ R⊣⊔⌉ V⟩⌈⌉≀ C≀⌈⟩\} D⊣⊔⊣ S⊔∇⌉⊣⇕∫ ⟩\ ⊣\ ATM N⌉⊔⊒≀∇‖⇔⪰ IEEE J↙ S⌉↕⌉⌋⊔⌉⌈ A∇⌉⊣∫ ⟩\ C≀⇕⇕⊓\↙⇔ ∞∃∀∃⇔ √√↙ ∀∋∋↖∀△∞↙

∪⊎ D↖S↙ L⌉⌉⇔ B↙ M⌉↕⊣⇕⌉⌈⇔ A↙R↙ R⌉⟩⌊⇕⊣\ ⊣\⌈ B↙ S⌉\}⊓√⊔⊣⇔ ⊖A\⊣↕†∫⟩∫ ≀{ ⊣ V⟩⌈⌉≀ M⊓↕⊔⟩√↕⌉§⌉∇ U∫⟩\} TES ⊣∫ ⊣ M≀⌈⌉↕⟩\} M⌉⊔⟨≀⌈≀↕≀}†⪰⇔ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ GLOBCOM ⊢∃∞⇔ √√↙ ∞↙∋↙∞↖∞↙∋↙▽⇔ ∞∃∃∞⇔ P⟨≀⌉\⟩§⇔ A∇⟩‡≀\⊣↙

∪∀⊎ M⊣}↕⊣∇⟩∫⇔ ⌉⊔↙⊣↕↙⇔ ⊖P⌉∇{≀∇⇕⊣\⌋⌉ M≀⌈⌉↕∫ ≀{ S⊔⊣⊔⟩∫⊔⟩⌋⊣↕ M⊓↕⊔⟩√↕⌉§⟩\} ⟩\ P⊣⌋‖⌉⊔ V⟩⌈⌉≀ C≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\∫⇔⪰ IEEE T∇⊣\∫↙ C≀⇕⇕↙⇔ V≀↕↙ COM↖∋⇎ V≀↕↙ COM↖∋⇎ ∞∃∀∀⇔ √√↙ ∀∋△↖∀△△↙

∪∃⊎ B↙ M⌉↕⊣⇕⌉⌈⇔ ⊖TES¬ A C↕⊣∫∫ ≀{ M⌉⊔⟨≀⌈∫ {≀∇ G⌉\⌉∇⊣⊔⟩\} A⊓⊔≀⌋≀∇∇⌉↕⊣⊔⌉⌈ U\⟩{≀∇⇕ V⊣∇⟩⊣⊔⌉∫⇔⪰ ORSA J↙ ≀\ C≀⇕√⊓⊔⟩\}⇔ V≀↕↙ ∋⇐△⇒⇔ ∞∃∃∞⇔ √√↙ ∋∞↖∋∈∃↙

∪∞′⊎ B↙ M⌉↕⊣⇕⌉⌈⇔ D↙ R⊣†⌋⟨⊣⊓⌈⟨⊓∇⟩⇔ B↙ S⌉\}⊓√⊔⊣ ⊣\⌈ J↙ Z⌈⌉√∫‖⟩⇔ ⊖TES↖B⊣∫⌉⌈ V⟩⌈⌉≀ S≀⊓∇⌋⌉ M≀⌈⌉↕⟩\} {≀∇ P⌉∇{≀∇⇕⊣\⌋⌉ E⊑⊣↕⊓⊣⊔⟩≀\ ≀{ I\⊔⌉}∇⊣⊔⌉⌈ N⌉⊔⊒≀∇‖∫⇔⪰ INFOCOM ≃∃∈⇔ √√↙▽↖∀△↙

∪∞∞⊎ M↙ N≀⇕⊓∇⊣⇔ T↙ F⊓|⟩⟩ ⊣\⌈ N↙ O⟨⊔⊣⇔ ⊖B⊣∫⟩⌋ C⟨⊣∇⊣⌋⊔⌉∇⟩∫⊔⟩⌋∫ ≀{ V⊣∇⟩⊣⌊↕⌉ R⊣⊔⌉ V⟩⌈⌉≀ C≀⌈⟩\} ⟩\ ATM E\⊑⟩∇≀\⇕⌉\⊔⇔⪰ IEEE J↙ S⌉↕⌉⌋⊔⌉⌈ A∇⌉⊣∫ ⟩\ C≀⇕⇕⊓\↙⇔ ∞∃∀∃⇔ √√↙ ▽∈↖′̸↙

∪∞∈⊎ G↙ R⊣⇕⊣⇕⊓∇⊔⟨† ⊣\⌈ B↙ S⌉\}⊓√⊔⊣⇔ ⊖M≀⌈⌉↕⟩\} ⊣\⌈ A\⊣↕†∫⟩∫ O{ A V⊣∇⟩⊣⌊↕⌉ B⟩⊔ R⊣⊔⌉ V⟩⌈⌉≀ M⊓↕⊔⟩√↕⌉§⌉∇⇔⪰ INFOCOM ≃∃∈⇔ √√↙ ∀∞↖∀∈⇔ ∞∃∃∈↙

∪∞∋⊎ J↙ Z⌈⌉√∫‖⟩⇔ K↙ J≀∫⌉√⟨ ⊣\⌈ D↙ R⊣†⌋⟨⊣⊓⌈⟨⊓∇⟩⇔ ⊖P⊣⌋‖⌉⊔ T∇⊣\∫√≀∇⊔ ≀{ R⊣⊔⌉↖F∇⌉⌉ I\⊔⌉∇{∇⊣⇕⌉ DCT C≀⇕↖ √∇⌉∫∫⌉⌈ D⟩}⟩⊔⊣↕ V⟩⌈⌉≀ ≀\ ⊣ CSMA∝CD LAN⇔⪰ IEEE GLOBECOM⇔ ∞∃∀∃⇔ √√↙△△↙∋↙∞↖↙

∪∞△⊎ Z⌈⌉√∫‖⟩⇔ J≀∫⌉√⟨⇔ R⊣†⌋⟨⊣⊓⌈⟨⊓∇⟩ ⊣\⌈ D⊣⊓⊔⇔ ⊖P∇⟩≀∇⟩⊔⟩‡⌉⌈ P⊣⌋‖⌉⊔ T∇⊣\∫√≀∇⊔ ≀{ VBR H↙∈∞̸ F≀∇⇕⊣⊔ C≀⇕↖ √∇⌉∫∫⌉⌈ V⟩⌈⌉≀ ≀\ ⊣ CSMA∝CD LAN⇔⪰ T⟨⟩∇⌈ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ W≀∇‖∫⟨≀√ ≀\ P⊣⌋‖⌉⊔ V⟩⌈⌉≀⇔ M≀∇∇⟩∫⊔≀⊒\⇔ NJ⇔ ∞∃∃′↙

▽