S†\⊔⟨⌉∫⟩‡⟩\} V⌉∇⌈⊣\⊔ L⊣\⌈∫⌋⊣√⌉∫ ⊓∫⟩\} V≀↕⊓⇕⌉⊔∇⟩⌋ T⌉§⊔⊓∇⌉∫ F⊣⌊∇⟩⌋⌉ N⌉†∇⌉⊔ INRIA R≀⌋∐⊓⌉\⌋≀⊓∇⊔ BP ∞′▽⇔ ∀∞▽∋ L⌉ C⟨⌉∫\⊣† C⌉⌈⌉§⇔ FRANCE F⊣⌊∇⟩⌋⌉↙N⌉†∇⌉⊔ℵ⟩\∇⟩⊣↙{∇ ⟨⊔⊔√¬∝∝⊒⊒⊒↖∇≀⌋∐↙⟩\∇⟩⊣↙{∇∝∫†\⊔⟩⇕∝∇⌉∫⌉⊣∇⌋⟨∝\⌉†∇⌉⊔ A⌊∫⊔∇⊣⌋⊔¬ V≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⊔⊓∇⌉∫ ⊣∇⌉ ⊣⌊↕⌉ ⊔≀ ∇⌉√∇⌉∫⌉\⊔ ⌋≀⇕√↕⌉§ ∇⌉√⌉⊔⟩⊔⟩⊑⌉ ⌈⊣⊔⊣ ∫⊓⌋⟨ ⊣∫ {≀↕⟩⊣}⌉⇔ {⊓∇ ⊣\⌈ {≀∇⌉∫⊔∫ ⌊† ∫⊔≀∇⟩\} ≀\⌉ ∫⊣⇕√↕⌉ ≀{ }⌉≀⇕⌉⊔∇† ⟩\ ⊣ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⌉↕ ⊔≀ ⌊⌉ ⇕⊣√√⌉⌈ ≀\⊔≀ ⊣ ∫⊓∇{⊣⌋⌉↙ T⟨⟩∫ ⊑≀↕⊓⇕⌉ ⌋≀\∫⟩∫⊔∫ ⟩\ ∫⊣⇕√↕⌉∫ ≀{ ⌈⌉\∫⟩⊔⟩⌉∫ ⊣\⌈ ∇⌉⊙⌉⌋⊔⊣\⌋⌉∫ ∫⊔≀∇⌉⌈ ⟩\ ⊑≀§⌉↕∫↙ T⟨⌉ ⊔⌉§⌉↕ ⌋⊣\ ⌊⌉ √∇⌉⊘↕⊔⌉∇⌉⌈ ∫⟩⇕⟩↕⊣∇↕† ⊔≀ ⊔⟨⌉ ⇕⟩√↖ ⇕⊣√√⟩\} ⊣↕}≀∇⟩⊔⟨⇕⇔ }⟩⊑⟩\} ⊣\ ⌉{⊘⌋⟩⌉\⊔ ∇⌉\⌈⌉∇⟩\} ⟩\ ∇⊣†↖⊔∇⊣⌋⟩\} ⊒⟩⊔⟨ ↕≀⊒ ⊣↕⟩⊣∫⟩\}⇔ ⊓∫⟩\} ⊣ ∫⟩\}↕⌉ ∇⊣† √⌉∇ √⟩§⌉↕↙ O⊓∇ }⌉\⌉∇⊣↕ √⊓∇√≀∫⌉⟩∫ ⊔≀ ⌉§⊔⌉\⌈⊔⟨⌉ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⊔⊓∇⌉ ⇕⌉⊔⟨≀⌈ ⟩\ ≀∇⌈⌉∇ ⊔≀ √∇≀⊑⟩⌈⌉ ⊣ ⌋≀\⊑⌉\⟩⌉\⊔ ⊣\⌈ ⌉{⊘⌋⟩⌉\⊔ ⊔≀≀↕ {≀∇ ⇕≀⌈⌉↕⟩\}⇔ ⊣\⟩⇕⊣⊔⟩\} ⊣\⌈ ∇⌉\⌈⌉∇⟩\} ⟨⟩}⟨↕† ⌋≀⇕√↕⌉§ ∫⌋⌉\⌉∫ ⟩\ ∇⊣†↖⊔∇⊣⌋⟩\}↙ I\ ⊔⟨⟩∫ √⊣√⌉∇⇔ ⊒⌉ ∫⟨≀⊒ ⟨≀⊒ ⊔≀ ⌋≀\⊑⌉∇⊔ ⊓∫⊓⊣↕ ∋D ⇕≀⌈⌉↕∫ ⟩\⊔≀ ⊔⌉§⌉↕∫⇔ ⊣\⌈ ⟨≀⊒ ⊔≀ ∇⌉\⌈⌉∇ ⊔⌉§⌉↕∫ ⇕⊣√√⌉⌈ ≀\⊔≀ ⊣\† ⇕⌉∫⟨ ⊔†√⌉↙ W⌉ ⟩↕↕⊓∫⊔∇⊣⊔⌉ ≀⊓∇ ⇕⌉⊔⟨≀⌈ ⊒⟩⊔⟨ ⊑⌉∇⌈⊣\⊔ ↕⊣\⌈∫⌋⊣√⌉∫ ∫⊓⌋⟨ ⊣∫ {≀∇⌉∫⊔∫ ⊣\⌈ ↕⊣⊒\∫↙ ∞ I\⊔∇≀⌈⊓⌋⊔⟩≀\ G⌉≀⇕⌉⊔∇⟩⌋ ⌋≀⇕√↕⌉§⟩⊔† ⟩∫ ⊣\ ⟩⇕√≀∇⊔⊣\⊔ ⊣∫√⌉⌋⊔ ≀{ ∇⌉⊣↕⟩∫⇕ ⟩\ ∫†\⊔⟨⌉⊔⟩⌋ ∫⌋⌉\⌉∫↙ T⟨⟩∫ ⟩∫ √⊣∇⊔⟩⌋⊓↕⊣∇↕† ⊔∇⊓⌉ {≀∇ \⊣⊔⊓∇⊣↕ ∫⌋⌉\⌉∫ ∫⊓⌋⟨ ⊣∫ {≀∇⌉∫⊔∫⇔ ↕⊣⊒\∫⇔ {⊓∇⇔ ⌉⊔⌋↙ I\ ≀∇⌈⌉∇ ⊔≀ ∇⌉√∇⌉∫⌉\⊔ ⊣\⌈ ∇⌉\⌈⌉∇ ∫⌋⌉\⌉∫⇔ ≀\⌉ ⟨⊣∫ ⊔≀ ⌋⟨≀≀∫⌉ ⌊⌉⊔⊒⌉⌉\ ⊓∫⟩\} ⊣ }⌉\⌉∇⊣↕ ∫†\⊔⟨⌉∫⟩∫ √∇≀⌋⌉∫∫ ⇐⌋≀\∫⟩∫⊔⟩\} ≀{ ⟩\⊔⌉∇⊣⌋⊔⟩⊑⌉↕† ⇕≀⌈⌉↕⟩\} ⇕⌉∫⟨⌉∫⇔ ∫√⌉⌋⟩{†⟩\} ⊔⟨⌉ ⊣\⟩⇕⊣⊔⟩≀\⇔ ⊣\⌈ ↕⊣⊓\⌋⟨⟩\} ⊣ ∇⌉\⌈⌉∇⌉∇⇒⇔ ⊣\⌈ ⊓∫⟩\} ⊣ ⌈⊣⊔⊣↖∫√⌉⌋⟩⊘⌋ ⊔≀≀↕ {≀∇ ⌉⟩⊔⟨⌉∇ ⊔⟨⌉ ⇕≀⌈⌉↕⟩\} ∫⊔⊣}⌉ ≀∇ ⌉⊑⌉\⊔⊓⊣↕↕† ⊔⟨⌉ ⊒⟨≀↕⌉ ∫†\⊔⟨⌉∫⟩∫ √∇≀⌋⌉∫∫↙ I\ ⊔⟨⟩∫ √⊣√⌉∇⇔ ⊒⌉ ∫⟨≀⊒ ⊔⟨⊣⊔ {≀∇ ⌋≀⇕√↕⌉§ ∫⌋⌉\⌉∫⇔ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⊔⊓∇⌉∫ ⊣∇⌉ ⊣ }≀≀⌈ ⊔∇⊣⌈⌉ ≀{{ ⌊⌉⊔⊒⌉⌉\ }⌉\⌉∇⊣↕⟩⊔† ⊣\⌈ ⌉{⊘⌋⟩⌉\⌋†↙ C↕⊣∫∫⟩⌋⊣↕ ∫†\⊔⟨⌉∫⟩∫ √∇≀⌋⌉∫∫ I⊔ ⟩∫ ⌋≀\⊑⌉\⟩⌉\⊔ ⊔≀ ⊓∫⌉ }⌉\⌉∇⊣↕ ⊔≀≀↕∫ ⊣\⌈ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\∫⇔ ∫⟩\⌋⌉ ⇕⊣\† √∇≀⌈⊓⌋⊔∫ ⊣∇⌉ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⊣\⌈ ⌉§⟩∫⊔⟩\} ⌈⊣⊔⊣ ⌋⊣\ ⌊⌉ ∇⌉↖⊓∫⌉⌈↙ T⟨⌉ ⟨⟩}⟨ }⌉≀⇕⌉⊔∇⟩⌋ ⌋≀⇕√↕⌉§⟩⊔† ⇕⊣‖⌉∫ ⊔⟨⟩∫ ⊔⟨⌉≀∇⌉⊔⟩⌋⊣↕ ∫≀↕⊓⊔⟩≀\ ⊓∫⊓⊣↕↕† ⟩⇕√∇⊣⌋⊔⟩⌋⊣↕ ⟩\ ⌉⊣⌋⟨ ≀{ ⟩⊔∫ ∫⊔⊣}⌉∫ ¬ • ⇕≀⌈⌉↕⟩\} ∇⌉∐⊓⟩∇⌉∫ ⊣ ↕≀⊔ ≀{ ⌈⌉⊔⊣⟩↕⌉⌈ ‖\≀⊒↕⌉⌈}⌉ {∇≀⇕ ⊔⟨⌉ ⊓∫⌉∇⇔ ⊣\⌈ ⟩∫ ⊑⌉∇† ∇⌉√⌉⊔⟩⊔⟩⊑⌉↙ • ⊔⟨⌉ }⌉\⌉∇⊣⊔⌉⌈ ⌈⊣⊔⊣⌊⊣∫⌉ ⟩∫ ⟨⟩}⟨↕† ⇕⌉⇕≀∇†↖⌋≀\∫⊓⇕⟩\}↙ • ∫⟩⇕⟩↕⊣∇↕†⇔ ⊔⟨⌉ ⊣\⟩⇕⊣⊔⟩≀\ \⌉⌉⌈∫ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ∫√⌉⌋⟩{† ⊔⟨⌉ ⇕≀⊔⟩≀\ ≀{ ⇕⊣\† ⌋≀⇕√≀\⌉\⊔∫↙ • ⊔⟨⌉ ∇⌉\⌈⌉∇⟩\} ⟨⊣∫ ⊔≀ ⌈⌉⊣↕ ⊒⟩⊔⟨ ⌊⟩↕↕⟩≀\∫ ≀{ {⊣⌋⌉⊔∫⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⌋≀∫⊔↕† ⟩\ ⊔⟩⇕⌉ ⊣\⌈ ∇⌉∫⊓↕⊔∫ ⟩\ ⊣ ↕≀⊔ ≀{ ⊣↕⟩⊣∫⟩\}↙ A↕⊔⟨≀⊓}⟨ ⌋↕⌉⊑⌉∇ ≀√⊔⟩⇕⟩∫⊣⊔⟩≀\∫ ⊣\⌈ ⌈⊣⊔⊣⌊⊣∫⌉ ∫⊔∇⊓⌋⊔⊓∇⊣⊔⟩≀\∫ ⌉§⟩∫⊔ ∪F⊑DFH∃′⊎⇔ ⊣\⊔⟩⊣↕⟩⊣∫⌉⌈ ∇⊣†↖⊔∇⊣⌋⟩\} ≀{ ∫⊓⌋⟨ ∫⌋⌉\⌉∫ ⟩∫ ∫⊔⟩↕↕ ⊑⌉∇† ∫↕≀⊒↙ A\ ⟩⇕√≀∇⊔⊣\⊔ ⊣∫√⌉⌋⊔ ↕⟩⌉∫ ⟩\ ⊔⟨⌉ ⌈⌉⊔⌉∇⇕⟩\⊣⊔⟩≀\ ≀{ ↕⌉⊑⌉↕∫ ≀{ ⌈⌉⊔⊣⟩↕∫⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⌋⊓∇∇⌉\⊔↕† ⊣\ ⊣⌋⊔⟩⊑⌉ ∇⌉∫⌉⊣∇⌋⟨ ⊔≀√⟩⌋↙ S⌋⊣\↕⟩\⌉↖∇⌉\⌈⌉∇⌉∇∫ ⊒⟩⊔⟨ ∫⟨⊣⌈≀⊒ ⌋⊣√⊣⌊⟩↕⟩⊔⟩⌉∫ ⌋⊣\ ⊣↕∫≀ ⌊⌉ ⊓∫⌉⌈⇔ ⌊⊓⊔ ≀\⌉ ⟨⊣∫ ⊔≀ ⌈⌉⊣↕ ⊒⟩⊔⟨ ⊣↕⟩⊣∫⟩\}⇔ ⊣\⌈ ⌈⌉⊔⊣⟩↕⌉⌈ ∫⟨⊣⌈≀⊒∫ ⌋⊣\ ⟨⊣∇⌈↕† ⌊⌉ ≀⌊⊔⊣⟩\⌉⌈ ⊒⟩⊔⟨ ⊣ ⊒⟩⌈⌉ ∫⌋⌉\⌉ ⌋≀\⊔⊣⟩\⟩\} ⊘\⌉ ⌈⌉⊔⊣⟩↕∫↙ S√⌉⌋⟩⊘⌋ ⊣√√∇≀⊣⌋⟨⌉∫ T⟨⌉∫⌉ ⊣√√∇≀⊣⌋⟨⌉∫ ∫≀↕⊑⌉ ⊔⟨⌉ √∇≀⌊↕⌉⇕ {≀∇ √⊣∇⊔⟩⌋⊓↕⊣∇ ‖⟩\⌈∫ ≀{ ∫⌋⌉\⌉∫⇔ ⌉⟩⊔⟨⌉∇ ⌊† √∇≀⌋⌉⌈⊓∇⊣↕↕† ⌈⌉∫⌋∇⟩⌊⟩\} ⊔⟨⌉ ≀⌊|⌉⌋⊔∫⇔ ≀∇ ⌊† √∇≀⊑⟩⌈⟩\} ⊣ ∫√⌉⌋⟩⊘⌋ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⊣\⌈ ⊔⟨⌉ ⇕⌉⊣\ ⊔≀ ∇⌉\⌈⌉∇ ⟩⊔↙ T⟨⌉ ⊘∇∫⊔ ⌋⊣⊔⌉}≀∇† ⌋≀\⌋⌉∇\∫ L↖∫†∫⊔⌉⇕∫⇔ {∇⊣⌋⊔⊣↕∫⇔ ⌊≀⊔⊣\⟩⌋⊣↕ ⊣\⌈ √⟨†∫⟩⌋⊣↕ ⇕≀⌈⌉↕∫

∪P⊣∀∀⇔ ⌈R⊣∀∀⇔ FR∀⊎̸ ⊒⟨⟩⌋⟨ }⌉\⌉∇⊣⊔⌉ √≀↕†}≀\∫↙ T⟨⌉ ∫⌉⌋≀\⌈ ⌋⊣⊔⌉}≀∇† ⇕≀∫⊔↕† ⌋≀\⌋⌉∇\∫ √⊣∇⊔⟩⌋↕⌉ ∫†∫⊔⌉⇕∫ ⊣\⌈ ∫≀⇕⌉ ↕⊣\⌈∫⌋⊣√⌉↖∫√⌉⌋⟩⊣↕⟩‡⌉⌈ ⇕≀⌈⌉↕∫ ∪RB∀▽⇔ WP∃▽⊎↙ ⊒⟨⟩⌋⟨ ⊓∫⌉ ∫√⌉⌋⟩⊘⌋ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\∫ ⊣\⌈ ∇⌉\⌈⌉∇⟩\} ⊔⌉⌋⟨\⟩∐⊓⌉∫↙ P∇≀⌋⌉⌈⊓∇⊣↕ }⌉≀⇕⌉⊔∇⟩⌋ ⇕≀⌈⌉↕∫ ⌈≀ \≀⊔ ⊣⌈⌈∇⌉∫∫ ⊔⟨⌉ ∇⌉\⌈⌉∇⟩\} ⊣∫√⌉⌋⊔ ≀{ ⊔⟨⌉ √∇≀⌊↕⌉⇕⇔ ⊣\⌈ ∫√⌉⌋⟩⊘⌋ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\∫ {≀∇⌊⟩⌈ ⊔⟨⌉ ⊓∫⌉ ≀{ }⌉\⌉∇⊣↕ ⇕≀⌈⌉↕⟩\} ⊔≀≀↕∫ ⊣\⌈ ⌉§⟩∫⊔⟩\} ⌈⊣⊔⊣⌊⊣∫⌉∫↙ T⟨⌉ ⟩\⊔⌉}∇⊣⊔⟩≀\ ≀{ ⌈⟩{{⌉∇⌉\⊔ ‖⟩\⌈∫ ≀{ ≀⌊|⌉⌋⊔∫ ⟩\ ⊣ ∫⟩\}↕⌉ ∫⌋⌉\⌉ ⌋⊣\ ⊣↕∫≀ ⌊⌉ ↕⟩⇕⟩⊔⌉⌈↙ V≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⊔⊓∇⌉∫ I\ ≀⊓∇ √∇⌉⊑⟩≀⊓∫ ⊒≀∇‖⇔ ⊒⌉ ⟨⊣⊑⌉ ∫⟨≀⊒\ ⟨≀⊒ ⊔≀ ⇕⊣‖⌉ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⊔⊓∇⌉∫ ⊣\ ⌉{⊘⌋⟩⌉\⊔ ⊒⊣† ≀{ ∇⌉√∇⌉∫⌉\⊔⟩\} ⊣\⌈ ∇⌉\⌈⌉∇⟩\} ⌋≀⇕√↕⌉§ ∇⌉√⌉⊔⟩⊔⟩⊑⌉ ⌈⊣⊔⊣ ¬ ⊔⟨⌉ √∇⌉⌋≀⇕√⊓⊔⌉⌈ ⇕⊓↕⊔⟩∫⌋⊣↕⌉ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ √∇≀⊑⟩⌈⌉∫ ⊔⟨⌉ ∇⟩}⟨⊔ ↕≀≀‖ ≀{ ⊔⟨⌉ ⌈⊣⊔⊣ ⊣⊔ ⊔⟨⌉ ∇⟩}⟨⊔ ∫⌋⊣↕⌉↙ T⟨⌉ ⊔⌉§⊔⊓∇⊣↕ ⊣√√∇≀⊣⌋⟨ ⟩∫ ↕⟩⇕⟩⊔⌉⌈ ⊔≀ ∫⌋⌉\⌉∫ ⊒⟨⟩⌋⟨ ⌋≀\⊔⊣⟩\ ∫≀⇕⌉ ∇⌉√⌉⊔⟩⊔⟩⊑⌉\⌉∫∫↙ H≀⊒⌉⊑⌉∇ ⟩⊔ ⊣↕↕≀⊒∫ ⊓∫ ⊔≀ ∫⌉√⊣∇⊣⊔⌉ ⊔⟨⌉ ∫⌋⊣↕⌉∫ ≀{ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⟩\⊔≀ ⊣ ↕≀⌋⊣↕ ∋D ⊣∫√⌉⌋⊔ ⇐⊔⟨⌉ ⊔⌉§⌉↕ √⊣⊔⊔⌉∇\⇒ ⊣\⌈ ⊣ ⊒⟩⌈⌉ ⊣∫√⌉⌋⊔ ⇐⊔⟨⌉ ∫⊓∇{⊣⌋⌉ ≀\ ⊒⟨⟩⌋⟨ ⊔⌉§⌉↕∫ ⊣∇⌉ ⇕⊣√√⌉⌈⇔ ⊣\⌈ ⊔⟨⌉ ⌈⌉{≀∇⇕⊣⊔⟩≀\ ≀{ ⊔⟨⌉∫⌉ ⊔⌉§⌉↕∫⇒↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⊔⊓∇⌉∫ √∇≀⊑⟩⌈⌉ ⊣ ∇⌉↕⊣⊔⟩⊑⌉↕† }⌉\⌉∇⊣↕ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ≀{ ⌋≀⇕√↕⌉§ ∫⌋⌉\⌉∫⇔ ⊣\⌈ ⌉\⊣⌊↕⌉ ⊣\ ⌉{⊘⌋⟩⌉\⊔ ⊓\⊣↕⟩⊣∫⌉⌈ ∇⊣†↖⊔∇⊣⌋⌉⌈ ∇⌉\⌈⌉∇⟩\} ⇐∫⌉⌉ ∫⌉⌋⊔⟩≀\ ∈⇒↙ T⟨⊓∫⇔ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⊔⊓∇⌉∫ ⊣∇⌉ ⊣ }≀≀⌈ ⊔∇⊣⌈⌉ ≀{{ ⌊⌉⊔⊒⌉⌉\ }⌉\⌉∇⊣↕⟩⊔† ⊣\⌈ ⌉{⊘⌋⟩⌉\⌋†↙ B⊓⊔ ⊔⟨⌉ ⊔⌉§⌉↕ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ √∇⌉⊑⟩≀⊓∫ ⊒≀∇‖ ⟩∫ ⇕≀∫⊔↕† ∫√⌉⌋⟩⊘⌋⇔ ⊣∫ ⊔⟨⌉ ⊔⌉§⌉↕ ⌋≀\⊔⌉\⊔ ⟨⊣∫ ⊔≀ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ ⊢⇕⊣\⊓⊣↕↕†≃ ⌊† ⊔⟨⌉ ⊓∫⌉∇⇔ ⊣\⌈ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉ ⟨⊣∫ ⊔≀ ⌊⌉ ⌈⟩∫⌋∇⌉⊔⟩‡⌉⌈ ⌊† ⌊⟩↕⟩\⌉⊣∇ √⊣⊔⌋⟨⌉∫ ⟩\ ∫⊓⌋⟨ ⊣ ⊒⊣† ⊔⟨⊣⊔ ≀\⌉ ⊔⌉§⌉↕ ⌋≀∇∇⌉∫√≀\⌈∫ ⊔≀ ≀\⌉ √⊣⊔⌋⟨↙ I\ ≀∇⌈⌉∇ ⊔≀ ⇕⊣‖⌉ ⊔⟨⌉ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⊔⊓∇⌉ ⇕≀⌈⌉↕ ⊓∫⊣⌊↕⌉⇔ ⊒⌉ ⌈⌉∫⌋∇⟩⌊⌉ ⟩\ ⊔⟨⟩∫ √⊣√⌉∇ ¬ • A ⊒⊣† ⊔≀ ⌋≀\⊑⌉∇⊔ ⊓∫⊓⊣↕ ≀⌊|⌉⌋⊔ ⌈⌉∫⌋∇⟩√⊔⟩≀\∫ ⟩\⊔≀ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⊔⊓∇⌉∫ ⇐∫⌉⌋⊔⟩≀\ ∋⇒⇔ ⊔⟨⊓∫ ⊣↕↕≀⊒⟩\} ⊔⟨⌉ ⊓∫⌉ ≀{ ⌉§⟩∫⊔⟩\} ⇕≀⌈⌉↕⟩\} ⊔≀≀↕∫ ⊣\⌈ ⌈⊣⊔⊣⌊⊣∫⌉∫ ∅ • A ⇕⌉⊔⟨≀⌈ ≀{ ∇⌉\⌈⌉∇⟩\} ⊔⌉§⌉↕∫ ⇕⊣√√⌉⌈ ≀\ ⊣\† ⇕⌉∫⟨ ⊔†√⌉ ⇐∫⌉⌋⊔⟩≀\ △⇒⇔ ⊓∫⟩\} ⊔⌉§⊔⊓∇⌉ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ∫⊓⌋⟨ ⊣∫ ⊔⟨≀∫⌉ {≀∇ ⊓∫⊓⊣↕ ∈D ⊔⌉§⊔⊓∇⌉∫↙ H⊣⊑⟩\} ∫≀↕⊑⌉⌈ ⊔⟨⌉∫⌉ ⊔⊒≀ ⇕⊣|≀∇ ⟩∫∫⊓⌉∫⇔ ⊒⌉ ⟩↕↕⊓∫⊔∇⊣⊔⌉ ⊔⟨⌉ ⇕≀⌈⌉↕ ⌊† ∫†\⊔⟨⌉∫⟩‡⟩\} ⊑⌉∇⌈⊣\⊔ ↕⊣\⌈∫⌋⊣√⌉∫ ⇐∫⌉⌋⊔⟩≀\ ▽⇒ ⊓∫⟩\} ⊣\ ⌉§⟩∫⊔⟩\} ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ≀{ ⊔∇⌉⌉∫ ⊣\⌈ ⊣ {∇⌉⌉ ⇕⊣√√⟩\} ≀\ ∫⊓∇{⊣⌋⌉∫↙ ∈ V≀↕⊓⇕⌉⊔∇⟩⌋ T⌉§⊔⊓∇⌉∫ K⊣|⟩†⊣ ⊣\⌈ K⊣† ⊘∇∫⊔ ⟩\⊔∇≀⌈⊓⌋⌉⌈ ⊔⌉§⌉↕∫ ⟩\ ∞∃∀∃ ∪KK∀∃⊎ ⇕⊣⟩\↕† ⊔≀ ∇⌉\⌈⌉∇ {⊓∇↙ D⌉∫√⟩⊔⌉ ⊔⟨⌉ {⊣⌋⊔ ⊔⟨⊣⊔ ⊔⟨⌉ √⊣√⌉∇ ⌋≀\⊔⊣⟩\⌉⌈ ⊔⟨⌉ ⌊⊣∫⟩⌋ ⟩⌈⌉⊣∫⇔ ⊣ ↕≀⊔ ≀{ ⌋≀⌈⟩\} ⟩∫ ∫⊔⟩↕↕ ∇⌉∐⊓⟩∇⌉⌈ ⊔≀ ∫⟩⇕⊓↕⊣⊔⌉ ≀⊔⟨⌉∇ ⇕⊣⊔⌉∇⟩⊣↕∫⇔ ⊣\⌈ ∇⌉\⌈⌉∇⟩\} ⟩∫ ⊑⌉∇† ∫↕≀⊒ ∫⟩\⌋⌉ \≀ ⇕⊓↕⊔⟩∫⌋⊣↕⌉ ∫⌋⟨⌉⇕⌉ ⟩∫ √∇≀√≀∫⌉⌈↙ M≀∇⌉≀⊑⌉∇⇔ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉ ⟨⊣∫ ⊔≀ ⌊⌉ ∫⊓⌊⌈⟩⊑⟩⌈⌉⌈ ⟩\⊔≀ ⌊⟩↕⟩\⌉⊣∇ √⊣⊔⌋⟨⌉∫ ∫≀ ⊔⟨⊣⊔ ≀\⌉ ⊔⌉§⌉↕ ⌋≀∇∇⌉∫√≀\⌈∫ ⊔≀ ≀\⌉ √⊣⊔⌋⟨↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉ ↕≀≀‖ ≀{ ⊔⟨⌉ ∇⌉∫⊓↕⊔⟩\} ⊔⌉⌈⌈†↖⌊⌉⊣∇ ⟩∫ ∫⟩⇕√↕† ⇕⊣∇⊑⌉↕≀⊓∫↙ T⟨⌉ ⊣⊓⊔⟨≀∇∫ ⊓∫⌉ ⊣ {⊓↕↕ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ∫⊔≀∇⊣}⌉ ⊣∫ ⊣ ∋D ⊔⌉§⊔⊓∇⌉ √⊣⊔⊔⌉∇\ ⇐⊔⟨⌉ ∇⌉{⌉∇⌉\⌋⌉ ⊑≀↕⊓⇕⌉ ∫⊔≀∇⌉⌈ ≀\⌋⌉⇒ ⊔≀ ⌉\⌋≀⌈⌉ ⊔⟨⌉ }⌉≀⇕⌉⊔∇⟩⌋ ⌈⊣⊔⊣⇔ ⊣\⌈ ⊣\ ⊓\⌈⌉∇↕†⟩\} ∫⊓∇{⊣⌋⌉ ⇕⌉∫⟨⌉⌈ ⊒⟩⊔⟨ ⌊⟩↕⟩\⌉⊣∇ √⊣⊔⌋⟨⌉∫ ⇐∫⌉⌉ ⊘}⊓∇⌉ ∞⇒↙ E⊣⌋⟨ ⊔⌉§⌉↕ ⟩∫ ⇕⊣√√⌉⌈ ⌉§⊣⌋⊔↕† ⊓√≀\ ⊣ ⌊⟩↕⟩\⌉⊣∇ √⊣⊔⌋⟨ ⊣\⌈ ⌈⌉{≀∇⇕⌉⌈ ⟩\ ≀∇⌈⌉∇ ⊔≀ ∫⊔⟩⌋‖ ⊔≀ ⊔⟨⌉ \⌉⟩}⟨⌊≀∇⟩\} ⊔⌉§⌉↕∫⇔ ⊔⟨⊓∫ {≀∇⇕⟩\} ⊣ ⊔⟨⟩⌋‖ ↕⊣†⌉∇ ⊓√≀\ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉↙ T⟨⌉ ⊑⌉∇⊔⟩⌋⊣↕ ⌉⌈}⌉∫ ⇐⌋≀⇕⇕≀\ ⊒⟩⊔⟨ ⊣⌈|⊣⌋⌉\⊔ ⊔⌉§⌉↕∫⇒ ⌋⊣\ ⌊⌉ ⊢⌋≀⇕⌊⌉⌈≃ ⌊† ⊔⟨⌉ ⊓∫⌉∇↙

F⟩}↙ ∞↙ T⌉§⌉↕∫ ≀\ ⊣ ∫⊓∇{⊣⌋⌉

T⟨⌉ ⊑≀§⌉↕ ⌋≀\⊔⌉\⊔ ⟩∫ \≀⊔ ∇⌉⊣↕↕† ⊣ ⌈⌉\∫⟩⊔† ⌊⊓⊔ ∇⊣⊔⟨⌉∇ ⊣\ \≀\↖⌈⟩∇⌉⌋⊔⟩≀\⊣↕ √∇≀⌊⊣⌊⟩↕⟩⊔† ≀{ ≀⌋⌋↕⊓∫⟩≀\↙ A\≀⊔⟨⌉∇ ⌋∇⊓⌋⟩⊣↕ √⟩⌉⌋⌉ ≀{ ⌈⊣⊔⊣ ⟩∫ ∫⊔≀∇⌉⌈ ⟩\ ⊔⟨⌉ ⊑≀§⌉↕∫ ¬ ⊣ ∇⌉⊙⌉⌋⊔⟩≀\ ⇕≀⌈⌉↕ ⊣\⌈ ⊣ ↕≀⌋⊣↕ {∇⊣⇕⌉⇔ ⊒⟨⟩⌋⟨ ⇕⊣‖⌉∫ ⊔⟨⌉ ⊑≀↕⊓⇕⌉ ∇⌉⊙⌉⌋⊔ ↕⟩}⟨⊔ |⊓∫⊔ ↕⟩‖⌉ ⊣ ∇⌉⊣↕ ≀⌊|⌉⌋⊔ ⊒≀⊓↕⌈↙ T⟨⌉ {⊓∇ ∇⌉\⌈⌉∇⟩\} ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⇕≀⌈⌉↕∫ ⊔⟨⌉ ∇⌉⊙⌉⌋⊔⟩≀\ {∇≀⇕ ⊣ ⌋†↕⟩\⌈⌉∇⇔ ⊣\⌈ ⊔⟨⌉ {∇⊣⇕⌉ ⟩∫ ↕⟩⇕⟩⊔⌉⌈ ⊔≀ ⊔⟨⌉ ⌋†↕⟩\⌈⌉∇ ⊣§⟩∫↙ T⟨⌉∫⌉ √⊣∇⊣⇕⌉⊔⌉∇∫ ⊣∇⌉ \≀⊔ ∇⌉⊣↕↕† ∫⊔≀∇⌉⌈ ⟩\ ⊔⟨⌉ ⊑≀§⌉↕∫ ∫⟩\⌋⌉ ⊔⟨⌉† ⊣∇⌉ ⌋≀\∫⊔⊣\⊔ ⟩\ ⊔⟨⌉ ⊑≀↕⊓⇕⌉ ⇐⊔⟨⌉ ⊑⊣∇⟩⊣⊔⟩≀\ ⟩\ ⊔⟨⌉ ⌋≀⇕⌊⟩\} ⟩∫ ≀⌊⊔⊣⟩\⌉⌈ ⊣⊔ ⊔⟨⌉ ⇕⊣√√⟩\} ↕⌉⊑⌉↕⇒↙ T⟨⊓∫ ⊔⟨⌉ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⊔⊓∇⌉ ⟩∫ ⌈⌉⊘\⌉⌈ ⌊† ⊣ ∇⌉{⌉∇⌉\⌋⌉ ⊑≀↕⊓⇕⌉⇔ ⊣\ ⊓\⌈⌉∇↕†⟩\} ∫⊓∇{⊣⌋⌉ ⇕⊣⌈⌉ ≀{ ⌊⟩↕⟩\⌉⊣∇ √⊣⊔⌋⟨⌉∫⇔ ⊣\⌈ ⊣ ⊔⟨⟩⌋‖\⌉∫∫ ⊑⌉⌋⊔≀∇ ⊣⊔ ⌉⊣⌋⟨ ⊑⌉∇⊔⌉§ ≀{ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉↙ S⟨⟩\†⊣ √∇≀√≀∫⌉⌈ ∫≀⇕⌉ ⟩⇕√∇≀⊑⌉⇕⌉\⊔∫ ⟩\ ∞∃∃∈ ∪S⟨⟩∃∈⊎⇔ ⌊† ∫⊔≀∇⟩\} ⊔⟨⌉ ≀⌋⌋↕⊓∫⟩≀\ {≀∇ ⌉⊣⌋⟨ ∫√⊣⊔⟩⊣↕ ⌈⟩∇⌉⌋⊔⟩≀\ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⇕⊣‖⌉ ⊔⟨⌉ ≀⌋⌋↕⊓∫⟩≀\ ⌈⟩∇⌉⌋⊔⟩≀\↖⌈⌉√⌉\⌈⌉\⊔⇔ ⊣\⌈ ⌊† ⊔∇⊣⊑⌉∇∫⟩\} ⊔⟨⌉ ⊑≀↕⊓⇕⌉ ⌊† ∫⊔⌉√∫ ⟩\ ⌉⊣⌋⟨ ∫√⊣⊔⟩⊣↕ ⌈⟩∇⌉⌋⊔⟩≀\↙ H⌉ ↕⟩∫⊔⌉⌈ ⊓\∫≀↕⊑⌉⌈ √∇≀⌊↕⌉⇕∫ ⇐⊔⌉§⌉↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ {∇≀⇕ √≀↕†}≀\⊣↕ ⌈⌉∫⌋∇⟩√⊔⟩≀\⇔ ⊑≀§⌉↕∫ √∇⌉⊘↕⊔⌉∇⟩\}⇒⇔ ⊣\⌈ ∇⌉⌋≀⇕⇕⌉\⌈⌉⌈ ⊔⟨⌉ ⊓∫⌉ ≀{ ⊣ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ⊣√√∇≀⊣⌋⟨↙ I\ ⊣ √∇⌉⊑⟩≀⊓∫ √⊣√⌉∇⇔ ⊒⌉ √∇≀√≀∫⌉⌈ ⊣\ ⌉§⊔⌉\∫⟩≀\ ⊔≀ ⊔⟨⌉ ⊔⌉§⌉↕ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ∪N⌉†∃▽⌊⊎⇔ {≀∇ }⌉\⌉∇⊣↕⟩⊔† ⊣\⌈ ⌉{⊘⌋⟩⌉\⌋† ¬ ⊑⊣∇⟩≀⊓∫ ⌈⊣⊔⊣ ⌋⊣\ ⌊⌉ ∇⌉√∇⌉∫⌉\⊔⌉⌈ ⊒⟩⊔⟨≀⊓⊔ ⌉§⊔∇⊣ ⌋≀⌈⟩\}⇔ ⊣\⌈ ∇⊣†↖⊔∇⊣⌋⟩\} ⟩∫ ⊣⌋⟨⟩⌉⊑⌉⌈ ⌉{⊘⌋⟩⌉\⊔↕† ⊒⟩⊔⟨ ↕≀⊒ ⊣↕⟩⊣∫⟩\}⇔ ⊓∫⟩\} ⊣ ∫⟩\}↕⌉ ∇⊣† √⌉∇ √⟩§⌉↕↙ E{⊘⌋⟩⌉\⌋† ⟩∫ ≀⌊⊔⊣⟩\⌉⌈ ⊒⟩⊔⟨ ⊣ ⇕⊓↕⊔⟩∫⌋⊣↕⌉ ∫⌋⟨⌉⇕⌉ ∫⟩⇕⟩↕⊣∇ ⊔≀ ⊔⟨⌉ ⇕⟩√↖⇕⊣√√⟩\} ∪W⟩↕∀∋⊎↙ T⟨⌉ ‖⌉† ⟩⌈⌉⊣ ↕⟩⌉∫ ⟩\ ⊔⟨⌉ ⌉\⌋≀⌈⟩\} ≀{ ⊔⟨⌉ ↕≀⌋⊣↕ }⌉≀⇕⌉⊔∇† ⟩\⌋↕⊓⌈⌉⌈ ⟩\ ⊣ ⊑≀§⌉↕ ⊑≀↕⊓⇕⌉⇔ ⌋⟨⊣∇⊣⌋⊔⌉∇⟩‡⌉⌈ ⌊† ⊣ N≀∇⇕⊣↕ D⟩∫⊔∇⟩⌊⊓⊔⟩≀\ F⊓\⌋⊔⟩≀\ ⇐NDF⇒⇔ ⟩\ ∫⊓⌋⟨ ⊣ ⊒⊣† ⊔⟨⊣⊔ ⟩⊔ ⌋⊣\ ⌊⌉ ⊘↕⊔⌉∇⌉⌈ ⊔≀ √∇≀⊑⟩⌈⌉ ⊣ ↕≀⊒⌉∇ ∇⌉∫≀↕⊓⊔⟩≀\↙ T⟨⊓∫ ⊔⟨⌉ ⊑≀↕⊓⇕⌉ ⌋⊣\ ⌊⌉ √∇⌉⌋≀⇕√⊓⊔⌉⌈ ⊣⊔ ⌉⊣⌋⟨ ∇⌉∫≀↕⊓⊔⟩≀\ ⊣⊔ ⇕≀⌈⌉↕⟩\} ⊔⟩⇕⌉⇔ ⊣∫ ⟩\ ⇕⟩√↖⇕⊣√√⟩\}↙ T⟨⌉ }⌉\⌉∇⊣↕⟩⊔† ⟩∫ ≀⌊⊔⊣⟩\⌉⌈ ⌊† ‖⌉⌉√⟩\} ⌉\≀⊓}⟨ ⌈⌉}∇⌉⌉∫ ≀{ {∇⌉⌉⌈≀⇕ ⟩\ ⊔⟨⌉ NDF ⌉\⌋≀⌈⟩\}↙ W⌉ ⟨⊣⊑⌉ ⌋⟨≀∫⌉\ ⊔≀ ⊣√√∇≀§⟩⇕⊣⊔⌉ ⊔⟨⟩∫ NDF ⌊† ⊘\⌈⟩\} ⊔⟨⌉ ⊢⌋↕≀∫⌉∫⊔≃ ⌉↕↕⟩√∫≀⟩⌈⇔ ⊒⟨⟩⌋⟨ \⌉⌉⌈∫ {⌉⊒ √⊣∇⊣⇕⌉⊔⌉∇∫↙ T⟨⟩∫ ⌉↕↕⟩√∫≀⟩⌈ √↕⊣†∫ ⊔⟨⌉ ∇≀↕⌉ ≀{ ⊔⟨⌉ ∇⌉⊙⌉⌋⊔⊣\⌋⌉ ⇕≀⌈⌉↕ ⊣\⌈ ⊔⟨⌉ ↕≀⌋⊣↕ {∇⊣⇕⌉ ≀{ K⊣|⟩†⊣≃∫ ⇕≀⌈⌉↕↙ I⊔ ⟩∫ ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⊣⊔ ⇕≀⌈⌉↕⟩\} ⊔⟩⇕⌉ ⊒⟨⟩↕⌉ ⌈⟩∫⌋∇⌉⊔⟩‡⟩\} ⊣ ∫⟨⊣√⌉ ⟩\⊔≀ ⊔⟨⌉ ∇⌉{⌉∇⌉\⌋⌉ ⊑≀↕⊓⇕⌉↙ L≀⌋⊣↕ ⟩↕↕⊓⇕⟩\⊣⊔⟩≀\ ⟩∫ ⌋≀⇕√⊓⊔⌉⌈ ⊣⊔ ∇⌉\⌈⌉∇⟩\} ⊔⟩⇕⌉ ⌊† \⊓⇕⌉∇⟩⌋⊣↕↕† ⟩\⊔⌉}∇⊣⊔⟩\} ⊔⟨⌉ P⟨≀\} ⇕≀⌈⌉↕ ≀\ ⊔⟨⌉ NDF↙ A∫ {≀∇ ∈D ⇕⟩√↖⇕⊣√√⟩\}⇔ ⊔⟨⌉ ⊔⊒≀ ∫⌋⊣↕⌉∫ ⌋↕≀∫⌉∫⊔ ⊔≀ ⊔⟨⌉ ∇⊣† ⊔⟨⟩⌋‖\⌉∫∫ ⊣∇⌉ ⊓∫⌉⌈ ⊣\⌈ ⟩\⊔⌉∇√≀↕⊣⊔⌉⌈⇔ ⊔⟨⊓∫ √∇≀⊑⟩⌈⟩\} ⊘↕⊔⌉∇⌉⌈ ⌈⊣⊔⊣ ⊒⟩⊔⟨ ≀\↕† ≀\⌉ ∇⊣† √⌉∇ √⟩§⌉↕↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊔⟨⌉ {⌉⊣⊔⊓∇⌉∫ ≀{ ⊔⟨⟩∫ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⊣∇⌉ ⊣ √∇≀⌊⊣⌊⟩↕⟩⊔† ≀{ ≀⌋⌋↕⊓∫⟩≀\⇔ ∫⟩§ ⌉↕↕⟩√∫≀⟩⌈ √⊣∇⊣⇕⌉⊔⌉∇∫⇔ ⊣\⌈ ⊣ √≀⟩\⊔⌉∇ ⊔≀ ⊔⟨⌉ ⌉⟩}⟨⊔ ⌋⟨⟩↕⌈∇⌉\ ⇐⟩{ ⊣\†⇒⇔ ∫⊔≀∇⌉⌈ ⟩\ ⌉⊣⌋⟨ ⊑≀§⌉↕ ≀{ ⊣\ ≀⌋⊔∇⌉⌉↙ W⌉ ⟨⊣⊑⌉ ⌈⌉⇕≀\∫⊔∇⊣⊔⌉⌈ ⟩\ ⊣\≀⊔⟨⌉∇ √⊣√⌉∇ ∪N⌉†∃▽⊣⊎ ⟨≀⊒ ⊔≀ ⊣\⟩⇕⊣⊔⌉ ⊔⟨⌉ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⟩\ ⊔⟨⌉ ∫⊣⇕⌉ ∫√⟩∇⟩⊔⇔ ∫⌉√⊣∇⊣⊔⟩\} ⊔⟨⌉ ∫⌋⊣↕⌉∫ ≀{ ⌋≀\⊔∇≀↕↙ T⊒≀ ⟩⇕√≀∇⊔⊣\⊔ ⊓\∫≀↕⊑⌉⌈ √∇≀⌊↕⌉⇕∫ ⊒⌉∇⌉ ⊔⌉§⌉↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊣\⌈ ⊔⌉§⌉↕ ⇕⊣√√⟩\}↙ N≀⇕⊣ ∪N≀⇕∃▽⊎ √∇≀√≀∫⌉⌈ ⊣ ∫≀↕⊓⊔⟩≀\ ⊔≀ ⊔⟨⌉ √∇≀⌊↕⌉⇕ ≀{ ⌋≀\∫⊔∇⊓⌋⊔⟩\} ⊔⌉§⌉↕∫ {∇≀⇕ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ‖⟩\⌈ ≀{ }⌉≀⇕⌉⊔∇† ¬ ∫√⊣∇∫⌉ ↕⟩⊔⊔↕⌉ {⊣⌋⌉⊔∫ ⇐}⟩⊑⌉\ ⌊† ⊔⟨⌉ AMAP ⊔∇⌉⌉ ⇕≀⌈⌉↕⟩\} ∫≀{⊔⊒⊣∇⌉⇒↙ I\ ⊔⟨⌉ \⌉§⊔ ∫⌉⌋⊔⟩≀\⇔ ⊒⌉ √∇⌉∫⌉\⊔ ⇕⌉⊔⟨≀⌈∫ ⊔≀ ⌋≀\⊑⌉∇⊔ ⇕≀∫⊔ ≀{ ⊔⟨⌉ ⌋↕⊣∫∫⟩⌋⊣↕ }⌉≀⇕⌉⊔∇⟩⌋ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\∫ ⇐CSG⇔ √≀↕†}≀\⊣↕ ⇕⌉∫⟨⌉∫⇔ L↖∫†∫⊔⌉⇕∫⇔ √⊣∇⊔⟩⌋↕⌉ ∫†∫⊔⌉⇕∫⇔ ⟨†√⌉∇⊔⌉§⊔⊓∇⌉∫⇔↙↙↙⇒ ⟩\⊔≀ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⊔⊓∇⌉∫↙ I\ ∫⌉⌋⊔⟩≀\ △⇔ ⊒⌉ ⌈⌉⊣↕ ⊒⟩⊔⟨ ⊔⌉§⌉↕ ⇕⊣√√⟩\}↙

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

⇕⌉⊔⟨≀⌈ √⊣∇∫⌉∫ ⊔⟨⌉ ⊒⟨≀↕⌉ ⊑≀↕⊓⇕⌉ ∫†∫⊔⌉⇕⊣⊔⟩⌋⊣↕↕†⇔ ⊣\⌈ ⟩∫ ∐⊓⟩⊔⌉ ⌋≀∫⊔↕†↙ M≀∇⌉≀⊑⌉∇⇔ \≀⊔ ≀\↕† ⌈≀ ⊒⌉ \⌉⌉⌈ ⊔≀ ‖\≀⊒ ⊔⟨⌉ ⊑≀§⌉↕ ≀⌋⌋⊓√⊣⊔⟩≀\⇔ ⌊⊓⊔ ⊣↕∫≀ ⊔⟨⌉ ↕≀⌋⊣↕ ∇⌉⊙⌉⌋⊔⊣\⌋⌉⇔ ⊒⟨⟩⌋⟨ ⟩⇕√↕⟩⌉∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⇕⌉⊔⟨≀⌈ ⟨⊣∫ ⊔≀ ⌊⌉ ⌉§⊔⌉\⌈⌉⌈↙ CSG⇔ √≀↕†}≀\⊣↕ ⇕⌉∫⟨⌉∫⇔ ⟩⇕√↕⟩⌋⟩⊔ {⊓\⌋⊔⟩≀\∫⇔ √⊣∇⊔⟩⌋↕⌉ ∫†∫⊔⌉⇕∫ ⊣\⌈ L↖∫†∫⊔⌉⇕∫ ∪F⊑DFH∃′⇔ RB∀▽⇔ P⊣∀∀⊎ ⊣∇⌉ √∇⟩⇕⟩⊔⟩⊑⌉↖⌊⊣∫⌉⌈ ⊔⌉⌋⟨\⟩∐⊓⌉∫ ¬ ⊔⟨⌉∫⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\∫ ⌈⌉∫⟩}\ ⊣ ∫⟨⊣√⌉ ⌊† ⌋≀⇕⌊⟩\⟩\} ∫⟩⇕√↕⌉ ∫⟨⊣√⌉∫ ⇐⊔⟨⌉ √∇⟩⇕⟩⊔⟩⊑⌉∫ ⌊⌉⟩\} ∇⌉∫√⌉⌋⊔⟩⊑⌉↕† ⊣ ∫≀↕⟩⌈⇔ ⊣ {⊣⌋⌉⊔⇔ ⊣ ∫‖⌉↕⌉⊔≀\ ⌉↕⌉⇕⌉\⊔⇔ ⊣ ⊔∇⊣|⌉⌋⊔≀∇† ∫⌉}⇕⌉\⊔⇔ ⊣ ⊔⌉∇⇕⟩\⊣↕ ∫†⇕⌊≀↕⇒↙ T⟨⌉ ∫⟩⇕√↕⟩⌋⟩⊔† ≀{ ⊔⟨⌉∫⌉ √∇⟩⇕⟩⊔⟩⊑⌉∫ ⊣↕↕≀⊒∫ ⇕≀∇⌉ ⌉{⊘⌋⟩⌉\⊔ ⊣\⌈ ⊣⌋⌋⊓∇⊣⊔⌉ ⌋≀\⊑⌉∇∫⟩≀\ ⊔⟨⊣\ ∫⊔∇⊣⟩}⟨⊔ ∋D ∫⌋⊣\↖ ⌋≀\⊑⌉∇∫⟩≀\ ¬ ∫⊓⌋⟨ ⊣ √∇⟩⇕⟩⊔⟩⊑⌉⌋⊣\ ⌊⌉ ⌈⌉⊘\⌉⌈ ⌊† ⊣ ⌈⟩∫⊔⊣\⌋⌉ {⊓\⌋⊔⟩≀\⇔ ≀∇ ⇕≀∇⌉ ⌋≀\⊑⌉\⟩⌉\⊔↕† ⌊† ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⊔≀ ⟩⊔∫ ∫⊓∇{⊣⌋⌉⇔ ⇕⊣⌈⌉ \⌉}⊣⊔⟩⊑⌉ ⟩{ ⊔⟨⌉ ⊔⌉∫⊔⌉⌈ √≀⟩\⊔ ⟩∫ ⟩\∫⟩⌈⌉ ⊔⟨⌉ ∫⟨⊣√⌉↙ T⟨⌉ \≀∇⇕⊣↕∫ ⊣∇⌉ }⟩⊑⌉\ ⌊† ⊔⟨⌉ }∇⊣⌈⟩⌉\⊔ ≀{ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ {⊓\⌋⊔⟩≀\↙ T⟨⌉ ⌋≀\⊑⌉∇∫⟩≀\ ≀{ ⊔⟨⌉∫⌉ ⇕≀⌈⌉↕∫ ⟩∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ∫⌉⌋⊔⟩≀\ ∋↙∞↙ O\ ⊔⟨⌉ ⌋≀\⊔∇⊣∇†⇔ ∫⌋⊣\\⌉∇ ⌈⊣⊔⊣ ⊣\⌈ ⟨†√⌉∇⊔⌉§⊔⊓∇⌉∫ ∪PH∀∃⊎ ⌋≀∇∇⌉∫√≀\⌈ ⊔≀ {⊓↕↕ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\∫⇔ {≀∇ ⊒⟨⟩⌋⟨ ⌈⊣⊔⊣ ⟩∫ }⟩⊑⌉\ ⊣⊔ ⌉⊣⌋⟨ ∫√⊣⌋⌉ ↕≀⌋⊣⊔⟩≀\↙ L≀⌋⊣↕ ⌈⌉\∫⟩⊔† ≀∇⟩⌉\⊔⊣⊔⟩≀\ ⊣\⌈ ≀⌋⊔∇⌉⌉ ⌋≀⇕√∇⌉∫∫⟩≀\ ⊣∇⌉ ⊔⟨⌉\ ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⌊† ∫⌋⊣\\⟩\} ⊔⟨⌉ ⊑≀↕⊓⇕⌉↙ W⌉ ⌈⌉⊔⊣⟩↕ ⊔⟨⌉∫⌉ ⇕≀⌈⌉↕∫ ⟩\ ∫⌉⌋⊔⟩≀\ ∋↙∈↙ W⌉ ⊓∫⌉ ⊔⟨⌉ ⊔⌉§⌉↕ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ √∇⌉∫⌉\⊔⌉⌈ ⟩\ ≀⊓∇ √∇⌉⊑⟩≀⊓∫ ⊒≀∇‖ ∪N⌉†∃▽⌊⊎⇔ ⟩\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⌈⊣⊔⊣ ⟩∫ ∫⊔≀∇⌉⌈ ⟩\ ⊣\ ≀⌋⊔∇⌉⌉↙ T≀ ∫⊓⇕ ⊓√ ⊔⟨⌉ √∇≀⌋⌉∫∫⇔ ⊔⟨⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⌋≀∇∇⌉∫√≀\⌈∫ ⊔≀ ⊔⟨⌉ ⊔⟨⟩\\⌉∫⊔ ∫⌋⊣↕⌉ ∅ ⊔⟨⌉\ ⊣ √∇≀√⊣}⊣⊔⟩≀\ ⟩∫ ⊣⌋⟨⟩⌉⊑⌉⌈ ⟩\ ⊔⟨⌉ ⊓√√⌉∇ ∫⊔⊣}⌉∫ ≀{ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ⟩\ ≀∇⌈⌉∇ ⊔≀ √∇⌉⌋≀⇕√⊓⊔⌉ ⊔⟨⌉ ⊘↕⊔⌉∇⌉⌈ ⌈⊣⊔⊣ ⊣⊔ ⊣↕↕ ∇⌉∫≀↕⊓⊔⟩≀\∫∅ ⊘\⊣↕↕† ⊣ ⌋≀⇕√∇⌉∫∫⟩≀\ √⊣∫∫ ⟩∫ ⊣⌋⟨⟩⌉⊑⌉⌈ ⊔≀ ∫⊓√√∇⌉∫∫ ⊓\⊑⊣∇†⟩\} ⟩\{≀∇⇕⊣⊔⟩≀\↙ N≀⊔⌉ ⊔⟨⊣⊔ ⌊† ⊓∫⟩\} ⊣ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ∫⊔≀∇⊣}⌉⇔ ⌊⊓⟩↕⌈⟩\} ⊣ ∫⟨⊣√⌉ ↕≀≀‖∫ ↕⟩‖⌉ √⊣⟩\⊔⟩\} ⟩⊔ ⟩\⊔≀ ⊣ ∋D ⌈∇⊣⊒⟩\}↙ T⟨⟩∫ ⊣↕↕≀⊒∫ ⇕⊣\† ≀√⌉∇⊣⊔⟩≀\∫ ⊒⟨⟩↕⌉ ⌈⌉∫⟩}\⟩\} ⊣ ∫⟨⊣√⌉ ¬ ⟩\∫⊔⌉⊣⌈ ≀{ |⊓∫⊔ ∫⌉⊔⊔⟩\} ⊔⟨⌉ ⊑≀§⌉↕ ⌈⊣⊔⊣⇔ ≀\⌉ ⌋⊣\ ⊣⌈⌈⇔ ∫⊓⌊∫⊔∇⊣⌋⊔⇔ ∫⌉⊔ ≀\↕† ⊔⟨⌉ NDF↙↙↙ T⟨⟩∫ ⟩∫ ⊓∫⌉⌈ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ CSG ≀√⌉∇⊣⊔≀∇∫ ⊣∫ ⊒⌉ ⊒⟩↕↕ ∫⌉⌉ ⟨⌉∇⌉⊣{⊔⌉∇↙ ∋↙∞ P∇⟩⇕⟩⊔⟩⊑⌉↖⌊⊣∫⌉⌈ ⇕≀⌈⌉↕∫ M⊓↕⊔⟩∫⌋⊣↕⌉ ⌈⊣⊔⊣ ∫⊔∇⊓⌋⊔⊓∇⌉∫ ↕⟩‖⌉ ≀⌋⊔∇⌉⌉∫ ⊣∇⌉ ⊒⌉↕↕↖⊣⌈⊣√⊔⌉⌈ ⊔≀ ∇⌉⌋⊓∇∫⟩⊑⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\¬ ∇⌉⌋⊓∇∫⟩⊑⌉ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ∫⊓√√≀∫⌉∫ ⊓∫ ⊔≀ ⌊⌉ ⊣⌊↕⌉ ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⟩{ ⊣ }⟩⊑⌉\ ∫√⊣⌋⌉ ⊣∇⌉⊣ ⟩∫ ⟩\∫⟩⌈⌉⇔ ≀⊓⊔∫⟩⌈⌉ ≀∇ ≀\ ⊔⟨⌉ {∇≀\⊔⟩⌉∇ ≀{ ⊣ ∫⟨⊣√⌉⇔ ⟩\ ⊔⟨⌉ ∫⊣⇕⌉ ∫√⟩∇⟩⊔ ≀{ ⊔⟨⌉ W⊣∇\≀⌋‖ ⊣↕}≀∇⟩⊔⟨⇕ ⟩\ ∈D ∪F⊑DFH∃′⊎↙ T⟨⌉ {⊓\⌋⊔⟩≀\ ⊒⟨⟩⌋⟨ }⟩⊑⌉∫ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ {∇≀⇕ ⊣ ⊔⌉∫⊔⌉⌈ √≀⟩\⊔ ⊔≀ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉ ≀{ ⊔⟨⌉ ∫⟨⊣√⌉ ⊔≀ ⌊⌉ ⌊⊓⟩↕⊔⇔ ⌋≀\⊑⌉\⟩⌉\⊔↕† ⇕⊣⌈⌉ \⌉}⊣⊔⟩⊑⌉ ⟩\∫⟩⌈⌉ ⊔⟨⌉ ∫⟨⊣√⌉⇔ √∇≀⊑⟩⌈⌉∫ ⊣ ⊒⊣† ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⊔⟨⌉ ∫⊔⊣⊔⊓∫ ≀{ ⊣ ⊑≀§⌉↕ ∇⌉}⊣∇⌈⟩\} ⊔⟨⌉ ∫⟨⊣√⌉ ⇐∫⌉⌉ ⊘}⊓∇⌉ ∈⇒ ¬ • ⟩{ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ {∇≀⇕ ⊔⟨⌉ ⌋⌉\⊔⌉∇ ≀{ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⊑≀§⌉↕ ⇐⟩\⟩⊔⟩⊣↕↕† ⊔⟨⌉ ∇≀≀⊔ ≀{ ⊔⟨⌉ ≀⌋⊔∇⌉⌉⇒ ⟩∫ }∇⌉⊣⊔⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ∇⊣⌈⟩⊓∫ ≀{ ⊔⟨⌉ ∫√⟨⌉∇⌉ ⌊≀⊓\⌈⟩\} ⊔⟨⌉ ⊑≀§⌉↕⇔ ⊔⟨⌉ ⊑≀§⌉↕ ⟩∫ ≀⊓⊔∫⟩⌈⌉ ⊔⟨⌉ ∫⟨⊣√⌉↙ • ⟩{ ⊔⟨⟩∫ ⌈⟩∫⊔⊣\⌋⌉ ⟩∫ \⌉}⊣⊔⟩⊑⌉⇔ ⟩⊔∫ ⊣⌊∫≀↕⊓⊔⌉ ⊑⊣↕⊓⌉ ⌊⌉⟩\} }∇⌉⊣⊔⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ∇⊣⌈⟩⊓∫⇔ ⊔⟨⌉ ⊑≀§⌉↕ ⟩∫ ⟩\∫⟩⌈⌉ ⊔⟨⌉ ∫⟨⊣√⌉↙ • ≀⊔⟨⌉∇⊒⟩∫⌉ ⊔⟨⌉ ⊑≀§⌉↕ ⟩∫ √∇≀⌊⊣⌊↕† ≀\ ⊔⟨⌉ {∇≀\⊔⟩⌉∇⇔ ∫≀ ⊒⌉ ∫√↕⟩⊔ ⊔⟨⌉ ⊑≀§⌉↕ ⟩\⊔≀ ⌉⟩}⟨⊔ ⌋⟨⟩↕⌈∇⌉\⇔ ⊣\⌈ ⊣√√↕† ⊔⟨⟩∫ ⊣↕}≀∇⟩⊔⟨⇕ ⊔≀ ⌉⊣⌋⟨ ⌋⟨⟩↕⌈↙ I{ ⊔⟨⌉ ⇕⟩\⟩⇕⊓⇕ ∫⟩‡⌉ ⟩∫ ∇⌉⊣⌋⟨⌉⌈⇔ ⊒⌉ ⌉⊑⊣↕⊓⊣⊔⌉ ⊣\⌈ ∫⊔≀∇⌉ ⊔⟨⌉ }⌉≀⇕⌉⊔∇⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⊔≀ ⊔⟨⟩∫ ⊣∇⌉⊣ ≀{ ∫√⊣⌋⌉↙ N≀⊔⌉ ⊔⟨⊣⊔ }⌉⊔⊔⟩\} ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ {⊓\⌋⊔⟩≀\ ⟩∫ ⌉⊣∫† {≀∇ ∫⟩⇕√↕⌉ √∇⟩⇕⟩⊔⟩⊑⌉∫ ∫⊓⌋⟨ ⊣∫ ∫√⟨⌉∇⌉ ≀∇ ⌋†↕⟩\⌈⌉∇⇔ ⊣\⌈ ⊔⟨⊣⊔ \≀∇⇕⊣↕∫ ⌋⊣\ ⌈⟩∇⌉⌋⊔↕† ⌊⌉ ≀⌊⊔⊣⟩\⌉⌈ ⌊† ⌋≀⇕√⊓⊔⟩\} ⊔⟨⌉ }∇⊣⌈⟩⌉\⊔↙ W⌉ ⟨⊣⊑⌉ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊣ ↕⊣∇}⌉ ⊣⇕≀⊓\⊔ ≀{ √∇⟩⇕⟩⊔⟩⊑⌉∫⇔ ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ ⌈⟩∇⌉⌋⊔↕† ⊓∫⌉⌈ ⟩\ ⊣ ⌈⌉⌋↕⊣∇⊣⊔⟩⊑⌉ ∫⌋∇⟩√⊔↙ F≀∇ ⟩\∫⊔⊣\⌋⌉⇔ ⊣ ∫√⟨⌉∇⌉ {C, r} ⟩∫ ≀⌊⊔⊣⟩\⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ {⊓\⌋⊔⟩≀\ d(M, sphere) = | −−→ M C| − r which gives the criterion function12(1 −^d_{rvoxel} ) that is greater than 1 if the voxel is outside the shape, less than 0 if the voxel is inside, and in [0, 1] if the voxel contains the frontier.

Fig. 2. Recursive volumetric construction of a shape (ffgured in 2D)

CSG operators like union or intersection are easy to implement : a new shape is combined with the previous ones by using a special drawing mode which adds values to existing ones in the voxels instead of setting the new value. Evaluating a whole CSG tree requires computing each sub-tree in separated volumes.

Primitives are also used to paint ‘skeleton’ representations such as L-systems and particle systems in the reference volume : successive segments are drawn in the volume using cone or cylinder primitives.

Triangular meshes are represented in the same way using the triangle primitive : the Euclidean distance from a point to a triangle can be easily obtained. The NDF is constant and is equal to the triangle normal. (Note that we draw the mesh surface and not the enclosed volume.)

We have also implemented implicit functions in the same spirit : a distance function can be approximated using the potential, since the only necessary properties for the function are that it be zero on the surface and to not increase any faster than the Euclidean distance (otherwise a voxel can be declared outside instead of ambiguous). Our approximation of the distance is 1^√_{pot} − ∞⇔ ⊒⟨⌉∇⌉ pot(M ) =P π_i/d2_i with π_i and d_i(M ) being respectively the weight and the Euclidean distance of a skeleton element (point, segment or triangular face).

Fig. 3. Texel conversionof: CSG, L-system, particle system, mesh, implicit surface.

3.2 Volumetric models

Volumes are another kind of data : medical CT-scan data (explicit ffeld) or hypertexture obtained from Perlin noise [Per85] (procedural ffeld). Distances cannot easily be obtained since the data does not really represent a surface. We have to use a volumetric scan-conversion : we scan the data at the thinnest resolution, and we create the octree voxel hierarchy Ψon the fiy˚ only where non empty space is found.

With Perlin noise, the normals are obtained by gradient computation. For pure volumetric density data such as CT-scan data, the density gradient has to be numerically estimated from a neighborhood (this gives poorer results, which shows that direct knowledge of the NDF is more important at this scale than the density distribution).

Fig. 4. Texel conversion of hypertexture(left) and tomographicimage (middle). right: cyclic hypertexturepattern.

3.3 Discussion of the model • V≀§⌉↕⟩‡⟩\} ⊣ ∫⟨⊣√⌉ ⌊∇⟩\}∫ ≀{ ⌋≀⊓∇∫⌉ ∫≀⇕⌉ ⊣√√∇≀§⟩⇕⊣⊔⟩≀\∫ ¬ {∇≀⇕ ⊣ ∫⟨≀∇⊔ ∇⊣\}⌉⇔ ∫⟨⊣√⌉∫ ∫⌉⌉⇕ ⇕⊣⌈⌉ ≀{ ⌊∇⟩⌋‖∫ ⊣\⌈ ⊣∇⌉ ⊣ ⌊⟩⊔ ⌊↕⊓∇∇⌉⌈↙ T≀ ⊣⊑≀⟩⌈ ∫⊓⌋⟨ ⌉{{⌉⌋⊔∫⇔ ⊔⟨⌉ ⊑≀↕⊓⇕⌉ ∇⌉∫≀↕⊓⊔⟩≀\ ⟨⊣∫ ⊔≀ ⊘⊔ ⊔⟨⌉ ⌋↕≀∫⌉∫⊔ √≀⟩\⊔ ≀{ ⊑⟩⌉⊒ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫↙ T⟨⟩∫ ⌋⊣\ ⌊⌉ ⇕⌉⇕≀∇†↖⌋≀\∫⊓⇕⟩\}↙ B⊓⊔ ≀\⌉ ⟨⊣∫ ⊔≀ ‖⌉⌉√ ⟩\ ⇕⟩\⌈ ⊔⟨⊣⊔ ⊔⌉§⌉↕∫ ⊣∇⌉ ⌊⊓⟩↕⊔ ⊔≀ ∇⌉√∇⌉∫⌉\⊔ ∫⇕⊣↕↕ ⌈⌉⊔⊣⟩↕∫ ⟩\ ⌋≀⇕√↕⌉§ ∫⌋⌉\⌉∫ ∅ ⊔⟨⌉† ⊣∇⌉ \≀⊔ ∫⊓√√≀∫⌉⌈ ⊔≀ ⟨⊣\⌈↕⌉ ∫⟨≀∇⊔↖∇⊣\}⌉ ⊑⟩⌉⊒√≀⟩\⊔∫↙ I\ ∫⊓⌋⟨ ⌋⊣∫⌉∫⇔ ⊣ ⊔∇⊣\∫⟩⊔⟩≀\ ⊒⟩⊔⟨ √≀↕†⟨⌉⌈∇⊣↕ }⌉≀⇕⌉⊔∇† ⌋⊣\ ⌊⌉ ⇕⊣⌈⌉ ∪N≀⇕∃▽⊎↙ • I{ ⌈⊓√↕⟩⌋⊣⊔⌉⌈ ⊒⟩⊔⟨≀⊓⊔ ⊣\† ⊑⊣∇⟩⊣⊔⟩≀\⇔ ⊔⟨⌉ ⊔⌉§⊔⊓∇⌉ ⊒⟩↕↕ ↕≀≀‖ ⊑⌉∇† ∇⌉√⌉⊔⟩⊔⟩⊑⌉↙ T⟨⟩∫ √∇≀⌊↕⌉⇕ ⟩∫ ⌈⌉⊣↕⊔ ⊒⟩⊔⟨ ⟩\ ∫⌉⌋⊔⟩≀\ △↙∋↙ • C≀↕≀∇ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⟩∫ \≀⊔ ⟨⊣\⌈↕⌉⌈ ⌊† ⊔⟨⌉ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⇕≀⌈⌉↕ ⊒⟨⟩⌋⟨ ⟩∫ ⊣ √⊓∇⌉ }⌉≀⇕⌉⊔∇⟩⌋ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⇐⟩⊔ ⟩∫ \≀⊔ ⌉⊣∫† ⊔≀ ⊘↕⊔⌉∇ ⌋≀↕≀∇⌉⌈ }⌉≀⇕⌉⊔∇†⇒↙ I\ √∇⌉⊑⟩≀⊓∫ √⊣√⌉∇∫ ∪KK∀∃⇔ S⟨⟩∃∈⇔ N⌉†∃▽⌊⇔ N≀⇕∃▽⊎⇔ ⊣ ⌋≀↕≀∇ ⇕⊣⊔⌉∇⟩⊣↕ ⟩∫ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⊣ ⊒⟨≀↕⌉ √⊣⊔⊔⌉∇\↙ W⌉ ⊣⌈⌈∇⌉∫∫ ⊔⟨⟩∫ √∇≀⌊↕⌉⇕ ⟩\ ⊔⊒≀ ⊒⊣†∫ ¬ ⌊† ⇕⌉∇}⟩\} ∫⌉√⊣∇⊣⊔⌉⌈ ⊔⌉§⌉↕∫ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊔≀ ⌈⟩{{⌉∇⌉\⊔ ⇕⊣⊔⌉∇⟩⊣↕∫⇔ ⊒⟨⟩⌋⟨ ⟩∫ ↕⟩⇕⟩⊔⌉⌈ ⌊⊓⊔ ⌉⊣∫† ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ ⟩\ ⊑≀↕⊓⇕⌉ ∇⌉\⌈⌉∇⟩\}⇔ ⊣\⌈ ⌊† ⟩⇕√↕⌉⇕⌉\⊔⟩\} ⌋↕⊣∫∫⟩⌋⊣↕ ⊔⌉§⊔⊓∇⌉∫ ⇐√⟩⌋⊔⊓∇⌉ ≀∇ √∇≀⌋⌉⌈⊓∇⊣↕⇒ ⊔⟨⊣⊔ ⊣∇⌉ ⊓∫⌉⌈ ⟩\∫⟩⌈⌉ ⊔⌉§⌉↕∫↙

F⟩}↙ ▽↙ ↕⌉{⊔¬ ∇⌉⊣↕ ⇐⊔≀√⇒ ⊣\⌈ ⊔⌉§⌉↕⟩‡⌉⌈ ⇐⌊≀⊔⊔≀⇕⇒⇕⌉∫⟨⌉∫↙ ⇕⟩⌈⌈↕⌉¬ ⊔⌉§⊔⊓∇⌉⌈ ⊔⌉§⌉↕↙ ∇⟩}⟨⊔¬ ⇕⌉∇}⟩\} ≀{ ⊔⊒≀ ⌋≀↕≀∇⌉⌈ ⊔⌉§⌉↕∫↙ △ M⊣√√⟩\} T⌉§⌉↕∫ P∇⌉⊑⟩≀⊓∫ √⊓⌊↕⟩⌋⊣⊔⟩≀\∫ ≀\ ⊔⌉§⌉↕∫ ⊓∫⌉ ⊣ ⊑⌉∇† ∫⟩⇕√↕⌉ ⇕⊣√√⟩\}⇔ ∇⌉∐⊓⟩∇⟩\} ⊣\ ⊓\⌈⌉∇↕†⟩\} ∫⊓∇{⊣⌋⌉ ⇕⊣⌈⌉ ≀{ ⌊⟩↕⟩\⌉⊣∇ √⊣⊔⌋⟨⌉∫ ≀\ ⊒⟨⟩⌋⟨ ⊔⌉§⌉↕∫ ⊣∇⌉ √↕⊣⌋⌉⌈↙ T⟨⌉ ⌊⊣∫⌉ ≀{ ⌉⊣⌋⟨ ⊔⌉§⌉↕ ⟩∫ ⊘⊔⊔⌉⌈ ⊔≀ ⊔⟨⌉ √⊣⊔⌋⟨ ⊣\⌈ ⊔⟨⌉⟩∇ ⊑⌉∇⊔⟩⌋⊣↕ ∫⟩⌈⌉∫ ⊣∇⌉ ⌈⌉{≀∇⇕⌉⌈ ⟩\ ≀∇⌈⌉∇ ⊔≀ ∫⊔⟩⌋‖ ⊔≀ ⊣⌈|⊣⌋⌉\⊔ ⊔⌉§⌉↕∫↙ T⟨⟩∫ ⌋≀\∫⊔∇⊣⟩\∫ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉ ⇕⌉∫⟨⇔ ⊣\⌈ ∫⊓√√≀∫⌉∫ ⊔⟨⊣⊔ ⊔⟨⌉ ≀∇⟩⌉\⊔⊣⊔⟩≀\ ⊣\⌈ ⊔⟨⌉ ∫⟩‡⌉ ≀{ ⊔⟨⌉ ⊔⌉§⌉↕∫ ⌋≀∇∇⌉∫√≀\⌈ ⊔≀ ⊔⟨⌉ ≀\⌉∫ ≀{ ⊔⟨⌉ √⊣⊔⌋⟨⌉∫↙ W⌉ ∫√⌉⌋⟩{† ⟩\ ∫⌉⌋⊔⟩≀\ △↙∞ ⊣ }⌉\⌉∇⊣↕ ⊔⌉§⌉↕ ⇕⊣√√⟩\} ⟩\ ⊔⟨⌉ ∫⊣⇕⌉ ⊒⊣† ⊔⟨⊣⊔ ⊔⟨⌉ ∈D ⇕⊣√√⟩\} ⟩∫ ⌈⌉⊘\⌉⌈⇔ ≀{{⌉∇⟩\} \⌉⊒ ⌈⌉}∇⌉⌉∫ ≀{ {∇⌉⌉⌈≀⇕↙ T⟨⌉ ⟩⌈⌉⊣ ⟩∫ ⊔≀ ⟩\⊔∇≀⌈⊓⌋⌉ ∋D ⊔⌉§⊔⊓∇⌉ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ⟩\∫⟩⌈⌉ ⊔⟨⌉ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ↕⊣†⌉∇ ⊔≀ ∫√⌉⌋⟩{† ⊔⟨⌉ ⊔⌉§⌉↕ ⇕⊣√√⟩\}↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊓\↕⟩‖⌉ ∈D ⊔⌉§⊔⊓∇⌉∫ ⊒⟨⌉∇⌉ ⊔⟨⌉ ⌋≀↕≀∇ ⌋≀⇕√⊓⊔⊣⊔⟩≀\ ⟩∫ ∫⌉√⊣∇⊣⊔⌉⌈ {∇≀⇕ ⊔⟨⌉ ∇⊣† ∫⌋⌉\⌉ ⊔∇⊣⊑⌉∇∫⊣↕⇔ ⟩\ ⊑≀↕⊓⇕⌉∫ ∇⊣†∫ ⟨⊣⊑⌉ ⊔≀ ⊔∇⊣⊑⌉∇∫⌉ ⊔⟨⌉ ⊔⌉§⊔⊓∇⌉↙ W⌉ ⌈⌉∫⌋∇⟩⌊⌉ ⊔⟨⟩∫ ∇⊣† ⊔∇⊣⊑⌉∇∫⊣↕ ⟩\ ∫⌉⌋⊔⟩≀\ △↙∈↙ W⌉ ⌉§√↕⊣⟩\ ⟩\ ∫⌉⌋⊔⟩≀\ △↙∋ ⟨≀⊒ ⊔≀ ⌈⌉⌋∇⌉⊣∫⌉ ⊔⟨⌉ ∇⌉√⌉⊔⟩⊔⟩⊑⌉ ⊣√√⌉⊣∇⊣\⌋⌉ ≀{ ⊔⟨⌉ ⇕⊣√√⟩\}↙ △↙∞ M⊣√√⟩\} ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ W⌉ ⊓∫⌉ ∫⊓∇{⊣⌋⌉∫ ⌋≀\∫⟩∫⊔⟩\} ≀{ ⊔∇⟩⊣\}↕⌉∫ ⊣\⌈ ⌊⟩↕⟩\⌉⊣∇ √⊣⊔⌋⟨⌉∫↙ T⟨⟩∫ ⊣↕↕≀⊒∫ ⊔⟨⌉ ⊓∫⌉ ≀{ ⊣↕⇕≀∫⊔ ⊣\† ⇕⌉∫⟨ ⊔†√⌉⇔ ∫⟩\⌋⌉ √≀↕†}≀\∫ ⊒⟩⊔⟨ ⇕≀∇⌉ √≀⟩\⊔∫ ⌋⊣\ ⌊⌉ ⌈⌉⌋≀⇕√≀∫⌉⌈ ⟩\⊔≀ ⊔∇⟩⊣\}↕⌉∫ ⊣\⌈

∐⊓⊣⌈∇⟩↕⊣⊔⌉∇⊣↕∫↙ T⟨⌉ ∫⟩‡⌉ ⊣\⌈ ⊔⟨⌉ ≀∇⟩⌉\⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ √≀↕†}≀\∫ ⊣∇⌉ ⟩\⌈⌉√⌉\⌈⌉\⊔ ≀{ ⊔⟨⌉⟩∇ ⊔⌉§⌉↕ ⌋≀⊓\⊔⌉∇√⊣∇⊔∫↙ W⌉ ⊣∫∫≀⌋⟩⊣⊔⌉ ⊔≀ ⌉⊣⌋⟨ ⊑⌉∇⊔⌉§ ⊣ ⊑⌉⌋⊔≀∇ H ⌋⊣↕↕⌉⌈ ⊣ ⟨⌉⟩}⟨⊔ ⊑⌉⌋⊔≀∇ ⊒⟨⟩⌋⟨ ⌋≀\⊔∇≀↕∫ ⊔⟨⌉ ⊔⌉§⌉↕ ⊢⌋≀⇕⌊⟩\}≃⇔ ⊣\⌈ ⊣ ⊑⌉⌋⊔≀∇ ⊓ = (u, v, w) which gives the texture coordinate at the point. Also we deffne a scalar dw such that the vertex at the top of H has a texture coordinate (u, v, w + dw). In most cases w = 0 and dw = 1. Kajiya’s mapping corresponds to surfaces composed only of bilinear patches, and successive integer values for u and v at vertices ↼the texel bounds coincide to the patch bounds↽▷ Note that we use three different coordinate systems . the spatial one S ⊒⟨⌉∇⌉ ⊔⟨⌉ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ⊣∇⌉ (x, y, z), the thick skin space F ⊣⊔⊔⊣⌋⟨⌉⌈ ⊔≀ ⊔⟨⌉ {⊣⌋⌉∫ ⊒⟨⌉∇⌉ ⊔⟨⌉ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ⊣∇⌉ (U, V, W ) ( W = 0 on the face, W = 1 on the top of the layer, and (U, V ) are barycentric coordinates of the face), and the texture space T ⊒⟨⌉∇⌉ ⊔⟨⌉ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ⊣∇⌉ (u, v, w) (see ffgure 6).

Fig. 6. draft: The parameterization F ⟩∫ \≀∇⇕⊣↕⟩‡⌉⌈ ⊒⟩⊔⟨⟩\ ⊔⟨⌉ {⊣⌋⌉↙ T⟨⌉ √⊣∇⊣⇕⌉⊔⌉∇⟩‡⊣⊔⟩≀\∫ S ⊣\⌈ T ⊣∇⌉ ⟩\⊔⌉∇√≀↕⊣⊔⌉⌈ ⊓∫⟩\} F ⊣\⌈ ‖\≀⊒⟩\} ⊔⟨⌉ ⊑⊣↕⊓⌉∫ ⊣⊔ ⊔⟨⌉ ⊑⌉∇⊔⟩⌋⌉∫↙ ⊔≀√ ↕⌉{⊔ ¬ ⊔⟨⌉ ⌊≀§⌉∫ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⊔≀ ⊔⟨⌉ {⊣⌋⌉∫↙ ⌊≀⊔⊔≀⇕ ↕⌉{⊔ ¬ ⊔⟨⌉ ∇⌉{⌉∇⌉\⌋⌉ ⊑≀↕⊓⇕⌉↙ ⊔≀√ ∇⟩}⟨⊔ ¬ K⊣|⟩†⊣≃∫ ⇕⊣√√⟩\}¬ ≀\⌉ ⊔⌉§⌉↕ ⊘⊔∫ ≀\⌉ {⊣⌋⌉ ⇐{≀∇ ⌋↕⊣∇⟩⊔† ⊒⌉ ⟨⊣⊑⌉ ≀\↕† ⇕⊣√√⌉⌈ ⊔⟨⌉ ⌋⌉\⊔∇⊣↕ ⌊≀§⇒↙ ⌊≀⊔⊔≀⇕ ∇⟩}⟨⊔ ¬ }⌉\⌉∇⊣↕ ⇕⊣√√⟩\} ⌈⌉⊘\⌉⌈ ⌊† ⊔⟨⌉ (u, v, w) at the eight vertices (central box only). Let us call the thick skin area corresponding to the faces boxes (in Kajiya’s mapping boxes and texels are equivalent, i.e. T = F⇒↙ A∫∫⊓⇕⟩\} ⊔⟨⊣⊔ ⊣ ⊔∇⟩⊣\}↕⌉ ⟩∫ ⊣ ⌈⌉}⌉\⌉∇⊣⊔⌉⌈ ⌊⟩↕⟩\⌉⊣∇ √⊣⊔⌋⟨⇔ ⊔⟨⌉ ⊔∇⊣\∫{≀∇⇕⊣⊔⟩≀\∫ F → S ⊣\⌈ F → T ⊣∇⌉ ⊔∇⟩↕⟩\⌉⊣∇ ⟩\⊔⌉∇√≀↕⊣⊔⟩≀\∫ ⇐∫√⊣⊔⟩⊣↕ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ⊣\⌈ ⊔⌉§⊔⊓∇⌉ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ⊣⊔ ⊣\† √≀⟩\⊔ ⊣∇⌉ ≀⌊⊔⊣⟩\⌉⌈ {∇≀⇕ ⊔⟨⌉ ⊑⊣↕⊓⌉∫ ⊣⊔ ⊔⟨⌉ ⌉⟩}⟨⊔ ⊑⌉∇⊔⟩⌋⌉∫⇒↙ A∫ ⟩\ √∇⌉⊑⟩≀⊓∫ ⊒≀∇‖ ∪KK∀∃⊎⇔ ⊣ ⇕⊣⊔⌉∇⟩⊣↕ √≀⟩\⊔⌉∇ ⟩∫ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊔≀ ⌉⊣⌋⟨ {⊣⌋⌉⇔ ⊒⟨⟩⌋⟨ ⟩\⌈⟩⌋⊣⊔⌉∫ ⊔⟨⌉ ∇⌉{⌉∇⌉\⌋⌉ ⊑≀↕⊓⇕⌉ ⊔≀ ⊓∫⌉ ⊣⊔ ⊔⟨⟩∫ √↕⊣⌋⌉⇔ ⊣\⌈ ⊒⌉ ⊓∫⌉ ⌋↕⊣∫∫⟩⌋⊣↕ P⟨≀\} ⇕⊣⊔⌉∇⟩⊣↕ ⌈⌉∫⌋∇⟩√⊔⟩≀\⇔ ∫⊓⌋⟨ ⊣∫ ⊣⇕⌊⟩⌉\⊔ ⌈⟩{{⊓∫⌉ ⊣\⌈ ∫√⌉⌋⊓↕⊣∇ ⌋≀↕≀∇⇔ ⊣\⌈ ∇≀⊓}⟨\⌉∫∫↙ T⟨⌉ ⇕⊣⊔⌉∇⟩⊣↕ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⟩∫ ∫↕⟩}⟨⊔↕† ⇕≀∇⌉ ⌋≀⇕√↕⟩⌋⊣⊔⌉⌈ ⟩\ ≀⊓∇ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ∫⟩\⌋⌉ ⊒⌉ ⊣↕↕≀⊒ ⊔⟨⌉ ⇕⌉∇}⟩\} ≀{ ⊔⌉§⌉↕∫ ⟩\ ⊔⟨⌉ ∫⊣⇕⌉ ⊑≀↕⊓⇕⌉⇔ ⊔⟨⌉ ∫⊓√⌉∇√≀∫⟩\} ≀{ ⊔⌉§⌉↕ ↕⊣†⌉∇∫⇔ ≀∇ ⊔⟨⌉ ⊣⌋⟨⟩⌉⊑⌉⇕⌉\⊔ ≀{ ≀√⌉∇⊣⊔⟩≀\∫ ∫⊓⌋⟨ ⊣∫ ∫⌋⊣↕⟩\}⇔ √⌉∇⇕⊓⊔⟩\} ≀∇⟩⌉\⊔⊣⊔⟩≀\⇔ ⊣\⌈ ∫≀ ≀\↙ M≀∇⌉≀⊑⌉∇⇔ P⟨≀\} √⊣∇⊣⇕⌉⊔⌉∇∫ ⌋⊣\ ⌊⌉ ⌈⌉⊘\⌉⌈ ⌊† ∈D ⊔⌉§⊔⊓∇⌉ {⊓\⌋⊔⟩≀\∫ ∫⊓⌋⟨ ⊣∫ ⊣\ ⟩⇕⊣}⌉ ⇕⊣√ ≀∇ ⊣ P⌉∇↕⟩\ ∋D \≀⟩∫⌉↙ T⟨⟩∫ ⟩∫ ⊣⌋⟨⟩⌉⊑⌉⌈ ⌊† ⊣⌈⌈⟩\} ∫≀⇕⌉ ⟩⊔⌉⇕∫ ⊣\⌈ ↕⟩\‖⟩\} ⊔⟨⌉ ⇕⊣⊔⌉∇⟩⊣↕ ⌈⌉∫⌋∇⟩√⊔≀∇∫ ⊓∫⌉⌈ {≀∇ ⊔⟨⌉ ∫⊣⇕⌉ {⊣⌋⌉↙ △↙∈ T⌉§⊔⊓∇⌉ ⊔∇⊣⊑⌉∇∫⊣↕ ⊒⟨⟩↕⌉ ∇⌉\⌈⌉∇⟩\} W⌉ √∇⌉⌋≀⇕√⊓⊔⌉ ⊣ ⌊≀⊓\⌈⟩\} ∫√⟨⌉∇⌉ ⊣\⌈ ⊣ }∇⟩⌈ ⊣∇≀⊓\⌈ ⊔⟨⌉ ∫⊓∇{⊣⌋⌉⇔ ⊣\⌈ ⊣ ⌊≀⊓\⌈⟩\} ∫√⟨⌉∇⌉ {≀∇ ⌉⊣⌋⟨ {⊣⌋⌉ ⟩\⌋↕⊓⌈⟩\} ⊔⟨⌉ ⊔⌉§⌉↕ ⊔⟨⟩⌋‖\⌉∫∫ ⇐∫⌉⌉ ⊘}⊓∇⌉ ⇒↙ D⊓∇⟩\} ⊔⟨⌉ ⊔∇⊣⌋⟩\} ≀{ ⊣ ∇⊣†⇔ ⊔⟨⟩∫ ↕⌉⊣⌈∫ ⌉{⊘⌋⟩⌉\⊔↕† ⊔≀ ⊔⟨⌉ ⊘∇∫⊔ {⊣⌋⌉ ⟩\⊔⌉∇∫⌉⌋⊔⌉⌈ ⌊† ⊔⟨⌉ ∇⊣†↙ T⌉§⌉↕∫ ∫⊔⟩⌋‖ ⊔≀ ⌉⊣⌋⟨ ≀⊔⟨⌉∇ ∫≀ ⊔⟨⊣⊔ ⟩\ ⇕≀∫⊔ ⌋⊣∫⌉∫ ≀\↕† ⊔⟨⌉ ⊓√√⌉∇ ⊣\⌈ ↕≀⊒⌉∇ ∫⊓∇{⊣⌋⌉∫ ⟨⊣⊑⌉ ⊔≀ ⌊⌉ ⊔⌉∫⊔⌉⌈ {≀∇ ⟩\⊔⌉∇∫⌉⌋⊔⟩≀\↙ W⟨⌉\ ⌉\⊔⌉∇⟩\} ⟩\∫⟩⌈⌉ ⊔⟨⌉ ∫‖⟩\ ∫√⊣⌋⌉⇔ ⊒⌉ ↕⌉⊣⊑⌉ ⌋↕⊣∫∫⟩⌋⊣↕ ∇⊣†↖⊔∇⊣⌋⟩\}↙ T⟨⌉ ∇⊣† ⊔∇⊣⊑⌉∇∫⊣↕ ⟩\∫⟩⌈⌉ ⊔⟨⟩∫ ∫√⊣⌋⌉ ⊓∫⌉∫ ⊔⟨⌉ \⌉⟩}⟨⌊≀∇⟨≀≀⌈ ⌋≀⟨⌉∇⌉\⌋⌉ ≀{ {⊣⌋⌉∫⇔ ∫≀ ⊔⟨⊣⊔ ⊒⌉ |⊓∫⊔ ⟨⊣⊑⌉ ⊔≀

F⟩}↙ ↙ ↕⌉{⊔¬ ⊔⟨⟩⌋‖ ∫‖⟩\ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\↙ ∇⟩}⟨⊔¬ }∇⟩⌈ ⊣\⌈ ⌊≀⊓\⌈⟩\}⌊≀§⌉∫ ⊓∫⌉⌈ {≀∇ ⌉{⊘⌋⟩⌉\⊔ ∇⊣†↖∫‖⟩\ ⟩\⊔⌉∇∫⌉⌋⊔⟩≀\ ⌋≀⇕√⊓⊔⊣⊔⟩≀\↙ ⌋≀⇕√⊓⊔⌉ ⊔⟨⌉ √≀⟩\⊔ ⊒⟨⌉∇⌉ ⊔⟨⌉ ∇⊣† ↕⌉⊣⊑⌉∫ ⊔⟨⌉ ⌊≀§⇔ ⊔⟨⊓∫ √∇≀⊑⟩⌈⟩\} ⊔⟨⌉ \⌉§⊔ ⌋∇≀∫∫⌉⌈ ⌊≀§↙ T⟨⟩∫ √⊣∇⊔ ≀{ ⊔⟨⌉ ⊔∇⊣⊑⌉∇∫⊣↕ ⟩∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ √∇⌉⊑⟩≀⊓∫ ⊣∇⊔⟩⌋↕⌉∫ ∪KK∀∃⇔ N⌉†∃▽⌊⊎↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊒⌉ ≀\↕† ⟨⊣⊑⌉ ⊔≀ ⌋≀⇕√⊓⊔⌉ ⟩\⊔⌉∇∫⌉⌋⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⊣ ∇⊣† ⊣\⌈ ⌊⟩↕⟩\⌉⊣∇ √⊣⊔⌋⟨⇔ ⊒⟨⟩⌋⟨ ↕⌉⊣⌈∫ ⊔≀ ⊣ ∫⟩⇕√↕⌉ ∈ × ∈ Q1 system1 to solve▷ At this stage we can switch to the F ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊔≀ ⊔⟨⌉ ∫‖⟩\ ∫√⊣⌋⌉↙ F≀∇ K⊣|⟩†⊣≃∫ ∫⟩⇕√↕⌉ ⇕⊣√√⟩\}⇔ T ⊣\⌈ F ⊣∇⌉ ⟩⌈⌉\⊔⟩⌋⊣↕⇔ ≀⊔⟨⌉∇⊒⟩∫⌉ ⊒⌉ ⟨⊣⊑⌉ ⊔≀ ⌋∇≀∫∫ ⊣↕∫≀ ⊔⟨⟩∫ F ∫√⊣⌋⌉ ⌊⌉{≀∇⌉ ⊣⌋⌋⌉∫∫⟩\} ⊔≀ ⊣ ∫⟩\}↕⌉ ⊔⌉§⌉↕ ⊣∇⌉⊣↙ T⟨⟩∫ ∫⊔⊣}⌉ ⇐∫⌉⌉ ⊘}⊓∇⌉ ∀⇒ ⌈≀⌉∫ \≀⊔ ⌉§⟩∫⊔ ⟩\ √∇⌉⊑⟩≀⊓∫ ⇕⌉⊔⟨≀⌈∫↙ N≀⊔⌉ ⊔⟨⊣⊔ ⟩\ ⊔⟨⌉ ∫‖⟩\ ⌋≀≀∇⌈⟩\⊣⊔⌉ ∫†∫⊔⌉⇕⇔ ⊔⟨⌉ ∇⊣† \≀ ↕≀\}⌉∇ √∇≀√⊣}⊣⊔⌉∫ ⟩\ ⊣ ∫⊔∇⊣⟩}⟨⊔ ↕⟩\⌉↙ T⟨⌉ ⊔∇⟩↕⟩\⌉⊣∇ ⌈⌉{≀∇⇕⊣⊔⟩≀\ ⌊⌉⟩\} ∫⇕⊣↕↕⇔ ⊒⌉ ⌋⊣\ ⌉⟩⊔⟨⌉∇ ⊓∫⌉ ⊣ ∫⟩⇕√↕⌉ ⟩⊔⌉∇⊣⊔⟩⊑⌉ ∫⌋⟨⌉⇕⌉ ⊔⟨⊣⊔ }⟩⊑⌉∫ ⌋≀∇∇⌉⌋⊔ ⟩\⊔⌉∇∫⌉⌋⊔⟩≀\∫ ≀\ ⊔⟨⌉ (u, v, w) grid2, or approximate the path by a straight line, which is generally sufffcient. In the last case, this stage of the traversal is a regular grid crossing, which is easy to implement.

Between two slices of the (u, v, w) grid we are in a texel, so we switch to the reference volume (i.e. the T ∫√⊣⌋⌉⇒ ⊔⟨⊣⊔ ⊒⌉ ⌋∇≀∫∫ ↕⟩\⌉⊣∇↕†↙ T⟨⟩∫ √⊣∇⊔ ≀{ ⊔⟨⌉ ⊑≀↕⊓⇕⌉ ⊔∇⊣⊑⌉∇∫⊣↕ ⟩∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ≀⊓∇ √∇⌉⊑⟩≀⊓∫ √⊣√⌉∇ ∪N⌉†∃▽⌊⊎⇔ ⊣\⌈ ⟩∫ ∫⟩⇕⟩↕⊣∇ ⊔≀ ⌋↕⊣∫∫⟩⌋⊣↕ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ∇⌉\⌈⌉∇⟩\} ⇐⌉§⌋⌉√⊔⌉⌈ ⊔⟨⌉ ⊑≀§⌉↕ ⌋≀\⊔⌉\⊔⇔ ⊣\⌈ ⊔⟨⌉ ↕≀⌋⊣↕ ⟩↕↕⊓⇕⟩\⊣⊔⟩≀\ ⌋≀⇕√⊓⊔⊣⊔⟩≀\⇒↙ W⌉ ⊓∫⌉ ⊣ ‖⟩\⌈ ≀{ ⌋≀\⌉ ⊔∇⊣⌋⟩\} ⊔≀ ⊣↕↕≀⊒ ⊣⌈⊣√⊔⊣⊔⟩⊑⌉ ∇⌉\⌈⌉∇⟩\} ¬ ⊒⌉ ‖\≀⊒ ⊔⟨⌉ ⊔⟨⟩⌋‖\⌉∫∫ ≀{ ⊔⟨⌉ ∇⊣† ⊣⊔ ⊔⟨⟩∫ √↕⊣⌋⌉⇔ ⊣\⌈ ⊒⌉ ⌉∫⊔⟩⇕⊣⊔⌉ ⊔⟨⌉ ⊑≀§⌉↕ ∫⟩‡⌉ ⊔≀ ⌊⌉ ⊓∫⌉⌈ ⟩\ ⊔⟨⌉ ≀⌋⊔∇⌉⌉ ∇⌉}⊣∇⌈⟩\} ⊔⟨⟩∫ ⊣√⌉∇⊔⊓∇⌉ ⇐⊔⟨⟩∫ ⟩∫ ⌉§⊣⌋⊔↕† ⊣ ∋D ⇕⟩√↖⇕⊣√√⟩\}⇒↙

F⟩}↙ ∀↙ R⊣† ⊔∇⊣⊑⌉∇∫⊣↕ ⟩\∫⟩⌈⌉ ⊔⟨⌉ ⊔⟨⟩⌋‖ ∫‖⟩\⇔ ⌋∇≀∫∫⟩\} ⊔⟨⌉ ⌊≀§⌉∫⇔ ⊔⟨⌉\ ⊔⟨⌉ ⊔⌉§⌉↕∫⇔ ⊔⟨⌉\ ⊔⟨⌉ ⊑≀§⌉↕∫ ⊣⊔ ⊔⟨⌉ ⊣⌈⊣√⊔⌉⌈ ∫⟩‡⌉↙

∞A_{Q1 polynomial is of degree one in each variable i▷e▷ the highest degree term is U.V.W ▷} 2 The ray direction is expressed in T space. Assuming it is straight allows to obtain an

approximation of the distance to the grid, that we used to follow the path in S space. We iterate while the point is not close enough to the (u, v, w) grid of T space, on the wanted slice.

4.3 Continuous and discrete jittering

A simple mapping induces a very regular aspect. This aspect can be improved by jittering the diverse parameters.

When the texture is continuous, the pattern has to be cyclic so that no frontier is visible. Continuous perturbations can be obtained by jittering texture coordinates, texel thickness, or thick skin orientation (by modifying height vectors). A Perlin noise is well-suited to this purpose.

Fig. 9. Simple mapping; jittering of texture coordinates,vectors direction, vectors length. When the pattern consists of an isolated object, there is no longer a continuity constraint. Then, more manipulations can be used : alternating reference volume and material, displacing and scaling the texel content, applying symmetries or π/2 rotations ↼i▷e▷ either axis permutation↽▷

Fig▷ 10▷ Simple mapping, perturbationdue to displacing rotating scaling▷ 5 Results We have applied our technique to generate verdant landscapes ↼see Appendix for the color images↽▷ The computations are done on an SGI Indy having a 200Mhz R4400 processor▷ The rendering is achieved with a single ray per pixel at video size ↼768×▽⇏⇔ ⊣\⌈ ∇⌉∐⊓⟩∇⌉∫ ∈′ ⇕⟩\⊓⊔⌉∫ ≀\ ⊣⊑⌉∇⊣}⌉↙ T⟨⌉ ⊘∇∫⊔ ∫⌋⌉\⌉ ⟩∫ ⊣ ↕⊣⊒\⇔ ⌋≀⊑⌉∇⟩\} ⊣ ⟨⟩↕↕ ⇕⊣⌈⌉ ≀{ ∞△′′ ⌊⟩↕⟩\⌉⊣∇ √⊣⊔⌋⟨⌉∫↙ T⟨⌉ ⇕⊣√√⟩\} ⟩∫ |⟩⊔⊔⌉∇⌉⌈ ⌊† ⇕≀⌈⟩{†⟩\} ⊔⟨⌉ ⟨⌉⟩}⟨⊔ ⊑⌉⌋⊔≀∇∫↙ E⊣⌋⟨ ⊔⌉§⌉↕ ⌋≀\⊔⊣⟩\∫ ∞ ̸}∇⊣∫∫ ⌊↕⊣⌈⌉∫ ⊣\⌈ ∫≀⇕⌉⊔⟩⇕⌉∫ ⊣ ⊙≀⊒⌉∇↙ I\ ⊔≀⊔⊣↕ ∈∈′′′ ⌊↕⊣⌈⌉∫ ⊣\⌈ ′′ ⊙≀⊒⌉∇∫ ⊣∇⌉ √∇⌉∫⌉\⊔↙ T⟨⌉ ⌊↕⊣⌈⌉∫ ⊣∇⌉ }⌉\⌉∇⊣⊔⌉⌈ ⊓∫⟩\} √⊣∇⊣⌊≀↕⟩⌋ ⊔∇⊣|⌉⌋⊔≀∇⟩⌉∫⇔ ∫⟩⇕⟩↕⊣∇ ⊔≀ √⊣∇⊔⟩⌋↕⌉ ∫†∫⊔⌉⇕∫⇔ ⊒⟩⊔⟨ ⊔⟨⌉ ∫⌉⌋⊔⟩≀\ ⟨⊣⊑⟩\} ⊣ ⊢V≃ ∫⟨⊣√⌉↙ A ∞∈∀∋ ∇⌉∫≀↕⊓⊔⟩≀\ ⟩∫ ⊓∫⌉⌈ {≀∇ ⊔⟨⌉ ⊑≀↕⊓⇕⌉↙ T⟨⌉ ∫⌉⌋≀\⌈ ∫⌋⌉\⌉ ∇⌉√∇⌉∫⌉\⊔∫ ▽∞∈ ∫√⊣⌋⌉⌈ ⊔∇⌉⌉∫ ≀\ ⊣ ⊙⊣⊔ ↕⊣\⌈ ⇕⊣⌈⌉ ≀{ ∞′∈△ ⌊⟩↕⟩\⌉⊣∇ √⊣⊔⌋⟨⌉∫↙ T⟨⌉ ⊔∇⌉⌉∫ ⊣∇⌉ ⇕≀⌈⌉↕⌉⌈ ⊓∫⟩\} ̸⟩⊔⌉∇⊣⊔⟩≀\∫ ≀{ ⊣ L↖∫†∫⊔⌉⇕⇔ †⟩⌉↕⌈⟩\} ∈∞▽△ ⌊∇⊣\⌋⟨⌉∫ ⊣\⌈ ∌∋ ̸↕⌉⊣⊑⌉∫↙ T⟨⌉ ∇⌉{⌉∇⌉\⌋⌉ ⊑≀↕⊓⇕⌉ ⌋≀\⊔⊣⟩\∫ ≀\⌉ ⟩∫≀↕⊣⊔⌉⌈ ⊔∇⌉⌉↙ S⟩\⌋⌉ ⊔⟨⌉ ⌋⊣⇕⌉∇⊣ ⟩∫ ⊑⌉∇† ⌋↕≀∫⌉ ⊔≀ ⊔⟨⌉ ⊔∇⌉⌉∫⇔ ⊒⌉ ⟨⊣⊑⌉ ⊔⊣‖⌉\ ⊣ ▽∞∈∋ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ∇⌉∫≀↕⊓⊔⟩≀\ ⇐⊔⟨⌉ ⊑≀↕⊓⇕⌉ ⟩∫ ⌋≀⇕√∇⌉∫∫⌉⌈ ⇕≀∇⌉ ⊔⟨⊣\ ∃∃↙∃↗⇒↙ A ∫⟩\}↕⌉ ⊔∇⌉⌉ ⇕≀⌈⌉↕ ⟩∫ ⊓∫⌉⌈⇔ ⊣\⌈ ⟩∫ ⇕≀⌈⟩⊘⌉⌈ ⊣↕≀\} ⊔⟨⌉ ⊔⌉§⌉↕∫ ⌊† ⌋⟨⊣\}⟩\} ⊔⟨⌉ ∫⟩‡⌉⇔ ⊔⟨⌉ ≀∇⟩⌉\⊔⊣⊔⟩≀\⇔ ⊔⟨⌉ √≀∫⟩⊔⟩≀\ ⊣\⌈ ⊔⟨⌉ ⇕⊣⊔⌉∇⟩⊣↕↙ N≀⊔⌉ ⊔⟨⌉ ⌋≀\⊔⟩\⊓≀⊓∫ ⊔∇⊣\∫⟩⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ {⊓∇⊔⟨⌉∇ ⊣\⌈ ⌋↕≀∫⌉∇ ⊔∇⌉⌉∫↙ T⟨⌉ ↕⊣∫⊔ ⌉§⊣⇕√↕⌉ ⟩∫ {≀∇⌉∫⊔ ⌋≀⊑⌉∇⌉⌈ ⇕≀⊓\⊔⊣⟩\∫⇔ ⊓∫⟩\} ∈▽′′′ ⊔∇⌉⌉∫ ⇕⊣√√⌉⌈ ≀\ ⊣ ∞△′△ ⌊⟩↕⟩\⌉⊣∇ √⊣⊔⌋⟨⌉∫ ∫⊓∇{⊣⌋⌉↙ T⟨⌉ ⊔⌉§⊔⊓∇⌉ ⟩∫ ⌋≀\⊔⟩\⊓≀⊓∫ ∫≀ ⊔⟨⊣⊔ ⊔⟨⌉ ∇⌉{⌉∇⌉\⌋⌉ ⊑≀↕⊓⇕⌉ ⟨⊣∫ ⊣ ⌋†⌋↕⟩⌋ ⌋≀\⊔⌉\⊔⇔ ⌋≀\∫⟩∫⊔⟩\} ≀{ ⊔⊒≀ ⊔∇⌉⌉∫ ⌋↕⟩√√⌉⌈ ≀\ ⊔⟨⌉ ⌉⌈}⌉∫ ≀{ ⊔⟨⌉ ⊑≀↕⊓⇕⌉↙ T⌉§⊔⊓∇⌉ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ⊣\⌈ ⟨⌉⟩}⟨⊔ ⊣∇⌉ |⟩⊔⊔⌉∇⌉⌈↙ T⟨⌉ ⊔∇⌉⌉∫ ⊣∇⌉ ∫⌉⌉\ {∇≀⇕ ⊣ {⊣∇ √≀⟩\⊔ ≀{ ⊑⟩⌉⊒ ⇕≀∫⊔ ≀{ ⊔⟨⌉ ⊔⟩⇕⌉⇔ ⌊⊓⊔ ⊔⟨⌉ ⌋⊣⇕⌉∇⊣ ∫≀⇕⌉⊔⟩⇕⌉∫ }⌉⊔∫ ⌋↕≀∫⌉∇ ¬ ⊣ ∈▽∌ ∇⌉∫≀↕⊓⊔⟩≀\ ⟩∫ ⊓∫⌉⌈↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ∫⌋⌉\⌉ ⌋≀\⊔⊣⟩\∫ ⊣∇≀⊓\⌈ ∈′′ ⇕⟩↕↕⟩≀\ √∇⟩⇕⟩⊔⟩⊑⌉∫ ⇐⌊∇⊣\⌋⟨⌉∫ ⊣\⌈ ↕⌉⊣⊑⌉∫⇒⇔ ∇⌉√∇≀⌈⊓⌋⌉∫ ⊘\⌉ ∫⟨⊣⌈≀⊒∫⇔ }⟩⊑⌉∫ ∫⇕≀≀⊔⟨ ⊔∇⊣\∫⟩⊔⟩≀\∫ ⊒⟨⟩↕⌉ ‡≀≀⇕⟩\}⇔ ⊒⟩⊔⟨ ⊑⌉∇† ↕⟩⊔⊔↕⌉ ⊣↕⟩⊣∫⟩\}⇔ ⊓∫⟩\} ⊣ ∫⟩\}↕⌉ ∇⊣† √⌉∇ √⟩§⌉↕↙

̸C≀\⌋↕⊓∫⟩≀\ T⊒≀ ⟩⇕√≀∇⊔⊣\⊔√∇≀⌊↕⌉⇕∫ ≀{ ⊔⟨⌉ ⊑≀↕⊓⇕⌉⊔∇⟩⌋⊔⌉§⊔⊓∇⌉ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⊒⌉∇⌉ ⊔⌉§⌉↕ ⌋≀\∫⊔∇⊓⌋⊔⟩≀\ ⊣\⌈ ⇕⊣√√⟩\}↙ W⌉ ⟨⊣⊑⌉ √∇⌉∫⌉\⊔⌉⌈ ⟨⌉∇⌉ ⟨≀⊒ ⊔≀ ⌋≀\⊑⌉∇⊔ ⊑⊣∇⟩≀⊓∫ ⊓∫⊓⊣↕ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\∫ ∫⊓⌋⟨ ⊣∫ ⇕⌉∫⟨⌉∫ ≀∇ L↖∫†∫⊔⌉⇕∫ ⟩\⊔≀ ⊔⌉§⌉↕∫ ⊣\⌈ ⟨≀⊒ ⊔≀ ⌈⌉⊘\⌉ ⊣\⌈ ∇⌉\⌈⌉∇ ⇕⊣√√⌉⌈ ⊔⌉§⌉↕∫↙ V≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⊔⊓∇⌉ ⟩∫ \≀⊒ ⊣ ⌋≀⇕√↕⌉⊔⌉⇔ ⌋≀\⊑⌉\⟩⌉\⊔ ⊣\⌈ ⌉{⊘⌋⟩⌉\⊔ ⊔≀≀↕¬ ⊣ ∫⌋⌉\⌉ ⟩∫ ⌋≀\⊑⌉\⟩⌉\⊔↕† ⌊⊓⟩↕⊔ ⊣\⌈ ⊣\⟩⇕⊣⊔⌉⌈ ⊓∫⟩\} ⊔⟨⌉ ⊔⌉§⊔⊓∇⊣↕ ⊣∫√⌉⌋⊔⇔ ⊔⟨⌉ √⊣⊔⊔⌉∇\ ⌋⊣\ ⌊⌉ ⌈⌉∫⟩}\⌉⌈ ⊓∫⟩\} ⊓∫⊓⊣↕ ⇕≀⌈⌉↕⟩\} ⊔≀≀↕∫⇔ ⊔⟨⌉ ∇⌉\⌈⌉∇⟩\} ⟩∫ ⌈≀\⌉ ⌉{⊘⌋⟩⌉\⊔↕† ⊒⟩⊔⟨ ↕≀⊒ ⊣↕⟩⊣∫⟩\} ⟩\ ∇⊣†↖ ⊔∇⊣⌋⟩\}⇔ ⊒⟩⊔⟨ ⊔⟨⌉ ⌋≀∫⊔ ⌈⌉√⌉\⌈⟩\} ⇕≀∇⌉ ≀\ ⊑⟩∫⊓⊣↕ ⌋≀⇕√↕⌉§⟩⊔† ⊔⟨⊣\ ≀\ ⌈⊣⊔⊣ ⌋≀⇕√↕⌉§⟩⊔†↙ A ↕≀⊔ ⇕≀∇⌉ ⌋⊣\ ∫⊔⟩↕↕ ⌊⌉ ⌊∇≀⊓}⟨⊔ ⊔≀ ⊔⟨⌉ ⊔⌉§⌉↕ ⊒≀∇↕⌈↙ O\⌉ ⌋⊣\ ⟩⇕⊣}⟩\⌉ ∫√⌉⌋⟩⊣↕⟩‡⌉⌈ ⟩\⊔⌉∇⊣⌋⊔⟩⊑⌉ ⊔≀≀↕∫ ⊔≀ ∫√⌉⌋⟩{† ≀∇ ⇕⊣\⟩√⊓↕⊣⊔⌉ ⊔⟨⌉ ∇⌉{⌉∇⌉\⌋⌉ ⊑≀↕⊓⇕⌉↙ O\ ⊔⟨⌉ ≀⊔⟨⌉∇ ⟨⊣\⌈⇔ ⊔⌉§⌉↕∫ ⊣∇⌉ ⊣ \⌉⊒ ⊣√√∇≀⊣⌋⟨ ⊔≀ ⊔⟨⌉ ↕⌉⊑⌉↕↖≀{↖⌈⌉⊔⊣⟩↕ √∇≀⌊↕⌉⇕↙ S≀⇕⌉ ∫⊔⊓⌈⟩⌉∫ ⇕⊣† ⌊⌉ ⌋≀\⌈⊓⌋⊔⌉⌈ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⊓∫⌉ ⊔⌉§⌉↕∫ ≀⊓⊔∫⟩⌈⌉ ⊔⟨⌉ ∫⌋≀√⌉ ≀{ ⊔⌉§⊔⊓∇⌉∫⇔ ⊣∫ ⊣\ ⊣↕⊔⌉∇\⊣⊔⌉ }⌉≀⇕⌉⊔∇⟩⌋ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\ ⊔≀ ⌊⌉ ⊓∫⌉⌈ {≀∇ ⌈⟩∫⊔⊣\⊔ ⊑⟩⌉⊒√≀⟩\⊔∫↙ R⌉{⌉∇⌉\⌋⌉∫ ∪⌈R⊣∀∀⊎ P⟨⟩↕↕⟩√√⌉ ⌈⌉ R⌉{{†⌉ ⊣\⌈ ⊣↕↙ P↕⊣\⊔ ⇕≀⌈⌉↕∫ {⊣⟩⊔⟨{⊓↕ ⊔≀ ⌊≀⊔⊣\⟩⌋⊣↕ ∫⊔∇⊓⌋⊔⊓∇⌉ ⊣\⌈ ⌈⌉⊑⌉↕≀√⇕⌉\⊔↙ I\ J≀⟨\ D⟩↕↕⇔ ⌉⌈⟩⊔≀∇⇔ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ ⇐SIGGRAPH ≃∀∀ P∇≀⌋⌉⌉⌈⟩\}∫⇒⇔ ⊑≀↕⊓⇕⌉ ∈∈⇐△⇒⇔ √⊣}⌉∫ ∞▽∞∘∞▽∀⇔ A⊓}⊓∫⊔ ∞∃∀∀↙ ∪FR∀⊎̸ A↕⊣⟩\ F≀⊓∇\⟩⌉∇ ⊣\⌈ W⟩↕↕⟩⊣⇕ T↙ R⌉⌉⊑⌉∫↙ A ∫⟩⇕√↕⌉ ⇕≀⌈⌉↕ ≀{ ≀⌋⌉⊣\ ⊒⊣⊑⌉∫↙ I\ D⊣⊑⟩⌈ C↙ E⊑⊣\∫ ⊣\⌈ R⊓∫∫⌉↕↕ J↙ A⊔⟨⊣†⇔ ⌉⌈⟩⊔≀∇∫⇔ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ ⇐SIGGRAPH ≃∀ ̸P∇≀⌋⌉⌉⌈⟩\}∫⇒⇔ ⊑≀↕⊓⇕⌉ ∈′⇔ √⊣}⌉∫ ▽∘∀△⇔ A⊓}⊓∫⊔ ∞∃∀↙̸ ∪F⊑DFH∃′⊎ J↙ D↙ F≀↕⌉†⇔ A↙ ⊑⊣\ D⊣⇕⇔ S↙ K↙ F⌉⟩\⌉∇⇔ ⊣\⌈ J↙ F↙ H⊓}⟨⌉∫↙ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫¬ P∇⟩\⌋⟩√↕⌉∫ ⊣\⌈ P∇⊣⌋⊔⟩⌋⌉∫ ⇐∈\⌈ E⌈⟩⊔⟩≀\⇒↙ A⌈⌈⟩∫≀\ W⌉∫↕⌉†⇔ ∞∃∃′↙ ∪KK∀∃⊎ J⊣⇕⌉∫ T↙ K⊣|⟩†⊣ ⊣\⌈ T⟩⇕≀⊔⟨† L↙ K⊣†↙ R⌉\⌈⌉∇⟩\} {⊓∇ ⊒⟩⊔⟨ ⊔⟨∇⌉⌉ ⌈⟩⇕⌉\∫⟩≀\⊣↕ ⊔⌉§⊔⊓∇⌉∫↙ I\ J⌉{{∇⌉† L⊣\⌉⇔ ⌉⌈⟩⊔≀∇⇔ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ ⇐SIGGRAPH ≃∀∃ P∇≀⌋⌉⌉⌈⟩\}∫⇒⇔ ⊑≀↕⊓⇕⌉ ∈∋⇐∋⇒⇔ √⊣}⌉∫ ∈∞∘∈∀′⇔ J⊓↕† ∞∃∀∃↙ ∪N⌉†∃▽⊣⊎ F⊣⌊∇⟩⌋⌉ N⌉†∇⌉⊔↙ A\⟩⇕⊣⊔⌉⌈ ⊔⌉§⌉↕∫↙ I\ E⊓∇≀}∇⊣√⟨⟩⌋∫ W≀∇‖∫⟨≀√ ≀\ A\⟩⇕⊣⊔⟩≀\ ⊣\⌈ S⟩⇕⊓↕⊣⊔⟩≀\≃∃▽⇔ √⊣}⌉∫ ∃∘∞′∋⇔ S⌉√⊔⌉⇕⌊⌉∇ ∞∃∃▽↙ ∪N⌉†∃▽⌊⊎ F⊣⌊∇⟩⌋⌉ N⌉†∇⌉⊔↙ A }⌉\⌉∇⊣↕ ⊣\⌈ ⇕⊓↕⊔⟩∫⌋⊣↕⌉ ⇕⌉⊔⟨≀⌈ {≀∇ ⊑≀↕⊓⇕⌉⊔∇⟩⌋ ⊔⌉§⊔⊓∇⌉∫↙ I\ G∇⊣√⟨⟩⌋∫ I\⊔⌉∇{⊣⌋⌉≃∃▽ P∇≀⌋⌉⌉⌈⟩\}∫⇔ √⊣}⌉∫ ∀∋∘∃∞⇔ M⊣† ∞∃∃▽↙ ∪N⌉†∃⊎̸ F⊣⌊∇⟩⌋⌉ N⌉†∇⌉⊔↙ T⌉§⊔⊓∇⌉∫ V≀↕⊓⇕⟩∐⊓⌉∫ √≀⊓∇ ↕⊣ S†\⊔⟨⌉≺∫⌉ ⌈≃I⇕⊣}⌉∫↙ P⟨D ⊔⟨⌉∫⟩∫⇔ U\⟩⊑⌉∇∫⟩⊔⌉≻ P⊣∇⟩∫↖XI ↖ INRIA⇔ ∞∃∃↙̸ ∪N≀⇕∃▽⊎ T∫⊓‖⊣∫⊣ N≀⇕⊣↙ B∇⟩⌈}⟩\} ⌊⌉⊔⊒⌉⌉\ ∫⊓∇{⊣⌋⌉ ∇⌉\⌈⌉∇⟩\} ⊣\⌈ ⊑≀↕⊓⇕⌉ ∇⌉\⌈⌉∇⟩\} {≀∇ ⇕⊓↕⊔⟩↖∇⌉∫≀↕⊓⊔⟩≀\ ⌈⟩∫√↕⊣†↙ I\ ⊔̸⟨ E⊓∇≀}∇⊣√⟨⟩⌋∫ W≀∇‖∫⟨≀√ ≀\ R⌉\⌈⌉∇⟩\}⇔ J⊓\⌉ ∞∃∃▽↙ ∪P⊣∀∀⊎ P∇‡⌉⇕†∫↕⊣⊒ P∇⊓∫⟩\‖⟩⌉⊒⟩⌋‡ ⊣\⌈ ⊣↕↙ D⌉⊑⌉↕≀√⇕⌉\⊔⊣↕ ⇕≀⌈⌉↕∫ ≀{ ⟨⌉∇⌊⊣⌋⌉≀⊓∫ √↕⊣\⊔∫ {≀∇ ⌋≀⇕√⊓⊔⌉∇ ⟩⇕⊣}⌉∇† √⊓∇√≀∫⌉∫↙ I\ J≀⟨\ D⟩↕↕⇔ ⌉⌈⟩⊔≀∇⇔ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ ⇐SIGGRAPH ≃∀∀ P∇≀⌋⌉⌉⌈⟩\}∫⇒⇔ ⊑≀↕⊓⇕⌉ ∈∈⇔ √⊣}⌉∫ ∞△∞∘∞▽′⇔ A⊓}⊓∫⊔ ∞∃∀∀↙ ∪P⌉∇∀▽⊎ K⌉\ P⌉∇↕⟩\↙ A\ ⟩⇕⊣}⌉ ∫†\⊔⟨⌉∫⟩‡⌉∇↙ I\ B↙ A↙ B⊣∇∫‖†⇔ ⌉⌈⟩⊔≀∇⇔ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ ⇐SIGGRAPH ≃∀▽ P∇≀⌋⌉⌉⌈⟩\}∫⇒⇔ ⊑≀↕⊓⇕⌉ ∞∃⇐∋⇒⇔ √⊣}⌉∫ ∈∀∘∈∃⇎ J⊓↕† ∞∃∀▽↙ ∪PH∀∃⊎ K⌉\ P⌉∇↕⟩\ ⊣\⌈ E∇⟩⌋ M↙ H≀{{⌉∇⊔↙ H†√⌉∇⊔⌉§⊔⊓∇⌉↙ I\ J⌉{{∇⌉† L⊣\⌉⇔ ⌉⌈⟩⊔≀∇⇔ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ ⇐SIGGRAPH ≃∀∃ P∇≀⌋⌉⌉⌈⟩\}∫⇒⇔ ⊑≀↕⊓⇕⌉ ∈∋⇐∋⇒⇔ √⊣}⌉∫ ∈▽∋∘∈∉⇔ J⊓↕† ∞∃∀∃↙ ∪RB∀▽⊎ W⟩↕↕⟩⊣⇕ T↙ R⌉⌉⊑⌉∫ ⊣\⌈ R⟩⌋‖⟩ B↕⊣⊓↙ A√√∇≀§⟩⇕⊣⊔⌉ ⊣\⌈ √∇≀⌊⊣⌊⟩↕⟩∫⊔⟩⌋ ⊣↕}≀∇⟩⊔⟨⇕∫ {≀∇ ∫⟨⊣⌈⟩\}⊣\⌈∇⌉\⌈⌉∇⟩\} ∫⊔∇⊓⌋⊔⊓∇⌉⌈ √⊣∇⊔⟩⌋↕⌉ ∫†∫⊔⌉⇕∫↙ I\ B↙ A↙ B⊣∇∫‖†⇔ ⌉⌈⟩⊔≀∇⇔ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ ⇐SIGGRAPH ≃∀▽ P∇≀⌋⌉⌉⌈⟩\}∫⇒⇔ ⊑≀↕⊓⇕⌉ ∞∃⇐∋⇒⇔ √⊣}⌉∫ ∋∞∋∘∋∈∈⇔ J⊓↕† ∞∃∀▽↙ ∪S⟨⟩∃∈⊎ M⟩‖⟩≀ S⟨⟩\†⊣↙ H⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ∋D ⊔⌉§⊔⊓∇⌉↙ I\ G∇⊣√⟨⟩⌋∫ I\⊔⌉∇{⊣⌋⌉ ≃∃∈ W≀∇‖∫⟨≀√ ≀\ L≀⌋⊣↕ I↕↕⊓⇕⟩\⊣⊔⟩≀\⇔ √⊣}⌉∫ ∞̸∘⇎ M⊣† ∞∃∃∈↙ ∪W⟩↕∀∋⊎ L⊣\⌋⌉ W⟩↕↕⟩⊣⇕∫↙ P†∇⊣⇕⟩⌈⊣↕ √⊣∇⊣⇕⌉⊔∇⟩⌋∫↙ I\ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ ⇐SIGGRAPH ≃∀∋ P∇≀⌋⌉⌉⌈⟩\}∫⇒⇔ ⊑≀↕⊓⇕⌉ ∞⇐∋⇒⇔ √⊣}⌉∫ ∞∘∞∞⇔ J⊓↕† ∞∃∀∋↙ ∪WP∃▽⊎ J⊣∫≀\ W⌉⌊⌉∇ ⊣\⌈ J≀∫⌉√⟨ P⌉\\↙ C∇⌉⊣⊔⟩≀\ ⊣\⌈ ∇⌉\⌈⌉∇⟩\} ≀{ ∇⌉⊣↕⟩∫⊔⟩⌋ ⊔∇⌉⌉∫↙ I\ R≀⌊⌉∇⊔ C≀≀‖⇔ ⌉⌈⟩⊔≀∇⇔ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ ⇐SIGGRAPH ≃∃▽ P∇≀⌋⌉⌉⌈⟩\}∫⇒⇔ √⊣}⌉∫ ∞∞∃∘∞∈∀⇔ A⊓}⊓∫⊔ ∞∃∃▽↙