A C≀\∫⊔∇⊣⟩\⊔↖⌊⊣∫⌉⌈ A√√∇≀⊣⌋⟨ ⊔≀ D†\⊣⇕⟩⌋ C≀↕≀⊓∇ M⊣\⊣}⌉⇕⌉\⊔ {≀∇ W⟩\⌈≀⊒⟩\} I\⊔⌉∇{⊣⌋⌉∫

⌊†

B↕⊣⟩∇ M⊣⌋I\⊔†∇⌉

A ⊔⟨⌉∫⟩∫ √∇⌉∫⌉\⊔⌉⌈ ⊔≀ ⊔⟨⌉ U\⟩⊑⌉∇∫⟩⊔† ≀{ W⊣⊔⌉∇↕≀≀ ⟩\ {⊓↕⊘↕⇕⌉\⊔ ≀{ ⊔⟨⌉ ⊔⟨⌉∫⟩∫ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔ {≀∇ ⊔⟨⌉ ⌈⌉}∇⌉⌉ ≀{ M⊣∫⊔⌉∇ ≀{ M⊣⊔⟨⌉⇕⊣⊔⟩⌋∫ ⟩\ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉

W⊣⊔⌉∇↕≀≀⇔ O\⊔⊣∇⟩≀⇔ C⊣\⊣⌈⊣⇔ ∞∃∃∞

⌋◯B↕⊣⟩∇ M⊣⌋I\⊔†∇⌉ ∞∃∃∞

⟩⟩

A⌊∫⊔∇⊣⌋⊔

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

⟩⟩⟩

⟩⊑

A⌋‖\≀⊒↕⌉⌈}⌉⇕⌉\⊔∫

T⟨⟩∫ ⊒≀∇‖ ⊒⊣∫ ∫⊓√√≀∇⊔⌉⌈ ⌊† ⊔⟨⌉ N⊣⊔⊓∇⊣↕ S⌋⟩⌉\⌋⌉ ⊣\⌈ E\}⟩\⌉⌉∇⟩\} R⌉∫⌉⊣∇⌋⟨ C≀⊓\⌋⟩↕ ≀{ C⊣\⊣⌈⊣ ⊔⟨∇≀⊓}⟨ ⊣ √≀∫⊔↖ }∇⊣⌈⊓⊣⊔⌉ ∫⌋⟨≀↕⊣∇∫⟨⟩√ ⊣\⌈ }∇⊣\⊔∫ ⊔≀ ⊔⟨⌉ U\⟩⊑⌉∇∫⟩⊔† ≀{ W⊣⊔⌉∇↕≀≀ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ L⊣⌊≀∇⊣⊔≀∇†∅ ⊔⟨⌉ O\⊔⊣∇⟩≀ I\↖ {≀∇⇕⊣⊔⟩≀\ T⌉⌋⟨\≀↕≀}† R⌉∫⌉⊣∇⌋⟨ C⌉\⊔∇⌉ ⊔⟨∇≀⊓}⟨ }∇⊣\⊔∫ ⊔≀ ⊔⟨⌉ ↕⊣⌊≀∇⊣⊔≀∇†∅ ⌊† D⟩}⟩⊔⊣↕ E∐⊓⟩√⇕⌉\⊔ C⊣\⊣⌈⊣ ⊔⟨∇≀⊓}⟨ ⌉∐⊓⟩√⇕⌉\⊔ ⌈≀\⊣⊔⟩≀\∫∅ ⌊† A√√↕⌉ C≀⇕√⊓⊔⌉∇ C≀∇√≀∇⊣⊔⟩≀\ ⊔⟨∇≀⊓}⟨ }∇⊣\⊔∫ ⊔≀ ⊔⟨⌉ ↕⊣⌊≀∇⊣⊔≀∇†∅ ⊣\⌈ ⌊† S⊓\ M⟩⌋∇≀∫†∫⊔⌉⇕∫ ⊔⟨∇≀⊓}⟨ ∫≀{⊔⊒⊣∇⌉ ∫⊓√√≀∇⊔↙ I ⊒≀⊓↕⌈ ↕⟩‖⌉ ⊔≀ ⊔⟨⊣\‖ ⇕† ∫⊓√⌉∇⊑⟩∫≀∇⇔ W⟩↕↕⟩⊣⇕ C≀⊒⊣\⇔ {≀∇ ⟨⊣⊑⟩\} ⊔⟨⌉ √⊣⊔⟩⌉\⌋⌉ ⊔≀ ⊔⌉⊣⌋⟨ ⇕⌉ ⊒⟨⊣⊔ I \⌉⌉⌈⌉⌈ ⊔≀ ‖\≀⊒ ⊣⌊≀⊓⊔ ⌋≀↕≀⊓∇ ⊔⟨⌉≀∇† ⊣\⌈ {≀∇ ⊣}∇⌉⌉⟩\} ⊔⟨⊣⊔ ⊔⟨⟩∫ ⊒⊣∫ ⊣\ ⟩\⊔⌉∇⌉∫⊔⟩\} ⊔≀√⟩⌋↙ H⌉ ⊣↕∫≀ ⌈⌉∫⌉∇⊑⌉∫ ⌋∇⌉⌈⟩⊔ {≀∇ ∫⊓}}⌉∫⊔⟩\} ⊔⟨⌉ ⊓∫⌉ ≀{ ⊣ ⌈†\⊣⇕⟩⌋⊣↕ ∫†∫⊔⌉⇕ ⊔≀ ∫≀↕⊑⌉ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ I ⊒≀⊓↕⌈ ⊣↕∫≀ ↕⟩‖⌉ ⊔≀ ⊔⟨⊣\‖ ⇕† ∇⌉⊣⌈⌉∇∫⇔ M⊣∇⌋⌉↕⟩ W⌉⟩\⇔ P⌉⊔⌉∇ F≀∇∫†⊔⟨⇔ P⟨⟩↕⟩√√⌉ B⌉∇⊔∇⊣\⌈ ⊣\⌈ K⊣⊔† S⟩⇕≀\∫⌉\ {≀∇ ⊔⟨⌉⟩∇ ⌋≀⇕⇕⌉\⊔∫↙ T⟨⊣\‖∫ }≀ ⊔≀ M⊣⊓∇⌉⌉\ S⊔≀\⌉ ⊘\⌈⟩\} ⊔⟨≀∫⌉ ⌉↕⊓∫⟩⊑⌉ CG↘A ⊣∇⊔⟩⌋↕⌉∫⇔ ⊔≀ J⟩⇕ L⊣⟩ {≀∇ ⊔⟨⌉ OSA XYZ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ⟩\ A√√⌉\⌈⟩§ A⇔ ⊔≀ J≀∫⟨ S⟩⌉}⌉↕ ⊣\⌈ D≀\ H≀√‖⟩\∫ {≀∇ ⊣\∫⊒⌉∇⟩\} ⇕⊣\† N⌉WS ∇⌉↕⊣⊔⌉⌈ ∐⊓⌉∫⊔⟩≀\∫⇔ ⊣\⌈ ⊔≀ ⊣↕↕ ⊔⟨⌉ ⇕⌉⇕⌊⌉∇∫ ≀{ CGL {≀∇ √∇≀⊑⟩⌈⟩\} ⊣\ ⟩\⊔⌉∇⌉∫⊔⟩\} ⊒≀∇‖ ⌉\⊑⟩∇≀\⇕⌉\⊔⇔ ⊔≀ ∫⊣† ⊔⟨⌉ ↕⌉⊣∫⊔↙ I ⊒≀⊓↕⌈ ⊣↕∫≀ ↕⟩‖⌉ ⊔≀ ⊔⟨⊣\‖ C⟨∇⟩∫ W⌉⟩\ {≀∇ ∫⌉⌉⟩\} ⊔⟨⟩∫ ⊔⟨∇≀⊓}⟨ ⊔⟨⌉ ∫⊓⌊⇕⟩∫∫⟩≀\ √∇≀⌋⌉∫∫ ⟩\ ⇕† ⊣⌊∫⌉\⌋⌉↙ A ∫√⌉⌋⟩⊣↕ ⊔⟨⊣\‖∫ ⊔≀ K⊣⊔† S⟩⇕≀\∫⌉\⇔ ⊒⟩⊔⟨≀⊓⊔ ⊒⟨≀∫⌉ ↕≀⊑⌉⇔ ∫⊓√√≀∇⊔⇔ ⊔≀↕⌉∇⊣\⌋⌉ ⊣\⌈ \≀⌈∫ ⊣⊔ ⊔⟨⌉ ⊣√√∇≀√∇⟩⊣⊔⌉ ⊔⟩⇕⌉∫ I \⌉⊑⌉∇ ⊒≀⊓↕⌈ ⟨⊣⊑⌉ ⇕⊣⌈⌉ ⟩⊔ ⊔⟨∇≀⊓}⟨ ⊔⟨≀∫⌉ ↕⊣∫⊔ {≀⊓∇ ⇕≀\⊔⟨∫↙ I ⊒⟩↕↕ ⌊⌉ {≀∇⌉⊑⌉∇ }∇⊣⊔⌉{⊓↕↙ A↕∫≀⇔ I ⊒⊣\⊔ ⊔≀ ⊔⟨⊣\‖ ⇕† ⇕≀⊔⟨⌉∇ {≀∇ ⌈≀⟩\} ⌉⊑⌉∇†⊔⟨⟩\} I ⌋≀⊓↕⌈ ⊣∫‖ {≀∇ ≀⊑⌉∇ ⊔⟨⌉ †⌉⊣∇∫⇔ ⊣\⌈ ⇕† ⌊∇≀⊔⟨⌉∇ C∇⊣⟩} ⊒⟨≀⇔ ⊣⇕≀\} ≀⊔⟨⌉∇ ⊔⟨⟩\}∫⇔ ⟩\⊔∇≀⌈⊓⌋⌉⌈ ⇕⌉ ⊔≀ ⌋≀⇕√⊓⊔⌉∇∫ ⊣↕↕ ⊔⟨≀∫⌉ †⌉⊣∇∫ ⊣}≀↙

⊑

⊑⟩

C≀\⊔⌉\⊔∫

∞ I\⊔∇≀⌈⊓⌋⊔⟩≀\ ∞ ∞↙∞ W⟨⊣⊔ ⊣∇⌉ ⊓∫⌉∇∫ ⊔∇†⟩\} ⊔≀ ⌈≀ ⊒⟩⊔⟨ ⌋≀↕≀⊓∇⊥ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1▷2 The Problem with Aesthetic Colour Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1▷3 Tools for Aesthetic Colour Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1▷4 Previous Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 1▷4▷1 ACE. A Colour Expert System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 1▷5 The Need For a Dynamic Window System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 1▷6 Goals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 2 Background 7 2▷1 Colour Display. The Colour CRT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 2▷1▷1 Gamma Correction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 2▷2 Colour Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 2▷2▷1 Colour Mixing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 2▷2▷2 Colorimetry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2▷2▷2▷1 Colour Matching . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2▷2▷2▷2 The CIE System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 2▷2▷3 The RGB Colour Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 2▷2▷4 The HSV Colour Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 2▷2▷5 The HLS Colour Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 2▷2▷5▷1 Value Lightness and Brightness . . . . . . . . . . . . . . . . . . . . . . . . . 19 2▷2▷6 The Gerritsen Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 2▷3 The OSA Colour Space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 2▷4 Artistic Colour Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 2▷5 Colour Perception . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24 2▷6 Basic Colour Terms and Colour Discrimination . . . . . . . . . . . . . . . . . . . . . . . . . . 25 2▷7 Contrast and Reading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 2▷8 Colour Harmony . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

3 Colour Usage 31 3▷1 Categorization of Colour Usage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 3▷1▷1 Absolute versus Relative Colour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 3▷1▷1▷1 Absolute Colour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 3▷1▷1▷2 Relative Colour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 3▷1▷2 Functional versus Aesthetic Colour . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 3▷1▷2▷1 Functional Colour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 3▷1▷2▷2 Aesthetic Colour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 3▷1▷2▷3 The Fallacy of Functional and Aesthetic Incompatibility . . . . . . . . . . . . 34 3▷1▷3 Multiple Categorization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 3▷2 Colour Usage in Window Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 3▷2▷1 Absolute Functional Colour Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 3▷2▷2 Relative Functional Colour Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 3▷2▷3 Absolute Aesthetic Colour Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 3▷2▷4 Relative Aesthetic Colour Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 4 Colour Contrast 37 4▷1 Luminance Contrast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 4▷2 Calculating Luminance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 4▷2▷1 Ambient Lighting and the Brightness Control . . . . . . . . . . . . . . . . . . . . . . . 38 4▷3 Pixel Bleed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 4▷4 Colour Contrast Metric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 5 Colour Constraints 45 5▷1 Dynamic Window Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 5▷2 Dynamic Colour Constraints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 5▷2▷1 Multiple Constraints . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 5▷2▷2 The Categorical Division of Colour Constraints . . . . . . . . . . . . . . . . . . . . . . 47 5▷2▷3 The Hierarchical Nature of Colour Constraints . . . . . . . . . . . . . . . . . . . . . . . 48 5▷2▷4 The Varied Importance of Colour Constraints . . . . . . . . . . . . . . . . . . . . . . . 48 5▷2▷5 The Dynamic Nature of Colour Constraints . . . . . . . . . . . . . . . . . . . . . . . . 48 5▷3 Potential Problems With Colour Association . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 5▷4 Assistance for Aesthetic Colour Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 5▷4▷1 Automatic Handling of Functional Constraints . . . . . . . . . . . . . . . . . . . . . . . 51

5▷4▷1▷1 Contrast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 5▷4▷1▷2 Window Organization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 5▷4▷2 Suggest Colour Combinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 5▷4▷3 Abstract Colour Speciαcation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 5▷4▷4 Reasonable Defaults . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 5▷4▷5 Allow Gradual Customization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 5▷4▷5▷1 Aesthetic Customizations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 5▷4▷5▷2 Customizing Window Organization . . . . . . . . . . . . . . . . . . . . . . . 58 5▷5 The Viability of Dynamic Colour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 6 Implementation 61 6▷1 The NeWS Window System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 6▷1▷1 Why NeWS is Appropriate for Research . . . . . . . . . . . . . . . . . . . . . . . . . . 61 6▷1▷2 The Choice between NeWS and X11 . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 6▷2 The Constraint Solver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 6▷2▷1 The Distributed Jostling Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 6▷2▷2 The Dynamical Colour System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 6▷3 The NeWS Colour Window Classes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 6▷3▷1 ClassBasicColour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 6▷3▷2 ClassColourObject . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 6▷3▷3 ClassColour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 6▷3▷4 ClassColourSet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 6▷3▷5 ClassColourShifter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 6▷3▷6 ClassColourConstraint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 6▷3▷6▷1 ClassCCVariation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 6▷3▷6▷2 ClassCCAnalogousVariation . . . . . . . . . . . . . . . . . . . . . . . . . . 75 6▷3▷6▷3 ClassCCDistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 6▷3▷6▷4 ClassCCWindowDistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 6▷3▷6▷5 ClassCCContrast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 6▷3▷7 ClassDynamicalColourSystem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 6▷3▷8 ClassWindowStyle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 6▷3▷9 ClassColourWindow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 7 Conclusions and Future work 89 7▷1 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 7▷2 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

A Relating CIELUV Units to OSA Units 93 B Object Oriented Programming 97 C Constraint Classes 99 Bibliography 103

List of Tables

2▷1 XYZ and Chromaticity values for RGB Primaries and Complements . . . . . . . . . . . . . . . 20 2▷2 Gerritsen Lightness Compared to Colour Luminance on One CRT . . . . . . . . . . . . . . . . . 21 2▷3 Mean OSA Interpoint Distance between Basic Colour . . . . . . . . . . . . . . . . . . . . . . . 26 4▷1 The Effect of Ambient Light on Black and White Luminance . . . . . . . . . . . . . . . . . . . 39 4▷2 Typical Contrast for Different Fonts and Black Levels . . . . . . . . . . . . . . . . . . . . . . . 43 6▷1 The Default Window Style Template▷ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 6▷2 Centroid Values for Eight Basic Colours▷ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 6▷3 The Window Difference Constraints▷ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 A▷1 A comparison of OSA and CIELUV distances▷ . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 A▷2 A comparison of OSA and CIELUV distances▷ . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 xii

List of Figures

2▷1 The Triangular Pattern of Red Green and Blue Phosphors▷ . . . . . . . . . . . . . . . . . . . . 8 2▷2 The Shadowmask CRT▷ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 2▷3 RGB ColourMatching Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 2▷4 XYZ ColourMatching Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 2▷5 The Visible Colours in XYZ Space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 2▷6 The CIE 1931 Chromaticity Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 2▷7 The RGB Colour Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 2▷8 The HSV Colour Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 2▷9 The RGB Principle Axis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 2▷10 The HLS Colour Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 2▷11 The Gerritsen ColourPerceptionSpace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 3▷1 Colour Usage Categories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 4▷1 The Neighbours Of Pixel P▷ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 4▷2 Font Bitmaps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 5▷1 A Sample Constraint Hierarchy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 6▷1 An Attractive Absolute Colour Constraint Represented as a Force . . . . . . . . . . . . . . . . . 64 6▷2 A Relative Colour Constraint Represented as Two Forces . . . . . . . . . . . . . . . . . . . . . 65 6▷3 Class Hierarchy For the Colour Window System . . . . . . . . . . . . . . . . . . . . . . . . . . 66 6▷4 Hue Relationships for the Simple Colour Schemes . . . . . . . . . . . . . . . . . . . . . . . . . 72 xiv

Trademarks

X11 is a registered trademark of Massachussetts Institute of Technology▷ Macintosh is a registered trademark of Apple Computer▷ NeWS OpenWindows and TNT are registered trademarks of Sun Microsystems Inc▷ Unix is a registered trademark of ATςT▷ PostScript is a registered trademark of Adobe Systems Inc▷ IRIS is a registered trademark of Silicon Graphics Inc▷ All other products mentioned in this thesis are trademarks of their respective companies▷ The use of general descriptive names trade names trademarks etc▷ in this publication even if the former are not identiαed is not to be taken as a sign that such names may be used freely by anyone▷ xvi

Introduction

Color is life, for a world without colors appears to us as dead▷ ↼Itten 1961↽ With knowledge an artist can take three or four unusual colors and come out with beautiful expression▷ It is important to study structured color schemes simply to develop this knowledge and to learn some sureαre ways of developing beautiful color schemes and color harmony▷ Painting is like any other art form. Just as in dance music or writing once one has a thorough understanding of all the basics of the art the rules can be adjusted and expression becomes subjective▷ ↼Quiller 1989↽ Until very recently high resolution colour displays were reserved for the elite few whose work justiαed the expense▷ This has all changed▷ Megapixel displays capable of displaying 256 or more simultaneous colours chosen from a palette of over 16 million colours are becoming inexpensive and therefore more common▷ In addition the computers driving these displays are running multitasking operating systems allowing many programs to be run simultaneously▷ Each program has its own set of windows its own user interface and its own set of colour needs▷ Unfortunately the sophistication of the window systems running on these displays is not keeping pace with the hardware▷ Much work is being done to make the window systems look polished, stylish three dimensional effects and βashy demo programs are common▷ However tools that allow the user to take full advantage of these large colourful displays and of the powerful computers driving them have not been developed▷ In particular the tools available for making aesthetic colour choices are exceedingly poor▷ There are several tools that allow users to specify individual colours but few that assist the user in coordinating all of the colours being used▷ Those that do address the problem are limited in scope and not generally useful▷

1▷1 What are users trying to do with colour⋆ Individual colours on a computer display are not selected in a vacuum▷ Each individual colour can be thought of as a piece in a much larger puzzle. that of creating a functional and attractive computer display▷ In order to create an environment in which the window system helps the user select colours it is necessary to determine what people are trying to accomplish with colour and window systems▷ Reasons for using colour range from the aesthetic to the functional▷ For example colour is often used to create an attractive work environment to label items to group related elements of an interface to signal the user about potentially dangerous actions to enhance the realism of an image and to view multidimensional data▷ Many of these topics have been examined in depth and rules were developed to guide the application designer in deciding when and when not to use colour▷ Meier presents a detailed summary of much of this work ↼Meier 1987↽▷ Some decisions about the use of colour are hidden from the user▷ Whether related visual elements in an interface are colour coded is usually decided by the application designer▷ Likewise the way in which colour is used in a data visualization or realistic rendering application is usually speciαed when the application is designed▷ In a sense many of the decisions about colour usage within a single application are out of the userφs hands▷ However most global colour choices are left up to the user▷ Perhaps the most common global use of colour is for organizing windows▷ Colour can be used to group related windows and to disassociate unrelated windows▷ There are many different approaches to window organization▷ For example similar applications could have similar colours windows for different projects could be grouped using similar colours or windows could be coloured according to the machines that created them▷ What characterizes each of these organizational approaches is that in each case a different category of semantic meaning is identiαed by the user and windows with similar semantic meanings are grouped visually▷ Colour is also excellent at helping the user resolve context▷ A common mistake in window systems is to accidentally type into the wrong window▷ However colour has been experimentally determined to be more useful than size shape or brightness when searching for and identifying items that vary in only one of these aspects▷ Additionally colour associations are remembered longer ↼Meier 1987↽▷ When two terminal windows differing only in colour are serving different functions colour serves as an excellent way to distinguish the two▷ For some people the most exciting ability that colour provides is the ability to personalize their environment▷ Just as some people feel strongly about more obvious expressions of their personality such as clothing and hair styles so do some people want to personalize their computing environment▷ One user commented for example that Ψhe did not care what colours were used for his windows as long as they all were purple▷ν Colour should also allow people to make their environment dynamic visually rich and exciting▷ People often change clothing styles to reβect their mood or changes in taste▷ Other reβections of personal taste such as furnishings in the home or ofαce or the model of car that is driven are not changed on a regular basis only because practical considerations make this impossible▷ A computer window system by its very nature can have its appearance radically changed in an instant▷ Unfortunately the tools do not exist to allow people to access this potentially exiting avenue of personal expression▷ Few people have the time or patience to actually create a visually interesting environment▷

1▷2 The Problem with Aesthetic Colour Selection One of the reasons effective aesthetic colour selection is difαcult is that it crosses many disciplines. physics physiology psychology art and graphic design to name a few▷ Most people who design window systems and windowing applications do not necessarily have expertise in any or all of these areas▷ As a result colours are often selected seemingly at random with no regard for even the most basic design principles▷ In addition tools provided to the user for colour selection typically concentrate on allowing the user to select a single colour ignoring how it will be used▷ Therefore these tools do not provide the user with any help in selecting attractive and effective combinations of colours ↼Meier 1987↽▷ With no knowledge of the various aspects of colour theory users can do damage as well as good to their working environment and may have no idea what is causing the problems or how to solve them▷ Unintentional interactions between colours can convey nonexistent meaning such as creating illusions of window depth or unintended structural relationships▷ Far more seriously insufαcient colour difference can impair legibility and reading▷ If colour selection represents such a hard problem why are there no better tools available to help the user solve it⋆ The basic answer is that colour is not well understood▷ There are theories explaining many aspects of

1▷3▷ Tools for Aesthetic Colour Selection 3

colour perception and colour theory but no comprehensive model of human colour vision exists and explanations of some perceptual phenomena elude researchers ↼Boynton 1979↽▷ Another aspect of the problem is that all of the different αelds that study some aspect of colour from graphic design to physics use different techniques and terminology▷ Chapter 2 explains the aspects of some of these areas that are relevant to this thesis▷ Each of the many colour models mentioned in Sections 2▷2 and 2▷3 was created for certain reasons and is appropriate for certain applications but most contain little information about effective colour use▷ More seriously some αelds give different meanings to similar terms causing confusion▷ Another reason that there are few powerful tools to aid in effective colour selection is that solving some of the problems mentioned above without unduly restricting colour choices is very hard▷ Creating simple tools that severely restrict the users choices is relatively easy but tools such as this are not satisfactory▷ The aesthetic aspect of colour is very subjective and users do not wish to be arbitrarily restricted or to have someone elses ideas of colour harmony imposed on them▷ As one user interface designer put it ΨA computer will never be able to tell me what colours I should like▷ν

1▷3 Tools for Aesthetic Colour Selection Much effort has been put into attempting to create sets of rules for colour use in computer user interfaces and window systems▷ Meier presents a good summary of this work ↼Meier 1987↽▷ This thesis is not trying to extend or duplicate this research▷ While there exist many guidelines and heuristics for effective use of colour it is virtually impossible to implement these heuristics using current window systems▷ Although there have been systems which attempt to preselect colours for user interfaces such as ACE ↼Meier 1988↽ they are usually too specialized or too restrictive to be generally useful▷ In particular there are no tools available that assist people in selecting aesthetically pleasing colours while ensuring that the basic functional colour constraints are satisαed▷ As a result the application programmer or the user must consider too many different issues when selecting colours▷ The task is simply too complex for many users to perform effectively▷ Consider the task of selecting colours for a typical window system that has four colours for each window. background and foreground colours for both the border and the interior of the window▷ In order to select four colours for a single window contrast between the two background and two foreground colours must be considered▷ In addition the border and window background colours must be sufαciently different that they do not blend into one another▷ Finally the border background colour must be sufαciently different from the screen colour that the window stands out from the screen▷ The task of selecting a tasteful set of colours for this single window is not overwhelming especially if we assume the existence of a reasonably powerful tool for selecting individual colours▷ However windows do not appear in isolation▷ There can be many different windows coexisting on the same display▷ Suppose that the person making the colour choices is aware of how colour can be used to organize these windows▷ For example windows can be grouped by application intended use machine or some other logical relationship▷ With only a few applications machines and different uses the number of different windows can grow very quickly▷ For example twenty or more different windows is not uncommon▷ Any of these windows may appear on the screen simultaneously so the colours that are chosen for one window must be compatible with those chosen for all the other windows▷ The problem has quickly changed from one with four variables to one with perhaps eighty or moreω While there are probably many solutions to this problem they are insigniαcant compared to the size of the solution space▷ After attempting this exercise once or twice one can see that this can be a very frustrating and quite difαcult problem to solve▷ What is particularly annoying for many people is that selecting colours for the interface is something that is tangential to the reason they are using the computer in the αrst place▷ As a result most people quickly give up attempting to discover a solution to this problem▷ Experience shows that users often resort to bland or extreme colour schemes in order to reduce the number of variables that they must deal with making the task somewhat more manageable▷ Unfortunately the functional beneαts of colour such as context resolution and showing logical relationships are often the αrst things that are discarded in an effort to simplify the problem▷ This basic premise of this thesis is that window systems can and should help the user to create and maintain an aesthetic effective and colourful windowing environment▷ The aim is to demonstrate that it is possible to create a system which helps the user choose aesthetically pleasing colours without having to explicitly consider all functional colour requirements▷

1▷4 Previous Work There has been relatively little work done in this area▷ The ACE system is the one notable exception ↼Meier 1988↽▷ Other systems that automatically select colour such as ↼Corte 1986↽ and ↼Grosse 1985↽ consider only a small subset of the problem and are applicable to a limited domain of colour usage▷ These latter two systems for example select sets of perceptually different colours for use in charts tables or plots▷

1▷4▷1 ACE. A Colour Expert System ACE is an expert system that attempts to select colours for the sort of user interface found on the Apple Macintosh or Xerox STAR desktop environments▷ ACE selects its colours from a discrete subset of the HLS colour space ↼see Section 2▷2▷5↽ encoding relationships between all of the colours in that subset in its knowledge base▷ There are a few key limitations to ACE▷ First the aesthetic relationships that are used to select colours are encoded in the system with the result that the colour tastes of the authors are imposed on the user▷ The user can alleviate this problem only by modifying the knowledge base of the system which is a nontrivial exercise▷ Another major problem with ACE is that it was designed to select colours for the graphical elements of a single program▷ It selects colour using a monotonic scheme meaning once a value has been selected for a colour it will never be changed▷ Therefore the relationships between colours must be expressible as a directed acyclic graph ↼DAG↽▷ While the relationships between the graphical elements of a single window may be expressible in this fashion it is not clear that the relationships of an entire window system could be▷ If the relationships cannot be speciαed as a DAG such a monotonic selection scheme could not be used▷ More importantly all of the relationships that ACE uses to evaluate a possible colour selection are pairwise relationships▷ This precludes the possibility of expressing relationships that exist among groups of windows for example which is common in the sort of window systems of interest here▷ As Meier says they Ψmight be able to devise color relations between three and maybe even four or αve colors but more than this would be extremely difαcult▷ Adding these kinds of relations would require a fairly major overhaul ▷▷▷ν

1▷5 The Need For a Dynamic Window System A limitation of systems such as ACE is that they select colours for a single application without considering other windows on the display▷ Colours for an applicationφs windows need to be selected in the context of the window system as a whole not in isolation▷ ACE for example considers multiple windows within a single application but not over multiple applications▷ Meier mentions that this issue should be considered but does not attempt to solve it▷

1▷5▷ The Need For a Dynamic Window System 5

More importantly the context within which a windowφs colours are selected is not static▷ As windows are created and destroyed the context within which a windowφs colours were chosen changes and therefore the colours that should be used for any window may change▷ The colours should not be picked within a given context and then ignored when that context changes▷ If this assertion seems strange consider the analogy to window positions on the screen▷ At any given instant in time there are one or more optimal spatial arrangements of the currently open windows▷ However as new windows open and old windows close this optimal arrangement changes▷ Thus the windowsφ positions must be rearranged▷ And so it is with colour▷ To continue with the analogy consider the tools that are provided by window systems to help the user organize the positioning of their windows▷ The most common tool is a simple interactive technique which allows the user to tell the system exactly where to move a window▷ More powerful tools than this are available however▷ Some systems will select an initial window position if one is not given effectively allowing the user to say ΨI donφt care where it goes on the screen▷ν If the position is unacceptable the user can easily change it▷ The key point is that the user does not have to specify a position unless the one chosen by the system is unacceptable▷ Thus the user has one less speciαcation to make▷ There are other examples of powerful tools for positioning windows▷ Tiled window systems are based on the assumption that opened windows should not overlap and automatically rearrange the windows to enforce this▷ Whether this is desirable behaviour is a matter of personal taste▷ A more powerful system is Stack Windows ↼Png 1991↽ which allows windows to be hierarchically grouped into common areas called stacks▷ Stacks are windows which contain other windows and have tiling behaviour enforced within them▷ Repositioning of windows within the stack is automatic when windows are opened or closed▷ Tools are provided to manipulate the stacks and to override the arrangement of windows within the stacks▷ Any window or stack that is not contained in another stack can be overlapped freely, thus the power of a tiled window system is available within the stacks and the freedom of nontiled window systems to overlap windows is available outside the stacks▷ The most powerful tool implemented to date is the jostling window system used in Schlueter ↼1990↽ to implement the concept of perceptual synchronization▷ Perceptual synchronization is based on the belief that the screen is a resource that is shared by the user and the applications to communicate▷ Different applications make different demands on the screen space that may cause perceptual problems on the part of the user▷ These problems such as text or graphics appearing to βow between windows should be detected and αxed▷ This process is referred to as synchronizing the usersφ perception of the system▷ While the actual test system had usability problems none were of the sort that could not be αxed in a production system▷ The system could be thought of as attaching a higher level of semantic meaning to window positioning and using these semantics to help the user position the windows▷ Unfortunately the tools provided by window systems for manipulating colour are surprisingly primitive▷ No window system provides anything more than the most basic support for colour selection forcing the user to specify every colour explicitly▷ Other problems can be highlighted by returning to the analogy of window positioning▷ Many window systems do not provide a general facility for users to modify the colours of a window after the window has been created▷ Thus window colours can be speciαed only when a window is αrst created unless the client program speciαcally contains functions for changing its colours▷ This is analogous to specifying an initial position for a window and not being able to move the window unless the application provides a facility which allows it to be repositionedω Obviously the resource dictated the availability of the tools. screen real estate is quite limited compared to the size of the colour space imposing a more immediate demand on providing the capability to reposition windows▷ Other window systems such as that found on the Macintosh allow the user to change the colour of existing windows but the tools for colour selection are still not as powerful as those for window positioning▷ In the case of the Macintosh for example windows are positioned for the user the αrst time they are created in a random fashion spreading them out over the screen▷ Colours on the other hand are always the same by default providing not even the slightest variation that is not speciαed by the user▷ Given the situation mentioned above why are there not good colour tools for current window systems⋆ The key element that is missing from most existing window systems which is that there is no semantic meaning attached to the colours on the display making it impossible for the window system to provide any sort of reasonable help to the user▷ By attaching semantic meaning to colours the window system should be able to assist the user in solving the problem of effective and aesthetic colour selection▷

1▷6 Goals The kind of tool created here is something analogous to the jostling window system ↼Schlueter 1990↽▷ This system attached semantic meaning to windows and their contents and deαned relationships between these elements of the display▷ The system imposed constraints on the possible positions of the windows based on these relationships▷ Most importantly the system dynamically adjusted the arrangement of the windows to satisfy these constraints▷ Similarly by attaching semantic meaning to colours it is possible to deαne relationships between these colours and to impose constraints based on these relationships▷ Using these constraints it is possible to create a window system which will assist users in making aesthetic colour choices by both making some of the choices for them and removing some of the constraints on the choices they need to make▷ For example the following abilities are provided. • F⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ⌊⌉ ⟨⊣\⌈↕⌉⌈ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕†⇔ ⊣↕↕≀⊒⟩\} ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ⟩}\≀∇⌉ ⊔⟨⌉⇕ ⟩{ ⊔⟨⌉† ∫≀ ⌈⌉∫⟩∇⌉↙ • M⊣\† ⊓∫⌉∇∫ ⟨⊣⊑⌉ \≀ ⊔∇⊣⟩\⟩\} ⟩\ ⊣∇⊔ ≀∇ }∇⊣√⟨⟩⌋ ⌈⌉∫⟩}\↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊒⟩↕↕ ∫⊓}}⌉∫⊔ √≀∫∫⟩⌊↕⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ⊔≀ ⊔⟨⌉ ⊓∫⌉∇↙ • T⟨⌉ ⊓∫⌉∇ ⟩∫ ⊣⌊↕⌉ ⊔≀ ⇕⊣‖⌉ ⊣⌊∫⊔∇⊣⌋⊔ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\∫ ⊣\⌈ ⟨⊣⊑⌉ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟩\{⌉∇ ⊔⟨⌉ ⌈⌉⊔⊣⟩↕∫↙ • T⟨⌉ ∫†∫⊔⌉⇕ √∇≀⊑⟩⌈⌉∫ ∇⌉⊣∫≀\⊣⌊↕⌉ ⌈⌉{⊣⊓↕⊔∫↙ • T⟨⌉ ∫†∫⊔⌉⇕ ⌋⊣\ ⌊⌉ }∇⊣⌈⊓⊣↕↕† ⌋⊓∫⊔≀⇕⟩‡⌉⌈⇔ ⊣↕↕≀⊒⟩\} ⊣ ⊓∫⌉∇ ⊔≀ ∫√⌉⌋⟩{† ⊣∫ ↕⟩⊔⊔↕⌉ ≀∇ ⊣∫ ⇕⊓⌋⟨ ⊣∫ ⟨⌉ ≀∇ ∫⟨⌉ ⊒⊣\⊔∫↙ H≀⊒⌉⊑⌉∇⇔ ⟩⊔ ∫⟨≀⊓↕⌈ ⌊⌉ ‖⌉√⊔ ⟩\ ⇕⟩\⌈ ⊔⟨⊣⊔ ⊔⟨⌉ ≀⊑⌉∇⊣↕↕ }≀⊣↕ ≀{ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫ ⟩∫ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ ∫†∫⊔⌉⇕ ⊔⟨⊣⊔ ⌈⌉⇕≀\∫⊔∇⊣⊔⌉∫ ⊔⟨⊣⊔ ⇕≀∇⌉ √≀⊒⌉∇{⊓↕ ⊔≀≀↕∫ {≀∇ ⊣∫∫⟩∫⊔⟩\} ⊒⟩⊔⟨ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ∫⌉↕⌉⌋⊔⟩≀\ ⊣∇⌉ √≀∫∫⟩⌊↕⌉⇔ \≀⊔ ⊔≀ √∇≀⊑⟩⌈⌉ ⌈⌉⊘\⟩⊔⟩⊑⌉ ∫≀↕⊓⊔⟩≀\∫ ⊔≀ ⊣↕↕ ≀{ ⊔⟨⌉ ⟩∫∫⊓⌉∫ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ⊣⌊⟩↕⟩⊔⟩⌉∫ ⇕⌉\⊔⟩≀\⌉⌈ ⊣⌊≀⊑⌉↙ T⟨⌉ ∫⊣⊔⟩∫{⊣⌋⊔≀∇† ∫≀↕⊓⊔⟩≀\∫ ⊔≀ ⇕⊣\† ≀{ ⊔⟨⌉ √∇≀⌊↕⌉⇕∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫ ∇⌉√∇⌉∫⌉\⊔ ⊔⟨⌉∫⌉∫ ≀\ ⊔⟨⌉⟩∇ ≀⊒\↙ I\ C⟨⊣√⊔⌉∇ ∈⇔ ⊔⟨⌉ ∇⌉⊣⌈⌉∇ ⊒⟩↕↕ ⌊⌉ √∇≀⊑⟩⌈⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⟩\ ⌋≀↕≀⊓∇ ⊔⟨⌉≀∇† \⌉⌋⌉∫∫⊣∇† ⊔≀ ⊓\⌈⌉∇∫⊔⊣\⌈ ⊣\⌈ ⊣√√∇⌉⌋⟩⊣⊔⌉ ⊔⟨⌉ ⌊⊓↕‖ ≀{ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫↙ C⟨⊣√⊔⌉∇ ∋ ⊒⟩↕↕ ⌈⌉∫⌋∇⟩⌊⌉ ≀\⌉ ⊑⟩⌉⊒ ≀{ ⌋≀↕≀⊓∇ ⊓∫⌉ ⊔⟨⊣⊔ ⊒⟩↕↕ √∇≀⊑⌉ √⊣∇⊔⟩⌋⊓↕⊣∇↕† ⟨⌉↕√{⊓↕ ⟩\ ⌋∇⌉⊣⊔⟩\} ⊔⟨⟩∫ ∫†∫⊔⌉⇕↙ A ⇕⌉⊔∇⟩⌋ {≀∇ ⌋⊣↕⌋⊓↕⊣⊔⟩\} ⌋≀\⊔∇⊣∫⊔ ⊒⟩↕↕ ⌊⌉ ⌈⌉⊑⟩∫⌉⌈ ⟩\ C⟨⊣√⊔⌉∇ △↙ C⟨⊣√⊔⌉∇ ▽ ⊒⟩↕↕ ⌈⌉⊑⌉↕≀√ ⊔⟨⌉ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔⟨⊣⊔ ⊣∇⌉ \⌉⌉⌈⌉⌈ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊔≀ ⊣∫∫⟩∫⊔ ⊒⟩⊔⟨ ⌋≀↕≀⊓∇ ∫⌉↕⌉⌋⊔⟩≀\↙ T⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⊣ √∇≀⊔≀⊔†√⌉ ⊑⌉∇∫⟩≀\ ≀{ ⊔⟨⌉ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⟩∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ C⟨⊣√⊔⌉∇ ↙̸ F⟩\⊣↕↕†⇔ C⟨⊣√⊔⌉∇ ⌈⟩∫⌋⊓∫∫⌉∫ ⊔⟨⌉ ⌋≀\⌋↕⊓∫⟩≀\∫ ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ ⌈∇⊣⊒\ ⊣\⌈ {⊓⊔⊓∇⌉ ⊒≀∇‖ ⊔⟨⊣⊔ \⌉⌉⌈∫ ⊔≀ ⌊⌉ ⌈≀\⌉↙

C⟨⊣√⊔⌉∇ ∈

B⊣⌋‖}∇≀⊓\⌈

I\ ≀∇⌈⌉∇ ⊔≀ ⊓\⌈⌉∇∫⊔⊣\⌈ ⊔⟨⌉ ⌊≀⌈† ≀{ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫⇔ ⊣ ⊑⊣∇⟩⌉⊔† ≀{ ⌊⊣⌋‖}∇≀⊓\⌈ ⟩\{≀∇⇕⊣⊔⟩≀\ ⟩∫ ∇⌉∐⊓⟩∇⌉⌈↙ I\ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ∫⌉⌋⊔⟩≀\∫ ∫⌉⊑⌉∇⊣↕ ⊔≀√⟩⌋∫ ⊣∇⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ ∫⊓{⊘⌋⟩⌉\⊔ ⌈⌉√⊔⟨ ⊔≀ ⊓\⌈⌉∇∫⊔⊣\⌈ ⊔⟨⌉ ⊔⟨⌉∫⟩∫↙ F≀∇ ⌉⊣⌋⟨ ⊔≀√⟩⌋⇔ ∇⌉{⌉∇⌉\⌋⌉∫ ⊣∇⌉ √∇≀⊑⟩⌈⌉⌈ {≀∇ {⊓∇⊔⟨⌉∇ ∇⌉⊣⌈⟩\}↙ K\≀⊒↕⌉⌈}⌉ ≀{ ⌋≀⇕√⊓⊔⌉∇ ∫⌋⟩⌉\⌋⌉ ⊣\⌈ ⊣ ⌊⊣∫⟩⌋ ‖\≀⊒↕⌉⌈}⌉ ≀{ ⌋≀⇕√⊓⊔⌉∇ }∇⊣√⟨⟩⌋∫ ⊣∇⌉ ⊣∫∫⊓⇕⌉⌈↙ F≀∇ ⊣\ ⟩\⊔∇≀⌈⊓⌋⊔⟩≀\ ⊔≀ ⌋≀⇕√⊓⊔⌉∇ }∇⊣√⟨⟩⌋∫⇔ ∫⌉⌉ ⇐F≀↕⌉† ⌉⊔ ⊣↕↙⇔ ∞∃∃′⇒↙ T⟨⌉ √⊓∇√≀∫⌉ ≀{ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫ ⟩∫ ⊔≀ ⌈⌉⇕≀\∫⊔∇⊣⊔⌉ ⊔⟨⊣⊔ ⊣ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⟩∫ ⊣ {⌉⊣∫⟩⌊↕⌉ ⊣√√∇≀⊣⌋⟨ ⊔≀ ⊣∫∫⟩∫⊔⟩\} ⊓∫⌉∇∫ ⊒⟩⊔⟨ ⊔⟨⌉ ∫⌉↕⌉⌋⊔⟩≀\ ⊣\⌈ ⇕⊣⟩\⊔⌉\⊣\⌋⌉ ≀{ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇∫↙ C≀↕≀⊓∇ ∫⌋⟩⌉\⌋⌉ ⌊∇⟩⌈}⌉∫ ⇕⊣\† ⌈⟩∫⌋⟩√↕⟩\⌉∫⇔ ⟩\⌋↕⊓⌈⟩\} ⌋≀⇕√⊓⊔⌉∇ ∫⌋⟩⌉\⌋⌉⇔ √⟨†∫⟩⌋∫⇔ √⟨†∫⟩≀↕≀}†⇔ √∫†⌋⟨≀↕≀}†⇔ ⊣∇⊔ ⊣\⌈ }∇⊣√⟨⟩⌋ ⌈⌉∫⟩}\↙ I\ ≀∇⌈⌉∇ ⊔≀ ⌋∇⌉⊣⊔⌉ √≀⊒⌉∇{⊓↕ ⌋≀↕≀⊓∇ ⊔≀≀↕∫⇔ ∫⌉↕⌉⌋⊔⌉⌈ ⊣∫√⌉⌋⊔∫ ≀{ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉∫⌉ ∫⊓⌊|⌉⌋⊔∫ ⇕⊓∫⊔ ⌊⌉ ⊓\⌈⌉∇∫⊔≀≀⌈↙ T⟨⌉ ↕≀}⟩⌋⊣↕ ∫⊔⊣∇⊔⟩\} √≀⟩\⊔ ⟩∫ ⊑⟩⌈⌉≀ ⌈⟩∫√↕⊣† ⟨⊣∇⌈⊒⊣∇⌉↙ G⟩⊑⌉\ ⊣\ ⊓\⌈⌉∇∫⊔⊣\⌈⟩\} ≀{ ⟨≀⊒ ⌋≀↕≀⊓∇⌉⌈ ⟩⇕⊣}⌉∫ ⊣∇⌉ ⌋∇⌉⊣⊔⌉⌈⇔ ⊔⟨⌉ ⊓\⌈⌉∇↕†⟩\} ⌋≀↕≀⊓∇ ⇕≀⌈⌉↕∫ ⊔⟨⊣⊔ ⊣∇⌉ ⊓∫⌉⌈ ⊔⟨∇≀⊓}⟨≀⊓⊔ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫ {≀∇ ∫√⌉⌋⟩{†⟩\} ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊣∇⌉ ⌉§√↕⊣⟩\⌉⌈↙ F≀↕↕≀⊒⟩\} ⊔⟨⟩∫⇔ √∫†⌋⟨≀↕≀}⟩⌋⊣↕ ⊣∫√⌉⌋⊔∫ ≀{ ⌋≀↕≀⊓∇ ⊣∇⌉ ⌉§⊣⇕⟩\⌉⌈⇔ ⟩\⌋↕⊓⌈⟩\} ⊣ ⌊∇⟩⌉{ ↕≀≀‖ ⊣⊔ ⌋≀↕≀⊓∇ √⌉∇⌋⌉√⊔⟩≀\⇔ ⊔⟨⌉ ⌉{{⌉⌋⊔∫ ≀{ ⌋≀↕≀⊓∇ ≀\ ∇⌉⊣⌈⟩\}⇔ ⊣\⌈ ⌋≀↕≀⊓∇ ⌈⟩∫⌋∇⟩⇕⟩\⊣⊔⟩≀\↙ F⟩\⊣↕↕†⇔ ⊣∇⊔⟩∫⊔⟩⌋ ⇕≀⌈⌉↕∫ ≀{ ⌋≀↕≀⊓∇ ⊣\⌈ ⌋≀↕≀⊓∇ ⟨⊣∇⇕≀\† ⊣∇⌉ ⟩\⊑⌉∫⊔⟩}⊣⊔⌉⌈ ⊔≀ ⌈⟩∫⌋≀⊑⌉∇ ⊔⌉⌋⟨\⟩∐⊓⌉∫ ≀{ ⊣∫∫⟩∫⊔⟩\} ⊒⟩⊔⟨ ⟨⊣∇⇕≀\⟩≀⊓∫ ⌋≀↕≀⊓∇ ∫⌉↕⌉⌋⊔⟩≀\↙

∈↙∞ C≀↕≀⊓∇ D⟩∫√↕⊣†¬ T⟨⌉ C≀↕≀⊓∇ CRT C⊓∇∇⌉\⊔↕†⇔ ⊔⟨⌉ ⇕≀∫⊔ ⌋≀⇕⇕≀\ ⊑⟩⌈⌉≀ ⌈⟩∫√↕⊣† ⟨⊣∇⌈⊒⊣∇⌉ ⟩∫ ⊔⟨⌉ ⌋⊣⊔⟨≀⌈⌉ ∇⊣† ⊔⊓⌊⌉ ⇐CRT⇒⇔ ⊣\ ⌉↕⌉⌋⊔∇≀\⟩⌋ ⌈⌉⊑⟩⌋⌉ ⊔⟨⊣⊔ √∇≀⌈⊓⌋⌉∫ √⊣⊔⊔⌉∇\∫ ≀{ ↕⟩}⟨⊔ ≀\ ⊣ }↕⊣∫∫ ⌈⟩∫√↕⊣†↙ A ⌋⊣⊔⟨≀⌈⌉ ⌋∇⌉⊣⊔⌉∫ ⌉↕⌉⌋⊔∇≀\∫ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⊣⌋⌋⌉↕⌉∇⊣⊔⌉⌈ ⊔≀⊒⊣∇⌈∫ ⊔⟨⌉ {∇≀\⊔ ≀{ ⊔⟨⌉ CRT↙ T⟨⟩∫ ∫⊔∇⌉⊣⇕ ≀{ ⌉↕⌉⌋⊔∇≀\∫ ⟩∫ {≀⌋⊓∫⌉⌈ ⟩\⊔≀ ⊣\ ⌉↕⌉⌋⊔∇≀\ ⌊⌉⊣⇕ ⊒⟨⟩⌋⟨ ⌋≀\⊑⌉∇}⌉∫ ⊔≀ ⊣ ∫⇕⊣↕↕ √≀⟩\⊔ ⊣⊔ ⊔⟨⌉ {⊣⌋⌉√↕⊣⊔⌉ ≀{ ⊔⟨⌉ CRT↙ T⟨⟩∫ ⌊⌉⊣⇕ ⟩∫ ⊣⟩⇕⌉⌈ ⊣⊔ ⊔⟨⌉ √⟨≀∫√⟨≀∇↖⌋≀⊣⊔⌉⌈ ⟩\∫⟩⌈⌉ ≀{ ⊔⟨⌉ ⌈⟩∫√↕⊣† ∫⊓∇{⊣⌋⌉↙ W⟨⌉\ ⊔⟨⌉ ⌉↕⌉⌋⊔∇≀\∫ ∫⊔∇⟩‖⌉ ⊔⟨⌉ √⟨≀∫√⟨≀∇⇔ ⟩⊔ ⌉⇕⟩⊔∫ ⊑⟩∫⟩⌊↕⌉ ↕⟩}⟨⊔↙ T⟨⌉ √⊣⊔⊔⌉∇\ ≀{ ↕⟩}⟨⊔ ⌋∇⌉⊣⊔⌉⌈ ⌊† ⊔⟨⌉ }↕≀⊒⟩\} √⟨≀∫√⟨≀∇ ⟩∫ ⊔⟨⌉ ⟩⇕⊣}⌉ ∫⌉⌉\ ≀\ ⊔⟨⌉ ⌈⟩∫√↕⊣† ∫⊓∇{⊣⌋⌉↙ T≀ ⌋∇⌉⊣⊔⌉ ⌋≀↕≀⊓∇⇔ ∫⌉⊑⌉∇⊣↕ √⟨≀∫√⟨≀∇∫ ⊣∇⌉ \⌉⌉⌈⌉⌈⇔ ⊣\⌈ ⊔⟨⌉ ⌉§⌋⟩⊔⊣⊔⟩≀\ ≀{ ⌉⊣⌋⟨ ⇕⊓∫⊔ ⌊⌉ ⌋≀\⊔∇≀↕↕⌉⌈ ⟩\⌈⌉√⌉\⌈⌉\⊔↕†↙ T⟨⌉ ⇕⌉⌋⟨⊣\⟩∫⇕ {≀∇ ⌈≀⟩\} ⊔⟨⟩∫ ⟩∫ ⊔⟨⌉ ∫⟨⊣⌈≀⊒ ⇕⊣∫‖↙ T⟨⌉ ⟩\∫⟩⌈⌉ ≀{ ⊔⟨⌉ ⊔⊓⌊⌉≃∫ ⊑⟩⌉⊒⟩\} ∫⊓∇{⊣⌋⌉ ⟩∫ ⌋≀⊑⌉∇⌉⌈ ⊒⟩⊔⟨ √⟨≀∫√⟨≀∇ ⌈≀⊔∫ ⊣∇∇⊣\}⌉⌈ ⟩\ ⊔∇⟩⊣\}⊓↕⊣∇ √⊣⊔⊔⌉∇\∫⇔ ⊣∫ ∫⟨≀⊒\ ⟩\ F⟩}⊓∇⌉ ∈↙∞↙ T⟨⌉∫⌉ √⟨≀∫√⟨≀∇ ⌈≀⊔∫ ⊣∇⌉ ⌉§⊔∇⌉⇕⌉↕† ∫⇕⊣↕↕⇔ ⊣ ⌈≀‡⌉\ ≀∇ ⇕≀∇⌉ ⌊⌉⟩\} ∇⌉∐⊓⟩∇⌉⌈ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ ∫⟩\}↕⌉ √⟩§⌉↕ ⇐≀∇ √≀⟩\⊔ ≀\ ⊔⟨⌉ ∫⌋∇⌉⌉\↙⇒ T⟨⌉ ⌋≀↕≀⊓∇ ≀{ ⊔⟨⌉∫⌉ √⟨≀∫√⟨≀∇∫ ⊣∇⌉ ∇⌉⌈⇔ }∇⌉⌉\ ⊣\⌈ ⌊↕⊓⌉↙ T⟨∇⌉⌉ ⌈⟩{{⌉∇⌉\⊔ ⌉↕⌉⌋⊔∇≀\ }⊓\∫⇔ ⊣∇∇⊣\}⌉⌈ ⟩\ ⊔⟨⌉ ∫⊣⇕⌉ ⊔∇⟩⊣\}⊓↕⊣∇ ∫⟨⊣√⌉ ⊣∫ ⊔⟨⌉ √⟨≀∫√⟨≀∇∫⇔ ⊣∇⌉ ⟩\⌈⌉√⌉\⌈⌉\⊔↕† {≀⌋⊓∫⌉⌈ ⊣⊔ ⊔⟨⌉ ∫⊣⇕⌉ √≀⟩\⊔ ≀\ ⊔⟨⌉ ∫⌋∇⌉⌉\↙ T⟨⌉ ∫⟨⊣⌈≀⊒↖⇕⊣∫‖ ⟩∫ √↕⊣⌋⌉⌈ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ √⟨≀∫√⟨≀∇ ∫⊓∇{⊣⌋⌉ ⊣\⌈ ⊔⟨⌉ ⟩\⌋≀⇕⟩\} ⌉↕⌉⌋⊔∇≀\∫⇔ ⊣\⌈ ⟨⊣∫ ∫⇕⊣↕↕ ⟨≀↕⌉∫ ⟩\ ⟩⊔⇔ ≀\⌉ {≀∇ ⌉⊣⌋⟨ ∫⌉⊔ ≀{ ⊔⟨∇⌉⌉ √⟨≀∫√⟨≀∇∫↙ T⟨⌉ ⌉↕⌉⌋⊔∇≀\ }⊓\∫⇔ ∫⟨⊣⌈≀⊒↖⇕⊣∫‖ ⟨≀↕⌉∫ ⊣\⌈ √⟨≀∫√⟨≀∇∫ ⊣∇⌉ √∇⌉⌋⟩∫⌉↕† ⊣∇∇⊣\}⌉⌈ ∫≀ ⊔⟨⊣⊔ ≀\↕† ⊔⟨⌉ ⌉↕⌉⌋⊔∇≀\∫ {∇≀⇕ ≀\⌉ }⊓\ ∫⊔∇⟩‖⌉ ⊣\† ⟩\⌈⟩⊑⟩⌈⊓⊣↕ √⟨≀∫√⟨≀∇⇔ ⊣∫ ∫⟨≀⊒\ ⟩\ F⟩}⊓∇⌉ ∈↙∈↙ T⟨⟩∫ ⊣∇∇⊣\}⌉⇕⌉\⊔ ⊣↕↕≀⊒∫ ≀\⌉ }⊓\ ⊔≀ ⌋≀\⊔∇≀↕ ⊔⟨⌉ ⟩\⊔⌉\∫⟩⊔† ≀{ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉ ∇⌉⌈⇔ }∇⌉⌉\ ⊣\⌈ ⌊↕⊓⌉ √⟨≀∫√⟨≀∇∫↙ A↕↕ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ ⊣∇⌉ ⌈⟩∫√↕⊣†⌉⌈ ≀\ ⊣ ⌋≀⇕√⊓⊔⌉∇ ∫⌋∇⌉⌉\ ⊣∇⌉

∀ C⟨⊣√⊔⌉∇ ∈↙ B⊣⌋‖}∇≀⊓\⌈

F⟩}⊓∇⌉ ∈↙∞¬ T⟨⌉ T∇⟩⊣\}⊓↕⊣∇ P⊣⊔⊔⌉∇\ ≀{ R⌉⌈⇔ G∇⌉⌉\ ⊣\⌈ B↕⊓⌉ P⟨≀∫√⟨≀∇∫↙

F⟩}⊓∇⌉ ∈↙∈¬ T⟨⌉ S⟨⊣⌈≀⊒↖⇕⊣∫‖ CRT↙

∈↙∈↙ C≀↕≀⊓∇ M≀⌈⌉↕∫ ∃

⌋∇⌉⊣⊔⌉⌈ ⊣∫ ⊣ ↕⟩\⌉⊣∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\ ≀{ ∫√⌉⌋⊔∇⊣↕ √≀⊒⌉∇ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\∫ ≀{ ⊔⟨⌉ ∇⌉⌈⇔ }∇⌉⌉\ ⊣\⌈ ⌊↕⊓⌉ √⟨≀∫√⟨≀∇∫⇔ ⊣∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ∈↙∈↙∞↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩{ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉ √⟨≀∫√⟨≀∇∫ ⌋≀⊓↕⌈ ⌊⌉ ⟩↕↕⊓⇕⟩\⊣⊔⌉⌈ ⊔≀ ⊔⊒≀ ⌈⟩{{⌉∇⌉\⊔ ↕⌉⊑⌉↕∫ ⇐≀\ ⊣\⌈ ≀{{⇒ ⊔⟨⌉∇⌉ ⊒≀⊓↕⌈ ⌊⌉ ⌉⟩}⟨⊔ √≀∫∫⟩⌊↕⌉ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫↙ M≀∇⌉ ⌋≀⇕⇕≀\↕†⇔ ⊔⟨⌉ √⟨≀∫√⟨≀∇∫ ⌋⊣\ ⌊⌉ ⟩↕↕⊓⇕⟩\⊣⊔⌉⌈ ⊣⊔ ∈▽ ̸⌈⟩{{⌉∇⌉\⊔ ⟩\⊔⌉\∫⟩⊔⟩⌉∫⇔ }⟩⊑⟩\} ≀⊑⌉∇ ∫⟩§⊔⌉⌉\ ⇕⟩↕↕⟩≀\ √≀∫∫⟩⌊↕⌉ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫↙ A ⇕≀∇⌉ ⟩\↖⌈⌉√⊔⟨ ⌈⌉∫⌋∇⟩√⊔⟩≀\ ≀{ ⊔⟨⌉ ⊒≀∇‖⟩\}∫ ≀{ ⊣ CRT⇔ ⊣∫ ⊒⌉↕↕ ⊣∫ ≀⊔⟨⌉∇ ⌈⟩∫√↕⊣† ⌈⌉⊑⟩⌋⌉∫⇔ ⇕⊣† ⌊⌉ {≀⊓\⌈ ⟩∫ ⌊≀≀‖∫ ∫⊓⌋⟨ ⊣∫ ⇐F≀↕⌉† ⌉⊔ ⊣↕↙⇔ ∞∃∃′⇒↙ F≀∇ ∫⟩⇕√↕⟩⌋⟩⊔†⇔ ⊔⟨⌉ CRT ∫⊔⊣\⌈∫ {≀∇ ⊣↕↕ ⊑⟩⌈⌉≀ ⌈⟩∫√↕⊣† ⌈⌉⊑⟩⌋⌉∫⇔ ∫⊓⌋⟨ ⊣∫ √↕⊣∫⇕⊣ ⊣\⌈ LCD ⌈⟩∫√↕⊣†∫⇔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉⟩∇ ⌋⊣√⊣⌊⟩↕⟩⊔⟩⌉∫ ⊣∇⌉ ∫⟩⇕⟩↕⊣∇↙

∈↙∞↙∞ G⊣⇕⇕⊣ C≀∇∇⌉⌋⊔⟩≀\ C≀\⊔∇≀↕↕⌉⌈ ⌈⟩∫√↕⊣† ≀{ ⇕⊣\† ⌈⟩{{⌉∇⌉\⊔ ⟩\⊔⌉\∫⟩⊔⟩⌉∫ ≀\ ⊣ CRT ⟩∫ \≀⊔ ⊣∫ ∫⊔∇⊣⟩}⟨⊔{≀∇⊒⊣∇⌈ ⊣∫ ⟩⊔ ∫⌉⌉⇕∫⇔ ∫⟩\⌋⌉ ⊔⟨⌉ ⟩\⊔⌉\∫⟩⊔† ≀{ ⊔⟨⌉ ↕⟩}⟨⊔ ≀⊓⊔√⊓⊔ ⌊† ⊣ √⟨≀∫√⟨≀∇ ⟩∫ \≀⊔ ↕⟩\⌉⊣∇↕† ∇⌉↕⊣⊔⌉⌈ ⊔≀ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌉↕⌉⌋⊔∇≀\∫ ∫⊔∇⟩‖⟩\} ⟩⊔↙ F≀∇ ∫⟩⇕√↕⟩⌋⟩⊔†⇔ ⊔⟨⌉ ⟩\⊔⌉∇\⊣↕ ⊒≀∇‖⟩\}∫ ≀{ ⊔⟨⌉ CRT ⊣∇⌉ ⟩}\≀∇⌉⌈ ⊣\⌈ ≀\↕† ⊔⟨⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⊑≀↕⊔⊣}⌉ ⊣\⌈ ⊔⟨⌉ ↕⟩}⟨⊔ ≀⊓⊔√⊓⊔ {≀∇ ⊣ }⟩⊑⌉\ √⟨≀∫√⟨≀∇ ⊣∇⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈∞↙ T⟨⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√ ⟩∫ I = kV^γ , or V = (I/k)1^{/γ} (2.1) for constants k and γ▷ ↼Foley et al▷ 1990↽ describes how to actually calculate the value of required voltage V for a desired intensity I▷ For a typical CRT the value of γ falls in the range 2▷2 to 2▷5▷ What is important here is to note that the relationship is not linear and that the values of k and γ vary between CRTs▷ Correcting for the nonlinearity of phosphor response in this manner is referred to as gamma correction because of the historical use of gamma as the exponent in Equation 2▷1▷ Unfortunately the situation is even more complicated▷ There are two other factors which contribute to the perceived response of the phosphors. • M⊣\† ⌋⊓∇∇⌉\⊔ CRT≃∫ ⊣∇⌉ ⌉∐⊓⟩√√⌉⌈ ⊒⟩⊔⟨ ⌈⟩⊣↕∫ ⊔⟨⊣⊔ ⌋≀\⊔∇≀↕ ⊔⟨⌉ ⊖⌊∇⟩}⟨⊔\⌉∫∫⪰ ≀∇ ⊖⌊↕⊣⌋‖ ↕⌉⊑⌉↕⪰ ⊣\⌈ ⊔⟨⌉ ⊖⌋≀\⊔∇⊣∫⊔⪰ ≀{ ⊔⟨⌉ ⌈⟩∫√↕⊣†↙ T⟨⌉ ⌊∇⟩}⟨⊔\⌉∫∫ ⌋≀\⊔∇≀↕ ⌈⟩⊣↕⇔ ⟩\ √⊣∇⊔⟩⌋⊓↕⊣∇⇔ ⌋⟨⊣\}⌉∫ ⊔⟨⌉ ∇⌉∫√≀\∫⌉ ≀{ ⊔⟨⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⊑≀↕⊔⊣}⌉ ∇⌉⌋⌉⟩⊑⌉⌈ ⌊† ⊔⟨⌉ ⇕≀\⟩⊔≀∇ ⊣\⌈ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌉↕⌉⌋⊔∇≀\∫ ∫⊔∇⟩‖⟩\} ⊔⟨⌉ √⟨≀∫√⟨≀∇ ∫⊓∇{⊣⌋⌉⇔ ⊣\⌈ ⊔⟨⊓∫ ⊔⟨⌉ ∇⌉∐⊓⟩∇⌉⌈ }⊣⇕⇕⊣ ⊑⊣↕⊓⌉↙ E§√⌉∇⟩⌉\⌋⌉ ⟨⊣∫ ∫⟨≀⊒\ ⊔⟨⊣⊔ ⊔⟨⌉ }⊣⇕⇕⊣ ⊑⊣↕⊓⌉ {≀∇ ⊣ CRT ⊒⟩⊔⟨ ⊣ ⊔†√⟩⌋⊣↕ ⌊∇⟩}⟨⊔\⌉∫∫ ⌋≀\⊔∇≀↕ ⌋⊣\ {⊣↕↕ ⟩\ ⊣ ∇⊣\}⌉ ≀{ ∞ ⊔≀ ▽→ • T⟨⌉ ↕⟩}⟨⊔⟩\} ⌋≀\⌈⟩⊔⟩≀\∫ ⟩\ ⊔⟨⌉ ⊣∇⌉⊣ ⊒⟨⌉∇⌉ ⊔⟨⌉ CRT ⟩∫ ⌊⌉⟩\} ⊑⟩⌉⊒⌉⌈ ⌈∇⊣⇕⊣⊔⟩⌋⊣↕↕† ⊣{{⌉⌋⊔∫ ⊔⟨⌉ √⌉∇⌋⌉⟩⊑⌉⌈ ⟩\⊔⌉\∫⟩⊔† ≀{ ⊔⟨⌉ √⟨≀∫√⟨≀∇∫ ⇐∫⌉⌉ ⊔⟨⌉ ⌈⟩∫⌋⊓∫∫⟩≀\ ≀{ ⊑⌉⟩↕⟩\} ↕⟩}⟨⊔∫ ⟩\ S⌉⌋⊔⟩≀\ ∈↙▽↙⇒ T⟨⌉∫⌉ ⊔⊒≀ {⊣⌋⊔≀∇∫ ⊣∇⌉⇔ ⟩\ {⊣⌋⊔⇔ ∇⌉↕⊣⊔⌉⌈ � ⊔⟨⌉ ⌉§⟩∫⊔⌉\⌋⌉ ≀{ ⊔⟨⌉ ∫⌉⌋≀\⌈ \⌉⌋⌉∫∫⟩⊔⊣⊔⌉∫ ⊔⟨⌉ ⊘∇∫⊔↙ B∇⟩}⟨⊔\⌉∫∫ ⌋≀\⊔∇≀↕∫ ⊣∇⌉ √⊓⊔ ≀\ ⇕≀\⟩⊔≀∇∫ ⊔≀ ⊣↕↕≀⊒ ⊓∫⌉∇∫ ⊔≀ ⌋≀⇕√⌉\∫⊣⊔⌉ {≀∇ ↕⟩}⟨⊔⟩\} ⌋≀\⌈⟩⊔⟩≀\∫ ⟩\ ⊔⟨⌉ ⊣∇⌉⊣ ≀{ ⊔⟨⌉ CRT↙

∈↙∈ C≀↕≀⊓∇ M≀⌈⌉↕∫ C≀↕≀⊓∇ ⟩∫ ⟩\⊔⊓⟩⊔⟩⊑⌉↕† ⌈⌉∫⌋∇⟩⌊⌉⌈ ⊓∫⟩\} ⊔⟨⌉ ⊔⟨∇⌉⌉ ⊔⌉∇⇕∫ ⟨⊓⌉⇔ ↕⟩}⟨⊔\⌉∫∫ ⊣\⌈ ∫⊣⊔⊓∇⊣⊔⟩≀\↙ H⊓⌉ ∇⌉{⌉∇∫ ⊔≀ ⊔⟨⌉ ⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀⇕√≀\⌉\⊔ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇⇔ ⊔⟨⌉ ∐⊓⊣\⊔⟩⊔† ⊔⟨⊣⊔ ⌈⟩∫⊔⟩\}⊓⟩∫⟨⌉∫ ⌊⌉⊔⊒⌉⌉\ ⌋≀↕≀⊓∇∫ ∫⊓⌋⟨ ⊣∫ ∇⌉⌈⇔ }∇⌉⌉\ ⊣\⌈ ⌊↕⊓⌉↙ L⟩}⟨⊔\⌉∫∫ ∇⌉{⌉∇∫ ⊔≀ ⟨≀⊒ ⌈⊣∇‖ ≀∇ ↕⟩}⟨⊔ ⊣ ⌋≀↕≀⊓∇ ⟩∫↙ F⟩\⊣↕↕†⇔ ∫⊣⊔⊓∇⊣⊔⟩≀\ ⌈⌉∫⌋∇⟩⌊⌉∫ ⊔⟨⌉ √⊓∇⟩⊔† ≀{ ⊣ ⌋≀↕≀⊓∇⇔ ⊒⟨⟩⌋⟨ ∇⊣\}⌉∫ {∇≀⇕ \⌉⊓⊔∇⊣↕ }∇⌉† ⊔≀ √⊓∇⌉ ⌋≀↕≀⊓∇↙ T⟨⌉ ⌋≀↕≀⊓∇∫ ⌊↕⊣⌋‖⇔ ⊒⟨⟩⊔⌉ ⊣\⌈ ⊔⟨⌉ ∫⟨⊣⌈⌉∫ ≀{ }∇⌉† ⊣∇⌉ ∫⊣⟩⌈ ⊔≀ ⌊⌉ ⊖⊣⌋⟨∇≀⇕⊣⊔⟩⌋⪰ ≀∇ \⌉⊓⊔∇⊣↕ � ⊔⟨⌉† ⊣∇⌉ ⌋≀⇕√↕⌉⊔⌉↕† ⌈⌉∫⊣⊔⊓∇⊣⊔⌉⌈⇔ ⟨⊣⊑⟩\} \≀ ⊖⌋⟨∇≀⇕⊣⊔⟩⌋⪰ ⌋≀↕≀⊓∇ ⌋≀⇕√≀\⌉\⊔↙ F≀∇ ⌋≀↕≀⊓∇ ⊔≀ ⌊⌉ ⊓∫⌉⌈ ⌉{{⌉⌋⊔⟩⊑⌉↕† ⟩\ ⌋≀⇕√⊓⊔⌉∇ }∇⊣√⟨⟩⌋∫⇔ ⟩⊔ ⟩∫ \⌉⌋⌉∫∫⊣∇† ⊔≀ ⌊⌉ ⊣⌊↕⌉ ⊔≀ ∫√⌉⌋⟩{† ⌋≀↕≀⊓∇∫ √∇⌉⌋⟩∫⌉↕†↙ M≀∫⊔ ⌋≀⇕√⊓⊔⌉∇ {∇⊣⇕⌉⌊⊓{{⌉∇ ⟨⊣∇⌈⊒⊣∇⌉ ∇⌉∐⊓⟩∇⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊔≀ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ ⌊† ⊔⟨⌉⟩∇ ∇⌉⌈⇔ }∇⌉⌉\ ⊣\⌈ ⌊↕⊓⌉ ⇐RGB⇒ ∞T⟨⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌉↕⌉⌋⊔∇≀\∫ ∫⊔∇⟩‖⟩\} ⊔⟨⌉ √⟨≀∫√⟨≀∇ ⊣\⌈ ⊔⟨⌉ ⊑≀↕⊔⊣}⌉ ∫⌉\⊔ ⊔≀ ⊔⟨⌉ CRT {≀∇ ⊔⟨⊣⊔ √⟨≀∫√⟨≀∇ ⟩∫ ↕⟩\⌉⊣∇↙

∞′ C⟨⊣√⊔⌉∇ ∈↙ B⊣⌋‖}∇≀⊓\⌈

⌋≀⇕√≀\⌉\⊔∫↙ M≀∇⌉ ⊣⌊∫⊔∇⊣⌋⊔ ⇕≀⌈⌉↕∫ ≀{ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\⇔ ∫⊓⌋⟨ ⊣∫ HSV ⊣\⌈ HLS⇔ ⊣∇⌉ ⊣↕∫≀ ⊓∫⌉⌈ ⟩\ ⌋≀⇕√⊓⊔⌉∇ }∇⊣√⟨⟩⌋∫↙ T⟨⌉∫⌉ ⇕≀⌈⌉↕∫ √∇≀⊑⟩⌈⌉ ⊣ ⇕≀∇⌉ ⟩\⊔⊓⟩⊔⟩⊑⌉ ≀∇}⊣\⟩‡⊣⊔⟩≀\ ≀{ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫⇔ ⌊⊓⊔ ⊣∇⌉ ⇕⌉∇⌉↕† ⌈⟩{{⌉∇⌉\⊔ ⊑⟩⌉⊒∫ ≀{ ⊔⟨⌉ ∫⊣⇕⌉ RGB ⌋≀↕≀⊓∇ ∫√⊣⌋⌉↙ W⟨⟩↕⌉ ⊔⟨⌉∫⌉ ⇕≀⌈⌉↕∫ ⊣∇⌉ √∇⌉⌋⟩∫⌉ ⊒⟩⊔⟨ ∇⌉∫√⌉⌋⊔ ⊔≀ ⊔⟨⌉ ⊑⊣↕⊓⌉∫ √↕⊣⌋⌉⌈ ⟩\ ⊔⟨⌉ ⊑⟩⌈⌉≀ {∇⊣⇕⌉⌊⊓{{⌉∇⇔ ⊔⟨⌉† ⌈≀ \≀⊔ ⊣↕↕≀⊒ ⊣⌋⌋⊓∇⊣⊔⌉ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⊒⟩⊔⟨ ∇⌉∫√⌉⌋⊔ ⊔≀ ⌋≀↕≀⊓∇ ⊣√√⌉⊣∇⊣\⌋⌉ � ⊔⟨⌉ ∫⊣⇕⌉ RGB⇔ HLS ≀∇ HSV ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⇕⊣† ⊣√√⌉⊣∇ ⊣∫ ⊣ ⌈⟩{{⌉∇⌉\⊔ ⌋≀↕≀⊓∇ ≀\ ⌈⟩{{⌉∇⌉\⊔ ⌋≀⇕√⊓⊔⌉∇∫ ≀∇ ⌈⟩{{⌉∇⌉\⊔ CRT∫↙ O⌊|⌉⌋⊔⟩⊑⌉ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\⇔ ⟩\⌈⌉√⌉\⌈⌉\⊔ ≀{ ⊣\† ⌈⟩∫√↕⊣† ⇕⌉⌈⟩⊓⇕⇔ ⟩∫ √∇≀⊑⟩⌈⌉⌈ ⌊† ⊔⟨⌉ ⌊∇⊣\⌋⟨ ≀{ √⟨†∫⟩⌋∫ ‖\≀⊒\ ⊣∫ ⌋≀↕≀∇⟩⇕⌉⊔∇†↙ M⊣\† ≀{ ⊔⟨⌉∫⌉ ⇕≀⌈⌉↕∫ ⊣∇⌉ ⌊⊣∫⌉⌈ ≀\ ⌋≀↕≀⊓∇ ⇕≀⌈⌉↕∫ ⌈⌉⊑⌉↕≀√⌉⌈ ↕≀\} ⊣}≀ ⌊† ⊣∇⊔⟩∫⊔∫ ⊣\⌈ ∫⌋⟩⌉\⊔⟩∫⊔∫ ∫⊓⌋⟨ ⊣∫ ⇐C⟨⌉⊑∇⌉⊓↕⇔ ∞∃⇏⇔ ⇐M⊓\∫⌉↕↕⇔ ∞∃△⇒ ⊣\⌈ ⇐O∫⊔⊒⊣↕⌈⇔ ∞∃∋∞⇒↙ I\ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ∫⌉⌋⊔⟩≀\∫⇔ ∫⌉⊑⌉∇⊣↕ ⇕≀⌈⌉↕∫ ⊒⟩↕↕ ⌊⌉ ⌈⌉∫⌋∇⟩⌊⌉⌈↙ F≀∇ ⊣ ⇕≀∇⌉ ⌋≀⇕√↕⌉⊔⌉ ⟨⟩∫⊔≀∇† ≀{ ⌋≀↕≀⊓∇ ⇕≀⌈⌉↕∫⇔ ∫⌉⌉ ⇐N≀∇⇕⊣\⇔ ∞∃∃′⇒ ≀∇ ⇐G⌉∇∇⟩⊔∫⌉\⇔ ∞∃∀∀⇒↙ F≀∇ ⊣ ⇕≀∇⌉ ⟩\ ⌈⌉√⊔⟨ ⌈⟩∫⌋⊓∫∫⟩≀\ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⇕≀⌈⌉↕∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⌊⌉↕≀⊒⇔ ∫⌉⌉ ≀\⌉ ≀{ ⇐F≀↕⌉† ⌉⊔ ⊣↕↙⇔ ∞∃∃′∅ R≀}⌉∇∫⇔ ∞∃∀▽∅ H⊣↕↕⇔ ∞∃∀∀∅ B≀†\⊔≀\⇔ ∞∃∃⇒↙ I\ ⊣⌈⌈⟩⊔⟩≀\⇔ ⇕⊣\† ≀{ ⊔⟨⌉ ⌋≀\⌋⌉√⊔∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ ⊔⟨⟩∫ ∫⌉⌋⊔⟩≀\ ⊣∇⌉ ⊔∇⌉⊣⊔⌉⌈ ⊣⊔ ⊣\ ⟩\⊔∇≀⌈⊓⌋⊔≀∇† ↕⌉⊑⌉↕ ⟩\ ⇐H≀√⌉ ⊣\⌈ W⊣↕⌋⟨⇔ ∞∃∃′⇒↙

∈↙∈↙∞ C≀↕≀⊓∇ M⟩§⟩\} F∇≀⇕ ⊔⟨⌉ √∫†⌋⟨≀√⟨†∫⟩⌋⊣↕ √≀⟩\⊔ ≀{ ⊑⟩⌉⊒⇔ ⌋≀↕≀⊓∇ ⌋⊣\ ⌊⌉ ⌈⌉⊘\⌉⌈ ⊣∫ ⇐W†∫‡⌉⌋‖⟩ ⊣\⌈ S⊔⟩↕⌉∫⇔ ∞∃∀∈⇒ ⊔⟨⊣⊔ ⌋⟨⊣∇⊣⌋⊔⌉∇⟩∫⊔⟩⌋ ≀{ ⊣ ⊑⟩∫⟩⌊↕⌉ ∪⌋≀↕≀⊓∇ ∫⊔⟩⇕⊓↕⊓∫⊎ . . . by which an observer may distinguish differences between two structurefree αelds of view of the same size and shape such as may be caused by differences in the spectral composition of the radiant power concerned in the observation▷ This spectral power distribution which deαnes a colour is a measurement of the intensity of light at unit intervals for each visible wavelength of the electromagnetic spectrum which extends from approximately 400 ↼λ_{min}↽ to 700 ↼λ_{max}↽ nanometers and is denoted as follows. E(λ) = λ_{max}∑ i=λmin e_i (2.2) where e_i is the intensity of wavelength λ_i▷ When all of the visible wavelengths are present in approximately equal amounts the result is achromatic▷ Otherwise a dominant wavelength is perceived which corresponds to the intuitive notion of hue▷ When colours are mixed their spectral power distributions are mixed▷ There are two colour mixing systems subtractive and additive which apply to reβective and selfluminous objects respectively▷

Additive When working with luminous objects ↼objects that generate light↽ the colour primaries typically used red green and blue▷ Luminous objects create colour by emitting light with certain spectral power distributions▷ Colour mixing is linearly additive▷ When two lights with spectral power distributions E 1 and E2 are mixed together the result E3is e3_i = e1_i + e2_i, i = λ_{min}, . . . , λ_{max} (2.3) where e_{j i} is the component of E_j at the wavelength λ_i▷ When the primaries are added together in equal quantities all the wavelengths of light are present and the result is seen as white light 2▷ These three colours can be combined to create all of the colours of the spectrum plus purple ↼a nonspectral colour with is created by adding together red and blue↽▷ This allows a wide variety of colours to be created▷ Anyone who has watched TV or used a computer has seen colour created additively▷

2This is a simpliαcation▷ See Section 2▷2▷2▷

Subtractive When most people think of the primary colours ↼the basic colours that are combined to create all other colours↽ their intuition is based on their childhood experience of mixing paint. yellow and blue combine to produce green▷ The three primaries are blue red and yellow▷ These colours are the primary colours for a subtractive colour scheme 3 which is the colour scheme used when mixing paint ink dye or any other reβective material and when dealing with transmissive materials such as αlm▷ Subtractive colour mixing is signiαcantly more complicated than additive mixing so a detailed account of how it occurs is not possible here▷ A brief description of how subtractive mixing occurs with αlters is all that is possible▷ Filters do not generate light but are seen by the light which passes though them▷ The color of a αltered light is therefore determined by the amount of each wavelength that passes though the αlter▷ This can be expressed by a transmission function T (λ) = t_i, 0 ≤ t_i ≤ ∞, i = λ_{min}, . . . , λ_{max} (2.4) where t_i is the fraction of wavelength λ_i that is transmitted▷ When a light with a spectral power distribution E(λ) is passed through a fflter with a transmission function T1(λ), the spectral power distribution E1(λ) of the resulting light is e1_i = e_it1_i, i = λ_{min}, . . . , λ_{max} (2.5) If this light is then passed through a second fflter, with transmission T2(λ), the spectral power distribution E2(λ) of the resulting light is e2_i = e_it1_it2_i, i = λ_{min}, . . ., λ_{max} (2.6) In the above situations, where light is transmitted through one or more fflters, the effect is to subtract intensity from the spectral power distribution of the incident light. That is why this is referred to as subtractive colour mixing � mixing coloured objects results in light being subtracted from the incident light. When the three fflters corresponding to ideal subtractive primaries are used in succession, little colour is transmitted and the result is black.

The question of how pigments combine requires knowledge of how pigments are suspended in the medium and how light is scattered within the medium. For a more detailed discussion of this, see (Cowan and Ware, 1985).

Complementary Colours With both additive and subtractive colour mixing, each pure colour has associated with it another colour, call its complement. Mixing a colour with an equal amount of its complement results in grey. Mixing a colour with a lesser amount of its complement results in a less saturated colour of the same hue. The complements of the primary colours are often referred to as the secondary colours.

2.2.2 Colorimetry

The purpose of colorimetry is to provide an objective, quantitative way of specifying colour. Standard colorimetric systems, which are based on additive colour mixing, are well adapted for use with CRTs.

2.2.2.1 Colour Matching

Colorimetry begins with colour matching. Imagine an experiment where the subject is looking at two areas of coloured light. One area is a test colour. The subject attempts to create a matching colour in the other area. To perform this match, the subject has three dials which control the intensity of three coloured lights (referred to as the colour primaries) that are combined to create the matching colour. These three lights are red, green and

3The subtractive primaries are actually cyan, magenta and yellow, but artists typically refer to the primaries as red, blue and yellow.

Figure 2.3: Colour-matching functions, showing the tristimulus values for the visible spectrum, where the three primaries are R = 700nm, G = 546.1nm and B = 438.1nm. (Adapted from Foley et al. (1990))

blue, the additive primaries from section 2.2.1. In practice, some colours can not be matched by the positive combinations of these standard lights. This problem can be overcome by allowing the subject to add one of the primaries to the test light and then attempt to create a match with the remaining two primaries. In this case, the match can be speciffed as a combination of positive and negative amounts of the primary lights, where a negative amount means the primary was added to the test light instead of the match light. These values are referred to as tristimulus values for the colour, since they deffne the amount of each stimulus needed to create the colour.

By performing this experiment repeatedly, with the test light set successively to every visible wavelength of light, the amount of each primary needed to match any wavelength of light can be tabulated. This was done with a set of observers and the results averaged to obtain values for a standard observer. This table deffnes three colour-matching functions, called �r_λ �g_λ and^�b_λ similar to those shown in Figure 2▷3 ↼which are adjusted so that the area under each of the three functions is 1▷0↽▷ In order to obtain a colorimetric speciαcation for a stimulus light with spectral power distribution E λ the tristimulus values for the light can be calculated using the equations R = ∫ E_λ �r_λdλ G = ∫ E_λ �g_λdλ ↼2▷7↽ B = ∫ E_λ^�b_λdλ An important point to note is that two colours with physically different spectral distributions can result in the same tristimulus values▷ These colours will appear the same for the standard observer and are referred to as being metameric▷ The pairs of colours are called metamers▷

2▷2▷2▷2 The CIE System The above colour matching experiment was performed and the data used to create an objective description of colour▷ This work was carried out by the Commission Internationale de lφχEclairage ↼CIE↽ which in 1931 deαned

Figure 2▷4. Colourmatching functions showing the tristimulus values for the CIE 1931 primaries X Y and Z▷ ↼Adapted from Foley et al▷ ↼1990↽↽ the CIEXYZ colour space which uses three hypothetical primaries with colourmatching functions �x(λ), �y(λ) and �z(λ) shown in Figure 2.4. These standard primaries were speciffcally chosen to satisfy a few properties, most importantly that all visible colours have positive tristimulus values, and that the luminous energy of the colour is represented by the Y value. To satisfy these constraints, the primaries themselves are imaginary and can not be created from non-negative spectral power distributions. Analogous to Equation 2.8, the tristimulus values for a stimulus light E_λ can be calculated as follows X = ∫ E_λ �xdλ Y = ∫ E_λ �ydλ ↼2▷8↽ Z = ∫ E_λ �zdλ The visible colours create a coneshaped volume in XYZ space with black at the origin as show in Figure 2▷5▷ While the Y value which deαnes the luminance of the colour corresponds roughly to the intuitive notion of brightness the XYZ tristimulus values do not correlate neatly with the intuitive notions of hue and saturation▷ To separate the chromatic component from the brightness the CIE deαned the chromaticity coordinates of a colour ↼which deαne the hue and saturation but ignore the luminance↽ as x = X X + Y + Z y = Y X + Y + Z ↼2▷9↽ z = Z X + Y + Z

Figure 2▷5. The visible colours in XYZ space form a cone radiating up into the positive octant▷ The plane X + Y + Z = 1 is also shown (Adapted from Foley et al. (1990))

Notice that x + y + z = 1, so only two values, x and y, need to be retained, because z = 1 − x − y▷ However in order to recover X Y and Z a third piece of information is needed▷ That value is the luminance Y▷ The values x and y can be plotted on the CIE chromaticity diagram shown in Figure 2▷6 which represents the plane X + Y + Z = 1. These three values make up what is called the CIE Y, x, y system. Notice on the diagram that the pure wavelengths of light are plotted around the horseshoe shaped periphery. Colours then gradually blend until they reach white near the center. The CIE also deffned a number of Ψstandard˚ illuminants, which approximate the spectrum of light produced by various white light sources. Standard illuminant D65 which represents sunlight is shown on the diagram▷ An advantage of the CIE chromaticity diagram is that colour mixing is a linear function▷ In other words any colour produced by adding together positive amounts ↼not negative amounts as was allowed in the colour matching experiment↽ of colours I and J falls on the line IJ that connects them▷ Extending this any additive combination of three colours I J and K lies in the triangle IJK▷ This area called a colour gamut represents all the colours that can be additively produced using I J and K as colour primaries ↼Foley et al▷ 1990↽▷ Colour gamuts are actually three dimensional since the verticies are deαned using XYZ coordinates but are more conveniently represented on the twodimensional chromaticity diagram▷ One problem with the CIE XYZ system is that it is not perceptually uniform meaning the Euclidean distance between any two points in XYZ space does not indicate the size of the perceived difference between the two colours▷ There have been many colour spaces developed which attempt to represent colour in a perceptually uniform fashion▷ All these colour spaces are nonlinear transformations from the XYZ colour space▷ One the OSA Uniform Colour Space is discussed in Section 2▷3▷ Another the L^∗u^∗v^∗ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉⇔ ⟨⊣∫ ⌊⌉⌉\ ∫⊔⊣\⌈⊣∇⌈⟩‡⌉⌈ ⌊† ⊔⟨⌉ CIE↙ G⟩⊑⌉\ ⊔⟨⌉ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ≀{ ⊔⟨⌉ ⊒⟨⟩⊔⌉ ⌋≀↕≀⊓∇ ⊣∫ (X 0, Y0, Z0), the transformation of any colour from XYZ to L^∗u^∗v^∗ ⟩∫ ⌈⌉⊘\⌉⌈ ⌊† L^∗ = 25 ( Y Y0 )_{/3} − ∞∅̸ (1 ≤ Y ≤ ∞′′) (2.10) u^∗ = 13L^∗(u^′ − u^′ ) v^∗ = 13L^∗(v^′ − v^′ )

where u^′ = 4X/(X + 15Y + 3Z), v^′ = 9Y /(X + 15Y + 3Z) u^′ = 4X0/(X0+ 15Y0+ 3Z0), v^′ = 9Y0/(X0 + 15Y0+ 3Z0) (2.11)

2.2. Colour Models 15

Figure 2.6: The CIE 1931 Chromaticity Diagram (Adapted from Foley et al. (1990))

L^∗u^∗v^∗ ⇐⊣↕∫≀ ⌋⊣↕↕⌉⌈ CIELUV⇒ ⟩∫ ⟩⇕√≀∇⊔⊣\⊔ ⌊⌉⌋⊣⊓∫⌉ ⇕⌉⊣∫⊓∇⌉⇕⌉\⊔∫ ≀{ ⌋≀↕≀⊓∇ ⌈⟩{{⌉∇⌉\⌋⌉ ⇕⊓∫⊔ ⌊⌉ √⌉∇{≀∇⇕⌉⌈ ⟩\ ⊣ ⊓\⟩{≀∇⇕ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉↙ O{ ⊣↕↕ ⊔⟨⌉ ⊓\⟩{≀∇⇕ ⌋≀↕≀⊓∇∫ ∫√⊣⌋⌉∫⇔ CIELUV ⟩∫ ⌋≀⇕√⊓⊔⊣⊔⟩≀\⊣↕↕† ⊔⟨⌉ ⌉⊣∫⟩⌉∫⊔ ⊔≀ ⊔∇⊣\∫{≀∇⇕ ⌋≀↕≀⊓∇ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ⟩\⊔≀↙

∈↙∈↙∋ T⟨⌉ RGB C≀↕≀⊓∇ M≀⌈⌉↕

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

T⟨⌉ RGB ⌋≀↕≀⊓∇ ⇕≀⌈⌉↕ ⌋⊣\ ⌊⌉ ⊑⟩∫⊓⊣↕⟩‡⌉⌈ ⊣∫ ⊣ ⌋⊓⌊⌉ ≀{ ⊓\⟩⊔ ∫⟩‡⌉ ⇐⌉⊣⌋⟨ ∫⟩⌈⌉ ⟨⊣∫ ⊣ ↕⌉\}⊔⟨ ≀{ ∞ ⊓\⟩⊔↙⇒ I⊔∫ ⊔⟨∇⌉⌉ ≀∇⊔⟨≀}≀\⊣↕ ⊣§⌉∫ ⊣∇⌉ ⊔⟨⌉ ⟩\⊔⌉\∫⟩⊔⟩⌉∫ ≀{ ⊔⟨⌉ ∇⌉⌈⇔ }∇⌉⌉\ ⊣\⌈ ⌊↕⊓⌉ √∇⟩⇕⊣∇⟩⌉∫↙ T⟨⌉∫⌉ √∇⟩⇕⊣∇⟩⌉∫⇔ ⊒⟨⟩⌋⟨ ⊣∇⌉ √∇≀⌈⊓⌋⌉⌈ ⌊† ⊔⟨⌉ ⊔⟨∇⌉⌉ ⌋≀↕≀⊓∇⌉⌈ √⟨≀∫√⟨≀∇∫ ⊓∫⌉⌈ ⌊† ⊔⟨⌉ CRT ⌈⟩∫√↕⊣†⇔ ⇕⟩§ ⊣⌈⌈⟩⊔⟩⊑⌉↕†↙ W⟨⌉\ ⊣↕↕ √∇⟩⇕⊣∇⟩⌉∫ ⊣∇⌉ ‡⌉∇≀⇔ ⊔⟨⌉ √⟨≀∫√⟨≀∇∫ ⊣∇⌉ ≀{{ ⊣\⌈ ⊔⟨⌉ ∇⌉∫⊓↕⊔⟩\} ⌋≀↕≀⊓∇ ⟩∫ ⌊↕⊣⌋‖↙ C≀\⊑⌉∇∫⌉↕†⇔ ⊒⟨⌉\ ⊣↕↕ √∇⟩⇕⊣∇⟩⌉∫ ⊣∇⌉ ∞⇔ ⌉⊣⌋⟨ √⟨≀∫√⟨≀∇ √∇≀⊑⟩⌈⌉∫ ⟩⊔∫ ⇕⊣§⟩⇕⊓⇕ ⌋≀\⊔∇⟩⌊⊓⊔⟩≀\ ⊣\⌈ ⊔⟨⌉ ∇⌉∫⊓↕⊔⟩\} ⌋≀↕≀⊓∇ ⟩∫ ⊒⟨⟩⊔⌉↙ W⟨⌉\ ⊣↕↕ √⟨≀∫√⟨≀∇∫ ⌋≀\⊔∇⟩⌊⊓⊔⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⊣⇕≀⊓\⊔⇔ ⊔⟨⌉ ∇⌉∫⊓↕⊔ ⟩∫ ⊣ ∫⟨⊣⌈⌉ ≀{ }∇⌉†↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊣⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀↕≀⊓∇∫ ⊣√√⌉⊣∇ ⊣↕≀\} ⊔⟨⌉ ⇕⊣⟩\ ⌈⟩⊣}≀\⊣↕ ≀{ ⊔⟨⌉ RGB ⌋⊓⌊⌉⇔ ⌊⌉⊔⊒⌉⌉\ ⌊↕⊣⌋‖ ⇐′⇔′⇔′⇒ ⊣\⌈ ⊒⟨⟩⊔⌉ ⇐∞⇔∞⇔∞⇒ ⇐F⟩}⊓∇⌉ ∈↙↙⇒

T⟨⌉ }⊣⇕⊓⊔ ≀{ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⌋≀↕≀⊓∇∫ ≀\ ⊣ CRT ⟩∫ ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⌊† ⊔⟨⌉ ⌋⟨∇≀⇕⊣⊔⟩⌋⟩⊔† ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ≀{ ⊔⟨⌉ CRT √⟨≀∫√⟨≀∇∫↙ T⊒≀ ⇕≀\⟩⊔≀∇∫ ⊒⟩⊔⟨ ⌈⟩{{⌉∇⌉\⊔ √⟨≀∫√⟨≀∇∫ ⟨⊣⊑⌉ ⌈⟩{{⌉∇⌉\⊔ }⊣⇕⊓⊔∫ ⊣\⌈ ⌈⟩∫√↕⊣† ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ≀{ ⊔⟨⌉ RGB ⌋⊓⌊⌉ ⌈⟩{{⌉∇⌉\⊔↕†↙ F≀∇ ⊔⟨⟩∫ ∇⌉⊣∫≀\⇔ ⟩⊔ ⟩∫ ≀{⊔⌉\ ⌈⌉∫⟩∇⊣⌊↕⌉ ⊔≀ ∫√⌉⌋⟩{† ⌋≀↕≀⊓∇ ⊓∫⟩\} ⊣ ⌈⟩∫√↕⊣† ⟩\⌈⌉√⌉\⌈⌉\⊔ ⇕≀⌈⌉↕ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ XYZ ⇕≀⌈⌉↕↙

∞ ̸C⟨⊣√⊔⌉∇ ∈↙ B⊣⌋‖}∇≀⊓\⌈

F⟩}⊓∇⌉ ∈↙¬ T⟨⌉ RGB C≀↕≀⊓∇ M≀⌈⌉↕

T⟨⌉ ⌋≀\⊑⌉∇∫⟩≀\ ⌊⌉⊔⊒⌉⌉\ RGB ⊣\⌈ XYZ ⌋⊣\ ⌊⌉ ⌉§√∇⌉∫∫⌉⌈ ⊣∫ {≀↕↕≀⊒∫ ⇐H⊣↕↕⇔ ∞∃∀∀⇔ E∐ ∋↙∈⇒

∇⌉⌈ √⟨≀∫√⟨≀∇¬ r x, ry, rz = 1 − rx − ry green phosphor. g x, gy, gz = 1 − gx − gy blue phosphor. b x, by, bz = 1 − bx − by white point. w x, wy, wz = 1 − wx − wy X Y Z = S_r (r_x) S_g (g_x) S_b(b_x) S_r (r_y) S_g(g_y) S_b(b_y) S_r (r_z) S_g (g_z) S_b(b_z ) R G B

(2.12)

S_r S_g and S_b are scale factors for the red green and blue▷ For more information on generating this matrix see ↼Hall 1988↽▷ It should be noted that like the XYZ space the RGB cube is not perceptually uniform▷

2▷2▷4 The HSV Colour Model

In contrast to the hardware oriented RGB colour model the HSV model attempts to provide a model based on the intuitive notions of Hue Saturation and lightness ↼Value▷↽ The HSV model is also known as the HSB model where B stands for Brightness▷ The model deαnes an inverted singlehexcone ↼Figure 2▷8↽ with a height and radius of 1▷ Hue is measured angularly around the vertical axis with red at 0^∘↙ V⊣↕⊓⌉ ∇⊣\}⌉∫ {∇≀⇕ ′ ⊣⊔ ⊔⟨⌉ ⊔⟩√ ≀{ ⊔⟨⌉ ⌋≀\⌉ ⊔≀ ∞ ⊣⊔ ⊔⟨⌉ ⊙⊣⊔ ⊔≀√↙ S⊣⊔⊓∇⊣⊔⟩≀\ ⟩∫ ⊣ ∇⊣⊔⟩≀ ≀{ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ {∇≀⇕ ⊔⟨⌉ ⌋⌉\⊔⌉∇ ⊑⌉∇⊔⟩⌋⊣↕ ⊣§⟩∫ ⊔≀ ⊔⟨⌉ ⊔∇⟩⊣\}⊓↕⊣∇ ∫⟩⌈⌉⇔ ∇⊣\}⟩\} {∇≀⇕ ′ ⊔≀ ∞↙ T⟨⌉ ⊣⌈⌈⟩⊔⟩⊑⌉ √∇⟩⇕⊣∇⟩⌉∫ ⊣\⌈ ⊔⟨⌉⟩∇ ⌋≀⇕√↕⌉⇕⌉\⊔∫ ⊣∇⌉ ∫√⊣⌋⌉⌈ ⌉∐⊓⊣↕↕† ⊣∇≀⊓\⌈ ⊔⟨⌉ ⌉⌈}⌉ ≀{ ⊔⟨⌉ ⊙⊣⊔ ⊔≀√ ≀{ ⊔⟨⌉ ⌋≀\⌉⇔ ⊣⊔ ′ ∘ ⇔ ′̸ ∘ ⇔ ∞∈′ ∘ ⇔ ∞∀′ ∘ ⇔ ∈△′ ∘ ⊣\⌈ ∋′′ ∘ ⇔ ⊒⟩⊔⟨ ⊔⟨⌉ √∇⟩⇕⊣∇† ⊣\⌈ ⟩⊔∫ ⌋≀⇕√↕⌉⇕⌉\⊔ ≀√√≀∫⟩⊔⌉ ⌉⊣⌋⟨ ≀⊔⟨⌉∇ ⇐∞∀′ ∘ ⊣√⊣∇⊔↙⇒ T⟨⌉† ⊣∇⌉ ⊔⟨⌉ ⇕⊣§⟩⇕⊣↕↕† ∫⊣⊔⊓∇⊣⊔⌉⌈ ⌋≀↕≀⊓∇∫⇔ ⟨⊣⊑⟩\} S = 1 and B = 1. The HSV model is actually a deformation of the RGB model. Looking down the principle axis of RGB cube gives an intuitive notion of how the two correspond, as shown in Figure 2.9. Because this model is a transformation of the RGB model, it shares the same gamut problems. For example, a colour with a red hue (0^∘⇒⇔ ↙▽ ∫⊣⊔⊓∇⊣⊔⟩≀\ ⊣\⌈ ↙▽ ↕⟩}⟨⊔\⌉∫∫ ⊣∇⌉ \≀⊔ ⌋≀↕≀∇⟩⇕⌉⊔∇⟩⌋⊣↕↕† ⊔⟨⌉ ∫⊣⇕⌉ ≀\ ⌈⟩{{⌉∇⌉\⊔ ⇕≀\⟩⊔≀∇∫↙

T⟨⌉ ⌋≀\⊑⌉∇∫⟩≀\ {∇≀⇕ RGB ⊔≀ HSV ⟩∫ M = max(r, g, b)

Figure 2.8: The HSV Colour Model

Figure 2.9: The RGB cube, when viewed along the principle axis, with white at the front and black hidden at the back, presents the same view as the top of the HSV hexcone.

Figure 2.10: The HLS Colour Model

m = min(r, g, b) V = M ↼2▷13↽ S = { ]~ M = 0 (M − m)/M otherwise

H = ⊎⨂⟨⟩⨆∮⨂⟩⟨ ]~ S = 0 60((g − b)/M − m) if r = M 60(2 + (b − r)/M − m) if g = M 60(4 + (r − g)/M − m) if b = M For more information on the HSV colour model including detailed algorithms for conversion between RGB and HSV see ↼Foley et al▷ 1990, Rogers 1985↽▷

2▷2▷5 The HLS Colour Model Another model that attempts to provide an intuitive method of colour speciαcation is the Hue Lightness and Saturation ↼HLS↽ model▷ The HLS model can be pictured as a double hexcone as shown in Figure 2▷10▷ Like the HSV model HLS is a transformation of RGB▷ Given the discussion of the HSV model above however it may be easier to consider the HLS model as a transformation of HSV▷ Visually the transformation is simple▷ In HSV the black point is at the tip of the single hexcone and the white point is in the center of the βat top▷ In HLS the black point is at one tip of the double hexcone and the white point is at the other▷ This results in the ring of saturated colours which is at the βat top of the single hexcone in HSV being half way up the lightness axis where the two single hexcones meet▷ Numerically this means that a lightness of 0▷5 is required to obtain the maximally saturated colours as opposed to a value of 1▷0 in HSV▷

HLS offers a slightly more intuitive method of colour selection than HSV▷ With the fully saturated colours in the middle of the lightness axis the lighter shades ↼or tints as they are sometimes called↽ of a colour are all in the upper hexcone with white at the top▷ Conversely the darker shades ↼or simply shades↽ of a colour are all in the lower hexcone with black at the base▷ This corresponds more naturally to the way an artist mixes colour as will be discussed in Section 2▷4▷ By visualizing the L/0▷5 plane as being the tones obtained by mixing together pure colours the upper hexcone is by analogy the result of adding white to any of the tones▷ Similarly the lower hexcone is the result of mixing black with the tones▷ The conversion from RGB to HLS is very similar to Equation 2▷13 the important difference being the calculation of the L coordinate compared to that of the V coordinate of HSL▷ The conversion is M = max(r, g, b) m = min(r, g, b) L = (M − m)/2 ↼2▷14↽ S = ]~ M = m (M − m)/(M + m) if L ≤ ′.5 (M − m)/(2 − M − m) otherwise

H = ⊎⨂⟨⟩⨆∮⨂⟩⟨ ]~ M = m 60((g − b)/M − m) if r = M 60(2 + (b − r)/M − m) if g = M 60(4 + (r − g)/M − m) if b = M

For further information on the HLS model including detailed algorithms for conversion between RGB and HLS see ↼Foley et al▷ 1990, Rogers 1985↽▷

2▷2▷5▷1 Value Lightness and Brightness While providing more intuitive approaches to colour selection than the RGB model the HSV and HLS models do not solve the problem of perceptual nonuniformity▷ Furthermore there is a new problem that must be kept in mind which is that the neither value nor lightness corresponds to the intuitive notions of lightness or brightness▷ Technically brightness is the intensity of a light source or other selfluminous object such as a CRT▷ Lightness is the perceived intensity of a reβective object▷ Value is a carefully calibrated uniform lightness scale used in the Munsell colour system ↼Munsell 1947↽▷ While these terms are used in colour models such as HLS HSV or HSB the reader should be aware that they are used in these systems to represent fairly arbitrary measures of colour luminance and should not be confused with the technical meanings of these terms▷ For example analysis of the fully saturated colours ↼HSV value = 1, HLS lightness = 0.5↽ shows that they do not all have the same perceived brightness▷ Table 2▷1 shows the XYZ tristimulus values and the chromaticity coordinates when viewed on a typical colour CRT4 of the three RGB primaries and their complements▷ A glance at the Y values ↼which is proportional to the perceived brightness of the colours↽ shows that they are far from uniformly bright yet they all have a value of 1▷ 4The chromaticity coordinates of the monitor primaries and white point are those of a typical colour CRT as suggested in ↼Hall 1988↽▷

Colour RGB XYZ Chromaticity White 1 1 1 0▷951 1▷000 1▷088 0▷313 0▷329 Red 1 0 0 0▷589 0▷290 0▷000 0▷670 0▷330 Green 0 1 0 0▷179 0▷605 0▷068 0▷210 0▷710 Blue 0 0 1 0▷183 0▷105 1▷020 0▷140 0▷080 Cyan 0 1 1 0▷362 0▷710 1▷088 0▷168 0▷329 Magenta 1 0 1 0▷772 0▷395 1▷020 0▷363 0▷181 Yellow 1 1 0 0▷768 0▷895 0▷068 0▷444 0▷517

Table 2▷1. The XYZ tristimulus values and the chromaticity coordinates for a standard set of RGB primaries and their complements▷

2▷2▷6 The Gerritsen Model While the HSV and HLS models are an improvement over the RGB model with respect to intuitive colour selection they suffer from the problem that the perceived brightness of the colour does not correspond to the lightness◁value parameter of the model▷ This is to be expected because the actual colours created by models depend on the characteristics of the CRT▷ Without knowing the chromaticity coordinates of the CRT phosphors the perceived brightness of any colour can not be accurately predicted▷ Furthermore even when the chromaticity coordinates are known it may not be possible to predict the perceived brightness conαdently because of other factors that inβuence colour appearance ↼see Section 2▷5▷↽ However even if it is impossible to discover the exact perceived brightness of a colour it is possible to improve on than the HLS and HSV models▷ Consider the Y values listed in Table 2▷1▷ They range from ▷1 to ▷9 whereas the value parameter for the HSV model is always 1▷0 and the lightness parameter for the HLS model is always 0▷5▷ Furthermore the variation is due to the nature of both the phosphors used and the human eye▷ The values for red green and blue in this table correspond to the phosphors and the relationship between them that of green being the brightest red being darker and blue being the darkest▷ This general relationship is a function of the human visual system and therefore holds for all CRTs even if the exact numbers vary▷ Gerritson noted this and proposed a new model which he refers to as the ColourPerceptionSpace ↼Gerritsen 1975, Gerritsen 1988↽ shown in Figure 2▷11▷ His model corresponds to the HLS space with the important difference that the fully saturated colours do not all lie on the L = .5 plane▷ Instead he codes the Lightness scale in nine intervals and labels them AJ where white is A black is J and the middle grey falls between E and F▷ The six primary and secondary colours are arranged around the outside of the hue ring identically to the HLS space but that ring is now deformed so that the fully saturated colours have a Lightness corresponding ↼roughly↽ to their luminance▷ Gerritsen ignores the problem of colours having a different appearance on different CRTφs and sets the colours to values that are indicative of what he believes to be their correct perceptual relationship to each other▷ Table 2▷2 shows the Lightness values Gerritsen uses compared to the luminances of the hypothetical monitor in Table 2▷1▷ In this case while Gerritsenφs values have the same relationship to each other as the CRT the green that Gerritsen uses is much darker than the green phosphor of the hypothetical CRT▷ As a result the green value is darker than its complement magenta whereas our hypothetical CRT has a green that is brighter than its complement magenta▷ However perceived brightness is not exactly equivalent to luminance so his values are actually more reasonable than suggested by Table 2▷2▷ In any event the Lightness values of the model more closely reβect the perceived brightness of the colours than the HLS or HSV models▷ The idea behind Gerritsenφs model regardless of its shortcomings is a good one▷ It is often desirable to specify something akin to the perceived brightness of a colour when making colour selections such as when two or more

Figure 2▷11. Gerritsenφs ColourPerceptionSpace ↼Adapted from Gerritsen ↼1988↽↽

Colour Gerritsen Y Red 0▷33 0▷29 Green 0▷44 0▷61 Blue 0▷22 0▷10 Cyan 0▷66 0▷71 Magenta 0▷55 0▷39 Yellow 0▷77 0▷90 Table 2▷2. Gerritsen Lightness Compared to Colour Luminance on One CRT colours of the same perceived brightness are needed▷ Gerritsenφs ColourPerception Space allows this whereas the RGB HSV and HLS models do not except via experimentation▷

2▷3 The OSA Colour Space Another useful uniform colour space was created by the Optical Society of America ↼OSA↽ Committee on Uniform Color Scales▷ It consists of a set of 424 painted samples▷ These tiles are arranged as a lattice of points in a regular rhombohedral crystal in a Euclidean colour space▷ The colour space is perceptually uniform in that equal distances between points correspond to equal visual differences between the corresponding colours▷ The organization of the space was chosen so that each point has 12 equally spaced neighbours and would appear in six entirely different equally spaced uniform scales▷ This organization is based on Wyszeckiφs uniform colour space which is in turn derived from the Munsell space ↼Wyszecki 1954↽ and is chosen so that the system of colour sampling ▷▷▷ provides the maximum number and variety of ♭one and two dimensional♯ uniform colour scales and exhibits the maximum possible variety of relationships among colours ↼MacAdam 1974↽▷ The colour difference information for the space was experimentally derived by having subjects judge pairs of 59 sample tiles for colour difference▷ The data for the subjects was analyzed and a mathematical model was derived that best αt this data▷ The αnal 424 points in the colour space were generated from this mathematical model and checked further▷ A shortcoming of the OSA space is that the equations used to derive the colours do not extrapolate well outside the range of the original colour tiles▷ The αnal set of tiles encompases a subset of the possible colours that are available on a CRT for example and the equations become very badly behaved within the gamut of a typical CRT▷ Work has been done to try and create a model that is more comprehensive compared to the CRT gamut ↼Seim and Valberg 1986↽▷ The committee hoped that because of the striking and unusual colour relationships displayed in its various colours scales Ψartists and designers ♭would♯ αnd it useful in devising new and beautiful arrangements of colorsν ↼MacAdam 1974↽▷ In fact that has happened▷ Artist Karl Gerstner for example has made use of this system in his art and states Whether the uniform color space is the αnal model of colorimetrics sought by so many generations of scientists can be determined only by future research▷ As far as I am concerned one thing is certain. it imparts a surprisingly novel experience of color and could not be more stimulating to the artist ↼Gerstner 1986↽▷

2▷4 Artistic Colour Use To create a window system that assists with aesthetic colour selection it is useful to consider the techniques used by artists to select harmonious colour▷ Many artists have developed theories of colour including ↼Albers 1971↽ Gerritsen ↼see Section 2▷2▷6↽ ↼Itten 1961↽ ↼Munsell 1947↽ and many others▷ For a good introduction to such theories see ↼Hope and Walch 1990↽ and ↼Norman 1990↽▷ Recently artist Stephan Quiller has taken the standard colour circle familiar to all artists and developed a detailed colour model for use by artists ↼Quiller 1989↽▷ It is based on the subtractive colour circle that all

2▷4▷ Artistic Colour Use 23

art students learn, the primaries are red yellow and blue the secondaries are green violet and orange▷ Quiller explains how to use the model effectively especially by describing techniques for creating harmonious colour palettes using a few simple colour schemes▷ While much of Quillerφs discussion applies only to painting the concepts of colour harmony he presents are generally applicable▷ He describes αve major colour schemes that can be created in a structured manner using the colour wheel and discusses how to create harmonious colour schemes with them▷

The Monochromatic Colour Scheme The simplest of the colour schemes uses a single hue which can be varied in both lightness and saturation▷ When using a monochromatic colour scheme the key issue is how lightness and saturation are used▷ For example since the eye is drawn to areas of strong contrast they should be used sparingly and purposefully to attract the eye, otherwise Ψthe eye would be disturbed and would have a hard time looking at the painting▷ν↼Quiller 1989 p▷31↽▷ Areas away from the center of attention should use colours which are similar in lightness and saturation▷ By their very nature the colours of a monochromatic colour scheme are harmonious▷ While it is hard to create visually stunning effects with this scheme the results are usually pleasant if somewhat bland▷

The Complementary Colour Scheme Complementary colours are located opposite each other on the colour wheel ↼or hue circle▷↽ When true complements are mixed together they produce Ψbeautiful neutral coloursν ↼Quiller 1989 p▷38↽▷ When mixed in correct proportions they produce a neutral grey▷ The complementary colour scheme therefore consists of a colour its complement and all the semineutral colours created with them▷ The complementary scheme works especially well because of the visual phenomenon of simultaneous contrast ↼see Section 2▷5▷↽ However it is precisely this effect which makes this scheme hard to use▷ If both the highly saturated complementary colours are used equally throughout a composition then they compete▷ One way of using two complementary colours effectively is to pick one as the dominant colour and the other as subordinate▷ The dominant colour is used in large amounts with varying value and intensity▷ The subordinate colour is used in small amounts to bring the dominant colour to life▷ Quiller does not give a satisfactory explanation of how to use dominant and subordinant colours instead relying on examples and exercises to help the artist develop a feeling for the correct use of this scheme▷

The Analogous Colour Scheme The analogous colour scheme uses three closely related colours▷ By considering the twelve primary secondary and tertiary colours any adjoining three of these ↼plus the light and dark values and semineutrals of those colours↽ make up an analogous colour scheme▷ Like the monochromatic colour scheme the analogous colour scheme is harmonious by its very nature▷ By selecting three adjoining colours each colour is close enough to the others to be visually related▷ Analogous colour schemes are slightly harder to use than monochromatic ones but more visually interesting▷

The SplitComplementary Colour Scheme The split complementary colour scheme is a union of the comple mentary and analogous schemes▷ First select the analogous colour scheme that is to dominate the composition then add the complement of the middle analogous colour to the scheme▷ This scheme is a natural extension of the analogous scheme with richness added by the complementary colour▷ While giving a richer result than the analogous scheme this scheme shares the problem of the complementary scheme, it is difαcult to achieve balance between the complementary colours the choice of saturation and value being a very subjective decision▷

The Triadic Colour Scheme The αnal colour scheme presented by Quiller the triadic colour scheme is created by selecting any three equally spaced colours around the circle for the primary colours▷ This scheme creates very colourful and potentially striking palettes but is much more difαcult to use than the above mentioned schemes▷ Satisfactory use of it seems to depend on sophisticated artistic intuition▷ What makes these colour schemes important is their applicability to be algorithmic application▷ The monochro matic and analogous colour schemes are especially useful because of their simplicity and inherently harmonious nature▷ The complementary splitcomplementary and triadic schemes require signiαcantly more artistic intuition to be successfully applied and thus do not lend themselves as well to automatic application▷

2▷5 Colour Perception The psychophysical and physiological basis of human colour vision the process by which coloured light is converted into an image inside the human brain is far from being completely understood▷ For an indepth look at colour vision see ↼Boynton 1979↽▷ Some things are known about colour vision. for example it is believed that the colour information in the visual system is processed in parallel and independently of other aspects of vision ↼Cowan and Ware 1985↽▷ Also the sensation of colour hue is very complicated being far more than just a perception of the dominant wavelength of the light entering the eye▷ Josef Albers ↼1971↽ shows how simple it is to create visual illusions such as making two colours appear as one▷ Other visual illusions such as creating impressions of transparency and depth with colour are discussed by Albers and in ↼Hope and Walch 1990↽▷ Many of the effects discussed by Albers are the result of simultaneous contrast an effect where colour differences are increased at edges▷ Other aspects of colour perception such as successive contrast colour blindness and chromatic aberration also affect the appearance of colours▷ What is important for the reader to realize is that colours interact with other colours in proximity to them altering the viewers perception of their colour value▷ A few perceptual effects are especially relevant to this thesis and are discussed below▷

Colour Constancy An extremely important perceptual phenomenon is colour constancy▷ This is the effect whereby different objects maintain their colour appearance under a wide variety lighting conditions▷ The easiest way to see the effect of this is to put on a pair of coloured sunglasses on a sunny day▷ Immediately all the colours in the visual αeld will change due to the loss of light and the colour of the glass▷ After a short time the objects being viewed will seem to change back to their original colours even if the sunglasses are tinted a distinctive colour such as red or orange▷ Similarly human vision is capable of accommodating huge ranges of brightness from bright daylight to moonlight▷ With very dim light however the sensation of colour ceases with red being visible the longest as light is decreased▷

Veiling Veiling is a situation whereby the lighting conditions in the viewing area alter colour appearance▷ With respect to self luminous objects such as CRTs the spectral power distribution V_λ of a veiling light is added to the objectφs spectral power distribution E λ changing the colour of the object▷ Consider the colour matching experiment described in Section 2▷2▷2▷ To change the appearance of one coloured light another coloured light is added to it▷ Similarly if the amount of light in the viewing area of a coloured light source is changed the colour of that light will change▷ This effect is seen when the lights in the area of a computer screen are turned on or the sun shines on a computer screen▷ In either of these cases the addition of large amounts of white light causes the colours on the screen to appear lighter and desaturated▷

2▷6▷ Basic Colour Terms and Colour Discrimination 25

Colour Memory Human colour memory or the ability to remember a speciαc colour and be able to identify it later is not very good▷ The concept of colour memory as used here is best illustrated with an example▷ Consider the colour red used on stop signs▷ This is a colour that most people have seen many times▷ Yet a typical observer given a group of similar reds one of which is the red used on stop signs would most likely not be able to identify it▷ Helson et al ↼Helson Judd and Warren 1952↽ studied object colour changes under different lighting conditions▷ In the course of their study they trained subjects to identify colours in the Munsell colour space▷ Even after training their subjects were not able to exactly identify the Munsell name of a sample colour▷ Their results were informally analyzed and show that the subjects were only capable of identifying approximately 1500 distinct colours▷ If this is all that can be expected when subjects are actively trained to identify colours much less can be expected of the average untrained person perhaps as few as 100150 distinct colours▷

2▷6 Basic Colour Terms and Colour Discrimination

The linguistic concept of basic colour terms were introduced by anthropologists Berlin and Kay ↼Berlin and Kay 1969↽▷ It has been suggested based on their work that there may be only 11 categories of basic colour sensations each associated with a welllearned name and possibly a unique physiological substrate▷ Basic colour terms provide faster and more reliable colour naming than other terms with greater agreement amount viewers▷ ↼Smallman and Boynton 1990↽▷ Colour naming is important because colours on a display will often need to be cross referenced as in Ψthe red windowν or the Ψgreen window with blue textν▷ Furthermore if the suggestion that each of these basic colour names represents a basic physiological colour sensation is correct these colours should be optimal for colour categorization▷ There is no simple deαnition of what constitutes a basic colour term▷ Intuitively they are words such as black white and green but not expressions such as crimson scarlet blond bluegreen bluish lemoncoloured salmoncoloured and the colour of the air pipes in the Davis Centre▷ Berlin and Kay ↼Berlin and Kay 1969↽ proposed that the basic colour terms are similar across all languages▷ This proposal contradicted the prevailing doctrine of American linguists and anthropologists which held that each language performs the linguistic coding of life experiences in a unique manner▷ They found that although different languages encode in their vocabularies different numbers of basic colour categories a universal list of eleven categories exists from which the basic terms in all languages are drawn▷ These terms are black white red green yellow blue brown purple pink orange and grey▷ Their αndings have been experimentally conαrmed by Boynton and his students ↼Boynton and Olson 1990, Uchikawa and Boynton 1987, Uchikawa Uchikawa and Boynton 1989, Smallman and Boynton 1990↽▷ The last of these studies is of particular interest▷ Prior to this paper research seemed to suggest that there is an upper limit on the number of colours that can segregate successfully perhaps as low as six▷ In the context of a computer display with coloured windows this implies that if more than six different colours are used for the windows the ability of the user to organize these windows and quickly associate a certain colour with a certain window context is signiαcantly diminished▷ However Smallman and Boynton showed that by drawing colours from the eleven basic groups this limit can be almost doubled▷ Furthermore the use of basic colours yields equivalent search performance for two types of cues�examples and names▷ This is an important point because coloured objects are often referred to by colour names▷ They also noted that the good separation of the basic colours 5 counts more for useful segregation than the fact that they are basic colours▷ The mean interpoint distance between each of the optimal basic colours and all others is shown in Table 2▷3▷ By using a set of nonbasic colours with only half the interpoint OSA distance of the basic colours Smallman and Boynton showed that in

5The separation of two colours is deαned here as the Euclidean distance between them in the Optical Society of America ↼OSA↽ uniform colour space▷

Basic Colour Mean Interpoint OSA Distance Yellow 13▷84 White 13▷01 Orange 12▷73 Blue 12▷14 Green 11▷59 Pink 11▷37 Purple 11▷34 Black 11▷30 Red 11▷04 Brown 9▷47

Table 2▷3. Mean Interpoint Distance in the OSA Uniform Colour Space is OSA Units between Each Optimal Basic Colour and All Others ↼Smallman and Boynton 1990↽

one extreme case efαcient colour coding can take place with 14 colours as long as they are well separated in the OSA space▷ However the use of basic colours is still advantageous because the ease of attaching universal names to the colours for cross referencing▷ The suggestion that colour distance accounts for the segregation of two colours raises an interesting question▷ It is well known that adaptation in the human visual system causes sensitivity to luminance contrast to scale relative to the range of the luminances of all objects in the visual αeld dulling sensitivity to small contrasts when large contrasts are present ↼Cowan and Ware 1985↽▷ Does a similar effect hold for chromatic contrast⋆ If so similar colours can be easily differentiated as long as there are no radically different colours present in the visual αeld▷ However using closely spaced colours is often a bad idea because of the poor quality of colour memory▷ For example consider a display that uses three shades of blue▷ While all three shades are visible it may be quite easy to discriminate between them▷ However if the darkest shade is removed it is hard for a user to decide if the darker of the two remaining colours is the Ψdarkestν of the three or the Ψmiddleν of the three▷ This is because relative judgements are precise so the user will create associations with the Ψdark blueν the Ψlight blueν and the Ψmiddle blueν▷ When one is removed the relationship is destroyed▷ When the display consists of three basic colours such as red blue and green removing one colour does not pose the same problems▷ In addition the effects of variable illumination and the large variance in colour response of different monitors means that colours which were designed to be close to one another such as similar shades of some colour may sometimes appear the same▷ Grouping of colours using the basic colour terms satisαes a key requirement for organizational colour use. they are easily distinguishable from each other by the vast majority of readers and they have unique names▷

2▷7 Contrast and Reading

When using colour for text the most important consideration is readability▷ It is irrelevant how aesthetically pleasing the colours are if they prevent the text from being readω Legibility has been addressed by numerous studies with quite similar results ↼Legge Rubin and Luebker 1987, Legge 1989, Legge et al▷ 1990, Rubin and Legge 1989, Tinker 1963, Knoblauch and Arditi 1989, Knoblauch Arditi and Szlyk 1990, Gould et al▷ 1987↽▷

2▷7▷ Contrast and Reading 27

Many factors inβuence the legibility of text displayed on a computer screen. the typeface of the text the resolution of the computer display the contrast between the text and the background and so on▷ Contrast is particularly interesting▷ Most studies examine luminance contrast ↼the luminance difference between the characters and the background↽ without considering colour contrast ↼the chromaticity difference↽▷ Normally the clarity of text is a function of the luminance contrast between the text and the background▷ However luminance contrast is not required for text to be readable▷ Colours with the same luminance ↼referred to as equiluminant colours↽ but with high chromatic contrast can create legible text ↼Knoblauch Arditi and Szlyk 1990, Legge et al▷ 1990↽▷ Luminance contrast is usually measured by comparing the luminance of the foreground and background colours 6 using a standard contrast measure such as Michelson contrast▷ C = L_{max} − L_{min} L_{max} + L_{min} (2.15) C ranges from 0 to 1▷0▷ Unfortunately a reasonable measure for equivalent chromatic contrast is not quite as straightforward▷ While measuring the distance between two colours is possible in a uniform colour space it is not obvious how to measure contrast using these distances▷ Legge ↼Legge et al▷ 1990↽ for example measured chromatic contrast by looking at the wavelengths of light seen by the long and mediumwavelengthsensitive cones in the eye▷ The major results of the aforementioned studies are as follows. • F≀∇ √⌉≀√↕⌉ ⊒⟩⊔⟨ \≀∇⇕⊣↕ ⊑⟩∫⟩≀\⇔ ∇⌉⊣⌈⟩\} ∫√⌉⌉⌈ ⌈⌉⊔⌉∇⟩≀∇⊣⊔⌉∫ ⌊† ⊣⌊≀⊓⊔ ⟨⊣↕{ ⊣∫ ↕⊓⇕⟩\⊣\⌋⌉ ⌋≀\⊔∇⊣∫⊔ {⊣↕↕∫ {∇≀⇕ ∞′′↗ ⊔≀ ∞∈↗↙ B⌉↕≀⊒ ∞∈↗ ⌋≀\⊔∇⊣∫⊔⇔ ∇⌉⊣⌈⟩\} ∇⊣⊔⌉ ⌈∇≀√∫ ⊑⌉∇† ∇⊣√⟩⌈↕†↙ I⊔ ⊣√√⌉⊣∇∫ ⊔⟨⊣⊔ {≀∇ ⌋≀\⊔∇⊣∫⊔∫ }∇⌉⊣⊔⌉∇ ⊔⟨⊣\ ⊣√√∇≀§⟩⇕⊣⊔⌉↕† ∞∈↗⇔ ∇⌉⊣⌈⟩\} ∇⊣⊔⌉ ⟩∫ \≀⊔ ∫⟩}\⟩⊘⌋⊣\⊔↕† ⊣{{⌉⌋⊔⌉⌈↙ • C⟨∇≀⇕⊣⊔⟩⌋ ⌋≀\⊔∇⊣∫⊔ ⟩∫ ∫⟩⇕⟩↕⊣∇ ⊔≀ ↕⊓⇕⟩\⊣\⌋⌉ ⌋≀\⊔∇⊣∫⊔⇔ ≀\⌋⌉ ⊔⟨⌉ ⌈⊣⊔⊣ ⟩∫ \≀∇⇕⊣↕⟩‡⌉⌈ ⊔≀ ⊔⟨⌉ ∇⌉∫√⌉⌋⊔⟩⊑⌉ ⊔⟨∇⌉∫⟨≀↕⌈ ↕⌉⊑⌉↕∫↙ T≀ {⊓∇⊔⟨⌉∇ ⌋≀⇕√↕⟩⌋⊣⊔⌉ ⇕⊣⊔⊔⌉∇∫⇔ ⊔⟨⌉ ∇⌉⊣⌈⟩\} ⊔⟨∇⌉∫⟨≀↕⌈ ⌋⟨⊣\}⌉∫ ⌊⊣∫⌉⌈ ≀\ ⊔⟨⌉ ⌋⟨⊣∇⊣⌋⊔⌉∇ ∫⟩‡⌉↙ A⊔ \≀∇⇕⊣↕ ⊔≀ ↕⊣∇}⌉ ⊔⌉§⊔ ∫⟩‡⌉∫⇔ ⌋≀\∫⟩∫⊔⟩\} ≀{ ⌋⟨⊣∇⊣⌋⊔⌉∇∫ ⊒⟩⊔⟨ ⊣ ⊑⟩∫⊓⊣↕ ⊣\}↕⌉∀ ≀{ ↕⌉∫∫ ⊔⟨⊣\ ∞^∘⇔ ⊔⟨⌉ ↕⊓⇕⟩\⊣\⌋⌉ ⊔⟨∇⌉∫⟨≀↕⌈ ⟩∫ ↕≀⊒⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊔⟨∇⌉∫⟨≀↕⌈↙ H≀⊒⌉⊑⌉∇⇔ ⊒⟨⌉\ ⌋⟨⊣∇⊣⌋⊔⌉∇ ∫⟩‡⌉ ⟩\⌋∇⌉⊣∫⌉∫ ⊔≀ ⊑⌉∇† ↕⊣∇}⌉ ∫⟩‡⌉∫ ≀{ ⊣∇≀⊓\⌈ ∘ ⇔ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊔⟨∇⌉∫⟨≀↕⌈ ↕≀⊒⌉∇∫ ⊔≀ ↕⌉⊑⌉↕∫ ⊣√√∇≀§⟩⇕⊣⊔⌉↕† ⌉∐⊓⊣↕ ⊔≀ ⊔⟨⌉ ↕⊓⇕⟩\⊣\⌋⌉ ⊔⟨∇⌉∫⟨≀↕⌈↙ I⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ ⊔⟨⊣⊔ ⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀\⊔∇⊣∫⊔ ⇕⊣† ≀⊓⊔√⌉∇{≀∇⇕ ↕⊓⇕⟩\⊣\⌋⌉ ⌋≀\⊔∇⊣∫⊔ {≀∇ ⌋⟨⊣∇⊣⌋⊔⌉∇ ∫⟩‡⌉∫ ↕⊣∇}⌉∇ ⊔⟨⊣\ ∘ ↙ • T⟨⌉ ⊔⊒≀ {≀∇⇕∫ ≀{ ⌋≀\⊔∇⊣∫⊔ ⊣∇⌉ √∇≀⌋⌉∫∫⌉⌈ ⟩\⌈⌉√⌉\⌈⌉\⊔↕† ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ⊑⟩∫⊓⊣↕ ∫†∫⊔⌉⇕↙ I⊔ ⊣√√⌉⊣∇∫ ⊔⟨⊣⊔ ∇⌉⊣⌈⌉∇∫ ∇⌉↕† ≀\ ⊒⟨⟩⌋⟨⌉⊑⌉∇ ⌋≀\⊑⌉†∫ ⊔⟨⌉ ⇕≀∫⊔ ⟩\{≀∇⇕⊣⊔⟩≀\↙ R⌉⊣⌈⊣⌊⟩↕⟩⊔† ⟩∫ ⌉∐⊓⟩⊑⊣↕⌉\⊔ ⊔≀ ⊔⟨⌉ ⇕⊣§⟩⇕⊓⇕ ≀{ ↕⊓⇕⟩\⊣\⌋⌉ ⊣\⌈ ⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀\⊔∇⊣∫⊔↙ W⟩⊔⟨ ⊔⟨⌉ ⌉§⌋⌉√⊔⟩≀\ ≀{ G≀⊓↕⌈ ⌉⊔ ⊣↕↙ ⇐∞∃∀⇒⇔ ⊔⟨⌉∫⌉ ∫⊔⊓⌈⟩⌉∫ ↕≀≀‖ ⊣⊔ ∇⌉⊣⌈⟩\} ∫√⌉⌉⌈ {≀∇ ∇⌉↕⊣⊔⟩⊑⌉↕† ∫⇕⊣↕↕ ⊣⇕≀⊓\⊔∫ ≀{ ⊔⌉§⊔⇔ ⊒⟩⊔⟨ \≀ ⌋≀\∫⟩⌈⌉∇⊣⊔⟩≀\ }⟩⊑⌉\ ⊔≀ ∇⌉⊣⌈⟩\} ⌋≀⇕{≀∇⊔ ≀∇ ⌉{{≀∇⊔ ∇⌉∐⊓⟩∇⌉⌈↙ C↕⌉⊣∇↕†⇔ ∇⌉⊣⌈⟩\} ⊣⊔ ⇕⊣§⟩⇕⊓⇕ ∫√⌉⌉⌈ ∫⟨≀⊓↕⌈ ∇⌉∐⊓⟩∇⌉ ↕⟩⊔⊔↕⌉ ⌉{{≀∇⊔⇔ ≀∇ ⌉§⊔⌉\⌈⌉⌈ ∇⌉⊣⌈⟩\} ⊒⟩↕↕ ⌊⌉ {⊣⊔⟩}⊓⟩\} ⊣\⌈ ∐⊓⟩⊔⌉ ⊓\√↕⌉⊣∫⊣\⊔↙ I\⊔⊓⟩⊔⟩⊑⌉↕†⇔ ≀\⌉ ⊒≀⊓↕⌈ ⌉§√⌉⌋⊔ ⊣ ∇⊣\}⌉ ≀{ ⌋≀\⊔∇⊣∫⊔∫ ⊒⟨⌉∇⌉ ∇⌉⊣⌈⟩\} ⊣⊔ ⇕⊣§⟩⇕⊓⇕ ∫√⌉⌉⌈ ⟩∫ √≀∫∫⟩⌊↕⌉⇔ ⌊⊓⊔ ⊒⟨⌉∇⌉ ⊔⟨⌉ ∇⌉⊣⌈⌉∇ ⟨⊣∫ ⊔≀ ∫⊔∇⊣⟩\ ∫≀⇕⌉⊒⟨⊣⊔ ⊔≀ ⊣⌋⟨⟩⌉⊑⌉ ⊔⟨⟩∫ ∫√⌉⌉⌈↙ T⟨⟩∫ ∫⟩⊔⊓⊣⊔⟩≀\ ⟩∫ \≀⊔ ⌈⌉∫⟩∇⊣⌊↕⌉ {∇≀⇕ ⊔⟨⌉ √≀⟩\⊔ ≀{ ⊑⟩⌉⊒ ≀{ ⊔⟨⌉ ∇⌉⊣⌈⌉∇⇔ ⌉⊑⌉\ ⟩{ ⊔⟨⌉† ⊣∇⌉ \≀⊔ ⌋≀\∫⌋⟩≀⊓∫↕† ⊣⊒⊣∇⌉ ⟩⊔ ⟩∫ ≀⌋⌋⊓∇∇⟩\}↙ T⟨⌉ ⟩∫∫⊓⌉ ≀{ ∇⌉⊣⌈⟩\} ⌋≀⇕{≀∇⊔ ⟨⊣∫ ⌊⌉⌉\ ⊣⌈⌈∇⌉∫∫⌉⌈ ⌊† ⇐G≀⊓↕⌈ ⌉⊔ ⊣↕↙⇔ ∞∃∀⇒↙ H⟩∫ ⟩\⊔⌉∇⌉∫⊔ ⟩∫ ⟩\ ⊒⟨† ∇⌉⊣⌈⟩\} {∇≀⇕ ⊣ CRT ⟩∫ ∫↕≀⊒⌉∇ ⊔⟨⊣\ ∇⌉⊣⌈⟩\} {∇≀⇕ √⊣√⌉∇↙ U\{≀∇⊔⊓\⊣⊔⌉↕†⇔ ⟨⟩∫ ∫⊓}}⌉∫⊔⟩≀\∫ {≀∇ ⟩⇕√∇≀⊑⟩\} ∇⌉⊣⌈⟩\} ∫√⌉⌉⌈ ≀\ ⊣ CRT ⌈≀ \≀⊔ ⌋≀\∫⟩⌈⌉∇ ⌋≀↕≀⊓∇ ≀∇ ⌋≀\⊔∇⊣∫⊔⇔ ∇⊣⊔⟨⌉∇ ⌋≀\⌋⌉\⊔∇⊣⊔⟩\} ≀\ ⟩∫∫⊓⌉∫ ∫⊓⌋⟨ ⊣∫ ⌋⟨⊣∇⊣⌋⊔⌉∇ ∫⟩‡⌉ ⊒⟨⟩↕⌉ ⊓∫⟩\} ≀\↕† ⌊↕⊣⌋‖ ≀\ ⊒⟨⟩⊔⌉ ≀∇ ⊒⟨⟩⊔⌉ ≀\ ⌊↕⊣⌋‖ ⊔⌉§⊔↙ T̸⟨⌉ ↕⊓⇕⟩\⊣\⌋⌉ ≀{ ⊣ ⌋≀↕≀⊓∇ ⌋⊣\ ⌊⌉ ⇕⌉⊣∫⊓∇⌉⌈ ⊓∫⟩\} ⊣ √⟨≀⊔≀⇕⌉⊔⌉∇⇔ {≀∇ ⌉§⊣⇕√↕⌉↙ T⟨⌉ ∇⌉⊣⌈⟩\} ⊔⟨∇⌉∫⟨≀↕⌈ ∇⌉{⌉∇∫ ⊔≀ ⊔⟨⌉ ⇕⟩\⟩⇕⊓⇕ ↕⌉⊑⌉↕ ⊣⊔ ⊒⟨⟩⌋⟨ ∇⌉⊣⌈⟩\} ⟩∫ √≀∫∫⟩⌊↕⌉↙ ∀⊑⟩∫⊓⊣↕ ⊣\}↕⌉ ⟩∫ ⊖⊔⟨⌉ ⊣\}↕⌉ {≀∇⇕⌉⌈ ⊣⊔ ⊔⟨⌉ ⌉†⌉ ⌊† ∇⊣†∫ {∇≀⇕ ⊔⟨⌉ ⌉§⊔∇⌉⇕⟩⊔⟩⌉∫ ≀{ ⊣\ ≀⌊|⌉⌋⊔ ⊑⟩⌉⊒⌉⌈⪰⇐A↕↕⌉\⇔ ∞∃∃′⇒

∈∀ C⟨⊣√⊔⌉∇ ∈↙ B⊣⌋‖}∇≀⊓\⌈

I\ ∫⌉⌋⊔⟩≀\ ∈↙⇎ ∫⌉⊑⌉∇⊣↕ ⟩∫∫⊓⌉∫ ⊣∇⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⊒⟨⟩⌋⟨ ∇⌉↕⊣⊔⌉ ⊔≀ ⊔⟨⌉ ⊒⊣† ⌋≀↕≀⊓∇∫ ⊣∇⌉ √⌉∇⌋⌉⟩⊑⌉⌈↙ M⊣\† ⊔⟨⟩\}∫ ⊔⟨⊣⊔ ⌋⊣\ ⌋⟨⊣\}⌉ ⊔⟨⌉ ⊣√√⌉⊣∇⊣\⌋⌉ ≀{ ⊣ ⌋≀↕≀⊓∇⇔ ∫⊓⌋⟨ ⊣∫ ↕⟩}⟨⊔⟩\} ⊣\⌈ ⊑⟩∫⟩≀\ √∇≀⌊↕⌉⇕∫⇔ ⊣∇⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈↙ J⊓∫⊔ ⊣∫ ⊔⟨⌉∫⌉ {⊣⌋⊔≀∇∫ \⌉⌉⌈ ⊔≀ ⌊⌉ ⊔⊣‖⌉\ ⟩\⊔≀ ⊣⌋⌋≀⊓\⊔ ⊒⟨⌉\ ∐⊓⊣\⊔⟩{†⟩\} ⌋≀↕≀⊓∇ ⌈⟩∫⌋∇⟩⇕⟩\⊣⌊⟩↕⟩⊔†⇔ ⊔⟨⌉† ∫⟨≀⊓↕⌈ ⌊⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈ ⊒⟨⌉\ ⌈⟩∫⌋⊓∫∫⟩\} ↕⌉⊑⌉↕∫ ≀{ ⌋≀\⊔∇⊣∫⊔↙ T⟨⌉ ↕⊓⇕⟩\⊣\⌋⌉ ≀{ ⊣ ⌋≀↕≀⊓∇⇔ ⊣\⌈ ⊔⟨⊓∫ ⟩⊔∫ ⌋≀\⊔∇⊣∫⊔ ⊒⟩⊔⟨ ⊣\† ≀⊔⟨⌉∇ ⌋≀↕≀⊓∇⇔ ⟩∫ ⌈⟩∇⌉⌋⊔↕† ⊣{{⌉⌋⊔⌉⌈ ⌊† ∫⊓⌋⟨ ⊔⟨⟩\}∫ ⊣∫ ↕⟩}⟨⊔⟩\} ⌋≀\⌈⟩⊔⟩≀\∫↙ B† ⟩\⌋∇⌉⊣∫⟩\} ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ↕⟩}⟨⊔ ⟩\ ⊔⟨⌉ ⊑⟩⌋⟩\⟩⊔† ≀{ ⊣ CRT⇔ ≀∇ ⇕≀∇⌉ ⌈∇⊣∫⊔⟩⌋⊣↕↕† ⌊† ∫⟨⟩\⟩\} ↕⟩}⟨⊔ ⌈⟩∇⌉⌋⊔↕† ≀\ ⊔⟨⌉ CRT⇔ ↕⊓⇕⟩\⊣\⌋⌉ ⌋≀\⊔∇⊣∫⊔ ⟩∫ ⌈⟩⇕⟩\⟩∫⟨⌉⌈↙ S⟩⇕⟩↕⊣∇↕†⇔ ⊔⟨⌉ √⌉∇⌋⌉⟩⊑⌉⌈ ∫⊣⊔⊓∇⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⊒⟩↕↕ ⌊⌉ ⌈⌉⌋∇⌉⊣∫⌉⌈ ⌊† ∫⊔∇≀\} ⊑⌉⟩↕⟩\} ↕⟩}⟨⊔∫⇔ ∇⌉⌈⊓⌋⟩\} ⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀\⊔∇⊣∫⊔↙ A⌈⊣√⊔⊣⊔⟩≀\ √∇⌉∫⌉\⊔∫ ⊣\≀⊔⟨⌉∇ ⟩\⊔⌉∇⌉∫⊔⟩\} √∇≀⌊↕⌉⇕ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ⊔⟨∇⌉∫⟨≀↕⌈ ↕⌉⊑⌉↕ {≀∇ ⌋≀\⊔∇⊣∫⊔ ⟩∫ ⌈⌉√⌉\⌈⌉\⊔ ≀\ ⊔⟨⌉ ↕⊣∇}⌉∫⊔ ⌋≀\⊔∇⊣∫⊔ √∇⌉∫⌉\⊔⌉⌈ ⊔≀ ⊔⟨⌉ ∇⌉⊣⌈⌉∇↙

∈↙∀ C≀↕≀⊓∇ H⊣∇⇕≀\† A⌋⌋≀∇⌈⟩\} ⊔≀ ⊔⟨⌉ C≀\⌋⟩∫⌉ O§{≀∇⌈ D⟩⌋⊔⟩≀\⊣∇† ⇐A↕↕⌉\⇔ ∞∃∃′⇒⇔ ⟨⊣∇⇕≀\† ⟩∫ ⌈⌉⊘\⌉⌈ ⊣∫ ⊖⊣\ ⊣√⊔ ≀∇ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⊣∇∇⊣\}⌉⇕⌉\⊔ ≀{ √⊣∇⊔∫ ↙↙↙ ⊔⟨⌉ √↕⌉⊣∫⟩\} ⌉{{⌉⌋⊔ ≀{ ⊔⟨⟩∫↙⪰ U\{≀∇⊔⊓\⊣⊔⌉↕†⇔ ⌈⌉⊘\⟩\} ⟨⊣∇⇕≀\⟩⌉∫⇔ √⊣∇⊔⟩⌋⊓↕⊣∇↕† ⌋≀↕≀⊓∇ ⟨⊣∇⇕≀\⟩⌉∫⇔ ⟩∫ \≀⊔ ∫⟩⇕√↕⌉↙ M⌉⟩⌉∇ ⇐∞∃∀∀⇒ ↕≀≀‖⌉⌈ ⊣⊔ ⊔⟨⌉ √∇≀⌊↕⌉⇕ ≀{ ⌋≀↕≀⊓∇ ⟨⊣∇⇕≀\† ⊣\⌈ ∇⌉√≀∇⊔⌉⌈ W⌉ ⊔∇⟩⌉⌈ ⊔≀ ⌈⟩∫⌋≀⊑⌉∇ ⊣ }⌉\⌉∇⊣↕ ∇⌉↕⊣⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⊣\† ⊔⊒≀ ⌋≀↕≀∇∫ ⟩\ ⊣ ⊔⟨∇⌉⌉↖⌈⟩⇕⌉\∫⟩≀\⊣↕ ⌋≀↕≀∇ ∫√⊣⌋⌉ ⊔⟨⊣⊔ ⊒≀⊓↕⌈ ∫⟨≀⊒ ⊒⟨⌉⊔⟨⌉∇ ⊔⟨⌉ ⊔⊒≀ ⌋≀↕≀∇∫ ⟨⊣∇⇕≀\⟩‡⌉⌈ ≀∇ ⌋≀\⊔∇⊣∫⊔⌉⌈ ⊣\⌈ ⟨≀⊒ ⊣⊔⊔∇⊣⌋⊔⟩⊑⌉ ⊔⟨⌉† ⊣√√⌉⊣∇⌉⌈ ⊔≀}⌉⊔⟨⌉∇ ↙↙↙ ⊒⌉ ⊒⌉∇⌉ ⊓\⊣⌊↕⌉ ⊔≀ ⊘\⌈ ⊣\† }⌉\⌉∇⊣↕ ∇⌉↕⊣⊔⟩≀\∫↙ S⟩⇕⟩↕⊣∇↕†⇔ H≀√⌉ ⊣\⌈ W⊣↕∫⟨ ⇐∞∃∃′⇒ ⌋≀⇕⇕⌉\⊔ H⊣∇⇕≀\⟩⌉∫ ⊣∇⌉ ∫⊓⌊|⌉⌋⊔⟩⊑⌉∅ ⊔⟨≀∫⌉ ⊔⟨⊣⊔ ⊣√√⌉⊣↕ ⊔≀ ∫≀⇕⌉ √⌉≀√↕⌉⇔ ∇⌉√⌉↕ ≀⊔⟨⌉∇∫↙ A↕⊔⟨≀⊓}⟨ ⊔⟨⌉ ⟨⊓⇕⊣\ ⌉†⌉ ⊣\⌈ ⇕⟩\⌈ ⊣∇⌉ ∫⌉\∫⟩⊔⟩⊑⌉ ⊣\⌈ ⌉{⊘⌋⟩⌉\⊔ ⟩\ ∫≀∇⊔⟩\} ≀⊓⊔⇔ ∇⌉∫√≀\⌈⟩\} ⊔≀⇔ ⊣\⌈ ⌋∇⌉⊣⊔⟩\} ⟨⊣∇⇕≀\⟩⌉∫ ≀{ ⌋≀↕≀∇⇔ ⟩⊔ ⟨⊣∫ √∇≀⊑⌉\ ⟩⇕√≀∫∫⟩⌊↕⌉ ⊔≀ {≀∇⇕⊓↕⊣⊔⌉ ⊣\⌈ ⌉∫⊔⊣⌊↕⟩∫⟨ ⊣⌊∫≀↕⊓⊔⌉ ∇⊓↕⌉∫ {≀∇ ⟨⊣∇⇕≀\†↙ T⟨⌉∇⌉ ⊣∇⌉ ⇕⊣\† ⊔⟨⌉≀∇⟩⌉∫ ≀{ ⌋≀↕≀⊓∇ ⟨⊣∇⇕≀\†⇔ ⌊⊓⊔ ⇕≀∫⊔ ≀{ ⊔⟨⌉⇕ ∫⟨⊣∇⌉ ⊣ {⌉⊒ ⌋≀⇕⇕≀\ √∇≀⌊↕⌉⇕∫↙ F⟩∇∫⊔⇔ ⊔⟨⌉† ⊣∇⌉ ⊓∫⊓⊣↕↕† ⌋∇⌉⊣⊔⌉⌈ {≀∇ ⊣ ∫√⌉⌋⟩⊘⌋ ⊣⊓⌈⟩⌉\⌋⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ Q⊓⟩↕↕⌉∇≃∫ ⇐∞∃∀∃⇒ ⊔⟨⌉≀∇⟩⌉∫ ⇐S⌉⌋⊔⟩≀\ ∈↙△⇒ ⊣∇⌉ ⌈⟩∇⌉⌋⊔⌉⌈ ⊣⊔ ⊣∇⊔⟩∫⊔∫ ⊣\⌈ A↕⌊⌉∇∫ ⇐∞∃∞⇒ ⊔⟨⌉≀∇⟩⌉∫ ⇐S⌉⌋⊔⟩≀\ ∈↙▽⇒ ⊣∇⌉ ⌈⟩∇⌉⌋⊔⌉⌈ ⊣⊔ ⊔⟨⌉ }∇⊣√⟨⟩⌋ ⌈⌉∫⟩}\⌉∇↙ S⌉⌋≀\⌈⇔ ⊔⟨⌉† ⊔⌉\⌈ ⊔≀ ⌊⌉ ⇕⌉⌈⟩⊓⇕ ∫√⌉⌋⟩⊘⌋↙ Q⊓⟩↕↕⌉∇ ⌈⟩∫⌋⊓∫∫⌉∫ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ √⟩}⇕⌉\⊔∫ ⊣∇⌉ ⊓∫⌉⇔ ∫⌉↕⌉⌋⊔⟩\} ⌋≀↕≀⊓∇∫ {≀∇ ⊓∫⌉ ⊣∫ ⊔∇⊣\∫↕⊓⌋⌉\⊔ ⊒⊣∫⟨⌉∫⇔ ⊔⟨⌉ ⌉{{⌉⌋⊔∫ ≀{ ⇕⟩§⟩\} √⊓∇⌉ √⟩}⇕⌉\⊔∫ ⊒⟩⊔⟨ ⌊↕⊣⌋‖ ⊣\⌈ ⊒⟨⟩⊔⌉⇔ ⌉⊔⌋↙ A↕⌊⌉∇∫⇔ ≀\ ⊔⟨⌉ ≀⊔⟨⌉∇ ⟨⊣\⌈⇔ ⌈⟩∫⌋⊓∫∫⌉∫ ⊔⟨⌉ ∇⌉↕⊣⊔⟩⊑⌉ ∫⟩‡⌉∫ ≀{ √⟩⌉⌋⌉∫ ≀{ ⌋≀↕≀⊓∇⌉⌈ √⊣√⌉∇⇔ ⊑⟩∫⊓⊣↕ ⟩↕↕⊓∫⟩≀\∫ ∫⊓⌋⟨ ⊣∫ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫ ⌋≀\⊔∇⊣∫⊔ ⊣\⌈ ⟨≀⊒ ⊔≀ ⊣⊑≀⟩⌈ ⊔⟨⌉⇕⇔ ⌉⊔⌋↙ F⟩\⊣↕↕†⇔ ⊣\⌈ ⇕≀∫⊔ ⟩⇕√≀∇⊔⊣\⊔↕†⇔ \≀\⌉ ≀{ ⊔⟨⌉∫⌉ ⊔⟨⌉≀∇⟩⌉∫ ⊣∇⌉ ∫⊓{⊘⌋⟩⌉\⊔↕† √∇⌉∫⌋∇⟩√⊔⟩⊑⌉ ≀∇ ∇⟩}≀∇≀⊓∫↙ T⟨⌉† ⊣↕↕ ∇⌉↕† ≀\ ⊔⟨⌉ ⌋≀↕≀⊓∇ ∫⌉\∫⌉ ≀{ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ∫⊓⌋⟨ ⊣ ⌈⌉}∇⌉⌉ ⊔⟨⊣⊔ ⊔⟨⌉† ⊣∇⌉ \≀⊔ ⌉⊣∫⟩↕† ⌋≀⇕√⊓⊔⌉∇⟩‡⌉⌈∅ ⊣∇⊔⟩∫⊔∫ ⊣\⌈ ⌈⌉∫⟩}\⌉∇∫ ⌋⊣\\≀⊔ √∇≀⊑⟩⌈⌉ ⊣↕}≀∇⟩⊔⟨⇕∫ {≀∇ ⟨⊣∇⇕≀\⟩≀⊓∫ ⌋≀↕≀⊓∇ ∫⌉↕⌉⌋⊔⟩≀\↙ T⟨⟩∫ ⟩\⊣⌊⟩↕⟩⊔† ≀⌋⌋⊓∇∫ ⌊⌉⌋⊣⊓∫⌉ ⇕⊣\† }⊓⟩⌈⌉↕⟩\⌉∫ ⊣∇⌉ ⌉§√∇⌉∫∫⌉⌈ ⟩\ ⊔⌉∇⇕∫ ≀{ ∫⊓⌋⟨ ⌋≀\⌋⌉√⊔∫ ⊣∫ ⊖⊑⟩∫⊓⊣↕ ⌊⊣↕⊣\⌋⌉⇔⪰ ⊒⟨⟩⌋⟨ ⊣∇⌉ √≀∫∫⟩⌊↕⌉ ⊔≀ ⌉§√↕⊣⟩\ ⊔⟨∇≀⊓}⟨ ⌉§⊣⇕√↕⌉∫ ⌊⊓⊔ \≀⊔ ⊒⟩⊔⟨ ⊣↕}≀∇⟩⊔⟨⇕∫↙ T⟨⌉∫⌉ ⊔⟨⌉≀∇⟩⌉∫ ⊣∇⌉ \⌉⌋⌉∫∫⊣∇⟩↕† ⊓\⌈⌉∇⌈⌉⊔⌉∇⇕⟩\⌉⌈⇔ ⊣\⌈ ⇕⊓∫⊔ ⌊⌉ ⊔≀ ⊣↕↕≀⊒ {≀∇ ⊣∇⊔⟩∫⊔⟩⌋ ⌉§√∇⌉∫∫⟩≀\↙ C≀\∫⟩⌈⌉∇ ⊔⟨⌉ {≀↕↕≀⊒⟩\}¬ • G⟩⊑⌉\ ⊔⟨⌉ ∫⊣⇕⌉ ⊔⟨⌉≀∇† ≀{ ⌋≀↕≀⊓∇ ⟨⊣∇⇕≀\†⇔ ⊔⊒≀ ⌈⌉∫⟩}\⌉∇∫ ⊒≀⊓↕⌈ ⇕≀∫⊔ ↕⟩‖⌉↕† ⌋∇⌉⊣⊔⌉ ⊔⊒≀ ⌋≀⇕√↕⌉⊔⌉↕† ⌈⟩{{⌉∇⌉\⊔ ⌋≀↕≀⊓∇ √⊣↕⌉⊔⊔⌉∫⇔ ⌉⊣⌋⟨ ≀{ ⊒⟨⟩⌋⟨ ⊘⊔∫ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀{ ⊔⟨⌉ }⟩⊑⌉\ ⊔⟨⌉≀∇†↙ • I⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ ⊔≀ ⌋⟨≀≀∫⌉ √⊣↕⌉⊔⊔⌉∫ ⊔⟨⊣⊔ ∫⊣⊔⟩∫{† ⊣↕↕ ⊔⟨⌉ }⊓⟩⌈⌉↕⟩\⌉∫ ≀{ ⊣ ⊔⟨⌉≀∇†⇔ †⌉⊔ ⊣∇⌉ \≀⊔ ⊣⌉∫⊔⟨⌉⊔⟩⌋⊣↕↕† √↕⌉⊣∫⟩\}↙ T⟨⟩∫ ⟩∫ \≀⊔ ⊔≀ ∫⊣† ⊔⟨⊣⊔ ⊔⟨⌉ ∐⊓⌉∫⊔ {≀∇ ⌋≀↕≀⊓∇ ⟨⊣∇⇕≀\† ⟩∫ ⟨≀√⌉↕⌉∫∫↙ T⟨⌉ ⊓↕⊔⟩⇕⊣⊔⌉ ⇕≀⌈⌉↕ ≀{ ⌋≀↕≀⊓∇ ⟨⊣∇⇕≀\† ⟩∫ \≀⊔ ⟩\ ∫⟩}⟨⊔⇔ ⌊⊓⊔ ∫≀⇕⌉ ⇕≀⌈⌉∫⊔ ∇⌉∫⊓↕⊔∫ ⊣∇⌉ √≀∫∫⟩⌊↕⌉ ⊣\⌈⇔ {≀∇ ≀⊓∇ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫⇔ √∇⌉{⌉∇⊣⌊↕⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⊒≀

∈↙∀↙ C≀↕≀⊓∇ H⊣∇⇕≀\† ∈∃

≀{ Q⊓⟩↕↕⌉∇≃∫ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫⇔ ⊔⟨⌉ ⇕≀\≀⌋⟨∇≀⇕⊣⊔⟩⌋ ⊣\⌈ ⊣\⊣↕≀}≀⊓∫ ∫⌋⟨⌉⇕⌉∫⇔ ∫⌉⌉⇕ ⌋≀\⊑⌉∇⊔⟩⌊↕⌉ ⟩\⊔≀ ⊣↕}≀∇⟩⊔⟨⇕∫ ⊔⟨⊣⊔ }⌉\⌉∇⊣⊔⌉ ⟨⊣∇⇕≀\⟩≀⊓∫ ⌋≀↕≀⊓∇ √⊣↕⌉⊔⊔⌉∫↙ W⟨⟩↕⌉ ⊓\⟩\⊔⌉∇⌉∫⊔⟩\} {∇≀⇕ ⊣\ ⊣∇⊔⟩∫⊔⟩⌋ ⊑⟩⌉⊒√≀⟩\⊔⇔ ⊔⟨⌉∫⌉ √⊣↕⌉⊔⊔⌉∫ ⊒⟩↕↕ √∇≀⊑⟩⌈⌉ ∫≀⇕⌉ ⇕⟩\⟩⇕⊓⇕ ↕⌉⊑⌉↕ ≀{ ⟨⊣∇⇕≀\† ⊔⟨⊣⊔ ⊒⟩↕↕ ⌊⌉ ⟩\≀{{⌉\∫⟩⊑⌉ ⊔≀ ⇕⊣\† √⌉≀√↕⌉↙ W⟨⟩↕⌉ ⊔⟨⌉ ⊖⌊⌉∫⊔⪰ ⟨⊣∇⇕≀\⟩⌉∫ ⊣∇⌉ \≀⊑⌉↕ ≀∇ ⊓\⌉§√⌉⌋⊔⌉⌈⇔ ⊔⟨⌉† ⊣∇⌉ ⊔⟨⌉ ↕⌉⊣∫⊔ ⌉⊣∫† ⊔≀ ⊘\⌈ ⌊† ⊣↕}≀∇⟩⊔⟨⇕⟩⌋ ⊣√√∇≀⊣⌋⟨⌉∫ ⊣\⌈ ⊔⟨⌉ ⇕≀∫⊔ ↕⟩‖⌉↕† ⊔≀ ⊣∇≀⊓∫⌉ ⌈⟩∫⊣}∇⌉⌉⇕⌉\⊔↙ A↕}≀∇⟩⊔⟨⇕∫ {≀∇ }⌉\⌉∇⊣⊔⟩\} ⟨⊣∇⇕≀\⟩≀⊓∫ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⊣ }≀≀⌈ ∫⊓⌊|⌉⌋⊔ {≀∇ ⊣ ⊔⟨⌉∫⟩∫⇔ ⌊⊓⊔ ⊣∇⌉ \≀⊔ ⊔⟨⌉ ⇕⊣⟩\ ∫⊓⌊|⌉⌋⊔ ≀{ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫↙ M⊣\† ⌋≀↕≀⊓∇ ⊔⟨⌉≀∇⟩⌉∫ ⊣⟩⇕ ⊔≀ ⌈⌉⊑⌉↕≀√ ⊔⟨⌉ ∫⊔⊓⌈⌉\⊔≃∫ ∫⌉\∫⌉ ≀{ ⟨⊣∇⇕≀\†⇔ ⊣∫ ≀√√≀∫⌉⌈ ⊔≀ ⌈⟩⌋⊔⊣⊔⟩\} ∇⊓↕⌉∫ ≀{ ⌋≀↕≀⊓∇ ⊓∫⌉↙ B† ⊔⌉⊣⌋⟨⟩\} ⊣\⌈ ∫⊓}}⌉∫⊔⟩\} ⟩\∫⊔⌉⊣⌈ ≀{ ⌈⟩⌋⊔⊣⊔⟩\}⇔ ⇕≀∇⌉ ≀{ ⊔⟨⌉ ⟨⟩∫⊔≀∇⟩⌋⊣↕ ⌋≀↕≀⊓∇ ⊔⟨⌉≀∇⟩⌉∫ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈↙ T⟨⊓∫⇔ ⊒⟨⟩↕⌉ ⇕⊣\† ≀{ ⊔⟨⌉ ⊔⟨⌉≀∇⟩⌉∫ ⌋⊣\\≀⊔ ⌊⌉ ⊔⊓∇\⌉⌈ ⟩\⊔≀ ⊣↕}≀∇⟩⊔⟨⇕∫ ⊔⟨⊣⊔ ⊣↕⊒⊣†∫ }⌉\⌉∇⊣⊔⌉ ⟨⊣∇⇕≀\⟩≀⊓∫ ⌋≀↕≀⊓∇∫⇔ ⊔⟨⌉† ⇕⊣† ⌊⌉ ⊔⊓∇\⌉⌈ ⟩\⊔≀ ⊣↕}≀∇⟩⊔⟨⇕∫ ⊔⟨⊣⊔ ∫≀⇕⌉⊔⟩⇕⌉∫ }⌉\⌉∇⊣⊔⌉ ⟨⊣∇⇕≀\⟩≀⊓∫ ⌋≀↕≀⊓∇∫↙ B† ⟩\⌋≀∇√≀∇⊣⊔⟩\} ⟨⊓⇕⊣\ ⌋∇⟩⊔⟩⌋⟩∫⇕ ⊒⟩⊔⟨ ⌋≀⇕√⊓⊔⌉∇ }⌉\⌉∇⊣⊔⟩≀\⇔ ⊔⟨⌉∫⌉ ⊣↕}≀∇⟩⊔⟨⇕∫ ⊣∇⌉ ⊓∫⌉{⊓↕↙

∋′ C⟨⊣√⊔⌉∇ ∈↙ B⊣⌋‖}∇≀⊓\⌈

C⟨⊣√⊔⌉∇ ∋

C≀↕≀⊓∇ U∫⊣}⌉

T⟨⟩∫ ⌋⟨⊣√⊔⌉∇ ⌉§√↕≀∇⌉∫ ⟨≀⊒ ⌋≀↕≀⊓∇ ⟩∫ ⊓∫⌉⌈⇔ ⌊≀⊔⟨ ⟩\ ⊣ }⌉\⌉∇⊣↕ ⊒⊣† ⊣\⌈ ⟩\ ⌋≀⇕√⊓⊔⌉∇ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫ ∫√⌉⌋⟩⊘⌋⊣↕↕†↙ U\{≀∇⊔⊓\⊣⊔⌉↕†⇔ ⊓∫⌉ ≀{ ⌋≀↕≀⊓∇ ⟩∫ \≀⊔ ⊣ ⊒⌉↕↕ ⊓\⌈⌉∇∫⊔≀≀⌈ ⊔≀√⟩⌋↙ D⌉∫√⟩⊔⌉ ⇕⊓⌋⟨ ∇⌉∫⌉⊣∇⌋⟨⇔ ∇⌉∫⊓↕⊔∫ ⟩\ ⊔⟨⌉ ⊣∇⌉⊣ ⊣⇕≀⊓\⊔ ⊔≀ ↕⟩⊔⊔↕⌉ ⇕≀∇⌉ ⊔⟨⊣\ ⌋≀\|⌉⌋⊔⊓∇⌉⇔ ∇⊓↕⌉∫ ≀{ ⊔⟨⊓⇕⌊ ⊣\⌈ ∫⊓⌊|⌉⌋⊔⟩⊑⌉ }⊓⟩⌈⌉↕⟩\⌉∫↙ T⟨⌉ ⊣⟩⇕ ≀{ ⊔⟨⟩∫ ⌋⟨⊣√⊔⌉∇ ⟩∫ \≀⊔ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ ⌋≀⇕√∇⌉⟨⌉\∫⟩⊑⌉ ⇕≀⌈⌉↕ ≀{ ⌋≀↕≀⊓∇ ⊓∫⊣}⌉⇔ ⌊⊓⊔ ⊔≀ ⌉§⊔∇⊣⌋⊔ ⊣ ∫⌉⊔ ≀{ ⊔⟨⌉≀∇⟩⌉∫ ⊔⟨⊣⊔ ⌋⊣\ √∇≀⊑⟩⌈⌉ ⊣ ∇⌉⊣↕⟩∫⊔⟩⌋ ⌊⊣∫⟩∫ {≀∇ ⊣ ∫⌉⊔ ≀{ ⊔≀≀↕∫ ⊔≀ ⊣∫∫⟩∫⊔ ⟩\ ⊔⟨⌉ ⊔⊣∫‖ ≀{ ⌋≀↕≀⊓∇ ∫⌉↕⌉⌋⊔⟩≀\ {≀∇ ⊒⟩\⌈≀⊒⟩\} ∫†∫⊔⌉⇕∫↙ F⟩∇∫⊔⇔ ⊣ ⊓∫⌉{⊓↕ ⌋⊣⊔⌉}≀∇⟩‡⊣⊔⟩≀\ ≀{ ⌋≀↕≀⊓∇ ⊓∫⊣}⌉ ⟩∫ ⌉§√↕⊣⟩\⌉⌈↙ F≀↕↕≀⊒⟩\} ⊔⟨⟩∫⇔ ⟩⇕√≀∇⊔⊣\⊔ ⊓∫⌉∫ ≀{ ⌋≀↕≀⊓∇ ⟩\ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫ ⊣∇⌉ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ⊔⟨⌉ ⌋≀\⊔⌉§⊔ ≀{ ⊔⟨⟩∫ ⌋⊣⊔⌉}≀∇⟩‡⊣⊔⟩≀\⇔ ⌊≀⊔⟨ ⊔≀ ∫⟨≀⊒ ⟩⊔∫ ⊓⊔⟩↕⟩⊔† ⊣\⌈ ⊔≀ ⟨⟩}⟨↕⟩}⟨⊔ ⊔⟨⌉ √∇≀⌊↕⌉⇕∫ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫ ⊒⟩↕↕ ⊣⊔⊔⌉⇕√⊔ ⊔≀ ∫≀↕⊑⌉↙ I\ ⊔⟨⟩∫ ⌋⟨⊣√⊔⌉∇⇔ ⊣ ⊖⌋≀↕≀⊓∇⪰ ∇⌉{⌉∇∫ ⊔≀ ⌋≀↕≀⊓∇ ⊣∫ ⊔⟨⌉ √∇≀√⌉∇⊔† ≀{ ⊔⟨⌉ ⊣√√⌉⊣∇⊣\⌋⌉ ⊣\ ≀⌊|⌉⌋⊔⇔ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇ ≀{ ⊣ ⊒⟩\⌈≀⊒ ≀∇ ⊔⟨⌉ ⌋≀↕≀⊓∇ ≀{ ⊣\ ⊣√√↕⌉↙ ⊖C≀↕≀⊓∇ ⊑⊣↕⊓⌉⪰ ∇⌉{⌉∇∫ ⊔≀ ⊔⟨⌉ ↕≀⌋⊣⊔⟩≀\ ≀{ ⊣ ⌋≀↕≀⊓∇ ⟩\ ≀\⌉ ≀{ ⊔⟨⌉ ⇕⊣\† ⌋≀↕≀⊓∇∫ ⇕≀⌈⌉↕∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ∈↙∈↙ T⟨⊓∫⇔ ⊔⌉§⊔ ⟩\ ⊣ ⊒⟩\⌈≀⊒ ⟨⊣∫ ⊣ ⌋≀↕≀⊓∇ ⊒⟨⟩⌋⟨ ⟩\ ⊔⊓∇\ ⟨⊣∫ ⊣ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⊒⟩⊔⟨ ∇⌉∫√⌉⌋⊔ ⊔≀ ≀\⌉ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⇕≀⌈⌉↕∫↙

∋↙∞ C⊣⊔⌉}≀∇⟩‡⊣⊔⟩≀\ ≀{ C≀↕≀⊓∇ U∫⊣}⌉

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

∋∈ C⟨⊣√⊔⌉∇ ∋↙ C≀↕≀⊓∇ U∫⊣}⌉

F⟩}⊓∇⌉ ∋↙∞¬ C≀↕≀⊓∇ ⊓∫⊣}⌉ ⌋⊣\ ⌊⌉ ⌈⟩⊑⟩⌈⌉⌈ ⟩\⊔≀ {≀⊓∇ ⌋⊣⊔⌉}≀∇⟩⌉∫ ⌊† ⌈⟩∫⊔⟩\}⊓⟩∫⟨⟩\} ⌊⌉⊔⊒⌉⌉\ ⌋≀↕≀⊓∇ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⊣\⌈ ⌋≀↕≀⊓∇ ⟩\⊔⌉\⊔↙ T†√⟩⌋⊣↕ ⌉§⊣⇕√↕⌉∫ ⊣∇⌉ ∇⊣†⊔∇⊣⌋⟩\}⇔ ⊔⟨⌉ I⇕√∇⌉∫∫⟩≀\⟩∫⊔ √⊣⟩\⊔⟩\}∫ ≀{ C↕⊣⊓⌈⌉ M≀\⌉⊔⇔ ∫⊔≀√↖∫⟩}\ ∇⌉⌈ ⊣\⌈ ⊣⌈⌉∐⊓⊣⊔⌉ {≀∇⌉}∇≀⊓\⌈∝⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀\⊔∇⊣∫⊔↙

∋↙∞↙∞ A⌊∫≀↕⊓⊔⌉ ⊑⌉∇∫⊓∫ R⌉↕⊣⊔⟩⊑⌉ C≀↕≀⊓∇ ∋↙∞↙∞↙∞ A⌊∫≀↕⊓⊔⌉ C≀↕≀⊓∇ A⌊∫≀↕⊓⊔⌉ ⌋≀↕≀⊓∇ ∇⌉{⌉∇∫ ⊔≀ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊔⟨⊣⊔ ⊣∇⌉ ⇕⌉⊣\⟩\}{⊓↕ ⌊⌉⌋⊣⊓∫⌉ ≀{ ⊔⟨⌉⟩∇ ⊣⌊∫≀↕⊓⊔⌉ √≀∫⟩⊔⟩≀\ ⟩\ ⊔⟨⌉ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ∇⌉⌈ ⟩∫ ≀{⊔⌉\ ⊓∫⌉⌈ ⊔≀ ∫⟩}\⟩{† ⌈⊣\}⌉∇ ≀∇ ⊒⊣∇\⟩\}⇔ ⊣∫ ⊒⟨⌉\ ⊓∫⌉⌈ ≀\ ⊣ ∫⊔≀√ ∫⟩}\↙ T⟨⌉ ⇕⌉⊣\⟩\} ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ∇⌉⌈ ⟩∫ ⌋∇⌉⊣⊔⌉⌈ ⌊† ∫≀⌋⟩⌉⊔† ⊣\⌈ ⟩∫ ↕⟩\‖⌉⌈ ⊔≀ ⊔⟨⌉ ⊣⌊∫≀↕⊓⊔⌉ √≀∫⟩⊔⟩≀\ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉↙ A\≀⊔⟨⌉∇ ⊓∫⌉ ≀{ ⊣⌊∫≀↕⊓⊔⌉ ⌋≀↕≀⊓∇ ≀⌋⌋⊓∇∫ ⟩\ ⊔⟨⌉ ⊓∫⌉ ≀{ ⊔∇⊣⌈⌉⇕⊣∇‖⌉⌈ ⌋≀↕≀⊓∇∫↙ T⟨⌉ ⌊↕⊓⌉ ⊓∫⌉⌈ ⌊† X⌉∇≀§ ⟩∫ ⌈⟩{{⌉∇⌉\⊔ {∇≀⇕ ⊔⟨⌉ ⌊↕⊓⌉ ⊓∫⌉⌈ ⌊† IBM⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⟩\ ⊔⊓∇\ ⌈⟩{{⌉∇⌉\⊔ {∇≀⇕ ⊔⟨⌉ ⌊↕⊓⌉ ⊓∫⌉⌈ ⌊† S⊓\↙ T⟨⌉ ⌉§⊣⌋⊔ ⌊↕⊓⌉ ⌋≀↕≀⊓∇ ⟩\ ⌉⊣⌋⟨ ⌋⊣∫⌉ ⟩∫ ⊔∇⊣⌈⌉⇕⊣∇‖⌉⌈ ⌊† ⟩⊔∫ ⊣⌊∫≀↕⊓⊔⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉↙ W⟨⌉\ ∇⌉⊣↕⟩∫⊔⟩⌋ ⟩⇕⊣}⌉∫ ⊣∇⌉ ⌋∇⌉⊣⊔⌉⌈ ⊓∫⟩\} ⊔⌉⌋⟨\⟩∐⊓⌉∫ ∫⊓⌋⟨ ⊣∫ ∇⊣† ⊔∇⊣⌋⟩\} ≀∇ ∇⊣⌈⟩≀∫⟩⊔†⇔ ⌋≀↕≀⊓∇ ⟩∫ ⊓∫⌉⌈ ⟩\ ⊣\ ⊣⌊∫≀↕⊓⊔⌉ ⊒⊣†↙ T⟨⌉ ⌉§⊣⌋⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ {≀∇ ⌉⊣⌋⟨ √≀⟩\⊔ ⟩\ ⊣\ ⟩⇕⊣}⌉ ⟩∫ ⌋≀⇕√⊓⊔⌉⌈ ⌊† ∫⟩⇕⊓↕⊣⊔⟩\} ⊔⟨⌉ ⟩\⊔⌉∇⊣⌋⊔⟩≀\ ≀{ ↕⟩}⟨⊔ ⊣\⌈ ⇕⊣⊔⊔⌉∇↙ T⟨⊓∫⇔ ⊔⟨⌉ ⇕⌉⊣\⟩\} ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊣∇⌉ ∇⌉↕⊣⊔⌉⌈ ⊔≀ ⊔⟨⌉⟩∇ ⊣⌊∫≀↕⊓⊔⌉ √≀∫⟩⊔⟩≀\ ⟩\ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉↙ T⟨⟩∫ ⟩∫ ⊣\ ⌉§⊣⇕√↕⌉ ≀{ ⊔⟨⌉ ⊣⌊∫≀↕⊓⊔⌉ ⊓∫⌉ ≀{ ⌋≀↕≀⊓∇↙

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

∋↙∞↙ C⊣⊔⌉}≀∇⟩‡⊣⊔⟩≀\ ≀{ C≀↕≀⊓∇ U∫⊣}⌉ ∋∋

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

∋△ C⟨⊣√⊔⌉∇ ∋↙ C≀↕≀⊓∇ U∫⊣}⌉

∋↙∞↙∈↙∋ T⟨⌉ F⊣↕↕⊣⌋† ≀{ F⊓\⌋⊔⟩≀\⊣↕ ⊣\⌈ A⌉∫⊔⟨⌉⊔⟩⌋ I\⌋≀⇕√⊣⊔⟩⌊⟩↕⟩⊔† T⟨⌉∇⌉ ⟩∫ ⊣ ⌊⌉↕⟩⌉{ ⊣⇕≀\} ⇕⊣\† √⌉≀√↕⌉ ⊔⟨⊣⊔ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⊣\⌈ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⟩⌈⌉∇⊣⊔⟩≀\∫ ⊣∇⌉ ⊣⊔ ≀⌈⌈∫ ⊒⟩⊔⟨ ≀\⌉ ⊣\≀⊔⟨⌉∇↙ S⊔⊣⊔⌉⇕⌉\⊔∫ ∫⊓⌋⟨ ⊣∫ ⊖A\† ⌈⌉⌋≀∇⊣⊔⟩⊑⌉ ⊓∫⌉ ≀{ ⌋≀↕≀⊓∇ ∫⟨≀⊓↕⌈ ⌊⌉ ∫⊓⌊∫⌉∇⊑⟩⌉\⊔ ⊔≀ ⊔⟨⌉ {⊓\⌋⊔⟩≀\⊣↕ ⊓∫⌉⪰ ⊣\⌈ ⊖I\ }⌉\⌉∇⊣↕⇔ ⟩⊔ ⟩∫ }≀≀⌈ ⊔≀ ⇕⟩\⟩⇕⟩‡⌉ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌈⟩{{⌉∇⌉\⊔ ⌋≀↕≀⊓∇∫ ⌊⌉⟩\} ⊓∫⌉⌈⪰ ⊣∇⌉ ⌋≀⇕⇕≀\ ⟩\ }⊓⟩⌈⌉↕⟩\⌉∫ {≀∇ ⊓∫⌉∇↖⟩\⊔⌉∇{⊣⌋⌉ ⌈⌉∫⟩}\ ⇐F≀↕⌉† ⌉⊔ ⊣↕↙⇔ ∞∃∃′⇒↙ T⟨⌉ √⊓∇√≀∫⌉ ≀{ ∫⊓⌋⟨ }⊓⟩⌈⌉↕⟩\⌉∫ ⟩∫ ⊔≀ ⊣⊑≀⟩⌈ }⊣∇⟩∫⟨ ⌈⟩∫√↕⊣†∫ ⊣\⌈ ⊓\⟩\⊔⌉\⊔⟩≀\⊣↕ ⊓∫⌉∇ ⊣∫∫≀⌋⟩⊣⊔⟩≀\∫↙ C≀\∫⟩⌈⌉∇ ⊔⟨⌉ ⟩⇕√↕⟩⌋⊣⊔⟩≀\∫ ≀{ ⊣↕↕≀⊒⟩\} ⊓∫⌉∇∫ ⊔≀ ⌋⟨≀≀∫⌉ ⊔⟨⌉ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ {≀∇ ⊔⟨⌉⟩∇ ⊒⟩\⌈≀⊒∫↙ I\ ⊔⟨⌉ √∇⌉⊑⟩≀⊓∫ ∫⌉⌋⊔⟩≀\ ⟩⊔ ⊒⊣∫ ∫⊓}}⌉∫⊔⌉⌈ ⊔⟨⊣⊔ ⊔⟨⌉∇⌉ ⊣∇⌉ ⇕⊣\† ∫⌉⊔∫ ≀{ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ ∫⊣⊔⟩∫{† ⊔⟨⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀{ ⊣ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕⇔ ∫≀ ⊔⟨⌉ ⊓∫⌉∇ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣↕↕≀⊒⌉⌈ ⊔≀ ∫⌉↕⌉⌋⊔ ⊔⟨⌉ ∫⌉⊔ ⊔⟨⊣⊔ ⊔⟨⌉† √∇⌉{⌉∇↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉∇⌉ ⟩∫ \≀ }⊓⊣∇⊣\⊔⌉⌉ ⊔⟨⊣⊔ ⊓∫⌉∇∫ ⊒⟩↕↕ ∫⌉↕⌉⌋⊔ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ ∫⊣⊔⟩∫{† ⊣\† ≀{ ⊔⟨⌉∫⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ∫⊓⌋⟨ ⊣∫ √∇≀⊑⟩⌈⌉ ⌉\≀⊓}⟨ ⌋≀\⊔∇⊣∫⊔ ⊔≀ ⌉\⊣⌊↕⌉ ⊔⟨⌉⇕ ⊔≀ ∇⌉⊣⌈ ∐⊓⟩⌋‖↕† ⊣\⌈ ⊒⟩⊔⟨ ⊣ ⇕⟩\⟩⇕⊓⇕ ≀{ ⌉∇∇≀∇∫↙ T⟨⟩∫ ⟩∫ ≀⌊⊑⟩≀⊓∫↕† ≀{ ⌋≀\⌋⌉∇\ ⊔≀ ⌉⇕√↕≀†⌉∇∫⇔ ∫⟩\⌋⌉ √∇≀⌈⊓⌋⊔⟩⊑⟩⊔† ⌋⊣\ ⌊⌉ ⊣⌈⊑⌉∇∫⌉↕† ⊣{{⌉⌋⊔⌉⌈ ⌊† ∫⊓⌋⟨ √∇≀⌊↕⌉⇕∫↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉ √∇≀⌊↕⌉⇕ ⟩∫ \≀⊔ ⊔⟨⊣⊔ {⊓\⌋⊔⟩≀\⊣↕ ⊣\⌈ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ⟩\⌋≀⇕√⊣⊔⟩⌊↕⌉⇔ ⌊⊓⊔ ∇⊣⊔⟨⌉∇ ⊔⟨⊣⊔ ⊔⟨⌉∇⌉ ⊣∇⌉ \≀ ⊔≀≀↕∫ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⊔≀ ⟨⌉↕√ ⊔⟨⌉ ⊓∫⌉∇ ∫⌉↕⌉⌋⊔ ⌋≀↕≀⊓∇∫ ⟩\ ⊣\ ⟩\⊔⌉↕↕⟩}⌉\⊔ ⇕⊣\\⌉∇↙ W⟨⌉\ ⊓∫⌉∇∫ ⇕⊣‖⌉ ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉∫⇔ ⊔⟨⌉† ⌈≀ \≀⊔ √⊓∇√≀∫⌉{⊓↕↕† ∫⌉↕⌉⌋⊔ ⌋≀↕≀⊓∇∫ ⊒⟨⟩⌋⟨ ⊑⟩≀↕⊣⊔⌉ ⊔⟨⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ I\∫⊔⌉⊣⌈⇔ ⊔⟨⌉† ⊣∇⌉ ⌉⟩⊔⟨⌉∇ ⊓\⊣⊒⊣∇⌉ ≀{ ⊣↕↕ ⊔⟨⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔⟨⊣⊔ ∫⟨≀⊓↕⌈ ⌊⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈ ≀∇ ⟩\⌋⊣√⊣⌊↕⌉ ≀{ ⌋∇⌉⊣⊔⟩\} ⊣ ∫⌉⊔ ≀{ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ ∫⊣⊔⟩∫⊘⌉∫ ⊔⟨⌉∫⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ E⊑⌉\ ⟩{ ⊔⟨⌉ ⌋⟨≀⟩⌋⌉∫ ⊣∇⌉ ⌊⌉⟩\} ⇕⊣⌈⌉ {≀∇ √⊓∇⌉↕† {⊓\⌋⊔⟩≀\⊣↕ ∇⌉⊣∫≀\∫⇔ }⟩⊑⌉\ ⊣ ∇⌉⊣∫≀\⊣⌊↕† ↕⊣∇}⌉ \⊓⇕⌊⌉∇ ≀{ ⊒⟩\⌈≀⊒∫⇔ ⟩⊔ ⟩∫ ∐⊓⟩⊔⌉ ⌈⟩{⊘⌋⊓↕⊔ {≀∇ ⇕≀∫⊔ √⌉≀√↕⌉ ⊔≀ ∫⊣⊔⟩∫{† ⊣↕↕ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊒⟩⊔⟨≀⊓⊔ ⟨⌉↕√↙

∋↙∞↙∋ M⊓↕⊔⟩√↕⌉ C⊣⊔⌉}≀∇⟩‡⊣⊔⟩≀\ M≀∫⊔ ⌋≀↕≀⊓∇∫ ≀\ ⊣ ⌈⟩∫√↕⊣† ⌋⊣\ ⌊⌉ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⌊† ⇕≀∇⌉ ⊔⟨⊣\ ≀\⌉ ≀{ ⊔⟨⌉ {≀⊓∇ ⌋⊣⊔⌉}≀∇⟩⌉∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⊣⌊≀⊑⌉↙ T⟨⌉ ⌋⊣⊔⌉}≀∇⟩⌉∫ ⌈⌉∫⌋∇⟩⌊⌉ ⊔⟨⌉ ⊓∫⌉∫ ≀{ ⌋≀↕≀⊓∇⇔ ⊣\⌈ ⇕≀∫⊔ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⌊† ⊔⟨⌉ ⟩\⊔⌉∇⊣⌋⊔⟩≀\ ≀{ ⇕≀∇⌉ ⊔⟨⊣\ ≀\⌉ {⊓\⌋⊔⟩≀\⊣↕ ≀∇ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔⇔ ⌉⟩⊔⟨⌉∇ ⊣⌊∫≀↕⊓⊔⌉ ≀∇ ∇⌉↕⊣⊔⟩⊑⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ ⌋⟨≀⟩⌋⌉ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊓∫⌉⌈ {≀∇ ⊔⟨⌉ ⊔⟩⊔↕⌉ ≀\ ⊔⟨⌉ ⌋≀⊑⌉∇ ≀{ ⊣ ⌊≀≀‖ ⇕⊣† ⌊⌉ ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⌊† ⊣\† ≀{ ⊔⟨⌉ {≀↕↕≀⊒⟩\}¬ • ⊔⟨⌉ ∇⌉↕⊣⊔⟩⊑⌉ ⌋≀\⊔∇⊣∫⊔ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⊣\⌈ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫↙ • ⊔⟨⌉ ⊣⌊∫≀↕⊓⊔⌉ ⌋≀↕≀⊓∇ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ √⊓⌊↕⟩∫⟨⌉∇⇔ ⌊≀≀‖ ∫⌉∇⟩⌉∫⇔ ⊣⊓⊔⟨≀∇⇔ ⟩\∫⊔⟩⊔⊓⊔⟩≀\ ≀∇ ⌋≀⇕√⊣\†↙ • ⊔⟨⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⟩\⊔⌉∇⊣⌋⊔⟩≀\ ≀{ ⊔⟨⌉ ⊔⟩⊔↕⌉ ⊒⟩⊔⟨ √⟩⌋⊔⊓∇⌉∫ ≀\ ⊔⟨⌉ ⌋≀⊑⌉∇↙ • ⊔⟨⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ |⊓⌈}⇕⌉\⊔∫ ≀{ ⊔⟨⌉ √⊓⌊↕⟩∫⟨⌉∇⇔ ⊣⊓⊔⟨≀∇ ≀∇ ⌋≀⊑⌉∇ ⌈⌉∫⟩}\⌉∇↙ • ⌋≀\⊔∇⊣∫⊔ ⊒⟩⊔⟨ ≀⊔⟨⌉∇ ⌊≀≀‖∫ ≀\ ⊔⟨⌉ ∫⊣⇕⌉ ⊔≀√⟩⌋↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊒⟨⌉\ ⌋≀\∫⟩⌈⌉∇⟩\} ⌋≀↕≀⊓∇ ⊓∫⊣}⌉ ⟩\ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫ ⟩⊔ ⇕⊓∫⊔ ⌊⌉ ∇⌉⇕⌉⇕⌊⌉∇⌉⌈ ⊔⟨⊣⊔ ⇕≀∫⊔ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕† ∫⊓⌊|⌉⌋⊔⌉⌈ ⊔≀ ⌋≀\∫⊔∇⊣⟩\⊔∫ {∇≀⇕ ⇕≀∇⌉ ⊔⟨⊣\ ≀\⌉ ≀{ ⊔⟨⌉ {≀⊓∇ ⌋⊣⊔⌉}≀∇⟩⌉∫↙ A∫ ⊣∫ ∇⌉∫⊓↕⊔⇔ ⟩⊔ ⟩∫ \≀⊔ ⊣↕⊒⊣†∫ √≀∫∫⟩⌊↕⌉ ⊔≀ ⟩⌈⌉\⊔⟩{† ⊣ √∇⟩⇕⊣∇† ⊓∫⌉ {≀∇ ⊣\† ⌋≀↕≀⊓∇⇔ \≀∇ ⟩∫ ⟩⊔ \⌉⌋⌉∫∫⊣∇† ⊔≀ ⌈≀ ∫≀↙

∋↙∈ C≀↕≀⊓∇ U∫⊣}⌉ ⟩\ W⟩\⌈≀⊒ S†∫⊔⌉⇕∫ T⟨⌉ \⌉§⊔ ∫⊔⌉√ ⟩\ ⌈⌉⊑⌉↕≀√⟩\} ⊣ ∫⌉⊔ ≀{ ⊔≀≀↕∫ ⊔≀ ⊣∫∫⟩∫⊔ ⊒⟩⊔⟨ ⌋≀↕≀⊓∇ ∫⌉↕⌉⌋⊔⟩≀\ ⟩∫ ⊔≀ ⌉§⊣⇕⟩\⌉ ⟨≀⊒ ⌋≀↕≀⊓∇ ⟩∫ ⊓∫⌉⌈ ⟩\ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫ ⊣\⌈ ⌈⌉⌋⟩⌈⌉ ⟨≀⊒ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⌋⊣\ ⟨⌉↕√ ⊔⟨⌉ ⊓∫⌉∇↙ E⊣⌋⟨ ≀{ ⊔⟨⌉ {≀⊓∇ ⌋⊣⊔⌉}≀∇⟩⌉∫ ⟩\⊔∇≀⌈⊓⌋⌉⌈ ⊣⌊≀⊑⌉ ⊣∇⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ ⊔⊓∇\⇔ ⟨⟩}⟨↕⟩}⟨⊔⟩\} ⊔⟨⌉ ⌋≀⇕⇕≀\ ⊒⊣†∫ ⌋≀↕≀⊓∇ ⟩∫ ⊓∫⌉⌈ ⟩\ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉⇕↙

∋↙∈↙ C≀↕≀⊓∇ U∫⊣}⌉ ⟩\ W⟩\⌈≀⊒ S†∫⊔⌉⇕∫ ∋▽

∋↙∈↙∞ A⌊∫≀↕⊓⊔⌉ F⊓\⌋⊔⟩≀\⊣↕ C≀↕≀⊓∇ U∫⌉ A⌊∫≀↕⊓⊔⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀↕≀⊓∇ ⟩∫ ⌋≀⇕⇕≀\↕† ⊓∫⌉⌈ ⟩\ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣\ ⊣∫∫≀⌋⟩⊣⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊣\⌈ ∫≀⇕⌉⊔⟨⟩\}↙ C≀\∫⟩⌈⌉∇ ⊔⟨⌉ {≀↕↕≀⊒⟩\}¬ • C≀↕≀⊓∇ ⌈⌉\≀⊔⌉∫ ⊣ √⟨†∫⟩⌋⊣↕ √∇≀√⌉∇⊔† ≀{ ⊣\ ≀⌊|⌉⌋⊔∫⇔ ∫⊓⌋⟨ ⊣∫ ∇⟩√⌉\⌉∫∫↙ • C≀↕≀⊓∇ ⌈⌉\≀⊔⌉∫ ⊣ ⌋≀\⌋⌉√⊔⊓⊣↕ √∇≀√⌉∇⊔† ≀{ ⊣\ ≀⌊|⌉⌋⊔⇔ ∫⊓⌋⟨ ⊣∫ ⊣ ⌊↕⊓⌉ ⌊⌉⟩\} ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ IBM ≀∇ ∇⌉⌈ ⌊⌉⟩\} ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⌈⊣\}⌉∇↙ T⟨⌉∇⌉ ⊣∇⌉ ⊔⊒≀ ⟩⇕√≀∇⊔⊣\⊔ ⊔⟨⟩\}∫ ⊔≀ \≀⊔⌉ ⊣⌊≀⊓⊔ ⊣⌊∫≀↕⊓⊔⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀↕≀⊓∇ ⊓∫⌉↙ F⟩∇∫⊔⇔ ⊔⟨⌉∇⌉ ⊣∇⌉ ≀⌊⊑⟩≀⊓∫↕† ⊔⟩⇕⌉∫ ⊒⟨⌉\ {⊓\⌋⊔⟩≀\⊣↕ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫ ≀{ ⌋≀↕≀⊓∇ ⌈⌉⇕⊣\⌈ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⌈⟩∫√↕⊣†⌉⌈ ⌊⌉ ⌉§⊣⌋⊔⇔ ∫⊓⌋⟨ ⊣∫ ⟩∫ ⊔⟨⌉ ⌋⊣∫⌉ ⊒⟨⌉\ ⊣ ⊔∇⊣⌈⌉⇕⊣∇‖⌉⌈ ⌋≀↕≀⊓∇ ⟩∫ ⊓∫⌉⌈↙ C≀\⊑⌉∇∫⌉↕†⇔ ⊔⟨⌉∇⌉ ⊣∇⌉ ⊔⟩⇕⌉∫ ⊒⟨⌉\ ⊣ ∇⌉∐⊓⌉∫⊔ {≀∇ ⊣\ ⊣⌊∫≀↕⊓⊔⌉ ⌋≀↕≀⊓∇ ⌈≀⌉∫ \≀⊔ ∇⌉∐⊓⟩∇⌉ ⊣\ ⌉§⊣⌋⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉↙ C≀\∫⟩⌈⌉∇ ⊓∫⟩\} ∇⌉⌈ ⊔≀ ⊣∫∫≀⌋⟩⊣⊔⌉ ∫≀⇕⌉⊔⟨⟩\} ⊒⟩⊔⟨ ⌈⊣\}⌉∇↙ T⟨⌉∇⌉ ⊣∇⌉ ⇕⊣\† ∫⟨⊣⌈⌉∫ ≀{ ∇⌉⌈ ⊣\⌈ ⇕⊣\† ≀{ ⊔⟨⌉⇕ ∫⌉∇⊑⌉ ⊔⟨⌉ √⊓∇√≀∫⌉ ⌉∐⊓⊣↕↕† ⊒⌉↕↕↙ B≀⊔⟨ ≀{ ⊔⟨⌉∫⌉ ⌋⊣∫⌉∫ ≀{ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀↕≀⊓∇ ⇕⊓∫⊔ ⌊⌉ ∫⊓√√≀∇⊔⌉⌈ ⌊† ⊣\† ⊓∫⊣⌊↕⌉ ∫†∫⊔⌉⇕↙

∋↙∈↙∈ R⌉↕⊣⊔⟩⊑⌉ F⊓\⌋⊔⟩≀\⊣↕ C≀↕≀⊓∇ U∫⌉ R⌉↕⊣⊔⟩⊑⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀↕≀⊓∇ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⟩\ ⇕⊣\† ⌈⟩{{⌉∇⌉\⊔ ⊒⊣†∫ ⟩\ ⌋≀⇕√⊓⊔⌉∇ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫↙ T⊒≀ ≀{ ⊔⟨⌉⇕⇔ ⌉\∫⊓∇⟩\} ↕⌉}⟩⌊⟩↕⟩⊔† ⊣\⌈ ∫⟨≀⊒⟩\} ⊔⟨⌉ ↕≀}⟩⌋⊣↕ ≀∇ ∫⊔∇⊓⌋⊔⊓∇⊣↕ ≀∇}⊣\⟩‡⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫⇔ ⊣∇⌉ √⊣∇⊔⟩⌋⊓↕⊣∇↕† ⟩⇕√≀∇⊔⊣\⊔↙ E\∫⊓∇⟩\} ↕⌉}⟩⌊⟩↕⟩⊔† ⟩∫ ⊔⟨⌉ ⇕≀∫⊔ ⌊⊣∫⟩⌋ {⊓\⌋⊔⟩≀\⊣↕ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔↙ I\ ∫⊔⊓⌈⟩⌉∫ ⌋≀\⌈⊓⌋⊔⌉⌈ ⌊† L⌉}}⌉ ⊣\⌈ ≀⊔⟨⌉∇∫ ⇐⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ∈↙⇒⇔ ∇⌉⊣⌈⟩\} ∫√⌉⌉⌈ ⌈∇≀√√⌉⌈ ⊒⟨⌉\ ⌋≀\⊔∇⊣∫⊔ ⊒⊣∫ ⟩\⊣⌈⌉∐⊓⊣⊔⌉⇔ ⊣\⌈ ∇⌉⊣⌈⟩\} ⌉∇∇≀∇∫ ⊣↕∫≀ ⟩\⌋∇⌉⊣∫⌉⌈↙ A∫ ⌋≀\⌈⟩⊔⟩≀\∫ ⌈⌉⊔⌉∇⟩≀∇⊣⊔⌉ ⟩\ ⊔⟨⌉∫⌉ ∫⊔⊓⌈⟩⌉∫⇔ ∫≀ ⌈≀⌉∫ ∇⌉⊣⌈⟩\} √⌉∇{≀∇⇕⊣\⌋⌉↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⟩∫ ⌋≀⊓↕⌈ ⌊⌉ ⌈⊓⌉ ⊔≀ ∫√⌉⌉⌈⇔ ⌉∇∇≀∇∫ ≀∇ ∫⊓⌊|⌉⌋⊔ {⊣⊔⟩}⊓⌉↙ G≀⊓↕⌈ ⌉⊔ ⊣↕ ⇐∞∃∀⇒ ∫⟨≀⊒⌉⌈ ⊔⟨⊣⊔ ⌉⊑⌉\ ⊒⟩⊔⟨ ⊔⟨⌉ ⇕⊣§⟩⇕⊓⇕ √≀∫∫⟩⌊↕⌉ ⌋≀\⊔∇⊣∫⊔⇔ ∇⌉⊣⌈⟩\} ≀\ ⊣ CRT ⟩∫ ⊓∫⊓⊣↕↕† ∫↕≀⊒⌉∇ ⊔⟨⊣\ ∇⌉⊣⌈⟩\} {∇≀⇕ √⊣√⌉∇↙ S⊔∇⊓⌋⊔⊓∇⊣↕ ≀∇}⊣\⟩‡⊣⊔⟩≀\ ⌋⊣\ ⌊⌉ ⌉{{⌉⌋⊔⟩⊑⌉↕† ⌋≀\⊑⌉†⌉⌈ ⊔⟨∇≀⊓}⟨ ⌋≀↕≀⊓∇↙ A∫ ⊣ ∫⟩⇕√↕⌉ ⌉§⊣⇕√↕⌉⇔ ∫⟩⇕⟩↕⊣∇ ⌋≀↕≀⊓∇∫ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⌈⟩∫√↕⊣† {⊓\⌋⊔⟩≀\⊣↕↕† ∇⌉↕⊣⊔⌉⌈ ⊒⟩\⌈≀⊒∫ ⊣\⌈ ⌈⟩∫⊔⟩\⌋⊔ ⌋≀↕≀⊓∇∫ ⊔≀ ⌈⟩∫√↕⊣† ⊓\∇⌉↕⊣⊔⌉⌈ ⊒⟩\⌈≀⊒∫↙ A ⇕⊣|≀∇ ⌋≀\⌋⌉∇\ ⟩\ ∫⌉↕⌉⌋⊔⟩\} ⌋≀↕≀⊓∇∫ ⟩\ ⊔⟨⟩∫ ⇕⊣\\⌉∇ ⟩∫ ⊔≀ ⊣⊑≀⟩⌈ {⊣↕∫⌉ ⊣∫∫≀⌋⟩⊣⊔⟩≀\∫↙ T⟨⟩∫ √∇≀⌊↕⌉⇕⇔ ⊓\{≀∇⊔⊓\⊣⊔⌉↕†⇔ ⟩∫ \≀⊔ ⌉⊣∫⟩↕† ∫≀↕⊑⌉⌈↙ C≀↕≀⊓∇ ⌈⟩{{⌉∇⌉\⌋⌉ ⟩∫ ∇⌉↕⊣⊔⟩⊑⌉↕† ⌉⊣∫† ⊔≀ ⇕⌉⊣∫⊓∇⌉ ⇐∫⌉⌉ S⌉⌋⊔⟩≀\∫ ∈↙∈↙∈↙∈⇔ ∈↙∋ ⊣\⌈ ∈↙⇏ ⌊⊓⊔ ⊔⟨⌉∇⌉ ⊣∇⌉ ⊣⌈⌈⟩⊔⟩≀\⊣↕ {⊣⌋⊔≀∇∫ ⊣{{⌉⌋⊔⟩\} ⌋≀↕≀⊓∇ ∫⟩⇕⟩↕⊣∇⟩⊔† ⊒⟨⟩⌋⟨ ⊣∇⌉ \≀⊔ ⊓\⌈⌉∇∫⊔≀≀⌈ ⊣\⌈ ⇕⊣‖⌉ ⟩⊔ ⇕≀∇⌉ ⊔⟨⊣\ |⊓∫⊔ ⊔⟨⌉ ⟩\⊑⌉∇∫⌉ ≀{ ⌋≀↕≀⊓∇ ⌈⟩{{⌉∇⌉\⌋⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⊑⊣↕⊓⌉ ≀{ ∇⌉⌈ ⊣\⌈ ⊣\⌈ ∫≀⇕⌉ ∫⟨⊣⌈⌉ ≀{ √⟩\‖ ⇕⊣† ⌊⌉ ⌉§⊣⌋⊔↕† ⊔⟨⌉ ∫⊣⇕⌉ ⊣∫ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ {∇≀⇕ ⊔⟨⌉ ∇⌉⌈ ⊔≀ ∫≀⇕⌉ ∫⟨⊣⌈⌉ ≀{ †⌉↕↕≀⊒⇔ †⌉⊔ ⊔⟨⌉∇⌉ ⟩∫ ∫≀⇕⌉⊔⟨⟩\} ⊣⌊≀⊓⊔ ⊔⟨⌉ ∇⌉⌈ ⊣\⌈ √⟩\‖ ⊔⟨⊣⊔ ⇕⊣‖⌉∫ ⊔⟨⌉⇕ ⇕≀∇⌉ ∫⊔∇≀\}↕† ⊣∫∫≀⌋⟩⊣⊔⌉⌈↙ I\ ⊔⟨⟩∫ ⌋⊣∫⌉⇔ ⊔⟨⌉ ∫⟩⇕⟩↕⊣∇⟩⊔† ≀{ ⊔⟨⌉⟩∇ ⟨⊓⌉∫ √∇≀⌊⊣⌊↕† ⊣⌋⌋≀⊓\⊔∫ {≀∇ ⊔⟨⌉ ⊣∫∫≀⌋⟩⊣⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉⇕↙ H≀⊒⌉⊑⌉∇⇔ ⌋≀\∫⟩⌈⌉∇ ⊣ ∇⌉⌈ ⊣\⌈ ⊣ √⟩\‖ ⊔⟨⊣⊔ ⟨⊣⊑⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ⇕⌉⊣∫⊓∇⌉ ⊣∫ ⊣ †⌉↕↕≀⊒ ⊣\⌈ ⊣ ⌊∇≀⊒\↙ I\ ⊔⟨⟩∫ ⌋⊣∫⌉⇔ ⊔⟨⌉ †⌉↕↕≀⊒ ⊣\⌈ ⌊∇≀⊒\ ⇕⊣† ⊣↕∫≀ ⟨⊣⊑⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⟨⊓⌉⇔ ⌊⊓⊔ ⊔⟨⌉ ⊣∫∫≀⌋⟩⊣⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉⇕ ⟩∫ ⇕⊓⌋⟨ ⊒⌉⊣‖⌉∇↙ A↕⊔⌉∇\⊣⊔⟩⊑⌉↕†⇔ ⌋≀\∫⟩⌈⌉∇ ⊔⟨⌉ ∫⟩⊔⊓⊣⊔⟩≀\ ⟩\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⇕⊣|≀∇⟩⊔† ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⟩\ ⊔⟨⌉ ⊓∫⌉∇∫ ⊑⟩∫⊓⊣↕ ⊘⌉↕⌈ ⊣∇⌉ ⊑⌉∇† ⌈⌉∫⊣⊔⊓∇⊣⊔⌉⌈↙ T⟨≀∫⌉ {⌉⊒ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ ⊣∇⌉ ∫⊣⊔⊓∇⊣⊔⌉⌈ ⇕⊣† ⌊⌉ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⌊† ⊔⟨⌉ ⊓∫⌉∇↙ T⟨⌉ ‖⌉† √⟨∇⊣∫⌉ ⟨⌉∇⌉ ⟩∫ ⇕⊣† ⌊⌉ ⊣∫∫≀⌋⟩⊣⊔⌉⌈⇔ ⊣∫ √⌉≀√↕⌉ ⌋∇⌉⊣⊔⌉ ⊣∫∫≀⌋⟩⊣⊔⟩≀\∫ ⌈⟩{{⌉∇⌉\⊔↕†↙ A∫∫≀⌋⟩⊣⊔⟩≀\∫ ⌊⌉⊔⊒⌉⌉\ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⊣↕∫≀ ⌋∇⌉⊣⊔⌉⌈ {≀∇ ⇕⊣\† ≀⊔⟨⌉∇ ∇⌉⊣∫≀\∫⇔ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ \⊣⊔⟩≀\⊣↕⟩⊔† ⊣\⌈ ⊣}⌉ ≀{ ⊔⟨⌉ ⊓∫⌉∇⇔ ⊔⟨⊣⊔ ⊑⊣∇† {∇≀⇕ √⌉∇∫≀\ ⊔≀ √⌉∇∫≀\ ⊣\⌈ ⌋⊣\\≀⊔ √≀∫∫⟩⌊↕† ⌊⌉ ⊣⌋⌋≀⊓\⊔⌉⌈ {≀∇↙ A∫ ⊣ ∇⌉∫⊓↕⊔⇔ ⟩⊔ ⇕⊣† ⌊⌉ ⟩⇕√≀∫∫⟩⌊↕⌉ ⊔≀ }⊓⊣∇⊣\⊔⌉⌉ ⊔⟨⊣⊔ {⊣↕∫⌉ ⊣∫∫≀⌋⟩⊣⊔⟩≀\∫ ⊣∇⌉ \⌉⊑⌉∇ ⌋∇⌉⊣⊔⌉⌈ ≀\ ⊣\ ⌉§⊔∇⌉⇕⌉↕† ⌋≀↕≀⊓∇{⊓↕ ⌈⟩∫√↕⊣†↙ O⊔⟨⌉∇ ⊓∫⌉∫ ≀{ ∇⌉↕⊣⊔⟩⊑⌉ ⌋≀↕≀⊓∇ ⊒⟩↕↕ \≀⊔ ⌊⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ ⌈⌉√⊔⟨↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⌋≀↕≀⊓∇ ⟩∫ ≀{⊔⌉\ ⊓∫⌉⌈ ⊔≀ ⊣⟩⌈ ⟩\ ⌋≀⇕√∇⌉⟨⌉\∫⟩≀\ ⊣\⌈ ⊔≀ ⌉⇕√⟨⊣∫⟩‡⌉ ⟩⇕√≀∇⊔⊣\⊔ ⟩\{≀∇⇕⊣⊔⟩≀\⇔ ⌊≀⊔⟨ ≀{ ⊒⟨⟩⌋⟨ ∇⌉√∇⌉∫⌉\⊔ ∇⌉↕⊣⊔⟩⊑⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀↕≀⊓∇ ⊓∫⌉↙ I\ ⌊≀⊔⟨ ⌋⊣∫⌉∫⇔ ⊔⟨⌉ √∇≀⌊↕⌉⇕ ⌋⊣\ ⌊⌉ ⊔⟨≀⊓}⟨⊔ ≀{ ⊣∫ ∫⟨≀⊒⟩\} ⊔⟨⌉ ↕≀}⟩⌋⊣↕ ≀∇ ∫⊔∇⊓⌋⊔⊓∇⊣↕ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ≀{ ≀⌊|⌉⌋⊔∫ ⊒⟩⊔⟨⟩\ ⊣ ∫⟩\}↕⌉ ⊒⟩\⌈≀⊒ ≀∇ ⊣√√↕⟩⌋⊣⊔⟩≀\↙ T⟨⌉ √∇≀⌊↕⌉⇕∫ ⊣∇⌉ ⊣\⊣↕≀}≀⊓∫ ⊔≀ ⊔⟨⌉ √∇≀⌊↕⌉⇕ ≀{ ⊒⟩\⌈≀⊒ ≀∇}⊣\⟩‡⊣⊔⟩≀\⇔ ⊣\⌈ ⌋⊣\ ⌊⌉ ⟨⊣\⌈↕⌉⌈ ∫⟩⇕⟩↕⊣∇↕†↙

∋ ̸C⟨⊣√⊔⌉∇ ∋↙ C≀↕≀⊓∇ U∫⊣}⌉

∋↙∈↙∋ A⌊∫≀↕⊓⊔⌉ A⌉∫⊔⟨⌉⊔⟩⌋ C≀↕≀⊓∇ U∫⌉ A⌊∫≀↕⊓⊔⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇⇔ ⊣∫ ⌋⊣\ ⌊⌉ ⟩\{⌉∇∇⌉⌈ {∇≀⇕ ⊔⟨⌉ ⊣⌊≀⊑⌉⇔ ∇⌉{⌉∇∫ ⊔≀ ⊣\† ⌋≀↕≀⊓∇ ⊒⟨≀∫⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ √∇≀√⌉∇⊔⟩⌉∫ ⌈⌉√⌉\⌈ ≀\ ⟩⊔∫ ⊣⌋⊔⊓⊣↕ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉↙ E§⊣⇕√↕⌉∫ ≀{ ⊣⌊∫≀↕⊓⊔⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ⊓∫⊣}⌉ ⊣∇⌉ ⊔⟨⌉ {≀↕↕≀⊒⟩\}¬ • C≀↕≀⊓∇∫ ⊔⟨⊣⊔ ⊣∇⌉ ∇⌉∐⊓⟩∇⌉⌈ ⊔≀ ⌊⌉ ⊣\ ⌉§⊣⌋⊔ ⊑⊣↕⊓⌉ {≀∇ ∫≀⇕⌉ ⊣∇⊔⟩∫⊔⟩⌋ ≀∇ ∫⊓⌊|⌉⌋⊔⟩⊑⌉ ∇⌉⊣∫≀\↙ T⟨⟩∫ ⟩∫ ⊔⟨⌉ ⊔†√⟩⌋⊣↕ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ≀{ ⊣⌊∫≀↕⊓⊔⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ⊓∫⊣}⌉↙ • C≀↕≀⊓∇∫ ⊒⟨≀∫⌉ ⊑⊣↕⊓⌉∫ ⊣∇⌉ √∇⌉⌋⟩∫⌉↕† ⌋≀⇕√⊓⊔⌉⌈ ⊣∫ √⊣∇⊔ ≀{ ∫≀⇕⌉ ⟩⇕⊣}⌉ }⌉\⌉∇⊣⊔⟩≀\ ⊔⌉⌋⟨\⟩∐⊓⌉⇔ ∫⊓⌋⟨ ⊣∫ ∇⊣† ⊔∇⊣⌋⟩\}⇔ ⊣\⌈ ⊒⟨≀∫⌉ ⊑⊣↕⊓⌉∫ ⇕⊓∫⊔ ⌊⌉ ⌈⟩∫√↕⊣†⌉⌈ ⌉§⊣⌋⊔↕† ⊣∫ ∫√⌉⌋⟩⊘⌉⌈↙ I⊔ ∫⟨≀⊓↕⌈ ⌊⌉ \≀⊔⌉⌈ ⟨⌉∇⌉ ⊔⟨⊣⊔ ⊒⟨⟩↕⌉ ⊔⟨⌉ ⊔⌉∇⇕ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⟩∫ ⊓∫⊓⊣↕↕† ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⊣∇⊔⟩∫⊔⟩⌋ ⌋≀↕≀⊓∇ ⊓∫⊣}⌉ ≀∇ √⌉∇∫≀\⊣↕ ⌋≀↕≀⊓∇ √∇⌉{⌉∇⌉\⌋⌉∫⇔ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⊓∫⌉⌈ ⟩\ √⟩⌋⊔⊓∇⌉∫ }⌉\⌉∇⊣⊔⌉⌈ ⌊† ∇⌉⊣↕⟩∫⊔⟩⌋ ∇⌉\⌈⌉∇⟩\} ⊔⌉⌋⟨\⟩∐⊓⌉∫ ⊣∇⌉ ⊣↕∫≀ ⌋≀\∫⟩⌈⌉∇⌉⌈ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⊓\⌈⌉∇ ⊔⟨⟩∫ ⌋⊣⊔⌉}≀∇⟩‡⊣⊔⟩≀\↙ T⟨⌉ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ∫⌉∇⊑⌉ \≀ {⊓\⌋⊔⟩≀\ ⊣∫⟩⌈⌉ {∇≀⇕ ⌋∇⌉⊣⊔⟩\} ⊣ ∇⌉⊣↕⟩∫⊔⟩⌋ ⟩⇕⊣}⌉↙ T⟨⌉ ∫⊓⌋⌋⌉∫∫ ≀{ ⊔⟨⌉ ⟩⇕⊣}⌉ ⟩∫ ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⌊† ⊔⟨⌉ ∇⌉⊣↕⟩∫⇕ ≀{ ⟩⊔∫ ⊣√√⌉⊣∇⊣\⌋⌉⇔ ⊒⟨⟩⌋⟨ ⟩∫ ↕⊣∇}⌉↕† ⊣\ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⟩∫∫⊓⌉↙ • C≀↕≀⊓∇∫ ⊔⟨⊣⊔ ⌋⊣\ ⟨⊣⊑⌉ ≀\⌉ ≀{ ⇕⊣\† ⊑⊣↕⊓⌉∫ ⊒⟩⊔⟨⟩\ ⊣ ⌋⌉∇⊔⊣⟩\ ⊣⌊∫≀↕⊓⊔⌉ ∇⊣\}⌉↙ C≀\∫⟩⌈⌉∇⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⊒⟨⌉\ ⊣ ⊓∫⌉∇ ⌈⌉⌋⟩⌈⌉∫ ⊔⟨⊣⊔ ⊣ ⌋⌉∇⊔⊣⟩\ ⊒⟩\⌈≀⊒ ∫⟨≀⊓↕⌈ ⟨⊣⊑⌉ ⊣ }∇⌉⌉\ ⌊⊣⌋‖}∇≀⊓\⌈↙ I\ ∫≀⇕⌉ ⌋⊣∫⌉∫⇔ ⊣\ ⌉§⊣⌋⊔ ⊑⊣↕⊓⌉ ≀{ }∇⌉⌉\ ⟩∫ ∇⌉∐⊓⟩∇⌉⌈⇔ ⌊⊓⊔ ⇕≀∇⌉ ≀{⊔⌉\ ⊔⟨⌉ ⌈⌉∫⟩∇⌉ ≀{ ⊔⟨⌉ ⊓∫⌉∇ ⟩∫ ⊔≀ ⟨⊣⊑⌉ ⊣ ⌋≀↕≀⊓∇ ⊖∫≀⇕⌉⊔⟨⟩\} ↕⟩‖⌉ ⊣ ⌋⌉∇⊔⊣⟩\ }∇⌉⌉\⪰↙ T⟨⌉ ⌉§⊣⌋⊔ ⊑⊣↕⊓⌉ ⟩∫ \≀⊔ ⟩⇕√≀∇⊔⊣\⊔↙ O{⊔⌉\ ⊔⟨⌉ ∫√⌉⌋⟩⊘⌋ ⊑⊣↕⊓⌉ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⟩∫ ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⌊† ⊔⟨⌉ ⊓∫⌉∇ ⟩\ ⊣\ ⊣⊔⊔⌉⇕√⊔ ⊔≀ ∫≀↕⊑⌉ ∫≀⇕⌉ ≀⊔⟨⌉∇ {⊓\⌋⊔⟩≀\⊣↕ ≀∇ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⟩∫∫⊓⌉↙ J⊓∫⊔ ⊣∫ ⊒⟩⊔⟨ ⊣⌊∫≀↕⊓⊔⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀↕≀⊓∇⇔ ⌈⟩{{⌉∇⌉\⊔ ⌈⌉}∇⌉⌉∫ ≀{ ⊣⌊∫≀↕⊓⊔⌉ ⊣∇⌉ ∇⌉∐⊓⟩∇⌉⌈↙ C≀↕≀⊓∇ ⊒⟩↕↕ \⌉⌉⌈ ⊔≀ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ ⟩\ ⊣\† ↕⌉⊑⌉↕ {∇≀⇕ ⊖⌉§⊣⌋⊔↕† ⊔⟨⟩∫ ⊑⊣↕⊓⌉⪰ ⊔≀ ⊖∫≀⇕⌉⊔⟨⟩\} ⌋↕≀∫⌉ ⊔≀ ⊔⟨⟩∫ ⊑⊣↕⊓⌉↙⪰

∋↙∈↙△ R⌉↕⊣⊔⟩⊑⌉ A⌉∫⊔⟨⌉⊔⟩⌋ C≀↕≀⊓∇ U∫⌉ M≀∫⊔ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉∫ ⊔⟨⊣⊔ ⊣ ⊓∫⌉∇ ⇕⊣‖⌉∫ ⊣∇⌉ ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⊔≀ ∫≀⇕⌉ ⌈⌉}∇⌉⌉ ⌊† ⊣⌉∫⊔⟨⌉⊔⟩⌋∫↙ A∫ ⊣ ∇⌉∫⊓↕⊔⇔ ∇⌉↕⊣⊔⟩⊑⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⟩∫ ⊔⟨⌉ ⌋⊣⊔⌉}≀∇† ≀{ ⌋≀↕≀⊓∇ ⊓∫⌉ ⌉⇕√↕≀†⌉⌈ ⇕≀∫⊔ ≀{⊔⌉\ ⌊† ⊓∫⌉∇∫ ≀{ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫↙ W⟨⟩↕⌉ ∫≀⇕⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇∫ ⌋⟨≀⟩⌋⌉∫ ⊣∇⌉ ⊣⌊∫≀↕⊓⊔⌉⇔ ⇕⊣\† ⇕≀∇⌉ ⊣∇⌉ ⇕⊣⌈⌉ ⟩\ ∇⌉↕⊣⊔⟩≀\ ⊔≀ ⌉§⟩∫⊔⟩\} ⌋≀↕≀⊓∇∫⇔ ∫⟩\⌋⌉ ⊔⟨⌉ ⌉⊣∫⟩⌉∫⊔ ⊒⊣† ≀{ ⊣⌋⟨⟩⌉⊑⟩\} ⟨⊣∇⇕≀\⟩≀⊓∫ ⌋≀↕≀⊓∇ ⟩∫ ⊔≀ ∫⌉↕⌉⌋⊔ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ ⟨⊣⊑⌉ ⊣ ⌋↕≀∫⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√ ⊔≀ ⌉⊣⌋⟨ ≀⊔⟨⌉∇↙ C≀\∫⟩⌈⌉∇ ⊔⟨⌉ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫ ∫⊓}}⌉∫⊔⌉⌈ ⌊† Q⊓⟩↕↕⌉∇ ⟩\ S⌉⌋⊔⟩≀\ ∈↙△↙ A↕↕ ≀{ ⊔⟨⌉∫⌉ ∫⌋⟨⌉⇕⌉∫ ⊣∇⌉ ⌈⌉⊘\⌉⌈ ⌊† ≀\⌉⇔ ⊔⊒≀ ≀∇ ⊔⟨∇⌉⌉ ⊣⌊∫≀↕⊓⊔⌉ ⌋≀↕≀⊓∇∫↙ A↕↕ ≀⊔⟨⌉∇ ⌋≀↕≀⊓∇∫ ⟩\ ⊣ ⌋≀⇕√≀∫⟩⊔⟩≀\ ⊣∇⌉ ⌋⟨≀∫⌉\ ∇⌉↕⊣⊔⟩⊑⌉ ⊔≀ ⊔⟨⌉∫⌉↙

C⟨⊣√⊔⌉∇ △

C≀↕≀⊓∇ C≀\⊔∇⊣∫⊔

T⟨⌉ ⇕⊣|≀∇ ≀⌊∫⊔⊣⌋↕⌉ ⊒⟨⌉\ ⊣⊔⊔⌉⇕√⊔⟩\} ⊔≀ ∫⌉↕⌉⌋⊔ ⌋≀↕≀⊓∇∫ ⟩∫ ⊔⟨⌉ ↕⊣∇}⌉ \⊓⇕⌊⌉∇ ≀{ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔⟨⊣⊔ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕† ⊣{{⌉⌋⊔ ⊣\† ∫⟩\}↕⌉ ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉↙ T⟨⌉∇⌉ ⊣∇⌉ ⊔⊒≀ ⊒⊣†∫ ⊣ ∫†∫⊔⌉⇕ ⌋⊣\ ⊣∫∫⟩∫⊔ ⊓∫⌉∇∫ ⟩\ ⇕⊣‖⟩\} ⌉{{⌉⌋⊔⟩⊑⌉ ⊣\⌈ ⟨⊣∇⇕≀\⟩≀⊓∫ ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉∫¬ • ⊔⟨⌉ ∫†∫⊔⌉⇕ ∇⌉⌈⊓⌋⌉∫ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔⟨⊣⊔ ⇕⊓∫⊔ ⌊⌉ ⌉§√↕⟩⌋⟩⊔↕† ⟨⊣\⌈↕⌉⌈ ⌊† ⊔⟨⌉ ⊓∫⌉∇↙ I\ √⊣∇⊔⟩⌋⊓↕⊣∇⇔ ⊔≀ ⌉\⊣⌊↕⌉ ⊓∫⌉∇∫ ⊔≀ ⌋≀\⌋⌉\⊔∇⊣⊔⌉ ≀\ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⟩∫∫⊓⌉∫⇔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ∫⟨≀⊓↕⌈ ∇⌉⌈⊓⌋⌉ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⊓∫⌉∇ ⇕⊓∫⊔ ⌋≀\∫⟩⌈⌉∇↙ • ⊔⟨⌉ ∫†∫⊔⌉⇕ ∇⌉⌈⊓⌋⌉∫ ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌋⟨≀⟩⌋⌉∫ ⊔⟨⌉ ⊓∫⌉∇ ⇕⊓∫⊔ ⇕⊣‖⌉↙ I\ √⊣∇⊔⟩⌋⊓↕⊣∇⇔ ⊔⟨⌉ ⊓∫⌉∇ ⟩∫ ⊣↕↕≀⊒⌉⌈ ⊔≀ ⇕⊣‖⌉ ⊣ {⌉⊒ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉∫ ⊣\⌈ ⊔⟨⌉ ∫†∫⊔⌉⇕ ∫⌉↕⌉⌋⊔∫ ⊔⟨⌉ ∇⌉⇕⊣⟩\⟩\} ⌋≀↕≀⊓∇∫ ⊔≀ ∫⊣⊔⟩∫{† {⊓\⌋⊔⟩≀\⊣↕ ⊣\⌈ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ I\ ⌊≀⊔⟨ ⌋⊣∫⌉∫ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⇕⊓∫⊔ ⇕⊣‖⌉ ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉∫ ⌊⊣∫⌉⌈ ≀\ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀↕≀⊓∇ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ M⊣⟩\⊔⊣⟩\⟩\} ∫⊓{⊘⌋⟩⌉\⊔ ⌋≀\⊔∇⊣∫⊔ ⌊⌉⊔⊒⌉⌉\ ⌊⊣⌋‖}∇≀⊓\⌈ ⊣\⌈ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ⊔≀ √∇≀⊑⟩⌈⌉ ↕⌉}⟩⌊↕⌉ ⊣\⌈ ∇⌉⊣⌈⊣⌊↕⌉ ⊒⟩\⌈≀⊒ ⌋≀\⊔⌉\⊔∫ ⟩∫ ⊔⟨⌉ ⇕≀∫⊔ ⟩⇕√≀∇⊔⊣\⊔ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀↕≀⊓∇ ⌋≀\∫⊔∇⊣⟩\⊔↙ I\ ⊔⟨⟩∫ ⌋⟨⊣√⊔⌉∇ ⊣ ⇕⌉⊔∇⟩⌋ {≀∇ ⇕⌉⊣∫⊓∇⟩\} ⊔⟨⌉ ⌋≀\⊔∇⊣∫⊔ ≀{ ⊣ √⊣⟩∇ ≀{ ⌋≀↕≀⊓∇∫ ⟩∫ √∇⌉∫⌉\⊔⌉⌈↙ T⟨⌉∇⌉ ⟨⊣∫ ⌊⌉⌉\ ⇕⊓⌋⟨ ⊒≀∇‖ ⌈≀\⌉ ∇⌉↕⊣⊔⟩\} ⊔≀ ⌋≀\⊔∇⊣∫⊔ ⊣\⌈ ∇⌉⊣⌈⟩\}⇔ ⊣∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ∈↙↙ W⟨⌉\ ⌋≀\∫⟩⌈⌉∇⟩\} ⊔⟨⌉ ⌉{{⌉⌋⊔∫ ≀{ ⌋≀\⊔∇⊣∫⊔ ≀\ ⌋≀↕≀⊓∇ ⌈⟩∫√↕⊣†∫⇔ ⊔⊒≀ ⊣∫√⌉⌋⊔∫ ≀{ ⌋≀\⊔∇⊣∫⊔ ⇕⊓∫⊔ ⌊⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈↙ L⊓⇕⟩\⊣\⌋⌉ ⌋≀\⊔∇⊣∫⊔ ⟩∫ ⊔⟨⌉ ∇⌉↕⊣⊔⟩⊑⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ↕⊓⇕⟩\⊣\⌋⌉ ≀{ ⊔⟨⌉ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫↙ C⟨∇≀⇕⊣⊔⟩⌋ ⌋≀\⊔∇⊣∫⊔ ⟩∫ ⊔⟨⌉ ∇⌉↕⊣⊔⟩⊑⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌋⟨∇≀⇕⊣⊔⟩⌋⟩⊔† ≀{ ⊔⟨⌉ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫↙ R⌉∫⌉⊣∇⌋⟨ ⟨⊣∫ ∫⟨≀⊒\ ⊔⟨⊣⊔ ⌉⟩⊔⟨⌉∇ ↕⊓⇕⟩\⊣\⌋⌉ ⌋≀\⊔∇⊣∫⊔ ≀∇ ⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀\⊔∇⊣∫⊔ ⟩∫ ∫⊓{⊘⌋⟩⌉\⊔ {≀∇ ∇⌉⊣⌈⟩\} ⊣\⌈ ↕⌉}⟩⌊⟩↕⟩⊔†⇔ ⊣\⌈ ⊔⟨⊣⊔ ⊔⟨⌉ ⊑⟩∫⊓⊣↕ ∫†∫⊔⌉⇕ ⊒⟩↕↕ ⊓∫⌉ ⊒⟨⟩⌋⟨⌉⊑⌉∇ ≀\⌉ √∇≀⊑⟩⌈⌉∫ ⊔⟨⌉ }∇⌉⊣⊔⌉∫⊔ ↕⌉}⟩⌊⟩↕⟩⊔†↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉∇⌉ ⟩∫ \≀ }⌉\⌉∇⊣↕↕† ⊣⌋⌋⌉√⊔⌉⌈ ⇕⌉⊔∇⟩⌋ {≀∇ ⇕⌉⊣∫⊓∇⟩\} ⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀\⊔∇⊣∫⊔↙ F≀∇ ⊔⟨⟩∫ ∇⌉⊣∫≀\⇔ ≀\↕† ↕⊓⇕⟩\⊣\⌋⌉ ⌋≀\⊔∇⊣∫⊔ ⟩∫ ⌋≀\∫⟩⌈⌉∇⌉⌈ ⟨⌉∇⌉↙

△↙∞ L⊓⇕⟩\⊣\⌋⌉ C≀\⊔∇⊣∫⊔ L⊓⇕⟩\⊣\⌋⌉ ⌋≀\⊔∇⊣∫⊔ ⇕⌉⊣∫⊓∇⌉∫ ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ⟩\ ↕⟩}⟨⊔\⌉∫∫ ≀{ ⊔⟨⌉ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫⇔ ⊓∫⊓⊣↕↕† ⊣∫ ⊣ ∇⊣⊔⟩≀↙ D⟩{{⌉∇⌉\⊔ ∫⊔⊓⌈⟩⌉∫ ≀{ ↕⌉}⟩⌊⟩↕⟩⊔† ⊣\⌈ ⌋≀\⊔∇⊣∫⊔ ⊘\⌈ ⊣ ⊒⟩⌈⌉ ∇⊣\}⌉ ≀{ ⊑⊣↕⊓⌉∫ {≀∇ ⊔⟨⌉ ⇕⟩\⟩⇕⊓⇕ ⌋≀\⊔∇⊣∫⊔ ⌋≀\∫⟩∫⊔⌉\⊔ ⊒⟩⊔⟨ ∫⊣⊔⟩∫{⊣⌋⊔≀∇† ∇⌉⊣⌈⟩\}⇔ √∇≀⌊⊣⌊↕† ⌊⌉⌋⊣⊓∫⌉ ≀{ ⊑⊣∇⟩⊣⊔⟩≀\∫ ⟩\ ⊔⟨⌉ ⇕⌉⊣\⟩\} ≀{ ⊖∫⊣⊔⟩∫{⊣⌋⊔≀∇†⪰↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⌊≀⊔⟨ L⌉}}⌉ ⇐∞∃∀⇒ ⊣\⌈ K\≀⌊↕⊣⊓⌋⟨ ⇐∞∃∃′⇒ ⊘\⌈ ⌈⌉⊔⌉∇⟩≀∇⊣⊔⟩≀\ ⟩\ ∇⌉⊣⌈⟩\} ⊒⟩⊔⟨ ⌋≀\⊔∇⊣∫⊔ ⊔≀ ⌊⌉ ∫⊔⊣⊔⟩∫⊔⟩⌋⊣↕↕† ∫⟩}\⟩⊘⌋⊣\⊔ ≀\↕† ⊒⟨⌉\ ⊔⟨⌉ ⌋≀\⊔∇⊣∫⊔ ⌈∇≀√∫ ⊣∫ ↕≀⊒ ⊣∫ ∞∈↗↙ B† ⊔⟨⟩∫ √≀⟩\⊔⇔ ⟨≀⊒⌉⊑⌉∇⇔ ∇⌉⊣⌈⟩\} ∫√⌉⌉⌈ ⟩∫ ⌈≀⊒\ ⊔≀ ▽′↗ ≀{ ⊔⟨⌉ ⟨⟩}⟨ ∋

∋∀ C⟨⊣√⊔⌉∇ △↙ C≀↕≀⊓∇ C≀\⊔∇⊣∫⊔

⌋≀\⊔∇⊣∫⊔ ⊑⊣↕⊓⌉ ⊣\⌈ ∇⌉⊣⌈⟩\} ⌋≀⇕{≀∇⊔ √∇≀⌊⊣⌊↕† ⇕⊓⌋⟨ ↕≀⊒⌉∇↙ G≀⊓↕⌈ ⌉⊔ ⊣↕ ⇐∞∃∀⇒⇔ ≀\ ⊔⟨⌉ ≀⊔⟨⌉∇ ⟨⊣\⌈⇔ {≀⊓\⌈ ∇⌉⊣⌈⟩\} ∫√⌉⌉⌈ ≀\ CRT∫ ⊔≀ ⌊⌉ ↕≀⊒⌉∇ ⊔⟨⊣\ √⊣√⌉∇ ∇⌉⊣⌈⟩\} ∫√⌉⌉⌈ ⊣⊔ ⊣↕↕ CRT ⌋≀\⊔∇⊣∫⊔ ↕⌉⊑⌉↕∫↙ A\ ⟩\{≀∇⇕⊣↕ ∫⊔⊓⌈† ⌋≀\⌈⊓⌋⊔⌉⌈ ⌊† ⊔⟨⌉ ⊣⊓⊔⟨≀∇ {≀⊓\⌈ ↕⊓⇕⟩\⊣\⌋⌉ ⌋≀\⊔∇⊣∫⊔∫ ⌊⌉⊔⊒⌉⌉\ ∀′↗ ⊣\⌈ ∃▽↗ ∇⌉∐⊓⟩∇⌉⌈ {≀∇ ⌋≀⇕{≀∇⊔⊣⌊↕⌉ ∇⌉⊣⌈⟩\} ⌊† ∫≀⇕⌉ ⊓∫⌉∇∫∞↙ A∫ ⊣ ∇⌉∫⊓↕⊔⇔ ⊔⟨⌉ ⇕⟩\⟩⇕⊓⇕ ⌋≀\⊔∇⊣∫⊔ ⊑⊣↕⊓⌉ ∫⟨≀⊓↕⌈ ⌊⌉ ⊓∫⌉∇ ⊣⌈|⊓∫⊔⊣⌊↕⌉⇔ ⊒⟩⊔⟨ ⊣ ⊑⊣↕⊓⌉ ⊣∇≀⊓\⌈ ∞∈↗ ⌊⌉⟩\} ⊔⟨⌉ ⊣⌊∫≀↕⊓⊔⌉ ↕≀⊒⌉∫⊔ ∇⌉⊣∫≀\⊣⌊↕⌉ ⊑⊣↕⊓⌉ ⊣\⌈ ∫≀⇕⌉⊔⟨⟩\} ⇕⊓⌋⟨ ⟨⟩}⟨⌉∇⇔ ∫⊓⌋⟨ ⊣∫ ∀′↗ ≀∇ ⇕≀∇⌉⇔ ⊓∫⌉⌈ ⊣∫ ⊣ ∇⌉⊣∫≀\⊣⌊↕⌉ ⌈⌉{⊣⊓↕⊔↙ B⌉⌋⊣⊓∫⌉ ↕⊓⇕⟩\⊣\⌋⌉ ⌋≀\⊔∇⊣∫⊔ ⌊⌉⊔⊒⌉⌉\ ⌋≀↕≀⊓∇∫ ⊒⟩⊔⟨ ∫⟩⇕⟩↕⊣∇ ⌋⟨∇≀⇕⊣⊔⟩⌋⟩⊔⟩⌉∫ ⇕⊣† \⌉⌉⌈ ⊔≀ ⌊⌉ ⊑⌉∇† ⟨⟩}⟨ {≀∇ ⌋≀⇕{≀∇⊔⊣⌊↕⌉ ∇⌉⊣⌈⟩\}⇔ ⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀\⊔∇⊣∫⊔ ∫⟨≀⊓↕⌈ ⌊⌉ ∫⊔⊓⌈⟩⌉⌈ {⊓∇⊔⟨⌉∇↙ O⊔⟨⌉∇⊒⟩∫⌉⇔ ⇕⊣\† √⊣⟩∇∫ ≀{ ⌋≀↕≀⊓∇∫ ⊒⟩⊔⟨ ↕≀⊒ ↕⊓⇕⟩\⊣\⌋⌉ ⌋≀\⊔∇⊣∫⊔ ⌊⊓⊔ ⟨⟩}⟨ ⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀\⊔∇⊣∫⊔ ⊒⟩↕↕ ⌊⌉ ⌈⟩∫⊣↕↕≀⊒⌉⌈ ⌉⊑⌉\ ⊔⟨≀⊓}⟨ ⊔⟨⌉† ⇕⊣† ⌊⌉ √⌉∇{⌉⌋⊔↕† ⊣⌋⌋⌉√⊔⊣⌊↕⌉↙

△↙∈ C⊣↕⌋⊓↕⊣⊔⟩\} L⊓⇕⟩\⊣\⌋⌉ B⌉{≀∇⌉ E∐⊓⊣⊔⟩≀\ ∈↙∞▽ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊓∫⌉⌈ ⊔≀ ⌋⊣↕⌋⊓↕⊣⊔⌉ ⊔⟨⌉ ⌋≀\⊔∇⊣∫⊔ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⊣\⌈ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫⇔ ⊔⟨⌉ ↕⊓⇕⟩\⊣\⌋⌉ ≀{ ⊔⟨⌉∫⌉ ⊔⊒≀ ⌋≀↕≀⊓∇∫ ⇕⊓∫⊔ ⊘∇∫⊔ ⌊⌉ ⌈⌉⊔⌉∇⇕⟩\⌉⌈↙ S⌉⌋⊔⟩≀\ ∈↙∈ ∫⟨≀⊒∫ ⊔⟨⊣⊔ ⊔⟨⌉ ↕⊓⇕⟩\⊣\⌋⌉ ≀{ ⊣\† ⌋≀↕≀⊓∇ ≀\ ⊣ ⌈⟩∫√↕⊣† ⟩∫ ⊔⟨⌉ Y ⌋≀≀∇⌈⟩\⊣⊔⌉ ⊒⟨⌉\ ⊔⟨⌉ ⌋≀↕≀⊓∇≃∫ ⊑⊣↕⊓⌉ ⟩∫ ⌉§√∇⌉∫∫⌉⌈ ⟩\ ⊔⟨⌉ XYZ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉↙ T≀ ⌋≀\⊑⌉∇⊔ {∇≀⇕ ≀\⌉ ≀{ ⊔⟨⌉ ∫⊔⊣\⌈⊣∇⌈ ⌋≀↕≀⊓∇ ⇕≀⌈⌉↕∫ ⊓∫⌉⌈ ⟩\ ⌋≀⇕√⊓⊔⌉∇ }∇⊣√⟨⟩⌋∫ ⊔≀ XYZ⇔ ⊔⟨⌉ ⌋⟨∇≀⇕⊣⊔⟩⌋⟩⊔† ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ≀{ ⊔⟨⌉ ⌈⟩∫√↕⊣† ⇕⊓∫⊔ ⌊⌉ ‖\≀⊒\↙ T⟨⌉† ⊣∇⌉ ≀{⊔⌉\ ⊣⊑⊣⟩↕⊣⌊↕⌉ {∇≀⇕ ⊔⟨⌉ ⇕≀\⟩⊔≀∇ ⇕⊣\⊓{⊣⌋⊔⊓∇⌉∇⇔ ≀∇ ⌋⊣\ ⌊⌉ ⇕⌉⊣∫⊓∇⌉⌈ ⊒⟩⊔⟨ ⊣ ⌋≀↕≀∇⟩⇕⌉⊔⌉∇ ⊣∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ∈↙∈↙∈↙∈↙ I{ ⟩⊔ ⟩∫ \≀⊔ √≀∫∫⟩⌊↕⌉ ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⊔⟨⌉ ⌋⟨∇≀⇕⊣⊔⟩⌋⟩⊔† ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ≀{ ⊔⟨⌉ ⌈⟩∫√↕⊣†⇔ ⊔⟨⌉ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ≀{ ⊣ ∫⟩⇕⟩↕⊣∇ ⇕≀\⟩⊔≀∇ ≀∇ ⊔⟨⌉ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ≀{ ⊣ ∫⊔⊣\⌈⊣∇⌈ ⇕≀\⟩⊔≀∇ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈↙ H≀⊒⌉⊑⌉∇⇔ ⊒⟨⟩↕⌉ ⇕⊣\† ⇕≀\⟩⊔≀∇∫ ⟨⊣⊑⌉ ∫⟩⇕⟩↕⊣∇ ⌋≀≀∇⌈⟩\⊣⊔⌉∫⇔ ⊔⟨⌉† ⌈≀ ⊑⊣∇†⇔ ⌉⊑⌉\ ⌊⌉⊔⊒⌉⌉\ ∫⟩⇕⟩↕⊣∇ ⇕≀⌈⌉↕∫↙ L⊣∇}⌉ ⊑⊣∇⟩⊣⊔⟩≀\∫ ⊣∇⌉ √∇≀⌊⊣⌊↕† ⌈⊓⌉ ⊔≀ ∫≀⇕⌉ {⊓\⌈⊣⇕⌉\⊔⊣↕ ⌋⟨⊣\}⌉ ⟩\ ⊔⟨⌉ ⟩\⊔⌉∇\⊣↕∫ ≀{ ⊔⟨⌉ ⇕≀\⟩⊔≀∇↙ S⊓⌋⟨ ⌋⟨⊣\}⌉∫ ≀⌋⌋⊓∇ ⌉⊑⌉\ ⌊⌉⊔⊒⌉⌉\ ⇕≀\⟩⊔≀∇∫ ≀{ ⊔⟨⌉ ∫⊣⇕⌉ ⇕⊣‖⌉ ⊣\⌈ ⇕≀⌈⌉↕↙ T⟨⌉∇⌉{≀∇⌉⇔ ⟩{ ⊔⟨⌉ ⌋⟨∇≀⇕⊣⊔⟩⌋⟩⊔† ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ≀{ ⊔⟨⌉ ⇕≀\⟩⊔≀∇ ⊣∇⌉ \≀⊔ ⊣⊑⊣⟩↕⊣⌊↕⌉ {≀∇ ⊔⟨⌉ ⌋≀\⊑⌉∇∫⟩≀\ ⊔≀ XYZ⇔ ⊔⟨⌉ ⌋≀\⊔∇⊣∫⊔ ⊔⟨∇⌉∫⟨≀↕⌈ ∫⟨≀⊓↕⌈ ⌊⌉ ∇⊣⟩∫⌉⌈ ⊔≀ √∇≀⊑⟩⌈⌉ ⊣\ ⌉\}⟩\⌉⌉∇⟩\} ⇕⊣∇}⟩\ ≀{ ⌉∇∇≀∇↙ S≀⇕⌉ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ⊣∇⌉ ⊔⟨⌉\ ⌉↕⟩⇕⟩\⊣⊔⌉⌈ ⌊⊓⊔ \≀⊔ ⌉\≀⊓}⟨ ⊔≀ ⇕⊣‖⌉ ⟩⊔ ⊒≀∇⊔⟨ ∇⊓\\⟩\} ⊔⟨⌉ ∇⟩∫‖ ≀{ √∇≀⌈⊓⌋⟩\} ⟩↕↕⌉}⟩⌊↕⌉ ⊔⌉§⊔↙ A↕⊔⌉∇\⊣⊔⟩⊑⌉↕†⇔ ⊣ ∫†∫⊔⌉⇕ ⌋≀⊓↕⌈ ⌊⌉ ⌈⌉⊑⌉↕≀√⌉⌈ {≀∇ ⟩\⊔⌉∇⊣⌋⊔⟩⊑⌉↕† ⊣⌈|⊓∫⊔⟩\} ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔ ⌋⟨∇≀⇕⊣⊔⟩⌋⟩⊔† ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ⊔≀ ⇕≀∇⌉ ⌋↕≀∫⌉↕† ⌋≀∇∇⌉∫√≀\⌈ ⊔≀ ⊔⟨⌉ ⇕≀\⟩⊔≀∇↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉∇⌉ ⊣∇⌉ {⊣∇ ⇕≀∇⌉ ∫⌉∇⟩≀⊓∫ ⟩∫∫⊓⌉∫ ⊔⟨⊣⊔ ⊣{{⌉⌋⊔ ⊔⟨⌉ ⌉{{⌉⌋⊔⟩⊑⌉ ↕⊓⇕⟩\⊣\⌋⌉ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇∫↙ T⟨⌉ Y ⊑⊣↕⊓⌉∫ ≀{ ⊔⟨⌉ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ⊣∇⌉ √∇≀√≀∇⊔⟩≀\⊣↕ ⊔≀ ⊔⟨⌉ ⟩\⊔⌉\∫⟩⊔† ≀{ ↕⟩}⟨⊔ ⌊⌉⟩\} }⌉\⌉∇⊣⊔⌉⌈ ⌊† ⊣ }⟩⊑⌉\ √⟩§⌉↕↙ T⟨⟩∫ ⟩∫ \≀⊔ ∫⊓{⊘⌋⟩⌉\⊔ ⊔≀ ⌋⊣↕⌋⊓↕⊣⊔⌉ ⌋≀\⊔∇⊣∫⊔ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ⇕⌉⊣∫⊓∇⌉⌈ ↕⊓⇕⟩\⊣\⌋⌉ ≀{ ⊣\† √⟩§⌉↕ ≀\ ⊔⟨⌉ ⌈⟩∫√↕⊣† ∫⊓∇{⊣⌋⌉ ⟩∫ ⊣{{⌉⌋⊔⌉⌈ ⌊† ≀⊔⟨⌉∇ {⊣⌋⊔≀∇∫ ⇐C≀⊒⊣\⇔ ∞∃∀∃∅ K↕⊣∫∫⌉\⇔ ∞∃∀∃⇒↙ F⟩∇∫⊔⇔ ⊔⟨⌉ ⊣⇕⌊⟩⌉\⊔ ↕⟩}⟨⊔⟩\} ⟩\ ⊔⟨⌉ ∇≀≀⇕ ⌋⊣\ ⊣{{⌉⌋⊔ ⊔⟨⌉ ⇕⌉⊣∫⊓∇⌉⌈ ↕⊓⇕⟩\⊣\⌋⌉⇔ ⌉∫√⌉⌋⟩⊣↕↕† {≀∇ ⌈⊣∇‖ ⌋≀↕≀⊓∇∫↙ S⌉⌋≀\⌈⇔ ⊣ ⇕≀\⟩⊔≀∇≃∫ ⌊↕⊣⌋‖ ↕⌉⊑⌉↕⇔ ≀∇ ⊔⟨⌉ ↕⊓⇕⟩\⊣\⌋⌉ ≀{ ⌊↕⊣⌋‖ ∇⌉↕⊣⊔⟩⊑⌉ ⊔≀ ⊔⟨⌉ ↕⊓⇕⟩\⊣\⌋⌉ ≀{ ⊒⟨⟩⊔⌉⇔ ⟩∫ \≀⊔ ‡⌉∇≀ ⌊⊓⊔ ∫≀⇕⌉ ∫⇕⊣↕↕ ⊣⇕≀⊓\⊔ }∇⌉⊣⊔⌉∇ ⊔⟨⊣\ ‡⌉∇≀↙ M≀∫⊔ ⇕≀\⟩⊔≀∇∫ ⊣∇⌉ ⌉∐⊓⟩√√⌉⌈ ⊒⟩⊔⟨ ⊔⊒≀ ⌋≀\⊔∇≀↕∫⇔ ⊣ ⌊∇⟩}⟨⊔\⌉∫∫ ⌋≀\⊔∇≀↕ ⊣\⌈ ⊣ ⌋≀\⊔∇⊣∫⊔ ⌋≀\⊔∇≀↕ ⊒⟨⟩⌋⟨ }∇⌉⊣⊔↕† ⊣{{⌉⌋⊔ ⊔⟨⌉ ⌊↕⊣⌋‖ ↕⌉⊑⌉↕ ≀{ ⊔⟨⌉ ⇕≀\⟩⊔≀∇ ⇐∫⌉⌉ ⊔⟨⌉ ⌈⟩∫⌋⊓∫∫⟩≀\ ≀{ }⊣⇕⇕⊣ ⌋≀∇∇⌉⌋⊔⟩≀\ ⟩\ S⌉⌋⊔⟩≀\ ∈↙∞↙∞⇒↙ T⟨⟩∇⌈⇔ ↕⟩}⟨⊔ ⌉⇕⟩⊔⊔⌉⌈ ⌊† ⊣ √⟩§⌉↕ ⊣{{⌉⌋⊔∫ ⊔⟨⌉ \⌉⟩}⟨⌊≀⊓∇⟩\} √⟩§⌉↕∫⇔ ⊣ ⌉{{⌉⌋⊔ ⌋⊣↕↕⌉⌈ √⟩§⌉↕ ⌊↕⌉⌉⌈⟩\}↙ T⟨⌉ ∫⟨⊣√⌉ ≀{ ⊣ ∫⟩\}↕⌉ √⟩§⌉↕ ⟩∫ }⌉\⌉∇⊣↕↕† ⊔⊣‖⌉\ ⊔≀ ⌊⌉ G⊣⊓∫∫⟩⊣\↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊔⟨⌉ ↕⟩}⟨⊔ ⌋≀\⊔∇⟩⌊⊓⊔⌉⌈ ⊔≀ ⊣ \⌉⟩}⟨⌊≀⊓∇⟩\} √⟩§⌉↕ ⟩∫ √∇≀√≀∇⊔⟩≀\⊣↕ ⊔≀ ⊔⟨⌉ ⌉§√≀\⌉\⊔⟩⊣⊔⌉⌈ ⟩\⊑⌉∇∫⌉ ≀{ ⊔⟨⌉ ∫∐⊓⊣∇⌉ ≀{ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ √⟩§⌉↕∫⇔ ⊣∫ ∫⟨≀⊒\ ⟩\ E∐⊓⊣⊔⟩≀\ △↙∋↙ S⟩\⌋⌉ ⌋≀\⊔∇⊣∫⊔ ⟩∫ ⊣ ⇕⌉⊣∫⊓∇⌉ ≀{ ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ⟩\ ⟩\⊔⌉\∫⟩⊔† ⌊⌉⊔⊒⌉⌉\ √⟩§⌉↕∫ ⊣↕≀\} ⌉⌈}⌉∫ ≀{ ↕⊓⇕⟩\⊣\⌋⌉ ≀∇ ⌋≀↕≀⊓∇ ⌈⟩{{⌉∇⌉\⌋⌉⇔ ⊔⟨⌉ {⊣⌋⊔ ⊔⟨⊣⊔ ⊔⟨⌉ ⟩\⊔⌉\∫⟩⊔† ≀{ ⊣ √⟩§⌉↕ ⟩∫ ⊣{{⌉⌋⊔⌉⌈ ⌊† ⊔⟨⌉ ⟩\⊔⌉\∫⟩⊔† ≀{ ⊔⟨≀∫⌉ ⊣∇≀⊓\⌈ ⟩⊔ ⇕⊓∫⊔ ⌊⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈↙

△↙∈↙∞ A⇕⌊⟩⌉\⊔ L⟩}⟨⊔⟩\} ⊣\⌈ ⊔⟨⌉ B∇⟩}⟨⊔\⌉∫∫ C≀\⊔∇≀↕ W⟩⊔⟨≀⊓⊔ ‖\≀⊒⟩\} ⌊≀⊔⟨ ⊔⟨⌉ ↕⟩}⟨⊔⟩\} ⌋≀\⌈⟩⊔⟩≀\∫ ⟩\ ⊔⟨⌉ ⊑⟩⌉⊒⟩\} ⊣∇⌉⊣ ⊣\⌈ ⊔⟨⌉ ∫⌉⊔⊔⟩\} ≀{ ⊔⟨⌉ ⌊∇⟩}⟨⊔\⌉∫∫ ⊣\⌈ ⌋≀\⊔∇⊣∫⊔ ⌋≀\⊔∇≀↕∫⇔ ⟩⊔ ⟩∫ ⟩⇕√≀∫∫⟩⌊↕⌉ ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⊔⟨⌉ ⌉§⊣⌋⊔ ⌊∇⟩}⟨⊔\⌉∫∫ ≀{ ⊣\† √⟩§⌉↕↙ A∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ∈↙∞↙∞ ⊔⟨⌉ √⊓∇√≀∫⌉ ∞T⟨⌉∫⌉ \⊓⇕⌊⌉∇ ∇⌉√∇⌉∫⌉\⊔ ⊣ √⌉∇⌋⌉\⊔⊣}⌉ ≀{ ⊔⟨⌉ ⇕⊣§⟩⇕⊓⇕ ⌋≀\⊔∇⊣∫⊔ ⊣⊑⊣⟩↕⊣⌊↕⌉⇔ ⊓∫⟩\} ⊣√√∇≀§⟩⇕⊣⊔⟩≀\∫ ⌈⌉⊑⌉↕≀√⌉⌈ ⟩\ ⊔⟨⟩∫ ⌋⟨⊣√⊔⌉∇↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩{ ⊔⟨⌉ ⇕⊣§⟩⇕⊓⇕ √≀∫∫⟩⌊↕⌉ ⌋≀\⊔∇⊣∫⊔ ⟩∫ ▽′↗⇔ ⊓∫⌉∇∫ ∇⌉∐⊓⟩∇⌉⌈ ⊑⊣↕⊓⌉∫ ⌊⌉⊔⊒⌉⌉\ △′↗ ⊣\⌈ △∀↗↙

△↙∋↙ P⟩§⌉↕ B↕⌉⌉⌈ ∋∃

M≀\⟩⊔≀∇ A M≀\⟩⊔≀∇ B T†√⟩⌋⊣↕ L⟩}⟨⊔ B∇⟩}⟨⊔ L⟩}⟨⊔ T†√⟩⌋⊣↕ L⟩}⟨⊔ B∇⟩}⟨⊔ L⟩}⟨⊔ L⊓⇕⟩\⊣\⌋⌉ ≀{ W⟨⟩⊔⌉ ∞△↙′∞ ∞▽↙▽′ ↙̸△▽ ∀↙▽∞ L⊓⇕⟩\⊣\⌋⌉ ≀{ B↕⊣⌋‖ ′↙∞ ∈↙∞∞ ′↙′▽ ∞↙▽ B↕⊣⌋‖ L⌉⊑⌉↕ ′↙′∞ ′↙∞△ ′↙′∞ ′↙∈∞ C≀\⊔∇⊣∫⊔ ′↙∃∀ ′↙ ̸′↙∃∀ ′↙̸

T⊣⌊↕⌉ △↙∞¬ T⟨⌉ ↕⊓⇕⟩\⊣\⌋⌉ ≀{ ↕⊣∇}⌉ ⊣∇⌉⊣∫ ≀{ ⌊↕⊣⌋‖ ⊣\⌈ ⊒⟨⟩⊔⌉ ⊒⌉∇⌉ ⇕⌉⊣∫⊓∇⌉⌈ ≀\ ⊔⊒≀ ⊔†√⟩⌋⊣↕ ⇕≀\⟩⊔≀∇∫ ⊒⟩⊔⟨≀⊓⊔ ⊣⌈|⊓∫⊔⟩\} ⊔⟨⌉ ⌊∇⟩}⟨⊔\⌉∫∫ ≀∇ ⌋≀\⊔∇⊣∫⊔ ⌋≀\⊔∇≀↕∫↙ M≀\⟩⊔≀∇ A ⟩∫ ⊣ S⊓\ ⌋≀↕≀⊓∇ ⇕≀\⟩⊔≀∇ M≀⌈⌉↕ GDM↖∞̸∈B⇔ ⇕⊣\⊓{⊣⌋⊔⊓∇⌉⌈ ⌊† S≀\†↙ M≀\⟩⊔≀∇ B ⟩∫ DEC ⇕≀\≀⌋⟨∇≀⇕⌉ ⇕≀\⟩⊔≀∇ M≀⌈⌉↕ VR ∈′̸↖BB↙ T⟨⌉ ⊑⟩⌉⊒⟩\} ⊣∇⌉⊣ ⟩∫ ⊣ ⌋≀⇕√⊓⊔⌉∇ ↕⊣⌊ ⌉∐⊓⟩√√⌉⌈ ⊒⟩⊔⟨ ⌊≀⊔⟨ ⌈⟩⇕ ⟩\⌋⊣\⌈⌉∫⌋⌉\⊔ ⌈⟩∇⌉⌋⊔⟩≀\⊣↕ ⊔∇⊣⌋‖ ↕⟩}⟨⊔∫ ⊣\⌈ ≀⊑⌉∇⟨⌉⊣⌈ ⊙⊓≀∇⌉∫⌋⌉\⊔ ↕⟩}⟨⊔∫↙ T⟨⌉ ⊔†√⟩⌋⊣↕ ↕⟩}⟨⊔⟩\} ⌋≀\⌈⟩⊔⟩≀\ ≀⌋⌋⊓∇∫ ⊒⟩⊔⟨ ≀\↕† ⊔⟨⌉ ⌈⟩⇕ ⟩\⌋⊣\⌈⌉∫⌋⌉\⊔ ↕⟩}⟨⊔∫ ⊔⊓∇\⌉⌈ ≀\↙ T⟨⌉ ⌊∇⟩}⟨⊔ ↕⟩}⟨⊔⟩\} ⌋≀\⌈⟩⊔⟩≀\∫ ≀⌋⌋⊓∇ ⊒⟨⌉\ ⊔⟨⌉ ⊙⊓≀∇⌉∫⌋⌉\⊔ ↕⟩}⟨⊔∫ ⊣∇⌉ ⊔⊓∇\⌉⌈ ≀\ ⊣∫ ⊒⌉↕↕↙ T⟨⌉ ⊔†√⟩⌋⊣↕ ↕≀⊒ ↕⟩}⟨⊔⟩\} ⌋≀\⌈⟩⊔⟩≀\∫ ⊣∇⌉ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩⊑⌉ ≀{ ⇕⊣\† ⌋≀⇕√⊓⊔⌉∇ ↕⊣⌊∫↙ T⟨⌉ ⌋≀\⊔∇⊣∫⊔ ⊣\⌈ ⌊∇⟩}⟨⊔\⌉∫∫ ≀{ ⊔⟨⌉ ⇕≀\⟩⊔≀∇ ⊒⌉∇⌉ \≀⊔ ⊣⌈|⊓∫⊔⌉⌈ ⊔≀ ⊣⌋⌋≀⊓\⊔ {≀∇ ⊔⟨⌉ ⌊∇⟩}⟨⊔⌉∇ ↕⟩}⟨⊔↙ T⟨⌉ ⌋≀\⊔∇⊣∫⊔ ⊒⊣∫ ⌋⊣↕⌋⊓↕⊣⊔⌉⌈ ⊓∫⟩\} E∐⊓⊣⊔⟩≀\ ∈↙∞▽↙

≀{ ⟨⊣⊑⟩\} ⌊∇⟩}⟨⊔\⌉∫∫ ⊣\⌈ ⌋≀\⊔∇⊣∫⊔ ⌋≀\⊔∇≀↕∫ ≀\ ⊣ ⇕≀\⟩⊔≀∇ ⟩∫ ⊔≀ ⊣↕↕≀⊒ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ∇⌉∫√≀\⌈ ⊔≀ ⌋⟨⊣\}⌉∫ ⟩\ ⊣⇕⌊⟩⌉\⊔ ⟩↕↕⊓⇕⟩\⊣⊔⟩≀\↙ T⟨⌉ ⌊↕⊣⌋‖ ↕⌉⊑⌉↕ ≀{ ⊣ ⌋≀∇∇⌉⌋⊔↕† ∫⌉⊔↖⊓√ ⇕≀\⟩⊔≀∇ ⟩∫ ⌊↕⊣⌋‖⇔ ⊣↕↕≀⊒⟩\} ⊓∫ ⊔≀ ⟩}\≀∇⌉ ⊔⟨⌉ ⌉{{⌉⌋⊔∫ ≀{ ⊣⇕⌊⟩⌉\⊔ ↕⟩}⟨⊔⟩\} ≀\ ⊔⟨⌉ ⌊↕⊣⌋‖ ↕⌉⊑⌉↕↙ I{ ⊔⟨⌉ √⟨≀∫√⟨≀∇ ⌋⟨∇≀⇕⊣⊔⟩⌋⟩⊔⟩⌉∫⇔ ⌊↕⊣⌋‖ ⊣\⌈ ⊒⟨⟩⊔⌉ ↕⌉⊑⌉↕∫ ≀{ ⊔⟨⌉ ⇕≀\⟩⊔≀∇ ⊣∇⌉ ⇕⌉⊣∫⊓∇⌉⌈⇔ ⊔⟨⌉† ∫⟨≀⊓↕⌈ ⌊⌉ ⇕⌉⊣∫⊓∇⌉⌈ ⟩\ ⊔†√⟩⌋⊣↕ ⊑⟩⌉⊒⟩\} ⌋≀\⌈⟩⊔⟩≀\∫ ∫≀ ⊔⟨⌉ ⊔†√⟩⌋⊣↕ ⊣⇕⌊⟩⌉\⊔ ↕⟩}⟨⊔ ⊣\⌈ ⇕≀\⟩⊔≀∇ ⊣⌈|⊓∫⊔⇕⌉\⊔∫ ⊣∇⌉ ⊔⊣‖⌉\ ⟩\⊔≀ ⊣⌋⌋≀⊓\⊔↙ T⟨⟩∫ ⟩∫ ⟩⇕√≀∇⊔⊣\⊔⇔ ⌉∫√⌉⌋⟩⊣↕↕† {≀∇ ⊔⟨⌉ ⌊↕⊣⌋‖ ⊣\⌈ ⊒⟨⟩⊔⌉ ↕⌉⊑⌉↕∫↙ T⊣⌊↕⌉ △↙∞ ∫⟨≀⊒∫ ⊔⟨⌉ ⌉{{⌉⌋⊔ ≀{ ⌈⟩{{⌉∇⌉\⊔ ↕⟩}⟨⊔⟩\} ⌋≀\⌈⟩⊔⟩≀\∫ ≀\ ⊔⟨⌉ ↕⊓⇕⟩\⊣\⌋⌉ ≀{ ↕⊣∇}⌉ ⊣∇⌉⊣∫ ≀{ ⌊↕⊣⌋‖ ⊣\⌈ ⊒⟨⟩⊔⌉ ≀\ ⊔⊒≀ ⊔†√⟩⌋⊣↕ ⇕≀\⟩⊔≀∇∫↙ T⟨⌉ ⇕≀\⟩⊔≀∇ ⊒⊣∫ \≀⊔ ∇⌉↖⊣⌈|⊓∫⊔⌉⌈ ⊔≀ ⊣⌋⌋≀⊓\⊔ {≀∇ ⊔⟨⌉ ⌊∇⟩}⟨⊔ ↕⟩}⟨⊔↙ A∫ ⌋⊣\ ⌊⌉ ∫⌉⌉\⇔ ⊣⇕⌊⟩⌉\⊔ ↕⟩}⟨⊔ ⌈∇⊣∫⊔⟩⌋⊣↕↕† ⟩\⌋∇⌉⊣∫⌉∫ ⊔⟨⌉ ⌊↕⊣⌋‖ ↕⌉⊑⌉↕ ≀{ ⊔⟨⌉ ⇕≀\⟩⊔≀∇ ⟩{ ⊔⟨⌉ ⌊∇⟩}⟨⊔\⌉∫∫ ⊣\⌈ ⌋≀\⊔∇⊣∫⊔ ⌋≀\⊔∇≀↕∫ ⊣∇⌉ \≀⊔ ⊣⌈|⊓∫⊔⌉⌈↙ T⟨⌉ ∇⌉∫⊓↕⊔ ⟩∫ ⊣ ⌈∇⊣⇕⊣⊔⟩⌋ ⌈⌉⌋∇⌉⊣∫⌉ ⟩\ ⊔⟨⌉ ⌋≀\⊔∇⊣∫⊔ ⊣⊔ ⊣ ⌊↕⊣⌋‖ ⊣\⌈ ⊒⟨⟩⊔⌉ ⌉⌈}⌉↙ I{ ⊔⟨⌉ ⌊↕⊣⌋‖ ↕⌉⊑⌉↕ ≀{ ⊔⟨⌉ ⇕≀\⟩⊔≀∇ ⌋⊣\\≀⊔ ⌊⌉ ⇕⌉⊣∫⊓∇⌉⌈ ⊣⊔ ⊔†√⟩⌋⊣↕ ↕⟩}⟨⊔ ↕⌉⊑⌉↕∫⇔ ⊣ ∇⌉⊣∫≀\⊣⌊↕⌉ ⌈⌉{⊣⊓↕⊔ ⟩∫ ⊔≀ ⊓∫⌉ ∞↗ ≀{ ⊔⟨⌉ ⇕⊣§⟩⇕⊓⇕ ⊒⟨⟩⊔⌉ ↕⌉⊑⌉↕⇔ ⊣∫ ⟩∫ ⊔⟨⌉ ⌋⊣∫⌉ ⊒⟩⊔⟨ ⌊≀⊔⟨ ≀{ ⊔⟨⌉ ⇕≀\⟩⊔≀∇∫ ⟩\ T⊣⌊↕⌉ △↙∞ ⊒⟨⌉\ ⊔⟨⌉ ⌋≀\⊔∇≀↕∫ ⊣∇⌉ ⊣⌈|⊓∫⊔⌉⌈ {≀∇ ⊔⟨⌉ ⊔†√⟩⌋⊣↕ ↕⟩}⟨⊔⟩\} ⌋≀\⌈⟩⊔⟩≀\∫ ⇐C≀⊒⊣\⇔ ∞∃∀∃⇒↙ T⟨⌉ ⌊↕⊣⌋‖ ↕⌉⊑⌉↕ ≀{ ⊔⟨⌉ ⇕≀\⟩⊔≀∇ ∇⌉√∇⌉∫⌉\⊔∫ ⊔⟨⌉ ⇕⟩\⟩⇕⊓⇕ ↕⊓⇕⟩\⊣\⌋⌉ ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ √∇≀⌈⊓⌋⌉⌈ ≀\ ⊔⟨⌉ ⇕≀\⟩⊔≀∇↙ T≀ ⊣⌋⌋≀⊓\⊔ {≀∇ ⊔⟨⟩∫⇔ ⊔⟨⌉ ⌊↕⊣⌋‖ ↕⌉⊑⌉↕ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣⌈⌈⌉⌈ ⊔≀ ⊔⟨⌉ ⌋⊣↕⌋⊓↕⊣⊔⌉⌈ ↕⊓⇕⟩\⊣\⌋⌉∫ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⌊⌉{≀∇⌉ ⊔⟨⌉ ⌋≀\⊔∇⊣∫⊔ ⟩∫ ⌋⊣↕⌋⊓↕⊣⊔⌉⌈↙ I{ Y_{fg} and Y_{bg} are the Y coordinates of the foreground and background colours the luminances are L_{bg} = Y_{bg} + L_B ↼4▷1↽ L_{fg} = Y_{fg} + L_B ↼4▷2↽ where L B is the black level of the monitor▷

4▷3 Pixel Bleed

The problem of pixel bleed is more difαcult because it cannot be ignored and is very difαcult to measure▷ The contribution of any pixel to its neighbours varies from monitor to monitor but is signiαcant in all cases▷ For a αeld of full intensity pixels almost 40ϱ of the brightness of an individual pixel can be contributed by its neighbours▷

P 4 4 4 4 4 4 4 4 4 4 4 4 3 3 3 3 2 2 2 2 1 1 1 1

Figure 4.1: The Neighbours Of Pixel P.

The spatial proffle of the light emitted by a given pixel can be expressed as a Gaussian function centered at the pixel location (x0, y0) by2 F(x, y) ∝ ⌉§√ ( −((x − x0)2+ (y − y0)2) σ2 ) (4.3) The amount a pixel infiuences others around it depends on the value of the constant σ which represents the amount of pixel bleed3▷ As was mentioned above this value varies from monitor to monitor▷ Using a light meter capable of measuring the intensity of individual pixels a reasonable approximation of this value can be determined for a given monitor but this procedure is very tedious and such equipment very expensive▷ Unfortunately monitor manufacturers do not generally make this speciαcation available possibly because few people are aware of it▷ Furthermore this value is adjustable with the focus controls which are usually located inside the monitor▷ Since calculating the pixel bleed for every monitor is impractical consider instead the reason pixel bleed exists▷ Imagine the monitor displaying a βat αeld of equal intensity pixels▷ If the σ value is small enough that there is no noticeable pixel bleed it would be possible to see the grid pattern of the pixels clearly on the display surface because the intensity of the light halfway between the pixels would be almost zero▷ As the σ value is increased the adjoining pixels add more light to the space between them▷ At the optimal level of pixel bleed the space between equally bright pixels is close enough to the brightness of the pixels that the difference is imperceptible resulting in the impression of an area of uniform intensity▷ Increasing the pixel bleed further causes the area to become even smoother but the display looses its sharpness ↼Klassen 1989↽▷ While individual monitors may not be worth measuring an optimal value is calculable and we can assume that all well adjusted monitors have this value▷ Klassen suggests that a value of σ/a = .51 ± .01 is optimal where a is the distance between pixel centers▷ By using σ = a/2 Equation 4▷3 becomes F(x, y) ∝ ⌉§√ ( −∈((x − x0)2+ (y − y0)2) a2 ) . (4.4)

Using (4.4), it is possible to calculate the contributionthat a pixel’s neighbours make to its measured luminance. Figure 4.1 shows the pixel neighbours. The ffrst and second neighbours contribute a total of 61.5% of their intensity, and the third and fourth neighbours contribute 0.2%. Thus, the measured luminance at the center of a pixel is 161.7% of the intensity being generated by that pixel. Therefore, 38.07% of the measured luminance of a pixel is contributed by neighbouring pixels if only the immediate neighbours are considered, and 38.13% if the second set of neighbours are considered. Given the signiffcant contribution of the ffrst and second neighbours, to calculate

2This is actually a simpliffcation of the formula for a monochrome display. For a colour display, the formula is similar, but complicated by the existence of a shadow mask.

3The beam shape is usually not the same in the vertical and horizontal directions, and thus the value of σ should be different for the x and y directions▷ This difference is not signiαcant in this context and is ignored for simplicity▷

4▷3▷ Pixel Bleed 41

the intensity of a pixel the luminances of its αrst and second neighbours must be known but third and fourth neighbours can be ignored▷ Unfortunately calculating the intensity of all pixels in a window is not a solution▷ It is computationally prohibitive and the accuracy of such calculations exceeds what can be used since contrast is a single number that measures the performance of the whole screen▷ Therefore the problem should be approached from the other end by αrst determining the average number of foreground pixels near a background pixel▷ The measured luminance of the average background pixel can be calculated as L^′_{bg} = L_{bg} + σ(L_{bg}N_{bg} + L_{fg} (1 − N_{bg})) (4.5) where N_{bg} represents the average number of background pixels neighbouring a background pixel▷ The optimal σ value of 0▷62 would typically be used▷ The measured luminance of the average foreground pixel can be calculated similarly L^′_{fg} = L_{fg} + σ(L_{bg}(1 + N_{fg} ) + L_{fg} N_{fg} ) (4.6) where N_{fg} represents the average number of foreground pixels neighbouring a foreground pixel▷ Two important observations should be made▷ First N fg is not necessarily equal to N bg ▷ Second when calculating the average adjacency only pixels that are at a luminance edge should be considered because they are the ones that determine the contrast▷ For text based applications two observations can be made▷ First the average neighbour of a foreground pixel and thus the intensity of the pixel is largely determined by the font being used▷ Second the average neighbour of a background pixel is largely independent of the font being used▷ Consider the two fonts shown in Figure 4▷2▷ To see how this affects contrast αrst consider what happens when these fonts are rendered in black text on a white background just as they appear in the Figure▷ The white background pixels will bleed into any adjoining black foreground increasing their brightness and therefore lowering the contrast▷ The average foreground pixel of font ↼a↽ ↼the thinner font↽ has approximately six background neighbours whereas the average foreground pixel in font ↼b↽ ↼the thicker font↽ as only three▷ As a result the foreground pixels of font ↼a↽ have roughly twice as much light added to them as the foreground pixels of font ↼b↽ resulting in a lower contrast for font ↼a↽ than for font ↼b↽▷ Now consider what happens when these fonts are rendered in white text on a black background▷ The white foreground pixels will bleed into the adjoining black background pixels but the overall affect will be the same for both fonts▷ Additionally the foreground pixels will bleed into other foreground pixels increasing their brightness▷ The average foreground pixel of font ↼a↽ has two foreground neighbours whereas the average foreground pixel of font ↼b↽ has approximately αve▷ As a result the foreground pixels of font ↼a↽ have roughly half as much light added to them as the foreground pixels of font ↼b↽ resulting in a lower contrast for font ↼a↽ than for font ↼b↽▷ The effect in both cases is the same▷ Font ↼a↽ has less contrast than font ↼b↽ when displayed with the same colours▷ While there are many fonts available for use in most window systems it would be possible to calculate an average foreground◁background pixel adjacency relationship for each of these fonts▷ However for a system with scalable fonts this is not possible▷ Instead fonts can be divided into a few categories such as thick and thin▷ Thick fonts are those whose foreground pixels are adjacent to many other foreground pixels similar to font ↼b↽ in Figure 4▷2▷ Font ↼a↽ on the other hand is representative of thin fonts, most of the pixels adjacent to its foreground pixels are background pixels▷ Of course scalable fonts would be classiαed differently depending on the scale▷ In a graphics based application the interaction of the foreground and background is much harder to determine without signiαcant work because the relatively simple pattern found in text based applications is not likely to exist▷ The best approach when no pattern can be found is to use the worst case situation in which eight pixels of the lighter colour surround each pixel of the darker colour signiαcantly lightening the darker colour▷ While this situation may be extremely unlikely depending on the application this assumption provides a lower bound that will guarantee legibility▷

↼a↽

↼b↽

Figure 4▷2. The average number of foreground colour pixels around any pixel in a font varys widely between fonts▷ Over 70ϱ of the pixels in font ↼a↽ have one or two neighbours▷ Conversely well over half of the pixels in font ↼b↽ have αve or more neighbours and only a dozen have two or less▷ In both cases most background pixels that are neighbouring foreground pixels have 2 or 3 foreground neighbours▷

4▷4▷ Colour Contrast Metric 43

Pixel Colour Black Level Adjacency Orientation 1ϱ 2▷5ϱ 5ϱ Thick Font Black on White 0▷714 0▷695 0▷666 White on Black 0▷709 0▷687 0▷653 Thin Font Black on White 0▷521 0▷509 0▷490 White on Black 0▷706 0▷680 0▷640 Worst Case 0▷476 0▷465 0▷449 Best Case 0▷828 0▷794 0▷743

Table 4▷2. The effects of different black levels and pixel adjacency relationships are apparent▷ Changing the black level is insigniαcant compared to the effect of changing the pixel adjacency relationship▷ The thick and thin fonts are those shown in Figure 4▷2▷ The contrast was calculated using the values suggested in the text▷ The worst case is when a single black pixel is completely surrounded by white▷ The best case is when a single white pixel is surrounded by black▷

Table 4▷2 shows the contrast calculated for black and white foregrounds and backgrounds with an optimal value of sigma▷ As can be seen the effects of using different black levels is not that signiαcant compared to using different pixel adjacency values▷

4▷4 Colour Contrast Metric

By using the average adjacency relationship and the optimal σ values a reasonable metric for measuring colour contrast can be determined by setting L_{max} and L_{min} in Equation 2▷15 to the appropriate one of L^′_{bg} and L^′_{fg} from Equations 4▷5 and 4▷6 as follows L_{max} = max ( L^′_{bg} , L^′_{fg} ) {/} L_{min} = min ( L^′_{bg}, L^′_{fg} ) {/} ∮~ {}{~ }~ [~ √√~^]⟩^∐]}{√ }~ [~ ⌉}{]}√ }√ [~ ]~]{~ ∐√~∐ ∐√~ √√}]^~^/ [~ √~∐√}{∐^⌈~ ^~~∐⌈√ √√}]^~^ [√}~[} []√ ^[∐√~√ ^∐{ ^~ √~^/ [√}⌉∐]^]]~√ ~}√ [~ √[}√√[}√√ }~ ∐ √∐{^∐√^/ }√ √]⌉]⌈∐√/ ⌉}{]}√ ^∐{ ^~ √~^ } ^∐⌈^⌈∐~ [~ ∏ ∐⌈~√ {~~^~^ ~}√ ⟩√∐]}{√ / ∐{^ // √]^∐⌈ ^⌈∐^⌋ ⌈~~⌈ √^[ ∐√ ⌋ ^∐{ ∐⌈√} ^~ √~^ ]{ [~√~ ~√∐]}{√/ ⋂[~ ^∐^⌋~√}{^ ⌈]~[]{~ ∐{^ [~ ^}{√∐√ ∐{^ ^√]~[{~√√ ^}{√}⌈√ }{ [~ ⌉}{]}√ ^∐{ ^~ ]~{}√~^/ ⨂√]⌉∐⌈ √]~⌈ ^⌈~~^ ^∐{ ^~ ∐√√⌉~^ ~}√ [~ σ in Equation 4▷4▷ Using these default values Equations 4▷7 and 4▷8 can be used with Equation 2▷15 as a reasonable metric for calculating contrast on a CRT▷

44 Chapter 4▷ Colour Contrast

Chapter 5

Colour Constraints

This chapter discusses the issues involved with adding colour constraints to a dynamic window system with the goal of assisting with aesthetic colour selection▷ It should be kept in mind that the goal of this thesis is to show that this is possible not to provide a deαnitive solution▷ Indeed an important aspect of the current implementation is to experiment with such issues▷ Before tackling the issues of adding colour constraints to a window system dynamic window systems are described generally▷ Following that general properties of colour constraints are discussed▷ Next techniques for avoiding the disruption of user colour associations are suggested▷ The bulk of the chapter investigates speciαc ways colour constraints can assist with aesthetic colour selection▷ Finally the features of dynamic colour constraints that allow them to be successfully added to a dynamic window system are summarized▷ While this chapter discusses issues on a general level the reader should keep in mind that this design has been implemented▷ The implementation is discussed in Chapter 6▷

5▷1 Dynamic Window Systems Consider how a user interacts with a window system which was brieβy alluded to in Section 1▷5▷ Most current window systems are based on the assumption that no arbitrary restrictions should be placed on the user▷ In other words the user should have complete control of the windowing environment whenever possible▷ However most systems fail to realize that users do not always want or need absolute control▷ Some control is essential but beyond that the user performs tasks that could be done equally well by the computer▷ Thus that while users should be allowed to specify anything there should be tools available to make spec iαcations the user does not or can not provide▷ Most window systems lacking such tools force the user to specify everything▷ The result is a failure to achieve the original goal▷ To summarize the typical window system is designed to allow the user complete freedom▷ But that freedom is consumed by requiring the user to perform tedious and complicated tasks that are actually unnecessary▷ There is another problem when the user speciαes everything with little help from the window system▷ By their very nature windowing environments are dynamic constantly changing as the user interacts with them▷ Windows open and close are moved and resized▷ While users typically have an intuitive idea of how they want the environment to appear and be organized they typically have no way of communicating it to the window system▷ As a result common actions such as opening or closing a window often require other windows to be adjusted and the user must perform these adjustments▷

46 Chapter 5▷ Colour Constraints

It is better to tell the window system not only what to do but why it is being done▷ Why can be expressed in the form of constraints▷ For example the user may position the windows so that a particular window is visible▷ By creating a constraint that this window should be visible new windows can automatically be positioned to keep it visible▷ In addition it is possible to specify the why without specifying the what▷ For example if the system is informed of the visibility constraint before the window is opened it can automatically position the window so it is visible▷ In either situation adjustment of many windows by the system may be needed to satisfy the constraint▷ The user is not necessarily relinquishing any freedom by allowing the system to help in managing the environment▷ Currently users must tell the system to place a window at an exact position which can be equally well expressed as a constraint▷ However the crippling burden of being forced to specify every detail is lifted from the userφs shoulders freeing them to concentrate on their work▷ Traditional window systems are normally static and lifeless in their interaction with the user doing exactly what the user tells them, no more no less▷ By contrast the window system described here is more suited to the dynamic nature of windowing environments interacting with the userφs actions and αlling in details▷ Therefore such a window system shall be referred to as a dynamic window system in contrast with the more common static window system▷ There are a few important requirements that should be satisαed by a dynamic window system if it is to be useful. • S⊓√⌉∇⟩≀∇ ∇⌉∫⊓↕⊔∫↙ I\{⌉∇⌉\⌋⌉∫ ⇕⊣⌈⌉ ⌊† ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ∫⟨≀⊓↕⌈ \⌉⊑⌉∇ ∇⌉∫⊓↕⊔ ⟩\ ⊣ ∫⟩⊔⊓⊣⊔⟩≀\ ⊔⟨⊣⊔ ⟩∫ ↕⌉∫∫ ⌈⌉∫⟩∇⊣⌊↕⌉ ⊔⟨⊣\ ⊒⟨⊣⊔ ⊒≀⊓↕⌈ ⟨⊣⊑⌉ ≀⌋⌋⊓∇∇⌉⌈ ⟨⊣⌈ \≀ ⟩\{⌉∇⌉\⌋⌉∫ ⌊⌉⌉\ ⇕⊣⌈⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⇕⊣\† ⌋⊓∇∇⌉\⊔ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫ ⌈⌉{⊣⊓↕⊔ ⊔≀ ⊣ ⌊↕⊣⌋‖ ⊣\⌈ ⊒⟨⟩⊔⌉ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉ ⊒⟨⟩⌋⟨⇔ ⊒⟨⟩↕⌉ ⌊↕⊣\⌈⇔ ∫⊣⊔⟩∫⊘⌉∫ ⊔⟨⌉ ⌊⊣∫⟩⌋ {⊓\⌋⊔⟩≀\⊣↕ ⊣\⌈ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫↙ A ∫†∫⊔⌉⇕ ⊔⟨⊣⊔ ⊣⊔⊔⌉⇕√⊔⌉⌈ ⊔≀ ∫⌉↕⌉⌋⊔ ⇕≀∇⌉ ⌉§⌋⟩⊔⟩\} ⌋≀↕≀⊓∇∫⇔ ⌊⊓⊔ ⊔⟨⊣⊔ {∇⌉∐⊓⌉\⊔↕† ⌋∇⌉⊣⊔⌉⌈ \≀\{⊓\⌋⊔⟩≀\⊣↕ ≀∇ ≀{{⌉\∫⟩⊑⌉ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ⊒≀⊓↕⌈ \≀⊔ ⌊⌉ ⊣⌋⌋⌉√⊔⊣⌊↕⌉↙ • N≀\ ∇⌉∫⊔∇⟩⌋⊔⟩⊑⌉↙ U∫⌉∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\∫ ∫⟨≀⊓↕⌈ ⊔⊣‖⌉ √∇⌉⌋⌉⌈⌉\⌋⌉ ≀⊑⌉∇ ∫⌉↕⌉⌋⊔⟩≀\∫ ⟩\{⌉∇∇⌉⌈ ⌊† ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙ I{ ⊔⟨⌉ ⊓∫⌉∇ ⊒⊣\⊔∫ ⊔≀ ∫⌉↕⌉⌋⊔ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ ⌉§⟨⟩⌊⟩⊔ ⊓\⌈⌉∇∫⟩∇⊣⌊↕⌉ √∇≀√⌉∇⊔⟩⌉∫ ≀∇ ⊔≀ √≀∫⟩⊔⟩≀\ ⊒⟩\⌈≀⊒∫ ⟩\ ⊣ √≀⊔⌉\⊔⟩⊣↕↕† ⊣⇕⌊⟩}⊓≀⊓∫ ⊣∇∇⊣\}⌉⇕⌉\⊔⇔ ⊔⟨⌉† ∫⟨≀⊓↕⌈ ⌊⌉ ⊣↕↕≀⊒⌉⌈ ⊔≀↙ • E⊣∫⟩↕† ⌋⊓∫⊔≀⇕⟩‡⊣⌊↕⌉↙ I⊔ ∫⟨≀⊓↕⌈ ⌊⌉ ⊑⌉∇† ⌉⊣∫† {≀∇ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ⌋⟨⊣\}⌉ ⊣\†⊔⟨⟩\} ⊔⟨⊣⊔ ⟩∫ ⟩\{⌉∇∇⌉⌈ ⌊† ⊔⟨⌉ ∫†∫⊔⌉⇕⇔ ≀∇ ⊔≀ ⊣↕⊔⌉∇ ⊔⟨⌉ ⇕⌉⊔⟨≀⌈ ⊓∫⌉⌈ ⌊† ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊔≀ √⌉∇{≀∇⇕ ⟩⊔∫ ⟩\{⌉∇⌉\⌋⌉∫↙ • P∇⌉⌈⟩⌋⊔⊣⌊↕⌉↙ W⟨⟩↕⌉ ⟩⊔ ⟩∫ ⌈⌉∫⟩∇⊣⌊↕⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊣∫∫⟩∫⊔ ⊔⟨⌉ ⊓∫⌉∇ ⊒⟩⊔⟨ ⊔⌉⌈⟩≀⊓∫ ⊔⊣∫‖∫⇔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ∫⟨≀⊓↕⌈ ⌊⌉ √∇⌉⌈⟩⌋⊔⊣⌊↕⌉ ∫≀ ⊔⟨⊣⊔ ⊔⟨⌉ ⊓∫⌉∇ {⌉⌉↕∫ ⟩\ ⌋≀\⊔∇≀↕↙ I{ ⊔⟨⌉ ∫†∫⊔⌉⇕∫ ⊣√√⌉⊣∇∫ ⊔≀ ⇕≀⊑⌉ ⊒⟩\⌈≀⊒∫ ≀∇ ⌋⟨⊣\}⌉ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇∫ {≀∇ \≀ ⊣√√⊣∇⌉\⊔ ∇⌉⊣∫≀\⇔ ⊔⟨⌉ ⊓∫⌉∇ ⇕⊣† ⌊⌉⌋≀⇕⌉ ⌈⟩∫≀∇⟩⌉\⊔⌉⌈ ≀∇ ⊣\\≀†⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ∫†∫⊔⌉⇕↙ T≀ ⇕⊣‖⌉ ⊔⟨⌉ ∫†∫⊔⌉⇕ √∇⌉⌈⟩⌋⊔⊣⌊↕⌉⇔ ⌋⟨⊣\}⌉∫ ∫⟨≀⊓↕⌈ ≀\↕† ≀⌋⌋⊓∇ ⟩\ ∇⌉∫√≀\∫⌉ ⊔≀ ⊓∫⌉∇ ⊣⌋⊔⟩≀\∫↙ E∐⊓⊣↕↕† ⟩⇕√≀∇⊔⊣\⊔⇔ ⊔⟨⌉ ⌋⟨⊣\}⌉∫ ⇕⊓∫⊔ ∫⊔⊣∇⊔ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕† ∫≀ ⊔⟨⊣⊔ ⟩⊔ ⟩∫ ≀⌊⊑⟩≀⊓∫ ⊒⟨⟩⌋⟨ ⊣⌋⊔⟩≀\ ⟩\⟩⊔⟩⊣⊔⌉⌈ ⊔⟨⌉ ⌋⟨⊣\}⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩{ ⊣ \⌉⊒ ⊒⟩\⌈≀⊒ ⟩∫ ≀√⌉\⌉⌈ ⊣\⌈ \≀ ⌋⟨⊣\}⌉∫ ≀⌋⌋⊓∇ ⊓\⊔⟩↕ ⊣ {⌉⊒ ∫⌉⌋≀\⌈∫ ↕⊣⊔⌉∇⇔ ⊔⟨⌉ ⊓∫⌉∇ ⇕⊣† \≀⊔ ∇⌉⊣↕⟩‡⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ≀√⌉\⟩\} ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⟩\⟩⊔⟩⊣⊔⌉⌈ ⊔⟨⌉ ⌋⟨⊣\}⌉⇔ ↕⌉∫∫⌉\⟩\} ⊔⟨⌉ √∇⌉⌈⟩⌋⊔⊣⌊⟩↕⟩⊔† ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕↙ • A⌈⌉∐⊓⊣⊔⌉ P⌉∇{≀∇⇕⊣\⌋⌉↙ W⟨⟩↕⌉ √⌉∇⟨⊣√∫ ≀⌊⊑⟩≀⊓∫⇔ ⊔⟨⌉ √⌉∇{≀∇⇕⊣\⌋⌉ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⇕⊓∫⊔ ⌊⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈ ⌊⌉⌋⊣⊓∫⌉ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫ ⇕⊓∫⊔ √⌉∇{≀∇⇕ ∫⟩}\⟩⊘⌋⊣\⊔↕† ⇕≀∇⌉ ⊒≀∇‖ ⊔⟨⊣⊔ ∫⊔⊣⊔⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫↙ M⊣⟩\⊔⊣⟩\⟩\} ⌋≀\∫⊔∇⊣⟩\⊔∫ ∫⟨≀⊓↕⌈ \≀⊔ \≀⊔⟩⌋⌉⊣⌊↕† ⌈⌉}∇⊣⌈⌉ ⊔⟨⌉ ∇⌉∫√≀\∫⌉ ⊔⟩⇕⌉ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙ T⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⌉∇ ⟩∫ ≀\⌉ ≀{ ⊔⟨⌉ ↕≀⊒⌉∫⊔ √∇⟩≀∇⟩⊔† ⊔⊣∫‖∫ ⊔⟨⊣⊔ \⌉⌉⌈ ⊔≀ ⌊⌉ √⌉∇{≀∇⇕⌉⌈ ⌊† ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊣\⌈ ∫⟨≀⊓↕⌈ \≀⊔ ⟩\⊔⌉∇{⌉∇⌉ ⊒⟩⊔⟨ ⇕≀∇⌉ ⟩⇕√≀∇⊔⊣\⊔ ⊔⊣∫‖∫ ∫⊓⌋⟨ ⊣∫ ∫⌉\⌈⟩\} ‖⌉†⌊≀⊣∇⌈ ⊣\⌈ ⇕≀⊓∫⌉ ⟩\√⊓⊔ ⊔≀ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊣\⌈ ⌈⟩∫√↕⊣†⟩\} ⊔⟨⌉ ∇⌉∫⊓↕⊔∫ ≀{ ⊔⟨⌉∫⌉ ⊣⌋⊔⟩≀\∫↙ S⌋⟨↕⊓⌉⊔⌉∇ ⇐∞∃∃′⇒ ∇⌉√∇⌉∫⌉\⊔∫ ⊣ ∫⟩}\⟩⊘⌋⊣\⊔ ∫⊔⌉√ ⟩\ ⊔⟨⌉ ⌈⟩∇⌉⌋⊔⟩≀\ ≀{ ⌋∇⌉⊣⊔⟩\} ⇕≀∇⌉ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫↙ C∇⟩⊔⟩⌋⟩∫⇕∫ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ∇⌉∫⊓↕⊔ {∇≀⇕ ⊑⟩≀↕⊣⊔⟩≀\∫ ≀{ ≀\⌉ ≀∇ ⇕≀∇⌉ ≀{ ⊔⟨⌉ ⊣⌊≀⊑⌉ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ≀\⌉ ≀{ ⊔⟨⌉ √∇≀√⌉∇⊔⟩⌉∫ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟩∫ ⊔⟨⊣⊔ ≀⊑⌉∇↕⊣√√⟩\} ≀∇ ⊣⌈|≀⟩\⟩\} ⊒⟩\⌈≀⊒∫ ⌋⊣\\≀⊔ ⟨⊣⊑⌉ ⌋≀⟩\⌋⟩⌈⌉\⊔ ⊔⌉§⊔ ⌊⊣∫⌉↕⟩\⌉∫⇔ ⊒⟨⟩⌋⟨

▽↙∈↙ D†\⊣⇕⟩⌋ C≀↕≀⊓∇ C≀\∫⊔∇⊣⟩\⊔∫ △

⟩∫ ⌊⌉\⌉⊘⌋⟩⊣↕ ⟩\ }⌉\⌉∇⊣↕↙ H≀⊒⌉⊑⌉∇⇔ ≀⌋⌋⊣∫⟩≀\⊣↕↕† ⊣ ⊓∫⌉∇ ⊒⊣\⊔∫ ⊔⌉§⊔ ⌊⊣∫⌉↕⟩\⌉∫ ⊔≀ ⌊⌉ ⌋≀⟩\⌋⟩⌈⌉\⊔⇔ ∫⊓⌋⟨ ⊣∫ ⊒⟨⌉\ ⊔⟨⌉ ⌋≀\⊔⌉\⊔∫ ≀{ ⊔⊒≀ ⊒⟩\⌈≀⊒∫ ⊣∇⌉ ⌊⌉⟩\} ⌋≀⇕√⊣∇⌉⌈↙ T⟨⌉ ∫†∫⊔⌉⇕ √∇≀⊑⟩⌈⌉⌈ \≀ ⊒⊣† ⊔≀ ⌈≀ ⊔⟨⟩∫⇔ ⊣ ⊑⟩≀↕⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⊖\≀\ ∇⌉∫⊔∇⟩⌋⊔⟩⊑⌉⪰ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔↙ T⊒≀ ⟩⇕√≀∇⊔⊣\⊔ ↕⌉∫∫≀\∫ ⌋⊣\ ⌊⌉ ↕⌉⊣∇\⌉⌈ {∇≀⇕ S⌋⟨↕⊓⌉⊔⌉∇ ⇐∞∃∃′⇒↙ F⟩∇∫⊔⇔ ⟩⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙ M≀∫⊔ ≀{ ⊔⟨⌉ √∇≀⌊↕⌉⇕∫ ⊒⟩⊔⟨ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟨⊣⊑⌉ ≀⌊⊑⟩≀⊓∫ ∫≀↕⊓⊔⟩≀\∫ ⊔⟨⊣⊔ ⌋≀⊓↕⌈ ⌊⌉ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⟩\ ⊣ √∇≀⌈⊓⌋⊔⟩≀\ ∫†∫⊔⌉⇕↙ S⌉⌋≀\⌈⇔ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ ∫†∫⊔⌉⇕ ⊔⟨⊣⊔ ⟩∫ ⊓∫⊣⌊↕⌉⇔ ⊔⟨⌉∫⌉ ⟩∫∫⊓⌉∫ ⇕⊓∫⊔ ⌊⌉ ⊣⌈⌈∇⌉∫∫⌉⌈↙ O⊔⟨⌉∇⊒⟩∫⌉⇔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟩∫ ↕⟩‖⌉↕† ⊔≀ ⌉§⟨⟩⌊⟩⊔ ⊣\\≀†⟩\} ⌊⌉⟨⊣⊑⟩≀⊓∇ ⊒⟨⟩⌋⟨ ⊒⟩↕↕ ⌈⌉⌋∇⌉⊣∫⌉ ⟩⊔∫ ⊓∫⌉∇↖⊣⌋⌋⌉√⊔⊣\⌋⌉↙ H⊣⊑⟩\} ∫⊣⟩⌈ ⊔⟨⊣⊔⇔ ⟩⊔ ∫⟨≀⊓↕⌈ \≀⊒ ⌊⌉ ∇⌉⌋⊣↕↕⌉⌈ ⊔⟨⊣⊔ ⊔⟨⌉ ⊣⟩⇕ ≀{ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫ ⟩∫ \≀⊔ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ ⌋≀⇕⇕⌉∇⌋⟩⊣↕↕† ⊑⟩⊣⌊↕⌉ √∇≀⌈⊓⌋⊔↙ M⊣\† {⌉⊣⊔⊓∇⌉∫ ⊔⟨⊣⊔ ⊣∇⌉ \⌉⌉⌈⌉⌈ ⟩\ ⊣ ⌋≀⇕⇕⌉∇⌋⟩⊣↕ √∇≀⌈⊓⌋⊔⇔ ∫⊓⌋⟨ ⊣∫ ⊣\ ⟩\⊔⊓⟩⊔⟩⊑⌉ }∇⊣√⟨⟩⌋⊣↕ ⟩\⊔⌉∇{⊣⌋⌉⇔ ⊣∇⌉ ⌊⌉†≀\⌈ ⊔⟨⌉ ∫⌋≀√⌉ ≀{ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫↙ T⟨⌉ {≀⌋⊓∫ ≀{ ⊔⟨⟩∫ ⌋⟨⊣√⊔⌉∇ ⟩∫ ≀\ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ \⌉⌉⌈⌉⌈ ⊔≀ ∫⊣⊔⟩∫{† √⊣∇⊔⟩⌋⊓↕⊣∇ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕∅ ⟨≀⊒ ⊔⟨⌉ ⊓∫⌉∇ }⌉\⌉∇⊣⊔⌉∫ ⊔⟨⌉∫⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⟩∫ \≀⊔ ⊣⌈⌈∇⌉∫∫⌉⌈↙

▽↙∈ D†\⊣⇕⟩⌋ C≀↕≀⊓∇ C≀\∫⊔∇⊣⟩\⊔∫ H≀⊒ ⌋⊣\ ⊣ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊒⟩⊔⟨ ⌋≀↕≀⊓∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∫∫⟩∫⊔ ⊒⟩⊔⟨ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ∫⌉↕⌉⌋⊔⟩≀\⊥ C≀\∫⟩⌈⌉∇ ∫≀⇕⌉ ⌉§⊣⇕√↕⌉∫ ≀{ ⌋≀↕≀⊓∇ ⊓∫⊣}⌉ {∇≀⇕ C⟨⊣√⊔⌉∇ ∋↙ T⟨⌉† ⌋⊣\ ⌊⌉ ⌉§√∇⌉∫∫⌉⌈ ⊣∫ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀\ ⌋≀↕≀⊓∇ ∫⌉↕⌉⌋⊔⟩≀\↙ F≀∇ ⌉§⊣⇕√↕⌉¬ • R⌉⌈ ⟩∫ ≀{⊔⌉\ ⊓∫⌉⌈ ⊔≀ ∇⌉√∇⌉∫⌉\⊔ ⌈⊣\}⌉∇ ≀∇ ⊒⊣∇\⟩\}⇔ ⊣\ ⊣⌊∫≀↕⊓⊔⌉ √∇≀√⌉∇⊔† ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ∇⌉⌈⇔ ⌋∇⌉⊣⊔⌉⌈ ⌊† ∫≀⌋⟩⌉⊔⊣↕ ⟩\⊙⊓⌉\⌋⌉∫ ≀\ ⊔⟨⌉ ⊔†√⟩⌋⊣↕ ⊑⟩⌉⊒⌉∇↙ H≀⊒⌉⊑⌉∇⇔ ⊒⟨⌉\ ⊣\ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⌈⌉∫⟩}\⌉∇ ⊓∫⌉∫ ∇⌉⌈ ⊔≀ ∫⟩}\⟩{† ⌈⊣\}⌉∇⇔ ⊔⟨⌉⟩∇ ⌈⌉∫⟩∇⌉ ⌋⊣\ ⌊⌉ ⟩\⊔⌉∇√∇⌉⊔⌉⌈ ⊣∫ ⊣ ∇⌉∐⊓⌉∫⊔ {≀∇ ⊣ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ {∇≀⇕ ⊣ ∇⊣\}⌉ ≀{ ⊑⊣↕⊓⌉∫ ⊔⟨⊣⊔ ⊣√√⌉⊣∇ ⊣∫ ∇⌉⌈↙ • A\ ⟩⇕√≀∇⊔⊣\⊔ ∇⌉↕⊣⊔⟩⊑⌉ {⊓\⌋⊔⟩≀\⊣↕ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔ ⟩∫ ⊔⟨⌉ ⇕⊣⟩\⊔⌉\⊣\⌋⌉ ≀{ ⌉\≀⊓}⟨ ⌋≀\⊔∇⊣∫⊔ ⌊⌉⊔⊒⌉⌉\ ⌊⊣⌋‖}∇≀⊓\⌈ ⊣\⌈ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ {≀∇ ↕⌉}⟩⌊⟩↕⟩⊔†⇔ ⊒⟨⟩⌋⟨ ⌋⊣\ ⌊⌉ ⌉§√∇⌉∫∫⌉⌈ ⊣∫ ⊔⟨⌉ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔¬ ⊔⟨⌉ ⌋≀\⊔∇⊣∫⊔ ⌊⌉⊔⊒⌉⌉\ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⇕⊓∫⊔ ⌉§⌋⌉⌉⌈ ⊣ ⌋⌉∇⊔⊣⟩\ ↕⌉⊑⌉↕↙ • A\≀⊔⟨⌉∇ ⌋≀⇕⇕≀\ ⌉§⊣⇕√↕⌉ ≀⌋⌋⊓∇∫ ⊒⟨⌉\ ⌋≀↕≀⊓∇ ⟩∫ ⊓∫⌉⌈ ⊔≀ ∫⟨≀⊒ ⊔⟨⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⌊⌉⊔⊒⌉⌉\ ⊒⟩\⌈≀⊒∫↙ T⟨⟩∫ ⌋⊣\ ⌊⌉ ⌉§√∇⌉∫∫⌉⌈ ⊣∫ ⊣ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔ ⊔⟨⊣⊔ ⊓\∇⌉↕⊣⊔⌉⌈ ⊒⟩\⌈≀⊒∫ ⊓∫⌉ ∫⟩}\⟩⊘⌋⊣\⊔↕† ⌈⟩{{⌉∇⌉\⊔ ⌋≀↕≀⊓∇∫ ⊣\⌈ ∫⟩⇕⟩↕⊣∇ ⊒⟩\⌈≀⊒∫ ⊓∫⌉ ∫⟩⇕⟩↕⊣∇ ⌋≀↕≀⊓∇∫↙ L⟩‖⌉ ⊔⟨⌉∫⌉ ⌉§⊣⇕√↕⌉∫⇔ ≀⊔⟨⌉∇ ⟩∫∫⊓⌉∫ ⌋⊣\ ⌊⌉ ⊑⟩⌉⊒⌉⌈ ⊣∫ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ T⟨⌉∇⌉ ⊣∇⌉ ∫≀⇕⌉ ⊑⌉∇† }⌉\⌉∇⊣↕ ≀⌊∫⌉∇⊑⊣⊔⟩≀\∫ ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ ⇕⊣⌈⌉ ⊣⌊≀⊓⊔ ⊔⟨⌉ ∫≀∇⊔ ≀{ ⌋≀↕≀⊓∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔⟨⊣⊔ ⊣∇⌉ ≀{ ⟩\⊔⌉∇⌉∫⊔ ⟩\ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫↙

▽↙∈↙∞ M⊓↕⊔⟩√↕⌉ C≀\∫⊔∇⊣⟩\⊔∫ F⌉⊒ ⌋≀↕≀⊓∇∫ ⌋⊣\ ⌊⌉ ⌉\⊔⟩∇⌉↕† ⌈⌉∫⌋∇⟩⌊⌉⌈ ⌊† ⊣ ∫⟩\}↕⌉ ⌋⊣⊔⌉}≀∇† ≀{ ⌋≀↕≀⊓∇ ⊓∫⊣}⌉⇔ ⊣∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ∋↙∞↙∋↙ S⟩⇕⟩↕⊣∇↕†⇔ {⌉⊒ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⊣{{⌉⌋⊔⌉⌈ ⌊† ≀\↕† ≀\⌉ ⌋≀\∫⊔∇⊣⟩\⊔↙ E⊣⌋⟨ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ∫⟩⇕√↕⌉ ⊣\⌈ √∇⌉⌈⟩⌋⊔⊣⌊↕⌉⇔ ⌊⊓⊔ ⊔⟨⌉ ⌋≀⇕√↕⌉⊔⌉ ∫⌉⊔ ⟩∫ \⌉⌋⌉∫∫⊣∇† ⊔≀ ⌈⌉∫⌋∇⟩⌊⌉ ⇕≀∫⊔ ⌋≀↕≀⊓∇∫↙

▽↙∈↙∈ T⟨⌉ C⊣⊔⌉}≀∇⟩⌋⊣↕ D⟩⊑⟩∫⟩≀\ ≀{ C≀↕≀⊓∇ C≀\∫⊔∇⊣⟩\⊔∫ T⟨⌉ ⌈⟩∫⊔⟩\⌋⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⊣⌊∫≀↕⊓⊔⌉ ⊣\⌈ ∇⌉↕⊣⊔⟩⊑⌉ ⌋≀↕≀⊓∇ ⊓∫⊣}⌉ ⌈⟩⊑⟩⌈⌉∫ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⟩\⊔≀ ⊔⊒≀ }∇≀⊓√∫ ⌈⟩∫⊔⟩\}⊓⟩∫⟨⌉⌈ ⌊† ⊔⟨⌉ \⊓⇕⌊⌉∇ ≀{ ⌋≀↕≀⊓∇∫ ⟩\⊑≀↕⊑⌉⌈ ⟩\ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔↙ C≀\∫⊔∇⊣⟩\⊔∫ ⌈⌉∇⟩⊑⌉⌈ {∇≀⇕ ⊣⌊∫≀↕⊓⊔⌉ ⌋≀↕≀⊓∇ √∇≀√⌉∇⊔⟩⌉∫ ⌈≀ \≀⊔ ∇⌉{⌉∇ ⌈⟩∇⌉⌋⊔↕† ⊔≀ ≀⊔⟨⌉∇ ⌋≀↕≀⊓∇∫ ⊣\⌈ ⌋⊣\ ⌊⌉ ⌉§√∇⌉∫∫⌉⌈ ⊣∫ ⊣ {⊓\⌋⊔⟩≀\ ≀{ ⊣ ∫⟩\}↕⌉ ⌋≀↕≀⊓∇↙ R⌉↕⊣⊔⟩⊑⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ≀\ ⊔⟨⌉ ≀⊔⟨⌉∇ ⟨⊣\⌈⇔ ∇⌉{⌉∇ ⊔≀ ⊔⊒≀ ⌋≀↕≀⊓∇∫ ⊣\⌈ ⇕⊓∫⊔ ⌊⌉ ⌉§√∇⌉∫∫⌉⌈ ⊣∫ ⊣ {⊓\⌋⊔⟩≀\ ≀{ ⌊≀⊔⟨ ⌋≀↕≀⊓∇∫↙ T⟨⌉ ⌈⟩∫⊔⟩\⌋⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ {⊓\⌋⊔⟩≀\⊣↕ ⊣\⌈ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ⊓∫⊣}⌉ ⌋∇⌉⊣⊔⌉∫ ⊣\≀⊔⟨⌉∇ ⌈⟩⊑⟩∫⟩≀\ ⊣⇕≀\} ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ T⟨⌉ ≀⌊|⌉⌋⊔⟩⊑⌉ \⊣⊔⊓∇⌉ ≀{ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⇕⌉⊣\∫ ⊔⟨⌉† ⌋⊣\ }⌉\⌉∇⊣↕↕† ⌊⌉ ⌉§√∇⌉∫∫⌉⌈ ⊣↕}≀∇⟩⊔⟨⇕⟩⌋⊣↕↕†↙ A⌉∫⊔⟨⌉⊔⟩⌋

△∀ C⟨⊣√⊔⌉∇ ▽↙ C≀↕≀⊓∇ C≀\∫⊔∇⊣⟩\⊔∫

F⟩}⊓∇⌉ ▽↙∞¬ H⟩}⟨ ↕⌉⊑⌉↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌋⊣\ ⌊⌉ ⌉§√∇⌉∫∫⌉⌈ ⟩\ ⊣ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ {⊣∫⟨⟩≀\ ⊣↕↕≀⊒⟩\} ⌋≀⇕√↕⟩⌋⊣⊔⌉⌈ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔≀ ⌊⌉ ⌈⌉⌋≀⇕√≀∫⌉⌈ ⟩\⊔≀ ⇕≀∇⌉ ∫⟩⇕√↕⌉ ≀\⌉∫↙ T⟨⟩∫ ⟨⟩⌉∇⊣∇⌋⟨† ⌉§√∇⌉∫∫⌉∫ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔⟨⊣⊔ ⌉\∫⊓∇⌉∫ ⊔⊒≀ ⊒⟩\⌈≀⊒∫ ⊣∇⌉ ⌈⟩{{⌉∇⌉\⊔ {∇≀⇕ ⌉⊣⌋⟨ ≀⊔⟨⌉∇⇔ ⊒⟩⊔⟨ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ∇⌉√∇⌉∫⌉\⊔⌉⌈ ⊣∫ ⌋⟩∇⌋↕⌉∫ ⊣\⌈ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∫ ⊣∇∇≀⊒∫↙

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

▽↙∈↙∋ T⟨⌉ H⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ N⊣⊔⊓∇⌉ ≀{ C≀↕≀⊓∇ C≀\∫⊔∇⊣⟩\⊔∫ C≀↕≀⊓∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ≀{⊔⌉\ ⌉§√∇⌉∫∫⌉⌈ ⟩\ ⊣ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕ ⇕⊣\\⌉∇↙ C≀\∫⟩⌈⌉∇ ⊔⟨⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔⟨⊣⊔ ⊓\∇⌉↕⊣⊔⌉⌈ ⊒⟩\⌈≀⊒∫ ∫⟨≀⊓↕⌈ ⌊⌉ ⌉⊣∫⟩↕† ⌈⟩∫⌋∇⟩⇕⟩\⊣⌊↕⌉↙ G⟩⊑⌉\ ⊔⊒≀ ⊓\∇⌉↕⊣⊔⌉⌈ ⊒⟩\⌈≀⊒∫⇔ ⊔⟨⟩∫ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√ ⌋⊣\ ⌊⌉ ⌉§√∇⌉∫∫⌉⌈ ⟨⟩⌉∇⊣∇⌋⟨⟩⌋⊣↕↕†⇔ ⊣∫ ∫⟨≀⊒\ ⟩\ F⟩}⊓∇⌉ ▽↙∞↙ T⟨⌉ ⊔⊒≀ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ⟩\ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫ ⇕⊓∫⊔ ⌊⌉ ⌈⟩{{⌉∇⌉\⊔ {∇≀⇕ ⌊≀⊔⟨ ≀{ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ⟩\ ⊔⟨⌉ ≀⊔⟨⌉∇ ⊒⟩\⌈≀⊒⇔ ⊒⟩⊔⟨ ⊔⟨⌉ ⌈⌉}∇⌉⌉ ≀{ ⌈⟩{{⌉∇⌉\⌋⌉ ∫⟨≀⊒\ ⌊† ⊔⟨⌉ ⊒⌉⟩}⟨⊔ ≀{ ⊔⟨⌉ ↕⟩\⌉∫⇔ ⊒⟩⊔⟨ ⟨⌉⊣⊑⟩⌉∇ ↕⟩\⌉∫ ⟩⇕√↕†⟩\} ⊣ \⌉⌉⌈ {≀∇ {⊓∇⊔⟨⌉∇ ∫⌉√⊣∇⊣⊔⟩≀\↙

▽↙∈↙△ T⟨⌉ V⊣∇⟩⌉⌈ I⇕√≀∇⊔⊣\⌋⌉ ≀{ C≀↕≀⊓∇ C≀\∫⊔∇⊣⟩\⊔∫ N≀⊔ ⊣↕↕ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌉§√∇⌉∫∫⌉⌈ ⌊† ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊣∇⌉ ≀{ ⌉∐⊓⊣↕ ⟩⇕√≀∇⊔⊣\⌋⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔⟨⊣⊔ ⊒⟩\⌈≀⊒ ⌋≀\⊔⌉\⊔∫ ⌊⌉ ↕⌉}⟩⌊↕⌉ ⟩∫ {⊣∇ ⇕≀∇⌉ ⟩⇕√≀∇⊔⊣\⊔ ⊔⟨⊣\ ⊣\† ≀⊔⟨⌉∇ ⌋≀\∫⊔∇⊣⟩\⊔↙ T⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊔⟨⌉∇⌉{≀∇⌉ ⊣↕↕≀⊒∫ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀{ ⟨⟩}⟨ ⟩⇕√≀∇⊔⊣\⌋⌉ ⊔≀ ⌊⌉ ∫⊣⊔⟩∫⊘⌉⌈ ⟩\ √∇⌉{⌉∇⌉\⌋⌉ ⊔≀ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀{ ↕⌉∫∫⌉∇ ⟩⇕√≀∇⊔⊣\⌋⌉↙

▽↙∈↙▽ T⟨⌉ D†\⊣⇕⟩⌋ N⊣⊔⊓∇⌉ ≀{ C≀↕≀⊓∇ C≀\∫⊔∇⊣⟩\⊔∫ A\† ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉ ⟩∫ ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⌊† ⊣ ⇐√≀∫∫⟩⌊↕† ⌋≀⇕√↕⟩⌋⊣⊔⌉⌈⇒ ∫⌉⊔ ≀{ ⟩\⊔⌉∇↖ ⊣\⌈ ⟩\⊔∇⊣↖⊒⟩\⌈≀⊒ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ W⟨⌉\ ⊣ ⊒⟩\⌈≀⊒ ⟩∫ ⌋∇⌉⊣⊔⌉⌈ ≀∇ ⌈⌉∫⊔∇≀†⌉⌈ ⊔⟨⌉∫⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ≀∇ ⊔⟨⌉ ∫≀↕⊓⊔⟩≀\ ⊔≀ ⊔⟨⌉⇕⇔ ⇕⊣† ⌋⟨⊣\}⌉↙ I\ ⊣ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ∇⌉↖⌉⊑⊣↕⊓⊣⊔⌉⌈ ⊒⟨⌉\⌉⊑⌉∇ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⌋≀\⊘}⊓∇⊣⊔⟩≀\ ⌋⟨⊣\}⌉∫↙ T⟨⌉ ∫†∫⊔⌉⇕ ⌈⟩∫⌋≀⊑⌉∇∫ ⊒⟨⌉\ ⌋⊓∇∇⌉\⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊣∇⌉ ⊓\⊣⌋⌋⌉√⊔⊣⌊↕⌉ ⊣\⌈ ⌋⟨⊣\}⌉∫ ⊔⟨⌉⇕ ⊔≀ ∫⊣⊔⟩∫{† ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ T⟨⌉ ⊣⊓⊔≀⇕⊣⊔⟩⌋ ⌋⟨⊣\}⟩\} ≀{

▽↙∋↙ P≀⊔⌉\⊔⟩⊣↕ P∇≀⌊↕⌉⇕∫ W⟩⊔⟨ C≀↕≀⊓∇ A∫∫≀⌋⟩⊣⊔⟩≀\ △∃

⌋≀↕≀⊓∇∫ ⟨⊣∫ ∫⟩}\⟩⊘⌋⊣\⊔ ⟩⇕√↕⟩⌋⊣⊔⟩≀\∫⇔ ⊔⟨⌉ ⇕≀∫⊔ ⟩⇕√≀∇⊔⊣\⊔ ≀{ ⊒⟨⟩⌋⟨ ⟩∫ ⊔⟨⌉ ⌉{{⌉⌋⊔ ⟩⊔ ⟨⊣∫ ≀\ ⌋≀↕≀⊓∇ ⊣∫∫≀⌋⟩⊣⊔⟩≀\⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ▽↙∋↙ A\≀⊔⟨⌉∇ ⟩\⊔⌉∇⌉∫⊔⟩\} ⟩∫∫⊓⌉ ⟩∫ ⊓∫⌉∇ ⊣⌋⌋⌉√⊔⊣\⌋⌉↙ I\ ⊔⟨⌉ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⌋∇⌉⊣⊔⌉⌈ ⌊† S⌋⟨↕⊓⌉⊔⌉∇⇔ ⊔⟨⌉ ∇⌉⊣⌋⊔⟩≀\ ⊔≀⇔ ⊣\⌈ ⊣⌋⌋⌉√⊔⊣\⌋⌉ ≀{⇔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊒⊣∫ ∫⊓∇√∇⟩∫⟩\}↙ A⊔ ⊘∇∫⊔ ⊓∫⌉∇∫ ⊒⌉∇⌉ ⌈⟩∫⊔⊓∇⌊⌉⌈ ⊒⟨⌉\ ⊒⟩\⌈≀⊒∫ ⇕≀⊑⌉⌈ ≀{ ⊔⟨⌉⟩∇ ≀⊒\ ⊣⌋⌋≀∇⌈ ∫⟩\⌋⌉ ⊓\⌉§√⌉⌋⊔⌉⌈ ⇕≀⊔⟩≀\ ⟩∫ ⟩\⟨⌉∇⌉\⊔↕† ⌈⟩∫⊔∇⊣⌋⊔⟩\}↙ A{⊔⌉∇ ⊓∫⟩\} ⊔⟨⌉ ∫†∫⊔⌉⇕ {≀∇ ⊣ ∫⟨≀∇⊔ ⊒⟨⟩↕⌉⇔ ⟨≀⊒⌉⊑⌉∇⇔ ⊓∫⌉∇∫ ⌊⌉⌋⊣⇕⌉ ⊣⌋⌋⊓∫⊔≀⇕⌉⌈ ⊔≀ ⊔⟨⌉ ⌊⌉⟨⊣⊑⟩≀⊓∇ ⊣\⌈ ⌊⌉}⊣\ ⊔≀ ⊔⊣‖⌉ ⊣⌈⊑⊣\⊔⊣}⌉ ⟩⊔↙ M≀∫⊔ ∫⊓∇√∇⟩∫⟩\}⇔ ⟨≀⊒⌉⊑⌉∇⇔ ⊒⊣∫ ⊔⟨⌉ ∇⌉⊣⌋⊔⟩≀\ ≀{ ⊔⟨⌉∫⌉ ⊓∫⌉∇∫ ⊒⟨⌉\ ⊔⟨⌉† ∇⌉⊔⊓∇\⌉⌈ ⊔≀ ⊓∫⟩\} ⇕≀∇⌉ ⊔∇⊣⌈⟩⊔⟩≀\⊣↕ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫↙ T⟨⌉† ∇⌉√≀∇⊔⌉⌈ ⊔⟨⊣⊔ ⊔⟨⌉ ∫†∫⊔⌉⇕∫ {⌉↕⊔ ⌈⌉⊣⌈ ⊣\⌈ ↕⟩{⌉↕⌉∫∫ ⊣\⌈ ⊒⌉∇⌉ ⌈⟩∫⊔⊓∇⌊⌉⌈ ⌊† ⊔⟨⌉ ↕⊣⌋‖ ≀{ ⇕≀⊔⟩≀\→ W⟨⟩↕⌉ ⊔⟨⌉∫⌉ ⊔⌉∫⊔∫ ⊒⟨⌉∇⌉ ⟩\{≀∇⇕⊣↕⇔ ⊔⟨⌉† ∫⊓}}⌉∫⊔ ⊔⟨⊣⊔ ⊣ √∇≀√⌉∇↕† ⌈⌉∫⟩}\⌉⌈ ⌈†\⊣⇕⟩⌋ ∫†∫⊔⌉⇕ ⟩∫ ⊣⌋⌋⌉√⊔⊣⌊↕⌉ ⊔≀ ⊓∫⌉∇∫↙ I⊔ ⟩∫ ↕⟩‖⌉↕† ⊔⟨⊣⊔ ⊓∫⌉∇ ∇⌉∫√≀\∫⌉ ⊔≀ ⊣ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊒⟩⊔⟨ ⌋≀↕≀⊓∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊒⟩↕↕ ⌊⌉ ⊔⟨⌉ ∫⊣⇕⌉ ≀∇ ⌊⌉⊔⊔⌉∇ ⌊⌉⌋⊣⊓∫⌉ ⊔≀≀↕∫ {≀∇ ⌋≀↕≀⊓∇ ∫⌉↕⌉⌋⊔⟩≀\ ⊣∇⌉ ∫⟩}\⟩⊘⌋⊣\⊔↕† √≀≀∇⌉∇ ⊔⟨⊣\ ⊔⟨≀∫⌉ ⊣⊑⊣⟩↕⊣⌊↕⌉ {≀∇ ⊒⟩\⌈≀⊒ √≀∫⟩⊔⟩≀\⟩\}↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊓∫⌉∇∫ ⟨⊣⊑⌉ {⌉⊒⌉∇ √∇⌉⌋≀\⌋⌉⟩⊑⌉⌈ \≀⊔⟩≀\∫ ≀{ ⟨≀⊒ ⌋≀↕≀⊓∇ ∫⟨≀⊓↕⌈ ⌊⌉⟨⊣⊑⌉↙

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

▽′ C⟨⊣√⊔⌉∇ ▽↙ C≀↕≀⊓∇ C≀\∫⊔∇⊣⟩\⊔∫

⌋⟨⊣\}⌉∫ ⊣∇⌉ ⊔⟨⌉ ∇⌉∫⊓↕⊔ ≀{ ⊣ \⌉⊒ ⊒⟩\⌈≀⊒ ⌊⌉⟩\} ⌋∇⌉⊣⊔⌉⌈⇔ ⊔⟨⌉ \⌉⊒ ⊒⟩\⌈≀⊒≃∫ ⌋≀↕≀⊓∇∫ ∫⟨≀⊓↕⌈ ⌊⌉ ⌋⟨⊣\}⌉⌈ ⟩\ √∇⌉{⌉∇⌉\⌋⌉ ⊔≀ ⊣\† ≀⊔⟨⌉∇ ⊒⟩\⌈≀⊒≃∫ ⌋≀↕≀⊓∇∫⇔ ∫⟩\⌋⌉ ⊔⟨⌉∇⌉ ⊒⟩↕↕ ⌊⌉ ↕⟩⊔⊔↕⌉ ≀∇ \≀ ⌋≀\⊔⌉§⊔⊓⊣↕ ⊣∫∫≀⌋⟩⊣⊔⟩≀\∫ ⊒⟩⊔⟨ ⊔⟨⌉ \⌉⊒ ⊒⟩\⌈≀⊒↙ I{ ⌋≀↕≀⊓∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌋⊣\ ⌊⌉ ∫≀↕⊑⌉⌈ ⌊† ≀\↕† ⌋⟨⊣\}⟩\} ⊔⟨⌉ \⌉⊒ ⊒⟩\⌈≀⊒⇔ ≀∇ ⌊† ≀\↕† ⌋⟨⊣\}⟩\} ⌉§⟩∫⊔⟩\} ⊒⟩\⌈≀⊒∫ ∫↕⟩}⟨⊔↕†⇔ ⊔⟨⌉ ⊓∫⌉∇≃∫ ⌋≀↕≀⊓∇ ⊣∫∫≀⌋⟩⊣⊔⟩≀\∫ ⊣∇⌉ ⌈⟩∫⊔⊓∇⌊⌉⌈ ⊣∫ ↕⟩⊔⊔↕⌉ ⊣∫ √≀∫∫⟩⌊↕⌉↙ △↙ F⟩\⊣↕↕†⇔ ⌋≀↕≀⊓∇ ⊣∫∫≀⌋⟩⊣⊔⟩≀\∫ ↕⊣∫⊔ \≀⊔ ≀\↕† ⌈⊓∇⟩\} ≀\⌉ ∫⌉∫∫⟩≀\ ⊒⟩⊔⟨ ⊣ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙ A{⊔⌉∇ ⊓∫⟩\} ⊔⟨⌉ ∫⊣⇕⌉ ⌋≀↕≀⊓∇∫ {≀∇ ⊣ ∇⌉↕⊣⊔⟩⊑⌉↕† ∫⟨≀∇⊔ √⌉∇⟩≀⌈ ≀{ ⊔⟩⇕⌉⇔ ⊔⟨⌉ ⊣∫∫≀⌋⟩⊣⊔⟩≀\∫ ≀{ ⌋≀↕≀⊓∇∫ ⊒⟩⊔⟨ ⊔⊣∫‖∫ ⌊⌉⌋≀⇕⌉ ∫⊔∇≀\} ⌉\≀⊓}⟨ ⊔⟨⊣⊔ ⊔⟨⌉† ⌉§⊔⌉\⌈ ⌊⌉⊔⊒⌉⌉\ ∫⌉∫∫⟩≀\∫↙ T⟨⊓∫⇔ {≀∇ ⌋≀↕≀⊓∇ ⊣∫∫≀⌋⟩⊣⊔⟩≀\∫ ⊔≀ ⌊⌉ ⇕⊣§⟩⇕⊣↕↕† √∇⌉∫⌉∇⊑⌉⌈⇔ ⊔⟨⌉ ∫⊔⊣⊔⌉ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⟩\ ⊔⟨⌉ ∫†∫⊔⌉⇕ ∫⟨≀⊓↕⌈ ⌊⌉ ∇⌉⇕⌉⇕⌊⌉∇⌉⌈ ⌊⌉⊔⊒⌉⌉\ ∫⌉∫∫⟩≀\∫↙ T⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⟩∫ ⌊≀⊓\⌈ ⊔≀ ⌊⌉ ⟨⟩}⟨↕† ∫†∫⊔⌉⇕ ⌈⌉√⌉\⌈⌉\⊔↙ S≀⇕⌉ ⌋≀⇕√⊓⊔⌉∇⇔ ↕⟩‖⌉ ⊔⟨⌉ M⊣⌋I\⊔≀∫⟨⇔ ⊣↕∇⌉⊣⌈† √∇⌉∫⌉∇⊑⌉ ⊔⟨⌉ ∫⊔⊣⊔⌉ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⌊⌉⊔⊒⌉⌉\ ∫⌉∫∫⟩≀\∫↙ F≀↕⌈⌉∇∫ ⊔⟨⊣⊔ ⊒⌉∇⌉ ≀√⌉\ ⊒⟨⌉\ ⊔⟨⌉ ⇕⊣⌋⟨⟩\⌉ ⟩∫ ∫⟨⊓⊔ ≀{{ ⊒⟩↕↕ ⌊⌉ ∇⌉↖≀√⌉\⌉⌈ ⊒⟨⌉\ ⟩⊔ ⟩∫ ⊔⊓∇\⌉⌈ ⌊⊣⌋‖ ≀\↙ O⊔⟨⌉∇ ∫†∫⊔⌉⇕∫⇔ ∫⊓⌋⟨ ⊣∫ ⇕≀∫⊔ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫ {≀∇ ⇕⊣⌋⟨⟩\⌉∫ ∇⊓\\⟩\} ⊔⟨⌉ U\⟩§ ≀√⌉∇⊣⊔⟩\} ∫†∫⊔⌉⇕⇔ ⟨⊣⊑⌉ ⊣ √≀≀∇⌉∇ ⌋≀\⌋⌉√⊔ ≀{ ⟩\⊔⌉∇↖∫⌉∫∫⟩≀\ ∫⊔⊣⊔⌉ ∫≀ ⊣⌈⌈⟩\} ⊔⟨⟩∫ {⌉⊣⊔⊓∇⌉ ⊒⟩↕↕ ⌊⌉ ⇕≀∇⌉ ⌈⟩{⊘⌋⊓↕⊔↙ C≀⊒⊣\ ⊣\⌈ W⌉⟩\ ⇐∞∃∃′⇒ ⌉§⊣⇕⟩\⌉ ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⌋⌉∫ ⌊⌉⊔⊒⌉⌉\ ∫⊔⊣⊔⌉ ⊣\⌈ ⟨⟩∫⊔≀∇† ⌊⊣∫⌉⌈ ⟩\⊔⌉∇{⊣⌋⌉∫⇔ ⊣∫ ⊒⌉↕↕ ⊣∫ ⊔⟨⌉ √⟩⊔{⊣↕↕∫ ≀{ ⊣⌈⌈⟩\} ∫⊔⊣⊔⌉ ⟩\{≀∇⇕⊣⊔⟩≀\ ⊔≀ ⊣ ⟨⟩∫⊔≀∇† ⌊⊣∫⌉⌈ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙ A ⇕⊣|≀∇ √⟩⊔{⊣↕↕ ⊔≀ ∇⌉⇕⌉⇕⌊⌉∇⟩\} ⌋≀↕≀⊓∇ ⌊⌉⊔⊒⌉⌉\ ∫⌉∫∫⟩≀\∫ ⊒⟩⊔⟨ ⊣ ⟨⟩∫⊔≀∇† ⌊⊣∫⌉⌈ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⊓∫⌉∇ ⇕⊣† ⟩\⌋≀∇∇⌉⌋⊔↕† ⟩\{⌉∇ ⊔⟨⊣⊔ ⊔⟨⌉ ⌉\⊔⟩∇⌉ ∫⊔⊣⊔⌉ ⟨⊣∫ ⌊⌉⌉\ ∇⌉⇕⌉⇕⌊⌉∇⌉⌈↙ T⟨⌉∇⌉{≀∇⌉⇔ ⟩{ ⌋≀↕≀⊓∇ ⟩∫ ∇⌉⇕⌉⇕⌊⌉∇⌉⌈⇔ ∫≀⇕⌉ ⊔⟨≀⊓}⟨⊔ ⇕⊓∫⊔ ⌊⌉ }⟩⊑⌉\ ⊔≀ √∇⌉∫⌉∇⊑⟩\} ⊣∫ ⇕⊓⌋⟨ ≀{ ⊔⟨⌉ ∫⊔⊣⊔⌉ ⊣∫ √≀∫∫⟩⌊↕⌉↙

▽↙△ A∫∫⟩∫⊔⊣\⌋⌉ {≀∇ A⌉∫⊔⟨⌉⊔⟩⌋ C≀↕≀⊓∇ S⌉↕⌉⌋⊔⟩≀\ A⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ∫⌉↕⌉⌋⊔⟩≀\ {≀∇ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫ ⟩∫ ⊣∫ ⊣ ⊔⊒≀ ∫⊔⌉√ √∇≀⌋⌉∫∫↙ F⟩∇∫⊔⇔ ⊔⟨⌉ }⌉\⌉∇⊣↕ ⌋⟨⊣∇⊣⌋⊔⌉∇⟩∫⊔⟩⌋∫ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒≃∫ ⊣√√⌉⊣∇⊣\⌋⌉ ⊣\⌈ ⊔⟨⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌋≀↕≀⊓∇∫⇔ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉⇔ ⊣∇⌉ ⌋⟨≀∫⌉\↙ T⟨⌉ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉ ⌋⊣\ ⌊⌉ ∫⟩⇕√↕⌉ ⊣\⌈ ⊣⌊∫⊔∇⊣⌋⊔⇔ ∫⊓⌋⟨ ⊣∫ ⌈⌉⌋⟩⌈⟩\} ⊔⟨⊣⊔ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⌊≀∇⌈⌉∇∫ ∫⟨≀⊓↕⌈ ⌊⌉ ⌈⊣∇‖⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊣∇⌉⊣ ⟩\ ⊔⟨⌉ ⌋⌉\⊔⌉∇↙ I⊔ ⌋⊣\ ⌊⌉ ⌋≀⇕√↕⟩⌋⊣⊔⌉⌈⇔ ∫⊓⌋⟨ ⊣∫ ⊒⊣\⊔⟩\} ⊔⟨⌉ ⌊≀∇⌈⌉∇∫ ⊔≀ ⌊⌉ ⊣ ↕⟩}⟨⊔ √⊣∫⊔⌉↕ ⌋≀↕≀⊓∇⇔ ⊔⟨⌉ ⌋⌉\⊔⌉∇ ⊣∇⌉⊣ ⊔≀ ⌊⌉ ⊣ ∫↕⟩}⟨⊔↕† ↕⟩}⟨⊔⌉∇ ⊣\⊣↕≀}≀⊓∫ ⌋≀↕≀⊓∇⇔ ⊔⟨⌉ ⊔⌉§⊔ ⟩\ ⌊≀⊔⟨ ⊣∇⌉⊣∫ ⊔≀ ⌊⌉ ⌈⊣∇‖ ∫⊣⊔⊓∇⊣⊔⌉⌈ ⌋≀↕≀⊓∇∫ ⊣\⌈ ⊔≀ ⟨⊣⊑⌉ ⊣↕↕ ≀{ ⊔⟨⌉∫⌉ ⌋≀↕≀⊓∇∫ ⟨⊣∇⇕≀\⟩‡⌉↙ I⊔ ⌋⊣\ ⌊⌉ ⌈⌉⊔⊣⟩↕⌉⌈⇔ ∫⊓⌋⟨ ⊣∫ ⌈⌉⊘\⟩\} ⊔⟨⌉ ⌉§⊣⌋⊔ ⊑⊣↕⊓⌉∫ {≀∇ ⊣↕↕ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇∫↙ S⌉⌋≀\⌈⇔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊣∇⌉ ⌋⟨≀∫⌉\ ⊔≀ ∫⊣⊔⟩∫{† ⊔⟨⌉∫⌉ ⌋⟨⊣∇⊣⌋⊔⌉∇⟩∫⊔⟩⌋∫ ⊣\⌈ ⊣\† ≀⊔⟨⌉∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀\ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇∫⇔ ⌉∫√⌉⌋⟩⊣↕↕† {⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ∇⌉↕⊣⊔⟩\} ⊔≀ ⌋≀\⊔∇⊣∫⊔ ⊣\⌈ ⊒⟩\⌈≀⊒ ≀∇}⊣\⟩‡⊣⊔⟩≀\↙ C⊓∇∇⌉\⊔↕†⇔ ⊔⟨⌉∇⌉ ⟩∫ \≀ ⊒⊣† √∇≀⊑⟩⌈⌉⌈ {≀∇ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ∫√⌉⌋⟩{† ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⌊⌉⊔⊒⌉⌉\ ⌋≀↕≀⊓∇∫⇔ ∫≀ ≀\↕† ⊔⟨⌉ ⇕≀∫⊔ ⊔∇⟩⊑⟩⊣↕ ≀{ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ ⌋⊣\ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈↙ T⟨⌉ √∇⌉⌋⌉⌈⟩\} ∫⌉⌋⊔⟩≀\∫ ∫⟨≀⊒⌉⌈ ⟨≀⊒ ⌋≀↕≀⊓∇ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⇕⊣† ⌊⌉ ⌉§√∇⌉∫∫⌉⌈ ⊣∫ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ H≀⊒⌉⊑⌉∇⇔ ⊔≀ ⊓∫⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌉{{⌉⌋⊔⟩⊑⌉↕† {≀∇ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ∫⌉↕⌉⌋⊔⟩≀\⇔ ∫⌉⇕⊣\⊔⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ⇕⊓∫⊔ ⌊⌉ ⊣⊔⊔⊣⌋⟨⌉⌈ ⊔≀ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⌋≀↕≀⊓∇∫ ≀\ ⊔⟨⌉ ⌈⟩∫√↕⊣†↙ E§⊣⇕√↕⌉∫ ≀{ ∫⌉⇕⊣\⊔⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ⟩\⌋↕⊓⌈⌉ ⊒⟨⌉⊔⟨⌉∇ ⊣ ⌋≀↕≀⊓∇ ⟩∫ ⊣ ⌊⊣⌋‖}∇≀⊓\⌈ ≀∇ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇⇔ ⟩{ ⟩⊔ ⟩∫ ⊓∫⌉⌈ ⟩\ ⊔⟨⌉ ⌊≀∇⌈⌉∇ ≀∇ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊣∇⌉⊣ ≀{ ⊣ ⊒⟩\⌈≀⊒⇔ ⊒⟨⊣⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⌋∇⌉⊣⊔⌉⌈ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⊣\⌈ ⊒⟨⊣⊔ ⊔⊣∫‖ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⟩∫ ⌊⌉⟩\} ⊓∫⌉⌈ {≀∇↙ S≀⇕⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫⇔ ∫⊓⌋⟨ ⊣∫ X∞∞⇔ ⊣↕∇⌉⊣⌈† ⟨⊣⊑⌉ ∫⌉⇕⊣\⊔⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ⊣⊔⊔⊣⌋⟨⌉⌈ ⊔≀ ⌋≀↕≀⊓∇∫ ⌊⊓⊔ ⇕⊣‖⌉ ⊑⌉∇† ↕⟩⊔⊔↕⌉ ⊓∫⌉ ≀{ ⟩⊔ ⇐∫⌉⌉ S⌉⌋⊔⟩≀\ ↙̸∞⇒↙ B† ⊣⊔⊔⊣⌋⟨⟩\} ∫⌉⇕⊣\⊔⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ⊔≀ ⌋≀↕≀⊓∇∫⇔ ⟩⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ ⊔≀ ⊣⌈⌈ ⌋≀↕≀⊓∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔≀ ⊣ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙ T⟨⌉∫⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌋⊣\ ⊣∫∫⟩∫⊔ ⊒⟩⊔⟨ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ∫⌉↕⌉⌋⊔⟩≀\ ⟩\ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ⊒⊣†∫¬ • F⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌋⊣\ ⌊⌉ ⊣√√↕⟩⌉⌈ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕†↙ • P≀∫∫⟩⌊↕⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ⌋⊣\ ⌊⌉ ∫⊓}}⌉∫⊔⌉⌈↙ • M≀∇⌉ ⊣⌊∫⊔∇⊣⌋⊔ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\∫ ⊣∇⌉ √≀∫∫⟩⌊↕⌉↙ • U∫⌉{⊓↕ ⌈⌉{⊣⊓↕⊔∫ ⌋⊣\ ⌊⌉ √∇≀⊑⟩⌈⌉⌈↙

▽↙△↙ A∫∫⟩∫⊔⊣\⌋⌉ {≀∇ A⌉∫⊔⟨⌉⊔⟩⌋ C≀↕≀⊓∇ S⌉↕⌉⌋⊔⟩≀\ ▽∞

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

▽↙△↙∞ A⊓⊔≀⇕⊣⊔⟩⌋ H⊣\⌈↕⟩\} ≀{ F⊓\⌋⊔⟩≀\⊣↕ C≀\∫⊔∇⊣⟩\⊔∫ T≀ ⊣↕↕≀⊒ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ⌋≀\⌋⌉\⊔∇⊣⊔⌉ ≀\ ⇕⊣‖⟩\} ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉∫⇔ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ∫⟨≀⊓↕⌈ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕† ⟨⊣\⌈↕⌉ ∫≀⇕⌉ ≀{ ⊔⟨⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ T⟨⌉ ⊔⊒≀ ⇕≀∫⊔ ⌋≀⇕⇕≀\ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ⌋≀\⊔∇⊣∫⊔ ⊣\⌈ ⊒⟩\⌈≀⊒ ≀∇}⊣\⟩‡⊣⊔⟩≀\⇔ ⊣∇⌉ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⌊⌉↕≀⊒↙ ▽↙△↙∞↙∞ C≀\⊔∇⊣∫⊔ I\ C⟨⊣√⊔⌉∇ △ ⊔⟨⌉ ⟩⇕√≀∇⊔⊣\⌋⌉ ⊣\⌈ ⌈⟩{⊘⌋⊓↕⊔† ⟩\ ⌋⊣↕⌋⊓↕⊣⊔⟩\} ⌋≀\⊔∇⊣∫⊔ ⟩∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⊣\⌈ ⊣ ∇⌉⊣∫≀\⊣⌊↕⌉ ⇕⌉⊔∇⟩⌋ {≀∇ ⌋⊣↕⌋⊓↕⊣⊔⟩\} ⌋≀\⊔∇⊣∫⊔ ≀\ CRT∫ ⟩∫ √∇⌉∫⌉\⊔⌉⌈↙ U∫⟩\} ⊔⟨⟩∫ ⇕⌉⊔∇⟩⌋⇔ ⟩⊔ ⟩∫ ∫⊔∇⊣⟩}⟨⊔{≀∇⊒⊣∇⌈ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔⟨⊣⊔ ⌉\{≀∇⌋⌉∫ ⌋≀\⊔∇⊣∫⊔ ⌊† ⌉\∫⊓∇⟩\} ⊔⟨⌉∇⌉ ⟩∫ ∫⊓{⊘⌋⟩⌉\⊔ ↕⊓⇕⟩\⊣\⌋⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊣\† √⊣⟩∇ ≀{ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫↙ A∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ C⟨⊣√⊔⌉∇ △⇔ ⟩{ ⊔⟨⌉ ⌋≀\⊔⌉§⊔ ⟩\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⊒⟩↕↕ ⌊⌉ ⊓∫⌉⌈ ⟩∫ ‖\≀⊒\⇔ ⊔⟨⌉ ⌋≀\⊔∇⊣∫⊔ ⌋⊣\ ⌊⌉ ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⇕≀∇⌉ ⊣⌋⌋⊓∇⊣⊔⌉↕†↙ O⊔⟨⌉∇⊒⟩∫⌉⇔ ⊔⟨⌉ ⊒≀∇∫⊔ ⌋⊣∫⌉ ∫⊓}}⌉∫⊔⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ △↙∋ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈↙ F≀∇⊔⊓\⊣⊔⌉↕†⇔ ⟩⊔ ⟩∫ ∇⌉↕⊣⊔⟩⊑⌉↕† ⌉⊣∫† {≀∇ ⊣\ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊔≀ ⟩\{≀∇⇕ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⟩{ ⊔⟨⌉ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇ ⊒⟩↕↕ ⌊⌉ ⊓∫⌉⌈ {≀∇ ⊣ ∫√⌉⌋⟩⊘⌋ √⊓∇√≀∫⌉ ∫⊓⌋⟨ ⊣∫ ⌈⟩∫√↕⊣†⟩\} ⊔⌉§⊔ ⊓∫⟩\} ⊣ ⌋⌉∇⊔⊣⟩\ {≀\⊔↙ A∫ ⊒⊣∫ √≀⟩\⊔⌉⌈ ≀⊓⊔ ⟩\ S⌉⌋⊔⟩≀\ △↙∞⇔ ⊒⟨⟩↕⌉ ⊔⟨⌉ ⊣⌊∫≀↕⊓⊔⌉ ⇕⟩\⟩⇕⊓⇕ ⌋≀\⊔∇⊣∫⊔ ⊔⟨∇⌉∫⟨≀↕⌈ ⟩∫ ⊣√√∇≀§⟩⇕⊣⊔⌉↕† ∞∈↗⇔ ⊣ ⇕⊓⌋⟨ ⟨⟩}⟨⌉∇ ⊔⟨∇⌉∫⟨≀↕⌈ ≀{ ⊣∫ }∇⌉⊣⊔ ⊣∫ ∀′↗ ≀{ ⊔⟨⌉ ⇕⊣§⟩⇕⊓⇕ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⌋≀\⊔∇⊣∫⊔ ⇕⊣† ⌊⌉ \⌉⌉⌈⌉⌈ ⊔≀ ⌉\∫⊓∇⌉ ⌋≀⇕{≀∇⊔⊣⌊↕⌉ ∇⌉⊣⌈⟩\}↙ A⌈⌈⟩⊔⟩≀\⊣↕↕†⇔ ∫≀⇕⌉ ⊓∫⌉∇∫ ⊒⟩↕↕ ⊒⊣\⊔ ⊔≀ ⊣⌈|⊓∫⊔ ⊔⟨⟩∫ ⊔⟨∇⌉∫⟨≀↕⌈ ⊔≀ ⊣⌋⌋≀⊓\⊔ {≀∇ √≀≀∇ ⊑⟩∫⟩≀\ ≀∇ ⊣⌉∫⊔⟨⌉⊔⟩⌋ √∇⌉{⌉∇⌉\⌋⌉∫⇔ ∫≀ ⊔⟨⌉ ⊔⟨∇⌉∫⟨≀↕⌈ ⊓∫⌉⌈ ⟩\ ⊔⟨⟩∫ ⌋≀\∫⊔∇⊣⟩\⊔ ∫⟨≀⊓↕⌈ ⌊⌉ ⊓∫⌉∇ ⊣⌈|⊓∫⊔⊣⌊↕⌉↙ ▽↙△↙∞↙∈ W⟩\⌈≀⊒ O∇}⊣\⟩‡⊣⊔⟩≀\ T≀ ⌋∇⌉⊣⊔⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔⟨⊣⊔ ⊣∫∫⟩∫⊔ ⊒⟩⊔⟨ ⊒⟩\⌈≀⊒ ≀∇}⊣\⟩‡⊣⊔⟩≀\⇔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⇕⊓∫⊔ ‖\≀⊒ ⊔⟨⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⌊⌉⊔⊒⌉⌉\ ⊒⟩\⌈≀⊒∫ ⊣\⌈ ⟨⊣⊑⌉ ⊣ ⇕⌉⊔∇⟩⌋ ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⟩{ ⊒⟩\⌈≀⊒∫ ⊣∇⌉ ⊑⟩∫⊓⊣↕↕† ∫⟩⇕⟩↕⊣∇ ≀∇ ⊑⟩∫⊓⊣↕↕† ⌈⟩{{⌉∇⌉\⊔↙ U∫⟩\} ⊔⟨⟩∫ ⟩\{≀∇⇕⊣⊔⟩≀\⇔ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔⟨⊣⊔ }∇≀⊓√ ∇⌉↕⊣⊔⌉⌈ ⊒⟩\⌈≀⊒∫ ⊣\⌈ ⌋∇⌉⊣⊔⌉ ⊑⟩∫⊓⊣↕ ⌈⟩∫⊔⟩\⌋⊔⟩⊑⌉\⌉∫∫ ⌊⌉⊔⊒⌉⌉\ ⊓\∇⌉↕⊣⊔⌉⌈ ⊒⟩\⌈≀⊒∫ ⌋⊣\ ⌊⌉ ⌋∇⌉⊣⊔⌉⌈↙ W⟩\⌈≀⊒ R⌉↕⊣⊔⟩≀\∫⟨⟩√∫↙ T⟨⌉∇⌉ ⊣∇⌉ ⇕⊣\† ⊒⊣†∫ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⌋≀⊓↕⌈ ⌊⌉ ⟩\{≀∇⇕⌉⌈ ≀{ ⊔⟨⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⌊⌉⊔⊒⌉⌉\ ⊒⟩\⌈≀⊒∫↙ A √≀∫∫⟩⌊↕⌉ ⊣√√∇≀⊣⌋⟨ ⟩∫ ⊔≀ ⟨⊣⊑⌉ ⊔⟨⌉ ⊓∫⌉∇ ∫√⌉⌋⟩{† ⊔⟨⌉⇕⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⟩\⌋≀\∫⟩∫⊔⌉\⊔ ⊒⟩⊔⟨ ∇⌉⌈⊓⌋⟩\} ⊔⟨⌉ ⊒≀∇‖↕≀⊣⌈ ≀\ ⊔⟨⌉ ⊓∫⌉∇↙ I\∫⊔⌉⊣⌈⇔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ∫⟨≀⊓↕⌈ ⟩\{⌉∇ ∇⌉⊣∫≀\⊣⌊↕⌉ ⌈⌉{⊣⊓↕⊔ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫↙ O{ ⌋≀⊓∇∫⌉⇔ ⊔⟨⌉ ⊓∫⌉∇ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣⌊↕⌉ ⊔≀ ⌋⟨⊣\}⌉ ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔∫ ≀∇ ∫√⌉⌋⟩{† ⊣⌈⌈⟩⊔⟩≀\⊣↕ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫↙ A ∫⟩⇕√↕⌉ ⊔⌉⌋⟨\⟩∐⊓⌉ {≀∇ ⟩\{⌉∇∇⟩\} ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⌊⌉⊔⊒⌉⌉\ ⊒⟩\⌈≀⊒∫ ⟩∫ ⊔≀ ⌈⌉∇⟩⊑⌉ ⊔⟨⌉⇕ {∇≀⇕ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋ ⊣⊔⊔∇⟩⌊⊓⊔⌉∫ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫↙ S⌉⇕⊣\⊔⟩⌋⊣↕↕† ∫⟩⇕⟩↕⊣∇ ⊒⟩\⌈≀⊒∫ ∫⟨≀⊓↕⌈ ⌊⌉ ⌋≀↕≀⊓∇⌉⌈ ∫⟩⇕⟩↕⊣∇↕†⇔ ⊒⟩\⌈≀⊒∫ ⊔⟨⊣⊔ ⊣∇⌉ ∫⌉⇕⊣\⊔⟩⌋⊣↕↕† ⌈⟩{{⌉∇⌉\⊔ ∫⟨≀⊓↕⌈ ⌊⌉ ⌋≀↕≀⊓∇⌉⌈ ⌈⟩{{⌉∇⌉\⊔↕†↙ S≀⇕⌉ ∫⌉⇕⊣\⊔⟩⌋ ⊣⊔⊔∇⟩⌊⊓⊔⌉∫⇔ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ \⊣⇕⌉ ≀{ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ √∇≀}∇⊣⇕ ⊔⟨⊣⊔ ≀⊒\∫ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⊣\⌈ ⊔⟨⌉ ⇕⊣⌋⟨⟩\⌉ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⟩∫ ∇⊓\\⟩\} ≀\⇔ ⌋⊣\ ⌊⌉ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕† ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⌊† ⊔⟨⌉ ∫†∫⊔⌉⇕↙ A⌈⌈⟩⊔⟩≀\⊣↕ ∫⌉⇕⊣\⊔⟩⌋ ⊣⊔⊔∇⟩⌊⊓⊔⌉∫⇔ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ ⊔†√⌉ ≀{ ⊒≀∇‖ ⌊⌉⟩\} ⌈≀\⌉ ⟩\ ⊔⟨⌉ ⊒⟩\⌈≀⊒⇔ ⌋⊣\ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ ⌊† ⊓∫⌉∇↙ H≀⊒⌉⊑⌉∇⇔ ∫≀⇕⌉ }∇≀⊓√⟩\}∫ ∇⌉∐⊓⟩∇⌉ ⇕≀∇⌉ ⊔⟨⊣\ ≀\⌉ ≀{ ⊔⟨⌉∫⌉ ∫⌉⇕⊣\⊔⟩⌋ ⊣⊔⊔∇⟩⌊⊓⊔⌉∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊓∫⌉∇∫ ⇕⊣† ⊒⟩∫⟨ ⊔≀ }∇≀⊓√ ⊒⟩\⌈≀⊒∫ ⊣⌋⌋≀∇⌈⟩\} ⊔≀ ⊣↕↕ ⊔⟨∇⌉⌉ ⊣⊔⊔∇⟩⌊⊓⊔⌉∫ ⇕⌉\⊔⟩≀\⌉⌈ ⊣⌊≀⊑⌉ ≀∇ ⊔≀ ⊓∫⌉ ≀⊔⟨⌉∇ ⊣⊔⊔∇⟩⌊⊓⊔⌉∫⇔ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ ⊔†√⌉ ≀{ ⊘↕⌉ ⌊⌉⟩\} ⌉⌈⟩⊔⟩\} ⟩\ ⊣\ ⌉⌈⟩⊔≀∇ ⊒⟩\⌈≀⊒↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊔⟨⌉∇⌉ ∫⟨≀⊓↕⌈ ⌊⌉ \≀ ∇⌉∫⊔∇⟩⌋⊔⟩≀\ ≀\ ⊔⟨⌉ ⊔†√⌉ ≀{ ⊣⊔⊔∇⟩⌊⊓⊔⌉∫ ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ ⊣⊔⊔⊣⌋⟨⌉⌈ ⊔≀ ⊣ ⊒⟩\⌈≀⊒⇔ ⊣\⌈ ⊔⟨⌉ ⇕⌉⊔⟨≀⌈ ⊓∫⌉⌈ ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⊒⟨⟩⌋⟨ ⊒⟩\⌈≀⊒∫ ⊣∇⌉ ⊖⌈⟩{{⌉∇⌉\⊔⪰ ⊣\⌈ ⊖∫⟩⇕⟩↕⊣∇⪰ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣⌈|⊓∫⊔⊣⌊↕⌉ ⌊† ⊔⟨⌉ ⊓∫⌉∇↙

▽∈ C⟨⊣√⊔⌉∇ ▽↙ C≀↕≀⊓∇ C≀\∫⊔∇⊣⟩\⊔∫

W⟩\⌈≀⊒ D⟩{{⌉∇⌉\⌋⌉↙ A }⌉\⌉∇⊣↕ ⇕≀⌈⌉↕ ≀{ ⟨≀⊒ ⊒⟩\⌈≀⊒∫ ⌋⊣\ ⌊⌉ |⊓⌈}⌉⌈ ⊣∫ ∇⌉↕⊣⊔⌉⌈ ≀∇ ⊓\∇⌉↕⊣⊔⌉⌈ ⟨⊣∫ \≀⊔ ⌊⌉⌉\ ⌈⌉⊑⌉↕≀√⌉⌈ ⊣\⌈ ⌈≀⟩\} ∫≀ ⟩∫ ⌊⌉†≀\⌈ ⊔⟨⌉ ∫⌋≀√⌉ ≀{ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫↙ H≀⊒⌉⊑⌉∇⇔ ∫⟩\⌋⌉ ⊣ ⇕⌉⊔⟨≀⌈ {≀∇ |⊓⌈}⟩\} ⊔⟨⌉ ⊑⟩∫⊓⊣↕ ⌈⟩{{⌉∇⌉\⌋⌉ ⊣\⌈ ∫⟩⇕⟩↕⊣∇⟩⊔† ≀{ ⊒⟩\⌈≀⊒∫ ⟩∫ \⌉⌉⌈⌉⌈⇔ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ∫⟩⇕√↕⌉ ∫⌋⟨⌉⇕⌉ ⟩∫ √∇≀√≀∫⌉⌈↙ F⟩∇∫⊔⇔ \≀⊔⟩⌋⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ⌈≀⇕⟩\⊣\⊔ ⌋≀↕≀⊓∇∫ ⟩\ ⊣\† ⊒⟩\⌈≀⊒ ⊣∇⌉ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ≀{ ⌊≀⊔⟨ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊣∇⌉⊣ ⊣\⌈ ⊔⟨⌉ ⌊≀∇⌈⌉∇↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩{ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ≀{ ⊔⊒≀ ⊒⟩\⌈≀⊒∫ ⊣∇⌉ ⊔⟨⌉ ∫⊣⇕⌉⇔ ∫≀⇕⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√ ⊒⟩↕↕ ⌊⌉ ⊣∫∫⊓⇕⌉⌈ ⊔≀ ⌉§⟩∫⊔ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉∫⌉ ⊒⟩\⌈≀⊒∫↙ I{ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⌈⟩{{⌉∇⌉\⊔⇔ \≀ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√ ⊒⟩↕↕ ⌊⌉ ⊣∫∫⊓⇕⌉⌈⇔ ∇⌉}⊣∇⌈↕⌉∫∫ ≀{ ⊔⟨⌉ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫↙ T⟨⌉∇⌉ ⊣∇⌉ ⌉§⌋⌉√⊔⟩≀\∫⇔ ≀{ ⌋≀⊓∇∫⌉↙ I{ ⊣↕↕ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⊑⌉∇† ⌈⌉∫⊣⊔⊓∇⊣⊔⌉⌈ ⊣\⌈ ⌈⊓↕↕⇔ ⊣\⌈ ⊣↕↕ ⊔⟨⌉ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⌉§⊔∇⌉⇕⌉↕† ∫⊣⊔⊓∇⊣⊔⌉⌈⇔ ⊔⟨⌉\ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⇕⟩}⟨⊔ ⌊⌉ ⌈∇⊣⊒\ ⌊⊣∫⌉⌈ ≀\ ⊔⟨⌉ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫↙ I\ }⌉\⌉∇⊣↕⇔ ⟨≀⊒⌉⊑⌉∇⇔ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ⌋⊣\ ⌊⌉ ∫⊣{⌉↕† ⟩}\≀∇⌉⌈↙ G⟩⊑⌉\ ⊔⟨⟩∫⇔ ⊒⟩\⌈≀⊒∫ ⌋⊣\ ⌊⌉ |⊓⌈}⌉⌈ ⊔≀ ⌊⌉ ⌈⟩{{⌉∇⌉\⊔ ⟩{ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈∫ ⊣∇⌉ ⌈⟩{{⌉∇⌉\⊔⇔ ⊣\⌈ ⊔⟨⌉ ∫⊣⇕⌉ ⟩{ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⊔⟨⌉ ∫⊣⇕⌉↙ T≀ ⟩⇕√↕⌉⇕⌉\⊔ ⊔⟨⟩∫ ⌋≀\∫⊔∇⊣⟩\⊔⇔ ⟩⊔ ⟩∫ \⌉⌋⌉∫∫⊣∇† ≀\↕† ⊔≀ ⇕⌉⊣∫⊓∇⌉ ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ≀{ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫⇔ ⊣∫ ⟩↕↕⊓∫⊔∇⊣⊔⌉⌈ ⟩\ F⟩}⊓∇⌉ ▽↙∞↙ C≀↕≀⊓∇ D⟩{{⌉∇⌉\⌋⌉↙ M≀∫⊔ ⌈⌉⊘\⟩⊔⟩≀\∫ ≀{ ⊖⌈⟩{{⌉∇⌉\⊔⪰ ⊣\⌈ ⊖∫⟩⇕⟩↕⊣∇⪰ ⊒⟩\⌈≀⊒∫⇔ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ ≀\⌉ √∇⌉∫⌉\⊔⌉⌈ ⟩\ ⊔⟨⌉ √∇⌉⊑⟩≀⊓∫ ∫⌉⌋⊔⟩≀\⇔ ⌈⌉√⌉\⌈ ≀\ |⊓⌈}⟩\} ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ≀{ ≀\⌉ ≀∇ ⇕≀∇⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫↙ R⌉⌋⌉\⊔ ⌉§√⌉∇⟩⇕⌉\⊔⊣⊔⟩≀\ ⌊† B≀†\⊔≀\ ⊣\⌈ S⇕⊣↕↕⇕⊣\ ⇐S⌉⌋⊔⟩≀\ ∈↙⇏ ∫⟨≀⊒∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⊣⌊⟩↕⟩⊔† ⊔≀ ∫⌉}∇⌉}⊣⊔⌉ ⌋≀↕≀⊓∇∫ ⟩∫ ⌈⌉√⌉\⌈⌉\⊔ ≀\ ⊔⟨⌉⟩∇ ∫⌉√⊣∇⊣⊔⟩≀\ ⟩\ ⊣ ⊓\⟩{≀∇⇕ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉↙ T⟨⌉† {≀⊓\⌈ ⊔⟨⊣⊔ ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇∫ ∫⌉}∇⌉}⊣⊔⌉⌈ ⊒⌉↕↕ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉† ⊣∇⌉ ⊒⌉↕↕ ∫⌉√⊣∇⊣⊔⌉⌈ ⟩\ ⊔⟨⌉ OSA ⌋≀↕≀⊓∇ ∫√⊣⌋⌉⇔ ⊒⟩⊔⟨ ⊣\ ⊣⊑⌉∇⊣}⌉ ⟩\⊔⌉∇√≀⟩\⊔ E⊓⌋↕⟩⌈⌉⊣\ ⌈⟩∫⊔⊣\⌋⌉ ≀{ }∇⌉⊣⊔⌉∇ ⊔⟨⊣\ ⊔⌉\ OSA ⊓\⟩⊔∫↙ T⟨⌉† ⊣↕∫≀ {≀⊓\⌈ ⊔⟨⊣⊔ ⟩\ ∫√⌉⌋⟩⊣↕ ⌋⊣∫⌉∫⇔ ⌈⟩∫⊔⊣\⌋⌉∫ ≀{ ≀\↕† ⊘⊑⌉ ⊓\⟩⊔∫ √∇≀⊑⟩⌈⌉⌈ ∫⊓{⊘⌋⟩⌉\⊔ ∫⌉}∇⌉}⊣⊔⟩≀\↙ T⟨⌉† ⌈⟩⌈ \≀⊔ ⌉§⊔⌉\⌈ ⊔⟨⌉⟩∇ ∫⊔⊓⌈† ⊔≀ ⊘\⌈ ⊣ ↕≀⊒⌉∇ ⌊≀⊓\⌈ ≀\ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⊔⟨⊣⊔ √∇≀⊑⟩⌈⌉∫ }≀≀⌈ ∫⌉}∇⌉}⊣⊔⟩≀\⇔ ⌊⊓⊔ ⊔⟨⌉⟩∇ ⊒≀∇‖ ⌋⊣\ √∇≀⊑⟩⌈⌉ ⊣ }≀≀⌈ ⇕⌉⊔∇⟩⌋↙ T⊣⌊↕⌉ ∈↙∋ ∫⟨≀⊒∫ ⊔⟨⊣⊔ ⊣ ⌈⟩∫⊔⊣\⌋⌉ ≀{ ⊔⌉\ OSA ⊓\⟩⊔∫ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊣∫ ⊣ ⊔⟨∇⌉∫⟨≀↕⌈ {≀∇ }≀≀⌈ ⌋≀↕≀⊓∇ ∫⌉√⊣∇⊣⊔⟩≀\↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⟩∫ ⌈⟩∫⊔⊣\⌋⌉ ⟩∫ ≀\↕† ⊣\ ⌉∫⊔⟩⇕⊣⊔⌉ ⌊⊣∫⌉⌈ ≀\ ⊔⟨⌉ ∫⌉√⊣∇⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇∫⇔ ⊣\⌈ ⊔⟨⌉ ⇕⌉⊣∫⊓∇⌉⇕⌉\⊔ ≀{ ⌈⟩{{⌉∇⌉\⌋⌉ ⟩\ ⊣\† ⊓\⟩{≀∇⇕ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉⇔ ⟩\⌋↕⊓⌈⟩\} ⊔⟨⌉ OSA ∫√⊣⌋⌉⇔ ⟩∫ \≀⊔ ⌉§⊣⌋⊔↙ T⟨⊓∫⇔ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔⟨⊣⊔ ⌉\{≀∇⌋⌉∫ ⌋≀↕≀⊓∇ ⌈⟩{{⌉∇⌉\⌋⌉ ⌈≀⌉∫ \≀⊔ ⊓∫⌉ ⊔⟨⟩∫ ⊑⊣↕⊓⌉ ⊣∫ ⊣ ⊘§⌉⌈ ⊔⟨∇⌉∫⟨≀↕⌈↙ R⊣⊔⟨⌉∇⇔ ⟩⊔ ∇⊣⊔⌉∫ ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⊣∫ √∇≀}∇⌉∫∫⟩⊑⌉↕† ⊒≀∇∫⌉ ⊔⟨⌉ {⊣∇⊔⟨⌉∇ ⊓\⌈⌉∇ ⊔⌉\ OSA ⊓\⟩⊔∫ ⟩⊔ {⊣↕↕∫↙ T⟨⌉∇⌉{≀∇⌉⇔ ⟩{ ⟩⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ {≀∇ ⊔⊒≀ ⌋≀↕≀⊓∇∫ ⊔≀ ⌊⌉ ∫⌉√⊣∇⊣⊔⌉⌈ ⌊† ⊔⟨⌉ ⊔⟨∇⌉∫⟨≀↕⌈ ⊑⊣↕⊓⌉ ⊔⟨⌉† ⊒⟩↕↕ ⌊⌉⇔ ⌊⊓⊔ ⟩{ ≀⊔⟨⌉∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌈∇⊣⊒ ⊔⟨⌉⇕ ⌋↕≀∫⌉∇ ⊔≀}⌉⊔⟨⌉∇⇔ ⊔⟨⌉ √⌉\⊣↕⊔† {≀∇ ⊣ ⌈⌉⌋∇⌉⊣∫⌉⌈ ⌈⟩∫⊔⊣\⌋⌉ ⊒⟩↕↕ ⌊⌉ ⟩\∫⟩}\⟩⊘⌋⊣\⊔ {≀∇ ⊑⊣↕⊓⌉∫ ⌋↕≀∫⌉ ⊔≀ ⊔⌉\⇔ ⌊⊓⊔ }∇⊣⌈⊓⊣↕↕† ⌊⌉⌋≀⇕⌉ ⇕≀∇⌉ ∫⟩}\⟩⊘⌋⊣\⊔ ⊣∫ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⌈⌉⌋∇⌉⊣∫⌉∫↙ M⌉⊣∫⊓∇⟩\} C≀↕≀⊓∇ D⟩∫⊔⊣\⌋⌉↙ B≀†\⊔≀\≃∫ ⊒≀∇‖ ⊒⊣∫ ⌈≀\⌉ ⟩\ ⊔⟨⌉ OSA ⌋≀↕≀⊓∇ ∫√⊣⌋⌉ ⊒⟨⟩⌋⟨ ⟩∫ \≀⊔ √⊣∇⊔⟩⌋⊓↕⊣∇↕† ⊓∫⌉{⊓↕ ⊒⟨⌉\ ⊒≀∇‖⟩\} ⊒⟩⊔⟨ ⊣ ⌋≀⇕√⊓⊔⌉∇ ⌈⟩∫√↕⊣†⇔ ⊣∫ ⟩⊔ ⟩∫ \⌉⟩⊔⟨⌉∇ ⌋≀\⊔⟩\⊓≀⊓∫ \≀∇ ⌈≀⌉∫ ⟩⊔ ⊣√√↕† ⊔≀ ⊔⟨⌉ ⌉\⊔⟩∇⌉ }⊣⇕⊓⊔ ≀{ ⌋≀↕≀⊓∇∫ ⊣⊑⊣⟩↕⊣⌊↕⌉ ≀\ ⊣ CRT↙ H≀⊒⌉⊑⌉∇⇔ ⌋≀↕≀⊓∇ ⌈⟩{{⌉∇⌉\⌋⌉ ⊒≀∇‖∫ ⊒⌉↕↕ ⟩\ ⊔⟨⌉ OSA ∫√⊣⌋⌉ ⌊⌉⌋⊣⊓∫⌉ ⟩⊔ ⟩∫ √⌉∇⌋⌉√⊔⊓⊣↕↕† ⊓\⟩{≀∇⇕↙ T⟨⊓∫⇔ ≀⊔⟨⌉∇ √⌉∇⌋⌉√⊔⊓⊣↕↕† ⊓\⟩{≀∇⇕ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉∫ ⌋⊣\ ∫⌉∇⊑⌉ ⌉∐⊓⊣↕↕† ⊒⌉↕↕⇔ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ CIELUV ⌋≀↕≀⊓∇ ∫√⊣⌋⌉↙ A√√⌉\⌈⟩§ A ∫⟨≀⊒∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⊒≀∇‖ ⌈≀\⌉ ⊓∫⟩\} OSA ⟩\⊔⌉∇√≀⟩\⊔ ⌈⟩∫⊔⊣\⌋⌉∫ ⌋⊣\ ⌊⌉ ⊣√√↕⟩⌉⌈ ∇⌉⊣∫≀\⊣⌊↕⌉ ⊒⌉↕↕ ⊓∫⟩\} CIELUV ⟩\⊔⌉∇√≀⟩\⊔ ⌈⟩∫⊔⊣\⌋⌉∫↙ T⟨⌉ ⊣⌈⊑⊣\⊔⊣}⌉ ≀{ CIELUV ⟩∫ ⊔⟨⊣⊔ ⊣\ ⌉⊣∫† ⌋≀\⊑⌉∇∫⟩≀\ ⌉§⟩∫⊔∫ ⌊⌉⊔⊒⌉⌉\ ⟩⊔ ⊣\⌈ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉∫ ⌋≀⇕⇕≀\↕† ⊓∫⌉⌈ ⟩\ ⌋≀⇕√⊓⊔⌉∇ }∇⊣√⟨⟩⌋∫⇔ ∫⊓⌋⟨ ⊣∫ RGB ⊣\⌈ HLS↙ A√√⌉\⌈⟩§ A ∫⟨≀⊒∫ ⊔⟨⊣⊔ ⊔⌉\ OSA ⊓\⟩⊔∫ ⟩∫ ⊣√√∇≀§⟩⇕⊣⊔⌉↕† ⌉∐⊓⊣↕ ⊔≀ ⌉⟩}⟨⊔† CIELUV ⊓\⟩⊔∫⇔ ⊒⟨⟩⌋⟨ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊣∫ ⊔⟨⌉ ⊔⟨∇⌉∫⟨≀↕⌈ {≀∇ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⌋≀\∫⊔∇⊣⟩\⊔ {≀∇ ⌈⟩{{⌉∇⌉\⊔ ⊒⟩\⌈≀⊒∫↙

▽↙△↙∈ S⊓}}⌉∫⊔ C≀↕≀⊓∇ C≀⇕⌊⟩\⊣⊔⟩≀\∫ S⌉⌋⊔⟩≀\ ∈↙∀ ⌈⟩∫⌋⊓∫∫⌉∫ ⊔⟨⌉ ⌈⟩{⊘⌋⊓↕⊔† ⟩\ √∇≀⌈⊓⌋⟩\} ⊣ }⌉\⌉∇⊣↕ ⇕≀⌈⌉↕ ≀{ ⌋≀↕≀⊓∇ ⟨⊣∇⇕≀\†↙ T⟨⌉ ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉∫ √⌉≀√↕⌉ ⇕⊣‖⌉ ⟩\ ⊔⟨⌉⟩∇ ⌉⊑⌉∇†⌈⊣† ↕⟩⊑⌉∫ ∫⟨≀⊒ ⊔⟨⊣⊔ ⌋≀↕≀⊓∇ √∇⌉{⌉∇⌉\⌋⌉∫ ⊣\⌈ ⌋≀↕≀⊓∇ ⟨⊣∇⇕≀\⟩⌉∫ ⊣∇⌉ ⊑⌉∇† ∫⊓⌊|⌉⌋⊔⟩⊑⌉↙ T⟨⊓∫⇔ ⌉§√⌉⌋⊔⟩\} ⊣ ⌋≀⇕√⊓⊔⌉∇ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊔≀ ∫⌉↕⌉⌋⊔ ⟨⊣∇⇕≀\⟩≀⊓∫ ⌋≀↕≀⊓∇∫ {≀∇ ⊒⟩\⌈≀⊒∫ ⊒⟩⊔⟨≀⊓⊔ ⊓∫⌉∇ ⊣∫∫⟩∫⊔⊣\⌋⌉ ⟩∫ ⊓\∇⌉⊣∫≀\⊣⌊↕⌉↙ H≀⊒⌉⊑⌉∇⇔ ⌉§√⌉⌋⊔⟩\} ⊓∫⌉∇∫ ⊔≀ ⇕⊣‖⌉ ⟨⊣∇⇕≀\⟩≀⊓∫ ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉∫ ⇕⊣† ⌊⌉ ⌉∐⊓⊣↕↕† ⊓\∇⌉⊣∫≀\⊣⌊↕⌉↙ W⟨⟩↕⌉ ⟩⊔ ⟩∫ ∐⊓⟩⊔⌉ ⌉⊣∫† {≀∇ ⇕≀∫⊔ ⊓∫⌉∇∫ ⊔≀ ∫⊣† ⊒⟨⌉⊔⟨⌉∇ ⊔⟨⌉† ↕⟩‖⌉ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\ ≀∇ \≀⊔⇔ ⟩⊔ ⟩∫ ∫⟩}\⟩⊘⌋⊣\⊔↕† ⟨⊣∇⌈⌉∇ {≀∇

▽↙△↙ A∫∫⟩∫⊔⊣\⌋⌉ {≀∇ A⌉∫⊔⟨⌉⊔⟩⌋ C≀↕≀⊓∇ S⌉↕⌉⌋⊔⟩≀\ ▽∋

⊔⟨⌉⇕ ⊔≀ ⊣⌋⊔⊓⊣↕↕† }⌉\⌉∇⊣⊔⌉ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ⊔⟨⌉† ⊘\⌈ ⊣√√⌉⊣↕⟩\}↙ C∇⌉⊣⊔⟩\} ⟨⊣∇⇕≀\⟩≀⊓∫ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ⟩∫ ∫≀⇕⌉⊔⟨⟩\} ⊔⟨⊣⊔ ⊣∇⊔⟩∫⊔∫ ⊣\⌈ ⌈⌉∫⟩}\⌉∇∫ ⊔⊣‖⌉ †⌉⊣∇∫ ⊔≀ ↕⌉⊣∇\⇔ ⊣\⌈ ⇕≀∫⊔ ⊓∫⌉∇∫ ≀{ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫ ⊣∇⌉ \≀⊔ ⊔∇⊣⟩\⌉⌈ ⊣∇⊔⟩∫⊔∫ ≀∇ ⌈⌉∫⟩}\⌉∇∫↙ T†√⟩⌋⊣↕ ⊓∫⌉∇∫ ⇕⊣‖⌉ {⊣∇ ⌊⌉⊔⊔⌉∇ ⌋∇⟩⊔⟩⌋∫ ⊔⟨⊣\ ⌈⌉∫⟩}\⌉∇∫↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊣ \⊣⊔⊓∇⊣↕ ⊒⊣† ⊔≀ ⊣∫∫⟩∫⊔ ⊓∫⌉∇∫ ⟩\ ⇕⊣‖⟩\} ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉∫ ⟩∫ ⊔≀ ∫⊓}}⌉∫⊔ ⊑⊣∇⟩≀⊓∫ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ⊣\⌈ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫⇔ ⊣\⌈ ↕⌉⊔ ⊔⟨⌉⇕ ⌋∇⟩⊔⟩⌋⟩‡⌉↙ C≀\∫⟩⌈⌉∇ ⊔⟨⌉ ⊔⊣∫‖ ≀{ ∫⌉↕⌉⌋⊔⟩\} ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⌋≀↕≀⊓∇∫ ⊑⟩⊣ ∫⊓}}⌉∫⊔⟩≀\ ⊣\⌈ ⌋∇⟩⊔⟩⌋⟩∫⇕ ⌊† √∇≀⊑⟩⌈⟩\} ⊔⟨⌉ ⊓∫⌉∇ ⊒⟩⊔⟨ ⊣ ∫⇕⊣↕↕ √⊣↕⌉⊔⊔⌉ ≀{ ⌋≀↕≀⊓∇∫ {∇≀⇕ ⊒⟨⟩⌋⟨ ⊔⟨⌉† ⌋⊣\ ∫⌉↕⌉⌋⊔ ⊣ ∫⟩\}↕⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉↙ T⟨⟩∫ ⊣√√∇≀⊣⌋⟨ ⟩∫ ⌊⌉⌋≀⇕⟩\} ⇕≀∇⌉ ⌋≀⇕⇕≀\⇔ ⌊⌉⟩\} ⊓∫⌉⌈ ⟩\ ⌋≀⇕⇕⌉∇⌋⟩⊣↕ ∫†∫⊔⌉⇕∫ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ P∇≀√⌉∇⊔† M⊣\⊣}⌉∇ {≀∇ O√⌉\W⟩\⌈≀⊒∫∈↙′↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉∫⌉ ∫†∫⊔⌉⇕∫ ⌈≀ \≀⊔ ⊔⊣‖⌉ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⟩\⊔≀ ⊣⌋⌋≀⊓\⊔ ⊒⟨⌉\ √∇⌉∫⌉\⊔⟩\} √⊣↕⌉⊔⊔⌉∫ ≀{ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊔≀ ⊔⟨⌉ ⊓∫⌉∇⇔ ⊣\⌈ ⊣∇⌉ ⊔⟨⌉∇⌉{≀∇⌉ ≀{ ↕⟩⇕⟩⊔⌉⌈ ⊑⊣↕⊓⌉↙ T⟨⌉ √∇≀⌊↕⌉⇕ ≀{ ∫⊓}}⌉∫⊔⟩\} ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ⊣\⌈ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ {≀∇ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⊒⟩\⌈≀⊒∫ ⟩∫ ⇕≀∇⌉ ⌈⟩{⊘⌋⊓↕⊔↙ U\↕⟩‖⌉ ⊔⟨⌉ ∫⟩⊔⊓⊣⊔⟩≀\ ⊒⟨⌉∇⌉ ⊣ ∫⟩\}↕⌉ ⌋≀↕≀⊓∇ ⟩∫ ⌊⌉⟩\} ∫⊓}}⌉∫⊔⌉⌈⇔ ⌋≀↕≀⊓∇ ⟨⊣∇⇕≀\† ⟩∫ ⊣ √∇⟩⇕⌉ ⌋≀\⌋⌉∇\↙ A↕⊔⟨≀⊓}⟨ ⟩⊔ ⟩∫ ⟩⇕√≀∫∫⟩⌊↕⌉ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ }⌉\⌉∇⊣↕ ⇕≀⌈⌉↕ ≀{ ⌋≀↕≀⊓∇ ⟨⊣∇⇕≀\†⇔ ⟩⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ ⊔≀ }⌉\⌉∇⊣⊔⌉ ⇕≀∇⌉ ∫⟩⇕√↕⟩∫⊔⟩⌋ ⇕≀⌈⌉↕∫ ⊒⟩⊔⟨ ⇕≀∇⌉ \⊣∇∇≀⊒ ⊣√√↕⟩⌋⊣⌊⟩↕⟩⊔†↙ C≀\∫⟩⌈⌉∇ ⊔⟨⌉ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫ ∫⊓}}⌉∫⊔⌉⌈ ⌊† Q⊓⟩↕↕⌉∇ ⇐S⌉⌋⊔⟩≀\ ∈↙△⇒↙ T⟨⌉† ⊣↕↕ ⟨⊣⊑⌉ ⊔⟨⌉ √∇≀√⌉∇⊔† ⊔⟨⊣⊔ ≀\⌉ ≀∇ ⊔⊒≀ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ∫⌉↕⌉⌋⊔⌉⌈⇔ ⊣\⌈ ⊔⟨⌉ ∇⌉⇕⊣⟩\⟩\} ⌋≀↕≀⊓∇∫ ⊣∇⌉ }⌉\⌉∇⊣⊔⌉⌈ ⟩\ ∇⌉↕⊣⊔⟩≀\ ⊔≀ ⊔⟨≀∫⌉ ⌋≀↕≀⊓∇∫↙ T⟨⟩∫ ⊣√√∇≀⊣⌋⟨ ⌋⊣\ ⌊⌉ ⊣√√↕⟩⌉⌈ ∐⊓⟩⊔⌉ \⊣⊔⊓∇⊣↕↕† ⊔≀ ⊒⟩\⌈≀⊒∫↙ G⟩⊑⌉\ ⊣ ⌈≀⇕⟩\⊣\⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⊣\⌈ ≀\⌉ ≀{ Q⊓⟩↕↕⌉∇∫ ∫⟩⇕√↕⌉ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫⇔ ⊣\ ⟩\∫⊔⊣\⌋⌉ ≀{ ⊔⟨⌉ ∫⌋⟨⌉⇕⌉ ⌋⊣\ ⌊⌉ ∫⌉↕⌉⌋⊔⌉⌈ ⊒⟨⟩⌋⟨ ⌋≀\⊔⊣⟩\∫ ⊔⟨⌉ ⌈≀⇕⟩\⊣\⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉↙ T⟨⌉ ∇⊣\}⌉ ≀{ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊔⟨⊣⊔ {⊣↕↕ ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ∫√⌉⌋⟩⊘⌋ ⟩\∫⊔⊣\⌋⌉ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉ ⌋⊣\ ⊔⟨⌉\ ⌊⌉ ⌋⊣↕⌋⊓↕⊣⊔⌉⌈↙ C∇⌉⊣⊔⟩\} ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔⟨⊣⊔ ∇⌉∫⊔∇⟩⌋⊔∫ ⌋≀↕≀⊓∇∫ ⊔≀ ⟨⊣⊑⌉ ⊑⊣↕⊓⌉∫ ⊒⟩⊔⟨⟩\ ⊔⟨⟩∫ ∇⊣\}⌉ ⟩∫ ∫⊔∇⊣⟩}⟨⊔{≀∇⊒⊣∇⌈↙ T⟨⊓∫⇔ ⊔⟨⌉ ⊓∫⌉∇ ∫⌉↕⌉⌋⊔∫ ≀\⌉ ⌋≀↕≀⊓∇ ⊣∫ ⊔⟨⌉ ⌈≀⇕⟩\⊣\⊔ ⌋≀↕≀⊓∇ ⊣\⌈ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⊣√√↕⟩⌉⌈ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕† ⊔≀ ∫⌉↕⌉⌋⊔ ⊔⟨⌉ ∇⌉⇕⊣⟩\⟩\} ⌋≀↕≀⊓∇∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊣ ⇕≀\≀⌋⟨∇≀⇕⊣⊔⟩⌋ ∫⌋⟨⌉⇕⌉ ⌋⊣\ ⌊⌉ ⌋∇⌉⊣⊔⌉⌈ ⌊† ∫⌉↕⌉⌋⊔⟩\} ⊣\† ⌋≀↕≀⊓∇ ⟨⊓⌉ {≀∇ ⊔⟨⌉ ⌈≀⇕⟩\⊣\⊔ ⌋≀↕≀⊓∇ ⊣\⌈ ⌋≀\∫⊔∇⊣⟩\⟩\} ⊔⟨⌉ ∇⌉⇕⊣⟩\⟩\} ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇∫ ⊔≀ ⊓∫⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⟨⊓⌉↙ S⟩⇕⟩↕⊣∇↕†⇔ ⊣\ ⊣\⊣↕≀}≀⊓∫ ∫⌋⟨⌉⇕⌉ ⌋⊣\ ⌊⌉ ⌋∇⌉⊣⊔⌉⌈ ⌊† ∫⌉↕⌉⌋⊔⟩\} ≀\⌉ ≀{ ⊔⟨⌉ √≀∫∫⟩⌊↕⌉ ⊣\⊣↕≀}≀⊓∫ ⌋≀↕≀⊓∇∫ ∫⌋⟨⌉⇕⌉∫ ⊔⟨⊣⊔ ⌋≀\⊔⊣⟩\∫ ⊔⟨⌉ ⌈≀⇕⟩\⊣\⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⊣\⌈ ⌋≀\∫⊔∇⊣⟩\⟩\} ⊔⟨⌉ ∇⌉⇕⊣⟩\⟩\} ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇∫ ⊔≀ ⊓∫⌉ ⊣\ ⊣\⊣↕≀}≀⊓∫ ⟨⊓⌉↙ T⟨⌉ ⌋≀⇕√↕⌉⇕⌉\⊔⊣∇† ⊣\⌈ ∫√↕⟩⊔ ⌋≀⇕√↕⌉⇕⌉\⊔⊣∇† ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫ ⌋⊣\ ⌊⌉ ⌈⌉⊘\⌉⌈ ⟩\ ∫⟩⇕⟩↕⊣∇ ⊒⊣†∫↙ I⊔ ∫⟨≀⊓↕⌈ ⌊⌉ \≀⊔⌉⌈ ⊔⟨⊣⊔ ⊔⟨⌉∫⌉ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫ ∇⌉∫⊔∇⟩⌋⊔ ≀\↕† ⊔⟨⌉ ⟨⊓⌉ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫↙ W⟨⌉\ Q⊓⟩↕↕⌉∇ ⌋∇⌉⊣⊔⌉∫ ⊣ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉⇔ ⟨⌉ ⟩\⌋↕⊓⌈⌉∫ ⊣↕↕ ⊔⟨⌉ ⊖∫⌉⇕⟩\⌉⊓⊔∇⊣↕⪰ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ {⊣↕↕ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ {⊓↕↕† ∫⊣⊔⊓∇⊣⊔⌉⌈ ⟨⊓⌉∫ ⊣\⌈ \⌉⊓⊔∇⊣↕ }∇⌉†↙ W⟨⌉\ ∫√⌉⌋⟩{†⟩\} ⌋≀↕≀⊓∇∫ ⊓∫⟩\} ⊔⟨⌉ HLS ⇕≀⌈⌉↕⇔ ⊔⟨⟩∫ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⊣↕↕≀⊒∫ ⊣\† ∫⊣⊔⊓∇⊣⊔⟩≀\↙ S⟩⇕⟩↕⊣∇↕†⇔ ⊣\† ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⌋⊣\ ⌊⌉ ⇕⟩§⌉⌈ ⊒⟩⊔⟨ ⊒⟨⟩⊔⌉ ≀∇ ⌊↕⊣⌋‖↙ A⌈⌈⟩\} ⊒⟨⟩⊔⌉ ⊔≀ ⊣ ⌋≀↕≀⊓∇ ⟩∫ ∇≀⊓}⟨↕† ⌉∐⊓⟩⊑⊣↕⌉\⊔ ⊔≀ ⟩\⌋∇⌉⊣∫⟩\} ⊔⟨⌉ ↕⟩}⟨⊔\⌉∫∫ ⊣⌊≀⊑⌉ ⊔⟨⌉ ⇕⟩⌈⊒⊣† ⊑⊣↕⊓⌉⇔ ⊣⌈⌈⟩\} ⌊↕⊣⌋‖ ⊔≀ ⊣ ⌋≀↕≀⊓∇ ⟩∫ ∇≀⊓}⟨↕† ⌉∐⊓⟩⊑⊣↕⌉\⊔ ⊔≀ ⌈⌉⌋∇⌉⊣∫⟩\} ⊔⟨⌉ ↕⟩}⟨⊔\⌉∫∫ ⌊⌉↕≀⊒ ⊔⟨⌉ ⇕⟩⌈⊒⊣† ⊑⊣↕⊓⌉↙ I\ ⌊≀⊔⟨ ⌋⊣∫⌉∫⇔ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⟩∫ ⊣↕∫≀ ⌈⌉∫⊣⊔⊓∇⊣⊔⌉⌈↙ Q⊓⟩↕↕⌉∇≃∫ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫ ⊣∇⌉ ⌊⊣∫⌉⌈ ≀\ ∫⊓⌊⊔∇⊣⌋⊔⟩⊑⌉ ⌋≀↕≀⊓∇ ⇕⟩§⟩\}⇔ ⊒⟨⌉∇⌉⊣∫ HLS ⟩∫ ⊣⌈⌈⟩⊔⟩⊑⌉⇔ ∫≀ ⊔⟨⌉ ⌋≀⇕√↕⌉⇕⌉\⊔⊣∇† ⌋≀↕≀⊓∇∫ ⟩\ HLS ⊣∇⌉ ⌈⟩{{⌉∇⌉\⊔ {∇≀⇕ ⊔⟨⌉ ≀\⌉∫ Q⊓⟩↕↕⌉∇ ⊓∫⌉∫↙ H≀⊒ ⊔⟨⟩∫ ⊣{{⌉⌋⊔∫ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⟨⊣∇⇕≀\⟩⌉∫ ⟩∫ ⊣ ⇕⊣⊔⊔⌉∇ {≀∇ {⊓⊔⊓∇⌉ ⊒≀∇‖↙ I\ ⊣\† ⌉⊑⌉\⊔⇔ ⊔⟨⌉ \⊣⊔⊓∇⊣↕ ⌋≀∇∇⌉∫√≀\⌈⌉\⌋⌉ ⊔≀ ⊔⟨⌉ ⇕⌉⊔⟨≀⌈ Q⊓⟩↕↕⌉∇ ⊓∫⌉∫ ⊔≀ ⇕⟩§ ⌋≀↕≀⊓∇∫ ⟩∫ ⊣ }≀≀⌈ ∇⌉⊣∫≀\ {≀∇ ⊓∫⟩\} ⊔⟨⌉ HLS ⇕≀⌈⌉↕ {≀∇ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\⇔ ⊣∫ ≀√√≀∫⌉⌈ ⊔≀ HSV ≀∇ RGB↙ E⊣⌋⟨ ⌋≀↕≀⊓∇ ⌋⊣\ ⌊⌉ }⌉\⌉∇⊣⊔⌉⌈ ⊔≀ {⊣↕↕ ∇⊣\⌈≀⇕↕† ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉⇔ ∫⊓⌊|⌉⌋⊔ ⊔≀ ⊒⟨⊣⊔⌉⊑⌉∇ ≀⊔⟨⌉∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣⌋⊔ ≀\ ⟩⊔↙ W⟩⊔⟨ ⊔⟨⌉ √≀∫∫⟩⌊↕⌉ ⌉§⌋⌉√⊔⟩≀\ ≀{ ⊔⟨⌉ ⇕≀\≀⌋⟨∇≀⇕⊣⊔⟩⌋ ∫⌋⟨⌉⇕⌉⇔ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉∫⌉ ∫⌋⟨⌉⇕⌉∫ ⌋≀\⊔⊣⟩\∫ ⊣ ⊒⟩⌈⌉ ⊑⊣∇⟩⌉⊔† ≀{ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ ⌋≀⇕⌊⟩\⌉⌈ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ ∇⌉⇕⊣∇‖⊣⌊↕⌉ ⊣∇∇⊣† ≀{ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫↙ M≀∇⌉ ∇⌉⊘\⌉⌈ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ ⌋⊣\ ⌊⌉ ⌋∇⌉⊣⊔⌉⌈ ⌊† ⊣√√↕†⟩\} ⊣⌈⌈⟩⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔≀ ↕⟩⇕⟩⊔ ⊔⟨⌉ √≀∫∫⟩⌊↕⌉ ∫⊣⊔⊓∇⊣⊔⟩≀\ ⊣\⌈ ↕⟩}⟨⊔\⌉∫∫ ⊑⊣↕⊓⌉∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩{ ⊔⟨⌉ ⌊≀∇⌈⌉∇ ⌋≀↕≀⊓∇ ⊒⊣∫ ⌋≀\∫⊔∇⊣⟩\⌉⌈ ⊔≀ ⌊⌉ ⊑⌉∇† ⌈⊣∇‖ ⊣\⌈ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⊑⌉∇† ↕⟩}⟨⊔⇔ ⊣ ⌈⟩∫⊔⟩\⌋⊔⟩⊑⌉ ⇕≀\≀⌋⟨∇≀⇕⊣⊔⟩⌋ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉ ⟩∫ ⊣⌋⟨⟩⌉⊑⌉⌈↙ H≀⊒⌉⊑⌉∇⇔ ⌊† ⊓∫⟩\} ⇕≀∇⌉ ⊓\⌋≀\∫⊔∇⊣⟩\⌉⌈ ⌋≀↕≀⊓∇ }⌉\⌉∇⊣⊔⟩≀\ ∫⌋⟨⌉⇕⌉∫ ⟩\⟩⊔⟩⊣↕↕†⇔ ⊓∫⌉∇∫ ⊣∇⌉ √∇≀⇕√⊔⌉⌈ ⊒⟩⊔⟨ ⊣ }∇⌉⊣⊔⌉∇ ⊑⊣∇⟩⌉⊔† ≀{ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ ⊣\⌈ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫⇔ ⇕⊣\† ≀{ ⊒⟨⟩⌋⟨ ⊒≀⊓↕⌈ \⌉⊑⌉∇ ⟨⊣⊑⌉ ≀⌋⌋⊓∇∇⌉⌈ ⊔≀ ⊔⟨⌉⇕⇔ ⊣\⌈ ⌋⊣\ ↕⌉⊣∇\ ≀⊑⌉∇ ⊔⟩⇕⌉ ⊒⟨⟩⌋⟨ ∫⊔†↕⌉∫ ⊣\⌈ ⌋≀↕≀⊓∇∫ ⊔⟨⌉† ⊘\⌈ ⊣⊔⊔∇⊣⌋⊔⟩⊑⌉↙ T⟨⌉† ⌋⊣\ ⊔⟨⌉\ ⊣√√↕† ⊣⌈⌈⟩⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔≀ ∇⌉∫⊔∇⟩⌋⊔ ⊔⟨⌉ √≀∫∫⟩⌊↕⌉ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ ⊣\⌈ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ⊔≀ ⊔⟨≀∫⌉ ⊔⟨⊣⊔ ⊔⟨⌉† ⊘\⌈ ⇕≀∫⊔ ⊣⊔⊔∇⊣⌋⊔⟩⊑⌉↙ B⌉⌋⊣⊓∫⌉ ⊔⟨⌉† ⊣∇⌉ √∇≀⇕√⊔⌉⌈ ⊒⟩⊔⟨ ⌈⟩{{⌉∇⌉\⊔ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ⊣\⌈ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫⇔ ⌉⊑⌉\ ⊓∫⌉∇∫ ⊓\⊔∇⊣⟩\⌉⌈ ⟩\ ⊣∇⊔ ≀∇ ⌈⌉∫⟩}\ }∇⊣⌈⊓⊣↕↕† ⌊⌉⌋≀⇕⌉ {⊣⇕⟩↕⟩⊣∇ ⊒⟩⊔⟨ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ≀{ ⌋≀↕≀⊓∇∫ ⊣\⌈ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ ⊔⟨⊣⊔ ⊣√√⌉⊣↕ ⊔≀ ⊔⟨⌉⇕↙ T⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊔∇⊣⟩\∫ ⊔⟨⌉ ⊓∫⌉∇∫ ∫⌉\∫⌉ ≀{ ⌋≀↕≀⊓∇ ⟨⊣∇⇕≀\† ⊔⟨∇≀⊓}⟨ ⌋≀\∫⊔⊣\⊔ ⌉§√⌉∇⟩⇕⌉\⊔⊣⊔⟩≀\⇔ ⟩\ ⇕⊓⌋⟨ ⊔⟨⌉ ∫⊣⇕⌉

▽△ C⟨⊣√⊔⌉∇ ▽↙ C≀↕≀⊓∇ C≀\∫⊔∇⊣⟩\⊔∫

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

▽↙△↙∋ A⌊∫⊔∇⊣⌋⊔ C≀↕≀⊓∇ S√⌉⌋⟩⊘⌋⊣⊔⟩≀\ A⌊∫⊔∇⊣⌋⊔ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ∇⌉{⌉∇∫ ⊔≀ ⊣\† ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⊔⟨⊣⊔ ⊔⌉↕↕∫ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟨≀⊒ ⊔≀ √⟩⌋‖ ⊣ ⌋≀↕≀⊓∇ ⟩\∫⊔⌉⊣⌈ ≀{ ⊔⌉↕↕⟩\} ⟩⊔ ⊔⟨⌉ ⌉§⊣⌋⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⊔≀ ⊓∫⌉↙ E§⊣⇕√↕⌉∫ ≀{ ⊣⌊∫⊔∇⊣⌋⊔ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\∫ ⊣∇⌉ {≀⊓\⌈ ⟩\ ⊣↕↕ {≀⊓∇ ≀{ ⊔⟨⌉ ⌋⊣⊔⌉}≀∇⟩⌉∫ ≀{ ⌋≀↕≀⊓∇ ⊓∫⊣}⌉↙ M⊣\† ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ ≀⊔⟨⌉∇ ∫⌉⌋⊔⟩≀\∫ ≀{ ⊔⟨⟩∫ ⌋⟨⊣√⊔⌉∇ ⊣∇⌉ ⊣↕∫≀ ⌉§⊣⇕√↕⌉∫ ≀{ ⊣⌊∫⊔∇⊣⌋⊔ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\↙ T⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ▽↙△↙∞ ⊣∇⌉ ⊣⌊∫⊔∇⊣⌋⊔ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⌋⊣\ ⌊⌉ ⌋⊣⊔⌉}≀∇⟩‡⌉⌈ ⊣∫ ∇⌉↕⊣⊔⟩⊑⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀↕≀⊓∇ ⊓∫⊣}⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊣ ⊓∫⌉{⊓↕ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇ ⌋≀⊓↕⌈ ⌊⌉ ⌋≀⇕√↕⌉⊔⌉↕† ∫√⌉⌋⟩⊘⌉⌈ ⌊† ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔⟨⊣⊔ ⊔⟨⌉∇⌉ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣⌈⌉∐⊓⊣⊔⌉ ⌋≀\⊔∇⊣∫⊔ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈↙ U\↕⌉∫∫ ≀⊔⟨⌉∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ⟩⇕√≀∫⌉⌈ ⊔≀ {⊓∇⊔⟨⌉∇ ∇⌉∫⊔∇⟩⌋⊔ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊔⟨⌉∇⌉ ⟩∫ \≀ }⊓⊣∇⊣\⊔⌉⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ∇⌉∫⊓↕⊔ ⊒≀⊓↕⌈ ⌊⌉ ⊑⟩∫⊓⊣↕↕† ⊣√√⌉⊣↕⟩\}⇔ ⌊⊓⊔ ⟩⊔ ⊒≀⊓↕⌈ ⊣⊔ ↕⌉⊣∫⊔ √∇≀⊑⟩⌈⌉ ⊣⌈⌉∐⊓⊣⊔⌉ ⌋≀\⊔∇⊣∫⊔↙ M⊣\† ⊣⌊∫≀↕⊓⊔⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀↕≀⊓∇ ⌋≀\⌋⌉√⊔∫ ⊣∇⌉ ⇕≀∇⌉ ⊣⌋⌋⊓∇⊣⊔⌉↕† ⌉§√∇⌉∫∫⌉⌈ ⟩\ ⊣\ ⊣⌊∫⊔∇⊣⌋⊔ ⇕⊣\\⌉∇ ⊔⟨⊣\ ⊣∫ ∫√⌉⌋⟩⊘⌋ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫↙ C≀\∫⟩⌈⌉∇⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ ⊓∫⌉ ≀{ ∇⌉⌈ ⊔≀ ∇⌉√∇⌉∫⌉\⊔ ⌈⊣\}⌉∇ ≀∇ ⊣∫ ⊣ ⊒⊣∇\⟩\}↙ I\ ⇕≀∫⊔ ⌋⊓↕⊔⊓∇⌉∫ ⊔⟨⟩∫ √∇≀√⌉∇⊔† ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ∇⌉⌈ ⟩∫ ⊣⌊∫≀↕⊓⊔⌉↙ H≀⊒⌉⊑⌉∇⇔ ⊣\ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⌈⌉∫⟩}\⌉∇ ⊒⟨≀ ⊒⟩∫⟨⌉∫ ⊔≀ ⊓∫⌉ ∇⌉⌈ ⊔≀ ∫⟩}\⟩{† ⌈⊣\}⌉∇ ⇕⟩}⟨⊔ ⊔⟨⟩\‖ ⊖I ⊒⟩∫⟨ ⊔≀ ⊓∫⌉ ⊣ ⌋≀↕≀⊓∇ ⊔⟨⊣⊔ ∇⌉√∇⌉∫⌉\⊔∫ ⌈⊣\}⌉∇⇔ ∫≀ ⊣ ⌋≀↕≀⊓∇ ⊔⟨⊣⊔ ⊔⟨⌉ ⊑⟩⌉⊒⌉∇ ⟩\⊔⌉∇√∇⌉⊔∫ ⊣∫ ∇⌉⌈ ⊒≀⊓↕⌈ ⌊⌉ ⊣√√∇≀√∇⟩⊣⊔⌉↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊔⟨⌉ ⌋≀↕≀⊓∇ ∫⟨≀⊓↕⌈ ⌊⌉ ⌋≀\∫⊔∇⊣⟩\⌉⌈ ⊔≀ ⊣√√⌉⊣∇ ⊔≀ ⊣↕↕ ⊑⟩⌉⊒⌉∇∫ ⊣∫ ∇⌉⌈↙⪰ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉∇⌉ ⊣∇⌉ ⇕⊣\† ⌈⟩{{⌉∇⌉\⊔ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ ⊣√√⌉⊣∇ ⊣∫ ⊖∇⌉⌈⪰⇔ ⊣↕↕ ≀{ ⊒⟨⟩⌋⟨ ⊒≀⊓↕⌈ ∫⌉∇⊑⌉ ⊔⟨⌉ √⊓∇√≀∫⌉ ≀{ ∫⟩}\⟩{†⟩\} ⌈⊣\}⌉∇ ⌉∐⊓⊣↕↕† ⊒⌉↕↕↙ T⟨⌉∇⌉{≀∇⌉⇔ ∫√⌉⌋⟩{†⟩\} ⊣ ∫√⌉⌋⟩⊘⌋ ⊑⊣↕⊓⌉ ≀{ ∇⌉⌈ ⟩∫ \≀⊔ ⊣√√∇≀√∇⟩⊣⊔⌉↙ T≀ ∫⌉⌉ ⟨≀⊒ ⊣ ⇕≀∇⌉ ⊣⌊∫⊔∇⊣⌋⊔ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ {≀∇ ⊖∇⌉⌈⪰ ⌋⊣\ ⌊⌉ {≀∇⇕⊓↕⊣⊔⌉⌈⇔ ∇⌉⌋⊣↕↕ B≀†\⊔≀\≃∫ ∫⊔⊓⌈† ≀{ ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇ ⊔⌉∇⇕∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ∈↙↙̸ B≀†\⊔≀\ ⊣\⌈ O↕∫≀\ ⟩⌈⌉\⊔⟩⊘⌉⌈ ∫⌉⊔∫ ≀{ ⌋≀↕≀⊓∇∫ ⟩\ ⊔⟨⌉ OSA ⌋≀↕≀⊓∇ ∫√⊣⌋⌉ ⊔⟨⊣⊔ ⌋≀∇∇⌉∫√≀\⌈ ⊔≀ ⊔⟨⌉ ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇∫ ⇐B≀†\⊔≀\ ⊣\⌈ O↕∫≀\⇔ ∞∃∀⇒↙ U∫⟩\} ⊔⟨⟩∫ ⌈⊣⊔⊣⇔ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔⟨⊣⊔ ∇⌉∫⊔∇⟩⌋⊔∫ ⊣ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⊔≀ ⊖∇⌉⌈⪰ ⌋≀⊓↕⌈ ⌉⊣∫⟩↕† ⌊⌉ ⌋≀\∫⊔∇⊓⌋⊔⌉⌈ ⌊† ∇⌉∫⊔∇⟩⌋⊔⟩\} ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊔≀ ⊣ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⊔⟨⊣⊔ ⟩∫ ⟩\ B≀†\⊔≀\ ⊣\⌈ O↕∫≀\≃∫ ∫⌉⊔ ≀{ ⊖∇⌉⌈⪰ ⌋≀↕≀⊓∇∫↙ T⟨⌉ ⌋≀\⌋⌉√⊔ ≀{ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ ⟩\⊔∇≀⌈⊓⌋⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ▽↙△↙∈ ⟩∫ ⊣\ ⌉§⊣⇕√↕⌉ ≀{ ⊣⌊∫⊔∇⊣⌋⊔ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ ⌋⊣⊔⌉}≀∇⟩‡⌉⌈ ⊣∫ ∇⌉↕⊣⊔⟩⊑⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ⊓∫⊣}⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊣ ⊓∫⌉∇ ⇕⊣† ⊒⟩∫⟨ ⊔≀ ⟨⊣⊑⌉ }∇⌉⌉\ ⊔⌉∇⇕⟩\⊣↕ ⊒⟩\⌈≀⊒∫ ⊣\⌈ ⌊↕⊓⌉ ⌉⌈⟩⊔≀∇ ⊒⟩\⌈≀⊒∫⇔ ⌊⊓⊔ ⊣∫⟩⌈⌉ {∇≀⇕ ⊔⟨⌉ ⌊⊣∫⟩⌋ ⟨⊓⌉ ⌈≀⌉∫ \≀⊔ ⌋⊣∇⌉ ⊣⌊≀⊓⊔ ⊔⟨⌉ ∫√⌉⌋⟩⊘⌋ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊓∫⌉⌈ {≀∇ ⊣\† ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇∫↙ T≀ ⊣↕↕≀⊒ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ∫√⌉⌋⟩{† ⌋≀↕≀⊓∇∫ ⟩\ ⊔⟨⟩∫ {⊣∫⟨⟩≀\⇔ ⊣ ∫⌉⊔ ≀{ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ ⌋⊣\ ⌊⌉ √∇≀⊑⟩⌈⌉⌈

▽↙△↙ A∫∫⟩∫⊔⊣\⌋⌉ {≀∇ A⌉∫⊔⟨⌉⊔⟩⌋ C≀↕≀⊓∇ S⌉↕⌉⌋⊔⟩≀\ ▽▽

⊓∫⟩\} ⊔⟨⌉ ∫⟩⇕√↕⌉ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ▽↙△↙∈↙ A⌈⌈⟩⊔⟩≀\⊣↕↕†⇔ ⌊† ⊓∫⟩\} ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉ ⊔⟨⌉† ≀\↕† \⌉⌉⌈ ⊔≀ ∫√⌉⌋⟩{† ⊖I ⊒⊣\⊔ ⊔⟨⌉ ⇕⊣|≀∇ ⌋≀↕≀⊓∇ ≀{ ⇕† ⊔⌉∇⇕⟩\⊣↕ ⊒⟩\⌈≀⊒∫ ⊔≀ ⌊⌉ }∇⌉⌉\⪰ ⊣\⌈ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊒⟩↕↕ ∫⌉↕⌉⌋⊔ ⊔⟨⌉ ∫√⌉⌋⟩⊘⌋ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫↙ F⟩\⊣↕↕†⇔ ∫≀⇕⌉ ⊣⌊∫≀↕⊓⊔⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉∫ ⊣∇⌉ ⇕≀∇⌉ ⊣√√∇≀√∇⟩⊣⊔⌉↕† ⌉§√∇⌉∫∫⌉⌈ ⊣⌊∫⊔∇⊣⌋⊔↕†↙ C≀\∫⟩⌈⌉∇ ⊔⟨⌉ ⊣⌊≀⊑⌉ ⌉§⊣⇕√↕⌉ ≀{ ⊣ ⊓∫⌉∇ ∫√⌉⌋⟩{†⟩\} ⊔⟨⊣⊔ ⊔⌉∇⇕⟩\⊣↕ ⊒⟩\⌈≀⊒∫ ∫⟨≀⊓↕⌈ ⌊⌉ }∇⌉⌉\↙ T⟨⌉ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ≀{ ⊖}∇⌉⌉\⪰ ⟩∫ ⊣\ ⊣⌊∫≀↕⊓⊔⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉ ⊓∫⌉∇ ⇕⊣† \≀⊔ ⊒⟩∫⟨ ⊔≀ ∫√⌉⌋⟩{† ⊔⟨⌉ ⌉§⊣⌋⊔ ∫⟨⊣⌈⌉ ≀{ }∇⌉⌉\⇔ ∫⊓⌋⟨ ⊣∫ ≀↕⟩⊑⌉ }∇⌉⌉\⇔ ‖⌉↕↕† }∇⌉⌉\⇔ {≀∇⌉∫⊔ }∇⌉⌉\⇔ ⌉⊔⌋↙ I\ ⊔⟨⟩∫ ⌋⊣∫⌉⇔ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⟩∫ ⌊⌉⊔⊔⌉∇ ⌈⌉⊘\⌉⌈ ⌊† ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⊒⟨⟩⌋⟨ ⌉\∫⊓∇⌉∫ ⊔⟨⊣⊔ ⟩⊔∫ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⟩∫ ⟩⌈⌉\⊔⟩⊘⊣⌊↕⌉ ⊣∫ ⊖}∇⌉⌉\⇔⪰ |⊓∫⊔ ⊣∫ ⊔⟨⌉ ⊣⌊∫≀↕⊓⊔⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀↕≀⊓∇ ⊖∇⌉⌈⪰ ⊒⊣∫ ⌈⌉⊘\⌉⌈ ⊣⌊≀⊑⌉↙ I\ ⊔⟨⟩∫ ⌋⊣∫⌉⇔ ⊔⟨⌉ ∫⊣⇕⌉ ⊣√√∇≀⊣⌋⟨ ⌋⊣\ ⌊⌉ ⊔⊣‖⌉\ ⌊† ⊓∫⟩\} B≀†\⊔≀\ ⊣\⌈ O↕∫≀\≃∫ ∐⊓⊣\⊔⟩⊘⌋⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇∫↙ M⊣\† ⊣⌊∫⊔∇⊣⌋⊔ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\∫ ≀{ ⊣⌊∫≀↕⊓⊔⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ⊓∫⊣}⌉ ⌋⊣\ ⌊⌉ ⌉§√∇⌉∫∫⌉⌈ ⊣∫ ∫≀⇕⌉ {⊓\⌋⊔⟩≀\ ≀{ ⊔⟨⌉ ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇∫ ⌊⌉⌋⊣⊓∫⌉ ≀{ ⊔⟨⌉ \⊣⊔⊓∇⌉ ≀{ ⊔⟨⌉ ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇∫↙

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

▽ ̸C⟨⊣√⊔⌉∇ ▽↙ C≀↕≀⊓∇ C≀\∫⊔∇⊣⟩\⊔∫

}≀⊣↕↙ F⟩∇∫⊔⇔ ⌊↕⊣⌋‖ ≀∇ ⊒⟨⟩⊔⌉ ∫⟨≀⊓↕⌈ ⌊⌉ ⊓∫⌉⌈ ⊣∫ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ∫≀ ⊔⟨⊣⊔⇔ ⊣∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⊣⌊≀⊑⌉⇔ ⊔⟨⌉ ⌊⊣∫⟩⌋ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔ ≀{ ⌋≀\⊔∇⊣∫⊔ ⟩∫ ∫⊣⊔⟩∫⊘⌉⌈ ⊣\⌈ ⊣⌈⌈⟩⊔⟩≀\⊣↕ √⌉∇⌋⌉√⊔⊓⊣↕ √∇≀⌊↕⌉⇕∫ ⊣∇⌉ ⊣⊑≀⟩⌈⌉⌈↙ G∇⌉† ⟩∫ ⊔⟨⌉ ⌊⌉∫⊔ ⌋⟨≀⟩⌋⌉ {≀∇ ⊔⟨⌉ ≀⊑⌉∇⊣↕↕ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕⇔ ∫⟩\⌋⌉ \≀ ⌋≀↕≀⊓∇ ⊒⟩↕↕ ⌋≀\⊙⟩⌋⊔ ⊒⟩⊔⟨ ⟩⊔ ⊒⟨⌉\ ⊓∫⌉⌈ ⊣∫ ⊣ ⌊≀∇⌈⌉∇ ⌋≀↕≀⊓∇↙ A∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⌊† B≀†\⊔≀\⇔ ⊔⟨⌉ ⌉⟩}⟨⊔ ∇⌉⇕⊣⟩\⟩\} ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⌉§⌋⌉↕↕⌉\⊔ ⌋⟨≀⟩⌋⌉∫ {≀∇ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇∫ ⊒⟨⌉\ ⊔⟨⌉ √∇⟩⇕⊣∇† ⇕≀⊔⟩⊑⊣⊔⟩≀\ ⟩∫ ⊒⟩\⌈≀⊒ ≀∇}⊣\⟩‡⊣⊔⟩≀\↙ I\ ⊣⌈⌈⟩⊔⟩≀\ ⊔≀ ⊔⟨⌉⟩∇ }≀≀⌈ ∫⌉}∇⌉}⊣⊔⟩≀\ ∐⊓⊣↕⟩⊔⟩⌉∫⇔ ⊔⟨⌉† ⊣↕↕≀⊒ ⊒⟩\⌈≀⊒∫ ⊔≀ ⌊⌉ ⌉⊣∫⟩↕† ⊣\⌈ ⊓\⊣⇕⌊⟩}⊓≀⊓∫↕† ∇⌉{⌉∇∇⌉⌈ ⊔≀ ⌊† ⌋≀↕≀⊓∇ \⊣⇕⌉↙ G⟩⊑⌉\ ⊔⟨⟩∫ ∫⌉⊔ ≀{ ⌋≀↕≀⊓∇∫⇔ ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊒⟩\⌈≀⊒ ≀∇}⊣\⟩‡⊣⊔⟩≀\ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ▽↙△↙∞↙∈ ⟩∫ ⊓∫⌉⌈ ⊔≀ ⌈⌉⌋⟩⌈⌉ ⊒⟨⟩⌋⟨ ⊒⟩\⌈≀⊒∫ ∫⟨≀⊓↕⌈ ⌊⌉ }∇≀⊓√⌉⌈ ⊔≀}⌉⊔⟨⌉∇↙ T⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ \⊣⇕⌉ ⊣\⌈ ⊣ ⊓∫⌉∇ ∫⊓√√↕⟩⌉⌈ \⊣⇕⌉ ⊣∇⌉ ⊓∫⌉⌈ ⊔≀ √∇≀⊑⟩⌈⌉ ⊣ ⌈⌉{⊣⊓↕⊔ ≀∇}⊣\⟩‡⊣⊔⟩≀\ {≀∇ ⊒⟩\⌈≀⊒∫↙ I{ ⊔⟨⌉ ⊓∫⌉∇ ⌈≀⌉∫ \≀⊔ ∫√⌉⌋⟩{† ⊣ \⊣⇕⌉⇔ ⊔⟨⌉ ⇕⊣⌋⟨⟩\⌉ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⟩∫ ∇⊓\\⟩\} ≀\ ⟩∫ ⊓∫⌉⌈ ⊣∫ ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔ \⊣⇕⌉ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒↙ T⟨⌉ ↕⊣⊔⊔⌉∇ √≀⟩\⊔ ⟩∫ ⌉∫√⌉⌋⟩⊣↕↕† ⊓∫⌉{⊓↕ ⟩\ ⊣\ ⌉\⊑⟩∇≀\⇕⌉\⊔ ⊒⟨⌉∇⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊣∇⌉ ≀{⊔⌉\ ∇⊓\ ≀\ ⌈⟩{{⌉∇⌉\⊔ ⇕⊣⌋⟨⟩\⌉∫↙ W⟨⌉\ ⊣ \⌉⊒ ⊒⟩\⌈≀⊒ ⟩∫ ≀√⌉\⌉⌈⇔ ⟩{ ⟩⊔ ⟩∫ ⊔≀ ⌊⌉ }∇≀⊓√⌉⌈ ⊒⟩⊔⟨ ⊣\ ⌉§⟩∫⊔⟩\} ⊒⟩\⌈≀⊒ ⟩⊔ ⊓∫⌉∫ ⊔⟨⌉ ∫⊣⇕⌉ ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇ {≀∇ ⟩⊔∫ ⌈≀⇕⟩\⊣\⊔ ⌋≀↕≀⊓∇ ⊣∫ ⟩∫ ⊓∫⌉⌈ ⟩\ ⊔⟨⌉ ⌉§⟩∫⊔⟩\} ⊒⟩\⌈≀⊒↙ O⊔⟨⌉∇⊒⟩∫⌉⇔ ⊣\ ⊓\⊓∫⌉⌈ ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇ ⟩∫ ⊣∫∫⟩}\⌉⌈ ⊔≀ ⟩⊔↙ I{ ⇕≀∇⌉ ⊔⟨⊣\ ⌉⟩}⟨⊔ ⌈⟩{{⌉∇⌉\⊔ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ∇⌉∐⊓⟩∇⌉⌈⇔ B≀†\⊔≀\ ⊣\⌈ S⇕⊣↕↕⇕⊣\ √≀⟩\⊔ ≀⊓⊔ ⊔⟨⊣⊔ ⌋≀↕≀⊓∇∫ ⇕⟩⌈⊒⊣† ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇∫ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈↙

▽↙△↙▽ A↕↕≀⊒ G∇⊣⌈⊓⊣↕ C⊓∫⊔≀⇕⟩‡⊣⊔⟩≀\ A\ ⌉§⊔⌉\∫⟩≀\ ≀{ ⊔⟨⌉ ⟩\⊣⌊⟩↕⟩⊔† ≀{ ⌋⊓∇∇⌉\⊔ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫ ⊔≀ ∫√⌉⌋⟩{† ⌋≀↕≀⊓∇ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⟩∫ ⊔⟨⊣⊔ ⌋≀↕≀⊓∇ ⌋⊓∫⊔≀⇕⟩‡⊣⊔⟩≀\∫ ⊔⌉\⌈∫ ⊔≀ ⌊⌉ ⊣↕↕↖≀∇↖\≀⊔⟨⟩\}↙ W⟨⌉\ ⊔⟨⌉ ⊓∫⌉∇ ⌈⌉⌋⟩⌈⌉∫ ⊔≀ ⊣⌈⌈ ⌋≀↕≀⊓∇ ⊔≀ ⊔⟨⌉⟩∇ ⌉\⊑⟩∇≀\⇕⌉\⊔⇔ ⊔⟨⌉† ⇕⊓∫⊔ ∫√⌉⌋⟩{† ⊑⌉∇† ⇕⊣\† ⌋≀↕≀⊓∇∫↙ T⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⌈≀⌉∫ \≀⊔ {≀∇⌋⌉ ⊔⟨⌉⇕ ⊔≀ ⌋⟨⊣\}⌉ ⊣↕↕ ⊔⟨⌉ ⌋≀↕≀⊓∇∫⇔ ≀{ ⌋≀⊓∇∫⌉⇔ ⌊⊓⊔ ⊔⟨⌉ ⟩\⊔⌉∇∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ∇⌉∐⊓⟩∇⌉∫ ⊔⟨⊣⊔ ⇕⊣\† ⌋≀↕≀⊓∇∫ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ {≀∇ ∇⌉⊣↕ ⌊⌉\⌉⊘⊔ ⊔≀ ⌊⌉ }⊣⟩\⌉⌈↙ C≀\∫⟩⌈⌉∇ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ⌉§⊣⇕√↕⌉↙ A ⊔†√⟩⌋⊣↕ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⌈⌉{⊣⊓↕⊔∫ ⊔≀ ⊣ ∫⟩\}↕⌉ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉ {≀∇ ⊣↕↕ ⊒⟩\⌈≀⊒∫⇔ ∫⊓⌋⟨ ⊣∫ ⌊↕⊣⌋‖ ⊣\⌈ ⊒⟨⟩⊔⌉⇔ ≀∇ ∫≀⇕⌉ ⌋≀↕≀⊓∇ ⊣\⌈ ⌉⟩⊔⟨⌉∇ ⌊↕⊣⌋‖ ≀∇ ⊒⟨⟩⊔⌉↙ T⟨⌉ ⊘∇∫⊔ ⌋⊓∫⊔≀⇕⟩‡⊣⊔⟩≀\ ⇕⊣\† ⊓∫⌉∇∫ √⌉∇{≀∇⇕ ⟩∫ ⊔≀ ⌋⟨⊣\}⌉ ⊔⟨⌉∫⌉ }↕≀⌊⊣↕ ⌈⌉{⊣⊓↕⊔∫⇔ ⊒⟨⟩⌋⟨ ⟩∫ √⊣⟩\↕⌉∫∫⇔ ∇⌉∐⊓⟩∇⟩\} ≀\↕† ⊔⊒≀ ≀∇ ⊔⟨∇⌉⌉ ⌋≀↕≀⊓∇∫ ⊔≀ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈↙ H≀⊒⌉⊑⌉∇⇔ ⊣⊔ ∫≀⇕⌉ √≀⟩\⊔ ⇕⊣\† ⊓∫⌉∇∫ ∇⌉⊣↕⟩‡⌉ ⊔⟨⊣⊔ ⌋≀↕≀⊓∇ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⟨⌉↕√ ⊔⟨⌉⇕ ≀∇}⊣\⟩‡⌉ ⊔⟨⌉⟩∇ ⊒⟩\⌈≀⊒∫↙ I\ ≀∇⌈⌉∇ ⊔≀ ⊓∫⌉ ⌋≀↕≀⊓∇ ⊔≀ ≀∇}⊣\⟩‡⌉ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫⇔ ⟨≀⊒⌉⊑⌉∇⇔ ⇕⊣\† ⌋≀↕≀⊓∇∫ \⌉⌉⌈ ⊔≀ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ ⌊⌉⌋⊣⊓∫⌉ ⌉⊣⌋⟨ ⊒⟩\⌈≀⊒ ⇕⊓∫⊔ ⟨⊣⊑⌉ ⟩⊔∫ ⌋≀↕≀⊓∇∫ ⌉§√↕⟩⌋⟩⊔↕† ⌈⌉⊘\⌉⌈↙ U\↕⟩‖⌉ ⌋≀\⊑⌉\⊔⟩≀\⊣↕ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫⇔ ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔∫ ⊓∫⌉⌈ ⌊† ⊔⟨⌉ ⌈†\⊣⇕⟩⌋ ⌋≀↕≀⊓∇ ∫†∫⊔⌉⇕ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕† ⊓∫⌉ ⌋≀↕≀⊓∇ ⊔≀ ≀∇}⊣\⟩‡⌉ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊔⟨⌉ ⌋⊓∫⊔≀⇕⟩‡⊣⊔⟩≀\∫ ⇕≀∫⊔ ⊓∫⌉∇∫ ⊒⊣\⊔ ⊔≀ √⌉∇{≀∇⇕ {⊣↕↕ ⟩\ ⊔⊒≀ ⌋⊣⊔⌉}≀∇⟩⌉∫↙ F⟩∇∫⊔⇔ ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋⟨≀⟩⌋⌉∫ ⇕⊣⌈⌉ ⌊† ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⇕⊣† \⌉⌉⌈ ⊔≀ ⌊⌉ ⊣⌈|⊓∫⊔⌉⌈↙ S⌉⌋≀\⌈⇔ ⊔⟨⌉ ⊓∫⌉∇ ⇕⊣† ⊒⟩∫⟨ ⊔≀ ⌋⟨⊣\}⌉ ⊔⟨⌉ ⇕⌉⊔⟨≀⌈ ⌊† ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ≀∇}⊣\⟩‡⌉∫ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫↙

▽↙△↙▽↙∞ A⌉∫⊔⟨⌉⊔⟩⌋ C⊓∫⊔≀⇕⟩‡⊣⊔⟩≀\∫ T⟨⌉∇⌉ ⊣∇⌉ ⇕⊣\† ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋⊓∫⊔≀⇕⟩‡⊣⊔⟩≀\∫ ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ √⌉∇{≀∇⇕⌉⌈↙ S≀⇕⌉ \⌉⊒ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣\⌈ ⇕≀⌈⟩⊘⌋⊣⊔⟩≀\∫ ≀{ ⌉§⟩∫⊔⟩\} ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ≀⌊⊑⟩≀⊓∫⇔ ≀⊔⟨⌉∇∫ ⊣∇⌉ ⇕≀∇⌉ ⌈⟩{⊘⌋⊓↕⊔↙ T⟨⌉ ⇕≀∇⌉ ⌋≀⇕⇕≀\ ⌋⊓∫⊔≀⇕⟩‡⊣⊔⟩≀\∫ ⊣∇⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⌊⌉↕≀⊒↙ E§√∇⌉∫∫⟩\} D⟩∫↕⟩‖⌉ ≀{ C≀↕≀⊓∇∫↙ T⟨⌉ ⊘∇∫⊔ ⌋⊓∫⊔≀⇕⟩‡⊣⊔⟩≀\ ⊔⟨⌉ ⊑⊣∫⊔ ⇕⊣|≀∇⟩⊔† ≀{ ⊓∫⌉∇∫ √⌉∇{≀∇⇕ ⟩∫ ⊔≀ ⊣⊑≀⟩⌈ ⌋≀↕≀⊓∇∫ ≀∇ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ⊔⟨⌉† ⌈⟩∫↕⟩‖⌉↙ T⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⌋⟨≀≀∫⌉∫ ⌋≀↕≀⊓∇∫ {≀∇ ⊓\∇⌉↕⊣⊔⌉⌈ ⊒⟩\⌈≀⊒∫ {∇≀⇕ ⊔⟨⌉ ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇∫¬ ∇⌉⌈⇔ }∇⌉⌉\⇔ †⌉↕↕≀⊒⇔ ⌊↕⊓⌉⇔ ⌊∇≀⊒\⇔ √⊓∇√↕⌉⇔ √⟩\‖ ⊣\⌈ ≀∇⊣\}⌉↙ F⌉⊒ √⌉≀√↕⌉ ⊘\⌈ ⊣↕↕ ≀{ ⊔⟨⌉∫⌉ ⌋≀↕≀⊓∇∫ ⌉∐⊓⊣↕↕† √↕⌉⊣∫⊣\⊔↙ O⌋⌋⊣∫⟩≀\⊣↕↕†⇔ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⌊⊣∫⌉∫ ⊣ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉ ≀\ ⊣ ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇ ⊔⟨⊣⊔ ⊔⟨⌉ ⊓∫⌉∇ ⌈⟩∫↕⟩‖⌉∫↙ I⊔ ∫⟨≀⊓↕⌈ ⌊⌉ ⊑⌉∇† ⌉⊣∫† {≀∇ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ⊔⌉↕↕ ⊔⟨⌉ ∫†∫⊔⌉⇕ \≀⊔ ⊔≀ ⊓∫⌉ ⊔⟨⊣⊔ ⌋≀↕≀⊓∇ ⊣}⊣⟩\↙ G⟩⊑⌉\ ⊔⟨⟩∫ ⟩\{≀∇⇕⊣⊔⟩≀\⇔ ⌋≀⇕√↕†⟩\} ⊒⟩⊔⟨ ⊔⟨⌉ ⊓∫⌉∇≃∫ ⊒⟩∫⟨ ⟩\⊑≀↕⊑⌉∫ ∇⌉⇕≀⊑⟩\} ⊔⟨⌉ ≀{{⌉\∫⟩⊑⌉ ⌋≀↕≀⊓∇ {∇≀⇕ ⊔⟨⌉ ∫⌉⊔ ≀{ ⌋≀↕≀⊓∇∫ {∇≀⇕ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⌋⟨≀≀∫⌉∫ ⟩⊔∫ ⌈⌉{⊣⊓↕⊔∫↙ C≀\∫⟩⌈⌉∇ ⟩\∫⊔⌉⊣⌈ ⊔⟨⌉ ∫⟩⊔⊓⊣⊔⟩≀\ ⊒⟨⌉∇⌉ ⊣ ⊓∫⌉∇ ⟩\⌈⟩⌋⊣⊔⌉∫ ⊔⟨⊣⊔ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ∫⟨⊣⌈⌉ ≀{ ⊣ ⌋≀↕≀⊓∇ ⟩∫ ≀{{⌉\∫⟩⊑⌉↙ W⟨⟩↕⌉ ⟩⊔ ⟩∫ ∐⊓⟩⊔⌉ ⌉⊣∫† ⊔≀ ⊣⌈⌈ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔≀ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊔⟨⊣⊔ ∇⌉√⌉↕∫ ⌋≀↕≀⊓∇∫ {∇≀⇕ ⊔⟨⌉ ⟩⇕⇕⌉⌈⟩⊣⊔⌉ ⊣∇⌉⊣ ⊣∇≀⊓\⌈ ⊔⟨⌉ ⟩\⌈⟩⌋⊣⊔⌉⌈ ⌋≀↕≀⊓∇⇔ ≀⊔⟨⌉∇ ∐⊓⌉∫⊔⟩≀\∫ ⇕⊓∫⊔ ⌊⌉ ⊣\∫⊒⌉∇⌉⌈ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⊔⟨⌉ ⊣∇⌉⊣ ⊔≀ ⌊⌉ ⊣⊑≀⟩⌈⌉⌈↙ I∫ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊣⊔ ⊔⟨⌉ ⌋⌉\⊔⌉∇

▽↙△↙ A∫∫⟩∫⊔⊣\⌋⌉ {≀∇ A⌉∫⊔⟨⌉⊔⟩⌋ C≀↕≀⊓∇ S⌉↕⌉⌋⊔⟩≀\ ▽

≀{ ⊔⟨⌉ ∇⊣\}⌉ ≀{ ⊓\⌈⌉∫⟩∇⊣⌊↕⌉ ⌋≀↕≀⊓∇∫⊥ H≀⊒ ↕⊣∇}⌉ ⊣\ ⊣∇⌉⊣ ⊣∇≀⊓\⌈ ⊔⟨⌉ ⌋≀↕≀⊓∇ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣⊑≀⟩⌈⌉⌈⊥ I∫ ⊔⟨⌉ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⊓\⊣√√⌉⊣↕⟩\} ⟩\ }⌉\⌉∇⊣↕⇔ ≀∇ ≀\↕† ⊒⟨⌉\ ⊓∫⌉⌈ {≀∇ ⊔⟨⌉ √⊣∇⊔⟩⌋⊓↕⊣∇ √⊣∇⊔ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒⊥ I{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⟩∫ ⊓\⊣√√⌉⊣↕⟩\} ≀\↕† ⟩\ ⊔⟨⌉ ⌋≀\⊔⌉§⊔ ≀{ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉⇔ √⌉∇⟨⊣√∫ ⊔⟨⌉ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉ ∫⟨≀⊓↕⌈ ⌊⌉ ⌋∇⟩⊔⟩⌋⟩‡⌉⌈⇔ \≀⊔ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉⇔ ⊣∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⌊⌉↕≀⊒↙ O\⌋⌉ ⊔⟨⌉ ∇⊣\}⌉ ≀{ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊔⟨⊣⊔ ∫⟨≀⊓↕⌈ ⌊⌉ ⌉§⌋↕⊓⌈⌉⌈ ⟨⊣∫ ⌊⌉⌉\ ⌈⌉⊔⌉∇⇕⟩\⌉⌈⇔ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⌋⊣\ ⌊⌉ ⊣⌈⌈⌉⌈ ⊔≀ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊒⟨⟩⌋⟨ ∇⌉√⌉↕∫ ⊣↕↕ ⌋≀↕≀⊓∇∫ {∇≀⇕ ⊔⟨⟩∫ ∇⊣\}⌉ ≀{ ⊑⊣↕⊓⌉∫↙ I⊔ ∫⟨≀⊓↕⌈ ⌊⌉ √≀∫∫⟩⌊↕⌉ ⊔≀ ⊣√√↕† ⊔⟨⟩∫ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔≀ ⌉⟩⊔⟨⌉∇ ⊔⟨⌉ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉ ≀∇ ⊔≀ ⊔⟨⌉ ⌉\⊔⟩∇⌉ ∫†∫⊔⌉⇕↙ M≀∇⌉ ≀{⊔⌉\ ⊔⟨⊣\ \≀⊔ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⊒⟩↕↕ ⌊⌉ ⊣√√↕⟩⌉⌈ }↕≀⌊⊣↕↕†⇔ ⊣∫ ⊓∫⌉∇∫ ∫⌉⌉ ⌋≀↕≀⊓∇∫ ⊔⟨⌉† ⌈⟩∫↕⟩‖⌉ ⊣\⌈ ⊒⊣\⊔ ⊔⟨⌉⇕ ⊔≀ \≀⊔ ≀⌋⌋⊓∇ ⟩\ ⊣\† ⊒⟩\⌈≀⊒↙ T⟨⌉ ∫⌉⌋≀\⌈ ⊣∫√⌉⌋⊔ ≀{ ⊔⟨⌉ √∇≀⌊↕⌉⇕⇔ ⊒⟨⌉\ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟨⊣∫ ⌋⟨≀∫⌉\ ⊣ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\ ⊔⟨⊣⊔ ⟩∫ ⊓\⊣⊔⊔∇⊣⌋⊔⟩⊑⌉⇔ ⟩∫ ⇕≀∇⌉ ⌈⟩{⊘⌋⊓↕⊔ ⊔≀ ∇⌉⌋⊔⟩{†↙ S⌉↕⌉⌋⊔⟩\} ⊣\≀⊔⟨⌉∇ ∫⌉⊔ ≀{ ⌋≀↕≀⊓∇∫ ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ⌊≀⊓\⌈∫ ≀{ ⊔⟨⌉ ⊣⌋⊔⟩⊑⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⟩∫ ⊔∇⟩⊑⟩⊣↕∅ ∫⟩⇕√↕† }⌉\⌉∇⊣⊔⌉ ⊣\≀⊔⟨⌉∇ ∇⊣\⌈≀⇕ ∫⌉⊔ ≀{ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ ∫⊣⊔⟩∫{† ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ T⟨⌉ √∇≀⌊↕⌉⇕ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ∫⟨≀⊓↕⌈ ⊣⊑≀⟩⌈ ∇⌉∫⌉↕⌉⌋⊔⟩\} ⊔⟨⌉ ⊓\⊣⊔⊔∇⊣⌋⊔⟩⊑⌉ ∫⌉⊔ ≀{ ⌋≀↕≀⊓∇∫↙ L⟩‖⌉ ⊔⟨⌉ ∫⟩⊔⊓⊣⊔⟩≀\ ⊒⟨⌉∇⌉ ⊔⟨⌉ ⊓∫⌉∇ ⟩∫ ⌋∇⟩⊔⟩⌋⟩‡⟩\} ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉⇔ ⟩⊔ ∫⟨≀⊓↕⌈ ⌊⌉ √≀∫∫⟩⌊↕⌉ ⊔≀ ∫√⌉⌋⟩{† ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔⟨⊣⊔ ⌈⟩∫⊣↕↕≀⊒∫ ⊣ ⌋≀⇕⌊⟩\⊣⊔⟩≀\ ≀{ ⌋≀↕≀⊓∇∫ }↕≀⌊⊣↕↕† ≀∇ ⊒⟩⊔⟨⟩\ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉↙ I⊔ ⟩∫ ⇕≀∇⌉ ⊣√√∇≀√∇⟩⊣⊔⌉ {≀∇ ⊔⟨⌉∫⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔≀ ⌊⌉ ⊣√√↕⟩⌉⌈ ⊔≀ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉⇔ ⊣∫ ≀√√≀∫⌉⌈ ⊔≀ }↕≀⌊⊣↕↕†↙ A ⊒⟩\⌈≀⊒ ∫⊔†↕⌉ ∇⌉√∇⌉∫⌉\⊔∫ ⊣ ⊒⊣† {≀∇ ⊒⟩\⌈≀⊒∫ ⊔≀ ⌊⌉ ⌋≀↕≀⊓∇⌉⌈ ⊣\⌈ ⊔⟨⌉∇⌉{≀∇⌉ ⌋∇⟩⊔⟩⌋⟩‡⟩\} ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌋≀↕≀⊓∇ ∫⌉⊔ ⟩∫ ⊣⌋⊔⊓⊣↕↕† ⊣ ⇕⌉⊔⟨≀⌈ ≀{ ⌋⊓∫⊔≀⇕⟩‡⟩\} ⊔⟨⊣⊔ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉↙ C∇⌉⊣⊔⟩\} ⊣ ⟨⟩⌉∇⊣∇⌋⟨† ≀{ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔⟨⊣⊔ ⌋⊣⊓∫⌉∫ ⊔⟨⌉ ⊣ ⊒⟩\⌈≀⊒ ⊔≀ ⊣⊑≀⟩⌈ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\ ⟩∫ ∫⊔∇⊣⟩}⟨⊔{≀∇⊒⊣∇⌈∅ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⌋∇⌉⊣⊔⌉⌈ {≀∇ ⌉⊣⌋⟨ ⌋≀↕≀⊓∇ ⟩\ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⊒⟨⟩⌋⟨ ∇⌉√⌉↕∫ ⟩⊔ {∇≀⇕ ⊔⟨⌉ ⊣√√∇≀√∇⟩⊣⊔⌉ ⌋≀↕≀⊓∇ ⟩\ ⊔⟨⌉ ⊓\⌈⌉∫⟩∇⊣⌊↕⌉ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉↙ T⟨⌉ √∇≀⌊↕⌉⇕ ⊒⟩⊔⟨ ⌊≀⊔⟨ ≀{ ⊔⟨⌉ ⊣⌊≀⊑⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⟩∫ ⊔⟨⊣⊔ ⊣∫ ⊔⟨⌉ ∫⌉⊔ ≀{ ⊓\⌈⌉∫⟩∇⊣⌊↕⌉ ⌋≀↕≀⊓∇∫ ⊣\⌈ ⌋≀↕≀⊓∇ ∫⌉⊔∫ }∇≀⊒∫ ↕⊣∇}⌉ ⊔⟨⌉ ↕≀⊣⌈ ≀\ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⌉∇ ⟩\⌋∇⌉⊣∫⌉∫ ⌈∇⊣⇕⊣⊔⟩⌋⊣↕↕†↙ I⊔ ⟩∫ ⌉⊣∫⟩⌉∇ {≀∇ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ⊔⌉↕↕ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊔⟨⊣⊔ ⊔⟨⌉† ⌈⟩∫↕⟩‖⌉ ⊣ ⌋⌉∇⊔⊣⟩\ ⌋≀↕≀⊓∇ ≀∇ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\ ⊔⟨⊣\ ⊔≀ ⇕≀⌈⟩{† ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉ ⊔⟨⊣⊔ ⟩∫ }⌉\⌉∇⊣⊔⟩\} ⊔⟨⌉ ≀{{⌉\⌈⟩\} ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫↙ I\⌈⌉⌉⌈⇔ ⟩⊔ ⇕⊣† \≀⊔ ⌊⌉ √≀∫∫⟩⌊↕⌉ ⊔≀ ⇕≀⌈⟩{† ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉ ⊒⟩⊔⟨≀⊓⊔ ⊓\⌈⊓↕† ∇⌉∫⊔∇⟩⌋⊔⟩\} ⊔⟨⌉ ⌋≀↕≀⊓∇ ∫⌉⊔∫ ⊔⟨⊣⊔ ⇕⊣† ⌊⌉ }⌉\⌉∇⊣⊔⌉⌈↙ T⌉⌋⟨\⟩∐⊓⌉∫ ⊔≀ ≀√⊔⟩⇕⟩‡⌉ ⊔⟨⌉∫⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ∫⟨≀⊓↕⌈ ⌊⌉ ⟩\⊑⌉∫⊔⟩}⊣⊔⌉⌈⇔ ⌊⊓⊔ ⌈≀⟩\} ∫≀ ⟩∫ ⌊⌉†≀\⌈ ⊔⟨⌉ ∫⌋≀√⌉ ≀{ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫↙

E§√∇⌉∫∫⟩\} A√√∇≀⊑⊣↕ ≀{ C≀↕≀⊓∇∫↙ J⊓∫⊔ ⊣∫ ⊓∫⌉∇∫ ⌈⟩∫↕⟩‖⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ≀∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ≀{ ⌋≀↕≀⊓∇∫ ⊑⊣↕⊓⌉∫⇔ ∫≀ ⌈≀ ⊔⟨⌉† ⊣√√∇≀⊑⌉ ≀{ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ≀∇ ∫⌉⊔∫ ≀{ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫↙ T⟨⌉∇⌉ ⊣∇⌉ ⊔⊒≀ ⊣∫√⌉⌋⊔∫ ⊔≀ ⌉§√∇⌉∫∫⟩\} ⊣√√∇≀⊑⊣↕⇔ ⊔⟨⌉ ⊘∇∫⊔ {≀∇ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊣\⌈ ⊔⟨⌉ ∫⌉⌋≀\⌈ {≀∇ ∫⌉⊔∫ ≀{ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫↙ T⟨⌉ {⊓\⌈⊣⇕⌉\⊔⊣↕ ⌈⟩{{⌉∇⌉\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⌋∇⌉⊣⊔⟩\} ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔⟨⊣⊔ ⌉§√∇⌉∫∫ ⊣ √∇⌉{⌉∇⌉\⌋⌉ {≀∇ ⊣ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⊣\⌈ ⊔⟨≀∫⌉ ⊔⟨⊣⊔ ⌉§√∇⌉∫∫ ⊣⊑⌉∇∫⟩≀\ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ {≀∇ ⌋≀↕≀⊓∇ √∇⌉{⌉∇⌉\⌋⌉ ⌋⊣\\≀⊔ ∇⌉⊣∫≀\⊣⌊↕† ⌉§⟩∫⊔ ⟩\ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⌉∇ ≀\ ⊣ {⊓↕↕ ⊔⟩⇕⌉ ⌊⊣∫⟩∫↙ I{ ⊔⟨⌉† ⌈⟩⌈⇔ ⊣↕↕ ⟩\∫⊔⊣\⌋⌉∫ ≀{ ⊣{{⌉⌋⊔⌉⌈ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ ⊒≀⊓↕⌈ ⌊⌉ ⊣⊔⊔∇⊣⌋⊔⌉⌈ ⊔≀ ⊔⟨⌉ √∇⌉{⌉∇∇⌉⌈ ⌋≀↕≀⊓∇∫↙ T⟨⟩∫ ⌋≀\⊔∇⊣⌈⟩⌋⊔∫ ≀\⌉ ≀{ ⊔⟨⌉ }≀⊣↕∫ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⊔≀ ∫⊓}}⌉∫⊔ \⌉⊒ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫↙ I\∫⊔⌉⊣⌈⇔ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ∫⟨≀⊓↕⌈ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⊣↕⊔⌉∇ ⊔⟨⌉ ⇕⌉⌋⟨⊣\⟩∫⇕ {≀∇ √⟩⌋‖⟩\} \⌉⊒ ⌋≀↕≀⊓∇∫↙ B† ⌊⟩⊣∫⟩\} ⊔⟨⌉ ∫⌉↕⌉⌋⊔⟩≀\ ≀{ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊣\⌈ ⊔⟨⌉ ⌋∇⌉⊣⊔⟩≀\ ≀{ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫ ⊔≀ ⊔⟨≀∫⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ⊓∫⌉∇ ⟨⊣∫ ⌉§√∇⌉∫∫⌉⌈ ⊣ √∇⌉{⌉∇⌉\⌋⌉ {≀∇ ⟩\ ⊔⟨⌉ √⊣∫⊔⇔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊒⟩↕↕ ≀⌋⌋⊣∫⟩≀\⊣↕↕† ∫⌉↕⌉⌋⊔ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫ ⌊⊣∫⌉⌈ ≀\ ⊓∫⌉∇ √∇⌉{⌉∇⌉\⌋⌉∫↙ T⟨⌉∇⌉ ⊣∇⌉ ⊣ {⌉⊒ ⊒⊣†∫ ⊔⟨⟩∫ ⌋⊣\ ⌊⌉ ⊣⌋⌋≀⇕√↕⟩∫⟨⌉⌈↙ T⟨⌉ ∫⟩⇕√↕⌉∫⊔ ⊔⌉⌋⟨\⟩∐⊓⌉ ⟩∫ ⊔≀ ∫⊔≀∇⌉ ⊣ ↕⟩∫⊔ ≀{ √∇⌉{⌉∇⌉\⌋⌉∫ ⊣\⌈ ≀⌋⌋⊣∫⟩≀\⊣↕↕† ⊓∫⌉ ≀\⌉ ⟩\∫⊔⌉⊣⌈ ≀{ √⟩⌋‖⟩\} ⌋≀↕≀⊓∇∫ ⊣⊔ ∇⊣\⌈≀⇕↙ W⟨⟩↕⌉ ⊔⟨⌉ ∇⊣\⌈≀⇕ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ∫⊔⟩↕↕ ⊓\⊣{{⌉⌋⊔⌉⌈ ⌊† ⊔⟨⌉ ⊓∫⌉∇∫ √∇⌉{⌉∇⌉\⌋⌉∫⇔ ⊔⟨⌉ ≀⌋⌋⊣∫⟩≀\⊣↕ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ≀∇ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\ ∇⌉⊙⌉⌋⊔∫ ⊔⟨⌉ √∇⌉{⌉∇⌉\⌋⌉∫↙ M≀∇⌉ ⌋≀⇕√↕⟩⌋⊣⊔⌉⌈ ⊣\⌈ √≀⊒⌉∇{⊓↕ ⊔⌉⌋⟨\⟩∐⊓⌉∫ ⊣∇⌉ √≀∫∫⟩⌊↕⌉⇔ ≀{ ⌋≀⊓∇∫⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊓∫⌉∇ √∇⌉{⌉∇⌉\⌋⌉∫ ⌋≀⊓↕⌈ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ \⌉⊓∇⊣↕ \⌉⊔⊒≀∇‖ ⊔⟨⊣⊔ √⟩⌋‖∫ ⌋≀↕≀⊓∇ ∫⌉⊔∫ ∫⟩⇕⟩↕⊣∇ ⊔≀ ⊔⟨⌉ ≀\⌉∫ ⊔⟨⌉ ⊓∫⌉∇ ⌉§√∇⌉∫∫⌉⌈ ⊣ √∇⌉{⌉∇⌉\⌋⌉ {≀∇ ⇐S⊣↕≀⇕≀\ ⊣\⌈ C⟨⌉\⇔ ∞∃∀∃⇒↙ O\⌉ ≀{ ⊔⟨⌉ ⌋∇⟩⊔⟩⌋⟩∫⇕∫ ≀{ ⊓∫⟩\} \⌉⊓∇⊣↕ \⌉⊔∫ ⊔≀ ∫⌉↕⌉⌋⊔ ⌋≀↕≀⊓∇∫ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⌉† ⊣↕⊒⊣†∫ }⌉\⌉∇⊣⊔⌉ ∫⌉⊔∫ ≀{ ⌋≀↕≀⊓∇∫ ∫⟩⇕⟩↕⊣∇ ⊔≀ ⊔⟨⌉ ∫⌉⌉⌈ ∫⌉⊔∫↙ I\ ⊔⟨⟩∫ ⌋⊣∫⌉⇔ ⟨≀⊒⌉⊑⌉∇⇔ ⊔⟨⊣⊔ ⟩∫ ⌉§⊣⌋⊔↕† ⊒⟨⊣⊔ ⟩∫ ⌈⌉∫⟩∇⌉⌈↙

M≀⌈⟩⊘⌋⊣⊔⟩≀\ ≀{ W⟩\⌈≀⊒ S⊔†↕⌉∫↙ W⟩\⌈≀⊒ ∫⊔†↕⌉∫ ⊣∇⌉ ⟩\⊔∇≀⌈⊓⌋⌉⌈ ⊣∫ ⊣ ⊔⌉⌋⟨\⟩∐⊓⌉ ≀{ }∇≀⊓√⟩\} ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊒⟨⟩⌋⟨ ⌉§√∇⌉∫∫ ⊔⟨⌉ }⌉\⌉∇⊣↕ ⌋⟨⊣∇⊣⌋⊔⌉∇⟩∫⊔⟩⌋∫ ≀{ ⊒⟩\⌈≀⊒ ⊣√√⌉⊣∇⊣\⌋⌉↙ T⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ ⊣∇⌉ ⌈⌉∫⟩}\⌉⌈ ⊔≀ ⌋∇⌉⊣⊔⌉

▽∀ C⟨⊣√⊔⌉∇ ▽↙ C≀↕≀⊓∇ C≀\∫⊔∇⊣⟩\⊔∫

⌊↕⊣\⌈ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⊑⟩∫⊓⊣↕↕† ⟩\≀{{⌉\∫⟩⊑⌉ ⊔≀ ⊔⟨⌉ ⇕⊣|≀∇⟩⊔† ≀{ ⊓∫⌉∇∫↙ E⊑⌉\⊔⊓⊣↕↕† ⊓∫⌉∇∫ ⊒⟩↕↕ ⇕≀⌈⟩{† ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ ≀∇ ⌋∇⌉⊣⊔⌉ ⊔⟨⌉⟩∇ ≀⊒\↙ A ⊒⟩\⌈≀⊒ ∫⊔†↕⌉ ⌋≀\∫⟩∫⊔∫ ≀{ ⊣ ∫⌉⊔ ≀{ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊒⟨⟩⌋⟨ ⊔≀}⌉⊔⟨⌉∇ ∫√⌉⌋⟩{† ⟨≀⊒ ⊣ ⊒⟩\⌈≀⊒ ∫⟨≀⊓↕⌈ ⊣√√⌉⊣∇↙ E⊣⌋⟨ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⌊⊣∫⌉⌈ ≀\ ⌉⟩⊔⟨⌉∇ ⊣\ ⊣⌊∫≀↕⊓⊔⌉ ≀∇ ∇⌉↕⊣⊔⟩⊑⌉ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔⇔ ⊔⟨⌉ ⊣⌊∫≀↕⊓⊔⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣{{⌉⌋⊔⟩\} ≀\↕† ⊣ ∫⟩\}↕⌉ ⌋≀↕≀⊓∇ ⊣\⌈ ⊔⟨⌉ ∇⌉↕⊣⊔⟩⊑⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ∇⌉↕⊣⊔⟩\} ≀\⌉ ⌋≀↕≀⊓∇ ⊔≀ ⊣\≀⊔⟨⌉∇↙ T⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ⟩\⌈⌉√⌉\⌈⌉\⊔ ≀{ ⌉⊣⌋⟨ ≀⊔⟨⌉∇ ⊣\⌈ ⌋⊣\ ⌊⌉ ⇕⟩§⌉⌈ ⊣\⌈ ⇕⊣⊔⌋⟨⌉⌈ ∇⌉↕⊣⊔⟩⊑⌉↕† {∇⌉⌉↕†↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊔≀ ⇕≀⌈⟩{† ⊣ ∫⊔†↕⌉⇔ ⌋⟨⊣\}⌉ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔⟨⊣⊔ ⌈⌉⊘\⌉ ⟩⊔↙ E§√↕≀∇⟩\} ⊣\ ⟩\⊔⊓⟩⊔⟩⊑⌉ ⟩\⊔⌉∇{⊣⌋⌉ {≀∇ ∫⊓⌋⟨ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉ ⊣\⌈ ⌋≀\∫⊔∇⊣⟩\⊔ ⌉⌈⟩⊔⟩\} ⟩∫ ⌊⌉†≀\⌈ ⊔⟨⌉ ∫⌋≀√⌉ ≀{ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫⇔ √⊣∇⊔↕† ⌊⌉⌋⊣⊓∫⌉ ⊣\ ⌉{{⌉⌋⊔⟩⊑⌉ ⇕⌉⊔⟨≀⌈ ≀{ ⇕≀⌈⟩{†⟩\} ⊔⟨⌉ ∫⊔†↕⌉∫ ⟩∫ ⌈⌉√⌉\⌈⌉\⊔ ≀\ ⊔⟨⌉⟩∇ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ {⊣⟩∇↕† ∫⟩⇕√↕⌉⇔ ⊣∫ ∫⟨≀⊒\ ⌊† ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉ ⟩\ S⌉⌋⊔⟩≀\ ▽↙△↙△⇔ ∫≀ ⌉⌈⟩⊔⟩\} ⊔⟨⌉⇕ ∫⟨≀⊓↕⌈ \≀⊔ ⌊⌉ ⌈⟩{⊘⌋⊓↕⊔↙

E§⊣⌋⊔ C≀↕≀⊓∇ S√⌉⌋⟩⊘⌋⊣⊔⟩≀\↙ O\⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔⟨⊣⊔ ⊒⟩↕↕ ≀{⊔⌉\ ⌊⌉ \⌉⌉⌈⌉⌈ ⟩\ ⊣ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉ ⟩∫ ⊔⟨⌉ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ≀{ ⊣\ ⌉§⊣⌋⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉↙ T≀ ⟩⇕√↕⌉⇕⌉\⊔ ⊔⟨⟩∫⇔ ∫⟩⇕√↕† ⌋≀\∫⊔∇⊣⟩\ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊔≀ ⊔⟨⌉ ⌈⌉∫⟩∇⌉⌈ ⊑⊣↕⊓⌉ ⊣\⌈ ⌈⌉⊘\⌉ ⊔⟨⌉ ⟩⇕√≀∇⊔⊣\⌋⌉ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟨⟩}⟨ ⌉\≀⊓}⟨ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⟩∫ \≀⊔ ⊣{{⌉⌋⊔⌉⌈ ⌊† ≀⊔⟨⌉∇ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ S⊓⌋⟨ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⇕⟩⇕⟩⌋ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⟩\ ⊣↕↕ ⌋⊓∇∇⌉\⊔ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫↙ E§⊣⌋⊔ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⊔⟨⌉∇⌉{≀∇⌉ ⌈⌉⇕≀\∫⊔∇⊣⊔⌉∫ ⊔⟨⊣⊔ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\∫ ⊒⟨⟩⌋⟨ ⊣∇⌉ √≀∫∫⟩⌊↕⌉ ⟩\ ≀⊔⟨⌉∇ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫ ⊣∇⌉ √≀∫∫⟩⌊↕⌉ ⟩\ ⊣ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊒⟩⊔⟨ ⌋≀↕≀⊓∇ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ∫≀ \≀ ⊙⌉§⟩⌊⟩↕⟩⊔† ⟨⊣∫ ⌊⌉⌉\ ∫⊣⌋∇⟩⊘⌋⌉⌈↙

M⊣\⊓⊣↕ M≀⌈⟩⊘⌋⊣⊔⟩≀\ ≀{ C≀↕≀⊓∇ V⊣↕⊓⌉∫↙ W⟨⌉\ ⊔⟨⌉ ∫†∫⊔⌉⇕ ∫⌉↕⌉⌋⊔∫ ⊣ ∫⌉⊔ ≀{ ⌋≀↕≀⊓∇∫⇔ ⊓∫⌉∇∫ ⇕⊣† ⊒⟩∫⟨ ⊔≀ ⇕≀⌈⟩{† ≀\⌉ ≀∇ ⇕≀∇⌉ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⌊† ⟨⊣\⌈ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉ ⊔⟨⊣⊔ ⊣√√⌉⊣↕∫ ⊔≀ ⊔⟨⌉⇕↙ W⟨⟩↕⌉ ⊔⟨⟩∫ ⟩∫ ⊣ ∫⊔∇⊣⟩}⟨⊔{≀∇⊒⊣∇⌈ ≀√⌉∇⊣⊔⟩≀\⇔ ⊔⟨⌉ ⊓∫⌉∇≃∫ ⇕≀⊔⟩⊑⊣⊔⟩≀\ {≀∇ ⇕≀⌈⟩{†⟩\} ⊔⟨⌉ ⌋≀↕≀⊓∇ ∫⟨≀⊓↕⌈ ⌊⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈ ∫≀ ⊔⟨⊣⊔ ⊣√√∇≀√∇⟩⊣⊔⌉ ⊣⌋⊔⟩≀\ ⇕⊣† ⌊⌉ ⊔⊣‖⌉\↙ U∫⊓⊣↕↕†⇔ ⊔⟨⌉ ⊓∫⌉∇ ⇕≀⌈⟩⊘⌉∫ ⌋≀↕≀⊓∇∫ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣\ ⊣⊔⊔∇⊣⌋⊔⟩⊑⌉ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉↙ A{⊔⌉∇ ⇕≀⌈⟩{†⟩\} ⊣ ⌋≀↕≀⊓∇⇔ ⊔⟨⌉∇⌉{≀∇⌉⇔ ⊔⟨⌉ ⊓∫⌉∇ ⇕⊣† ⌈⌉∫⟩∇⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⟩\ ⊔⟨⊣⊔ ⊒⟩\⌈≀⊒ ∫⟨≀⊓↕⌈ ⌊⌉ ⊘§⌉⌈ ⊣⊔ ⊔⟨⌉⟩∇ ⌋⊓∇∇⌉\⊔ ⊑⊣↕⊓⌉∫ ∫≀ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋⊓∫⊔≀⇕⟩‡⊣⊔⟩≀\ ⟩∫ \≀⊔ ↕≀∫⊔↙ A↕⊔⌉∇\⊣⊔⟩⊑⌉↕†⇔ ⊔⟨⌉† ⇕⊣† ≀\↕† ⊒⟩∫⟨ ⊔⟨⊣⊔ ⊔⟨⌉ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌋≀↕≀⊓∇ ⊔⟨⌉† ⇕≀⌈⟩⊘⌉⌈ ∇⌉⇕⊣⟩\ ⊒⟨⌉∇⌉ ⊔⟨⌉† ∫⌉⊔ ⟩⊔⇔ ↕⌉⊣⊑⟩\} ⊔⟨⌉ ≀⊔⟨⌉∇ ⌋≀↕≀⊓∇∫ {∇⌉⌉ ⊔≀ ⌋⟨⊣\}⌉↙ F⟩\⊣↕↕†⇔ ⊔⟨⌉† ⇕⊣† ⌋⟨⊣\}⌉ ⊣ ⌋≀↕≀⊓∇ ≀\↕† ⌊⌉⌋⊣⊓∫⌉ ⟩⊔ ⌈≀⌉∫ \≀⊔ ⊘⊔ ⊒⟩⊔⟨ ⊔⟨⌉ ≀⊔⟨⌉∇ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊣\⌈ ⌈≀ \≀⊔ ⇕⟩\⌈ ⟩{ ⟩⊔ ⌋⟨⊣\}⌉∫ ⊒⟨⌉\ ⊔⟨⌉ ≀⊔⟨⌉∇ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⌋⟨⊣\}⌉↙ A\ ⟩\⊔⌉∇{⊣⌋⌉ {≀∇ ⌋⟨⊣\}⟩\} ⌋≀↕≀⊓∇∫ ⌋⊣\ ⌉⊣∫⟩↕† ⊣∫‖ ⊔⟨⌉ ⊓∫⌉∇ ⊒⟨⟩⌋⟨ ≀{ ⊔⟨⌉ ⊣⌊≀⊑⌉ ∫⟩⊔⊓⊣⊔⟩≀\∫ ⊔⟨⌉† ⟩\⊔⌉\⌈↙ I{ ⊔⟨⌉ ⊓∫⌉∇ ⟩\⊔⌉\⌈∫ ⊔≀ ⟨⊣⊑⌉ ≀\⌉ ≀∇ ⇕≀∇⌉ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⊘§⌉⌈ ⊣⊔ ⟩⊔∫ ⌋⊓∇∇⌉\⊔ ⊑⊣↕⊓⌉⇔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ∫⟨≀⊓↕⌈ \≀⊔ ⌋⟨⊣\}⌉⌈ ⟩⊔↙ H≀⊒⌉⊑⌉∇⇔ ⊒⟨⌉\ ⊔⟨⌉ ⊓∫⌉∇ ∫√⌉⌋⟩⊘⌉∫ ⊔⟨⊣⊔ ⊣ ⌋≀↕≀⊓∇ ∫⟨≀⊓↕⌈ \≀ ↕≀\}⌉∇ ⌋⟨⊣\}⌉ ⊔⟨⌉∇⌉ ⟩∫ ⊓∫⊓⊣↕↕† ⊣\ ⟩⇕√↕⟩⌉⌈ ∐⊓⊣↕⟩⊘⌋⊣⊔⟩≀\ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⌋⊣\ ⌋⟨⊣\}⌉ ⟩{ ⊔⟨⌉∇⌉ ⟩∫ ⌉\≀⊓}⟨ √∇⌉∫∫⊓∇⌉ {∇≀⇕ ≀⊔⟨⌉∇ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ I\ ⊔⟨⟩∫ ⌋⊣∫⌉⇔ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⇕⊣† ⌊⌉ ⊣⌈⌈⌉⌈ ⊒⟨⟩⌋⟨ {≀∇⌋⌉ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊔≀⊒⊣∇⌈ ⊔⟨⌉ ⌈⌉∫⟩∇⌉⌈ ⊑⊣↕⊓⌉⇔ ⌊⊓⊔ ⟨⊣⊑⌉ }∇⌉⊣⊔⌉∇ ⟩⇕√≀∇⊔⊣\⌋⌉ ∫≀ ⊔⟨⊣⊔ ≀⊔⟨⌉∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣⌋⊔⟩\} ≀\ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊒⟩↕↕ ≀\↕† ⌋⟨⊣\}⌉ ⊔⟨⌉ ⊑⊣↕⊓⌉ ⟩\ ⌉§⊔∇⌉⇕⌉ ⌋⊣∫⌉∫↙ A⌈⌈⟩⊔⟩≀\⊣↕↕†⇔ ⟩⊔ ∫⟨≀⊓↕⌈ ⌊⌉ √≀∫∫⟩⌊↕⌉ {≀∇ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ∫⊣† ⊔⟨⊣⊔ ⊔⟨⌉† ⊒⊣\⊔ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊔≀ ∇⌉⇕⊣⟩\ ⌉§⊣⌋⊔↕† ⊣∫ ⟩⊔ ⊣√√⌉⊣∇∫⇔ ⟩\ ⌉{{⌉⌋⊔ ⌈⟩∫⊣⌊↕⟩\} ⊣↕↕ ⊔⟨⌉ ≀⊔⟨⌉∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣⌋⊔⟩\} ≀\ ⊔⟨⊣⊔ ⌋≀↕≀⊓∇↙

▽↙△↙▽↙∈ C⊓∫⊔≀⇕⟩‡⟩\} W⟩\⌈≀⊒ O∇}⊣\⟩‡⊣⊔⟩≀\ T⟨⌉ ∫⌉⌋≀\⌈ ⊣∫√⌉⌋⊔ ≀{ ⌋⊓∫⊔≀⇕⟩‡⊣⊔⟩≀\ ⟩∫ ⊔≀ ⇕≀⌈⟩{† ⊔⟨⌉ ⊣√√∇≀⊣⌋⟨ ⊓∫⌉⌈ ⌊† ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊔≀ ≀∇}⊣\⟩‡⌉ ⊒⟩\⌈≀⊒∫↙ W⟨⟩↕⌉ ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊔⌉⌋⟨\⟩∐⊓⌉ ≀{ ⊓∫⟩\} ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ \⊣⇕⌉ ⊣\⌈ ≀√⊔⟩≀\⊣↕ ⊓∫⌉∇ ∫√⌉⌋⟩⊘⌉⌈ \⊣⇕⌉ ⟩∫ ∫⊓∇√∇⟩∫⟩\}↕† √≀⊒⌉∇{⊓↕⇔ ⊔⟨⌉∇⌉ ⊣∇⌉ ⊔⟩⇕⌉∫ ⊒⟨⌉\ ⟩⊔ ⟩∫ \≀⊔ √≀⊒⌉∇{⊓↕ ⌉\≀⊓}⟨⇔ ∫⊓⌋⟨ ⊣∫ ⊒⟨⌉\ ⊓∫⌉∇∫ ⊒⟩∫⟨ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣⌈⌈⟩⊔⟩≀\⊣↕ ↕⌉⊑⌉↕∫ ≀{ }∇≀⊓√⟩\}↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊣ ⊓∫⌉∇ ⇕⊣† ⊒⟩∫⟨ ⊔≀ ⊓∫⌉ ⊣ ⌋⌉∇⊔⊣⟩\ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉ {≀∇ √⌉∇∫≀\⊣↕ ⊒⟩\⌈≀⊒∫ ⊣\⌈ ⊣\≀⊔⟨⌉∇ {≀∇ ⊒≀∇‖ ⊒⟩\⌈≀⊒∫↙ W⟩⊔⟨⟩\ ⊔⟨⌉ ⊒≀∇‖ ⊒⟩\⌈≀⊒∫⇔ ⊔⟨⌉† ⇕⊣† ⊒⟩∫⟨ ⊔≀ ⊓∫⌉ }∇⌉⌉\ {≀∇ ⊒⟩\⌈≀⊒∫ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ≀\⌉ √∇≀|⌉⌋⊔ ⊣\⌈ ⌊↕⊓⌉ {≀∇ ⊒⟩\⌈≀⊒∫ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⊣\≀⊔⟨⌉∇↙ W⟩⊔⟨⟩\ ⊣ ⌋⌉∇⊔⊣⟩\ √∇≀|⌉⌋⊔⇔ ⊔⟨⌉† ⇕⊣† ⊒⊣\⊔ ⊔≀ ⊓∫⌉ ⌈⟩{{⌉∇⌉\⊔ ⌋≀↕≀⊓∇∫ {≀∇ ⌉⌈⟩⊔⟩\} ⌈≀⌋⊓⇕⌉\⊔⊣⊔⟩≀\ ⊔⟨⊣\ {≀∇ ⌉⌈⟩⊔⟩\} ∫≀⊓∇⌋⌉ ⌋≀⌈⌉↙ W⟨⟩↕⌉ ⟩⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ ⊔≀ ⌋∇⌉⊣⊔⌉ }∇≀⊓√⟩\}∫ ↕⟩‖⌉ ⊔⟨⟩∫ ⊓∫⟩\} ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ∫⌋⟨⌉⇕⌉ ⌊† ⌋⊣∇⌉{⊓↕ ⌋∇⌉⊣⊔⟩≀\ ≀{ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫⇔ ⊔⟨⌉∇⌉ ∫⟨≀⊓↕⌈ ⌊⌉ ∫⟩⇕√↕⌉∇ ⊒⊣†∫ {≀∇ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ⌉§√∇⌉∫∫ ⊔⟨⌉∫⌉ ⌈⌉∫⟩∇⌉∫↙

▽↙▽↙ T⟨⌉ V⟩⊣⌊⟩↕⟩⊔† ≀{ D†\⊣⇕⟩⌋ C≀↕≀⊓∇ ▽∃

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

▽↙▽ T⟨⌉ V⟩⊣⌊⟩↕⟩⊔† ≀{ D†\⊣⇕⟩⌋ C≀↕≀⊓∇ A⊔ ⊔⟨⌉ ⌉\⌈ ≀{ S⌉⌋⊔⟩≀\ ▽↙∞ ⊘⊑⌉ \⌉⌋⌉∫∫⊣∇† ∐⊓⊣↕⟩⊔⟩⌉∫ ≀{ ⊣ ⊓∫⊣⌊↕⌉ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊒⌉∇⌉ ⌈⟩∫⌋⊓∫∫⌉⌈↙ T⟨⌉ {⌉⊣⊔⊓∇⌉∫ ≀{ ⌈†\⊣⇕⟩⌋ ⌋≀↕≀⊓∇ ⊔⟨⊣⊔ {⊓↕⊘↕↕ ⊔⟨⌉∫⌉ ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫ ⊣∇⌉ ∫⊓⇕⇕⊣∇⟩‡⌉⌈ ⟨⌉∇⌉↙ S⊓√⌉∇⟩≀∇ ∇⌉∫⊓↕⊔∫↙ B† √⊓∇√≀∫⌉↕† ⌋⟨≀≀∫⟩\} ⌊↕⊣\⌈ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ ⌊† ⌈⌉{⊣⊓↕⊔⇔ ⊔⟨⌉ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊒⟩↕↕ ⌋∇⌉⊣⊔⌉ ∫⌉⊔∫ ≀{ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ ⊣∇⌉ ⟩\≀{{⌉\∫⟩⊑⌉ ⊔≀ ⊔⟨⌉ ⊑⊣∫⊔ ⇕⊣|≀∇⟩⊔† ≀{ ⊓∫⌉∇∫⇔ †⌉⊔ ⊣∇⌉ {⊣∇ ⇕≀∇⌉ ⟩\⊔⌉∇⌉∫⊔⟩\} ⊔⟨⊣\ ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔∫ √∇≀⊑⟩⌈⌉⌈ ⌊† ⌋≀\⊑⌉\⊔⟩≀\⊣↕ ∫⊔⊣⊔⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫↙ I\ ⊣⌈⌈⟩⊔⟩≀\⇔ ⊔⟨⌉ {⊓\⌋⊔⟩≀\⊣↕ √≀⊔⌉\⊔⟩⊣↕ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫ ⟩∫ ≀⌊⊔⊣⟩\⌉⌈ ⌊† ∫⌉↕⌉⌋⊔⟩\} ⌈⌉{⊣⊓↕⊔ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ ≀∇}⊣\⟩‡⌉ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫ ⟩\ ⊣ ∇⌉⊣∫≀\⊣⌊↕⌉ {⊣∫⟨⟩≀\↙ M≀∇⌉ ⟩⇕√≀∇⊔⊣\⊔↕†⇔ ⌊† ⊣↕↕≀⊒⟩\} }∇⊣⌈⊓⊣↕ ⊣\⌈ ⊣⌊∫⊔∇⊣⌋⊔ ⌋⊓∫⊔≀⇕⟩‡⊣⊔⟩≀\∫⇔ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⇕≀∇⌉ ↕⟩‖⌉↕† ⊔≀ ∇⌉⇕⊣⟩\ ⟨⊣∇⇕≀\⟩≀⊓∫ ⊔⟨⊣\ ⟩{ ⊔⟨⌉ ⊓∫⌉∇ ⟩∫ {≀∇⌋⌉⌈ ⊔≀ ∫⌉↕⌉⌋⊔ ⇕⊣\† ∫√⌉⌋⟩⊘⌋ ⌋≀↕≀⊓∇∫ ⊔≀ ≀∇}⊣\⟩‡⌉ ⊔⟨⌉⟩∇ ⊒⟩\⌈≀⊒∫↙ A\≀⊔⟨⌉∇ ⟩⇕√≀∇⊔⊣\⊔ {⌉⊣⊔⊓∇⌉ ≀{ ⌋≀\∫⊔∇⊣⟩\⊔↖⌊⊣∫⌉⌈ ∫†∫⊔⌉⇕∫ ⟩∫ ⊔⟨⊣⊔ ⊒⟨⌉\ ⊣↕↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌋⊣\\≀⊔ ⌊⌉ ∫⊣⊔⟩∫⊘⌉⌈⇔ ⊣ ∇⌉⊣∫≀\⊣⌊↕⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⌉∇ ⊣↕↕≀⊒∫ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔≀ ⌊⌉ ∇⌉↕⊣§⌉⌈ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⊘\⌈ ⊣ \≀\↖≀√⊔⟩⇕⊣↕ ⇕⟩\⟩⇕⊓⇕ ⊑⊣↕⊓⌉↙ I\ ≀⊔⟨⌉∇ ⊒≀∇⌈∫⇔ ⊔⟨⌉ ∫†∫⊔⌉⇕ {⊣⟩↕∫ }∇⊣⌋⌉{⊓↕↕†↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩{ ⊔⟨⌉ ⌈⌉∫⟩∇⌉⌈ ↕⌉⊑⌉↕ ≀{ ⊑⟩∫⊓⊣↕ ∫⌉√⊣∇⊣⊔⟩≀\ ⌊⌉⊔⊒⌉⌉\ ⊒⟩\⌈≀⊒∫ ≀∇ ⌋≀\⊔∇⊣∫⊔ ⌊⌉⊔⊒⌉⌉\ ⌋≀↕≀⊓∇∫ ⌋⊣\\≀⊔ ⌊⌉ ⊣⌋⟨⟩⌉⊑⌉⌈⇔ ⊣ ⇕⟩\⟩⇕⊓⇕ ⟩∫ {≀⊓\⌈ ⊔⟨⊣⊔ √∇≀⊑⟩⌈⌉∫ ⊣ ∇⌉⊣∫≀\⊣⌊↕⌉ ∫≀↕⊓⊔⟩≀\↙ T⟨⌉ ∫†∫⊔⌉⇕ ⌈≀⌉∫ \≀⊔ }⟩⊑⌉ ⊓√ ⊒⟨⌉\ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⌋⊣\\≀⊔ ⌊⌉ ⊣⌊∫≀↕⊓⊔⌉↕† ∫⊣⊔⟩∫⊘⌉⌈↙ N≀\↖∇⌉∫⊔∇⟩⌋⊔⟩⊑⌉↙ I⊔ ⟨⊣∫ ⌊⌉⌉\ ∫⟨≀⊒\ ⊔⟨⊣⊔ ⊔⟨⌉ ⊓∫⌉∇ ⌋⊣\ ⌋⊓∫⊔≀⇕⟩‡⌉ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊔≀ ⊣\† ↕⌉⊑⌉↕ ≀{ ⌈⌉⊔⊣⟩↕⇔ ⌋⟨⊣\}⟩\} ≀∇ ≀⊑⌉∇∇⟩⌈⟩\} ⊣\† ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⌈⌉{⊣⊓↕⊔∫↙ T⟨⌉∇⌉ ⊣∇⌉ \≀ ⊣∇⌊⟩⊔∇⊣∇† ∇⌉∫⊔∇⟩⌋⊔⟩≀\∫ √↕⊣⌋⌉⌈ ≀\ ⊔⟨⌉ ⊓∫⌉∇↙ W⟨⟩↕⌉ ⊔⟨⟩∫ ⊣↕↕≀⊒∫ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ⇕⊣‖⌉ ∫⌉↕⌉⌋⊔⟩≀\∫ ⊔⟨⊣⊔ ⌉§⟨⟩⌊⟩⊔ ⊓\⌈⌉∫⟩∇⊣⌊↕⌉ √∇≀√⌉∇⊔⟩⌉∫⇔ ⟩⊔ ⟩∫ ⌋≀\⌈⌉∫⌋⌉\⌈⟩\} ⊔≀ ⌈⟩⌋⊔⊣⊔⌉ ⊔≀ ⊔⟨⌉ ⊓∫⌉∇ ⊒⟨⊣⊔ ⟩∫ ⌊⌉∫⊔↙ T⟨⌉ ∫†∫⊔⌉⇕ ⊣⊔⊔⌉⇕√⊔∫ ⊔≀ ∫⊓}}⌉∫⊔ {⊓\⌋⊔⟩≀\⊣↕ ⊣\⌈ √≀⊔⌉\⊔⟩⊣↕↕† ⟨⊣∇⇕≀\⟩≀⊓∫ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫⇔ ⌊⊓⊔ ⊣↕↕ ⌈⌉⌋⟩∫⟩≀\∫ ≀{ ⊔⟨⌉ ⊓∫⌉∇ ⊔⊣‖⌉ √∇⌉⌋⌉⌈⌉\⌋⌉↙ I\ √⊣∇⊔⟩⌋⊓↕⊣∇⇔ ⊓∫⌉∇∫ ⌋⊣\ ∫√⌉⌋⟩{† ⌋≀↕≀⊓∇∫ ⊓∫⟩\} ⌉§⊣⌋⊔ ⊑⊣↕⊓⌉∫ ⊒⟨⟩⌋⟨ ⊒⟩↕↕ \≀⊔ ⌊⌉ ⌋⟨⊣\}⌉⌈⇔ |⊓∫⊔ ⊣∫ ⊔⟨⌉† ⌈≀ ⊒⟩⊔⟨ ⌋⊓∇∇⌉\⊔ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫↙ E⊣∫⟩↕† ⌋⊓∫⊔≀⇕⟩‡⊣⌊↕⌉↙ S⌉⌋⊔⟩≀\∫ ▽↙△↙∋ ⊣\⌈ ▽↙△↙▽ ⌈⌉⇕≀\∫⊔∇⊣⊔⌉ ⟨≀⊒ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⌋⊣\ ⌊⌉ ⌉⊣∫⟩↕† ⌋⊓∫⊔≀⇕⟩‡⌉⌈ ⌊† ⊔⟨⌉ ⊓∫⌉∇↙ P∇⌉⌈⟩⌋⊔⊣⌊⟩↕⟩⊔† ⊣\⌈ P⌉∇{≀∇⇕⊣\⌋⌉↙ T⟨⌉ ⊣∫√⌉⌋⊔∫ ≀{ √∇⌉⌈⟩⌋⊔⊣⌊⟩↕⟩⊔† ⊣\⌈ √⌉∇{≀∇⇕⊣\⌋⌉ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ▽↙∞ ⊣∇⌉ ⌊≀⊔⟨ {⊓\⌋⊔⟩≀\∫ ≀{ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙ I\ √⊣∇⊔⟩⌋⊓↕⊣∇⇔ ⊔⟨⌉† ⌈⌉√⌉\⌈ ⊣↕⇕≀∫⊔ ⌉\⊔⟩∇⌉↕† ≀\ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⌉∇↙ T⟨⌉† ⊣∇⌉ ⊣⌈⌈∇⌉∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ↙̸∈↙ A⌈⌈⟩\} ⌋≀↕≀⊓∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔≀ ⊣ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊒⟩⊔⟨ ⊔⟨⌉ }≀⊣↕ ≀{ ⊣∫∫⟩∫⊔⟩\} ⊒⟩⊔⟨ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ∫⌉↕⌉⌋⊔⟩≀\ ⟩∫ {⌉⊣∫⟩⌊↕⌉↙ B† ∫⊣⊔⟩∫{†⟩\} ⊔⟨⌉ {⊓\⌈⊣⇕⌉\⊔⊣↕ √∇≀√⌉∇⊔⟩⌉∫ ≀{ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫⇔ ⊣\⌈ ⊣⊑≀⟩⌈⟩\} √∇≀⌊↕⌉⇕∫ ⊒⟩⊔⟨ ⌋≀↕≀⊓∇ ⊣∫∫≀⌋⟩⊣⊔⟩≀\⇔ ⊣ ⊓∫⊣⌊↕⌉ ∫†∫⊔⌉⇕ ⌋⊣\ ⌊⌉ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈↙ I\ C⟨⊣√⊔⌉∇ ⇎ ∫⊓⌋⟨ ⊣\ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⟩∫ √∇⌉∫⌉\⊔⌉⌈↙

′̸ C⟨⊣√⊔⌉∇ ▽↙ C≀↕≀⊓∇ C≀\∫⊔∇⊣⟩\⊔∫

C⟨⊣√⊔⌉∇

I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\

↙̸∞ T⟨⌉ N⌉WS W⟩\⌈≀⊒ S†∫⊔⌉⇕ I⊔ ⊒⊣∫ ⌈⌉⌋⟩⌈⌉⌈ ⊣⊔ ⊣\ ⌉⊣∇↕† ∫⊔⊣}⌉ ≀{ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫ \≀⊔ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ ⊣ \⌉⊒ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙ R⊣⊔⟨⌉∇⇔ ⊔⟨⌉ ⌋⊣√⊣⌊⟩↕⟩⊔† {≀∇ ⊓∫⟩\} ⌈†\⊣⇕⟩⌋ ⌋≀↕≀⊓∇ ⊔≀ ⊣∫∫⟩∫⊔ ⊓∫⌉∇∫ ⟩\ ⇕⊣‖⟩\} ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀↕≀⊓∇ ⌋⟨≀⟩⌋⌉∫ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣⌈⌈⌉⌈ ⊔≀ ⊣\ ⌉§⟩∫⊔⟩\} ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙ F⊓∇⊔⟨⌉∇⇕≀∇⌉⇔ ⟩⊔ ⊒⊣∫ ⊣↕∫≀ ⌈⌉⌋⟩⌈⌉⌈ ⊔⟨⊣⊔ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ∫⟨≀⊓↕⌈ ⌊⌉ ≀\⌉ ⊔⟨⊣⊔ ∇⊓\∫ ≀\ ≀\⌉ ≀{ ⊔⟨⌉ ⇕⊣\† U\⟩§ ⊒≀∇‖∫⊔⊣⊔⟩≀\∫ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⟩\ ⊔⟨⌉ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ L⊣⌊≀∇⊣⊔≀∇†↙ A\ ≀⌊⊑⟩≀⊓∫ ⌋⟨≀⟩⌋⌉ {≀∇ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⇕⟩}⟨⊔ ⟨⊣⊑⌉ ⌊⌉⌉\ X∞∞⇔ ⌈⊓⌉ ⊔≀ ⟩⊔∫ ⊒⟩⌈⌉∫√∇⌉⊣⌈ √≀√⊓↕⊣∇⟩⊔† ≀\ ⊔⟨⌉∫⌉ ⇕⊣⌋⟨⟩\⌉∫↙ H≀⊒⌉⊑⌉∇⇔ ⊣ {⌉⊒ ↕⟩⇕⟩⊔⊣⊔⟩≀\∫ ≀{ X∞∞⇔ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⌊⌉↕≀⊒⇔ ∇⊓↕⌉⌈ ⟩⊔ ≀⊓⊔ ⊣∫ ⊣ ⌋⊣\⌈⟩⌈⊣⊔⌉↙ I\∫⊔⌉⊣⌈⇔ ⊔⟨⌉ N⌉WS ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊒⊣∫ ⌋⟨≀∫⌉\↙ S⌋⟨↕⊓⌉⊔⌉∇ ⇐∞∃∃′⇒ √∇≀⊑⟩⌈⌉∫ ⊣ }≀≀⌈ ≀⊑⌉∇⊑⟩⌉⊒ ≀{ ⊔⟨⌉ ⟩⇕√≀∇⊔⊣\⊔ {⌉⊣⊔⊓∇⌉∫ ≀{ N⌉WS ⊒⟨⟩⌋⟨ ⇕⊣‖⌉ ⟩⊔ ⟩⌈⌉⊣↕ {≀∇ ⌈≀⟩\} ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ∇⌉∫⌉⊣∇⌋⟨↙ O\↕† ⊔⟨⌉ √⊣∇⊔⟩⌋⊓↕⊣∇↕† ∇⌉↕⌉⊑⊣\⊔ √≀⟩\⊔∫ ⊣∇⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟨⌉∇⌉↙ T⟨⌉ ⟩\⊔⌉∇⌉∫⊔⌉⌈ ∇⌉⊣⌈⌉∇ ⟩∫ ⌈⟩∇⌉⌋⊔⌉⌈ ⊔≀ ⊔⟨⌉ N⌉WS ∈↙∞ M⊣\⊓⊣↕ ⇐S⊓\⇔ ∞∃∃′⇒ ⊣\⌈ ⊔⟨⌉ T⟨⌉ N⌉WS T≀≀↕‖⟩⊔ R⌉{⌉∇⌉\⌋⌉ M⊣\⊓⊣↕ ⇐S⊓\⇔ ∞∃∃∞⇒ {≀∇ ⇕≀∇⌉ ⊣ ⇕≀∇⌉ ⟩\↖⌈⌉√⊔⟨ ⌈⟩∫⌋⊓∫∫⟩≀\ ≀{ ⊔⟨⌉ N⌉WS ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙

↙̸∞↙∞ W⟨† N⌉WS ⟩∫ A√√∇≀√∇⟩⊣⊔⌉ {≀∇ R⌉∫⌉⊣∇⌋⟨ T⟨⌉∇⌉ ⊣∇⌉ ⇕⊣\† {⌉⊣⊔⊓∇⌉ ≀{ N⌉WS ⊔⟨⊣⊔ ⇕⊣‖⌉ ⟩⊔ ⟩⌈⌉⊣↕ {≀∇ ⌈≀⟩\} ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ∇⌉∫⌉⊣∇⌋⟨↙ M≀∫⊔ ⟩⇕√≀∇⊔⊣\⊔↕†⇔ N⌉WS ⟩∫ ⌉⊣∫⟩↕† ⌉§⊔⌉\∫⟩⌊↕⌉ ⌊⌉⌋⊣⊓∫⌉ ⟩⊔ ⟩∫ ⌋≀\⊔∇≀↕↕⌉⌈ ⌊† √∇≀}∇⊣⇕∫ ⊒∇⟩⊔⊔⌉\ ⟩\ ⊣\ O⌊|⌉⌋⊔ O∇⟩⌉\⊔⌉⌈ ⌉§⊔⌉\∫⟩≀\ ⊔≀ ⊔⟨⌉ P≀∫⊔S⌋∇⟩√⊔ ↕⊣\}⊓⊣}⌉∞↙ T†√⟩⌋⊣↕ {⌉⊣⊔⊓∇⌉∫ ≀{ ⊣ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕⇔ ∫⊓⌋⟨ ⊣∫ ⊒⟩\⌈≀⊒∫ ⊣\⌈ ⇕⌉\⊓∫⇔ ⊣∇⌉ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊣∫ ⌋↕⊣∫∫⌉∫ ⟩\ ⊔⟨⟩∫ ↕⊣\}⊓⊣}⌉↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊣⌈⌈⟩\} ⊣⌈⌈⟩⊔⟩≀\⊣↕ {⊓\⌋⊔⟩≀\⊣↕⟩⊔† ⊔≀ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⌋⊣\ ⌈≀\⌉ ⊒⟩⊔⟨ ⊣ ⇕⟩\⟩⇕⊓⇕ ⊣⇕≀⊓\⊔ ≀{ ⌋≀⌈⟩\} ⌊† ⌊⊓⟩↕⌈⟩\} ≀\ ⌉§⟩∫⊔⟩\} ⌋↕⊣∫∫⌉∫↙ F⊓∇⊔⟨⌉∇⇕≀∇⌉⇔ ⊔⟨⌉∫⌉ √∇≀}∇⊣⇕∫ ⊣∇⌉ ⟩\⊔⌉∇√∇⌉⊔⌉⌈⇔ \≀⊔ ⌋≀⇕√⟩↕⌉⌈↙ T⟨⟩∫ ∇⌉∫⊓↕⊔∫ ⟩\ ⊣ ⇕⊓⌋⟨ {⊣∫⊔⌉∇ ⊔⊓∇\⊣∇≀⊓\⌈ ⟩\ ⊔⟨⌉ ⇕≀⌈⟩{†↖⌋≀⇕√⟩↕⌉↖⊔⌉∫⊔ ⌋†⌋↕⌉ ⊒⟨⌉\ √∇≀⊔≀⊔†√⟩\} ⊣ \⌉⊒ ∫†∫⊔⌉⇕ ∫⟩\⌋⌉ ⊔⟨⌉ ⌋≀⇕√⟩↕⊣⊔⟩≀\ ∫⊔⌉√ ⟩∫ ⌉↕⟩⇕⟩\⊣⊔⌉⌈↙ A∫ ⊒⌉↕↕⇔ ⌋⟨⊣\}⌉∫ ⌋⊣\ ⌊⌉ ⇕⊣⌈⌉ ⊔≀ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊒⟨⟩↕⌉ ⟩⊔ ⟩∫ ∇⊓\\⟩\}⇔ ⊣↕↕≀⊒⟩\} \⌉⊒ ⟩⌈⌉⊣∫ ⊔≀ ⌊⌉ ⊔⌉∫⊔⌉⌈ ⌉⊣∫⟩↕†↙ T⟨⌉ √∇≀⌋⌉∫∫⌉∫ ⊔⟨⊣⊔ ⟩⇕√↕⌉⇕⌉\⊔ ⊔⟨⌉ X∞∞ ⊣\⌈ N⌉WS ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫ ⊣∇⌉ ⌋⊣↕↕⌉⌈ ⊒⟩\⌈≀⊒ ∫⌉∇⊑⌉∇∫ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉† √∇≀⊑⟩⌈⌉ ⊣ ⊒⟩\⌈≀⊒⟩\} ∫⌉∇⊑⟩⌋⌉ ⊔≀ ≀⊔⟨⌉∇ ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ A\ ⟩⇕√≀∇⊔⊣\⊔ {⌉⊣⊔⊓∇⌉ ≀{ ⊔⟨⌉ N⌉WS ∫⌉∇⊑⌉∇ ⟩∫ ⊔⟨⊣⊔ ⟩⊔ √∇≀⊑⟩⌈⌉∫ ⌋≀\⌋⊓∇∇⌉\⊔ ⌉§⌉⌋⊓⊔⟩≀\ ≀{ ⇕⊓↕⊔⟩√↕⌉ ↕⟩}⟨⊔⊒⌉⟩}⟨⊔ P≀∫⊔S⌋∇⟩√⊔ √∇≀⌋⌉∫∫⌉∫↙ A √∇≀⌋⌉∫∫ ⟩∫ ⌋∇⌉⊣⊔⌉⌈ {≀∇ ⌉⊣⌋⟨ ⌋↕⟩⌉\⊔ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊔⟨⊣⊔ ≀√⌉\∫ ⊣ ⌋≀\\⌉⌋⊔⟩≀\ ⊒⟩⊔⟨ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫⌉∇⊑⌉∇↙ A⌈⌈⟩⊔⟩≀\⊣↕ √∇≀⌋⌉∫∫⌉∫ ⌋⊣\ ⌊⌉ ⌋∇⌉⊣⊔⌉⌈ ⊣\⌈ ⌈⌉∫⊔∇≀†⌉⌈ ⟩\ ⊣ ∫⊔∇⊣⟩}⟨⊔{≀∇⊒⊣∇⌈ {⊣∫⟨⟩≀\ ⌊† ⊔⟨⌉ ⌋↕⟩⌉\⊔↙ T†√⟩⌋⊣↕↕†⇔ ⊔⟨⌉ ⌋↕⟩⌉\⊔ √∇≀⌋⌉∫∫⇐⌉∫⇒ ⟨⊣\⌈↕⌉ ⊔⟨⌉ ⊓∫⌉∇ ⟩\⊔⌉∇{⊣⌋⌉ ≀{ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ∞I⊔ ⟩∫ ⊣∫∫⊓⇕⌉⌈ ⊔⟨⊣⊔ ⊔⟨⌉ ∇⌉⊣⌈⌉∇ ⟩∫ {⊣⇕⟩↕⟩⊣∇ ⊒⟩⊔⟨ ≀⌊|⌉⌋⊔ ≀∇⟩⌉\⊔⌉⌈ √∇≀}∇⊣⇕⇕⟩\} ⊔⌉∇⇕⟩\≀↕≀}†↙ R⌉⊣⌈⌉∇∫ ⊓\{⊣⇕⟩↕⟩⊣∇ ⊒⟩⊔⟨ ≀⌊|⌉⌋⊔ ≀∇⟩⌉\⊔⌉⌈ √∇≀}∇⊣⇕⇕⟩\} ⊔⌉∇⇕⟩\≀↕≀}† ∫⟨≀⊓↕⌈ ∇⌉{⌉∇ ⊔≀ A√√⌉\⌈⟩§ B {≀∇ ⊣ ⌊∇⟩⌉{ ≀⊑⌉∇⊑⟩⌉⊒↙ ∞̸

∉ C⟨⊣√⊔⌉∇ ↙̸ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\

⊣√√↕⟩⌋⊣⊔⟩≀\⇔ ⊔⟨⟩∫ ⌊⌉⟩\} ∇⌉{⌉∇∇⌉⌈ ⊔≀ ⊣∫ ⊔⟨⌉ ∫⌉∇⊑⌉∇↖∫⟩⌈⌉ ≀{ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\↙ S⟩\⌋⌉ P≀∫⊔S⌋∇⟩√⊔ ⟩\ ⟩\⊔⌉∇√∇⌉⊔⌉⌈⇔ ⊣\⌈ ⊔⟨⌉∇⌉{≀∇⌉ ⟩\⟨⌉∇⌉\⊔↕† ⟩\⌉{⊘⌋⟩⌉\⊔⇔ ⊔⟨⌉ ⌊⊓↕‖ ≀{ ⊣\ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⟩∫ ⊒∇⟩⊔⊔⌉\ ⟩\ ⊣ ⇕≀∇⌉ ⌉{⊘⌋⟩⌉\⊔⇔ ⌋≀⇕√⟩↕⌉⌈ ↕⊣\}⊓⊣}⌉ ⊣\⌈ ∇⊓\ ⌉§⊔⌉∇\⊣↕↕†↙ T⟨⟩∫ ⟩∫ ∇⌉{⌉∇∇⌉⌈ ⊔≀ ⊣∫ ⊔⟨⌉ ⌋↕⟩⌉\⊔↖∫⟩⌈⌉ ≀{ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ⌋≀⇕√⟩↕⌉⌈ √∇≀}∇⊣⇕ ⟩∫ ⊣ ⌋↕⟩⌉\⊔ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫⌉∇⊑⌉∇↙ P≀∫⊔S⌋∇⟩√⊔ ⊓∫⌉∫ ⌈†\⊣⇕⟩⌋ ⌊⟩\⌈⟩\} {≀∇ ⊣↕↕ ∇⌉{⌉∇⌉\⌋⌉∫⇔ ∫≀ ∇⌉{⌉∇⌉\⌋⌉∫ ⊔≀ ⌈⊣⊔⊣ ≀⌊|⌉⌋⊔∫ ≀∇ ⇕⌉⊔⟨≀⌈∫ ⊣∇⌉ ∇⌉∫≀↕⊑⌉⌈ ⊣⊔ ∇⊓\⊔⟩⇕⌉↙ T⟨⟩∫ ⇕⌉⊣\∫ ⊔⟨⊣⊔ ⊣↕↕ ≀{ ⊔⟨⌉ N⌉WS ≀√⌉∇⊣⊔≀∇∫ ⊣\⌈ ⇕⌉⊔⟨≀⌈∫⇔ ⟩\⌋↕⊓⌈⟩\} ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⇕⌉⊔⟨≀⌈∫⇔ ⌋⊣\ ⌊⌉ ⌋⟨⊣\}⌉⌈ ⊒⟩⊔⟨≀⊓⊔ ∇⌉∐⊓⟩∇⟩\} ∇⌉⌋≀⇕√⟩↕⊣⊔⟩≀\ ≀{ ⌉§⟩∫⊔⟩\} ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ T⟩⌉⌈ ⟩\ ⊒⟩⊔⟨ ⊔⟨⌉ ⇕⊓↕⊔⟩√∇≀⌋⌉∫∫ \⊣⊔⊓∇⌉ ≀{ ⊔⟨⌉ N⌉WS ⊒⟩\⌈≀⊒ ∫⌉∇⊑⌉∇ ⟩∫ ⊔⟨⌉ ⌉⊑⌉\⊔ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ∫†∫⊔⌉⇕↙ T≀ ⌈⟩∫⊔⟩↕↕ ⟩\√⊓⊔ ⌉⊑⌉\⊔∫ ⊔≀ ⊔⟨⌉ ⊣√√∇≀√∇⟩⊣⊔⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊣\⌈ ⊔≀ ⊣↕↕≀⊒ N⌉WS √∇≀⌋⌉∫∫⌉∫ ⊔≀ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⌉ ⊒⟩⊔⟨ ⌉⊣⌋⟨ ≀⊔⟨⌉∇⇔ N⌉WS √∇≀⊑⟩⌈⌉∫ ⊣ √≀⊒⌉∇{⊓↕ ⌉⊑⌉\⊔ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⇕⌉⌋⟨⊣\⟩∫⇕↙ A √∇≀⌋⌉∫∫ ⌋⊣\ ⌉§√∇⌉∫∫ ⊣\ ⟩\⊔⌉∇⌉∫⊔ ⟩\ ⇕⊣\† ⊔†√⌉∫ ≀{ ⌉⊑⌉\⊔∫⇔ ∫⊓⌋⟨ ⊣∫ ⊔⟨≀∫⌉ ⌋∇⌉⊣⊔⌉⌈ ⌊† ‖⌉†⌊≀⊣∇⌈ ⟩\√⊓⊔⇔ ⇕≀⊓∫⌉ ⇕≀⊑⌉⇕⌉\⊔⇔ ⊒⟩\⌈≀⊒ ⌈⊣⇕⊣}⌉⇔ ⌉⊔⌋↙ F⊓∇⊔⟨⌉∇⇕≀∇⌉⇔ ⊣ √∇≀⌋⌉∫∫ ⌋⊣\ ⌋∇⌉⊣⊔⌉ ⊣\⌈ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉ ⊣\† ⊔†√⌉ ≀{ ⌉⊑⌉\⊔⇔ ⟩\⌋↕⊓⌈⟩\} \⌉⊒ ⊔†√⌉∫ ≀{ ⌉⊑⌉\⊔∫ ⊔⟨⌉† ⌈⌉⊘\⌉ ⊔⟨⌉⇕∫⌉↕⊑⌉∫↙ T⟨⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⇕⌉⌋⟨⊣\⟩∫⇕ ⟩∫ ⊑⌉∇† ⊙⌉§⟩⌊↕⌉⇔ ⊣↕↕≀⊒⟩\} ⌉⊑⌉\⊔ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⊔≀ ⌊⌉ ⌋≀\⊔∇≀↕↕⌉⌈ ⟩\ ⊣ \⊓⇕⌊⌉∇ ≀{ ⊓∫⌉{⊓↕ ⊒⊣†∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⌊† ∫√⌉⌋⟩{†⟩\} ⊒⟨⟩⌋⟨ √∇≀⌋⌉∫∫ ⟩∫ ⊔≀ ∇⌉⌋⌉⟩⊑⌉ ⊣\ ⌉⊑⌉\⊔⇔ ⟩\⊔⌉∇√∇≀⌋⌉∫∫ ⌋≀⇕⇕⊓\⟩⌋⊣⊔⟩≀\ ⟩∫ √≀∫∫⟩⌊↕⌉↙ A∫ ⊒⌉↕↕⇔ ⊣↕↕ ⌉⊑⌉\⊔∫ ⊣∇⌉ ⊔⟩⇕⌉↖∫⊔⊣⇕√⌉⌈⇔ ⊣↕↕≀⊒⟩\} ⌉⊑⌉\⊔∫ ⊔≀ ⌊⌉ ⌋∇⌉⊣⊔⌉⌈ {≀∇ {⊓⊔⊓∇⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\↙ T⟨⌉∫⌉ {⌉⊣⊔⊓∇⌉∫ ≀{ ⊔⟨⌉ ⌉⊑⌉\⊔ ⌈⟩∫⊔∇⟩⌊⊓⊔⟩≀\ ⇕⌉⌋⟨⊣\⟩∫⇕ ⊣∇⌉ ⊓∫⌉⌈ ⟨⌉⊣⊑⟩↕† ⊔⟨∇≀⊓}⟨≀⊓⊔ ⊔⟨⟩∫ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙

↙̸∞↙∈ T⟨⌉ C⟨≀⟩⌋⌉ ⌊⌉⊔⊒⌉⌉\ N⌉WS ⊣\⌈ X∞∞ F≀∇ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫⇔ ⟨≀⊒⌉⊑⌉∇⇔ \≀⊔ ≀\↕† ⟩∫ N⌉WS ⊔⟨⌉ ⇕≀∫⊔ ⊣√√∇≀√∇⟩⊣⊔⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ {≀∇ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\⇔ ⟩⊔ ⟩∫ ⟩\ {⊣⌋⊔ ⊔⟨⌉ ≀\↕† ‖\≀⊒\ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊒⟩⊔⟨ ⊔⟨⌉ \⌉⌋⌉∫∫⊣∇† {⌉⊣⊔⊓∇⌉∫↙ I⊔ ⟨⊣∫ ⊣↕∇⌉⊣⌈† ⌊⌉⌉\ √≀⟩\⊔⌉⌈ ≀⊓⊔ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋⟨≀⟩⌋⌉ ⟩∫ √∇⟩⇕⊣∇⟩↕† ⌊⌉⊔⊒⌉⌉\ N⌉WS ⊣\⌈ X∞∞↙ T⟨⌉ N⌉WS T≀≀↕‖⟩⊔ ∈↙′ ⇐TNT∈↙′⇒ √∇≀⊑⟩⌈⌉∫ ⊔⟨⌉ ∫⊔⊣\⌈⊣∇⌈ ∫⌉⊔ ≀{ P≀∫⊔S⌋∇⟩√⊔ ⌋↕⊣∫∫⌉∫ ⊔⟨⊣⊔ ⌈⌉⊘\⌉ ⊔⟨⌉ N⌉WS ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙ T⟨⟩∫ ⊔≀≀↕‖⟩⊔ √∇≀⊑⟩⌈⌉∫ ⊣\ ⊣√√∇≀√∇⟩⊣⊔⌉ ⌋≀↕≀⊓∇ ⟩\⊔⌉∇{⊣⌋⌉ {≀∇ ⊔⟨⌉ √⊓∇√≀∫⌉ ≀{ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫↙ T⊒≀ ↕≀}⟩⌋⊣↕ ⌋≀↕≀⊓∇∫⇔ F≀∇⌉}∇≀⊓\⌈ ⊣\⌈ B⊣⌋‖}∇≀⊓\⌈⇔ ⊣∇⌉ ⌈⌉⊘\⌉⌈ ⊣↕≀\} ⊒⟩⊔⟨ ⊣ ∫⌉⊔ ≀{ ⟩\⊔⌉∇{⊣⌋⌉∫ {≀∇ ⇕≀⌈⟩{†⟩\} ⊣\⌈ ∇⌉⊔∇⟩⌉⊑⟩\} ⊔⟨⌉⟩∇ ⊑⊣↕⊓⌉∫↙ T⟨⌉∫⌉ ⊔⊒≀ ⌋≀↕≀⊓∇∫ ⊣↕∇⌉⊣⌈† ⌋≀\⊔⊣⟩\ ∫≀⇕⌉ ≀{ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ∇⌉∐⊓⟩∇⌉⌈ ⌊† ⊔⟨⟩∫ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\¬ ⊔⟨⌉† ⊣∇⌉ ⌈⌉⊘\⌉⌈ ⊔≀ ⌊⌉ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⊣\⌈ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ {≀∇ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊣∇⌉⊣ ≀{ ⊣ ⊒⟩\⌈≀⊒↙ M≀∇⌉ ⟩⇕√≀∇⊔⊣\⊔↕†⇔ ⊔⟨⌉ ⊣↕↕≀⌋⊣⊔⟩≀\ ⊣\⌈ ⇕⊣\⊣}⌉⇕⌉\⊔ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ↕≀≀‖⊓√ ⊔⊣⌊↕⌉ ⇐LUT⇒ ⌉\⊔∇⟩⌉∫ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⊔≀ ⊔⟨⌉∫⌉ ⌋≀↕≀⊓∇∫ ⟩∫ ⌈≀\⌉ ⌊† ⊔⟨⌉ ∫⌉∇⊑⌉∇⇔ \≀⊔ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\↙ A ⌋↕⟩⌉\⊔ ⌋⊣\ ∫⌉⊔ ⊔⟨⌉ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⌊⊓⊔ ⟩∫ ⊓\⊣⊒⊣∇⌉ ≀{ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⊔⟨⟩∫ ⊣⌋⊔⟩≀\↙ I\⌈⌉⌉⌈⇔ ⊣↕↕ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ‖\≀⊒∫ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⌉ ∫√⌉⌋⟩⊘⌉⌈ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇ ⟩∫ ⊓∫⌉⌈ {∇≀⇕ ⊔⟨⌉\ ≀\↙ U\⌈⌉∇ X∞∞⇔ ⊣\ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊣∫‖∫ ⊔⟨⌉ ∫⌉∇⊑⌉∇ {≀∇ ∫√⌉⌋⟩⊘⌋ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊣\⌈ ⟩∫ ∇⌉⊔⊓∇\⌉⌈ ⊣\ ⟩\⌈⌉§ ≀{ ⊣\ ⌉\⊔∇† ⟩\ ⊔⟨⌉ LUT ⊒⟨⟩⌋⟨ ⌋≀\⊔⊣⟩\∫ ⊔⟨⊣⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉↙ L⟩⊔⊔↕⌉ ∫⌉⇕⊣\⊔⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ⟩∫ √∇≀⊑⟩⌈⌉⌈ ⊔≀ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫⌉∇⊑⌉∇ ⌊† ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\↙ A⌈⌈⟩\} ⊣⌈⌈⟩⊔⟩≀\⊣↕ ∫⌉⇕⊣\⊔⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ⊒≀⊓↕⌈ \⌉⌋⌉∫∫⟩⊔⊣⊔⌉ ⇕≀⌈⟩{†⟩\} ⇕⊣\† ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊔⟨⊣⊔ ⊣∇⌉ ⊔≀ ⌊⌉ ⊓∫⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙

↙̸∈ T⟨⌉ C≀\∫⊔∇⊣⟩\⊔ S≀↕⊑⌉∇ T⟨⌉ ⊔⊣∫‖ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⌉∇ ⟩∫ ⊔≀ ⊘\⌈ ⊣\ ≀√⊔⟩⇕⊣↕ ∫⌉⊔ ≀{ ⌋≀↕≀⊓∇∫ {≀∇ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊒⟩⊔⟨⟩\ ⊣ ∫⌉⊔ ≀{ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ T⟨⌉ ⌊⌉⟨⊣⊑⟩≀⊓∇ ≀{ ⊔⟨⌉ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⟩∫ ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⌊† ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⟩⊔∫ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⌉∇↙ I\ S⌉⌋⊔⟩≀\ ▽↙▽⇔ ⟩⊔ ⊒⊣∫ ∫⊓}}⌉∫⊔⌉⌈ ⊔⟨⊣⊔ ⊔⟨⌉ √∇⌉⌈⟩⌋⊔⊣⌊⟩↕⟩⊔† ⊣\⌈ √⌉∇{≀∇⇕⊣\⌋⌉ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊣↕∫≀ ⌈⌉√⌉\⌈∫ ≀\ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⌉∇↙ T⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⌉∇ ⟩∫ ⌊⊣∫⌉⌈ ≀\ ⊔⊒≀ ⌋≀\⌋⌉√⊔⊓⊣↕ ⇕≀⌈⌉↕∫ ⊒⟨⟩⌋⟨ ⊔≀}⌉⊔⟨⌉∇ ∫⊣⊔⟩∫{† ⊔⟨⌉∫⌉ ⌋≀\⌋⌉∇\∫¬ ⊔⟨⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈↖|≀∫⊔↕⟩\} ⇕≀⌈⌉↕ ⊣\⌈ ⊔⟨⌉ ⌋≀\⌋⌉√⊔ ≀{ ⊣ ⌈†\⊣⇕⟩⌋⊣↕ ⌋≀↕≀⊓∇ ∫†∫⊔⌉⇕↙

↙̸∈↙ T⟨⌉ C≀\∫⊔∇⊣⟩\⊔ S≀↕⊑⌉∇ ∌

↙̸∈↙∞ T⟨⌉ D⟩∫⊔∇⟩⌊⊓⊔⌉⌈ J≀∫⊔↕⟩\} M≀⌈⌉↕ A ⌋≀\⌋⌉√⊔ ⊒⟨⟩⌋⟨ }∇⌉⊣⊔↕† ⟩⇕√∇≀⊑⌉∫ ⊔⟨⌉ ⌉{⊘⌋⟩⌉\⌋† ≀{ ⊔⟨⟩∫ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⟩∫ ⊔⟨⌉ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈↖|≀∫⊔↕⟩\} ⇕≀⌈⌉↕ ≀{ ⌋≀\↖ ∫⊔∇⊣⟩\⊔ ∫≀↕⊑⟩\}↙ T⟨⟩∫ ⇕≀⌈⌉↕ ⊒⊣∫ ⊓∫⌉⌈ ⟩\ S⌋⟨↕⊓⌉⊔⌉∇ ⇐∞∃∃′⇒ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ ⊔⟨⌉ ∫†∫⊔⌉⇕ {≀∇ √⌉∇⌋⌉√⊔⊓⊣↕ ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\↙ A ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⌉∇ ⟩∫ √≀∫∫⟩⌊↕⌉ ⌊⌉⌋⊣⊓∫⌉ ⊘\⌈⟩\} ⊣ }↕≀⌊⊣↕↕† ≀√⊔⟩⇕⊣↕ ⌋≀↕≀⊓∇ ∫⌉⊔ ⟩∫ ⌉∐⊓⟩⊑⊣↕⌉\⊔ ⊔≀ ⊘\⌈⟩\} ⊣ ∫⊣⊔⟩∫{⊣⌋⊔≀∇† ∫⌉⊔ ≀{ ⌋≀↕≀⊓∇∫ {≀∇ ⌉⊣⌋⟨ ⊒⟩\⌈≀⊒↙ T⟨⊓∫⇔ ⌉⊣⌋⟨ ⊒⟩\⌈≀⊒ ⟩\ ⊔⟨⌉ ∫†∫⊔⌉⇕ √⊣∇⊔⟩⌋⟩√⊣⊔⌉∫ ⟩\ ⊔⟨⌉ ∫⌉⊣∇⌋⟨ {≀∇ ⊣\ ≀√⊔⟩⇕⊣↕ ⌋≀↕≀⊓∇ ∫⌉⊔ ⌊† ⊘\⌈⟩\} ⊣ ∫≀↕⊓⊔⟩≀\ {≀∇ ⟩⊔∫ ⌋≀↕≀⊓∇∫↙ M≀∇⌉ ⟩\⊔⌉∇⌉∫⊔⟩\} ⟩∫ ⊔⟨⌉ |≀∫⊔↕⟩\} \⊣⊔⊓∇⌉ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⌉∇↙ W⟨⌉\ ⊣⊔⊔⌉⇕√⊔⟩\} ⊔≀ ⊘\⌈ ⊣ ∫⊣⊔⟩∫{⊣⌋⊔≀∇† ∫⌉⊔ ≀{ ⌋≀↕≀⊓∇∫⇔ ⊣ ⊒⟩\⌈≀⊒ ≀\↕† ⌋≀\∫⟩⌈⌉∇∫ ⊣\≀⊔⟨⌉∇ ⊒⟩\⌈≀⊒ ⟩{ ⊔⟨⌉∇⌉ ⊣∇⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉∫⌉ ⊔⊒≀ ⊒⟩\⌈≀⊒∫≃ ⌋≀↕≀⊓∇∫ ⊒⟨⟩⌋⟨ ⊣∇⌉ \≀⊔ ∫⊣⊔⟩∫⊘⌉⌈↙ W⟨⌉\ ⊣ ⊒⟩\⌈≀⊒≃∫ ⌋≀↕≀⊓∇∫ ⌋⟨⊣\}⌉ ⌉\≀⊓}⟨ ⊔⟨⊣⊔ ⊔⟨⌉† ⊣∇⌉ \≀ ↕≀\}⌉∇ ⊣{{⌉⌋⊔⌉⌈ ⌊† ⊣\≀⊔⟨⌉∇ ⊒⟩\⌈≀⊒⇔ ⊔⟨⌉ ≀⊔⟨⌉∇ ⊒⟩\⌈≀⊒ ⟩∫ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕† {≀∇}≀⊔⊔⌉\↙ S⟩\⌋⌉ \≀⊔ ⊣↕↕ ≀⊔⟨⌉∇ ⊒⟩\⌈≀⊒∫ ⊣∇⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈⇔ ⊣ ⊒⟩\⌈≀⊒ ⇕⊣† ⌋≀⇕⌉ ⟩\⊔≀ ⌋≀\⊙⟩⌋⊔ ⊒⟩⊔⟨ √∇⌉⊑⟩≀⊓∫↕† \≀\↖⌋≀\⊙⟩⌋⊔⟩\} ⊒⟩\⌈≀⊒∫ ⊒⟨⌉\ ⊣⊔⊔⌉⇕√⊔⟩\} ⊔≀ ⊘\⌈ ⊣ ∫≀↕⊓⊔⟩≀\ {≀∇ ⟩⊔∫ ⌋≀↕≀⊓∇∫↙ A ⌋≀\⊙⟩⌋⊔⟩\} ⊒⟩\⌈≀⊒ \≀⊔⟩⌋⌉∫ ⊔⟨⌉ ⌋≀\⊙⟩⌋⊔ ⊣\⌈ ⊣⌈|⊓∫⊔∫ ⟩⊔∫ ⌋≀↕≀⊓∇∫↙ T⟨⟩∫ ⇕⊣† ⟩\ ⊔⊓∇\ ⌋⊣⊓∫⌉ ⌋≀\⊙⟩⌋⊔∫ ⊒⟩⊔⟨ ≀⊔⟨⌉∇ ⊒⟩\⌈≀⊒∫⇔ ⟩\⌋↕⊓⌈⟩\} ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⊒⟨⟩⌋⟨ ≀∇⟩}⟩\⊣↕↕† ⌋∇⌉⊣⊔⌉⌈ ⊔⟨⌉ √∇≀⌊↕⌉⇕⇔ ∇⌉∐⊓⟩∇⟩\} ⊔⟨⊣⊔ ⊔⟨⌉† ⊣⌈|⊓∫⊔ ⊔⟨⌉⟩∇ ⌋≀↕≀⊓∇∫↙ T⟨⌉ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇∫ ⌋⊣\ ⌊⌉ ⊑⟩⌉⊒⌉⌈ ⊣∫ ⊖|≀∫⊔↕⟩\}⪰ {≀∇ √≀∫⟩⊔⟩≀\ ⊒⟩⊔⟨ ⊔⟨⌉⟩∇ \⌉⟩}⟨⌊≀⊓∇∫↙ T⟨⟩∫ ⇕≀⌈⌉↕ ⟩∫ ⊓∫⌉{⊓↕ {≀∇ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ∇⌉⊣∫≀\∫↙ F⟩∇∫⊔⇔ ⊔⟨⌉ ⟩∫∫⊓⌉ ≀{ √∇⌉⌈⟩⌋⊔⊣⌊⟩↕⟩⊔† ⟩∫ ∫⊣⊔⟩∫⊘⌉⌈ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇∫ ∫⊔⊣∇⊔ ⌋⟨⊣\}⟩\} ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕†⇔ √∇≀⊑⟩⌈⟩\} ⟩⇕⇕⌉⌈⟩⊣⊔⌉ {⌉⌉⌈⌊⊣⌋‖↙ S⌉⌋≀\⌈⇔ √⌉∇{≀∇⇕⊣\⌋⌉ ⟩∫ ⟩⇕√∇≀⊑⌉⌈ ⌊⌉⌋⊣⊓∫⌉ ⟩⊔⌉∇⊣⊔⟩≀\∫ ≀{ ⊔⟨⌉ |≀∫⊔↕⟩\} √∇≀⌋⌉∫∫ ⊣∇⌉ ∫⊔⊣}}⌉∇⌉⌈ ≀⊑⌉∇ ⊔⟩⇕⌉⇔ ⌉⊣⌋⟨ ⊔⊣‖⟩\} ⊣ ∇⌉↕⊣⊔⟩⊑⌉↕† ∫⇕⊣↕↕ ⊣⇕≀⊓\⊔ ≀{ ⊔⟨⌉ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⌋≀⇕√⊓⊔⟩\} ∇⌉∫≀⊓∇⌋⌉∫↙ W⟨⟩↕⌉ ∫⊔⊣}}⌉∇⟩\} ⊔⟨⌉ ⟩⊔⌉∇⊣⊔⟩≀\∫ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟩\⌋∇⌉⊣∫⌉∫ ⊔⟨⌉ ⊔⟩⇕⌉ ⊔⊣‖⌉\ ⊔≀ ⊘\⌈ ⊣ ∫≀↕⊓⊔⟩≀\⇔ ⊔⟨⟩∫ ∫↕≀⊒\⌉∫∫ ⊔⊓∇\∫ ≀⊓⊔ ⊔≀ ⌊⌉ ⊣ √≀∫⟩⊔⟩⊑⌉ {⌉⊣⊔⊓∇⌉↙ R⌉⌋⊣↕↕ {∇≀⇕ S⌉⌋⊔⟩≀\ ▽↙∋ ⊔⟨⊣⊔ ⊣ √≀⊔⌉\⊔⟩⊣↕ √∇≀⌊↕⌉⇕ ⊒⟩⊔⟨ ⌈†\⊣⇕⟩⌋⊣↕↕† ⌋⟨⊣\}⟩\} ⌋≀↕≀⊓∇ ⟩∫ ⊔⟨⊣⊔ ⟩⊔ ⇕⊣† ⌈⌉∫⊔∇≀† ⊔⟨⌉ ⊣⌊⟩↕⟩⊔† ≀{ ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ ⌊⊓⟩↕⌈ ∫⊔∇≀\} ⌋≀↕≀⊓∇ ⊣∫∫≀⌋⟩⊣⊔⟩≀\∫↙ O\⌉ ≀{ ⊔⟨⌉ ⊒⊣†∫ ≀{ ⌋≀⊓\⊔⌉∇⟩\} ⊔⟨⟩∫ √∇≀⌊↕⌉⇕ ⟩∫ ⊔≀ ⌋⟨⊣\}⌉ ⌋≀↕≀⊓∇∫ ∫↕≀⊒↕† ∫≀ ⊔⟨⊣⊔ ⊔⟨⌉ ⊓∫⌉∇ \≀⊔⟩⌋⌉∫ ⊣\⌈ ⊣⌈⊣√⊔∫ ⊔≀ ⊔⟨⌉⇕↙ T⟨⟩∫ ⟩∫ ⊑⌉∇† ⟩⇕√≀∇⊔⊣\⊔⇔ ⊣∫ ∇⊣√⟩⌈ ⌋⟨⊣\}⌉∫ ⊣∇⌉ ⊓\\⌉∇⊑⟩\}↙ T⟨⌉∇⌉ ⊣∇⌉ ⊔⊒≀ ≀⊔⟨⌉∇ \≀⊔⊣⌊↕⌉ {⌉⊣⊔⊓∇⌉∫ ≀{ ⊔⟨⟩∫ ⇕≀⌈⌉↕ {≀∇ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⟩\} ⟩\ ⊣ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙ F⟩∇∫⊔⇔ ∫⟩\⌋⌉ ⊔⟨⌉∇⌉ ⟩∫ \≀ }↕≀⌊⊣↕ ⊣⊔⊔⌉⇕√⊔ ⊣⊔ ⌈⟩∫⌋≀⊑⌉∇⟩\} ⊣\ ≀√⊔⟩⇕⊣↕ ⌋≀↕≀⊓∇ ∫⌉⊔⇔ ⊔⟨⟩∫ ⊣√√∇≀⊣⌋⟨ ∫⌋⊣↕⌉∫ ⌊⌉⊔⊔⌉∇ ⊔≀ ↕⊣∇}⌉∇ \⊓⇕⌊⌉∇∫ ≀{ ⊒⟩\⌈≀⊒∫ ⊔⟨⊣\ ⊣ ⌋⌉\⊔∇⊣↕⟩‡⌉⌈ ⊣↕}≀∇⟩⊔⟨⇕↙ S⌉⌋≀\⌈⇔ ⊣↕}≀∇⟩⊔⟨⇕∫ ⊔⟨⊣⊔ ⟩⇕√↕⌉⇕⌉\⊔ ⊔⟨⟩∫ ⇕≀⌈⌉↕ ⊣∇⌉ ∫⟩⇕√↕⌉ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔↙

↙̸∈↙∈ T⟨⌉ D†\⊣⇕⟩⌋⊣↕ C≀↕≀⊓∇ S†∫⊔⌉⇕ T⟨∇≀⊓}⟨≀⊓⊔ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫⇔ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⟩∫ ⌋⊣↕↕⌉⌈ ⊣ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙ O\⌉ ∇⌉⊣∫≀\ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⟩∫ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⌋⊣\⇔ ⟩\ {⊣⌋⊔⇔ ⌊⌉ ⇕≀⌈⌉↕↕⌉⌈ ⌊† ⊣ ⇕⊣⊔⟨⌉⇕⊣⊔⟩⌋⊣↕ ⌈†\⊣⇕⟩⌋⊣↕ ∫†∫⊔⌉⇕↙ I⊔ ∫⌉⌉⇕∫ ∇⌉⊣∫≀\⊣⌊↕⌉⇔ ⊔⟨⌉\⇔ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⌉∇ ∫⟨≀⊓↕⌈ ⌊⌉ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊣∫ ⊣ ∫⟩⇕√↕⌉ ⌈†\⊣⇕⟩⌋⊣↕ ∫†∫⊔⌉⇕↙ I\∫⊔⌉⊣⌈ ≀{ ⊑⟩⌉⊒⟩\} ⊣ ⌋≀↕≀⊓∇ ⟩\ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊣∫ ⊣\ ⊣⌊∫⊔∇⊣⌋⊔ ∐⊓⊣\⊔⟩⊔†⇔ ⌋≀\∫⟩⌈⌉∇ ⟩⊔ ⊔≀ ⌊⌉ ⊣ √⟨†∫⟩⌋⊣↕ ≀⌊|⌉⌋⊔↙ E⊣⌋⟨ ⌋≀↕≀⊓∇ ≀⌊|⌉⌋⊔ ⌉§⌉∇⊔∫ ∇⌉√⊓↕∫⟩⊑⌉ ⊣\⌈ ⊣⊔⊔∇⊣⌋⊔⟩⊑⌉ {≀∇⌋⌉∫ ≀\ ≀⊔⟨⌉∇ ⌋≀↕≀⊓∇∫⇔ ⊒⟩⊔⟨ ⊔⟨⌉ {≀∇⌋⌉∫ ⌋∇⌉⊣⊔⌉⌈ ⌊† ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌊⌉⊔⊒⌉⌉\ ⊔⟨≀∫⌉ ⌋≀↕≀⊓∇∫↙ E⊣⌋⟨ ⌋≀↕≀⊓∇ ⟨⊣∫ ⊣ √≀∫⟩⊔⟩≀\ ⊒⟨⟩⌋⟨ ⟩∫ ⟩⊔∫ ↕≀⌋⊣⊔⟩≀\ ⟩\ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉↙ C≀↕≀⊓∇ ⊣⌋⌋⌉↕⌉∇⊣⊔⟩≀\ ⊣\⌈ ⌋≀↕≀⊓∇ ⊑⌉↕≀⌋⟩⊔† ⊣∇⌉ ⌈⌉∇⟩⊑⌉⌈ ⟩\ ⊔⟨⌉ ⊓∫⊓⊣↕ ⇕⊣\\⌉∇⇔ ⊓∫⟩\} N⌉⊒⊔≀\≃∫ S⌉⌋≀\⌈ L⊣⊒↙ F = ma (6.1) which gives

�d0 = initial position

�v0 = initial velocity �a = �F − �v_iF/m ↼6▷2↽ �v_i+1 = �v_i + �aDt �d_i+1 = �d_i + �v_{iD}t

Figure 6▷1. The force attracting colours to an absolute colour value act along the line between the colour and the absolute colour value directed from the colour to the absolute colour value▷ where �d is the colour position �v is the velocity of the colour�F is the force acting on the colour m is the mass of the colour F ⟩∫ ⊣ ⌈⊣⇕√⟩\} {⊣⌋⊔≀∇⇔ �a is the acceleration of the colour2 and Dt is the time interval between time i and time i + 1. What is meant by colour mass is explained below. Viewing the colours in this manner provides us with an elegant constraint solver based on Newton’s Laws, with one caveat which shall be discussed below. The constraints between colours are expressed as forces in a straightforward manner.

There are two kinds of constraints, absolute and relative. An absolute constraint acts as a force between a colour and a speciffc colour value, directed along the line from the colour’s current position to the position of the speciffc colour value. Forces are either attractive or repulsive. For attractive forces, the farther the colour is from that value, the higher the force. For repulsive forces, the closer the colour is the the value, the higher the force. A situation where a colour is too far from an attractive absolute colour value is illustrated in Figure 6.1. In a sense, it is as if the colour is either anchored to a location in colour space, such as by a spring, or is being repelled from a location in colour space, such as by a magnet of the same polarity.

Relative constraints are expressed similarly, except that the force acts between two colours and is exerted on both of them in equal and opposite directions. There is a relationship between the two colours that is expressed as the constraint. When this constraint is violated, both colours attempt to change their values to satisfy it. As with the previous constraints, the farther the colours are from satisfying it, the higher the force. A situation in which two colours are too far apart is illustrated in Figure 6.2. Even when relative constraints are hard to visualize as forces, they are easy to represent mathematically.

In Chapter 5, constraints were considered to have more or less importance. This concept is easy to accomplish by varying the magnitude of the force vector produced by the constraint. Furthermore, this type of constraint solver automatically relaxes its constraints so that solutions which are closest to satisfying the constraints may be found. Consider the situation when a colour is bordered on all sides by colours which are exerting repulsive forces. While the colour may not be able to move to a position where there are no more forces acting on it, it does move to a position where the net force acting on it is zero. This represents a optimal solution which comes closest to satisfying the constraints and occurs naturally with this model.

Another requirement of a dynamic colour system is that some colours be less likely than others to change their values. The concept of colour mass makes this possible. Equation 6.2 shows that increasing the mass of an object

2The1 2aDt 2 term is omitted because of its relatively small effect▷

Figure 6▷2. The force attracting the two related colours acts along the line between them directed from each colour toward the other▷

decreases its acceleration▷ When the mass of a colour object is varied it becomes more or less likely to move when it interacts with other colours▷ For example if an exact colour value has been speciαed for a colour it should never move▷ This is easily accomplished by giving the colour an inαnitely large mass so all forces result in zero acceleration▷ Consider another example▷ If the user has expressed a preference for a certain colour value it should be less likely to move than colours which were chosen randomly by the system▷ This is accomplished by giving the colour a larger mass that the average colour▷ As it turns out this model αts quite well with the distributed jostling model▷ Each window is given its own dynamic system in which it puts its colours and its intrawindow constraints▷ When a constraint between one of this windowφs colours and a colour in another window is violated that windowφs colours are added to the local dynamic system along with the constraints in question▷ During each iteration of the dynamic system the sum of the forces acting on each local colour is used to determine the acceleration acting on the colour▷ This acceleration is used to update the velocity and position of the colour using Equation 6▷2▷ If any local colours move all windows are notiαed of the change in position▷ Any external constraints that exert no force on the local colours are discarded and any external windows whose colours are no longer in conβict with the local colours are discarded▷ The αnal feature of this model is the use of a force similar to friction in damping oscillations▷ By applying a force against the motion of colours the system naturally dampens any potential oscillations that could occur▷ F ⟩∫ ⊔⟨⌉ ⌈⊣⇕√⟩\} {⊣⌋⊔≀∇ ⟩\ E∐⊓⊣⊔⟩≀\ ↙̸∈↙ I⊔ ⟩∫ ⇕⌉\⊔⟩≀\⌉⌈ ⊣⊔ ⊔⟨⌉ ⌊⌉}⟩\\⟩\} ≀{ ⊔⟨⟩∫ ∫⌉⌋⊔⟩≀\ ⊔⟨⊣⊔ ⊔⟨⌉∇⌉ ⟩∫ ≀\⌉ ⌋⊣⊑⌉⊣⊔ ⊔≀ ⊔⟨⌉ ∫⊔⊣⊔⌉⇕⌉\⊔ ⊔⟨⊣⊔ ⊔⟨⟩∫ ∫†∫⊔⌉⇕ ⟩∫ ⌊⊣∫⌉⌈ ≀\ N⌉⊒⊔≀\≃∫ L⊣⊒∫↙ T⟨⊣⊔ ⌋⊣⊑⌉⊣⊔ ⟩∫ ⊔⟨⊣⊔ ⊒⟨⌉\ ⊔⟨⌉∇⌉ ⊣∇⌉ \≀ ↕≀\}⌉∇ ⊣\† {≀∇⌋⌉∫ ⊣⌋⊔⟩\} ≀\ ⊣ ⌋≀↕≀⊓∇ ≀⌊|⌉⌋⊔ ⊣∫⟩⌈⌉ {∇≀⇕ ⊔⟨⌉ {≀∇⌋⌉ ≀{ {∇⟩⌋⊔⟩≀\⇔ ⟩⊔ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕† ∫⊔≀√∫ ⇕≀⊑⟩\}↙ W⟨⟩↕⌉ ⊔⟨⟩∫ ⟩\⊔∇≀⌈⊓⌋⌉∫ ∫↕⟩}⟨⊔ ⌈⟩∫⌋≀\⊔⟩\⊓⟩⊔⟩⌉∫ ⟩\⊔≀ ⊔⟨⌉ ∫†∫⊔⌉⇕⇔ ⊔⟨⟩∫ ⟨⟩}⟨↕† ⌈⊣⇕√⌉⌈ ⌊⌉⟨⊣⊑⟩≀⊓∇ ⟩∫ ∇⌉∐⊓⟩∇⌉⌈ ⊔≀ ⌉\∫⊓∇⌉ ⊔⟨⊣⊔ ⌋≀↕≀⊓∇∫ ⌋⟨⊣\}⌉ ⊣∫ ↕⟩⊔⊔↕⌉ ⊣∫ √≀∫∫⟩⌊↕⌉ ⊔≀ √∇⌉⊑⌉\⊔ ⊓\\⌉⌋⌉∫∫⊣∇† ⌈⊣⇕⊣}⌉ ⊔≀ ⊓∫⌉∇ ⌋≀↕≀⊓∇ ⊣∫∫≀⌋⟩⊣⊔⟩≀\∫↙

↙̸∋ T⟨⌉ N⌉WS C≀↕≀⊓∇ W⟩\⌈≀⊒ C↕⊣∫∫⌉∫

T⟨⌉ ⊣⌋⊔⊓⊣↕ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⌋≀\∫⟩∫⊔∫ ≀{ ⊣ ⟨⟩⌉∇⊣∇⌋⟨† ≀{ ⌋↕⊣∫∫⌉∫ ⌊⊓⟩↕⊔ ≀\ ⊔≀√ ≀{ ⊔⟨⌉ TNT∈↙′ ⌋↕⊣∫∫⌉∫↙ A ∫⌉√⊣∇⊣⊔⌉ ⌋↕⊣∫∫ ⌉§⟩∫⊔∫ {≀∇ ⌉⊣⌋⟨ ⇕⊣|≀∇ ⟩∫∫⊓⌉ ⊔⟨⊣⊔ ⟨⊣⌈ ⊔≀ ⌊⌉ ⟨⊣\⌈↕⌉⌈ ⌈⊓∇⟩\} ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙ T⟨⟩∫ ∫⌉√⊣∇⊣⊔⟩≀\ ≀{ {⊓\⌋⊔⟩≀\⊣↕⟩⊔† {⊣⌋⟩↕⟩⊔⊣⊔⌉∫ {⊣∫⊔ √∇≀⊔≀⊔†√⟩\}⇔ √∇≀⊑⟩⌈⌉∫ ⊣ ↕≀}⟩⌋⊣↕ ≀∇}⊣\⟩‡⊣⊔⟩≀\ {≀∇ ⌉§√↕⊣⟩\⟩\} ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊣\⌈ ⊣↕↕≀⊒ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊔≀ ⌊⌉

̸ C⟨⊣√⊔⌉∇ ↙̸ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\

F⟩}⊓∇⌉ ↙̸∋¬ T⟨⌉ C≀↕≀⊓∇ W⟩\⌈≀⊒ S†∫⊔⌉⇕ ⌋↕⊣∫∫⌉∫ ⊣∇⌉ ⊣⌈⌈⌉⌈ ⊔≀ ⊔⟨⌉ TNT∈↙′ ∫†∫⊔⌉⇕ ⌊† ⟩\⟨⌉∇⟩⊔⟩\} {∇≀⇕ ⊔⟨⌉ TNT∈↙′ C↕⊣∫∫W⟩\⌈≀⊒ ⌋↕⊣∫∫ ⊣\⌈ ⇕≀⌈⟩{†⟩\} ⊔⟨⌉ C↕⊣∫∫W⟩\⌈≀⊒ ∫⊓⌊⌋↕⊣∫∫⌉∫ C↕⊣∫∫B⊣∫⌉W⟩\⌈≀⊒ ⊣\⌈ C↕⊣∫∫P≀√⊓√W⟩\⌈≀⊒ ⊔≀ ⟩\⟨⌉∇⟩⊔ {∇≀⇕ C↕⊣∫∫C≀↕≀⊓∇W⟩\⌈≀⊒↙ ⌉⊣∫⟩↕† ⇕≀⌈⟩⊘⌉⌈ {≀∇ {⊓⊔⊓∇⌉ ⌉§√⌉∇⟩⇕⌉\⊔⊣⊔⟩≀\↙ F⟩}⊓∇⌉ ↙̸∋ ∫⟨≀⊒∫ ⊔⟨⌉ ⌋↕⊣∫∫ ⟨⟩⌉∇⊣∇⌋⟨† ≀{ ⊔⟨⟩∫ ∫†∫⊔⌉⇕⇔ ⊣↕≀\} ⊒⟩⊔⟨ ⊣\ ⌉§⌋⌉∇√⊔ {∇≀⇕ ⊔⟨⌉ TNT∈↙′ ⌋↕⊣∫∫ ⟨⟩⌉∇⊣∇⌋⟨† ∫⟨≀⊒⟩\} ⊒⟨⌉∇⌉ ⊔⟨⌉∫⌉ ⌋↕⊣∫∫⌉∫ ⊘⊔ ⟩\∋↙ A }≀⊣↕ ≀{ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⟩∫ ⊔≀ ⊣↕↕≀⊒ ⊔⟨⌉ ⌋≀\⌋⌉√⊔ ≀{ ⌈†\⊣⇕⟩⌋ ⌋≀↕≀⊓∇ ⊔≀ ⌊⌉ ⊣⌈⌈⌉⌈ ⊔≀ ⊔⟨⌉ N⌉WS ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⟩\ ∫⊓⌋⟨ ⊣ ⊒⊣† ⊔⟨⊣⊔ ⇕⊣\† ⌉§⟩∫⊔⟩\} ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊒≀∇‖ ⊒⟩⊔⟨ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊒⟩⊔⟨≀⊓⊔ \⌉⌉⌈⟩\} ⊔≀ ⌊⌉ ⇕≀⌈⟩⊘⌉⌈ ≀∇ ∇⌉⌋≀⇕√⟩↕⌉⌈↙ A ∫⟩⇕√↕⟩⊘⌋⊣⊔⟩≀\ ⟩∫ ⇕⊣⌈⌉ ⊔≀ ⊔⟨⌉ ⌋≀\⌋⌉√⊔⊓⊣↕ ⇕≀⌈⌉↕ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ C⟨⊣√⊔⌉∇ ▽ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⊣⌋⟨⟩⌉⊑⌉ ⊔⟨⟩∫ }≀⊣↕↙ S√⌉⌋⟩⊘⌋⊣↕↕†⇔ ≀\↕† {≀⊓∇ ⌋≀\⌋⌉√⊔⊓⊣↕ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ∫⊓√√≀∇⊔⌉⌈ {≀∇ ⌉⊣⌋⟨ ⊒⟩\⌈≀⊒⇔ ⊣∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⌊⌉↕≀⊒↙ TNT∈↙′ √∇≀⊑⟩⌈⌉∫ ⊣ ∫⊔⊣\⌈⊣∇⌈ ⌋≀↕≀⊓∇ ⟩\⊔⌉∇{⊣⌋⌉ ⊒⟨⟩⌋⟨ ⊣↕↕≀⊒∫ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊔≀ ∫√⌉⌋⟩{† {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫↙ F≀∇⊔⊓\⊣⊔⌉↕†⇔ ⇕≀∫⊔ ≀{ ⊔⟨⌉ ⊣⊑⊣⟩↕⊣⌊↕⌉ N⌉WS ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ≀\↕† ⊓∫⌉ ⊔⟨⌉ ∫⟩\}↕⌉ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ∫⊓√√≀∇⊔⌉⌈ ⊑⟩⊣ ⊔⟨⌉ ∫⊔⊣\⌈⊣∇⌈ ⟩\⊔⌉∇{⊣⌋⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⌉⊣∇↕⟩⌉∇↙ W⟨⌉\ ⊣⌈⌈⟩⊔⟩≀\⊣↕ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⊓∫⌉⌈⇔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∫⌉⊔ ⊔⟨⌉⇕ ⟩\ ⊣ ⊑⊣∇⟩⌉⊔† ≀{ ⊒⊣†∫⇔ ⊓∫⊓⊣↕↕† ⌊† ⊓∫⟩\} ⊔⟨⌉ N⌉WS ∫⌉⊔⌋≀↕≀∇ ≀√⌉∇⊣⊔≀∇ ⊔≀ ⌈⟩∇⌉⌋⊔↕† ∫⌉⊔ ⊔⟨⌉ ⌈∇⊣⊒⟩\} ⌋≀↕≀⊓∇ |⊓∫⊔ √∇⟩≀∇ ⊔≀ ⊓∫⟩\} ⟩⊔↙ U\{≀∇⊔⊓\⊣⊔⌉↕†⇔ ⊔⟨⌉∇⌉ ⟩∫ \≀ ⊒⊣† ⊔≀ ≀⊑⌉∇∇⟩⌈⌉ ⊔⟨⌉ ∫⌉⊔⌋≀↕≀∇ ≀√⌉∇⊣⊔≀∇ ⟩\ ⊣\ ⟩\⊔⌉↕↕⟩}⌉\⊔ ⇕⊣\\⌉∇ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉∇⌉ ⟩∫ \≀ ⊒⊣† ⊔≀ ⟩\{⌉∇ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋ ⇕⌉⊣\⟩\} ≀{ ⌋≀↕≀⊓∇∫ ∫√⌉⌋⟩⊘⌉⌈ ⟩\ ⊔⟨⟩∫ {⊣∫⟨⟩≀\↙ T⟨⌉∇⌉{≀∇⌉⇔ ∫⟩\⌋⌉ ⌋⟨⊣\}⟩\} ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⟩∫ ⊔≀ ⌊⌉ ⊣⊑≀⟩⌈⌉⌈⇔ ⊔⟨⌉ ≀\↕† ⊣√√↕⟩⌋⊣⊔⟩≀\ ⌋≀↕≀⊓∇∫ ⊒⟩⊔⟨ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⌋⊣\ ⌈≀ ⊣\†⊔⟨⟩\} ⟩\⊔⌉↕↕⟩}⌉\⊔ ⊣∇⌉ ⊔⟨⌉ ⊔⊒≀ ⌋≀↕≀⊓∇∫ ∫⌉⊔ ⊔⟨∇≀⊓}⟨ ⊔⟨⌉ ∫⊔⊣\⌈⊣∇⌈ ⟩\⊔⌉∇{⊣⌋⌉↙ A∫ ⇕⌉\⊔⟩≀\⌉⌈ ⊣⌊≀⊑⌉⇔ {⌉⊒ ≀{ ⊔⟨⌉ ⌉§⟩∫⊔⟩\} TNT∈↙′ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊓∫⌉ ⇕≀∇⌉ ⊔⟨⊣\ ⊔⟨⌉ ∫⊔⊣\⌈⊣∇⌈ ⊔⊒≀ ⌋≀↕≀⊓∇∫⇔ ∫≀ ⇕≀∫⊔ ≀{ ⊔⟨⌉⇕ ⊒≀∇‖ ⊒⟩⊔⟨ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊒⟩⊔⟨≀⊓⊔ ⇕≀⌈⟩⊘⌋⊣⊔⟩≀\↙ T⟨⌉∫⌉ ⊔⊒≀ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ∇⌉{⌉∇∇⌉⌈ ⊔≀ ⊣∫ ⊔⟨⌉ C↕⟩⌉\⊔ ⌋≀↕≀⊓∇∫ ⊔⟨∇≀⊓}⟨≀⊓⊔ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙ S⊔⊣\⌈⊣∇⌈ TNT∈↙′ ⊒⟩\⌈≀⊒∫ ∫⟨⊣∇⌉ ⊣ ∫⟩\}↕⌉ ∫⌉⊔ ≀{ ⌊≀∇⌈⌉∇ ⌋≀↕≀⊓∇∫⇔ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⊣ ⇕⌉⌈⟩⊓⇕ ⟩\⊔⌉\∫⟩⊔† }∇⊣† ⌊⊣⌋‖}∇≀⊓\⌈ ⊒⟩⊔⟨ ⊣ ⌊↕⊣⌋‖ {≀∇⌉}∇≀⊓\⌈ ⌊† ⌈⌉{⊣⊓↕⊔↙ T⟨⟩∫ ∇⌉∫⊔∇⟩⌋⊔⟩≀\ ⟩∫ ∇⌉⇕≀⊑⌉⌈ ⟩\ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊒⟩\⌈≀⊒ ⌋↕⊣∫∫⌉∫⇔ ⊣↕↕≀⊒⟩\} ⌉⊣⌋⟨ ⊒⟩\⌈≀⊒ ⊔≀ ⟨⊣⊑⌉ ⟩⊔∫ ≀⊒\ ⌈⟩∫⊔⟩\⌋⊔ ⌊≀∇⌈⌉∇ ⌋≀↕≀⊓∇∫↙ T⟨⌉∫⌉ ⊣∇⌉ ∇⌉{⌉∇∇⌉⌈ ⊔≀ ⊣∫ ⊔⟨⌉ B≀∇⌈⌉∇ ⌋≀↕≀⊓∇∫ ⊔⟨∇≀⊓}⟨≀⊓⊔ ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙ T⟨⌉∫⌉ ⊔⊒≀ ⌊≀∇⌈⌉∇ ⌋≀↕≀⊓∇∫⇔ ⊣\⌈ ⊔⟨⌉ ⊔⊒≀ ⌋↕⟩⌉\⊔ ⌋≀↕≀⊓∇∫ ⇕⌉\⊔⟩≀\⌉⌈ ⊣⌊≀⊑⌉⇔ ⌋≀⇕√∇⟩∫⌉ ⊔⟨⌉ ∫⌉⊔ ≀{ {≀⊓∇ ⌋≀↕≀⊓∇∫ {≀∇ ⊒⟨⟩⌋⟨ ∫≀⇕⌉ ∫⌉⇕⊣\⊔⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ⌋⊣\ ⌊⌉ ⟩⇕√↕⟩⌉⌈ ⌊† ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕↙ I\ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ∫⌉⌋⊔⟩≀\∫⇔ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉ ⇕⊣|≀∇ ⌋↕⊣∫∫⌉∫ ⟩\ ⊔⟨⌉ C≀↕≀⊓∇ W⟩\⌈≀⊒ S†∫⊔⌉⇕ ⊣∇⌉ ⌈⌉∫⌋∇⟩⌊⌉⌈↙ ∋T⟨∇≀⊓}⟨≀⊓⊔ N⌉WS ⌋≀↕≀⊓∇ ⟩∫ ∫√⌉↕↕⌉⌈ ⊖⌋≀↕≀∇⪰⇔ ∫≀ ∇⌉{⌉∇⌉\⌋⌉∫ ⊔≀ N⌉WS ∇≀⊓⊔⟩\⌉∫⇔ ⌋↕⊣∫∫⌉∫⇔ ⊔†√⌉∫⇔ ⌉⊔⌋↙ ⊒⟩↕↕ ⌊⌉ ∫√⌉↕↕⌉⌈ ⟩\ ⊔⟨⊣⊔ ⊒⊣†↙

↙̸∋↙ T⟨⌉ N⌉WS C≀↕≀⊓∇ W⟩\⌈≀⊒ C↕⊣∫∫⌉∫

↙̸∋↙∞ C↕⊣∫∫B⊣∫⟩⌋C≀↕≀⊓∇ N⌉WS √∇≀⊑⟩⌈⌉∫ ⊣\ ≀⌊|⌉⌋⊔ ⊔†√⌉ ⌋⊣↕↕⌉⌈ ⌋≀↕≀∇⊔†√⌉ ⊔≀ ∇⌉√∇⌉∫⌉\⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫↙ A ⌋≀↕≀∇⊔†√⌉ ⌋⊣\ ⌊⌉ ⌋∇⌉⊣⊔⌉⌈ ⌊† ∫√⌉⌋⟩{†⟩\} ⟩⊔∫ ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ⟩\ ⌉⟩⊔⟨⌉∇ RGB ≀∇ HSB ⌋≀↕≀⊓∇ ∫√⊣⌋⌉↙ A↕↕ ≀{ ⊔⟨⌉ N⌉WS ⌋≀↕≀⊓∇ ≀√⌉∇⊣⊔≀∇∫⇔ ⊣\⌈ ⇕≀∫⊔ ≀{ ⊔⟨⌉ ⌋↕⊣∫∫ ⇕⌉⊔⟨≀⌈∫⇔ ⊔⊣‖⌉ √⊣∇⊣⇕⌉⊔⌉∇∫ ≀{ ⊔†√⌉ ⌋≀↕≀∇⊔†√⌉↙ T⟨⌉ {⊓\⌋⊔⟩≀\⊣↕⟩⊔† √∇≀⊑⟩⌈⌉⌈ ⌊† ⊔⟨⌉ ⌋≀↕≀∇⊔†√⌉ ⟩∫ \≀⊔ ∫⊓{⊘⌋⟩⌉\⊔ {≀∇ ⊔⟨⟩∫ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⌊⌉⌋⊣⊓∫⌉ ⌋≀↕≀⊓∇∫ ⊒⟩↕↕ \⌉⌉⌈ ⊔≀ ⌊⌉ ∫√⌉⌋⟩⊘⌉⌈ ⟩\ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉∫ ⊣∫⟩⌈⌉ {∇≀⇕ ⊔⟨⌉∫⌉ ⊔⊒≀↙ RGB ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⟩∫ ∇⌉∐⊓⟩∇⌉⌈↙ W⟨⊣⊔ N⌉WS ⌋⊣↕↕∫ HSB ⊣√√⌉⊣∇∫ ⊔≀ ⌋≀∇∇⌉∫√≀\⌈ ⊔≀ ⊔⟨⌉ HSV ⌋≀↕≀⊓∇ ∫√⊣⌋⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ C⟨⊣√⊔⌉∇ ∈⇔ ⌊⊓⊔ ⟩∫ \≀⊔ ⊣⌈⌉∐⊓⊣⊔⌉↕† ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ⊔⟨⌉ N⌉WS ⌈≀⌋⊓⇕⌉\⊔⊣⊔⟩≀\↙ I\ ⊣\† ⌋⊣∫⌉⇔ ⊔⟨⌉ HLS ⇕≀⌈⌉↕ √∇≀⊑⟩⌈⌉∫ ⊣ ⇕≀∇⌉ ⟩\⊔⊓⟩⊔⟩⊑⌉ ⊣√√∇≀⊣⌋⟨ ⊔≀ ⌋≀↕≀⊓∇ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ ⊔⟨⊣\ HSV⇔ ∫≀ HLS ⟩∫ ⊓∫⌉⌈ ⟩\ ⊔⟨⟩∫ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙ T≀ ∫⊓√√≀∇⊔ ⌊≀⊔⟨ ⊔⟨⌉ ⇕⌉⊣∫⊓∇⟩\} ≀{ ⌋≀\⊔∇⊣∫⊔ ⊣\⌈ ⌋≀↕≀⊓∇ ⌈⟩{{⌉∇⌉\⌋⌉⇔ ⌋≀↕≀⊓∇∫ \⌉⌉⌈ ⊔≀ ∫√⌉⌋⟩⊘⌉⌈ ⌊† ⊔⟨⌉⟩∇ XYZ ⊣\⌈ CIELUV ⌋≀≀∇⌈⟩\⊣⊔⌉∫↙ C↕⊣∫∫B⊣∫⟩⌋C≀↕≀⊓∇ √∇≀⊑⟩⌈⌉∫ ⊣ ∇⌉√↕⊣⌋⌉⇕⌉\⊔ {≀∇ ⌋≀↕≀∇⊔†√⌉ ⊔⟨⊣⊔ ∫⊓√√≀∇⊔∫ ⊣↕↕ ≀{ ⊔⟨⌉∫⌉ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉∫↙ S⟩\⌋⌉ ⊔⟨⌉ C↕⊣∫∫B⊣∫⟩⌋C≀↕≀⊓∇ ≀⊑⌉∇∇⟩⌈⌉∫ ⊔⟨⌉ N⌉WS ⌋≀↕≀∇⊔†√⌉⇔ ⊣↕↕ ≀{ ⊔⟨⌉ N⌉WS ⌋≀↕≀⊓∇ ≀√⌉∇⊣⊔≀∇∫ ⊣\⌈ ∫≀⇕⌉ ≀{ ⊔⟨⌉ ⌋↕⊣∫∫ ⇕⌉⊔⟨≀⌈∫ ⊔⟨⊣⊔ ⌈⌉⊣↕ ⊒⟩⊔⟨ ⌋≀↕≀⊓∇ ⊣∇⌉ ∇⌉⊒∇⟩⊔⊔⌉\ ⊔≀ ∫⊓√√≀∇⊔ √⊣∇⊣⇕⌉⊔⌉∇∫ ≀{ ⊔⟨⟩∫ ⌋↕⊣∫∫ ⊣∫ ⊒⌉↕↕ ⊣∫ ≀{ ⌋≀↕≀∇⊔†√⌉↙

↙̸∋↙∈ C↕⊣∫∫C≀↕≀⊓∇O⌊|⌉⌋⊔ T⟨⟩∫ ≀⌊|⌉⌋⊔ ⊣⌈⌈∫ ⊔≀ C↕⊣∫∫B⊣∫⟩⌋C≀↕≀⊓∇ ⊔⟨⌉ √⟨†∫⟩⌋⊣↕ ⌋⟨⊣∇⊣⌋⊔⌉∇⟩∫⊔⟩⌋∫ ∇⌉∐⊓⟩∇⌉⌈ ⊔≀ ⊓∫⌉ ⌋≀↕≀⊓∇∫ ⟩\ ⊔⟨⌉ ⌈†\⊣⇕⟩⌋⊣↕ ∫†∫⊔⌉⇕ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ↙̸∈↙∈↙ T⟨⌉ ⊑⊣↕⊓⌉ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⟩∫ ⌉∐⊓⟩⊑⊣↕⌉\⊔ ⊔≀ ⟩⊔∫ √≀∫⟩⊔⟩≀\↙ M⌉⊔⟨≀⌈∫ ⊣∇⌉ √∇≀⊑⟩⌈⌉⌈ ⊔≀ ⌋⟨⊣\}⌉ ⊔⟨⌉ ⇕⊣∫∫ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊣\⌈ ⊔≀ ∫⊔≀√ ⊔⟨⌉ ⇕≀⊔⟩≀\ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔↙ F≀∇⌋⌉ ⟩∫ ⊣√√↕⟩⌉⌈ ⊔≀ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⊔⟨∇≀⊓}⟨ ⊔⊒≀ ⇕⌉⊔⟨≀⌈∫↙ ⊣⌈⌈{≀∇⌋⌉ ⊣⌈⌈∫ ⊣ {≀∇⌋⌉ ⊑⌉⌋⊔≀∇ ⊔≀ ⊔⟨⌉ ⊔≀⊔⊣↕ {≀∇⌋⌉ ⊣⌋⊔⟩\} ≀\ ⊔⟨⌉ ≀⌊|⌉⌋⊔⇔ ⊣∫ {≀↕↕≀⊒∫¬ I\√⊓⊔¬ F ⇐ ⊣\ ∪⟨⇔ ↕⇔ ∫⊎ {≀∇⌋⌉ ⊑⌉⌋⊔≀∇ ⇒ M†F≀∇⌋⌉↙⟨ ⇓ℑ F↙⟨ M†F≀∇⌋⌉↙↕ ⇓ℑ F↙↕ M†F≀∇⌋⌉↙∫ ⇓ℑ F↙∫ N≀ O⊓⊔√⊓⊔ ⊣√√↕†{≀∇⌋⌉ ⊘∇∫⊔ ⌋⊣↕⌋⊓↕⊣⊔⌉∫ {∇⟩⌋⊔⟩≀\ ⊣∫ ⊣ {⊓\⌋⊔⟩≀\ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔≃∫ ⊑⌉↕≀⌋⟩⊔†⇔ ⊔⟨⌉\ ⊣√√↕⟩⌉∫ ⊔⟨⌉ ⊔≀⊔⊣↕ {≀∇⌋⌉ ⊑⌉⌋⊔≀∇ ⊔≀ ⊔⟨⌉ ≀⌊|⌉⌋⊔⇔ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕† ⊓√⌈⊣⊔⟩\} ⊔⟨⌉ ⊣⌋⌋⌉↕⌉∇⊣⊔⟩≀\⇔ ⊑⌉↕≀⌋⟩⊔† ⊣\⌈ √≀∫⟩⊔⟩≀\ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊓∫⟩\} E∐⊓⊣⊔⟩≀\ ↙̸∈⇔ ⊣∫ {≀↕↕≀⊒∫¬ N≀ I\√⊓⊔ ↗ ⊔⟨⌉∫⌉ ⊣∇⌉ ⊑⌉⌋⊔≀∇ ≀√⌉∇⊣⊔⟩≀\∫ M†A⌋⌋⌉↕ ¬ℑ M†F≀∇⌋⌉ ∝ M†M⊣∫∫ M†F≀∇⌋⌉ ¬ℑ ′ ⟩{ ⇐ ⇕⊣}\⟩⊔⊓⌈⌉⇐ M†A⌋⌋⌉↕ ⇒ ℜ ⊔⟨∇⌉∫⟨≀↕⌈ ⇒ ⊔⟨⌉\ ∫⊔≀√⇕≀⊔⟩≀\ ∇⌉⊔⊓∇\ ⊔∇⊓⌉ ⌉↕∫⌉ M†A⌋⌋⌉↕ ⇓ℑ M†V⌉↕≀⌋⟩⊔† ⇑ F∇⟩⌋⊔⟩≀\ ∝ M†M⊣∫∫ M†P≀∫⟩⊔⟩≀\ ⇓ℑ M†V⌉↕≀⌋⟩⊔† ⇑ D⌉↕⊔⊣T⟩⇕⌉ M†V⌉↕≀⌋⟩⊔† ⇓ℑ M†A⌋⌋⌉↕ ⇑ D⌉↕⊔⊣T⟩⇕⌉ ∫⌉⊔∨⇕†∨⌋≀↕≀⊓∇⇐ M†P≀∫⟩⊔⟩≀\ ⇒ ∇⌉⊔⊓∇\ {⊣↕∫⌉ O⊓⊔√⊓⊔¬ ⌊≀≀↕⌉⊣\ M†A⌋⌋⌉↕⇔ M†F≀∇⌋⌉⇔ M†M⊣∫∫⇔ M†V⌉↕≀⌋⟩⊔† ⊣\⌈ M†P≀∫⟩⊔⟩≀\ ⌋≀∇∇⌉∫√≀\⌈ ⊔≀ ⊔⟨⌉ ⊣⌋⌋⌉↕⌉∇⊣⊔⟩≀\⇔ {≀∇⌋⌉⇔ ⇕⊣∫∫⇔ ⊑⌉↕≀⌋⟩⊔† ⊣\⌈ √≀∫⟩⊔⟩≀\ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ≀⌊|⌉⌋⊔↙ I{ ⊔⟨⌉ ⊔≀⊔⊣↕ ⌉§⊔⌉∇\⊣↕ {≀∇⌋⌉ ⊣⌋⊔⟩\} ≀\ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⟩∫ ⌋↕≀∫⌉ ⊔≀ ‡⌉∇≀ ⊒⟨⌉\ ⊣√√↕†{≀∇⌋⌉

∀̸ C⟨⊣√⊔⌉∇ ↙̸ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\

⟩∫ ⟩\⊑≀‖⌉⌈⇔ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊒⟩↕↕ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕† ∫⊔≀√ ⇕≀⊑⟩\}↙ T⟨⌉ ⊔⟨∇⌉∫⟨≀↕⌈ ⊑⊣↕⊓⌉ ⌈⌉⊔⌉∇⇕⟩\⌉∫ ⟨≀⊒ ∫⇕⊣↕↕ ⊔⟨⌉ ⊣⌋⌋⌉↕⌉∇⊣⊔⟩≀\ ⇕⊓∫⊔ ⌊⌉ ⊔≀ ⌊⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈ ‡⌉∇≀↙ W⟨⟩↕⌉ ⊔⟨⟩∫ ⌈≀⌉∫ \≀⊔ ⌋≀∇∇⌉∫√≀\⌈ ⊔≀ \⊣⊔⊓∇⊣↕ √⟨†∫⟩⌋⊣↕ ↕⊣⊒∫⇔ ⟩⊔ ⟩∫ \⌉⊑⌉∇⊔⟨⌉↕⌉∫∫ ⌈⌉∫⟩∇⊣⌊↕⌉ ⊔≀ ⇕⊣‖⌉ ∫⊓∇⌉ ⊔⟨⊣⊔ ⌋≀↕≀⊓∇∫ ⇕≀⊑⌉ \≀ ⇕≀∇⌉ ⊔⟨⊣\ ⟩∫ \⌉⌋⌉∫∫⊣∇† ⊔≀ ∫⊣⊔⟩∫{† ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ }⟩⊑⟩\} ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊣ ⟨⟩}⟨↕† ⌈⊣⇕√⌉⌈ {⌉⌉↕⟩\}↙ ⊣√√↕†{≀∇⌋⌉ ∇⌉⊔⊓∇\∫ ⊣ ⌊≀≀↕⌉⊣\ ⊑⊣↕⊓⌉ ⟩\⌈⟩⌋⊣⊔⟩\} ⊒⟨⌉⊔⟨⌉∇ ⊔⟨⌉ \⌉⊔ {≀∇⌋⌉ ⊣⌋⊔⟩\} ≀\ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊒⊣∫ ⊣√√∇≀§⟩⇕⊣⊔⌉↕† ‡⌉∇≀⇔ ⊣\⌈ ⊔⟨⊓∫ ⊔⟨⌉ ∫⊔⊣⌊⟩↕⟩⊔† ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇↙ T⟨⌉ {≀∇⌋⌉ ⟩∫ ∫√⌉⌋⟩⊘⌉⌈ ⊣∫ ⊣ ⊑⌉⌋⊔≀∇ ⟩\ ⊔⟨⌉ HLS ⌋≀↕≀⊓∇ ∫√⊣⌋⌉↙ T⟨⌉ HLS ∫√⊣⌋⌉ ⊒⊣∫ ⌋⟨≀∫⌉\ ⌊⌉⌋⊣⊓∫⌉ ⇕≀∫⊔ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ⌉§√∇⌉∫∫⌉⌈ ⟩\ HLS ⌋≀≀∇⌈⟩\⊣⊔⌉∫⇔ ⊣∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ↙̸∋↙↙̸

↙̸∋↙∋ C↕⊣∫∫C≀↕≀⊓∇ T⟨⌉ ↕⊣∫⊔ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ≀⌊|⌉⌋⊔∫⇔ ⊣\⌈ ⊔⟨⌉ ≀\⌉ ⊓∫⌉⌈ ⌊† ≀⊔⟨⌉∇ ⌋↕⊣∫∫⌉∫⇔ ⟩∫ C↕⊣∫∫C≀↕≀⊓∇↙ I⊔ ∫≀↕⊑⌉∫ ⊔⟨⌉ ⊘\⊣↕ √∇≀⌊↕⌉⇕ ⊣∫∫≀⌋⟩⊣⊔⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⌋↕⊣∫∫⌉∫⇔ ⊔⟨⊣⊔ ≀{ ≀⊑⌉∇∇⟩⌈⟩\} ⊔⟨⌉ N⌉WS ⌋≀↕≀⊓∇ ⇕≀⌈⌉↕↙ N⌉WS ⊓∫⌉∫ ⊣ ∫⊔⊣⊔⟩⌋ ⌋≀↕≀⊓∇ ⇕≀⌈⌉↕↙ T⟨⌉ ⌋≀↕≀⊓∇ ↕≀≀‖⊓√ ⊔⊣⌊↕⌉ ⟩∫ ⊘↕↕⌉⌈ ⊒⟩⊔⟨ ⊣ ⌋⊓⌊⌉ ≀{ ⌋≀↕≀⊓∇ ⊔⟨⊣⊔ ∫⊣⇕√↕⌉∫ ⊔⟨⌉ ⌋≀↕≀⊓∇ }⊣⇕⊓⊔ ⊣⊔ ∇⌉}⊓↕⊣∇ ⟩\⊔⌉∇⊑⊣↕∫↙ W⟨⌉\ ⊣ ⌋≀↕≀⊓∇ ⟩∫ ∇⌉∐⊓⌉∫⊔⌉⌈ ⌊† ⊣\ ⊣√√↕⟩⌋⊣⊔⟩≀\⇔ ⊔⟨⌉ \⌉⊣∇⌉∫⊔ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⌋≀↕≀⊓∇ ⟩\ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⌋⊓⌊⌉ ⟩∫ ⊓∫⌉⌈↙ U\{≀∇⊔⊓\⊣⊔⌉↕†⇔ ⊣∫ ⊒⊣∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ▽↙△↙∞↙∈ ⊔⟨⌉∇⌉ ⟩∫ \≀ ⌋≀\⌋⟩∫⌉ ⌈⌉⊘\⟩⊔⟩≀\ ≀{ ⌋≀↕≀⊓∇ ∫⟩⇕⟩↕⊣∇⟩⊔†↙ A∫ ⊣ ∇⌉∫⊓↕⊔⇔ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⌋⟨≀∫⌉\ ⌊† N⌉WS ⟩∫ \≀⊔ \⌉⌋⌉∫∫⊣∇⟩↕† ⊔⟨⌉ ⇕≀∫⊔ ⊣√√∇≀√∇⟩⊣⊔⌉ ≀\⌉ ⊣⊑⊣⟩↕⊣⌊↕⌉↙ T⟨⟩∫ ⟩∫ ⌉∫√⌉⌋⟩⊣↕↕† ⊔∇⊓⌉ ⊒⟨⌉\ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⌋⟨≀∫⌉\ ∫⊓⌊|⌉⌋⊔ ⊔≀ ∫≀⇕⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ∫⊓⌋⟨ ⊣∫ ⊒⟨⌉\ ⊔⟨⌉† ⊣∇⌉ ∫⊓√√≀∫⌉⌈ ⊔≀ ⌊⌉ ⌈⟩{{⌉∇⌉\⊔ ∫⟨⊣⌈⌉∫ ≀{ ⊔⟨⌉ ∫⊣⇕⌉ ⟨⊓⌉↙ T⟨⌉∇⌉ ⊣∇⌉ ⊔⊒≀ ⌈∇⊣⊒⌊⊣⌋‖∫ ⊔≀ ⊔⟨⟩∫ ∫⌋⟨⌉⇕⌉↙ F⟩∇∫⊔⇔ ⊣\⌈ ⇕≀∫⊔ ⟩⇕√≀∇⊔⊣\⊔↕†⇔ ⊒⟨⌉\ ⊣ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⟩∫ ∇⌉∐⊓⌉∫⊔⌉⌈ ⌊† ⊔⟨⟩∫ ∫†∫⊔⌉⇕⇔ ⟩⊔ ⟩∫ ⟩⇕√≀∇⊔⊣\⊔ ⊔⟨⊣⊔ ⊔⟨⌉ ⌉§⊣⌋⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⟩∫ ∇⌉⊔⊓∇\⌉⌈↙ O⊔⟨⌉∇⊒⟩∫⌉⇔ ⌊≀⊔⟨ ⊔⟨⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⊣\⌈ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀↕≀⊓∇ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⊔⟨⊣⊔ ⊣∇⌉ ⌋∇⌉⊣⊔⌉⌈ ⌊† ⊔⟨⟩∫ ∫†∫⊔⌉⇕ ⌋⊣\ ⌊⌉ ⌈⌉∫⊔∇≀†⌉⌈↙ S⌉⌋≀\⌈⇔ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⌋⟨⊣\}⌉ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇∫ {∇⌉⌉↕†⇔ ⌉⊣⌋⟨ ⌈⟩{{⌉∇⌉\⊔ ⌋≀↕≀⊓∇ ⊓∫⌉⌈ ⌊† ⊔⟨⌉ ∫†∫⊔⌉⇕ ⇕⊓∫⊔ ⟨⊣⊑⌉ ⟩⊔∫ ≀⊒\ LUT ⌉\⊔∇†↙ W⟩⊔⟨ ⊣ ∫⊔⊣⊔⟩⌋ ⌋≀↕≀⊓∇ ⇕≀⌈⌉↕⇔ ⊣\ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⌈≀⌉∫ \≀⊔ ⟨⊣⊑⌉ ⊔⟨⌉ ∫⊣⇕⌉ LUT ⌉\⊔∇⟩⌉∫ {≀∇ ⟩⊔∫ ⌋≀↕≀⊓∇∫ ⊣{⊔⌉∇ ⊔⟨⌉† ⊣∇⌉ ⌋⟨⊣\}⌉⌈⇔ ∇⌉∐⊓⟩∇⟩\} ⟩⊔ ⊔≀ ∇⌉⌈∇⊣⊒ ⟩⊔∫ ⊒⟩\⌈≀⊒∫ ⌉⊑⌉∇† ⊔⟩⇕⌉ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⌋⟨⊣\}⌉↙ T≀ ⊣⊑≀⟩⌈ ⊔⟨⟩∫⇔ ⊔⟨⌉ ⊑⊣↕⊓⌉∫ ∫⊔≀∇⌉⌈ ⟩\ ⊔⟨⌉ LUT ⌉\⊔∇⟩⌉∫ ⊓∫⌉⌈ ⌊† ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊣∇⌉ ⌋⟨⊣\}⌉⌈↙ U\{≀∇⊔⊓\⊣⊔⌉↕†⇔ ⊒⟩⊔⟨ ⊔⟨⌉ N⌉WS ∫⊔⊣⊔⟩⌋ ⌋≀↕≀⊓∇ ⇕≀⌈⌉↕⇔ ⟩{ ⊔⊒≀ ⌋≀↕≀⊓∇∫ ∫⊔⊣∇⊔ ⊒⟩⊔⟨ ⊔⟨⌉ ∫⊣⇕⌉ ⊑⊣↕⊓⌉⇔ ⊔⟨⌉† ⊒⟩↕↕ ⟨⊣⊑⌉ ⊔⟨⌉ ∫⊣⇕⌉ LUT ⌉\⊔∇†↙ W⟨⌉\ ≀\⌉ ≀{ ⊔⟨⌉∫⌉ ⊒⟩\⌈≀⊒∫ ⌋⟨⊣\}⌉∫ ⟩⊔∫ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉⇔ ⊔⟨⌉ ≀⊔⟨⌉∇ ⊒⟩\⌈≀⊒≃∫ ⊑⊣↕⊓⌉ ⟩∫ ⊣↕∫≀ ⌋⟨⊣\}⌉⌈⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⊓\∫⊣⊔⟩∫{⊣⌋⊔≀∇†↙ F≀∇⊔⊓\⊣⊔⌉↕†⇔ ⌋⊓∇∇⌉\⊔ ⊑⌉∇∫⟩≀\∫ ≀{ N⌉WS ⊣↕↕≀⊒ ⌈†\⊣⇕⟩⌋ ⌋≀↕≀⊓∇ ⇕⊣√∫ ⊔≀ ⌊⌉ ⌋∇⌉⊣⊔⌉⌈↙ B† {≀∇⌋⟩\} ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊔≀ ⊓∫⌉ ⊣ ⌈†\⊣⇕⟩⌋ ⌋≀↕≀⊓∇ ⇕⊣√ ⟩\∫⊔⌉⊣⌈ ≀{ ⊔⟨⌉ ∫⊔⊣⊔⟩⌋ ≀\⌉ ⟩⊔ ⊓∫⌉∫ ⌊† ⌈⌉{⊣⊓↕⊔⇔ LUT ⌉\⊔∇⟩⌉∫ ⊣∇⌉ ⊣↕↕≀⌋⊣⊔⌉⌈ {≀∇ ⊔⟨⌉ ⌉§⌋↕⊓∫⟩⊑⌉ ⊓∫⌉ ≀{ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌋≀↕≀⊓∇∫⇔ ∫≀↕⊑⟩\} ⊔⟨⟩∫ √∇≀⌊↕⌉⇕↙ A ∫⌉∇⟩≀⊓∫ ↕⟩⇕⟩⊔⊣⊔⟩≀\ ⟩∫ ⊔⟨⌉ ∫⇕⊣↕↕ ∫⟩‡⌉ ≀{ ⌋≀↕≀⊓∇ ↕≀≀‖⊓√ ⊔⊣⌊↕⌉∫↙ C⊓∇∇⌉\⊔ ∫†∫⊔⌉⇕∫ ⟨⊣⊑⌉ ∈▽ ̸⌉\⊔∇⟩⌉∫ ⟩\ ⊔⟨⌉⟩∇ LUT≃∫⇔ ⊒⟨⟩⌋⟨ ⟩∫ ∫⊓{⊘⌋⟩⌉\⊔ {≀∇ ∫⊔⊣⊔⟩⌋ ⌋≀↕≀⊓∇∫⇔ ⌊⊓⊔ ⊒⟩⊔⟨ ⌈†\⊣⇕⟩⌋ ⌋≀↕≀⊓∇∫ ⊣↕↕ ⊔⟨⌉ ⌉\⊔∇⟩⌉∫ ⊔⌉\⌈ ⊔≀ ⌊⌉ ⊓∫⌉⌈ ∐⊓⟩⊔⌉ ∐⊓⟩⌋‖↕†↙ E⊣⌋⟨ ⊒⟩\⌈≀⊒ ⟩\ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⟨⊣∫ ⊔⊒≀ {≀∇⌉}∇≀⊓\⌈∝⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇ √⊣⟩∇∫↙ H≀⊒⌉⊑⌉∇⇔ ∫⟩\⌋⌉ TNT ⌈∇⊣⊒∫ ⊣↕↕ ≀{ ⟩⊔∫ ⟩\⊔⌉∇{⊣⌋⌉ ⌋≀⇕√≀\⌉\⊔∫ ⊓∫⟩\} ⊣\ ⌉⇕⌊≀∫∫⌉⌈⇔ ⊔⟨∇⌉⌉ ⌈⟩⇕⌉\∫⟩≀\⊣↕ ⊣√√⌉⊣∇⊣\⌋⌉⇔ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉∫⌉ ⌋≀\⌋⌉√⊔⊓⊣↕ ⌋≀↕≀⊓∇ √⊣⟩∇∫ ⊣⌋⊔⊓⊣↕↕† ∇⌉∐⊓⟩∇⌉∫ ⊘⊑⌉ LUT ⌉\⊔∇⟩⌉∫↙ T⟨⊓∫⇔ ⊣ ⊔†√⟩⌋⊣↕ ⊒⟩\⌈≀⊒ ⟩\ ⊔⟨⟩∫ ∫†∫⊔⌉⇕ ∇⌉∐⊓⟩∇⌉∫ ⊔⌉\ LUT ⌉\⊔∇⟩⌉∫↙ I{ ⊔⟨⌉ ⊔⟨∇⌉⌉ ⌈⟩⇕⌉\∫⟩≀\⊣↕ ⌉{{⌉⌋⊔∫ ⊣∇⌉ ⊔⊓∇\⌉⌈ ≀{{⇔ ⌉⊣⌋⟨ ⊒⟩\⌈≀⊒ ∫⊔⟩↕↕ ∇⌉∐⊓⟩∇⌉∫ {≀⊓∇ ⌋≀↕≀⊓∇∫↙ T≀ ⟨⊣\⌈↕⌉ ⊔⟨⟩∫ √∇≀⌊↕⌉⇕⇔ ⊔⟨⌉ C↕⊣∫∫C≀↕≀⊓∇ ≀⌊|⌉⌋⊔ ⇕⊣‖⌉∫ ⊓∫⌉ ≀{ ⊔⟨⌉ ⟩⌈⌉⊣ ≀{ ⊣⌋⊔⟩⊑⌉ ⊣\⌈ ⟩\⊣⌋⊔⟩⊑⌉ ⌋≀↕≀⊓∇∫↙ W⟨⌉\ ⊣ ⌋≀↕≀⊓∇ \⌉⌉⌈∫ ⊔≀ ⌊⌉ ⊓∫⌉⌈⇔ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⊣⊔⊔⌉⇕√⊔∫ ⊔≀ ⊣⌋⊔⟩⊑⊣⊔⌉ ⟩⊔⇔ ⌋⊣⊓∫⟩\} ⊔⟨⌉ C↕⊣∫∫C≀↕≀⊓∇ ≀⌊|⌉⌋⊔ ⊔≀ ⊣⊔⊔⌉⇕√⊔ ⊔≀ ⊣↕↕≀⌋⊣⊔⌉ ⊣ LUT ⌉\⊔∇† {≀∇ ⟩⊔∫ ⌉§⌋↕⊓∫⟩⊑⌉ ⊓∫⌉↙ I{ ⊔⟨⟩∫ {⊣⟩↕∫⇔ ⊔⟨⌉ C↕⊣∫∫C≀↕≀⊓∇ ≀⌊|⌉⌋⊔ ⊓∫⌉∫ ⊣ ⌈⌉{⊣⊓↕⊔ LUT ⌉\⊔∇† ⊒⟨⟩⌋⟨ ⟩⊔ ⌈≀⌉∫ \≀⊔ ⊣↕↕≀⊒ ⊔≀ ⌊⌉ ⇕≀⌈⟩⊘⌉⌈↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊒⟨⌉\ ⊔⟨⌉ ∫†∫⊔⌉⇕ ∇⊓\∫ ≀⊓⊔ ≀{ LUT ⌉\⊔∇⟩⌉∫⇔ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∇⊓\ ⌊⊓⊔ ⊓∫⌉ ⊣ ⌈⌉{⊣⊓↕⊔ ∫⌉⊔ ≀{ ⌋≀↕≀⊓∇∫ ⟩\∫⊔⌉⊣⌈ ≀{ ⊔⟨⌉⟩∇ ≀⊒\↙ F≀∇⊔⊓\⊣⊔⌉↕†⇔ ⊣∫ ⟨⊣∇⌈⊒⊣∇⌉ ⌊⌉⌋≀⇕⌉∫ ⇕≀∇⌉ √≀⊒⌉∇{⊓↕⇔ ⊔⟨⟩∫ √∇≀⌊↕⌉⇕ ⊒⟩↕↕ ⌈⟩∫⊣√√⌉⊣∇↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ∫†∫⊔⌉⇕∫ ⊣↕∇⌉⊣⌈† ⌉§⟩∫⊔ ⊒⟩⊔⟨ △′∃ ̸LUT ⌉\⊔∇⟩⌉∫⇔ ∫⊓⌋⟨ ⊣∫ ⊔⟨⌉ S⟩↕⟩⌋≀\ G∇⊣√⟨⟩⌋∫ IRIS ⊒≀∇‖∫⊔⊣⊔⟩≀\∫↙

↙̸∋↙△ C↕⊣∫∫C≀↕≀⊓∇S⌉⊔ T⟨⌉ ⌈†\⊣⇕⟩⌋ ⌋≀↕≀⊓∇∫ ⊓∫⌉⌈ ⌊† ⊣ ⊒⟩\⌈≀⊒ ⊣∇⌉ ⇕⊣\⊣}⌉⌈ ⌊† C↕⊣∫∫C≀↕≀⊓∇S⌉⊔↙ E⊣⌋⟨ ⌋≀↕≀⊓∇ ⟩∫ }⟩⊑⌉\ ⊣ ∫†⇕⌊≀↕⟩⌋ \⊣⇕⌉⇔ ⟩\⌈⟩⌋⊣⊔⟩⊑⌉ ≀{ ⟩⊔∫ ∫⌉⇕⊣\⊔⟩⌋ ⇕⌉⊣\⟩\}⇔ ⊒⟨⟩⌋⟨ ⟩∫ ⊓∫⌉⌈ ⊔≀ ∫⊔≀∇⌉ ⊣ ∇⌉{⌉∇⌉\⌋⌉ ⊔≀ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⟩\ ⊣ ⌈⟩⌋⊔⟩≀\⊣∇† ⌋⊣↕↕⌉⌈ C≀↕≀⊓∇S⌉⊔↙

↙̸∋↙ T⟨⌉ N⌉WS C≀↕≀⊓∇ W⟩\⌈≀⊒ C↕⊣∫∫⌉∫ ∄

T⟨⌉ {≀⊓∇ ⇕⊣|≀∇ ⌋≀↕≀⊓∇∫ ⊣⊓⊔≀⇕⊣⊔⟩⌋⊣↕↕† ⌋∇⌉⊣⊔⌉⌈ ⌊† ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊣∇⌉ ↕⊣⌊⌉↕⌉⌈ BBG ⇐B≀∇⌈⌉∇ B⊣⌋‖}∇≀⊓\⌈⇒⇔ BFG ⇐B≀∇⌈⌉∇ F≀∇⌉}∇≀⊓\⌈⇒⇔ CBG ⇐C↕⟩⌉\⊔ B⊣⌋‖}∇≀⊓\⌈⇒ ⊣\⌈ CFG ⇐C↕⟩⌉\⊔ F≀∇⌉}∇≀⊓\⌈⇒↙ T⟨⌉ ⌋≀\⌋⌉√⊔ ≀{ ⊣⌋⊔⟩⊑⌉ ⊣\⌈ ⟩\⊣⌋⊔⟩⊑⌉ ⌋≀↕≀⊓∇∫ ⟩\⊔∇≀⌈⊓⌋⌉⌈ ⌊† ⊔⟨⌉ C↕⊣∫∫C≀↕≀⊓∇ ≀⌊|⌉⌋⊔ ∇⊣⟩∫⌉∫ ⊔⊒≀ ⟩∫∫⊓⌉∫ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⌈⌉⊣↕⊔ ⊒⟩⊔⟨ ⌊† ⊔⟨⟩∫ ⌋↕⊣∫∫↙ F⟩∇∫⊔⇔ ⟩{ ⊣ ⊒⟩\⌈≀⊒ ⟨⊣∫ ⇕≀∇⌉ ⊔⟨⊣\ ≀\⌉ ⌋≀↕≀⊓∇⇔ ⌉⟩⊔⟨⌉∇ ⊣↕↕ ≀∇ \≀\⌉ ≀{ ⊔⟨⌉⇕ ⊣∇⌉ ⊣⌋⊔⟩⊑⌉↙ A↕↕≀⊒⟩\} ⊣ ∫⊓⌊∫⌉⊔ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇∫ ⊔≀ ⌊⌉ ⊣⌋⊔⟩⊑⌉ ⊒≀⊓↕⌈ ⟩\⌋∇⌉⊣∫⌉ ⊔⟨⌉ ⌋≀⇕√↕⌉§⟩⊔† ≀{ ⊔⟨⌉ ∇⌉∫⊔ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊒⟩⊔⟨≀⊓⊔ √∇≀⊑⟩⌈⟩\} ⊣\† ⌋↕⌉⊣∇ ⌊⌉\⌉⊘⊔ ⊔≀ ⊔⟨⌉ ⊓∫⌉∇↙ C≀\∫⟩⌈⌉∇⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⊣⊔ ⇕≀∫⊔ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒≃∫ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⊓∫⌉⌈ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊔⟨∇⌉⌉ ⌈⟩⇕⌉\∫⟩≀\⊣↕ ⌉{{⌉⌋⊔∫ {≀∇ ⊔⟨⌉ ⊑⊣∇⟩≀⊓∫ ⟩\⊔⌉∇{⊣⌋⌉ ≀⌊|⌉⌋⊔∫↙ I{ ⊣\† ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⟩\ ⊔⟨⊣⊔ ∫⌉⊔ ⊣∇⌉ ⟩\⊣⌋⊔⟩⊑⌉⇔ ⊣\⌈ ⊔⟨⊓∫ ⊓∫⌉∫ ⟩⊔∫ ⌈⌉{⊣⊓↕⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉⇔ ⊣↕↕ ≀{ ⊔⟨⌉⇕ ⇕⊓∫⊔ ⊣∫∫⊓⇕⌉ ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ≀∇ ⊔⟨⌉ ⊔⟨∇⌉⌉ ⌈⟩⇕⌉\∫⟩≀\⊣↕ ⊣√√⌉⊣∇⊣\⌋⌉ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⟩∫ ⌈⟩∫∇⊓√⊔⌉⌈↙ G∇≀⊓√⟩\} ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⊣↕↕≀⊒∫ ⊔⟨⌉⇕ ⊔≀ ⌊⌉ ⊣⌋⊔⟩⊑⊣⊔⌉⌈ ⊣\⌈ ⌈⌉⊣⌋⊔⟩⊑⊣⊔⌉⌈ ⊣∫ ⊣ ∫⌉⊔↙ A↕∫≀⇔ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋ ⇕⌉⊣\⟩\} ≀{ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉∫⌉ ⌋≀↕≀⊓∇∫ ⟩∫ ‖\≀⊒\ ⌊† C↕⊣∫∫C≀↕≀⊓∇S⌉⊔⇔ ∫≀ ∇⌉⊣∫≀\⊣⌊↕⌉ ⌈⌉{⊣⊓↕⊔ ⊑⊣↕⊓⌉∫ ⊣∇⌉ √∇≀⊑⟩⌈⌉⌈ ⊒⟨⌉\ ⌋≀↕≀⊓∇∫ ⌋⊣\ \≀⊔ ⌊⌉ ⊣↕↕≀⌋⊣⊔⌉⌈∅ ⌊↕⊣⌋‖ {≀∇ ⊔⟨⌉ {≀∇⌉}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ⊣\⌈ ∫⟨⊣⌈⌉∫ ≀{ }∇⊣† {≀∇ ⊔⟨⌉ ⌊⊣⌋‖}∇≀⊓\⌈ ⊣\⌈ ⊔⟨∇⌉⌉ ⌈⟩⇕⌉\∫⟩≀\⊣↕ ⌉{{⌉⌋⊔∫↙ T⟨⊓∫⇔ ⊒⟩\⌈≀⊒∫ ⊔⟨⊣⊔ ⌋⊣\ \≀⊔ ⊣↕↕≀⌋⊣⊔⌉ ⊔⟨⌉⟩∇ ⌋≀↕≀⊓∇∫ ⟨⊣⊑⌉ ⊣\ ⊣⌋⟨∇≀⇕⊣⊔⟩⌋ ⊣√√⌉⊣∇⊣\⌋⌉ ⊔⟨⊣⊔ ⌈⟩∫⊔⟩\}⊓⟩∫⟨⌉∫ ⊔⟨⌉⇕ {∇≀⇕ ⊔⟨⌉ ∇⌉∫⊔ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫ ⟩\ ⊔⟨⌉ ∫†∫⊔⌉⇕↙ T⟨⌉ ∫⌉⌋≀\⌈ √∇≀⌊↕⌉⇕ ⟩∫ ⊔⟨⊣⊔ ⟩{ ⊣↕↕ ≀{ ⊔⟨⌉ LUT ⌉\⊔∇⟩⌉∫ ⊣∇⌉ ⊣↕↕≀⌋⊣⊔⌉⌈ ⊣\⌈ ⊣ ⊒⟩\⌈≀⊒ ⌈⌉⊣⌋⊔⟩⊑⊣⊔⌉∫ ⟩⊔∫ ⌋≀↕≀⊓∇∫⇔ ⊣\† ⊒⟩\⌈≀⊒∫ ⊓∫⟩\} ⊔⟨⌉ ⌈⌉{⊣⊓↕⊔ ⌋≀↕≀⊓∇∫ ∫⟨≀⊓↕⌈ ⌊⌉ \≀⊔⟩⊘⌉⌈ ∫≀ ⊔⟨⌉† ⌋⊣\ ∇⌉⊣⊔⊔⌉⇕√⊔ ⊔≀ ⊣⌋⊔⟩⊑⊣⊔⌉ ⊔⟨⌉⟩∇ ⌋≀↕≀⊓∇∫↙ T≀ {⊣⌋⟩↕⟩⊔⊣⊔⌉ ⊔⟨⟩∫ \≀⊔⟩⊘⌋⊣⊔⟩≀\⇔ C↕⊣∫∫C≀↕≀⊓∇S⌉⊔ ⌈⌉⊘\⌉∫ ⊣ C≀↕≀⊓∇S⌉}F∇⌉⌉⌈ ⌉⊑⌉\⊔ ⊒⟨⟩⌋⟨ ⟩∫ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ⊒⟨⌉\ ⊔⟨⌉ ⊒⟩\⌈≀⊒≃∫ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⌈⌉⊣⌋⊔⟩⊑⊣⊔⌉⌈↙ S⟩⇕⟩↕⊣∇↕†⇔ ⊒⟨⌉\ ⊣ ⊒⟩\⌈≀⊒ ⟩∫ ⊓\⊣⌊↕⌉ ⊔≀ ⊣⌋⊔⟩⊑⊣⊔⌉ ⊣↕↕ ≀{ ⟩⊔∫ ⌋≀↕≀⊓∇∫⇔ ⟩⊔ ⌉§√∇⌉∫∫⌉∫ ⊣\ ⟩\⊔⌉∇⌉∫⊔ ⟩\ ⊔⟨⌉ C≀↕≀⊓∇S⌉}F∇⌉⌉⌈ ⌉⊑⌉\⊔↙ T≀ ⌉\∫⊓∇⌉ ⊔⟨⊣⊔ ∫⊔⊣∇⊑⊣⊔⟩≀\ ⌈≀⌉∫ \≀⊔ ≀⌋⌋⊓∇ ⊒⟨⌉\ ⇕⊓↕⊔⟩√↕⌉ ⊒⟩\⌈≀⊒∫ ⊣∇⌉ ⌋≀⇕√⌉⊔⟩\} {≀∇ ⊔⟨⌉ ∫⊣⇕⌉ ∫⇕⊣↕↕ ∫⌉⊔ ≀{ LUT ⌉\⊔∇⟩⌉∫⇔ ⌉§⌋↕⊓∫⟩⊑⌉ ⌉⊑⌉\⊔∫ ⊣∇⌉ ⊓∫⌉⌈↙ T⟨⌉∫⌉ ⌉⊑⌉\⊔∫ ⊣∇⌉ ≀\↕† ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ⊔≀ ≀\⌉ ⟩\⊔⌉∇⌉∫⊔⌉⌈ √∇≀⌋⌉∫∫ ⊣⊔ ⊣ ⊔⟩⇕⌉ ⊣\⌈ ⊣∇⌉ ⊓∫⌉⌈ {≀∇ ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\ ⌊⌉⌋⊣⊓∫⌉ ≀\↕† ≀\⌉ ⊒⟩\⌈≀⊒ ⊣⊔ ⊣ ⊔⟩⇕⌉ ⊒⟩↕↕ ∇⌉⌋⌉⟩⊑⌉ ⊔⟨⌉ ⌉⊑⌉\⊔ ⊣\⌈ ⊣⊔⊔⌉⇕√⊔ ⊔≀ ⊣⌋⊔⟩⊑⊣⊔⌉ ⊔⟨⌉⟩∇ ⌋≀↕≀⊓∇∫↙ T⟨⟩∫ √∇⌉⊑⌉\⊔∫ √∇≀⌊↕⌉⇕∫ ∫⊓⌋⟨ ⊣∫ T⟨⌉ D⟩\⟩\} P⟨⟩↕≀∫≀√⟨⌉∇∫ P∇≀⌊↕⌉⇕ ⇐T⊣\⌉\⌊⊣⊓⇕⇔ ∞∃∀⇏ {∇≀⇕ ≀⌋⌋⊓∇⟩\} ⊣\⌈ }⊓⊣∇⊣\⊔⌉⌉∫ ⊔⟨⊣⊔ ≀\⌉ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫ ⊒⟩↕↕ ⊣⌋⊔⟩⊑⊣⊔⌉ ⟩⊔∫ ⌋≀↕≀⊓∇∫ ⟩{ ⊔⟨⌉∇⌉ ⊣∇⌉ ⌉\≀⊓}⟨ LUT ⌉\⊔∇⟩⌉∫↙

↙̸∋↙▽ C↕⊣∫∫C≀↕≀⊓∇S⟨⟩{⊔⌉∇ A √≀⊔⌉\⊔⟩⊣↕ √∇≀⌊↕⌉⇕ ⊒⟩⊔⟨ ⌋⟨⊣\}⟩\} ⌋≀↕≀⊓∇∫ ⊑⟩⊣ ⊣ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ |≀∫⊔↕⟩\} ⇕≀⌈⌉↕ ⟩∫ ⊔⟨⊣⊔ ⌋≀↕≀⊓∇∫ ⊣∇⌉ \≀⊔ }⊓⊣∇⊣\⊔⌉⌉⌈ ⊔≀ ⊔⊣‖⌉ ⊣ ∫⊔∇⊣⟩}⟨⊔ ≀∇ ∫⇕≀≀⊔⟨ √⊣⊔⟨ ⊔≀ ⊔⟨⌉⟩∇ ⊘\⊣↕ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉↙ A\⊣↕≀}≀⊓∫ ⌊⌉⟨⊣⊑⟩≀⊓∇ ⊒⊣∫ ∫⌉⌉\ ⟩\ S⌋⟨↕⊓⌉⊔⌉∇≃∫ ∫†∫⊔⌉⇕ ⊒⟨⌉\ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫ ⊣√√⌉⊣∇⌉⌈ ⊔≀ |⟩}}↕⌉ ⊣∇≀⊓\⌈ ⌊⌉{≀∇⌉ ∫⌉⊔⊔↕⟩\} ≀\ ⊔⟨⌉⟩∇ ⊘\⊣↕ √≀∫⟩⊔⟩≀\∫↙ T⟨⌉ ⇕≀⊑⌉⇕⌉\⊔∫ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫ ⟩\ S⌋⟨↕⊓⌉⊔⌉∇∫ ∫†∫⊔⌉⇕ ⊒⌉∇⌉⇔ ⟨≀⊒⌉⊑⌉∇⇔ ∇⌉↕⊣⊔⟩⊑⌉↕† ∫⇕⊣↕↕↙ E⊑⌉\ ⊔⟨≀⊓}⟨ ⊔⟨⌉ ≀{⊔⌉\ ⊑⟩}≀∇≀⊓∫ |⟩}}↕⟩\} ⊒⊣∫ ⌈⟩∫⊔∇⊣⌋⊔⟩\}⇔ ⊔⟨⌉ ⊓∫⌉∇ ⌋≀⊓↕⌈ ∫⌉⌉ ⊒⟨† ⊔⟨⌉† ⇕≀⊑⌉⌈ ⊣∫ ⊔⟨⌉† ⌈⟩⌈↙ C≀↕≀⊓∇ ⇕≀⊑⌉⇕⌉\⊔∫ ⊣∇⌉ \≀⊔ \⌉⌋⌉∫∫⊣∇⟩↕† ⊣∫ ∫⇕⊣↕↕ ⊣\⌈ ⌋≀↕≀⊓∇ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⊣∇⌉ \≀⊔ ⊣↕⊒⊣†∫ ⊣∫ ≀⌊⊑⟩≀⊓∫↙ I{ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⊣↕↕≀⊒⌉⌈ ⊔≀ |⟩}}↕⌉ ⊣∫ ⊑⟩}≀∇≀⊓∫↕†⇔ ⊔⟨⌉† ⟩\⌉⊑⟩⊔⊣⌊↕† ⊣√√⌉⊣∇ ⊔≀ ⌋⟨⊣\}⌉ ⊣⌊∇⊓√⊔↕† ⟩\ ∇⊣\⌈≀⇕ ⊒⊣†∫ ⌋⊣⊓∫⟩\} |⊣∇∇⟩\} ⊑⟩∫⊓⊣↕ ⌉{{⌉⌋⊔∫↙ I⊔ ⟩∫ ⌈⌉∫⟩∇⊣⌊↕⌉⇔ ⊔⟨⌉∇⌉{≀∇⌉⇔ ⊔≀ ⟨⊣⊑⌉ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ∫⟨⟩{⊔ }∇⊣⌈⊓⊣↕↕† {∇≀⇕ ⊔⟨⌉⟩∇ ⌋⊓∇∇⌉\⊔ ⊑⊣↕⊓⌉∫ ⊔≀ ⊔⟨⌉ \⌉⊒ ≀\⌉∫↙ C↕⊣∫∫C≀↕≀⊓∇S⟨⟩{⊔⌉∇ √∇≀⊑⟩⌈⌉∫ ⊔⟨⟩∫ ⊣⌊⟩↕⟩⊔† ⟩\ ⊣ ∫⟩⇕√↕⌉ {⊣∫⟨⟩≀\↙ W⟨⌉\ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⌈⌉⌋⟩⌈⌉∫ ⊔≀ ⌋⟨⊣\}⌉∫ ⊣ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉⇔ ⊔⟨⌉ ⌈⌉∫⊔⟩\⊣⊔⟩≀\ ⊑⊣↕⊓⌉ ⟩∫ ∫⌉⊔ ⟩\∫⟩⌈⌉ ≀{ ⊔⟨⟩∫ ⌋↕⊣∫∫ ⊣\⌈ ⊔⟨⌉ ⌋≀↕≀⊓∇ ∫↕≀⊒↕† ⌋⟨⊣\}⌉∫ ⊔≀ ⊔⟨⊣⊔ ⊑⊣↕⊓⌉↙ A∫ ⊔⟨⌉ |≀∫⊔↕⟩\} ⌋⊣⊓∫⌉∫ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⊔≀ ⌋⟨⊣\}⌉⇔ ⊔⟨⌉ ⌈⌉∫⊔⟩\⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⟩∫ ⌋⟨⊣\}⌉⌈ ⊣\⌈ ⟩⊔∫ ∇≀⊓⊔⌉ ⊣↕⊔⌉∇⌉⌈↙ T⟨⌉∇⌉{≀∇⌉⇔ ⇕⊣\† ∐⊓⟩⌋‖ ⌋⟨⊣\}⌉∫ ⟩\ ⊔⟨⌉ ⌈⌉∫⊔⟩\⊣⊔⟩≀\ ⊑⊣↕⊓⌉ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊒⟩↕↕ \≀⊔ ⌊⌉ ⊣∫ ⌈⟩∫⊔∇⊣⌋⊔⟩\}⇔ ⊣∫ ⊔⟨⌉ ⌋≀↕≀⊓∇≃∫ ⊣⌋⊔⊓⊣↕ ⊑⊣↕⊓⌉ ⊒⟩↕↕ ⇕≀⊑⌉ ⊑⌉∇† ↕⟩⊔⊔↕⌉ ⌊⌉⊔⊒⌉⌉\ ⌉⊣⌋⟨ ⌋⟨⊣\}⌉ ⟩\ ⟩⊔∫ ⌈⌉∫⊔⟩\⊣⊔⟩≀\↙

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

′ C⟨⊣√⊔⌉∇ ↙̸ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\

A∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ↙̸∈↙∈⇔ ⊔⟨⌉∇⌉ ⊣∇⌉ ⊔⊒≀ {≀∇⇕∫ ≀{ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ⊣⌊∫≀↕⊓⊔⌉ ⊣\⌈ ∇⌉↕⊣⊔⟩⊑⌉↙ A↕↕ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀√⌉∇⊣⊔⌉ ≀\ ⊔⊒≀ ≀√⌉∇⊣\⌈∫⇔ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⟩\∫⊔⊣\⌋⌉∫ ≀{ ⌉⟩⊔⟨⌉∇ ⊔⟨⌉ C↕⊣∫∫C≀↕≀⊓∇ ⌋↕⊣∫∫ ≀∇ ⊔⟨⌉ N⌉WS ⌋≀↕≀∇⊔†√⌉↙ R⌉⌋⊣↕↕ ⊔⟨⊣⊔ C↕⊣∫∫C≀↕≀⊓∇ ⟩∫ ⊣ ∫⊓⌊⌋↕⊣∫∫ ≀{ C↕⊣∫∫C≀↕≀⊓∇O⌊|⌉⌋⊔⇔ }⟩⊑⟩\} ⟩\∫⊔⊣\⌋⌉∫ ≀{ C↕⊣∫∫C≀↕≀⊓∇ ⊣\ ⊓\⌈⌉∇∫⊔⊣\⌈⟩\} ≀{ ⊔⟨⌉ √⟨†∫⟩⌋⊣↕ ⌋≀\⌋⌉√⊔∫ ≀{ ⇕⊣∫∫⇔ {≀∇⌋⌉⇔ ⌉⊔⌋↙ ⊔⟨⊣⊔ ⊣∇⌉ \⌉⌋⌉∫∫⊣∇† {≀∇ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊔≀ ⌉§⌉∇⊔ {≀∇⌋⌉ ≀\ ⊔⟨⌉⇕↙ A ⌋≀↕≀∇⊔†√⌉⇔ ≀\ ⊔⟨⌉ ≀⊔⟨⌉∇ ⟨⊣\⌈⇔ ⟩∫ ⊣ ⌉↕⌉⇕⌉\⊔⊣∇† N⌉WS ⊔†√⌉ ⊒⟩⊔⟨ \≀ ‖\≀⊒↕⌉⌈}⌉ ≀{ ⊔⟨⌉ \⌉⌋⌉∫∫⊣∇† √⟨†∫⟩⌋⊣↕ ⌋≀\⌋⌉√⊔∫↙ T⟨⌉† ⊣∇⌉ ⊓∫⌉{⊓↕⇔ ⟨≀⊒⌉⊑⌉∇⇔ {≀∇ ∫√⌉⌋⟩{†⟩\} ⌉§⊣⌋⊔ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⊔⟨⊣⊔ ⊒⟩↕↕ \≀⊔ ⌋⟨⊣\}⌉↙ S⟩\⌋⌉ ⊣↕↕ {≀∇⌋⌉∫ ∇⌉∫⊓↕⊔ ⟩\ ‡⌉∇≀ ⊣⌋⌋⌉↕⌉∇⊣⊔⟩≀\ ⊒⟨⌉\ ⊣√√↕⟩⌉⌈ ⊔≀ ⊣\ ≀⌊|⌉⌋⊔ ≀{ ⟩\⊘\⟩⊔⌉ ⇕⊣∫∫⇔ ⌊† ⊑⟩⌉⊒⟩\} ⌋≀↕≀∇⊔†√⌉ ≀√⌉∇⊣\⌈∫ ⊣∫ ⌋≀↕≀⊓∇ ≀⌊|⌉⌋⊔∫ ⊒⟩⊔⟨ ⟩\⊘\⟩⊔⌉ ⇕⊣∫∫ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌈≀ \≀⊔ \⌉⌉⌈ ⊔≀ ⊣√√↕† {≀∇⌋⌉ ⊔≀ ⊔⟨⌉⇕↙ T⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ⇕≀⌈⌉↕↕⌉⌈ ⊣∫ {≀∇⌋⌉∫ ⌊⌉⊔⊒⌉⌉\ ⊔⊒≀ ⌋≀↕≀⊓∇∫↙ I{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ∫⊣⊔⟩∫⊘⌉⌈⇔ ⊔⟨⌉∇⌉ ⟩∫ \≀ {≀∇⌋⌉ ⌉§⌉∇⊔⌉⌈ ≀\ ⊔⟨⌉ ⌋≀↕≀⊓∇∫↙ I{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ \≀⊔ ∫⊣⊔⟩∫⊘⌉⌈⇔ ⊔⟨⌉∇⌉ ⟩∫ ⊣ {≀∇⌋⌉ ⌉§⌉∇⊔⌉⌈ ≀\ ⊔⟨⌉ ⌋≀↕≀⊓∇∫⇔ √⊓∫⟨⟩\} ⊔⟨⌉⇕ ⊔≀⊒⊣∇⌈ ⊣ ∫⊣⊔⟩∫{⊣⌋⊔≀∇† ∫⊔⊣⊔⌉↙ H≀⊒ ⊔⟨⟩∫ {≀∇⌋⌉ ⟩∫ ⌈⌉⊔⌉∇⇕⟩\⌉⌈ ⟩∫ ⊣ {⊓\⌋⊔⟩≀\ ≀{ ⊔⟨⌉ ⟩\⌈⟩⊑⟩⌈⊓⊣↕⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ⌊⊓⊔ ⊔⟨⌉ ⇕⊣}\⟩⊔⊓⌈⌉ ≀{ ⊔⟨⌉ {≀∇⌋⌉ ⟩∫ ⊣↕⊒⊣†∫ √∇≀√≀∇⊔⟩≀\⊣↕ ⊔≀ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⊣∇⌉ {∇≀⇕ √≀∫⟩⊔⟩≀\∫ ⊔⟨⊣⊔ ∫⊣⊔⟩∫{† ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔↙ F⊓∇⊔⟨⌉∇⇕≀∇⌉⇔ ⊔⟨⌉ {≀∇⌋⌉ ⟩∫ ⌉§⌉∇⊔⌉⌈ ⌊⟩⌈⟩∇⌉⌋⊔⟩≀\⊣↕↕†⇔ ⊣{{⌉⌋⊔⟩\} ⌊≀⊔⟨ ⌋≀↕≀⊓∇∫ ⟩\ ⌉∐⊓⊣↕ ⊣\⌈ ≀√√≀∫⟩⊔⌉ ⌈⟩∇⌉⌋⊔⟩≀\∫↙ H≀⊒⌉⊑⌉∇⇔ ∫⟩\⌋⌉ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ∫≀↕⊑⌉∇ ⟩∫ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈⇔ ⊒⟩⊔⟨ ⌉⊣⌋⟨ ⊒⟩\⌈≀⊒ ⌋⟨⊣\}⟩\} ≀\↕† ⟩⊔∫ ↕≀⌋⊣↕ ⌋≀↕≀⊓∇∫⇔ ≀\↕† ⟩\⊔∇⊣↖⊒⟩\⌈≀⊒ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣⌋⊔⊓⊣↕↕† ⟨⊣⊑⌉ ⊔⟨⌉⟩∇ {≀∇⌋⌉ ⊣√√↕⟩⌉⌈ ⊔≀ ⌊≀⊔⟨ ⌋≀↕≀⊓∇∫↙ I{ ⊔⊒≀ ⊒⟩\⌈≀⊒∫ ⟨⊣⊑⌉ ⌋≀\⊙⟩⌋⊔⟩\} ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫⇔ ⌉⊣⌋⟨ ⊒⟩\⌈≀⊒ ⊣√√↕⟩⌉∫ ⊔⟨⌉ ∫⊣⇕⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔≀ ⊔⟨⌉ ⊔⊒≀ ⌋≀\⊙⟩⌋⊔⟩\} ⌋≀↕≀⊓∇∫↙ I{ ⊔⟨⌉ ∇⌉∫⊓↕⊔⟩\} {≀∇⌋⌉ ⟩∫ ⊣√√↕⟩⌉⌈ ⊔≀ ⌊≀⊔⟨ ⌋≀↕≀⊓∇∫ ⟩\ ⌊≀⊔⟨ ⊒⟩\⌈≀⊒∫⇔ ⌉⊣⌋⟨ ⌋≀↕≀⊓∇ ⊒⟩↕↕ ⟨⊣⊑⌉ ⊔⟨⌉ {≀∇⌋⌉ ⊣√√↕⟩⌉⌈ ⊔⊒⟩⌋⌉↙ H≀⊒⌉⊑⌉∇⇔ {≀↕↕≀⊒⟩\} ⊔⟨⌉ √∇⟩\⌋⟩√↕⌉ ⊔⟨⊣⊔ ⊣ ⊒⟩\⌈≀⊒ ⊒⟩↕↕ ≀\↕† ⌋⟨⊣\}⌉ ⟩⊔∫ ↕≀⌋⊣↕ ⌋≀↕≀⊓∇∫⇔ ⊔⟨⌉ {≀∇⌋⌉∫ ∇⌉∫⊓↕⊔⟩\} {∇≀⇕ ⟩\⊔⌉∇↖⊒⟩\⌈≀⊒ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ≀\↕† ⊣√√↕⟩⌉⌈ ⊔≀ ⊔⟨⌉ ↕≀⌋⊣↕ ⌋≀↕≀⊓∇∫⇔ ⊣⊑≀⟩⌈⟩\} ⊔⟨⟩∫ √∇≀⌊↕⌉⇕↙ A ⇕⌉⊔⟨≀⌈ ⟩∫ √∇≀⊑⟩⌈⌉⌈ ⊔≀ ⟩\{≀∇⇕ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩{ ⟩⊔ ∫⟨≀⊓↕⌈ ⌊⌉ ⌊⟩⌈⟩∇⌉⌋⊔⟩≀\⊣↕⊥ ≀∇ \≀⊔↙ A∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ↙̸∈↙∈⇔ ∫≀⇕⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ⇕≀∇⌉ ⟩⇕√≀∇⊔⊣\⊔ ⊔⟨⊣\ ≀⊔⟨⌉∇∫↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊣ ∫⌉⊔⟩⇕√≀∇⊔⊣\⌋⌉ ⇕⌉⊔⟨≀⌈ ⟩∫ √∇≀⊑⟩⌈⌉⌈ ⊔≀ ∫⌉⊔ ⊔⟨⌉ I⇕√≀∇⊔⊣\⌋⌉ ≀{ ⊔⟨⌉ {≀∇⌋⌉↙ T⟨⌉ ⊑⊣↕⊓⌉ ∫√⌉⌋⟩⊘⌉⌈ ⟩∫ ⊓∫⌉⌈ ⌊† ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⊔⟨⌉ ⇕⊣}\⟩⊔⊓⌈⌉ ≀{ ⊔⟨⌉ {≀∇⌋⌉↙ F≀∇ ⊣↕↕ ≀{ ⊔⟨⌉ {≀∇⌋⌉∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⌊⌉↕≀⊒⇔ ⊔⟨⌉ ⇕⊣}\⟩⊔⊓⌈⌉ ≀{ ⊔⟨⌉ {≀∇⌋⌉ ⊑⌉⌋⊔≀∇ ⟩∫ ∫⟩⇕√↕† ⇕⊓↕⊔⟩√↕⟩⌉⌈ ⌊† I⇕√≀∇⊔⊣\⌋⌉ ⊑⊣↕⊓⌉⇔ ⊒⟨⟩⌋⟨ ⌈⌉{⊣⊓↕⊔∫ ⊔≀ ∞↙ M⊣\† ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⟩\ ⊔⟨⌉ ∫†∫⊔⌉⇕⇔ ⌉∫√⌉⌋⟩⊣↕↕† ⊔⟨⌉ {⊓\⌋⊔⟩≀\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ⊣∇⌉ ∇⌉√⌉⊣⊔⌉⌈ ≀⌋⌋⊓∇⊣\⌋⌉∫ ≀{ ⊣ ∫⇕⊣↕↕ \⊓⇕⌊⌉∇ ≀{ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣√√↕⟩⌉⌈ ⊔≀ ⌈⟩{{⌉∇⌉\⊔ ⊒⟩\⌈≀⊒∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⌉⊑⌉∇† √⊣⟩∇ ≀{ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ⟩\ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⟨⊣∫ ⊣ ⌋≀\⊔∇⊣∫⊔ ⌋≀\∫⊔∇⊣⟩\⊔ ⊣⌋⊔⟩\} ≀\ ⟩⊔⇔ †⌉⊔ ⊔⟨⌉∇⌉ ⊣∇⌉ ≀\↕† ⊔⊒≀ ⌈⟩∫⊔⟩\⌋⊔ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ O\⌉ ⟩∫ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌊≀∇⌈⌉∇ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫⇔ ⊔⟨⌉ ≀⊔⟨⌉∇ ⟩∫ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌋↕⟩⌉\⊔ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫↙ T≀ ⊔⊣‖⌉ ⊣⌈⊑⊣\⊔⊣}⌉ ≀{ ∫⟩⊔⊓⊣⊔⟩≀\∫ ∫⊓⌋⟨ ⊣∫ ⊔⟨⟩∫⇔ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⊔⟨⊣⊔ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⊣⌋⊔∫ ≀\ ⊣∇⌉ ⌈⌉\≀⊔⌉⌈ ⌉⟩⊔⟨⌉∇ ⊓∫⟩\} ⊔⟨⌉ ∫†⇕⌊≀↕⟩⌋ \⊣⇕⌉∫ ⌈⌉⊘\⌉⌈ ⟩\ C↕⊣∫∫C≀↕≀⊓∇S⌉⊔ ≀∇ ⌊† ⊣ N⌉WS ⌋≀↕≀∇⊔†√⌉↙ W⟨⌉\ ⊣\† ≀{ ⊔⟨⌉ ⇕⌉⊔⟨≀⌈∫ ≀{ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⊣∇⌉ ⟩\⊑≀‖⌉⌈⇔ ⊔⟨⌉ C≀↕≀⊓∇S⌉⊔∫ ⌋≀\⊔⊣⟩\⟩\} ⊔⟨⌉ ⊣√√∇≀√∇⟩⊣⊔⌉ ⊒⟩\⌈≀⊒≃∫ C↕⊣∫∫C≀↕≀⊓∇ ≀⌊|⌉⌋⊔∫ ⊣∇⌉ √∇≀⊑⟩⌈⌉⌈ ⊣\⌈ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ∇⌉⊔∇⟩⌉⊑⌉∫ ⊔⟨⌉ \⌉⌉⌈⌉⌈ ⌋≀↕≀⊓∇∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊣\ ⟩\∫⊔⊣\⌋⌉ ≀{ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⇕⊣† ⊣{{⌉⌋⊔ ⊔⟨⌉ BBG ⊣\⌈ BFG ⌋≀↕≀⊓∇∫↙ W⟨⌉\ ≀\⌉ ≀{ ⊔⟨⟩∫ ⌋≀\∫⊔∇⊣⟩\⊔≃∫ ⇕⌉⊔⟨≀⌈∫ ⊣∇⌉ ⟩\⊑≀‖⌉⌈⇔ ⊔⟨⌉ BBG ⌋≀↕≀⊓∇ ⟩∫ ↕≀≀‖⌉⌈ ⊓√ ⟩\ ⊔⟨⌉ ⊘∇∫⊔ C≀↕≀⊓∇S⌉⊔ ⊣\⌈ ⊔⟨⌉ BFG ⌋≀↕≀⊓∇ ⟩∫ ↕≀≀‖⌉⌈ ⊓√ ⟩\ ⊔⟨⌉ ∫⌉⌋≀\⌈↙ T⟨⌉ ∫⌉⊔≀√⌉∇⊣\⌈∞ ⊣\⌈ ∫⌉⊔≀√⌉∇⊣\⌈∈ ⇕⌉⊔⟨≀⌈∫ ⊣∇⌉ √∇≀⊑⟩⌈⌉⌈ ⊔≀ ∫⌉⊔ ⊔⟨⌉ \⊣⇕⌉ ≀∇ ⌋≀↕≀∇⊔†√⌉ ≀{ ⌉⊣⌋⟨ ≀√⌉∇⊣\⌈↙ T⟨⌉∇⌉ ⊣∇⌉ ⊔⟨∇⌉⌉ ⇕⌉⊔⟨≀⌈∫ √∇≀⊑⟩⌈⌉⌈ ⌊† ⊣↕↕ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ⊒⟨⟩⌋⟨ ⌋≀∇∇⌉∫√≀\⌈ ⊔≀ ⊔⟨⌉ ⊔⟨∇⌉⌉ ⊔⊣∫‖∫ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⇕⊣† \⌉⌉⌈ ⊔≀ √⌉∇{≀∇⇕¬ ⌋⟨⌉⌋‖⇔ ⊣√√↕† ⊣\⌈ √⟩⌋‖∇⊣\⌈≀⇕↙ T⟨⌉ ⌋⟨⌉⌋‖ ⇕⌉⊔⟨≀⌈ ⌈≀⌉∫ \≀⊔ ⊣√√↕† ⊣\† {≀∇⌋⌉ ⊔≀ ⊔⟨⌉ ⊣{{⌉⌋⊔⌉⌈ ⌋≀↕≀⊓∇⇔ ⌊⊓⊔ ∇⌉⊔⊓∇\∫ ⊣ ⌊≀≀↕⌉⊣\ ∇⌉∫⊓↕⊔ ⊒⟨⟩⌋⟨ ⟩\⌈⟩⌋⊣⊔⌉∫ ⊒⟨⌉⊔⟨⌉∇ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ∫⊣⊔⟩∫⊘⌉⌈↙ T⟨⌉ ⊣√√↕† ⇕⌉⊔⟨≀⌈ ⊘∇∫⊔ ⌋⟨⌉⌋‖∫ ⊔≀ ∫⌉⌉ ⟩{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ∫⊣⊔⟩∫⊘⌉⌈↙ I{ ⟩⊔ ⟩∫ \≀⊔ ∫⊣⊔⟩∫⊘⌉⌈⇔ {≀∇⌋⌉ ⟩∫ ⊣√√↕⟩⌉⌈ ⊔≀ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⊔≀ √⊓∫⟨ ⊔⟨⌉⇕ ⊔≀⊒⊣∇⌈ ⊣ ∫⊣⊔⟩∫{⊣⌋⊔≀∇† ∫⊔⊣⊔⌉↙ T⟨⌉ √⟩⌋‖∇⊣\⌈≀⇕ ⇕⌉⊔⟨≀⌈ ⟩∫ ⊓∫⌉⌈ ⊒⟨⌉\ \⌉⊒ ⌋≀↕≀⊓∇∫ ⇕⊓∫⊔ ⌊⌉ }⌉\⌉∇⊣⊔⌉⌈ {≀∇ ⊣ ⊒⟩\⌈≀⊒⇔ ⊣∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ↙̸∋↙∀↙ I⊔ ⊣∫∫⊓⇕⌉∫ ⊔⟨⌉ ∫⌉⌋≀\⌈ ≀√⌉∇⊣\⌈≃∫ ⌋≀↕≀⊓∇ ⟩∫ ⊑⊣↕⟩⌈ ⊣\⌈ √⟩⌋‖∫ ⊣ ∇⊣\⌈≀⇕ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ {≀∇ ⊔⟨⌉ ⊘∇∫⊔ ≀√⌉∇⊣\⌈ ∫⊓⌋⟨ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ∫⊣⊔⟩∫⊘⌉⌈↙ T⟨⌉ }⌉\⌉∇⊣↕ ⊣↕}≀∇⟩⊔⟨⇕ ⊓∫⌉⌈ ⌊† ⊣↕↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ {≀∇ ⊔⟨⌉ ⌋⟨⌉⌋‖ ⊣\⌈ ⊣√√↕† ∇≀⊓⊔⟩\⌉∫ ⟩∫ ⊣∫ {≀↕↕≀⊒∫¬ I\√⊓⊔¬ ≀√∞⇔ ≀√∈ ⇐ ⊔†√⌉ C↕⊣∫∫C≀↕≀⊓∇S⌉⊔ ≀∇ ⌋≀↕≀∇⊔†√⌉ ⇒ ⟩{ ⊔†√⌉⇐≀√∞⇒ ℑ C↕⊣∫∫C≀↕≀⊓∇S⌉⊔ ⊔⟨⌉\ ≀√∞ ¬ℑ ↕≀≀‖⊓√ ‖⌉† ≀√⌉∇⊣\⌈∞ ⟩\ ⌈⟩⌋⊔⟩≀\⊣∇† ≀√∞

↙̸∋↙ T⟨⌉ N⌉WS C≀↕≀⊓∇ W⟩\⌈≀⊒ C↕⊣∫∫⌉∫ ∞

⟩{ ⊔†√⌉⇐≀√∈⇒ ℑ C↕⊣∫∫C≀↕≀⊓∇S⌉⊔ ⊔⟨⌉\ ≀√∈ ¬ℑ ↕≀≀‖⊓√ ‖⌉† ≀√⌉∇⊣\⌈∈ ⟩\ ⌈⟩⌋⊔⟩≀\⊣∇† ≀√∈ ⟩{ ⊔†√⌉⇐≀√∞⇒ ℑ C↕⊣∫∫C≀↕≀⊓∇ ≀∇ ⇐ ⊔†√⌉⇐≀√∈⇒ ℑ C↕⊣∫∫C≀↕≀⊓∇ ⊣\⌈ ⌊⟩⌈⟩∇⌉⌋⊔⟩≀\⊣↕ ⇒ ⊔⟨⌉\ ¶ WORK ♦ ⌉↕∫⌉ ∇⌉⊔⊓∇\ ⊔∇⊓⌉ O⊓⊔√⊓⊔¬ ⌊≀≀↕⌉⊣\ ⊒⟨⌉∇⌉ { WORK } ⟩\ ⊔⟨⌉ ⌋⟨⌉⌋‖ ∇≀⊓⊔⟩\⌉ ⟩∫¬△ ∇⌉⊔⊓∇\ ⇐⇐ F ¬ℑ }⌉⊔{≀∇⌋⌉⇐≀√∞⇔ ≀√∈⇒ ⇒ ℑ ′ ⇒ ⊣\⌈ ⟩\ ⊔⟨⌉ ⊣√√↕† ∇≀⊓⊔⟩\⌉ ⟩∫¬ F ¬ℑ }⌉⊔{≀∇⌋⌉⇐≀√∞⇔ ≀√∈⇒ ⟩{ ⊔†√⌉⇐≀√∞⇒ ℑ C↕⊣∫∫C≀↕≀⊓∇ ⊔⟨⌉\ ⊣⌈⌈{≀∇⌋⌉⇐≀√∞⇔ F⇒ ⟩{ ⊔†√⌉⇐≀√∈⇒ ℑ C↕⊣∫∫C≀↕≀⊓∇ ⊣\⌈ ⌊⟩⌈⟩∇⌉⌋⊔⟩≀\⊣↕ ⊔⟨⌉\ ⊣⌈⌈{≀∇⌋⌉⇐≀√∈⇔ \⌉}⊣⊔⟩⊑⌉⇐F⇒⇒ ∇⌉⊔⊓∇\ ⇐ F ℑ ′ ⇒ }⌉⊔{≀∇⌋⌉ ⟩∫ ⌋⊣↕⌋⊓↕⊣⊔⌉⌈ ⌈⟩{{⌉∇⌉\⊔↕† {≀∇ ⌉⊣⌋⟨ ⊔†√⌉ ≀{ ⌋≀\∫⊔∇⊣⟩\⊔⇔ ⌉⊣⌋⟨ ≀{ ⊒⟨⟩⌋⟨ ⊒⟩↕↕ ⌊⌉ ⌉§√↕⊣⟩\⌉⌈ ⟩\ ⊔⟨⌉ ⌋≀∇∇⌉∫√≀\⌈⟩\} ∫⌉⌋⊔⟩≀\↙ ⊣⌈⌈{≀∇⌋⌉ ⟩∫ ⊔⟨⌉ ⊣⌈⌈{≀∇⌋⌉ ∇≀⊓⊔⟩\⌉ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ↙̸∋↙∈↙ T⟨⌉ √⟩⌋‖∇⊣\⌈≀⇕ ∇≀⊓⊔⟩\⌉ ⟩∫¬ I\√⊓⊔∫¬ ≀√∞⇔ ≀√∈ ⇐ ⊔†√⌉ C↕⊣∫∫C≀↕≀⊓∇S⌉⊔ ≀∇ ⌋≀↕≀∇⊔†√⌉ ⇒ ⟩{ ⊔†√⌉⇐≀√∞⇒ ℑ C↕⊣∫∫C≀↕≀⊓∇S⌉⊔ ⊔⟨⌉\ ≀√∞ ¬ℑ ↕≀≀‖⊓√ ‖⌉† ≀√⌉∇⊣\⌈∞ ⟩\ ⌈⟩⌋⊔⟩≀\⊣∇† ≀√∞ ⟩{ ⊔†√⌉⇐≀√∈⇒ ℑ C↕⊣∫∫C≀↕≀⊓∇S⌉⊔ ⊔⟨⌉\ ≀√∈ ¬ℑ ↕≀≀‖⊓√ ‖⌉† ≀√⌉∇⊣\⌈∈ ⟩\ ⌈⟩⌋⊔⟩≀\⊣∇† ≀√∈ ⟩{ ⊔†√⌉⇐≀√∞⇒ ℑ C↕⊣∫∫C≀↕≀⊓∇ ⊔⟨⌉\ ⌋≀↕≀⊓∇ ¬ℑ √⟩⌋‖∇⊣\⌈⇐≀√∞⇔≀√∈⇒ ∫⌉⊔⌋≀↕≀⊓∇⇐≀√∞⇔ ⌋≀↕≀⊓∇⇒ O⊓⊔√⊓⊔¬ \≀\⌉ A∫ ⊒⟩⊔⟨ }⌉⊔{≀∇⌋⌉⇔ √⟩⌋‖∇⊣\⌈ ⟩∫ ⌋⊣↕⌋⊓↕⊣⊔⌉⌈ ⌈⟩{{⌉∇⌉\⊔↕† {≀∇ ⌉⊣⌋⟨ ⊔†√⌉ ≀{ ⌋≀\∫⊔∇⊣⟩\⊔ ⊣\⌈ ⌉§√↕⊣⟩\⌉⌈ ⟩\ ⊔⟨⌉ ⊣√√∇≀√∇⟩⊣⊔⌉ ∫⌉⌋⊔⟩≀\↙ T⟨∇⌉⌉ ⊔†√⌉∫ ≀{ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⟨⊣⊑⌉ ⌊⌉⌉\ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊒⟨⟩⌋⟨ ⌉\⌋≀⇕√⊣∫∫ ⊣↕↕ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ ⊔⟨⌉ ⊔⟨⌉∫⟩∫↙ T⟨⌉∫⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ C↕⊣∫∫CCV⊣∇⟩⊣⊔⟩≀\⇔ C↕⊣∫∫CCC≀\⊔∇⊣∫⊔ ⊣\⌈ C↕⊣∫∫CCD⟩∫⊔⊣\⌋⌉↙ T⊒≀ ≀⊔⟨⌉∇ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ C↕⊣∫∫CCA\⊣↕≀}≀⊓∫V⊣∇⟩⊣⊔⟩≀\ ⊣\⌈ C↕⊣∫∫CCW⟩\⌈≀⊒D⟩∫⊔⊣\⌋⌉⇔ ⊒⌉∇⌉ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊔≀ ⌈⌉⇕≀\∫⊔∇⊣⊔⌉ ⟨≀⊒ ⇕≀∇⌉ ⟩\⊔⌉∇⌉∫⊔⟩\} ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌋⊣\ ⌊⌉ ⌊⊓⟩↕⊔ ⌊† ∫⊓⌊⌋↕⊣∫∫⟩\} {∇≀⇕ ⊔⟨⌉∫⌉ ⊔⟨∇⌉⌉ ⌊⊣∫⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ E⊣⌋⟨ ≀{ ⊔⟨⌉∫⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⟩∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⌊⌉↕≀⊒↙ △T⟨⌉ ⌋⟨⌉⌋‖ ∇≀⊓⊔⟩\⌉∫ {≀∇ ⊔⟨⌉ ⌉§⟩∫⊔⟩\} ⌋≀\∫⊔∇⊣⟩\⊔∫ ⟨⊣⊑⌉ ⌊⌉⌉\ ⌋≀⌈⌉⌈ ⇕≀∇⌉ ⌉{⊘⌋⟩⌉\⊔↕† ⌊† ≀\↕† ⌈≀⟩\} ⊣∫ ⇕⊓⌋⟨ ⊒≀∇‖ ⊣∫ ⟩∫ \⌉⌋⌉∫∫⊣∇† ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⟩{ ⊔⟨⌉ {≀∇⌋⌉ ⊒≀⊓↕⌈ ⌊⌉ \≀\↖‡⌉∇≀↙ T⟨⌉ ⌈⌉⊔⊣⟩↕∫ ⊣∇⌉ ≀⇕⟩⊔⊔⌉⌈ {≀∇ ∫⟩⇕√↕⟩⌋⟩⊔†↙

∈ C⟨⊣√⊔⌉∇ ↙̸ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\

F⟩}⊓∇⌉ ↙̸△¬ T⟨⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⟨⊓⌉∫ {≀∇ ⊔⟨⌉ ∫⟩⇕√↕⌉ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ∈↙△↙ H⊓⌉ ⊣\⌈ ∫⊣⊔⊓∇⊣⊔⟩≀\ ⊣∇⌉ ∫⟨≀⊒\⇔ ⊒⟩⊔⟨ ⊔⟨⌉ ↕⟩}⟨⊔\⌉∫∫ ⊣§⟩∫ √⌉∇√⌉\⌈⟩⌋⊓↕⊣∇ ⊔≀ ⊔⟨⌉ √⊣}⌉↙ T⟨⌉ ⌋≀↕≀⊓∇ ≀\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ∫⌋⟨⌉⇕⌉ ⟩∫ ⌊⊣∫⌉⌈ ⟩∫ ∇⌉√∇⌉∫⌉\⊔⌉⌈ ⌊† ⊔⟨⌉ ≀√⌉\ ⌋⟩∇⌋↕⌉↙ M≀\≀⌋⟨∇≀⇕⊣⊔⟩⌋ ⊑⊣∇⟩⊣⊔⟩≀\∫ ⟨⊣⊑⌉ ⟨⊓⌉ M↙ C≀⇕√↕⌉⇕⌉\⊔⊣∇† ⌋≀↕≀⊓∇∫ ⟨⊣⊑⌉ ⟨⊓⌉ C↙ A\⊣↕≀}≀⊓∫ ⌋≀↕≀⊓∇∫ ⌉⟩⊔⟨⌉∇ ⟨⊣⊑⌉ A∞ ≥ ⟨⊓⌉ ≥ A∋ ≀∇ A∈ ≥ ⟨⊓⌉ ≥ A△↙

↙̸∋↙↙̸∞ C↕⊣∫∫CCV⊣∇⟩⊣⊔⟩≀\ A↕↕ ⊔⟨⌉ ⊣⌉∫⊔⟨⌉⊔⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ ⊔⟨⟩∫ ⊔⟨⌉∫⟩∫ ⊣∇⌉ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊓∫⟩\} ⊔⟨⌉ C↕⊣∫∫CCV⊣∇⟩⊣⊔⟩≀\ ⌋↕⊣∫∫↙ E⊣⌋⟨ ⌋≀\∫⊔∇⊣⟩\⊔ ⌈⌉⊘\⌉∫ ≀\⌉ ⌋≀↕≀⊓∇ ⊣∫ ⊣ ⊑⊣∇⟩⊣⊔⟩≀\ ≀{ ⊣\ ≀⊔⟨⌉∇ ≀\⌉↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊣ ⇕≀\≀⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔ ⌈⌉⊘\⌉∫ ≀\⌉ ⌋≀↕≀⊓∇ ⊔≀ ⟨⊣⊑⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⟨⊓⌉ ⊣∫ ⊣\ ≀⊔⟨⌉∇⇔ ⇕⊣‖⟩\} ⊔⟨⌉ {≀∇⇕⌉∇ ⌋≀↕≀⊓∇ ⊣ ⇕≀\≀⌋⟨∇≀⇕⊣⊔⟩⌋ ⊑⊣∇⟩⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ↕⊣⊔⊔⌉∇↙ F≀∇ ⊔⟨⌉∫⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ⊔⟨⌉ HLS ⌋≀↕≀⊓∇ ⌋≀≀∇⌈⟩\⊣⊔⌉ ∫†∫⊔⌉⇕ ⟩∫ ⊓∫⌉⌈↙ T⟨⌉ ⊔⟨∇⌉⌉ HLS ⌋≀≀∇⌈⟩\⊣⊔⌉∫ � ⟨⊓⌉⇔ ↕⟩}⟨⊔\⌉∫∫ ⊣\⌈ ∫⊣⊔⊓∇⊣⊔⟩≀\ � ⊣∇⌉ ⌈⌉⊘\⌉⌈ ⟩\ ⊔⟨⌉ ∇⊣\}⌉ [0, 1]. The hue value represents a continuous circle of hues, with hue values of 0 and 1 being equivalent. The lightness range is also treated specially. Noting Gerritsen’s work (Section 2.2.6), it is often desirable to specify the perceived brightness of a colour rather than the abstract lightness value. For example, a user may desire that all of their window backgrounds have the same perceived brightness. To support this, the lightness range speciffcation can apply to either the HLS lightness coordinate or the XYZ Y coordinate of the colour.

Variations are deffned by providing either an relative or absolute range of acceptable values for each of the coordinates. A relative range indicates the amount the two colours can differ in the coordinate, specifying the value of the ffrst colour operand relative to the value of the second. For example, if a relative range of [−.25, +.15] is speciffed for the saturation and the second colour operand has a saturation of .3, the ffrst colour’s saturation could fall anywhere from .05 to .45 units▷ An absolute range on the other hand speciαes the possible values of the αrst colour operand independently of the second▷ For example if the lightness was speciαed by the absolute range [.5, .6], the ffrst colour would have a lightness of between .5 and .6 irregardless of the lightness of the second colour▷ Using this class the following interesting constraints can be created. • M≀\≀⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀↕≀⊓∇∫↙ R⌉⌋⊣↕↕ {∇≀⇕ S⌉⌋⊔⟩≀\ ∈↙△ ⊔⟨⊣⊔ ⊣ ⌋≀↕≀⊓∇ ⟩∫ ⊣ ⇕≀\≀⌋⟨∇≀⇕⊣⊔⟩⌋ ⊑⊣∇⟩⊣⊔⟩≀\ ≀{ ⊣\≀⊔⟨⌉∇ ⌋≀↕≀⊓∇ ⟩{ ⊔⟨⌉† ⌊≀⊔⟨ ⟨⊣⊑⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⟨⊓⌉⇔ ⊣∫ ∫⟨≀⊒\ ⟩\ F⟩}⊓∇⌉ ↙̸△↙ T≀ ⌋∇⌉⊣⊔⌉ ⊣ ⇕≀\≀⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔⇔ ⊣ C↕⊣∫∫CCV⊣∇⟩⊣⊔⟩≀\ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⊣√√↕⟩⌉⌈ ⊔≀ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⊒⟩⊔⟨ ⊣ ∇⌉↕⊣⊔⟩⊑⌉ ⟨⊓⌉ ∇⊣\}⌉ ≀{ [0, 0] and absolute lightness and saturation ranges of [0, 1]. This condition constrains the hues to be the same but does not affect the saturation or lightness. By further reffning the brightness and saturation ranges, more speciffc results can be obtained. For example, consider the default colours scheme suggested in Section 5.4.4. There were two background colours in that scheme:

ffi border background. Any hue, a saturation of 25%, a lightness of 50%. ffi client background. Same hue and saturation as the border, a lightness of 90%.

They could be created with the following constraints:

ffi border colour. Absolute hue range [0, 1], absolute saturation range [.25, .25], absolute lightness range [.5, .5]. ffi window interior. Relative hue and saturation range [0, 0], relative lightness range [+.4, +.4]. • C≀⇕√↕⌉⇕⌉\⊔⊣∇† ⌋≀↕≀⊓∇∫↙ R⌉⌋⊣↕↕ {∇≀⇕ S⌉⌋⊔⟩≀\ ∈↙△ ⊔⟨⊣⊔ ⊔⊒≀ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⌋≀⇕√↕⌉⇕⌉\⊔⊣∇† ⟩{ ⊔⟨⌉⟩∇ ⟨⊓⌉∫ ↕⟩⌉ ⌉§⊣⌋⊔↕† ≀√√≀∫⟩⊔⌉ ⌉⊣⌋⟨ ≀⊔⟨⌉∇ ≀\ ⊔⟨⌉ ⌋⟩∇⌋↕⌉ ≀{ ⟨⊓⌉∫↙ A∫ ⇕⌉\⊔⟩≀\⌉⌈ ⊣⌊≀⊑⌉⇔ ⊔⟨⌉ ⟨⊓⌉ ⊑⊣↕⊓⌉ ∇⌉√∇⌉∫⌉\⊔∫ ⊣ ⌋⟩∇⌋↕⌉↙ E{{⌉⌋⊔⟩⊑⌉↕†⇔ ⊔⟨⟩∫ ⇕⌉⊣\∫ ⊣⌈⌈⟩⊔⟩≀\ ⊣\⌈ ∫⊓⌊⊔∇⊣⌋⊔⟩≀\ ≀{ ⟨⊓⌉ ⊑⊣↕⊓⌉∫ ⟩∫ √⌉∇{≀∇⇕⌉⌈ ⇕≀⌈⊓↕≀ ∞ ∫≀ ⊔⟨⊣⊔ ⟨⊓⌉ ⊑⊣↕⊓⌉∫ ⊒∇⊣√ ⊣∇≀⊓\⌈ ⊔⟨⌉ ⌉\⌈∫ ≀{ ⊔⟨⌉ ∇⊣\}⌉ √∇≀√⌉∇↕†↙ T⟨⌉∇⌉{≀∇⌉⇔ ∫√⌉⌋⟩{†⟩\} ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⌊⌉⊔⊒⌉⌉\ ⊔⊒≀ ⌋≀↕≀⊓∇∫ ⊒⟩⊔⟨ ⊣ ∇⌉↕⊣⊔⟩⊑⌉ ⟨⊓⌉ ∇⊣\}⌉ ≀{ [.5, .5] constrains them to be complementary colours. The saturation and brightness are handled in the same fashion as for monochromatic colours.

The force exerted by the ClassCCVariation constraint is determined independently for each of the H L and S coordinates the magnitude and direction being proportional to the distance of the coordinate from the closest edge of the range of satisfactory colour values▷ This is important▷ The αrst colour operand of this constraint is only partially deαned in relation to the second colour operand▷ Speciαcally any of the coordinates that are constrained to absolute ranges are independent of the second colour operand▷ The force exerted on the αrst operand is determined by adding the three independent forces▷ However the force on the second operand is determined by adding only those forces whose associated coordinate is constrained by a relative range since these are the only coordinates which interact with the colour value of the αrst operand▷ Each component of the force can have a different importance speciαed for it allowing different aspects of the relationships expressed via these constraints to have different conceptual importance▷ For example a relative hue range of [0, 0] might be speciffed because the user wishes the colours to be monochromatic variations of each other. By giving the hue relationship a high importance, the likelihood that the constraint will be satisffed is increased. However, it may not be desirable to assign the lightness or saturation components of the constraint an equally high importance. For example, a relative lightness range of [+.25, +.25] might be speciffed so that one colour is lighter than the other. The importance of this aspect of the constraint may be signiffcantly less than the importance of the hue aspect.

In Section 6.3.6, the check and apply routines were deffned in terms of a getforce function. For ClassCC- Variation, that function is:

Inputs: op1, op2 ( type colortype )

% calculate the saturation force component sat := sat(op1) if SaturationMode = Relative then sat := sat - sat(op2)

if sat ¿= SatRangeMin then

if sat ¡= SatRangeMax then F.s := 0 else

F.s := SatRangeMax - sat else

F.s := SatRangeMin - sat

% calculate the lightness force component light := light(op1) if LightnessMode = Relative then

light := light - light(op2)

if light ¿= LightRangeMin then

if light ¡= LightRangeMax then

F.l := 0 else F.l := LightRangeMax - light else

F.l := LightRangeMin - light

% calculate the hue force component hue := hue(op1) if HueMode = Relative then

hue := (hue - hue(op2)) mod 1

if hue ¿= HueRangeMin or hue ¡= HueRangeMax then F.h := 0 else if HueRangeMin ¡ HueRangeMax then

% median is half the size of the % area outside the hue range median := (1 - HueRangeMax + HueRangeMin)/2 if hue ¡ HueRangeMin then

% if hue is within median of min, % then hue is closest to min if median ¿ (HueRangeMin - hue) then F.h := HueRangeMin - hue else

F.h := hue + 1 - HueRangeMax else

% if hue is within median of min, % then hue is closest to min if median ¿ (hue - HueRangeMax) then F.h := HueRangeMax - hue else

F.h := HueRangeMin + 1 - value else

% if HueRangeMin ¿ HueRangeMax, the value hue % range wraps around the end.

median := (HueRangeMin - HueRangeMax)/2 + HueRangeMax if median ¡ hue then

F.h := HueRangeMin - hue else

F.h := HueRangeMax - hue

F.s *= SatImportance F.l *= LightImportance F.h *= HueImportance

Output: F ( the force vector )

In addition, ClassCCVariation redeffnes the negative routine as follows:

Input: F ( a force vector )

if SaturationMode = Relative then

F.s *= -1 else

F.s := 0

if LightnessMode = Relative then

F.l *= -1 else

F.l := 0

if HueMode = Relative then

F.h *= -1 else

F.h := 0

Output: -F ( the force vector )

As explained above, only those coordinates of the second operand that infiuence the ffrst operand are to have force applied to them.

The pickrandom routine was deffned in terms of a pickrand function. For ClassCCVariation, that function is: Inputs: op1, op2 ( of type colortype )

colour.s := SatRangeLength * random + SatMin if SaturationMode = Relative then

colour.s += sat(op2) colour.s := colour.s mod 1

colour.l := LightRangeLength * random + LightMin if LightnessMode = Relative then

colour.l += light(op2) colour.l := colour.l mod 1

colour.h := HueRangeLength * random + HueMin if HueMode = Relative then

colour.h += hue(op2) colour.h := colour.h mod 1

Output: colour ( of type colortype )

6.3.6.2 ClassCCAnalogousVariation

ClassCCAnalogousVariation is a subclass of the ClassCCVariation class, demonstrating how more interesting aesthetic constraints can be created. This class overrides the hue speciffcation of ClassCCVariation so that the hues of the two colours vary within an analogous colour range. It is necessary to create a more specialized class because analogous hue cannot be deffned by the simple linear relationships possible with ClassCCVariation.

Recall from Section 2.4 that an analogous colour scheme can be deffned by dividing the colour circle into twelve segments and selecting any neighbouring pair of segments. All colours that fall within this pair of segments deffne a set of analogous colours. The colour on the border of two segments can be considered to fall in both segments, but is restricted to one of them for simplicity. If the hue parameter deffnes a clockwise circle, the hues on the borders of segments are included only in the segment on their clockwise side. Therefore, any given colour value falls within two analogous colour schemes, as shown in Figure 6.4.

By default, the constraint permits the hue of the ffrst colour operand to fall anywhere in the range of hues possible in either of the analogous schemes that could be deffned by the hue of the second colour operand, allowing the widest range of hues. When a single ClassCCAnalogousVariation constraint is being used to relate two colours, this is a reasonable approach. However, when more than two colours are being related with ClassCCAnalogousVariation constraints with the intent of having them all be analogous to each other, either a constraint must be placed between every pair of colours, or they all must be related to a common colour by one of the two analogous schemes. Otherwise, the colours are not guaranteed of falling in the same analogous colour scheme. The former approach is desirable when a small number of colours are being related, since it allows the most fiexibility in colour selection. However, the number of constraint required is (_N 2 ) = N (N − ∞)/2 where N is the number of colours▷ When the number of colours is large the second approach is more desirable because only N − ∞ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ \⌉⌉⌈⌉⌈↙ A⌈⌈⟩⊔⟩≀\⊣↕↕†⇔ ⊔⟨⌉ ∫⌉⌋≀\⌈ ⊣√√∇≀⊣⌋⟨ ⊣↕↕≀⊒∫ ⇕≀∇⌉ ⌋≀\⊔∇≀↕ ≀⊑⌉∇ ⊒⟨⟩⌋⟨ ⊣\⊣↕≀}≀⊓∫ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉ ⟩∫ ⊓∫⌉⌈↙ I{ ≀\↕† ≀\⌉ ≀{ ⊔⟨⌉ ∫⌋⟨⌉⇕⌉∫ ⟩∫ ⌈⌉∫⟩∇⌉⌈⇔ ⊔⟨⌉ ⊓∫⌉∇ ⇕⊣† ∫√⌉⌋⟩{† ⊒⟨⟩⌋⟨ ≀{ ⊔⟨⌉ ⊔⊒≀ ∫⌋⟨⌉⇕⌉∫ ⟩∫ ⊔≀ ⌊⌉ ⊓∫⌉⌈↙ T⟨⌉ √∫⌉⊓⌈≀⌋≀⌈⌉ {≀∇ ⊔⟨⌉ ⌋⊣↕⌋⊓↕⊣⊔⟩≀\ ≀{ √≀∫∫⟩⌊↕⌉ ⟨⊓⌉∫ ⟩∫ ⊣∫ {≀↕↕≀⊒∫¬

I\√⊓⊔¬ ⟨⊓⌉∈ ⇐ ⊔⟨⌉ ⟨⊓⌉ ≀{ ≀√⌉∇⊣\⌈∈⇔ ∇⊣\}⌉ ∪′⇔∞⊎ ⇒ ↗ ⊔⟨⌉ ⟨⊓⌉∫ ⊣∇⌉ ⌈⟩⊑⟩⌈⌉⌈ ⟩\⊔≀ ∞∈ ⊣\⊣↕≀}≀⊓∫ ∇⊣\}⌉∫ ∫⌉⌋⊔≀∇ ¬ℑ ⟩\⊔⌉}⌉∇⇐ ⇐ ⟨⊓⌉∈ ⇑ ∞∈ ⇒ ⇕≀⌈ ∞∈ ⇒ ↗ ↑E⟩⊔⟨⌉∇↑ ∫⌉↕⌉⌋⊔∫ ⊔⟨∇⌉⌉ ∫⌉⌋⊔≀∇∫⇔ ⊔⟨⌉ ≀⊔⟨⌉∇ ↗ ⇕⌉⊔⟨≀⌈∫ ∫⌉↕⌉⌋⊔ ⊔⟨⌉ ↕⌉{⊔ ≀∇ ∇⟩}⟨⊔ √⊣⟩∇ ⟩{ A\⊣↕≀}≀⊓∫∨S⌋⟨⌉⇕⌉ ℑ E⟩⊔⟨⌉∇ ⊔⟨⌉\ R⊣\}⌉∨⇕⟩\ ¬ℑ ∫⌉⌋⊔≀∇ ↖ ∞ R⊣\}⌉∨⇕⊣§ ¬ℑ ∫⌉⌋⊔≀∇ ⇓ ∈ ⌉↕∫⌉ ⟩{ A\⊣↕≀}≀⊓∫∨S⌋⟨⌉⇕⌉ ℑ L⌉{⊔ ⊔⟨⌉\ R⊣\}⌉∨⇕⟩\ ¬ℑ ∫⌉⌋⊔≀∇ R⊣\}⌉∨⇕⊣§ ¬ℑ ∫⌉⌋⊔≀∇ ⇓ ∈ ⌉↕∫⌉ R⊣\}⌉∨⇕⟩\ ¬ℑ ∫⌉⌋⊔≀∇ ↖ ∞ R⊣\}⌉∨⇕⊣§ ¬ℑ ∫⌉⌋⊔≀∇ ⇓ ∞ ↗ ⌋≀\⊑⌉∇⊔ ⌊⊣⌋‖ ⊔≀ ∪′⇔∞⊎ ∇⊣\}⌉∫ R⊣\}⌉∨⇕⟩\ ¬ℑ ⇐ R⊣\}⌉∨⇕⟩\ ⇕≀⌈ ∞∈ ⇒ ∝ ∞∈ R⊣\}⌉∨⇕⊣§ ¬ℑ ⇐ R⊣\}⌉∨⇕⊣§ ⇕≀⌈ ∞∈ ⇒ ∝ ∞∈ O⊓⊔√⊓⊔¬ R⊣\}⌉∨⇕⟩\⇔ R⊣\}⌉∨⇕⊣§

C↕⊣∫∫CCA\⊣↕≀}≀⊓∫V⊣∇⟩⊣⊔⟩≀\ ⟩∫ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⌊† ≀⊑⌉∇∇⟩⌈⟩\} ⊔⟨⌉ ⊣√√↕†⇔ ⌋⟨⌉⌋‖ ⊣\⌈ √⟩⌋‖∇⊣\⌈≀⇕ ⟩\⊔⌉∇{⊣⌋⌉ ⇕⌉⊔⟨≀⌈∫ ≀{ C↕⊣∫∫CCV⊣∇⟩⊣⊔⟩≀\↙ T⟨⌉ \⌉⊒ ⇕⌉⊔⟨≀⌈∫ ⌈⌉⊔⌉∇⇕⟩\⌉ ⊔⟨⌉ ⊣√√∇≀√∇⟩⊣⊔⌉ ⟨⊓⌉ ∇⊣\}⌉ {≀∇ ⊔⟨⌉ ⊣\⊣↕≀}≀⊓∫ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉ ⌈⌉⊘\⌉⌈ ⌊† ⊔⟨⌉ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ≀{ ⊔⟨⌉ ∫⌉⌋≀\⌈ ≀√⌉∇⊣\⌈⇔ ⊓∫⌉ ⟩⊔ ⊔≀ ∫⌉⊔ ⊔⟨⌉ C↕⊣∫∫CCV⊣∇⟩⊣⊔⟩≀\ ⟨⊓⌉ ∇⊣\}⌉ ⊣\⌈ ⊘\⊣↕↕† ⟩\⊑≀‖⌉ ⊔⟨⌉ ∫⊓√⌉∇⌋↕⊣∫∫ ⇕⌉⊔⟨≀⌈ ⊔⟨⌉† ≀⊑⌉∇∇⟩⌈⌉↙ S⟩\⌋⌉ ⌉⊣⌋⟨ ⟩\∫⊔⊣\⌋⌉ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⇕⊓↕⊔⟩√↕⌉ ⊔⟩⇕⌉∫⇔ ⊔⟨⌉ ⌋≀⌈⌉ ⌊⌉⊔⊒⌉⌉\ ∫⌉⊔⊔⟩\} ⊔⟨⌉ ⟨⊓⌉ ∇⊣\}⌉ ⊣\⌈ ⟩\⊑≀‖⟩\} ⊔⟨⌉ ∫⊓√⌉∇⌋↕⊣∫∫ ⇕⌉⊔⟨≀⌈ ⟩∫ ⊣ ⌋∇⟩⊔⟩⌋⊣↕ ∫⌉⌋⊔⟩≀\ ⇐T⊣\⌉\⌊⊣⊓⇕⇔ ∞∃∀⇏↙ S†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\ ⟩∫ √∇≀⊑⟩⌈⌉⌈ ⌊† ⌉\⌋↕≀∫⟩\} ⊔⟨⌉ ∫⌉⊔⊔⟩\} ≀{ ⊔⟨⌉ ∫⊓√⌉∇⌋↕⊣∫∫ ⟨⊓⌉ ∇⊣\}⌉ ⊣\⌈ ⊔⟨⌉ ⟩\⊑≀⌋⊣⊔⟩≀\ ≀{ ⟩⊔∫ ⌋⟨⌉⌋‖⇔ ⊣√√↕† ≀∇ √⟩⌋‖∇⊣\⌈≀⇕ ⇕⌉⊔⟨≀⌈ ⊒⟩⊔⟨ ⊣ ⇕≀\⟩⊔≀∇↙ A∫ ⇕⌉\⊔⟩≀\⌉⌈ ⊣⌊≀⊑⌉⇔ ⊔⟨⌉ ⌋↕⊣∫∫ ⌈⌉⊘\⟩⊔⟩≀\ {≀∇ C↕⊣∫∫CCA\⊣↕≀}≀⊓∫V⊣∇⟩⊣⊔⟩≀\ ⟩∫ ∐⊓⟩⊔⌉ ∫⟨≀∇⊔⇔ ⌈⌉⇕≀\∫⊔∇⊣⊔⟩\} ⟨≀⊒ ∫⟩⇕√↕⌉ \⌉⊒ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ⊔≀ ⌋∇⌉⊣⊔⌉↙ I⊔ ⟩∫ ⟩\⌋↕⊓⌈⌉⌈ ⟩\ A√√⌉\⌈⟩§ C ⊔≀ ⟩↕↕⊓∫⊔∇⊣⊔⌉ ⊔⟨⊣⊔ √≀⟩\⊔↙

↙̸∋↙ T⟨⌉ N⌉WS C≀↕≀⊓∇ W⟩\⌈≀⊒ C↕⊣∫∫⌉∫

↙̸∋↙↙̸∋ C↕⊣∫∫CCD⟩∫⊔⊣\⌋⌉ T⟨⌉ C↕⊣∫∫CCD⟩∫⊔⊣\⌋⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⊓∫⌉⌈ ⊔≀ ∫√⌉⌋⟩{† ⊣ ⌈⟩∫⊔⊣\⌋⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√ ⌊⌉⊔⊒⌉⌉\ ⊔⊒≀ ⌋≀↕≀⊓∇∫↙ A∫ ∫⊓}}⌉∫⊔⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ▽↙△↙∞↙∈⇔ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊔⊒≀ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫ ⟩∫ ⌋⊣↕⌋⊓↕⊣⊔⌉⌈ ⊣∫ ⊔⟨⌉ E⊓⌋↕⟩⌈⌉⊣\ ⌈⟩∫⊔⊣\⌋⌉ ⟩\ ⊔⟨⌉ CIELUV ⌋≀↕≀⊓∇ ∫√⊣⌋⌉↙ S⟩\⌋⌉ ⌊≀⊔⟨ ⇕⊣§⟩⇕⊓⇕ ⊣\⌈ ⇕⟩\⟩⇕⊓⇕ ⌈⟩∫⊔⊣\⌋⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ \⌉⌉⌈⌉⌈⇔ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⌉⟩⊔⟨⌉∇ ⊣⊔⊔∇⊣⌋⊔ ⌋≀↕≀⊓∇∫ ∫≀ ⊔⟨⌉† ⊣⊔⊔⌉⇕√⊔ ⊔≀ ∫⊔⊣† ⊒⟩⊔⟨⟩\ ⊣ ⌋⌉∇⊔⊣⟩\ ⌈⟩∫⊔⊣\⌋⌉ ≀∇ ∇⌉√⌉↕ ⌋≀↕≀⊓∇∫ ∫≀ ⊔⟨⌉† ⊣⊔⊔⌉⇕√⊔ ⊔≀ ∫⊔⊣† ⌊⌉†≀\⌈ ⊣ ⌋⌉∇⊔⊣⟩\ ⌈⟩∫⊔⊣\⌋⌉↙ M⌉⊔⟨≀⌈∫ ⊣∇⌉ √∇≀⊑⟩⌈⌉⌈ ⊔≀ ∫⌉⊔ ⊔⟨⌉ D⟩∫⊔⊣\⌋⌉ ⊔⟨∇⌉∫⟨≀↕⌈ ⊣\⌈ ⊔≀ ∫√⌉⌋⟩{† ⊒⟨⌉⊔⟨⌉∇ ⊔⟨⟩∫ ⌋≀\∫⊔∇⊣⟩\⊔ ∫⟨≀⊓↕⌈ ⌉§⌉∇⊔ ⊣\ ⊣⊔⊔∇⊣⌋⊔⟩⊑⌉ ≀∇ ∇⌉√⊓↕∫⟩⊑⌉ {≀∇⌋⌉ ⌊† ⌈⌉⊘\⟩\} ⊔⟨⌉ ⌊≀≀↕⌉⊣\ √⊣∇⊣⇕⌉⊔⌉∇ A⊔⊔∇⊣⌋⊔⊥↙ T⟨⌉ ⇕⊣}\⟩⊔⊓⌈⌉ ≀{ ⊔⟨⌉ {≀∇⌋⌉ ⟩∫ √∇≀√≀∇⊔⟩≀\⊣↕ ⊔≀ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ⊑⊣↕⊓⌉ ⟩∫ {∇≀⇕ ⊔⟨⌉ ⊔⟨∇⌉∫⟨≀↕⌈⇔ ⊣⌈|⊓∫⊔⌉⌈ ⌊† ⊔⟨⌉ ⟩⇕√≀∇⊔⊣\⌋⌉ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔↙ T⟨⌉ ⌈⟩∇⌉⌋⊔⟩≀\ ≀{ ⊔⟨⌉ {≀∇⌋⌉ ⟩∫ ⌋≀↕↕⟩\⌉⊣∇ ⊔≀ ⊔⟨⌉ ⊔⊒≀ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉∫⇔ ⌉⟩⊔⟨⌉∇ ⌈⟩∇⌉⌋⊔⌉⌈ ⊔≀⊒⊣∇⌈∫ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ≀∇ ⊣⊒⊣† {∇≀⇕ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⌈⌉√⌉\⌈⟩\} ≀\ ⟩{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⊣⊔⊔∇⊣⌋⊔⟩⊑⌉ ≀∇ ∇⌉√⊓↕∫⟩⊑⌉↙ I\ S⌉⌋⊔⟩≀\ ↙̸∋↙⇎ ⊔⟨⌉ ⌋⟨⌉⌋‖ ⊣\⌈ ⊣√√↕† ∇≀⊓⊔⟩\⌉∫ ⊒⌉∇⌉ ⌈⌉⊘\⌉⌈ ⟩\ ⊔⌉∇⇕∫ ≀{ ⊣ }⌉⊔{≀∇⌋⌉ {⊓\⌋⊔⟩≀\↙ B⌉{≀∇⌉ ⌈⌉⊘\⟩\} ⊔⟨⟩∫ {⊓\⌋⊔⟩≀\⇔ ⊔⟨⌉ ↕⊓⊑⌈⟩∫⊔⊣\⌋⌉ {⊓\⌋⊔⟩≀\ ⟩∫ ⌈⌉⊘\⌉⌈ ⊣∫ ⊔⟨⌉ E⊓⌋↕⟩⌈⌉⊣\ ⌈⟩∫⊔⊣\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⊔⊒≀ ⌋≀↕≀⊓∇∫ ⊣∫ {≀↕↕≀⊒∫¬ I\√⊓⊔∫¬ ⌋≀↕≀⊓∇∞⇔ ⌋≀↕≀⊓∇∈ ⇐ ⊔†√⌉ ⌋≀↕≀∇⊔†√⌉ ⇒ ↕⊓⊑∞ ¬ℑ LUV⇐⌋≀↕≀⊓∇∞⇒ ↕⊓⊑∈ ¬ℑ LUV⇐⌋≀↕≀⊓∇∈⇒ ⌈⟩∫⊔⊣\⌋⌉ ¬ℑ ∫∐⊓⊣∇⌉∨∇≀≀⊔⇐ ⇐ ↕⊓⊑∈↙↕↖↕⊓⊑∞↙↕ ⇒←∈ ⇓ ⇐ ↕⊓⊑∈↙⊓↖↕⊓⊑∈↙⊓ ⇒←∈ ⇓ ⇐ ↕⊓⊑∈↙⊑↖↕⊓⊑∈↙⊑ ⇒←∈ ⇒ O⊓⊔√⊓⊔∫¬ ⌈⟩∫⊔⊣\⌋⌉ U∫⟩\} ⊔⟨⟩∫ {⊓\⌋⊔⟩≀\⇔ ⊔⟨⌉ }⌉⊔{≀∇⌋⌉ ∇≀⊓⊔⟩\⌉ {≀∇ C↕⊣∫∫CCD⟩∫⊔⊣\⌋⌉ ⟩∫¬ I\√⊓⊔∫¬ ≀√∞⇔ ≀√∈ ⇐ ≀{ ⊔†√⌉ ⌋≀↕≀∇⊔†√⌉ ⇒ F≀∇⌋⌉ ¬ℑ D⟩∫⊔⊣\⌋⌉ ↖ ↕⊓⊑⌈⟩∫⊔⊣\⌋⌉⇐ ≀√∞⇔ ≀√∈ ⇒ ⟩{ A⊔⊔∇⊣⌋⊔⊥ ⊔⟨⌉\ F≀∇⌋⌉ ¬ℑ ↖F≀∇⌋⌉ ⟩{ F≀∇⌋⌉ ℜ ′ ⊔⟨⌉\ F ¬ℑ ′ ⌉↕∫⌉ ↗ ∫⌋⊣↕⌉ ⊔⟨⌉ {≀∇⌋⌉ ⊔≀ ⊣ ⇕≀∇⌉ ∇⌉∫≀\⊣⌊↕⌉ ⊑⊣↕⊓⌉ ↗ ⊒⟨⟩⌋⟨ ⟨⊣∫ ⌊⌉⌉\ ⌋⟨≀∫⌉\ ⌉§√⌉∇⟩⇕⌉\⊔⊣↕↕† F≀∇⌋⌉ ∝ℑ ∀′ F≀∇⌋⌉ ⇑ℑ I⇕√≀∇⊔⊣\⌋⌉ ↗ \≀⊒⇔ ⌋⊣↕⌋⊓↕⊣⊔⌉ ⊔⟨⌉ ⊑⌉⌋⊔≀∇ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⊔⊒≀ ⌋≀↕≀⊓∇∫ ⊑⌉⌋⊔≀∇ ¬ℑ HLS⇐≀√∞⇒ ↖ HLS⇐≀√∈⇒ ⟩{ A⊔⊔∇⊣⌋⊔⊥ ⊔⟨⌉\ ⊑⌉⌋⊔≀∇ ¬ℑ ↖⊑⌉⌋⊔≀∇ ↗ ⇕⊣‖⌉ ∫⊓∇⌉ ⊔⟨⌉ ⟨⊓⌉ ⟩∫ ⊔⊣‖⟩\} ⊔⟨⌉ ∫⟨≀∇⊔⌉∫⊔ ∇≀⊓⊔⌉ ⟩{ ⊑⌉⌋⊔≀∇↙⟨ ⊤ ↙▽ ⊔⟨⌉\ ⊑⌉⌋⊔≀∇↙⟨ ↖ℑ ∞ ⟩{ ⊑⌉⌋⊔≀∇↙⟨ ℜ ↖↙▽ ⊔⟨⌉\ ⊑⌉⌋⊔≀∇↙⟨ ⇓ℑ ∞ ↗ ⟩{ ⊔⟨⌉ ⊑⌉⌋⊔≀∇ ↕⌉\}⊔⟨ ⟩∫ ⌋↕≀∫⌉ ⊔≀ ‡⌉∇≀⇔ ⌈≀\≃⊔ ↗ ⊓∫⌉ ⟩⊔↙ P⟩⌋‖R⊣\⌈D⟩∇ ∇⌉⊔⊓∇\∫ ⊣ ⊓\⟩⊔ ⊑⌉⌋⊔≀∇ ↗ √≀⟩\⊔⟩\} ⟩\ ⊣ ∇⊣\⌈≀⇕ ⌈⟩∇⌉⌋⊔⟩≀\ ⟩{ LENGTH⇐⊑⌉⌋⊔≀∇⇒ ℜ ↙′′∞ ⊔⟨⌉\ ⊓\⟩⊔ ¬ℑ P⟩⌋‖R⊣\⌈D⟩∇⇐⇒

∀ C⟨⊣√⊔⌉∇ ↙̸ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\

⌉↕∫⌉ ⊓\⟩⊔ ¬ℑ ⊑⌉⌋⊔≀∇∝LENGTH⇐⊑⌉⌋⊔≀∇⇒ F ¬ℑ ⊓\⟩⊔ ⇑ F≀∇⌋⌉ O⊓⊔√⊓⊔¬ F ⇐ ⊔⟨⌉ {≀∇⌋⌉ ⊑⌉⌋⊔≀∇ ⇒ T⟨⌉ √⟩⌋‖∇⊣\⌈≀⇕ ∇≀⊓⊔⟩\⌉ ⊒⊣∫ ⌈⌉⊘\⌉⌈ ⟩\ ⊔⌉∇⇕∫ ≀{ ⊣ √⟩⌋‖∇⊣\⌈ {⊓\⌋⊔⟩≀\↙ F≀∇ C↕⊣∫∫CCD⟩∫⊔⊣\⌋⌉⇔ ⊔⟨⊣⊔ {⊓\⌋⊔⟩≀\ ⟩∫ ⌈⌉⊘\⌉⌈ ⊣∫¬ I\√⊓⊔∫¬ ≀√∞⇔ ≀√∈ ⇐ ≀{ ⊔†√⌉ ⌋≀↕≀∇⊔†√⌉ ⇒ ⟩{ A⊔⊔∇⊣⌋⊔⊥ ⊔⟨⌉\ ⌋≀↕≀⊓∇ ¬ℑ ≀√∈ ⌉↕∫⌉ ⊑⌉⌋⊔≀∇ ¬ℑ P⟩⌋‖R⊣\⌈D⟩∇⇐⇒ ⇑ M⟩\D⟩∫⊔⊣\⌋⌉ ↗ ⟨⊓⌉ ⊒∇⊣√∫ ⊣∇≀⊓\⌈ ⊔⟨⌉ ⌉\⌈ ⌋≀↕≀⊓∇↙⟨ ¬ℑ ≀√∈↙⟨ ⇓ ⊑⌉⌋⊔≀∇↙⟨ ⇕≀⌈ ∞ ↗ ↕⟩}⟨⊔\⌉∫∫ ⊣\⌈ ∫⊣⊔⊓∇⊣⊔⟩≀\ ⊣∇⌉ ⊔∇⊓\⌋⊣⊔⌉⌈ ⌋≀↕≀⊓∇↙↕ ¬ℑ ≀√∈↙↕ ⇓ ⊑⌉⌋⊔≀∇↙↕ ⟩{ ⌋≀↕≀⊓∇↙↕ ⊤ ∞ ⊔⟨⌉\ ⌋≀↕≀⊓∇↙↕ ¬ℑ ∞ ⌉↕∫⌉⟩{ ⌋≀↕≀⊓∇↙↕ ℜ ′ ⊔⟨⌉\ ⌋≀↕≀⊓∇↙↕ ¬ℑ ′ ⌋≀↕≀⊓∇↙∫ ¬ℑ ≀√∈↙∫ ⇓ ⊑⌉⌋⊔≀∇↙∫ ⟩{ ⌋≀↕≀⊓∇↙∫ ⊤ ∞ ⊔⟨⌉\ ⌋≀↕≀⊓∇↙∫ ¬ℑ ∞ ⌉↕∫⌉⟩{ ⌋≀↕≀⊓∇↙∫ ℜ ′ ⊔⟨⌉\ ⌋≀↕≀⊓∇↙∫ ¬ℑ ′ O⊓⊔√⊓⊔¬ ⌋≀↕≀⊓∇ ⇐ ≀{ ⊔†√⌉ ⌋≀↕≀∇⊔†√⌉ ⇒ T⟨⟩∫ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⊓∫⌉⌈ ⊔≀ ⌋∇⌉⊣⊔⌉ ⇕⊣\† ∇⌉↕⊣⊔⟩≀\∫⟨⟩√∫⇔ ⌉§⊣⇕√↕⌉∫ ≀{ ⊒⟨⟩⌋⟨ ⊣∇⌉ }⟩⊑⌉\ ⌊⌉↕≀⊒↙

P∇⌉{⌉∇∇⌉⌈ C≀↕≀⊓∇ S√⌉⌋⟩⊘⌋⊣⊔⟩≀\↙ A↕⊔⟨≀⊓}⟨ ⟩⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ ⊔≀ ∫√⌉⌋⟩{† ⊔⟨⌉ ⊑⊣↕⊓⌉ ≀{ ⊣ ⌋≀↕≀⊓∇ ⊣∫ ⊣\ ⌉§⊣⌋⊔ ⊑⊣↕⊓⌉ ⊔⟨⊣⊔ ⌈≀⌉∫ \≀⊔ ⌋⟨⊣\}⌉⇔ ⊔⟨⌉∇⌉ ⊣∇⌉ ⊔⟩⇕⌉∫ ⊒⟨⌉\ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⊑⊣↕⊓⌉ ⟩∫ √∇⌉{⌉∇∇⌉⌈⇔ ⌊⊓⊔ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⌋⊣\ ⌋⟨⊣\}⌉ ⟩{ ≀⊔⟨⌉∇ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ⊣⌋⊔⟩\} ≀\ ⟩⊔↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩{ ⊣ ⊓∫⌉∇ ⇕≀⌈⟩⊘⌉∫ ⊣ ⌋≀↕≀⊓∇ ⇕⊣\⊓⊣↕↕†⇔ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ≀{ ⊔⟨⟩∫ ⊔†√⌉ ⟩∫ ⌋∇⌉⊣⊔⌉⌈ ⌊† ∫√⌉⌋⟩{†⟩\} ⊣\ ⊣⊔⊔∇⊣⌋⊔⟩⊑⌉ {≀∇⌋⌉ ⊒⟩⊔⟨ ⊣ ⌈⟩∫⊔⊣\⌋⌉ ⊔⟨∇⌉∫⟨≀↕⌈ ≀{ ‡⌉∇≀↙

S⟩⇕⟩↕⊣∇ C≀↕≀⊓∇∫↙ W⟨⌉\ ⊒⟩\⌈≀⊒∫ ⊣∇⌉ }∇≀⊓√⌉⌈ ⊔≀}⌉⊔⟨⌉∇ ⊣∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ▽↙△↙∞↙∈⇔ ⊔⟨⌉⟩∇ ⌋≀↕≀⊓∇∫ ∫⟨≀⊓↕⌈ ⌊⌉ ∫⟩⇕⟩↕⊣∇↙ B⌉⌋⊣⊓∫⌉ ⌋≀↕≀⊓∇ ∫⟩⇕⟩↕⊣∇⟩⊔† ⟩∫ \≀⊔ ⊒⌉↕↕ ⊓\⌈⌉∇∫⊔≀≀⌈⇔ ⊣ {⊣⟩∇↕† ⊣∇⌊⟩⊔∇⊣∇† ⊔⟨∇⌉∫⟨≀↕⌈ ⟨⊣∫ ⌊⌉⌉\ ⌋⟨≀∫⌉\ ⊒⟩⊔⟨⟩\ ⊒⟨⟩⌋⟨ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⊔⊣‖⌉\ ⊔≀ ⌊⌉ ∫⟩⇕⟩↕⊣∇↙ F∇≀⇕ S⌉⌋⊔⟩≀\ ▽↙△↙∞↙∈ ⟩⊔ ⌋⊣\ ⌊⌉ ∫⌉⌉\ ⊔⟨⊣⊔ ⌈⟩∫⊔⊣\⌋⌉∫ ⊣∫ ∫⇕⊣↕↕ ⊣∫ ⊘⊑⌉ OSA ⊓\⟩⊔∫ ⌋⊣\ √∇≀⊑⟩⌈⌉ }≀≀⌈ ⌋≀↕≀⊓∇ ∫⌉√⊣∇⊣⊔⟩≀\↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⊔⟨∇⌉∫⟨≀↕⌈ ∫⟨≀⊓↕⌈ ⌊⌉ ∫⇕⊣↕↕⌉∇ ⊔⟨⊣\ ⊔⟨⟩∫↙ A ∇⌉⊣∫≀\⊣⌊↕⌉ ⌋⟨≀⟩⌋⌉ ⟩∫ ⊔⟨⌉ OSA \⌉⊣∇⌉∫⊔ \⌉⟩}⟨⌊≀⊓∇∫⇔ ⊒⟨⟩⌋⟨ ⟨⊣⊑⌉ ⊣ ⌈⟩∫⊔⊣\⌋⌉ ≀{ √ ∋ ⊣\⌈ ∈↙ F∇≀⇕ A√√⌉\⌈⟩§ A⇔ ⟩⊔ ⌋⊣\ ⌊⌉ ∫⌉⌉\ ⊔⟨⊣⊔ ⊔⟨⟩∫ ⌋≀∇∇⌉∫√≀\⌈∫ ⊔≀ ∞▽ ⊔≀ ∈′ CIELUV ⊓\⟩⊔∫↙ F⟩{⊔⌉⌉\ ⊒⊣∫ ⌋⟨≀∫⌉\ ⊔≀ ⌉∇∇ ≀\ ⊔⟨⌉ ⌋≀\∫⌉∇⊑⊣⊔⟩⊑⌉ ∫⟩⌈⌉↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊔⟨⟩∫ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⌋∇⌉⊣⊔⌉⌈ ⌊† ∫√⌉⌋⟩{†⟩\} ⊣\ ⊣⊔⊔∇⊣⌋⊔⟩⊑⌉ {≀∇⌋⌉ ⊒⟩⊔⟨ ⊣ ⌈⟩∫⊔⊣\⌋⌉ ⊔⟨∇⌉∫⟨≀↕⌈ ≀{ ⊘{⊔⌉⌉\↙

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

↙̸∋↙ T⟨⌉ N⌉WS C≀↕≀⊓∇ W⟩\⌈≀⊒ C↕⊣∫∫⌉∫ ∃

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

S⟩}\⟩⊘⌋⊣\⊔↕† D⟩{{⌉∇⌉\⊔ C≀↕≀⊓∇↙ W⟨⌉\ ⊒⟩\⌈≀⊒∫ ∫⟨≀⊓↕⌈ ⌊⌉ ⊑⟩∫⊓⊣↕↕† ⌈⟩{{⌉∇⌉\⊔⇔ ∫≀⇕⌉ ≀{ ⊔⟨⌉⟩∇ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ∇⌉∐⊓⟩∇⌉⌈ ⊔≀ ⌊⌉ ∫⟩}\⟩⊘⌋⊣\⊔↕† ⌈⟩{{⌉∇⌉\⊔↙ A∫ ⌈⟩∫⌋⊓∫∫⌉⌈ ⟩\ S⌉⌋⊔⟩≀\ ▽↙△↙∞↙∈⇔ ⊣\ CIELUV ⌈⟩∫⊔⊣\⌋⌉ ≀{ ⊣√√∇≀§⟩⇕⊣⊔⌉↕† ⌉⟩}⟨⊔† ⊓\⟩⊔∫ ⟩∫ ⊣ ∇⌉⊣∫≀\⊣⌊↕⌉ ⊑⊣↕⊓⌉ ⊔≀ ⊓∫⌉↙ T⟨⌉∇⌉{≀∇⌉⇔ ⊔⟨⟩∫ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⌋∇⌉⊣⊔⌉⌈ ⌊† ∫√⌉⌋⟩{†⟩\} ⊣ ∇⌉√⊓↕∫⟩⊑⌉ {≀∇⌋⌉ ⊒⟩⊔⟨ ⊣ ⌈⟩∫⊔⊣\⌋⌉ ⊔⟨∇⌉∫⟨≀↕⌈ ≀{ ⌉⟩}⟨⊔†↙

↙̸∋↙↙̸△ C↕⊣∫∫CCW⟩\⌈≀⊒D⟩∫⊔⊣\⌋⌉ C↕⊣∫∫CCW⟩\⌈≀⊒D⟩∫⊔⊣\⌋⌉⇔ ↕⟩‖⌉ C↕⊣∫∫CCA\⊣↕≀}≀⊓∫V⊣∇⟩⊣⊔⟩≀\⇔ ⟩∫ ⊣\ ⌉§⊣⇕√↕⌉ ≀{ ⟨≀⊒ ⊔≀ ⌋∇⌉⊣⊔⌉ ⇕≀∇⌉ √≀⊒⌉∇{⊓↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌊⊣∫⌉⌈ ≀\ ⊔⟨⌉ ⊔⟨∇⌉⌉ ⌊⊣∫⟩⌋ ⊔†√⌉∫↙ C↕⊣∫∫CCW⟩\⌈≀⊒D⟩∫⊔⊣\⌋⌉ ⊓∫⌉∫ C↕⊣∫∫CCD⟩∫⊔⊣\⌋⌉ ⊔≀ ⌋∇⌉⊣⊔⌉ ⊣ ∫⟩⇕√↕⌉ ⊒⟩\⌈≀⊒ ⌈⟩∫⊔⊣\⌋⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ∇⌉√⌉↕ ≀∇ ⊣⊔⊔∇⊣⌋⊔ ⊒⟩\⌈≀⊒∫⇔ |⊓∫⊔ ⊣∫ C↕⊣∫∫CCD⟩∫⊔⊣\⌋⌉ ⌋⊣\ ∇⌉√⌉↕ ≀∇ ⊣⊔⊔∇⊣⌋⊔ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⌋≀↕≀⊓∇∫↙ W⟩\⌈≀⊒ ⌈⟩∫⊔⊣\⌋⌉ ⟩∫ ⌈⌉⊘\⌉⌈ ⊔≀ ⌊⌉ ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⌉⟩⊔⟨⌉∇ ⊔⟨⌉ ⌊≀∇⌈⌉∇ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ≀∇ ⊔⟨⌉ ⌋↕⟩⌉\⊔ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ≀{ ⊔⟨⌉ ⊔⊒≀ ⊒⟩\⌈≀⊒∫↙ T⟨⌉ √⊣⟩∇ ⊒⟩⊔⟨ ⊔⟨⌉ ⟨⟩}⟨⌉∫⊔ ⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀⇕√≀\⌉\⊔ ⟩∫ ⌋⟨≀∫⌉\⇔ ∫⟩\⌋⌉ ⊔⟨⌉∫⌉ ⌋≀↕≀⊓∇∫ ∇⌉√∇⌉∫⌉\⊔ ⊔⟨⌉ √∇⌉⌈≀⇕⟩\⊣\⊔ ⊒⟩\⌈≀⊒ ⌋≀↕≀⊓∇↙ T⟨⌉ ⟨⌉⊓∇⟩∫⊔⟩⌋ ⊓∫⌉⌈ ⊔≀ ⌋⊣↕⌋⊓↕⊣⊔⌉ ⊔⟨⌉ ⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀⇕√≀\⌉\⊔ ≀{ ⊣ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉ ⟩∫ C∇ = 2 ( .5 − |L − .5| ) S ↼6▷3↽ where L and S are the HLS lightness and saturation coordinates of the colour▷ Since the HLS saturation coordinate represents the percentage of the maximum saturation for a given lightness value and colour values are less saturated the farther their lightness value is from ▷5 Equation 6▷3 is a measure of the absolute saturation of a colour independent of the lightness▷ ClassCCWindowDistance is implemented similarly to ClassCCAnalogousVariation by overriding the apply check and pickrandom interface methods of ClassCCDistance▷ Each of these routines determines which pair of colours should be used sets the the operands of its ClassCCDistance superclass appropriately and invokes the corresponding superclass method▷ Just as with ClassCCAnalogousVariation each instance of the constraint can be used multiple times so a monitor is used for synchronization▷ Like ClassCCAnalogousVariation this constraint is very simple and is included in Appendix C▷

6▷3▷6▷5 ClassCCContrast The ClassCCContrast constraint is used to ensure that a pair of colours one a background colour and one a foreground colour maintain a speciαed contrast▷ This constraint is implemented using the contrast metric derived in Chapter 4▷ Since every pair of background and foreground colours in the system has a contrast constraint applied to it some care is taken with efαciency of the implementation▷ While there are many variables in the equations that describe the contrast metric most of them are set once when a speciαc instance of ClassCCContrast is created▷ For example the black level and pixel bleed are functions of the monitor and the pixel densities are functions of the application using the two colours▷ The only parameters that vary between each application of the constraint are the luminances of the two colours▷ Thus Equations 2▷15 4▷7 and 4▷8 are rearranged to isolate these values▷ As discussed in Chapter 4 only luminance contrast is considered since chromatic contrast is not well understood▷ While luminance contrast may not be necessary for legibility it is sufαcient▷ As with other constraints

80 Chapter 6▷ Implementation

all parameters are speciαed assuming the αrst operand is constrained to the second▷ Since the calculation of the luminances L^′_{bg} and L^′_{fg} from Equations 4▷5 and 4▷5 are different the boolean Background⋆ βag speciαes whether the αrst operand is the foreground or background colour▷ Furthermore the desired Polarity of the colours may be speciαed so that either light text on a dark background or the reverse can be absolutely required▷ The αrst colour can be constrained to be Lighter than the second Darker than the second or to be Either polarity▷ If either polarity is acceptable whichever one is more easily satisαed is used▷ When the colours do not have the required luminance contrast a force is applied which is proportional to the difference between the current contrast and the required contrast and is parallel to the lightness axis of the colour space▷ Before giving the pseudocode algorithms used in the contrast constraint the following constants are derived from the equations in Chapter 4.

BGfg ./ ↼1 BGPixelDensity↽ ⇀ PixelBleed FGfg ./ PixelBleed ⇀ FGPixelDensity ⇁ 1 FGbg ./ ↼1 FGPixelDensity↽ ⇀ PixelBleed BothBL ./ ↼1 ⇁ PixelBleed↽ ⇀ BlackLevel

where FGPixelDensity is the percentage of foreground pixels next to another foreground pixel and BGPixelDensity is the percentage of background pixels next to another background pixel▷ These can be changed depending on the application but the defaults assume a text based application with thin fonts▷ PixelBleed is the amount of pixel bleed▷ The default is the optimal value 62ϱ▷ BlackLevel is the black level of the monitor▷ The default value is 2▷5ϱ▷ A routine called getcontrast is deαned which calculates the contrast using the following algorithm.

Inputs. Y1 Y2 ↼ the luminances of the two colours ↽ if Background⋆ then Ybg ./ Y1 Yfg ./ Y2 else Ybg ./ Y2 Yfg ./ Y1 Lfg ./ Yfg ⇀ FGfg ⇁ Ybg ⇀ FGbg ⇁ BothBL Lbg ./ Yfg ⇀ BGfg ⇁ Ybg ⇀ BGbg ⇁ BothBL Lmax ./ MAX↼ Lfg Lbg ↽ Lmin ./ MIN↼ Lfg Lbg ↽ C ./ ↼ Lmax Lmin ↽ ◁ ↼ Lmax ⇁ Lmin↽ Ok⋆ ./ C > Contrast Outputs. C Ok⋆ ↼ the contrast and if it is sufficient ↽

Using this function the getforce routine for ClassCCContrast is.

Inputs. op1 op2 ↼ of type colortype ↽ Y1 ./ XYZ↼ op1 ↽▷y Y2 ./ XYZ↼ op2 ↽▷y F▷h ./ F▷s ./ 0 ↼C Ok⋆↽ ./ getcontrast↼ Y1 Y2 ↽ if Polarity / Either then if not Ok⋆ then ϱ check if the current polarity can satisfy ϱ the required contrast if Y2 < Y1 then ϱ compare Y1 to White ↼Ccurr Ok⋆↽ ./ getcontrast↼ Y1 1 ↽ else ϱ compare Y1 to Black ↼Ccurr Ok⋆↽ ./ getcontrast↼ Y1 0 ↽ if not Ok⋆ then ϱ see if the other polarity will work if Y2 > Y1 then ϱ compare Y1 to White ↼Cother Ok⋆↽ ./ getcontrast↼ Y1 1 ↽ else ϱ compare Y1 to Black ↼Cother Ok⋆↽ ./ getcontrast↼ Y1 0 ↽ ϱ aim for the higher contrast▷ if Ccurr < Cother then if Y2 > Y1 then F▷l ./ 1 else F▷l ./ 1 else if Y2 > Y1 then F▷l ./ Ccurr Contrast else F▷l ./ Contrast Ccurr else if Y2 > Y1 then F▷l ./ Ccurr Contrast else F▷l ./ Contrast Ccurr Ok⋆ ./ false else F▷l ./ 0 OK⋆ ./ true else if Polarity / Lighter then if Y2 </ Y1 then if not Ok⋆ then F▷l ./ Contrast C else F▷l ./ 0 else ϱ itφs the wrong polarity force toward white F▷l ./ 1 Ok⋆ ./ false else if Y2 >/ Y1 then if not Ok⋆ then F▷l ./ C Contrast else F▷l ./ 0 endif else ϱ itφs the wrong polarity force toward black F▷l ./ 1 Ok⋆ ./ false Output. F ↼ the force vector ↽

The pickrandom routine was deαned in terms of a pickrand function▷ Unlike the getforce function the pickrand function must calculate a minimum or maximum luminance threshold for the αrst colour based on the luminance of the second colour▷ Using this threshold pickrand then selects a luminance at random from the range of satisfactory values▷ In order to isolate the luminances of the foreground and background colours from Equations 2▷15 4▷7 and 4▷8 to determine a luminance threshold the Polarity and Background⋆ values must be known▷ There are four possible equations for calculating the luminance threshold corresponding to the different values of these two parameters▷ Throughout the following equations the parameters of the contrast metric from Chapter 4 are denoted as follows. 0 ≤ C ≤ ∞ ′ ≤ PD_f ≤ ∞ ′ ≤ PD_b ≤ ∞ ′ ≤ σ ≤ ∞ ′ ≤ BL ≤ ∞ C ⟩∫ ⊔⟨⌉ ∇⌉∐⊓⟩∇⌉⌈ ↕⌉⊑⌉↕ ≀{ ⌋≀\⊔∇⊣∫⊔↙ T⟨⌉ ⌈⌉{⊣⊓↕⊔ ⊑⊣↕⊓⌉ ⟩∫ △′↗↙ PD_f is the percentage of foreground pixels next to another foreground pixel▷ Similarly PD b is the percentage of background pixels next to another background pixel▷ σ is the amount of pixel bleed▷ BL is the black level of the monitor▷ If Background⋆ / true and Polarity / Lighter the threshold is the minimum value for the luminance of the background colour. C_{f 1} = ((PD_f − PD_b + 1) σ + 1) C + (PD_f + PD_b − ∞) σ + 1 (6.4) C_{b1} = ((PD_f − PD_b − ∞) σ − ∞) C + (PD_f + PD_b − ∞) σ + 1 (6.5) C_B = (2σ + 2)BL (6.6) C1 = C_{f 1}/C_{b1} ↼6▷7↽ C2 = (C_B C)/C_{b1} ↼6▷8↽ Y_t = Y_b = C1Y_f + C2 ↼6▷9↽ If Background⋆ / false and Polarity / Darker the threshold is the maximum value for the luminance of the foreground colour. C3 = (C_B C)/C_{f 1} ↼6▷10↽ Y_t = Y_f = Y_b/C1− C3 ↼6▷11↽ Similarly if Background⋆ / true and Polarity / Darker the threshold is the minimum value for the luminance of the background colour. C_{f 2} = ((PD_f − PD_b + 1) σ + 1) C − (PD_f + PD_b − ∞) σ − ∞ ⇐↙̸∞∈⇒ C_{b2} = ((PD_f − PD_b − ∞) σ − ∞) C − (PD_f + PD_b − ∞) σ − ∞ ⇐↙̸∞∋⇒ C4 = C_{f 2}/C_{b2} ↼6▷14↽ C5 = (C_B C)/C_{b2} ↼6▷15↽ Y_t = Y_b = C4Y_f + C5 ↼6▷16↽

If Background⋆ / false and Polarity / Lighter the threshold is the maximum value for the luminance of the foreground colour. C6 = (C_B C)/C_{f 2} ↼6▷17↽ Y_t = Y_f = Y_b/C4− C6 ↼6▷18↽

All of the subscripted C values are constants that are recalculated whenever the values of C P_f P_b σ or BL are changed▷ Thus the calculation of the threshold value requires only one multiplication and one division when the constraint is being applied to two colours▷ Equations 6▷9 and 6▷18 are used to deαne a function getlighter which returns a lighter luminance threshold▷ Similarly Equations 6▷11 and 6▷16 are used to deαne a function getdarker which returns a darker luminance threshold▷ Using these two functions the pickrand function for ClassCCContrast is deαned as follows.

Inputs. op1 op2 ↼ of type colortype ↽ Y2 ./ XYZ↼ op2 ↽▷y TL ./ getlighter↼ Y2 ↽ TD ./ getdarker↼ Y2 ↽ ϱ if Polarity is Either AND ϱ only one is in range AND itφs TL or ϱ pick a random one and itφs TL ϱ or Polarity is Lighter if ↼ ↼ Polarity / Either ↽ and ↼ ↼↼ TL </ 1 ↽ exclusive or ↼ TD >/ 0 ↽↽ or random↼ 0 1 ↽ </ ▷5 ↽ ↽ or ↼ Polarity / Lighter ↽ then if TL > 1 then colour▷l ./ 1 else colour▷l ./ random↼ TL 1 ↽ else if TD < 0 then colour▷l ./ 0 else colour▷l ./ random↼ 0 TD ↽ colour▷h ./ op2▷h colour▷s ./ op2▷s Output. colour ↼ of type colortype ↽

6▷3▷7 ClassDynamicalColourSystem ClassDynamicalColourSystem provides each window with its own dynamical system which it uses to apply constraints to its window colours▷ As mentioned earlier the problem of αnding a global set of colours is decomposed into αnding sets of colours for each window▷ The global dynamical system can be broken down similarly▷ Each window has a set of forces acting on its colours and maintains its own dynamical system to apply those forces to its colours▷ The dynamical system knows about four types of data, the local ColourSet the local constraints the ColourSets from other windows and the constraints between other windows and the local window▷

When the system is initialized it knows about the local ColourSet and the default functional constraints between these colours▷ These include. • ⊣ C↕⊣∫∫CCC≀\⊔∇⊣∫⊔ ⌋≀\∫⊔∇⊣⟩\⊔ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌊≀∇⌈⌉∇ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫↙ • ⊣ C↕⊣∫∫CCC≀\⊔∇⊣∫⊔ ⌋≀\∫⊔∇⊣⟩\⊔ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌋↕⟩⌉\⊔ {≀∇⌉}∇≀⊓\⌈ ⊣\⌈ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫↙ • ⊣ C↕⊣∫∫CCD⟩∫⊔⊣\⌋⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌊≀∇⌈⌉∇ ⊣\⌈ ⌋↕⟩⌉\⊔ ⌊⊣⌋‖}∇≀⊓\⌈ ⌋≀↕≀⊓∇∫ ⌉\∫⊓∇⟩\} ⊔⟨⌉† ⊣∇⌉ ⌈⟩∫⊔⟩\↖ }⊓⟩∫⟨⊣⌊↕⌉↙ M≀∇⌉ ↕≀⌋⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌋⊣\ ⌊⌉ ⊣⌈⌈⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ⊣⌈⌈↕≀⌋⊣↕⌋≀\∫⊔∇⊣⟩\⊔ ⇕⌉⊔⟨≀⌈↙ C≀\⊑⌉∇∫⌉↕†⇔ ↕≀⌋⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌋⊣\ ⌊⌉ ∇⌉⇕≀⊑⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ∇⌉⇕≀⊑⌉↕≀⌋⊣↕⌋≀\∫⊔∇⊣⟩\⊔ ⇕⌉⊔⟨≀⌈↙ W⟨⌉\ ⊣ ↕≀⌋⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⊣√√↕⟩⌉⌈⇔ ⊔⟨⌉ ↕≀⌋⊣↕ C≀↕≀⊓∇S⌉⊔ ⟩∫ ∫√⌉⌋⟩⊘⌉⌈ {≀∇ ⌊≀⊔⟨ ≀√⌉∇⊣\⌈∫↙ E§⊔⌉∇\⊣↕ ⊒⟩\⌈≀⊒∫ ⊣∇⌉ ⊣⌈⌈⌉⌈ ⊔≀ ⊔⟨⌉ ⌈†\⊣⇕⟩⌋⊣↕ ∫†∫⊔⌉⇕ ⌊† ∫√⌉⌋⟩{†⟩\} ⊔⟨⌉⟩∇ C≀↕≀⊓∇S⌉⊔ ⊣\⌈ ⊣ ∫⟩\}↕⌉ ⌋≀\∫⊔∇⊣⟩\⊔↙ E§⊔⌉∇\⊣↕ ⊒⟩\⌈≀⊒∫ ∇⌉⇕⊣⟩\ ‖\≀⊒\ ⊔≀ ⊔⟨⌉ ⌈†\⊣⇕⟩⌋⊣↕ ∫†∫⊔⌉⇕ ⊓\⊔⟩↕ ⊔⟨⌉⟩∇ ⌋≀\∫⊔∇⊣⟩\⊔ ⟨⊣∫ ⌊⌉⌉\ ∫⊣⊔⟩∫⊘⌉⌈↙ E§⊔⌉∇\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊣∇⌉ ⟩\⊑≀‖⌉⌈ ⌊† ∫√⌉⌋⟩{†⟩\} ⊔⟨⌉ ↕≀⌋⊣↕ C≀↕≀⊓∇S⌉⊔ {≀∇ ⊔⟨⌉ ⊘∇∫⊔ ≀√⌉∇⊣\⌈ ⊣\⌈ ⊔⟨⌉ ⌉§⊔⌉∇\⊣↕ C≀↕≀⊓∇S⌉⊔ ⊣∫ ⊔⟨⌉ ∫⌉⌋≀\⌈ ≀√⌉∇⊣\⌈↙ A ⌋≀\∫⊔∇⊣⟩\⊔ ⌋⊣\ ⌊⌉ ⌉⟩⊔⟨⌉∇ ⊣ ∫⟩\}↕⌉ ⟩\∫⊔⊣\⌋⌉ ≀{ ≀\⌉ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⌋↕⊣∫∫⌉∫ ≀∇ ⊣\ ⊣∇∇⊣† ≀{ ⟩\∫⊔⊣\⌋⌉∫↙ T≀ √⌉∇{≀∇⇕ ⊣\ ⊣⌋⊔⟩≀\ ≀\ ⊣\ ⊣∇∇⊣† ≀{ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ⊔⟨⌉ ⊣⌋⊔⟩≀\ ⟩∫ √⌉∇{≀∇⇕⌉⌈ ≀\ ⌉⊣⌋⟨ ⊣∇∇⊣† ⌉↕⌉⇕⌉\⊔ ⊣\⌈ ⊔⟨⌉ ∇⌉∫⊓↕⊔ ⟩∫ ⊔⟨⌉ ↕≀}⟩⌋⊣↕ ⊣\⌈ ≀{ ⊔⟨⌉ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ∇⌉∫⊓↕⊔∫↙ I\ ⊔⟨⟩∫ ⊒⊣†⇔ ⇕⊣\† ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌋⊣\ ⌈⌉⊘\⌉ ⊔⟨⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√ ⌊⌉⊔⊒⌉⌉\ ⊔⊒≀ ⊒⟩\⌈≀⊒∫⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⌊⊓⊔ ⊔⟨⌉† ⌋⊣\ ⌊⌉ ⇕⊣\⊣}⌉⌈ ⇕⊓⌋⟨ ⇕≀∇⌉ ∫⟩⇕√↕† ⌊† C↕⊣∫∫D†\⊣⇕⟩⌋⊣↕C≀↕≀⊓∇S†∫⊔⌉⇕ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉† ⊣∇⌉ }∇≀⊓√⌉⌈ ⊔≀}⌉⊔⟨⌉∇↙ T≀ ⟨⊣\⌈↕⌉ ⊔⟨⟩∫⇔ ⊔⟨⌉ ⊣√√↕† ⇕⌉⊔⟨≀⌈ ≀{ ⊣ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ \≀⊔ ⟩\⊑≀↕‖⌉⌈ ⌈⟩∇⌉⌋⊔↕†⇔ ∇⊣⊔⟨⌉∇ ⊣ ⌋≀⊑⌉∇ {⊓\⌋⊔⟩≀\ ⌋⊣↕↕⌉⌈ ⊣√√↕†⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ⟩\⊑≀↕‖⌉⌈↙ T⟨⟩∫ {⊓\⌋⊔⟩≀\ ⟩∫ ⌈⌉⊘\⌉⌈ ⊣∫ {≀↕↕≀⊒∫¬ I\√⊓⊔¬ C≀↕≀⊓∇S⌉⊔∞⇔ C≀↕≀⊓∇S⌉⊔∈⇔ C≀\∫⊔∇⊣⟩\⊔ ⟩{ ⊔†√⌉⇐ C≀\∫⊔∇⊣⟩\⊔ ⇒ ℑ ⊣∇∇⊣† ⊔⟨⌉\ ∫⊣⊔⟩∫{⟩⌉⌈ ¬ℑ ⊔∇⊓⌉ {≀∇ ⌉⊣⌋⟨ ⌋≀\∫⊔∇⊣⟩\⊔ C ⟩\ ⊣∇∇⊣† C≀\∫⊔∇⊣⟩\⊔ ⌈≀ ∫⊣⊔⟩∫{⟩⌉⌈ ¬ℑ ∫⊣⊔⟩∫{⟩⌉⌈ ⊣\⌈ ⊣√√↕†⇐ C≀↕≀⊓∇S⌉⊔∞⇔ C≀↕≀⊓∇S⌉⊔∈⇔ C ⇒ ∇⌉⊔⊓∇\ ∫⊣⊔⟩∫{⟩⌉⌈ ⌉↕∫⌉ ∇⌉⊔⊓∇\ ⊣√√↕†⇐ C≀↕≀⊓∇S⌉⊔∞⇔ C≀↕≀⊓∇S⌉⊔∈⇔ C≀\∫⊔∇⊣⟩\⊔ ⇒ O⊓⊔√⊓⊔¬ ⌊≀≀↕⌉⊣\ ⇐ ⟩\⌈⟩⌋⊣⊔⟩\} ⟩{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ∫⊣⊔⟩∫{⟩⌉⌈ ⇒

T⟨⌉ ⌈†\⊣⇕⟩⌋⊣↕ ∫†∫⊔⌉⇕ ⟨⊣∫ ⟩⊔∫ ≀⊒\ ⟩\⊔⌉∇\⊣↕ ⊖⌋↕≀⌋‖⪰ ⊒⟨⟩⌋⟨ ⟩⊔ ⊓∫⌉∫ ⊔≀ ⊓√⌈⊣⊔⌉ ⟩⊔∫ ∫⊔⊣⊔⌉↙ E⊣⌋⟨ ⊔⟩⇕⌉ ⊔⟨⌉ ⌋↕≀⌋‖ ⊣⌈⊑⊣\⌋⌉∫ ≀\⌉ ⊓\⟩⊔⇔ ⊔⟨⌉ ∫⊔⊣⊔⌉ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟩∫ ⊓√⌈⊣⊔⌉⌈ ⌊† ⊣√√↕†⟩\} ⊣↕↕ ≀{ ⊔⟨⌉ ↕≀⌋⊣↕ ⊣\⌈ ⌉§⊔⌉∇\⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ T⟨⌉ ⌋↕≀⌋‖ ⟩∫ ⊣⌋⊔⊓⊣↕↕† ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⊓∫⟩\} N⌉WS ⌉⊑⌉\⊔∫↙ A T⟩⌋‖T≀⌋‖DS ⌉⊑⌉\⊔ ⟩∫ ⌈⌉⊘\⌉⌈ ⊣\⌈ C↕⊣∫∫D†\⊣⇕⟩⌋⊣↕C≀↕≀⊓∇S†∫⊔⌉⇕ ⌉§√∇⌉∫∫⌉∫ ⊣\ ⟩\⊔⌉∇⌉∫⊔ ⟩\ ⟩⊔↙ I{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟨⊣∫ \≀⊔ ∇⌉⊣⌋⟨⌉⌈ ⊣ ∫⊔⊣⊔⌉ ≀{ ⌉∐⊓⟩↕⟩⌊∇⟩⊓⇕ ⊣∫ ⊣ ∇⌉∫⊓↕⊔ ≀{ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⊓√⌈⊣⊔⌉⇔ ⊔⟨⌉ ⌈†\⊣⇕⟩⌋ ∫†∫⊔⌉⇕ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉∫ ⊣ T⟩⌋‖T≀⌋‖DS ⌉⊑⌉\⊔ ⊔≀ ⟩⊔∫⌉↕{ ⊒⟨⟩⌋⟨ ⊒⟩↕↕ ⊣∇∇⟩⊑⌉ ⊣ ⊘§⌉⌈ ⊣⇕≀⊓\⊔ ≀{ ⊔⟩⇕⌉ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉↙ W⟨⌉\ ⟩⊔ ∇⌉⌋⌉⟩⊑⌉∫ ⊔⟨⌉ ⌉⊑⌉\⊔⇔ ⊔⟨⌉ √∇≀⌋⌉∫∫ ⟩∫ ∇⌉√⌉⊣⊔⌉⌈↙ T≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⟩{ ⊔⟨⌉ ⌈†\⊣⇕⟩⌋⊣↕ ∫†∫⊔⌉⇕ ⟨⊣∫ ∇⌉⊣⌋⟨⌉⌈ ⊣ ∫⊔⊣⊔⌉ ≀{ ⌉∐⊓⟩↕⟩⌊∇⟩⊓⇕⇔ ⟩\∫⊔⊣\⌋⌉∫ ≀{ C↕⊣∫∫C≀↕≀⊓∇ ∇⌉⊔⊓∇\∫ ⊣ ⌊≀≀↕⌉⊣\ ⊑⊣↕⊓⌉ ⊒⟨⌉\ ⊔⟨⌉⟩∇ ⊣√√↕†{≀∇⌋⌉ ⇕⌉⊔⟨≀⌈ ⟩∫ ⟩\⊑≀‖⌉⌈⇔ ⟩\⌈⟩⌋⊣⊔⟩\} ⟩{ ⊔⟨⌉ \⌉⊔ {≀∇⌋⌉ ⌉§⌉∇⊔⌉⌈ ≀\ ⊔⟨⌉⇕ ⟩∫ ⊣√√∇≀§⟩⇕⊣⊔⌉↕† ‡⌉∇≀↙ A ‡⌉∇≀ \⌉⊔ {≀∇⌋⌉ ⟩\⌈⟩⌋⊣⊔⌉∫ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⟩∫ ∇⌉↕⊣⊔⟩⊑⌉↕† ∫⊔⊣⌊↕⌉↙ I{ ⊣↕↕ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⟩\⌈⟩⌋⊣⊔⌉ ⊔⟨⊣⊔ ⊔⟨⌉† ⊣∇⌉ ∫⊔⊣⌊↕⌉⇔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟩∫ ⊣∫∫⊓⇕⌉⌈ ⊔≀ ⌊⌉ ∫⊔⊣⌊↕⌉ ⊣\⌈ \≀ T⟩⌋‖T≀⌋‖DS ⌉⊑⌉\⊔ ⟩∫ ∫⌉\⊔ ≀⊓⊔↙

↙̸∋↙ T⟨⌉ N⌉WS C≀↕≀⊓∇ W⟩\⌈≀⊒ C↕⊣∫∫⌉∫ ∀▽

T⟨⌉ √∫⌉⊓⌈≀⌋≀⌈⌉ {≀∇ ⊔⟨⌉ ∇≀⊓⊔⟩\⌉ ⊒⟨⟩⌋⟨ ⊓√⌈⊣⊔⌉∫ ⊔⟨⌉ ⌈†\⊣⇕⟩⌋⊣↕ ∫†∫⊔⌉⇕ ⟩∫¬ ↕≀≀√ {≀∇ ⌉⊑⌉∇ ⊒⊣⟩⊔ {≀∇ ⊣ T⟩⌋‖T≀⌋‖DS ⌉⊑⌉\⊔ ↗ ⊣√√↕† ⊔⟨⌉ ↕≀⌋⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ {≀∇ ⟩ ℑ ∞ ⊔≀ ∫⟩‡⌉⇐ L≀⌋⊣↕C≀\∫ ⇒ ⌈≀ ⊣√√↕†⌋≀\∫⊔∇⊣⟩\⊔⇐ L≀⌋⊣↕ C≀↕≀⊓∇S⌉⊔⇔ L≀⌋⊣↕C≀\∫∪⟩⊎↙≀√∈⇔ L≀⌋⊣↕C≀\∫∪⟩⊎↙⌋≀\∫⊔∇⊣⟩\⊔ ⇒ ↗ ⊣√√↕† ⊔⟨⌉ ⌋≀\{↕⟩⌋⊔⟩\} ⊒⟩\⌈≀⊒ ⌋≀\∫⊔∇⊣⟩\⊔∫ {≀∇ ⟩ ℑ ∞ ⊔≀ ∫⟩‡⌉⇐ C≀\{↕⟩⌋⊔⟩\}C≀\∫ ⇒ ⌈≀ ∫⊣⊔⟩∫{⟩⌉⌈ ¬ℑ ⊣√√↕†⌋≀\∫⊔∇⊣⟩\⊔⇐ L≀⌋⊣↕ C≀↕≀⊓∇S⌉⊔⇔ C≀\{↕⟩⌋⊔⟩\}C≀\∫∪⟩⊎↙≀⊔⟨⌉∇C≀↕≀⊓∇S⌉⊔⇔ C≀\{↕⟩⌋⊔⟩\}C≀\∫∪⟩⊎↙⌋≀\∫⊔∇⊣⟩\⊔ ⇒ ⟩{ ∫⊣⊔⟩∫{⟩⌉⌈ ⊔⟨⌉\ ∇⌉⇕≀⊑⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩ {∇≀⇕ C≀\{↕⟩⌋⊔⟩\}C≀\∫ ↗ \≀⊒⇔ ⊓√⌈⊣⊔⌉ ⊔⟨⌉ ⌋≀↕≀⊓∇∫↙ ⊣↕↕∫⊔⊣⌊↕⌉ ¬ℑ ⊔∇⊓⌉ {≀∇ ⌉⊣⌋⟨ ⌋≀↕≀⊓∇ C ⟩\ L≀⌋⊣↕ C≀↕≀⊓∇S⌉⊔ ⌈≀ ⟩{ ⟩∫⌋≀↕≀⊓∇≀⌊|⌉⌋⊔⇐ C ⇒ ⊔⟨⌉\ ∫⊔⊣⌊↕⌉ ¬ℑ ⊣√√↕†{≀∇⌋⌉⇐ C ⇒ ⟩{ \≀⊔ ∫⊔⊣⌊↕⌉ ⊔⟨⌉\ \⌉⊒⌋≀↕≀⊓∇}≀⊣↕⇐ C⇔ ⌋≀↕≀⊓∇⇐C⇒ ⇒ ⊣↕↕∫⊔⊣⌊↕⌉ ¬ℑ ⊣↕↕∫⊔⊣⌊↕⌉ ⊣\⌈ ∫⊔⊣⌊↕⌉ ⟩{ \≀⊔ ⊣↕↕∫⊔⊣⌊↕⌉ ⊔⟨⌉\ ∫⌉\⌈ ⊣ \⌉⊒ T⟩⌋‖T≀⌋‖DS ⌉⊑⌉\⊔ ⌉\⌈↕≀≀√ O\⌋⌉ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟩∫ ∫⊔⊣⌊↕⌉⇔ ⊔⟨⌉ ≀\↕† ⊒⊣† ⟩⊔ ⌋⊣\ ⌊⌉⌋≀⇕⌉ ⊓\∫⊔⊣⌊↕⌉ ⊣}⊣⟩\ ⟩∫ ⟩{ ≀\⌉ ≀{ ⟩⊔∫ ↕≀⌋⊣↕ ⌋≀↕≀⊓∇∫ ⟩∫ ⌋⟨⊣\}⌉⌈ ⇕⊣\⊓⊣↕↕†⇔ ≀∇ ⟩{ ⊣\≀⊔⟨⌉∇ ⊒⟩\⌈≀⊒≃∫ ⌋≀↕≀⊓∇∫ ⌋⟨⊣\}⌉ ⊔≀ ⌋≀\⊙⟩⌋⊔ ⊒⟩⊔⟨ ⟩⊔↙ I{ ⌉⟩⊔⟨⌉∇ ≀{ ⊔⟨⌉∫⌉ ⌉⊑⌉\⊔∫ ≀⌋⌋⊓∇⇔ ⊔⟨⌉ \⊓⌈}⌉∫†∫⊔⌉⇕ ⇕⌉⊔⟨≀⌈ ⟩∫ ⌋⊣↕↕⌉⌈↙ I{ ⊣ T⟩⌋‖T≀⌋‖DS ⌉⊑⌉\⊔ ⟨⊣∫ ⌊⌉⌉\ ∫⌉\⊔ ≀⊓⊔ ⊣\⌈ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟩∫ ⊒⊣⟩⊔⟩\} {≀∇ ⟩⊔⇔ ⊔⟨⟩∫ ⇕⌉⊔⟨≀⌈ ⌈≀⌉∫ \≀⊔⟨⟩\}↙ O⊔⟨⌉∇⊒⟩∫⌉⇔ ⊣ \⌉⊒ T⟩⌋‖T≀⌋‖DS ⌉⊑⌉\⊔ ⟩∫ ⌊∇≀⊣⌈⌋⊣∫⊔↙ T⟨⌉ ⊔⟩⇕⌉ ⌈⌉↕⊣† ≀{ ⊔⟨⌉ T⟩⌋‖T≀⌋‖DS ⌉⊑⌉\⊔ ⟩∫ √∇≀√≀∇⊔⟩≀\⊣↕ ⊔≀ ⊔⟨⌉ ⊣}⌉ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒↙ W⟨⌉\ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⟨⊣∫ |⊓∫⊔ ≀√⌉\⌉⌈⇔ ⟩⊔∫ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ∇⌉∐⊓⟩∇⌉⌈ ⊔≀ ⌋⟨⊣\}⌉ ⊑⌉∇† ∐⊓⟩⌋‖↕† ∫≀ ⊔⟨⊣⊔ ≀⊔⟨⌉∇ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ⌈⟩∫⊔⊓∇⌊⌉⌈ ⊣∫ ↕⟩⊔⊔↕⌉ ⊣∫ √≀∫∫⟩⌊↕⌉↙ T⟨⟩∫ ⟩\⟩⊔⟩⊣↕ ∫⊔⊣⊔⌉ ≀{ ∇⊣√⟩⌈ ⌋⟨⊣\}⌉ ↕⊣∫⊔∫ ⊣ ∇⌉↕⊣⊔⟩⊑⌉↕† ∫⟨≀∇⊔ ⊔⟩⇕⌉ ⌊⊓⊔ ⟨⊣∫ ⊔⟨⌉ ⌈⌉∫⟩∇⊣⌊↕⌉ ⌉{{⌉⌋⊔ ≀{ ⊣↕↕≀⊒⟩\} ⊣ \⌉⊒ ⊒⟩\⌈≀⊒ ⊔≀ ∐⊓⟩⌋‖↕† ⇕≀⊑⌉ ⟩⊔∫ ⌋≀↕≀⊓∇∫ ≀⊓⊔ ≀{ ⌋≀\⊙⟩⌋⊔ ⊒⟩⊔⟨ ≀↕⌈⌉∇ ⊒⟩\⌈≀⊒∫⇔ ⟩{ ⊣⊔ ⊣↕↕ √≀∫∫⟩⌊↕⌉↙ A ∫⌉⌋≀\⌈ ⌊⌉\⌉⊘⊔ ≀{ ⟨⊣⊑⟩\} ⊔⟨⌉ ⊔⟩⇕⌉ ⌈⌉↕⊣† √∇≀√≀∇⊔⟩≀\⊣↕ ⊔≀ ⊔⟨⌉ ⊣}⌉ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⌈⌉↕⊣† ⊒⟩↕↕ ⌊⌉ ∫↕⟩}⟨⊔↕† ⌈⟩{{⌉∇⌉\⊔ {≀∇ ⌉⊣⌋⟨ ⊒⟩\⌈≀⊒↙ T⟨⟩∫ ⊣⊑≀⟩⌈∫ ⊣ ∇⌉}⊓↕⊣∇ √⊣⊔⊔⌉∇\ ≀{ ⌈†\⊣⇕⟩⌋⊣↕ ∫†∫⊔⌉⇕ ⊓√⌈⊣⊔⌉∫ {≀∇ ⊣\† ∫⊓⌊∫⌉⊔ ≀{ ⊒⟩\⌈≀⊒∫⇔ ⊒⟨⟩⌋⟨ ⟩\ ⊔⊓∇\ ∇⌉∫⊓↕⊔∫ ⟩\ ⊣ ⇕⊓⌋⟨ ⇕≀∇⌉ ⌋≀\∫⟩∫⊔⌉\⊔ ⌋≀⇕√⊓⊔⊣⊔⟩≀\⊣↕ ↕≀⊣⌈ ≀\ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⌊⌉⌋⊣⊓∫⌉ ⊣↕↕ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫ ⌈≀ \≀⊔ ⊓√⌈⊣⊔⌉ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕†↙

↙̸∋↙∀ C↕⊣∫∫W⟩\⌈≀⊒S⊔†↕⌉ T⟨⟩∫ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ ⇐∫⌉⌉ S⌉⌋⊔⟩≀\ ▽↙△↙∈⇒ ∇⌉√∇⌉∫⌉\⊔∫ ⊣ ⊑⌉∇† ∫⟩⇕√↕⌉ ⊣√√∇≀⊣⌋⟨ ⊒⟨⟩⌋⟨ ⟩↕↕⊓∫⊔∇⊣⊔⌉∫ ⊔⟨⌉ √≀⊔⌉\⊔⟩⊣↕ ≀{ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫↙ C↕⊣∫∫W⟩\⌈≀⊒S⊔†↕⌉ ⇕⊣\⊣}⌉∫ ⊔⟨⌉ ≀∇}⊣\⟩‡⊣⊔⟩≀\ ⊣\⌈ ∇⌉⊔∇⟩⌉⊑⊣↕ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫↙ W⟩\⌈≀⊒∫ ⊣∇⌉ ≀∇}⊣\⟩‡⌉⌈ ⌊⊣∫⌉⌈ ≀\ ⊔⟨⌉⟩∇ ⊣√√↕⟩⌋⊣⊔⟩≀\ \⊣⇕⌉ ⊣\⌈ ⊣ ∫⌉⌋≀\⌈ ≀√⊔⟩≀\⊣↕ \⊣⇕⌉↙ T⟨⟩∫ ≀√⊔⟩≀\⊣↕ \⊣⇕⌉ ⟩∫ ⟩⌈⌉⊣↕↕† ∫√⌉⌋⟩⊘⌉⌈ ⌊† ⊔⟨⌉ ⊓∫⌉∇ ⊔≀ √∇≀⊑⟩⌈⌉ ⊣⌈⌈⟩⊔⟩≀\⊣↕ ∫⌉⇕⊣\⊔⟩⌋ ⟩\{≀∇⇕⊣⊔⟩≀\ ⊣⌊≀⊓⊔ ⊔⟨⌉ ⊒⟩\⌈≀⊒⇔ ∫⊓⌋⟨ ⊣∫ ⟩⊔∫ √⊓∇√≀∫⌉↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⟩∫ \⊣⇕⌉ ⇕⊓∫⊔ ⌊⌉ √∇≀⊑⟩⌈⌉⌈ ⌊† ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\⇔ ∫≀⇕⌉⊔⟨⟩\} ⊔⟨⊣⊔ ⟩∫ \≀⊔ ∫⊓√√≀∇⊔⌉⌈ ⟩\ ⌉§⟩∫⊔⟩\} N⌉WS √∇≀}∇⊣⇕∫↙ T⟨⌉∇⌉{≀∇⌉⇔ ⟩{ ⊔⟨⌉ ≀√⊔⟩≀\⊣↕ \⊣⇕⌉ ⟩∫ \≀⊔ ⌈⌉⊘\⌉⌈⇔ ⊔⟨⌉ ⟨≀∫⊔\⊣⇕⌉ ≀\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⟩∫ ∇⊓\\⟩\} ⟩∫ ⊓∫⌉⌈ ⊣∫ ⊣

∀ ̸C⟨⊣√⊔⌉∇ ↙̸ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\

K⌉† C≀\∫⊔∇⊣⟩\⊔ D⌉⊘\⟩\} C⟨⊣∇⊣⌋⊔⌉∇⟩∫⊔⟩⌋∫ BBG C↕⊣∫∫CCV⊣∇⟩⊣⊔⟩≀\¬ O√⌉∇⊣\⌈∞ ℑ BBG O√⌉∇⊣\⌈∈ ℑ HLS C≀↕≀⊓∇ ⇐′⇔ ↙▽⇔ ′⇒ R⌉↕⊣⊔⟩⊑⌉ H⊓⌉ R⊣\}⌉ ℑ [0, 0] Relative Saturation Range = [0, 0] Relative Perceived Br. Range = [−.25, +.25] BFG colortype RGB Colour (0, 0, 0) CBG ClassCCVariation: Operand1 = CBG Operand2 = BBG Relative Hue Range = [0, 0] Relative Saturation Range = [0, 0] Relative Perceived Br. Range = [+.4, +.4] CFG colortype HLS Colour (0, 0, 0) Extra null

Table 6.1: The Default Window Style Template.

default. The window name is the concatenation of these two names. ClassWindowStyle provides a method to change both the application and optional names of a window.

To allow different window styles to be created, this class deffnes a global dictionary called the StylesDict which contains all of the style templates deffned in the system. A style template is a set of constraints associated with a name in this dictionary. It is called a style template, and not a window style, because a window style can be created from multiple style templates, as discussed below. Each style template is implemented as a dictionary which can contain one or more of these ffve keys: BBG, BFG, CBG, CFG and Extra. The purpose of these speciffc keys is explained below.

When a window is opened, a window style is created for it. Its window style is a dictionary that will contain the constraints which deffne its style, and is created as follows. First, the constraints for the default window style are added to the dictionary. This deffnes a bland, monochromatic window style, as shown in Table 6.1. Next, the application name, the optional name and the window name are looked up in the StylesDict. If any of these are found, their constraints are added to the window style dictionary. Thus, any keys that are deffned in these style templates will replace the current keys in the dictionary.

If none of these names are found in the StylesDict, the default BBG constraint is replaced by a similar ClassCCVariation constraint which uses one of the eight basic colours described in Section 5.4.4 as its second operand. The actual colour value used for operand two is one of the mean centroid values found by Boynton and Olson (Boynton and Olson, 1987), shown in Table 6.2.

Windows with the same name are deffned to be similar, those with different names are deffned to be different. Therefore, all windows with the same name are assigned the same basic colour. The ffrst time a window name is encountered, a basic colour is assigned to it at random from the set of basic colours that have not yet been assigned to any name. When the eight basic colours have been assigned, they are reused. The window difference constraints should take care of making the windows appear different, even if they are based on the same basic colour.

Once the window style has been created, the initial colours for the window are selected by invoking the pickrandom method of the constraints whose keys correspond to the symbolic names of the four window colours: BBG, BBG, CFG and CBG. The colours are picked in such an order that the colour a constraint depends on is

Basic Mean OSA Nearest OSA XYZ Colour Coordinates Coordinates Coordinates Name L j g L j g X Y Z Red -3.6 1.5 -6.9 -4 2 -6 14.77 10.28 6.01 Green -0.4 3.9 2.5 0 4 2 26.56 32.05 18.68 Orange -0.2 5.7 -6.3 0 6 -6 36.08 28.26 9.20 Purple -2.5 -2.5 -1.8 -3 -3 -1 15.20 14.21 24.81 Pink 0.5 0.3 -4.9 1 1 -5 40.38 33.93 30.37 Brown -3.2 2.8 -2.9 -3 3 -3 15.20 14.21 24.81 Yellow 2.6 8.2 -1.7 3 9 -1 53.10 53.86 14.24 Blue -0.8 -2.5 2.8 -1 -3 3 19.62 23.81 39.52

Table 6.2: Centroid Values for Eight Basic Colours.

Parameter Similar Window Different Window Value Value Attract? true false Distance 15 80

Table 6.3: The Window Difference Constraints.

picked before that constraint is used to select a random colour. The same approach is used by the picknewcolours method, which is invoked to select a new set of colours for the window.

Once the initial colour values for the window are selected, the window style constraints are added to the dynamical system as local constraints. The Extra key in the style dictionary holds an array of additional style constraints that are not involved in the initial colour selection, but should be added to the dynamical system. Since the dynamical system is started whenever a new constraint is added, these constraints will be applied to the initial colours even though they were ignored during the initial colour selection.

ClassWindowStyle handles the differentiation between different and similar windows. As mentioned above, if windows have the same name, they are similar, otherwise that are considered different. ClassCCWindowDistance constraints are created to group similar windows and distinguish different windows, as shown in Table 6.3. The distances suggested in Section 6.3.6.3 for grouping similar colours and distinguishing different colours are used for the distance parameter.

A method called checkwindow is provided to check if an external window’s colours confiict with the local colours. This method uses the window names to determine if the windows are similar or different, and invokes the check method of the appropriate ClassCCWindowDistance constraint described above to check for confiicts.

A method called addwindow is provided to add an external window to the dynamical system. As above, the name is used to determine if the window is similar or different and the check method of the appropriate ClassCCWindowDistance constraint is invoked to check for confiicts. If the external window’s colours confiict with local colours, the external window is added to the dynamical system.

6.3.9 ClassColourWindow

ClassColourWindow is used to integrate the colour window classes into the TNT2.0 class hierarchy. To do this, it inherits from both the TNT2.0 ClassWindow and from ClassWindowStyle. This class is also responsible for the interwindow communication of the jostling constraint solver. Furthermore, the ClassDynamicalColourSystem introduced the concept of an initial period of rapid change. This concept is further supported by this class.

Window communication is simple. When a window is created it expresses an interest in an event called a Jostle event. Jostle events contain all of the pertinent information about a window. It then notiffes existing windows of its initial colours by sending out a Jostle event. When a window receives a Jostle event, it checks to see if any of the colours in the jostling window confiict with its colours by invoking the checkwindow method of ClassWindowStyle.

If the colours confiict, one of two things happens. If the confiicting window is in its initial state and the local window is not, a Jostle event is immediately sent directly to the confiicting window and is not added to the local dynamical system. This informs the confiicting window of the local windows colours, allowing it to attempt to solve the confiict before its initial period is over. If the confiicting window in not in its initial state, or the local window is in its initial state, the confiicting window is added to the local window’s dynamical system by invoking the addwindow method of ClassWindowStyle.

A window participates in the jostling process until it is destroyed, even when it is not visible. The decision to include a window in the jostling process when it is iconiffed or invisible is based on the desire to create as stable a colour environment as possible. If windows cease to jostle when they are closed (but not destroyed), colours may be required to change whenever a window is opened, regardless of how long it has been since a window was created or destroyed. These changes are avoided by having all windows continually participate in the jostling process.

Chapter 7

Conclusions and Future work

7.1 Conclusions

The aim of this thesis is to demonstrate the feasibility of a dynamic window system with colour constraints to supports aesthetic colour selection. This has been accomplished. Relevant research from many unrelated ffelds was reviewed, providing a ffrm basis on which to build the system. The important factors that must be taken into account when designing and implementing a dynamic window system with colour constraints were explored in depth and a system designed and implemented which embodied the results. The implementation shows that such systems are possible to create.

There are several key features that make the implementation work. Obviously, the most important aspect is that the colour relationships of interest can be expressed as constraints between the colours. The distributed-jostling model allows the colour selection problem to be decomposed into several smaller problems, allowing for an efffcient implementation. The concept of the dynamical colour system allows the constraints to be modelled as forces between the colours, providing a simple and elegant constraint solver.

It is apparent from using the window system that much ffne tuning is needed, both of the implementation and of the theoretical basic for the constraints. An ongoing period of constraint adjustment is underway in which speciffc values used in the implementation, such as the strengths of the forces that are used to satisfy the constraints, the time step used in the dynamical system, the mass of the colours, etc., are being adjusted.

Of greater importance, however, are the theoretical constraints, not the implementation of them. All of the constraints, especially the contrast constraint and the window separation constraints, where created using experimental results from other ffelds. While those results were the best guidelines available, now that the system has been shown to be feasible, these results need to be examined more carefully in the context of computer window systems. • T⟨⌉ ⌋≀\⊔∇⊣∫⊔ ⇕⌉⊔∇⟩⌋ ⟩∫ ⌊⊣∫⌉⌈ ≀\ ⌉§√⌉∇⟩⇕⌉\⊔∫ ⊒⟨⌉∇⌉ ∇⌉⊣⌈⟩\} ⊔⟨∇⌉∫⟨≀↕⌈∫ ⊒⌉∇⌉ ≀{ ⟩\⊔⌉∇⌉∫⊔↙ A∫ ⊣ ∇⌉∫⊓↕⊔⇔ ⌈⌉⌋↕⟩\⌉∫ ⟩\ ∇⌉⊣⌈⟩\} ∫√⌉⌉⌈∫ ≀{ ⊓√ ⊔≀ ⟨⊣↕{ ⊒⌉∇⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈ ⟩\∫⟩}\⟩⊘⌋⊣\⊔↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉∫⌉ ⌈∇≀√∫ ⟩\ ∇⌉⊣⌈⟩\} ∫√⌉⌉⌈ ⇕≀∫⊔ ↕⟩‖⌉↕† ∇⌉∫⊓↕⊔⌉⌈ ⟩\ ⊣ ∫⟩}\⟩⊘⌋⊣\⊔ ⌈⌉⌋↕⟩\⌉ ⟩\ ∇⌉⊣⌈⟩\} ⌋≀⇕{≀∇⊔↙ I\{≀∇⇕⊣↕ ⌉§√⌉∇⟩⇕⌉\⊔∫ ⊒⟩⊔⟨ ⇕⌉⇕⌊⌉∇∫ ≀{ ⊔⟨⌉ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫ L⊣⌊≀∇⊣⊔≀∇† ⌋≀\⊘∇⇕⌉⌈ ⊔⟨⊣⊔ ⌋≀\⊔∇⊣∫⊔ ↕⌉⊑⌉↕∫ ⇕⊓⌋⟨ ⟨⟩}⟨⌉∇ ⊔⟨⊣\ ⊔⟨≀∫⌉ ⌈⟩∫⌋⊓∫∫⌉∫ ⌊† B≀†\⊔≀\ ⊣\⌈ K\≀⌊↕⊣⊓⌋⟨ ⊣∇⌉ \⌉⌉⌈⌉⌈ {≀∇ ⌋≀⇕{≀∇⊔⊣⌊↕⌉ ⊓∫⌉↙ I\⌈⌉⌉⌈⇔ ⊔⟨⌉∫⌉ ∇⌉∫⌉⊣∇⌋⟨⌉∇∫ \⌉⊑⌉∇ ⌋↕⊣⟩⇕⌉⌈ ⊔⟨⊣⊔ ⊔⟨⌉⟩∇ ∇⌉∫⊓↕⊔∫ ⊒⌉∇⌉ ⊑⊣↕⟩⌈ {≀∇ ⊔⟨⟩∫ √⊣∇⊔⟩⌋⊓↕⊣∇ ⊣√√↕⟩⌋⊣⊔⟩≀\↙ • T⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⇕⌉⊔∇⟩⌋ ⟩∫ ⌊⊣∫⌉⌈ ≀\ ⊔⟨⌉ E⊓⌋↕⟩⌈⌉⊣\ ⌈⟩∫⊔⊣\⌋⌉ ⟩\ CIELUV ∫√⊣⌋⌉↙ W⟨⟩↕⌉ CIELUV ⟩∫ √⌉∇⌋⌉√⊔⊓⊣↕↕† ⊓\⟩{≀∇⇕⇔ ⟩⊔ ⟩∫ }⌉⊣∇⌉⌈ ⊔≀⊒⊣∇⌈ ∫⇕⊣↕↕⌉∇ ⌋≀↕≀⊓∇ ⌈⟩{{⌉∇⌉\⌋⌉∫↙ F⊓∇⊔⟨⌉∇⇕≀∇⌉⇔ \≀ ⊓\⟩{≀∇⇕ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉∫ ⊣∇⌉ ⊒⌉↕↕ ∀∃

∃′ C⟨⊣√⊔⌉∇ ↙ C≀\⌋↕⊓∫⟩≀\∫ ⊣\⌈ F⊓⊔⊓∇⌉ ⊒≀∇‖

∫⊓⟩⊔⌉⌈ {≀∇ |⊓⌈}⟩\} ⌋≀↕≀⊓∇ ∫⟩⇕⟩↕⊣∇⟩⊔†↙ T⊒≀ ∫⟨⊣⌈⌉∫ ≀{ ⊣ ∫⟩\}↕⌉ ⌋≀↕≀⊓∇ ⇕⊣† ⊣√√⌉⊣∇ ∇⌉↕⊣⊔⌉⌈ ⟩\ ∫≀⇕⌉ ⊣⌊∫⊔∇⊣⌋⊔ ⊒⊣†⇔ †⌉⊔ ⌊⌉ {⊣∇ ⊣√⊣∇⊔ ⟩\ ⊔⟨⌉∫⌉ ∫√⊣⌋⌉∫ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⊣∇⌉ ∐⊓⊣\⊔⟩⊔⊣⊔⟩⊑⌉↕† ⌈⟩{{⌉∇⌉\⊔↙ F⊓∇⊔⟨⌉∇⇕≀∇⌉⇔ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⊔⟨∇⌉∫⟨≀↕⌈∫ ⊓∫⌉⌈ ⊒⌉∇⌉ ⌊⊣∫⌉⌈ ≀\ ⌉§√⌉∇⟩⇕⌉\⊔⊣↕ ⌉⊑⊣↕⊓⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ∫⌉}∇⌉}⊣⊔⟩≀\ ⊣⌊⟩↕⟩⊔⟩⌉∫ ≀{ ⊔⟨⌉ ⌊⊣∫⟩⌋ ⌋≀↕≀⊓∇∫↙ T⟨≀∫⌉ ⌉§√⌉∇⟩⇕⌉\⊔∫ ⌈⟩⌈ \≀⊔ {≀⌋⊓∫ ≀\ ⌋∇⌉⊣⊔⟩\} ⊣ ↕≀⊒⌉∇ ⌊≀⊓\⌈ {≀∇ }≀≀⌈ ⌋≀↕≀⊓∇ ∫⌉}∇⌉}⊣⊔⟩≀\↙ F≀∇ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉∫⌉ √∇≀⌊↕⌉⇕∫⇔ ⌉§√⌉∇⟩⇕⌉\⊔∫ \⌉⌉⌈ ⊔≀ ⌊⌉ ⌈⌉∫⟩}\⌉⌈ ⊔≀ ⌈⌉⊔⌉∇⇕⟩\⌉ ⇕≀∇⌉ √∇⌉⌋⟩∫⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ {≀∇ ⊓∫⌉ ⟩\ ⌈†\⊣⇕⟩⌋ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫↙ T⟨⟩∫ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⌋⊣\ ∫⌉∇⊑⌉ ⊣∫ ⊣\ ⟩⌈⌉⊣↕ ⊔⌉∫⊔⌊⌉⌈ {≀∇ ⊔⟨⌉ ∇⌉∫⊓↕⊔∫ ≀{ ∫⊓⌋⟨ ⌉§√⌉∇⟩⇕⌉\⊔∫↙ A\≀⊔⟨⌉∇ ⌉§⊣⇕√↕⌉ ≀{ ⌉§√⌉∇⟩⇕⌉\⊔⊣⊔⟩≀\ ⊔⟨⊣⊔ ⌋⊣\ ⌊⌉ ∫⊓√√≀∇⊔⌉⌈ ⊒⟩⊔⟨ ⊔⟨⟩∫ ∫†∫⊔⌉⇕ ⟩\⊑≀↕⊑⌉∫ ⌉§√⌉∇⟩⇕⌉\⊔∫ ⊣⟩⇕⌉⌈ ⊣⊔ ⌈⟩∫⌋≀⊑⌉∇⟩\} ⊣ ⇕≀∇⌉ ⌋≀⇕√∇⌉⟨⌉\∫⟩⊑⌉ ⇕≀⌈⌉↕ ≀{ ⊒⟩\⌈≀⊒ ⌈⟩{{⌉∇⌉\⌋⌉ ⊣\⌈ ∫⟩⇕⟩↕⊣∇⟩⊔†↙ A }⌉\⌉∇⊣↕ ⇕≀⌈⌉↕ ≀{ ⟨≀⊒ √⌉≀√↕⌉ |⊓⌈}⌉ ⌋≀↕≀⊓∇⌉⌈ ≀⌊|⌉⌋⊔∫ ⊔≀ ⌊⌉ ⌈⟩{{⌉∇⌉\⊔ ≀∇ ∫⟩⇕⟩↕⊣∇ ⌈≀⌉∫ \≀⊔ ⌉§⟩∫⊔⇔ †⌉⊔ ⟩∫ \⌉⌉⌈⌉⌈ ⊔≀ ⌋∇⌉⊣⊔⌉ ⇕≀∇⌉ ⊓∫⌉{⊓↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ {≀∇ ⊒⟩\⌈≀⊒ ≀∇}⊣\⟩‡⊣⊔⟩≀\↙ F⊓∇⊔⟨⌉∇⇕≀∇⌉⇔ ⇕≀∇⌉ ⊔⟨⊣\ |⊓∫⊔ ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ≀∇ ∫⟩⇕⟩↕⊣∇⟩⊔† ≀{ ⊔⟨⌉ ⌋≀⇕√≀\⌉\⊔ ⌋≀↕≀⊓∇∫ ⟩∫ ⟩\⊑≀↕⊑⌉⌈ ⟩\ ⊔⟨⌉ }∇≀⊓√⟩\} ⊣\⌈ ∫⌉}∇⌉}⊣⊔⟩≀\ ≀{ ⊒⟩\⌈≀⊒∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⊓∫⌉ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟨⊣∫ ∫⟨≀⊒\ ⊔⟨⊣⊔ ⊑⌉∇† ⌈⟩{{⌉∇⌉\⊔ ⊒⟩\⌈≀⊒ ∫⊔†↕⌉∫ ⌋⊣\ ⌋∇⌉⊣⊔⌉ ⊑⟩∫⊓⊣↕↕† ⊓\∇⌉↕⊣⊔⌉⌈ ⊒⟩\⌈≀⊒∫ ⊒⟩⊔⟨ ∐⊓⟩⊔⌉ ∫⟩⇕⟩↕⊣∇ ⌋≀↕≀⊓∇∫↙ I⇕√∇≀⊑⟩\} ⊔⌉⌋⟨\⟩∐⊓⌉∫ {≀∇ ⊒⟩\⌈≀⊒ ≀∇}⊣\⟩‡⊣⊔⟩≀\ ⟩∫ ⟩⇕√≀∇⊔⊣\⊔⇔ ⊣∫ ∇⌉⌋⌉\⊔ ⌉§√⌉∇⟩⇕⌉\⊔∫ ⇐C≀⊒⊣\⇔ J≀↕⟩⌋≀⌉⊓∇ ⊣\⌈ L≀≀√⇔ ∞∃∃∞⇒ ∫⟨≀⊒ ⌋≀\⊑⟩\⌋⟩\}↕† ⊔⟨⊣⊔ ⌋≀↕≀⊓∇ ⟩∫ {⊣∇ ∫⊓√⌉∇⟩≀∇ ⊔≀ ⊣\† ≀⊔⟨⌉∇ ⊣∫√⌉⌋⊔ ≀{ ⌋≀⇕√⊓⊔⌉∇ ⊒⟩\⌈≀⊒∫ {≀∇ ⌋≀\⊔⌉§⊔ ∇⌉∫≀↕⊓⊔⟩≀\↙ F⊓∇⊔⟨⌉∇⇕≀∇⌉⇔ ⊓∫⌉ ≀{ ⊔⟨⌉ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕ ⟨⊣∫ ∫⊓}}⌉∫⊔⌉⌈ ⊣ \⌉⌉⌈ {≀∇ ⇕≀∇⌉ ∫√⌉⌋⟩⊣↕⟩‡⌉⌈ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⌋≀↕≀⊓∇ ⌋≀⇕⌊⟩\⊣⊔⟩≀\∫ ∫⊓⌋⟨ ⊣∫ {⊓↕↕† ∫⊣⊔⊓∇⊣⊔⌉⌈ ∇⌉⌈ ⊒⟩⊔⟨ {⊓↕↕† ∫⊣⊔⊓∇⊣⊔⌉⌈ ⌊↕⊓⌉ ∫⟨≀⊓↕⌈ ⌊⌉ ⊣⊑≀⟩⌈⌉⌈↙ W⟨⟩↕⌉ ⊔⟨⌉ ∇⌉⌈∝⌊↕⊓⌉ √∇≀⌊↕⌉⇕ ⟩∫ ⊒⌉↕↕ ‖\≀⊒\⇔ ≀⊔⟨⌉∇ ⌋≀↕≀⊓∇∫ ⌉§⟨⟩⌊⟩⊔⌉⌈ √∇≀⌊↕⌉⇕∫ ⊒⟨⟩⌋⟨ \⌉⌉⌈ ⊔≀ ⌊⌉ ⌉§√↕≀∇⌉⌈↙ V⌉∇† ∫⊣⊔⊓∇⊣⊔⌉⌈ √⊓∇√↕⌉⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⌋⊣⊓∫⌉⌈ ⇕⊓⌋⟨ ⊔⟨⌉ ∫⊣⇕⌉ √∇≀⌊↕⌉⇕∫ ⊒⟨⌉\ ⊓∫⌉⌈ ⊒⟩⊔⟨ ⊣↕⇕≀∫⊔ ⊣\† ⌋≀↕≀⊓∇↙ T⟨⌉ √⌉∇{≀∇⇕⊣\⌋⌉ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊒⊣∫ ∫⊓∇√∇⟩∫⟩\}↕† }≀≀⌈⇔ ⌋≀\∫⟩⌈⌉∇⟩\} ⊔⟨⌉ ⊣⇕≀⊓\⊔ ≀{ √∇≀⌋⌉∫∫⟩\} ⌊⌉⟩\} ⌈≀\⌉ ⟩\ ⊣\ ⟩\⊔⌉∇√∇⌉⊔⌉⌈ ↕⊣\}⊓⊣}⌉↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉ √⌉∇{≀∇⇕⊣\⌋⌉ ⟩∫ \≀⊔ ⊣⌈⌉∐⊓⊣⊔⌉ {≀∇ ⊣ √∇≀⌈⊓⌋⊔⟩≀\ ∫†∫⊔⌉⇕⇔ ≀∇ ⌉⊑⌉\ ≀\⌉ ⊔⟨⊣⊔ ⊒⟩↕↕ ⌊⌉ ⊓∫⌉⌈ {≀∇ ⌉§√⌉∇⟩⇕⌉\⊔⊣⊔⟩≀\↙ I⊔ ⟩∫ ⟨≀√⌉⌈ ⊔⟨⊣⊔ {⊓∇⊔⟨⌉∇ ∇⌉⊘\⌉⇕⌉\⊔ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊒⟩↕↕ ⊣↕↕⌉⊑⟩⊣⊔⌉ ⊔⟨⌉ √⌉∇{≀∇⇕⊣\⌋⌉ √∇≀⌊↕⌉⇕∫↙ H≀⊒⌉⊑⌉∇⇔ ⟩{ ⊣↕↕ ⌉↕∫⌉ {⊣⟩↕∫⇔ ⇕⊓⌋⟨ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⌋⊣\ ⌊⌉ ∇⌉⌋≀⌈⌉⌈ ⟩\ C ⊣\⌈ ⌉§⌉⌋⊓⊔⌉⌈ ⊣∫ ⊣\ ⌉§⊔⌉∇\⊣↕ √∇≀⌋⌉∫∫↙ T⟨⟩∫ ⊒⟩↕↕ ⌈⌉⊘\⟩⊔⌉↕† ∫≀↕⊑⌉ ⊔⟨⌉ √⌉∇{≀∇⇕⊣\⌋⌉ √∇≀⌊↕⌉⇕∫⇔ ⊣↕⊔⟨≀⊓}⟨ ∫≀⇕⌉ ⊙⌉§⟩⌊⟩↕⟩⊔† {≀∇ ⌉§√⌉∇⟩⇕⌉\⊔⊣⊔⟩≀\ ⇕⊣† ⌊⌉ ↕≀∫⊔↙ T⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⟩∫ ⌊⊣∫⌉⌈ ≀\ ⊔⟨⌉ HLS ⌋≀↕≀⊓∇ ∫√⊣⌋⌉⇔ ⊒⟨⟩⌋⟨ ⟩∫ \≀⊔ \⌉⌋⌉∫∫⊣∇⟩↕† ⊔⟨⌉ ⌊⌉∫⊔ ⌋⟨≀⟩⌋⌉↙ HLS ⊒⊣∫ ⊓∫⌉⌈ √∇⟩⇕⊣∇⟩↕† ⌊⌉⌋⊣⊓∫⌉ ⟩⊔ ⟩∫ ⌉⊣∫† ⊔≀ ⊑⟩∫⊓⊣↕⟩‡⌉ ⊣\⌈ ⌉§√↕⊣⟩\ ⊔≀ \≀\↖⌋≀↕≀⊓∇ ⊔⟨⌉≀∇⟩∫⊔∫ ⊣\⌈ ⌊⌉⌋⊣⊓∫⌉ ⟩∫ ⟩∫ ⇕⊣⊔⟨⌉⇕⊣⊔⟩⌋⊣↕↕† ⊓\⟩{≀∇⇕⇔ ⇕⊣‖⟩\} ⊔⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⇕≀∫⊔ ≀{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊑⌉∇† ∫⟩⇕√↕⌉↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⟩∫ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉ ⟩∫ √⌉∇⌋⌉√⊔⊓⊣↕↕† \≀\↖⊓\⟩{≀∇⇕ ⊣\⌈ ⟩∫ \≀⊔ ⊒⌉↕↕ ∫⊓⟩⊔⌉⌈ {≀∇ ∫≀⇕⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ ⇕≀∫⊔ \≀⊔⊣⌊↕† ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ⌋≀\∫⊔∇⊣⟩\⊔↙ A ⌊⌉⊔⊔⌉∇ ⌋⟨≀⟩⌋⌉ ⊒≀⊓↕⌈ ⌊⌉ ≀\⌉ ≀{ ⊔⟨⌉ ⊓\⟩{≀∇⇕ ⌋≀↕≀⊓∇ ∫√⊣⌋⌉∫⇔ ∫⊓⌋⟨ ⊣∫ CIELUV↙ CIELUV ∫⊓√√≀∇⊔∫ ⊔⟨⌉ \≀⊔⟩≀\∫ ≀{ ⟨⊓⌉⇔ ↕⟩}⟨⊔\⌉∫∫ ⊣\⌈ ∫⊣⊔⊓∇⊣⊔⟩≀\ ⊒⟨⟩⌋⟨ ⊣∇⌉ \⌉⌉⌈⌉⌈ {≀∇ ⊔⟨⌉ C↕⊣∫∫CCV⊣∇⟩⊣⊔⟩≀\ ⌋≀\∫⊔∇⊣⟩\⊔ ⊣∫ {≀↕↕≀⊒∫ ⇐CIE⇔ ∞∃∀⇒¬ h_{uv} = arctan(v^∗ /u^∗) (7.1) C^∗_{uv} = (u^{∗∈} + v^{∗ ∈} )1^{/2} ↼7▷2↽ s_{uv} = C^∗_{uv}/L^∗ ⇐↙∋⇒ ⊒⟨⌉∇⌉ L ∗ ⇔ u^∗ ⊣\⌈ v^∗ ⊣∇⌉ ⊔⟨⌉ CIELUV ⌋≀≀∇⌈⟩\⊣⊔⌉∫ ≀∇ ⊣ ⌋≀↕≀⊓∇ ⊑⊣↕⊓⌉⇔ L^∗ ⟩∫ ⊔⟨⌉ ↕⟩}⟨⊔\⌉∫∫ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇⇔ h_{uv} is the hue angle of the colour C^∗uv is the chroma of the colour and s uv is the saturation of the colour▷ Furthermore L^∗ ⟩∫ ⊣ ⌈⟩∇⌉⌋⊔ {⊓\⌋⊔⟩≀\ ≀{ Y as follows L^∗ = 116(Y /Y_n)1^{/3}− ∞,̸ Y /Y_n > 0.01 (7.4) (where Y_n is the value of Y for the white objectcolour↽ making CIELUV appropriate for calculating ClassCC Contrast as well▷

7▷2 Future Work Much work remains to be done before this system could be interpretted as a fully usable commercial system▷ Most obviously a well designed graphical interface should be created to allow users easy modiαcation of various

7▷2▷ Future Work 91

aspects of the system such as adjusting individual colour values and creating and modifying aesthetic constraints and window styles▷ No interactive support is currently provided for these tasks▷ User criticisms are not currently handled by the system although support for doing so exists in the form a colour mass▷ Colours that a user has expressed preference in merely need to have there mass increased to prevent them from moving▷ When a user indicates his or her likes or dislikes they should be retained analyzed and used to inβuence future choices▷ However techniques for doing this effectively and efαciently need to be explored carefully so that the ability of the system to suggest new colour combinations is not compromised▷ A simple way of handling this is to occasionally create some windows based on past user choices and to create others without regard for those choices▷ An exciting possibility for creating windows based on past user choices is found in ↼Salomon and Chen 1989↽ where neural nets were used to generate colour sets▷ The generated sets have the property that they are quite similar to the seed set which is exactly what is required here▷ Another area for improvement is the handling of more than the four basic colours for a speciαc window▷ Fortunately the dynamic window system was designed with this in mind so adding support for more colours and for constraints between them would be trivial▷ For example since the colours are stored in PostScript dictionaries adding support for additional colours only requires that a consistent naming scheme be developed for these colours▷ The dynamical system and the constraints would automatically handle the new colours while the window style object would need to be generalized▷ Given the ability to use an arbitrary number of colours in a single window it would be possible to automatically generate multiple background and foreground colours for a single window▷ For example an application could request a background colour and any number of foreground colours for use with it▷ The techniques used for the generation of distinguishable window colours as well as research such as ↼Corte 1986↽ and ↼Grosse 1985↽ would provide a basis for this functionality▷ By giving applications the ability to specify the foreground◁background relationship between any pair of colours the implementation would be straightforward▷ Additional constraints for to assist with aesthetic colour selection should be developed▷ It is mentioned in Section 2▷3 that one of the design goals of the OSA space was the capability of suggesting interesting colour harmonies▷ The art of Karl Gerstner ↼1986↽ demonstrates that this goal has been achieved▷ Lai ↼1991↽ demonstrates one possible intuitive approach to navigating the OSA colour space▷ This interface could be used to allow users to specify interesting aesthetic constraints based on the planes of the OSA lattice▷ One class of windows that have seemingly been ignored throughout this thesis are those which contain realistic and◁or complicated interiors▷ Handling such windows is difαcult and was deemed clearly beyond the scope of this thesis from the start▷ The major problem with such windows is that there is not clear way to select colours that will harmonize with them so another approach is called for▷ Consider the way pictures are framed▷ No matter how complicated the picture the use of a sufαciently thick matte will allow it to be placed on a wall of a completely different colour or with a complicated pattern▷ The matte sets the picture apart from the rest of the wall just as a thicker neutrally coloured border would set a complicated window apart from the rest of the window system and prevent it from ruining the harmony of the window system▷ However a computer screen can afford the loss of real estate represented by a thick matte far less than a wall▷ Other techniques will need to be investigated▷ In the very least experiments should be performed to discover the minimum reasonable thickness that a border should be to provide good separation▷ Another problem is that as colour becomes easier to use the limits of colour to organize windows are discovered▷ Colour spaces have only three degrees of freedom and organizing many unrelated windows in a useful fashion is quite difαcult▷ To alleviate this problem the colour vocabulary needs to be enriched▷ The obvious dimension to explore is visual texture▷ Currently windows all have a plastic appearance regardless of their colour▷ Imagine instead windows that appeared as marble wood metal fur or water▷ By adding additional degrees of freedom to window appearance especially ones that are so completely different from the current ones the ability to organize windows is signiαcantly increased▷ While there are many different ways texture could be added and

92 Chapter 7▷ Conclusions and Future work

many different textures that could be added experiments should be performed to discover what sort of textures would be useful to support context resolution and window organization and not merely gratuitous▷

Appendix A

Relating CIELUV Units to OSA Units

Boynton and Smallman ↼1990↽ demonstrated that the basic colours have good segregational abilities▷ Part of that ability is due to their good separation in OSA space, the pairs of basic colours are on average just over ten OSA units appart▷ Distances as small as half of that also showed good separation is certain cases▷ The adjacent colours in the OSA space are similar enough to appear related yet clearly distinct when viewed in close proximity▷ Thus they provide a good metric for the degree of difference that should be used for similar colours▷ Unfortunately the OSA space is not practical for computer graphics work because it only encompasses a subset of the CRT colour gamut▷ Worse the deαning formulae do not extrapolate well beyond the conαnes of the OSA space becoming very badly behaved even within the conαnes of the CRT gamut▷ Another uniform colour space such as the CIELUV colour space described in Section 2▷2▷2▷2 is more appropriate for use with CRTs▷ What is needed then are reasonable CIELUV equivalents to the OSA distances mentioned above▷ Since the OSA space is discrete with only 424 colours deαned it is fairly simple to compute the distance between every pair and compare it to the distance between the CIELUV representations of the two colours▷ The CIELUV coordinates of each colour were obtained by converting from the XYZ coordinates found in ↼Wyszecki and Stiles 1982↽▷ Tables A▷1 and A▷2 show the results of the comparison▷ For all the pairs of OSA colours with the same interpoint distance the average maximum minimum and standard deviation for the equivalent CIELUV distances are shown▷ The results are fairly good showing that if only rough distance measures are required the CIELUV space will serve the purpose▷ By examining the table 80 CIELUV units is a reasonable value to represent a distance of ten OSA units▷ Similarly 40 CIELUV units shall be used to represent αve OSA units and 15 CIELUV units to represent 2 OSA units▷

94 Appendix A▷ Relating CIELUV Units to OSA Units

OSA CIELUV Distance OSA CIELUV Distance Dist Cnt Av Max Min Std▷Dev Dist Cnt Av Max Min Std▷Dev 1▷7 1372 13▷4 17▷9 7▷4 0▷14 9▷5 1549 77▷9 102▷4 51▷4 0▷16 2▷0 992 15▷3 21▷0 8▷4 0▷22 9▷8 720 78▷8 100▷2 56▷0 0▷13 2▷8 1739 21▷8 30▷7 14▷7 0▷15 9▷9 2035 80▷0 104▷7 54▷5 0▷14 3▷3 3238 25▷6 36▷9 15▷1 0▷18 10▷0 818 81▷5 106▷5 53▷3 0▷15 3▷5 1078 26▷9 35▷2 16▷7 0▷13 10▷2 1833 83▷2 108▷1 54▷7 0▷15 4▷0 734 31▷0 41▷9 19▷3 0▷22 10▷3 1725 83▷9 110▷6 60▷2 0▷14 4▷4 2730 33▷8 47▷3 23▷0 0▷14 10▷4 791 85▷4 109▷2 55▷8 0▷14 4▷5 2640 34▷7 49▷3 22▷7 0▷18 10▷7 999 87▷4 111▷9 62▷7 0▷14 4▷9 2481 38▷2 53▷2 23▷8 0▷15 10▷8 1474 87▷3 114▷9 60▷6 0▷13 5▷2 3158 40▷6 56▷5 25▷7 0▷18 11▷0 920 91▷0 115▷8 61▷5 0▷14 5▷7 1062 44▷1 60▷8 31▷4 0▷15 11▷1 892 91▷3 115▷4 59▷3 0▷13 5▷9 4007 46▷2 65▷3 31▷2 0▷16 11▷3 191 92▷9 117▷9 73▷9 0▷15 6▷0 2518 47▷0 63▷6 30▷4 0▷15 11▷4 1840 95▷3 121▷0 62▷6 0▷13 6▷3 1842 49▷8 69▷0 32▷4 0▷19 11▷5 720 94▷6 118▷5 66▷6 0▷14 6▷6 1789 51▷5 68▷2 35▷0 0▷13 11▷7 664 95▷0 123▷2 70▷7 0▷13 6▷6 1739 52▷3 71▷8 33▷9 0▷17 11▷8 936 97▷6 122▷2 65▷6 0▷13 6▷9 567 54▷4 68▷5 39▷3 0▷12 11▷8 611 98▷8 123▷7 71▷1 0▷13 7▷1 3096 56▷5 76▷5 36▷6 0▷17 12▷0 361 98▷3 123▷3 65▷1 0▷13 7▷2 1488 56▷8 78▷2 39▷1 0▷16 12▷1 614 102▷1 127▷7 70▷7 0▷12 7▷5 2810 59▷0 80▷8 41▷1 0▷14 12▷2 275 105▷8 127▷5 66▷3 0▷10 7▷7 4018 60▷8 83▷8 41▷0 0▷15 12▷3 719 103▷7 127▷7 67▷1 0▷12 8▷0 324 64▷9 82▷8 41▷7 0▷19 12▷4 893 102▷8 128▷7 73▷9 0▷12 8▷2 1184 65▷2 86▷1 44▷3 0▷15 12▷6 206 110▷1 133▷1 75▷4 0▷09 8▷2 2339 65▷8 88▷5 43▷7 0▷15 12▷8 195 107▷6 131▷1 86▷1 0▷15 8▷5 1619 68▷0 90▷5 44▷6 0▷16 12▷8 731 108▷3 133▷2 76▷0 0▷12 8▷7 2372 68▷8 93▷4 50▷3 0▷15 13▷0 345 109▷0 133▷0 82▷8 0▷14 8▷7 1006 69▷0 91▷7 53▷7 0▷14 13▷1 821 111▷8 135▷7 80▷5 0▷12 8▷9 925 71▷9 96▷5 49▷5 0▷16 13▷1 151 106▷6 128▷2 81▷1 0▷12 9▷1 2709 73▷3 96▷1 47▷8 0▷15 13▷3 142 115▷3 135▷0 90▷6 0▷08 9▷2 1741 73▷7 98▷3 50▷7 0▷15 13▷4 656 114▷1 139▷3 84▷3 0▷11 9▷4 838 74▷2 93▷9 57▷5 0▷12 13▷4 391 112▷7 139▷8 84▷7 0▷13 Table A▷1. A comparison of OSA and CIELUV distances▷

OSA CIELUV Distance OSA CIELUV Distance Dist Cnt Av Max Min Std▷ Dev Dist Cnt Av Max Min Std▷ Dev 13▷6 240 117▷9 139▷7 85▷6 0▷10 16▷6 47 142▷1 164▷5 117▷4 0▷08 13▷7 217 115▷7 140▷0 87▷6 0▷11 16▷7 9 139▷0 151▷8 108▷1 0▷13 13▷9 24 106▷4 121▷6 91▷7 0▷11 16▷8 22 144▷5 167▷1 125▷4 0▷08 14▷0 373 119▷5 144▷7 86▷8 0▷10 17▷0 12 156▷5 166▷7 147▷7 0▷05 14▷0 204 120▷5 142▷9 93▷7 0▷09 17▷1 18 153▷7 167▷5 120▷6 0▷12 14▷1 268 118▷8 146▷7 89▷6 0▷12 17▷1 12 156▷5 167▷8 138▷6 0▷08 14▷2 322 124▷4 145▷4 96▷6 0▷11 17▷2 34 147▷6 169▷5 126▷3 0▷08 14▷3 161 124▷8 146▷2 95▷6 0▷11 17▷3 32 151▷4 168▷7 123▷6 0▷07 14▷4 78 126▷7 147▷7 97▷7 0▷12 17▷3 16 147▷8 169▷4 123▷8 0▷13 14▷5 170 121▷7 145▷9 94▷5 0▷14 17▷4 4 161▷9 163▷9 160▷7 0▷01 14▷6 196 127▷6 151▷0 96▷9 0▷10 17▷5 18 146▷8 171▷3 130▷5 0▷10 14▷7 226 126▷4 150▷4 96▷0 0▷10 17▷5 8 155▷7 169▷7 148▷9 0▷04 14▷8 208 127▷5 151▷2 96▷4 0▷10 17▷7 6 149▷0 169▷1 121▷5 0▷13 15▷0 91 127▷6 149▷5 99▷7 0▷11 17▷7 18 149▷2 170▷2 128▷5 0▷08 15▷1 201 129▷9 152▷0 96▷8 0▷10 17▷9 4 148▷1 172▷2 139▷6 0▷11 15▷1 58 127▷3 148▷9 98▷2 0▷10 18▷0 7 154▷9 160▷5 151▷1 0▷02 15▷2 44 133▷8 156▷1 120▷1 0▷08 18▷0 9 147▷0 166▷9 137▷1 0▷06 15▷3 70 135▷8 157▷2 123▷7 0▷06 18▷1 1 157▷2 157▷2 157▷2 NaN 15▷4 99 132▷9 155▷6 99▷4 0▷10 18▷2 3 153▷2 164▷3 146▷4 0▷06 15▷6 116 134▷8 155▷4 104▷5 0▷10 18▷2 2 160▷6 162▷1 159▷2 0▷01 15▷6 74 134▷3 156▷7 102▷7 0▷12 18▷3 4 154▷0 167▷3 148▷2 0▷06 15▷7 104 138▷7 157▷6 108▷8 0▷10 18▷4 3 153▷0 161▷6 146▷6 0▷05 15▷8 144 138▷7 161▷4 101▷7 0▷11 18▷4 1 154▷7 154▷7 154▷7 NaN 16▷0 2 140▷3 144▷6 135▷9 0▷04 18▷5 1 159▷3 159▷3 159▷3 NaN 16▷1 79 139▷8 161▷8 111▷6 0▷09 18▷6 3 142▷8 155▷3 134▷8 0▷08 16▷1 68 140▷9 162▷3 107▷4 0▷10 18▷8 1 162▷1 162▷1 162▷1 NaN 16▷2 52 141▷2 161▷9 119▷3 0▷10 18▷9 2 149▷3 156▷0 142▷6 0▷06 16▷3 20 141▷4 152▷9 108▷6 0▷09 19▷0 3 147▷4 156▷9 139▷3 0▷06 16▷4 15 139▷5 157▷3 113▷7 0▷08 19▷1 1 161▷1 161▷1 161▷1 NaN 16▷5 16 142▷9 164▷2 136▷3 0▷05 19▷3 2 149▷7 151▷4 147▷9 0▷02 16▷6 59 142▷5 166▷3 111▷3 0▷09 19▷5 1 155▷1 155▷1 155▷1 NaN Table A▷2. A comparison of OSA and CIELUV distances▷

96 Appendix A▷ Relating CIELUV Units to OSA Units

Appendix B

Object Oriented Programming

A good overview of object oriented programming principles and terminology may be found in ↼Wegner 1987↽ or ↼Meyer 1988↽▷ Details of the object oriented extension to PostScript used in NeWS can be found in ↼Sun 1990↽▷ This appendix provides a list of the key object oriented terms needed to understand the thesis▷ The following list of terms is taken from ↼Wegner 1987↽▷ • ≀⌊|⌉⌋⊔¬ A\ ≀⌊|⌉⌋⊔ ⟨⊣∫ ⊣ ∫⌉⊔ ≀{ ⊖≀√⌉∇⊣⊔⟩≀\∫⪰ ⊣\⌈ ⊣ ⊖∫⊔⊣⊔⌉⪰ ⊔⟨⊣⊔ ∇⌉⇕⌉⇕⌊⌉∇∫ ⊔⟨⌉ ⌉{{⌉⌋⊔ ≀{ ≀√⌉∇⊣⊔⟩≀\∫↙ T⟨⌉ ⊑⊣↕⊓⌉ ∇⌉⊔⊓∇\⌉⌈ ⌊† ⊣\ ≀√⌉∇⊣⊔⟩≀\ ≀\ ⊣\ ≀⌊|⌉⌋⊔⇔ ⊓\↕⟩‖⌉ ⊔†√⟩⌋⊣↕ {⊓\⌋⊔⟩≀\∫⇔ ⇕⊣† ⌈⌉√⌉\⌈ ≀\ ⟩⊔∫ ∫⊔⊣⊔⌉ ⊣∫ ⊒⌉↕↕ ⊣∫ ⟩⊔∫ ⊣∇}⊓⇕⌉\⊔∫↙ • ≀⌊|⌉⌋⊔↖≀∇⟩⌉\⊔⌉⌈ ↕⊣\}⊓⊣}⌉¬ A ↕⊣\}⊓⊣}⌉ ⊔⟨⊣⊔ ∫⊓√√≀∇⊔∫ ≀⌊|⌉⌋⊔∫ ⊒⟨⟩⌋⟨ ⌊⌉↕≀\} ⊔≀ ⌋↕⊣∫∫⌉∫ ⊣\⌈ ⟨⊣∫ ⌋↕⊣∫∫ ⟨⟩⌉∇⊣∇↖ ⌋⟨⟩⌉∫ ⊒⟨⟩⌋⟨ ⇕⊣† ⌊⌉ ⟩\⌋∇⌉⇕⌉\⊔⊣↕↕† ⌈⌉⊘\⌉⌈ ⌊† ⟩\⟨⌉∇⟩⊔⊣\⌋⌉↙ I\ ≀⊔⟨⌉∇ ⊒≀∇⌈∫¬ ≀⌊|⌉⌋⊔↖≀∇⟩⌉\⊔⌉⌈ ℑ ≀⌊|⌉⌋⊔ ⇓ ⌋↕⊣∫∫ ⇓ ⟩\⟨⌉∇⟩⊔⊣\⌋⌉ • ⌋↕⊣∫∫¬ A ⌋↕⊣∫∫ ⟩∫ ⊣ ⊔⌉⇕√↕⊣⊔⌉ {∇≀⇕ ⊒⟨⟩⌋⟨ ≀⌊|⌉⌋⊔∫ ⊣∇⌉ ⌋∇⌉⊣⊔⌉⌈↙ O⌊|⌉⌋⊔∫ ≀{ ⊔⟨⌉ ∫⊣⇕⌉ ⌋↕⊣∫∫ ⟨⊣⊑⌉ ⌋≀⇕⇕≀\ ≀√⌉∇⊣⊔⟩≀\∫↙ C↕⊣∫∫⌉∫ ⟨⊣⊑⌉ ⊣\ ⟩\⊔⌉∇{⊣⌋⌉ ⊔⟨⊣⊔ ∫√⌉⌋⟩{† ⊔⟨⌉ ≀√⌉∇⊣⊔⟩≀\∫ ⊣⌋⌋⌉∫∫⟩⌊↕⌉ ⊔≀ ⌋↕⟩⌉\⊔∫↙ T⟨⌉ ⌋↕⊣∫∫ ∫√⌉⌋⟩⊘⌉∫ ⌋≀⌈⌉ {≀∇ ⟩⇕√↕⌉⇕⌉\⊔⟩\} ≀√⌉∇⊣⊔⟩≀\∫ ⟩\ ⊔⟨⌉ ⌋↕⊣∫∫ ⟩\⊔⌉∇{⊣⌋⌉↙ • ⟩\⟨⌉∇⟩⊔⊣\⌋⌉¬ A ⌋↕⊣∫∫ ⇕⊣† ⟩\⟨⌉∇⟩⊔ ≀√⌉∇⊣⊔⟩≀\∫ {∇≀⇕ ⊖∫⊓√⌉∇⌋↕⊣∫∫⌉∫⪰ ⊣\⌈ ⇕⊣† ⟨⊣⊑⌉ ⟩⊔∫ ≀√⌉∇⊣⊔⟩≀\∫ ⟩\⟨⌉∇⟩⊔⌉⌈ ⌊† ⊖∫⊓⌊⌋↕⊣∫∫⌉∫↙⪰ A\ ≀⌊|⌉⌋⊔ ≀{ ⌋↕⊣∫∫ X ⇕⊣† ⊓∫⌉ ⊔⟨⌉ ≀√⌉∇⊣⊔⟩≀\∫ ⌈⌉⊘\⌉⌈ ⌊† ⌋↕⊣∫∫ X ⊣\⌈ ⟩⊔∫ ∫⊓√⌉∇⌋↕⊣∫∫⌉∫↙ I\⟨⌉∇⟩⊔⊣\⌋⌉ {∇≀⇕ ⊣ ∫⟩\}↕⌉ ∫⊓√⌉∇⌋↕⊣∫∫ ⟩∫ ⌋⊣↕↕⌉⌈ ∫⟩\}↕⌉ ⟩\⟨⌉∇⟩⊔⊣\⌋⌉∅ ⟩\⟨⌉∇⟩⊔⊣\⌋⌉ {∇≀⇕ ⇕⊓↕⊔⟩√↕⌉ ∫⊓√⌉∇⌋↕⊣∫∫⌉∫ ⟩∫ ⌋⊣↕↕⌉⌈ ⇕⊓↕⊔⟩√↕⌉ ⟩\⟨⌉∇⟩⊔⊣\⌋⌉↙ T⟨⌉ {≀↕↕≀⊒⟩\} ⊣⌈⌈⟩⊔⟩≀\⊣↕ ⌈⌉⊘\⟩⊔⟩≀\∫ ⊣∇⌉ ⊔⊣‖⌉\ {∇≀⇕ ⇐S⊓\⇔ ∞∃∃′⇒↙ • ⟩\∫⊔⊣\⌋⌉¬ A\ ⟩\∫⊔⊣\⌋⌉ ⟩∫ ≀\⌉ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⌊† ⊣ ⌋↕⊣∫∫∅ ⊣\ ⟩\∫⊔⊣\⌋⌉ ⟩\⟨⌉∇⟩⊔∫ ⟩⊔∫ ⊑⊣∇⟩⊣⌊↕⌉∫ ⊣\⌈ √∇≀⌋⌉⌈⊓∇⌉∫ {∇≀⇕ ⟩⊔∫ ⌋↕⊣∫∫↙ • ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉∫¬ I\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉∫ ⊣∇⌉ }⟩⊑⌉\ ⊔≀ ⌉⊣⌋⟨ ⟩\∫⊔⊣\⌋⌉ ≀{ ⊣ ⌋↕⊣∫∫↙ • ⌋↕⊣∫∫ ⊑⊣∇⟩⊣⌊↕⌉∫¬ C↕⊣∫∫ ⊑⊣∇⟩⊣⌊↕⌉∫ ⊣∇⌉ ∫⟨⊣∇⌉⌈ ⌊† ⊣↕↕ ⟩\∫⊔⊣\⌋⌉∫ ≀{ ⊣ ⌋↕⊣∫∫↙ T≀}⌉⊔⟨⌉∇ ⊒⟩⊔⟨ ⊔⟨⌉ ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉∫⇔ ⊔⟨⌉† ⌈⌉⊘\⌉ ⊔⟨⌉ ⊖∫⊔⊣⊔⌉⪰ ≀{ ⊣\ ≀⌊|⌉⌋⊔↙ • ⇕⌉⊔⟨≀⌈∫¬ M⌉⊔⟨≀⌈∫ ⊣∇⌉ √∇≀⌋⌉⌈⊓∇⌉∫ ⊔⟨⊣⊔ ⊣ ⌋↕⊣∫∫ ⊓∫⌉∫ ⊔≀ ≀√⌉∇⊣⊔⌉ ≀\ ⟩⊔∫ ⟩\∫⊔⊣\⌋⌉∫↙ A ⇕⌉∫∫⊣}⌉ ⟩∫ ∫⌉\⊔ ⊔≀ ⊣\ ≀⌊|⌉⌋⊔ ⊔≀ ⟩\⊑≀‖⌉ ⊣ ⇕⌉⊔⟨≀⌈↙ M⌉⊔⟨≀⌈∫ ⊣∇⌉ ⊔⟨⌉ ⊖≀√⌉∇⊣⊔⟩≀\∫⪰ ⊔⟨⊣⊔ ⌉{{⌉⌋⊔ ⊔⟨⌉ ⊖∫⊔⊣⊔⌉⪰ ≀{ ⊣\ ≀⌊|⌉⌋⊔↙

∃

∃∀ A√√⌉\⌈⟩§ B↙ O⌊|⌉⌋⊔ O∇⟩⌉\⊔⌉⌈ P∇≀}∇⊣⇕⇕⟩\}

A√√⌉\⌈⟩§ C

C≀\∫⊔∇⊣⟩\⊔ C↕⊣∫∫⌉∫

T⊒≀ ⌋≀\∫⊔∇⊣⟩\⊔∫⇔ C↕⊣∫∫CCA\⊣↕≀}≀⊓∫V⊣∇⟩⊣⊔⟩≀\ ⊣\⌈ C↕⊣∫∫CCW⟩\⌈≀⊒D⟩∫⊔⊣\⌋⌉ ⊒⌉∇⌉ ⌋∇⌉⊣⊔⌉⌈ ⊔≀ ⟩↕↕⊓∫⊔∇⊣⊔⌉ ⟨≀⊒ ∫⟩⇕√↕⌉ ⟩⊔ ⟩∫ ⊔≀ ⌋∇⌉⊣⊔⌉ \⌉⊒ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⌊† ∫⊓⌊⌋↕⊣∫∫⟩\} {∇≀⇕ ⊔⟨⌉ ⊔⟨∇⌉⌉ ⌊⊣∫⟩⌋ ⌋≀\∫⊔∇⊣⟩\⊔∫↙ T⟨⌉† ⊣∇⌉ ⟩\⌋↕⊓⌈⌉⌈ ⟨⌉∇⌉ ⊔≀ ⟩↕↕⊓∫⊔∇⊣⊔⌉ ⊔⟨⊣⊔ √≀⟩\⊔↙ ↗↗ ↗↗ A ⊓∫⌉{⊓↕ ⊑⊣∇⟩⊣⊔⟩≀\ ≀\ C↕⊣∫∫CCV⊣∇⟩⊣⊔⟩≀\ ⌋≀\∫⊔∇⊣⟩\∫ ↗↗ ⌋≀↕≀⊓∇∫ ⊔≀ ⌊⌉ ⊣\⊣↕≀}≀⊓∫ ⊔≀ ≀⊔⟨⌉∇ ⌋≀↕≀⊓∇∫↙ ↗↗ ∝C↕⊣∫∫CCA\⊣↕≀}≀⊓∫V⊣∇⟩⊣⊔⟩≀\ C↕⊣∫∫C≀↕≀⊓∇C≀\∫⊔∇⊣⟩\⊔ ⌈⟩⌋⊔⌊⌉}⟩\ ↗ ∫⊔†↕⌉ ⟩∫ ≀\⌉ ≀{∅ ↖∞⇔ ′ ≀∇ ∞ ↗ T⟨⌉∇⌉ ⊣∇⌉ ⊔⊒≀ ⊣\⊣↕≀}≀⊓∫ ⌋≀↕≀⊓∇ ∫⌋⟨⌉⇕⌉∫ {≀∇ ⊣\† }⟩⊑⌉\ ↗ ⌋≀↕≀⊓∇⇔ ≀\⌉ ⊔≀ ⊔⟨⌉ ↕⌉{⊔ ⊣\⌈ ≀\⌉ ⊔≀ ⊔⟨⌉ ∇⟩}⟨⊔↙ ↗ ∞ ⇕⌉⊣\∫ ⊓∫⌉ ⌊≀⊔⟨ ↗ ↖∞ ⇕⌉⊣\∫ ⊔⟨⌉ ⌋≀↕≀⊓∇ ⟩∫ ⟩\ ⊔⟨⌉ ∇⟩}⟨⊔ ∫⌉⌋⊔≀∇ ↗ ′ ⇕⌉⊣\∫ ⟩⊔ ⟩∫ ⟩\ ⊔⟨⌉ ↕⌉{⊔ ∫⌉⌋⊔≀∇ ∝A\⊣↕≀}≀⊓∫M⌉⊔⟨≀⌈ ′ ⌈⌉{ ↗ A ⇕≀\⟩⊔≀∇ ⟩∫ \⌉⌉⌈⌉⌈ ⌊⌉⌋⊣⊓∫⌉ ⊔⟨⌉ ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇∫ ⊣∇⌉ ↗ ⌋⟨⊣\}⌉⌈ ⊣\⌈ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⌋≀⊓↕⌈ ⌊⌉ ⊓∫⌉⌈ ⇕⊓↕⊔⟩√↕⌉ ↗ ⊔⟩⇕⌉∫↙ T⟨⟩\}∫ ⌋≀⊓↕⌈ }⌉⊔ \⊣∫⊔† ≀⊔⟨⌉∇⊒⟩∫⌉↙ ∝M†M≀\⟩⊔≀∇ \⊓↕↕ ⌈⌉{ ⌈⟩⌋⊔⌉\⌈ ⌋↕⊣∫∫⌊⌉}⟩\ ∝N⌉⊒I\⟩⊔ ¶ ↗ ⟩\⟩⊔⟩⊣↕⟩‡⌉ ≀⊓∇ √⊣∇⌉\⊔ ∝N⌉⊒I\⟩⊔ ∫⊓√⌉∇ ∫⌉\⌈ ↗ ⊣ ⇕≀\⟩⊔≀∇ ⟩∫ \⌉⌉⌈⌉⌈ ⊔≀ ∫†\⌋⟨∇≀\⟩‡⌉ ⊣⌋⌋⌉∫∫ ∝M†M≀\⟩⊔≀∇ ⌋∇⌉⊣⊔⌉⇕≀\⟩⊔≀∇ √∇≀⇕≀⊔⌉ ↗ H⊓⌉ ⇕≀⌈⌉ ⇕⊓∫⊔ ⌊⌉ ∝A⌊∫≀↕⊓⊔⌉ ∝H⊓⌉M≀⌈⌉ ∝A⌊∫≀↕⊓⊔⌉ √∇≀⇕≀⊔⌉ ♦ ⌈⌉{ ↗ ⌈⟩∫⊣⌊↕⌉ ∫⌉⊔⊔⟩\} ⟨⊓⌉ ⇕≀⌈⌉⇔ ∫⟩\⌋⌉ ⟩⊔ ⇕⊓∫⊔ ⌊⌉ ⊣⌊∫≀↕⊓⊔⌉↙ ∝∫⌉⊔⟨⊓⌉⇕≀⌈⌉ ¶ ↗ ⇕≀⌈⌉ ℑ⊤ ↖ √≀√ ♦ ⌈⌉{ ∃∃

∞′′ A√√⌉\⌈⟩§ C↙ C≀\∫⊔∇⊣⟩\⊔ C↕⊣∫∫⌉∫

↗ ⊣↕↕≀⊒ ⊔⟨⌉ ⊣\⊣↕≀}≀⊓∫ ⇕⌉⊔⟨≀⌈ ⊔≀ ⌊⌉ ⌋⟨⊣\}⌉⌈↙ ∝∫⌉⊔⊣\⊣↕≀}≀⊓∫⇕⌉⊔⟨≀⌈ ¶ ↗ ⇕⌉⊔⟨≀⌈ ℑ⊤ ↖ ∝A\⊣↕≀}≀⊓∫M⌉⊔⟨≀⌈ ⌉§⌋⟨ ⌈⌉{ ♦ ⌈⌉{ ↗ ⌈≀ ⊣ ⇐⇕≀⌈ ∞∈⇒ ⊔≀ ‖⌉⌉√ ⊔⟨⌉ ⟨⊓⌉∫ ⟩\ ⊔⟨⌉ ∇⊣\}⌉ ≀{ ′↙↙∞∞ ↗ P≀∫⊔S⌋∇⟩√⊔≃∫ ⇕≀⌈ ≀√⌉∇⊣⊔≀∇ ⊣↕↕≀⊒∫ \⌉}⊣⊔⟩⊑⌉ ∇⌉∫⊓↕⊔∫→ ∝⇕≀⌈⟨⊓⌉ ¶ ↗ ⟨⊓⌉∫⌉⌋⊔≀∇ ℑ⊤ ⊑⊣↕⟩⌈⟨⊓⌉∫⌉⌋⊔≀∇ ∞∈ ⇕≀⌈ ⌈⊓√ ′ ↕⊔ ¶∞∈ ⊣⌈⌈♦ ⟩{ ♦ ⌈⌉{ ∝∫⌉⊔⊣\⊣↕≀}≀⊓∫⟨⊓⌉∇⊣\}⌉ ¶ ↗ ⟨⊓⌉ ℑ⊤ ↖ A\⊣↕≀}≀⊓∫M⌉⊔⟨≀⌈ ↗ ⟨⊓⌉ ⇕⌉⊔⟨ ⌉§⌋⟨ ∞∈ ⇕⊓↕ ↗ ⇕⌉⊔⟨ ′↙↙∞∈ ⌈⊓√ ∞∈ ⌉∐ ¶√≀√ ′♦ ⟩{ ⌋⊑⟩ ↗ ⇕⌉⊔⟨ ∫⌉⌋ ↗ ⟩∫ ⟩⊔ ↑∇⊣\⌈≀⇕↑ ≀∇ ≀\⌉ ≀{ ⊔⟨⌉ ⊔⊒≀ ⇕⌉⊔⟨≀⌈∫⊥ ∞ ⟩\⌈⌉§ ∞ ⌉∐ ¶ ↗ ∇⊣\⌈≀⇕ ∇⊣\}⌉ }≀⌉∫ {∇≀⇕ ∫⌉⌋↖∞ ⊔≀ ∫⌉⌋⇓∈ ⌉§⌋⟨ √≀√ ↗ ∫⌉⌋ ⌈⊓√ ∞ ∫⊓⌊ ⌉§⌋⟨ ↗ ∫⌉⌋↖∞ ∫⌉⌋ ∈ ⊣⌈⌈ ↗ ∫⌉⌋↖∞ ∫⌉⌋⇓∈ ♦ ¶ ↗ ∇⊣\}⌉ }≀⌉∫ {∇≀⇕ ⇕⌉⊔⟨⇓∫⌉⌋ ⊔≀ ⇕⌉⊔⟨⇓∫⌉⌋⇓∈ ⊣⌈⌈ ⌈⊓√ ∈ ⊣⌈⌈ ↗ ∫⇓⇕ ∫⇓⇕⇓∈ ♦ ⟩{⌉↕∫⌉ ↗ {⟩§ ⊔⟨⌉ ⟨⊓⌉∫↙ ⇕≀⌈⟨⊓⌉ ∞∈ ⌈⟩⊑ ⌉§⌋⟨ ⇕≀⌈⟨⊓⌉ ∞∈ ⌈⟩⊑ ⌉§⌋⟨ ↗ ∫⌉⊔ ⊔⟨⌉ √⊣∇⌉\⊔∫ ⟨⊓⌉ ∇⊣\}⌉ ⊔≀ ⊔⟨⌉ ⊣↕↕≀⊒⌉⌈ ⟨⊓⌉∫↙ ∫⌉⊔⟨⊓⌉∇⊣\}⌉ ♦ ⌈⌉{ ↗ ⌋⟨⌉⌋‖¬ ∇⌉⊔⊓∇\ ⊔∇⊓⌉ ⟩{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ∫⊣⊔⟩∫{⟩⌉⌈⇔ ↗ {⊣↕∫⌉ ≀⊔⟨⌉∇⊒⟩∫⌉ ∝⌋⟨⌉⌋‖ ¶ ↗ ≀√∞ ≀√∈ ℑ⊤ ⌊≀≀↕ M†M≀\⟩⊔≀∇ ¶ ⌈⊓√ }⌉⊔≀√⌉∇⊣\⌈∈ }⌉⊔≀√⌉∇⊣\⌈∇⊣⊒ √≀√ √≀√ ∫⌉⊔⊣\⊣↕≀}≀⊓∫⟨⊓⌉∇⊣\}⌉ ∝⌋⟨⌉⌋‖ ∫⊓√⌉∇ ∫⌉\⌈ ♦ ⇕≀\⟩⊔≀∇ ♦ ⌈⌉{ ↗ ⊣√√↕†¬ ∇⌉⊔⊓∇\ ⊔∇⊓⌉ ⟩{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ∫⊣⊔⟩∫{⟩⌉⌈⇔ ↗ {⊣↕∫⌉ ⊣\⌈ ⊣ {≀∇⌋⌉ ⊑⌉⌋⊔≀∇ ≀⊔⟨⌉∇⊒⟩∫⌉ ∝⊣√√↕† ¶ ↗ ≀√∞ ≀√∈ ℑ⊤ ⌊≀≀↕ M†M≀\⟩⊔≀∇ ¶ ⌈⊓√ }⌉⊔≀√⌉∇⊣\⌈∈ }⌉⊔≀√⌉∇⊣\⌈∇⊣⊒ √≀√ √≀√ ∫⌉⊔⊣\⊣↕≀}≀⊓∫⟨⊓⌉∇⊣\}⌉ ∝⊣√√↕† ∫⊓√⌉∇ ∫⌉\⌈ ♦ ⇕≀\⟩⊔≀∇ ♦ ⌈⌉{ ↗ ∫⌉↕⌉⌋⊔ ⊣ ⊑⊣↕⟩⌈ ∇⊣\⌈≀⇕ ⌋≀↕≀⊓∇ ∝√⟩⌋‖∇⊣\⌈≀⇕ ¶ ↗ ≀√∞ ≀√∈ ℑ⊤ ↖ M†M≀\⟩⊔≀∇ ¶ ⌈⊓√ }⌉⊔≀√⌉∇⊣\⌈∈ }⌉⊔≀√⌉∇⊣\⌈∇⊣⊒ √≀√ √≀√ ∫⌉⊔⊣\⊣↕≀}≀⊓∫⟨⊓⌉∇⊣\}⌉ ∝√⟩⌋‖∇⊣\⌈≀⇕ ∫⊓√⌉∇ ∫⌉\⌈

∞′∞

♦ ⇕≀\⟩⊔≀∇ ♦ ⌈⌉{ ⌋↕⊣∫∫⌉\⌈ ⌈⌉{ ↗↗ ↗↗ ⊔⟨⌉ ⌈⟩{{⌉∇⌉\⌋⌉ ⌊⌉⊔⊒⌉⌉\ ⊔⊒≀ ⊒⟩\⌈≀⊒∫ ⟩∫ ∫↕⟩}⟨⊔↕† ⇕≀∇⌉ ↗↗ ⌋≀⇕√↕⟩⌋⊣⊔⌉⌈ ⊔⟨⊣\ |⊓∫⊔ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉∫ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ↗↗ ⌋≀⇕√≀\⌉\⊔ ⌋≀↕≀⊓∇∫↙ ↗↗ ∝C↕⊣∫∫CCW⟩\⌈≀⊒D⟩∫⊔⊣\⌋⌉ C↕⊣∫∫CCD⟩∫⊔⊣\⌋⌉ ∪∝M†M≀\⟩⊔≀∇⊎ ⌋↕⊣∫∫⌊⌉}⟩\ ∝N⌉⊒I\⟩⊔ ¶ ∝N⌉⊒I\⟩⊔ ∫⊓√⌉∇ ∫⌉\⌈ ↗ ⊣ ⇕≀\⟩⊔≀∇ ⟩∫ \⌉⌉⌈⌉⌈ ⊔≀ ∫†\⌋⟨∇≀\⟩‡⌉ ⇕⊓↕⊔⟩√↕⌉ ↗ ⊣⌋⌋⌉∫∫ ∝M†M≀\⟩⊔≀∇ ⌋∇⌉⊣⊔⌉⇕≀\⟩⊔≀∇ ⌈⌉{ ♦ ⌈⌉{ ↗ ⊔⟨⌉ ⌈⌉{⟩\⟩\} ⌋≀↕≀⊓∇ ⟩∫ ⊔⟨⌉ ≀\⌉ ⊒⟩⊔⟨ ⊔⟨⌉ ⟨⟩}⟨⌉∫⊔ ↗ ⌋⟨∇≀⇕⊣↙ W⌉ ≀\↕† ⌋≀\∫⟩⌈⌉∇ BBG ⊣\⌈ CBG↙ ∝}⌉⊔⌋⟨∇≀⇕⊣ ¶ ↗ ↕ ∫ ℑ⊤ ⌋ ↗ }⌉⊔ ⊔⟨⌉ ⌈⟩∫⊔⊣\⌋⌉ ↕ ⟩∫ {∇≀⇕ ↙▽ ⌉§⌋⟨ ↙▽ ∫⊓⌊ ⊣⌊∫ ↗ ∇⌉⊑⌉∇∫⌉ ⊣\⌈ ⌈≀⊓⌊↕⌉ ⟩⊔↙ ↙▽ ℑ⊤ ∞⇔ ′⇔∞ ℑ⊤ ′ ↙▽ ⌉§⌋⟨ ∫⊓⌊ ∈ ⇕⊓↕ ↗ ∫⌋⊣↕⌉ ⊔⟨⌉ ∫⊣⊔⊓∇⊣⊔⟩≀\ ⇕⊓↕ ♦ ⌈⌉{ ∝}⌉⊔⌈⌉{⟩\⟩\}⌋≀↕≀⊓∇ ¶ ↗ CS∞ CS∈ ℑ⊤ ∝↕⊣⌊⌉↕ ⊔∇⊓⌉ ♣ ↗ {⊣↕∫⌉ ↙∞ \⊓↕↕ ∪ ∝BBG ∝CBG ⊎ ¶ ↗ ⌋∫ ⌋∫ ⇕⊣§ ↕⊣⌊ \↕ △ ⟩\⌈⌉§ ∞ ⟩\⌈⌉§ }⌉⊔ ↗ ↙↙↙ ≀√∞ △ ⟩\⌈⌉§ ∈ ⟩\⌈⌉§ }⌉⊔ ↗ ↙↙↙ ≀√∞ ≀√∈ }⌉⊔≀√⌉∇⊣\⌈⟨↕∫ }⌉⊔⌋⟨∇≀⇕⊣ ↗ ↙↙↙ ≀√∞ ⟨∈ ⌋∈ ⌉§⌋⟨ √≀√ ↗ ↙↙↙ ≀√∞ ⌋∈ ⌉§⌋⟨ }⌉⊔≀√⌉∇⊣\⌈⟨↕∫ }⌉⊔⌋⟨∇≀⇕⊣ ⌉§⌋⟨ √≀√ ↗ ↙↙↙ ⌋∈ ⌋∞ ⇕⊣§ ↗ ↙↙↙ ⌋≃ ⌈⊓√ △ ⟩\⌈⌉§ }⌉ ¶ △ ↖∞ ∇≀↕↕ √≀√ ∋ ∞ ∇≀↕↕ ↗ ⌋∫ ⌋∫ ⇕⊣§ ↕⊣⌊ \↕ ⌉§⌋⟨ √≀√ ♦ ¶ √≀√ √≀√ ♦ ⟩{⌉↕∫⌉ ♦ {≀∇⊣↕↕ ↗ ⌋∫ ⌋∫ ⇕⊣§ ↕⊣⌊ △ ∞ ∇≀↕↕ √≀√ √≀√ √≀√ ↗ ⟩{ \≀\⌉ ≀{ ⊔⟨⌉ ⌋≀↕≀⊓∇∫ ⟨⊣⊑⌉ ⊣ ⟨⟩}⟨ ⌋⟨∇≀⇕⊣⇔ ↗ ⊔∇⟩⊑⟩⊣↕↕† ⊣⌋⌋⌉√⊔ ⊔⟨⌉ ⊒⟩\⌈≀⊒∫ ∫⟩\⌋⌉ ⊔∇†⟩\} ⊔≀ ↗ ⇕≀⊑⌉ ↕≀⊒ ⌋⟨∇≀⇕⊣ ⌋≀↕≀⊓∇∫ ⌋⊣⊓∫⌉∫ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊔≀ ↗ ⇕⟩∫⌊⌉⟨⊣⊑⌉↙ ⌈⊓√ \⊓↕↕ ⌉∐ ¶√≀√ {⊣↕∫⌉♦ ¶⊔∇⊓⌉♦ ⟩{⌉↕∫⌉ ♦ ⌈⌉{

∞′∈ A√√⌉\⌈⟩§ C↙ C≀\∫⊔∇⊣⟩\⊔ C↕⊣∫∫⌉∫

↗ ⌋⟨⌉⌋‖¬ ∇⌉⊔⊓∇\ ⊔∇⊓⌉ ⟩{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ∫⊣⊔⟩∫{⟩⌉⌈ ↗ {⊣↕∫⌉ ≀⊔⟨⌉∇⊒⟩∫⌉ ∝⌋⟨⌉⌋‖ ¶ ↗ ≀√∞ ≀√∈ ℑ⊤ ⌊≀≀↕ M†M≀\⟩⊔≀∇ ¶ ∈ ⌋≀√† }⌉⊔⌈⌉{⟩\⟩\}⌋≀↕≀⊓∇ ¶ ↗ ≀√∞ ≀√∈ ⌈⌋∈ ⌈⊓√ ∫⌉⊔≀√⌉∇⊣\⌈∞ ↗ ≀√∞ ≀√∈ ⌈⌋∈ ∫⌉⊔≀√⌉∇⊣\⌈∈ ∝⌋⟨⌉⌋‖ ∫⊓√⌉∇ ∫⌉\⌈ ♦ ¶ ↗ ≀√∞ ≀√∈ √≀√ √≀√ ⊔∇⊓⌉ ♦ ⟩{⌉↕∫⌉ ♦ ⇕≀\⟩⊔≀∇ ♦ ⌈⌉{ ↗ ⊣√√↕†¬ ∇⌉⊔⊓∇\ ⊔∇⊓⌉ ⟩{ ⊔⟨⌉ ⌋≀\∫⊔∇⊣⟩\⊔ ⟩∫ ∫⊣⊔⟩∫{⟩⌉⌈⇔ ↗ {⊣↕∫⌉ ⊣\⌈ ⊣ {≀∇⌋⌉ ⊑⌉⌋⊔≀∇ ≀⊔⟨⌉∇⊒⟩∫⌉ ∝⊣√√↕† ¶ ↗ ≀√∞ ≀√∈ ℑ⊤ ⌊≀≀↕ M†M≀\⟩⊔≀∇ ¶ ∈ ⌋≀√† }⌉⊔⌈⌉{⟩\⟩\}⌋≀↕≀⊓∇ ¶ ↗ ≀√∞ ≀√∈ ⌈⌋∈ ⌈⊓√ ∫⌉⊔≀√⌉∇⊣\⌈∞ ↗ ≀√∞ ≀√∈ ⌈⌋∈ ∫⌉⊔≀√⌉∇⊣\⌈∈ ∝⊣√√↕† ∫⊓√⌉∇ ∫⌉\⌈ ♦ ¶ √≀√ √≀√ ⊔∇⊓⌉ ♦ ⟩{⌉↕∫⌉ ♦ ⇕≀\⟩⊔≀∇ ♦ ⌈⌉{ ↗ ∫⌉↕⌉⌋⊔ ⊣ ⊑⊣↕⟩⌈ ∇⊣\⌈≀⇕ ⌋≀↕≀⊓∇ ∝√⟩⌋‖∇⊣\⌈≀⇕ ¶ ↗ ≀√∞ ≀√∈ ℑ⊤ ↖ M†M≀\⟩⊔≀∇ ¶ ∈ ⌋≀√† }⌉⊔⌈⌉{⟩\⟩\}⌋≀↕≀⊓∇ ¶ ↗ ≀√∞ ≀√∈ ⌈⌋∈ ⌈⊓√ ∫⌉⊔≀√⌉∇⊣\⌈∞ ↗ ≀√∞ ≀√∈ ⌈⌋∈ ∫⌉⊔≀√⌉∇⊣\⌈∈ ∝√⟩⌋‖∇⊣\⌈≀⇕ ∫⊓√⌉∇ ∫⌉\⌈ ♦ ¶ √≀√ √≀√ ♦ ⟩{⌉↕∫⌉ ♦ ⇕≀\⟩⊔≀∇ ♦ ⌈⌉{ ⌋↕⊣∫∫⌉\⌈ ⌈⌉{

B⟩⌊↕⟩≀}∇⊣√⟨†

A↕⌊⌉∇∫⇔ J↙ ⇐∞∃∞⇒↙ I\⊔⌉∇⊣⌋⊔⟩≀\ ≀{ C≀↕≀∇↙ Y⊣↕⌉ U\⟩⊑⌉∇∫⟩⊔† P∇⌉∫∫↙ ⊔⌉§⊔ ≀{ ⊔⟨⌉ ≀∇⟩}⟩\⊣↕ ∞∃∌ ⌉⌈⟩⊔⟩≀\ ⊒⟩⊔⟨ ∫⌉↕⌉⌋⊔⌉⌈ ⌋≀↕≀∇ √↕⊣⊔⌉∫↙ A↕↕⌉\⇔ R↙ E↙⇔ ⌉⌈⟩⊔≀∇ ⇐∞∃∃′⇒↙ T⟨⌉ C≀\⌋⟩∫⌉ O§{≀∇⌈ D⟩⌋⊔⟩≀\⊣∇† ≀{ C⊓∇∇⌉\⊔ E\}↕⟩∫⟨↙ O§{≀∇⌈ U\⟩⊑⌉∇∫⟩⊔† P∇⌉∫∫⇔ ∀⊔⟨ ⌉⌈⟩⊔⟩≀\↙ B⊣⌉⌋‖⌉∇⇔ R↙ M↙ ⊣\⌈ B⊓§⊔≀\⇔ W↙ A↙ ⇐∞∃∀⇒↙ R⌉⊣⌈⟩\}∫ ⟩\ H⊓⇕⊣\∘C≀⇕√⊓⊔⌉∇ I\⊔⌉∇⊣⌋⊔⟩≀\¬ A M⊓↕⊔⟩⌈⟩∫⌋⟩√↕⟩\⊣∇† ⊣√√∇≀⊣⌋⟨↙ M≀∇}⊣\ K⊣⊓{⇕⊣\\ P⊓⌊↕⟩∫⟨⌉∇∫⇔ ⟩\⌋↙ B⌉∇↕⟩\⇔ B↙ ⊣\⌈ K⊣†⇔ P↙ ⇐∞∃∄⇒↙ B⊣∫⟩⌋ C≀↕≀∇ T⌉∇⇕∫↙ U\⟩⊑⌉∇∫⟩⊔† ≀{ C⊣↕⟩{≀∇\⟩⊣ P∇⌉∫∫↙ B≀{{⇔ K↙ R↙⇔ K⊣⊓{⇕⊣\⇔ L↙⇔ ⊣\⌈ T⟨≀⇕⊣∫⇔ J↙ P↙⇔ ⌉⌈⟩⊔≀∇∫ ⇐∞∃∀⇏↙ H⊣\⌈⌊≀≀‖ ≀{ P⌉∇⌋⌉√⊔⟩≀\ ⊣\⌈ H⊓⇕⊣\ P⌉∇{≀∇⇕⊣\⌋⌉↙ W⟩↕⌉†⇔ N⌉⊒ Y≀∇‖⇔ T≀∇≀\⊔≀↙ B≀†\⊔≀\⇔ R↙ M↙ ⇐∞∃∃⇒↙ H⊓⇕⊣\ C≀↕≀∇ V⟩∫⟩≀\↙ H≀↕⊔⇔ R⟩\⌉⟨⊣∇⊔ ⊣\⌈ W⟩\∫⊔≀\↙ B≀†\⊔≀\⇔ R↙ M↙ ⊣\⌈ O↕∫≀\⇔ C↙ X↙ ⇐∞∃∀⇒↙ L≀⌋⊣⊔⟩\} ⌊⊣∫⟩⌋ ⌋≀↕≀∇∫ ⟩\ ⊔⟨⌉ ≀∫⊣ ∫√⊣⌋⌉↙ C≀↕≀∇ R⌉∫⌉⊣∇⌋⟨ ⊣\⌈ A√√↕⟩⌋⊣⊔⟩≀\⇔ ∞∈¬∃△∘∞′▽↙ B≀†\⊔≀\⇔ R↙ M↙ ⊣\⌈ O↕∫≀\⇔ C↙ X↙ ⇐∞∃∃′⇒↙ S⊣↕⟩⌉\⌋⌉ ≀{ ⌋⟨∇≀⇕⊣⊔⟩⌋ ⌊⊣∫⟩⌋ ⌋≀↕≀∇ ⊔⌉∇⇕∫ ⌋≀\⊘∇⇕⌉⌈ ⌊† ⊔⟨∇⌉⌉ ⇕⌉⊣∫⊓∇⌉∫↙ V⟩∫⟩≀\ R⌉∫⌉⊣∇⌋⟨⇔ ∋′⇐∃⇒¬∞∋∞∞∘∞∋∞↙ C⟨⌉⊑∇⌉⊓↕⇔ M↙ E↙ ⇐∞∃⇏↙ T⟨⌉ P∇⟩\⌋⟩√↕⌉∫ ≀{ H⊣∇⇕≀\† ⊣\⌈ ⊔⟨⌉ C≀\⊔∇⊣∫⊔ ≀{ C≀↕≀∇∫↙ R⌉⟩\⟨≀↕⌈⇔ N⌉⊒ Y≀∇‖↙ O∇⟩}⟩\⊣↕↕† √⊓⌊↕⟩∫⟨⌉⌈ ⟩\ ∞∀▽△↙ C⟨∇⟩∫⊔⇔ R↙ ⇐∞∃▽⇒↙ R⌉⊑⟩⌉⊒ ⊣\⌈ ⊣\⊣↕†∫⟩∫ ≀{ ⌋≀↕≀⊓∇ ⌋≀⌈⟩\} ∇⌉∫⌉⊣∇⌋⟨ {≀∇ ⊑⟩∫⊓⊣↕ ⌈⟩∫√↕⊣†∫↙ H⊓⇕⊣\ F⊣⌋⊔≀∇∫⇔ ∞⇐⇏¬▽△∈∘ ▽′↙ CIE ⇐∞∃∀⇒↙ R⌉⌋≀⇕⇕⌉\⌈⊣⊔⟩≀\∫ ≀\ ⊓\⟩{≀∇⇕ ⌋≀↕≀∇ ∫√⊣⌋⌉∫ ∘ ⌋≀↕≀∇ ⌈⟩{{⌉∇⌉\⌋⌉ ⌉∐⊓⊣⊔⟩≀\∫ ∘ √∫†⌋⟨≀⇕⌉⊔∇⟩⌋ ⌋≀↕≀∇ ⊔⌉∇⇕∫⇔ ∫⊓√√↕⌉⇕⌉\⊔ ↓∈ ⊔≀ ⌋⟩⌉ √⊓⌊↕⟩⌋⊣⊔⟩≀\ ↓∞▽↙ A⊑⊣⟩↕⊣⌊↕⌉ ⟩\ ⊔⟨⌉ US {∇≀⇕ ⊔⟨⌉ N⊣⊔⟩≀\⊣↕ B⊓∇⌉⊣⊓ ≀{ S⊔⊣\⌈⊣∇⌈∫↙ A⊑⊣⟩↕⊣⌊↕⌉ ⟩\ C⊣\⊣⌈⊣ {∇≀⇕ ⊔⟨⌉ N⊣⊔⟩≀\⊣↕ R⌉∫⌉⊣∇⌋⟨ C≀⊓\⌋⟩↕ ≀{ C⊣\⊣⌈⊣↙ C≀∇⊔⌉⇔ W↙ D↙ ⇐∞∃∀⇏↙ F⟩\⌈⟩\} ⊣√√∇≀√∇⟩⊣⊔⌉ ⌋≀↕≀∇∫ {≀∇ ⌋≀↕≀∇ ⌈⟩∫√↕⊣†∫↙ C≀↕≀∇ R⌉∫⌉⊣∇⌋⟨ ⊣\⌈ A√√↕⟩⌋⊣⊔⟩≀\⇔ ∞∞⇐∞⇒¬▽∘̸∞̸↙ C≀⊒⊣\⇔ W↙⇔ J≀↕⟩⌋≀⌉⊓∇⇔ P↙⇔ ⊣\⌈ L≀≀√⇔ S↙ ⇐∞∃∃∞⇒↙ E§√⌉∇⟩⇕⌉\⊔∫ ⟩\ ⌋≀\⊔⌉§⊔ ∇⌉∫≀↕⊓⊔⟩≀\ ⌋≀⇕√⊣∇⟩\} ⊑⊣∇⟩≀⊓∫ ⊣∫√⌉⌋⊔∫ ≀{ ⌋≀⇕√⊓⊔⌉∇ ⊒⟩\⌈≀⊒∫↙ P⌉∇{≀∇⇕⌉⌈ ∇⌉⌋⌉\⊔↕† ⊣⊔ ⊔⟨⌉ U\⟩⊑⌉∇∫⟩⊔† ≀{ W⊣⊔⌉∇↕≀≀↙ C≀⊒⊣\⇔ W↙ B↙ ⇐∞∃∀∃⇒↙ C≀↕≀∇⟩⇕⌉⊔∇⟩⌋ √∇≀√⌉∇⊔⟩⌉∫ ≀{ ⊑⟩⌈⌉≀ ⌈⟩∫√↕⊣†∫↙ N≀⊔⌉∫ {≀∇ C≀⊓∇∫⌉ ∈▽ ⊣⊔ ⊔⟨⌉ A\\⊓⊣↕ M⌉⌉⊔⟩\} ≀{ ⊔⟨⌉ O√⊔⟩⌋⊣↕ S≀⌋⟩⌉⊔† ≀{ A⇕⌉∇⟩⌋⊣↙ C≀⊒⊣\⇔ W↙ B↙ ⊣\⌈ W⊣∇⌉⇔ C↙ ⇐∞∃∀▽⇒↙ C≀↕≀⊓∇ √⌉∇⌋⌉√⊔⟩≀\ ⊔⊓⊔≀∇⟩⊣↕ \≀⊔⌉∫¬ S⟩}}∇⊣√⟨≃∀▽↙ N≀⊔⌉∫ {≀∇ C≀⊓∇∫⌉ ▽↙ ∞′∋

∞′△ B⟩⌊↕⟩≀}∇⊣√⟨†

C≀⊒⊣\⇔ W↙ B↙ ⊣\⌈ W⌉⟩\⇔ M↙ ⇐∞∃∃′⇒↙ S⊔⊣⊔⌉ ⊑⌉∇∫⊓∫ ⟨⟩∫⊔≀∇† ⟩\ ⊓∫⌉∇ ⟩\⊔⌉∇{⊣⌋⌉∫↙ I\ ⌉⊔ ⊣↕↙⇔ D↙ D↙⇔ ⌉⌈⟩⊔≀∇⇔ H⊓⇕⊣\↖C≀⇕√⊓⊔⌉∇ I\⊔⌉∇⊣⌋⊔⟩≀\ ↖ INTERACT ≃∃′⇔ √⊣}⌉∫ ▽▽▽∘▽′̸⇔ N≀∇⊔⟨↖H≀↕↕⊣\⌈↙ E↕∫⌉⊑⟩⌉∇ S⌋⟩⌉\⌋⌉ P⊓⌊↕⟩∫⟨⌉∇∫ B↙V↙ F≀↕⌉†⇔ J↙ D↙⇔ ⊑⊣\ D⊣⇕⇔ A↙⇔ F⌉⟩\⌉∇⇔ S↙ K↙⇔ ⊣\⌈ H⊓}⟨⌉∫⇔ J↙ F↙ ⇐∞∃∃′⇒↙ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫¬ P∇⟩\⌋⟩√↕⌉∫ ⊣\⌈ P∇⊣⌋⊔⟩⌋⌉↙ T⟨⌉ S†∫⊔⌉⇕∫ P∇≀}∇⊣⇕⇕⟩\} S⌉∇⟩⌉∫↙ A⌈⌈⟩∫≀\↖W⌉∫↕⌉† P⊓⌊↕⟩∫⟨⟩\} C≀⇕√⊣\†⇔ N⌉⊒ Y≀∇‖⇔ ∈\⌈ ⌉⌈⟩⊔⟩≀\↙ G⌉∇∇⟩⊔∫⌉\⇔ F↙ ⇐∞∃▽⇒↙ T⟨⌉≀∇† ⊣\⌈ P∇⊣⌋⊔⟩⌋⌉ ≀{ C≀↕≀∇↙ V⊣\ N≀∫⊔∇⊣\⌈ R⌉⟩\⟨≀↕⌈ C≀⇕√⊣\†⇔ N⌉⊒ Y≀∇‖↙ T∇⊣\∫↕⊣⊔⟩≀\ ≀{ H⌉⊔ {⌉\≀⇕⌉⌉\ ‖↕⌉⊓∇⇔ ⌊† R⊓⊔⟨ ⌈⌉ V∇⟩⌉\⌈⊔↙ G⌉∇∇⟩⊔∫⌉\⇔ F↙ ⇐∞∃∀∀⇒↙ E⊑≀↕⊓⊔⟩≀\ ⟩\ C≀↕≀∇↙ S⌋⟨⟩{{⌉∇ P⊓⌊↕⟩∫⟨⟩\} L⊔⌈↙⇔ W⌉∫⊔ C⟨⌉∫⊔⌉∇⇔ PA↙ ≀∇⟩}⟩\⊣↕↕† √⊓⌊↕⟩∫⟨⌉⌈ ⟩\ D⊓⊔⌋⟨ ⟩\ ∞∃∀∈ ⊣∫ E⊑≀↕⊓⊔⟩⌉ ⊑⊣\ ⌈⌉ K↕⌉⊓∇⌉\↕⌉⌉∇↙ T∇⊣\∫↕⊣⊔⟩≀\ ⌊† D∇↙ E⌈⊒⊣∇⌈ F≀∇⌋⌉ ⊣\⌈ R⊓⊔⟨ ⌈⌉ V∇⟩⌉\⌈⊔↙ G⌉∇∫⊔\⌉∇⇔ K↙ ⇐∞∃∀⇏↙ T⟨⌉ F≀∇⇕∫ ≀{ C≀↕≀∇↙ MIT P∇⌉∫∫↙ T∇⊣\∫↕⊣⊔⟩≀\ ≀{¬ D⟩⌉ F≀∇⇕⌉\ ⌈⌉∇ F⊣∇⌊⌉\↙ G≀⊓↕⌈⇔ J↙ D↙⇔ A↕{⊣∇≀⇔ L↙⇔ F⟩\\⇔ R↙⇔ H⊣⊓√⊔⇔ B↙⇔ M⟩\⊓⊔≀⇔ A↙⇔ ⊣\⌈ S⊣↕⊣⊓\⇔ J↙ ⇐∞∃∀⇒↙ W⟨† ∇⌉⊣⌈⟩\} ⊒⊣∫ ∫↕≀⊒⌉∇ {∇≀⇕ ⌋∇⊔ ⌈⟩∫√↕⊣†∫ ⊔⟨⊣\ {∇≀⇕ √⊣√⌉∇↙ I\ C⊣∇∇≀↕↕⇔ J↙ M↙ ⊣\⌈ T⊣\\⌉∇⇔ P↙ P↙⇔ ⌉⌈⟩⊔≀∇∫⇔ H⊓⇕⊣\ F⊣⌋⊔≀∇∫ ⟩\ C≀⇕√⊓⊔⟩\} S†∫⊔⌉⇕∫ ⊣\⌈ G∇⊣√⟨⟩⌋∫ I\⊔⌉∇{⊣⌋⌉⇔ √⊣}⌉∫ ∘∞∞↙ CHI ⇓ GI↙ G∇≀∫∫⌉⇔ E↙ ⇐∞∃∀▽⇒↙ A⊓⊔≀⇕⊣⊔⟩⌋ ⌋⟨≀⟩⌋⌉ ≀{ ⌋≀↕≀∇∫ {≀∇ ↕⌉⊑⌉↕ √↕≀⊔∫↙ T⌉⌋⟨\⟩⌋⊣↕ ∇⌉√≀∇⊔⇔ AT↘T B⌉↕↕ L⊣⌊≀∇⊣⊔≀∇⟩⌉∫↙ N⊓⇕⌉∇⟩⌋⊣↕ A\⊣↕†∫⟩∫ M⊣\⊓∫⌋∇⟩√⊔ ∀▽↖∞↙ H⊣↕↕⇔ R↙ ⇐∞∃∀∀⇒↙ I↕↕⊓⇕⟩\⊣⊔⟩≀\ ⊣\⌈ C≀↕≀∇ ⟩\ C≀⇕√⊓⊔⌉∇ G⌉\⌉∇⊣⊔⌉⌈ I⇕⊣}⌉∇†↙ S√∇⟩\}⌉∇↖V⌉∇↕⊣}⇔ N⌉⊒ Y≀∇‖↙ H⌉↕∫≀\⇔ J⊓⌈⌈⇔ ⊣\⌈ W⊣∇∇⌉\ ⇐∞∃▽∈⇒↙ O⌊|⌉⌋⊔↖⌋≀↕≀∇ ⌋⟨⊣\}⌉∫ {∇≀⇕ ⌈⊣†↕⟩}⟨⊔ ⊔≀ ⟩\⌋⊣\⌈⌉∫⌋⌉\⊔ ⊘↕⊣⇕⌉\⊔ ⟩↕↕⊓⇕⟩\⊣⊔⟩≀\↙ I↕↕⊓⇕⟩\⊣⊔⟩\} E\}⟩\⌉⌉∇⟩\}⇔ △¬∈∈∞↙ H≀√⌉⇔ A↙ ⊣\⌈ W⊣↕⌋⟨⇔ M↙ ⇐∞∃∃′⇒↙ T⟨⌉ C≀↕≀∇ C≀⇕√⌉\⌈⟩⊓⇕↙ V⊣\ N≀∫⊔∇⊣\⌈ R⌉⟩\⟨≀↕⌈⇔ N⌉⊒ Y≀∇‖↙ I⊔⊔⌉\⇔ J↙ ⇐∞∃∞̸⇒↙ T⟨⌉ A∇⊔ ≀{ C≀↕≀∇¬ T⟨⌉ ∫⊓⌊|⌉⌋⊔⟩⊑⌉ ⌉§√⌉∇⟩⌉\⌋⌉ ⊣\⌈ ≀⌊|⌉⌋⊔⟩⊑⌉ ∇⊣⊔⟩≀\⊣↕⌉ ≀{ ⌋≀↕≀∇↙ V⊣\ N≀∫⊔∇⊣\⌈ R⌉⟩\⟨≀↕⌈ C≀⇕√⊣\†⇔ N⌉⊒ Y≀∇‖↙ T∇⊣\∫↕⊣⊔⌉⌈ ⌊† E∇\∫⊔ ⊑⊣\ H⊣⊣}⌉\↙ K↕⊣∫∫⌉\⇔ R↙ V↙ ⇐∞∃∀∃⇒↙ D⌉⊑⟩⌋⌉ I\⌈⌉√⌉\⌈⌉\⊔ I⇕⊣}⌉ C≀\∫⊔∇⊓⌋⊔⟩≀\ {≀∇ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫↙ P⟨D ⊔⟨⌉∫⟩∫⇔ U\⟩⊑⌉∇∫⟩⊔† ≀{ W⊣⊔⌉∇↕≀≀↙ A⊑⊣⟩↕⊣⌊↕⌉ ⊣∫ R⌉∫⌉⊣∇⌋⟨ R⌉√≀∇⊔ CS↖∃∞↖∞∃ {∇≀⇕ ⊔⟨⌉ D⌉√⊣∇⊔⇕⌉\⊔ ≀{ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉↙ K\≀⌊↕⊣⊓⌋⟨⇔ K↙ ⊣\⌈ A∇⌈⟩⊔⟩⇔ A↙ ⇐∞∃∀∃⇒↙ E{{⌉⌋⊔∫ ≀{ ⌋⟨⊣∇⊣⌋⊔⌉∇ ∫⟩‡⌉ ⊣\⌈ ⌋⟨∇≀⇕⊣⊔⟩⌋ ⌋≀\⊔∇⊣∫⊔ ≀\ ∇⌉⊣⌈⟩\} √⌉∇{≀∇⇕⊣\⌋⌉↙ A√√↕⟩⌉⌈ V⟩∫⟩≀\¬ ∞∃∀∃ T⌉⌋⟨\⟩⌋⊣↕ D⟩}⌉∫⊔ S⌉∇⟩⌉∫⇔ ∞¬̸∃∀∘∞′∞↙ K\≀⌊↕⊣⊓⌋⟨⇔ K↙⇔ A∇⌈⟩⊔⟩⇔ A↙⇔ ⊣\⌈ S‡↕†‖⇔ J↙ ⇐∞∃∃′⇒↙ E{{⌉⌋⊔∫ ≀{ ⌋⟨∇≀⇕⊣⊔⟩⌋ ⊣\⌈ ↕⊓⇕⟩\⊣\⌋⌉ ⌋≀\⊔∇⊣∫⊔ ≀\ ∇⌉⊣⌈⟩\}↙ I\ √∇⌉∫∫¬ J≀⊓∇\⊣↕ ≀{ ⊔⟨⌉ O√⊔⟩⌋⊣↕ S≀⌋⟩⌉⊔† ≀{ A⇕⌉∇⟩⌋⊣ A↙ L⊣⟩⇔ J↙ ⇐∞∃∃∞⇒↙ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⌋≀↕≀⊓∇ ⌈⌉∫⟩}\ ⊔≀≀↕∫ ⊓∫⟩\} ⊔⟨⌉ ≀∫⊣ ⊓\⟩{≀∇⇕ ⌋≀↕≀⊓∇ ∫†∫⊔⌉⇕↙ M⊣∫⊔⌉∇≃∫ ⊔⟨⌉∫⟩∫⇔ U\⟩⊑⌉∇∫⟩⊔† ≀{ W⊣⊔⌉∇↕≀≀↙ L⌉}}⌉⇔ G↙ E↙ ⇐∞∃∀∃⇒↙ R⌉⊣⌈⟩\}¬ E{{⌉⌋⊔∫ ≀{ ⌋≀\⊔∇⊣∫⊔ ⊣\⌈ ∫√⊣⊔⟩⊣↕ {∇⌉∐⊓⌉\⌋†↙ I\ A√√↕⟩⌉⌈ V⟩∫⟩≀\¬ ∞∃∀∃ T⌉⌋⟨\⟩⌋⊣↕ D⟩}⌉∫⊔ S⌉∇⟩⌉∫⇔ ⊑≀↕⊓⇕⌉ ∞⇎ √⊣}⌉∫ ∃′∘∃∋↙ L⌉}}⌉⇔ G↙ E↙⇔ P⊣∇⟩∫⟨⇔ D↙ H↙⇔ L⊓⌉⌊‖⌉∇⇔ A↙⇔ ⊣\⌈ W⊓∇⇕⇔ L↙ H↙ ⇐∞∃∃′⇒↙ P∫†⌋⟨≀√⟨†∫⟩⌋∫ ≀{ ∇⌉⊣⌈⟩\}↙ §⟩�⌋≀⇕√⊣∇⟩\} ⌋≀↕≀∇ ⌋≀\⊔∇⊣∫⊔ ⊣\⌈ ↕⊓⇕⟩\⊣\⌋⌉ ⌋≀\⊔∇⊣∫⊔↙ J≀⊓∇\⊣↕ ≀{ ⊔⟨⌉ O√⊔⟩⌋⊣↕ S≀⌋⟩⌉⊔† ≀{ A⇕⌉∇⟩⌋⊣⇔ ⇐∞′⇒¬∈′′∈∘∈′∞′↙ L⌉}}⌉⇔ G↙ E↙⇔ R⊓⌊⟩\⇔ G↙ S↙⇔ ⊣\⌈ L⊓⌉⌊‖⌉∇⇔ A↙ ⇐∞∃∀⇒↙ P∫†⌋⟨≀√⟨†∫⟩⌋∫ ≀{ ∇⌉⊣⌈⟩\}�⊑↙ ⊔⟨⌉ ∇≀↕⌉ ≀{ ⌋≀\⊔∇⊣∫⊔ ⟩\ \≀∇⇕⊣↕ ⊑⟩∫⟩≀\↙ V⟩∫⟩≀\ R⌉∫⌉⊣∇⌋⟨⇔ ∈⇐⇒¬∞∞▽̸∘∞∞↙ M⊣⌋A⌈⊣⇕⇔ D↙ L↙ ⇐∞∃△⇒↙ U\⟩{≀∇⇕ ⌋≀↕≀∇ ∫⌋⊣↕⌉∫↙ J≀⊓∇\⊣↕ ≀{ ⊔⟨⌉ O√⊔⟩⌋⊣↕ S≀⌋⟩⌉⊔† ≀{ A⇕⌉∇⟩⌋⊣⇔ △̸⇐∞∈⇒¬∞∄∞∘∞′∈↙ M⌉⟩⌉∇⇔ B↙ ⇐∞∃∀⇒↙ E{{⌉⌋⊔⟩⊑⌉ ⊓∫⌉ ≀{ ⌋≀↕≀∇ ⟩\ ⊓∫⌉∇↖⌋≀⇕√⊓⊔⌉∇ ⟩\⊔⌉∇{⊣⌋⌉ ⌈⌉∫⟩}\¬ F⟩\⊣↕ ∇⌉√≀∇⊔↙ T⌉⌋⟨\⟩⌋⊣↕ ∇⌉√≀∇⊔⇔ B∇≀⊒\ U\⟩⊑⌉∇∫⟩⊔†⇔ D⌉√⊣∇⊔⇕⌉\⊔ ≀{ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉⇔ B≀§ ∞∃∞′⇔ P∇≀⊑⟩⌈⌉\⌋⌉⇔ RI ′∈∃∞∈↙

B⟩⌊↕⟩≀}∇⊣√⟨† ∞′▽

M⌉⟩⌉∇⇔ B↙ J↙ ⇐∞∃∀∀⇒↙ A⌋⌉¬ A ⌋≀↕≀∇ ⌉§√⌉∇⊔ ∫†∫⊔⌉⇕ {≀∇ ⊓∫⌉∇ ⟩\⊔⌉∇{⊣⌋⌉ ⌈⌉∫⟩}\↙ I\ P∇≀⌋⌉⌉⌈⟩\}∫ ≀{ ⊔⟨⌉ ACM SIGGRAPH S†⇕√≀∫⟩⊓⇕ ≀\ U∫⌉∇ I\⊔⌉∇{⊣⌋⌉ S≀{⊔⊒⊣∇⌉⇔ √⊣}⌉∫ ∞∞∘∞∈∀↙ M⌉†⌉∇⇔ B↙ ⇐∞∃∀∀⇒↙ O⌊|⌉⌋⊔↖≀∇⟩⌉\⊔⌉⌈ S≀{⊔⊒⊣∇⌉ C≀\∫⊔∇⊓⌋⊔⟩≀\↙ P∇⌉\⊔⟩⌋⌉ H⊣↕↕ I\⊔⌉∇\⊣⊔⟩≀\⊣↕ S⌉∇⟩⌉∫ ⟩\ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉↙ P∇⌉\⊔⟩⌋⌉↖H⊣↕↕↙ M⊓\∫⌉↕↕⇔ A↙ H↙ ⇐∞∃△⇒↙ A C≀↕≀∇ N≀⊔⊣⊔⟩≀\¬ A\ I↕↕⊓∫⊔∇⊣⊔⌉⌈ S†∫⊔⌉⇕ D⌉⊘\⟩\} A↕↕ C≀↕≀∇∫ ⊣\⌈ T⟨⌉⟩∇ R⌉↕⊣⊔⟩≀\∫ ⌊⌉ M⌉⊣∫⊓∇⌉⌈ S⌋⊣↕⌉∫ ≀{ H⊓⌉⇔ V⊣↕⊓⌉ ⊣\⌈ C⟨∇≀⇕⌉↙ M⊓\∫⌉↕↕ C≀↕≀∇ C≀⇕√⊣\†⇔ B⊣↕⊔⟩⇕≀∇⌉⇔ MD↙ N≀∇⇕⊣\⇔ R↙ B↙ ⇐∞∃∃′⇒↙ E↕⌉⌋⊔∇≀\⟩⌋ C≀↕≀∇¬ ⊔⟨⌉ ⊣∇⊔ ≀{ ⌋≀↕≀∇ ⊣√√↕⟩⌉⌈ ⊔≀ }∇⊣√⟨⟩⌋ ⌋≀⇕√⊓⊔⟩\}↙ V⊣\ N≀∫⊔∇⊣\⌈ R⌉⟩\⟨≀↕⌈↙ O∫⊔⊒⊣↕⌈⇔ W↙ ⇐∞∃∋∞⇒↙ C≀↕≀∇ S⌋⟩⌉\⌋⌉¬ A H⊣\⌈⌊≀≀‖ {≀∇ A⌈⊑⊣\⌋⌉⌈ S⊔⊓⌈⌉\⊔∫ ⟩\ S⌋⟨≀≀↕∫⇔ C≀↕↕⌉}⌉∫⇔ ⊣\⌈ ⊔⟨⌉ V⊣∇⟩≀⊓∫ A∇⊔∫⇔ C∇⊣{⊔∫⇔ ⊣\⌈ I\⌈⊓∫⊔∇⟩⌉∫ D⌉√⌉\⌈⟩\} ≀\ ⊔⟨⌉ U∫⌉ ≀{ C≀↕≀∇↙ W⟩\∫≀∇ ⊣\⌈ N⌉⊒⊔≀\↙ P\}⇔ T↙ ⇐∞∃∃∞⇒↙ S⊔⊣⌋‖ ⊒⟩\⌈≀⊒∫↙ T⌉⌋⟨\⟩⌋⊣↕ ∇⌉√≀∇⊔⇔ U\⟩⊑⌉∇∫⟩⊔† ≀{ W⊣⊔⌉∇↕≀≀↙ Q⊓⟩↕↕⌉∇⇔ S↙ ⇐∞∃∀∃⇒↙ C≀↕≀∇ C⟨≀⟩⌋⌉∫↙ W⊣⊔∫≀\↖G⊓√⊔⟩↕↕ P⊓⌊↕⟩⌋⊣⊔⟩≀\∫⇔ ∞▽∞▽ B∇≀⊣⌈⊒⊣†⇔ N⌉⊒ Y≀∇‖⇔ N↙Y↙ ∞′′∋↙̸ R≀}⌉∇∫⇔ D↙ F↙ ⇐∞∃∀▽⇒↙ P∇≀⌋⌉⌈⊓∇⊣↕ E↕⌉⇕⌉\⊔∫ {≀∇ C≀⇕√⊓⊔⌉∇ G∇⊣√⟨⟩⌋∫↙ M⌋G∇⊣⊒↖H⟩↕↕↙ R⊓⌊⟩\⇔ G↙ S↙ ⊣\⌈ L⌉}}⌉⇔ G↙ E↙ ⇐∞∃∀∃⇒↙ P∫†⌋⟨≀√⟨†∫⟩⌋∫ ≀{ ∇⌉⊣⌈⟩\}↙ ⊑⟩�⊔⟨⌉ ∇≀↕⌉ ≀{ ⌋≀\⊔∇⊣∫⊔ ⟩\ ↕≀⊒ ⊑⟩∫⟩≀\↙ V⟩∫⟩≀\ R⌉∫⌉⊣∇⌋⟨⇔ ∈∃⇐∞⇒¬∃∘∃∞↙ S⊣↕≀⇕≀\⇔ G↙ ⊣\⌈ C⟨⌉\⇔ J↙ ⇐∞∃∀∃⇒↙ U∫⟩\} \⌉⊓∇⊣↕ \⌉⊔∫ ⊔≀ ⊣⟩⌈ ⌋≀↕≀∇ ∫⌉↕⌉⌋⊔⟩≀\↙ P∇⌉√∇⟩\⊔↙ S⌋⟨↕⊓⌉⊔⌉∇⇔ K↙ G↙ ⇐∞∃∃′⇒↙ P⌉∇⌋⌉√⊔⊓⊣↕ ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\ ⟩\ ⊒⟩\⌈≀⊒ ∫†∫⊔⌉⇕∫↙ M⊣∫⊔⌉∇≃∫ ⊔⟨⌉∫⟩∫⇔ U\⟩⊑⌉∇∫⟩⊔† ≀{ W⊣⊔⌉∇↕≀≀↙ A⊑⊣⟩↕⊣⌊↕⌉ ⊣∫ R⌉∫⌉⊣∇⌋⟨ R⌉√≀∇⊔ CS↖∃′↖∋ ̸{∇≀⇕ ⊔⟨⌉ D⌉√⊣∇⊔⇕⌉\⊔ ≀{ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉↙ S⌉⟩⇕⇔ T↙ ⊣\⌈ V⊣↕⌊⌉∇}⇔ A↙ ⇐∞∃∀⇏↙ T≀⊒⊣∇⌈∫ ⊣ ⊓\⟩{≀∇⇕ ⌋≀↕≀∇ ∫√⊣⌋⌉¬ A ⌊⌉⊔⊔⌉∇ {≀∇⊓⇕↕⊣ ⊔≀ ⌈⌉∫⌋∇⟩⌊⌉ ⊔⟨⌉ M⊓\∫⌉↕↕ ⊣\⌈ OSA ⌋≀↕≀∇ ∫⌋⊣↕⌉∫↙ C≀↕≀∇ R⌉∫⌉⊣∇⌋⟨ ⊣\⌈ A√√↕⟩⌋⊣⊔⟩≀\⇔ ∞∞¬∞∞∘∈△↙ S⇕⊣↕↕⇕⊣\⇔ H↙ S↙ ⊣\⌈ B≀†\⊔≀\⇔ R↙ M↙ ⇐∞∃∃′⇒↙ S⌉}∇⌉}⊣⊔⟩≀\ ≀{ ⌊⊣∫⟩⌋ ⌋≀↕≀∇∫ ⟩\ ⊣\ ⟩\{≀∇⇕⊣⊔⟩≀\ ⌈⟩∫√↕⊣†↙ J≀⊓∇\⊣↕ ≀{ ⊔⟨⌉ O√⊔⟩⌋⊣↕ S≀⌋⟩⌉⊔† ≀{ A⇕⌉∇⟩⌋⊣⇔ ⇐∞′⇒¬∞∃∀▽∘∞∃∃△↙ S⊓\ ⇐∞∃∃′⇒↙ N⌉WS ∈↙∞ P∇≀}∇⊣⇕⇕⌉∇≃∫ G⊓⟩⌈⌉↙ S⊓\ M⟩⌋∇≀∫†∫⊔⌉⇕∫⇔ I\⌋↙ P⊣∇⊔ N⊓⇕⌊⌉∇¬ ∀′′↖△∀∀∀↖∞′↙ S⊓\ ⇐∞∃∃∞⇒↙ T⟨⌉ N⌉WS T≀≀↕‖⟩⊔ R⌉{⌉∇⌉\⌋⌉ M⊣\⊓⊣↕↙ S⊓\ M⟩⌋∇≀∫†∫⊔⌉⇕∫⇔ I\⌋↙ P⊣∇⊔ N⊓⇕⌊⌉∇¬ ∀′′↖▽▽△∋↖∞′↙ T⊣\⌉\⌊⊣⊓⇕⇔ A↙ S↙ ⇐∞∃∀⇏↙ O√⌉∇⊣⊔⟩\} S†∫⊔⌉⇕∫¬ D⌉∫⟩}\ ⊣\⌈ I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\↙ P∇⌉\⊔⟩⌋⌉ H⊣↕↕ S≀{⊔⊒⊣∇⌉ S⌉∇⟩⌉∫↙ P∇⌉\⊔⟩⌋⌉↖H⊣↕↕⇔ I\⌋↙ T⟩\‖⌉∇⇔ M↙ A↙ ⇐∞∃∌⇒↙ L⌉}⟩⌊⟩↕⟩⊔† ≀{ P∇⟩\⊔↙ I≀⊒⊣ S⊔⊣⊔⌉ U\⟩⊑⌉∇∫⟩⊔† P∇⌉∫∫↙ U⌋⟨⟩‖⊣⊒⊣⇔ H↙⇔ U⌋⟨⟩‖⊣⊒⊣⇔ K↙⇔ ⊣\⌈ B≀†\⊔≀\⇔ R↙ M↙ ⇐∞∃∀∃⇒↙ I\⊙⊓⌉\⌋⌉ ≀{ ⊣⌋⟨∇≀⇕⊣⊔⟩⌋ ∫⊓∇∇≀⊓\⌈∫ ≀\ ⌋⊣⊔⌉}≀∇⟩⌋⊣↕ √⌉∇⌋⌉√⊔⟩≀\ ≀{ ∫⊓∇{⊣⌋⌉ ⌋≀↕≀⊓∇∫↙ V⟩∫⟩≀\ R⌉∫⌉⊣∇⌋⟨⇔ ∈∃⇐⇒¬∀∀∞∘∀∃′↙ U⌋⟨⟩‖⊣⊒⊣⇔ K↙ ⊣\⌈ B≀†\⊔≀\⇔ R↙ M↙ ⇐∞∃∀⇒↙ C⊣⊔⌉}≀∇⟩⌋⊣↕ ⌋≀↕≀∇ √⌉∇⌋⌉√⊔⟩≀\ ≀{ |⊣√⊣\⌉∫⌉ ≀⌊∫⌉∇⊑⌉∇∫¬ C≀⇕√⊣∇⟩∫≀\ ⊒⟩⊔⟨ ⊔⟨⊣⊔ ≀{ ⊣⇕⌉∇⟩⌋⊣\∫↙ V⟩∫⟩≀\ R⌉∫⌉⊣∇⌋⟨⇔ ∈⇐∞′⇒¬∞∀∈▽∘∞∀∋∋↙ W⌉}\⌉∇⇔ P↙ ⇐∞∃∀⇒↙ D⟩⇕⌉\∫⟩≀\∫ ≀{ ≀⌊|⌉⌋⊔∘⌊⊣∫⌉⌈ ↕⊣\}⊓⊣}⌉ ⌈⌉∫⟩}\↙ SIGPLAN N≀⊔⟩⌋⌉∫⇔ ∈∈⇐∞∈⇒¬∞∀̸∘∞∀∈↙ P∇≀⌋⌉⌉⌈↖ ⟩\}∫ ≀{ ⊔⟨⌉ OOPSLA≃∀ C≀\{⌉∇⌉\⌋⌉⇔ O⌋⊔↙ △∘∀⇔ ∞∃∀⇔ O∇↕ ⊣\⌈≀⇔ F↕≀∇⟩⌈⊣↙ W†∫‡⌉⌋‖⟩⇔ G↙ ⇐∞∃▽△⇒↙ A ∇⌉}⊓⊣↕∇ ∇⟨≀⇕⌊≀⟨⌉⌈∇⊣↕ ↕⊣⊔⊔⟩⌋⌉ ∫⊣⇕√↕⟩\} ≀{ ⇕⊓\∫⌉↕↕ ∇⌉\≀⊔⊣⊔⟩≀\ ∫√⊣⌋⌉↙ J≀⊓∇\⊣↕ ≀{ ⊔⟨⌉ O√⊔⟩⌋⊣↕ S≀⌋⟩⌉⊔† ≀{ A⇕⌉∇⟩⌋⊣⇔ △△¬∈▽↙ W†∫‡⌉⌋‖⟩⇔ G↙ ⊣\⌈ S⊔⟩↕⌉∫⇔ W↙ ⇐∞∃∀∈⇒↙ C≀↕≀∇ S⌋⟩⌉\⌋⌉¬ C≀\⌋⌉√⊔∫ ⊣\⌈ M⌉⊔⟨≀⌈∫⇔ Q⊓⊣\⊔⟩⊔⊣⊔⟩⊑⌉ D⊣⊔⊣ ⊣\⌈ F≀∇⇕⊓↕⊣⌉↙ W⟩↕⌉†⇔ N⌉⊒ Y≀∇‖↙