M⊓↕⊔⟩√↕⌉ C≀\⌋⊓∇∇⌉\⌋† C≀\⊔∇≀↕ P≀↕⟩⌋⟩⌉∫ ⟩\ ⊣\ O⌊|⌉⌋⊔↖O∇⟩⌉\⊔⌉⌈ P∇≀}∇⊣⇕⇕⟩\} S†∫⊔⌉⇕

G⊣⟩↕ E↙ K⊣⟩∫⌉∇ W⌉\⊒⌉† H∫⌉⊓∫⟨ S⊔⌉⊑⌉\ S↙ P≀√≀⊑⟩⌋⟨ S⟨†⟨⊔∫⊓\ F↙ W⊓ C≀↕⊓⇕⌊⟩⊣ U\⟩⊑⌉∇∫⟩⊔† D⌉√⊣∇⊔⇕⌉\⊔ ≀{ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉ N⌉⊒ Y≀∇‖⇔ NY ∞′′∈ J⊣\⊓⊣∇† ∈∀⇔ ∞∃∃∈ ⌋◯∞∃∃∈ G⊣⟩↕ E↙ K⊣⟩∫⌉∇⇔ W⌉\⊒⌉† H∫⌉⊓∫⟨⇔ S⊔⌉⊑⌉\ S↙ P≀√≀⊑⟩⌋⟨ ⊣\⌈ S⟨†⟨⊔∫⊓\ F⌉↕⟩§ W⊓

A⌊∫⊔∇⊣⌋⊔ O⌊|⌉⌋⊔↖≀∇⟩⌉\⊔⌉⌈ ∫†∫⊔⌉⇕∫ ⟨⊣⊑⌉ ⌊⌉⌉\ }⌉\⌉∇⊣↕↕† ∇⌉⌋≀}\⟩‡⌉⌈ ⊣∫ ⊣ }≀≀⌈ ⌋⟨≀⟩⌋⌉ {≀∇ ⊣√√∇≀⊣⌋⟨⟩\} ⊣ ∇⊣\}⌉ ≀{ √⊣∇⊣↕↕⌉↕ ⊣\⌈ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ √∇≀}∇⊣⇕⇕⟩\} √∇≀⌊↕⌉⇕∫↙ B⊓⊔ ⌈⟩{↖ {⌉∇⌉\⊔ √⊣∇⊣↕↕⌉↕ ⊣\⌈ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⟨⊣⊑⌉ ⌈⟩{{⌉∇⌉\⊔ ⌋≀\∫⟩∫⊔⌉\⌋† ⇕≀⌈⌉↕∫⇔ ∫≀ ⇕⊓↕⊔⟩√↕⌉ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ √≀↕⟩⌋⟩⌉∫ ⊣∇⌉ \⌉⌉⌈⌉⌈↙ W⟨⌉\ ≀⌊|⌉⌋⊔∫ ⊣∇⌉ ∫⟨⊣∇⌉⌈ ⊣⇕≀\} ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊒⟩⊔⟨ ⌈⟩{{⌉∇⌉\⊔ √≀↕⟩⌋⟩⌉∫⇔ ⇕⊓↕⊔⟩√↕⌉ √≀↕⟩⌋⟩⌉∫ ⇕⊓∫⊔ ≀√⌉∇⊣⊔⌉ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕† ⊣\⌈ ⌋≀⇕√⊣⊔⟩⌊↕†↙ W⌉ ⟨⊣⊑⌉ ⟩\⊑⌉∫⊔⟩}⊣⊔⌉⌈ ⊔⊒≀ ⌋≀\∫⟩∫⊔⌉\⌋† ⇕≀⌈⌉↕∫⇔ ⌋∇⟩⊔⟩⌋⊣↕ ∫⌉⌋⊔⟩≀\∫ ≀\ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ≀⌊|⌉⌋⊔∫ ⊣\⌈ ⌋↕⊣∫∫⟩⌋⊣↕ ∫⌉∇⟩⊣↕⟩‡⊣⌊↕⌉ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫⇔ ⊣\⌈ ⊔⟨⌉ ⟩\⊔⌉∇⊣⌋⊔⟩≀\∫ ⌊≀⊔⟨ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉∫⌉ ⇕≀⌈⌉↕∫ ⊣\⌈ ⊒⟩⊔⟨ ⊖⊓\⌋≀\⊔∇≀↕↕⌉⌈⪰ ⌋≀\⌋⊓∇∇⌉\⌋†⇔ ⟩\ ⊔⟨⌉ ⌋≀\⊔⌉§⊔ ≀{ ⊔⟨⌉ MELD ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ≀⌊|⌉⌋⊔↖≀∇⟩⌉\⊔⌉⌈ √∇≀}∇⊣⇕⇕⟩\} ↕⊣\}⊓⊣}⌉↙ W⌉ √∇⌉∫⌉\⊔ ⊔⟨⌉ ∇⌉↕⌉↖ ⊑⊣\⊔ ↕⊣\}⊓⊣}⌉ ⌋≀\∫⊔∇⊓⌋⊔∫ ⊣\⌈ ⌈⟩∫⌋⊓∫∫ √∇≀}∇⊣⇕⇕⟩\} √∇≀⌊↕⌉⇕∫ ⊣\⌈ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⟩∫∫⊓⌉∫↙ K⌉†⊒≀∇⌈∫¬ A√√↕⟩⌋⊣⊔⟩≀\∫⇔ ⌈⊣⊔⊣⌊⊣∫⌉ ∫†∫⊔⌉⇕∫⇔ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ∫†∫⊔⌉⇕∫⇔ √⊣∇⊣↕↕⌉↕ √∇≀↖ }∇⊣⇕⇕⟩\}⇔ √∇≀}∇⊣⇕⇕⟩\} ↕⊣\}⊓⊣}⌉∫⇔ ⊔∇⊣\∫⊣⌋⊔⟩≀\ √∇≀⌋⌉∫∫⟩\}↙

′

∞ I\⊔∇≀⌈⊓⌋⊔⟩≀\

O⌊|⌉⌋⊔↖≀∇⟩⌉\⊔⌉⌈ √∇≀}∇⊣⇕⇕⟩\} ↕⊣\}⊓⊣}⌉∫ ⊣\⌈ ⌈⊣⊔⊣ ⇕⊣\⊣}⌉⇕⌉\⊔ ∫†∫⊔⌉⇕∫ ⟨⊣⊑⌉ ⌊⌉↖ ⌋≀⇕⌉ ⊑⌉∇† √≀√⊓↕⊣∇ ∪M⌉†∃′⇔ P⊣⌉∃∞⊎↙ C≀\⌋⊓∇∇⌉\⊔ ≀⌊|⌉⌋⊔↖≀∇⟩⌉\⊔⌉⌈ √∇≀}∇⊣⇕⇕⟩\} ∫†∫⊔⌉⇕∫ ⇐COOPS⇒ ⊣∇⌉ √⊣∇⊔⟩⌋⊓↕⊣∇↕† ⊣⊔⊔∇⊣⌋⊔⟩⊑⌉ {≀∇ ⟩\⊔∇⟩\∫⟩⌋⊣↕↕† √⊣∇⊣↕↕⌉↕ ⊣\⌈ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ⊣√√↕⟩⌋⊣↖ ⊔⟩≀\∫ ∪A}⟨∃′⊎⇔ ∫⊓⌋⟨ ⊣∫ ⌈⟩∫⌋∇⌉⊔⌉ ⌉⊑⌉\⊔ ∫⟩⇕⊓↕⊣⊔⟩≀\ ⊣\⌈ \⌉⊔⊒≀∇‖ ⇕⊣\⊣}⌉⇕⌉\⊔ ∪⇐AN∀∃⊎↙ COOPS ⊔⟨⊓∫ ∇⌉∐⊓⟩∇⌉ ∫⊓√√≀∇⊔ {≀∇ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕⇔ ⊔≀ ⌉\{≀∇⌋⌉ ⌈⊣⊔⊣ ⌋≀\∫⟩∫⊔⌉\⌋† ⊒⟩⊔⟨⟩\ ⊣\⌈ ⊣⌋∇≀∫∫ ⊔⟨⌉∫⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫↙ I⊔ ⟩∫ ∫≀⇕⌉⊔⟩⇕⌉∫ ∫⊓}}⌉∫⊔⌉⌈ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋↕⊣∫∫⟩⌋⊣↕ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⇕≀⌈⌉↕ ⌊⌉ ⟩\⊔⌉}∇⊣⊔⌉⌈ ⌈⟩∇⌉⌋⊔↕† ⟩\⊔≀ COOPS {⊣⌋⟩↕⟩⊔⟩⌉∫↙ T⟨⟩∫ ⇕≀⌈⌉↕ √⌉∇⇕⟩⊔∫ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊔≀ ⌊⌉ ⌈⌉⊘\⌉⌈ ⟩\ ⊔⌉∇⇕∫ ≀{ ∫⌉∇⟩⊣↕⟩‡⊣⌊↕⌉ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫¬ ⌉⟩⊔⟨⌉∇ ⊣↕↕ ⊔⟨⌉ ≀√⌉∇⊣⊔⟩≀\∫ ⌋⊣∇∇⟩⌉⌈ ≀⊓⊔ ⌈⊓∇⟩\} ⊣ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⌋≀⇕√↕⌉⊔⌉ ≀∇ \≀\⌉ ≀{ ⊔⟨⌉⇕ ⌈≀⇔ ⊣\⌈ ⊔⟨⌉ ⌉{{⌉⌋⊔∫ ≀{ ⊔⟨⌉ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⌋≀⇕⇕⟩⊔⊔⌉⌈ ≀⊑⌉∇ ⊔⟨⌉ ↕⟩{⌉⊔⟩⇕⌉ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊣√√⌉⊣∇ ⊔≀ ⟨⊣⊑⌉ ≀⌋⌋⊓∇∇⌉⌈ ⟩\ ∫≀⇕⌉ ∫⌉∇⟩⊣↕ ≀∇⌈⌉∇ ∪BHG∀⊎↙ T⟨⌉ ⌋↕⊣∫∫⟩⌋⊣↕ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⇕≀⌈⌉↕ √∇≀⊑⟩⌈⌉∫ ⊣ }≀≀⌈ ∫≀↕⊓⊔⟩≀\ ⊔≀ ⇕⊣\† √∇≀}∇⊣⇕⇕⟩\} √∇≀⌊↖ ↕⌉⇕∫⇔ ⌊⊓⊔ ⟨⊣∫ ⌊⌉⌉\ ∇⌉⌋≀}\⟩‡⌉⌈ ⊣∫ ⊔≀≀ ∫⊔∇⟩⌋⊔ {≀∇ ⇕⊣\† ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ∪N⌉∀∃⊎↙ D⟩{{⌉∇⌉\⊔ √⊣∇⊣↕↕⌉↕ ⊣\⌈ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⟨⊣⊑⌉ ⌈⟩{{⌉∇⌉\⊔ ⌋≀\∫⟩∫⊔⌉\⌋† ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫⇔ ∫≀ ⇕⊓↕↖ ⊔⟩√↕⌉ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ √≀↕⟩⌋⟩⌉∫ ⊣∇⌉ \⌉⌉⌈⌉⌈↙ W⟨⌉\ ⌈⊣⊔⊣ ⟩∫ ∫⟨⊣∇⌉⌈ ⊣⇕≀\} ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊒⟩⊔⟨ ⌈⟩{{⌉∇⌉\⊔ √≀↕⟩⌋⟩⌉∫⇔ ⊔⟨⌉\ ⊔⟨⌉ √≀↕⟩⌋⟩⌉∫ ⇕⊓∫⊔ ≀√⌉∇⊣⊔⌉ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕† ⊣\⌈ ⌋≀⇕√⊣⊔⟩⌊↕†↙ W⌉ ⟨⊣⊑⌉ ⟩\⊑⌉∫⊔⟩}⊣⊔⌉⌈ ⊔⟨⌉ ⟩\⊔⌉∇≀√⌉∇⊣⌊⟩↕⟩⊔† ≀{ ⌋↕⊣∫∫⟩⌋⊣↕ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⊣\⌈ ⊣ ↕⌉∫∫ ∫⊔∇⟩⌋⊔ ⌋≀\∫⟩∫⊔⌉\⌋† ⇕≀⌈⌉↕⇔ ⊒⟨⟩⌋⟨ ⊒⌉ ⌋⊣↕↕ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫⇔ ⊔⟨⊣⊔ √∇≀⊑⟩⌈⌉∫ ⌉§⌋↕⊓∫⟩⊑⌉ ⊣⌋⌋⌉∫∫ ⊔≀ ⊣\ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ≀⌊|⌉⌋⊔ ⌈⊓∇⟩\} ⊣ ∫⌉∐⊓⌉\⌋⌉ ≀{ ∫⊔⊣⊔⌉⇕⌉\⊔∫↙ W⌉ ⟨⊣⊑⌉ ⊣↕∫≀ ⌉§√↕≀∇⌉⌈ ⊔⟨⌉ ⟩⇕√↕⟩⌋⊣⊔⟩≀\∫ ≀{ ⊖⊓\⌋≀\⊔∇≀↕↕⌉⌈⪰ ⌋≀\⌋⊓∇∇⌉\⌋† ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ∫⊣⇕⌉ COOPS↙ O⊓∇ ⊒≀∇‖ ⟨⊣∫ ⌊⌉⌉\ ⟩\ ⊔⟨⌉ ⌋≀\⊔⌉§⊔ ≀{ ⊔⟨⌉ MELD ≀⌊|⌉⌋⊔↖≀∇⟩⌉\⊔⌉⌈ √∇≀}∇⊣⇕⇕⟩\} ↕⊣\}⊓⊣}⌉ ∪KPHW∀∃⊎↙ A{⊔⌉∇ ⌊∇⟩⌉⊙† ⌈⟩∫⌋⊓∫∫⟩\} ⊔⟨⌉ ⇕≀⊔⟩⊑⊣⊔⟩≀\ {≀∇ ⊔⟨⟩∫ ⊒≀∇‖⇔ ⊒⌉ ⟩\⊔∇≀⌈⊓⌋⌉ MELD≃∫ ⌋↕⊣∫∫⌉∫ ⊣\⌈ ⊔⟨⌉ ⌊⊣∫⟩⌋ ⌋≀\⌋⊓∇∇⌉\⌋†↖∇⌉↕⊣⊔⌉⌈ {⊣⌋⟩↕⟩⊔⟩⌉∫⇔ ⊒⟨⟩⌋⟨ ⇕⟩}⟨⊔ ⌉§⌉⌋⊓⊔⌉ ⊒⟩⊔⟨≀⊓⊔ ⊣\† ⌋≀\⊔∇≀↕↙ W⌉ ⌉§√↕⊣⟩\ ⌊≀⊔⟨ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫ ⊣\⌈ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫⇔ ⊔≀}⌉⊔⟨⌉∇ ⊒⟩⊔⟨ ⊔⟨⌉ ⌋≀∇∇⌉∫√≀\⌈⟩\} ↕⊣\}⊓⊣}⌉ ⌋≀\∫⊔∇⊓⌋⊔∫ ⊣\⌈ ∇⊓\↖⊔⟩⇕⌉ ∫⊓√√≀∇⊔↙ W⌉ ⊔⟨⌉\ ⌈⟩∫⌋⊓∫∫ ⊔⟨⌉ ⟩\∫⟩}⟨⊔∫ ≀⌊⊔⊣⟩\⌉⌈ ⊔⟨∇≀⊓}⟨ ≀⊓∇ ⟩\⊔⌉}∇⊣⊔⟩≀\ ≀{ ⊔⟨⌉ ⊔⟨∇⌉⌉ √≀↕⟩⌋⟩⌉∫↙ W⌉ ⌈⌉∫⌋∇⟩⌊⌉ ≀⊓∇ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⊣\⌈ ⌋≀⇕√⊣∇⌉ ⊔≀ ≀⊔⟨⌉∇ ⌋≀\⌋⊓∇∇⌉\⊔ ≀⌊|⌉⌋⊔ ∫†∫⊔⌉⇕∫⇔ ⊣\⌈ ⌋≀\⌋↕⊓⌈⌉ ⌊† ∫⊓⇕⇕⊣∇⟩‡⟩\} ⊔⟨⌉ ⌋≀\⊔∇⟩⌊⊓⊔⟩≀\∫ ≀{ ⊔⟨⟩∫ ⊒≀∇‖↙

∈ M≀⊔⟩⊑⊣⊔⟩≀\

T⟨⌉∇⌉ ⊣∇⌉ ⇕⊣\† ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊒⟨⌉∇⌉ ⌋↕⊣∫∫⟩⌋⊣↕ ∫⌉∇⟩⊣↕⟩‡⊣⌊↕⌉ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⊓\\⌉⌋⌉∫∫⊣∇↖ ⟩↕† ∇⌉∫⊔∇⟩⌋⊔ ⌋≀\⌋⊓∇∇⌉\⌋†↙ O\⌉ ⊣∇⌉⊣ ⟩∫ ⌋≀⇕√⊓⊔⌉∇↖∫⊓√√≀∇⊔⌉⌈ ⌋≀≀√⌉∇⊣⊔⟩⊑⌉ ⊒≀∇‖ ∪G∇⌉∀∀⊎↙ C≀↕↕⊣⌊≀∇⊣⊔⟩≀\ ⟩\⊑≀↕⊑⌉∫ ↕≀\} ⊖⊔∇⊣\∫⊣⌋⊔⟩≀\∫⪰ ⌋⊣∇∇⟩⌉⌈ ≀⊓⊔ ≀⊑⌉∇ ⟨≀⊓∇∫ ≀∇ ⌈⊣†∫⇔ ⊒⟨⌉∇⌉ √⊣∇↖ ⊔⟩⌋⟩√⊣\⊔∫ ∫⟨⊣∇⌉ ‖\≀⊒↕⌉⌈}⌉ ⊣\⌈ ⌈⊣⊔⊣ ⊒⟨⟩↕⌉ ⊔⟨⌉⟩∇ ⊖⊔∇⊣\∫⊣⌋⊔⟩≀\∫⪰ ⊣∇⌉ ⟩\ √∇≀}∇⌉∫∫⇔ ∫≀ ⊔⟨⌉ ⟩∫≀↕⊣⊔⟩≀\ ⌉\{≀∇⌋⌉⌈ ⌊† ∫⌉∇⟩⊣↕⟩‡⊣⌊⟩↕⟩⊔† ⟩∫ ⟩\⊣√√∇≀√∇⟩⊣⊔⌉↙

∞

R⌉⊣↕↖⊔⟩⇕⌉ ∫†∫⊔⌉⇕∫ ∪S⊔⊣∀∀⊎ ⊣∇⌉ ⊣\≀⊔⟨⌉∇ ⌈≀⇕⊣⟩\ ⊒⟨⌉∇⌉ ⊔⟨⌉ ⌋↕⊣∫∫⟩⌋⊣↕ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⇕≀⌈⌉↕ ⌈≀⌉∫ \≀⊔ ⊒≀∇‖↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩\ ⊣\ ≀\↖↕⟩\⌉ ∫⊔≀⌋‖ ⊔∇⊣⌈⟩\} ∫†∫⊔⌉⇕⇔ ⊔⟨⌉ ∫⊔≀⌋‖ ⌉§⌋⟨⊣\}⌉ {⌉⌉⌈ ⊒∇⟩⊔⌉∫ ⊔⟨⌉ \⌉⊒ ⊑⊣↕⊓⌉∫ ≀{ √∇⟩⌋⌉∫ ⊣∫ ⊔⟨⌉† ⊣∇⌉ ∇⌉⌋⌉⟩⊑⌉⌈ ⊣\⌈ ⌋⊣\\≀⊔ ⌊⌉ ⌊↕≀⌋‖⌉⌈ ⌉⊑⌉\ ⊔⟨≀⊓}⟨ ⊔⟨⌉∇⌉ ⇕⊣† ⌊⌉ √≀∇⊔{≀↕⟩≀ ⇕⊣\⊣}⌉⇕⌉\⊔ ⌋≀⇕√⊓⊔⊣⊔⟩≀\∫ ⌋≀\⌋⊓∇∇⌉\⊔↕† ∇⌉⊣⌈⟩\} ⊔⟨⌉ √∇⟩⌋⌉∫↙ F⊓∇⊔⟨⌉∇⇔ √≀∇⊔{≀↕⟩≀ ⇕⊣\⊣}⌉∇∫ ⊒⊣\⊔ ⊔≀ ∫⌉⌉ ⊔⟨⌉ ↕⊣⊔⌉∫⊔ √∇⟩⌋⌉∫ ⊣∫ ⊔⟨⌉† ⌊⌉⌋≀⇕⌉ ⊣⊑⊣⟩↕⊣⌊↕⌉⇔ ∫≀ ∇⌉⊣⌈⟩\} ⊣\ ≀↕⌈ ∫\⊣√∫⟨≀⊔ ≀{ ⊔⟨⌉ ⌈⊣⊔⊣ ⇐≀⌊⊔⊣⟩\⌉⌈⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⊓∫⟩\} ⊣ ⇕⊓↕↖ ⊔⟩⊑⌉∇∫⟩≀\ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ √∇≀⊔≀⌋≀↕⇒ ⟩∫ ⊓\⊣⌋⌋⌉√⊔⊣⌊↕⌉⇔ ⊣∫ ⟩∫ ⌊↕≀⌋‖⟩\} √∇⟩⌋⌉ ⊓√⌈⊣⊔⌉∫ ⇐{≀∇ ⌉§⊣⇕√↕⌉⇔ ⊓∫⟩\} ⊣ ↕≀⌋‖⟩\} ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ √∇≀⊔≀⌋≀↕⇒↙ W⌉ ⟨⊣⊑⌉ √∇⌉⊑⟩≀⊓∫↕† √∇≀√≀∫⌉⌈ ∫≀⇕⌉ ∫√⌉⌋⟩⊘⌋ ⊣√√∇≀⊣⌋⟨⌉∫ {≀∇ ⌊≀⊔⟨ ⊔⟨⌉ ⌋≀≀√⌉∇⊣⊔⟩⊑⌉ ⊒≀∇‖ ⊣\⌈ ∇⌉⊣↕↖⊔⟩⇕⌉ ⌈≀⇕⊣⟩\∫ ∪PKH∀∀⇔ K⊣⟩∃′⇔ KH∃∈⊎⇔ ⌊⊓⊔ ≀⊓∇ }≀⊣↕ ⟩\ ∫‖⌉⊔⌋⟨⟩\} ⊔⟨⌉∫⌉ ⌈≀↖ ⇕⊣⟩\∫ ⟨⌉∇⌉ ⟩∫ ⊔≀ ⇕≀⊔⟩⊑⊣⊔⌉ ≀⊓∇ ⌋↕⊣⟩⇕ ⊔⟨⊣⊔ ⊔⟨⌉ ⌋↕⊣∫∫⟩⌋⊣↕ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⇕≀⌈⌉↕ ⊣↕≀\⌉ ⟩∫ ⟩\∫⊓{↖ ⊘⌋⟩⌉\⊔⇔ ⊣\⌈ ⊔≀ ⌈⌉⇕≀\∫⊔∇⊣⊔⌉ ⊔⟨⌉ \⌉⌉⌈ {≀∇ ⌈⟩{{⌉∇⌉\⊔ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ √≀↕⟩⌋⟩⌉∫ ∫√⌉⌋⟩⊘⌋ ⊔≀ ⊣√√↕⟩⌋⊣⊔⟩≀\ {⊓\⌋⊔⟩≀\⊣↕⟩⊔†↙ T⟨⊓∫⇔ ⊣ COOPS ∫⟨≀⊓↕⌈ √∇≀⊑⟩⌈⌉ ↕⊣\}⊓⊣}⌉ ⌋≀\∫⊔∇⊓⌋⊔∫ {≀∇ ∫⌉⊑⌉∇⊣↕ ⌈⟩∫⊔⟩\⌋⊔ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ √≀↕⟩⌋⟩⌉∫⇔ ∫⊓√√≀∇⊔⟩\} ⌈⟩{{⌉∇⌉\⊔ ⌋≀\∫⟩∫⊔⌉\⌋† ∇⌉∐⊓⟩∇⌉↖ ⇕⌉\⊔∫↙ S⟩\⌋⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊒⟩⊔⟨ ⌈⟩{{⌉∇⌉\⊔ ⌋≀\∫⟩∫⊔⌉\⌋† ∇⌉∐⊓⟩∇⌉⇕⌉\⊔∫ ∫≀⇕⌉⊔⟩⇕⌉∫ ∫⟨⊣∇⌉ ⌈⊣⊔⊣⇔ ⊔⟨⌉ √≀↕⟩⌋⟩⌉∫ ⇕⊓∫⊔ ≀√⌉∇⊣⊔⌉ ⌋≀⇕√⊣⊔⟩⌊↕† ⊒⟩⊔⟨⟩\ ⊣\ ≀⌊|⌉⌋⊔⌊⊣∫⌉↙ S⊓⌋⟨ ⟩\⊔⌉∇≀√⌉∇⊣⌊⟩↕⟩⊔† ⟩∫ ∇⌉↕⊣⊔⌉⌈ ⊔≀ ⊔⟨⌉ √∇≀⌊↕⌉⇕ ≀{ ⌉§⌉⌋⊓⊔⟩\} ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⟩\ ⟨⌉⊔⌉∇≀↖ }⌉\⌉≀⊓∫ ⌈⊣⊔⊣⌊⊣∫⌉ ∫†∫⊔⌉⇕∫ ∪R⊣⇕∃∞⊎↙ G↕≀⌊⊣↕ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⌋≀\∫⟩∫⊔ ≀{ ∫⊓⌊⊔∇⊣\∫⊣⌋⊔⟩≀\∫⇔ ⌉⊣⌋⟨ ≀{ ⊒⟨⟩⌋⟨ ⌉§⌉⌋⊓⊔⌉∫ ≀\ ⊣ ⌈⟩{{⌉∇⌉\⊔ ⌈⊣⊔⊣⌊⊣∫⌉⇔ ⊒⟨⌉∇⌉ ⌉⊣⌋⟨ ⌈⊣⊔⊣⌊⊣∫⌉ ⇕⊣† ⟨⊣⊑⌉ ⊣ ⌈⟩{↖ {⌉∇⌉\⊔ ∫⌋⟨⌉⇕⌉ {≀∇ ⟩⇕√↕⌉⇕⌉\⊔⟩\} ∫⌉∇⟩⊣↕⟩‡⊣⌊↕⌉ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫↙ O\⌉ ⇕⟩}⟨⊔ ⊓∫⌉ ⊔⊒≀↖√⟨⊣∫⌉ ↕≀⌋‖⟩\}⇔ ⊣\≀⊔⟨⌉∇ ⊔⟩⇕⌉∫⊔⊣⇕√∫ ⊒⟩⊔⟨ ⇕⊓↕⊔⟩√↕⌉ ⊑⌉∇∫⟩≀\∫⇔ ⊣\⌈ ⊣ ⊔⟨⟩∇⌈ ≀√⊔⟩⇕⟩∫⊔⟩⌋ ⌋≀\⌋⊓∇↖ ∇⌉\⌋† ⌋≀\⊔∇≀↕⇔ ⌊⊓⊔ ⊔⟨⌉ }↕≀⌊⊣↕ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⇕⊓∫⊔ ⌊⌉ ∫⌉∇⟩⊣↕⟩‡⌉⌈↙ T⟨⟩∫ ⇕⟩}⟨⊔ ⌊⌉ ⌉\{≀∇⌋⌉⌈ ⌊† ∇⌉∐⊓⟩∇⟩\} ⌉⊣⌋⟨ ⌈⊣⊔⊣⌊⊣∫⌉ ⊔≀ ∫⊓√√≀∇⊔ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ √∇⌉⌈⌉⊘\⌉⌈ √∇≀⊔≀⌋≀↕⇔ ⊣∫ ⟩\ S⊓↖ √⌉∇⌈⊣⊔⊣⌊⊣∫⌉ ∪P⊓∀∀⊎↙ E↕⇕⊣}⊣∇⇕⟩⌈ ⊣\⌈ D⊓ ⌈⌉∫⌋∇⟩⌊⌉ ⊣ ⇕⌉⊔⟨≀⌈≀↕≀}† ⊔≀ ⌋≀\∫⊔∇⊓⌋⊔ ↕≀⌋⊣↕ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ ∫⌋⟨⌉⇕⌉∫ }⟩⊑⌉\ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ }↕≀⌊⊣↕ ⇕⌉⌋⟨⊣\⟩∫⇕ ⊣\⌈ ⊣√√↕⟩⌋⊣⊔⟩≀\↖ ∫√⌉⌋⟩⊘⌋ ⊔∇⊣⌈⌉≀{{∫ ∪ED∃′⊎↙ T⟨⟩∫ √∇≀⌊↕⌉⇕ ⟩∫ ∫⊓⌊⊔↕† ⌈⟩{{⌉∇⌉\⊔ ⊔⟨⊣\ ≀⊓∇∫⇔ ∫⟩\⌋⌉ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉ {⌉⌈⌉∇⊣⊔⌉⌈ ⌈⊣⊔⊣⌊⊣∫⌉∫ ∫⊓√↖ √≀∇⊔∫ ≀\↕† ⊣ ∫⟩\}↕⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ≀{ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫⇔ ∫≀ ⟩⊔ ⟩∫ \⌉⊑⌉∇ ⊔⟨⌉ ⌋⊣∫⌉ ⊔⟨⊣⊔ ⊔⟨⌉ ∫⊣⇕⌉ ≀⌊|⌉⌋⊔ ⟩∫ ⊣⌋⌋⌉∫∫⌉⌈ ⌊† ⌈⟩{{⌉∇⌉\⊔ ⊔⟨∇⌉⊣⌈∫ ≀{ ⌋≀\⊔∇≀↕ ≀√⌉∇⊣⊔⟩\} ⊣⌋⌋≀∇⌈⟩\} ⊔≀ ⌈⟩{{⌉∇⌉\⊔ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ∫⌋⟨⌉⇕⌉∫↙ I\ ⌋≀\⊔∇⊣∫⊔⇔ ⊔⟨⌉ P⊣√†∇⊓∫ ⊣∇⌋⟨⟩⊔⌉⌋⊔⊓∇⌉ ⌈≀⌉∫ ⊣↕↕≀⊒ ⇕⊓↕⊔⟩√↕⌉ ⊔⟨∇⌉⊣⌈∫ ⌉⇕√↕≀†⟩\} ⌈⟩{{⌉∇⌉\⊔ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ ∫⌋⟨⌉⇕⌉∫ ⊔≀ ⊣⌋⌋⌉∫∫ ⊔⟨⌉ ∫⊣⇕⌉ ≀⌊|⌉⌋⊔∫⇔ ⊒⟩⊔⟨ ⊔⟨⌉ ⟩\⊔⌉∇⊣⌋⊔⟩≀\∫ ⊣⇕≀\} ∫⌋⟨⌉⇕⌉∫ ∫√⌉⌋⟩⊘⌉⌈ ⟩\ ⊣ ⌋≀\⊙⟩⌋⊔ ⇕⊣⊔∇⟩§ ∪NW∃′⊎↙ B⊓⊔ ⊣}⊣⟩\ ⊔⟨⌉ ⌈⟩⊑⌉∇}⌉\⌋⌉ ⟩∫ ⊒⟩⊔⟨ ∇⌉∫√⌉⌋⊔ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ∫⌋⟨⌉⇕⌉∫⇔ \≀⊔ ⊔⟨⌉ ⌋≀\∫⟩∫⊔⌉\⌋† ⇕≀⌈⌉↕∫ ⊔⟨⌉⇕∫⌉↕⊑⌉∫⇔ ∫⟩\⌋⌉ ⊔⟨⌉† ⊣↕↕ ⌉\{≀∇⌋⌉ ∫⌉∇⟩⊣↕⟩‡⊣⌊⟩↕⟩⊔†↙ W⌉ ⊣∇⌉ ⌋≀\⌋⌉∇\⌉⌈ ⊒⟩⊔⟨ ⟩\⊔⌉∇≀√⌉∇↖ ⊣⌊⟩↕⟩⊔† ⊣⇕≀\} ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\∫ ≀{ ⌈⟩{{⌉∇⌉\⊔ ⌋≀\∫⟩∫⊔⌉\⌋† ⇕≀⌈⌉↕∫↙ T⟨⌉∇⌉ ⟨⊣∫ ⌊⌉⌉\ ⇕⊓⌋⟨ ⊔⟨⌉≀∇⌉⊔⟩⌋⊣↕ ⊒≀∇‖ ≀\ ⌋≀\∫⟩∫⊔⌉\⌋† ⇕≀⌈⌉↕∫ ≀⊔⟨⌉∇ ⊔⟨⊣\ ∫⌉∇⟩⊣↕⟩‡⊣⌊⟩↕↖ ⟩⊔†↙ L†\⌋⟨ ∪L†\∀∋⊎ ⊣\⌈ G⊣∇⌋⟩⊣↖M≀↕⟩\⊣ ∪GM∀∋⊎ ⟨⊣⊑⌉ √∇≀√≀∫⌉⌈ ⌋≀\∫⟩∫⊔⌉\⌋† ⇕≀⌈⌉↕∫ ⟩\ ⊔⌉∇⇕∫ ≀{ ⇕⊓↕⊔⟩√↕⌉ ⊣⌊∫⊔∇⊣⌋⊔⟩≀\ ↕⌉⊑⌉↕∫⇔ ⊒⟨⌉∇⌉ ⟩\⊔⌉∇↕⌉⊣⊑⟩\}∫ ⌊⌉⊔⊒⌉⌉\ ∫⊔⌉√∫ ⊣⊔ ≀\⌉ ↕⌉⊑⌉↕ ≀{ ⊣⌊∫⊔∇⊣⌋⊔⟩≀\ ⌈⌉√⌉\⌈ ≀\ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊔⟨⌉ ↕≀⊒⌉∇↖↕⌉⊑⌉↕ ≀√⌉∇⊣⊔⟩≀\∫ ⌋⊣∇∇⟩⌉⌈ ≀⊓⊔ ⌊† ⊔⟨⌉ ∫⊔⌉√∫↙ W⌉⟩⟨↕ ∪W⌉⟩∀∃⊎ ⌈⌉∫⌋∇⟩⌊⌉∫ ⊔⟨∇⌉⌉ ↕≀⌋⊣↕ ⊣⊔≀⇕⟩⌋⟩⊔† √∇≀√⌉∇⊔⟩⌉∫ {≀∇ ⊣⌊∫⊔∇⊣⌋⊔ ⌈⊣⊔⊣ ⊔†√⌉∫⇔

∈

⊒⟨⟩⌋⟨ ⌉§√↕≀⟩⊔ ≀{ ⊔⟨⌉ ⊣↕}⌉⌊∇⊣⟩⌋ √∇≀√⌉∇⊔⟩⌉∫ ≀{ ⊔⟨⌉ ⊔†√⌉≃∫ ≀√⌉∇⊣⊔⟩≀\∫ ⊔≀ ⌉\∫⊓∇⌉ }↕≀⌊⊣↕ ⌋≀\↖ ∫⟩∫⊔⌉\⌋†↙ H⌉∇↕⟩⟨† ⊣\⌈ W⟩\} ∪HW∃′⊎ ⌈⌉∫⌋∇⟩⌊⌉ ⊣ ⊘\⌉ }∇⊣⟩\ ⌋≀∇∇⌉⌋⊔\⌉∫∫ ⌋≀\⌈⟩⊔⟩≀\ ⌋⊣↕↕⌉⌈ ↕⟩\⌉⊣∇⟩‡⊣⌊⟩↕⟩⊔†⇔ ⊒⟨⟩⌋⟨ ∇⌉∐⊓⟩∇⌉∫ ⊔⟨⊣⊔ ⌉⊣⌋⟨ ≀√⌉∇⊣⊔⟩≀\ ⊣√√⌉⊣∇ ⊔≀ ⊖⊔⊣‖⌉ ⌉{{⌉⌋⊔⪰ ⟩\∫⊔⊣\⊔⊣↖ \⌉≀⊓∫↕†⇔ ⊒⟩⊔⟨ ⊔⟨⌉ ∫⊔⊣∇⊔ ≀∇⌈⌉∇ ≀{ \≀\↖⌋≀\⌋⊓∇∇⌉\⊔ ≀√⌉∇⊣⊔⟩≀\∫ √∇⌉∫⌉∇⊑⌉⌈↙ B⊣∇}⟨≀⊓⊔⟩ ⊣\⌈ K⊣⟩∫⌉∇ ∪BK∃∞⊎ ∫⊓∇⊑⌉† ⊔⟨⌉ ↕⟩⊔⌉∇⊣⊔⊓∇⌉ ≀\ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⇕≀⌈⌉↕∫ {≀∇ ⌋≀≀√⌉∇⊣⊔⟩⊑⌉ ⊒≀∇‖↙ N≀\⌉ ≀{ ⊔⟨⟩∫ ⊒≀∇‖ ⊣⌈⌈∇⌉∫∫⌉∫ ⊔⟨⌉ √∇≀⌊↕⌉⇕∫ ≀{ ⟩\⊔⌉∇≀√⌉∇⊣⌊⟩↕⟩⊔† ⊣⇕≀\} ⇕⊓↕⊔⟩√↕⌉ ⌋≀\∫⟩∫⊔⌉\⌋† ⇕≀⌈⌉↕∫ ⊣√√↕⟩⌉⌈ ⊔≀ ⊔⟨⌉ ∫⊣⇕⌉ ≀⌊|⌉⌋⊔∫ ⊣\⌈ √≀∫∫⟩⌊↕† ⌉⊑⌉\ ⊔⟨⌉ ∫⊣⇕⌉ ≀√⌉∇⊣⊔⟩≀\∫↙

∋ O⊑⌉∇⊑⟩⌉⊒ ≀{ MELD

I\ ⊔⟨⌉ MELD COOPS⇔ ⌉⊣⌋⟨ ⌋↕⊣∫∫ ⌈⌉⊘\⌉∫ ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉∫ ⊣\⌈ ⇕⌉⊔⟨≀⌈∫ {≀∇ ⌉⊑⌉∇† ≀⌊|⌉⌋⊔ ≀{ ⊔⟨⌉ ⌋↕⊣∫∫↙ I\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉∫ ⊣∇⌉ ∫⊔∇≀\}↕† ⊔†√⌉⌈⇔ ⊒⟨⌉∇⌉ ⊔⟨⌉ ⊔†√⌉ ⟩∫ √∇⟩⇕⟩⊔⟩⊑⌉ ⇐⟩\⊔⌉}⌉∇⇔ ∫⊔∇⟩\}⇔ ⌉⊔⌋↙⇒⇔ ⊣ √∇≀}∇⊣⇕⇕⌉∇↖⌈⌉⊘\⌉⌈ ⌋↕⊣∫∫⇔ ≀∇ ⊣\ ⊣∇∇⊣† ≀{ ⊑⊣∇⟩⊣⌊↕⌉∫ ≀{ ⊔⟨⌉ ∫⊣⇕⌉ ⊔†√⌉ ⇐⌉⟩⊔⟨⌉∇ √∇⟩⇕⟩⊔⟩⊑⌉ ≀∇ √∇≀}∇⊣⇕⇕⌉∇↖⌈⌉⊘\⌉⌈⇒↙ I\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉∫ ⊣\⌈ ⇕⌉⊔⟨≀⌈∫ ⇕⊣† ⌊⌉ ⟩\⟨⌉∇⟩⊔⌉⌈ {∇≀⇕ ⊣\⌋⌉∫⊔≀∇ ⌋↕⊣∫∫⌉∫⇔ ⊓∫⟩\} ⊣ ⇕⊓↕⊔⟩√↕⌉ ⟩\⟨⌉∇⟩⊔⊣\⌋⌉ √≀↕⟩⌋† ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ √∇⌉⊑⟩≀⊓∫ √⊣√⌉∇∫ ∪KG∀⌊⇔ KG∀⊣⊎↙ MELD ⇕⌉⊔⟨≀⌈∫ ⇕⊣† ⌋⊣↕↕ ⊣∇⌊⟩⊔∇⊣∇† C {⊓\⌋⊔⟩≀\∫⇔ {≀∇ ⌉§⊣⇕√↕⌉⇔ ⊔≀ ∫⊓√√≀∇⊔ ⇕⊣⊔⟨⌉⇕⊣⊔⟩⌋⊣↕ ⊣\⌈∝≀∇ }∇⊣√⟨⟩⌋ ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ≀∇ ∇⌉⊓∫⌉ ⌉§⟩∫⊔⟩\} ⌋≀⌈⌉↙ F⟩}⊓∇⌉ ∞ ⌈⌉√⟩⌋⊔∫ √⊣∇⊔ ≀{ ⊣ ⌋↕⊣∫∫ ⌈⌉⊘\⟩⊔⟩≀\ {≀∇ ∫⟩⇕√↕⌉ √∇⟩\⊔⌉∇ ∫√≀≀↕⌉∇∫↙ K⌉†⊒≀∇⌈∫ ⊣∇⌉ }⟩⊑⌉\ ⟩\ ⌊≀↕⌈{⊣⌋⌉ {≀\⊔↙ T⟨⌉∇⌉ ⊣∇⌉ ⊔⟨∇⌉⌉ ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉∫⇔ Q⇔ P ⊣\⌈ L∅ ⟩\ ⌉⊣⌋⟨ ⌋⊣∫⌉ ⊔⟨⌉ ⊔†√⌉ ⟩∫ ⊣\≀⊔⟨⌉∇ √∇≀}∇⊣⇕⇕⌉∇↖⌈⌉⊘\⌉⌈ ⌋↕⊣∫∫⇔ F⟩↕⌉Q⊓⌉⊓⌉⇔ P∇⟩\⊔⌉∇ ⊣\⌈ A⌋⌋⊔L≀}⇔ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕†↙ T⟨⌉ Q ⊑⊣∇⟩⊣⌊↕⌉ ⟩∫ ⟩\⟩⊔⟩⊣↕⟩‡⌉⌈ ⌊† ∫⌉\⌈⟩\} ⊔⟨⌉ ⌋∇⌉⊣⊔⌉ ⇕⌉∫∫⊣}⌉ ⊔≀ ⊔⟨⌉ F⟩↕⌉Q⊓⌉⊓⌉ ⌋↕⊣∫∫⇔ ∞ ⊒⟨⟩↕⌉ ⊔⟨⌉ ≀⊔⟨⌉∇ ⊔⊒≀ ⊑⊣∇⟩⊣⌊↕⌉∫ ⊣∇⌉ ⟩⇕√↕⟩⌋⟩⊔↕† ⟩\⟩⊔⟩⊣↕⟩‡⌉⌈ ⊔≀ \⟩↕↙ A \⌉⊒ P∇⟩\⊔S√≀≀↕⌉∇ ≀⌊|⌉⌋⊔ ⟩∫ ⌋∇⌉⊣⊔⌉⌈ ⌊† ⌉§⌉⌋⊓⊔⟩\} ↑P∇⟩\⊔S√≀≀↕⌉∇↙⌋∇⌉⊣⊔⌉⇐⇒↑↙ T⟨∇⌉⌉ ⇕⌉⊔⟨≀⌈∫ ⊣∇⌉ ⌈⌉⊘\⌉⌈ ⟩\ ⊔⟨⌉ ⊘}⊓∇⌉↙ T⟨⌉ Q⊓⌉⊓⌉F⟩↕⌉ ⇕⌉⊔⟨≀⌈ ⊣⌈⌈∫ ⊣ ⊘↕⌉ ⊔≀ ⊔⟨⌉ √∇⟩\⊔ ∐⊓⌉⊓⌉⇔ ↕≀}∫ ⊔⟨⌉ ⊓∫⌉∇≃∫ ∇⌉∐⊓⌉∫⊔ {≀∇ ⊣⌋⌋≀⊓\⊔⟩\} √⊓∇√≀∫⌉∫⇔ ⊣\⌈ ⊔⟨⌉\ ⊓∫⌉∫ ∫⌉\⌈ ⊔≀ ⟩\⊑≀‖⌉ ⊔⟨⌉ D⊣⌉⇕≀\ ⇕⌉⊔⟨≀⌈↙ I{ ⊔⟨⌉ ∐⊓⌉⊓⌉ ⟩∫ \≀\↖⌉⇕√⊔†⇔ D⊣⌉⇕≀\ √∇⟩\⊔∫ ⊔⟨⌉ ⊘∇∫⊔ ⌉↕⌉⇕⌉\⊔ ≀{ ⊔⟨⌉ ∐⊓⌉⊓⌉ ⊣\⌈ ∇⌉⇕≀⊑⌉∫ ⟩⊔ {∇≀⇕ ⊔⟨⌉ ∐⊓⌉⊓⌉∅ ⟩{ ⊔⟨⌉ ∐⊓⌉⊓⌉ ⟩∫ ⌉⇕√⊔†⇔ ⟩⊔ ⌈≀⌉∫ \≀⊔⟨⟩\}↙ C⊣\⌋⌉↕F⟩↕⌉ ⌋⊣\⌋⌉↕∫ ⊣ √∇⟩\⊔ |≀⌊ ⊒⟨⌉\ ∇⌉∐⊓⌉∫⊔⌉⌈ ⌊† ⊔⟨⌉ ⊓∫⌉∇↙ MELD ∫⊓√√≀∇⊔∫ ⊔⊒≀ }∇⊣\⊓↕⊣∇⟩⊔⟩⌉∫ ≀{ √⊣∇⊣↕↕⌉↕⟩∫⇕⇔ ⊒⟩⊔⟨⟩\ ⊣\ ≀⌊|⌉⌋⊔ ⊣\⌈ ⊣⇕≀\} ≀⌊|⌉⌋⊔∫ ⇐⊒⟨⟩⌋⟨ ⇕⊣† ∇⌉∫⟩⌈⌉ ≀\ ⊔⟨⌉ ∫⊣⇕⌉ ≀∇ ⌈⟩{{⌉∇⌉\⊔ ⇕⊣⌋⟨⟩\⌉∫⇒↙ A ⇕⌉⊔⟨≀⌈ ⇕⊣† ∫⌉\⌈ ⊣ ⇕⌉∫∫⊣}⌉ ⊔≀ ⟩⊔∫ ≀⊒\ ≀⌊|⌉⌋⊔ ⊒⟩⊔⟨ ↑∫⌉\⌈ ⇕⌉∫∫⊣}⌉ ⊔≀ ↔∫⌉↕{↑ ≀∇ ⊔≀ ⊣\≀⊔⟨⌉∇ ≀⌊|⌉⌋⊔ ⊒⟩⊔⟨ ↑∫⌉\⌈ ⇕⌉∫∫⊣}⌉ ⊔≀ ∇⌉⌋⌉⟩⊑⌉∇↑⇔ ⊒⟨⌉∇⌉ ⊔⟨⌉ ↑⇕⌉∫∫⊣}⌉↑ ⟩\⌋↕⊓⌈⌉∫ ⊔⟨⌉ \⊣⇕⌉ ≀{ ⊣ ⇕⌉⊔⟨≀⌈ ⊣\⌈ ⟩⊔∫ ⊣⌋⊔⊓⊣↕ ⊣∇}⊓⇕⌉\⊔∫ ⊣\⌈ ⊔⟨⌉ ↑∇⌉⌋⌉⟩⊑⌉∇↑ ⟩∫ ⊔⟨⌉ \⊣⇕⌉ ≀{ ⊣ ⊑⊣∇⟩⊣⌊↕⌉ ⊔⟨⊣⊔ ∇⌉{⌉∇⌉\⌋⌉∫ ⊔⟨⌉ ≀⊔⟨⌉∇ ≀⌊|⌉⌋⊔↙ T⟨⌉ ≀∇⟩}⟩\⊣↕ ⇕⌉⊔⟨≀⌈ ⌋≀\⊔⟩\⊓⌉∫ ⌉§⌉⌋⊓⊔⟩≀\ ⊒⟩⊔⟨≀⊓⊔ ⌋≀\⌋⌉∇\ {≀∇ ⊒⟨⌉⊔⟨⌉∇ ⟩⊔∫ ⇕⌉∫∫⊣}⌉ ⟨⊣∫ ⌊⌉⌉\ ∇⌉⌋⌉⟩⊑⌉⌈ ⊣\⌈ ⌈≀⌉∫ \≀⊔ ⊒⊣⟩⊔ {≀∇ ⊣\ ⊣⌋‖\≀⊒↕⌉⌈}⇕⌉\⊔⇔ ∫≀ ∫⌉\⌈ ⟩∫ ⊣∫†\⌋⟨∇≀\≀⊓∫↙ A ⇕⌉⊔⟨≀⌈ ⇕⊣† ⊣↕∫≀ ⇕⊣‖⌉ ⊣ √∇≀⌋⌉⌈⊓∇⌉ ⌋⊣↕↕ ⊔≀ ⟩⊔∫ ≀⊒\ ≀⌊|⌉⌋⊔ ⊓∫⟩\} ↑↔∫⌉↕{↙⇕⌉∫∫⊣}⌉↑ ≀∇ ⊔≀ ⊣\≀⊔⟨⌉∇ ≀⌊|⌉⌋⊔ ⊓∫⟩\} ⊔⟨⌉ ↑∇⌉⌋⌉⟩⊑⌉∇↙⇕⌉∫∫⊣}⌉↑ ⌋≀\∫⊔∇⊓⌋⊔↙ I\ ⌉⟩⊔⟨⌉∇ ⌋⊣∫⌉⇔ ⊔⟨⌉ ⌋⊣↕↕⟩\} ∞MELD ⌈≀⌉∫ \≀⊔ ⊣⌋⊔⊓⊣↕↕† ∇⌉√∇⌉∫⌉\⊔ ⌋↕⊣∫∫⌉∫ ⊣∫ {⊓↕↕↖⊙⌉⌈}⌉⌈ ≀⌊|⌉⌋⊔∫⇔ ∫≀ ⊔⟨⟩∫ ⊖⇕⌉∫∫⊣}⌉⪰ ⟩∫ ⟩\⊔⌉∇√∇⌉⊔⌉⌈ ∫√⌉⌋⟩⊣↕↕† ⌊† ⊔⟨⌉ ∇⊓\↖⊔⟩⇕⌉ ∫⊓√√≀∇⊔↙ ∋

CLASS P∇⟩\⊔S√≀≀↕⌉∇ ¬¬ℑ {⇑ FIFO ∐⊓⌉⊓⌉ ≀{ F⟩↕⌉∫ ⇑} Q¬ F⟩↕⌉Q⊓⌉⊓⌉ ¬ℑ F⟩↕⌉Q⊓⌉⊓⌉↙⌋∇⌉⊣⊔⌉⇐⇒∅ {⇑ P∇⟩\⊔⌉∇ ⇕⊣\⊣}⌉⌈ ⌊† ⟩\∫⊔⊣\⌋⌉ ⇑} P¬ P∇⟩\⊔⌉∇∅ {⇑ L≀} {≀∇ ⊓∫⊣}⌉ ≀{ P∇⟩\⊔⌉∇ ⇑} L¬ A⌋⌋⊔L≀}∅ METHODS¬ D⊣⌉⇕≀\ ⇐⇒ −→ ⟩{ ⇐\≀⊔ Q↙E⇕√⊔†⇐⇒⇒ ⊔⟨⌉\ ⌊⌉}⟩\ P↙P∇⟩\⊔F⟩↕⌉⇐Q↙F⟩∇∫⊔⇐⇒⇒∅ Q↙R⌉⇕≀⊑⌉F⟩∇∫⊔⇐⇒∅ ⌉\⌈ Q⊓⌉⊓⌉F⟩↕⌉ ⇐F¬ F⟩↕⌉∅ U¬ U∫⌉∇⇒ −→ ⌊⌉}⟩\ Q↙E\⊔⌉∇⇐F⇒∅ L↙L≀}U∫⊣}⌉⇐F⇔ U⇒∅ ∫⌉\⌈ D⊣⌉⇕≀\⇐⇒ ⊔≀ ↔∫⌉↕{∅ ⌉\⌈ C⊣\⌋⌉↕F⟩↕⌉ ⇐F¬ F⟩↕⌉∅ U¬ U∫⌉∇⇒ −→ ⌊⌉}⟩\ Q↙R⌉⇕≀⊑⌉E\⊔∇†⇐F⇔ U⇒∅ L↙L≀}C⊣\⌋⌉↕↕⊣⊔⟩≀\⇐F⇔ U⇒∅ ⌉\⌈ · · · END CLASS P∇⟩\⊔S√≀≀↕⌉∇

F⟩}⊓∇⌉ ∞¬ P∇⟩\⊔⌉∇ S√≀≀↕⌉∇ C↕⊣∫∫

△

⇕⌉⊔⟨≀⌈ ⌊↕≀⌋‖∫ ⊓\⊔⟩↕ ⊔⟨⌉ ∇⌉⊔⊓∇\⇔ ∫≀ √∇≀⌋⌉⌈⊓∇⌉ ⌋⊣↕↕ ⟩∫ ∫†\⌋⟨∇≀\≀⊓∫↙ A ∫†\⌋⟨∇≀\≀⊓∫↕† ⌋⊣↕↕⌉⌈ ⇕⌉⊔⟨≀⌈ ∇⌉⊔⊓∇\∫ ⊔≀ ⟩⊔∫ ⌋⊣↕↕⌉∇ ⊓∫⟩\} ⊔⟨⌉ ↑∇⌉⊔⊓∇\ ⌉§√∇⌉∫∫⟩≀\↑ ⌋≀\∫⊔∇⊓⌋⊔⇔ ⟩{ ⊣ {⊓\⌋↖ ⊔⟩≀\⇔ ≀∇ ⌊† ∇⌉⊣⌋⟨⟩\} ⊔⟨⌉ ⌉\⌈ ≀{ ⊔⟨⌉ ⇕⌉⊔⟨≀⌈⇔ ⟩{ ⊣ √∇≀⌋⌉⌈⊓∇⌉↙ ∈ W⟨⌉\ ⊣\ ≀⌊|⌉⌋⊔ ∇⌉⌋⌉⟩⊑⌉∫ ⊣ ⇕⌉∫∫⊣}⌉ ≀∇ ⊣ ⌋⊣↕↕⇔ ⟩⊔ ⇐⌋≀\⌋⌉√⊔⊓⊣↕↕†⇒ ∫√⊣⊒\∫ ⊣ \⌉⊒ ⌋≀\⊔∇≀↕ ⊔⟨∇⌉⊣⌈ ⊔≀ ⌉§⌉⌋⊓⊔⌉ ⊔⟨⌉ ⇕⌉⊔⟨≀⌈ \⊣⇕⌉⌈ ⟩\ ⊔⟨⌉ ⇕⌉∫∫⊣}⌉⇔ ⊣\⌈ ⊔⟨⊓∫ ⇕⊣† ⌉§⌉⌋⊓⊔⌉ ⇕⊓↕⊔⟩√↕⌉ ⇕⌉⊔⟨≀⌈∫ ⟩\ √⊣∇⊣↕↕⌉↕ ⇐∫≀⇕⌉ ≀{ ⊒⟨⟩⌋⟨ ⇕⊣† ⌊⌉ ⌊↕≀⌋‖⌉⌈ ⊣⊒⊣⟩⊔⟩\} ∇⌉⊔⊓∇\∫ {∇≀⇕ ∫†\⌋⟨∇≀\≀⊓∫ ⌋⊣↕↕∫⇒↙ T⟨⌉ MELD ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⌈≀⌉∫ \≀⊔ ∇⌉√∇⌉∫⌉\⊔ ⊔⟨∇⌉⊣⌈∫ √⟨†∫⟩⌋⊣↕↕†⇔ ⌊⊓⊔ ⊔⟨⌉ ⌉{{⌉⌋⊔ ⊣⌋⟨⟩⌉⊑⌉⌈ ⟩∫ ⊔⟨⌉ ∫⊣⇕⌉ ⊣∫ }⌉\⌉∇⊣⊔⟩\} ⊣ \⌉⊒ ⊔⟨∇⌉⊣⌈ ≀{ ⌋≀\⊔∇≀↕↙ W⟨⌉\ ⇕⊓↕⊔⟩√↕⌉ ⇕⌉⊔⟨≀⌈∫ ⌉§⌉⌋⊓⊔⌉ ⟩\ √⊣∇⊣↕↕⌉↕⇔ ⊔⟨⌉† ⇕⊣† ⊣⌋⌋⌉∫∫ ⊔⟨⌉ ∫⊣⇕⌉ ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉∫↙ C≀\⌋⊓∇∇⌉\⌋† ⟩∫ ⊔⟨⊓∫ ⇕⊣§⟩⇕⟩‡⌉⌈ ⊣⊔ ⊔⟨⌉ ⌋≀∫⊔ ≀{ \≀\⌈⌉⊔⌉∇⇕⟩\⟩∫⇕ ⊣\⌈ √≀⊔⌉\⊔⟩⊣↕ ⟩\⌋≀\↖ ∫⟩∫⊔⌉\⌋† ∫⟩\⌋⌉ ≀\⌉ ⇕⌉⊔⟨≀⌈ ⇕⊣† ⊑⟩⌉⊒⇔ ≀∇ ⌉⊑⌉\ ≀⊑⌉∇⊒∇⟩⊔⌉⇔ ⊔⟨⌉ ⟩\⊔⌉∇⇕⌉⌈⟩⊣⊔⌉ ⊑⊣↕⊓⌉∫ ≀{ ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉∫ ⊒∇⟩⊔⊔⌉\ ⌊† ⊣\≀⊔⟨⌉∇ ⌋≀\⌋⊓∇∇⌉\⊔↕† ⌉§⌉⌋⊓⊔⟩\} ⇕⌉⊔⟨≀⌈↙ I{ ⊔⟨⌉ √∇≀↖ }∇⊣⇕⇕⌉∇ ‖\≀⊒∫ ⊔⟨⊣⊔ ∫⊓⌋⟨ ∇⌉⊣⌈↖⊒∇⟩⊔⌉ ≀∇ ⊒∇⟩⊔⌉↖⊒∇⟩⊔⌉ ⌋≀\⊙⟩⌋⊔∫ ⊒⟩⊔⟨ \⌉⊑⌉∇ ⊣∇⟩∫⌉⇔ ⌈⊓⌉ ⊔≀ ⊔⟨⌉ ↕≀}⟩⌋ ≀{ ⊔⟨⌉ √∇≀}∇⊣⇕⇔ ⊔⟨⌉\ ⊔⟨⟩∫ ⟩∫ \≀⊔ ⊣ √∇≀⌊↕⌉⇕ ⊣\⌈ ⇕⊣§⟩⇕⊓⇕ ⌋≀\⌋⊓∇∇⌉\⌋† ⟩∫ ⌈⌉↖ ∫⟩∇⊣⌊↕⌉↙ B⊓⊔ ⟩{ ⊔⟨⌉ ↕≀}⟩⌋ ≀{ ⊔⟨⌉ √∇≀}∇⊣⇕ √⌉∇⇕⟩⊔∫ ∇⊣⌋⌉ ⌋≀\⌈⟩⊔⟩≀\∫⇔ ⊔⟨⌉\ ⊔⟨⌉ √∇≀}∇⊣⇕⇕⌉∇ ⌋⊣\ ⊓∫⌉ ⌉⟩⊔⟨⌉∇ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫ ≀∇ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫⇔ ⊣∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ⊔⟨⌉ \⌉§⊔ ⊔⊒≀ ∫⌉⌋⊔⟩≀\∫⇔ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕†↙ B≀⊔⟨ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫ ⊣\⌈ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⌉{{⌉⌋⊔⟩⊑⌉↕† ⟩∫≀↕⊣⊔⌉ ⊔⟨⌉ √∇≀⊔⌉⌋⊔⌉⌈ ⌋≀⌈⌉ ∫⌉∐⊓⌉\⌋⌉⇔ ∫≀ ∫⊓⌋⟨ ⌋≀\⊙⟩⌋⊔∫ ⌋⊣\\≀⊔ ⊣∇⟩∫⌉↙ W⟨⌉\ ∫⊔∇⟩⌋⊔ ⟩∫≀↕⊣⊔⟩≀\ ⟩∫ \≀⊔ ⌈⌉∫⟩∇⊣⌊↕⌉⇔ ⊔⟨⌉ √∇≀}∇⊣⇕⇕⌉∇ ⌋⊣\ ⌉§√↕⟩⌋⟩⊔↕† √∇≀}∇⊣⇕ ∫†\↖ ⌋⟨∇≀\⟩‡⊣⊔⟩≀\ ⊣\⌈ ⟩\{≀∇⇕⊣⊔⟩≀\ ⌉§⌋⟨⊣\}⌉ ⌊⌉⊔⊒⌉⌉\ ⇕⊓↕⊔⟩√↕⌉ ≀\↖}≀⟩\} ⌋≀\⊔∇≀↕ ⊔⟨∇⌉⊣⌈∫↙ A ⇕⌉⊔⟨≀⌈ ⇕⊣† ∫⌉\⌈ ⊣ ⇕⌉∫∫⊣}⌉ ⊓∫⟩\} ⊔⟨⌉ ↑∇⌉∫√≀\⌈ ⇕⌉∫∫⊣}⌉ ⊔≀ ∇⌉⌋⌉⟩⊑⌉∇↑ ⌋≀\∫⊔∇⊓⌋⊔⇔ ⊒⟨⟩⌋⟨ ⟩∫ ∇⌉⌋⌉⟩⊑⌉⌈ ⊒⟨⌉\ ⊔⟨⌉ ∇⌉⌋⟩√⟩⌉\⊔ ≀⌊|⌉⌋⊔ ⇐⊒⟨⟩⌋⟨ ⇕⊣† ⌊⌉ ⊔⟨⌉ ∫⊣⇕⌉ ≀⌊|⌉⌋⊔ ⟩{ ⊔⟨⌉ ↑∇⌉⌋⌉⟩⊑⌉∇↑ ⟩∫ ↑↔∫⌉↕{↑⇒ ⟩\⊑≀‖⌉∫ ⊣ ⇕⊣⊔⌋⟨⟩\} ↑⌈⌉↕⊣†⊓\⊔⟩↕ ⇕⌉∫∫⊣}⌉↑↙ A↕⊔⌉∇\⊣⊔⟩⊑⌉↕†⇔ ⊔⟨⌉ ⌈⌉↕⊣†⊓\⊔⟩↕ ⇕⊣† ⟨⊣√√⌉\ ⊘∇∫⊔⇔ ⊣\⌈ ⌊↕≀⌋‖ ⊓\⊔⟩↕ ⊔⟨⌉ ⌋≀∇∇⌉∫√≀\⌈⟩\} ∇⌉∫√≀\⌈↙ T⟨⌉ ⌈⌉↖ ↕⊣†⊓\⊔⟩↕ √∇⟩⇕⟩⊔⟩⊑⌉ ⊒⟩↕↕ ⊒⊣⟩⊔ ⟩\⌈⌉⊘\⟩⊔⌉↕† ⟩{ ⊔⟨⌉∇⌉ ⟩∫ \⌉⊑⌉∇ ⊣ ⇕⊣⊔⌋⟨⟩\} ∇⌉∫√≀\∫⌉ ⇐⌈⌉⊣⌈↖ ↕≀⌋‖∫ ⊣∇⌉ ⌈⌉⊔⌉⌋⊔⌉⌈⇔ ⊣\⌈ ⌊∇≀‖⌉\ ⌊† ⟨⊣↕⊔⟩\} ⊔⟨⌉ ∫†∫⊔⌉⇕⇒↙ T⟨⌉ \⊣⇕⌉∫ ≀{ ∇⌉∫√≀\∫⌉∫ ⇕⊓∫⊔ \≀⊔ ⌋≀\⊙⟩⌋⊔ ⊒⟩⊔⟨ ⇕⌉⊔⟨≀⌈ \⊣⇕⌉∫⇔ ⊣\⌈ ⊣∇⌉ ⌈⌉⌋↕⊣∇⌉⌈ ⌊† ↑∇⌉∫√≀\∫⌉ \⊣⇕⌉ ⇐⊣∇}⊓⇕⌉\⊔∫⇒↑↙ F⟩}⊓∇⌉ ∈ ∫⟨≀⊒∫ ⟨≀⊒ ⊔⟨⌉∫⌉ {⊣⌋⟩↕⟩⊔⟩⌉∫ ⌋≀⊓↕⌈ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ ⊣ ⌋≀⊓\⊔⟩\} ∫⌉⇕⊣√⟨≀∇⌉↙

△ A⊔≀⇕⟩⌋ B↕≀⌋‖∫

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

▽

{⇑ S⌉⇕⊣√⟨≀∇⌉ {≀∇ ⇕⊓⊔⊓⊣↕ ⌉§⌋↕⊓∫⟩≀\ ⇑} CLASS S⌉⇕⊣√⟨≀∇⌉ ¬¬ℑ {⇑ \≀ ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉∫ \⌉⌉⌈⌉⌈ ⇑} METHODS¬ {⇑ ⌈⌉⌋↕⊣∇⊣⊔⟩≀\ ⇑} ∇⌉∫√≀\∫⌉ A⊑⊣⟩↕⊣⌊↕⌉⇐⇒∅ {⇑ ⟩\⟩⊔⟩⊣↕⟩‡⌉ ⌋≀⊓\⊔⟩\} ∫⌉⇕⊣√⟨≀∇⌉ ⌊† }⌉\⌉∇⊣⊔⟩\} N ∇⌉∫√≀\∫⌉∫ ⇑} I\⟩⊔ ⇐N¬ ⟩\⊔⌉}⌉∇⇒ −→ ⟩{ ⇐N ⊤ ′⇒ ⊔⟨⌉\ ⌊⌉}⟩\ ∇⌉∫√≀\⌈ A⊑⊣⟩↕⊣⌊↕⌉⇐⇒ ⊔≀ ↔∫⌉↕{∅ ∫⌉\⌈ I\⟩⊔⇐N↖∞⇒ ⊔≀ ↔∫⌉↕{∅ ⌉\⌈ {⇑ ⊒⊣⟩⊔ ⊓\⊔⟩↕ ⌋≀⊓\⊔ ⟩∫ √≀∫⟩⊔⟩⊑⌉⇔ ⊣\⌈ ⌉{{⌉⌋⊔⟩⊑⌉↕† ⌈⌉⌋∇⌉⇕⌉\⊔ ⌋≀⊓\⊔ ⌊† ⇕⊣⊔⌋⟨⟩\} A⊑⊣⟩↕⊣⌊↕⌉⇐⇒ ∇⌉∫√≀\∫⌉ ⇑} P⇐⇒ −→ ⌈⌉↕⊣†⊓\⊔⟩↕ A⊑⊣⟩↕⊣⌊↕⌉⇐⇒∅ {⇑ ⌉{{⌉⌋⊔⟩⊑⌉↕† ⟩\⌋∇⌉⇕⌉\⊔ ⌋≀⊓\⊔ ⌊† }⌉\⌉∇⊣⊔⟩\} ⊣\≀⊔⟨⌉∇ ∇⌉∫√≀\∫⌉ ⇑} V⇐⇒ −→ ∇⌉∫√≀\⌈ A⊑⊣⟩↕⊣⌊↕⌉⇐⇒ ⊔≀ ↔∫⌉↕{∅ END CLASS S⌉⇕⊣√⟨≀∇⌉

F⟩}⊓∇⌉ ∈¬ S⌉⇕⊣√⟨≀∇⌉ C↕⊣∫∫

≀√⌉∇⊣⊔⟩\} ∫†∫⊔⌉⇕∫ ⊔≀ √∇≀⊔⌉⌋⊔ ∫⌉∐⊓⌉\⌋⌉∫ ≀{ ⌋≀⌈⌉⇔ ⊣\⌈ ⊔⟨⌉ ↕≀⌋‖⟩\} ⌋≀⇕⇕≀\ ⟩\ ⌈⊣⊔⊣⌊⊣∫⌉ ∫†∫⊔⌉⇕∫ ⊔≀ √∇≀⊔⌉⌋⊔ √⟩⌉⌋⌉∫ ≀{ ⌈⊣⊔⊣↙ A⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫ ∇⌉√∇⌉∫⌉\⊔ ⊣ ⇕⟩\⟩⇕⊣↕ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ √≀↕⟩⌋† ⊔⟨⊣⊔ √∇≀⊔⌉⌋⊔∫ ⌊≀⊔⟨ ⌋≀⌈⌉ ⊣\⌈ ⌈⊣⊔⊣↙ ∋ F⟩}⊓∇⌉ ∋ ⟩↕↕⊓∫⊔∇⊣⊔⌉∫ ⟨≀⊒ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫ ⇕⟩}⟨⊔ ⌊⌉ ⊓∫⌉⌈ {≀∇ ⊔⟨⌉ ⌋↕⊣∫∫⟩⌋⊣↕ √∇≀⌈⊓⌋⌉∇↖ ⌋≀\∫⊓⇕⌉∇ √∇≀⌊↕⌉⇕↙ T⟨⌉ I\⟩⊔ ⇕⌉⊔⟨≀⌈ ⟩\⊑≀‖⌉∫ S√⊣⌋⟩\}⇔ ⊒⟨⟩⌋⟨ ∫⟩}\⊣↕∫ ⊔⟨⌉ N ∫√⊣⌋⌉∫ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⟩\ ⊔⟨⌉ ⌊⊓{{⌉∇ ⊓∫⟩\} ⊔⟨⌉ S√⊣⌋⌉A⊑⊣⟩↕⊣⌊↕⌉ ∇⌉∫√≀\∫⌉↙ T⟨⌉ P∇≀⌈⊓⌋⌉ ⇕⌉⊔⟨≀⌈ ⌊↕≀⌋‖∫ ⊣⌋⌋≀∇⌈⟩\} ⊔≀ ⊔⟨⌉ ⌈⌉↕⊣†⊓\⊔⟩↕ ⌋≀\∫⊔∇⊓⌋⊔ ⊓\⊔⟩↕ ⊣ ∫√⊣⌋⌉ ⟩∫ ⊣⊑⊣⟩↕⊣⌊↕⌉⇔ ⊣\⌈ ⊔⟨⌉\ ⌉\↖ ⊔⌉∇∫ ⟩⊔∫ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ∘ ⊔⟨⌉ ⌋≀⌈⌉ ∫⊓∇∇≀⊓\⌈⌉⌈ ⌊† ⊔⟨⌉ ⌊⌉}⟩\ ⊣⊔≀⇕⟩⌋ ⊣\⌈ ⌉\⌈ ⊣⊔≀⇕⟩⌋ ‖⌉†⊒≀∇⌈∫ ⇐⊓\⌋≀\⊔∇≀↕↕⌉⌈ ∫⌉∐⊓⌉\⊔⟩⊣↕ ⌋≀⌈⌉ ⟩∫ ⌉\⌋↕≀∫⌉⌈ ⌊⌉⊔⊒⌉⌉\ ∫⟩⇕√↕⌉ ⌊⌉}⟩\ ⊣\⌈ ⌉\⌈⇔ ⊣\⌈ ⟩∫ ‖\≀⊒\ ⊣∫ ⊣ ∫⌉∐⊓⌉\⊔⟩⊣↕ ⌊↕≀⌋‖⇒↙ △ T⟨⌉ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ⇕⊣\⟩√⊓↕⊣⊔⌉∫ ⊔⟨⌉ ∐⊓⌉⊓⌉ ∇⌉√∇⌉∫⌉\⊔⊣⊔⟩≀\⇔ ⊣\⌈ ⊔⟨⌉\ ∫⟩}\⊣↕∫ ⊔⟨⊣⊔ ⊣ ∫√⊣⌋⌉ ⟩\ ⊔⟨⌉ ⌊⊓{{⌉∇ ⟨⊣∫ ⌊⌉⌉\ ⊘↕↕⌉⌈ ⊓∫⟩\} ⊔⟨⌉ E\⊔∇†A⊑⊣⟩↕⊣⌊↕⌉ ∇⌉∫√≀\∫⌉↙ T⟨⌉ C≀\∫⊓⇕⌉ ⇕⌉⊔⟨≀⌈ ⌊↕≀⌋‖∫ ⊓\⊔⟩↕ ⊣ ∫√⊣⌋⌉ ⟨⊣∫ ⌊⌉⌉\ ⊘↕↕⌉⌈⇔ ⊣\⌈ ⊔⟨⌉\ ⌉\⊔⌉∇∫ ⟩⊔∫ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖↙ A↕⊔⟨≀⊓}⟨ ⟩⊔ ∇⌉∫√≀\⌈∫ S√⊣⌋⌉A⊑⊣⟩↕⊣⌊↕⌉ ⌊⌉{≀∇⌉ ∇⌉⊔⊓∇\⟩\}⇔ ⟩\⊔⌉\⌈⌉⌈ ⊔≀ ∫⟩}\⊣↕ ⊣ ⊒⊣⟩⊔⟩\} P∇≀⌈⊓⌋⌉ ⇕⌉⊔⟨≀⌈⇔ C≀\∫⊓⇕⌉ ⌋≀\⊔⟩\⊓⌉∫ ⊔≀ ⟨≀↕⌈ ⊣ ↕≀⌋‖ ≀\ ⊔⟨⌉ P∇≀⌈⊓⌋⌉∇C≀\∫⊓⇕⌉∇ ≀⌊|⌉⌋⊔ ⊓\⊔⟩↕ ⊣{⊔⌉∇ ⊔⟨⌉ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ⊔⌉∇⇕⟩\⊣⊔⌉∫ ⊒⟩⊔⟨ ⊔⟨⌉ ∇⌉⊔⊓∇\↙ ▽ A ⊒⊣⟩⊔⟩\} P∇≀⌈⊓⌋⌉ ⇕⌉⊔⟨≀⌈≃∫ ⌈⌉↕⊣†⊓\⊔⟩↕ ≀\ S√⊣⌋⌉A⊑⊣⟩↕⊣⌊↕⌉ ⟩∫ \≀⊔ ⇕⊣⊔⌋⟨⌉⌈ ⊓\⊔⟩↕ ⊣{⊔⌉∇ ⊔⟨⌉ ↕≀⌋‖ ⟩∫ ∇⌉↕⌉⊣∫⌉⌈↙ T⟨⊓∫ ⊣\ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ⌋⊣\\≀⊔ ⌊⌉ ⌋≀∇∇⊓√⊔⌉⌈⇔ ∫⟩\⌋⌉ \≀ ≀⊔⟨⌉∇ ⊔⟨∇⌉⊣⌈∫ ⌋⊣\ ∇⌉⊣⌈ ≀∇ ⊒∇⟩⊔⌉ ⊣\† ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉ ≀{ ⊣\ ≀⌊|⌉⌋⊔ ⊒⟨⟩↕⌉ ⊣\ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ⟩∫ ⌉§⌉⌋⊓⊔⟩\} ≀\ ⊔⟨⊣⊔ ≀⌊|⌉⌋⊔↙ H≀⊒⌉⊑⌉∇⇔ ⊣\ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ⌋⊣\ ⌊⌉}⟩\ ⌉§⌉⌋⊓⊔⟩\} ≀\ ⊣\ ≀⌊|⌉⌋⊔ ⟩\ ⊔⟨⌉ ⇕⟩⌈⌈↕⌉ ≀{ ≀\⌉ ≀∇ ⇕≀∇⌉ ⌋≀\⌋⊓∇∇⌉\⊔ ∫⌉∐⊓⌉\⊔⟩⊣↕ ⌊↕≀⌋‖∫⇔ ∫⊓∫√⌉\⌈⟩\} ⊔⟨⌉⇕⇔ ⊣\⌈ ⊔⟨⊓∫ ⌋⊣\ ⊑⟩⌉⊒ ⊔⟨⌉ √⊣∇⊔⟩⊣↕ ∇⌉∫⊓↕⊔∫ ≀{ ⊔⟨⌉ ∫⌉∐⊓⌉\⊔⟩⊣↕ ⌊↕≀⌋‖∫↙ I{ ⊣⊔≀⇕⟩⌋⟩⊔† ≀{ ⊣ ∫⌉∐⊓⌉\⊔⟩⊣↕ ⌊↕≀⌋‖ ⟩∫ \⌉⌋⌉∫∫⊣∇† {≀∇ ⊔⟨⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\⇔ ⊔⟨⌉\ ⊔⟨⌉ √∇≀}∇⊣⇕⇕⌉∇ ∫⟨≀⊓↕⌈ ⊒∇⟩⊔⌉ ⟩⊔ ⊣∫ ⊣\ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖↙ T⟨⌉ ⌈⌉}∇⌉⌉ ≀{ ⌋≀\∫⟩∫⊔⌉\⌋† }⊓⊣∇⊣\⊔⌉⌉⌈ ⌊† ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫ ⟩∫ ⟩\∫⊓{⊘⌋⟩⌉\⊔ ⟩\ ∫≀⇕⌉ ⌋⊣∫⌉∫↙ C≀\∫⟩⌈⌉∇ F⟩}⊓∇⌉ ∞ ⊣}⊣⟩\⇔ ⊣\⌈ \≀⊒ ⊣∫∫⊓⇕⌉ ⊔⟨⊣⊔ ⌉⊣⌋⟨ ≀√⌉∇⊣⊔⟩≀\ ≀\ ⊣ F⟩↕⌉Q⊓⌉⊓⌉ ⟩∫ ⟩⇕√↕⌉⇕⌉\⊔⌉⌈ ⌊† ⊣\ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖↙ S⊣† ⊔⟨⌉ √∇⟩\⊔⌉∇ ∐⊓⌉⊓⌉ ⟩∫ ⌉⇕√⊔†⇔ ⊣\⌈ ⊣ ⊓∫⌉∇ ⟩\⊑≀‖⌉∫ Q⊓⌉⊓⌉F⟩↕⌉ ⊔≀ ∐⊓⌉⊓⌉ ⊣ ⊘↕⌉ {≀∇ √∇⟩\⊔⟩\}↙ D⊣⌉⇕≀\ ⌉§⌉⌋⊓⊔⌉∫ E⇕√⊔†⇔ ⊒⟨⟩⌋⟨ ∇⌉⊔⊓∇\∫ {⊣↕∫⌉↙ T⟨⌉ ⟩{ ∫⊔⊣⊔⌉⇕⌉\⊔ ⊔⟨⌉\ ⌉\⊔⌉∇∫ ⟩⊔∫ ⊔⟨⌉\ √⊣∇⊔⇔ √∇⌉√⊣∇⟩\} ⊔≀ ⟩\⊑≀‖⌉ F⟩∇∫⊔↙ B⊓⊔ ∫⊣† ⊔⟨⊣⊔ ⟩\ ⊔⟨⌉ ⇕⌉⊣\⊔⟩⇕⌉⇔ ⊔⟨⌉ ∫⊣⇕⌉ ⊓∫⌉∇ ⌉§⌉⌋⊓⊔⌉∫ C⊣\⌋⌉↕F⟩↕⌉↙ T⟨⌉\ ⟩⊔ ⇕⟩}⟨⊔ ⌊⌉ √≀∫∫⟩⌊↕⌉ ⊔⟨⊣⊔ ⊔⟨⌉ R⌉⇕≀⊑⌉E\⊔∇† ⌋⊣↕↕⌉⌈ ⌊† C⊣\⌋⌉↕{⟩↕⌉ ⟩∫ ∫⌋⟨⌉⌈⊓↕⌉⌈ ⌊⌉{≀∇⌉ ⊔⟨⌉ ⌋⊣↕↕ ⊔≀ F⟩∇∫⊔ ⌉§⌉⌋⊓⊔⌉⌈ ⌊† Q⊓⌉⊓⌉F⟩↕⌉⇔ ⟩\ ⊒⟨⟩⌋⟨ ⌋⊣∫⌉ F⟩∇∫⊔ ⊒≀⊓↕⌈ ⊘\⌈ ⊣\ ⌉⇕√⊔† ∐⊓⌉⊓⌉ ⊣\⌈ ∫≀⇕⌉ ⌉∇∇≀\⌉≀⊓∫ ⌋≀\⌈⟩⊔⟩≀\ ⊒≀⊓↕⌈ ∇⌉∫⊓↕⊔↙ I⊔ ⇕⊣† ∫⌉⌉⇕ ⊔⟨⊣⊔ ⊒⌉ ⌋≀⊓↕⌈ ∫≀↕⊑⌉ ⊔⟨⟩∫ √∇≀⌊↕⌉⇕ ⌊† ⟩⇕√↕⌉⇕⌉\⊔⟩\} ⊔⟨⌉ D⊣⌉⇕≀\ ⇕⌉⊔⟨≀⌈ ∋W⌉ ⊣∇⌉ \≀⊔ ⌋⊓∇∇⌉\⊔↕† ⌋≀\⌋⌉∇\⌉⌈ ⊒⟩⊔⟨ ⊣⊔≀⇕⟩⌋⟩⊔† ⟩\ ⊔⟨⌉ ∫⌉\∫⌉ ≀{ ⌋∇⊣∫⟨ ∇⌉⌋≀⊑⌉∇†⇔ ⊣↕⊔⟨≀⊓}⟨ MELD ⌈≀⌉∫ ∫⊓√√≀∇⊔ ⊣ √⌉∇∫⟩∫⊔⌉\⊔ ≀⌊|⌉⌋⊔⌊⊣∫⌉⇔ ⊣\⌈ ∫⌉↕⌉⌋⊔⌉⌈ ⌋↕⊣∫∫⌉∫ ⇕⊣† ⌊⌉ ⌈⌉⌋↕⊣∇⌉⌈ √⌉∇∫⟩∫⊔⌉\⊔ ∘ ⟩\∫⊔⊣\⌋⌉∫ ≀{ ⊣↕↕ ≀⊔⟨⌉∇ ⌋↕⊣∫∫⌉∫ ⊣∇⌉ ⌊† ⌈⌉{⊣⊓↕⊔ ⊔∇⊣\∫⟩⌉\⊔ ⊣\⌈ ⌉§⟩∫⊔ ≀\↕† ⟩\ ⇕⌉⇕≀∇†↙ △T⟨⌉ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⊣⌋⊔⊓⊣↕↕† ⌉\⌋↕≀∫⌉∫ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫ ⟩\ √⊣∇⌉\⊔⟨⌉∫⌉∫ ↑(_{: : :})” and uncontrolled sequen- tial blocks in square brackets ”[: : :]”, following a minimalist style borrowed from C, but we employ keywords in this paper for improved readability.

5It is possible that the scheduler may switch contexts immediately after the return, in which case the lock will actually be released only when the scheduler next selects this (conceptual) thread of control.

CLASS ProducerConsumer ::= Q: array[1..N] of T; P, C:integer := 0;

METHODS: {⇑ ⌈⌉⌋↕⊣∇⊣⊔⟩≀\ ⇑} ∇⌉∫√≀\∫⌉ S√⊣⌋⌉A⊑⊣⟩↕⊣⌊↕⌉⇐⇒⇔ E\⊔∇†A⊑⊣⟩↕⊣⌊↕⌉⇐⇒∅ {⇑ ⟩\⟩⊔⟩⊣↕⟩‡⊣⊔⟩≀\ ⇑} I\⟩⊔ ⇐⇒ −→ ∫⌉\⌈ S√⊣⌋⟩\}⇐N⇒ ⊔≀ ↔∫⌉↕{∅ {⇑ ⌋∇⌉⊣⊔⌉ S ∫√⊣⌋⌉∫ ⇑} S√⊣⌋⟩\} ⇐S ¬ ⟩\⊔⌉}⌉∇⇒ −→ ⟩{ ⇐S ⊤ ′⇒ ⊔⟨⌉\ ⌊⌉}⟩\ ∇⌉∫√≀\⌈ S√⊣⌋⌉A⊑⊣⟩↕⊣⌊↕⌉⇐⇒ ⊔≀ ∫⌉↕{∅ ∫⌉\⌈ ∫√⊣⌋⟩\}⇐S↖∞⇒ ⊔≀ ↔∫⌉↕{∅ ⌉\⌈ P∇≀⌈⊓⌋⌉ ⇐X ¬ T⇒ −→ ⌊⌉}⟩\ ⌈⌉↕⊣†⊓\⊔⟩↕ S√⊣⌋⌉A⊑⊣⟩↕⊣⌊↕⌉⇐⇒∅ ⌊⌉}⟩\ ⊣⊔≀⇕⟩⌋ P ¬ℑ P ↗ N ⇓ ∞∅ Q∪P⊎¬ℑ X∅ ∇⌉∫√≀\⌈ E\⊔∇†A⊑⊣⟩↕⊣⌊↕⌉⇐⇒ ⊔≀ ∫⌉↕{∅ ⌉\⌈ ⊣⊔≀⇕⟩⌋ ⌉\⌈ C≀\∫⊓⇕⌉ ⇐⇒ ¬ T −→ ⌊⌉}⟩\ ⌈⌉↕⊣†⊓\⊔⟩↕ E\⊔∇†A⊑⊣⟩↕⊣⌊↕⌉⇐⇒∅ ⌊⌉}⟩\ ⊣⊔≀⇕⟩⌋ C ¬ℑ C ↗ N ⇓ ∞∅ ∇⌉∫√≀\⌈ S√⊣⌋⌉A⊑⊣⟩↕⊣⌊↕⌉⇐⇒ ⊔≀ ∫⌉↕{∅ ∇⌉⊔⊓∇\⇐Q∪C⊎⇒∅ ⌉\⌈ ⊣⊔≀⇕⟩⌋ ⌉\⌈ END CLASS P∇≀⌈⊓⌋⌉∇C≀\∫⊓⇕⌉∇

F⟩}⊓∇⌉ ∋¬ P∇≀⌈⊓⌋⌉∇↖C≀\∫⊓⇕⌉∇ P∇≀}∇⊣⇕

∀

D⊣⌉⇕≀\ ⇐⇒ −→ ⌊⌉}⟩\ ⊣⊔≀⇕⟩⌋ ⟩{ ⇐\≀⊔ Q↙E⇕√⊔†⇐⇒⇒ ⊔⟨⌉\ ⌊⌉}⟩\ P↙P∇⟩\⊔F⟩↕⌉⇐Q↙F⟩∇∫⊔⇐⇒⇒∅ Q↙R⌉⇕≀⊑⌉F⟩∇∫⊔⇐⇒∅ ⌉\⌈ ⌉\⌈ ⊣⊔≀⇕⟩⌋

F⟩}⊓∇⌉ △¬ A⊔≀⇕⟩⌋ D⊣⌉⇕≀\ M⌉⊔⟨≀⌈

⊣∫ ⊣\ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ∫⊓∇∇≀⊓\⌈⟩\} ⊣↕↕ ⟩⊔∫ √∇≀⌋⌉⌈⊓∇⌉ ⌋⊣↕↕∫ ⊔≀ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ∇⌉{⌉∇⌉\⌋⌉⌈ ⌊† ⟩⊔∫ Q ⊑⊣∇⟩⊣⌊↕⌉⇔ ⊣∫ ∫⟨≀⊒\ ⟩\ F⟩}⊓∇⌉ △↙ B⊓⊔ ⊔⟨⟩∫ ⊒≀⊓↕⌈ \≀⊔ ⊒≀∇‖ ⊣∫ ⌈⌉∫⟩∇⌉⌈⇔ ∫⟩\⌋⌉ ⊔⟨⌉ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ⊒≀⊓↕⌈ ↕≀⌋‖ ≀\↕† ⊔⟨⌉ P∇⟩\⊔S√≀≀↕⌉∇ ≀⌊|⌉⌋⊔ ⊣\⌈ \≀⊔ ⊣\† ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔∫ ∇⌉{⌉∇⌉\⌋⌉⌈ ⌊† ⟩⊔∫ ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉∫↙ I{ ⊔⟨⌉∇⌉ ⊒⌉∇⌉ ⊣\† ≀⊔⟨⌉∇ ⊣⌋⌋⌉∫∫ √⊣⊔⟨∫ ⊔≀ ⊔⟨⌉∫⌉ ≀⌊|⌉⌋⊔∫⇔ ∫⊓⌋⟨ ⊣∫ ⊣ ∫⌉⌋≀\⌈ P∇⟩\⊔S√≀≀↕⌉∇ ≀⌊|⌉⌋⊔ ∫⌉\⌈⟩\} ⊘↕⌉∫ ⊔≀ ⊔⟨⌉ ∫⊣⇕⌉ √∇⟩\⊔⌉∇ ⇐{≀∇ ⟩\∫⊔⊣\⌋⌉⇔ ⊔⟨⌉ ↑⌈≀\≃⊔ ⌋⊣∇⌉↑ ∐⊓⌉⊓⌉ ⟩↕↕⊓∫⊔∇⊣⊔⌉⌈ ⟩\ ⊔⟨⌉ \⌉§⊔ ∫⌉⌋⊔⟩≀\⇒⇔ ⊔⟨⌉\ ⊔⟨⌉ ⟩\⌋≀\∫⟩∫⊔⌉\⌋† ⌈⌉∫⌋∇⟩⌊⌉⌈ ⊣⌊≀⊑⌉ ⌋≀⊓↕⌈ ∫⊔⟩↕↕ ≀⌋⌋⊓∇↙ T⟨⌉ ⌊⊣∫⟩⌋ √∇≀⌊↕⌉⇕ ⟩∫ ⊔⟨⊣⊔ ⊣\ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ≀\↕† √∇≀⊔⌉⌋⊔∫ ≀\⌉ ≀⌊|⌉⌋⊔ ⇐↔∫⌉↕{⇒⇔ \≀⊔ ⊣\† ≀{ ⊔⟨⌉ ≀⊔⟨⌉∇ ≀⌊|⌉⌋⊔∫ ⊔⟨⊣⊔ ⇕⊣† ⌊⌉ ∫⌉\⊔ ⇕⌉∫∫⊣}⌉∫ {∇≀⇕ ⊒⟩⊔⟨⟩\ ⊔⟨⌉ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖↙ A\≀⊔⟨⌉∇ √∇≀⌊↕⌉⇕ ⊒⟩⊔⟨ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫ ⟩∫ ⊔⟨⊣⊔ ⊔⟨⌉∇⌉ ⟩∫ ⊣ ⟨⟩}⟨ √≀⊔⌉\⊔⟩⊣↕ {≀∇ ⌈⌉⊣⌈↕≀⌋‖↙ T⟨⌉ ∫⟩⇕√↕⌉∫⊔ ⌋⊣∫⌉ ⟩∫ ⊣ ∇⌉⌋⊓∇∫⟩⊑⌉ √∇≀⌋⌉⌈⊓∇⌉ ⌋⊣↕↕↙ S⟩\⌋⌉ ⊣↕↕ ⌋⊣↕↕∫ ⊣\⌈ ⇕⌉∫∫⊣}⌉∫ {≀∇ ⊔⟨⌉ ∫⊣⇕⌉ ≀⌊|⌉⌋⊔ ⊣∇⌉ ∐⊓⌉⊓⌉⌈ ⊓\⊔⟩↕ ⊣\ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ⊔⌉∇⇕⟩\⊣⊔⌉∫⇔ ⊔⟨⌉ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ⊒≀⊓↕⌈ ⊒⊣⟩⊔ {≀∇ ⟩⊔∫⌉↕{ {≀∇⌉⊑⌉∇↙

▽ S⌉∇⟩⊣↕⟩‡⊣⌊↕⌉ T∇⊣\∫⊣⌋⊔⟩≀\∫

T∇⊣\∫⊣⌋⊔⟩≀\ ⌊↕≀⌋‖∫ ∫≀↕⊑⌉ ⊔⟨⌉∫⌉ √∇≀⌊↕⌉⇕∫ ⊒⟩⊔⟨ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫⇔ ⊣\⌈ ∫⟨≀⊓↕⌈ ⌊⌉ ⊓∫⌉⌈ ⟩\↖ ∫⊔⌉⊣⌈ ≀{ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫ {≀∇ ⊣\† ⊣√√↕⟩⌋⊣⊔⟩≀\∫ ⊔⟨⊣⊔ ∇⌉∐⊓⟩∇⌉ ⌋≀\∫⟩∫⊔⌉\⌋† ⊣⌋∇≀∫∫ ⇕⊓↕⊔⟩√↕⌉ ≀⌊|⌉⌋⊔∫ ⊣\⌈∝≀∇ ⊒⟨⌉∇⌉ ⊔⟨⌉ ↕≀}⟩⌋ ≀{ ⊔⟨⌉ √∇≀}∇⊣⇕ ⇕⊣† ↕⌉⊣⌈ ⊔≀ ⌈⌉⊣⌈↕≀⌋‖↙ A ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⌊↕≀⌋‖ ⟩∫ ⊣ ∫⌉∐⊓⌉\⌋⌉ ≀{ ∫⊔⊣⊔⌉⇕⌉\⊔∫ ⌉§⌉⌋⊓⊔⌉⌈ ⊣∫ ⊣ ∫⌉∇⟩⊣↕⟩‡⊣⌊↕⌉ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⊒⟩⊔⟨ ∇⌉∫√⌉⌋⊔ ⊔≀ ⊣↕↕ ≀⊔⟨⌉∇ MELD ⌋≀⌈⌉ ⌉⊑⌉∇ ⌉§⌉⌋⊓⊔⌉⌈↙ R⌉⊔⊓∇\⟩\} ⊔≀ ⊔⟨⌉ P∇⟩\⊔S√≀≀↕⌉∇ ⌉§⊣⇕√↕⌉⇔ ⊔⟨⌉ ⟩\⌋≀\∫⟩∫⊔⌉\⌋† √∇≀⌊↕⌉⇕ ⌋≀⊓↕⌈ ⌊⌉ ∫≀↕⊑⌉⌈ ⌊† ⌈⌉⊘\⟩\} ⊔⟨⌉ D⊣⌉⇕≀\ ⇕⌉⊔⟨≀⌈ ⊣∫ ⊣ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⊣\ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖⇔ ⊣∫ ∫⟨≀⊒\ ⟩\ F⟩}⊓∇⌉ ▽↙ T∇⊣\∫⊣⌋⊔⟩≀\ ⌊↕≀⌋‖∫ ⊣√√⌉⊣∇ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ‖⌉†⊒≀∇⌈∫ ⌊⌉}⟩\ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⊣\⌈ ⌉\⌈ ⊔∇⊣\∫⊣⌋⊔⟩≀\↙ ↙̸ T∇⊣\∫⊣⌋⊔⟩≀\ ⌊↕≀⌋‖∫ }⊓⊣∇⊣\⊔⌉⌉ ∫⌉∇⟩⊣↕⟩‡⊣⌊⟩↕⟩⊔†⇔ ∫≀ ⟩⊔ ⌋≀⊓↕⌈ \⌉⊑⌉∇ D̸≀⊓⌊↕⌉ ⊣\}↕⌉ ⌊∇⊣⌋‖⌉⊔∫ ↑ø_{: : :} Æ” areused in theimplementation.

Daemon () −→ ⌊⌉}⟩\ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⟩{ ⇐\≀⊔ Q↙E⇕√⊔†⇐⇒⇒ ⊔⟨⌉\ ⌊⌉}⟩\ P↙P∇⟩\⊔F⟩↕⌉⇐Q↙F⟩∇∫⊔⇐⇒⇒∅ Q↙R⌉⇕≀⊑⌉F⟩∇∫⊔⇐⇒∅ ⌉\⌈ ⌉\⌈ ⊔∇⊣\∫⊣⌋⊔⟩≀\

F⟩}⊓∇⌉ ▽¬ T∇⊣\∫⊣⌋⊔⟩≀\ D⊣⌉⇕≀\ M⌉⊔⟨≀⌈

⟨⊣√√⌉\ ⊔⟨⊣⊔ E⇕√⊔† ∇⌉⊔⊓∇\∫ {⊣↕∫⌉ ⌊⊓⊔ ⊔⟨⌉ ∫⊓⌊∫⌉∐⊓⌉\⊔ ⌋⊣↕↕ ⊔≀ F⟩∇∫⊔ ⊘\⌈∫ ⊣\ ⌉⇕√⊔† ∐⊓⌉⊓⌉↙ MELD ⟩⇕√↕⌉⇕⌉\⊔∫ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⊓∫⟩\} ⊣ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ≀√⊔⟩⇕⟩∫⊔⟩⌋ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ ⇕⌉⌋⟨⊣\⟩∫⇕ ⌊⊣∫⌉⌈ ≀\ ⇕⊓↕⊔⟩√↕⌉ ⊑⌉∇∫⟩≀\∫⇔ ⌈⌉⊑⌉↕≀√⌉⌈ ⌊† A}∇⊣⊒⊣↕ ⌉⊔ ⊣↕↙ ∪ABGS∀⊎↙ T∇⊣\∫↖ ⊣⌋⊔⟩≀\∫ ∇⌉⊣⌈ ⊔⟨⌉ ⊑⌉∇∫⟩≀\∫ ≀{ ≀⌊|⌉⌋⊔∫ ⊔⟨⊣⊔ ⌉§⟩∫⊔⌉⌈ ⊣⊔ ⊔⟨⌉ ⊔⟩⇕⌉ ⊔⟨⌉† ∫⊔⊣∇⊔⌉⌈⇔ ⊣\⌈ ⊓√⌈⊣⊔⌉ ∫⟨⊣⌈≀⊒ ⌋≀√⟩⌉∫ ≀{ ⊔⟨⌉∫⌉ ≀⌊|⌉⌋⊔∫↙ A{⊔⌉∇ ⊣↕↕ ⟩⊔∫ ⊒≀∇‖ ⟨⊣∫ ⌋≀⇕√↕⌉⊔⌉⌈⇔ ⊔⟨⌉ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⟩∫ ⊑⊣↕⟩⌈⊣⊔⌉⌈ ⌊† ⌋⟨⌉⌋‖⟩\} ⊔⟨⊣⊔ ⟩⊔∫ ∇⌉⊣⌈∫ ⊣\⌈ ⊒∇⟩⊔⌉∫ ⊣∇⌉ ∫⌉∇⟩⊣↕⟩‡⊣⌊↕⌉ ⊒⟩⊔⟨ ∇⌉∫√⌉⌋⊔ ⊔≀ ⊣↕↕ √∇⌉⊑⟩≀⊓∫↕† ⊑⊣↕⟩⌈⊣⊔⌉⌈ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫↙ I\ ⊔⟨⌉ ⌋⊣∫⌉ ≀{ ⌈⟩∫⊔∇⟩⌊⊓⊔⌉⌈ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⟩\⊑≀↕⊑⟩\} ≀⌊|⌉⌋⊔∫ ∇⌉∫⟩⌈⟩\} ⟩\ ⇕⊓↕⊔⟩√↕⌉ √∇≀⌋⌉∫∫⌉∫ ≀\ ⊔⟨⌉ ∫⊣⇕⌉ ≀∇ ⌈⟩{{⌉∇⌉\⊔ ⇕⊣⌋⟨⟩\⌉∫⇔ ⊔⊒≀↖√⟨⊣∫⌉ ⌋≀⇕⇕⟩⊔ ⟩∫ ⊓∫⌉⌈↙ O\↕† ⟩{ ⊑⊣↕⟩⌈⊣⊔⟩≀\ ∫⊓⌋⌋⌉⌉⌈∫ ⊣∇⌉ ⊔⟨⌉ ∫⟨⊣⌈≀⊒ ⌋≀√⟩⌉∫ ⇕⊣⌈⌉ √⊓⌊↕⟩⌋↙ I{ ⊑⊣↕↖ ⟩⌈⊣⊔⟩≀\ {⊣⟩↕∫⇔ ⊔⟨⌉ ∫⟨⊣⌈≀⊒ ⌋≀√⟩⌉∫ ⊣∇⌉ {≀∇}≀⊔⊔⌉\ ⊣\⌈ ⊔⟨⌉ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⇕⊣† ⌊⌉ ∇⌉∫⊔⊣∇⊔⌉⌈↙ V⊣↕⟩⌈⊣⊔⟩≀\ ≀{ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⟩∫ ⌈≀\⌉ ⊣⊔ ⊔⟨⌉ }∇⊣\⊓↕⊣∇⟩⊔† ≀{ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉∫ ⊣\⌈ ⊣∇∇⊣† ⌉↕⌉⇕⌉\⊔∫⇔ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ⌉\⊔⟩∇⌉ ≀⌊|⌉⌋⊔ ⊣∫ √∇≀⊔⌉⌋⊔⌉⌈ ⌊† ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫⇔ ⟩\ ≀∇⌈⌉∇ ⊔≀ ⟩\⌋∇⌉⊣∫⌉ ⌋≀\⌋⊓∇∇⌉\⌋† ⊒⟩⊔⟨⟩\ ⊣\ ≀⌊|⌉⌋⊔↙ ∀ I\ ⊔⟨⌉ ≀∇⟩}⟩\⊣↕ P∇⟩\⊔S√≀≀↕⌉∇ ⌉§⊣⇕↖ √↕⌉⇔ ⊔⟨⟩∫ ⟨⊣∫ \≀ ⊓∫⌉{⊓↕ ⌉{{⌉⌋⊔ ∫⟩\⌋⌉ ⊔⟨⌉ ∫⌉⊔∫ ≀{ ⊑⊣∇⟩⊣⌊↕⌉∫ ⊣⌋⌋⌉∫∫⌉⌈ ⌊† ⊔⟨⌉ ⊔⟨∇⌉⌉ ⇕⌉⊔⟨≀⌈∫ ≀⊑⌉∇↕⊣√↙ H≀⊒⌉⊑⌉∇⇔ ⟩\ ⊔⟨⌉ ⌉§⊔⌉\⌈⌉⌈ ⌉§⊣⇕√↕⌉ ≀{ F⟩}⊓∇⌉ ⇎ ⊣ ∫⟩\}↕⌉ P∇⟩\⊔S√≀≀↕⌉∇ ≀⌊|⌉⌋⊔ ∫⊓√√≀∇⊔∫ N ⊘↕⌉ ∐⊓⌉⊓⌉∫ ⊣\⌈ M √∇⟩\⊔⌉∇∫⇔ ∫⊣† ⊒⟩⊔⟨ N ≀\⌉ ⇕≀∇⌉ ⊔⟨⊣\ M ⊔≀ ⊣↕↕≀⊒ ⊣ ⊖⌈≀\≃⊔ ⌋⊣∇⌉⪰ ∐⊓⌉⊓⌉ {≀∇ ⊣∫ {⊣∫⊔ ⊣∫ √≀∫∫⟩⌊↕⌉ √∇⟩\⊔⟩\} ⌊† ⊔⟨⌉ ⊘∇∫⊔ ⊣⊑⊣⟩↕⊣⌊↕⌉ √∇⟩\⊔⌉∇↙ N≀⊒ ⇕⊓↕⊔⟩√↕⌉ ⌋≀√⟩⌉∫ ≀{ Q⊓⌉⊓⌉F⟩↕⌉ ⊣\⌈ C⊣\⌋⌉↕F⟩↕⌉ ⌋⊣\ ⌉§⌉⌋⊓⊔⌉ ∫⟩⇕⊓↕⊔⊣\⌉≀⊓∫↕† {≀∇ ⌈⟩{{⌉∇⌉\⊔ ⊓∫⌉∇∫⇔ ⊣\⌈ ⊣⊔ ⊔⟨⌉ ∫⊣⇕⌉ ⊔⟩⇕⌉ ⊣∫ D⊣⌉⇕≀\⇔ ⊣∫ ↕≀\} ⊣∫ ⊔⟨⌉∫⌉ ⇕⌉⊔⟨≀⌈∫ ⌈≀ \≀⊔ ⊓√⌈⊣⊔⌉ ⊔⟨⌉ ∫⊣⇕⌉ ⊘↕⌉ ∐⊓⌉⊓⌉ ≀∇ ∫√≀≀↕ ⊔≀ ⊔⟨⌉ ∫⊣⇕⌉ √∇⟩\⊔⌉∇↙ R⌉∫⊔⊣∇⊔ ≀{ ⊣⌊≀∇⊔⌉⌈ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⟩∫ ⊔∇⌉⊣⊔⌉⌈ ⊣∫ ≀√⊔⟩≀\⊣↕⇔ ⊒⟩⊔⟨ ⊓∫⌉∇ ⌋≀\⊘∇⇕⊣⊔⟩≀\ ∇⌉∐⊓⟩∇⌉⌈↙ ∀L≀⌋‖⟩\} ≀{ ⟩\⌈⟩⊑⟩⌈⊓⊣↕ ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉∫ ⊣\⌈ ⊣∇∇⊣† ⌉↕⌉⇕⌉\⊔∫ ⌊† ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫ ∫⌉⌉⇕⌉⌈ ⟨⟩}⟨↕† ↕⟩‖⌉↕† ⊔≀ ∇⌉∫⊓↕⊔ ⟩\ ⌈⌉⊣⌈↕≀⌋‖ ∫⟩⊔⊓⊣⊔⟩≀\∫⇔ ∫≀ ⊒⌉ ⌈⌉⌋⟩⌈⌉⌈ ⊣}⊣⟩\∫⊔ ⊔⟨⟩∫ ⊣↕⊔⌉∇\⊣⊔⟩⊑⌉↙

∞′

CLASS P∇⟩\⊔S√≀≀↕⌉∇ ¬¬ℑ {⇑ N ℑ M⇓∞ {≀∇ {⟩∇∫⊔ ⊣⊑⊣⟩↕⊣⌊↕⌉ ⇑} Q¬ ⊣∇∇⊣†∪∞↙↙N⊎ ≀{ F⟩↕⌉Q⊓⌉⊓⌉∅ P¬ ⊣∇∇⊣†∪∞↙↙M⊎ ≀{ P∇⟩\⊔⌉∇∅ {⇑ √⌉∇ ∐⊓⌉⊓⌉ ⇑} L¬ ⊣∇∇⊣†∪∞↙↙N⊎ ≀{ A⌋⌋⊔L≀}∅ METHODS¬ I\⟩⊔ ⇐⇒ −→ ∫⌉\⌈ B⊓{{⌉∇S√⊣⌋⟩\}⇐N⇒ ⊔≀ ↔∫⌉↕{∅ B⊓{{⌉∇S√⊣⌋⟩\} ⇐B ¬ ⟩\⊔⌉}⌉∇⇒ −→ ⟩{ ⇐B ⊤ ′⇒ ⊔⟨⌉\ ⌊⌉}⟩\ Q∪B⊎ ¬ℑ F⟩↕⌉Q⊓⌉⊓⌉↙⌋∇⌉⊣⊔⌉⇐⇒∅ ∫⌉\⌈ B⊓{{⌉∇S√⊣⌋⌉⇐B↖∞⇒ ⊔≀ ↔∫⌉↕{∅ ⌉\⌈ D⊣⌉⇕≀\ ⇐⇒ −→ ⌊⌉}⟩\⊔∇⊣\∫⊣⌋⊔⟩≀\ ⟩{ ⇐\≀⊔ Q↙E⇕√⊔†⇐⇒⇒ ⊔⟨⌉\ ⌊⌉}⟩\ P↙P∇⟩\⊔F⟩↕⌉⇐Q↙F⟩∇∫⊔⇐⇒⇒∅ Q↙R⌉⇕≀⊑⌉F⟩∇∫⊔⇐⇒∅ ⌉\⌈ ⌉\⌈ ⊔∇⊣\∫⊣⌋⊔⟩≀\ Q⊓⌉⊓⌉F⟩↕⌉ ⇐F¬ F⟩↕⌉∅ U¬ U∫⌉∇∅ ⇕†Q¬ ⟩\⊔⌉}⌉∇⇒ −→ ⌊⌉}⟩\ ⌊⌉}⟩\⊔∇⊣\∫⊣⌋⊔⟩≀\ Q∪⇕†Q⊎↙E\⊔⌉∇⇐F⇒∅ ∫⌉\⌈ L≀}U∫⊣}⌉⇐F⇔ U⇒ ⊔≀ L∪⇕†Q⊎∅ ⌉\⌈ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ∫⌉\⌈ D⊣⌉⇕≀\⇐⇒ ⊔≀ ↔∫⌉↕{∅ ⌉\⌈ C⊣\⌋⌉↕F⟩↕⌉ ⇐F¬ F⟩↕⌉∅ U¬ U∫⌉∇∅ ⇕†Q¬ ⟩\⊔⌉}⌉∇⇒ −→ ⌊⌉}⟩\⊔∇⊣\∫⊣⌋⊔⟩≀\ Q∪⇕†Q⊎↙R⌉⇕≀⊑⌉E\⊔∇†⇐F⇔ U⇒∅ ∫⌉\⌈ L≀}C⊣\⌋⌉↕↕⊣⊔⟩≀\⇐F⇔ U⇒ ⊔≀ L∪⇕†Q⊎∅ ⌉\⌈ ⊔∇⊣\∫⊣⌋⊔⟩≀\ END CLASS P∇⟩\⊔S√≀≀↕⌉∇

F⟩}⊓∇⌉ ¬̸ E\{≀∇⌋⟩\} S⌉∇⟩⊣↕⟩‡⊣⌊⟩↕⟩⊔† ≀\ I\∫⊔⊣\⌋⌉ V⊣∇⟩⊣⌊↕⌉∫

∞∞

̸I\⊔⌉∇⊣⌋⊔⟩≀\∫ ⊣⇕≀\} M⊓↕⊔⟩√↕⌉ C≀\⌋⊓∇∇⌉\⌋† C≀\⊔∇≀↕ P≀↕⟩↖ ⌋⟩⌉∫

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

⌉⊣⌋⟨ ∫⊔⊣⊔⌉⇕⌉\⊔ ⊒⟨⌉⊔⟨⌉∇ ⟩⊔∫ ⊔∇⊣\∫⊣⌋⊔⟩≀\ \⊓⇕⌊⌉∇ ⇕⊣⊔⌋⟨⌉∫ ⊔⟨⌉ ⊘∇∫⊔ √⊓⌊↕⟩⌋ ⊑⌉∇∫⟩≀\↙ I⊔ ⊒⟩↕↕⇔ ⊣\⌈ ⊔⟨⊣⊔ ⊒⟩↕↕ ⌊⌉ ⊔⟨⌉ ⌉\⌈ ≀{ ⊔⟨⌉ ∫⌉⊣∇⌋⟨↙ I\ ⊔⟨⌉ ⌋⊣∫⌉ ≀{ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⌋≀⌈⌉⇔ ⟩\⌋↕⊓⌈⟩\} ⊔⟨⌉ ⌋≀⌈⌉ ≀{ ⊣\ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ⌉§⌉⌋⊓⊔⌉⌈ ⊒⟩⊔⟨⟩\ ⊣ ⊔∇⊣\∫⊣⌋⊔⟩≀\⇔ ⊔⟨⌉ ⊔∇⊣\∫⊣⌋⊔⟩≀\ \⊓⇕⌊⌉∇ ⟩∫ ⊣↕∫≀ ⊓∫⌉⌈↙ A⌋⌋⌉∫∫ ⊔≀ ⊣\ ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉ ⟩\⊑≀↕⊑⌉∫ ⊣ ∫⌉⊣∇⌋⟨ ⊔⟨∇≀⊓}⟨ ⊔⟨⌉ ∫⌉∐⊓⌉\⌋⌉ ≀{ ∫⟨⊣⌈≀⊒ ⊑⌉∇∫⟩≀\∫ ⟩{ ⊔⟨⟩∫ ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉ ⟨⊣∫ ⌊⌉⌉\ ⊓√⌈⊣⊔⌉⌈ ⌊† ⊔⟨⊣⊔ ⊔∇⊣\∫⊣⌋⊔⟩≀\⇔ ⊣\⌈ ⊔⟨∇≀⊓}⟨ ⊔⟨⌉ ∫⌉∐⊓⌉\⌋⌉ ≀{ √⊓⌊↕⟩⌋ ⊑⌉∇∫⟩≀\∫ ⟩{ \≀⊔⇔ ∫⟩\⌋⌉ ⊣ ⌋≀∇∇⌉∫√≀\⌈⟩\} ∫⟨⊣⌈≀⊒ ⊑⌉∇∫⟩≀\ ⊒⟩↕↕ \≀⊔ ⌉§⟩∫⊔ ⟩{ ⊔⟨⟩∫ ⟩\∫⊔⊣\⌋⌉ ⊑⊣∇⟩⊣⌊↕⌉ ⟨⊣∫ \≀⊔ ⌊⌉⌉\ ⊓√⌈⊣⊔⌉⌈ ⌊† ⊔⟨⊣⊔ ⊔∇⊣\∫⊣⌋⊔⟩≀\↙ MELD≃∫ ∫⊓√√≀∇⊔ {≀∇ ⊣∫†\⌋⟨∇≀\≀⊓∫ ⇕⌉∫∫⊣}⌉ √⊣∫∫⟩\} ⇕⌉⊣\∫ ⊔⟨⊣⊔ ⇕⊓↕⊔⟩√↕⌉ ⊔⟨∇⌉⊣⌈∫ ⇕⊣† ⌉§⌉⌋⊓⊔⌉ ≀\ ⌊⌉⟨⊣↕{ ≀{ ⊔⟨⌉ ∫⊣⇕⌉ ⊔∇⊣\∫⊣⌋⊔⟩≀\↙ T⟨⟩∫ ⟩∫ ⊣ √∇≀⌊↕⌉⇕ ⟩\⌈⌉√⌉\⌈⌉\⊔ ≀{ ⊔⟨⌉ \⌉⌉⌈ ⊔≀ ⟩\⊔⌉∇≀√⌉∇⊣⊔⌉ ⊒⟩⊔⟨ \≀\↖⊔∇⊣\∫⊣⌋⊔⟩≀\ ⌋≀⌈⌉↙ S⟩\⌋⌉ ⊣↕↕ ⊔⟨∇⌉⊣⌈∫ }⌉\⌉∇⊣⊔⌉⌈ {∇≀⇕ ⊒⟩⊔⟨⟩\ ⊣ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⌋⊣∇∇† ⊔⟨⌉ ∫⊣⇕⌉ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⟩⌈⌉\⊔⟩⊘⌉∇⇔ ⊔⟨⌉∇⌉ ⟩∫ \≀ ∫†\⌋⟨∇≀\⟩‡⊣⊔⟩≀\ ⊣⇕≀\} ⊔⟨⌉∫⌉ ⊔⟨∇⌉⊣⌈∫⇔ ⊣\⌈ ⊔⟨⌉ ∫⊣⇕⌉ \≀\⌈⌉⊔⌉∇⇕⟩\⟩∫⇕ ⊣\⌈ √≀⊔⌉\⊔⟩⊣↕ ⟩\⌋≀\∫⟩∫⊔⌉\⌋† ⊣∇⟩∫⌉∫ ⊣∫ ⊒⟩⊔⟨ ⊓\⌋≀\⊔∇≀↕↕⌉⌈ ⌋≀⌈⌉↙ T⟨⌉ ⌋≀\⊑⌉\⊔⟩≀\⊣↕ ⊣√√∇≀⊣⌋⟨ ⊔≀ ⇕⊓↕⊔⟩↖⊔⟨∇⌉⊣⌈⌉⌈ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⟩∫ ⊔≀ ∫⊓√√≀∇⊔ \⌉∫⊔⌉⌈ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ∪M≀∫∀▽⊎⇔ ⊒⟩⊔⟨ ⌉⊣⌋⟨ ⊔⟨∇⌉⊣⌈ ⟩\⟩⊔⟩⊣⊔⌉⌈ ⊣∫ ⊣ ∫⊓⌊⊔∇⊣\∫⊣⌋⊔⟩≀\↙ W⌉ ⌈⟩⌈ \≀⊔ ⌈≀ ⊔⟨⟩∫ ⟩\ MELD ⌊⌉⌋⊣⊓∫⌉ ⊒⌉ {≀⊓\⌈ ∫≀⇕⌉ ⊣⇕⌊⟩}⊓⟩⊔† ⟩\ ⊔⟨⌉ \≀⊔⟩≀\ ≀{ \⌉∫⊔⌉⌈ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⊒⟨⌉\ ⊣\ ≀√⊔⟩⇕⟩∫⊔⟩⌋ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ ⟩⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ ⟩∫ ⊓∫⌉⌈↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩⊔ ⟩∫ \≀⊔ ⌋↕⌉⊣∇ ⊒⟨⌉⊔⟨⌉∇ ⊣ ∫⊓⌊⊔∇⊣\∫⊣⌋⊔⟩≀\ ∫⟨≀⊓↕⌈ ⊑⊣↕⟩⌈⊣⊔⌉ ≀\↕† ⊣}⊣⟩\∫⊔ ⟩⊔∫ ∫⟩⌊↕⟩\}∫⇔ ≀\↕† ⊣}⊣⟩\∫⊔ ≀⊔⟨⌉∇ ∫⊓⌊⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⟩\ ⟩⊔∫ ⊖{⊣⇕⟩↕†⪰ ∇≀≀⊔⌉⌈ ⌊† ⊣ ∫⟩\}↕⌉ ⊔≀√↖ ↕⌉⊑⌉↕ ⊔∇⊣\∫⊣⌋⊔⟩≀\⇔ ≀∇ ⊣}⊣⟩\∫⊔ ⊣↕↕ ⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⟩\ ⊔⟨⌉ ∫†∫⊔⌉⇕↙ F⊓∇⊔⟨⌉∇⇔ {≀∇ ⊣\† ≀{ ⊔⟨⌉∫⌉ ⊣↕⊔⌉∇\⊣⊔⟩⊑⌉∫⇔ ⊔⟨⌉ ∇⌉∐⊓⟩∇⌉⌈ ≀⊑⌉∇⟨⌉⊣⌈ ⊒≀⊓↕⌈ ⌊⌉ ⊓\\⌉⌋⌉∫∫⊣∇⟩↕† ⟨⟩}⟨ ⊒⟨⌉\ ⊔⟨⌉∇⌉ ⟩∫ ≀\↕† ≀\⌉ ↕⌉⊑⌉↕ ≀{ ∫⊓⌊⊔∇⊣\∫⊣⌋⊔⟩≀\∫⇔ ⊣\⌈ ⊔⟨⌉ ∫⊓⌊⊔∇⊣\∫⊣⌋⊔⟩≀\∫ ⊣∇⌉ ∫⟨≀∇⊔ ⊣\⌈ ⌉§⌉⌋⊓⊔⌉ ≀\↕† ≀\ ⊣ ∫⟩\}↕⌉ ≀⌊|⌉⌋⊔↙ A∫ ⊣ ⌋≀⇕√∇≀⇕⟩∫⌉⇔ MELD ⊣↕↕≀⊒∫ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖∫ ⊔≀ ⌊⌉ ⌉§⌉⌋⊓⊔⌉⌈ ⌊† ⊔⟨∇⌉⊣⌈∫ ⌈⟩∇⌉⌋⊔↕† ≀∇ ⟩\⌈⟩∇⌉⌋⊔↕† ∫√⊣⊒\⌉⌈ {∇≀⇕ ⊔∇⊣\∫⊣⌋⊔⟩≀\ ⌊↕≀⌋‖∫⇔ ⊣∫ ⊣ ⇕⟩\⟩⇕⊣↕⟩∫⊔ ∫⊓⌊⊔∇⊣\∫⊣⌋⊔⟩≀\ {⊣⌋⟩↕⟩⊔†↙ T⟨⌉ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ⇐⟩\ ⌉{{⌉⌋⊔⇒ ⊑⟩⌉⊒∫ ⊔⟨⌉ ∫⟨⊣⌈≀⊒ ⊑⌉∇∫⟩≀\ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔ ⌊⌉↕≀\}⟩\} ⊔≀ ⊔⟨⌉ ⊔∇⊣\∫⊣⌋⊔⟩≀\⇔ ∇⊣⊔⟨⌉∇ ⊔⟨⊣\ ⊔⟨⌉ ↕⊣⊔⌉∫⊔ ⌋≀⇕⇕⟩⊔⊔⌉⌈ ⊑⌉∇∫⟩≀\ ≀{ ⊔⟨⌉ ≀⌊|⌉⌋⊔↙ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉ ⊣⊔≀⇕⟩⌋ ⌊↕≀⌋‖ ∫⊔⟩↕↕ ↕≀⌋‖∫ ⊔⟨⌉ ⌉\⊔⟩∇⌉ ≀⌊|⌉⌋⊔ ⟩\⌈⌉√⌉\⌈⌉\⊔ ≀{ ⟩⊔∫ ⌋≀\⊔⌉§⊔↙

I⇕√↕⌉⇕⌉\⊔⊣⊔⟩≀\ S⊔⊣⊔⊓∫

MELD ⟩∫ ⊔∇⊣\∫↕⊣⊔⌉⌈ ⟩\⊔≀ C ⊣\⌈ ∇⊓\∫ ≀\ S⊓\OS △↙′↙∋ ≀\ S⊓\ ∋∫ ⊣\⌈ S⊓\ △∫⇔ U↕⊔∇⟩§ ∋↙∞ ≀\ D⌉⌋S⊔⊣⊔⟩≀\ ∋∞′′∫⇔ ⊣\⌈ AIX ∈↙∈↙∞ ⊣\⌈ M⊣⌋⟨ ∈↙▽ ≀\ IBM RT ∞∋▽∫↙ T⟨⌉ MELD ⟩⇕√↕⌉↖ ⇕⌉\⊔⊣⊔⟩≀\ ⟩∫ ≀∇}⊣\⟩‡⌉⌈ ⟩\⊔≀ ⊘⊑⌉ ∫⊓⌊∫†∫⊔⌉⇕∫¬ ⇐∞⇒ ⇕√√⇔ ⊔⟨⌉ MELD √∇⌉√∇≀⌋⌉∫∫≀∇⇔ ⊒⟨⟩⌋⟨ ⟩⇕√↕⌉⇕⌉\⊔∫ ⇕⊓↕⊔⟩√↕⌉ ⟩\⟨⌉∇⟩⊔⊣\⌋⌉∅ ⇐∈⇒ ∫⌋⇔ ⊒⟨⟩⌋⟨ ∫⊓√√≀∇⊔∫ ∫⊔⊣⊔⟩⌋ ∫⌉⇕⊣\⊔⟩⌋ ⌋⟨⌉⌋‖⟩\} ⊣⌋∇≀∫∫ ∫⌉√⊣∇⊣⊔⌉↕† ⌋≀⇕√⟩↕⌉⌈ MELD ⇕≀⌈⊓↕⌉∫⇔ ⌋⊣↕↕⌉⌈ {⌉⊣⊔⊓∇⌉∫∅ ⇐∋⇒ ⇕⌋⇔ ⊔⟨⌉ MELD ⌋≀⇕√⟩↕⌉∇⇔ ⊒⟨⟩⌋⟨ ⊔∇⊣\∫↕⊣⊔⌉∫ √∇⌉√∇≀⌋⌉∫∫⌉⌈ M⌉↕⌈ √∇≀}∇⊣⇕∫ ⟩\⊔≀ C∅ ⇐△⇒ ⇕↕⇔ ⊔⟨⌉ MELD ↕⟩\‖⌉∇⇔ ⊒⟨⟩⌋⟨ ⌋≀⇕⌊⟩\⌉∫ ∫⌉√⊣∇⊣⊔⌉↕† ⌋≀⇕√⟩↕⌉⌈ MELD {⌉⊣⊔⊓∇⌉∫ ⊣\⌈ ↕⟩\‖∫ ⊔⟨⌉⇕ ⊔≀}⌉⊔⟨⌉∇ ⊒⟩⊔⟨ ⊔⟨⌉ MELD ∇⊓\↖⊔⟩⇕⌉ ‖⌉∇\⌉↕ ⊣\⌈ ⌉§⟩∫⊔⟩\} C ⌋≀⌈⌉ ⌋⊣↕↕⌉⌈ {∇≀⇕ ⊒⟩⊔⟨⟩\ MELD ⇕⌉⊔⟨≀⌈∫∅ ⊣\⌈ ⇐▽⇒ ⊔⟨⌉ ∇⊓\↖⊔⟩⇕⌉ ‖⌉∇\⌉↕⇔ ⊒⟨⟩⌋⟨ ∫⊓√√≀∇⊔∫ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ √≀↕⟩⌋⟩⌉∫⇔ √⌉∇∫⟩∫⊔⌉\⊔ ⌈⊣⊔⊣⇔ ⊔⟨⌉ ⌈⟩∫↖ ⊔∇⟩⌊⊓⊔⌉⌈ \⊣⇕⌉ ∫⌉∇⊑⟩⌋⌉⇔ ⊣\⌈ ≀⊔⟨⌉∇ {⊣⌋⟩↕⟩⊔⟩⌉∫↙ T⟨⌉ ⊔≀⊔⊣↕ ⟩∫ ⊣⌊≀⊓⊔ ∈△⇔′′′ ↕⟩\⌉∫ ≀{ C ⌋≀⌈⌉ ⊣\⌈ †⊣⌋⌋ ⊣\⌈ ↕⌉§ ∇⊓↕⌉∫↙

∞∋

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

∀ R⌉↕⊣⊔⌉⌈ W≀∇‖

I\ S⌉⌋⊔⟩≀\ ∈⇔ ⊒⌉ ⌋≀\∫⟩⌈⌉∇⌉⌈ ∇⌉↕⊣⊔⌉⌈ ⊒≀∇‖ ≀\ ⇕⊓↕⊔⟩√↕⌉ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ ∫⌋⟨⌉⇕⌉∫ {≀∇ ⊔⟨⌉ ∫⊣⇕⌉ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ √≀↕⟩⌋†⇔ ∫⌉∇⟩⊣↕⟩‡⊣⌊⟩↕⟩⊔†↙ H⌉∇⌉ ⊒⌉ ⌋≀⇕√⊣∇⌉ MELD ⊔≀ ⊣ {⌉⊒ ≀⊔⟨⌉∇ ∫†∫⊔⌉⇕∫ ⌋≀\⌋⌉∇\⌉⌈ ⊒⟩⊔⟨ ⇕⊓↕⊔⟩√↕⌉ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ √≀↕⟩⌋⟩⌉∫↙ A∇}⊓∫ ∪LCJS∀⊎ ⟨⊣∫ ⌊≀⊔⟨ ⊣⊔≀⇕⟩⌋ ⊣\⌈ \≀\↖⊣⊔≀⇕⟩⌋ ≀⌊|⌉⌋⊔∫⇔ ⌊⟩\⌈⟩\} ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ ⊔≀ ≀\⌉ ↕⌉⊑⌉↕ ≀{ ⊣⌊∫⊔∇⊣⌋⊔⟩≀\↙ I\ ⌋≀\⊔∇⊣∫⊔⇔ MELD ∫⊓√√≀∇⊔∫ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ ⌊≀⊔⟨ ⊒⟩⊔⟨⟩\ ⊣\⌈ ⊣⇕≀\} ≀⌊|⌉⌋⊔∫⇔ ⊣\⌈ }⟩⊑⌉∫ ⊔⟨⌉ √∇≀}∇⊣⇕⇕⌉∇ ⊔⟨⌉ {∇⌉⌉⌈≀⇕ ⊔≀ ⌋≀⇕⌊⟩\⌉ ⌈⟩{{⌉∇⌉\⊔ ⌋≀\⌋⊓∇∇⌉\⌋† ⌋≀\⊔∇≀↕ √≀↕⟩⌋⟩⌉∫ ≀\ ⊔⟨⌉ ∫⊣⇕⌉ ≀⌊|⌉⌋⊔↙ C⊣⇕⌉↕≀⊔ ∪SBD +86] and Mach [JR86] together provide a transaction facility for ob-

jects, with a C language extension for programming [Blo89]. Avalon, which is implemented on top of Camelot, provides more complete language support for transactions, concentrating on fault tolerance rather than concurrency control, as extensions of C++ [DHW88] and CommonLisp [CLNW90]. Avalon’s notion of consistency was in�uenced by Argus, and also binds atomicity to the object.

Hybrid [Nie87] has an atomic block construct that provides atomicity across multiple objects, but blocks other code from executing within any of those objects until the atomic block terminates. MELD’s atomic blocks work similarly, but on single objects only; MELD’s transactions provide atomicity across multiple objects, but permit more concurrency because serializability is enforced at the granularity of individual instance variables rather than entire objects.

In Clouds, concurrency control is not bound to the object level, and standard (uncontrolled), local consistency preserving (analogous to atomic blocks) and global consistency preserving (analogous to transactions) threads may be executed across multiple objects [CD89]. However, when threads with different consistency levels access the same object, the lowest level of consistency is supported (that is, standard ¡ local ¡ global), exactly the opposite of MELD � and exactly the opposite of what we believe most programmers would expect. Thus no guarantees can be made for consistency actually being preserved by global consistency preserving threads!

In the transaction group paradigm, transactions are collected into groups, and concurrency control within each group of transactions may employ a different policy although serializability is maintained among transactions in different groups [KSUW85, FZ89]. But this work does not make clear whether it is necessary to statically determine

�groups� and/or the objects they may access a priori. This is not possible in our context, since the same code may execute either uncontrolled or as part of a transaction and the set of objects shared among control threads with the same or different policies is determined dynamically as the applications execute at run-time.

9 Conclusions

We began by motivating the need for multiple consistency models, and thus multiple concurrency control policies, in concurrent object-oriented programming systems. We described our experimentation with three concurrency control policies in the MELD COOPS. Uncontrolled sequential blocks are unsafe, but relatively fast. Atomic blocks are lightweight and guarantee consistency within an object, but are not suf�cient for applications requiring consistency among multiple objects and/or processes. Serializable transactions are relatively expensive.

To integrate the three policies, we extended the run-time support so all other code checks the locks manipulated by atomic blocks and also extended atomic blocks to operate on the shadow versions of instance variables maintained by transactions. The most signi�cant performance penalty seems to be due to the necessity to execute all statements of uncontrolled code and atomic blocks as if they were fake transactions in order to detect con�icts between transactions and non-transaction code.

During our experience designing and implementing MELD, including the integration of these three concurrency control policies, and the development of several small systems using MELD, we have learned much about COOPS as well as concurrency control. We have recently redesigned MELD from scratch, with the new language named MELDC [GH91]. The primary goal of our new effort is high performance for distributed COOPS applications written in MELDC.

Acknowledgments

Ronald Chacar implemented the toy network management system in MELD. Quoc- Bao Nguyen ported MELD from SunOS to AIX, Mach and Ultrix, �xing several bugs in the concurrency control implementation in the process. David Staub developed MELD’s distributed name service. David Garlan collaborated with the �rst author on the original design for a non-concurrent MELD.

The Programming Systems Laboratory was supported by National Science Foundation grants CCR-9000930, CDA-8920080 and CCR-8858029, by grants from AT&T, BNR, Citicorp, DEC, IBM, Siemens, Sun and Xerox, by the Center for Advanced Technology and by the Center for Telecommunications Research.

An extended abstract of this paper appeared in the Second IEEE Symposium on Parallel and Distributed Processing, Dallas TX, December 1990, pp. 623-626.

References

[ABGS87] D. Agrawal, A. J. Bernstein, P. Gupta, and S. Sengupta. Distributed optimistic concurrency control with reduced rollback. Journal of Distributed Computing, 2(1):45�59, April 1987.

[Agh90] ECOOP-OOPSLA Workshop on Object-Based Concurrent Programming.

ACM Press, October 1990. Special issue of OOPS Messenger, 2(2), April 1991.

[(AN89] Secretariat: USA (ANSI). Information retrieval, transfer and management for osi, part 1: Management information model. Technical Report ISO/IEC JTC1/SC21 N, ISO International Organization for Standardization, May 1989.

[BHG87] Philip A. Bernstein, Vassos Hadzilacos, and Nathan Goodman. Concurrency Control and Recovery in Database Systems. Addison-Wesley, Reading MA, 1987.

[BK91] Naser S. Barghouti and Gail E. Kaiser. Concurrency control in advanced database applications. ACM Computing Surveys, 23(3):269�317, September 1991.

[Blo89] Joshua J. Bloch. The Camelot library: A C language extension for programming a general purpose distributed transaction system. In 9th International Conference on Distributed Computing Systems, pages 172�180, Newport Beach CA, June 1989. Computer Society Press.

[CD89] Raymond C. Chen and Partha Dasgupta. Linking consistency with object/thread semantics: An approach to robust computation. In 9th International Conference on Distributed Computing Systems, pages 121�128, Newport Beach CA, June 1989.

[CLNW90] Stewart M. Clamen, Linda D. Leibengood, Scott M. Nettles, and Jeannette M. Wing. Reliable distributed computing with avalon/common lisp. In International Conference on Computer Languages, pages 169�179, New Orleans LA, March 1990.

[DHW88] David Detlefs, Maurice Herlihy, and Jeannette Wing. Inheritance of synchronization and recovery properties in Avalon/C++. Computer, 21(12):57�69, December 1988.

[ED90] Ahmed K. Elmagarmid and Weimin Du. A paradigm for concurrency control in heterogeneous distributed database systems. In 6th International Conference on Data Engineering, pages 37�46, Los Angeles CA, February 1990.

[FZ89] Mary F. Fernandez and Stanley B. Zdonik. Transaction groups: A model for controlling cooperative work. In 3rd International Workshop on Persistent Object Systems: Their Design, Implementation and Use, pages 128�138, Queensland, Australia, January 1989.

[GH91] Howard Gershen and Erik Hilsdale. Navigating the meldc the meldc user’s manual. Technical Report CUCS-031-91, Columbia University Department of Computer Science, October 1991.

[GM83] Hector Garcia-Molina. Using semantic knowledge for transaction processing in a distributed database. ACM Transactions on Database Systems, 8(2):186�213, June 1983.

[Gre88] Irene Greif, editor. Computer-Supported Cooperative Work: A Book of Readings. Morgan Kaufmann, San Mateo CA, 1988.

[HW90] Maurice P. Herlihy and Jeannette M. Wing. Linearizability: A correctness condition for concurrent objects. ACM Transactions on Programming Languages and Systems, 12(3):463�492, July 1990.

[JR86] Michael B. Jones and Richard F. Rashid. Mach and Matchmaker: Kernel and language support for object-oriented distributed systems. In Object- Oriented Programming Systems, Languages and Applications Conference, pages 67�77, Portland, OR, September 1986. Special issue of SIGPLAN Notices, 21(11), November 1986.

[Kai90] Gail E. Kaiser. A �exible transaction model for software engineering. In 6th International Conference on Data Engineering, pages 560�567, Los Angeles CA, February 1990. IEEE Computer Society.

[KG87a] Gail E. Kaiser and David Garlan. MELDing data �ow and object-oriented programming. In Object-Oriented Programming Systems, Languages and Applications Conference, pages 254�267, Orlando FL, October 1987. Special issue of SIGPLAN Notices, 22(12), December 1987.

[KG87b] Gail E. Kaiser and David Garlan. Melding software systems from reusable building blocks. IEEE Software, 4(4):17�24, July 1987.

[KH92] Gail E. Kaiser and Brent Hailpern. An object-based programming model for shared data. ACM Transactions on Programming Languages and Systems, January 1992. In press. Available as IBM Research Report RC 16442 and Columbia University Department of Computer Science CUCS-046-90, December 1990.

[KPHW89] Gail E. Kaiser, Steven S. Popovich, Wenwey Hseush, and Shyhtsun Felix Wu. MELDing multiple granularities of parallelism. In Stephen Cook, editor, 3rd European Conference on Object-Oriented Programming, British Computer Society Workshop Series, pages 147�166, Nottingham, UK, July 1989. Cambridge University Press.

[KSUW85] P. Klahold, G. Schlageter, R. Unland, and W. Wilkes. A transaction model supporting complex applications in integrated information systems. In ACM-SIGMOD 1985 International Conference on Management of Data, pages 388�401, Austin TX, May 1985. ACM.

[LCJS87] Barbara Liskov, Dorothy Curtis, Paul Johnson, and Robert Schei�er. Implementation of argus. In 11th ACM Symposium on Operating Systems Principles, pages 111�122, Austin TX, November 1987. Special issue of Operating Systems Review, 21(5), 1987.

[Lyn83] Nancy A. Lynch. Multilevel atomicity � a new correctness criterion for database concurrency control. ACM Transactions on Database Systems, 8(4):484�502, December 1983.

[Mey90] Norman Meyrowitz, editor. OOPSLA ECOOP ’90 Proceedings Object- Oriented Programming: Systems, Languages and Applications Conference European Conference on Object-Oriented Programming, Ottawa, Canada, October 1990. ACM Press. Special issue of SIGPLAN Notices, 25(10), October 1990.

[Mos85] J. Eliot B. Moss. Nested Transactions: An Approach to Reliable Distributed Computing. Information Systems. The MIT Press, Cambridge MA, 1985. PhD Thesis, MIT LCS TR-260, April 1981.

[Ne89] Erich Neuhold and Michael Stonebraker (editors). Future directions in DBMS research. SIGMOD Record, 18(1):17�26, March 1989.

[Nie87] O. M. Nierstrasz. Active objects in hybrid. In Object-Oriented Programming Systems, Languages and Applications Conference Proceedings, pages 243�253, Orlando FL, October 1987. Special issue of SIGPLAN Notices, 22(12), December 1987.

[NW90] Marie-Anne Neimat and Kevin Wilkinson. Extensible transaction management in papyrus. In Bruce Shriver, editor, 23rd Annual Hawaii International Conference on System Sciences, volume II, pages 503�511, Kona HI, January 1990.

[Pae91] Andreas Paepcke, editor. OOPSLA ’91 Conference on Object-Oriented Programming Systems, Languages, and Applications, Phoenix AZ, October 1991. ACM Press. Special issue of SIGPLAN Notices, 26(11), November 1991.

[PKH88] Calton Pu, Gail E. Kaiser, and Norman Hutchinson. Split-transactions for open-ended activities. In Francois Bancilhon and David J. Dewitt, editors, 14th International Conference on Very Large Data Bases, pages 26�37, Los Angeles CA, August 1988.

[Pu88] Calton Pu. Superdatabase for composition of heterogeneous databases.

In 4th International Conference on Data Engineering, pages 548�555, Los Angeles CA, February 1988.

[Ram91] S. Ram, editor. Special Issue on Heterogeneous Distributed Databases Systems, volume 24:12 of IEEE Computer Magazine. IEEE Computer Society, December 1991.

[SBD+86] Alfred Z. Spector, Joshua J. Bloch, Dean S. Daniels, Richard P. Draves, Dan Duchamp, Jeffrey L. Eppinger, Sherri G. Menees, and Dean S. Thompson. The camelot project. Database Engineering, 9(4), December 1986.

[Sta88] John A. Stankovic. Misconceptions about real-time computing: A serious problem for next-generation systems. Computer, 21(10):10�19, October 1988.

[Wei89] William E. Weihl. Local atomicity properties: Modular concurrency control for abstract data types. ACM Transactions on Programming Languages and Systems, 11(2):249�282, April 1989.

Complete Example MELD Program

We include a complete MELD program below. It has an ATM-like interface supporting

multiple users, who may share the same bank accounts. The users purchase stocks by

expending the funds in their accounts, and their accounts are incremented when they

sell stocks. This example system has been used in our recent demos. Note that here

we use ”[: : :]”, ”(: : :)” and ”ø : : : Æ” to bracket uncontrolled sequential code, atomic

blocks and transaction blocks, respectively, since this is the syntax supported in the MELD implementation.

FEATURE Bank INTERFACE:

EXPORTS ChkAcct IMPLEMENTATION:

PERSISTENT CLASS ChkAcct ::= balance: real; METHODS:

printf(”Balance of %s is now %.2f“n”,

object˙name($self), balance);

deposit(money: real; send˙obj: name): boolean --¿ ( balance := balance + money;

send deposit˙msg(money) to send˙obj; return(true); ) withdraw(money: real; send˙obj: name): boolean --¿ ( if (balance ¡ money) then [ send nsf˙msg(money) to send˙obj; return(false); ] else [ balance := balance - money;

send withdraw˙msg(money) to send˙obj; return(true); ] ) balance(): integer --¿ ( 21 amount: integer; temp˙amount: real;

temp˙amount := balance * 100; amount := temp˙amount; return(amount); ) END CLASS ChkAcct END FEATURE Bank

FEATURE BankManager INTERFACE: IMPORTS Bank IMPLEMENTATION: OBJECT:

bnkm: BankManager := BankManager.create();

CLASS BankManager ::= METHODS:

”create %s”(acctName: string) --¿ [ acct: ChkAcct;

acct := ChkAcct.create(acctName); send ”%s created“n”(acctName) to stdout; ] ”balance %s”(acctName: string) --¿ [ acct: ChkAcct; balance: integer;

if (strlen(acctName) ¿ 0) then [ acct := ChkAcct.get(acctName); if (acct != nil) then [ balance := acct.balance();

send ”%s balance is %d.%02d“n”(acctName, balance / 100, balance % 100) to stdout; ] else send ”Can’t find %s“n”(acctName) to stdout; ] else send ”Please provide an account name“n” to stdout;

] ”deposit %f %s”(amount: real; acctName: string) --¿ [ acct: ChkAcct;

if (strlen(acctName) ¿ 0) then [ acct := ChkAcct.get(acctName); if (acct != nil) then send deposit(amount, $self) to acct; else send ”Can’t find %s“n”(acctName) to stdout; ] else send ”Please provide an account name“n” to stdout; ] ”withdraw %f %s”(amount: real; acctName: string) --¿ [ acct: ChkAcct;

if (strlen(acctName) ¿ 0) then [ acct := ChkAcct.get(acctName); if (acct != nil) then send withdraw(amount, $self) to acct; else send ”Can’t find %s“n”(acctName) to stdout; ] else send ”Please provide an account name“n” to stdout; ] deposit˙msg(money: real) --¿ [ send ”Deposited %.2f“n”(money) to stdout; ] nsf˙msg(money: real) --¿ [ send ”Non-sufficient funds to withdraw %.2f“n”(money) to stdout; ] withdraw˙msg(money: real) --¿ [ send ”Withdrew %.2f“n”(money) to stdout; ]

END CLASS BankManager END FEATURE BankManager

FEATURE Stocks INTERFACE: IMPORTS Bank EXPORTS Stock, Portfolio IMPLEMENTATION: %– /* directive allowing inclusion of arbitrary C code */ char * object˙name(struct object *obj) – return obj-¿name; ˝ %˝ OBJECT:

PERSISTENT CLASS Stock ::= priceDollars, priceEighths: integer; stockName: string; METHODS:

stockName := object˙name($self);

quote(): integer --¿ ( return(priceDollars * 8 + priceEighths); ) update(newprice: real) --¿ ¡¡ priceDollars := (integer)newprice;

priceEighths := (integer)(newprice * 8) - priceDollars * 8; if (priceEighths == 0) then send ”Price of %s is now %d“n”(stockName, priceDollars) to stdout;

else if (priceEighths == 4) then send ”Price of %s is now %d 1/2“n”(stockName, priceDollars) to stdout;

else if (priceEighths % 2) then send ”Price of %s is now %d %d/8“n” (stockName, priceDollars, priceEighths) to stdout; else send ”Price of %s is now %d %d/4“n”

(stockName, priceDollars, priceEighths / 2) to stdout; ¿¿ END CLASS Stock

PERSISTENT CLASS Portfolio ::= stockNames: array[0..4] of string; stockHoldings: array[0..4] of integer; METHODS: pfInit() --¿ [ stockNames[0] := ”IBM”; stockNames[1] := ”DEC”; stockNames[2] := ”SUN”; stockHoldings[0] := 100; stockHoldings[1] := 50; stockHoldings[2] := 25; stockHoldings[3] := 0; stockHoldings[4] := 0; ] printHold(index: integer; send˙obj: name) --¿ [ if (stockHoldings[index] ¿ 0) then send ”%d shares of %s“n”(stockHoldings[index], stockNames[index]) to stdout;

if (index ¡ 4) then send printHold(index + 1, send˙obj) to $self; else send printing˙done() to send˙obj; ] printpf() --¿ ¡¡ send ”Your current stock holdings are:“n” to stdout; send printHold(0, $sender) to $self; ¿¿ printpf˙noxact() --¿ [ send ”Your current stock holdings are:“n” to stdout; send printHold(0, $sender) to $self; ] buy(BuyName: string; buyNumShares: integer; acct: ChkAcct) --¿ ¡¡ stk: Stock; i: integer;

stkPrice: integer;

stk := Stock.get(BuyName); if (stk != nil) then [ stkPrice := stk.quote();

if (acct.withdraw((real) stkPrice * buyNumShares / 8, $sender)) then [ i := $self.findStock(BuyName); if (i ¡ 0) then [ i := $self.findSpace();

$self.setHoldings(i, buyNumShares, BuyName); delay 5;

send buy˙msg(buyNumShares, BuyName, i) to $sender; ] else [ $self.updateHoldings(i, buyNumShares); delay 5;

send buy˙msg(buyNumShares, BuyName, i) to $sender; ] ] else send funds˙msg() to $sender; ] else send no˙such(BuyName) to $sender; ¿¿ findStock(StockName: string) --¿ return($self.pfSearchName(StockName, 0));

pfSearchName(StockName: string; stockIndex: integer) --¿ [ if (stockNames[stockIndex] ¡¿ nil &&

strcmp(stockNames[stockIndex], StockName) == 0) then return(stockIndex); else [ if (stockIndex = 4) then return(-1);

else return($self.pfSearchName(StockName, stockIndex + 1)); ] ] findSpace() --¿ return($self.pfSearchOpen(0));

pfSearchOpen(stockIndex: integer) --¿ [ if (stockNames[stockIndex] = nil) then return(stockIndex); else [ if (stockIndex = 4) then return(-1);

else return($self.pfSearchOpen(stockIndex + 1)); ] ] sell(SellName: string; sellNumShares: integer;

acct: ChkAcct) --¿ ¡¡ stk: Stock; i: integer;

stkPrice: integer;

stk := Stock.get(SellName); if (stk != nil) then [ stkPrice := stk.quote();

i := $self.findStock(SellName); if (i ¡ 0) then send no˙shares(SellName) to $sender; else [ if (stockHoldings[i] ¡ sellNumShares) then send too˙few(SellName, i) to $sender; else [ $self.updateHoldings(i, -sellNumShares); if (acct.deposit((real)stkPrice * sellNumShares / 8, $sender) == false) then send no˙deposit() to $sender;

delay 5;

send sell˙msg(sellNumShares, SellName, i) to $sender; ] ] ] else send no˙such(SellName) to $sender; ¿¿ setHoldings(i, SetNumShares: integer; SetName: string) --¿ [ stockHoldings[i] := SetNumShares;

stockNames[i] := SetName; ] updateHoldings(i, NewNumShares: integer) --¿ stockHoldings[i] := stockHoldings[i] + NewNumShares;

remoteNames(i: integer): string --¿ return(stockNames[i]);

remoteHoldings(i: integer) --¿ return(stockHoldings[i]);

atomic˙buy(StockName: string; stockNumShares: integer;

acct: ChkAcct) --¿ [ stk: Stock; i: integer;

stkPrice: integer;

stk := Stock.get(StockName); if (stk != nil) then [ stkPrice := stk.quote();

if (acct.withdraw((real) stkPrice * stockNumShares / 8, $sender)) then [ i := $self.changeStock(StockName, stockNumShares); if (i ¡ 0) then [ send ”Can’t buy a completely new stock atomically“n” to stdout;

send sorry˙msg() to $sender; ] else [ delay 5;

send buy˙msg(stockNumShares, StockName, i) to $sender; ] ] else send funds˙msg() to $sender; ] else send no˙such(StockName) to $sender; ] atomic˙sell(StockName: string; stockNumShares: integer;

acct: ChkAcct) --¿ [ stk: Stock; i: integer;

stkPrice: integer;

stk := Stock.get(StockName); if (stk != nil) then [ stkPrice := stk.quote();

if (acct.deposit((real) stkPrice * stockNumShares / 8, $sender)) then [ i := $self.changeStock(StockName, -stockNumShares); if (i ¡ 0) then [ i := $self.findStock(StockName); send too˙few(StockName, i) to $sender; ] else [ delay 5;

send sell˙msg(stockNumShares, StockName, i)

to $sender; ] ] else send funds˙msg() to $sender; ] else send no˙such(StockName) to $sender; ] reserveSpace(StockName: string; stockNumShares: integer):

integer --¿ return($self.pfTakeOpen(0, StockName, stockNumShares));

pfTakeOpen(stockIndex: integer; StockName: string;

stockNumShares: integer): integer --¿ [ grabbed: boolean; grabbed := false; ( if (stockNames[stockIndex] = nil) then [ stockNames[stockIndex] := StockName; stockHoldings[stockIndex] := stockNumShares;

grabbed := true; ] ) if (grabbed) then return(stockIndex); else [ if (stockIndex = 4) then return(-1); else return

$self.pfTakeOpen(stockIndex + 1, StockName, stockNumShares); ] ] changeStock (StockName: string; stockNumShares: integer):

integer --¿ return $self.pfSearchAdd(StockName, 0, stockNumShares);

pfSearchAdd(StockName: string; stockIndex: integer;

stockNumShares: integer): integer --¿ [ found: boolean; ok: boolean; found := false; ( if (stockNames[stockIndex] ¡¿ nil && strcmp(stockNames[stockIndex], StockName) == 0) then [ if (stockNumShares ¡ 0 &&

stockHoldings[stockIndex] ¡ -stockNumShares) then ok := false; else [ stockHoldings[stockIndex] := stockHoldings[stockIndex] + stockNumShares; ok := true; ] found := true; ] ) if (found) then [ if (ok) then return(stockIndex); else return(-1); ] else [ if (stockIndex = 4) then return(-1); else return

$self.pfSearchAdd(StockName, stockIndex + 1, stockNumShares); ] ] END CLASS Portfolio END FEATURE Stocks

FEATURE StockManager INTERFACE:

IMPORTS Bank, Stocks IMPLEMENTATION: OBJECT:

stkm: StockManager := StockManager.create(); pfm: PortfolioManager := PortfolioManager.create(”PM”);

CLASS StockManager ::= METHODS:

”stock %s”(stockName: string) --¿ [ stk: Stock;

stk := Stock.create(stockName);

send ”%s created“n”(stockName) to stdout; ] ”update %d.%d %s” (pDols, pCts: integer; stockName: string) --¿ [ stk: Stock; price: real;

stk := Stock.get(stockName); if (stk != nil) then [ price := (real)pDols + (real)pCts / 100;

stk.update(price); ] else send ”Can’t find %s“n”(stockName) to stdout; ] ”quote %s”(stockName: string) --¿ [ stk: Stock;

stkPrice: integer; priceDollars: integer; priceEighths: integer;

stk := Stock.get(stockName); if (stk != nil) then [ stkPrice := stk.quote(); priceDollars := stkPrice / 8; priceEighths := stkPrice % 8; if (priceEighths == 0) then send ”Price of %s is %d“n” (stockName, priceDollars) to stdout;

else if (priceEighths == 4) then send ”Price of %s is %d 1/2“n” (stockName, priceDollars) to stdout;

else if (priceEighths % 2) then send ”Price of %s is %d %d/8“n”

(stockName, priceDollars, priceEighths) to stdout;

else send ”Price of %s is %d %d/4“n”

(stockName, priceDollars, priceEighths / 2) to stdout; ] else send ”Can’t find %s“n”(stockName) to stdout; ] END CLASS StockManager

PERSISTENT CLASS PortfolioManager ::= pfs: array [0..4] of Portfolio; npfs: integer; METHODS:

”create %s”(pfName: string) --¿ [ pf: Portfolio;

pf := Portfolio.create(pfName); send ”%s created“n”(pfName) to stdout; ( pfs[npfs] := pf; npfs := npfs + 1; ) ] ”print %s”(pfName: string) --¿ [ pf: Portfolio;

if (strlen(pfName) ¿ 0) then [ pf := Portfolio.get(pfName); if (pf != nil) then [ send printpf() to pf; ] else send ”Can’t find %s“n”(pfName) to stdout; ] else send ”Please provide a portfolio name“n” to stdout; ] printAll() --¿ ¡¡ send printpfs(0) to $self; ¿¿ printpfs(pfIndex: integer) --¿ [ pfName: string;

if (pfs[pfIndex] != nil) then [ pfName := object˙name(pfs[pfIndex]); send ”For the %s portfolio:“n”(pfName) to stdout; send printpf˙noxact() to pfs[pfIndex]; delayuntil printing˙done; if (pfIndex ¡ 4) then send printpfs(pfIndex + 1) to $self; ] ] ”Print” --¿ send printAll() to $self;

printing˙done() --¿ [ i: integer; i := 0; ] ”init %s”(pfName: string) --¿ [ pf: Portfolio;

if (strlen(pfName) ¿ 0) then [ pf := Portfolio.get(pfName); if (pf != nil) then [ send pfInit() to pf; ] else send ”Can’t find %s“n”(pfName) to stdout; ] else send ”Please provide a portfolio name“n” to stdout; ] END CLASS PortfolioManager END FEATURE StockManager

FEATURE StockUser INTERFACE:

IMPORTS Stocks, Bank IMPLEMENTATION: OBJECT:

start: Startup := Startup.create(); user: User;

CLASS User ::= portfolio: Portfolio; chkacct: ChkAcct; username: string; METHODS:

”open %s”(newname: string) --¿ [ username := newname;

portfolio := Portfolio.get(newname); if (portfolio != nil) then send ”Found portfolio for %s“n”

(newname) to stdout;

else send ”Can’t find portfolio for %s“n”

(newname) to stdout;

chkacct := ChkAcct.get(newname); if (chkacct != nil) then send ”Found checking account for %s“n”

(newname) to stdout;

else send ”Can’t find checking account for %s“n” (newname) to stdout; ] ”buy %d %s” (stockNumShares: integer; stockName: string) --¿ portfolio.buy(stockName, stockNumShares, chkacct);

”sell %d %s” (stockNumShares: integer; stockName: string) --¿ portfolio.sell(stockName, stockNumShares, chkacct);

”deposit %f”(money: real) --¿ chkacct.deposit(money, $self);

”withdraw %f”(money: real) --¿ chkacct.withdraw(money, $self);

pfPrintHold(index: integer) --¿ [ holdings: integer; names: string;

holdings := portfolio.remoteHoldings(index); names := portfolio.remoteNames(index); if (holdings ¿ 0) then send ”%d shares of %s“n”(holdings, names) to stdout; if (index ¡ 4) then send pfPrintHold(index + 1) to $self; ] pfPrintpf() --¿ ¡¡ send ”Your current stock holdings are:“n” to stdout; send pfPrintHold(0) to $self; ¿¿ ”print” --¿ send pfPrintpf() to $self;

”balance” --¿ [ balance: integer;

balance := chkacct.balance(); send ”Your balance is %d.%02d“n”

(balance / 100, balance % 100) to stdout; ] ”Buy %d %s” (stockNumShares: integer; stockName: string) --¿ portfolio.atomic˙buy (stockName, stockNumShares, chkacct);

”Sell %d %s” (stockNumShares: integer; stockName: string) --¿ portfolio.atomic˙sell (stockName, stockNumShares, chkacct);

buy˙msg (buyNumShares: integer; BuyName: string; i: integer) --¿ [ currentHoldings: integer;

currentHoldings := portfolio.remoteHoldings(i); send ”Bought %d shares of %s; you now hold %d“n” (buyNumShares, BuyName, currentHoldings)

to stdout; ] sell˙msg(sellNumShares: integer; SellName: string;

i: integer) --¿ [ currentHoldings: integer;

currentHoldings := portfolio.remoteHoldings(i); send ”Sold %d shares of %s; you now hold %d“n” (sellNumShares, SellName, currentHoldings)

to stdout; ] funds˙msg() --¿ [ send ”Insufficient funds to purchase stock“n” to stdout; ] no˙such(stockName: string) --¿ [ send ”No such stock as %s“n”(stockName) to stdout; ] no˙shares(stockName: string) --¿ [ send ”You hold no shares of %s“n”

(stockName) to stdout; ] too˙few(stockName: string; i: integer) --¿ [ currentHoldings: integer;

currentHoldings := portfolio.remoteHoldings(i); send ”You hold only %d shares of %s“n” (currentHoldings, stockName) to stdout; ] no˙deposit() --¿ [ send ”Can’t deposit proceeds from sale of stock“n” to stdout; ] ”quote %s”(stockName: string) --¿ [ stk: Stock;

stkPrice: integer; priceDollars: integer; priceEighths: integer;

stk := Stock.get(stockName); if (stk != nil) then [ stkPrice := stk.quote(); priceDollars := stkPrice / 8; priceEighths := stkPrice % 8; if (priceEighths == 0) then send ”Price of %s is %d“n” (stockName, priceDollars) to stdout;

else if (priceEighths == 4) then send ”Price of %s is %d 1/2“n”

(stockName, priceDollars) to stdout; else if (priceEighths % 2) then send ”Price of %s is %d %d/8“n” (stockName, priceDollars, priceEighths) to stdout; else send ”Price of %s is %d %d/4“n” (stockName, priceDollars, priceEighths / 2) to stdout; ] else send ”Can’t find %s“n”(stockName) to stdout; ] deposit˙msg(money: real) --¿ [ send ”Deposited %.2f“n”(money) to stdout; ] nsf˙msg(money: real) --¿ [ send ”Non-sufficient funds to withdraw %.2f“n” (money) to stdout; ] withdraw˙msg(money: real) --¿ [ send ”Withdrew %.2f“n”(money) to stdout; ] sorry˙msg() --¿ [ send ”Sorry, I can’t do that“n” to stdout; ] END CLASS User

CLASS Startup ::= METHODS:

”user %s”(username: string) --¿ [ user := User.create(username); ] END CLASS Startup END FEATURE StockUser