F∇≀⇕ ⊔⟨⌉ P⊣∫⊔ ⊔≀ ⊔⟨⌉ F⊓⊔⊓∇⌉¬ E§⌉⌋⊓⊔⟩\} T⌉⇕√≀∇⊣↕ L≀}⟩⌋ P∇≀}∇⊣⇕∫

M⟩⌋⟨⊣⌉↕ F⟩∫⟨⌉∇∞ ⊣\⌈ R⟩⌋⟨⊣∇⌈ O⊒⌉\∫∈ ∞ U\⟩⊑⌉∇∫⟩⊔† ≀{ M⊣\⌋⟨⌉∫⊔⌉∇⇔ D⌉√⊣∇⊔⇕⌉\⊔ ≀{ C≀⇕√⊓⊔⌉∇ S⌋⟩⌉\⌋⌉⇔ M⊣\⌋⟨⌉∫⊔⌉∇ M∞∋ ∃PL⇔ U↙K↙ ∈ I⇕√⌉∇⟩⊣↕ C≀↕↕⌉}⌉⇔ D⌉√⊣∇⊔⇕⌉\⊔ ≀{ C≀⇕√⊓⊔⟩\}⇔ L≀\⌈≀\ SW ∈BZ⇔ U↙K↙

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

∞ I\⊔∇≀⌈⊓⌋⊔⟩≀\ T⟨⌉ ⊓∫⌉ ≀{ ⊔⌉⇕√≀∇⊣↕ ↕≀}⟩⌋ ⊣∫ ⊣ {≀∇⇕⊣↕ ↕⊣\}⊓⊣}⌉ {≀∇ ∇⌉⊣∫≀\⟩\} ⊣⌊≀⊓⊔ ⊔⟨⌉ ⌊⌉⟨⊣⊑⟩≀⊓∇ ⊣\⌈ ⌉⊑≀↕⊓⊔⟩≀\ ≀{ ∫†∫⊔⌉⇕∫ ⟩∫ ⌊⌉⌋≀⇕⟩\} ⊒⟩⌈⌉∫√∇⌉⊣⌈ ⟩\ ⊔⟨⌉ ⊘⌉↕⌈ ≀{ ∫≀{⊔⊒⊣∇⌉ ⌉\}⟩\⌉⌉∇⟩\} ∪∞∈⊎↙ R⌉⌋⌉\⊔↕† ⊔⟨⌉∇⌉ ⟨⊣∫ ⌊⌉⌉\ ⟩\⊔⌉∇⌉∫⊔ ⟩\ ⌉§⊔⌉\⌈⟩\} ⊔⟨⟩∫ ⊓∫⌉ ⌊† ⌉§⌉⌋⊓⊔⟩\} ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\∫ ⊒∇⟩⊔⊔⌉\ ⟩\ ⊔⌉⇕√≀∇⊣↕ ↕≀}⟩⌋⇔ ⟩\⟩⊔⟩⊣↕↕† {≀∇ √∇≀⊔≀⊔†√⟩\}⇔ ⊣\⌈ ⌉⊑⌉\⊔⊓⊣↕↕† {≀∇ ⊘\⊣↕ ⊓∫⌉ ∪∈⇔ ▽⊎↙ A ⊔⌉⇕√≀∇⊣↕ ↕≀}⟩⌋ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ {≀∇ ⊣ ∫†∫⊔⌉⇕ ⟩∫ ⊣ {≀∇⇕⊓↕⊣ ⌉§√∇⌉∫∫⟩\} ⌋≀\⌈⟩⊔⟩≀\∫ ⊓√≀\ ⊔⟨⌉ √⌉∇⇕⟩∫∫⟩⌊↕⌉ ∫⊔⊣⊔⌉∫ ⟩\ ⊒⟨⟩⌋⟨ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⌋⊣\ ⌊⌉⇔ ⊣\⌈ ⊔⟨⌉ √⌉∇⇕⟩∫∫⟩⌊↕⌉ ⊔∇⊣\∫⟩⊔⟩≀\∫ ⌊⌉⊔⊒⌉⌉\ ⊔⟨≀∫⌉ ∫⊔⊣⊔⌉∫↙ T⟨⌉ ⊣⊔≀⇕⟩⌋ ∫⌉\⊔⌉\⌋⌉∫ ≀{ ⊔⟨⌉ ↕≀}⟩⌋ ⌉⊣⌋⟨ ⌈⌉∫⌋∇⟩⌊⌉ ∫≀⇕⌉ ⊣∫√⌉⌋⊔ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊒⟨⟩⌋⟨ ⌋⊣\ ⌋⟨⊣\}⌉ {∇≀⇕ ∫⊔⊣⊔⌉ ⊔≀ ∫⊔⊣⊔⌉↙ T⟨⊓∫ ⊣ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ {≀∇ ⊣ ∫⟩⇕√↕⌉ ⊔≀∇⌋⟨ ⇕⟩}⟨⊔ ⟨⊣⊑⌉ √∇≀√≀∫⟩⊔⟩≀\∫ ⊔≀ ⌉§√∇⌉∫∫ ⊔⟨⊣⊔ ⊔⟨⌉ ∫⊒⟩⊔⌋⟨ ⟩∫ ⟩\ ⊔⟨⌉ ⊢≀\≃ √≀∫⟩⊔⟩≀\⇔ ⊣\⌈ ⊔⟨⊣⊔ ⊔⟨⌉ ⌊⊓↕⌊ ⟩∫ ⟩↕↕⊓⇕⟩\⊣⊔⌉⌈↙ T⟨⌉ ⊣⊔≀⇕⟩⌋ ∫⌉\⊔⌉\⌋⌉∫ ⊣∇⌉ ⌈⟩⊑⟩⌈⌉⌈ ⊓√ ⟩\⊔≀ ⊔⟨≀∫⌉ ⊒⟨⟩⌋⟨ ⌈⌉∫⌋∇⟩⌊⌉ ⊣∫√⌉⌋⊔∫ ≀{ ⊔⟨⌉ ∫⊔⊣⊔⌉ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⊓\⌈⌉∇ ⊔⟨⌉ ⌋≀\⊔∇≀↕ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⇐⌉↙}↙ ⊔⟨⌉ ⌊⊓↕⌊ ⌊⌉⟩\} ⟩↕↕⊓⇕⟩\⊣⊔⌉⌈⇒ ⊣\⌈ ⊔⟨≀∫⌉ ⊒⟨⟩⌋⟨ ⊣∇⌉ ⊓\⌈⌉∇ ⊔⟨⌉ ⌋≀\⊔∇≀↕ ≀{ ⊔⟨⌉ ⌉\⊑⟩∇≀\⇕⌉\⊔ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⇐⌉↙}↙ ⊔⟨⌉ ∫⊒⟩⊔⌋⟨ ⌊⌉⟩\} ⟩\ ⊔⟨⌉ ⊢≀\≃ √≀∫⟩⊔⟩≀\⇒↙ T⟨⌉∫⌉ ⊣∇⌉ ‖\≀⊒\ ⊣∫ ⌋≀⇕√≀\⌉\⊔ ⊣\⌈ ⌉\⊑⟩∇≀\⇕⌉\⊔ ⊣⊔≀⇕∫⇔ ∇⌉∫√⌉⌋⊔⟩⊑⌉↕†↙ T⟨⌉ {≀∇⇕⊓↕⊣ ⌋≀\∫⊔∇⊣⟩\⟩\} ⊔⟨⌉ ⌊⌉⟨⊣⊑⟩≀⊓∇ ≀{ ⊔⟨⌉ ⊔≀∇⌋⟨ ⇕⟩}⟨⊔ ∫⊔⊣⊔⌉ ⊔⟨⊣⊔ {≀∇ ⊔⟨⌉ ⌊⊓↕⌊ ⊔≀ ⌊⌉ ⟩↕↕⊓⇕⟩\⊣⊔⌉⌈⇔ ⊔⟨⌉ ∫⊒⟩⊔⌋⟨ ⇕⊓∫⊔ ⟨⊣⊑⌉ ⌊⌉⌉\ ⟩\ ⊔⟨⌉ ⊢≀\≃ √≀∫⟩⊔⟩≀\ ⟩\ ∫≀⇕⌉ √∇⌉⊑⟩≀⊓∫ ∫⊔⊣⊔⌉ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕⇔ ⊣\⌈ ⊔⟨⊣⊔ ⊔⟨⌉ ∫⊒⟩⊔⌋⟨ ⇕⊓∫⊔ ⟨⊣⊑⌉ ∫⊔⊣†⌉⌈ ≀\ ⟩\ ⌉⊣⌋⟨ ∫⊔⊣⊔⌉ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ∫⟩\⌋⌉ ⊔⟨⌉\↙ I\ }⌉\⌉∇⊣↕ ⊔⟨⌉ {≀∇⇕⊓↕⊣ ⌋⊣\ ⇕≀⊑⌉ ⊣∇⌊⟩⊔∇⊣∇⟩↕† ⊔⟨∇≀⊓}⟨ ⊔⟨⌉ √≀∫∫⟩⌊↕⌉ ∫⊔⊣⊔⌉∫ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕↙ T⟨⌉ ⌉∫∫⌉\⊔⟩⊣↕ \≀⊔⟩≀\ ⟩\ ⌉§⌉⌋⊓⊔⟩\} ∫⊓⌋⟨ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\∫ ⟩∫ ⊔⟨⊣⊔ ⊒⌉ ⌋⊣\ ⌉§√∇⌉∫∫ ⊔⟨⌉∫⌉ ⊔⌉⇕↖ √≀∇⊣↕ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⟩\ ⊣ \≀∇⇕⊣↕ {≀∇⇕ ⊒⟨⟩⌋⟨ ⟩∫ ⊣ ∫⌉⊔ ≀{ ∇⊓↕⌉∫ ⌉⊣⌋⟨ ≀{ ⊔⟨⌉ {≀∇⇕¬ ⌋≀\⌈⟩⊔⟩≀\ ⊣⌊≀⊓⊔ ⊔⟨⌉ √⊣∫⊔ � ⌋≀\⌈⟩⊔⟩≀\ ⊣⌊≀⊓⊔ ⊔⟨⌉ √∇⌉∫⌉\⊔ ⊣\⌈ {⊓⊔⊓∇⌉ T⟨⌉ \≀∇⇕⊣↕ {≀∇⇕ {≀∇⇕⊓↕⊣ ⇐⟨⌉\⌋⌉{≀∇⊔⟨⇔ √∇≀}∇⊣⇕⇒ ⌋⊣\ ⊔⟨⌉\ ⌊⌉ ∫⌉⌉\ ⊣∫ ⊣ ∫⌉⊔ ≀{ ⌋≀\∫⊔∇⊣⟩\⊔∫ ⊓√≀\ ⊔⟨⌉ √≀∫∫⟩⌊↕⌉ ⊔∇⊣\∫⟩⊔⟩≀\∫ {∇≀⇕ ≀\⌉ ∫⊔⊣⊔⌉ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊔≀ ⊣\≀⊔⟨⌉∇↙ T⟨⌉ √∇≀}∇⊣⇕ ⟩∫ ⊢∇⊓\≃ ⌊† ⌉⊑⊣↕⊓⊣⊔⟩\} ⊔⟨⌉ ⌋≀\⌈⟩⊔⟩≀\∫ ⊣⌊≀⊓⊔ ⊔⟨⌉ √⊣∫⊔ ⊒⟩⊔⟨ ∇⌉∫√⌉⌋⊔ ⊔≀ ⊣ ⟨⟩∫⊔≀∇† ≀{ ⊔⟨⌉ ∫⊔⊣⊔⌉∫ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕⇔ ⊣\⌈ ⊒⟨⌉∇⌉ ⊣ ⌋≀\⌈⟩⊔⟩≀\ ⌉⊑⊣↕⊓⊣⊔⌉∫ ⊔≀ ⊔∇⊓⌉⇔ ⊔⟨⌉ ⌋≀∇∇⌉∫√≀\⌈⟩\} ⌋≀\⌈⟩⊔⟩≀\ ⊣⌊≀⊓⊔ ⊔⟨⌉ √∇⌉∫⌉\⊔ ⊣\⌈ {⊓⊔⊓∇⌉ ⟩∫ ⊓∫⌉⌈ ⊔≀ ∫⌉↕⌉⌋⊔ ⊔⟨⌉ \⌉§⊔ ∫⊔⊣⊔⌉ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕↙ W⟨⌉\ ⊣↕↕ ⊔⟨⌉ ∇⊓↕⌉∫ ⟨⊣⊑⌉ ⌊⌉⌉\ ⌉⊑⊣↕⊓⊣⊔⌉⌈⇔ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟩∫ ⇕≀⊑⌉⌈ ⊔≀ ⊔⟨⌉ ∫⌉↕⌉⌋⊔⌉⌈ \⌉§⊔ ∫⊔⊣⊔⌉↙ S⟩\⌋⌉ ⊔⟨⟩∫ ∫⊔⊣⊔⌉ ⟩∫ ⌈⌉∫⌋∇⟩⌊⌉⌈ ⟩\ ⊔⌉∇⇕∫ ≀{ ⊣⊔≀⇕⟩⌋ ∫⌉\⊔⌉\⌋⌉∫ ⊣⌊≀⊓⊔ ⊣∫√⌉⌋⊔∫ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕⇔ ⊔⟨⌉ ⌋≀⇕√≀\⌉\⊔ ⊣⊔≀⇕∫ ⇕⊓∫⊔ ⌊⌉ ⊓∫⌉⌈ ⊔≀ ⌋⟨⊣\}⌉ ⊔⟨⌉ ∇⌉⊣↕ ∫⊔⊣⊔⌉ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊔≀ ∇⌉⊙⌉⌋⊔ ⊔⟨⌉ ⌋≀⇕√⊓⊔⌉⌈ ∫⊔⊣⊔⌉↙ T⟨⟩∫ √⊣∇⊣⌈⟩}⇕ ⟩∫ ‖\≀⊒\ ⊣∫ ⊔⟨⌉ ⌈⌉⌋↕⊣∇⊣⊔⟩⊑⌉ √⊣∫⊔ ⊣\⌈ ⟩⇕√⌉∇⊣⊔⟩⊑⌉ {⊓⊔⊓∇⌉ ∪∀⊎⇔ ⊒⟨⌉∇⌉ ⌋≀\⌈⟩⊔⟩≀\∫ ⊣⌊≀⊓⊔ ‖\≀⊒\ ∫⊔⊣⊔⌉∫ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⊣∇⌉ ⊓∫⌉⌈

⊔≀ }⌉\⌉∇⊣⊔⌉ ⟩⇕√⌉∇⊣⊔⟩⊑⌉∫ ⊔≀ ⌋≀\⊔∇≀↕ {⊓⊔⊓∇⌉ ∫⊔⊣⊔⌉∫ ≀{ ⊔⟨⌉ ∫†∫⊔⌉⇕↙ T⟨⟩∫ ⟩⌈⌉⊣ ⟨⊣∫ ⌊⌉⌉\ ⌈⌉⊑⌉↕≀√⌉⌈ ⟩\⊔≀ ⊣ {∇⊣⇕⌉⊒≀∇‖ {≀∇ ⊔⌉⇕√≀∇⊣↕ ↕≀}⟩⌋ √∇≀}∇⊣⇕⇕⟩\}⇔ ‖\≀⊒\ ⊣∫ METATEM ∪∈⊎↙ I\ ⊔⟨⟩∫ √⊣√⌉∇ ⊒⌉ ⌈⌉∫⌋∇⟩⌊⌉ ∫≀⇕⌉ ≀{ ⊔⟨⌉ ⊔⌉⌋⟨\⟩∐⊓⌉∫ ⊒⟨⟩⌋⟨ ⟨⊣⊑⌉ ⌊⌉⌉\ ⊓∫⌉⌈ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔ METATEM⇔ ⊣\⌈ ⊣⌈⌈∇⌉∫∫⌉∫ √⊣∇⊔⟩⌋⊓↕⊣∇ √∇≀⌊↕⌉⇕∫ ⊒⟨⟩⌋⟨ √↕⊣⌋⌉ ⌋≀\∫⊔∇⊣⟩\⊔∫ ≀\ ⊔⟨⌉ ⊓∫⌉ ≀{ ⊔⟨⟩∫ √∇≀}∇⊣⇕⇕⟩\} √⊣∇⊣⌈⟩}⇕↙ T≀ ⌊⌉}⟩\⇔ ⊒⌉ √∇⌉∫⌉\⊔ ⊣ ⌊∇⟩⌉{ ⟩\⊔∇≀⌈⊓⌋⊔⟩≀\ ⊔≀ ⊔⌉⇕√≀∇⊣↕ ↕≀}⟩⌋↙

∈ T⌉⇕√≀∇⊣↕ L≀}⟩⌋ F≀∇ ⊔⟨⌉ √⊓∇√≀∫⌉∫ ≀{ ⇕⊓⌋⟨ ≀{ ⊔⟨⟩∫ √⊣√⌉∇⇔ ⊔⟨⌉ √⟨⌉\≀⇕⌉\⊣ ⊔⟨⊣⊔ ⊒⌉ ∫⟨⊣↕↕ ⊣⌈⌈∇⌉∫∫ ≀⌋⌋⊓∇ ⟩\ √∇≀√≀∫⟩⊔⟩≀\⊣↕ ⊔⌉⇕√≀∇⊣↕ ↕≀}⟩⌋↙ W⌉ ∫⟨⊣↕↕ ⌈⌉∫⌋∇⟩⌊⌉ ⊔⟨⌉ ⊔⌉⇕√≀∇⊣↕ ↕≀}⟩⌋ ⊓∫⌉⌈ ⟩\⟩⊔⟩⊣↕↕†⇔ ⌋⊣↕↕⌉⌈ P∇≀√≀∫⟩⊔⟩≀\⊣↕ METATEM L≀}⟩⌋ ⇐PML⇒⇔ ⟩\ ⊔⟨⟩∫ ∫⌉⌋⊔⟩≀\⇔ ↕⌉⊣⊑⟩\} ⊔⟨⌉ ⌈⌉⊑⌉↕≀√⇕⌉\⊔ ≀{ ⊘∇∫⊔↖ ≀∇⌈⌉∇ ⊔⌉⇕√≀∇⊣↕ ↕≀}⟩⌋∫ ⊓\⊔⟩↕ S⌉⌋⊔⟩≀\ ▽↙ PML ⟩\⊔∇≀⌈⊓⌋⌉∫ ⊔⊒≀ \⌉⊒ ↕≀}⟩⌋ ⌋≀\\⌉⌋⊔⟩⊑⌉∫⇔ ⊢⊓\⊔⟩↕≃ ⇐ U⇒ ⊣\⌈ ⊢∫⟩\⌋⌉≃ ⇐ S⇒⇔ ⊔≀}⌉⊔⟨⌉∇ ⊒⟩⊔⟨ ⊣ \⊓⇕⌊⌉∇ ≀{ ≀⊔⟨⌉∇ ≀√⌉∇⊣⊔≀∇∫ ⌈⌉⊘\⊣⌊↕⌉ ⟩\ ⊔⌉∇⇕∫ ≀{ U ⊣\⌈ S⇔ ⊔≀ ⌋↕⊣∫∫⟩⌋⊣↕ ↕≀}⟩⌋↙ T⟨⌉ ⌋↕⊣∫∫⟩⌋⊣↕ ⌋≀⇕√≀\⌉\⊔ ≀{ PML ⟩∫ ⊓∫⌉⌈ ⊔≀ ⌈⌉∫⌋∇⟩⌊⌉ ∫⊔⊣⊔⌉∫⇔ {≀∇ ⌉§⊣⇕√↕⌉ �⇐⌊⊓↕⌊↖↕⟩⊔ � �∫⊒⟩⊔⌋⟨↖≀\⇒ ↙ T⟨⌉ U ⊣\⌈ S ⌋≀\\⌉⌋⊔⟩⊑⌉∫ ∇⌉↕⊣⊔⌉ ∫⊔⊣⊔⌉∫ ⊔≀}⌉⊔⟨⌉∇↙ ⊣ U⌊ ⟩∫ ⊔∇⊓⌉ ⟩\ ⊣ ∫⊔⊣⊔⌉ ∫ ⟩{ ⊔⟨⌉ {≀∇⇕⊓↕⊣ ⌊ ⟩∫ ⊔∇⊓⌉ ⟩\ ⊣ ∫⊔⊣⊔⌉ ⊔ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉ ≀{ ∫⊔⊣⊔⌉ ∫⇔ ⊣\⌈ ⊔⟨⌉ {≀∇⇕⊓↕⊣ ⊣ ⟩∫ ⊔∇⊓⌉ ⟩\ ⌉⊑⌉∇† ∫⊔⊣⊔⌉ ⌊⌉⊔⊒⌉⌉\ ∫⊔⊣⊔⌉∫ ∫ ⊣\⌈ ⊔↙ T⟨⊓∫ ⊣ ⊒⟩↕↕ ⌊⌉ ⊔∇⊓⌉ ⊓\⊔⟩↕ ⌊ ⟩∫ ⊔∇⊓⌉↙ T⟨⌉ S ⌋≀\\⌉⌋⊔⟩⊑⌉ ⇕⟩∇∇≀∇∫ ⊔⟨⌉ ⌊⌉⟨⊣⊑⟩≀⊓∇ ≀{ U ⟩\ ⊔⟨⌉ √⊣∫⊔⇔ ∫≀ ⊔⟨⊣⊔ ⊣ S⌊ ⟩∫ ⊔∇⊓⌉ ⟩\ ⊣ ∫⊔⊣⊔⌉ ∫ ⟩{ ⊔⟨⌉ {≀∇⇕⊓↕⊣ ⌊ ⟩∫ ⊔∇⊓⌉ ⟩\ ⊣ ∫⊔⊣⊔⌉ ⊔ ⟩\ ⊔⟨⌉ √⊣∫⊔ ≀{ ∫⊔⊣⊔⌉ ∫⇔ ⊣\⌈ ⊔⟨⌉ {≀∇⇕⊓↕⊣ ⊣ ⟩∫ ⊔∇⊓⌉ ⟩\ ⌉⊑⌉∇† ∫⊔⊣⊔⌉ ⌊⌉⊔⊒⌉⌉\ ∫⊔⊣⊔⌉∫ ⊔ ⊣\⌈ ∫↙ H⌉\⌋⌉ ⊣ ⊒⊣∫ ⊔∇⊓⌉ ∫⟩\⌋⌉ ⌊ ⊒⊣∫ ⊔∇⊓⌉↙ R⌉⌋⊣↕↕ ⊔⟨⌉ ∫√⌉⌋⟩⊘⌋⊣⊔⟩≀\ {≀∇ ⊔⟨⌉ ⊔≀∇⌋⟨ ⌉§⊣⇕√↕⌉⇔ ⊒⟨⟩⌋⟨ ∇⌉∐⊓⟩∇⌉∫ ⊔⟨⊣⊔ ⊔⟨⌉ ∫⊒⟩⊔⌋⟨ ⟨⊣∫ ⌊⌉⌉\ ⟩\ ⊔⟨⌉ ⊢≀\≃ √≀∫⟩⊔⟩≀\ ⌋≀\⊔⟩\⊓⊣↕↕† ∫⟩\⌋⌉ ∫≀⇕⌉ √∇⌉⊑⟩≀⊓∫ ∫⊔⊣⊔⌉⇔ {≀∇ ⊔⟨⌉ ⌊⊓↕⌊ ⊔≀ ⌊⌉ ⟩↕↕⊓⇕⟩\⊣⊔⌉⌈ ⌋⊓∇∇⌉\⊔ ∫⊔⊣⊔⌉↙ W⌉ ⌋⊣\ ⌉§√∇⌉∫∫ ⊔⟨⟩∫ ⌊† ⊔⟨⌉ {≀↕↕≀⊒⟩\} ⊔⌉⇕√≀∇⊣↕ ↕≀}⟩⌋ ∇⊓↕⌉¬ ⌊⊓↕⌊↖↕⟩⊔ � ∫⊒⟩⊔⌋⟨↖≀\ S∫⊒⟩⊔⌋⟨↖≀\ ⊒⟨⟩⌋⟨ ⟩∫ ∇⌉⊣⌈ ⊣∫ ⊢⟩{ ⊔⟨⌉ ⌊⊓↕⌊ ⟩∫ ↕⟩⊔ \≀⊒⇔ ⊔⟨⌉\ ⊔⟨⌉∇⌉ ⇕⊓∫⊔ ⟨⊣⊑⌉ ⌊⌉⌉\ ⊣ ∫⊔⊣⊔⌉ ⟩\ ⊔⟨⌉ √⊣∫⊔ ⊒⟨⌉\ ⊔⟨⌉ ∫⊒⟩⊔⌋⟨ ⊒⊣∫ ≀\⇔ ⊣\⌈ ⊔⟨⌉ ∫⊒⟩⊔⌋⟨ ⟨⊣∫ ⌊⌉⌉\ ≀\ ⟩\ ⊣↕↕ ⊔⟨⌉ ∫⊔⊣⊔⌉∫ ∫⟩\⌋⌉ ⊔⟨⌉\↙≃ W⌉↕↕↖{≀∇⇕⌉⌈ {≀∇⇕⊓↕⊣⌉ ≀{ PML ⇐WFF√⇒ ⊣∇⌉ ⌊⊣∫⌉⌈ ≀\ ⊣ ∫⌉⊔⇔ L√⇔ ≀{ √∇≀√≀∫⟩⊔⟩≀\ ∫†⇕⌊≀↕∫⇔ √⊣∇⊔⟩⊔⟩≀\⌉⌈ ⟩\⊔≀ ⌉\⊑⟩∇≀\⇕⌉\⊔ ⊣\⌈ ⌋≀⇕√≀\⌉\⊔ √∇≀√≀∫⟩⊔⟩≀\∫↙ T⟨⌉ ∫⌉⊔ WFF√ ⟩∫ ⌈⌉⊘\⌉⌈ ⊣∫ {≀↕↖ ↕≀⊒∫↙ ∞↙ A\† ⌉↕⌉⇕⌉\⊔ ≀{ L√ ⟩∫ ⊣\ ⌉↕⌉⇕⌉\⊔ ≀{ WFF√↙ ∈↙ I{ A ⊣\⌈ B ⊣∇⌉ ⟩\ WFF√⇔ ⊔⟨⌉\ ∫≀ ⊣∇⌉ ⊔∇⊓⌉⇔ {⊣↕∫⌉⇔ �A⇔ A � B⇔ A U B⇔ A SB⇔ ⊣\⌈ ⇐A⇒↙ W⌉ ⌈⌉⊘\⌉ ≀⊔⟨⌉∇ ⌋↕⊣∫∫⟩⌋⊣↕ ⌋≀\\⌉⌋⊔⟩⊑⌉∫⇔ ∫⊓⌋⟨ ⊣∫ �⇔ �⇔ ⊣\⌈ � ⟩\ ⊔⌉∇⇕∫ ≀{ ⊔⟨⌉ ≀\⌉∫ }⟩⊑⌉\ ⊣⌊≀⊑⌉⇔ ⊣\⌈ ⌋⊣\ ⊣↕∫≀ ⌈⌉⊘\⌉ ∫⌉⊑⌉∇⊣↕ ≀⊔⟨⌉∇ ⊓∫⌉{⊓↕ ⊔⌉⇕√≀∇⊣↕ ⌋≀\\⌉⌋⊔⟩⊑⌉∫ ⟩\ ⊔⌉∇⇕∫ ≀{ U ⊣\⌈ S↙ F≀∇ ⌉§⊣⇕√↕⌉ ˝a, meaning that a is true in some future state, can be de�ned as true U⊣ ⊒⟨⟩⌋⟨ ⌋⊣\ ⌊⌉ ∇⌉⊣⌈ ⊣∫ ⊢⟩\ ∫≀⇕⌉ {⊓⊔⊓∇⌉ ∫⊔⊣⊔⌉ ⊣ ⊒⟩↕↕ ⌊⌉ ⊔∇⊓⌉⇔ ⊣\⌈ ⊔∇⊓⌉ ⊒⟩↕↕ ⌊⌉ ⊔∇⊓⌉ ⟩\ ⊣↕↕ ⊔⟨⌉ ∫⊔⊣⊔⌉∫ ⊓\⊔⟩↕ ⊔⟨⌉\↙≃ B⌉⌋⊣⊓∫⌉ ⊔∇⊓⌉ ⟩∫ ⊔∇⊓⌉ ⟩\ ⊣↕↕ ∫⊔⊣⊔⌉∫⇔ ⊔∇⊓⌉ U⊣ ∫⟩⇕√↕† ∇⌉∐⊓⟩∇⌉∫ ⊣ ⊔≀ ⌊⌉ ⊔∇⊓⌉ ⟩\ ∫≀⇕⌉ {⊓⊔⊓∇⌉ ∫⊔⊣⊔⌉↙ T⟨⌉ {≀↕↕≀⊒⟩\} ↕⟩∫⊔ }⟩⊑⌉∫ ⊣↕↕ ⊔⟨⌉ ⌋≀\\⌉⌋⊔⟩⊑⌉∫ ⊔⟨⊣⊔ ⊒⌉ ∫⟨⊣↕↕ ⊓∫⌉ ⟩\ ⊔⟨⟩∫ √⊣√⌉∇¬

gj j is true in the next state [false_{U|⊎} cdefgj there was a last state, and j was true in the last state [false_{S|⊎} wj if there was a last state, then j was true in that state [� cdefg�j]

˝j j will be true in some future state [true U |⊎ ˝� j j was true in some past state [true S|⊎ | | ⊒⟩↕↕ ⌊⌉ ⊔∇⊓⌉ ⟩\ ⊣↕↕ {⊓⊔⊓∇⌉ ∫⊔⊣⊔⌉∫ ∪�˝�j] j j was true in all past states [�˝

� �j] As PML formulae refer to discrete linear time-structures, which have a �nite past, notice that the formulawfalse can only be satis�ed at the beginning of time and we can thus use

this formula to mark that unique moment.

Temporal formulae can be classi�ed as follows. A state-formula is either a literal (a proposition or a negated proposition) or a boolean combination of other state-formulae. Strict future-time formulae are de�ned as follows � If A and B are either state or strict future-time, then AUB ⟩∫ ∫⊔∇⟩⌋⊔ {⊓⊔⊓∇⌉↖⊔⟩⇕⌉↙ ∘ I{ A ⊣\⌈ B ⊣∇⌉ ∫⊔∇⟩⌋⊔ {⊓⊔⊓∇⌉↖⊔⟩⇕⌉⇔ ⊔⟨⌉\ �A⇔ A � B⇔ ⊣\⌈ ⇐A⇒ ⊣∇⌉ ⊣↕↕ ∫⊔∇⟩⌋⊔ {⊓⊔⊓∇⌉↖⊔⟩⇕⌉↙ S⊔∇⟩⌋⊔ √⊣∫⊔↖⊔⟩⇕⌉ {≀∇⇕⊓↕⊣⌉ ⊣∇⌉ ⌈⌉⊘\⌉⌈ ⊣∫ ⊔⟨⌉ √⊣∫⊔↖⊔⟩⇕⌉ ⌈⊓⊣↕∫ ≀{ ∫⊔∇⟩⌋⊔ {⊓⊔⊓∇⌉↖⊔⟩⇕⌉ {≀∇⇕⊓↕⊣⌉↙ N≀\↖∫⊔∇⟩⌋⊔ ⌋↕⊣∫∫⌉∫ ≀{ {≀∇⇕⊓↕⊣⌉ ⟩\⌋↕⊓⌈⌉ ∫⊔⊣⊔⌉↖{≀∇⇕⊓↕⊣⌉ ⟩\ ⊔⟨⌉⟩∇ ⌈⌉⊘\⟩⊔⟩≀\↙ T⟨⊓∫wa � cS⌈ ⟩∫ ⊣ ∫⊔∇⟩⌋⊔ √⊣∫⊔↖⊔⟩⇕⌉ {≀∇⇕⊓↕⊣⇔ ⊒⟨⌉∇⌉⊣∫ √ � ˝q is a non-strict future-time formula. The process of executing a METATEM program essentially builds a model for the PML formulawhichconstitutesthe program.The modelsforPML are givenbya structure, which consists of a sequence of states, together with an assignment of truth values to propositions within states. More formally, a model is a pair M ℑ ⇐∫ ⇔ √ √⇒ ⊒⟨⌉∇⌉ ∫ ⟩∫ ⊔⟨⌉ ≀∇⌈⌉∇⌉⌈ ∫⌉⊔ ≀{ ∫⊔⊣⊔⌉∫ ∫′⇔ ∫∞⇔ ∫∈⇔ ≈⇔ ⊣\⌈ √ √ ¬ N ≡ L√ → {T⇔ F} ⟩∫ ⊣ {⊓\⌋⊔⟩≀\ ⊣∫∫⟩}\⟩\} T ≀∇ F ⊔≀ ⌉⊣⌋⟨ ⊣⊔≀⇕⟩⌋ √∇≀√≀∫⟩⊔⟩≀\ ⊣⊔ ⌉⊣⌋⟨ ⇕≀⇕⌉\⊔ ⟩\ ⊔⟩⇕⌉↙ W⌉ ⊓∫⌉ ⊔⟨⌉ ∇⌉↕⊣⊔⟩≀\ ⊢ ♣ℑ≃ ⊔≀ }⟩⊑⌉ ⊔⟨⌉ ⊔∇⊓⊔⟨ ⊑⊣↕⊓⌉ ≀{ ⊣ {≀∇⇕⊓↕⊣ ⟩\ ⊣ ⇕≀⌈⌉↕ M⇔ ⊣⊔ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⇕≀⇕⌉\⊔ ⟩\ ⊔⟩⇕⌉ ⟩↙ T⟨⟩∫ ∇⌉↕⊣⊔⟩≀\ ⟩∫ ⌈⌉⊘\⌉⌈ {≀∇ {≀∇⇕⊓↕⊣⌉ ≀{ PML ⟩\ F⟩}⊓∇⌉ ∞↙ A∫ ⊣\ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⌋≀\∫⟩∫⊔∫ ≀{ ⊣ √⊣⟩∇ ⌋≀⇕√∇⟩∫⟩\} ⇕≀⌈⌉↕ ⊣\⌈ ⊔⟩⇕⌉ ⌋≀⇕√≀\⌉\⊔∫⇔ ⊒⌉ ∫⊣† ⊔⟨⊣⊔ ⊣ ⊒⌉↕↕↖{≀∇⇕⌉⌈ {≀∇⇕⊓↕⊣ ⟩∫ ∫⊣⊔⟩∫⊘⌉⌈ ⟩\ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⇕≀⌈⌉↕ ⊣⊔ ⊣ ⇕≀⇕⌉\⊔ ⟩\ ⊔⟩⇕⌉↙ A↕⊔⌉∇\⊣⊔⟩⊑⌉↕†⇔ ⊔⟨⌉ {≀∇⇕⊓↕⊣ ⌋⊣\ ⌊⌉ ∫⊣⟩⌈ ⊔≀ ⌊⌉ ⊔∇⊓⌉ ⟩\ ⊔⟨⊣⊔ ⇕≀⌈⌉↕ ⊣⊔ ⊔⟨⊣⊔ ⇕≀⇕⌉\⊔↙ T⟨⌉ ⊔⌉∇⇕⟩\≀↕≀}† ⟩∫ ≀{⊔⌉\ ⌉§⊔⌉\⌈⌉⌈ ⊔≀ ⟩\⌋↕⊓⌈⌉ ⊣ ⊒⌉↕↕↖{≀∇⇕⌉⌈ {≀∇⇕⊓↕⊣ ⌊⌉⟩\} ∫⊣⊔⟩∫⊘⌉⌈ ⟩\ ⊣ ⇕≀⌈⌉↕↙ A {≀∇⇕⊓↕⊣ ⟩∫ ∫⊣⊔⟩∫⊘⌉⌈

⟨M⇔ ⟩⟩ ♣ℑ ⊔∇⊓⌉ ⟨M⇔ ⟩⟩ ∗♣ℑ {⊣↕∫⌉ ⟨M⇔ ⟩⟩ ♣ℑ ⊣ ⟩{{ √√⇐⟩⇔ ⊣⇒ ℑ T⇔ ⊒⟨⌉∇⌉ ⊣ ⟩∫ ⊣ √∇≀√≀∫⟩⊔⟩≀\ ⟨M⇔ ⟩⟩ ♣ℑ �| ⟩{{ ⟨M⇔ ⟩⟩ ∗♣ℑ | ⟨M⇔ ⟩⟩ ♣ℑ | � † ⟩{{ ⟨M⇔ ⟩⟩ ♣ℑ | ≀∇ ⟨M⇔ ⟩⟩ ♣ℑ † ⟨M⇔ ⟩⟩ ♣ℑ | U† ⟩{{ {≀∇ ∫≀⇕⌉ ‖ ∫⊓⌋⟨ ⊔⟨⊣⊔ ⟩ ℜ ‖⇔ ⟨M⇔ ‖⟩ ♣ℑ † ⊣\⌈ {≀∇ ⊣↕↕ |⇔ ⟩{ ⟩ ℜ | ℜ ‖ ⊔⟨⌉\ ⟨M⇔ |⟩ ♣ℑ | ⟨M⇔ ⟩⟩ ♣ℑ | S† ⟩{{ {≀∇ ∫≀⇕⌉ ‖ ∫⊓⌋⟨ ⊔⟨⊣⊔ ′ × ‖ ℜ ⟩⇔ ⟨M⇔ ‖⟩ ♣ℑ † ⊣\⌈ {≀∇ ⊣↕↕ |⇔ ⟩{ ‖ ℜ | ℜ ⟩ ⊔⟨⌉\ ⟨M⇔ |⟩ ♣ℑ |

F⟩}↙ ∞↙ T⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ PML

⟩\ ⊣ ⇕≀⌈⌉↕ ⇐⊒∇⟩⊔⊔⌉\ M⊢|⇒ ⟩{ ⟩⊔ ⟩∫ ∫⊣⊔⟩∫⊘⌉⌈ ⟩\ ⊔⟨⊣⊔ ⇕≀⌈⌉↕ ⊣⊔ ⊔⟨⌉ ⌊⌉}⟩\\⟩\} ≀{ ⊔⟩⇕⌉ ⇐⟩↙⌉↙ ⟨M⇔ ′⟩ ♣ℑ |⇒↙ ∋ METATEM METATEM √∇≀}∇⊣⇕∫ ⊣∇⌉ \≀⊔ |⊓∫⊔ ⊣∇⌊⟩⊔∇⊣∇† PML {≀∇⇕⊓↕⊣⌉↙ T⟨⌉† ⇕⊓∫⊔ ⌊⌉ ⟩\ ⊣ ∫√⌉⌋⟩⊘⌋ ⊢√⊣∫⊔ ⟩⇕√↕⟩⌉∫ {⊓⊔⊓∇⌉≃ {≀∇⇕↙ H≀⊒⌉⊑⌉∇⇔ ⊣\† ⊣∇⌊⟩⊔∇⊣∇† PML {≀∇⇕⊓↕⊣ ⌋⊣\ ⌊⌉ ⊔∇⊣\∫{≀∇⇕⌉⌈ ⟩\⊔≀ ⊔⟨⟩∫ {≀∇⇕ ∪∈⊎↙ T⟨⊓∫⇔ ⊣ METATEM √∇≀}∇⊣⇕⇔ P⇔ ⟩∫ ⊣ ∫⌉⊔ ≀{ ∇⊓↕⌉∫ ≀{ ⊔⟨⌉ {≀∇⇕ P⟩ � F ⟩⇔ ⊒⟨⌉∇⌉ ⌉⊣⌋⟨ P⟩ ⟩∫ ⊣ ∫⊔∇⟩⌋⊔ √⊣∫⊔↖⊔⟩⇕⌉ {≀∇⇕⊓↕⊣ ⊣\⌈ ⌉⊣⌋⟨ F⟩ ⟩∫ ⊣ ⇐\≀\↖∫⊔∇⟩⌋⊔⇒ {⊓⊔⊓∇⌉↖⊔⟩⇕⌉ {≀∇⇕⊓↕⊣↙ N≀⊔⌉ ⊔⟨⊣⊔ ⇕≀∫⊔ ⊑⌉∇∫⟩≀\∫ ≀{ METATEM {≀↕↕≀⊒ ⊔⟨⌉ ∇⌉∫⊔∇⟩⌋⊔⟩≀\ ≀⊓⊔↕⟩\⌉⌈ ⟩\ ∪∈⊎⇔ ⊒⟨⌉∇⌉⌊† ∇⌉{⌉∇⌉\⌋⌉∫ ⊔≀ ⌉\⊑⟩∇≀\⇕⌉\⊔ √∇≀√≀∫⟩⊔⟩≀\∫ ⊣∇⌉ \≀⊔ ⊣↕↕≀⊒⌉⌈ ⟩\ ⊣\† F⟩↙ I\⊔⊓⟩⊔⟩⊑⌉↕†⇔ ⊔⟨⟩∫ ⇕⊣⊔⌋⟨⌉∫ ⊔⟨⌉ ⊑⟩⌉⊒ ⊔⟨⊣⊔ ⊣ ⌋≀⇕√≀\⌉\⊔ ⌋⊣\\≀⊔ ⌉\∫⊓∇⌉ ⊔⟨⊣⊔ ⟩⊔∫ ⌉\⊑⟩∇≀\⇕⌉\⊔ ⊒⟩↕↕ ⌊⌉⟨⊣⊑⌉ ⊣∫ ⟩⊔ ∇⌉∐⊓⟩∇⌉∫↙ I{ ⊣ METATEM √∇≀}∇⊣⇕⇔ P⇔ ⟩∫ }⟩⊑⌉\ ⊣∫ {P⟩ � F ⟩ ♣ ∞ × ⟩ × \}⇔ ⊔⟨⌉\ ⊔⟨⌉ {≀∇⇕⊓↕⊣ ∇⌉√∇⌉∫⌉\⊔⟩\} P ⟩∫ | P = n⋀ ] {∑] � ⨆ ]} / ⋂[~ ~~^]}{ }~ [~ √√}~√∐⌉/ P⇔ ⟩∫ ⊣\ ⟩⊔⌉∇⊣⊔⟩⊑⌉ √∇≀⌋⌉∫∫ ≀{ ↕⊣⌊⌉↕↕⟩\} ⊣ ⇕≀⌈⌉↕ ∫⊔∇⊓⌋⊔⊓∇⌉ ⊒⟩⊔⟨ ⊔⟨⌉ √∇≀√≀∫⟩⊔⟩≀\∫ ⊔∇⊓⌉ ⟩\ ⌉⊣⌋⟨ ∫⊔⊣⊔⌉⇔ ⊒⟨⟩⌋⟨ ⌉⊑⌉\⊔⊓⊣↕↕† †⟩⌉↕⌈∫ ⊣ ⇕≀⌈⌉↕ {≀∇ ⊔⟨⌉ {≀∇⇕⊓↕⊣⇔ |P (if the formula is satis�able). The model structure produced is a sequence of states, with an identi�ed start point. The initial model may be empty, or it may contain some information already. In either case, execution starts at the initial state 0, and steps through each state in the structure in turn. When this process is complete (at some trans-�nite moment), the relationship ⟨M⇔ ′⟩ ♣ℑ |P will hold.

Consider an arbitrary state, t, in the structure. When a rule such as P � F is executed in state t, it is being made true with respect to the model M⇔ ⟩↙⌉↙ ⊔⟨⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√ ⟨M⇔ ⊔⟩ ♣ℑ ⇐P � F⇒ ⟩∫ ⌊⌉⟩\} ⇕⊣⟩\⊔⊣⟩\⌉⌈↙ T⟨⟩∫ ⟩∫ ⊣⌋⟨⟩⌉⊑⌉⌈ ⌊† √⌉∇{≀∇⇕⟩\} ⊔⟨⌉ {≀↕↕≀⊒⟩\} ∫⊔⌉√∫¬ ∞↙ T⟨⌉ ⊣\⊔⌉⌋⌉⌈⌉\⊔ ≀{ ⊔⟨⌉ ∇⊓↕⌉⇔ P⇔ ⟩∫ ⌉⊑⊣↕⊓⊣⊔⌉⌈ ⟩\ ⊔⟨⌉ ⇕≀⌈⌉↕↙ S⟩\⌋⌉ P ⇕⊓∫⊔ ⌊⌉ ⊣ ∫⊔∇⟩⌋⊔ √⊣∫⊔ ⊔⟩⇕⌉ {≀∇⇕⊓↕⊣⇔ ⟩⊔ ⌋⊣\ ≀\↕† ⌈⌉∫⌋∇⟩⌊⌉ ∫⊔⊣⊔⌉∫ ⊔⟨⊣⊔ ⟨⊣⊑⌉ ⊣↕∇⌉⊣⌈† ⌊⌉⌉\ ⌉§⌉⌋⊓⊔⌉⌈⇔ ∫≀ ⊔⟨⊣⊔ P ⌋⊣\ ⌊⌉ ⌋⟨⌉⌋‖⌉⌈ ⊣}⊣⟩\∫⊔ ⊔⟨⌉ ∫⊔⊣⊔⌉∫ ≀{ ⇕≀⌈⌉↕ M ⊒⟨⟩⌋⟨ ⟨⊣⊑⌉ ⊣↕∇⌉⊣⌈† ⌊⌉⌉\ ↕⊣⌊⌉↕↕⌉⌈↙ ∈↙ I{ P ⟩∫ ⌉⊑⊣↕⊓⊣⊔⌉⌈ ⊔≀ {⊣↕∫⌉⇔ ⊔⟨⌉\ ⊔⟨⌉∇⌉ ⟩∫ \≀⊔⟨⟩\} ⇕≀∇⌉ ⊔≀ ⌊⌉ ⌈≀\⌉ ⊒⟩⊔⟨ ⊔⟨⟩∫ ∇⊓↕⌉⇔ ⌊† ⊑⟩∇⊔⊓⌉ ≀{ ⊔⟨⌉ ⇕⌉⊣\⟩\} ≀{ ⊢�≃⇔ ⌊⌉⌋⊣⊓∫⌉ {⊣↕∫⌉ � ⊣ ⟩∫ ⊔∇⊓⌉ ∇⌉}⊣∇⌈↕⌉∫∫ ≀{ ⊣↙ ∋↙ I{ P ⟩∫ ⌉⊑⊣↕⊓⊣⊔⌉⌈ ⊔≀ ⊔∇⊓⌉⇔ ⟩↙⌉↙ ⟨M⇔ ⊔⟩ ♣ℑ P⇔ ⊔⟨⌉\ ⊒⌉ ⇕⊓∫⊔ ⌉\∫⊓∇⌉ ⊔⟨⊣⊔ ⟨M⇔ ⊔⟩ ♣ℑ ⇐P � F⇒ ⟩∫ √∇⌉∫⌉∇⊑⌉⌈ ⌊† {≀∇⌋⟩\} ⟨M⇔ ⊔⟩ ♣ℑ F↙ △↙ R⌉⌋⊣↕↕ ⊔⟨⊣⊔ F ⇕⊓∫⊔ ⌊⌉ ⊣ \≀\↖∫⊔∇⟩⌋⊔ {⊓⊔⊓∇⌉↖⊔⟩⇕⌉ {≀∇⇕⊓↕⊣⇔ ⊒⟨⟩⌋⟨ ⇕⌉⊣\∫ ⊔⟨⊣⊔ ⊔⟨⌉ ⇐√∇⌉∫⌉\⊔ ⊣\⌈ {⊓⊔⊓∇⌉⇒ ∫⊔⊣⊔⌉∫ ⊔⟨⊣⊔ ⟩⊔ ∇⌉{⌉∇∫ ⊔≀ ⟨⊣⊑⌉ †⌉⊔ ⊔≀ ⌊⌉ ⌋≀\∫⊔∇⊓⌋⊔⌉⌈↙ F ⟩∫ ⇕⊣⌈⌉ ⊔∇⊓⌉ ⌊† ⊣⌈⌈⟩\} ⟩\{≀∇⇕⊣⊔⟩≀\ ⊔≀ √ ⊒⟨⟩⌋⟨ {≀∇⌋⌉∫ ⟨M⇔ ⊔⟩ ♣ℑ F↙ F≀∇ ⌉§⊣⇕√↕⌉⇔ ⟩{ F ⟩∫ ˝a, then ppwould be extended to label a state u such that t ¿ u and p p(u,a) = T.

Note that there are limitations on the changes which can be made to M ⟩\ ≀∇⌈⌉∇ ⊔≀ ⇕⊣‖⌉ F ⊔∇⊓⌉↙ I\ √⊣∇⊔⟩⌋⊓↕⊣∇⇔ ∫⟩\⌋⌉ M ⇕⊣† ⊣↕∇⌉⊣⌈† ⌋≀\⊔⊣⟩\ ⟩\{≀∇⇕⊣⊔⟩≀\ ⊣⌊≀⊓⊔ ⊔⟨⌉ {⊓⊔⊓∇⌉ ≀{ ∫⊔⊣⊔⌉ ⊔⇔ }⌉\⌉∇⊣⊔⌉⌈ ⌊† ⌉§⌉⌋⊓⊔⟩\} ⊣\ ⌉⊣∇↕⟩⌉∇ ∫⊔⊣⊔⌉ ∫ ℜ ⊔⇔ ≀\↕† ⇕≀\≀⊔≀\⟩⌋ ⌋⟨⊣\}⌉∫ ⇕⊣† ⌊⌉ ⇕⊣⌈⌉ ⊔≀ M↙ T⟨⊓∫⇔ ⟩{ ⊔⟨⌉ ⊑⌉∇∫⟩≀\ ≀{ M ⊣{⊔⌉∇ ⌉§⌉⌋⊓⊔⟩\} ∫⊔⊣⊔⌉ ∫ ⟨⊣⌈ ⊔⟨⌉ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√ ⟨M⇔ ⊑⟩ ♣ℑ ⊣ {≀∇ ∫≀⇕⌉ ∫⊔⊣⊔⌉ ⊑ ⊣\⌈ ∫≀⇕⌉ {≀∇⇕⊓↕⊣⇔ ⊣⇔ ⊔⟨⌉\ ⊔⟨⌉ ⊑⌉∇∫⟩≀\ ≀{ M ⊣{⊔⌉∇ ⌉§⌉⌋⊓⊔⟩\} ∫⊔⊣⊔⌉ ⊔ ⇕⊓∫⊔ ⊣↕∫≀ ⟨⊣⊑⌉ ⊔⟨⊣⊔ ∇⌉↕⊣⊔⟩≀\∫⟨⟩√↙ W⟨⌉\ ⊔⟨⌉ √∇≀}∇⊣⇕ ⌋≀\∫⟩∫⊔∫ ≀{ ∫⌉⊑⌉∇⊣↕ ∇⊓↕⌉∫⇔ ⊣\⌈ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ⟩∫ ⟩\ ⊣ ∫⊔⊣⊔⌉ ⊒⟨⌉∇⌉ ⊔⟨⌉ ⊣\⊔⌉⌋⌉⌈⌉\⊔∫ ≀{ ⇕≀∇⌉ ⊔⟨⊣\ ≀\⌉ ∇⊓↕⌉ ⌉⊑⊣↕⊓⊣⊔⌉ ⊔≀ ⊔∇⊓⌉ ⟩\ ⊔⟨⌉ ⇕≀⌈⌉↕⇔ ⊔⟨⌉ ⌋≀\∫⌉∐⊓⌉\⊔∫ ≀{ ⊔⟨⌉

⟩\⊔⌉∇√∇⌉⊔⇐�⇔ �⇔ H⟩∫⊔≀∇†⇒↙ ⟩\⊔⌉∇√∇⌉⊔⇐R⊓↕⌉∫⇔ C≀⇕⇕⟩⊔⇕⌉\⊔∫⇔ H⟩∫⊔≀∇†⇒ � ⌋⟨⌉⌋‖↖√⊣∫⊔⇐R⊓↕⌉∫⇔ H⟩∫⊔≀∇†⇔ C≀\∫⌉∐⊓⌉\⊔∫⇒⇔ ∇⌉⊒∇⟩⊔⌉⇐C≀\∫⌉∐⊓⌉\⊔∫⇔ C≀⇕⇕⟩⊔⇕⌉\⊔∫⇔ F≀∇⌋⌉F≀∇⇕⊓↕⊣⇒⇔ ⌋⟨≀≀∫⌉⇐F≀∇⌋⌉F≀∇⇕⊓↕⊣⇔ R⊓↕⌉∫⇔ N⌉⊒C≀⇕√≀\⌉\⊔A⊔≀⇕∫⇔ N⌉⊒C≀⇕⇕⟩⊔⇕⌉\⊔∫⇒⇔ ⌉§⊔⌉\⌈↖⟨⟩∫⊔≀∇†⇐H⟩∫⊔≀∇†⇔ N⌉⊒C≀⇕√≀\⌉\⊔A⊔≀⇕∫⇔ N⌉⊒H⟩∫⊔≀∇†⇒⇔ ⟩\⊔⌉∇√∇⌉⊔⇐R⊓↕⌉∫⇔ N⌉⊒C≀⇕⇕⟩⊔⇕⌉\⊔∫⇔ N⌉⊒H⟩∫⊔≀∇†⇒↙

F⟩}↙ ∈↙ T⟨⌉ ⌋≀∇⌉ ≀{ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇

∫⊓⌋⌋⌉∫∫{⊓↕ ∇⊓↕⌉∫ ⊣∇⌉ ⌋≀\|≀⟩\⌉⌈ ⊔≀ {≀∇⇕ ⊣ ∫⟩\}↕⌉ {≀∇⇕⊓↕⊣ ⊒⟨⟩⌋⟨ ⇕⊓∫⊔ ⌊⌉ ⇕⊣⌈⌉ ⊔∇⊓⌉↙ T⟨⊓∫ ⟩{ ⊔⟨⌉ √∇≀}∇⊣⇕ ⌋≀\∫⟩∫⊔∫ ≀{ ∇⊓↕⌉∫ P⟩�F ⟩⇔ ⊣\⌈ P∞⇔ ≈ ⇔ P \ ⌉⊑⊣↕⊓⊣⊔⌉ ⊔≀ ⊔∇⊓⌉ ⟩\ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ⇕≀⌈⌉↕⇔ ⊔⟨⌉\ ⊔⟨⌉ {≀∇⇕⊓↕⊣ ⊔≀ ⌊⌉ ⇕⊣⌈⌉ ⊔∇⊓⌉ ⟩∫ F∞� � � � � F\↙ N≀⊔⟩⌋⌉ {∇≀⇕ F⟩}⊓∇⌉ ∞ ⊔⟨⊣⊔ ⊔⟨⌉ U ⊣\⌈ S ≀√⌉∇⊣⊔≀∇∫ ⊣∇⌉ \≀\↖⌈⌉⊔⌉∇⇕⟩\⟩∫⊔⟩⌋ � ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ⊔⟨⌉∇⌉{≀∇⌉ ⟨⊣∫ ⊣ ⌋⟨≀⟩⌋⌉ ⊣∫ ⊔≀ ⊒⟨⟩⌋⟨ ∫⊔⊣⊔⌉∫ ⟩\ M ⊔≀ ↕⊣⌊⌉↕ ⊔≀ ⇕⊣‖⌉ F∞� � � � � F\ ⊔∇⊓⌉↙ W⌉ ⌋⊣\ ⌉§√∇⌉∫∫ ⊔⟨⟩∫ ⌋⟨≀⟩⌋⌉ ⌊† ⊔⟨⌉ ⌉∐⊓⟩⊑⊣↕⌉\⌋⌉¬ ⊣ U⌊ � ⌊ � ⇐⊣ � g(a U⌊⇒⇒ S≀ ⊔≀ ⇕⊣‖⌉ ⊣ U ⌊ ⊔∇⊓⌉⇔ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ⌋⊣\ ⌉⟩⊔⟨⌉∇ ⇐⟩⇒ ⇕⊣‖⌉ ⌊ ⊔∇⊓⌉ ⟩⇕⇕⌉⌈⟩⊣⊔⌉↕†⇔ ≀∇ ⇐⟩⟩⇒ ⇕⊣‖⌉ ⊣ ⊔∇⊓⌉ ⟩\ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ∫⊔⊣⊔⌉⇔ ⊣\⌈ ⇕⊣‖⌉ ⊣ U⌊ ⊔∇⊓⌉ ⟩\ ⊔⟨⌉ \⌉§⊔ ∫⊔⊣⊔⌉↙ T⟨⟩∫ ↕⊣⊔⊔⌉∇ ∫⊔⌉√ ⟩∫ ⌈≀\⌉ ⌊† √⊣∫∫⟩\} ⊣ ⌋≀⇕⇕⟩⊔⇕⌉\⊔ ⇐⊣ U⌊⇒ {∇≀⇕ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ∫⊔⊣⊔⌉ ⊔≀ ⊔⟨⌉ \⌉§⊔ ∫⊔⊣⊔⌉ ⊔≀ ⌊⌉ ⌋≀\|≀⟩\⌉⌈ ⊒⟩⊔⟨ ⊔⟨⌉ ⌋≀\∫⌉∐⊓⌉\⊔∫ ≀{ ⊔⟨⌉ ∫⊓⌋⌋⌉∫∫{⊓↕ ∇⊓↕⌉∫↙ T⟨⌉ {≀∇⇕⊓↕⊣ F∞� � �F\⌋⊣\ ⊔⟨⌉∇⌉{≀∇⌉ ⌊⌉ ∇⌉⊒∇⟩⊔⊔⌉\ ⊑⟩⊣ ⊔⟨⌉ ⊣⌊≀⊑⌉ ⌉∐⊓⟩⊑⊣↕⌉\⌋⌉ ⊣\⌈ \≀∇⇕⊣↕ ⌉∐⊓⟩⊑⊣↕⌉\⌋⌉∫ {≀∇ � ⊣\⌈ � ⟩\⊔≀ ⊣ ⌈⟩∫|⊓\⌋⊔⟩⊑⌉ \≀∇⇕⊣↕ {≀∇⇕ ⋁⌉ ]~ ]/ ⋂[~ ]{~√√√~~√ ⌉√ ^[}}√~ }{~ }~ [~ ~] } √∐]√~ ∐^^}√^]{~ } √}⌉~ √√∐~~/ ⋂[~ ^[}]^~ [∐ [~ ]{~√√√~~√ ⌉∐⌋~√ ^∐{ ^√]]^∐⌈⌈ ∐~~~^ [~[~√ ] ]√ ∐^⌈~ } √^^~√√~⌈⌈ ~~^~ [~ √√}~√∐⌉ � √~~√∐⌈ ~∐^}√√ ^}{√√∐]{ [~ ]{~√√√~~√⌉√ ^[}]^~ {]} ⋂[~ ⌉}{}}{]^] √~√]√~⌉~{ ⌉∐ ⌉~∐{ [∐ ^~√∐]{ ^[}]^~√ ∐√~ {} ∐∐]⌈∐^⌈~ ^~^∐√~ }~ ⌈∐^~⌈√ ∐⌈√~∐^ ~]~{ } √∐~√ ^ √√~]}√ ~~^]}{ √~√√/ {]]} ⋃}⌉~ ^[}]^~√ }⌈^/ ]~ ∐⌋~{ ]{ [~ √√~√~{ √∐~/ ⌈~∐^ } ∐ √∐~ ]{ []^[ {}{~ }~ [~ ~] ]{ [~ ~√~ √∐~ ^}⌈^ ^~ ⌉∐^~ √~/ ∮{ [~ ⌈∐~√ ^∐√~/ ∐ ~}√⌉ }~ ∐^∐^⌋√∐^⌋]{~⌉ � {^}]{~ √√~]}√ ^[}]^~√ � ]√ {~~^~^ } √~^}~√/ ⋂[]√ ^∐^⌋√∐^⌋]{~ {^}~√ ^}⌉√}{~{ ∐^]}{√ ∐{^ √~√{√ [~ ~~^]}{ } ∐ √√~]}√ ^[}]^~ √}]{/ ∮~ [~√~ ∐√~ {} ⌉}√~ ^[}]^~ √}]{√ ⌈~~/ [~ ~~^]}{ ~∐]⌈√/ √]~{]~]{~ [∐ [~ √√}~√∐⌉ ]√ {√∐]√⟩∐^⌈~/

∮{~√√√~]{~ ∑√}√}√]]}{∐⌈ ⨁⟩⋂⋂⟩⨁ ∑√}~√∐⌉√ ∮~√~ ~ √√~√~{ [~ ~√√~{]∐⌈ ^}⌉√}{~{√ }~ ∐ ^∐√]^ ]{~√√√~~√ ~}√ ~⌉√}√∐⌈ ⌈}~]^ ~}√⌉⌈∐~/ ]{ √∐√]^⌈∐√ √√}√}√]]}{∐⌈ ⨁⟩⋂⋂⟩⨁ √√}~√∐⌉√/ ⋁~ √~ ∐ ∑∫⨂⨁⨂⨆\⌈]⌋~ √√~^} ^}^~ } ]⌈⌈√\ √∐~ [~ ~^[{]√~√/ ⋂[~ ^}√~ }~ [~ ]{~√√√~~√ ]√ ∐ √√}^~^√~ []^[ ∐⌋~√ [√~~ ∐√~⌉~{√ ∐ √~ }~ √⌈~√ {]/~/ [~ √√}~√∐⌉} } ^~ √{/ ∐ √~ }~ √∐~√ ∐⌈√~∐^ ~~^~^ {[~ []√}√}/ ∐{^ ∐ √~ }~ ^}⌉⌉]⌉~{√/ ⋂[]√ ⌈∐√ ∐√~⌉~{ ]√ [~ ⌉~∐{√ ^ []^[ ⌉}{}}{]^ ^[∐{~~√ } [~ ~√~ ∐√~ ~~~~^~^/ ∐√ ~ √[∐⌈⌈ √[}/ ⋂[~ √√}^~^√~ √~√~}√⌉√ [~ ~}⌈⌈}]{~ √~√√ / ⋂[~ ∐{~^~^~{ }~ ~∐^[ √⌈~ ]√ ^[~^⌋~^ ∐~∐]{√ [~ []√}√/ ∐{^ [~ ^}{√~√~{√ }~ [}√~ √⌈~√ [}√~ ∐{~^~^~{√ ∐√~ √∐]√⟩~^ ∐√~ ~∐[~√~^ ]{} ∐ √~/

/ ⋂[~ ^}{⌊{^]}{ }~ [~ ^}{√~√~{√ ∐{^ ^}⌉⌉]⌉~{√ ~]~√ [~ ~}√⌉⌈∐ [}√~ √[ ⌉√ ^~ ~{√√~^/ ⋂[]√ ~}√⌉⌈∐ ]√ √~√]~{ } ∐ {}√⌉∐⌈ ~}√⌉ ~]~{ ^ {⋁ ] ⌉]⋀ ⌊] {√⌊] � �√ ⌊]} � gj i Here, pjiand qjiare propositions, and jiis an (optional) non-strict future-time formula.

3. One of the disjuncts must be forced true according to the strategy in use, for i = a, say. 4. A new state is constructed from the ma_⋀ ⌊∐ {√⌊∐� �√ ⌊∐} ∐{^ [~ ∐⌈~√ }~ [~ ~{]√}{⌉~{ ∐}⌉√ ]{ [~ {~ √∐~/ {~ √~ }~ ^}⌉⌉]⌉~{√ ]√ ~]~{ ^ ⌊ ∐/ / ⋂[~ ^}√~ √√}^~^√~ ]√ ^∐⌈⌈~^ √~^√√]~⌈/ ][ [~ √√}~√∐⌉/ [~ {~ ^}⌉⌉]⌉~{√/ ∐{^ [~ }⌈^ []√}√ ∐~⌉~{~^ ][ [~ {~⌈ ^}{√√^~^ √∐~/ √]⌉√⌈~ }⌈]{~ }~ [~ ∐^}~ √√}^~^√~ ]√ ~]~{ ]{ ⨆]~√~ / ⋂[~ ^[~^⌋\√∐√ √√}^~^√~ ]√ √~^ } ∐√^~√∐]{ []^[ √⌈~√ [∐~ √∐√\]⌉~ ^}⌉√}\ {~{√ [∐ ∐√~ √∐]√⟩~^ }~√ [~ ~]~{ []√}√/ ∐{^ √~√]~ ∐⌋~√ [~ ~√~\]⌉~ ^}⌉√}\ {~{√ }~ [~√~ √⌈~√ ∐{^ √~√]~√ [~⌉ ]{} [~ {^]√⌊{^]~} {}√⌉∐⌈ ~}√⌉ √~√√~√~{~^ ^ ⨆}√^~⨆}√⌉⌈∐/ ⋂[~ ^[}}√~ √√}^~^√~ √√}]^~√ [~ √√∐~~ ~}√ ^~^]^]{~ []^[ ^]√⌊{^ ][]{ ⨆}√^~⨆}√⌉⌈∐ } ~~^~/ []⌈~ [~ ~~{^\[]√}√ √√}^~^√~ √]⌉√⌈ ~√∐^√ [~ {~ √∐~ } ^~ ^]⌈ ~√}⌉ [~ ^]√⌊{^ [∐ [∐√ ^~~{ ^[}√~{ ∐{^ ~~{^√ [~ []√}√ ][ []√ √∐~/ ⋂[~√~ √√}^~^√~√ ∐√~ ^}{√]^~√~^ ]{ ⌉}√~ ^~∐]⌈ ^~⌈}/ / [~^⌋]{~ [~ ∑∐√ ⨆]~{ ∐ √~ }~ √⌈~√/ ∐{^ ∐ []√}√/ [~ ^[~^⌋\√∐√ √√}^~^√~ ⌉√ ∐√^~√∐]{ [~[~√ [~ ∐{~^~^~{ }~ ~∐^[ √⌈~ ]√ √∐]√⟩~^ }~√ [~ ~]~{ []√}√/ ∐^^}√^]{~ } ⨆]~√~ / ⋂[~ ~~⟩\ ^]~{^ }~ []√ √√}^~^√~ ⌈]~√ ]{ [~ ∐ [∐ [~ []√}√ ]√ √~^}√^~^/ ⋂[~√~ ∐√~ ∐ {⌉^~√ }~ ⌉~[}^√ ~}√ ⌉∐]{∐]{]{~ ∐{^ √~√]{~ ∐ []√}√ []^[ √∐^~\}~~ √√∐^~ ∐~∐]{√ ]⌉~ ^}⌉√⌈~\ ]/ ^~√~{^]{~ }{ [~ √~√]√~⌉~{ }~ [~ ∐√√⌈]^∐]}{/ ⨂{~ √^[ ⌉~[}^ ]{}⌈~√ [~ √}√]{~ }~ √√}√}√]]}{√ }~~[~√ ][ {⌉∐]⌉∐⌈} ]{~√∐⌈√ }~ ]⌉~ }~√ []^[ [~ ∐√~ √~ ⋃⊎/ ⋃} [~ ~∐⌉√⌈~ []√}√ ∐^}~ ⌉]~[ ^~ √}√~^ ∐√ √ ⋃/ ⊎/ √ ⋃/ ⊎/ √ ⋃/ ⊎/ √ ⋃/ ⊎ ⨂∐√∐⌈⌈/ ^~^∐√~ [~ ]{~√∐⌈√ ∐√~ √~^}√^~^ ∐√ ^~]{~ ⌉∐]⌉∐⌈/ [~√~ ⌉∐ ^~ ∐^^]]}{∐⌈ ^}⌉√∐]}{ ]{}⌈~^/ √∐√]^⌈∐√⌈ [~{ ]{~√∐⌈√ ∐√~ ⌉~√~~^ √}{ [~ ~∐√ ^~~~{ [~⌉ ^~]{~ ⟩⌈⌈~^/ ⨆}√ ~∐⌉√⌈~/ √[}⌈^ √ ^~ ⌉∐^~ √~ ]{ √∐~ ]{ [~ ~∐⌉√⌈~ ∐^}~/ [~{ [~ √ ⋃/ ⊎ ∐{^ √ ⋃/ ⊎ }⌈^ [∐~ } ^~ ⌉~√~~^ } ^~^}⌉~ √ ⋃/ ⊎/ ⋂[~ ∐^∐{∐~~√ }~ []√ ∐√√√}∐^[ ∐√~ }~}⌈^ � ⟩√√/ [~ √√∐^~ √~^ } √~^}√^ [~ []√}√ ]√ ⌈~√√ {~^~√ [~{ √√}√}√]]}{√ ~{^ } ^~ √~ ~}√ ]{~√∐⌈√ }~ {] ⌈~{~[}/ ⋃~^}{^/ ^}⌉√∐]}{ }~ [~ √[ }~ ~}√⌉⌈∐~ √]{~ [~ ^}{{~^]~√ S ⊣\⌈ U ⌊⌉⌋≀⇕⌉∫ |⊓∫⊔ ⊣ ⇕⊣⊔⊔⌉∇ ≀{ ⌉∫⊔⊣⌊↕⟩∫⟨⟩\} ⊔⟨⌉ ⌊≀⊓\⌈∫ ≀{ ⊔⟨⌉ ⟩\⊔⌉∇⊑⊣↕∫ ⌋≀\⊔⊣⟩\⟩\} ⊔⟨⌉ ⊣∇}⊓⇕⌉\⊔∫ ≀{ ⊔⟨⌉ S ⊣\⌈ U ⌋≀\\⌉⌋⊔⟩⊑⌉∫⇔ ⊣\⌈ √⌉∇{≀∇⇕⟩\} ⊣ ∫⟩⇕√↕⌉ ⌋≀⇕√⊣∇⟩∫≀\ ≀{ ⊔⟨≀∫⌉ ⌊≀⊓\⌈∫↙

△↙∈ H⊣\⌈↕⟩\} N≀\↖⌈⌉⊔⌉∇⇕⟩\⟩∫⇕ W⌉ ∫⊣⟩⌈ ⌉⊣∇↕⟩⌉∇ ⊔⟨⊣⊔ ⟩⊔ ⊒⊣∫ \⌉⌋⌉∫∫⊣∇† {≀∇ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ⊔≀ ⇕⊣‖⌉ ⟩⊔∫ ⌋⟨≀⟩⌋⌉ ≀{ ⟨≀⊒ ⊔≀ ∫⊣⊔⟩∫{† \≀\↖⌈⌉⊔⌉∇⇕⟩\⟩∫⊔⟩⌋ {≀∇⇕⊓↕⊣⌉ ∫⊓⌋⟨ ⊣∫ ⊣ U⌊ ⊒⟩⊔⟨ ⌋⊣∇⌉⇔ ⊣∫ ⟩⊔ ⌋≀⊓↕⌈ ∇⌉∫⊔∇⟩⌋⊔ ⟩⊔∫ ∫⌋≀√⌉ {≀∇ ⊔⊣‖↖ ⟩\} {⊓⊔⊓∇⌉ ⊣⌋⊔⟩≀\∫ ⊔≀ ⊔⟨⌉ √≀⟩\⊔ ⊒⟨⌉∇⌉ ⊔⟨⌉ √∇≀}∇⊣⇕ ⌋⊣\ \≀ ↕≀\}⌉∇ ⌊⌉ ⌉§⌉⌋⊓⊔⌉⌈↙ C≀\∫⟩⌈⌉∇ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌉§⊣⇕√↕⌉ ≀{ ⊔⟨⊣⊔⇔ }⟩⊑⌉\ ⌊† ⊔⟨⟩∫ √∇≀}∇⊣⇕¬ wfalse � a_{U⌊} cdefga � �b

The wfalse is true only at the start of time, so when the interpreter starts it must force a U⌊ ⊔≀ ⌊⌉ ⊔∇⊓⌉ ⟩\ ⊔⟨⌉ ⊘∇∫⊔ ∫⊔⊣⊔⌉⇔ ⌉⟩⊔⟨⌉∇ ⌊† ⇕⊣‖⟩\} ⌊ ⊔∇⊓⌉ ⟩\ ⊔⟨⌉ ∫⌉⌋≀\⌈ ∫⊔⊣⊔⌉⇔ ⇐∫≀ ⊔⟨⊣⊔ ⊔⟨⌉∇⌉ ⊒≀⊓↕⌈ ⌊⌉ \≀ ⟩\⊔⌉∇⊑⊣↕ ⌊⌉⊔⊒⌉⌉\ ⊔⟨⌉ ⌋⊓∇∇⌉\⊔ ∫⊔⊣⊔⌉ ⊣\⌈ ⊔⟨⌉ ∫⊔⊣⊔⌉ ⌋≀\⊔⊣⟩\⟩\} ⌊⇔ ⟩\ ⊒⟨⟩⌋⟨ ⊣ ⊒⊣∫ ⊔∇⊓⌉⇒ ≀∇ ⌊† ⇕⊣‖⟩\} ⊣ ⊔∇⊓⌉ ⟩\ ⊔⟨⌉ ∫⌉⌋≀\⌈ ∫⊔⊣⊔⌉⇔ ⊣\⌈ ⊣↕∫≀ √⊣∫∫⟩\} ⊣ U⌊ ⊔≀ ⊔⟨⌉ ∫⌉⌋≀\⌈ ∫⊔⊣⊔⌉ ⊣∫ ⊣ ⌋≀⇕⇕⟩⊔⇕⌉\⊔ ⊔≀ ⌊⌉ ⇕⊣⌈⌉ ⊔∇⊓⌉↙ T⟨⌉ ∫⌉⌋≀\⌈ ∇⊓↕⌉≃∫ ⊣\⊔⌉⌋⌉⌈⌉\⊔ ⌋≀\⊔⊣⟩\∫cdefga which requires that there be a previous state, so this antecedent cannot be true in the �rst state.

Suppose that the interpreter chooses the second way of making a U⌊ ⊔∇⊓⌉↙ I\ ⊔⟨⌉ ∫⌉⌋≀\⌈ ∫⊔⊣⊔⌉ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ∫⌉⌉∫ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ⌋≀\⊘}⊓∇⊣⊔⟩≀\¬ ⊣ ⌊ S⊔⊣⊔⌉ C≀⇕⇕⟩⊔⇕⌉\⊔∫ ⊥ ⊥ ′ ⊔∇⊓⌉ {⊣↕∫⌉ ∞ ⊣ U⌊ A⊔ ⊔⟨⟩∫ √≀⟩\⊔⇔ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ⌉⊑⊣↕⊓⊣⊔⌉∫ ⊔⟨⌉ ∇⊓↕⌉∫≃ ⊣\⊔⌉⌋⌉⌈⌉\⊔∫ ⊣}⊣⟩\⇔ ⊣\⌈ ⌈⟩∫⌋≀⊑⌉∇∫ ⊔⟨⊣⊔ ⊔⟨⌉∇⌉ ⊒⊣∫ ⊣\ ⊣ ⟩\ ⊔⟨⌉ √∇⌉⊑⟩≀⊓∫ ∫⊔⊣⊔⌉⇔ ∫≀ ⊔⟨⊣⊔ ⊔⟨⌉ ∫⌉⌋≀\⌈ ∇⊓↕⌉≃∫ ⌋≀\∫⌉∐⊓⌉\⊔⇔ �⌊⇔ ⇕⊓∫⊔ ⌊⌉ ⇕⊣⌈⌉ ⊔∇⊓⌉↙ I\ ≀⊔⟨⌉∇ ⊒≀∇⌈∫⇔ ⌊ ⇕⊓∫⊔ ⌊⌉ {⊣↕∫⌉ ⟩\ ⊣↕↕ {⊓⊔⊓∇⌉ ∫⊔⊣⊔⌉∫↙ T⟨⟩∫ ⟩∫ ⟩\ ⌈⟩∇⌉⌋⊔ ⌋≀\⊙⟩⌋⊔ ⊒⟩⊔⟨ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇≃∫ ⌋≀⇕⇕⟩⊔⇕⌉\⊔ ⊔≀ √⌉∇{≀∇⇕ ⊣ U⌊ ⊒⟨⟩⌋⟨ ⟩\⊑≀↕⊑⌉∫ ⇕⊣‖⟩\} ⌊ ⊔∇⊓⌉ ∫≀⇕⌉⊔⟩⇕⌉ ⟩\ ⊔⟨⌉ {⊓⊔⊓∇⌉↙ H⌉\⌋⌉ ⊔⟨⌉ ⌉§⌉⌋⊓⊔⟩≀\ ⊒⟩↕↕ \⌉⊑⌉∇ ∫⊓⌋⌋⌉⌉⌈ ⊒⟩⊔⟨≀⊓⊔ ∇⌉⊑≀‖⟩\} ⊔⟨⟩∫ ⌉⊣∇↕⟩⌉∇ ⌋⟨≀⟩⌋⌉↙ I{ ⟨≀⊒⌉⊑⌉∇ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ⟨⊣⌈ ⌋⟨≀∫⌉\ ⟩⊔∫ ⊘∇∫⊔ ⌋≀⊓∇∫⌉ ≀{ ⊣⌋⊔⟩≀\ ⟩\ ⊔⟨⌉ ⟩\⟩⊔⟩⊣↕ ∫⊔⊣⊔⌉⇔ \⊣⇕⌉↕† ⇕⊣‖⟩\} ⌊ ⊔∇⊓⌉ ⟩\ ∫⊔⊣⊔⌉ ∞⇔ ⊔⟨⌉∇⌉ ⊒≀⊓↕⌈ ⟨⊣⊑⌉ ⌊⌉⌉\ \≀ √∇≀⌊↕⌉⇕↙ T≀ ⌈⌉⊔⌉⌋⊔ ⊔⟨⊣⊔ �⌊ ⊣\⌈ ⊣ U⌊ ⊣∇⌉ ⟩\ ⌋≀\⊙⟩⌋⊔⇔ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ \⌉⌉⌈∫ ∫≀⇕⌉ ⊣↕}≀∇⟩⊔⟨⇕↙ T⟨⌉ ⇕⌉⌋⟨⊣\⟩∫⇕ ⊒⌉ ⌈⌉∫⌋∇⟩⌊⌉ ⌊⌉↕≀⊒ ⟩∫ ⊣ ⌋≀⇕⌊⟩\⊣⊔⟩≀\ ≀{ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⌋⟨≀⟩⌋⌉ ∫⊔∇⊣⊔⌉}† ⊣\⌈ ⊣ ↕≀≀√↖⌋⟨⌉⌋‖⟩\} √∇≀⌋⌉⌈⊓∇⌉⇔ ⊣\⌈ \≀⊔ ≀\↕† ⟨⊣∫ ⊔⟨⌉ ⌈⌉∫⟩∇⌉⌈ ⌉{{⌉⌋⊔⇔ ⌊⊓⊔ ⟩∫ ⊣↕∫≀ ∇⌉⊣∫≀\⊣⌊↕† ∫⟩⇕√↕⌉ ⊔≀ ⟩⇕√↕⌉⇕⌉\⊔↙ W⟨⌉\ ⊔⟨⌉ ∫†∫⊔⌉⇕ ⟩∫ ⌉§⌉⌋⊓⊔⟩\}⇔ ⟩⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ {≀∇ ⟩⊔ ⊔≀ ⌉\⌈ ⊓√ ⟩\ ⊣ ⊢↕≀≀√≃↙ T⟨⟩∫ ⟩∫ ⊒⟨⌉∇⌉ ⊔⟨⌉ ∫⊣⇕⌉ ∫⌉∐⊓⌉\⌋⌉ ≀{ ∫⊔⊣⊔⌉∫ ⟩∫ ∇⌉⌋⊓∇∇⟩\} ⊣↕≀\} ⊒⟩⊔⟨ ⊔⟨⌉ ∫⊣⇕⌉ ⊓\∫⊣⊔⟩∫⊘⌉⌈ ⌉⊑⌉\⊔⊓⊣↕⟩⊔⟩⌉∫↙ T⟨⌉ ⌉§⊣⇕√↕⌉ ⟩↕↕⊓∫⊔∇⊣⊔⌉∫ ⟨≀⊒ ⊔⟨⌉ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ⇕⟩}⟨⊔ ⌉\⌈ ⊓√ ⟩\ ⊣ ⊢↕≀≀√≃⇔ ⊒⟨⌉∇⌉ ⊔⟨⌉ ∫⊣⇕⌉ ∫⌉∐⊓⌉\⌋⌉ ≀{ ∫⊔⊣⊔⌉∫ ∇⌉⌋⊓∇∫ ⊣↕≀\} ⊒⟩⊔⟨ ⊔⟨⌉ ∫⊣⇕⌉ ⊓\∫⊣⊔⟩∫⊘⌉⌈ ⌉⊑⌉\⊔⊓⊣↕⟩⊔⟩⌉∫↙ ⌊ ⊒⟩↕↕ ⌊⌉ {⊣↕∫⌉ ⟩\ ⌉⊑⌉∇† ∫⊔⊣⊔⌉⇔ ⊒⟨⟩↕⌉ ⊔⟨⌉ ⌋≀⇕⇕⟩⊔⇕⌉\⊔ ⊣ U⌊ ⊒⟩↕↕ ⊣↕⊒⊣†∫ ⌊⌉ ≀⊓⊔∫⊔⊣\⌈⟩\}↙ T⟨⊓∫⇔ ⟩⊔ ⟩∫ √≀∫∫⟩⌊↕⌉ {≀∇ ⊣ METATEM √∇≀}∇⊣⇕ ⊔≀ ⌊⌉ ∫⊣⊔⟩∫⊘⊣⌊↕⌉⇔ †⌉⊔⇔ ⊒⟨⌉\ ⟩⊔ ⟩∫ ⌉§⌉⌋⊓⊔⌉⌈⇔ ↕⌉⌈ ⊔≀ ⊣ ↕≀≀√⟩\} ∫⟩⊔⊓⊣⊔⟩≀\↙ ⇐S⊓⌋⟨ ↕≀≀√∫ ⊣↕∫≀ ≀⌋⌋⊓∇ ⊒⟨⌉\ ⊓\∫⊣⊔⟩∫⊘⊣⌊↕⌉ √∇≀}∇⊣⇕∫ ⊣∇⌉ ⌉§⌉⌋⊓⊔⌉⌈↙⇒ H≀⊒⌉⊑⌉∇⇔ ⊔⟨⌉ {⊣⌋⊔ ⊔⟨⊣⊔ ⊔⟨⌉ ⌉§⌉⌋⊓⊔⟩≀\ ⟩∫ ↕≀≀√⟩\} ⌈≀⌉∫ \≀⊔ \⌉⌋⌉∫∫⊣∇† ∫⟩}\⟩{† ⊔⟨⊣⊔ ⊔⟨⌉ ⌉§⌉⌋⊓⊔⟩≀\ ⟨⊣∫ ∇⌉⊣⌋⟨⌉⌈ ⊣\ ⊓\∫⊣⊔⟩∫⊘⊣⌊↕⌉ ∫⟩⊔⊓⊣⊔⟩≀\↙ T⟨⌉ √∇≀}∇⊣⇕ ⇕⊣† ∇⌉∐⊓⟩∇⌉ ⊔⟨⊣⊔ ⊣ ⌋⌉∇⊔⊣⟩\ ∫⟩⊔⊓⊣⊔⟩≀\ ⇕⊓∫⊔ ≀⌋⌋⊓∇ ⊣ ⊘\⟩⊔⌉ \⊓⇕⌊⌉∇ ≀{ ⊔⟩⇕⌉∫ ⌊⌉{≀∇⌉ ⊣ ⌈⟩{{⌉∇⌉\⊔ ⊣⌋⊔⟩≀\ ⟩∫ ⊔⊣‖⌉\↙ T⟨≀⊓}⟨ ⊣⊑≀⟩⌈⟩\} ⊢⌊⊣⌈≃ ↕≀≀√∫ ⌊† ⇕⊣‖⟩\} ⊢⟩\⊔⌉↕↕⟩}⌉\⊔≃ ⌈⌉⌋⟩∫⟩≀\∫ ⟩\ ⊔⟨⌉ ⌋⟨≀≀∫⌉ √∇≀⌋⌉⌈⊓∇⌉ ⟩∫ ⌉∫∫⌉\⊔⟩⊣↕⇔ ↕≀≀√∫ }⌉\⌉∇⊣⊔⌉⌈ ⌊† ⌊⊣⌈ ⟩\⊔⌉∇√∇⌉⊔⌉∇ ⌋⟨≀⟩⌋⌉∫ ⌋⊣\ ⊣↕∫≀ ⌊⌉ ⌈⌉⊔⌉⌋⊔⌉⌈ ⌊† ⊔⟨⌉ }⌉\⌉∇⊣↕ ↕≀≀√↖⌋⟨⌉⌋‖⟩\} √∇≀⌋⌉⌈⊓∇⌉ ⌉⇕√↕≀†⌉⌈ ⟩\ METATEM↙ T⟨⟩∫ ⌋⟨⌉⌋‖∫⇔ |⊓∫⊔ ⌊⌉{≀∇⌉ ⊣\† \⌉⊒ ∫⊔⊣⊔⌉ ⟩∫ ⌊⊓⟩↕⊔⇔ ⊒⟨⌉⊔⟨⌉∇ ⊔⟨⌉ ⌋≀⇕√≀\⌉\⊔ √∇≀√≀∫⟩⊔⟩≀\∫≃ ⊑⊣↕⊓⌉∫ ⊣\⌈ ⌋≀⇕⇕⟩⊔⇕⌉\⊔∫ √⊣∇⊔⟩⌋⊓↕⊣∇ ⊔≀ ⊔⟨⟩∫ ∫⊔⊣⊔⌉ ⟨⊣⊑⌉ ≀⌋⌋⊓∇∇⌉⌈ ⌊⌉{≀∇⌉↙ I{ ∫⊓⌋⟨ ⊣ ∫⟩⊔⊓⊣⊔⟩≀\ ⟨⊣∫ ≀⌋⌋⊓∇∇⌉⌈ {≀∇ ⊣ ⌊≀⊓\⌈⌉⌈ \⊓⇕⌊⌉∇ ≀{ ∫⊔⊣⊔⌉∫⇔ ⊔⟨⌉\

⊔⟨⌉ ⌉§⌉⌋⊓⊔⟩≀\ ⟩∫ {≀∇⌋⌉⌈ ⊔≀ {⊣⟩↕ ⊣\⌈ ⌊⊣⌋‖⊔∇⊣⌋‖⟩\} ≀⌋⌋⊓∇∫↙ T⟨⌉ ⌊≀⊓\⌈ ⟩∫ ⌈⌉∇⟩⊑⌉⌈ {∇≀⇕ ⊔⟨⌉ ⊓√√⌉∇ ⌊≀⊓\⌈ {≀∇ ⊔⟨⌉ ∫⟩‡⌉ ≀{ ⊔⟨⌉ ⇕≀⌈⌉↕ {≀∇ ⊔⟨⌉ √∇≀}∇⊣⇕↙ A∫ PML ⟨⊣∫ ⊔⟨⌉ ⊘\⟩⊔⌉↖⇕≀⌈⌉↕ √∇≀√⌉∇⊔†⇔ ⊔⟨⌉\ ⊒⌉ ⌋⊣\ ⌉§⊔∇⊣⌋⊔ ⊔⟨⟩∫ ⊓√√⌉∇ ⌊≀⊓\⌈ ⌈⟩∇⌉⌋⊔↕† {∇≀⇕ ⊔⟨⌉ √∇≀}∇⊣⇕≃∫ {≀∇⇕⊓↕⊣↙ T⟨⊓∫⇔ ⊒⌉ ⌋⊣\ ⊓∫⌉ ⊣ ⌋≀⊣∇∫⌉ {≀∇⇕ ≀{ ⊣⌊∫⊔∇⊣⌋⊔ ⟩\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ⊔≀ }⌉\⌉∇⊣⊔⌉ ⊔⟨⟩∫ ⌊≀⊓\⌈ ⊒⟨⟩⌋⟨ ⟩∫⇔ ⟩\ ⊔⟨⌉ ⊒≀∇∫⌉ ⌋⊣∫⌉⇔ ∈▽♣|P—, where —jP — is the size of jP (see [2] for more details). Further work, using more sophisticated abstract interpretation techniques, is under way to re�ne this upper bound.

Given the above loop checking mechanism, it can be shown that the METATEM execution mechanism, when it uses the following strategy for choosing which disjunct to execute, is sound and complete with respect to the semantics of PML. The choice strategy used is to try to execute disjuncts that will satisfy the longest outstanding eventualities �rst. Thus, an attempt to satisfy each individual eventuality will occur as the execution proceeds. For a longer description of the correctness of propositional METATEM, see [2].

In general it is not possible to have a decidable strategy which always indicates the correct choice of disjunct to satisfy to the interpreter, although certain temporal logics (such as PML) are restricted enough for us to de�ne such strategies. Even where such strategies exist, the upper bound on the running time of the algorithm is too high for the strategy to be of any practical use at run-time. Of greater interest is the use of techniques at compile-time to (partially) determinise the program.

If the program is implementable then there is an algorithm which will synthesise a deterministic automaton (at most double-exponentialin the length of the speci�cation) which will implement the speci�cation. Unfortunately, this result cannot easily be extended to predicate temporal logic speci�cations, since the algorithm is based on the emptiness of tree automata. In [6, 11], a technique which can be extended from propositions to predicates is presented for propositional METATEM which transforms a set of rules to a deterministic set, whilst preserving satis�ability.

4.3 Extending the History

Once a disjunct has been selected for execution, the positive and negative propositions in the state-formula part of the disjunct, (i.e. the ⋀⌉∐ ⌊∐{√⌊∐� �√ ⌊∐}} ∐√~ √~^ } √~ [~ ∐⌈~√ }~ [}√~ √√}√}√]]}{√ ]{ [~ ^√√~{ √∐~ ]{ [~ []√}√/ ⨂} ∐⌈⌈ }~ [~ ^}⌉√}{~{ √√}√}√]]}{√ {~~^ ^~ ~]~{ ∐ ∐⌈~ ^ [~ ^]√⌊{^/ ]{ []^[ ^∐√~ ∐ ^~~∐⌈ ∐⌈~ {√∐⌈⌈ ~∐⌈√~} ]√ ~]~{/ ⋀∐⌈~√ } ∐√√]~{ } [~ ~{]√}{⌉~{ √√}√}√]]}{√ ∐√~ [~{ √~∐^ ~√}⌉ [~ ~{]√}{⌉~{/ ⋁][ ~∐^[ ^}⌉√}{~{ √√}√}√]]}{ ]{ [~ ⨁⟩⋂⋂⟩⨁ √√}~√∐⌉ ]√ ∐√√}^]∐~^ ∐ ^~√^√]√]}{ √]~{ ]{ √}⌉~ √√}~√∐⌉⌉]{~ ⌈∐{~∐~~ []^[ ^∐√~√ [~ ]{~{^~^ ~~~~^ }~ [~ √√}√}√]]}{/ ⨆}√ ~∐⌉√⌈~/ ]~ [~ }√^[ √√}~√∐⌉ ~√~ } ^~ ]⌉√⌈~⌉~{~^/ [~{ ∐^⌈^\⌈]⌉ }⌈^ [∐~ ∐{ ∐√√}^]∐~^ √√}~√∐⌉ []^[ }⌈^ √~{^ [~ ∐√√√}√√]∐~ ^}{√}⌈ √]~{∐⌈√ } [~ }√^[ } ⌈]~[ [~ ^⌈^/ ⟩∐^[ ]⌉~ [~ ∐^⌈^\⌈]⌉ √√}√}√]]}{ ∐√ ⌉∐^~ √~/ [~ ∐√√}^]∐~^ √√}~√∐⌉ }⌈^ ^~ √{/

⨆]√√\⨂√^~√ ⋂~⌉√}√∐⌈ ⨁}~]^ ⋁~ ]{√}^^~ ∐ ⟩√√\}√^~√ ~~{√]}{ }~ ∑⨁⨁/ ^∐⌈⌈~^ ⨆⨁⨁/ ⋂[]√ ⌈}~]^ ]√ ∐~∐]{ ^∐√~^ }{ ^]√^√~~/ ⌈]{~∐√ ⌉}^~⌈√ ][ ⟩{]~ √∐√ ∐{^ ]{⟩{]~ ~√~/ ⋁~⌈⌈\~}√⌉~^ ~}√⌉⌈∐~ }~ ⨆⨁⨁ {⋁⨆⨆⌋} ∐√~ ~~{~√∐~^ ~√}⌉ [~ √⌉^}⌈√ }~ ∑⨁⨁ ][ [~ ~}⌈⌈}]{~ ^[∐{~~√ ⋂[~ √~/ L√⇔ ⌊⌉⌋≀⇕⌉∫ ⊣ ∫⌉⊔ ≀{ √∇⌉⌈⟩⌋⊣⊔⌉ ∫†⇕⌊≀↕∫⇔ √⊣∇⊔⟩⊔⟩≀\⌉⌈ ⟩\⊔≀

⌉\⊑⟩∇≀\⇕⌉\⊔ ⊣\⌈ ⌋≀⇕√≀\⌉\⊔ √∇⌉⌈⟩⌋⊣⊔⌉∫↙ S⌉⊔∫ ≀{ ⊑⊣∇⟩⊣⌊↕⌉∫ ⊣\⌈ ⌋≀\∫⊔⊣\⊔∫ ⊣∇⌉ ⟩\⊔∇≀⌈⊓⌋⌉⌈⇔ ⊣↕≀\} ⊒⟩⊔⟨ ⊔⟨⌉ ∐⊓⊣\⊔⟩⊘⌉∇∫⇔ ↑ ⊣\⌈ ↔↙ W⌉ ⌈⌉⊘\⌉ ⊔⟨⌉ ∫⌉⊔ ≀{ ⊔⌉∇⇕∫ ⊣∫ ⊔⟨⌉ ∫⌉⊔ ≀{ ⊣↕↕ ⌋≀\∫⊔⊣\⊔∫ ⊣\⌈ ⊑⊣∇⟩⊣⌊↕⌉∫↙ T⟨⌉ ∫⌉⊔ WFF⋄ ⟩∫ ⌈⌉⊘\⌉⌈ ⊣∫ WFF√ ⟩∫⇔ ⊒⟩⊔⟨ ⊔⟨⌉ {≀↕↕≀⊒⟩\} ⊣⌈⌈⟩⊔⟩≀\∫↙ ∞↙ I{ ⊔∞⇔ ≈ ⇔ ⊔ \ ⊣∇⌉ ⟩\ L⊔⇔ ⊣\⌈ √ ⟩∫ ⊣ √∇⌉⌈⟩⌋⊣⊔⌉ ∫†⇕⌊≀↕ ≀{ ⊣∇⟩⊔† \⇔ ⊔⟨⌉\ √⇐⊔∞⇔ ≈ ⇔ ⊔ \⇒ ⟩∫ ⟩\ WFF⋄↙ ∈↙ I{ A ⟩∫ ⟩\ WFF⋄ ⊣\⌈ ⊑ ⟩∫ ⊣ ⊑⊣∇⟩⊣⌊↕⌉⇔ ⊔⟨⌉\ ↔⊑↙ A ⊣\⌈ ↑⊑↙ A ⊣∇⌉ ⌊≀⊔⟨ ⟩\ WFF⋄↙ C↕⊣∫∫⟩⊘⌋⊣⊔⟩≀\∫ ≀{ ⊔⌉⇕√≀∇⊣↕ {≀∇⇕⊓↕⊣⌉⇔ ∫⊓⌋⟨ ⊣∫ ↕⟩⊔⌉∇⊣↕∫⇔ √⊣∫⊔↖⊔⟩⇕⌉ {≀∇⇕⊓↕⊣⌉⇔ ⊣\⌈ {⊓⊔⊓∇⌉↖⊔⟩⇕⌉ {≀∇⇕⊓↕⊣⌉ ⟩\ FML ⊣∇⌉ ⊔⟨⌉ ≀⌊⊑⟩≀⊓∫ ⊘∇∫⊔↖≀∇⌈⌉∇ ⌉§⊔⌉\∫⟩≀\∫ ≀{ ⊔⟨⌉ ⌈⌉⊘\⟩⊔⟩≀\∫ {≀∇ PML↙ T⟨⌉ ⌊⊣∫⟩⌋ ⇕≀⌈⌉↕∫ ≀{ FML ⊣∇⌉ ⊔⟨≀∫⌉ ≀{ PML⇔ ⟩↙⌉↙ √⊣⟩∇∫ ⟨∫ ⇔ √√⟩⇔ ⊒⟩⊔⟨ ⊣ ⌈≀⇕⊣⟩\ D ⊣\⌈ ⇕⊣√√⟩\}∫ {∇≀⇕ ⌉↕⌉⇕⌉\⊔∫ ≀{ ⊔⟨⌉ ↕⊣\}⊓⊣}⌉ ⊔≀ ⌈⌉\≀⊔⊣⊔⟩≀\∫ ⊣⌈⌈⌉⌈↙ T⟨⊓∫ ⊔⟨⌉ {⊓↕↕ ⇕≀⌈⌉↕ ∫⊔∇⊓⌋⊔⊓∇⌉ {≀∇ FML ⟩∫ M ℑ ⟨∫ ⇔ D⇔ √⌋⇔ √√⟩ ⊒⟨⌉∇⌉ √⌋ ⟩∫ ⊣ ⇕⊣√ {∇≀⇕ ⊔⟨⌉ ⌋≀\∫⊔⊣\⊔∫ ⊔≀ D⇔ ⊣\⌈ √√ ⟩∫ \≀⊒ ⊣ ⇕⊣√ {∇≀⇕ N ≡ L√ ⊔≀ D\ ⊘ {T⇔ F}↙ T⟨⊓∫⇔ {≀∇ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ∫⊔⊣⊔⌉ ∫⇔ ⊣\⌈ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ √∇⌉⌈⟩⌋⊣⊔⌉ √ ≀{ ⊣∇⟩⊔† \⇔ √⇐∫⇔ √⇒ ∇⌉√∇⌉∫⌉\⊔∫ ⊣ ⇕⊣√ {∇≀⇕ \↖⊔⊓√↕⌉∫ ≀{ ⌉↕⌉⇕⌉\⊔∫ ≀{ D ⊔≀ T ≀∇ F↙ N≀⊔⌉ ⊔⟨⊣⊔ ⊒⌉ ⊓∫⌉ ⊔⟨⌉ ⌋≀\∫⊔⊣\⊔ ⌈≀⇕⊣⟩\ ⊣∫∫⊓⇕√⊔⟩≀\⇔ ⟩↙⌉↙ ⊔⟨⊣⊔ D ⟩∫ ⌋≀\∫⊔⊣\⊔ {≀∇ ⌉⊑⌉∇† ∫⊔⊣⊔⌉↙ A ⊑⊣∇⟩⊣⌊↕⌉ ⊣∫∫⟩}\⇕⌉\⊔ V ⟩∫ ⊣ ⇕⊣√√⟩\} {∇≀⇕ ⊔⟨⌉ ⊑⊣∇⟩⊣⌊↕⌉∫ ⊔≀ ⌉↕⌉⇕⌉\⊔∫ ≀{ D↙ G⟩⊑⌉\ ⊣ ⊑⊣∇⟩⊣⌊↕⌉ ⊣∫∫⟩}\⇕⌉\⊔ ⊣\⌈ ⊔⟨⌉ ⊑⊣↕⊓⊣⊔⟩≀\ {⊓\⌋⊔⟩≀\ √⌋⇔ ⊣ ⊔⌉∇⇕ ⊣∫∫⟩}\⇕⌉\⊔ ⊔⊑√⟩∫ ⊣ ⇕⊣√√⟩\} {∇≀⇕ ⊔⌉∇⇕∫ ⊔≀ D ⌈⌉⊘\⌉⌈ ⟩\ ⊔⟨⌉ ⊓∫⊓⊣↕ ⊒⊣†↙ T⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊣ ⊒⌉↕↕↖{≀∇⇕⌉⌈ {≀∇⇕⊓↕⊣ ⟩∫ \≀⊒ }⟩⊑⌉\⇔ \≀⊔ ≀\↕† ⊒⟩⊔⟨ ∇⌉∫√⌉⌋⊔ ⊔≀ ⊣ ⇕≀⌈⌉↕ ∫⊔∇⊓⌋⊔⊓∇⌉ ⊣\⌈ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ⟩\∫⊔⊣\⊔ ⟩\ ⊔⟩⇕⌉⇔ ⌊⊓⊔ ⊣↕∫≀ ⊒⟩⊔⟨ ∇⌉∫√⌉⌋⊔ ⊔≀ ⊣ ⊑⊣∇⟩⊣⌊↕⌉ ⊣∫∫⟩}\⇕⌉\⊔↙ T⟨⌉ ∫⊣⊔⟩∫{⊣⌋⊔⟩≀\ ∇⌉↕⊣⊔⟩≀\⇔ ♣ℑ⇔ ∇⌉↕⊣⊔⌉∫ ∫⊓⌋⟨ ⊔⊓√↕⌉∫ ⊔≀ ⊒⌉↕↕↖{≀∇⇕⌉⌈ {≀∇⇕⊓↕⊣⌉ ⊣∫ ⟩\ PML⇔ ⊔⟨⌉ ⇕⊣⟩\ ⌈⟩{{⌉∇⌉\⌋⌉∫ ⌊⌉⟩\} ⊣∫ {≀↕↕≀⊒∫¬ T⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊣ √∇⌉⌈⟩⌋⊣⊔⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⟩∫ }⟩⊑⌉\ ⌊† ⊔⟨⌉ ⊔∇⊓⊔⟨ ⊑⊣↕⊓⌉ ≀{ ⊔⟨⌉ √∇⌉⌈⟩⌋⊣⊔⌉ ⊣√√↕⟩⌋⊣⊔⟩≀\ ⊣∫ ⌈⌉⊘\⌉⌈ ⟩\ ⊔⟨⌉ ⇕≀⌈⌉↕¬ ⟨M⇔ ⟩⇔ V⟩ ♣ℑ √⇐§∞⇔ ≈ ⇔ § \⇒ ⟩{{ √√⇐⟩⇔ √⇒⇐⊔⊑√⇐§∞⇒⇔ ≈ ⇔ ⊔ ⊑√⇐§\⇒⇒ ℑ T ↙ T⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ⊔⟨⌉ ⌋↕⊣∫∫⟩⌋⊣↕ ⊣\⌈ ⊔⌉⇕√≀∇⊣↕ ≀√⌉∇⊣⊔≀∇∫ ⊣∇⌉ ⊔⟨⌉ ≀⌊⊑⟩≀⊓∫ ⊘∇∫⊔↖≀∇⌈⌉∇ ⊑⌉∇∫⟩≀\∫ ≀{ ⊔⟨≀∫⌉ }⟩⊑⌉\ ⌉⊣∇↕⟩⌉∇ {≀∇ PML⇔ ⊣\⌈ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ∐⊓⊣\⊔⟩⊘⌉∇∫ ⊣∇⌉ ⌈⌉⊘\⌉⌈ ⊣∫ {≀↕↕≀⊒∫↙ ⟨M⇔ ∫⇔ V⟩ ♣ℑ ↑§↙ | ⟩{{ {≀∇ ⊣↕↕ ⌈ � D⇔ ⟨M⇔ ∫⇔ V • ∪§ → ⌈⊎⟩ ♣ℑ | ⟨M⇔ ∫⇔ V⟩ ♣ℑ ↔§↙ | ⟩{{ ⊔⟨⌉∇⌉ ⌉§⟩∫⊔∫ ⌈ � D ∫⊓⌋⟨ ⊔⟨⊣⊔ ⟨M⇔ ∫⇔ V • ∪§ → ⌈⊎⟩ ♣ℑ | W⌉ ⊒⟩↕↕ ⊓∫⊓⊣↕↕† ⌈⌉⊣↕ ⊒⟩⊔⟨ ⌋↕≀∫⌉⌈ {≀∇⇕⊓↕⊣⌉⇔ ⟩↙⌉↙ {≀∇⇕⊓↕⊣⌉ ⌋≀\⊔⊣⟩\⟩\} \≀ {∇⌉⌉ ⊑⊣∇⟩⊣⌊↕⌉∫↙ I\ ⊔⟨⟩∫ ⌋⊣∫⌉⇔ ⊔⟨⌉ ⌉⇕√⊔† ⇕⊣√√⟩\}⇔ ∪ ⊎⇔ ⟩∫ ⊓∫⌉⌈ ⊣∫ ⊔⟨⌉ ⟩\⟩⊔⟩⊣↕ ⊑⊣∇⟩⊣⌊↕⌉ ⊣∫∫⟩}\⇕⌉\⊔↙

̸I\⊔⌉∇√∇⌉⊔⊣⊔⟩≀\ ≀{ F⟩∇∫⊔↖O∇⌈⌉∇ METATEM P∇≀}∇⊣⇕∫ P∇≀√≀∫⟩⊔⟩≀\⊣↕ METATEM √∇≀}∇⊣⇕∫ ⌋≀\∫⟩∫⊔ ≀{ ∫⌉⊔∫ ≀{ ⊔⌉⇕√≀∇⊣↕ {≀∇⇕⊓↕⊣⌉ ≀{ ⊔⟨⌉ {≀∇⇕ P � F⇔ ⊒⟨⌉∇⌉ P ⟩∫ ⊣ ∫⊔∇⟩⌋⊔ √⊣∫⊔↖⊔⟩⇕⌉ ⊔⌉⇕√≀∇⊣↕ {≀∇⇕⊓↕⊣ ⊣\⌈ F ⟩∫ ⊣ ⇐\≀\↖∫⊔∇⟩⌋⊔⇒ {⊓⊔⊓∇⌉↖⊔⟩⇕⌉ ⊔⌉⇕√≀∇⊣↕ {≀∇⇕⊓↕⊣↙ T⟨⌉ ∫⌉⊔ ≀{ √∇≀}∇⊣⇕ ∇⊓↕⌉∫⇔ {P⟩ � F ⟩ ♣ ∞ × ⟩ × \}⇔ ∇⌉√∇⌉∫⌉\⊔∫ ⊔⟨⌉ PML {≀∇⇕⊓↕⊣ ⋀{ ]{∑] � ⨆ ]} / ⨆]√√\}√^~√ ⨁⟩⋂⋂⟩⨁ √√}~√∐⌉√ ∐√~ ∐~∐]{ √~√ }~ √⌈~√ ]{ [~ ∐∑ � ⨆⌉ ~}√⌉/ ^ {} ∑ ]√ ∐ {{}{\√√]^} √∐√\]⌉~ ⨆⨁⨁ ~}√⌉⌈∐ ∐{^ ⨆ ]√ ∐ {{}{\√√]^} ~√~\]⌉~ ⨆⨁⨁ ~}√⌉⌈∐/ ⋂[~ √~ }~ √√}~√∐⌉ √⌈~√/ {P⟩⇐�§⟩⇔ �†⟩⇒ � F ⟩⇐�§⟩⇔ �‡⟩⇒ ♣ ∞ × ⟩ × \}⇔ ⊒⟨⌉∇⌉ �§⟩⇔ �†⟩⇔ ⊣\⌈ �‡⟩ ⊣∇⌉ ⇐⊑⌉⌋⊔≀∇∫ ≀{⇒ {∇⌉⌉ ⊑⊣∇⟩⊣⌊↕⌉∫⇔ \≀⊒ ∇⌉√∇⌉∫⌉\⊔∫ ⊔⟨⌉ FML {≀∇⇕⊓↕⊣ \⋀ ] [�]/ ⌊�]/ {∑]{�]/ �]} � ⋃⌊� ]/ ⨆]{�]/ �]}⊎} /

⟩~^]}{ }~ [~ ⟩√√\}√^~√ √⌈~√ ]√ ]{ √√]√] [~ √∐⌉~ ∐√ ~~^]}{ }~ √√}√}√]]}{∐⌈ √⌈~√/ ^ ∐^^}{ ⌉√ ^~ ∐⌋~{ }~ [~ ^]{^]{~√ ~}√ ∐√]∐^⌈~√/ ⋁~ √]⌈⌈ ⌉√ ~{√√~ [∐ ~∐^[ √⌈~ ]√ √~ ]{ ~∐^[ √∐~ √} [∐/ ∐√ ~}√ [~ √√}√}√]]}{∐⌈ ^∐√~ [~√~ ~ [∐^ ⟨M⇔ ⊔⟩ ♣ℑ P � F⇔ ⊒⌉ ⇕⊓∫⊔ ⇕⊣⟩\⊔⊣⟩\⇔ {≀∇ ⊣ √⊣∇⊔⟩⌋⊓↕⊣∇ ∇⊓↕⌉⇔ ⟨M⇔ ⊔⇔ ∪ ⊎⟩ ♣ℑ ↑�§↙ ↔�†↙ ⇐P⇐�§⇔ �†⇒ � ∪↔�‡↙ F⇐�§⇔ �‡⇒⊎⇒ ↙ S≀⇔ ⌊† ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ ↑ ⊣\⌈ ↔ ⊒⌉ ⇕⊓∫⊔ ⌉\∫⊓∇⌉ ⊔⟨⊣⊔ {≀∇ ⊣↕↕�⌈ � D ⇑ ⊔⟨⌉∇⌉ ⌉§⟩∫⊔∫ �⌉ � D⇑ ∫⊓⌋⟨ ⊔⟨⊣⊔ ⟨M⇔ ⊔⇔ ∪�§ →�⌈⇔ �† → �⌉⊎⟩ ♣ℑ ⇐P⇐�§⇔ �†⇒ � ∪↔�‡↙ F⇐�§⇔ �‡⇒⊎⇒ ⊣\⌈ ⌊† {⊓∇⊔⟨⌉∇ ⌉§√⊣\∫⟩≀\ ≀{ ⊔⟨⌉ ∫⌉⇕⊣\⊔⟩⌋∫ ≀{ �⇔ ⊔⟨⟩∫ ⌊⌉⌋≀⇕⌉∫ {≀∇ ⊣↕↕�⌈ � D ⇑ ⊔⟨⌉∇⌉ ⌉§⟩∫⊔∫ �⌉ � D⇑ ∫⊓⌋⟨ ⊔⟨⊣⊔ ⟩{ ⟨M⇔ ⊔⇔ ∪�§ →�⌈⇔ �† → �⌉⊎⟩ ♣ℑ P⇐�§⇔ �†⇒ ⊔⟨⌉\ ⟨M⇔ ⊔⇔ ∪�§ →�⌈⇔ �† → �⌉⊎⟩ ♣ℑ ∪↔�‡↙ F⇐�§⇔ �‡⇒⊎ ↙ B† ⌋⟨⌉⌋‖⟩\} P⇐�§⇔ �†⇒ ⊣}⊣⟩\∫⊔ ⊔⟨⌉ ⟨⟩∫⊔≀∇†⇔ ⊒⌉ ⌋⊣\ ⌉∫⊔⊣⌊↕⟩∫⟨ ⊒⟨⟩⌋⟨ ⊑⊣↕⊓⌉∫ ≀{�⌈ ⇕⊣‖⌉ ⊔⟨⌉ ⊣\↖ ⊔⌉⌋⌉⌈⌉\⊔ ⊔∇⊓⌉⇔ ⊣\⌈ ⊔⟨⊓∫ {≀∇ ⊒⟨⟩⌋⟨ ⊑⊣↕⊓⌉∫ ≀{ �§ ⊔⟨⌉ ⌋≀\∫⌉∐⊓⌉\⊔ ⇕⊓∫⊔ ⌊⌉ ⇕⊣⌈⌉ ⊔∇⊓⌉↙ E⊣⌋⟨ ∇⊓↕⌉ ⊔⟨⌉∇⌉{≀∇⌉ ⌋⊣\ }⌉\⌉∇⊣⊔⌉ ⊣ \⊓⇕⌊⌉∇ ≀{ ∫⊓⌊↖{≀∇⇕⊓↕⊣⌉ ⊔≀ ⌊⌉ ⇕⊣⌈⌉ ⊔∇⊓⌉ ⊒⟨⟩⌋⟨ ⊒⌉ ⌋≀\|≀⟩\ ⊣∫ {≀↕↕≀⊒∫¬ ⇕ ⋀ ⌊ ⌊�/ ⨆{�^⌊/ �} ∐{^ ^ ^}{⌊}]{]{~ [~√~ ^}{⌊{^]}{√ ~}√ ∐⌈⌈ [~ √⌈~√/ ~ ~~ ∐ ^}{⌊{^]}{ }~ ∐⌈⌈ [~ ~}√\ ⌉⌈∐~ } ^~ ⌉∐^~ √~/ √ ]{ [~ √√}√}√]]}{∐⌈ ^∐√~/ []√ ^}{⌊{^]}{ ^∐{ ^~ √~√]~{ ]{} ∐ {}√⌉∐⌈ ~}√⌉ }~ ⋁ ⌋ ⌊�/ ⋀ ⌈⌋ {⌈⌋{ �^⌈⌋/ �} � �⌈⌋{ �^⌈⌋/ �}} � gj k where the Alk( �dlk, �z) and Blk( �dlk, �z) are literals and jkis an optional non-strict future formula. As before, one of the disjuncts a is selected to be made true, and a new state is constructed from the_⋀ ⌈∐ {⌈∐{ �^⌈∐/ �} � �⌈∐{ �^⌈∐/ �}} ~^∐√~ ~ √]⌈⌈ [∐~ [~ ~]√~{]∐⌈⌈ √∐{]⟩~^ ∐√]∐^⌈~ � ]{ [~ ~}√⌉⌈∐/ ∐ ^]{^]{~ ~}√ � ⌉√ ^~ ~~{~√∐~^/ ⋂[]√ ^]{^]{~ ]√ ∐⌈√} √~^ ~}√ }^^√√~{^~√ }~ � ]{ [~ ^}⌉⌉]⌉~{√ ⌊∐/ ⋂[~ √√√}√~ }~ [~ � ]√ } ~{∐^⌈~ ∐⌈~√ []^[ ∐√~ ^~~√⌉]{~^ ^ [~ ^}⌉√}{~{ √√~^]^∐~√ } ^~ ^}⌉⌉{]^∐~^ [√}~[} [~ ^]√⌊{^ } ^~ ⌉∐^~ √~/ ⋂} √~~ [} ∐√]∐^⌈~√ ∐√~ √~^ } √∐√√ ∐⌈~√ ∐√}{^ ][]{ √⌈~√/ ^}{√]^~√ [~ ⨆⨁⨁ √√}~√∐⌉ cdefgrequest(p, m) � (resource(m, r) � ˝give(p,r))

The ‘request’ predicate is an environment predicate, and records that the message m has been received from process p. The component predicate ‘resource’ is used to discover an identi�er r for the resource requested in message m. Finally the ‘give’ component predicate hands over resource r to process p. The p and m variables play the role of the �x in the above explanation, and the r corresponds to �z. In this example there is no variable playing the role of �y. Now suppose that we are in state 5, with the followingliterals true in state 4: request(123,disk1), request(456,tape3)

When we evaluate the rule, we see that there are two matches for request(p,m), given by: [p → ∞∈∋⇔ ⇕ → ⌈⟩∫‖∞⊎ ⊣\⌈ ∪√ → △▽⇎ ⇕ → ⊔⊣√⌉∋⊎↙ T⟨⊓∫ ⊔⟨⌉ {≀∇⇕⊓↕⊣ ⊒⟨⟩⌋⟨ ⟨⊣∫ ⊔≀ ⌊⌉ ⇕⊣⌈⌉ ⊔∇⊓⌉ ⟩∫¬ ↔∇↙ ∪∇⌉∫≀⊓∇⌋⌉⇐⌈⟩∫‖∞⇔ ∇⇒ � ˝give(123,r)] � $r. [resource(tape3,r) � ˝give(123,r)]

This can be rewritten via various equivalences and renaming of variables into:

$q.$r. [resource(disk1,q) � give(123,q)� resource(tape3,r) � give(456,r)] � $q.$r. [resource(disk1,q) � give(123,q)� resource(tape3,r) � g˝give(456,r)] � $q.$r. [resource(disk1,q) � g˝give(123,q)� resource(tape3,r) � give(456,r)] � $q.$r. [resource(disk1,q) � g˝give(123,q)� resource(tape3,r) � g˝give(456,r)]

Suppose that the interpreter chooses to select the second disjunct. In this case, a value must be given to q so that resource(disk1,q) � give(123,q) is true, and a value must be given to r so that both ‘resource(tape3,r)’ and ‘ g˝give(456,r)’ are true. These values are generated by the program associated with the ‘resource’ component predicate, and passed to the program associated with the ‘give’ predicate. Let us assume that the values given to q and r are 88 and 99 respectively. The disjunct becomes:

resource(disk1,88) � give(123,88) � resource(tape3,99) � g˝give(456,99)

The state formula parts of this disjunctare used to extend the history, so that the component part of state 5 is given by the �rst three conjuncts, and the commitment ˝give(456,99) is passed to state 6 for execution.

7 Implementations and Related Work

Two implementations of the imperative future paradigm described in this paper have been produced. The �rst is a prototype interpreter for propositional METATEM implemented in Scheme [4]. This incorporates the loop-checking and backtracking procedures described in this report. A more robust PROLOG-based interpreter for a restricted �rst-order version of METATEM hasbeen used as atransactionprogramminglanguagefortemporaldatabases [3], usingthe maximal interval technique described in Section 4.1. Case studies using thistechnology are being conducted.

Several alternative approaches have been taken towards a programminglanguage based on temporal logic, each adopting a particular philosophy. TEMPLOG [1] extends PROLOG to includetemporaloperatorsandisbased ona restrictedclausal formofAbadi&Manna’sresolutionproofsystem forpropositionaltemporallogic.RivalstoTEMPLOG includeTOKIO [7], which is based on intervals of time, rather than individual moments of time. TEMPLOG and TOKIO are purely declarative; their programs de�ne sets of models which can be checked to see whether any of the models satisfy a given query. Such languages can be seen as the ‘declarative past’ component of the METATEM paradigm � conditions are evaluated against a model (or set of models) but the models are �xed or static, whereas in METATEM the model is dynamic, with changes to the model being re�ected in changes to the ‘world’.

This advantage is shared by TEMPURA [10], considered to be one of the furthest developed temporal programming languages. Each TEMPURA program is a formula of interval temporal logic, and a run of a program constructs an interval of time which satis�es the formula. The principal difference between TEMPURA and METATEM is the expressive power of the formulae which constitute the programs. TEMPURA uses an entirely deterministic language without negation to maximise the ef�ciency of the execution algorithm. In METATEM we make a limitedtrade-off between ef�ciency and expressiveness whichaffects the applications for which METATEM is appropriate. The difference between TEMPURA and METATEM isanalogoustothedifferencebetween PASCAL andPROLOG: theformerrepresents a lower-level approach amenable to ef�cient execution, the latter represents a higher-level approach more suited to describing symbolic computation.

Acknowledgements Under Basic Research Action 3096 (SPEC), ESPRIT Michael Fisher was supported by Esprit Basic Research Action 3096 (SPEC), and later by the SERC under Research Grant GR/H/18449, who also funded the early stages of the work carried out by Richard Owens under Research Grant GR/D/5939.7, with support being received from ESPRIT under Project No. 2469 (TEMPORA) for the development of the temporal transactions interpreter, jointly produced with Peter McBrien of Imperial College.

References

1. M. AbadiandZ. Manna. TemporalLogicProgramming. InSymposiumonLogicProgramming, pages4�16. IEEE, 1987.

2. H. Barringer, M. Fisher, G. Gough, D. Gabbay, and R. Owens. METATEM: A Framework for Programming in Temporal Logic. In J. W. de Bakker, W.-P. de Roever, and G. Rozenberg, editors, StepwiseRe�nementof DistributedSystems:Models,Formalisms,Correctness,volume430 of LNCS. Springer-Verlag, 1990.

3. M. Finger, P. McBrien, and R. Owens. Databasesand ExecutableTemporal Logic. In Proceedings of the ESPRIT Conference,November 1991.

4. M. Fisher. Implementing a Prototype METATEM Interpreter. SPEC Project Report, Department of Computer Science, University of Manchester, 1990.

5. M. FisherandH. Barringer. ConcurrentMETATEM Processes� A Languagefor DistributedAI.

In Proceedingsof the EuropeanSimulation Multiconference,Copenhagen,Denmark, June1991. 6. M. Fisher and P. Noel. Transformation and Synthesis in METATEM � Part I: Propositional METATEM. TechnicalReport,DepartmentofComputerScience,UniversityofManchester,1991.

7. M. Fujita, S. Kono, H. Tanaka, and T. Moto-oka. Tokio: Logic Programming Language Based on Temporal Logic and its Compilation to Prolog. In Logic Programming: Proceedings of the Third International Conference,volume 225 of LNCS, pages695�709.Springer-Verlag, 1986.

8. Dov Gabbay. The Declarative Past and Imperative Future. In Behnam Banieqbal, Howard Barringer, and Amir Pnueli, editors, Proceedingsof Colloquium on TemporalLogicin Speci�cation, Altrincham, 1987, volume 398 of LNCS. Springer-Verlag, 1989.

9. D. Gabbay and P. McBrien. Temporal Logic and Historical Databases. In Proceedings of the SeventeenthInternational Conferenceon VeryLarge Databases,Barcelona, 1991.

10. Ben Moszkowski. Executing TemporalLogic Programs. Cambridge University Press, 1986. 11. Philippe Noel. Towards the Determinisation of Propositional Temporal Formulae. (To appear in Proceedingsof LOPSTR’91).

12. Amir Pnueli. Applications of Temporal Logic to the Speci�cation and Veri�cation of Reactive Systems: A Survey of Current Trends. In J. W. de Bakker, W-P. de Roever, and G. Rozenberg, editors,CurrentTrendsinConcurrency:OverviewandTutorials,volume224ofLNCS.Springer- Verlag, 1986.

13. A. PnueliandR. Rosner. OntheSynthesisofaReactiveModule. InProceedingsoftheSixteenth Symposiumon the Principles of ProgrammingLanguages.ACM, 1989.