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𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

𝑋 : set of input events

𝑌 : set of output events

𝑆 : set of sequential states

𝑞𝑖𝑛𝑖𝑡 : 𝑄
𝑄 = 𝑠, 𝑒 𝑠 ∈ 𝑆, 0 ≤ 𝑒 ≤ 𝑡𝑎(𝑠)

𝛿𝑖𝑛𝑡 : 𝑆 → 𝑆
𝛿𝑒𝑥𝑡: 𝑄 × 𝑋 → 𝑆
𝜆 : 𝑆 → 𝑌 ∪ 𝜙
𝑡𝑎 : 𝑆 → ℝ0,+∞

+

Atomic DEVS Specification



𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

𝑋 : set of input events

𝑌 : set of output events

𝑆 : set of sequential states

𝑞𝑖𝑛𝑖𝑡 : 𝑄
𝑄 = 𝑠, 𝑒 𝑠 ∈ 𝑆, 0 ≤ 𝑒 ≤ 𝑡𝑎(𝑠)

𝛿𝑖𝑛𝑡 : 𝑆 → 𝑆
𝛿𝑒𝑥𝑡: 𝑄 × 𝑋 → 𝑆
𝜆 : 𝑆 → 𝑌 ∪ 𝜙
𝑡𝑎 : 𝑆 → ℝ0,+∞

+

Atomic DEVS Specification



S

t

(𝑠𝑖 , 0)

𝑡𝑎 𝑠𝑖

(𝛿𝑒𝑥𝑡 𝑠𝑖 , 𝑒 , 𝑥 , 0)

(𝛿𝑖𝑛𝑡(𝑠𝑖), 0)

𝛿𝑒𝑥𝑡

𝛿𝑖𝑛𝑡

output 𝜆(𝑠𝑖)

𝑡𝑖 𝑡𝑖 + 𝑒 𝑡𝑖 + 𝑡𝑎 𝑠𝑖

𝑒



𝐶 = 𝑋𝑠𝑒𝑙𝑓, 𝑌𝑠𝑒𝑙𝑓, 𝐷,𝑀𝑆, 𝐼𝑆, 𝑍𝑆, 𝑠𝑒𝑙𝑒𝑐𝑡

𝐼𝑆 = 𝐼𝑖 𝑖 ∈ 𝐷 ∪ 𝑠𝑒𝑙𝑓
∀ 𝑖 ∈ 𝐷 ∪ 𝑠𝑒𝑙𝑓 ∶ 𝐼𝑖 ⊆ 𝐷 ∪ 𝑠𝑒𝑙𝑓

∀ 𝑖 ∈ 𝐷 ∪ 𝑠𝑒𝑙𝑓 ∶ 𝑖 ∉ 𝐼𝑖

𝑍𝑆 = 𝑍𝑖,𝑗 𝑖 ∈ 𝐷 ∪ 𝑠𝑒𝑙𝑓 , 𝑗 ∈ 𝐼𝑖
𝑍𝑠𝑒𝑙𝑓,𝑗 ∶ 𝑋𝑠𝑒𝑙𝑓 → 𝑋𝑗 , ∀ 𝑗 ∈ 𝐷

𝑍𝑖,𝑠𝑒𝑙𝑓 ∶ 𝑌𝑖 → 𝑌𝑠𝑒𝑙𝑓, ∀ 𝑖 ∈ 𝐷

𝑍𝑖,𝑗 ∶ 𝑌𝑖 → 𝑋𝑗 , ∀ 𝑖, 𝑗 ∈ 𝐷

𝑠𝑒𝑙𝑒𝑐𝑡 ∶ 2𝐷 → 𝐷
∀ 𝐸 ⊆ 𝐷, 𝐸 ≠ ∅: 𝑠𝑒𝑙𝑒𝑐𝑡 𝐸 ∈ 𝐸

𝑀𝑆 = 𝑀𝑖 𝑖 ∈ 𝐷

𝑀𝑖 = 𝑋𝑖 , 𝑌𝑖 , 𝑆𝑖 , 𝑞𝑖𝑛𝑖𝑡,𝑖 , 𝛿𝑖𝑛𝑡,𝑖 , 𝛿𝑒𝑥𝑡,𝑖 , 𝜆𝑖 , 𝑡𝑎𝑖 , ∀ 𝑖 ∈ 𝐷

Coupled DEVS Specification



(done, t)

(*, t)

(y, t)

(x, t)(*, t)

(done, t) (done, t)

Root coordinator

Coordinator

SimulatorSimulator

Coupled DEVS

Atomic DEVS Atomic DEVS

(i, t)

(done, t)

(done, t)

(i, t)

(done, t)











Closure Under Coupling
Denotational semantics for Coupled DEVS models



𝑴𝒍𝒊𝒈𝒉𝒕𝟏𝑴𝒑𝒐𝒍𝟏

𝒔𝒆𝒍𝒇

take_break  toAuto

go_to_work  toManual

?



?
𝐶𝑀 = 𝑋𝑠𝑒𝑙𝑓 , 𝑌𝑠𝑒𝑙𝑓 , 𝐷,𝑀𝑆, 𝐼𝑆, 𝑍𝑆 𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

flatten



𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21
𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2



𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21

𝑋 = 𝑋𝐶𝑀
𝑌 = 𝑌𝐶𝑀



𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21
𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑠1, 𝑒1

𝑠2, 𝑒2
𝑒2

𝑒1



𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

𝑆 = ×𝑖∈𝐷 𝑄𝑖

CM

21
𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑠1, 𝑒1

𝑠2, 𝑒2
𝑒2

𝑒1



𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21
𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑠1, 𝑒1 = 𝑞𝑖𝑛𝑖𝑡,1

𝑠2, 𝑒2 = 𝑞𝑖𝑛𝑖𝑡,2
𝑒2

𝑒1

𝑡𝑎1 𝑠1

𝑡𝑎2 𝑠2



𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21

𝑞𝑖𝑛𝑖𝑡 = 𝑠𝑖𝑛𝑖𝑡, 𝑒𝑖𝑛𝑖𝑡

𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑠1, 𝑒1 = 𝑞𝑖𝑛𝑖𝑡,1

𝑠2, 𝑒2 = 𝑞𝑖𝑛𝑖𝑡,2
𝑒2

𝑒1

𝑡𝑎1 𝑠1

𝑡𝑎2 𝑠2



𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21

𝑞𝑖𝑛𝑖𝑡 = 𝑠𝑖𝑛𝑖𝑡, 𝑒𝑖𝑛𝑖𝑡

𝑠𝑖𝑛𝑖𝑡 = … , 𝑠𝑖𝑛𝑖𝑡,𝑖 , 𝑒𝑖𝑛𝑖𝑡,𝑖 − 𝑒𝑖𝑛𝑖𝑡 , …

𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑠1, 𝑒1 = 𝑞𝑖𝑛𝑖𝑡,1

𝑠2, 𝑒2 = 𝑞𝑖𝑛𝑖𝑡,2
𝑒2

𝑒1

𝑡𝑎1 𝑠1

𝑡𝑎2 𝑠2



𝑒𝑖𝑛𝑖𝑡 = min
𝑖∈𝐷

𝑒𝑖𝑛𝑖𝑡,𝑖

𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21

𝑞𝑖𝑛𝑖𝑡 = 𝑠𝑖𝑛𝑖𝑡, 𝑒𝑖𝑛𝑖𝑡

𝑠𝑖𝑛𝑖𝑡 = … , 𝑠𝑖𝑛𝑖𝑡,𝑖 , 𝑒𝑖𝑛𝑖𝑡,𝑖 − 𝑒𝑖𝑛𝑖𝑡 , …

𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑠1, 𝑒1 = 𝑞𝑖𝑛𝑖𝑡,1

𝑠2, 𝑒2 = 𝑞𝑖𝑛𝑖𝑡,2
𝑒2

𝑒1

𝑡𝑎1 𝑠1

𝑡𝑎2 𝑠2



𝑒𝑖𝑛𝑖𝑡 = min
𝑖∈𝐷

𝑒𝑖𝑛𝑖𝑡,𝑖

𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21

𝑞𝑖𝑛𝑖𝑡 = 𝑠𝑖𝑛𝑖𝑡, 𝑒𝑖𝑛𝑖𝑡

𝑠𝑖𝑛𝑖𝑡,𝑖 , 𝑒𝑖𝑛𝑖𝑡,𝑖 = 𝑞𝑖𝑛𝑖𝑡,𝑖

𝑠𝑖𝑛𝑖𝑡 = … , 𝑠𝑖𝑛𝑖𝑡,𝑖 , 𝑒𝑖𝑛𝑖𝑡,𝑖 − 𝑒𝑖𝑛𝑖𝑡 , …

𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑠1, 𝑒1 = 𝑞𝑖𝑛𝑖𝑡,1

𝑠2, 𝑒2 = 𝑞𝑖𝑛𝑖𝑡,2
𝑒2

𝑒1

𝑡𝑎1 𝑠1

𝑡𝑎2 𝑠2



𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑡𝑎1

𝑡𝑎2

𝑡

𝑒1 𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21



𝑡𝑎 ∶ 𝑆 → ℝ0,+∞
+

𝑡𝑎 𝑠 = min
𝑖∈𝐷

𝜎𝑖 = 𝑡𝑎𝑖 𝑠𝑖 − 𝑒𝑖

𝜎1

𝜎2

𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21
𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑡𝑎1

𝑡𝑎2

𝑡

𝑒1



𝑡𝑎 ∶ 𝑆 → ℝ0,+∞
+

𝑡𝑎 𝑠 = min
𝑖∈𝐷

𝜎𝑖 = 𝑡𝑎𝑖 𝑠𝑖 − 𝑒𝑖

𝐼𝑀𝑀 𝑠 = 𝑖 ∈ 𝐷 𝜎𝑖 = 𝑡𝑎(𝑠)
𝑠𝑒𝑙𝑒𝑐𝑡(𝐼𝑀𝑀 𝑠 ) = 𝑖∗

𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21

𝜎1

𝜎2

𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑡𝑎1

𝑡𝑎2

𝑡

𝑒1



𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21
𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑡



𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2
𝜆 𝑠 = ൝

𝑍𝑖∗,𝑠𝑒𝑙𝑓 𝜆𝑖∗ 𝑠𝑖∗

∅

𝑖𝑓 𝑠𝑒𝑙𝑓 ∈ 𝐼𝑖∗

𝑖𝑓 𝑠𝑒𝑙𝑓 ∉ 𝐼𝑖∗

𝑡

𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21

𝑦2



𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21
𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑡

𝑠1, 0

𝑠1, 𝑡𝑎1 𝑠1

𝑠2, 𝑒2
𝑠2, 𝑒2 + 𝑡𝑎 𝑠 = 𝑡𝑎2(𝑠2)

𝑠2
′ , 0

𝑡𝑎 𝑠



𝛿𝑖𝑛𝑡 𝑠 = … , 𝑠𝑗
′, 𝑒𝑗

′ , …

𝑠𝑗
′, 𝑒𝑗

′ =

𝛿𝑖𝑛𝑡,𝑗 𝑠𝑗 , 0 𝑓𝑜𝑟 𝑗 = 𝑖∗

? 𝑓𝑜𝑟 𝑗 ∈ 𝐼𝑖∗ ∖ 𝑠𝑒𝑙𝑓

𝑠𝑗 , 𝑒𝑗 + 𝑡𝑎 𝑠 𝑒𝑙𝑠𝑒

𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21
𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑡

𝑠1, 0

𝑠1, 𝑡𝑎1 𝑠1

𝑠2, 𝑒2
𝑠2, 𝑒2 + 𝑡𝑎 𝑠 = 𝑡𝑎2(𝑠2)

𝑠2
′ , 0

𝑡𝑎 𝑠



𝑡

𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2 𝛿𝑖𝑛𝑡 𝑠 = … , 𝑠𝑗
′, 𝑒𝑗

′ , …

𝑠𝑗
′, 𝑒𝑗

′ =

𝛿𝑖𝑛𝑡,𝑗 𝑠𝑗 , 0 𝑓𝑜𝑟 𝑗 = 𝑖∗

𝛿𝑒𝑥𝑡,𝑗 𝑠𝑗 , 𝑒𝑗 + 𝑡𝑎 𝑠 , 𝑍𝑖∗,𝑗 𝜆𝑖∗ 𝑠𝑖∗ , 0 𝑓𝑜𝑟 𝑗 ∈ 𝐼𝑖∗ ∖ 𝑠𝑒𝑙𝑓

𝑠𝑗 , 𝑒𝑗 + 𝑡𝑎 𝑠 𝑒𝑙𝑠𝑒

𝑠1, 𝑒1
𝑠1, 𝑒1 + 𝑡𝑎 𝑠 = 𝑡𝑎1(𝑠1)

𝑠2, 𝑒2
𝑠2, 𝑒2 + 𝑡𝑎 𝑠 ≤ 𝑡𝑎2 𝑠2

𝛿𝑖𝑛𝑡

𝛿𝑒𝑥𝑡

𝑠1
′ , 0

𝑠2
′ , 0

𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21𝑦1

𝑥2



𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21
𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑡

𝑒

𝑒1



𝛿𝑒𝑥𝑡 𝑠, 𝑒 , 𝑥 = … , 𝑠𝑖
′, 𝑒𝑖

′ , …

𝑠𝑖
′, 𝑒𝑖

′ = ቐ
𝛿𝑒𝑥𝑡,𝑖 𝑠𝑖 , 𝑒𝑖 + 𝑒 , 𝑍𝑠𝑒𝑙𝑓,𝑖 𝑥 , 0 𝑓𝑜𝑟 𝑖 ∈ 𝐼𝑠𝑒𝑙𝑓

𝑠𝑖 , 𝑒𝑖 + 𝑒 𝑒𝑙𝑠𝑒

𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

CM

21

𝑦𝑠𝑒𝑙𝑓

𝑋𝐶𝑀

𝑌𝐶𝑀

𝑆1

𝑆2

𝑡

𝑒

𝑒1



𝑆 = ×𝑖∈𝐷 𝑄𝑖

𝑡𝑎 𝑠 = min
𝑖∈𝐷

𝜎𝑖 = 𝑡𝑎𝑖 𝑠𝑖 − 𝑒𝑖

𝐼𝑀𝑀 𝑠 = 𝑖 ∈ 𝐷 𝜎𝑖 = 𝑡𝑎(𝑠)

𝜆 𝑠 = ൝
𝑍𝑖∗,𝑠𝑒𝑙𝑓 𝜆𝑖∗ 𝑠𝑖∗

𝜙

𝑖𝑓 𝑠𝑒𝑙𝑓 ∈ 𝐼𝑖∗

𝑖𝑓 𝑠𝑒𝑙𝑓 ∉ 𝐼𝑖∗

𝛿𝑖𝑛𝑡 𝑠 = … , 𝑠𝑗
′, 𝑒𝑗

′ , …

𝑠𝑖
′, 𝑒𝑖

′ = ቐ
𝛿𝑒𝑥𝑡,𝑖 𝑠𝑖 , 𝑒𝑖 + 𝑒 , 𝑍𝑠𝑒𝑙𝑓,𝑖 𝑥 , 0 𝑓𝑜𝑟 𝑖 ∈ 𝐼𝑠𝑒𝑙𝑓

𝑠𝑖 , 𝑒𝑖 + 𝑒 𝑒𝑙𝑠𝑒

𝑓𝑙𝑎𝑡𝑡𝑒𝑛 𝐶𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡 , 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

𝑒𝑖𝑛𝑖𝑡 = min
𝑖∈𝐷

𝑒𝑖𝑛𝑖𝑡,𝑖

𝑞𝑖𝑛𝑖𝑡 = 𝑠𝑖𝑛𝑖𝑡 , 𝑒𝑖𝑛𝑖𝑡 ∈ 𝑄

𝑠𝑗
′, 𝑒𝑗

′ =

𝛿𝑖𝑛𝑡,𝑗 𝑠𝑗 , 0 𝑓𝑜𝑟 𝑗 = 𝑖∗

𝛿𝑒𝑥𝑡,𝑗 𝑠𝑗 , 𝑒𝑗 + 𝑡𝑎 𝑠 , 𝑍𝑖∗,𝑗 𝜆𝑖∗ 𝑠𝑖∗ , 0 𝑓𝑜𝑟 𝑗 ∈ 𝐼𝑖∗

𝑠𝑗 , 𝑒𝑗 + 𝑡𝑎 𝑠 𝑒𝑙𝑠𝑒

𝑋 = 𝑋𝐶𝑀
𝑌 = 𝑌𝐶𝑀

𝑠𝑖𝑛𝑖𝑡,𝑖 , 𝑒𝑖𝑛𝑖𝑡,𝑖 = 𝑞𝑖𝑛𝑖𝑡,𝑖

𝑠𝑖𝑛𝑖𝑡 = (… , 𝑠𝑖𝑛𝑖𝑡,𝑖 , 𝑒𝑖𝑛𝑖𝑡,𝑖 − 𝑒𝑖𝑛𝑖𝑡 , … )

𝑄 = 𝑠, 𝑒 𝑠 ∈ 𝑆, 0 ≤ 𝑒 ≤ 𝑡𝑎(𝑠)

𝑖∗ = 𝑠𝑒𝑙𝑒𝑐𝑡(𝐼𝑀𝑀 𝑠 )

𝛿𝑒𝑥𝑡 𝑠, 𝑒 , 𝑥 = … , 𝑠𝑖
′, 𝑒𝑖

′ , …



Applications of DEVS
DEVS in practice





http://irh.inf.unideb.hu/user/jsztrik/education/09/english/3f.html



http://irh.inf.unideb.hu/user/jsztrik/education/09/english/3f.html







𝑐𝑜𝑠𝑡 = 10 × #𝑙𝑖𝑔ℎ𝑡𝑠 + 𝑎𝑣𝑔(𝑡𝑡𝑟𝑎𝑣𝑒𝑙)



Generator StatisticsQueue

Notifier

Poller

…

Queue

Notifier

Poller

…



Custom Atomic DEVS Models
Extending a DEVS repository



𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

𝑋 : set of input events

𝑌 : set of output events

𝑆 : set of sequential states

𝑞𝑖𝑛𝑖𝑡 : 𝑄
𝑄 = 𝑠, 𝑒 𝑠 ∈ 𝑆, 0 ≤ 𝑒 ≤ 𝑡𝑎(𝑠)

𝛿𝑖𝑛𝑡 : 𝑆 → 𝑆
𝛿𝑒𝑥𝑡: 𝑄 × 𝑋 → 𝑆
𝜆 : 𝑆 → 𝑌 ∪ 𝜙
𝑡𝑎 : 𝑆 → ℝ0,+∞

+

Atomic DEVS Specification



𝑀 = 𝑋, 𝑌, 𝑆, 𝑞𝑖𝑛𝑖𝑡, 𝛿𝑖𝑛𝑡, 𝛿𝑒𝑥𝑡, 𝜆, 𝑡𝑎

𝑋 : set of input events

𝑌 : set of output events

𝑆 : set of sequential states

𝑞𝑖𝑛𝑖𝑡 : 𝑄
𝑄 = 𝑠, 𝑒 𝑠 ∈ 𝑆, 0 ≤ 𝑒 ≤ 𝑡𝑎(𝑠)

𝛿𝑖𝑛𝑡 : 𝑆 → 𝑆
𝛿𝑒𝑥𝑡: 𝑄 × 𝑋 → 𝑆
𝜆 : 𝑆 → 𝑌 ∪ 𝜙
𝑡𝑎 : 𝑆 → ℝ0,+∞

+

Atomic DEVS Specification



Pattern 1: Ignore an Event

X



Pattern 1: Ignore an Event

0.1 seconds

later

X Y



Pattern 1: Ignore an Event

𝑡𝑎(𝑠𝑖)



Pattern 1: Ignore an Event

𝑡𝑎(𝑠𝑖)



Pattern 1: Ignore an Event

𝑡𝑎(𝑠𝑖′)𝑒

𝑡𝑎 𝑠𝑖′ = 𝑡𝑎 𝑠𝑖 − 𝑒



Pattern 1: Ignore an Event

class RailwaySegmentState():

def __init__(self):

self.timer = INFINITY

class RailwaySegment(AtomicDEVS):

def extTransition(self, inputs):

self.state.timer -= self.elapsed

…

def timeAdvance(self):

return self.state.timer



Pattern 2: Simulated Time

𝑥 seconds

later

𝑡 = 𝑏 𝑡 = 𝑏 + 𝑥



Pattern 2: Simulated Time

𝑥 seconds

later

𝑡 = 𝑏 𝑡 = 𝑏 + 𝑥

𝑡𝑡𝑟𝑎𝑛𝑠𝑖𝑡 = 𝑥



Pattern 2: Simulated Time

𝑥 seconds

later

𝑡 = 𝑏 𝑡 = 𝑏 + 𝑥

𝑡𝑡𝑟𝑎𝑛𝑠𝑖𝑡 = 𝑥

𝑡 = ?



Pattern 2: Simulated Time

𝑡𝑠𝑖𝑚 = 𝑥



Pattern 2: Simulated Time

𝑡𝑎(𝑠𝑖)

𝑡𝑠𝑖𝑚 = 𝑥



Pattern 2: Simulated Time

𝑡𝑎(𝑠𝑖)

𝑡𝑠𝑖𝑚 = 𝑥

𝑡𝑠𝑖𝑚 = 𝑥 + 𝑡𝑎 𝑠𝑖



Pattern 2: Simulated Time

𝑒

𝑡𝑠𝑖𝑚 = 𝑥



Pattern 2: Simulated Time

𝑒

𝑡𝑠𝑖𝑚 = 𝑥

𝑡𝑠𝑖𝑚 = 𝑥 + 𝑒



Pattern 2: Simulated Time

class GeneratorState:

def __init__(self):

self.t_sim = 0.0

…

class Generator(AtomicDEVS):

def __init__(self):

self.state = GeneratorState()

…

def intTransition(self):

self.state.t_sim += self.timeAdvance()

…

def extTransition(self, inputs):

self.state.t_sim += self.elapsed

…   



Pattern 3: Multiple Timers



Pattern 3: Multiple Timers

𝑡𝑡𝑟𝑎𝑖𝑛

𝑡𝑞𝑢𝑒𝑟𝑦

?

𝑡𝑎(𝑠𝑖)



Pattern 3: Multiple Timers

𝑡𝑡𝑟𝑎𝑖𝑛

𝑡𝑞𝑢𝑒𝑟𝑦

?

𝑡𝑎(𝑠𝑗)𝑡𝑎(𝑠𝑖)



Pattern 3: Multiple Timers

𝑡𝑡𝑟𝑎𝑖𝑛

𝑡𝑞𝑢𝑒𝑟𝑦

?

𝑡𝑎(𝑠𝑗)



Pattern 3: Multiple Timers

class RailwaySegmentState:

def __init__(self):

self.t_query = INFINITY

self.t_train = INFINITY

class RailwaySegment(AtomicDEVS):

def timeAdvance(self):

return min(self.state.t_query, \

self.state.t_train)

def extTransition(self, inputs):

self.state.t_query -= self.elapsed

self.state.t_train -= self.elapsed

…

…

def intTransition(self):

self.state.t_query -= self.timeAdvance()

self.state.t_train -= self.timeAdvance()

if (self.state.t_query == 0):

… # process query

elif (self.state.t_train == 0):

… # process train



Pattern 4: Statistics Gathering

[1815.7; 1901.1; 1801.4; 1867.3; 1911.8; 1846.4; 1844.3; 1873.5; …]

𝑛 trains = 𝑛 doubles = 8𝑛 bytes



Pattern 4: Statistics Gathering

[1815.7; 1901.1; 1801.4; 1867.3; 1911.8; 1846.4; 1844.3; 1873.5; …]

𝑠𝑢𝑚 =

𝑖

𝑡𝑡𝑟𝑎𝑣𝑒𝑙 = 36,902,140.45

𝑐𝑜𝑢𝑛𝑡 = 𝑎𝑟𝑟𝑖𝑣𝑎𝑙𝑠 = 20,000

𝑎𝑣𝑔 =
𝑠𝑢𝑚

𝑐𝑜𝑢𝑛𝑡

𝑛 trains = 𝑛 doubles = 8𝑛 bytes

𝑛 trains = 1 double + 1 long long int = 16 bytes



Pattern 4: Statistics Gathering

class CollectorState():

def __init__(self):

self.counter = 0

self.accum = 0.0

self.t_sim = 0.0

class Collector(AtomicDEVS):

def extTransition(self, inputs):

left = inputs[self.train].left

transit = self.state.t_sim – left

self.accum += transit

self.counter += 1



Pattern 5: Complex State/Event

𝑆 𝑋, 𝑌



Pattern 5: Complex State/Event

𝑆 𝑋, 𝑌

𝑆 = 𝑡𝑖𝑚𝑒𝑟𝑡𝑟𝑎𝑖𝑛, 𝑡𝑖𝑚𝑒𝑟𝑞𝑢𝑒𝑟𝑦 , 𝑣𝑡𝑟𝑎𝑖𝑛, 𝑡𝑡𝑟𝑎𝑖𝑛, 𝑎𝑡𝑟𝑎𝑖𝑛 𝑡𝑖𝑚𝑒𝑟𝑡𝑟𝑎𝑖𝑛 ∈ ℝ+, …

𝑋, 𝑌 = 𝑡, 𝑣, 𝑎 𝑡 ∈ ℝ+, … ∪ query ∪ 𝑐𝑜𝑙𝑜𝑢𝑟 𝑐𝑜𝑙𝑜𝑢𝑟 ∈ 𝑟𝑒𝑑, 𝑔𝑟𝑒𝑒𝑛



Pattern 5: Complex State/Event

class Train:

def __init__(self, t, a):

self.t = t

self.a = a

self.v = 0.0

class Query:

def __init__(self):

pass

class QueryAck:

def __init__(self, colour):

self.colour = colour

class RailwaySegmentState:

def __init__(self):

self.train = None

class RailwaySegment(AtomicDEVS):

def __init__(self):

self.state = RailwaySegmentState()

…

def extTransition(self, inputs):

…

self.state.train = inputs[self.train_in]

…



Conclusion

http://msdl.cs.mcgill.ca/projects/PythonPDEVS

http://msdl.cs.mcgill.ca/projects/PythonPDEVS

