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Mission-time Linear Temporal Logic (MLTL)

• LTL over finite traces with bounded temporal operators 

• Set of atomic propositions  

• Logical operators: , , , 

p, q ∈ 𝒜𝒫
¬ ∧ ∨ →
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• MLTL monitoring problem: Given an MLTL formula  and trace , 
compute the value of  for each  such that .

φ π
π, τ ⊧ φ τ 0 ≤ τ < |π |
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• Require: MLTL monitoring algorithm that maximizes throughput. 

• Fast CPU Operations: Bitwise ( ) 

• Slow* CPU Operations: Arithmetic ( ), Branching

∼ , & , | , ̂, ≫ , ≪

× , ÷
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• Function : 

• Input: MLTL formula , trace  

• Output: Bit-vector  of width , where each bit 
represents whether 

bv(φ, π)
φ π

b |π | b[i]
π, i ⊧ φ
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• Function : 

• Input: MLTL formula , trace  

• Output: Bit-vector  of width , where each bit 
represents whether 

bv(φ, π)
φ π

b |π | b[i]
π, i ⊧ φ

 where 





bv(p, π) = b b[i] = (p ∈ π[i])

bv(¬φ, π) = ∼ bv(φ, π)

bv(φ ∧ ψ, π) = bv(φ, π) & bv(ψ, π)
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• MLTL Satisfiability Problem: Given a formula , determine 
if there exist a trace  and time  such that .

φ
π τ π, τ ⊧ φ
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• MLTL Satisfiability Problem: Given a formula , determine 
if there exist a trace  and time  such that .

φ
π τ π, τ ⊧ φ

∃π . bv(φ, π) > 0

45

• For each proposition  in formula , declare uninterpreted 
bit-vector  of width . 

• sum of upper bounds of temporal ops in . 

• . 

• Check if  is SAT, where .

pi φ
bpi

cplen(φ)
cplen(φ) ≃ φ
cplen(◊[0,3]◊[0,2]p) = 5 + 1 = 6

bv (φ, π) bv(pi, π) = bpi
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• MLTL Online Monitoring: Trace is not given up-front, each 
proposition is a never-ending stream of inputs. 

• Buffer values of , treat this buffer as , evaluate . 

• Shift in new values of , re-evaluate , repeat.
p π bv(φ, π)

p bv(φ, π)

p
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• MLTL Online Monitoring: Trace is not given up-front, each 
proposition is a never-ending stream of inputs. 

• Buffer values of , treat this buffer as , evaluate . 

• Shift in new values of , re-evaluate , repeat. 

• Let , assume we evaluate  verdicts at a time.
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• Let , assume we evaluate  verdicts at a time.

p π bv(φ, π)
p bv(φ, π)

φ = ◊[0,2]p n = 4
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• MLTL Online Monitoring: Trace is not given up-front, each 
proposition is a never-ending stream of inputs. 

• Buffer values of , treat this buffer as , evaluate . 

• Shift in new values of , re-evaluate , repeat. 

• Let , assume we evaluate  verdicts at a time.

p π bv(φ, π)
p bv(φ, π)

φ = ◊[0,2]p n = 4



Implementation
Stream Analyzer via Bitwise Reasoning
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MLTL 
Formula C Program

Input Stream

Output Stream



Experimental Setup

• Took 5 pattern-instantiated MLTL formulas with interval 
sizes from 10 to 30. 

• Generated random traces of length 1,000,000. 

• Ran each tool over each formula/trace pair 10 times and 
took the median throughput (total time/verdicts computed) 

• Competition: 
• R2U2: Online, real-time MLTL Monitor 
• Hydra: Offline MTL Monitor
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Experimental Setup
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Name Formula

Future

Until

Min 
Duration

Between

Precedence 
Chain

◊[0,10]p

p𝒰[0,10]q

p ∨ ((¬p𝒰[0,10]p) ∨ □[0,10] ¬p)

(q ∧ □[0,10] ¬r ∧ ◊[10,30]r) → ((¬r𝒰[10,20](p ∧ ¬r)) ∨ □[10,20] ¬p)

◊[10,10](q0 ∧ ◊[0,5](q1 ∧ ◊[0,5]q2 ∧ (◊[0,5]q3))) → ◊[0,10]p
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R2U2
Hydra
SABRe
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R2U2
Hydra
SABRe

10.52x faster than R2U2 4.96x faster than Hydra
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R2U2
Hydra
SABRe

10.52x faster than R2U2 4.96x faster than Hydra

Raw input



62

Nate Server

Client A

Client B

Client C

1TB Log

verdicts

SABRe enables high-throughput 
monitoring of MLTL formulas. 

Request

Grant/Reject

rvcd
grant
reject

verdicts



Summary
• Defined a bit-vector encoding for MLTL formulas and traces. 

• Applied the encoding to the MLTL monitoring and 
satisfiability problems. 

• Implemented monitoring algorithm in the new tool SABRe. 

• Experimental evaluation shows superior throughput compared 
to state-of-the-art online MLTL monitors (10x higher).
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◊[0,1000]p
◊[0,1023]p

◊[0,5000]p
◊[0,10000]p
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