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1.Never injure humans. 2.Obey orders. 3.Protect  yourself

Specification Intermediate 
Representation

Executable 
Monitor

0101001011 
0101011001 
0011001001 
0011000011 
1001000111

~3x speed-up 
[1]

~70x speed-up 
[2]

[1] Automa#c Op#miza#ons for Stream-based Monitoring Languages. RV 2020 
[2] Verified Rust Monitors for Lola Specifica#ons. RV 2020 
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1.Never injure humans. 2.Obey orders. 3.Protect  yourself

Specification Intermediate 
Representation

Executable 
Monitor

Executable 
Monitor

01100101 
01010110 
00110010 
00110000

01010110 
00110010 
00110000 
Data: 
10011101 
01010111 
00100110 Sp

ec

Interpreter

Struct Monitor{ 
  a: Input 
  . . . 
}

Rust 
Monitor

Compiler



input acc: Float64

output acc_check := acc > 10.5

trigger acc_check.offset(by: -1).defaults(to: false) ∧ acc_check ∧ 
acc.offset(by: 1).defaults(to: false) “consecutive_violation”

LOLA BY EXAMPLE
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acc_check

trigger

acc

RTLola Cleared for Take-Off: Monitoring Autonomous Aircra?. CAV 2020 



THREE PHASES

7 PREFIX MONITOR LOOP

while let Some(…) 
    = get_input() { 
  
 
  ∧ check_acc0 
  ∧ 
 
}

POSTFIX

fn prefix() { 
  false 
  ∧ check_acc0 
  ∧ check_acc+1 
}

fn postfix() { 
 check_acc-1 
  ∧ check_acc0 
  ∧ false 
}if pos < n then check_acc+1 

                       else false

if pos > 0 then check_acc-1 
                    else falsecheck_acc-1

check_acc+1

I. ERADICATE MOST CONDITIONALS 
II. REPLACE MEMORY ACCESSES WITH CONSTANTS



63ns 
(~24 x speed up)

EVALUATION
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Interpreter  

Compilation

438ns

6ns  
(73 x speed up)

1.535μs
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vel

acc

acc-check1

acc-check2

trigger

acc

trigger

1s 2s 3s

Real-time

Asynchrony



input acc: Float64
input vel: Float64

output acc_check_1 := acc < 1.0 
output acc_check_2 := acc < 1.5
trigger if vel < 10.0 then acc_check_1 else acc_check_2

 

RTLOLA BY EXAMPLE
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‣ If the current velocity is above 10 m/s, the accelera8on must stay below 1 m/s2  

‣ Otherwise an accelera8on of up to 1.5 m/s2 is possible



PACING TYPES
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input acc: Float64
input vel: Float64

output acc_check_1 := acc < 1.0 
output acc_check_2 := acc < 1.5
trigger if vel < 10.0 then acc_check_1 else acc_check_2

acc

acc

vel

acc

vel∧acc

vel∧acc

vel∧acc

vel

acc

acc-check1

acc-check2

trigger

STATIC ELIMINATION OF UNNECESSARY COMPUTATIONS
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Sparse Conditional 
Constant Propagation

Pacing Type 
Refinement

3x speed up 2x speed up

10 Baumeister et al.
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Fig. 1: From left to right, the graphs show the impact of SCCP, Pacing Type

Refinement, Filter Refinement without, and with pre-existing filters. Red boxes

are the running time before applying the respective transformation, blue after,

and green by additionally applying CSE.

steps. In our example, this produces an overhead that is higher than the perfor-

mance benefits gained by adding filters. The last graph in Fig. 1 shows the results

for a specification like that for the same input trace. Here, the transformation

reduces the execution time by about 30%.

When now also applying the CSE as well, 27 filter conditions and one if

condition can be summarized in a common subexpression. This yields another

5% performance gain as can be seen in the last two graphs in Fig. 1.

6 Conclusion

Since the safety of the monitored system rests on the quality of the monitoring

specification, it is crucially important that specifications are easy to understand

and maintain. The code transformations presented in this paper contribute to-

wards this goal. By taking care of performance considerations, the transforma-

tions help the user to focus on writing clear specifications.

Monitoring languages are, in many ways, similar to programming languages.

It is therefore not surprising that classic compiler optimization techniques like

Sparse Conditional Constant Propagation and Common Subexpression Elimi-

nation are also useful for monitoring. Especially encouraging, however, is the

effect of our new Pacing Type and Filter Refinements. In our experiments, the

transformations improved the performance of the monitor as much as threefold.

This could be a starting point for a new branch of runtime verification research

that, similar to the area of compiler optimization in programming language the-

ory, focusses on the automatic transformation and optimization of monitoring

specifications.

In future work, our immediate next step is to integrate further common

code transformations into our framework. We will also investigate the interplay

between the different transformations and develop heuristics that choose the

best transformations for a specific specification. A careful understanding of the

impact on the monitoring performance is especially needed for transformations

that prolong the evaluation order, such as Common Subexpression Elimination

and Filter Refinement.
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steps. In our example, this produces an overhead that is higher than the perfor-

mance benefits gained by adding filters. The last graph in Fig. 1 shows the results

for a specification like that for the same input trace. Here, the transformation

reduces the execution time by about 30%.

When now also applying the CSE as well, 27 filter conditions and one if

condition can be summarized in a common subexpression. This yields another

5% performance gain as can be seen in the last two graphs in Fig. 1.

6 Conclusion

Since the safety of the monitored system rests on the quality of the monitoring

specification, it is crucially important that specifications are easy to understand

and maintain. The code transformations presented in this paper contribute to-

wards this goal. By taking care of performance considerations, the transforma-

tions help the user to focus on writing clear specifications.

Monitoring languages are, in many ways, similar to programming languages.

It is therefore not surprising that classic compiler optimization techniques like

Sparse Conditional Constant Propagation and Common Subexpression Elimi-

nation are also useful for monitoring. Especially encouraging, however, is the

effect of our new Pacing Type and Filter Refinements. In our experiments, the

transformations improved the performance of the monitor as much as threefold.

This could be a starting point for a new branch of runtime verification research

that, similar to the area of compiler optimization in programming language the-

ory, focusses on the automatic transformation and optimization of monitoring

specifications.

In future work, our immediate next step is to integrate further common

code transformations into our framework. We will also investigate the interplay

between the different transformations and develop heuristics that choose the

best transformations for a specific specification. A careful understanding of the

impact on the monitoring performance is especially needed for transformations

that prolong the evaluation order, such as Common Subexpression Elimination

and Filter Refinement.
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