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HIPPO AN ENGINE FOR FIACRE
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TINA

Modelling based on a Time extension of Petri 
nets (TPN), with priorities, etc.

Historically: checking protocols ; hardware (now 
SoC) ; architecture exploration ; etc.

Toolbox with multiple abstraction and 
verification methods
 Reachability analysis
 Simulation
 Model-checking using different temporal logics

http://projects.laas.fr/tina/home.php

http://projects.laas.fr/tina/home.php


FIACRE ET H-FIACRE

Think of Fiacre as TPN with 
datatypes (arrays, structs, fifo
queues, …) and components ⇒ it 
generates TTS

Hippo adds operators for 
“runtime” tasks and events ⇒
generates executable code 

http://projects.laas.fr/fiacre/home.php

http://projects.laas.fr/fiacre/home.php


H-FIACRE BEHAVIOR IN FIACRE
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RUNTIME ENGINE
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The runtime is implemented on Linux (better 
with PREEMPT_RT) and uses POSIX services 
with SCHED_FIFO (∼ fixed priority scheduler) 



DINO TUTORIAL
https://gitlab.laas.fr/pehladik/hippo/-/tree/tutorial/software/engine/tutorial

https://gitlab.laas.fr/pehladik/hippo/-/tree/tutorial/software/engine/tutorial
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DINO TUTORIAL: WRITE H-FIACRE MODEL

POSIX Xenomai

Fiacre 
Model

Exec

frac-Hippo

structures 
of the tts

data and guard 
functions

hippo library

functional 
treatments

gcc
C files

programmer



DINO TUTORIAL: MODEL
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DINO TUTORIAL: MODEL

manager

start t_init()

sync t_init

start t_ww()

sync t_ww

e_key?key

key = 1

key = 2

key = 3

start t_send(msg)

sync t_send

isPeriodic := true
isCrashed := false

isCrashed := truemsg := msg_start

msg := msg_restart

msg

isPeriodic := true
isCrashed := false

isCrashed

isPeriodic



DINO TUTORIAL: FUNCTION
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DINO TUTORIAL: EXECUTION AND PERFORMANCE



DINO TUTORIAL: DUAL CORE PERFORMANCE



DINO TUTORIAL: VERIFICATION
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DINO TUTORIAL: VERIFICATION
ADD TEMPORAL PARAMETERS



DINO TUTORIAL: VERIFICATION
GENERATE TASK BEHAVIOR MODEL



DINO TUTORIAL: VERIFICATION
ADD SCHEDULER



DINO TUTORIAL: VERIFICATION
CHEAT CODE: WORLD BEHAVIOR



DINO TUTORIAL: VERIFICATION
STATE SPACE CONSTRUCTION



DINO TUTORIAL: VERIFICATION
PROPERTY TO CHECK
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IF T then not T before R

[](T => (() (-T U R) )



DINO TUTORIAL: VERIFICATION
WHERE’S WALLY?

R = p__task__t__read_1_t7_reader_1_t2

T = trainer_1_t2

reader

trainer

periodReader

periodTrainer

wsData

t_read



DINO TUTORIAL: VERIFICATION
AND NOW !



DINO TUTORIAL: VERIFICATION
WHERE’S (REAL) WALLY?

t_send

t_read

wsData nwsData n-1 wsData n+1 wsData n+2
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p__task__t__send_1_t5

p__task__t__read_1_t4

… and only after starting!



DINO TUTORIAL: VERIFICATION
WHERE’S (REAL) WALLY?

t_send

t_read
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DINO TUTORIAL: VERIFICATION
AND A SHORT EXPLANATION



HOW TO SAY GENOM IN H-FIACRE
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WHY MIX ROBOTICS AND FORMAL METHODS

 Formal verification is one approach, among others, to increase the trust we have in 
robotic systems 

Already used in many critical domains 
 with safety standards: transport, energy, … and without: space, military, etc. 

 It does not solve “all the problems”
 but it is a step in the right direction, and it is very good at challenging

preconceived ideas
 It can be integrated in existing frameworks



GENOM : GENERATOR OF MODULES

Answer the question: how do you program these ?

Used and developed by the RIS team, at LAAS, for the last 25 years



GENOM ARCHITECTURE

Development cycle Module structure



GENOM (MODULES)



GENOM (CODE)



GENOM (CODE)

scan task of the velodyne module



GENOM EXECUTABLE TOOLCHAINS
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RMP440: MINNIE
• Segway RMP 440
• Fast (up to 8 m/s)
• GPS ; Gyro ; IMU ; Velodyne LIDAR
• 2 recent CPUs (4 cores)



DRONE
Motion Capture localization

IMU (angular velocities and accelerations)

Control each propeller velocity separately

Only 1 CPU 

Update frequency is ∼ 1kHz



SOME INTERESTING CHARACTERISTICS OF GENOM
It is opinionated

Impose a rather “rigid/strict” way to define components, with little room for fooling/messing around. 
“Everything is here”, as little magic as possible

It relies on a templating mechanism to generate all the artifacts

It is explicit about error handling and possible failure scenarios

It is middleware independent

It uses explicit constructs to express real-time constraints and requirements: tasks, periods, 
WCET, etc. 

Behavioral description based on state machines and synchronization on ports

+

+

+

+



GENOM-HIPPO TOOLCHAIN
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GENOM TO H-FIACRE

The interpretation of GenoM into Fiacre is quite precise
 We get the state of each execution task and activities
 We know what messages are exchanged/stored in the IDS 
 We track every timing constraints (timeouts, periods, activations, …)

It only lacks knowledge about the behavior of codels



MINNIE
https://youtu.be/vXZiW5tOG54

https://youtu.be/vXZiW5tOG54


CONTROLLING MINNIE WITH HIPPO

 The GenoM spec for Minnie compiles into a Hippo model with 197 tasks, 9 
event ports, 441 extern functions, 1780 (Petri) transitions
Hippo runs the whole experiment at 10 kHz in one process 
 The load is ≈ 5-10% above normal GenoM usage, without noticeable 
slowdown 

 We report task period overshoots
 We detect possibly uninitialized port reads



OFFLINE VERIFICATION FOR MINNIE

 Schedulabity: it is an invariant, [] – task_overshoot
 We can take into account the number of cores (we found scheduling errors when using the 

Velodyne component with less than 3 cores)

 Mutual Exclusion: (also a safety property)

 Delay to Stop: example of quantitative property
 We found a WCRT of 141 ms (85 cm before we brake),
 To be compared with a WCET of 43 ms for the slowest codel



WHAT DID WE DO WITH ALL THIS?

We used it to check and “run” GenoM specifications 

We checked properties, “offline” 

A validation of the Hippo Engine
 We check that runtime executions ⊆ traces in the formal model

An empirical analysis of the Hippo Engine 

We checked properties, online

(does it run ?)

(is it true that … ?)

(can we trust it ?)

(does it scale well ?)

(can we monitor it ?)



HIPPODRONE
https://youtu.be/3Ok_c-ATY8I

https://youtu.be/3Ok_c-ATY8I


STUDENT LAB WORK: COLORTRACK-ROBOT

 Provides a service to track a given color (rgb) in 
the image

 Use simple OpenCV primitives to find the 
coordinates (x,y) of the barycenter of the color
in the image

 Computes a speed command (vx, wz) to keep 
position (x,y) centered in the image

 Exports the speed in a CmdPort

https://hub.docker.com/r/felixfi/hippo-ct-robot

https://hub.docker.com/r/felixfi/hippo-ct-robot


CONCLUSION

 Operational examples
 Observation of how a roboticist uses formal verification tools
 Confrontation of approaches (formal, real-time, robotics)

[Future] New Tools
Debuger
Micro[controller]-engine
Monitoring
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