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Abstract—The European-funded HAL4SDV project aims to
advance European solutions in software-defined vehicles by
introducing a hardware abstraction layer positioned between
executed software and execution units. HAL4SDV includes over
60 partners across 12 countries and receives funding within the
Chips Joint Undertaking under Horizon Europe since April 2024
and is coordinated by TTTech Computertechnik. The proposed
hardware abstraction layer includes safety-critical scheduling
and platform deployment of software tasks, and is motivated by
the requirement for abstracted hardware with unified interfaces
in centralized automotive architectures.

This work presents a correct-by-construction workflow which
is developed by academic partners to schedule and deploy peri-
odic software tasks onto diverse execution units. The workflow
facilitates the execution of the same task stack on multiple
unit architectures and consists of a task model and scheduling
algorithm, which is followed by platform deployment for diverse
hardware units, ensuring safe execution. In this multi-partner
project, a bandwidth regulation unit for hardware accelerators
and a RISC-V-based multicore system with tightly coupled
memories are used as target platforms.

A RoboRacer driving stack is chosen for evaluation, showing
the viability of our workflow to schedule autonomous driving
functions. To show generalization capability, synthetic task sets
are additionally used to validate our deployment workflow.

Index Terms—Real-time Scheduling, Platform Deployment,
Memory Bounding Unit, RISC-V, HAL4SDV

I. INTRODUCTION

Modern automotive vehicles observe a trend towards a
centralized electric/electronic (E/E) architecture. This trend
is motivated by the requirements from powerful multi-sensor
functionality and the development of advanced software func-
tionality [1]. Heterogeneous execution units are deployed
inside these centralized execution platforms [2], supporting
advanced driver assistance systems (ADAS) [3], [4], machine
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learning based tasks like driver fatigue monitoring [5], and
infotainment tasks in mixed-criticality systems [6].

This centralized E/E architecture facilitates the deployment
of a hardware abstraction layer (HAL) to decouple hardware
and software development [7]. The European research project
Hardware Abstraction Layer for Software-Defined Vehicles
(HAL4SDV) brings together more than 60 partners from 12
countries to collaborate on a unified HAL specification, con-
tribute building blocks, and implement demonstrations [8].
One feature of the HAL is a reliable task scheduling and de-
ployment method. International standards like ISO 26262 ne-
cessitate (timing) isolation between tasks, which is facilitated
and guaranteed by supporting operating systems and hard-
ware modules [9]. Schedulers using a correct-by-construction
paradigm, and memory bounding units are deployed to support
this isolation. Furthermore, phased execution is used to reduce
timing interference between tasks by limiting the memory
access of execution units. Configuring these memory units via
a scheduler gives an upper bound on task latency.

A tool chain consisting of a task model and scheduler
[10] and a deployment tool for a bandwidth regulation unit
for custom accelerators [11], as well as for a RISC-V-based
phased execution platform with tightly coupled memories
[12], is developed in this multi-partnered collaboration in
the context of the HAL4SDV project. This scheduling and
deployment toolchain implements the correct-by-construction
paradigm by providing an end-to-end solution.

As a testbed, we employ the 1:10 autonomous racing
vehicles used in the RoboRacer competition [13], previously
known as Fltenth. This project was born to research au-
tonomous driving (AD) in racing contexts and is backed
by a large research community. Races and competitions are
frequently held at academic conferences, allowing for easy
comparison between works on a unified testbed. RoboRacer
provides an intermediate step for prototyping AD stacks before
scaling to full-scale cars, which represents a reality-adjacent
use case that brings designs to real-world driving vehicles.

In this work, we present the results from our academic
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cooperation in the context of the HALASDV project. We
introduce an end-to-end toolchain of scheduler and platform
deployment. The rest of this paper is structured as follows:

« We give a short overview of HAL4SDV and position
this multi-partner collaboration in the project context
(Section II).

o We introduce the used scheduling algorithm (Section III)
and target platforms (Section IV, Section V).

« We provide an overview of the used evaluation in the
form of a RoboRacer driving stack and generated syn-
thetic task sets for generalizability (Section VI).

II. OVERVIEW

This multi-partner collaboration is part of the European-
funded HAL4SDV project. In Section II-A, we give the context
of the project. We explain the project structure in Section II-B
and present an overview of the collaboration in Section II-C.

A. Context

The Software-Defined Vehicle (SDV) represents the shift
from vehicle hardware as the unique selling point towards
the software becoming the differentiating factor. This vehicle
architecture aims to decouple software from physical com-
ponents, enabling over-the-air (OTA) updates and lifecycle
optimization through software. Shifting automotive architec-
tures to SDVs enables the easier implementation of advanced
driver assistance systems (ADAS) and other compute-intensive
software components [8].

Additionally, SDV development and research aim to de-
couple software and hardware development, resulting in the
requirement to introduce a hardware abstraction layer (HAL).
This HAL aims to provide a standardized software interface
that separates higher-level applications from the vehicle’s
computing platform. In the vehicle architecture, the HAL
additionally abstracts sensors, actuators, and processing units
by unifying APIs and interfaces. This allows application
software to run independently of the hardware used, improving
portability and future updates. This layer further aims to
simplify system integration and accelerate deployment, as well
as the reuse of software modules [8].

B. HALASDV Project

The HAL4SDV project aims to drive European innovation
in next-generation software-defined vehicles by establishing
unified software interfaces and development methodologies
that decouple software from specific hardware platforms.
Through this approach, HAL4SDV seeks to enable flexible
and scalable software configuration for both safety-critical and
non-safety-critical vehicle functions, laying the foundation for
software-defined vehicles. The project aims to pioneer new
methods, technologies, and processes for future vehicle devel-
opment and makes use of advancements in microelectronics,
communication technologies, software engineering, and artifi-
cial intelligence. Systems, Safety, Security, and Software are
defined as the main pillars of the project. HAL4SDV aspires to
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Fig. 1: Collaboration Structure. HM2GP [10] is used to generate schedules.
Generated schedules are deployed onto memory bandwidth regulators [11] or
RISC-V-based DMA engines [12].

shape the future of intelligent, adaptable, and secure automo-
tive systems in Europe. The consortium comprises 53 partners
and 9 associated partners from 12 countries, is coordinated by
TTTech Computertechnik AG, and started in April 2024 with
a funding period of three years. HAL4SDV is expected to
conclude in April 2027. The scientific research in HAL4SDV
is organized into six transversal activities (TAs). These are
TA-A: HW/SW Abstraction, TA-B: API and Interfaces, TA-C:
Mixed Criticality Integration, TA-D: Cybersecurity Integra-
tion, TA-E: Process Development Tools, and TA-F: Integration,
Testing, Simulation Tools. Each transversal activity represents
one collection of research topics relevant to software-defined
vehicles. Our collaboration is positioned at the intersection of
TA-A and TA-C and provides a mature workflow and use case
evaluation of scheduling and deployment of tasks in mixed-
criticality systems [8], [14].

C. This Collaboration

Our collaboration is positioned at the intersection of the
application layer and the middleware layer, as well as at
the intersection of hardware, virtualization, and the operating
system. We combine the phased execution model and sched-
uler HM2GP [10] with the automatic deployment of these
schedules onto a bandwidth regulator for custom accelerators
[11] and a RISC-V-based phased execution platform [12].

We target the Systems and Software pillars of the project
directly and capture the Safety pillar through a correct-by-
construction approach. Our workflow implements a vertical
slice with a model instance consisting of tasks, units, and
resources as the input and an output consisting of a con-
figuration, as well as deployment onto our hardware units.
Fig. 1 shows the structure of this collaboration. A platform
description as a set of execution units ¢/ as well as the shared
resources R goes into building a cost function for a simulated
annealing solver. Additionally, the task set 7 for the current
execution mode is used to generate the cost function. The
result in the form of the start times, job versions, and execution
units is extracted from the optimized 7T vector. These are
then forwarded together with the execution unit and resource
description to the deployment. In the deployment component,
the scheduler’s outputs are mapped onto the target hardware
units by generating configuration files for either the bandwidth
regulator or DMA engines, respectively. Our collaboration thus



TABLE I: Model Components [10]

Model component Description

T={r|ie[0,N1)} Task set

U ={u; |ie[0,Ny)} Unit set
}

R:{Ti‘ie[o’NR)
D:T—-Qtuyg

Resource set

Task period

~v:T —[0,1] Allowed Slack
My : T — P(N) nth execution mode description
CYe ot WCET estimation of task t;, version v

Access phase of task t;, version v
Mem. bounds for acc. phases of 7;, vers. v

AY:R—PQ*)
BY: R — [0,1]147 ()

PY T — P(Q") Precedence constraints of task ¢;, version v
vy cu Valid exec. units for task ¢;, version v
tp Hyperperiod

0; : T — [0,tp) jth start time (job start)

Xj: T —[0,Ny) Chosen version for jth job

¢; T — [0,Ny) Chosen execution unit for jth job

acts as an adaptation mechanism in modeling real-world exe-
cution platforms (from [11], [12]) and subsequently generates
platform deployment configuration from model instances.
This deployment and the adaptation module between the
scheduler and hardware units are the main contributions of our
collaboration inside the HAL4SDV project. An introduction
of the scheduler is provided in Section III, followed by an
overview of the memory bandwidth regulator (Section IV)
and the phased execution platform (Section V) as well as the
corresponding platform architectures. Throughout this paper,
we highlight the collaboration points and interfaces in italics.

III. TASK SCHEDULING

The used scheduler is an extension of HM2GP [10].
HM2GP supports the modeling of heterogeneous execution
units, multiple shared resources, multi-version tasks, gang
tasks, and precedence constraints. We extend this work to
support multiple execution modes. Table I shows an overview
of the scheduling model.

This model consists of a task set 7, a unit set I/, and
resources R. Tasks are assumed to be periodic. A task subset
is assigned a period D with a given allowed slack ~. If a
task is not assigned a deadline, our tool does not inherently
schedule the task. Because tasks are periodic, the period can
be interpreted as an implicit deadline. Execution modes are
introduced via M,. M, specifies the nth execution mode
by assigning a list of available versions to each task 7, € T,
for the given mode. Each version v of each task 7, € T is
described by five functions. The first is a WCET estimation
C?. A list of resource access phases with arbitrary time
placement is given by A7. Each resource access phase is
bounded by B with respect to resource accesses. In each
time step, the phase of the task uses between O and all
available resource accesses. Each phase in AY(r) is given a
value in [0, 1], specifying these accesses. A list of precedence
constraints P describes the allowed time difference between
the start of each job of two tasks. The valid execution unit
for this version is given by U;/. With these descriptions, the
scheduler creates a schedule by setting 6;(7;), A\;(7;), and

¢;(m;) for each job j of task 7;. Here, 6; describes the start
time of the jth job, \; describes the chosen version of the jth
job, and ¢; sets the execution unit of the jth job.

The schedule creation is constrained to bound the sum of
all resource accesses at each time step to 1 and prevent the
simultaneous execution of tasks on the same execution unit.
This is facilitated by ensuring that for every resource r € R, at
each time step ¢ € [0, tp), the sum of all values in BY, summed
up over all access phases A} of all jobs j of all tasks 7;
scheduled in that time step, does not exceed 1. We furthermore
constrain the schedule to ensure that each job j of each task
7; is scheduled exclusively on the given execution unit ¢;(7;),
by forbidding that the execution times of two jobs overlap
on the same execution unit. The schedule is constrained to
ensure that each job j of a task 7;, which is necessitated to
be scheduled (either by D(7;) # & or by being necessitated
via a precedence constraint), has scheduled jobs of other tasks
according to the given precedence constraints P;‘j ) of the
scheduled version A;(7;). Lastly, we ensure that the given
execution unit ¢;(7;) is in the valid execution units for the
given version.

The concrete schedule (as a configuration of 65, A;, and ¢;)
is created by the following steps. First, we generate the hyper
period tp as the least common multiple of all task periods.
Afterward, we calculate the number of scheduled jobs for each
task Ny(7;) as tp/D(7;) for jobs 7; with D(r;) # . For
tasks with D(7;) = (&, Ny is calculated as the maximum
number of the sum of defined precedence constraints between
7; and all other tasks as No(7;) = > 1 () max (|27 (7))
Ny(7,). To avoid a circular dependency for calculating Ny, the
precedence constraints of a task must not indirectly or directly
reference the same task itself.

With this, we can use the vector

X = [=0;(7i)—= =N (1) = | =5 (7:)—]

as the solution vector, with i € [0, N7), and n € [0, Ng(7;)),
and [X| =3 7 Np(7), in schedule creation. In X, every
element in the first third §,(7;) specifies the start time of the
jth job of the 4th task, the version of the jth job start is given
in A;(7;) and the used execution unit is specified by ¢;(;).

Because the given constraints are nonlinear and non-
continuous, a simulated annealing solver is chosen and the

given constraints are formulated as penalty terms in the cost
function. Our cost function F.s; is defined as:

Fcost(?) = Wov - pov(?) + Wae * pac(Y) + Wpr - ppr(Y)
+ wy - pu(?) — Woc * poc(?) — Wy - pty(Y)

Here, w, denotes the weights of the penalty and bonus
functions. With the p,(X) we model the constraints as well as
give bonuses. The term p,, (X ) adds a penalty if two execution
times overlap on the same execution unit, p,.(X) adds a
penalty if the sum of all accesses towards a shared resource
exceeds 1, and pp,(X) adds a penalty if the precedence
constraints between two tasks are not met. The penalty p,(X)
adds a penalty, should a job version not match the specified
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Fig. 2: Deployment architectures and workflows.

execution units. The bonus term p,.(X) gives a bonus if an
execution unit is left without scheduled jobs, and p, (X)) gives
a bonus for task timeliness.

Because we ensure that the smallest penalty is not exceeded
by the largest possible bonus, we can guarantee that a value
of Frost(X) < 0 signifies a valid schedule because a value of
Feost(X) > 0 signifies that at least one constraint is not met.
Once Fost(X) reaches a predetermined value, optimization
can be stopped and the generated schedule can be classified
as valid. This scheduling is repeated N, times, once for every
execution mode. A task 7; is scheduled, if M, (r;) # & for
n € [0, Npr). After a schedule is created for each execution
mode, transitions are created using a similar approach.

This schedule generation for multi-version tasks on hetero-
geneous execution platforms is based on HM2GP [10]. From
the output of the scheduler (the combination of 8;, \;, and
®;), configuration files for the bandwidth regulator [11] or
RISC-V-based platform [12] are generated in the deployment
step.

IV. MEMORY BANDWIDTH REGULATION UNIT

Memory interference emerged as the main showstopper for
predictability in safety-critical (hard real-time) systems [15],
[16]. Several solutions have been proposed to tackle this at
different levels of the memory hierarchy, i.e., L1/L2 caches
[17], shared buses and memory banks [18].

In the considered heterogeneous multicore platforms, shared
memory banks between the multicore host subsystem and
energy-efficient accelerators (e.g., NVIDIA GPUs, Neural
Processing Units, or FPGAs) emerged as the main bottleneck.
These are introduced by collisions by simultaneous memory
accesses and lead to delays. Delays, resulting from these
collisions, need to be mitigated or limited. To tackle this, state-
of-the-art techniques rely on synergistic bandwidth monitoring
and throttling mechanisms. These emerged as an effective way
of limiting the allowed bandwidth for a particular computing
element, typically at the granularity of small bursts of few
hundred bytes. With this, we limit the available bandwidth
to each computing unit at a given time and reduce possible
delays. We employ recent research in the field [11], namely
a special hardware device that can be instantiated on cus-
tom accelerators inside FPGAs that, in the domain of the
HALASDV project, is a COTS System-on-Chip by the AMD

Xilinx Ultrascale+ family [19]. Fig. 2a and Fig. 2b show the
schematic of this device, and its integration into the first target
platform, respectively.

The configuration API of these components lets design-
ers transparently specify the memory requirements of each
real-time task and each scheduled job. Reconfigurability is
completely managed by the accelerator cores, and happens
at the finest grain of a few tens of microseconds, and can thus
be used in synergy with most host-side techniques, such as
the level of real-time OS scheduler, cache partitioning, bus
arbiters, and memory controllers.

In this collaboration, the use of HM2GP automates the
configuration by generating the previously manually config-
ured schedule, which in our case consists of 8;, A\, and ¢;.
For tasks ; which can be adjusted during runtime, i.e., their
memory bandwidth can change, schedules featuring multiple
task versions (via different \;) are generated. These schedules
represent different execution modes and can be exchanged
during runtime.

V. RISC-V-BASED PHASED EXECUTION PLATFORM

This section gives a short overview of our second target
platform, a phased execution platform developed in previous
work [12]. This platform comprises a RISC-V multicore
system with tightly coupled scratchpad memories, as depicted
in Fig. 2c, and a deployment tool that automatically generates
the deployment artifacts based on the schedule specification
generated by the HM2GP scheduling tool.

The execution unit’s access to shared memory is restricted
to mutually exclusive memory phases to prevent interference,
while computation is limited to memories local to each core.
Memory transfers are orchestrated by a runtime environment,
which is mapped onto a dedicated management core. To
improve memory transfer performance, the platform features
a dedicated DMA engine. The hardware platform is generated
using the Chipyard framework [20], allowing a wide range of
configurations with respect to the on-chip memory capacity
and core count. For this work, a configuration of four Rocket
cores [21], each with a 120 KiB instruction scratchpad and a
256 KiB data scratchpad, is implemented on a VCU118 FPGA
board [22].

The input to the deployment tool comprises the schedule
description of one hyper period given by 0;(t;), \;(T;), and



¢j(mi) for all T € T as well as the source code for all
scheduled tasks and their respective versions. The resource
set for this platform R is limited to the main memory of
the platform, which implicitly includes the shared intercon-
nect. Furthermore, since each memory phase is exclusively
mapped to one core, the resource access bounds are limited
to {0,1}. Each job includes a resource access phase to load
the specified version of the task into the scratchpad memory
of the respective execution unit. This load operation must
occur within the timespan during which the execution unit is
occupied by said job. The configuration of this access phase
is handled automatically by the deployment tool. However,
for subsequent access phases to exchange data between the
local memory of the execution unit and the main memory, the
developer must provide the configuration of the DMA transfers
contained in each access phase. Each transfer is described by
its source and destination addresses, as well as the size of the
transfer. A partition is reserved in main memory to facilitate
these load or unload operations.

From these inputs, the deployment tool generates the de-
ployment artifacts as shown in Fig. 2d. This includes the
task binaries as well as a runtime environment to facilitate
the scheduling of all data transfers necessary for the resource
access phases. In a first step, the specified versions of each
task are compiled for all execution units on which they are
scheduled. The resulting binaries are linked to be initially
loaded into main memory but executed from the tightly cou-
pled memories of the respective core. In the second step, the
runtime configuration is generated based on the input provided
by the scheduling tool described above. The information
necessary to configure the tasks’ load operations is extracted
directly from the generated task binaries. A list of all resource
access phases and their configurations within one hyper period
defines the system’s operation as executed by the runtime.

VI. USE CASE AND GENERALIZABILITY

We evaluated our approach on a RoboRacer task stack and
tested the generalizability using synthetic task sets.

A. RoboRacer Use Case

Our target application scenario is the RoboRacer au-
tonomous racing competition. Teams compete in head-to-
head races with the goal of navigating the circuit as fast as
possible while tracking and safely overtaking their opponent.
This competition defines a reference platform based on a
1:10 scaled vehicle equipped with multiple sensors (a 2D
LiDAR rangefinder, a stereoscopic camera, and an inertial
measurement unit) and actuators (a motor controller and a
steering servomotor). The platform is a valuable tool for
research and teaching in autonomous vehicles (AVs), as it
closely resembles a real platform without incurring the high
costs and extensive space requirements associated with full-
scale AV prototypes.

The autonomous racing stack provided by UNIMORE [23]
is developed on top of Robot Operating System 2 (ROS2)
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Fig. 3: The dependency graph of the proposed autonomous racing stack.

[24], a well-known robotic development framework that pro-
vides common abstractions for computational units and a
performance-oriented inter-process communication runtime.

The autonomous stack relies on a global map approach
to localize inside the racetrack. In a first offline phase, a
mapping software generates a map using sensor recordings
of the vehicle inside the racetrack. This map is then used in a
minimum-time offline race trajectory optimization software in
order to generate an optimal reference race line. The resulting
map and race line are the only pre-computed inputs to the
real-time embedded racing stack. It follows a perception-
planning-control paradigm, where the vehicle first perceives
the environment, then plans its movement in both space and
time, and finally calculates control commands to follow the
planned trajectory. Given the requirements of the competition,
the embedded autonomous racing stack (Fig. 3) is defined in
the following task set:

1) Particle Filter Localization: In order to localize the
vehicle in the map, we leverage a particle filter: a Monte Carlo-
based random sampling algorithm. This task activates each
time a new LiDAR scan is available, sampling pose candidates
(particles) around the previously estimated pose. Given the
precomputed map, the algorithm models the sensor reading
of each particle and compares it with the real LiDAR point
cloud, calculating a similarity-based score for each candidate.
The output of this computational node is the average of the
particle set weighted on the similarity score, which represents
the estimated 2D pose of the vehicle. This localization result
is a dependency of all subsequent tasks.

2) Opponent Detection and Tracking: Given the latest Li-
DAR scan and the localization output, the detection task splits
the input point cloud into clusters, which are subsequently
filtered and classified to detect opponent vehicles. The detected
vehicles are associated and tracked over time and pushed
forward to the local planning algorithm.

3) Local planning: The local planner leverages the pre-
computed map, the reference optimal trajectory, and detected
opponents to generate a quick local path, avoiding potential
collisions with the opponents while also aiming to minimize
the lap time. To do so, this node models the racetrack
space on a field-based representation, modeling the globally
optimal path with attractive fields and the tracked opponents
as repulsive fields. From this intermediate representation, the
local planner generates a fast collision-free local path, which
will be followed by the control task.



TABLE II: RoboRacer Task Stack

Task Exec. Time  Prec. Constr.
71 Particle Filter Localization 24 ms %]
72 Opponent Detection and Tracking 13 ms 1
73 Local Planning 24 ms T, T2
74  Pure Pursuit Control 2 ms T1, T3

TABLE II: Generalizability Experiments

Experiment (1) 2) 3) 4)
N 60..120 60 60 112
Ny 6 6 6 8
Unit Types 2.3 2.3 2.3 1
Acc. Win. Ny Ny Ny 2..50
Np 2 2 2 1..4
Mult. Ver. [%] 10 0..50 0 0
Pre. Con. [%] 0 0 0..60 0
Util. [%] 60,70 60,70 60,70 70
Alg. Runtime [s]  460..6816 600 £ 100 550 £80 320 £+ 80

4) Pure Pursuit Control: A well-known Pure Pursuit con-
troller [25] is the last node in the vehicle’s control graph.
This node depends on the current position of the vehicle
and the local path calculated during the local planner stage.
It geometrically calculates the required control commands
(engine speed and steering angle) to navigate the local path in
a fast and safe manner.

Since the task set needs to work on real-time sensor data, the
task activation occurs at the period of the input data streams.
The LiDAR data stream is modeled with a period of 25ms
between each activation. The precedence constraints are mod-
eled according to the data dependencies shown in Fig. 3 and
Table II. The opponent detection and tracking task is activated
once the particle filter localization is completed. The local
planning task is activated once the opponent detection and
tracking are completed. Finally, the control task is activated
once all other nodes terminate their executions.

B. Generalizability

We evaluated the generalizability of our approach by gen-
erating and deploying synthetic task sets with varying model
characteristics. These task sets were generated to be schedu-
lable on our target platforms and were created by generating
N7 /Ny random time periods for each execution unit, totaling
tp. For half of these tasks, we ensure that we generate two
start times with a distance of ¢p /2. For a quarter, we generated
three start times with a ¢p/3 distance, and for the last quarter,
we generated one start time, introducing variability in task
periods. Afterward, we generated the specified amount of
access phase starts. If an access phase start was positioned
during a task with multiple start times, the access window
was replicated to all other executions of this task. If necessary,
other access phases were moved. The predefined percentage of
tasks were connected via precedence constraints that equaled
0.25 to 1.75 of the difference in generated start time. For the
given percentage of tasks, we generated alternative versions
with an execution time equal to 1.5 times the original execu-
tion time. All values were then multiplied with the utilization
value, resulting in processor idle time. Table III shows the

varied characteristics and the algorithm runtime for generating
schedules. Experiment (1) varied the task amount, (2) varied
the number of task versions, (3) varied the ratio of tasks with
precedence constraints, and (4) varied the number of shared
resources.

Our approach had a success rate of 100 % in finding sched-
ules for the aforementioned schedulable task sets. Because of
this, we observed the algorithm runtime as being the indicator
for the complexity in creating the schedules. We observed an
increase in algorithm runtime with an increase in task amount
and observed a maximum runtime of 6816 s for 120 tasks in
experiment (1). An increase in multi-version task ratio or an
increase in the number of precedence constraints did not lead
to a considerable runtime penalty, as shown in experiments (2)-
(4) in Table III [10]. To evaluate the deployment, dummy tasks
are created to facilitate the phased execution models. These
tasks are created to adhere to the generated task descriptions
introduced above and deployed to the RISC-V-based phased
execution platform [12]. Memory phases are implemented via
repeated writing and reading of dummy values, and execution
phases are facilitated by incrementing variables until a given
maximum value.

VII. CONCLUSION

We describe a collaboration implementing the combination
of components from KIT, UNIMORE, and FZI in the context
of the European-funded HAL4SDV project. The HAL4SDV
project is currently undergoing the full research and imple-
mentation phases after its second project year ended in April
2026. We present a mature collaboration, which describes an
evaluated workflow and highlights the collaborative efforts.

Our work combines a multi-version task scheduler for
heterogeneous execution platforms and an accompanying task
model with the deployment of generated schedules onto a
bandwidth regulation unit for custom accelerators, as well as
on a RISC-V-based phased execution platform. The scheduler
takes a description of tasks as well as the platform description
in the form of execution units and shared resources as the
input. The output of the scheduler is the job starting times,
task versions, and execution units. Depending on the input
and the chosen platforms, these outputs are then turned into
configuration files for the presented hardware units.

Our work is positioned in HAL4SDVs Transversal Activ-
ities (TA)-A: HW/SW abstraction as well as TA-C: mixed-
criticality integration. We tested our method for a RoboRacer
task stack and evaluated the generalizability on synthetic task
sets. We were able to schedule the tasks onto the deployed
platforms and achieved a success rate of 100 % for the gener-
alizability tests. The schedule algorithm runtime was measured
between 240 s and 6816 s, depending on configuration, and
scaled with the amount of scheduled tasks. Scheduling and
deploying the RoboRacer task stack furthermore allowed us
to evaluate the real-world applicability of our workflow for
autonomous driving vehicles. Our collaboration provides an
input into the HAL4SDV project environment by implement-
ing a vertical slice in the platform deployment.
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