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Problem Statement

Motivation:

There is a clear need for efficient parallelization approaches for embedded environments, which reduce the 

development effort while preserving the functionality and improving performance.

Modern embedded 
systems are increasingly 
transitioning from single-
core to multi-core 
architectures to meet 
growing performance 
demands. 

Legacy software must be 

restructured into 

independent, 

parallelizable components 

that can be executed 
concurrently on multiple 

cores. 

Parallelization of such 

software is a complex, 

error-prone, and 

resource-intensive 

process. 
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Parallelization Mechanisms
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POSIX Threads

• Low-level threading API for Unix-like systems

• Link with the pthread library 

• Explicit thread control

• Synchronization via primitives

OpenMP API

• Pragmas/directives-based parallelism

• Annotate loops or task regions 

• Supports common patterns

• Synchronization via directives 

Pros: fine-grained control, high potential 

efficiency on custom workloads.

Cons: manual synchronization, explicit load 

balancing, higher risk of race conditions and 

bugs.

Pros: easy to adopt, minimal code changes, 

portable.

Cons: less low-level control, possible 

overhead, still need to avoid races and tune 

parallelism.
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Parallelization Mechanisms
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[1] emmtrix Technologies GmbH

emmtrix Parallel Studio (ePS)

Source-to-source transformation tool.

Features: 
• Automated, guided transformation 

reduces manual parallelization effort

• Correct-by-design approach

• Fine-grained transformations available via 

GUI

Limitations:

• Requires MISRA C input: forbids dynamic 

allocation, recursion, flexible pointer 

patterns, etc.
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Linear Assignment Problem (LAP)
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Linear Assignment Problem (LAP)
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Linear Assignment Problem (LAP)
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Auction Implementation
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[2] Dimitri P. Bertsekas and David A. Castañon
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Hungarian Implementation
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[3] Ketan Date and Rakesh Nagi
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Serial Implementation - Example

First phase:

• For each row in the cost 

matrix, find minimum value 

across all columns 

Second phase:

• For each column, calculate 

reduced costs by subtracting 

the corresponding row dual

Caution:
• Second phase depends on the 

completed dual_row values from 
first phase
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OpenMP Implementation - Example

• Uses #pragma omp parallel for 
num_threads(NUM_THREADS) 
to distribute work across threads

• OpenMP ensures automatic 
synchronization between 
phases
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pthreads Implementation - Example

• Extract logic of first and second 
phase into functions

• Explicit synchronization between 
phases prevents race conditions

• Uses threadpool for efficient 
thread management

• Thread Pool Management: 

• thpool_.schedule() assigns 
lambda functions to specific 
threads 

• thpool_.wait() ensures all 
threads complete before 
proceeding 

• Work Distribution Strategy:

• Chunk-based partitioning

• Each thread processes a 
contiguous range: [lower, upper)

15



Technische Hochschule Ingolstadt   |   Evaluation of Parallelization Frameworks for the Linear Assignment Problem.

ePS Implementation - Example

Serial code modifications:

• Convert dynamic arrays to 
static arrays

• Preinitialize loop counters

• Create arrays to split and 
store partial results

• Introduce sequential logic to 
merge partial results

ePS transformations:

• Varsplit: d_row, d_col

16



Technische Hochschule Ingolstadt   |   Evaluation of Parallelization Frameworks for the Linear Assignment Problem.

ePS
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ePS
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ePS
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ePS Implementation - Example

Parallel code characteristics:

• Each function and each 

variable are duplicated for 

each processor

• Fixed to exactly one problem 
size

• Fixed to exactly one processer 

count

• Added synchronization and 

communication 

27



Technische Hochschule Ingolstadt   |   Evaluation of Parallelization Frameworks for the Linear Assignment Problem.

ePS Implementation - Example

Parallel code characteristics:

• Each function and each 

variable are duplicated for 

each processor

• Fixed to exactly one problem 
size

• Fixed to exactly one processer 

count

• Added synchronization and 

communication 

28



Technische Hochschule Ingolstadt   |   Evaluation of Parallelization Frameworks for the Linear Assignment Problem.

ePS Implementation - Example

Parallel code characteristics:

• Each function and each 

variable are duplicated for 

each processor

• Fixed to exactly one problem 
size

• Fixed to exactly one processer 

count

• Added synchronization and 

communication 

29



Technische Hochschule Ingolstadt   |   Evaluation of Parallelization Frameworks for the Linear Assignment Problem.

ePS Implementation - Example

Parallel code characteristics:

• Each function and each 

variable are duplicated for 

each processor

• Fixed to exactly one problem 
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• Fixed to exactly one processer 

count
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Init variables p0
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ePS Implementation - Example
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ePS Implementation - Example
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ePS Implementation - Example

Parallel code characteristics:

• Each function and each 

variable are duplicated for 

each processor

• Fixed to exactly one problem 
size

• Fixed to exactly one processer 

count

• Added synchronization and 

communication 
Merge partial 

results of p0
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ePS Implementation - Example

Parallel code characteristics:

• Each function and each 

variable are duplicated for 

each processor

• Fixed to exactly one problem 
size

• Fixed to exactly one processer 

count

• Added synchronization and 

communication 

Send dual_row

(dependency in 

second phase) to 

p1
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ePS Implementation - Example
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Test Environment
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AMD Ryzen 9 7940HS
▪ 8 physical cores

▪ 16 logical cores

Compiler
▪ C++ with g++, ePS-generated C code with gcc

▪ libgomp and glibc runtime libraries
▪ -O3 optimization flag

Ubuntu 24.04.2 LTS
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Performance
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Scalability
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Reliability - ePS
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Development Cost

pthreads OpenMP API ePS

Development effort

Expertise needed

Refactoring

Maintenance

Net cost
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Conclusion

OpenMP and 
pthreads are 
mature, reliable 
solutions

01
OpenMP: excels in 
usability and 
maintainability

02
pthreads: provides 
fine-grained control 
and equivalent 
performance to 
OpenMP

03
ePS (emmtrixPS): 
underperformed 
across most 
evaluation criteria 
— making it 
unsuitable in its 
present form

04

Recommendation

OpenMP for most projects prioritizing development speed, maintainability, and predictable scaling. 

Pthreads when you need low-level control and your team can manage the extra complexity. 

D  ’        ePS for production parallelization until improvements in reliability, performance, and 

usability are made.
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Thank you for your attention.

Questions?

Questions
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Sources

[1] emmtrix Technologies GmbH: Automation Tools for Better Code

[2] Dimitri P. Bertsekas and David A. Castañon: Parallel Synchronous and Asynchronous Implementations 
of the Auction Algorithm

[3] Date, Ketan and Nagi, Rakesh: GPU-Accelerated Hungarian Algorithms for the Linear Assignment 
Problem
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