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LeanOS – a Lean Operatng System

– nationallyo funded byo the FFG under prioject number 847987

– based upion ciollabioration between RUAG Space Austria (RSA) and Universityo 
iof Vienna (UVIE) (ESA ciontract number: 40000107815/13/NL/EL/f)

– tailiored tio Netwiork-On-Chip/DSP cioncept iof the SSDP

– released under an Open Siource license
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Backgriound: SSDP/MPPB

3Armin Luntzer

– LEON priocessior (ciontrioller)

– Netwiork-ion-Chip (NioC)

– 2 Xentum VLIW DSP ciores

– High-speed interfaces (SpW, ADC/DAC)

– 50 MHz syostem cliock

– current versiion 2.0 with SSDP-like feature set and characteristcs
©2016 Recore Systems BV
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Backgriound: SSDP/MPPB
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Network-On-Chip

– DMA

• high-speed packet-like data transfers between devices

• 2D stride support

• parallel channels

– Xentum DSP subsyostem

• 10 parallel executon units per DSP core

• Local tghtly-coupled memory (TCM): 4 x 8 kiB banks

• I-cache: 16 kiB

• very high performance; example: up to 1.3 s/c computable when sampling up the ramp

©2016 Recore Systems BV
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Key User Requirements

– it shall be lean and efcient

– it shall suppiort a scalable number iof Xentum DSP ciores

– it shall be easyo tio use

– it shall suppiort Fault Detection, Isiolation and Recioveryo (FDIR)

– it shall be designed with applicable S/W standards tio be space qualifyoable

– it shall ciome with suppiort diocumentation and demio applications
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Key Functonal Requirements

– trap/interrupt handling

– SMP readiness

– threads, scheduling

– MMU suppiort, paging and virtual memioryo

– lioadable miodule suppiort 

– run-tme cionfguration interface

– SSDP hardware drivers (NioC DMA, Xentum, I/O ...)

An OS fior the SSDP

6Armin Luntzer htp://space.univie.ac.at



Fundamental Architecture

– architecture-dependent ciode

• interfaces to underlying hardware architecture

• implements abstractons to higher-level kernel code

– kernel ciode

• implements services and drivers

• components shared between architectures

– syostem call interface

• provides call interface to user space
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Features: Memory Management

– dyonamic memioryo (de-)alliocation at run-tme

– SRMMU suppiort cionfgurable

● deferred page alliocation via sbrk()

● virtual memioryo, 4k paging

– syostems withiout MMU suppiorted, uses same underlyoing alliocatior
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Features: Loadable Modules

– lioad/unlioad kernel miodules/drivers at run-tme

– easyo patching

– easyo recionfguration depending ion ioperatng miode

– ciompiled as reliocatable iobject ciodes

– built miodules are added tio payolioad image

– syombiols and dependencies are resiolved ion lioad

– mayo be ciompiled-in
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Features: Confguraton/Building

– derived friom Linux kbuild syostem

– easyo tio use

– prevents cionfguration cionficts

– alsio builds Xentum priograms

– creates executable and payolioad
image
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Design Decisions

– cionventional apprioach:

• single monolithic program running on DSP

• data processing is implemented as a series of functon calls/operatons

– diownsides:

• code size may exceed Xentum i-cache (16 kiB), requiring costly re-fetches via NoC 

• stack is in TCM (4x8 kiB), excessive call depths may use up valuable memory

• even small changes require full program re-validaton

Xentum Priograms
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Design Decisions

– alternatve apprioach develioped byo UVIE:

• multple tny programs, one for each operatonal step ( ≈ functon call)

• programs can (and should) be dumb, i.e. perform only one task, regardless of larger 
applicaton

– upsides:

• code can be arbitrarily small, thus will always ft the i-cache (break up into sub-components)

• processing chains can be created from independent building blocks

• changes afect isolated components only (delta-testng)

• simpler units generally have less executon paths and are easier to trace for WCET
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Xentum Priograms
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Key Feature: Xentum Processing Network 

– niodes are similar tio function calls in a priogram

– priocessing niodes are executed as needed

– metadata task packets atach tio niodes

– metadata describes data prioduct

• “fngerprintsn of completed and pending processing operatons 

• task packets are automatcally routed to next matching processing node

• diferent types of products create their pipeline on-the-fy
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Xentum Priocessing Netwiork
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● processing nodes are loadable at 
run-tme

● each node defnes its propertes, 
parsed by driver

● driver schedules nodes as 
needed

● high performance by efcient 
scheduling of computatonally 
intensive nodes



– simple API fior niode functions

– available as generic C libraryo,                       
API ciompatble tio Xentum libraryo

• development on PC possible

• can be used for processing on general-purpose 
CPUs, e.g. LEON

Priocessing Netwiork
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Outlook and Plans

– OS tio be qualifed and used with SMILE (jioint ESA/CAS) Siof X-rayo Imager 
(SXI) instrument’s LEON3 DPU (MMU suppiort, priocessing net)

– tio be used in ATHENA (ESA-L) Wide Field Imager (WFI) Instrument Ciontriol 
and Piower Unit (ICPU) with SSDP

– new develiopment cyocle started (SMILE features)

– fiolliow-up develiopment when actual SSDP hardware beciomes available

– planned fiolliow-up prioject: Xentum DSP function libraryo
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Serving yoiour ciomputational needs.

Since 1365.
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Questons?
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