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Outline
▶ Definition of the Software Defined Radio (SDR) paradigm

▶ Usage example: Two Way Satellite Time & Frequency Transfer (TWSTFT)
for one-way time and frequency dissemination

▶ Usage example: Global Navigation Satellite Systems (gnss-sdr) for 1-PPS
generation

▶ Challenges and issues

SDR at the convergence of powerful computing
platforms, fast sampling and communication interfaces

+ flexible and accessible software libraries
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Software Defined Radio (SDR)
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▶ Get rid of unstable and irreproducible analog components

▶ Sample as close as possible to the radiofrequency signal (digitize)

▶ All processing performed as software, removing hardware
dependence

⇒a

 stability (algorithms do not age)
reconfigurability (on the fly parameter changes)
flexibility (build hardware once and use for many applications)

BUT finite dynamic range (quantization) and discrete time sampling (aliasing)

aD.A. Mindell, Digital Apollo: human and machine in spaceflight, MIT Press (2011)

DSP
digital
comm.

SDR

HPC

impedance
antenna

RF

(EM wave,
array factor,

physics
beam steering ...)

(FPGA, SIMD,
GPU ...)

+ embedded



Software Defined Radio (SDR)

ADC
SDR

ADC
SDR

LO

PLL

LO−IF IF

hardware solution fully digital solution0−IF solution

▶ Get rid of unstable and irreproducible analog components

▶ Sample as close as possible to the radiofrequency signal (digitize)

▶ All processing performed as software, removing hardware
dependence

⇒a

 stability (algorithms do not age)
reconfigurability (on the fly parameter changes)
flexibility (build hardware once and use for many applications)

BUT finite dynamic range (quantization) and discrete time sampling (aliasing)

aD.A. Mindell, Digital Apollo: human and machine in spaceflight, MIT Press (2011)

⇒ GNU Radio, the free and open-
source SDR library



SDR: frequency transposition and IQ components

▶ Frequency transposition to bring the “narrowband” signal of
interest without sampling from DC (removes the risk of
strong interference out of band)

▶ SDR naturally manipulates complex numbers (Fourier
transform of a real signal is even ⇒ non-even baseband
spectra require complex numbers)

▶ Generate I (Identity) and Q (Quadrature) real and imaginary
part with an IQ mixer fed with cos(ωt) and sin(ωt)

▶ Problem: IQ imbalance when I and Q components are not
the same weight (amplitude) and not phase shifted by 90◦
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SDR usage example: ESA Sentinel-1

▶ First frequency transposition: 5.405 GHz
→ 100 MHz with a single real mixer fed
with a local oscillator at 5.305 MHz

▶ Real value sampled at 300 MS/s: even
spectrum ranging ±150 MHz

▶ Second “perfect” digital transposition to
bring the signal to baseband:
t=[0:number of samples-1]/fs;

lo=exp(j*2*pi*freq*t);

res=signal.*lo;

▶ digital lo is “perfectly” in quadrature and
both components with same amplitude
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TWSTFT signals for one-way dissemination
▶ Metrology Institutes broadcast every even UTC hours signals for clock comparison
▶ Transatlantic + European comparison through a geostationnary satellite, Telstar11N (37.5◦ W)
▶ Downlink frequency: see

https://webtai.bipm.org/ftp/pub/tai/data/2024/time_transfer/twstft/
* LAB OP

* REV DATE 2023-08-14

* ES OP01 LA: N 48 50 09.236 LO: E 02 20 05.873 HT: 78.00 m

* REF-FRAME ITRF88

* LINK 23 SAT: TELSTAR 11N NLO: E 322 27 00.000 XPNDR: 999999999 ns

* SAT-NTX: 10953.9500 MHz SAT-NRX: 14253.9500 MHz BW: 4.1 MHz

* LINK 21 SAT: TELSTAR 11N NLO: E 322 27 00.000 XPNDR: 999999999 ns

* SAT-NTX: 11497.0600 MHz SAT-NRX: 14047.7400 MHz BW: 3.9 MHz

▶ 10.95395 GHz is well above most COTS SDR: frequency transposition using TV reception LNB
(9.75 GHz)

▶ One way time transfer requires compensating for relay satellite motion (±30 km = ±100 µs)
⇒ use the emitter known position (spatial diversity) to identify the satellite position in space 1

1J.-M Friedt, Passive reception of Two-Way Satellite Time and Frequency Transfer (TWSTFT) signals from a
geostationary satellite, or GPS upside down, GNU Radio Conference (2022) at
https://pubs.gnuradio.org/index.php/grcon/article/view/131 and video at
https://www.youtube.com/watch?v=gHNQUVdCBZw

https://webtai.bipm.org/ftp/pub/tai/data/2024/time_transfer/twstft/
https://pubs.gnuradio.org/index.php/grcon/article/view/131
https://www.youtube.com/watch?v=gHNQUVdCBZw


TWSTFT signals for one-way dissemination

Experimental setup: COTS TV receiving equipment and
B210 (AD9361 LO∈ [70 : 6000] MHz) SDR receiver

▶ TV-satellite reception LNB oscillator at 9.75 GHz ...

▶ ... brings TWSTFT signal at 1.21 GHz within SDR
receiver range, recorded at 10 MS/s (complex IQ)

after correcting for coarse 4 MHz LO offset @ 11 GHz (LNB)
downlink frequency

▶ Time & frequency synchronization signals broadcast every
even UTC hour from metrology laboratories

▶ BPSK signal received (carrier offset detected by squaring)
allowing for frequency correction ...

▶ ... and SATRE modem codes correlated with consistent
frequency offset
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See https://github.com/oscimp/gr-satre for reverse engineering SATRE codes

https://github.com/oscimp/gr-satre


Case of the flying satellite: TWSTFT measurements

(xj , yj , zj )
(xi , yi , zi )

ρj
ρi

(x0 + dx , y0 + dy , z0 + dz)▶ Problem2: SATRE modem only allows two remote station recording
(TX, RX) + ranging
MJD-30000 TX RX TWSTFT MJD-30000 TX RX TWSTFT

30269.008750 0 2 0.262574433740 30269.004583 7 7 0.263385893418

30269.008750 2 0 0.262560214541

30269.008750 3 5 0.258320951287

30269.008750 4 6 0.267146103376

30269.008750 5 3 0.258321274787

30269.008750 6 4 0.267146198976

30269.010833 0 6 0.263450368676

30269.010833 1 5 0.264703887898

30269.010833 2 4 0.266271014767

30269.010833 4 2 0.266271049438

30269.010833 5 1 0.264703726492

30269.010833 6 0 0.263436279669 30269.025417 7 3 0.258673786481

30269.031667 7 5 0.263042528946

30269.037917 7 2 0.263074586173

⇒ using the satellite position for estimating the delay to a third station requires interpolation

2https://webtai.bipm.org/ftp/pub/tai/data/2024/time_transfer/twstft/

https://webtai.bipm.org/ftp/pub/tai/data/2024/time_transfer/twstft/


Case of the flying satellite: TWSTFT measurements
TWSTFT fitted (least square optimal solution) satellite position from OP, NPL, PTB, ROA, SP, VSL
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Standard deviation on the
residual is

▶ 0.08 µs when interpolating
with the previous sample
recorded about 2 h before
the current measurement,

▶ 0.05 µs when
interpolating with the
next sample recorded a
few minutes after the
current measurement,

▶ 0.048 µs when using a
parabolic fit

↗ Residue to CH after removal of the satellite position contribution (no orbital model)



Case of the passive observation of TWSTFT signals using SDR

(xj , yj , zj )

ρj

(x0 + dx , y0 + dy , z0 + dz)

ρi

(xi , yi , zi )
(xg , yg , zg )

▶ At any given time, we receive all broadcasting stations (no interpolation)

▶ Record and post-process: no constraint with computational power

▶ As opposed to TWSTFT recordings, we observe time of flight differences

▶ ⇒ cancellation of the satellite to passive ground station and satellite
internal delay contributions (calibration?)

▶ linearized range with unknown (dx , dy , dz) satellite position close to parking position3 (x0, y0, z0):

▶ the red part ↗ including receiver delay and satellite transponder delay cancels

c ×(ti −
↑
tref )︸ ︷︷ ︸

observation

≃ ρi+
x0 − xi

ρi
dx+

y0 − yi
ρi

dy+
z0 − zi
ρi

dz−
↑
ρref −

x0 − xref
ρref

dx−
↑

y0 − yref
ρref

dy−
↑

z0 − zref
ρref

dz

If we consider the emitters affected by unknown time delays tTXi then
c(ti −

↑
tref )− ρi +

↑
ρref ≃(

x0−xi
ρi

−
↑

x0−xref
ρref

)
dx +

(
y0−yi
ρi

−
↑

y0−yref
ρref

)
dy +

(
z0−zi
ρi

−
↑

z0−zref
ρref

)
dz −ctTXi + ctTXref︸ ︷︷ ︸

cti−ref
3https://gssc.esa.int/navipedia/GNSS_Book/ESA_GNSS-Book_TM-23_Vol_I.pdf page 152

https://gssc.esa.int/navipedia/GNSS_Book/ESA_GNSS-Book_TM-23_Vol_I.pdf


Case of the passive observation of TWSTFT signals using SDR
▶ Problem: SATRE modem Pulse Repetition Interval (PRI) is 4 ms ⇒ possible mistake by multiples of

4 ms: (ρOP − ρi )/c =


OP-OP= 0
OP-NPL= -0.192
OP-VSL= -1.066
OP-SP= -3.708
OP-PTB= -2.170
OP-IT= -0.158

OP-ROA= 4.205

vs observations


OP-OP= 0 correction
OP-NPL= 3.737 -4 ms
OP-VSL= 2.922 -4 ms
OP-SP= 0.303 -4 ms
OP-PTB= 1.825 -4 ms
OP-IT= 3.840 -4 ms

OP-ROA= 0.223 +4 ms

▶ 4 s long records = 1000 measurements/session

▶ Only keep measurements when all stations are broadcasting (min 11 & min 20 of even UTC)
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Adding some assumption on satellite kinematics 4

▶ So far all position estimates are individual from each other
▶ Add the assumption that position is velocity integrated and that minimal external acceleration

disturbances will affect velocity
▶ Projected velocity observed as time of flight drift within each session but frequency measurement

is mixed with local oscillator frequency offset (= inaccurate sampling rate)
▶ target ±5 ns/s=5 ppb but quartz oscillator is already 2 ppm off and fluctuating with environment
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4See C. Rieck, P.Jarlemark & K. Jaldehag, Utilizing TWSTFT in a passive configuration, Proc. 48th Annual Precise
Time and Time Interval Systems and Applications Meeting (2017)



Velocity measurement through SDR
▶ Velocity through Doppler: need for a stable frequency reference ⇒ replace quartz oscillator with hydrogen maser

▶ Satellite transponder (14 GHz uplink →11 GHz downlink) is not stable, use code drift for velocity estimate (≃ns/s)

▶ Bistatic velocity induced Doppler shift: from bistatic RADAR Doppler shift 5 measurement:

δf = (fup + fdown)
v

c
cos(δ) cos(β/2)

with β ≃ cst and δ varying with satellite position and mo-
tion direction

▶ cos(β) =
ρ2TX−SAT+ρ2RX−SAT−d2TX−RX

2×ρTX−SAT ·ρRX−SAT

βOP−NPL = 0.49◦

βOP−VSL = 0.29◦

βOP−SP = 0.67◦

βOP−PTB = 0.34◦

βOP−IT = 0.85◦

βOP−ROA = 1.29◦

Sat

RxTx

δ

β

≃ monostatic configuration

5https://www.sto.nato.int/publications/STO%20Educational%20Notes/RTO-EN-SET-086/EN-SET-086-04.pdf, Eq. (6)
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On the need to add celestial mechanics?
▶ Two celestial mechanics toolboxes for modelling space flight

▶ GMAT from NASA Goddard Space Flight Center 6

▶ Orekit 7 from CS Group/Airbus Defence and Space/ESA/Thales Alenia Space...

▶ in both cases, challenging initialization (weight, solar pannel area, initial orbital parameters since
Two-Line Elements (TLE) description is hardly suitable for geostationary satellite orbit description)

▶ solution can only be broadcast for a few hours in the future
C. Rieck, P. Jarlemark & K. Jaldehag, Passive Utilization of the TWSTFT Technique, EFTF (2018):
“I. Orbit perturbations
The robust detection and mitigation of satellite orbit maneuvers are most important and can, if erroneous in a real-time
scenario, cause substantial timing errors and/or downtime for a passive station. Also, the lifetime of a published orbit is
limited. Continuous active measurements are expected to always reflect the true orbit with sufficient accuracy7. A
default window length of 1/6 orbit, i.e. 4h, is chosen to dynamically describe the orbit with rapid updates. If the orbit
defining measurements are temporary sparse, it may however be important to include orbit perturbation models to aid the
orbit determination. ”

▶ station keeping manœuvers (chemical thrusters)/continuous station keeping (electrical thrusters)

▶ consider these manœuvers around the parking position as acceleration perturbations?

▶ try tuning the orbital parameters until they match observations and then propagate... work in progress 8

6https://opensource.gsfc.nasa.gov/projects/GMAT/index.php
7https://www.orekit.org/
8https://github.com/jmfriedt/orekit_orbit_determination

https://opensource.gsfc.nasa.gov/projects/GMAT/index.php
https://www.orekit.org/
https://github.com/jmfriedt/orekit_orbit_determination


On the need to add celestial mechanics?
▶ Two celestial mechanics toolboxes for modelling space flight

▶ GMAT from NASA Goddard Space Flight Center 6

▶ Orekit 7 from CS Group/Airbus Defence and Space/ESA/Thales Alenia Space...

▶ in both cases, challenging initialization (weight, solar pannel area, initial orbital parameters since
Two-Line Elements (TLE) description is hardly suitable for geostationary satellite orbit description)

▶ solution can only be broadcast for a few hours in the future
L. Hu & al., Geostationary orbit determination using SATRE, Advances in Space Research 48 923-–932 (2011)
“3. Orbit determination methodology
A post-process statistical orbit determination method with Batch-least-square filter has been used. The orbit
determination is conducted for every three successive days, and the parameters to be estimated include six orbit elements
at the origin epoch, solar radiation pressure coefficient every 6 h, a pair of empirical RTN (R: radial, T: transverse, N:
Normal) perturbations in transverse direction (include sine term and cosine term) every 6 h, one satellite transponder
delay, and station range biases which are estimated by iteration.”

▶ station keeping manœuvers (chemical thrusters)/continuous station keeping (electrical thrusters)

▶ consider these manœuvers around the parking position as acceleration perturbations?

▶ try tuning the orbital parameters until they match observations and then propagate... work in progress 8

↙ HELP

6https://opensource.gsfc.nasa.gov/projects/GMAT/index.php
7https://www.orekit.org/
8https://github.com/jmfriedt/orekit_orbit_determination

https://opensource.gsfc.nasa.gov/projects/GMAT/index.php
https://www.orekit.org/
https://github.com/jmfriedt/orekit_orbit_determination


Security implication of SDR

▶ Replay attacks9: record and replay

▶ Jamming attacks: loss of service a

▶ Spoofing attacks: synthesize signal and
broadcast

aSilencing Unwanted Coverage Iran Jams Satellite
Signals Carrying Foreign Media, Der Spiegel (2010)

9https://github.com/oscimp/usrp_recordAndReplay

https://github.com/oscimp/usrp_recordAndReplay
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Title: Not titled yet
Output Language: Python
Generate Options: QT GUI
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Stop: samp_rate/2=16k
Step: 1

Variable
ID: f
Value: 1k

Variable
ID: samp_rate
Value: 32k

QT GUI Range
ID: x
Default Value: .3=300m
Start: 0
Stop: 1
Step: .01=10m

out

Signal Source
Sample Rate: samp_rate=32k
Waveform: analog.GR_COS_WAVE=Cosine
Frequency: f=1k
Amplitude: 1
Offset: 0
Initial Phase (Radians): 3.14159/.../2=1.5707...79

out
in0

in1
Add

outin Complex to Mag

outin Complex to Mag

re inComplex To Real

out
in0

in1

Multiply Conjugate
Vector Length: N=8.192k

out
in0

in1

Multiply Conjugate
Vector Length: N=8.192k

outin
Multiply Const

Constant: x=300m

outin
Multiply Const

Constant: 1-x=700m

out
in0

in1
Multiply

out
in0

in1
Multiply

outin
Repeat

Interpolation: samp_rate//f=32

outin
Repeat

Interpolation: samp_rate//f=32

outin Stream to Vector

outin Stream to Vector

outin Stream to Vector

out in
Throttle

Sample Rate: samp_rate=32k
Limit: None

outin Vector to Stream

outin Vector to Stream
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noise

Costas Loop
Loop Bandwidth: 60m
Order: 2

out

GLFSR Source
Degree: 10
Repeat: Yes
Mask: 0x30a=778
Seed: 1

out

GLFSR Source
Degree: 10
Repeat: Yes
Mask: 0x29e=670
Seed: 1

outin

FFT
FFT Size: N=8.192k
Forward/Reverse: Reverse
Window: window....anharris(N)=window.blackmanhar...
Shift: Yes
Num. Threads: 1

outin

FFT
FFT Size: N=8.192k
Forward/Reverse: Reverse
Window: window....anharris(N)=window.blackmanhar...
Shift: Yes
Num. Threads: 1

outin

FFT
FFT Size: N=8.192k
Forward/Reverse: Reverse
Window: window....anharris(N)=window.blackmanhar...
Shift: Yes
Num. Threads: 1

outin

FFT
FFT Size: N=8.192k
Forward/Reverse: Forward
Window: window....anharris(N)=window.blackmanhar...
Shift: Yes
Num. Threads: 1

outin

FFT
FFT Size: N=8.192k
Forward/Reverse: Forward
Window: window....anharris(N)=window.blackmanhar...
Shift: Yes
Num. Threads: 1

out
in

freq

Frequency Xlating FIR Filter
Decimation: 1
Taps: 1=1
Center Frequency: df=4.2k
Sample Rate: samp_rate=32k

outin
Hilbert

Num Taps: 650

outin
Hilbert

Num Taps: 650

in0

in1

QT GUI Time Sink
Number of Points: 10.24k
Sample Rate: samp_rate=32k
Autoscale: No

in0

in1

QT GUI Time Sink
Number of Points: N=8.192k
Sample Rate: samp_rate=32k
Autoscale: Yes



GNSS signal analysis using SDR
▶ Global Navigation Satellite Systems (GNSS):

constellations of spaceborne microwave atomic clocks...

▶ ... broadcasting signals in the 1-2 GHz L-band

▶ subject to jamming and spoofing (MEO @ 20000 km)

▶ SDR has access to raw IQ information collected on multiple antennas Dec. 2022

θ0 θ1

d

dφ=2π  /λ     θsin

⇒ direction of arrival calculation

If directions of arrival (phases) of signals from all satellites are the same (phase of
the squared signal to cancel BPSK modulation spectrum spreading), spoofing
signal is detected ⇒ null steering for jamming/spoofing cancellation (CRPA10)

Decode genuine signal using GNU Radio based gnss-sdr 11

However, once the genuine signal is recovered, how to generate 1-PPS output?

10W. Feng, J.-M Friedt, G. Goavec-Merou, F. Meyer, Software Defined Radio Implemented GPS
Spoofing and Its Computationally Efficient Detection and Suppression, IEEE Aerospace and Electronic
Systems Magazine 36(3), March 2021

11https://github.com/oscimp/gnss-sdr-1pps/

https://github.com/oscimp/gnss-sdr-1pps/


GNSS signal analysis using SDR
▶ Global Navigation Satellite Systems (GNSS):

constellations of spaceborne microwave atomic clocks...

▶ ... broadcasting signals in the 1-2 GHz L-band

▶ subject to jamming and spoofing (MEO @ 20000 km)

▶ SDR has access to raw IQ information collected on multiple antennas Apr. 2024

θ0 θ1

d

dφ=2π  /λ     θsin

⇒ direction of arrival calculation

If directions of arrival (phases) of signals from all satellites are the same (phase of
the squared signal to cancel BPSK modulation spectrum spreading), spoofing
signal is detected ⇒ null steering for jamming/spoofing cancellation (CRPA10)

Decode genuine signal using GNU Radio based gnss-sdr 11

However, once the genuine signal is recovered, how to generate 1-PPS output?

10W. Feng, J.-M Friedt, G. Goavec-Merou, F. Meyer, Software Defined Radio Implemented GPS
Spoofing and Its Computationally Efficient Detection and Suppression, IEEE Aerospace and Electronic
Systems Magazine 36(3), March 2021

11https://github.com/oscimp/gnss-sdr-1pps/

https://github.com/oscimp/gnss-sdr-1pps/


GNSS signal analysis using SDR
▶ gnss-sdr provides an clock offset information between GNSS time and local time

▶ the only known time is the sampling of the ADC, all other communication is asynchronous (block
transfers through USB/Ethernet and by the GNU Radio scheduler)

▶ SDR ADC clock steering

▶ Full control of the complete signal processing chain

▶ Steer local oscillator to match incoming timing information

How to materialize timing information is 1-Pulse Per Second (1-PPS)?



Problem statement: sample timing

time interval counter
HP53132A

U−Blox
receiver

hydrogen
maser

(inaccuracy
< 1e−12)

ADC
FPGA

gnss−sdr

AD9361 Raspberry Pi4

GbE

USB3

ADC CK

I, Q

Ettus Research B210

or

CPU CK

top value

B210 external
10 MHz input

PLL
ext 10 MHz steering

R&S SMA100A

1
−

P
P

S

1−PPS

1575.42 MHz 40 MHz

ref clock

genuine GPS constellation

(  )

40 MHz is 4-times multiplication of reference 10 MHz input of B210
HM always clocks the HP53132A counter and might clock the B210

D. Rabus, G. Goavec-Merou, G. Cabodevila, F. Meyer, J.-M Friedt,
Generating a timing information (1-PPS) from a software defined radio
decoding of GPS signals, IFCS (2021)

▶ All communication between FPGA
and GP-CPU hardware
asynchronous

▶ Only ADC sampling time is known
assuming continuous datastream
at fs

▶ Control the clock timing the
AD9361 frontend ADC, which also
clocks the FPGA

▶ Counter in the FPGA from 0 to
fs − 1 ⇒ 1-PPS output

▶ Characterization: HP53132A time-
interval counter clocked by
Hydrogen Maser (HM) and
reference 1-PPS from U-Blox
NEO-M8P hardware receiver



1-PPS output: closed loop result
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gnss-sdr v.s UBlox

UBlox v.s HM counter

gnss-sdr v.s HM counter
UBlox v.s HM counter

gnss-sdr v.s HM counter

▶ Long term stability assessment

▶ Drift of the HM with respect to
1-PPS GNSS visible at ≥ X · 104 s

▶ Allan Time Deviation (MDEV) from
10−8 at 1 s (10 ns @ 1 s) ↘ 1/τ

▶ Control loop time constant visible
τ ∈ [10− 100] s

▶ At the moment integrated within
gnss-sdr ⇒ move to an external
client communicating with
gnss-sdr through UDP link a

including the Time of Week (ToW)
to remove 20 ms uncertainty on
1-PPS edge... work in progress

ahttps://github.com/acebrianjuan/

gnss-sdr-pvt-monitoring-client

https://github.com/acebrianjuan/gnss-sdr-pvt-monitoring-client
https://github.com/acebrianjuan/gnss-sdr-pvt-monitoring-client


Problem of digital system clocked with tunable commercial synthesizers
Clocking a digital system (FPGA, Raspberry Pi) with a commercial synthesizer:

Rohde & Schwarz SMA100A AIM-TTi TGR2053

⇒ dedicated hardware (ADi DDS) or PLL buffer



Problem of digital system clocked with tunable commercial synthesizers

0
0.5
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0.26295
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MJD−59000 (days)

loopback

ranging

FPGA PRN B210 SDR
receivergenerator

TWSTFT TX TWSTFT RX

Hydrogen maser
x2

20 MHz

loopback

ranging

1 ns delay over 40 h is 10−9

40·3600 = 7 · 10−15 or at 20 MHz a
frequency offset of 14 nHz on both the reference and mea-
surement channels (since offset on FPGA reference clock),
visible on the hydrogen maser disciplined B210

J.-M Friedt& al., Development of an opensource, openhard-
ware, software-defined radio platform for two-way satellite
time and frequency transfer, IFCS (2023)

Agilent 33220A digital synthe-
sizer (square wave output with
offset) and counter clocked
by hydrogen maser: claims
20 MHz but erroneous out-
put frequency (last digit is
100 µHz) −→

ADi DDS:
fout = fclk × word

2width

Counter clocked by hydrogen
maser and doubled hydrogen
maser (requires a sine wave to
square wave conditioning cir-
cuit to clock the FPGA) −→



Problem of digital software: GNU Radio NCO implementation
▶ Never calculate cos(2πft) since t → ∞ will lead to inaccurate trigonometric calculation

▶ rather calculate cos(φ) with φ = φ+ 2π × f /fs at each time step, and φ = φ− 2π if φ ≥ 2π to keep
between [0 : 2π] but π cannot be represented as a fraction ... exp(jω(t/8)) · exp∗(j(ω/8)t) ̸= 1 ! ↓

▶ see gnuradio-runtime/include/gnuradio/nco.h at https://github.com/gnuradio/gnuradio
void set_freq(double angle_rate) { phase_inc = angle_rate; } // angle_rate is in radians / step

// increment current phase angle
void step(int n = 1)
{phase += phase_inc * n;
if (fabs(phase) > GR_M_PI) {

while (phase > GR_M_PI) phase -= 2 * GR_M_PI;
while (phase < -GR_M_PI) phase += 2 * GR_M_PI;

}
}

// compute cos or sin for current phase angle
float cos() const { return std::cos(phase); }
float sin() const { return std::sin(phase); }

template <class o_type , class i_type >
void nco <o_type , i_type >::sin(float* output , int noutput_items , double ampl)
{for (int i = 0; i < noutput_items; i++) {

output[i] = (float)(sin() * ampl);
step();

}
}

N=N (variable)

1 Msample display = 0.3 s

Options
Title: Not titled yet
Output Language: Python
Generate Options: QT GUI

Variable
ID: N
Value: 8

Variable
ID: samp_rate
Value: 3e6=3M

out

Signal Source
Sample Rate: samp_rate=3M
Waveform: analog.GR_COS_WAVE=Cosine
Frequency: 3k
Amplitude: 1
Offset: 0
Initial Phase (Radians): 0

out

Signal Source
Sample Rate: samp_rate/N=375k
Waveform: analog.GR_COS_WAVE=Cosine
Frequency: 3k
Amplitude: 1
Offset: 0
Initial Phase (Radians): 0

outin Complex to Arg
outin Keep 1 in N

out
in0

in1
Multiply Conjugate

outin
Throttle

Sample Rate: samp_rate=3M
Limit: None in

QT GUI Time Sink
Number of Points: 1024*1000=1.024M
Sample Rate: samp_rate/N=375k
Autoscale: Yes

https://github.com/gnuradio/gnuradio/issues/6800

https://github.com/gnuradio/gnuradio
https://github.com/gnuradio/gnuradio/issues/6800


Conclusion & issues
▶ Usage of SDR in the context of time and frequency dissemination
▶ Challenge of software maintenance: GNU Radio is dependent on >700 packages under GNU/Linux

gnuradio

gnome-terminal

x-terminal-emulator

libgcc-s1
(>= 3.3.1)

libgmp10

(>= 2:6.3.0+dfsg)

python3:any

libjs-mathjax

libvolk-bin

python3-click

python3-typing-extensions

python3

(<< 3.12)
(>= 3.11~)

python3-click-plugins

python3-gi

python3-gi-cairo

python3-jsonschema

python3-packaging

python3-lxml

python3-mako

python3-numpy

(>= 1:1.22.0)

python3-opengl

python3-pygccxml

(>= 2.0)

python3-pyqt5

libqt5core5a

(>= 5.15.1)

libqt5widgets5

(>= 5.0.2)

python3-pyqtgraph

python3-scipy

python3-numpy-abi9

python3-matplotlib

python3-schema

python3-thrift

python3-yaml

python3-zmq

libboost-program-options1.83.0

(>= 1.83.0)

libfmt9

(>= 9.1.0+ds1)

libgnuradio-analog3.10.9t64

(>= 3.10.9.2)

libgnuradio-blocks3.10.9t64

(>= 3.10.9.2)
libgnuradio-pmt3.10.9t64

(>= 3.10.9.2)

libvolk3.1

(>= 3.1.2)

libgnuradio-runtime3.10.9t64

(>= 3.10.9.2)

libspdlog1.12-fmt9

libgnuradio-fft3.10.9t64

(>= 3.10.9.2)

libgnuradio-audio3.10.9t64

(>= 3.10.9.2)

libgnuradio-channels3.10.9t64

(>= 3.10.9.2)

libgnuradio-filter3.10.9t64

(>= 3.10.9.2)

libgnuradio-digital3.10.9t64

(>= 3.10.9.2)

libgnuradio-dtv3.10.9t64

(>= 3.10.9.2)

libgnuradio-fec3.10.9t64

(>= 3.10.9.2)

libgnuradio-iio3.10.9t64

(>= 3.10.9.2)

libgnuradio-network3.10.9t64

(>= 3.10.9.2)

libgnuradio-pdu3.10.9t64

(>= 3.10.9.2)

libgnuradio-qtgui3.10.9t64

(>= 3.10.9.2)

libgnuradio-soapy3.10.9t64

(>= 3.10.9.2)

libsoapysdr0.8

(>= 0.8.1)

libuhd4.6.0

(>= 4.6.0.0+ds1)

libgnuradio-trellis3.10.9t64

(>= 3.10.9.2)

libgnuradio-uhd3.10.9t64

(>= 3.10.9.2)libgnuradio-video-sdl3.10.9t64

(>= 3.10.9.2)

libgnuradio-vocoder3.10.9t64

(>= 3.10.9.2)

libgnuradio-wavelet3.10.9t64
(>= 3.10.9.2)

libgnuradio-zeromq3.10.9t64

(>= 3.10.9.2)

gnuradio-dev

python3-networkx

python3-pyqt5.qwt

soapysdr-tools

default-dbus-session-bus

dbus-session-bus

gnome-terminal-data

(<< 3.53)
(>= 3.51)

gsettings-desktop-schemas

(>= 0.1.0)

dconf-gsettings-backend

gsettings-backend

libglib2.0-0

(>= 2.68.0)

libatk1.0-0

(>= 1.12.4)

(>= 3.0)

libgtk-3-0

(>= 3.23.0)

libpango-1.0-0
(>= 1.14.0)

libhandy-1-0

(>= 1.5.0)

libuuid1

(>= 2.16)

libvte-2.91-0

(>= 0.75.0)

gvfs

nautilus-extension-gnome-terminal

yelp

...

-34-
[dbus-user-session]

[dbus-user-session]

...

-4-

dconf-service

(<< 0.40.0-4.1~)

(>= 0.40.0-4)

libdconf1
(= 0.40.0-4+b1)

(>= 2.77.0)

(= 0.40.0-4+b1)

(>= 2.77.0)

procps

(>= 2.77.0)

libncursesw6

(>= 6)

libtinfo6

(>= 6)

libproc2-0
(>= 2:4.0.4)

libsystemd0

(>= 254)

init-system-helpers
(>= 1.29~)

psmisc

(= 6.4+20240113-1)

libgpm2

(>= 209)

libcap2

(>= 1:2.10)
libgcrypt20

(>= 1.10.0)

liblz4-1

(>= 0.0~r122)

liblzma5

(>= 5.1.1alpha+20120614)

libzstd1

(>= 1.5.5)

libgpg-error0

(>= 1.27)

libgpg-error-l10n

usrmerge

usr-is-merged

perl:any

libfile-find-rule-perl

libdm0-dev

{perl}

{perl}

libnumber-compare-perl

libtext-glob-perl

(>= 6)

(>= 2.62)

at-spi2-common

gcc-14-base

(= 14-20240303-1)

(>= 2.77.3) (>= 2.35.1)

adwaita-icon-theme

libgdk-pixbuf-2.0-0
(>= 2.40.0)

shared-mime-info

hicolor-icon-theme

librsvg2-common

libcairo-gobject2

(>= 1.14.0)

libcairo2

(>= 1.14.0)

libfontconfig1

(>= 2.12.6)

libxext6

(>= 1.45.5)

libfribidi0

(>= 0.19.7)

libharfbuzz0b

(>= 2.2.0)
libpangocairo-1.0-0

(>= 1.44.0)

libpangoft2-1.0-0

(>= 1.44.0)

libatk-bridge2.0-0

(>= 2.15.1)

libxi6

(>= 2:1.2.99.4)

libcloudproviders0

(>= 0.3.2)

libcolord2

(>= 0.1.10)

libcups2

(>= 1.7.0)

libepoxy0

(>= 1.4.3)

libwayland-client0

(>= 1.20.0)

libwayland-cursor0
(>= 1.14.91)

libwayland-egl1

(>= 1.15.0)
libxcomposite1

(>= 1:0.4.5)

libxcursor1

(>> 1.1.2)

libxfixes3

libxdamage1

(>= 1:1.1)

libxinerama1

(>= 2:1.1.4)

libxkbcommon0

(>= 0.5.0)

libxrandr2

(>= 2:1.5.0)

libgtk-3-common

(>= 3.24.41-1)

libgtk-3-bin

gtk-update-icon-cache

(>= 2.40.0)

libglib2.0-0t64

(>= 2.57.2)

(>= 2.75.0)

libgdk-pixbuf2.0-common

(>= 2.42.10+dfsg-3)

libjpeg62-turbo

(>= 1.3.1)

libpng16-16

(>= 1.6.2)

libtiff6

(>= 4.0.3)

libgdk-pixbuf2.0-bin

(>= 2.75.3)

(>= 3.0)

libxml2

(>= 2.7.4)

(>= 5.1.1alpha+20120614)

libicu72

(>= 72.1~rc-1~)

w3c-dtd-xhtml

(>= 3.0)

libjpeg62

(>= 5.1.1alpha+20120614)

(>= 1.5.5)
(>= 1.3.1)

libdeflate0

(>= 1.0)

libjbig0

(>= 2.0)

liblerc4

(>= 3.0)
libwebp7

(>= 1.3.2)

(>= 3.0)

libsharpyuv0

(>= 1.3.2)

(>= 2.16.0)

(>= 2.35.4)

libffi8

(>= 3.4)

libmount1

(>= 2.20.1)

libselinux1

(>= 3.1~)

libpcre2-8-0

(>= 10.22)

libglib2.0-data

xdg-user-dirs

libblkid1

(= 2.39.3-10)

(>= 3.1~)

(>= 10.22)

(>= 2.50.0)

(>= 2.23.5-2)

librsvg2-2

(= 2.54.7+dfsg-2)

(>= 2.50.0)

(>= 4.2)

(>= 2.31.1)

(>= 2.9.0)

(>= 1.12.16)

(>= 1.15.12)

(>= 1.48.11)

(>= 1.48.11)

(>= 2.68.0)

(= 1.18.0-1+b1)

(>= 1.6.2)

(>= 2.12.6)

libfreetype6

(>= 2.11.1)

libpixman-1-0

(>= 0.40.0)

libxcb-render0

libxcb1

(>= 1.6)

libxcb-shm0

libxrender1

(>= 1.6.2)

libbrotli1

(>= 0.6.0)

libbz2-1.0

(>= 1.8)

libxau6

(>= 1:1.0.9)

libxdmcp6

libbsd0

(>= 0.2.0)

libmd0

(>= 1.0.3-2)

(>= 1.12)

(>= 2.75.3)

fontconfig

(>= 1.0.0)
(>= 7.3.0)

libthai0

(>= 0.1.25)

(>= 2.32.0)

(>= 2.11.1)

libgraphite2-3

(>= 1.2.2)

libharfbuzz0

libharfbuzz0a

libthai-data

(>= 0.1.10)libdatrie1

(>= 0.2.0)

(>= 2.56.0)

(>= 1.8.0)

(>= 2.12.6)

(= 1.52.0+ds-1)

(>= 1.2.6)

(= 1.52.0+ds-1)

(>= 2.68.0)

(>= 2.13.0)

(>= 2.2.1)

(= 1.52.0+ds-1)

(>= 5.1.0)

(>= 2.75.3)
(>= 2.33.1)

libatspi2.0-0

(>= 2.9.90)

libdbus-1-3

(>= 1.9.14)

(>= 2.62)

(>= 1.9.14)

(>= 2:1.2.99.4)

at-spi2-core

(= 2.50.0-1+b1)

dbus

(>= 2.75.3)

(>= 1.9.14)

libatspi2.0-0t64(>= 2.9.90)

libxtst6

(>= 2.62)

(>= 1.9.14)
(>= 2:1.2.99.4)

(= 2.51.90-2)

x11-common

(>= 2.56.0)

(>= 2.75.3)

liblcms2-2

(>= 2.6)

libudev1

(>= 196)

(>= 1:2.10)

libavahi-client3 (>= 0.6.16)

libavahi-common3

(>= 0.6.16)

libgnutls30

(>= 3.8.1)

libgssapi-krb5-2

(>= 1.17)

(>= 1.9.14)

(= 0.8-13+b1)

libavahi-common-data

(= 0.8-13+b1)

(>= 2:6.3.0+dfsg)

libhogweed6

(>= 3.6)

libnettle8

(>= 3.9~)

libidn2-0

(>= 2.0.0)

libunistring5

(>= 1.1)
libp11-kit0

(>= 0.25.1)

libtasn1-6

(>= 4.14)

(>= 2:6.3.0+dfsg)

(>= 1.1)

(>= 3.4)

libkrb5-3

(= 1.20.1-5.1)

libkrb5support0

(= 1.20.1-5.1)

libcom-err2t64

(>= 1.43.9)

libk5crypto3

(>= 1.20)

(= 1.20.1-5.1)

(>= 1.43.9)

(>= 1.20)

libkeyutils1

(>= 1.5.9)

libssl3t64

(>= 3.0.0)

krb5-locales

(= 1.20.1-5.1)

(>= 3.4)

(>= 1.20.0)

xkb-data

libgtk-3-0t64
(>= 2.40.0)

(>= 2.77.3)

(>= 1.14.0)

(>= 1.14.0)(>= 2.12.6)

(>= 1.45.5)

(>= 0.19.7)

(>= 2.2.0)

(>= 1.44.0)(>= 1.44.0)

(>= 2:1.2.99.4)

(>= 0.3.2)

(>= 0.1.10)

(>= 1.4.3)

(>= 1.20.0)

(>= 1.14.91)

(>= 1.15.0)(>= 1:0.4.5)

(>> 1.1.2) (>= 1:1.1)

(>= 2:1.1.4)

(>= 0.5.0)

(>= 2:1.5.0)

(>= 3.24.41-2)

libatk-bridge2.0-0t64

(>= 2.15.1)

libatk1.0-0t64

(>= 2.35.1)

libcups2t64

(>= 1.7.0)

(>= 2.75.3)

(>= 1.9.14)

(>= 2.9.90)(>= 2.51.90)

(>= 2.62)

(>= 0.6.16)

(>= 0.6.16)

(>= 1.17)libgnutls30t64

(>= 3.8.1)

(>= 2:6.3.0+dfsg)

(>= 3.6)

(>= 3.9~)

(>= 2.0.0)

(>= 1.1)

(>= 0.25.1)

(>= 4.14)

(>= 2.40.0)
(>= 2.57.2)

(>= 1.14.0)

(>= 3.24.41-2)

(>= 3.24.41-2)

(>= 2.75.3) (>= 1.12.4)
(>= 3.23.1)

(>= 2.22.0)

(>= 1.14.0)

(>= 1.14.0)

(>= 0.19.2)

uuid-runtime

(>= 1.54~)

(= 2.39.3-10)

adduser

libsmartcols1

(= 2.39.3-10)

passwd

(>= 220)

(>= 0.0~r130)

(>= 3.0)

(>= 72.1~rc-1~)

(>= 2.77.3)

(>= 10.32)

(>= 1.10.0)

(>= 1.14.0)

(>= 1.44.3)

(>= 1.0.0)

(>= 1.22.0)

(>= 3.24.22)

(>= 1.12.4)

(>= 3.7.2)

libvte-2.91-common

(= 0.75.92-1)

(>= 2.75.3)

gvfs-common

(= 1.53.90-3)

gvfs-daemons
(<< 1.53.90-3.1~)

(>= 1.53.90-3)

gvfs-libs

(= 1.53.90-3)

desktop-file-utils

(>= 2.50.0)

(>= 2.75.3)

(= 1.53.90-3)

(= 1.53.90-3)

libsecret-1-0

(>= 0.7)

lsof

udisks2

libudisks2-0(>= 2.0.91)

libgudev-1.0-0

(>= 147)

libbluray2

(>= 1:0.2.2)

(>= 3.33.0)

(>= 2.75.3)

(= 1.53.90-3)

libgcr-4-4

(>= 3.8.0)

(>= 0.7)

(>= 2.75.3)

(>= 1.10.0)

(>= 0.25.0)

libgck-2-2

(= 4.2.0-3)

(>= 2.75.3)

(>= 0.25.0)

(>= 2.77.3)

(>= 1.10.0)

libsecret-common

(>= 3.1~)

libtirpc3

(>= 1.0.2)

(>= 1.17)

libtirpc-common

(>= 1.3.4+ds-1)

(>= 2.77.0)

(>= 209)

(>= 2.30)

(>= 2.16)

(>= 2.16)

(= 2.10.1-5)

libblockdev-crypto3

libblockdev-utils3

(>= 3.0)

libblockdev-fs3

e2fsprogs

libblockdev-loop3

libblockdev-mdraid3

libblockdev-nvme3

libblockdev-part3
libblockdev-swap3

parted

udev

libacl1

(>= 2.2.23)

libatasmart4

(>= 0.13)

libblockdev3

(>= 3.0)

(>= 212)

libpolkit-agent-1-0

(>= 0.102)

libpolkit-gobject-1-0
(>= 0.102)

dosfstools

eject

ntfs-3g

polkitd

libpam-systemd exfatprogs

(>= 2.75.3)

(>= 2.42.2)

(>= 2.23.0)

(>= 1.4)

(>= 3.0)

libcryptsetup12

(>= 2:2.4)

libnss3

(>= 2:3.13.4-2~)

libvolume-key1(>= 0.3.9)

(>= 2.75.3)

(>= 216)
libkmod2

(>= 19)

(>= 5.4.5-0.2)

(>= 1.5.5)

libssl3

(>= 3.0.0)

(>= 2.24.2)

(>= 2.16)

(>= 3.0.0)

libargon2-1

(>= 0~20171227)

libdevmapper1.02.1

(>= 2:1.02.98)

libjson-c5

(>= 0.15)

(>= 3.1~)

(>= 183)

dmsetup

(>= 2:1.02.196-1~)
(>= 2:1.02.181)

libnspr4(>= 2:4.34)

libsqlite3-0

(>= 3.5.9)

(>= 2.18.0)

(>= 2.16)

(>= 2:1.4)
(>= 2:3.13.4-2~) (>= 2:4.9-2~)

libgpgme11t64

(>= 1.4.1)

{gnupg}

gpg

(>= 1.36)

(>= 2.1.21-4)

libassuan0
(>= 2.4.2)

dirmngr

gpg-agent

gpg-wks-client
gpgsm

(>= 1.10.3)

(>= 1.42)

(>= 3.7.15)

(= 2.2.40-1.1+b1)

gpgconf

(= 2.2.40-1.1+b1)

(>= 2.5.0)

libreadline8

(>= 6.0)

(>= 1.10.0)

(>= 1.42)

(>= 2.5.0)

(>= 6.0)

(>= 1.33)

(>= 6)

readline-common

libreadline-common

(>= 1.10.0)

(>= 1.42)

(>= 1.52)

(>= 3.8.1)

(= 2.2.40-1.1+b1)

(= 2.2.40-1.1+b1)

(>= 2.5.0)

lsb-base

(>= 3.2-13)

libksba8

(>= 1.3.5)

libldap-2.5-0

(>= 2.5.4)

libnpth0

(>= 0.90)

sysvinit-utils

(>= 3.05-4~)

(>= 1.46)

(>= 3.8.2)

libsasl2-2

(>= 2.1.28+dfsg1)

libldap-common

(>= 3.0.0)

libsasl2-modules-db

(>= 2.1.28+dfsg1-4+b1)

libsasl2-modules

(>= 2.1.28+dfsg1-4+b1)

libdb5.3

(>= 3.0.0)

(>= 1.10.3)

(>= 1.42)

(>= 1.52)

(= 2.2.40-1.1+b1)

(= 2.2.40-1.1+b1)

(>= 2.5.1)
(>= 0.90)

pinentry-curses

pinentry

(>= 6)

(>= 6)

(>= 1.16)

(>= 2.1.0)

...
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(>= 1.10.0)

(>= 1.42)

(= 2.2.40-1.1+b1)

(= 2.2.40-1.1+b1)

(>= 2.5.0)

(= 2.2.40-1.1+b1)

(= 2.2.40-1.1+b1)

(>= 1.10.3)

(>= 1.42)

(= 2.2.40-1.1+b1)

(= 2.2.40-1.1+b1)

(>= 2.5.0)

(>= 6.0)

(>= 1.6.0)

(>= 2.42.2)

(>= 2.30.2)

(>= 2.24.2)

(>= 2.16)

(>= 3.0)

libext2fs2

(>= 1.42.11)

(>= 2.36)

(>= 1.43.9)

(>= 2.16)

libext2fs2t64

(= 1.47.0-2.3+b1)

libss2t64

(>= 1.38)

logsave e2fsprogs-l10n

(>= 1.43.9)
(>= 1.43.9)

(>= 1.47.0-2.3)
(<< 1.47.0-2.3+c~)

(>= 2.42.2)

(>= 2.14)

(>= 2.42.2)

(>= 3.0)

libbytesize1

(>= 2.6)

(>= 10.22)

(>= 2:6.3.0+dfsg)

libmpfr6

(>= 3.1.3)

libbytesize-common

(= 2.10-1)

(>= 2:6.3.0+dfsg)

(>= 2.42.2)

(>= 3.0)

libnvme1

(>= 1.7.1)

(>= 1.5.9)

(>= 3.0.0)

(>= 0.15)
(>= 2.42.2)

(>= 3.0)

libfdisk1

(>= 2.31.1)

(= 2.39.3-10)

(= 2.39.3-10)

(>= 2.42.2)

(>= 2.23.0)

(>= 2.16)

(>= 2.20)

(>= 6)

(>= 2.16)

libparted2t64

(= 3.6-3.1+b1)

libreadline8t64

(>= 6.0)

(>= 2.17.2)

(>= 2.16)
(>= 2:1.02.97)

dmidecode

(>= 6)
(>= 1:2.10)

(>= 2.37.2)

(>= 3.1~)

(= 255.4-1)

(>= 15)

(>= 2.2.23)

{systemd}

systemd-standalone-sysusers

systemd-sysusers

systemd-dev

(>= 255.4-1)

(>= 1:2.10)

(>= 3.1~)

libcrypt1

(>= 1:4.4.0)

...
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(>= 183)

(>= 2.42.2)

(>= 3.0)

(>= 2.38.0)

(>= 251)

(>= 2.38.0)

(= 124-1)

(>= 2.38.0)

(>= 213)

(= 2.39.3-10)

(>= 1.10.3)

(>= 3.7.2)

fuse3

libntfs-3g89

libntfs-3g89t64

(= 1:2022.10.3-1.1)

libfuse3-3
(= 3.14.0-5)

mount

(>= 2.19.1)

sed

(>= 4)

(= 2.39.3-10)

(= 2.39.3-10)

(>= 3.1~)

(= 2.39.3-10)

(>= 3.1~)

(>= 2.2.23)

(>= 2.75.3)

(>= 253)

(= 124-1)

(= 124-1)

[adduser]

[systemd-sysusers]

default-dbus-system-bus

dbus-system-bus
default-logind

logind

libpam0g

(>= 0.99.7.1)

libexpat1

(>= 2.0.1)

xml-core
(>= 0.14)

libduktape207

(>= 2.0.3)

{dbus}

{dbus}
...
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[libpam-systemd]

{libpam-elogind}

(>= 1:2.10)

(= 255.4-1)

(>= 0.99.7.1)

libpam-runtime

systemd-sysv

libpam-elogind-compat

dbus-user-session

libaudit1

(>= 1:2.2.1)

{debconf}

debconf-2.0

(>= 0.5)

libaudit-common

(>= 1:3.1.2-2.1)

libcap-ng0
(>= 0.7.9)

[debconf]

[cdebconf]

(>= 0.5)

{debconf}

{cdebconf}
(>= 1.5.19)

libpam-modules

(>= 1.0.1-6)

libpam0g-util

(>= 3.1~)

(>= 1:4.3.0)

(>= 1.4.1)

(>= 1:2.2.1)

(>= 0.5)

libpam-modules-bin
(= 1.5.3-6)

libpam-mkhomedir

libpam-motd

libpam-umask

(>= 254)

(>= 3.1~)

(>= 1:4.3.0)

(>= 0.99.7.1)

(>= 1:2.2.1)

file-rc
initscripts

orphan-sysvinit-scripts

systemd-shimsysvinit-core

libnss-systemd

(>= 1:2.10)

(= 255.4-1)

dbus-daemon

dbus-broker

(= 1.14.10-4)

dbus-session-bus-common(>= 1.14.10-4)

(>= 243)

(>= 1.52)
(>= 3.1~)
(>= 3.1~)

(= 1.14.10-4)

(>= 1:2.2.1)

(>= 1:2.2.1)(>= 0.7.9)
(>= 0.7.9)

(>= 230)

dbus-bin

(= 1.14.10-4)

(>= 1.14.10-4)

libapparmor1

(>= 2.8.94)
(>= 3.0)

(>= 2.1~beta3)
(>= 2.1~beta3)

dbus-system-bus-common

(= 1.14.10-4)

(>= 2.7.4) (>= 2.12.6)

(>= 2.2.1)

libudfread0

(>= 1.1.1)

libaacs0 (>= 1.10.0)

libbdplus0

(>= 1.10.0)

(>= 1.14)

(= 3.51.90-1)

(>= 2.52.0)

(>= 3.0)

libnautilus-extension4
(>= 43~beta.1)

(>= 2.77.0)

(>= 2.67.4)

(>= 5.1.1alpha+20110809)

(>= 1.12.4)

(>= 3.13.3)

(>= 2.22.0)

(>= 2.6.27)

(>= 1.10.0)

(>= 1.2.4)

(>= 1.14.0)

(>= 0.6.0)

(>= 1.14.0)

(>= 1.5.0)

(>= 3.5.9)

libjavascriptcoregtk-4.1-0

libsoup-3.0-0
(>= 2.4.0)

libwebkit2gtk-4.1-0

(>= 2.5.3)

libxslt1.1

(>= 1.1.25)

libyelp0

(= 42.2-1+b1)
python3-distro

yelp-xsl

(>= 41~)

man-db

(>= 2.5.1-1)

docbook-xml

fonts-dejavu

(>= 2.66.0)

(>= 7)

(>= 72.1~rc-1~)

libatomic1

(>= 4.8)

(= 14-20240303-1)

(>= 2.75.3)

(>= 0.6.0)

(>= 1.17)
(>= 3.5.9)

glib-networking

libnghttp2-14 (>= 1.50.0)

libpsl5

(>= 0.16.0)

libsoup-3.0-common

(>= 2.73.3)
(>= 3.8.1)

libproxy1v5
(>= 0.5.3)

glib-networking-services

(>= 2.80~rc-1)

(<< 2.80~rc-1.1~)

glib-networking-common

(>= 2.80~rc-1)

(>= 2.68.0+git20210214)

(>= 2.0.3)

libcurl3-gnutls

(>= 7.16.2)

libproxy1

(>= 1.5.5)

(>= 0.6.0)

(>= 3.8.2)

(>= 2.0.0)
(>= 1.17)

(>= 2.5.4)
(>= 1.50.0)

(>= 0.16.0)

librtmp1

(>= 2.3)

libssh2-1

(>= 1.11.0)

ca-certificates

(>= 0.16)

(>= 1.1)

publicsuffix

(>= 20150507)

(>= 3.6.14)

(>= 3.0.0)

(>= 0.5)

openssl

(>= 1.1.1)

(>= 3.0.9)

(>= 2.73.3)

(>= 0.5.3)

(>= 2.80~rc-1)

(>= 2.75.3)

(>= 1.10.3)

(>= 1.32.0)

(>= 4.0)

(>= 3.23.0)

(>= 2.22.0)

(>= 2.7.4)

(>= 72.1~rc-1~)

(>= 1.3.1)

(>= 1.6.2)

(>= 1.3.2)

(>= 1.15.12)(>= 2.12.6)

(>= 2.9.1)

(>= 1.14.0)

(>= 1.4.2)

(>= 2.2+git20110628)

(>= 4.14)

(>= 1.3)

(>= 1.20.0)

(>= 1:0.4.5)

(>= 1:1.1)

(>= 0.7)

(>= 3.7.15)

(= 2.42.5-1)

(>= 3.0.3)

gstreamer1.0-plugins-base

libgstreamer-plugins-base1.0-0

(>= 1.20.0)

libdrm2

(>= 2.4.75)

libgstreamer1.0-0
(>= 1.22.0)

gstreamer1.0-plugins-good

libgles2

bubblewrap

(>= 0.3.1)

xdg-dbus-proxy

libavif16

(>= 1.0.3)

libenchant-2-2

(>= 2.2.3)

libgbm1

(>= 17.1.0~rc2)

libwayland-server0

(>= 1.3.92)

libgstreamer-gl1.0-0

(>= 1.14.0)

libgl1-mesa-dri

gstreamer1.0-gl

libgstreamer-plugins-bad1.0-0

(>= 1.22.9)

libharfbuzz-icu0

(>= 0.9.9)

libhyphen0(>= 2.7.1)

libjxl0.7

(>= 0.6.1)

libmanette-0.2-0

(>= 0.1.2)

libopenjp2-7

(>= 2.2.0)

libseccomp2

(>= 0.0.0~20120605)

libwebpdemux2 (>= 1.3.2)

libwoff1

(>= 1.0.0)

libwpe-1.0-1

(>= 1.3.0)

libwpebackend-fdo-1.0-1

(>= 1.8.0)

(>= 1.1.25)

xdg-desktop-portal-gtk

gstreamer1.0-libav

gstreamer1.0-plugins-bad

(>= 2.75.3)

libcdparanoia0

(>= 3.10.2+debian)

(>= 1.24.0)

(>= 1.24.0)

liborc-0.4-0t64

(>= 1:0.4.34)

libogg0

(>= 1.0rc3)

libopus0

(>= 1.1)

libtheora0
(>= 1.1)

libvisual-0.4-0
(>= 0.4.0)

libvorbis0a

(>= 1.3.1)

libvorbisenc2

(>= 1.3.1)

(>= 2.75.3)

(>= 2.4.74)

(>= 1.24.0)

(>= 1:0.4.34)

iso-codes

libdrm-common

(>= 2.4.120-2)

(>= 1:2.10)

(>= 4.2)

(>= 2.77.0)

libdw1t64 (>= 0.126)

libunwind8

libcap2-bin

(>= 5.1.1alpha+20120614)

(>= 1.5.5)

libelf1t64

(= 0.190-1.1)

(>= 1.5.5)

(>= 5.1.1alpha+20110809)

libunwind1-dev

(>= 1:2.63)

libpam-cap

(>= 1:2.63)

(>= 0.99.7.1)

(>= 1.1.3-2~)

(>= 1.2.4)

(>= 1.1.0)

(>= 1.1.0)

(= 1.3.7-1)

(>= 3.0)

(>= 2.22.0)

(>= 2.9.0)

(>= 1.3.1)

(>= 2.77.0)

(>= 1.10.0)

(>= 1.10.0)

(>= 3.0.0)

(>= 1:1.1)

(>= 147)

(>= 1.24.0)

(>= 1.24.0)

(>= 1.24.0)

(>= 1:0.4.34)

libaa1

(>= 1.4p5)

libavc1394-0

(>= 0.5.3)

libraw1394-11

(>= 2.1.2)

libcaca0

(>= 0.99.beta20)

libdv4t64

(>= 1.0.0)

libflac12t64

(>= 1.3.0)

libiec61883-0

(>= 1.2.0)

libmp3lame0

(>= 3.100)

libmpg123-0

(>= 1.28.0)

libopencore-amrnb0

(>= 0.1.6)

libopencore-amrwb0

(>= 0.1.6)

libpng16-16t64

(>= 1.6.2)

libpulse0
(>= 2.0)

libshout3

(>= 2.4.6)

libspeex1

(>= 1.2~)

libtag1v5

(>= 1.9.1-2.2~)

libtwolame0

(>= 0.3.10)

libv4l-0t64
(>= 0.5.0)

libvpx8

(>= 1.12.0)

libwavpack1

(>= 4.60)

libsoup2.4-1

[libsoup-3.0-0]

(>= 2.48)

gstreamer1.0-x

(>= 6)

(>= 1.20.7)

libncurses6

(>= 6)
libslang2

(>= 2.2.4)

(= 6.4+20240113-1)

(>= 6)

(>= 6)

(>= 2.2.4)

(>= 1.0rc3)

(>= 2.1.2)

(>= 1.9.14)

libasyncns0

(>= 0.3)

libsndfile1

(>= 1.0.20)

libx11-xcb1

(>= 2:1.8.7)

(>= 1.3.0)

(>= 1.1)(>= 1.2.3)

(>= 1.1.2)

(>= 3.100)(>= 1.28.0)

libflac12

(>= 1.3.0) (>= 1.0rc3)

(>= 3.0.0)

(>= 1.0rc3)

(>= 0.0.0.alpha7.dfsg)

(>= 1.1.2)

(>= 1.2~)

libtag1v5-vanilla

(= 1.13.1-1+b1)

libtag-extras0

libtag1c2a

(>= 3.3.1)

libtag1-rusxmms

libv4lconvert0t64

(= 1.26.1-4)
(>= 1.3.1)

(>= 2.75.3)

(>= 2.7.4)(>= 0.6.0)

(>= 1.17)
(>= 3.5.9)

(>= 0.16.0)

libsoup2.4-common

(>= 2.62)

(>= 1.2.4)

(>= 1.22.0)

(>= 1.22)

(>= 2:1.2.99.4)

(>= 1.24.0)

(>= 1.24.0)

libxv1

libglvnd0

(= 1.7.0-1)

(>= 1:2.10)(>= 3.1~)

(>= 2.40.0)

(>= 1.3.2)

libaom3

(>= 3.2.0)

libdav1d7

(>= 0.1.0)

libgav1-1

(>= 0.18.0)

librav1e0

(>= 0.5.1)

libsvtav1enc1d1

(>= 1.7.0+dfsg)

libyuv0
(>= 0.0~git20221206)

(>= 3.3.1)

libabsl20220623

(>= 0~20220623.0-1)

(>= 3.0)

(>= 4.2)

(>= 3.0)

(>= 1.3.1)

libyuv

(>= 2.28.0)

(>= 3.0)

hunspell-en-us

hunspell-dictionary

myspell-dictionary

aspell-dictionary

ispell-dictionary

libaspell15

(>= 0.60.8.1)

libhunspell-1.7-0

enchant-2

dictionaries-common

(>= 0.10)

myspell-en-us

...

-75-
...

-23-

...

-46-

...

-38-

aspell6-dictionary

aspell-en

[aspell-dictionary]

aspell6a-dictionary

aspell

aspell-no

(>= 6)

(>= 6)

(= 0.60.8.1-1+b1)

(>= 0.5)

(>= 0.60.7~20110707-1.3)

(>= 3.0)

[hunspell-en-us]

[hunspell-dictionary]

[myspell-dictionary]

(>= 2.12.0)

(>= 2.2.3)

(>= 2.0.1)

(>= 2.4.107-4)

(>= 1.15.0)

libxcb-randr0

(>= 3.4)

(>= 1.9.2)

(>= 2.75.3)

(>= 1.20.0)

(>= 1.11)

(>= 1.15.0)

(>= 165)

(>= 1.23.1)
(>= 2.4.55)

(>= 1.24.0)

(>= 2:1.8.7)

(>= 8.1~0)

libegl1

libgl1

(= 1.7.0-1)

libegl-mesa0

(>= 3.4)

(>= 1.9.2)

(>= 1.20.0)

(>= 2.0.1)

(>= 2.4.109)

(>= 2:1.8.7)

(= 24.0.2-1)

(>= 1.15.0)

(>= 1.3)

libglapi-mesa

(= 24.0.2-1)

libxcb-dri2-0(>= 1.8)

libxcb-dri3-0

(>= 1.13)

libxcb-present0

libxcb-sync1

libxcb-xfixes0

libxshmfence1

(>= 1.12)

(= 1.7.0-1)
libglx0

(= 1.7.0-1)

(= 1.7.0-1)

libglx-mesa0

(>= 1.9.2)

(>= 2.0.1)

(>= 2.4.107-4)

(>= 2:1.8.7)

(= 24.0.2-1)

(>= 1.8)

(>= 1.13)

libxcb-glx0

(>= 1.8)

libxxf86vm1

(>= 1.5.5)

(>= 3.4)

(>= 2.0.1)

(>= 2.4.107-4)(>= 0.142)

(= 24.0.2-1)

(>= 1.13)

libvulkan1

libdrm-amdgpu1

(>= 2.4.119)

libllvm17

libdrm-intel1

(>= 2.4.107-4)

libdrm-nouveau2

(>= 2.4.107-4)

libdrm-radeon1

(>= 2.4.107-4)

libsensors5(>= 1:3.5.0)

mesa-vulkan-drivers

vulkan-icd(>= 1.5.5)

(>= 3.4)

(>= 1.9.2)

(>= 1.20.0)(>= 2.0.1)

(>= 2.4.107-4)
(>= 0.142)

(>= 2:1.8.7)

(>= 1.13)

(>= 1.13)

(>= 2.4.110)

...
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[python3]

[python3]

(>= 2.4.108)

(>= 6)

(>= 1.5.5)

(>= 3.3)

(>= 2.7.4)

(>= 3.4)

libedit2

(>= 2.11-20080614-0)

libz3-4

(>= 4.8.12)

(>= 6)

(>= 0.1.3)

(>= 3.4)

(>= 2.4.108)

libpciaccess0

(>= 2.4.108)

(>= 2.4.108)

libsensors-config

(>= 1.3.1)

(>= 2.62)

(>= 1.24.0)

(>= 1.24.0) (>= 1.6.2)

(>= 1.24.0)

libgraphene-1.0-0

(>= 1.5.4)

(>= 2.14.0)

(>= 3.0)

(>= 2.75.3)

(>= 1.20.0)

(>= 0.5.0)

(>= 1.24.0)
(>= 2.4.98)

(>= 1.24.0)

(>= 1.24.0)

(>= 1.3.204.0)

libnice10

(>= 0.1.21)

libva-drm2

(>= 1.8)

libva2

(>= 2.10.0)
libxkbcommon-x11-0

(>= 0.5.0)

(>= 2.54.0)

(>= 3.7.0)

libgupnp-igd-1.6-0

(>= 0.2.4)
(>= 2.70)

libgssdp-1.6-0

(>= 1.6)

libgupnp-1.6-0

(>= 1.6.0)

(>= 2.68.0)

(>= 3.0.3)

(>= 2.66.0)

(>= 2.7.4)

(>= 3.1.3)

(>= 1.6.2)

(>= 2.4.60)

(>= 2.20.0)(<< 2.20.0.1)

va-driver-all

va-driver

i965-va-driver

i965-va-driver-shaders

intel-media-va-driver

intel-media-va-driver-non-free

mesa-va-drivers

...
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(>= 2.3.1)(>= 2.3.1) (>= 2.4.46)

(>= 2.4.46)

libva-driver-abi-1.8(>= 3.0)

(>= 3.0)

libva-driver-abi-1.20

libigdgmm12

(>= 22.3.14+ds1)

(>= 22.3.16+ds1)(>= 3.0)

(>= 1.5.5)

(>= 3.4)

(>= 1.9.2)

(>= 2.0.1)

(>= 2.4.107-4)
(>= 0.142)

(>= 2:1.8.7)

(>= 1.8)

(>= 2.4.119)

(>= 2.4.107-4)

(>= 2.4.107-4)

(>= 1.6)

(= 1.6.0-1)

libxcb-xkb1

(>= 72.1~rc-1~)

(>= 0.9.4)

(>= 3.4)

(>= 0.6.0)

(>= 2.13)

libhwy1

(>= 0.16.0)

(>= 12)

(>= 2.50.0)
(>= 146)

libevdev2

(>= 1.4.5)

(>= 1.3.2)

(>= 3.0)

(>= 0.6.0)

(>= 0.5.0)

(>= 2.32.0)

(>= 1.0)

(>= 1.20.0)
(>= 1.15.0)

(>= 1.2.0)

(>= 1.6.0)

(>= 1.10.0)

(>= 2.9.0)

(>= 2.56.0)
(>= 3.21.5)

(>= 2.22.0)

(>= 2.12.6)

[dbus-user-session]

dbus-x11

xdg-desktop-portal
(>= 1.14.0)

(= 1.14.10-4)

(= 1.14.10-4)

(= 1.14.10-4)

(>= 1.14.10-4)

(>= 2.70.0)

(>= 1.52)

(>= 2.22.0)

(>= 3.12.0)

libjson-glib-1.0-0

(>= 1.5.2)

libpipewire-0.3-0

(>= 0.3.1)

(>= 2.75.3)

libjson-glib-1.0-common
(>= 1.8.0-2)

libspa-0.2-modules

(= 1.0.3-1)

libpipewire-0.3-common

(>= 3.0)

(>= 1.9.14)

(>= 183)

libasound2t64

(>= 1.2.1.1)

libwebrtc-audio-processing1

libasound2-data

(>= 1.2.11-1)
alsa-ucm-conf

alsa-topology-conf

libasound2
(>= 1.2.7)

(>= 1.2.10-3)

(>= 2.75.3)

(>= 1.24.0)

(>= 1.24.0)

libavcodec60

(>= 7:6.0)

libavutil58

(>= 7:6.0)

libavfilter9

(>= 7:6.0)

libavformat60
(>= 7:6.0)

(>= 5.1.1alpha+20120614)

(>= 1.3.2)

(>= 2.12.0)

(>= 2.52.5)

(>= 1.2.4)

(>= 1.1)

(>= 1.0)

(>= 1.1.2)

(>= 1.1.2)

(>= 3.100)

(>= 1.2~)

(>= 0.3.10)
(>= 1.12.0)

(>= 3.2.0)

(>= 1.1.0)

(>= 0.5.1)

(>= 1.7.0+dfsg)

(>= 2.9.0)

(>= 0.7.0)

(>= 2.0.0)

(= 7:6.1.1-2)

libvpl2

(>= 2023.3.0)

libcodec2-1.2

(>= 1.2.0)

libgsm1

(>= 1.0.18)

libshine3

(>= 3.1.0)

libsnappy1v5

(>= 1.1.10)

libswresample4

(>= 7:6.0)libwebpmux3

(>= 1.3.2)

libx264-164

(>= 2:0.164.3108+git31e19f9)

libx265-199

(>= 3.5)

libxvidcore4

(>= 1.2.2)

libzvbi0

(>= 0.2.35)

(>= 2.4.66)

(>= 1.3)

(>= 2.1.0)

libva-x11-2

(>= 1.3)

libvdpau1

(>= 0.2)

(>= 2023.3.0)

ocl-icd-libopencl1

libopencl1

[ocl-icd-libopencl1]

libopencl-1.2-1

(>= 1.0)

(>= 2.4.60)

(>= 2:1.8.6)

(>= 2.20.0)(<< 2.20.0.1)

vdpau-driver-all

vdpau-driver

libvdpau-va-gl1

mesa-vdpau-drivers

...
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(>= 1.7.3)

(>= 1.0.3)

(>= 1.5.5)

(>= 3.4)

(>= 1.9.2)

(>= 2.0.1)

(>= 2.4.107-4)(>= 0.142)

(>= 2:1.8.7)

(>= 1.8)

(>= 2.4.119)

(>= 2.4.107-4)

(>= 2.4.107-4)

(>= 3.0)

(>= 1.20.0)

(>= 2.4.60)
(>= 2.4.1)

amd-app

nvidia-libopencl1-dev

{nvidia-libopencl1}

[ocl-icd-libopencl1]

libgsm-dev

libsnappy1

(>= 7:6.1)

libsoxr0

(>= 0.1.0)

libgomp1

(>= 4.9)

(= 14-20240303-1)

(>= 1.3.2)

libnuma1

(>= 2.0.11)

(>= 1.6.2)

libzvbi-common(= 0.2.42-1.1)

(>= 2.12.6)

(>= 2.2.1)
(>= 0.19.2)

(>= 0.9.9)

(>= 1.7.3)

(= 7:6.1.1-2)
(= 7:6.1.1-2)

(>= 2023.3.0)

(>= 1.0)

(>= 7:6.0)

libass9

(>= 1:0.15.0)(>= 7:6.0)

libzmq5

(>= 3.2.3+dfsg)

libbs2b0

(>= 3.1.0+dfsg)

libflite1

(>= 1.4-release-9~)

liblilv-0-0

(>= 0.14.2~dfsg0)

libmysofa1

(>= 0.7~)

libplacebo338
(>= 6.338.1)

libpocketsphinx3

(>= 0.8+5prealpha+1)

libsphinxbase3

(>= 0.8+5prealpha)

libpostproc57

(>= 7:6.0)

librubberband2

(>= 3.3.0+dfsg)

libswscale7(>= 7:6.0)

libvidstab1.1

libzimg2

(>= 0.3.1)

(>= 2.13.0)

(>= 2.3.5)

(>= 1.0.0)

(>= 1.2.6)

libunibreak5
(>= 1.0)

(>= 2.7.4)

(>= 3.8.1)

(>= 1:0.2.2)

(= 7:6.1.1-2) (= 7:6.1.1-2)

libchromaprint1

(>= 1.3.2)

libgme0

(>= 0.5.5)

libopenmpt0t64

(>= 0.3.0)

librabbitmq4

(>= 0.6.0)

librist4

(>= 0.2.6+dfsg)

libsrt1.5-gnutls

(>= 1.5.3)

libssh-gcrypt-4

(>= 0.8.0)

(>= 4.0.1+dfsg)

(>= 3.4)

(>= 3.0)

(>= 4.0)

(>= 1.1.2)

(>= 1.28.0)

libvorbisfile3

(>= 1.1.2)

(>= 1.1.0)

(= 1.3.7-1)

(>= 3.0.0)

libcjson1

(>= 1.7.5)

libmbedcrypto7

(>= 2.28.0)

(>= 3.0)

(>= 3.7.0)

(>= 1.10.0)

(>= 1.14)

(>= 1.17)

(>= 3.0)

(>= 0.0)

(>= 1.17)

libnorm1

(>= 1.5r6)

libpgm-5.3-0

(>= 5.1.116~dfsg)

libsodium23

(>= 1.0.3)

(>= 3.0)

(>= 1.0.16)

libserd-0-0

(>= 0.30.2)

libsord-0-0

(>= 0.14.0~dfsg0)

libzix-0-0

(>= 0.4.2)

libsratom-0-0

(>= 0.4.6~dfsg0)

(>= 0.30)
(>= 0.4.2)

(>= 0.30.2)

(>= 0.16.16)

(>= 3.4)

(>= 2.6)

(>= 1.2.131.2)

(>= 0.8+5prealpha+1)

pocketsphinx-en-us

(>= 0.99.1)

libblas3

libblas.so.3

liblapack3

liblapack.so.3 (>= 3.0)

...
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(>= 4.0)

libgfortran5

(>= 8)

...
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(>= 4.3)

(= 14-20240303-1)

(>= 7:6.0)
(>= 3.0)

libfftw3-double3

(>= 3.3.10)

libsamplerate0

(>= 0.1.7)

(>= 4.9)

(= 7:6.1.1-2)

(>= 4.9)

(>= 3.0)

(>= 3.0)

(>= 2.9.0)

(>= 1.3.2)

(>= 2.77.0)

(>= 2.36.2)

(>= 1.6.0)

(>= 1.22.0)

(>= 1.22)

(>= 2.7)

(>= 3.0.0)

(>= 1.20.0)

(>= 3.15.0)

(>= 165)

(>= 2.3)

(>= 1.24.0)

(>= 1.24.0)

(>= 2.4.98)

(>= 1.24.0)

(>= 1:0.4.34) (>= 1.1)

(>= 1.24.0)

(>= 1.0.20)

(>= 3.2.0) (>= 1.7.0+dfsg)

(>= 1.24.0)

(>= 1.2.131.2)

(= 1.24.0-1)

(>= 2.2.0)

(>= 2.2.0)

(>= 1.5.2)

(>= 1.0.18)

(>= 1.3.2)

(>= 3.5)

(>= 1:0.13.6)

(>= 1.3.2)

(>= 0.6.0)

(>= 0.5.10)

(>= 1.5.3)

(>= 3.1.0+dfsg)

(>= 1.4-release-9~)

(>= 0.22)

libavtp0

(>= 0.2.0)

libcurl3t64-gnutls

(>= 7.55.0)

libnettle8t64

(>= 3)

libdc1394-25

(>= 2.2.6)

libusb-1.0-0

(>= 2:1.0.8)

libdca0

(>= 0.0.5)

libde265-0

(>= 0.9)

libdirectfb-1.7-7t64(>= 1.7.7)

libdvdnav4

(>= 4.1.3)

libdvdread8t64

(>= 4.1.3)

libfaad2

(>= 2.7)

libfluidsynth3

(>= 2.2.0)

libfreeaptx0

(>= 0.1.1)

libimath-3-1-29t64

(>= 3.1.9)

liblc3-1

(>= 1.0.1)

libldacbt-enc2(>= 2.0.2)

liblrdf0

(>= 0.4.0-1.2)

libltc11

(>= 1.2.0)

libmfx1

(>= 18.4.0)

libmjpegutils-2.1-0t64

(>= 1:2.1.0+debian)

libmodplug1

(>= 1:0.8.8.5)

libmpcdec6

(>= 1:0.1~r435)

libmpeg2encpp-2.1-0t64

(>= 1:2.1.0+debian)

libmplex2-2.1-0t64

(>= 1:2.1.0+debian)

libneon27t64

libopenal1
(>= 1:1.14)

libopenexr-3-1-30

(>= 3.1.5)

libopenh264-7

(>= 2.4.1+dfsg)

libopenni2-0

(>= 2.2.0.33+dfsg)

libqrencode4

(>= 3.2.0)

libsbc1

(>= 2.0)

libsoundtouch1

(>= 2.0.0)

libspandsp2t64

(>= 0.0.6~pre18)

libsrtp2-1

(>= 2.0.0+20170516)

libvo-aacenc0

(>= 0.1.3)

libvo-amrwbenc0

(>= 0.1.3)

libwildmidi2

(>= 0.2.3)

libzbar0t64

(>= 0.10)

libzvbi0t64

(>= 0.2.35)

libzxing3

(>= 2.2.1)

(>= 1.5.5)

(>= 0.6.0)

(>= 2.0.0)

(>= 1.17)

(>= 3.8.2)

(>= 2.5.4)
(>= 1.50.0)

(>= 2.3)

libpsl5t64

(>= 0.16.0)

libssh2-1t64 (>= 1.11.0)

(>= 0.16)(>= 1.1)

(>= 20150507)

(>= 3.0.0)

(>= 2.1.2)

(>= 2:1.0.9)

(>= 183)

(>= 3.0)

(>= 3.0)

libdvdread8

(>= 6.1.0)

libfaad2-0

(>= 2.32.0)

(>= 3.0)

(>= 1.9.14)

(>= 6.0)

(>= 0.99.1)

(>= 1.0.20)

(>= 0.3.1)

(>= 1.0.16)

(>= 4.9)

libinstpatch-1.0-2

(>= 1.1.2)

libjack-jackd2-0

libjack-0.125

(>= 1.9.10+20150825)

libsdl2-2.0-0

(>= 2.0.12)

timgm6mb-soundfont

sf3-soundfont-gm

(>= 1.3-3~)

(>= 2.41.1)

(>= 1.0.20)

(>= 3.0)

(>= 1.3.1-2~)

(>= 0.1.7)

libjack-0.116

libjack0

[libjack-jackd2-0]

[libjack0]

(>= 2:1.6.99.1)

(>= 1.20.0)

(>= 1.18)

(>= 1.18)

(>> 1.1.2)

(>= 1:5.0)

(>= 0.5.0)

(>= 2:1.2.99.3)

(>= 2.4.47)

(>= 5.0)

(>= 8.1~0)

(>= 1.0.27)
(>= 0.1.7)

libdecor-0-0

(>= 0.1.1-2~)

libxss1

libsdl-1.3-0

(>= 1.20.0)

libdecor

default-libdecor-0-plugin-1

libdecor-0-plugin-1

libdecor-0-plugin-1-gtk

[libdecor-0-plugin-1-gtk]

{libdecor-0-plugin-1-cairo}

(>= 2.12.0)

(>= 3.19.12)

(>= 1.14.0)

(>= 1.9.14)

(>= 1.20.0)

(>= 1.18)

(= 0.2.2-1)

libdecor-plugin-gtk

...
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libraptor2-0

(>= 2.0.15)

(>= 2.7.4)

(>= 72.1~rc-1~)

(>= 7.16.2)
(>= 1.1.25)

libyajl2

(>= 2.0.4)

(>= 3.0)

(>= 2.9.0)

(>= 3.0)

(>= 1:2.1.0+debian)

(>= 3.0)

(>= 1:2.1.0+debian)

(>= 2.7.4)

(>= 1.17)

(>= 3.0.0)

(>= 4.0)

(>= 0.99.1)

(>= 1.0.16) libopenal-data(= 1:1.23.1-4)

libsndio7.0

(>= 1.8.1)
(>= 0.0)

(>= 1.0.17)
(>= 3.0)

libimath-3-1-29

(>= 3.1.9)

(>= 3.0)

(>= 3.0)

(>= 1.3.1)

(>= 183)

(>= 2:1.0.8)

(>= 3.0) (>= 4.0.3)

(>= 2:3.15) (>= 2:4.9-2~)

(>= 1.3.1)

(>= 1.9.14)

(>= 0.5.0)

libmagickcore-6.q16-7-extra

(>= 2.7.4)

(>= 2.12.0)

(>= 1.6.0)

(>= 1.22.0)

(>= 1.14.0)

(>= 3.1.5)

libdjvulibre21

(>= 3.5.28)

libmagickcore-6.q16-7

(>= 8:6.9.11.24)

libmagickwand-6.q16-7t64

(>= 8:6.9.12.98+dfsg1-5.1)

libwmflite-0.2-7

(>= 0.2.12)

libjxr-tools

(>= 3.0)

(>= 1.3.1)

libdjvulibre-text

(>= 3.5.28-2)
libdjvulibre1

(>= 5.1.1alpha+20120614)

(>= 3.3.1)

(>= 2.7.4)

(>= 1.3.1)
(>= 1.6.2)

(>= 4.5.0~rc1)

(>= 2.0)

(>= 1.3.2)

(>= 2.12.6)

(>= 2.10.1)

(>= 2.6)

(>= 2.0.0)

(>= 1.3.2)

(>= 6)

(>= 1.3.2)

(>= 3.3.10)

dpkg

(>= 1.17.6)

libheif1

(>= 1.13.0)

liblqr-1-0

(>= 0.4.0)

libltdl7

(>= 2.4.7)

libraw23

(>= 0.16.0)

imagemagick-6-common
(>= 8:6.9.6.2+dfsg-3)

ghostscript

fonts-urw-base35

(>= 3.0)
(>= 1.3.2)

libheif-plugin-dav1d

libheif-plugin-aomdec

(= 1.17.6-1)

(= 1.17.6-1)

libheif-plugin-libde265

(= 1.17.6-1)libheif-plugin-aomenc

(= 1.17.6-1)

libheif-plugin-x265

(= 1.17.6-1)

(>= 3.2.0)

(>= 0.1.0)

(= 1.17.6-1)
(= 1.17.6-1)

(>= 3.0)

(>= 1.0.7)

(= 1.17.6-1)

(>= 3.0)

(>= 3.2.0)

(= 1.17.6-1)

(>= 3.0)

(>= 3.5)

(= 1.17.6-1)

(>= 2.24.0)

(>= 3.0)

(>= 1.3.1)

(>= 2.2+git20110628)

(>= 6)

libgs10

(= 10.02.1~dfsg-3)

(>= 1.3.1)

(>= 1.6.2)
(>= 4.0.3)

(>= 2.12.6)

(>= 2.10.1)

(>= 2.6)

(>= 2.3~b6)

(>= 2.0.0)

libgs10-common

(= 10.02.1~dfsg-3)

poppler-data

libidn12

(>= 1.13)

libijs-0.35

(>= 0.35)

libjbig2dec0

(>= 0.16+20190905)

libpaper1

libxt6

(>= 20200910)

libgs-common

fonts-droid-fallback

xfonts-utils

(>= 1.15.7.2)

fonts-noto-mono

(>= 1.15.6~)

(>= 0.5)

(>= 1.17.2)

ucf

(>= 0.28)

libpaper-utils

libice6

(>= 1:1.0.0)

libsm6

(>= 0.2.0)

(>= 2.16)

(>= 1:1.0.0)

(>= 3.3.1)

(>= 4.9)

(>= 8:6.9.12.89)

(>= 1.17.6)

(>= 8:6.9.6.2+dfsg-3)

libjxr0
(>= 1.0)

(>= 1.6.2)

(= 0.2.42-1.2)

(>= 3.4)

(>= 2.75.3)

(>= 5.1.1alpha+20120614)

(>= 3.13.3)

(>= 2.7.4)

(>= 3.5.9)

(>= 2.19.2)

(>= 1.1.25)

lsb-release

(>= 0.5)

(>= 2.1.0)

bsdextrautils

bsdmainutils

(<< 12.1.1~)

groff-base

libgdbm6

(>= 1.16)

libpipeline1

(>= 1.5.0)

man

(>= 6)

(= 2.39.3-10)

(>= 2.35.2-7)

nwrite

bsdutils

(>= 3.0-0)

debianutils

(>= 1.8)

ncal

(>= 6)

(>= 4.0)

libuchardet0

(>= 0.0.1)

(>= 3.0)

[man-db]

[man-db]

(>= 0.14)

sgml-data

sgml-base

(>= 1.28)

(>= 0.14)

(>= 1.28)

(>= 1.16.4)

fonts-dejavu-core

fonts-dejavu-mono

fonts-dejavu-extra

fonts-mathjax

(>= 2.6.0~)

(>= 3.0)

libvolk3.1t64

(= 3.1.2-1.1) (>= 1:0.4.34)

python3-colorama
python3-importlib-metadata

python3-supported-min

(>= 3.8)

(>> 3.8)

python3-zipp

(>= 0.5)

python3-minimal

(= 3.11.8-1)

python3.11

(>= 3.11.8-1~)

libpython3-stdlib

(= 3.11.8-1)

(>= 1.13.20)

python3.11-minimal
(>= 3.11.8-1~)

(>= 2.1~beta3)

libpython3.11-minimal

(= 3.11.8-3)

(>= 3.0.0)

libpython3.11-stdlib

(>= 6.1)

(>= 6)

(>= 5.1.1alpha+20120614)(>= 3.4)

(>= 3.36.0)

(>= 7.0~beta)(>= 1:4.1.0)

(= 3.11.8-3)

media-types

mime-support

netbase

tzdata

libdb5.3t64

mailcap

perl

bzip2

file

xz-utils

(= 1.0.8-5+b2)

libmagic1t64

(= 1:5.45-3)

(>= 5.1.1alpha+20120614)

libmagic-mgc

(= 1:5.45-3)

(>= 5.6.0)

xz-lzma

(>= 0.5)

(= 3.11.8-3)

(= 3.11.8-3)

(>= 3.11.8-1~)

python3-more-itertools

(>= 2.77.0)

(>= 3.4)

(<< 3.13)
(>= 3.11~)

gir1.2-glib-2.0

(>= 1.64.0)

gir1.2-girepository-2.0

libgirepository-1.0-1

(>= 1.71.0)

libgirepository-1.0-1-with-libffi8

(>= 1.64.0~)

(>= 2.78.0)

(>= 1.78.1-16)

(>= 1.75.6)

(>= 2.78.0)

(>= 3.4)

(>= 2.64.0)

(>= 1.12.16)

(>= 1.10.0)

(<< 3.13)(>= 3.11~)

(= 3.47.0-3)

python3-cairo

(>= 1.11.1)

(>= 1.18.0)

(<< 3.13)(>= 3.11~)

python3-attr

python3-importlib-resources

[python3-supported-min]

(>= 3.9)

python3-jsonschema-specifications

python3-referencing

python3-rpds-py

python3-idna

python3-json-pointer

python3-rfc3987

python3-uritemplate

python3-webcolors

(>= 3.8)

(>= 3.9)

python3-hatch-vcs

python3-hatchling

(>= 1.1)

python3-setuptools-scm

python3-editables

python3-pathspec

(>= 0.10)

python3-pluggy

python3-tomli

[python3-supported-min]
(>= 3.11)

python3-trove-classifiers

(>= 3.11)

python3-setuptools

python3-pkg-resources
(= 68.1.2-2)python3-distutils

(>= 3.11.6-1~)(<< 3.13)

python3-lib2to3

(= 3.12.2-3)

(>= 3.11.6-1~)(<< 3.13)

(>= 4.2)

(<< 3.13)
(>= 3.11~)

(>= 2.9.0)

(>= 1.1.26)

(<< 3.13)
(>= 3.11~)

python3-bs4

python3-cssselect

python3-html5lib

python3-soupsieve

python3-chardet

python3-charset-normalizer

python3-six
(>= 1.9)

python3-webencodings

python3-markupsafe

(<< 3.13) (>= 3.11~)
(<< 3.13)
(>= 3.11~)

python3.11:any

python3.12:any

[python3.11]

[python3.11]

[python3.12]

[python3.12]

libglu1-mesa

libglu1

libglut-dev

(>= 3.0)

libopengl0

xlibmesa3

(= 1.7.0-1)

libglut3.12

(= 3.4.0-1+b1)

libgl1-mesa-dev

libglu1-mesa-dev

libxext-dev

libxt-dev
(>= 2:1.2.99.4)

libgl-dev

libglvnd-dev

(= 1.7.0-1)

libglx-dev
(= 1.7.0-1)

libx11-dev

(= 1.7.0-1) (>= 1.3.0-1)
(>= 1.3.0-1)

libglvnd-core-dev
(= 1.7.0-1)libegl-dev

(>= 1.3.0-1)

libgles-dev

(>= 1.3.0-1)

libopengl-dev

(>= 1.3.0-1)

(= 1.7.0-1)

(= 1.7.0-1)

libgles1

(= 1.7.0-1)

(= 1.7.0-1)

(= 1.7.0-1)

(= 9.0.2-1.1)

xlibmesa-dev

(= 2:1.3.4-1+b1)

x11proto-dev

xorg-sgml-doctools

(>= 1:1.5)

libxt6t64

(= 1:1.2.1-1.2)

libsm-dev

(>= 1:1.0.0)

(= 2:1.2.3-1)

x11proto-core-dev

libice-dev

(>= 1:1.0.0-1)

(= 2:1.0.10-1)

(>= 3.10)

castxml

libclang-cpp17

(>= 1:17.0.6)

(>= 3.0)

(= 1:17.0.6-5)

(>= 3.0)

(>= 3~)

python3-pyqt5.sip

(<< 13)(>= 12.13)

libpython3.11

(>= 3.11.5) (>= 5.15.1)

libqt5dbus5

(>= 5.15)

qtbase-abi-5-15-10

libqt5designer5

(>= 5.6.0~beta)

libqt5gui5

libqt5gui5-gles
(>= 5.15)

(>= 5.15.1)

(>= 5.15.1)

libqt5network5

(>= 5.15.1)

(>= 5.15.1)

libqt5xml5

(>= 5.15.1)

libqt5help5

(>= 5.15.1)

libqt5printsupport5

(>= 5.15)

libqt5test5

(>= 5.15)

(<< 3.13)
(>= 3.11~)

(>= 2.1~beta3)

(= 3.11.8-1)

(>= 2.22.0)

(>= 1.5.5)

(>= 3.4)

(>= 72.1~rc-1~)

libdouble-conversion3
(>= 2.0.0)

libpcre2-16-0

(>= 10.22)

qttranslations5-l10n

(>= 3.0)

(>= 1.9.14)

(>= 5.15.1)

[libqt5core5t64]

[libqt5core5a]

(>= 5.15.1)

(>= 5.14.1)
(>= 5.14.1)

(>= 5.15.1)(>= 5.0.2)

(>= 2.12.0)
(>= 2.12.0)

(>= 3.4)
(>= 3.4)

(>= 1.3.1)
(>= 1.3.1)

(>= 1.6.2)
(>= 1.6.2)

(>= 2.12.6)
(>= 2.12.6)

(>= 2.6)(>= 2.6)

(>= 1.8)

(>= 1.8)(>= 1.10)
(>= 1.10)

(>= 1.6.0)

(>= 1.6.0)

(>= 183)

(>= 183)

(>= 0.5.0)(>= 0.5.0)

(>= 2.4.62)
(>= 2.4.62)

(>= 2:1.8.7)
(>= 2:1.8.7)

(>= 8.1~0)

(>= 8.1~0)

(>= 1.3)

(>= 1.3)

(>= 0.5.0)
(>= 0.5.0)

(>= 1:1.0.0)
(>= 1:1.0.0)

(>= 5.15.1)
(>= 5.15.1)

(>= 5.14.1)

(>= 5.14.1)

libinput10

(>= 0.15.0)(>= 0.15.0) libmtdev1

(>= 1.0.8)
(>= 1.0.8)

libmd4c0

(>= 0.2.7)

(>= 0.2.7)

(>= 5.0.2)
(>= 5.0.2)

libxcb-icccm4

(>= 0.4.1)
(>= 0.4.1) libxcb-image0

(>= 0.2.1)(>= 0.2.1)

libxcb-keysyms1

(>= 0.4.0)
(>= 0.4.0)

libxcb-render-util0

libxcb-shape0

libxcb-xinerama0

libxcb-xinput0

(>= 1.15)
(>= 1.15)

libqt5svg5

qt5-gtk-platformtheme qtwayland5

(>= 183)

(>= 1.10.0)

(>= 1.1.0)

libwacom9

(>= 2.0.0)

libinput-bin

(>= 1.25.0-1)

(>= 2.68.0)
(>= 146)

(>= 1.6.901)

libwacom-common

(= 2.10.0-1)

(>= 183)

(>= 1.10.0)
(>= 2.0.0)

(>= 1.17)

(>= 5.15.1)

(>= 5.14.1)

libxcb-util1

(>= 0.4.0)

(>= 1.8)

(>= 5.15.10+dfsg~)

(>= 5.15.10+dfsg~)

(>= 5.15.10+dfsg~)

(>= 5.15.10+dfsg~)

(>= 2.34.0)

(>= 1.14.0)
(>= 3.9.10)

libqt5core5t64

(>= 5.15.1)

libqt5dbus5t64

(>= 5.14.1)

libqt5gui5t64

[libqt5gui5-gles]
(>= 5.14.1)

(>= 5.14.1)

(>= 1.5.5)

(>= 3.4)

(>= 72.1~rc-1~)

(>= 2.22.0)

(>= 2.0.0)

(>= 10.22)

(>= 1.9.14)

(>= 5.15.1)

(>= 3.4)

(>= 1.3.1)

(>= 2.12.0)

(>= 2.12.6)

(>= 2.6)

(>= 1.8)
(>= 1.10)

(>= 1.6.0)

(>= 183)

(>= 0.5.0)

(>= 2.4.62)

(>= 1.6.2)

(>= 2:1.8.7)

(>= 8.1~0)

(>= 1.3)

(>= 0.5.0)

(>= 1:1.0.0)

(>= 0.15.0)

(>= 0.2.7)

(>= 0.4.1)

(>= 0.2.1)

(>= 0.4.0)

(>= 1.15)

(>= 5.15.1)

(>= 5.14.1)
libmtdev1t64

(>= 1.0.8)

libqt5network5t64

(>= 5.0.2)

(>= 1.17)

(>= 5.15.1)

(>= 5.14.1)

(>= 3.4)

(>= 1.20.0)
(>= 1.15.0)

(>= 1:0.4.5)

(>= 1.8.0)

(>= 5.15.10+dfsg~)

(>= 5.15.10+dfsg~)

(>= 5.15.10+dfsg~)

libqt5waylandclient5

(>= 5.14.1)

libqt5waylandcompositor5

(>= 5.14.1)

qtwayland-client-abi-5-15-10

qtwayland-compositor-abi-5-15-10

(>= 2.12.0)

(>= 2.12.6)

(>= 2.6)

(>= 1.20.0)

(>= 1.8.1)

(>= 0.5.0)

(>= 5.15.10+dfsg~)

(>= 5.15.10+dfsg~)

(>= 5.15.10+dfsg~)

(>= 5.15.10+dfsg~)

(>= 0.5.0)

(>= 1.9.91)

(>= 5.15.10+dfsg~)
(>= 5.15.10+dfsg~)

(>= 5.15.10+dfsg~)

libqt5qml5

(>= 5.15.10+dfsg~)

libqt5quick5

libqt5quick5-gles

(>= 5.15.10+dfsg~)

(>= 5.15.10+dfsg~)

qtdeclarative-abi-5-15-10

(>= 3.4)

(>= 5.15.1)(>= 5.14.1)

(>= 5.15.1)

(>= 5.15.1)

(>= 5.1.0)
(>= 5.15.1)

(>= 5.15.1)(>= 5.15.1)
(>= 5.15.1)

(>= 5.15.1)
(>= 5.15.1)

(>= 5.15.1)(>= 5.15.1)

libqt5qmlmodels5

(>= 5.14.1)

(>= 5.14.1)(>= 5.15.1)

(>= 5.15.1)

(>= 3.4)

(>= 5.15.1)
(>= 5.15.1)

(>= 5.15.1)
(>= 5.15.1)

(>= 5.15.1) (>= 5.0.2)
(>= 5.0.2)

(>= 5.11.0~rc1)

libqt5sql5

(>= 5.3.0)

(>= 5.15.1)

libqt5sql5-sqlite

libqt5sql5-mysql

libqt5sql5-odbc

libqt5sql5-psql

libqt5sql5-tds

libqt5sql5-ibase

(>= 3.7.3)

(>= 5.15.1)
(>= 5.15.1)

(>= 5.15.1)
(>= 5.15.1)

(>= 5.15.1)
(>= 5.15.1)

libqt5sql5t64

(>= 5.10.0)(>= 5.10.0)

(>= 5.10.0)
(>= 5.10.0)

(>= 5.10.0)
(>= 5.10.0)

libmariadb3

(>= 3.0.0)

libodbc2

(>= 2.3.1)libpq5

(>= 9.2~beta3)

libsybdb5

(>= 0.63)

libfbclient2

(>= 2.5.0.25784~ReleaseCandidate1.ds2)

(>= 5.15.1)

(>= 3.0.0)

mariadb-common

mariadb-server-5.5

mariadb-galera-server-10.0

mariadb-galera-server-5.5

mariadb-server-10.0

mariadb-server-5.1

mariadb-server-5.2

mariadb-server-5.3

mysql-common
(>= 5.6.25)

mysql-common-5.6

mysql-server-5.5
percona-xtradb-cluster-common-5.5

(>= 2.4.7)

(>= 1.17)

(>= 3.0.0)

(>= 2.5.4)

(>= 3.8.1)

(>= 2:6.3.0+dfsg)

(>= 1.17)

freetds-common

(>= 3.0)

libtommath1

(>= 1.1.0)

firebird3.0-common

(= 3.0.11.33703.ds4-3)

firebird3.0-common-doc

(= 3.0.11.33703.ds4-3)(= 3.0.11.33703.ds4-3)

(>= 1.4.0)

(>= 5.15.1) (>= 5.14.1)

(>= 5.14.1)

(>= 5.2.0)

(>= 3.0)

(>= 5.15.1) [python3-pyqt5]

libpyside2-py3

python3-pyqt6

pyqt5-dev-tools

pyqt6-dev-tools

qtbase5-dev-tools

qt6-base-dev-tools

python3-pyqt5.qtopengl

(>= 3~)

{libpyside2-py3-5.15t64}

{libpyside2-py3-5.15}

python3-pyqt6.sip
(<< 14)

(>= 13.6)

libqt6core6

(>= 6.4.0)

libqt6dbus6

(>= 6.4.0)

qt6-base-abi

(= 6.4.2)

libqt6gui6

(>= 6.4.0)

libqt6opengl6

(>= 6.3.0)

libqt6network6

(>= 6.4.0)

libqt6openglwidgets6

(>= 6.2.4+dfsg-3~)

libqt6widgets6

(>= 6.4.0)

libqt6printsupport6

(>= 6.2.4+dfsg-3~)

libqt6sql6

(>= 6.2.4+dfsg-3~)

libqt6test6
(>= 6.4.1)

libqt6xml6

(>= 6.2.4+dfsg-3~)
(<< 3.13)
(>= 3.11~)

(>= 2.26.0)

(>= 1.5.5)

(>= 3.4)

(>= 72.1~rc-1~)

(>= 2.0.0)

(>= 10.22)

libb2-1

(>= 0.98.1)

qt6-translations-l10n

(>= 4.9)

(>= 1.9.14)

(>= 6.4.0)

(= 6.4.2)

[libqt6core6t64]

[libqt6core6]

(>= 2.26.0)

(>= 3.4)

(>= 1.3.1)

(>= 1.6.2)

(>= 2.12.6)

(>= 2.6)

(>= 1.8)

(>= 1.10)

(>= 2.1.1)

(>= 183)

(>= 0.5.0)

(>= 2.4.62)

(>= 2:1.8.7)

(>= 1.12)

(>= 0.5.0)

(>= 1:1.0.0)

(>= 1.19.1)

(>= 1.0.8)

(>= 0.2.7)

(>= 0.4.1)

(>= 0.2.1)

(>= 0.4.0)

(>= 6.4.0)

(>= 6.4.0)

(= 6.4.2)

libts0

(>= 1.15)

qt6-gtk-platformtheme

qt6-qpa-plugins

qt6-wayland

(>= 2.22.0)

(>= 2.34.0)

(>= 1.14.0) (>= 3.9.10)

(= 6.4.2)

libqt6core6t64

(>= 6.4.0)

libqt6gui6t64

(>= 6.1.2)

(>= 1.5.5)

(>= 3.4)

(>= 72.1~rc-1~)

(>= 2.26.0)

(>= 2.0.0)

(>= 10.22)

(>= 0.98.1) (>= 3.4)

(>= 1.3.1)

(>= 2.26.0)

(>= 2.12.6)

(>= 2.6)

(>= 1.8)

(>= 1.10)

(>= 2.1.1)

(>= 183)

(>= 0.5.0)

(>= 2.4.62)

(>= 1.6.2)

(>= 2:1.8.7)

(>= 1.12)

(>= 0.5.0)

(>= 1:1.0.0)

(>= 1.19.1)

(>= 0.2.7)

(>= 0.4.1)

(>= 0.2.1)

(>= 0.4.0)

(>= 1.0.8)
(= 6.4.2)

(>= 6.4.0)

libqt6dbus6t64

(>= 6.4.0)
libts0t64

(>= 1.15)

(>= 1.9.14)

(= 6.4.2)
(>= 6.4.0) (= 6.4.2)(>= 6.4.0)

(>= 6.3.1)

libqt6network6t64

(>= 6.1.2)

(>= 1.5.5)

(>= 3.4)

(>= 2.44.0)

(>= 0.6.0)

(>= 1.17)

(>= 0.5.3)

(= 6.4.2)
(>= 6.4.0)

(>= 6.4.0)

(>= 1.20.0)

(>= 1.8.0)

(>= 6.4.2+dfsg~)

(= 6.4.2)

(>= 6.4.2+dfsg~)

(>= 6.4.2+dfsg~)

libqt6waylandclient6

(>= 6.4.0)

libqt6waylandcompositor6

(>= 6.2.2)

libqt6waylandeglclienthwintegration6

(>= 6.2.2)

libqt6waylandeglcompositorhwintegration6

(>= 6.2.2)

libqt6wlshellintegration6

(>= 6.2.2)

(>= 183)

(>= 0.5.0)

(>= 2.4.62)

(>= 2:1.8.7)

(>= 8.1~0)
(>= 1.19.1)

(>= 1.0.8)

(>= 6.4.0)

(= 6.4.2)

(>= 6.3.1)

(>= 1.15)

(>= 1.20.0)

(>= 1.8.1)

(>= 0.5.0)

(>= 6.4.2+dfsg~)

(= 6.4.2)
(>= 6.4.2+dfsg~)

(>= 0.5.0)
(>= 1.9.91)

(>= 6.4.2+dfsg~)

(= 6.4.2)

(>= 6.4.2+dfsg~)

(>= 6.4.2+dfsg~)

libqt6qml6

(>= 6.4.2+dfsg~)

libqt6quick6

(>= 6.4.2+dfsg~)

(>= 3.4)

(>= 6.4.2+dfsg~)

(= 6.4.2)
(>= 6.4.2+dfsg~)

(>= 2.44.0)

(>= 1.5.5)

(>= 3.4)

(>= 0.6.0)

(>= 1.17)

(>= 0.4.18)

(>= 6.4.0)

(>= 6.4.0)

(= 6.4.2)
(>= 6.4.2+dfsg~)

(= 6.4.2)

(>= 6.4.2+dfsg~)
(>= 6.4.2+dfsg~)(>= 6.4.0)

(>= 6.4.2+dfsg~)

libqt6qmlmodels6 (>= 6.4.0)

(>= 6.4.2+dfsg~)

(= 6.4.2)

(>= 6.4.0)

(>= 1.20.0) (>= 1.15.0)

(>= 6.4.2+dfsg~)

(= 6.4.2)

(>= 6.4.2+dfsg~)
(>= 6.4.2+dfsg~)

(= 6.4.2-5+b1)

(>= 1.8.0)

(>= 6.4.2+dfsg~)

(= 6.4.2)

(>= 6.4.2+dfsg~)
(>= 6.4.2+dfsg~)

(= 6.4.2-5+b1)

(>= 6.2.2)

(>= 1.20.0)

(>= 6.4.2+dfsg~)

(= 6.4.2) (>= 6.4.2+dfsg~)

(= 6.4.2-5+b1)

(>= 6.4.0)

(= 6.4.2)

(>= 6.1.2)

(>= 6.1.2)

(>= 6.1.2)

(>= 3.4)

(>= 6.4.0)

(= 6.4.2)
(>= 6.4.0)

(>= 1.4.0)

(>= 6.4.0)

(= 6.4.2)

(>= 6.4.0)

(>= 6.1.2)

(>= 6.4.0)

(= 6.4.2)

libqt6sql6-sqlite

libqt6sql6-mysql

libqt6sql6-odbc

libqt6sql6-psql

libqt6sql6-ibase
(>= 3.7.3)

(>= 3.0.0)

(>= 2.3.1)

(>= 9.2~beta3)

(>= 2.5.0.25784~ReleaseCandidate1.ds2)

(= 6.4.2)

(= 6.4.2)
(= 6.4.2)
(= 6.4.2)

(= 6.4.2)
(>= 6.4.0)

(>= 6.4.0)
(>= 6.4.0)

(>= 6.4.0)(>= 6.4.0)

libqt6sql6t64

(>= 6.1.2)

(>= 6.1.2)
(>= 6.1.2)

(>= 6.1.2)
(>= 6.1.2)

(= 6.4.2)(>= 6.4.0)

(>= 3.3.1)

(>= 6.4.0)

(= 6.4.2)(>= 6.4.0)

(= 6.4.2)

(>= 4.0)

(>= 8)

(<< 3.13) (>= 3.11~)

(>= 1:1.22.0)

python3-decorator

liblbfgsb0

(>= 3.0+dfsg.4)

g++

c++-compiler

python3-pil

(>= 3.0)

(>= 8)

cpp

(= 4:13.2.0-7)

cpp-x86-64-linux-gnu
(= 4:13.2.0-7)

gcc

(= 4:13.2.0-7)

g++-13

(>= 13.2.0-11~)

gcc-13

(>= 13.2.0-11~)
g++-x86-64-linux-gnu (= 4:13.2.0-7)

...
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cpp-13

(>= 13.2.0-11~)

(= 4:13.2.0-7)

gcc-13-base

(= 13.2.0-18)

cpp-13-x86-64-linux-gnu

(= 13.2.0-18)

(>= 1.5.5)

(>= 2:6.3.0+dfsg)

(>= 3.1.3)

(= 13.2.0-18)

libisl23 (>= 0.15)

libmpc3

(>= 1.1.0)
(>= 2:6.3.0+dfsg)

(>= 2:6.3.0+dfsg)

(>= 4.0.0)

(>= 13.2.0-11~)

(= 13.2.0-18)

g++-13-x86-64-linux-gnu

(= 13.2.0-18)

(= 13.2.0-18)

(>= 1.5.5)

(>= 2:6.3.0+dfsg)

(>= 3.1.3)

(= 13.2.0-18)

(>= 0.15)

(>= 1.1.0)

gcc-13-x86-64-linux-gnu

(= 13.2.0-18)

libstdc++-13-dev

(= 13.2.0-18)

(>= 1.5.5)

(>= 3.0)

(>= 2:6.3.0+dfsg)

(>= 3.1.3)

(= 13.2.0-18)

(= 13.2.0-18)
(>= 0.15)

(>= 1.1.0)

libcc1-0

(>= 13.2.0-18)

binutils-x86-64-linux-gnu

(>= 2.42)

libgcc-13-dev

(= 13.2.0-18)

(>= 3.0)

(= 14-20240303-1)

(>= 1.5.5)

(>= 4.2)

binutils-common

(= 2.42-3)

libbinutils

(= 2.42-3)

libsframe1

(>= 2.41)

libctf-nobfd0

(>= 2.36)

libctf0

(>= 2.36)

libgprofng0

(>= 2.41)

libjansson4
(>= 2.14)

(>= 1.5.5)
(= 2.42-3)

(= 2.42-3)

(>= 3.3.1)

(= 2.42-3)

(>= 13.2.0-18)

(>= 13.2.0-18)

(>= 13.2.0-18)

(= 13.2.0-18)

libitm1

(>= 13.2.0-18)

libasan8

(>= 13.2.0-18)

liblsan0

(>= 13.2.0-18)
libtsan2

(>= 13.2.0-18)

libubsan1
(>= 13.2.0-18)

libhwasan0(>= 13.2.0-18)

libquadmath0

(>= 13.2.0-18)

(= 14-20240303-1)

(>= 3.3)

(= 14-20240303-1)

(>= 3.3)

(= 14-20240303-1)

(>= 3.4)

(= 14-20240303-1)

(>= 3.3)

(= 14-20240303-1)

(>= 3.3)

(= 14-20240303-1)

(= 14-20240303-1)

(= 13.2.0-18)
(= 13.2.0-18)

(= 13.2.0-18)

(= 13.2.0-18)

binutils

(>= 2.42)

(= 2.42-3)

(= 2.42-3)

(= 2.42-3)

(= 4:13.2.0-7)

(>= 13.2.0-11~)

gcc-x86-64-linux-gnu

(= 4:13.2.0-7)

(= 4:13.2.0-7)

(>= 13.2.0-11~)

(>= 1.3.1)

(>= 4.0.3)

(>= 1.3.2)

(>= 2.10.1)

(>= 2.7)

(>= 2.4.0)

(>= 1.3.2)

(>= 1.3.2)

(<< 3.13)
(>= 3.11~)

[media-types]

python3-pil.imagetk

libimagequant0

(>= 2.11.10)

libraqm0
(>= 0.7.0)

python3-olefile

(<< 3.13)
(>= 3.11~)

(= 10.2.0-1)

python3-tk

(>= 3.4.1-2)

(>= 3.11.6-1~)
(<< 3.13)

blt

(>= 2.4z-9)
tk8.6-blt2.5

(>= 2.5.3)

libtcl8.6

(>= 8.6.0)

libtk8.6

(>= 8.6.0)

(= 2.5.3+dfsg-7) (>= 8.6.0)

(>= 8.6.0)

(>= 2.12.6)

(>= 8.6.0-2)

libxft2

(>> 2.1.1)

(>= 2.12.6)

(>= 2.3.5)

(>= 4.9)

(>= 2.11.0)

(>= 1.0.0)
(>= 5.2)

(>= 3~)

(= 5.15.10+dfsg-1)

(>= 5.15.1)

(>= 5.15)

(>= 6.6.1-2)

(>= 1.5.5)

(>= 3.0)

(>= 5.15.1)

(>= 5.2.0~alpha1)

qtchooser

(>= 55-gc9562a1-1~)

(>= 1.5.5)

(>= 3.3.1)

(>= 10.22)

(= 6.4.2)(>= 6.4.0)

(>= 6.3.0)

(>= 3.3.1)

(>= 2.2.1)

(<< 3.13)
(>= 3.11~)

(>= 1.4)

(>= 1:1.22.0)
libjs-jquery

libjs-jquery-ui

python-matplotlib-data

(>= 3.6.3)

python3-dateutil

python3-pyparsing

(>= 1.5.6)

python3-contourpy

python3-cycler

(>= 0.10.0)

python3-fonttools

python3-kiwisolver

libqhull-r8.0

(>= 2020.1)

javascript-common

fonts-lyx

(>= 1.5)

(>= 3.0)

(<< 3.13)
(>= 3.11~)

(<< 3.13)(>= 3.11~)

(>= 4.9.3)

python3-brotli

(>= 1.1.0)

[python3-scipy]

python3-munkres

(>= 1.10.0)
(>= 1.1.4)

python3-ufolib2

python3-defcon

(>= 0.16.0)
(>= 0.6.0)

python3-sympy

python3-fs

(>= 2.4.16)

python3-lz4

(>= 1.7.4.2)

python3-unicodedata2

python3-all

(>= 15.1.0)
(>= 3.11.0)

unicode-data
(>= 15.1.0)

(<< 3.13) (>= 3.11~)

(>= 22.1.0)

(>= 4.29.1)
(>= 4.28.5)

[python3-typing-extensions]

[python3-supported-min]

(>= 3.8)

libjs-sphinxdoc

(>= 5.2)

python3-fontpens

(>= 0.1.0)

(>= 1.11.1)

libjs-underscore

(>= 1.3.1)

(>= 3.32.0)

python3-mpmath

isympy-common

isympy3

(>= 1.10)

(<< 2)

python3-tz

python3-appdirs

(>= 1.4.3)
(<< 1.5)

(>= 1.8.0)

(<< 3.13)
(>= 3.11~)

(<< 3.13)(>= 3.11~)
(= 3.11.8-1)

(>= 3.11.8-1~)

python3.12
python3.12-minimal(= 3.12.2-4)

libpython3.12-stdlib

(= 3.12.2-4)

(>= 2.1~beta3)

libpython3.12-minimal

(= 3.12.2-4)

(>= 3.0.0)

(>= 6.1)

(>= 6)

(>= 5.1.1alpha+20120614)
(>= 3.4)

(>= 3.36.0)

(>= 7.0~beta)(>= 1:4.1.0)

(= 3.12.2-4)

(>= 3.0)

(<< 3.13) (>= 3.11~)

(>= 3.8)

(>= 3~)

(= 5.15.10+dfsg-1)

(>= 5.15.1)
(>= 5.15)

(>= 5.15)

libqt5opengl5

(>= 5.15)

(>= 5.15.1)

(>= 5.1.0)(>= 5.8.0)

(>= 5.8.0)

(>= 5.9.0~beta)

python3-contextlib2 (>= 3.0)

(<< 3.13) (>= 3.11~)

(>= 1.7.2)

(<< 3.13)(>= 3.11~)

libyaml-0-2

(>= 4.2.0)

(<< 3.13)
(>= 3.11~)

python3-cffi-backend-api-min

(<= 9729)

python3-cffi-backend-api-max

(>= 9729)

python3-py

python3-cffi-backend

(>= 3.4)

(<< 3.13)(>= 3.11~)

(>= 3.0)

(>= 3.0)
(>= 3.0)

(>= 9.1.0+ds1)

(>= 3.10.9.2)

(>= 3.10.9.2)

(>= 3.1.2)

(>= 3.10.9.2)

(>= 3.10.9.2)

(>= 3.0) (>= 1.0.20)

(>= 9.1.0+ds1)

libboost-thread1.83.0

(>= 1.83.0)

(>= 3.10.9.2)

(>= 3.1.2)

(>= 3.10.9.2)

(>= 3.0)

(>= 3.0)

(>= 3.1.2)

liborc-0.4-0

(>= 1:0.4.34)

(>= 3.0)

(>= 2:6.3.0+dfsg)

(>= 1.83.0)

(>= 9.1.0+ds1)

(>= 1.83.0)

(>= 3.10.9.2)

(>= 3.1.2)

libthrift-0.19.0

(>= 0.19.0-1~)

libspdlog1.12

(>= 3.0)

(>= 9.1.0+ds1)

(>= 3.0)

(>= 3.0.0)

(>= 5.15.1)(>= 5.0.2)

(>= 3.0)

(>= 9.1.0+ds1)

(>= 3.10.9.2)

(>= 3.1.2)

(>= 3.10.9.2)

libfftw3-single3

(>= 3.3.10) (>= 4.9)

(>= 3.0)

(>= 1.0.16)

(>= 1.9.10+20150825)

(>= 9.1.0+ds1)

(>= 1.83.0)

(>= 3.10.9.2)

(>= 3.10.9.2)

libportaudio2
(>= 19+svn20101113)

(>= 1.0.16)

(>= 1.9.10+20150825)

(>= 3.0)

(>= 3.10.9.2)
(>= 3.10.9.2)

(>= 3.10.9.2)

(>= 3.1.2)

(>= 3.10.9.2)

(>= 3.10.9.2)

(>= 3.0)

(>= 9.1.0+ds1)

(>= 3.10.9.2)

(>= 3.1.2)

(>= 3.10.9.2)

(>= 3.10.9.2)

(>= 3.0)

(>= 9.1.0+ds1)
(>= 3.10.9.2) (>= 3.10.9.2)

(>= 3.10.9.2)

(>= 3.1.2)

(>= 3.10.9.2)

(>= 3.10.9.2) (>= 3.0)

(>= 9.1.0+ds1)

(>= 3.10.9.2)

(>= 3.1.2)

(>= 3.10.9.2)

(>= 3.10.9.2)

(>= 3.10.9.2)

(>= 3.10.9.2)

(>= 3.0)

(>= 9.1.0+ds1)

(>= 3.10.9.2)

(>= 3.10.9.2)

(>= 3.1.2)

(>= 3.10.9.2)

libgsl27

(>= 2.7.1)
libgslcblas0 (= 2.7.1+dfsg-6+b1)gsl

libgsl0libgsl0ldbl

libgsl2

(>= 3.0)

(>= 9.1.0+ds1)

(>= 1.83.0)

(>= 3.10.9.2)

(>= 3.1.2)

(>= 3.10.9.2)

libad9361-0

(>= 0.3)

libiio0

(>= 0.25)

(>= 0.24)

(>= 2.7.4)

(>= 0.6.16)

(>= 0.6.16)

(>= 2:1.0.16)(>= 3.0)

(>= 9.1.0+ds1)

(>= 1.83.0)

(>= 3.10.9.2)(>= 3.10.9.2)

(>= 3.0)

(>= 9.1.0+ds1)

(>= 3.10.9.2)

(>= 3.10.9.2)

(>= 3.0)

(>= 5.15.1) (>= 5.11.0~rc1)
(>= 5.11.0~rc1)

(>= 5.0.2)

(>= 9.1.0+ds1)

(>= 3.10.9.2)

(>= 3.1.2)

(>= 3.10.9.2)

(>= 3.10.9.2)

(>= 3.10.9.2)

libqwt-qt5-6

(>= 6.1.2)

(>= 3.0)

(>= 5.15.1)
(>= 5.14.1)

(>= 5.14.1)

(>= 5.6.0~beta)

(>= 5.15.1)

(>= 5.0.2)

(>= 3.0)

(>= 2:6.3.0+dfsg)

(>= 9.1.0+ds1)

(>= 3.10.9.2)

(>= 3.10.9.2)

(>= 0.8.1)

(>= 3.0)

soapysdr0.8-module-all

soapysdr0.8-module

soapysdr0.8-module-airspysoapysdr0.8-module-audio

soapysdr0.8-module-bladerf

soapysdr0.8-module-hackrf

soapysdr0.8-module-lms7

soapysdr0.8-module-mirisdrsoapysdr0.8-module-osmosdr

soapysdr0.8-module-redpitaya

soapysdr0.8-module-remote

soapysdr0.8-module-rfspace

soapysdr0.8-module-rtlsdr

soapysdr0.8-module-uhd

...

-8-

(>= 3.0)

(>= 0.8.1)

libairspy0

(>= 1.0.10)

(>= 2:1.0.9)

(>= 3.0)

(>= 0.8.1)

libhamlib4

librtaudio6

(>= 5.2.0~ds1)

(>= 3.0)

(>= 2:1.0.16)

libindiclient1
(>= 1.9.9+dfsg)

(>= 3.0)

libindi-data

(>= 1.9.9+dfsg-3)libnova-0.16-0

(>= 0.16)

(>= 3.0)

(>= 0.99.1)

(>= 1.0.16)

(>= 1.9.10+20150825)

(>= 3.0)

(>= 0.8.1)

libbladerf2

(>= 0.2023.02)

(>= 2:1.0.9)

bladerf

(= 0.2023.02-4)

libtecla1

(>= 1.6.3)

bladerf-host

[bladerf]

[bladerf]

(>= 3.0)

(>= 0.8.1)

libhackrf0

(>= 2023.01.1)

(>= 2:1.0.21)

(>= 3.0)

(>= 0.8.1)

liblimesuite23.11-1

(>= 23.11.0+dfsg-2)

(>= 4.0)

(>= 2:1.0.22)

limesuite-udev

(>= 3.0)

(>= 1.83.0)

(>= 0.8.1)

soapyosmo-common0.8

(= 0.2.5-8+b3)

libmirisdr4

(>= 2.0.0)

(>= 3.0)

(>= 2:1.0.8)

(>= 3.0)

(>= 1.83.0)

(>= 0.8.1)

(= 0.2.5-8+b3)

libosmosdr0
(>= 0.1)

(>= 2:1.0.8)

(>= 3.0)

(>= 0.8.1)

(>= 3.0)

(>= 0.6.16)

(>= 0.6.16)

(>= 0.8.1)
(>= 3.0)

(>= 1.83.0)

(>= 0.8.1)

(= 0.2.5-8+b3)

libboost-chrono1.83.0

(>= 1.83.0)

(>= 3.0)

(>= 3.0)

(>= 0.8.1)

librtlsdr2

(>= 2.0.1)

(>= 2:1.0.21)

(>= 3.0)

(>= 0.8.1)(>= 4.6.0.0+ds1)

(>= 3.0)

(>= 2:1.0.22)

(>= 3.11.5)

(>= 1.83.0)

(>= 1.83.0)

libboost-filesystem1.83.0

(>= 1.83.0)

libboost-serialization1.83.0

(>= 1.83.0)

(>= 3.0)

(>= 3.0)

(>= 3.0)

(>= 9.1.0+ds1)

(>= 3.10.9.2)
(>= 3.10.9.2)

(>= 3.0)

(>= 9.1.0+ds1)

(>= 1.83.0)

(>= 3.10.9.2)

(>= 3.1.2)

(>= 3.10.9.2)

(>= 4.6.0.0+ds1)

(>= 3.0)

(>= 9.1.0+ds1)

(>= 3.10.9.2)
(>= 3.10.9.2)

libsdl1.2debian

(>= 1.2.15)

(>= 3.0)

(>= 1.2.0)
(>= 1.0.18)

(>= 9.1.0+ds1)

(>= 3.10.9.2)

(>= 3.10.9.2)

(>= 3.0)

(>= 3.10.9.2)
(>= 3.10.9.2)

(>= 2.7.1)

(>= 3.0)

(>= 4.0.1+dfsg)

(>= 9.1.0+ds1)

(>= 3.10.9.2)
(>= 3.10.9.2)

(>= 3.10.9.2-1.1)

libboost-date-time1.83-dev

libboost-filesystem1.83-dev

libboost-system1.83-dev

libboost-program-options1.83-dev

libboost-regex1.83-dev

libboost-test1.83-dev

libboost-thread1.83-dev

libcppunit-dev

libfftw3-dev

libgmp-dev

libgsm1-dev

libspdlog-dev

libthrift-dev

libvolk-dev

pybind11-dev

python3-dev

libboost1.83-dev

(= 1.83.0-2.1)

libboost-date-time1.83.0

(= 1.83.0-2.1)

libboost-serialization1.83-dev

(= 1.83.0-2.1)

libboost-date-time1.42-dev

libboost-date-time1.46-dev

libboost-date-time1.48-dev

libboost-date-time1.49-dev

libboost-date-time1.50-dev

libboost-date-time1.52-dev

libboost-date-time1.53-dev

libboost-date-time1.54-dev

libboost-date-time1.55-dev

libboost-date-time1.57-dev

libboost-date-time1.58-dev

libboost-date-time1.60-dev

libboost-date-time1.61-dev

libboost-date-time1.62-dev libboost-date-time1.63-dev

libboost-date-time1.65-dev

libboost-date-time1.67-dev

libboost-date-time1.70-dev

libboost-date-time1.71-dev

libboost-date-time1.74-dev

libboost-date-time1.80-dev

libboost-date-time1.81-dev

bjam

boost-build

libboost1.42-dev

libboost1.46-dev

libboost1.48-dev

libboost1.49-dev

libboost1.50-dev

libboost1.52-dev

libboost1.53-dev

libboost1.54-dev

libboost1.55-dev

libboost1.57-dev libboost1.58-dev

libboost1.60-dev

libboost1.61-dev
libboost1.62-dev

libboost1.63-dev

libboost1.65-dev

libboost1.67-dev

libboost1.70-dev

libboost1.71-dev

libboost1.74-dev

libboost1.80-dev

libboost1.81-dev

(= 1.83.0-2.1)

(= 1.83.0-2.1)

libboost-serialization1.42-dev

libboost-serialization1.46-dev

libboost-serialization1.48-dev

libboost-serialization1.49-dev

libboost-serialization1.50-dev
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Centre Tecnològic Telecomunicacions
Catalunya (CTTC, Spain): C.
Fernández-Prades and J. Arribas

▶ GNU Radio at github.com/gnuradio/

▶ Ettus Research FPGA gateware at
github.com/ettusresearch/fpga and
USRP Hardware Driver (UHD) Software at
github.com/ettusresearch/uhd

▶ Buildroot at https://buildroot.org/

▶ SDR ideally suited for distributed coherent systems when used with White Rabbit: join us
at European GNU Radio Days 2024 at GSI in Darmstadt (Germany) last week of August

Slides available at
jmfriedt.free.fr

github.com/gnss-sdr/
github.com/gnuradio/
github.com/ettusresearch/fpga
github.com/ettusresearch/uhd
https://buildroot.org/


Conclusion & issues
▶ Usage of SDR in the context of time and frequency dissemination
▶ Challenge of software maintenance: GNU Radio is dependent on >700 packages under GNU/Linux

Call for Contributions

Hands-on Tutorials & 
Guided Block Developments

The workshop will bring together academic researchers, 
RF and signal-processing engineers, enthusiasts, and 
industry around the GNU Radio open-source infrastructure.
Contributed- and Lightning-Talks are welcome!

... for users/non-developers and developers:
    •  Common Concepts, General Use, and Applications
    •  Expressing Real-Time Signal-Processing and Feedbacks through Flow-Graphs
    •  Basic to Advanced Signal-Processing Challenges
    •  Intro to GR4.0 blocks, Contemporary C++ & SIMD
    •  SYCL & Timing and Synchronisation Integration

2 Days of GNU Radio Block Coding Party
    • guided by seasoned C++/GR 4.0 trainer (one per 4-8 developers)

27th - 30th August
Darmstadt, Germany +  

Introducing:

for Developers
  & Users

GNU Radio 4.0

The Universe in the Laboratory
invites you to participate in the 

https://events.gnuradio.org/event/23
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