
    
      Fig. 1 
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        Mass-distance diagram. This figure shows the masses and the distances of planets in all catalogues used in this study. Shaded regions show the parameter space spanned by synthetic planets observed via radial velocity surveys (Bern RV Multis), transit surveys (Bern KOBE Multis), and ongoing missions (Bern Compact Multis). The parameter space for Bern KOBE Multis has been mapped from its original radiusperiod plane.

      

    

  
    
      Table 1 

      Observed multi-planetary systems: There are 41 planetary systems with 194 planets in this catalogue.

      
        


	Stellar parameters



	




	Hostname
	Multiplicity
	M⋆ [M⊙]
	R⋆ [R⊙]
	L⋆ [L⊙]
	Teff [K]
	[Fe/H]
	Age [Gyr]
	Distance [pc]





	Sun
	8
	1
	1
	1
	5,772
	0
	04.6 ± 0.1
	0



	Trappist-1
	7
	0.1 ± 0.002
	0.1 ± 0.001
	5.53e − 04
	2,566 ± 026
	+0.04 ± 0.08
	07.6 ± 2.2
	012.0



	TOI-178
	6
	0.7 ± 0.03
	0.7 ± 0.01
	0.1 ± 01.08
	4,316 ± 070
	−0.23 ± 0.05
	07.1 ± 6.1
	062.7



	HD 10180
	6
	1.1 ± 0.05
	1.1 ± 0.04
	1.5 ± 00.02
	5,911 ± 019
	+0.08 ± 0.01
	04.3 ± 0.5
	039.0



	HD 219134
	6
	0.8 ± 0.03
	0.8 ± 0.005
	0.3 ± 00.01
	4, 700 ± 020
	+0.11 ± 0.04
	11.0 ± 2.2
	006.5





        


	Planetary parameters



	




	Hostname
	Planet
	Mp[M⊕]
	Rp[R⊕]
	ap[ΑU]
	e
	i [°]
	min. Mp





	Sun
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	(F,F,F,F,…)



	Trappist-1
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	(F,F,F,F,…)



	TOI-178
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	(F,F,F,F,…)



	HD 10180
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	(T,T,T,T,…)



	HD 219134
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	(F,F,T,T,…)





      

      
Notes. Only the first five rows are shown here. The entire table is available at the CDS. CDS version includes additional identification columns: KIC ID, TIC ID, and Gaia ID. Missing information is indicated by ‘–’ References for individual systems are given in Appendix B.




    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Classes of architecture. This schematic diagram shows the four architecture classes: similar, anti-ordered, mixed, and ordered. Depending on how a quantity (e.g. mass or size) varies from one planet to another, the architecture of a system can be identified.

      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        New parameter space: architectures of planetary systems. Both panels shows the coefficient of similarity (mass) as a function of the coefficient of variation (mass). The shaded regions show the allowed parameter space for planetary systems. The white gaps (between two shaded regions) mark the mathematically forbidden regions of this architecture space. Different parts of this parameter space are identified with four architecture classes, in accordance with Eq. (3). Each point corresponds to an individual planetary system. For visual clarity, the shaded and unshaded regions are drawn only for systems hosting up to fifteen planets. Left: planetary systems from the Bern model and observations. Right: synthetically observed systems depicting the detection biases of radial velocity and transit surveys.

      

    

  
    
      Table 2 

      Architecture type of known multi-planetary systems (see Table 1 for catalogue and Fig. 6 for architecture plot).

      
        


	Hostname
	Multiplicity
	Cs (M)
	CV(M) 
	Architecture class





	Solar System
	8
	+0.36
	1.85
	Ordered



	Trappist-1
	7
	‒0.10
	0.45
	Similar



	TOI-178
	6
	+0.08
	0.46
	Similar



	HD 10180
	6
	+0.14
	0.66
	Similar



	HD 219134
	6
	+0.27
	1.49
	Ordered



	HD 34445
	6
	+0.17
	0.84
	Similar



	Kepler-11
	6
	+0.22
	1.03
	Ordered



	Kepler-20
	6
	+0.00
	0.44
	Similar



	Kepler-80
	6
	‒0.00
	0.19
	Similar



	K2-138
	6
	+0.03
	0.61
	Similar



	55 Cnc
	5
	+0.52
	1.37
	Ordered



	GJ 667 C
	5
	‒0.02
	0.29
	Similar



	HD 158259
	5
	+0.11
	0.29
	Similar



	HD 40307
	5
	+0.07
	0.33
	Similar



	Kepler-102
	5
	+0.02
	0.41
	Similar



	Kepler-33
	5
	+0.46
	0.67
	Ordered



	Kepler-62
	5
	+0.15
	0.68
	Similar



	HD 20781
	4
	+0.29
	0.59
	Ordered



	TOI-561
	4
	+0.33
	0.64
	Ordered



	DMPP-1
	4
	+0.29
	0.81
	Ordered



	GJ 3293
	4
	+0.27
	0.62
	Ordered



	GJ 676 A
	4
	+0.90
	0.99
	Ordered



	GJ 876
	4
	+0.12
	1.20
	Mixed



	HD 141399
	4
	+0.06
	0.40
	Similar



	HD 160691
	4
	+0.63
	0.82
	Ordered



	HD 20794
	4
	+0.08
	0.25
	Similar



	HD 215152
	4
	+0.07
	0.23
	Similar



	HR 8799
	4
	‒0.07
	0.17
	Similar



	K2-266
	4
	+0.03
	0.60
	Similar



	K2-285
	4
	+0.01
	0.31
	Similar



	Kepler-89
	4
	+0.17
	0.91
	Mixed



	Kepler-106
	4
	+0.11
	0.26
	Similar



	Kepler-107
	4
	+0.13
	0.42
	Similar



	Kepler-223
	4
	‒0.06
	0.22
	Similar



	Kepler-411
	4
	‒0.08
	0.34
	Similar



	Kepler-48
	4
	+0.74
	1.64
	Ordered



	Kepler-65
	4
	+0.68
	1.63
	Ordered



	Kepler-79
	4
	‒0.10
	0.24
	Similar



	WASP-47
	4
	+0.59
	0.95
	Ordered



	tau Cet
	4
	+0.12
	0.37
	Similar



	HD 164922
	4
	+0.49
	1.29
	Ordered





      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Frequency diagram for the architecture classes. Currently, there are no known examples of observed planetary systems with anti-ordered architecture. The length of error bars visualises the total number of systems in each bin as: [image: equation].

      

    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        Architecture plot showing the architecture of observed (left) and randomly selected synthetic planetary systems (right). Each row is for one planetary system and the circles in that row represent planets. The area of the circle encodes planetary mass, and the colour shows the equilibrium temperature. The coefficient of similarity for each system is shown on the right y-axis. The x-axis shows the semi-major axis, which is different for the two panels.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Characteristics of the architecture classes. These plots show the distribution of various quantities (columns) as function of different catalogues (rows). Left to right: distributions of mass, radius, distance, and multiplicity in the following catalogues (top to bottom): Bern model, Bern RV Multis, Bern KOBE Multis, Bern Compact Multis, and observations. All catalogues are described in Sect. 2. Some notable features from these plots are discussed in Sect. 4. All individual distributions are normalised such that the area under each curve sums to unity. The dotted vertical line in the radius distributions marks 1.75 R⊕ – approximately, the location of the well-known gap in the radius distribution (Fulton et al. 2017). Since there are only two mixed systems with the same multiplicity (n = 4) in our observations catalogue, a vertical line replaces the density kernel. The Gaussian density kernels in all other cases were estimated using Scott’s rule (Scott 2015).

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Radii architecture. Top: the diagram shows the coefficient of similarity of radii as a function of the coefficient of similarity of masses, for synthetic and observed planetary systems. The dashed line shows the corresponding linear fit. Bottom: radius architecture of synthetic planetary systems contrasted with the mass architecture. In the bottom panel, the marker colour and shape indicates the bulk mass architecture of a system and its position on the diagram suggests its radii architecture.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Mass architecture as a function of core-mass architecture. Panels compare the mass architecture with the core-mass architecture via the coefficient of similarity (left) and coefficient of variation (middle). In the left panel, the points corresponding to similar systems are very tightly clustered on the y = x line and are not visible due to over-plotting of points from other architectures. This signifies the core-mass architecture is very strongly correlated with the mass architecture for similar systems. The sum of mass in the envelope of each planet in a system is indicated in colour. The right panel plots the coefficient of similarity for masses and core masses for systems in the synthetically observed catalogues.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Role of starting location. Plot shows the planetary core mass (left) and final distance (right) versus the starting distance. The marker style indicates the architecture of the system to which the planet belongs. The vertical grey shaded region indicates the evolving locations of the ice line (Burn et al. 2019). The dotted line in the right panel shows the y = x line.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Planetary core water-ice mass fraction. Left: core water mass fraction of a planet as a function of its starting location. The architecture of the system to which a planet belongs to is shown by marker characteristics. The vertical shaded regions shows the location of the ice line. Middle: water mass fraction architecture seen through the coefficient of similarity versus the coefficient of variation plot. The shape of the marker shows a system’s mass architecture, and the colour depicts its Aryabhata’s number (see Paper II for definition). Right: distribution of ƒice across architecture classes. Depending on ƒice, planets are labelled as ‘dry’, ‘moist’, or ‘wet’.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Frequency of planets. This diagram shows the average planet per star for dry, wet, and moist planets in several catalogues (rows), across several architecture classes (columns), and around low (left) and high (right) metallicity stars. The planet per star is simply the total number of planets divided by the total number of stars, after appropriate filters for metallicity, catalogue, or architecture.

      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Planets inside the empirical habitable zone (EHZ). The left-most plot shows the frequency of planetary systems, of a given architecture class, which host at least one planet inside the EHZ. The central-left plot shows the fraction of planets inside a given architecture class which are in the EHZ. The central-right plot shows the fraction of all EHZ planets within a given architecture class. The rightmost plot shows the distribution of ƒice for EHZ planets across the architecture classes. The cartoon sketch of Earth emphasises that the only known life-harbouring planet resides in an ordered system. The length of error bars visualises the total number of systems or planets in respective bin as: 100/ bin eounts. The lengths of the error bars represents the number of planetary systems (left-most panel) and the number of planets (two middle panels) which are inside the bin. Large error bars in the leftmost panel, for example for anti-ordered architecture emerges from their low count (see Fig. 5). The Gaussian kernel is estimated using Scott’s rule (Scott 2015).

      

    

  
    
      Fig. C.1 
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        Maximum value of the coefficient of similarity (blue) and the theoretical maximum value of the coefficient of variation (orange) is plotted against the maximum tolerance, t.

      

    

  
    
      Fig. D.1 
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        Classification boundaries for architecture classes. Left: Boundary between similar and mixed class. The panel show the coefficient of variation for synthetic planetary systems as a function of the number of planets in a system for systems with |CS(M)| ≤ 0.2. Two clusters are clearly distinguishable, allowing us to fix the boundary between the similar and mixed architecture classes. Right: Boundary between ordered and antiordered. This plot shows the coefficient of similarity of synthetic planetary systems as a function of the Spearman correlation coefficient between the planetary masses and distances of that system. Thick horizontal lines correspond to potential boundaries.

      

    

  
    
      Fig. D.2 

      
        [image: thumbnail]
      

      
        Mass-distance diagram. This plot shows the planetary masses as a function of distance for some planetary systems with −0.3 < CS (M) < −0.2. The dashed line connects that planets in the system and serves to highlight the arrangement and distribution of masses. The size of each circle corresponds to the planet's radius and the colour of each planet also shows its core water mass fraction.
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