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Table S1: Experimatal magnetic order, label used in classification model, experimental transi-
tion temperature (T,-gyyp), Curie-Weiss temperature (© gg,y) and frustrated factor(fgyp) of AFM
double perovskites.

Compound Space group Order Label Te-Exp OFap fEap
K K
BasCelrOg P2i/n AFM -1 -17 [1] -177 [1] 10.4
CapCoTeOg P2, /n AFM 1 110 [2] 782 7.80
CayCoWOyg P2, /n AFM 1 .33 [3] 68 (3] 2.6
CasFeShOg P2,/n AFM 1 17 [4] 90 [4]  5.23
CasIn0sOg P2i/n AFM -1 -14 [5] =77 [5] 5.50
CasLaRuOg P2, /n AFM 1 115 [6] 115 6] 10.0
CagLuRuOg P2, /n AFM -1 -14 [6] -162 [6] 11.5
CasMnWOgq P2, /n AFM 1 45 [7] 61.8 7]  1.37
CasNiWOg P2, /n AFM 1 525 [§] 75 (8] 1.42
IngNiMnO(; P21/’I’L AFM -1 -26 [9]
LasCoRuOg P2, /n AFM 1 -25 [10] 87 [10] 3.8
Lay CoTiOg P2, /n AFM 1 14811 -45 [12]
La,LiRuOg P2, /n AFM 1 -30 [13] 185 [14]  6.16
LaoMgIrOg P2, /n AFM 1 -12 [15] 24 [15] 200
LayNaOsOg P2,/n AFM 1 -12 [16] 74 [16]  6.16
LayNaRuOg P2, /n AFM 1 -15 [16] 67 [17]  4.46
LaoNilrOg P2, /n AFM 1 -110 [18] 36 (19]  0.32
LayNiRuOg P21 /n AFM 1 -20 [20] 90 [20]  4.50
LazNiTiOg P2, /n AFM 1 2321,22] 60 [21,22]  2.60
LagZnlrOg P2y /n Canted AFM]23] -1 7.5 [15, 24] -3.1 [15] 0.41
Mny;MnReOg P2, /n AFM]25]
SryCalrOg P21 /n AFM 1 58 (26]  -363.4[26]  6.26
Sr5CelrOg P2,/n AFM 1 -21 [27] 108 [28]  5.14
SraCoTeOg P2, /n AFM 1 15 [2) 146 2] 9.73
SroDyRuOg P2, /n AFM 1 -21.3[29] -20 [30]
SraFeWOyq P2, /n AFM 1 3731 -21.3[31]  0.93
SrsGdRuOg P2,/n AFM 1 -33 [32] 833 0.2
SrLuRuOg P2, /n AFM 1 -32 [33] 353 (34] 110
SMnMoOg P24 /n AFM 1 15[35  -163[36]  10.8
SrsMnUOg P2, /n AFM 1 21 [37]
SroMnWOg P2, /n AFM 1 -13.7[35)  -7T1.3[38]  5.20
StoNilrOg P2, /n AFM 1 -58 [39] 81 [40]  1.39
SI‘QNiUOG P21/n AFM -1 -21 [37]
SraScReOg P2, /n AFM -1 -75 [41] -450 [41] 6.00
SrsTmRuOg P2, /n AFM 1 -36 [42] 47(33] 130
SroYbRuOg P2,/n AFM 1 44 [42] 995 (33] 5.1
Sr2YIrOg P2, /n AFM 1 1.3 [43] 2.8 [44] 215
SroZnlrOg P2i/n AFM[45] -1
Y,CoMnOg P21 /n AFM][46] 1 ~80[47]
BayCalrOg Fm3m AFM -1 -55 [48] -573[49] 10.4
BayCaOsOg  Fm3m AFM 1 50[50,22] 156 [51]  3.12
Ba;CaReOg  Fm3m AFM 1 15451 -41.5[52]
Ba;CoReOg  Fm3m AFM 1 41 [53] 3553  2.69
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BayCoWOg Fm3m AFM -1 -18 [3] -75.2 [54]  4.17
BasErRuOg Fm3m AFM -1 -40 [55] -14.6 [55]  0.365
BasLiOsOg Fm3m AFM 1 -8 [56] 40 [56]  5.00
BasLuRuOg Fm3m AFM -1 -35 [34] -630 [34] 18.0
BasMnWOgq Fm3m AFM -1 -9 [57] -64.4 [57)  7.15
BasMnMoOg Fm3m AFM -1 -10 [58] -94 [58]
BasNiWOg Fm3m AFM 1 48 [59] 120 [59]  2.50
BasPrlrOg Fm3m AFM 1 71 [60] 4361 0.60
BayPrRuOg Fm3m AFM -1 -117 [62] -133 [62] 1.13
Bas YReOg Fm3m AFM[63] -1 -616 [51]

Bas YRuOg Fm3m AFM -1 -36 [64] -571 [64] 15.8
StaZrMnOg Fm3m AFM 1 50 [65]  -53.24 [65]  1.06
BayCuOsOg T4/m AFM 1 70 [66] 13.3[66]  0.19
Bay;CuWOg I4/m Quasi-2D AFM -1 -28 [67] -180 [68] 6.42
BayFeWOgq I4/m AFM -1 -19 [69]

SroCoMoOg I4/m AFM -1 -37 [70] -40 [35] 1.08
St2Co0s0g 14/m AFM 1 -108 [71] 5171 047
SraCoReOg 14/m AFM 1 .60 [72] 140 [72] 233
S1,CoWOs 14/m AFM 1 224 [3] 57[3) 237
Sr,CuMoOg 14/m AFM 1 28 [73]  -300[73] 107
SroCuOsOg I4/m AFM -1 -18 [74] -40 [74] 2.22
St,CuWOgq 14/m AFM 1 24 [73] 230[75]  9.58
SroMgOsOg 14/m AFM 1 110 [22]  -347 [22]  3.15
SraNiMoO6 I4/m AFM -1 -71.5 [76 -260 [76] 3.63
SraNiOsOg 14/m AFM 1 50 [77] 27771 0.54
SroNiReOg I4/m AFM -1 -30 [72]

StoNiWOg 14/m AFM 1 54 [78] 175 (78] 3.24
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Table S2: Experimatal magnetic behavior, label used in classification model and transition tem-
perature (T.-gyp) of FM double perovskites.

Compound  Space group Order Label T, gqp

K

CayCoReOg P2i/n FM 1 130 [41]
CasCrReOg P2y /n FM 1 360 [41]
CaQCerOG P21/n FM 1 13 [79]
CagFeMoOg P21 /n FIM 1 380 [80]
CayFeOsOgq P2, /n FiM 1 320 [81]
CagFeReOg P2, /n FiM 1 540 [82]
CaosMnReOg P2i/n M 1 110 [41]
LasCoMnOg P2y /n FM 1 204 [83]
LasNiMnOg P2y /n FM 1 280 [84]
LwNiMnOg P2 /n FM 1 45 [85]
SraFeUOg P2, /n FiM 1 150 [37]
SroMnReOg P2y /n FiM 1 120 [41]
ngNiMnO(; P21/n FM 1

Y,NiMnOg P2, /n FM 1 85[86]
BayFeReOg Fm3m FiM 1 317 [87]
BayFeUOg Fm3m FiM 1 120 [88]
BasMnReOg Fm3m FM 1 113 [89]
BayNaOsOg Fm3m FM 1 6.8 [90]
BasNiReOg Fm3m FM 1 32 [89]
BasNiUOg Fm3m FM 1 258§
SroFeMoOg I4/m FiM 1 400 [91]
SraFeReOg I4/m FiM 1 445 [92]

Table S3: ML predicted magnetic transition temperature (T.-ps7,) and recent experimental re-
ports (Te-gzp) of 7 FM candidates.

Compound  Space group Te-mr. Te-Exp

K K

BisNiMnQOg P2y /n 172
CaMgOsOg P2y /n 52 -19 [22]
Sr,CrSbOg P2y /n 57 -12 (93]
BasFeMoOg Fm3m 209 345 [94]
BasNaReOg Fm3m 34

CayTiSiOg Fm3m 34
CasTiMnOg I4/m 99
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Table S4: ML predicted magnetic transition temperature (Te-prr), Curie-Weiss temperature
(Onm1), frustration factor (farr) and recent experimental reports (Te-gup, OEwp, fEzp) Of 45
AFM candidates.

Compound Space group T, -ML G)ML fML Tc_Exp ®E3:p fE;cp
K K K K

BagLaRuOG P21/n -30.7 -127.4 4.1

CasCaWOg P2y /n -28.6  -153.5 5.3

CasMgWOg P2, /n -28.7 -151.7 5.3

CasSc0sOg  P2i/n -333 -201.9 6.0 69 [95] -341 [95]
La;CoPtOg  P2i/n  -347 -121.2 35 -28 [96] 228 [96]
LasLiMoOg  P2i/n 244 -121.3 4.9 -18 [97] .59 [97]
LasLiReOg P2 /n 279 1720 6.1 204 [98] 4 [99]
LasMgPtOg P2y /n -33.3 -127.1 3.8

LasMgTiOg P2y /n -22.9 -107.1 4.6

LasMnVOg P2 /n -29.3 -70.4 2.4

LasNiPtOg P2;/n -36.9 -1429 3.8

Sro,CaMoQOg P2;/n -30.2  -179.1 5.9

SI‘QCORQO@ P21/TL -40.9 -75.4 1.8

SraCoWOg P2y /n -38.7 -75.6 1.9

SroMglrOg P2, /n  -331 -200.1 6.0 74 [26] 418 [26]
Sr2S8c0s0g P2, /n  -418 -2734 65  -92[100]  -677 [100]
Y,MgTiOg P2, /n 238  -96.1 4.0
BayCaMoOg Fm3m -41.8 957 23

BayCdOsOg Fm3m -18.9 -1349 7.1
Ba,CdReOg  Fm3m  -146 -758 5.1 12 [101]  -15.3 [101]
BasEuReOg Fm3m -50.4  -572.7 11.3

BasLaReOg Fm3m -42.1  -521.6 12.4

BayLiReOg Fm3m -17.2 =700 4.0
Ba;MgOsOg ~ Fm3m  -431 -1625 3.8  -53[102]  -149 [102] 2 [102]
Ba,MgWOg Fm3m -23.6  -87.3 3.7

BasLuReOg ~ Fm3m  -435 -485.2 11.1  -31[103]  -678 [103]
BayScRuOg  Fm3m-HP  -38.9 -287.3 7.4 -44 [104] -651 [104]
BasSmReOg Fm3m -48.1  -533.1 11.0
BasTbReOg Fm3m -51.1 -503.6 7.4
Bay YbReOg Fm3m -49.4  -525.9 10.6

BaYOsOg ~ Fm3m  -442 -213.2 48  -69 [105]  -700 [105]
BayZn0sOg Fm3m -17.3  -156.4 9.0

BagZnReOg  Fm3m  -141 715 50 11 (FM) [106] -6 [106]
BayZnWOg Fm3m -25.2 =934 3.7

SroGdReOg Fm3m -50.7 -505.6 9.9

SryLiReOg Fm3m -22.8 -84.5 3.7

SroMglrOg Fm3m -31.4  -341.0 10.8 -80 [107]
SroTmReOg Fm3m -47.8 -516.5 10.7

SraYbReOg Fm3m -47.3  -511.2  10.8

SroYReOg Fm3m -46.6  -491.0 10.5

Sr9ZnWOg Fm3m -22.5  -53.8 24

BayCaReOg I4/m -37.5  -201.4 5.3

SraCoWOg I4/m -36.7 -57 1.5
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SroNiWOg I4/m -44.1 -175 3.9
SroZnReOg I4/m -38.7 -187.8 48

Resampled regression model of AFM/FM transition tem-
peratures
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Fig. S1: Magnetic transition temperature 7, by the regression models with randomly doubled 11
and 2 (3 and 1) training (testing) samples for the (a) antiferromagnetic and (b) ferromagnetic
materials in comparsion with the experimental value. The training and testing datasets are green
and blue dots, respectively.
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DFT+U+SOC calculations of cubic Ba;LaReOg

We performed DFT+U+SOC calculations on two magnetic configurations: FM (Fig. S2a)
and AFM-I (Fig. S2b) type. AFM-I case is the experimental most observed pattern for cubic
double perovskites, where in-plane NN are FM, while out-of-plane NN are AFM.

5l
K
ﬁ:m

Fig. S2: (a) FM and (b) AFM-I configurations of cubic BagLaReOg.




DFT+U+SOC calculations of monoclinic BasLaRuQOg

Low-symmetry monoclinc structure needs more magnetic configurations. Therefore, DFT4+U+4SOC
calculations of 2*2*1 supercell on one FM and six AFM configurations are performed. J BB ig
considered the same as Jf/'B' for simplication, leaving 4 Jf,‘B/S, 4 JIF"Bl and 32 Jf"Bl for
each configuration. The total energies by Heisenberg Hamiltonian can be written as
Epy = Eo 4 4 JB-B'S% 4 JP-B'§2 432 jB'-5' g2
Eapy-1 = Eo + 4 JBP'S2 4 gP-B's2 32 Jb"-B'g?

Eapy-rr = Eo + 4 JB™B'8% -4 JB-B' g2

Eapnm-111 = Eo + 4 JB-B'52 - 4 JB'-B' 52

Eapn-rv = Eo - 4 JB™B'8% 1 4 jB-B' g2

Eapn-v = Eo -4 JB™B'§2 -4 jB~B'g?

Eapy-vi = Eo - 8 J3P' 82

where S is 3/2 for Ru. In Table S3, the DFT4+U+SOC calculated total energies are compared
with the counterpart Heisenberg Hamiltonians. The residual sum of squares is about 0.0044

meV. The JB=B' JB=B' JBB" and JZ-B" are 2.12, 1.72, 0.93 and 0.93 meV (24.6, 20, 10.8
and 10.8 K).

Table S5: The total energy differences (meV/f.u.) of six AFM congurations compared to that of
FM configuration.

Configuration DFT+U+4SOC Heisenberg model

AFM-I -135.21 -135.25
AFM-II -102.44 -98.62
AFM-III -102.44 -98.62
AFM-1V -111.60 -105.88
AFM-V -134.92 -136.87
AFM-VI -121.23 -119.15
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