A Supplementary Section

Here, we include the following which could not be included in the main paper due to space
limitation:

e Preliminary information which would help better understanding of the context.

e Complete result, which contains the accuracies of each method on all domains.

A.1 Preliminaries
A.1.1 Domain Generalization

In domain generalization we are given training data from different domains and the objective
is to generalize over a novel domain. Let the training dataset be D; = {X;;,Yi;}1< <, and the
test dataset be D; = {X},Y] }1< <y, Where n; refers to the number of examples in i domain.
In domain generalization framework the label space of all D; and D, is same.

We define a domain as the joint distribution of feature and label space such that (X;;,Y;;) ~
Pgy and Pyy ~ u. The test data set is (X],Y/) ~ P" and P" ~ . We assume all (X,Y)
pairs are drawn iid from their respective distributions, and that Py,...,Py,PT are iid from p.
The main objective of domain generalization is to train a model on all the training domains
D ={Dy,D,,...Dy} which performs well on D”.

A.1.2 Zero Shot Learning

In zero-shot learning the classes seen during training is disjoint from the classes present in
the test phase. Let Y'" and Y'* represent the set of classes in the training and testing phase. Let
the training dataset be D' = {x;,y; }1<i<n,.» yi € Y"". The test dataset be D" = {x;,y; } 1<i<n,;»
yi € Y. In zero-shot learning framework the objective is to learn a model on D'" which can
generalize well on novel classes from DS,

B Complete Results

Section 4.3 in the main paper reports the average accuracy across different domains for each
of the method. In this section, we show the complete breakdown of the accuracies across
domains. Table 1, 2, 3, 4 showcases the domain generalization (DG) results and zero-shot
domain generalization (ZSDG) results on Fashion-MNIST [3], CIFAR-10 [1], CIFAR-100
[1] and PACS [2] datasets. All the experiments are run with five different seeds and the
reported accuracies are in the form of mean + standard-deviation. Experiments with MTAE
on CIFAR-100 was run using single seed because rotations of CIFAR-100 contains 250,000
images, which made it computationally expensive. Experiments with large scale datasets
like CIFAR 100 provide further insights into the problem.

We observe that semantic loss not only helps with zero-shot domain generalization, but
also helps in effectively solving the domain generalization problem as well. This is evident
in Table 1 where S-MTAE dominates all the other algorithms in DG setting. Overall, we note
that semantic counterparts of the domain generalization methods are able to perform better
over the vanilla DG methods while solving zero shot domain generalization problem.
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Setting 1 Setting 2 Setting 3 Setting 4
DG ZSDG DG ZSDG DG ZSDG DG ZSDG

55334£1.60  65.60+£16.03 53.96+1.40 49.0842.83  55.744+0.31 60.80+24.64 48.63+1.41 49.11+12.21
55.1142.30  57.3244.17  56.95+£3.67 53.86+3.20 55.93+2.69 62.81+11.30 47.97+2.48 54.15+4.90
53.18+4.42  53.40+6.48 54.35£3.99 54.18+£9.23  54.55+£1.33 548141135 46.68+1.21 50.04+1.23
54.5242.17  54.5242.17 56.41+£1.23  50.23+3.93  55.5242.71 59.71+5.23 46.38+2.84 51.20+2.38
16.85+5.75  71.184+10.87 21.224+5.28 79.10£11.76 19.46+4.93 81.61+18.32 18.48+6.44 60.88+12.21
55.824+4.40  78.95+2.65 57.9745.02 70.61+£3.10 522042.75 64.63+829 44.41+3.90 63.56+8.53
75.8740.94  58.70+£11.95 81.58+1.65 52.25+8.01 75.98+1.06 57.85+18.11 69.95+1.96 55.23+8.34
76.57+0.88  67.87+£3.94 82.37+0.76  57.41+£2.01 76.64+0.40 35.78+6.05 70.70+1.88  57.70+8.04
75.26+£1.22  47.96+15.50 79.87£1.58 36.65+14.88 74.75£1.10 49.15+£1.86 68.12+£2.42  52.46+1.76
7441+£1.39  30.46+8.63  79.14+£2.36 53.47+£7.97 7344143  41.4449.10 66.66+2.99  51.01+1.62

19.1146.2  73.92+13.76 20.36+3.85 71.35+£3.46 14.69+5.44 83.62+15.65 17.84+£3.41 57.50+14.93
79.43+1.31  91.51+£2.38  84.674+2.44 87.32+1.12  79.09+0.86 90.64+8.78  73.73+2.09 55+4.27
74.06+1.42  62.23+18.68 79.23+1.78 52.03+15.65 73.974+1.07 52.69+21.74 68.35+1.29  50.67+6.02
75.46+1.00  51.89+£2.44 80.54+1.27 14.03+2.14  75.34+2.60 10.58+£2.60 68.65+0.63  55.78+8.18
7342£1.36  69.62+17.44 77.67£2.50 58.69+£9.41  73.50£1.87 61.98+13.79 67.36+1.57 52.45+3.40
73.33+£1.09 40944597 77.02+£1.58 54.374£3.00 73.68+0.85 55.13+4.77 6544097  53.99+3.98
20.73£3.52  65.57+18.23  16.97+£3.41 66.21£17.80 15.124+7.77 75.52+19.55 15.13£3.54 69.38%+10.73
78.08+0.69  94.26+1.03  83.39+1.28  92.03+1.52 77.75+1.07 92.54+4.72  70.74+0.61  50.10+3.81
72.704+1.37  62.52+26.81 77.13+1.81 47.46+27.99 72.754+0.80 57.99421.65 67.08+0.80 52.72+5.35
74.84+1.57  53.65£2.30 80.04+1.58 70.91+3.61  75.114+0.66 49.18+0.49  68.16£1.55 52.22+4.05
72.29+1.17  59.45+23.74  76.52+£2.10 53.58+10.01 71.84+1.32 514542436 65444041 49.43+4.49
72.87+1.21 67.54+8.12  76.68+2.56  83.23+9.01 71.954+1.02 82224135 64.90+1.34 51.87+2.37
20.924+14.23  77.1148.28  15.56+4.61 69.80+17.75 16.77+£4.25 73.05£17.10 21.18+2.46 61.04+6.14
77.60+1.50  96.4+0.63  83.54+1.48 94.83+2.75 77424043 91.03+4.94 72.76+2.51 49.17+0.53
75354+1.19 524542522  80.36+1.41  50.65+9.08  75.57+1.02 487743340 70.25+1.11  53.58+4.31
76.54+1.20  51.62+£1.68  82.67£1.07 72.04+3.86 77.1840.72 49.68+0.39  70.50£1.86  51.91£5.99
752340.81  54.57+18.00 80.06+1.92 52.30+10.47 75.074+0.83 53.87+17.51 68.73+1.06 54.87+6.90
73.77+£0.79  50.01£0.02  79.36+£1.99  32.83+9.54  73.83+1.67 46.10+£3.23 67.44+0.79  65.57+6.44
16.37£1.81  67.55£12.57 19.67£3.21 74.76x14.21 19.43+2.11 75.15£1529 15274499  68.26+7.61
80.99+1.13  97.97+0.53  86.224+1.14  97.84+0.53  80.10+0.98 97.24+2.35 75.62+1.21 49.85+0.53
49.65+2.56  67.60+£14.64 49.1842.57 58.12+14.59 49274224 64.71+18.83 40.97+2.75 58.90+10.51
56.14£1.56  63.69£2.54 56.57+£2.36 72.984+0.74 48.28+2.80 43.25+6.41 48.28+2.80 43.25+6.41
47.69+4.35 54.68+10.87 4574+1.85 58.63+12.93 47.18+£2.83 47.84410.82 38.78+2.55 49.25+2.96
50.33+3.03 50.7440.58  50.98+2.79  51.364+0.67 49.614+3.72 81.64+£13.09 42.2242.60  50.02+0.04
14784228  83.314£591  16.76+£2.16 63.55+10.74 19.56+9.67 87.73+4.96 17.84+3.10 68.53+13.33
65.934+2.13  95.62+2.47 68.00+3.62 94.64+2.72 66.47+3.03 97.94+1.24 56.13+3.67 48.63+1.30

Table 1: Domain Generalization (DG) and Zero-Shot Domain Generalization (ZSDG) per-
formance of different domains on Fashion-MNIST dataset.



TARGET Setting 1 Setting 2 Setting 3 Setting 4 Setting 5

DG 7SDG DG ZSDG DG 7SDG DG 7SDG DG ZSDG
AGG 43.98+1.88 49.67+9.49 43.92+1.05 49454194 4138+126 452041070 42.13+£0.83 51.93+16.18 40.82+1.09 51.68+6.70
S-AGG 39264128 73284294  40.28+0.33 52.98+-0.87 38384025 76.77+1.65 37584167 77.26+1.97 36924166 60.104+2.18
FC Dy 43814083 522041178 43864087 504214095 41.74+10.84 50.66+358 43.32+40.94 45034697 41524072 52704272
S-FC 43094120  74.62+2.70 43204128 54.89+0.97 40414105 67.99+436 42.38+£0.84 74.95+246 40.91+1.38 68.01+5.99
MTAE 11524138 5246501  9.83+531 52774218 1405+£1.75 59.63+11.88 12.12+1.67 54.09+6.50 1235+£1.70 53.60+4.32
S-MTAE 3808+4.31 73234522 39744291 53514147 36284193 72754332 37054159  75.67+2.62 36764127 65944187
AGG 54834079 49.01+41277 53.79+0.60 49.78+3.13 52084103 432641461 52584109 53.77+18.67 50.63+122 50.85+8.82
S-AGG 51364141 82264037 SLI8+H1.67 S4I3+111 48784178 84.21+1.40 48804124 84.84+0.57 47.66+139 67.33+1.31
FC Dy 55.85+0.46 540541535 55314060 50.16+0.77 52.80+£0.80 52.56+291 53.30+£0.48 43.99+13.70 51.42+0.90 51.53+3.78
S-FC 54294089 83.17+1.64 53704035 5548103 50.76:+0.84 80.18+3.00 52.40+£1.05 84.86+0.82 5025+1.34  72.64+4.03
MTAE 11854278 53.1046.58  9.82+5.14  50.67+0.74 13314131 60.15+10.68 13.0142.43 54.84+4.60 14294248 5184148
S-MTAE 55.34+1.61 8138+091 55.38+1.04 56.27+0.62 51.76+1.78 81.08+1.88 52334073 84.28+1.86 50874253 73.54+2.37
AGG 55.98+0.97 48.12+411.63 55314110 49.94+3.64 53024051 41.50+1143 53544075 525141852 52404058 50.33+4.17
S-AGG 53524125 82994087 52.97+1.15 5404+139 50444055 84.60+2.07 51.44+137 85.50+0.78 49.58+1.09 68.48+1.97
FC D, 56.70£1.04 558841621 56.03+0.87 50.30+1.11 53.60+0.88 52324538 53.82+£096 4337978  52.57+0.24 52.23+2.65
S-FC 55.8640.79 84774148 55374049 55.83+0.68 53144067 81774296 53024147 84524235 51914116 72.45+3.36
MTAE 10634472 56.44+6.23 13724139 50.93+1.07 13.1641.66 S59.11+11.37 1240+1.19 51.99+354 12334403 55.7143.76
S-MTAE 56.92+1.41 82.82+1.05 57.00+0.79 56.34+0.74 S54.01+£1.98 84.54+171 54961149 87.09+1.16 5225+126 72.84+1.86
AGG 54.9240.80 49.98+1045 53.99+0.80 49.98+£3.07 51.81+1.16 40.87+12.03 52274079 51.96+17.96 50.59+1.17 51.4145.32
S-AGG 51.9241.00 82424125 52404129 53.67+1.36 49244053 84.20+1.62 49474107 8475+0.84 47.78+1.14 67.67+1.48
FC Dy 55.5540.94 56.65+-11.81 5541+0.83 49.88+0.99 52614103 53.16+525 52414165 43.34+843 50.88+1.82 51.29+3.34
S-FC 54274182 82.92+1.69 54274134 55.63+2.65 51804138 81.57+4.28 51594043 83.86+1.37 50.08+135 71.83+2.94
MTAE 11664437  58.13+4.41 12964142 51.29+1.64 12.64+£0.46 49.16+573 13.04£1.00 51.20+594 13.58+143 57.38+5.85
S-MTAE 57224033  82.03+1.77 56.36+1.19 56.34+0.64 5270+1.06 81264240 S53.17+118 84.85+1.76 50.77+139 71.98+2.48
AGG 54324056  49.99£920  52.9+0.67 50.04+£3.09 50.80+0.34 40.14+£11.88 51.57+057 51.97+1827 50.01+1.00 51.71+6.28
S-AGG 51644199 8230410 5154127 53454077 48914155 83474220 48804145 83.96+1.14 47.63+146 67.57+1.49
FC Dy 54824076 562241431 54344052 49.79+0.63 51.86+092 51.36+4.38 52134077 47.56+9.94 50474060 52.64+2.94
S-FC 54174121  83.13+147 53414087 55.38+£0.62 50524136 80.63+3.26 51.75+1.02 84.05+1.98 49.88+0.79 71.55+3.37
MTAE 13784339  53.79+4.63 12234409 51144147 11414478 56124781 1114203 53034448 12.16+41.35 53.85+3.68
S-MTAE 56.61+130 83.36+1.60 56.03+1.58 553610.68 53.69+10.75 84.38+144 53.9610.42 87.09+149 52.73+1.06 73.73+1.30
AGG 45504077  49.60+7.48 45214119 50.0342.76 43.65+10.73 44834822 44454055 522841693 43.17+£0.98 51324859
S-AGG 43654081 75414298 43754129 53214047 40.73+150 77.26+129 4150+£121 79.25+1.76 40.11£0.72  64.04+1.73
FC Ds 46.40£0.90 53.92+13.88 46284099 50.61+1.09 44794021 50.13+8.69 44.76:+0.88 46.76+740 43.41+£089 54.06+5.11
S-FC 46454206  T8.04+2.25 45974076 54.60+0.52 44601097 72.09+4.84 44614105 77344249  43.74+£0.83 70424430
MTAE 13404215 53.4144.68 11934500 50.39+1.20 11.49+2.17 55.13+6.83 12.82+43.41 52354213 11294451 55344207
S-MTAE 47404062 7794199  47.16+1.15 543140.84 46394126 75.63+192  45.08+£0.53 80.22+3.06  44.36+1.80 71.76+1.25

Table 2: Domain Generalization (DG) and Zero-Shot Domain Generalization (ZSDG) per-
formance of different domains on CIFAR-10 dataset.



TARGET Setting 1 Setting 2

DG ZSDG DG ZSDG
AGG 49.734£0.26  6.07+0.61  49.40+0.97  5.94+0.91
S-AGG 37.91£0.70  16.03+£0.20  39.1440.74  18.00£0.17
FC Dy 53.424+0.57 5.68+1.24 53.76+0.48 5.62+1.37
S-FC 52474267 17.13£0.95 52.46+2.73 18.64+0.81
MTAE 1.275 5 1.25 4.9
S-MTAE 26.68 15.5 27.66 15.05
AGG 90.23+0.13  5.97£0.59 90.41+0.59  6.33+£0.54
S-AGG 77.56+0.94 19.774£0.45 77.96+0.64 20.30+0.08
FC D, 95.25+0.27  5.65+£0.81  95.024+0.31  5.32+1.34
S-FC 95.53+1.43 21.6242.31 95.53+143 21.6+2.31
MTAE 1.815 5.03 1.25 525
S-MTAE 88.85 18.44 90.37 18.25
AGG 92.7740.37  6.07+1.13  93.05+0.80  6.2740.60
S-AGG 85.00£0.72  20.66+0.80 85.61+0.72 20.58+0.58
FC Dy 96.37+0.34  5.32+0.53  96.40+0.36  5.27+1.04
S-FC 95.974+0.63 21.32+1.83 96.95+0.69 21.63+1.10
MTAE 1.395 5 1.47 5.37
S-MTAE 98.48 19.45 96.59 20.43
AGG 93.21+0.79  5.79+0.51  93.40+0.76  6.12+0.66
S-AGG 88.6141.04 21.07+£0.42 88.874+1.29 20.41+0.62
FC D3 95.744+0.35  5.56+0.78  95.754+0.47  5.27+1.59
S-FC 96.14+0.73  20.92+0.72 95.94+1.14 21.73+£1.01
MTAE 1.432 5 1.25 6.47
S-MTAE 99.72 19.78 99.67 20.53
AGG 94.55+0.45 5.97£1.08 94.89+0.64 6.11£0.44
S-AGG 93.904+0.49 22.38+0.50 94.09+0.33  21.62+0.37
FC Dy 96.25+£0.21  5.36+0.73  96.30+0.30  5.88+1.31
S-FC 96.87+0.66 21.60+£1.01 96.39+0.71 21.35£1.14
MTAE 1.23 5 1.3275 5.18
S-MTAE 99.95 23.21 99.88 22.00
AGG 61.3740.56  5.36+0.53  61.704+0.44  5.7340.64
S-AGG 66.90+0.81  20.06+0.24 67.37+0.83 19.75+0.51
FC Ds 64.74+1.72  548+0.80 64.53+0.86  5.81+1.55
S-FC 63.88+2.82  18.48+1.34 64.46+2.39 19.2640.60
MTAE 1.567 5 1.25 5.48
S-MTAE 78.52 19.21 78.81 19.23

Table 3: Domain Generalization (DG) and Zero-Shot Domain Generalization (ZSDG) per-
formance of different domains on CIFAR-100 dataset.



TARGET Setting 1 Setting 2 Setting 3 Setting 4

DG ZSDG DG ZSDG DG ZSDG DG ZSDG
AGG 91.23+0.27 43.23+£13.95 88.30+0.85 60.17£3.20 87.79+0.45 56.20+24.44 87.06+£0.33 50.37+£14.73
S-AGG P 88.61+0.93  87.81+2.82 83.114+0.84 88.92+1.50 82.35+0.73  67.51+1.40 82.79+£0.77 71.46+1.53
FC 91.60+0.57 31.04+£6.31  89.10+0.52 52.354+10.79 88.51+0.66 59.124+24.60 87.48+0.19 46.32+12.79
S-FC 87.48%+1.14  81.95£1.59 82254087 82.35+£3.54 81.95+1.46 58.07f£11.15 82.37£1.08 67.30+1.67
AGG 65.03+1.10 57.81£12.33 65.85+0.69 48.06+£3.65 73.53+0.63 54.07+7.33  64.14+£0.39  53.73+7.86
S-AGG A 58.824+1.15 58.40+4.87 60.67+0.88 61.90+£0.76 69.91+£1.47 36.94+2.01 59.73+£1.08  49.291+0.96
FC 64.73+0.84 48.84+17.75 66.424+0.63 46.93+£5.99 75.21+0.89 57.79+10.56 65.21+1.29  53.961+6.93
S-FC 52.184+1.07  55.68£2.93 55974121 61.78+£2.05 63.254£2.31 52.55+2.39  54.38+0.88  47.20%+1.31
AGG 70.89+0.94 50394942  79.13+£1.10 57.86+13.64 72.40+1.15 60.05+6.54 69.13+£1.07 44.80+15.57
S-AGG C 68.48+1.36  82.30+£1.70  75.55+1.05 70.48+3.16 71.62+1.71 50.93+£1.76  68.61£0.76  60.11+4.13
FC 67.50+1.25 48.62+11.79 78.79+0.74  53.95£7.99  71.66+0.89 57.91+527  69.16+0.22 41.07+16.56
S-FC 6477126  74.35£4.52 69.934+2.19  65.67+£3.03 66.61+£1.51 54.02+2.81 63.47£1.57 53.354+5.87
AGG 70.17+1.22  40.72+42.45 76.31+£1.21 37.524+2591 68.21+1.41 51.574+28.41 66.24+2.00 27.36+24.88
S-AGG S 63.93+127  92.02+£0.66  69.17+1.44  90.47+1.55 61.10£2.67 4547+9.09 61.69£0.91  86.5212.86
FC 67.89+291 53.63+33.71 76.761+2.04 32.36434.76 67.37+1.24 54.66+28.20 65.04+0.87 33.04+31.48
S-FC 60.02+1.79  92.92+1.69  62.0642.16 90.11+£4.09 58.62+1.99  69.17+£9.07 55.90£2.69 84.4946.75

Table 4: Domain Generalization (DG) and Zero-Shot Domain Generalization (ZSDG) per-
formance on PACS Dataset.
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