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A Unique utterance counts, intent counts and labels counts for pseudo Golden and

Rare data.
Domain  Utterance Group Unique Utterance Count Unique Intent Count Unique Label Count
alarm pseudo Goldens 202 6 3
alarm Rare 7006 6 7
reminder pseudo Goldens 513 3 7
reminder Rare 5580 3 7
weather  pseudo Goldens 228 3 5
weather  Rare 10929 3 8

B Summary of the results on Language Bootstrapping Experiments averaged over
three runs for Generator with sentence-level reward.

Baseline Generator with sentence-level reward with Monte Carlo rollout
Metric Domain TopX Unique All
Performance Performance % change Performance % change Performance % change
Domain accuracy 96.83 97.71 +0.91 95.5 -1.37 95.17 -1.72
alarm 73.33 68.53 -6.54 79.98 +9.07 80.46 +9.73
Intent accuracy reminder 72.93 81.72 +12.06 79.63 +9.19 79.39 +8.85
weather 97.5 97.58 +0.08 97.72 +0.23 98.65 +1.18
Overall intent accuracy 84 84.89 +1.05 87.96 +4.71 88.4 +5.24
alarm 92.63 91.8 -0.89 92.54 -0.09 93.11 +0.52
Slot F1 remind 83.49 84.79 +1.55 84.72 +1.47 83.61 +0.14
weather 83.63 82.55 -1.29 83.2 -0.52 83.63 +0.00
Overall slot F1 86.19 85.88 -0.36 86.08 -0.12 86.07 -0.14
Overall frame accuracy 46.44 45.64 -1.73 46.53 +0.19 46.51 +0.16
Baseline Generator with sentence-level reward without rollouts
Metric Domain TopX Unique All
Performance Performance % change Performance % change Performance % change
Domain accuracy 96.83 94.62 -2.28 97.6 +0.80 96.58 -0.26
alarm 73.33 73.89 +0.77 79.77 +8.78 83.93 +14.45
Intent accuracy reminder 72.93 74.71 +2.44 87.53 +20.02 85.62 +17.40
weather 97.5 97.64 +0.14 97.8 +0.31 97.76 +0.27
Overall intent accuracy 84 84.21 +0.25 89.86 +6.98 90.56 +7.81
alarm 92.63 91.48 -1.24 89.92 -2.93 91.53 -1.19
Slot F1 reminder 83.49 80.64 -3.41 86.09 +3.11 84.5 +1.21
weather 83.63 84.62 +1.18 81.78 -2.21 81.32 =277
Overall slot F1 86.19 85.33 -1.00 85.33 -1.00 85.13 -1.23
Overall frame accuracy 46.44 46.01 -0.93 45.66 -1.69 44.38 -4.43

C Summary of the results on Language Bootstrapping Experiments averaged over
three runs for Generator with token-level reward.

Baseline Generator with token-level reward Up pled
Metric Domain TopX Uniques All TopX Uniques All
Perf. Perf. % change Perf. % change Perf. % change Perf. % change Perf. % change Perf. Y% change

Domain accuracy 96.83  94.08 -2.84 96.49 -0.35 97.11 +0.29 95.41 -1.47 97.05 +0.23 97.50 +0.70

alarm 7333 75.04 +2.33 8126  +10.81 82.01 +11.84  70.30 -4.13 78.38 +6.88 8126  +10.82
Intent accuracy remind 7293  70.64 -3.14 81.40  +11.61 83.60  +14.62 7430 +1.87 80.07 +9.79 8247  +13.08

weather 97.5 97.29 -0.21 92.38 -5.25 93.71 -3.89 98.06 +0.58 99.00 +1.53 99.02 +1.56
Overall intent accuracy 84 83.33 -0.80 86.26 +2.69 87.70 +4.41 83.40 -0.71 88.06 +4.84 89.64 +6.72

alarm 92.63  92.77 +0.15 91.68 -1.03 91.66 -1.04 91.58 -1.13 92.40 -0.25 92.70 +0.08
Slot F1 reminder 8349  79.36 -4.95 84.23 +0.89 84.16 +0.80 82.28 -1.45 84.48 +1.18 84.87 +1.65

weather 83.63  84.30 +0.80 84.26 +0.75 84.68 +1.25 83.80 +0.21 83.40 -0.27 82.94 -0.83
Overall Slot F1 86.19  85.12 -1.24 86.37 +0.20 86.53 +0.39 85.56 -0.73 86.28 +0.10 86.26 +0.09
Overall frame accuracy 46.44  46.61 +0.38 46.81 +0.80 47.95 +3.26 45.47 -2.08 47.86 +3.05 48.47 +4.37

Baseline Generator with token-level Monte Carlo rollout Uy pled
Metric Domain TopX Uniques All TopX Uniques All
Perf. Perf. % change Perf. % change Perf. % change [SAME AS ABOVE] Perf. % change Perf. % change

Domain accuracy 96.83  94.06 -2.86 97.22 +0.41 94.86 -2.03 97.81 +1.02 96.18 -0.67

alarm 73.33  70.10 -4.41 8420  +14.83 8263  +12.68 717.35 +5.48 80.65 +9.98
Intent accuracy reminder  72.93 71.34 -2.18 83.45 +14.43 77.58 +6.38 83.39 +14.35 79.49 +9.00

weather 97.5 97.33 -0.17 97.38 -0.12 97.44 -0.06 98.95 +1.48 99.14 +1.69
Overall intent accuracy 84 81.86 -2.55 90.06 +7.21 87.67 +4.36 88.64 +5.53 88.61 +5.49

alarm 92.63  90.94 -1.82 92.23 -0.43 90.28 -2.53 92.05 -0.63 92.15 -0.52
Slot F1 remind 83.49  79.79 -4.43 85.85 +2.82 81.87 -1.94 85.45 +2.35 83.94 +0.54

weather 83.63  85.39 +2.10 83.84 +0.25 84.94 +1.56 82.62 -1.21 83.56 -0.09
Overall Slot F1 86.19  85.33 -1.00 86.77 +0.67 85.57 -0.73 86.12 -0.08 86.10 -0.10
Overall frame accuracy 46.44 4536 -2.33 48.44 +4.30 47.75 +2.82 47.70 +2.71 48.73 +4.92
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1100 D Summary of the results on Low-Resource Domain Experiments averaged over three 1150
1101 runs. Pre-trained embeddings were built using robust domains and used in GAN 1151
1102 model with token-level reward to inform the data generation for the low-resource 1152
1103 domain. 1153
1104 1154
1105 ALARM AS LOW-RESOURCE DOMAIN 1155
Metric D Baseline Pre-trained embeddings with token-level reward Pre-trained embeddings with MC rollout token-level reward
1106 Performance Performance % change Performance % change 1156
Domain accuracy 99.19 99.13 -0.06 99.21 +0.03
1107 alarm 7475 84.07 +12.46 85.32 +14.14 1157
1108 Intent accuracy reminder 97.70 97.89 +0.20 97.98 +0.29 1158
weather 99.10 98.86 -0.24 99.24 +0.14
1109 Overall intent accuracy 91.56 94.26 +2.95 94.81 3.54 1159
alarm 93.00 91.34 -1.79 92.46 -0.58
1110 Slot F1 reminder 92.79 92.70 -0.10 92.79 +0.00 1160
1111 weather 97.79 97.78 -0.01 97.86 +0.07 1161
Overall Slot F1 95.13 94.64 -0.52 95.00 -0.13
1112 Overall frame accuracy 73.95 74.14 +0.27 7457 +0.84 1162
1113 REMINDER AS LOW-RESOURCE DOMAIN 1163
Metric D Baseline Pre-trained embeddings with token-level reward Pre-trained embeddings with MC rollout token-level reward
Performance Performance % change Performance % change
1114 1164
Domain accuracy 99.68 99.57 -0.12 99.40 -0.28
1115 alarm 96.75 96.80 +0.05 96.59 0.16 1165
1116 Intent accuracy reminder 80.81 91.48 +13.21 93.24 +15.39 1166
weather 99.75 99.57 -0.18 99.37 -0.38
1117 Overall intent accuracy 94.56 96.90 +2.47 97.15 +2.74 1167
alarm 96.29 96.32 +0.03 96.24 -0.05
1118 Slot F1 reminder 87.90 37.63 2031 88.00 +0.11 1168
weather 97.96 97.83 -0.14 97.84 -0.13
1119 Overall Slot F1 94.94 94.82 -0.13 94.92 -0.02 1169
1120 Overall frame accuracy 75.70 76.05 +0.46 76.16 +0.61 1170
WEATHER AS LOW-RESOURCE DOMAIN
1121 . . Baseline Pre-trained embeddings with token-level reward Pre-trained embeddings with MC rollout token-level reward 1171
Metric D
1122 Performance Performance % change Performance % change 1172
Domain accuracy 96.64 95.46 -1.22 96.55 -0.09
1123 alarm 92.66 89.94 -2.93 91.64 -1.10 1173
Intent accuracy reminder 92.30 91.63 -0.72 93.30 +1.08
1124 weather 97.73 97.80 +0.08 98.23 +0.51 1174
Overall intent accuracy 94.75 93.64 -1.18 94.86 +0.12
1125 alarm 94.57 92.92 -1.74 93.75 -0.86 175
1126 Slot F1 reminder 89.25 88.82 -0.49 90.09 +0.94 1176
weather 84.72 84.36 -0.42 83.13 -1.87
1127 Overall Slot F1 89.02 88.32 -0.78 88.38 -0.71 1177
1128 Overall frame accuracy 60.38 59.04 -2.22 58.29 -3.46 1178
1129 1179
11 . . 11
30 E Data quality evaluation results. 8o
1131 1181
1132 Pre-trained . . . 1182
Model . Domain  Unique utterances Unique words Mean utterance length BLEU1 BLEU2 BLEU3 BLEU4
1133 embeddings 1183
Generator with sentence-level alarm 1183 113 5.49 9676 9123 8238  61.45
1134 reward without rollont No reminder 2792 539 6.23 9464 8551 7344 60.9 1184
ward withou uts weather 1378 104 533 9977 9603 9078 8144
1135 Generator with sentence tevel alarm 1064 11 573 9791 9437 8872 711 1185
. o remind 3487 540 6.75 95.1 8483 7099 5393
1136 reward with Monte Carlo rollout weather 1839 105 559 9965 0198 8506 7522 1186
1137 . alarm 2350 122 6.24 94.7 8749 7817  66.12 1187
gi'::?::;v:x‘m a No remind 4729 580 6.78 9897 8571 6935 5498
1138 weather 1479 108 545 99.62  96.13  91.16  86.33 1188
. alarm 2123 123 6.11 9629 9032 7579  62.03
1139 ;i':ﬁ:aéo;rn‘f;l:zk:“"evel No remind 5144 593 652 9901 8705 6757 499 1189
1140 . weather 1975 109 5.44 9922 9509 8775  76.11 1190
Generator with alarm 2545 116 6.07 9459 8396 7501 6582
1141 token-level reward Yes remind 7048 572 7.07 98.03 79.2 5834 4135 1191
weather 1323 104 5.59 99.64  89.51  83.89 74.8
1142 Generator with token-level alarm 3451 112 722 91.45 8024 6959  56.38 1192
Monte Carlo rollout Yes remind 6128 586 6.58 96.08  78.14 5832  39.87
1143 weather 2291 108 553 9808 8739 7549 5832 1193
1144 1194
1145 1195
1146 1196
1147 1197
1148 1198
1149 1199
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