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1. Summary of experimental tasks

As mentioned in the main text, we conducted empirical
evaluations on a large number of synthetic test problems:

e The tasks mat-2 and mat-6 refer to functions drawn
from a Gaussian process(GP) with Matérn-52 kernel
in R? and RS respectively.

e The global optimisation tasks' that we considered are
the Ackley function defined on R® and R'° (ack-5 and
ack-10), the Michalewicz function defined on R® and
R0 (mic-5 and mic-10) and the Eggholder function in
R? (egg-2).

e We also selected a robot pushing simulation experi-
ment, which was first explored in a BO context by
Wang & Jegelka (2017). Here the task is to learn the
correct pushing action to minimise the distance of the
robot to a goal. The problem has 4 inputs: the robot’s
location (7, 7,), the angle of the pushing force ry
and the pushing duration ¢,,. We used the input space
suggested by Wang & Jegelka (2017).

2. Asynchronous vs. synchronous parallel BO

Similar to Fig. 4 in the main text, Figs. 1 and 2 show head-to-
head comparisons of synchronous and asynchronous meth-
ods, here on the ack-10 task.

3. Asynchronous BO

We conducted a large number of experiments testing the dif-
ferent approaches for asynchronous BO. We computed the
mean and standard deviation of the log of the simple regret
across 30 random initialisations (see Eq. 13 in the main text
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'Details for these and other challenging global optimisa-
tion test functions can be found at https://www.sfu.ca/
~ssurjano/optimization.html

for the definition). Tables 1, 2 and 3 show the results after
50, 75 and 100 asynchronous BO steps respectively.

Across all of these experiments, we can see that PLAyBOOK
is performing competitively, making it an attractive choice
for asynchronous BO problems.
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kK Task KB TS PLAYBOOK
L LL H HL
2 ack-10 -030(0.16) -001(0.03) -023(0.15) -0.37(0.25) -032(0.18) -027(0.18)
ack-s  -055(0.39) -022(020) -0.85(0.52) -0.52(0.40) -0.64(039) -0.71(0.48)
egg-2 028(072) 089(0.92) -0.12(126) -005(1.03) -0.44(2.13) -031(1.62)
mat-2 0.81(030) 1.05(026) 0.78(0.28) 082(026) 0.81(021)  0.89 (0.20)
mat-6 1.02(0.16) 1.13(0.14) 0.85(0.43) 092(033) 088(026) 086 (0.31)
mic-10  1.84(0.08) 192(007) 178(0.11) 180(0.09) 182(011) 1.83(0.10)
mic-5 071(028) 1.02(0.13) 0.67(027) 0.66(0.26) 0.69(033) 087 (0.16)
nrobot-4  -071 (1.05) 052 (121) -0.88 (0.91) -0.78 (0.86) -0.89 (0.69) -0.87 (0.91)
4 ack-10  -029(0.17) -0.01(0.03) -026(0.16) -032(0.17) -0.25(0.14) -0.34 (0.18)
ack-s  -0.54(036) -021(0.13) -0.66(045) -041(027) -053(041) -0.71(0.52)
eg-2 0.19(1.06) 079(0.92) 053(091) 023(0.98) 029(0.86) -0.06 (1.26)
mat-2 077 (030) 098 (0.37) 094(022) 1.01(028) 0.82(025 087 (0.22)
mat-6 1.06(0.17) 1.13(0.05) 099 (0.18) 1.01(026) 095(023)  0.94 (0.20)
mic-10  1.82(0.11)  1.92(007) 1.82(0.08) 183(0.08) 1.78(0.09) 1.80 (0.08)
mic-5 0.66(0.28) 101 (0.16) 0.78(023) 087 (0.19) 0.76(020) 0.82 (0.33)
nrobot-4  -0.67 (1.00) -039 (1.04) -1.01 (0.94) -0.94 (0.97) -0.75(0.70) -0.63 (0.79)
6 ack-10  -024(0.19) -0.01(0.04) -029(0.15) -0.25(0.14) -020(0.14) -0.31 (0.16)
ack-s  -0.51(0.28) -020(020) -0.54(0.40) -0.27(0.18) -035(024) -0.49 (0.27)
ege-2 037(1.05 078(0.88) 0.71(0.83) 077(0.82) 0.07(125 032 (l.11)
mat-2 0.85(025) 1.04(0.19) 098(034) 1.06(023) 0.84(0.23) 085 (0.25)
mat-6 1.01(0.17) 1.07(0.18) 0.95(0.28) 1.02(028) 1.03(0.16) 0.99 (0.24)
mic-10  1.84(0.08) 1.92(007) 1.84(0.08) 1.81(0.08) 1.84(008) 180 (0.09)
mic-5 076 021)  1.04(0.15) 084(023) 089(024) 0.88(0.19)  0.87 (0.20)
nrobot-4  -0.58 (0.96) -022(0.95) -0.69 (1.04) -047(0.85) -0.63(1.02) -0.51(0.99)
8 ack-10  -023(0.17) -0.01(0.03) -0.26(0.17) -034(0.15) -0.17(0.11) -0.40 (0.14)
ack-s  -044(027) -0.19(0.14) -0.65(040) -0.33(0.21) -038(030) -0.68 (0.37)
ego-2 031(093)  0.65(0.92) 060(120) 093(0.77) 042(0.61)  0.17 (1.05)
mat-2 0.80(022) 093 (026) 081(044) 1.09(020) 0.87(027)  0.79 (0.30)
mat-6 101(0.19) 1.13(006) 103(0.17) 1.02(022) 1.03(0.15)  1.03(0.20)
mic-10  1.84(0.09) 191(007) 182(0.08) 181(0.10) 1.80(0.13) 178 (0.08)
mic-5 070 (033)  1.02(020) 0.68(0.32) 0.79(025) 0.73(032)  0.69 (0.32)
nrobot-4  -0.61 (0.78) -0.20(0.96) -0.94 (0.92) -0.62(1.14) -076(1.11) -0.39 (0.73)
16 ack-10  -0.13(0.08) -0.02(0.04) -024(0.13) -024(0.13) -022(0.10) -0.44 (0.13)
ack-s  -036(030) -0.18(0.16) -0.49(034) -0.36(0.24) -028(0.19) -0.73 (0.26)
ego-2 058(0.73)  0.56(1.10) 1.04(0.51) 122(050) 0.30 (0.96) 071 (0.53)
mat-2 0.82(027) 089(024) 107(0.17) 1.12(020) 092 (031) 090 (0.31)
mat-6 110 (0.05) 1.14(0.03) 105(0.14) 1.06(021) 1.02(026)  1.00(0.26)
mic-10  1.86(0.08) 1.90(007) 182(0.07) 1.82(0.09) 1.83(008) 1.79 (0.09)
mic-5 0.81(025) 1.02(0.19) 085(021) 084(023) 0.81(022) 082 (0.25)
nrobot-4  -0.43 (0.94) -022(0.99) -0.78 (0.95) -0.14 (0.77) -037(0.80) -0.40 (0.81)

Table 1. Mean and standard deviation of the log(regret) after 50 steps of asynchronous BO.
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kK Task KB TS PLAYBOOK
L LL H HL
2 ack-10 043 (0.18) -001(0.03) -048(027) -0.58(0.26) -0.55(032) -045(0.28)
ack-s  -091(0.56) -032(022) -115(0.58) -0.76(0.50) -1.03(052) -0.92(0.51)
ege2  -0.12(0.92) 0.87(091) -0.59(1.16) -1.13(2.14) -0.81(1.99) -0.82 (1.68)
mat-2 0.80(030) 1.05(027) 0.76(0.28) 081(026) 0.81(021)  0.87 (0.20)
mat-6 095(021) 1.17(0.14) 0.74(0.53) 087 (031) 0.84(034) 089 (0.29)
mic-10  179(0.12)  192(007) 175(0.11) 176(0.14) 1.79(0.12)  1.79 (0.13)
mic-5 0.52(0.42) 097 (0.17) 0.61(029) 056(024) 057(037) 073 (0.28)
nrobot-4  -1.06 (1.08) -0.83 (1.18) -1.20 (0.86) -1.31(0.75) -1.24(0.78) -1.29 (0.80)
4 ack-10  -0.52(021) -001(0.03) -0.51(027) -042(0.19) -0.46(022) -0.50(0.22)
ack-s  -0.83(048) -031(023) -110(0.53) -0.57(0.33) -0.75(0.62) -0.90 (0.54)
ege2  -0.19(0.87) 0.69(1.13) 0.16(1.70) -0.81(2.55) -0.23(1.10) -0.89 (2.48)
mat-2 0.75(029) 098 (0.37) 093(022) 1.01(028) 0.80(025 085 (0.22)
mat-6 097(027) 1.18(0.06) 095(023) 1.02(024) 0.86(0.28) 087 (0.30)
mic-10  1.77(0.12)  1.92(007) 177(0.09) 178(0.09) 1.74(0.09) 1.7 (0.10)
mic-5 056 (0.30) 097 (0.14) 0.69(025) 076 (0.19) 0.63(022) 067 (0.34)
nrobot-4  -0.92(0.95) -1.01(131) -1.51(0.88) -123(0.89) -1.07(0.68) -1.04(0.79)
6  ack-10  -041(022) -0.01(0.04) -0.50(0.26) -0.30(0.15) -032(0.18) -0.38(0.19)
ack-s  -0.83(046) -032(023) -0.86(0.54) -036(0.23) -052(031) -0.76(0.37)
eg-2 0.19(1.00) 064 (1.14) 0.56(093) 075(0.84) -0.34(1.48) -021(1.03)
mat-2 0.82(026) 1.03(020) 098(034) 1.06(023) 082(022) 084 (0.25)
mat-6 092025 1.14(017) 0.86(0.36) 1.08(025) 0.95(028)  0.94 (0.26)
mic-10  1.81(0.08) 1.92(007) 1.81(0.08) 179(0.09) 180(0.10) 178 (0.10)
mic-5 0.63(028) 1.00(0.14) 074(029) 082(022) 0.76(026)  0.69 (0.33)
nrobot-4  -1.02 (0.88) -0.73(120) -0.99 (1.04) -0.78 (0.96) -1.04(1.02) -1.02 (0.95)
8 ack-10  -044(021) -0.01(0.03) -0.47(021) -040(0.20) -028(0.17) -0.52(0.16)
ack-s  -077(040) -033(020) -1.04(0.45 -039(0.22) -052(041) -0.92(0.36)
ege2  -011(0.96) 0.57(1.00) 040(1.22) 0.85(0.84) 0.22(0.51) -0.05(0.96)
mat-2 078 (023) 091 (026) 081(044) 1.09(020) 0.82(026)  0.76 (0.30)
mat-6 095(024) 1.18(0.10) 097(020) 1.10(020) 0.93(0.25) 097 (0.28)
mic-10  1.80(0.09) 191(007) 175(0.09) 178(0.09) 178(0.13) 1.76 (0.08)
mic-5 058 (0.38) 098 (0.19) 059(0.36) 0.70(026) 0.61(033)  0.55 (0.53)
nrobot-4  -0.92 (0.89) -0.65(1.01) -1.25(0.82) -0.92(1.08) -1.07(1.10) -0.92 (0.88)
16 ack-10  -0.27(0.14) -0.02(0.04) -043(021) -031(020) -0.31(0.14) -0.54(0.16)
ack-s  -0.55(034) -029(0.19) -0.77(042) -0.39(0.25) -039(028) -0.94 (0.30)
ego-2 026 (0.74) 041 (1.18) 089 (0.63) 121(050) -0.39(L81) 042 (0.61)
mat-2 079 (027) 088 (024) 107(0.17) 1.12(020) 0.87(030)  0.86 (0.31)
mat-6 1.03(020) 120(0.03) 095(021) 1.08(025) 0.94(0.26)  0.96 (0.36)
mic-10 1.83(0.09) 1.90(0.07) 1.79(0.08) 179(0.09) 1.79(0.10) 1.75 (0.13)
mic-5 0.66(027) 095(021) 077(025 0.73(039) 0.75(023) 075 (0.25)
nrobot-4  -0.72 (0.87) -0.80 (1.24) -1.00 (LO1) -0.61 (0.95) -0.72(0.61) -0.79 (0.78)

Table 2. Mean and standard deviation of the log(regret) after 75 steps of asynchronous BO.
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kK Task KB TS PLAYBOOK
L LL H HL
2 ack-10  -0.67(027) -001(0.03) -072(034) -0.73(029) -0.80(0.35) -0.58(0.26)
ack-s  -128(0.70) -035(022) -1.49(0.65) -0.95(0.53) -139(0.62) -1.08(0.47)
ege2  042(1.62) 0.80(0.92) -1.10(1.56) -1.58(2.49) -1.54(2.28) -1.30 (2.01)
mat-2 079 (030)  1.04 (025 0.76(0.28) 081(026) 0.81(021) 087 (0.19)
mat-6 1.00(021) 127(0.17) 093(0.36) 1.00(031) 094(026) 1.01(0.27)
mic-10 176 (0.13)  1.92(007) 172(0.10) 173(0.13) 1.72(0.13) 176 (0.12)
mic-5 039(0.51) 094 (0.18) 0.54(031) 045(024) 045(036) 065 (0.28)
nrobot-4  -133(1.02) -1.12(121) -1.54(0.84) -1.51(0.85) -146(0.74) -1.58 (0.78)
4 ack-10  -072(024) -0.01(0.03) -0.68(028) -0.54(024) -0.67(0.24) -0.56(0.24)
ack-s  -1.13(0.59) -041(025) -1.46(0.59) -0.68(0.32) -0.98(073) -1.04(0.52)
ege2  027(0.82) 0.65(1.12) -0.16(1.71) -1.09(2.57) -0.50(1.03) -1.17 (2.53)
mat-2 0.74(029) 098 (0.37) 093(022) 1.01(028) 0.79(025  085(0.22)
mat-6 1.03(025) 130(0.06) 1.07(0.19) 1.12(020) 0.98(0.25) 1.01(0.23)
mic-10  174(0.11)  1.92(007) 175(0.09) 174(0.10) 1.70(0.09) 174 (0.11)
mic-5 0.44(0.32) 096 (0.14) 055(027) 063 (021) 0.50(027) 063 (0.34)
nrobot-4  -1.14 (0.88) -124(123) -1.73 (0.88) -148(0.72) -132(0.83) -1.24(0.83)
6 ack-10  -0.63(027) -0.01(0.04) -0.65(0.29) -037(020) -044(025) -0.43(0.20)
ack-s  -119(0.60) -039(026) -1.17(0.65) -0.39(0.22) -0.68(041) -0.87 (0.40)
ege2  -0.18(1.05) 0.57(1.15) 0.50(0.94) 0.65(0.98) -0.53(1.40) -0.45 (0.99)
mat-2 082025 1.02(020) 098(034) 1.06(023) 0.81(0.22) 083 (0.24)
mat-6 1.02(024) 125(0.16) 0.99(0.28) 1.18(027) 1.05(023) 1.03(0.23)
mic-10  1.77(0.10)  1.92(007) 176 (0.08) 176 (0.08) 1.76(0.13) 177 (0.10)
mic-5 0.51(034)  096(0.15 066(027) 0.72(025) 0.66(037)  0.63 (0.30)
nrobot-4  -1.27 (0.80) -1.12(128) -1.24(0.89) -1.03(0.94) -135(0.95) -1.27 (1.00)
8 ack-10  -057(022) -0.01(0.03) -0.62(026) -044(0.23) -041(025) -0.63(0.16)
ack-s  -1.16 (047) -042(024) -1.32(0.46) -047(0.23) -070(051) -1.12(0.41)
ege2  024(091) 042(1.13) -0.02(220) 0.78(0.86) -0.04 (0.54) -0.27 (0.85)
mat-2 078 (023) 090 (0.25) 081(044) 1.09(020) 0.81(026)  0.75 (0.30)
mat-6 1.01(0.23) 130(009) 107(0.17) 123(017) 1.02(0.19) 1.04(0.25)
mic-10  1.78(0.08) 1.91(007) 172(010) 175(0.09) 1.74(0.13) 174 (0.08)
mic-5 0.46 (037) 093 (0.19) 053(035) 0.68(026) 0.50(032)  0.50 (0.52)
nrobot-4  -1.24 (0.76) -1.18(123) -1.44 (0.84) -1.17(0.98) -135(1.02) -1.13(0.85)
16 ack-10  -0.44(020) -0.02(0.04) -0.63(0.24) -0.37(0.18) -040(0.18) -0.61(0.16)
ack-s  -0.83(043) -041(023) -1.03(0.51) -041(0.24) -043(030) -1.11(0.35)
ege2  041(218) 034(1.17) 083 (0.67) 121(049) -0.86(2.23) -0.53(2.03)
mat-2 079 (026) 0.88(0.24) 107(0.16) 1.12(020) 0.86(029) 083 (0.31)
mat-6 1.09(0.18)  131(0.04) 102(021) 121(020) 1.01(0.23) 1.02(0.42)
mic-10  1.80(0.11)  1.90(0.07) 1.75(0.09) 177(0.10) 176(0.10) 172 (0.13)
mic-5 0.53(033) 091 (021) 068025 0.67(038) 0.66(028)  0.60(0.36)
nrobot-4  -1.10 (0.86) -1.15(1.20) -1.39 (0.95) -0.95(1.02) -0.86(0.60) -1.07 (0.92)

Table 3. Mean and standard deviation of the log(regret) after 100 steps of asynchronous BO.
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Figure 1. Head-to-head comparison on ack-10
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Figure 2. Head-to-head comparison on ack-10
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