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Probability-based A/B testing with Adaptive Minimax Regret (AMR) criterion
for long-term customer metrics

Evaluating long-term metrics like customer lifetime requires an extended observation
period. We propose Adaptive Minimax Regret, which permits companies to make an

optimal decision under minimax criteria based on the current information at hand and
update it sequentially, enabling them to respond before knowing the complete results
of long-term metrics.
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campaign utility implementation
u(-) probability

E: existing a 1-d
fixed value, known

N: new bel[bLbu] d
pdf is unknown
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Appendix 1: Derivation of d* for Minimax Regret Criterion when b is unknown

Recall the payoff of the two campaigns E and N.

campaign utility implementation
u(-) probability
E: existing a 1-d
fixed value, known
N: new belbbu] d
pdf is unknown

Without loss of generality, assume that the support (uncertainty interval) of b is such that
by <a<by .

Utility u(+) is express as a function of d and the unknown payoff b as (A1).
(A1) u(ld,bp)=1—-d)a+d-b=a+ (b—a)d
Since the regret is defined as follows,

R(d,b) = max(a,b) — u(d, b) where b is unknown
decision d under the Minimax regret criterion is shown in (A2)

(A2) mdin mgx{R (d,b)} = mdin mbax{max(a, b) —u(d,b)}
Maximum regret mgx{R (d,b)} is expressed as (A3).

ml?x{max(a, b) —u(d,b)}
= ml;';lx{l(b >a)lb—{a+ (b—a)d}]+ l(a>b)la—{a+ (b—a)d}]}
= ml?x{l(b >a)(b—a)(1—-d)+ l(a>b)(a—b)d}
= max{(by —a)(1 —d), (a — b,)d}
(A3)

Since decision d* that miminizes (A3) satisfies (by —a)(1 —d*) = (a — b,)d",

* by—a
3 d= by—by

Figure A1 depicts the maximum regret as a function of d and the optimum decision d*.
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Figure Al. d* for minimax regret criterion when b is unknown.

Appendix 2: Derivation of 4* when both a and b are unknown

Without loss of generality, assume that the supports (uncertainty intervals) of @ and b is such
that b; < a; < ay < by (b is more uncertain).

Utility u(+) is express as a function of d and the unknown payoffs a and b as (A4).
(A4) u(d,b,a)=(1—-d)a+d-b=a+ (b—a)d

Maximum regret mgx{R (d,b,a)} is expressed as (AS).

rrblzzllx{max(a, b) —u(d,b,a)}
' = r%%x{l(b >a)lb—{a+ (b —-a)d}]+ l(a>b)la—{a+ (b—a)d}]}
= n;'%x{z(b >a)(b—-a)(1—d) +1(a> b)(a—b)d}

= max{(by —a,)(1 —d), (ay — b,)d}
(A5)

Since decision d* that miminizes (A3) satisfies (by —a;)(1 —d*) = (ay — b,)d”"

(4) d* — bU_aL

ay—ap+by—by,



Figure A2 depicts the maximum regret as a function of d and the optimum decision d*.
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Figure A2. d* for minimax regret criterion when both a and b is unknown.
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