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Adding focused macro-
actions, that modify few state 
variables, makes black-box 
planning more efficient.

Budget for learning 
focused macros

Focused Macros Speed Up Planning

Focused Macros Help for Many Domains

Focused Macros Are Like Expert Macros

Discovering Focused Macro-Actions

• For each candidate macro, 
measure its effect size: 

s0 →  s1 :   14 variables 
s0 →  s2 :     8 variables 
s0 →  s3 :   16 variables 

etc… 
• Best-first search (expand 

node w/ lowest effect size) 
• Store the N best macros
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Learned 3-pair swap macroExpert 3-corner swap macro

More 
“Focused”

Macro-Actions and Effect Size
A macro-action (or macro) is a deterministic sequence of actions, 
typically for the purpose of accomplishing some useful subgoal. The 
effect size of a macro is the number of state variables, measured at the 
end of macro execution, that are different from their starting values. We 
call macros that only modify a small number of state variables focused.

Black-Box Planning
Black-box planning agents don’t have declarative action descriptions. 
Instead, they must query a simulator to see which actions  are 
applicable in a given state, and what are their effects, . Each 
state  is a vector of finite-valued state variables, and the goal  is a list 
of variable assignments to all (or a subset) of the state variables. This 
means goal-aware heuristics are often limited to goal-counting.

A(s)
Sim(s, a)

s G

The Goal-Count Heuristic
The goal-count heuristic, , is a simple (often uninformative) domain-
independent heuristic that is compatible with black-box planning, which 
counts how many state variables differ from their goal values.
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Expert Macros Are Focused & 
Make Goal Counting More Accurate

Expert macros modify specific state variables, and minimize side-effects 
to others. This makes progress towards the goal more predictable as 
macros are less likely to “undo” previous work.

From an arbitrary initial state , we can learn focused macros as follows:s0


