
effect reader { 
ask : () -> int

}

handler { 
ask -> \x.\k. k 1

} (\_.
perform ask () + perform ask () //2

)
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handler { 
ask -> \x.\k. k 1

} (\_.
handler { 
incr -> \x.\k. 1 + k ()

} (\_. 
handler { 
fail -> \x.\k. 3

} (\_.
perform ask () + perform ask () // 2
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Koka is a strongly typed, strict functional 
language which tracks the (side) effects of 
every function in its type.
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benchmarks by Kiselyov et al. [2013] and Kammar et al. [2013], we compiled the same source
with the original compiler (runtime) and with the new evidence translating compiler (evidence),
and compare against the direct implementation of the benchmark that uses no handlers. We
summarize the benchmark results in the following table. The table presents the relative speed of
each implementation compared to the runtime compiler5.

runtime evidence direct description
counter 1.00⇥ 1.94⇥ 2.14⇥ A counter in a loop.
count-mod5 1.00⇥ 1.28⇥ 0.83⇥ Fold over a list and increment a counter on

every 5th element.
layered 1.00⇥ 2.23⇥ 2.34⇥ Use a state handler above �ve other reader

e�ect handlers.
nqueens 1.00⇥ 46.09⇥ 76.20⇥ The n-queens problem.
In counter , evidence is almost twice as fast as runtime, executing the tail resumptive increment in
place. It is also getting close to direct. In count-mod5, the improvement is more modest. Note that
direct is slower here due to the need to propagate the counter explicitly as an extra argument. The
layered benchmark can impact performance if searching linearly for a handler. This time evidence
is more than twice as fast, and again close to direct. Finally, on nqueens, evidence is much faster
and about two thirds the speed of direct. Since evidence translation as such does not speed up
the capturing and restoring of backtracking resumptions as used in nqueens, this result is a bit
surprising. We conjecture that the explicit representation of continuations and evidence also helps
the JavaScript compiler to optimize well, while the internal shadow stack handling in the runtime
implementation may prohibit such optimizations here.

7 RELATED WORK
Throughout the paper, we compare with most related work, inline. Here, we discuss closely relevant
work related to explicit passing of handlers.

Recent work by Biernacki et al. [2019] introduces labeled e�ect handlers, allowing handlers to
being explicitly referred to by name; the generative semantics with labels l is similar to our runtime
markers m, but these labels are not guaranteed to be unique in the evaluation context (and they
use the innermost handler in such case). Biernacki et al. also distinguish between the generative
handler (as handlea), and the expression form handlem (as handlel).
Brachthäuser et al. use capability passing to perform operations directly on a speci�c han-

dler [Brachthäuser and Schuster 2017; 2018; 2020; Schuster et al. 2020]. This is also similar to the
work of Zhang and Myers [2019] where handlers are passed by name as well. While they pass
evidence individually for each handler, we uniformly pass a vector of handlers. Both of these
approaches can be viewed as programming with explicit evidence (capabilities) and we can imagine
extending our calculus to allow a programmer to refer explicitly to the evidence (name) of a handler.
Recently, Brachthäuser et al. [2020] describe a new approach to e�ect safety, enabling them to
translate programs into explicit capabilty-passing style. They impose a restriction similar to scoped
resumptions, by treating resumptions as second-class [Osvald et al. 2016], which prevents them
from escaping the handler scope. However, this restriction comes with a cost and rules out some
useful programs, which can be expressed in our work. At the same time, resumptions in the work
of Brachthäuser et al. [2020] can be used under additional handlers, which are simply ignored. In

5The relative speed is adjusted for any speed di�erences between the direct versions with the runtime and evidence compiler.
This compensates for any other di�erences in optimizations between the compiler versions (where the evidence compiler is
usually a tad faster on the direct version).
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