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Two kinds of modularity

Incremental Modular Development Separate Modular Development

impls depend on impls; develop incrementally impls depend on interfaces; develop separately
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module Socket where ' ' module type SOCKET = sig
Socket type Sock = MkS of int

d Sock = MKS I ' :
O;Zi =O§\;_ MI(S( " n IMD vs. SMD \. ’,' en;a] open : int -> Sock
W iface
module WebServer where Ha:,lfel! |;/|tL|e serf,lg_r module WebServer =
import Socket y y functor (S : SOCKET) -> struct
. open 80 ... mpl o . S.open 80 ...

Goal
X Build support for SMD @ on top of existing Haskell )>= IMD. *
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Design at package level Packages are mixins, not functors Elaborate to plain Haskell modules
- Leave module level alc_)_l_'l_g _______ - Some modules impl’d; others:j:s:pec’d_"_} - Thus works with existing tools
- Add interfaces aka -::s'_i_g__natu_r_gjs'j: - Modules link (recursively) by name - Preserves code but rewrites imports
Example packages
package socket-sig where _— Signature denotes a “hole” + Elaboration rewrites module
Socket :: [data Socket ] for a module implementation names to semantic identities
" |new :: Int -> Socket
Package inclusion dumps its _ _
package webserver WM contents into scope ¢ elaboration of client package
include soc_<.et-5|g —+ Module import sees only the module #S[] where
Server — import Socket < interface of imported module data Socket = MkS Int
loop = ... new 80 ... _ _ hew = An. MkS n
: 1™~ Server implementation
package socket-impl where depends on undefined Socket | 4, 17e #W[#S] where
Socket — [data Socket = MkS Int Linking occurs since two import #5[] as Socket
new = A n. MkS n modules named Socket are 100p = ... hew 80 ...
K ient wh dumped into same
pac E;gs - |enb where namespace module #C[#W[#S]] where
!nclude - ksetr\-/er | < Implementation in socket import qualitied
Include socket-im °
- P lified S - must match signature in _#W[#S] as server
Client — Import qualitied Server webserver main = Server.loop

main = Server.loop

See our paper in POPL 2014!



