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A case study for code generation Q(IT
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Code generation from Isabelle/HOL

m Does it work in the large?
® What are the pitfalls?
m How efficient is the generated code?

Case study JinjaThreads:

m formal semantics for multithreaded Java

m 80k lines of definitions & proofs

m uses wide range of Isabelle features

m validate the semantics by executing test cases
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1. background

a JinjaThreads
m code generation in Isabelle

2. pitfalls

m underspecification
m inductive predicates

3. efficiency
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concurrent semantics

’ interleaving F—{ scheduler ‘ ’ Java memory model ‘
‘ small-step semantics ‘ ‘ virtual machine ‘
' compiler I
‘ type system ‘ l I ‘ bytecode verifier ‘

source code bytecode
‘ declarations ‘ ‘ lookup functions ‘ ‘ subtyping ‘

general infrastructure
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Code generation in Isabelle

fun is_prefix where
is_prefix [| ys = True
| is_prefix (x#xs) [| = False
| is_prefix (x#xs) (y#ys) = (x = y A is_prefix xs ys)

export_code is_prefix in SML

fun is_prefix A_ [] ys = true
| is_prefix A_ (x :: xs) [] = false
| is_prefix A_ (x :: xs) (y :: ys) =
HOL.eq A_ x y andalso is_prefix A_ xs ys;
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specifi- code
cation generator

— SML




Program refinement

execution is rewriting with unconditional equations
= code generation partially correct w.r.t. all models of HOL

definition is_prefix xs ys = (3zs. ys = xs @ z5)
lemma is_prefix [] ys = True
is_prefix (x#xs) [| = False
is_prefix (x#xs) (y#ys) = (x = y N\ is_prefix xs ys)

export_code is_prefix in SML

fun is_prefix A_ [] ys = true
| is_prefix A_ (x :: xs) [] = false
| is_prefix A_ (x :: xs) (y :: ys) =
HOL.eq A_ x y andalso is_prefix A_ xs ys;
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Data refinement ﬂ(“.

te of Technology

execution is rewriting with unconditional equations

datatype a list =[] | a # w list

definition is_prefix xs ys = (3zs. ys = xs @ zs)

definition Lazy :: (unit = (a x a list) option) = « list where ...
lemma is_prefix (Lazy xs) (Lazy ys) = ...

export_code is_prefix in SML

datatype ’a list = Lazy of (unit -> (’a * ’a list) option);
fun is_prefix A_ (Lazy xs) (Lazy ys) = ...

ifi- code
specifi refinement

cation generator SML




Predicate compiler Q(IT

inductive definitions for type systems, semantics, ...

rv=|T| T'Fe:U u:<T
'+ V:=e: Void

code_pred
(modes: i = i = 0 = bool as infer_type,
i=i= 1= bool astype_check)
l_

= typeinference: infer_typel'e={T.T+Fe: T}
+ functional equations for code generation

specifi- predicate functional code

cation compiler interpreter generator SML




The pitfalls — underspecification Q(IT

P

Task: Define a function to pick an arbitrary element of a set P.
Py

m axiomatize Hilbert’s e-operator —_—
P P (ex. P x)

® models of HOL must define ex. P x for all P
but code generator correct w.r.t. all models

= execution may only succeed if P is a singleton
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Avoid Hilbert’s c-operator! — solution 1 Q(IT

Example: Find a fresh address for memory allocation

definition new_Addr h = (ea. h a = None)
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Example: Find a fresh address for memory allocation

definition new_Addr h = (ea. h a = None)
Solutions:
1. manual translation to code

— potentially unsound (some proofs trust code evaluation)



Avoid Hilbert’s c-operator! — solution 1 Q(IT

Example: Find a fresh address for memory allocation
definition new_Addr h = (ea. h a = None)

Solutions:

1. manua [ code
— potenti some proofs valuation)

2. make definition fully specified & implement search algorithm

definition new_Addr h = (LEAST a. h a = None)
lemma new_Addr h=find_least h 0
find leastha=...

+ local change
— change of definition



Avoid Hilbert’s c-operator! — solution 2 Q(IT

Example: Notify thread in wait set of monitor m

upd_wset ws (Notify m) = ws(m = ws m — (et. t € ws m))
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Example: Notify thread in wait set of monitor m

upd_wset ws (Notify m) = ws(m = ws m — (et. t € ws m))

Solution:
m switch from function to relation

tewsm
upd_wset ws (Notify m) (ws(m:=ws m—t))

m replace model-theoretic underspecification with intra-logical
non-determinism

— refactoring of all dependent definitions and proofs
+ allows more proofs (e.g. irrelevance of concrete choice)
+ supports specification refinement (scheduler)



Avoid Hilbert’s c-operator! — solution 3 Q(IT

Example: Kildall’s work list algorithm

kildall = ... while (A(ts, w). w # @) (A(ts, w). ...(ex. x e W) ...) ...
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Example: Kildall’s work list algorithm

kildall = ... while (A(ts, w). w # @) (A(ts, w). ...(ex. x e W) ...) ...

Solution:
1. choice function ch as additional parameter
kildall ch = ...while (A(ts, w). w # Q@) (A(ts, w). ...(chw)...)...

+ retains functional style
— no polymorphism

2. hide parameter & assumption in locale
locale kildall_choice = fixes ch:: ... assumesw # QO = chw e w

kildall = ... while (A(Ts, w). w # @) (A(ts, w). ... (chw) ...) ...



Annotate your predicates with modes! AT

Example: Type checking & type inference for _F _
i=i=i=bool i=i= 0= bool

rv=|T| 'Fe:U u:<T

I'V:=e:: Void
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Example: Type checking & type inference for _F _
i=i=i=bool i=i= 0= bool

rv TITkrexzU u:<T
/ T

= 7]

I'=V:=e:: Void
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Annotate your predicates with modes!

Example: Type checking & type inference for _F _
i=i=1i=bool i=i= 0= bool

TV=|T| TtealU 2U¢=T

I'V:=e:: Void

—— infer e’s type, check subtyping
—— enumerate subtypes, type check e
does not terminate
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Annotate your predicates with modes!

Example: Type checking & type inference for _F _
i=i=i=bool i=i= 0= bool

TV=|T| TtealU 2U¢=T

I'V:=e:: Void

—— infer e’s type, check subtyping
—— enumerate subtypes, type check e
does not terminate

Solution:
® mode annotations disallow non-terminating modes
= mode checking faster than mode inference

1
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Efficiency
1. producer
thread
semantics
!
predicate code
compiler generator

interpreter
in SML

2. Parallel factorial [Lui, Moore: M6]

consumer
thread

default setup 37.3min

optimised setup 6s
clause indexing
remove laziness
red-black trees
tabulation

source code 26.7s
M6 (ACL2 2.7) 6.2s
virtual machine 2s
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Code generation works in the large, but
m not yet push-button
a know the dark corners and how to avoid them

Validation of semantics
m found bug in division & modulo operator implementation
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Code generation works in the large, but
m not yet push-button
a know the dark corners and how to avoid them

Validation of semantics
m found bug in division & modulo operator implementation

How do you do underspecification right?



