termvar, x, f

nat, n
val, v BES values
|z variable
| n integer
| (v1,v2) value pair
| inlw
| inro
| fun f(z)e bind z in e function definition
exp, € = expressions
| v value
| (Jer, e2]) parallel pair
] let £ = e in ey let expression
| fstwo
|  sndo
| casevof {inlz.e, inrazy.ex}  bind 27 in e case expression
bind 25 in es
| vive function application
| elv/z] M substitution
| Cle] M context application
c = evaluation context
| (- e2]) pair L
L (er, ) pair L
|  letz=_iney let L
id = fork/join id
| n
pid = processor id
| n
task, t ES tasks for deques
| Leftide
|  Rightide

current_task, ct
Current ¢ s

Recovered
deque, d = deque
| empty
| [t]d] t as the first element
|  dat t as the last element
res, T = results (either successful or faulty)
| v successful result as a value
|  BOT (e)



stack, s

branch, b

result_map, rm

current_exp, ce

proc_map, pm

terminals

formula

LETL (r,z,e)
LETR (r)
PTUPLE (1, 12)
LT

Init id
Left id
Right id
Top
Cons C's
Fail

Neither s
Leftvs
Rightv s
Finished v

NO_RESULT
rmy [id := b]
rmy \id

START e
RUN e
FAILED

pm|pid := (ce, s, d, ct)]

N8

uf

llr

=

1

—m
Judgement

51 # 82

™ = T9
pm[pid] == (ce, s, d, ct)
rmlid] == (b)

fresh id in rm

M

=L

combine results

stack

values to store in result map

map for joins

reduce

faulty reduce
recover

step

single processor step
multi processor step



not_value_funs

res_combine_funs

OpSemJudg

Judgement

user_syntax

last d ¢
removelast d; dy
True

False

(formula)

formulay V formulas
formulay A formulas
not_value(r)
exp_not_value(e)

not_value(r)
exp_not_value(e)

Ty ===1

€1 = €2

cey, 81, d17 Ctl :>1 ce2, 52, d2> CtQ
pmy, rmp =" pma, rme

elwv

el r

"

OpSemJudg

termvar
nat

val

exp

C

id

pid

task
current_task
deque

res

stack
branch
result_map
current_exp
proc_map
terminals
formula

LTI L

combine results

small step

single-processor small step
multi-processor small step
e reduces to v (fault-free)

e reduces to r (fault-prone)
r1 reduces to rp (recovery)



not_value(r)

not_value(v) = False

not_value(BOT (e)) = True
not_value(LETL (r, z, e)) = True
not_value(LETR (7)) = True
not_value(PTUPLE (r, ) = True

exp_not_value(e) ‘

exp_not_value
exp_not_value

(v) = False

((le1, e2])) = True
exp_not_value(let x = ¢; in e3) = True
exp_not_value(fst v) = True

(

(

(

exp_not_value(snd v) = True
exp_not_value(casev of {inl zj.ej, inr 25.e5}) = True
exp_not_value(v; v2) = True

r1#ET combine results

v1F#v2 = (v1,v2)
r1#ry = PTUPLE (1, 1)

e] = ey small step

STEP_VALUE
V="

e = €}

- — STEP_LET_FIRST
let 2 = €1 in exg = let = e in e

. STEP_LET_SECOND
let = v; in ey = ezfvy /1]

v; = fun f(z)e

STEP_APP
v1 Vg = elva/z][v1/f]
v = (v1,v2)
— = STEP_FIRST
fst v = vy
v = (v1,v2)
— — — ~ STEP_SECOND
snd v = v
v =inl vg

STEP_CASE_LEFT
casevof {inlxz.ej, inrap.ea} = e1]v1 /2]

v = inr vy

STEP_CASE_RIGHT
casevof {inlz;.ej, inram.e0} = exve /23]

el = €]
(lexs eaf) = (leg, e2)
er = €

(lexs eal) = (Jer, e3])

STEP_PAR_LEFT

STEP_PAR_RIGHT

STEP_PAR_JOIN
(\017112!) = (7)177)2)



cet, 81, d1, cty =" ceg, 5o, dy, cty| single-processor small step

€1 = €

SPSTEP_EVAL
RUNey,s,d,ct = RUN e, 5, d, ct

SPSTEP_RUN

START ¢,s,d, ct =1 RUNe, s, d, Current e s

exp_not_value(e)

SPSTEP_PUSH_CONTEXT
RUN Clel, s, d, ct = RUN e, Cons C's, d, ct

SPSTEP_APPLY_CONTEXT

RUNv,Cons C s, d, ct = RUN C[v], s, d, ct

SPSTEP_POP_TASK

RUN v, Top, [Right id e|d], ct =1 START e, Right id, d, ct

SPSTEP_FAIL
RUNe¢,s, d, ct =1 FAILED, Fail, d,ct "

pmy, rmy =" pma, Mo ‘ multi-processor small step

pm|pidi] == (RUN (|ey, e2]), s, d, ct)
fresh id in rm
pm, rm =" pm|pid; := (START e;, Left id, [Right id es|d], ct)], rm[id := Neither s]
pm|pid;] == (FAILED, Fail, d, Current ¢ s)
pm|pidy] == (RUN v, Top, [], ct)
pm, rm =" pm|pid; := (FAILED, Fail, d, Recovered)|[pids := (START e, s, d, ct)],rm

MPSTEP_FORK

MPSTEP_RECOVER

pm|pidi] == (cey, s1, di, cly)
pm|pide] == (cea, s2, d2@t, cty)
s1 # Fail

MPSTEP_STEAL

pm, rm =" pm|pidy = (ce1, s1, [t|di], ctr)][pids = (cez, 82, da, ct2)], rm
ce1, s1, dv, cty =1 cey, s, dy, cty
pm[pZdl] == (6617 81, dla Ctl)
pm, rm =" pm[pidy := (cea, S2, da, cla)], rm
pm|pidi] == (RUN v, Init id, d, ct)
fresh id in rm
pm, rm =" pm|pid; := (RUNwv, Top, d, ct)], rm[id := Finished v]
pm|pid;] == (RUN v, Left id, d, ct)
rm[id] == (Neither s)
pm, rm =" pm|pid; ;== (RUN v, Top, d, ct)], rm[id := Left v s]
pm[pidi] == (RUNw, Left id, d, ct)
rm[id] == (Right vs s)
vz = (v,v2)
pm, rm =" pm[pid; := (RUNws, s, d, ct)], rm[id := Finished v3]
pm|[pidi] == (RUN v, Right id, d, ct)
rm[id] == (Neither s)
pm, rm =" pm|pid; := (RUNwv, Top, d, ct)], rm[id := Right v s]
mpid;] == (RUN v, Right id, d, ct)
mli

MPSTEP_LOCAL

MPSTEP _FINISH

MPSTEP_LEFT_FIRST

MPSTEP_LEFT_LAST

MPSTEP_RIGHT_FIRST

d] == (Left v; s)
3 = (v1,v)
pm, rm =" pm[pidy := (RUNws, s, d, ct)], rm[id := Finished v3]

p
T
v

MPSTEP_RIGHT_LAST

5



el v

ellfr

e reduces to v (fault-free)

REDUCE_INIT
viv

e | v

ealvr/z] I vo

- REDUCE_LET
let x = e; in ey | v

vy = fun f(z)e

efva/al[or/f] I v

REDUCE_APP

vivg v
v = (v1,v2)
———  — REDUCE_FIRST
fst v i 11
v = (v1,v2)
————  REDUCE_SECOND
snd v | vy
v =1nl 1

erfvi/m] I vs
casevof {inlz.ey, inr x.e2} | v3

REDUCE_CASELEFT

v = Inr vy
e2[va/ 2] | v3
casevof {inlz.e, inra.ex} || v3

REDUCE_CASERIGHT

er | n
ea | v2

(le1, e2]) I (v1,v2)

e reduces to r (fault-prone)

REDUCE_PTUPLE

——7— REDUCEF_INIT
v{f v

er I vy

ea[v1/x] U vy

- REDUCEF_LET
let z = e; in ey |f 09

vy = fun f(z)e
elva/allvi/f] W r

7 REDUCEF_APP
vivg I 7

v = (v1,v3)

fst v Jf vy
v = (v1,v2)
snd v ||/ vy

REDUCEF_FIRST

REDUCEF_SECOND

v =1inl 11
erfvr /] U r
casevof {inlz.e, inr zm.e0} | 7

REDUCEF_CASELEFT

v = inr vy
ealva/x2) W
casevof {inlzj.e, inrzp.e0} | 7

REDUCEF_CASERIGHT



er I/ n

e2 1 1

T = T19T2
— 7~ REDUCEF_PTUPLE
(ler, ea]) Y5 7
— — _  REDUCEF_BOTTOM
e Jf BOT (e)

er 44 m

not_value(ry)
let z = e in ey |/ LETL (71, z, €2)
er I vy

eafvr /] I r
not_value(r)

let z = e in ez | LETR (7)
r1 reduces to m (recovery)

v{" v
el r
BOT (e) |" r
rl" v
efv/z] I vy
LETL (r,z,e) {" vy
rd"
not_value(ry)
LETL (r,z,e) " LETL (r, z, €)
r" v
e[v/z] 4/ m
not_value(ry)
LETL (r,z,e) " LETR (12)
rl" v
LETR (r) |7 v
"
not_value(ry)
LETR (r) " LETR ()
r 4"y
ro |7 75
= g
PTUPLE (r,m2) " r

REDUCEF_LETFL

REDUCEF_LETFR

RECOVER_INIT

RECOVER_BOTTOM

RECOVER_LETLS

RECOVER_LETLFL

RECOVER_LETLFR

RECOVER_LETRS

RECOVER_LETRF

RECOVER_PTUPLE

Definition rules: 53 good 0 bad
Definition rule clauses: 128 good 0 bad



