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Functional Language

e P Expressions ...or labelled terms
t P Term ...or unlabelled expressions
l P L labels

e ::“ tl

t ::“ λx.e
| x
| pe1q pe2q
| let x “ e1 in e2
| if e0 then e1 else e2
| n | e1 ` e2 | ...

0-CFA Rules

σ P VarY Lab Ñ L L “ Z`J` Ppλx.eq

vnwl ãÑ αpnq Ď σplq
const

ve1w
l1 ãÑ C1 ve2w

l2 ãÑ C2

vel11 ` e
l2
2 w

l ãÑ C1 Y C2 Y pσpl1q `J σpl2qq Ď σplq
plus

Where α is defined as we discussed in abstract interpretation, and `J is addition lifted to work
over a domain that includes J (and simply ignores/drops any lambda values). There are similar
rules for other arithmetic operations.

vxwl ãÑ σpxq Ď σplq
var

vewl0 ãÑ C

vλx.el0wl ãÑ tλx.eu Ď σplq Y C
lambda

ve1w
l1 ãÑ C1 ve2w

l2 ãÑ C2

vel11 el22 w
l ãÑ C1 Y C2 Y fn l1 : l2 ñ l

apply

λx.el00 P σpl1q

fn l1 : l2 ñ l ãÑ σpl2q Ď σpxq ^ σpl0q Ď σplq
function-flow
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m-CFA Rules

σ P pVarY Labq ˆ∆ Ñ L ∆ “ Labnďm L “ Z`J` Pppλx.e, δqq

δ $ vnwl ãÑ αpnq Ď σpl, δq
const

δ $ vxwl ãÑ σpx, δq Ď σpl, δq
var

δ $ vλx.el0wl ãÑ tpλx.e, δqu Ď σpl, δq
lambda

δ $ ve1w
l1 ãÑ C1 δ $ ve2w

l2 ãÑ C2

δ $ vel11 el22 w
l ãÑ C1 Y C2 Y fnδ l1 : l2 ñ l

apply

pλx.el00 , δq P σpl1, δq δ1 “ suffix pδ``l,mq
C1 “ σpl2, δq Ď σpx, δ1q ^ σpl0, δ

1q Ď σpl, δq
C2 “ tσpy, δq Ď σpy, δ1q | y P FV pλx.e0qu

δ1 $ ve0w
l0 ãÑ C3

fnδ l1 : l2 ñ l ãÑ C1 Y C2 Y C3
function-flow-δ
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