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Structural dynamics

B Convenient for proving properties of languages, e.g. safety

B [ ess convenient as a guide for implementation
[0 Search transition: does not spell out how to find,

B Traverse to fine e; and then reconstruct the expression plus(e; e,)

ni1 + no = n nat
plus(num|nq|;num(ns|) — numn|

e1 — €} e1 val  eg — €
plus(e;;es) — plus(e;es) plus(ei;es) — plus(er;es)

=» Make the process explicit by
Introducing control stack and define abstract machine

5k 2: Control Flow 3
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State s: control stack k and closed expression e

B cvaluation state k = e, evaluate e on stack k

B return state k < e, e val, evaluate k on closed value e

Control stack

B Record the current location of evaluation, and context

B Explicitly record pending computations

f frame  k stack
¢ stack k; f stack (28.1)

B Frames of the K, “—"represents current location of evaluation

(28.2)

s(—) frame ifz{eg; x.e1}(—) frame ap (—;e,) frame

5k 2: Control Flow 5
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Dynamics of K AE. LR TS
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Eager semantics for successor

(28.3)

keczok<z kos(e)»k;s(—)>e k;s(—) e k<s(e)
Rules for case analysis

k o ifz{ey; x. e }(e) » k;ifz{ey; x.e}(—) > e

k;ifz{ey; x.e;}(—) 9z » k & e (28.4)
k;ifz{ey; x.e }(—) <s(e) » k > [e/x]e;

Functions evaluated by-name, general recursion
k = lam{t}(x.e) » k <lam{t}(x.e) k> ap(eq;e,) = k;ap(—;e,) > e,

k;ap(—;e;) < lam{r}(x.e) » k & [e;/x] e
k o fix{t}(x.e) » k > [fix{t}(x.e)/x] e

gk 2: Control Flow 6
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Initial and final state of K

e val

(28.6)

€ o e 1nitial € < e final

Safety

B New typing judgement k <: 7, k expects a value of type 7

k<:t" fitw T
€T k;f <t

(28.6)

0 Auxiliary judgement f: 7 w t': frame f transforms a value of type 7 to a value of type 7’

5k 2: Control Flow 7
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Rules for auxiliary judgement f:7 w» '
€o:T X:natk eq: 7T ). T (28'8)

s(—):nat w nat ifz{ey; x.e;}(—):natw v ap(—;e,):parr(ty;7) W T

States of PCF are well-formed if k and e match

k<:1T et k<:1t e:t eval
k > e ok k < e ok (28.9)

Safety

B If sokand s » s’, then s’ ok

B If s ok, then either s final or there exists s'such that s = s’

gk 2: Control Flow 8
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Correctness of K "z@“é'&‘**é

Does K implement PCF correctly?

The answer can be derived from the following facts

B Completeness
If e »* ', wheree' valthen s e »" s < e’
[J Proof by induction on the definition of multi-step transition
B If eval,thene>e »" e <e (induction on the structure of e)

B Ife—"e',then,foreveryvval,if ece' »*"e<v,thenecem eav

B Soundness
fec e es<e’, then e »* e’ with e’ val

5k =2 : Control Flow
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Fallures: with no associlated data

Exceptions: with associated data
FPCF: enrich PCF with a failure

B Syntax
Exp e = fail fail signal a failure
_ catch(ej;es) catchejowes catch a failure
B Statics
I"'%ail: T
(29.1a)
I'tex:7v I'Fe o
'+ catch(ej;es) : 7
(29.1b)

gk 2: Control Flow 11



’ﬁké‘&'q{“

i 3
(o] =
% o}
T =
S

9F

S

Failures: FPCF AKX FEER

University of Science and Technology of China

NS

S &

Tene, o™
ice and T

FPCF

B Dynamics: using atechniqure called stack unwinding
[0 Failure state: k <

kpfail— k «

(29.2a) —
W ttcatchsRAG I, 28428 € initial
k> catch(ey;es) — kicatch(—;ea) ey | B AR

(29.2b) |
€ Va
k;catch(—;es) qv— k Qv ¢ <4 e final
(29.2¢)
FE A FE R B ORGSR
kicatch(—;es) € —— k> e | Wb BB IRIGAT LA — 5 10 EAEE | :
(29.24) ¢ 4 final
(f # catch(—;e)) Uil RAE N, 23 AR B 2l B R A 2k
kif € — K < WAL PEES R FRTTAR IR, Kt te 4 iz PR

(29.2¢)

gk 2: Control Flow 12
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XPCF
B Syntax

Exp e := raise(e) raise(e) raise an exception
try(ej;x.€5) tryeyowx — es; handle an exception

B Statics: 1.4, type of exception values

L'Fe ! Tan
[+ raise(e): 7
(29.4a)
FFEeiiT L8 Teme 7
' try(ey;z.ex) : 7
(29.4b)

gk 2: Control Flow 13
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XPCF

B Dynamics

ko raise(e) — k;raise(—)p e

kiraise(—)<der— k q ¢

kv try(ey;z.es) — kitry(—;x.e) b ey

k.;try(—; ;1:.69) de— kde

kitry(—;z.e5) der— k> |e/x]es

(f # try(—; z.€2))

kif de—k A ¢

5k =2 Control Flow

(29.5a)

(29.5b)

(29.50)

(29.5d)

(29.5e)

(29.5f)

€ > e intial

e val
e 4 e final

¢ 4 ¢ final

14
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