Exceptions



Syntax

t hrowe

Jinja: e can be of any class
Java: e must be of a subclass of Thr owabl e

try e; cat ch (CV) €9

Example:

trythrow(newC)catch (CV)Var V
behaves like newC
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System exceptions

System exception classes:
NullPointer, ClassCast, OutOfMemory :: chame

Simplification: System exceptions are allocated statically
not created dynamically:

addr-of-sys-xcpt :: cname = addr

Abbreviations:
Throwa = throwaddra)
THROWC = Thr ow(addr-of-sys-xcpt C)
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Extension of big step semantics



Variable access

IV =|v| =
P (Var v,(h 1)) = (Val v,(h, 1))

Uninitialized variables cannot be evaluated



Field access

[P F (e,sq) = (addra,(h,1));ha= [(C,fs)|;fs (F,D) = |v]]
— P+ (e.F{D}so) = (Val v,(h, 1)}
Exception creation:

Pt (e,s0) = (null,s1) =

Pt (e.F{D},s9) = (THROWNullPointer,s1)

Exception propagation:
P (e,s0) = (t hrowe’s;) =
P (e.F{D},sq) = (t hr owe’sy)



Binary operations

[[P = <81,SQ> — <Va| V1,Sl>; P I <62,Sl> — <Va.| V2,SQ>;
binop (bop, v, vs) = |v]]

— P <61 <bop> e2,50> = <Va| V782>
Exception propagation:

P (e1,50) = (t hrowe,s;) =

P - (e1 <bop> es,50) = (t hr owe,sq)

[P = (e1,50) = (Val vy,s1);
P I (e3,51) = (t hr owe,s)]
— P I~ (e] <bop> e3,50) = (t hr owe,s;)



new

[new-Addr h = |a|; P I C has-fields FDTs;
h'=h(a+— (C, init-fields FDTs))]
— P I (newcC,(h, 1)) = (addra,(h’, 1))

Exception creation:

new-Addr h = None —
P (newcC,(h, )) = (THROWNOutOfMemory,(h, 1))

-p.8



Cast

[P F (e,sg) = (addra,(h,1));ha= | (D,fs)|; PFD =*C]

— P I~ (Cast Ce,sqg) = (addra,(h, 1))

Exception creation:

[P F (e,sp) = (addra,(h,1));ha=|(D,fs)|; - P+ D =*C]
— P - (Cast Ce,sy) = (THROWClassCast,(h, 1))

Exception propagation:

P (e,s0) = (t hrowe’s;) =
P (Cast Ce,sp) = (t hrowe’sy)



Variable assignment

[P - (e,s0) = (Val v,(h, 1));1'=1(V — V)]
— P (V:=e,;sqp) = (unit,(h, 1)
Exception propagation:

P+ (e,s0) = (t hrowe’s;) =
PH(V:=esq) = (throwe’s;)



Field assignment (1)

[P F (e1,s0) = (addra,s;); P (es,51) = (Val v,(hy, 15));
hoa=|(C,fs)|;fs'=1fs((F,D) +—v); hy'=hy(ar (C,fs"))]
— P I (e;.F{D}: = es,50) = (unit,(hy’,15))

Exception creation:
[P {e1,s0) = (null,s1); P F (e9,51) = (Val v,ss)]
— P - (e1.F{D}: = eq,s0) = (THROWNullPointer,s5)

Principles:

Evaluate all arguments before throwing an
exception.

Propagate exceptions immediately.



Field assignment (2)

Exception propagation:
Pt (e1,50) = (t hrowe’s;) =
P (e1.F{D}: =ey,sp) = (t hr owe’sy)

[[P - <61,SQ> = (Val V,51>;
P <62,81> = <t hr Owe/752>]]
— P} <61.F{D} C = 92730> — <t hr OWe/,SQ>



Method call

Exception creation:

[P F (e,s0) = (null,s1); P I (ps,s1) [=] (map Val vs,ss)]|
— P I (e.M(ps),sp) = (THROWNulIPointer ,s5)
Exception propagation:

P (e,s0) = (t hrowe’;s;) =

P I (e.M(ps),sg) = (t hr owe’sq)

[P F (e,s0) = (Val v,s1);
P I (es,s1) |=] (map Val vs @ (t hr owex -es’),ss)]
— P - (e.M(es),sp) = (t hr owex,ss)



Expression list

[PE (e,;s0) = (Val v,s1); P (es,s1) [=] (es’;s9)]
—> P - (e-es,so) |=] (Val v-es’ssy)

Exception propagation:

P+ (e,s0) = (t hrowe’s;) =

P (e-es,sg) [=] (throwe’ es,;sq)



Seguential composition

[P F (eg,s0) = (Val v,s1);PF (e1,51) = (e2,52)]
— P I <e0; e1,50> — <82,SQ>

Exception propagation:

Pt (eg,s0) = (t hrowe,s;) =

Pt (ep; e1,s0) = (t hr owe,sq)



| f

Exception propagation:
P (e,;s0) = (throwe's;) =
PH(if (e)e el seessy = (throwe's)



whi | e

Exception propagation:
P (e,;s0) = (throwe's;) =
P (while(e)c,sg) = (t hrowe’s;)

[P F (e,s0) = (true,s1); P I {c,s1) = (t hr owe’;ss)]
— P F (whi |l e (e)c,sp) = (t hrowe’sy)



t hr ow

Pt (e,s0) = (addra,s;) =
P (t hrowe,sy) = (Thr owa,s;)

Exception creation:
Pt (e,s0) = (null,s1) =
P (t hr owe,sg) = (THROWNullPointer,s1)

Exception propagation:

Pt (e,s9) = (t hrowe’s;) =
P (t hrowe,sy) = (t hrowe’sy)



try catch (1)

Normal evaluation:
P <61,SQ> — (Val V1,Sl> —
PH(trye;catch(CV)essq = (Val vqi,s1)



try catch (2)

Exception handling:
[P F (e1,s0) = (Throwa,(hy, 11)); hy a= | (D, fs)]|;
PHD=<*C;PF (eg,(hy,l1(V — Addra))) = (es’,(hs, I2))]
—PF(trye;catch (CV)essy) =

(e2',(hg, Io(V :=17 V)))

Exception propagation:

[P (e1,50) = (Throwa,(hy, 11)); hya= | (D, fs)|;
- PFD=*C]

—PF(trye;catch (CV)es,sy = (Throwa,(hy, 7))



Final expressions redefined (exercise)

finale=(dv.e=Val v)V (da.e=Thr owa)

finals es = ?

Lemmalf P+ (e,;s) = (e’s’) then final €.
If P+ (es,s) [=] (es’,s) then finals es.

Proof by simultaneous rule induction.
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Extension of small step semantics
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Variable access

clsV = |v| = PF (Var v,s) — (Val v.s)

IclsV =None =P I (VarV,s) — ?

Uninitialized variables cannot be reduced
lll-formed configuration — small step semantics is stuck
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Field access

Exception creation:
Pt (null.LF{D},s) — (THROWNullPointers)

Exception propagation:

P (throwe.F{D};s) — (t hr owe,s)



new

Exception creation:

new-Addr h = None —
P (newc,(h, 1)) — (THRONOutOfMemory,(h, I))



Cast

Exception creation:
lhpsa=|[(D,fs)]; =P FD=*C]|
— P - (Cast C (addra),s) — (THROWClassCast,s)

Exception propagation:
P (Cast C (t hrowe),s) — (t hr owe,s)



Variable assignment

Exception propagation:

PF(V:=throwe,;s)— (t hrowe,s)
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Field assignment

Exception creation:
P (null.LF{D}: =Val v,s) — (THROM\ullPointer,s)

Exception propagation:

P (throwe.F{D}: =es;s) — (t hr owe,s)

P+ (Val v.F{D}: =t hrowe,;) — (t hrowe,s)



Method call

Exception creation:
P = (null.M(map Val vs),s) — (THROWNullPointer ,s)
Exception propagation:

P (t hrowe.M(es),s) — (t hr owe,s)

P (Val v.M(map Val vs @ (t hr owe -es’)),s) —
(t hr owe,s)



Expression list
P (es)— (e/s) =
P (e-es,s) |—] (e’ -es,s’)

P (es,s) |—]| (es’s’) =
P (Val v-es;s)|—](Val v-es's’)



Seqguential composition

P (es)— (e's) =

P (e; es,s) — (e} ey,s”)

P (Val v; eg,s) — (es,s)

Exception propagation:

P (t hr owe; es,s) — (t hr owe,s)
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| f

Exception propagation:

PH(if (throwe)e;el seeys)— (t hrowe,s)



whi | e

PH(while(b)cs)—(if (b)(c; while(b)c)el se unit,s)



t hr ow

P (es)— (e's) =
P (t hrowe,s) — (t hr owe’s")

Exception creation:
P (t hr ownull,s) — (THROWNullPointer ,s)
Exception propagation:

P (throw(t hrowe),;s) — (t hr owe,s)



try catch (1)

PF(es)— (e's)) =
PH({tryecatch(CV)ess)—
<t rye’catch (C V) 627S,>

Normal evaluation:

PH(tryVal vcatch (CV)ess)— (Val v,s)



try catch (2)

Exception handling:

lhpsa=|[(D,fs)|;PFD=*C]|

— P (try Throwacatch (CV)es,s) —
({V:Class C;V: =addra; es},s)

lhpsa=|[(D,fs)]; =P FD=*C]|
—> P (try Throwacatch (CV)es,;s) — (Thr owa,s)
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