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Formal Semantics for Processing Exceptions
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ABSTRACT

To specify a formal semantics is to do a significant part for design, standardization and translation of programming languages. The
existing studies of a formal semantics for Java have a weak point to describe a clear and practical semantics for an efficient translation.
It is necessary to do research for a formal semantics to specify a static and dynamic semantics clearly in order to do an efficient
translation.

This paper presents the improved Action Equation that specifies a formal semantics for Java to extend the research using Action
Equation. The Action Equation is a practical and accurate specification that describes object-oriented programming features and handles
exceptions. The specified Action Equation is compared to other descriptions, in terms of readability, modularity, extensibility, and flexibility
and then we verified that Action Equation is superior to other formal semantics.
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2 =RdME 7180 had AR 810190 OBLA(Object
Language) 1ojel] oig oJu] +2F AT =E2](Action
Equations)[1]& &3t} #u} ddojo] th3t B4 ojuj& o
M8t 224 (Action Equations) A gc} 24448 &
At F7hste] Apuidojo A AXE tF= 75l
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i EaHor Afgss AAA H(action)?] Execute
equatione AHgste] zuldolE g7 f% FF oulF
ZE& BIAFPC 7EHA HARELS o A7t U
W oA oojite] Aol ¢ 71E ATt FAEA A9
& ¢ o] AupelA F7hel A Aot dHE WHEE
S FHHo2 gFaa g

2AeA oA AbgEE £A4ECE out, val, env, pri,
name, addr, penv 5ol ITHIL out 4 7 &4 S
APF Fo] wase AyE Jehs 4 (synthesized)
£A4o| 3 val £42 7+ vd(nonterminal)®] g-& YER
= @4 &4t env £4& vvEy #}4E Yehls
o8 WAEE TEE B4 3EHE #HE TR
7] 998 Ao|(inherited) $A0) 3 pri A4S FA oA At
Ao 44 #9495 AAFs7] A FAolth name FA4L
Aol o]F& YeEe 401 addr $42 WAEE
%87 8 F2E ARFste £40l2 penv F4L 3§
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229 87L& A 40tk AuidojolA= A
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7} 28 (action equation)ellA] B3I FHu HaHQ
+3& Bag = EEAE lookup, print_out, repeat,
return_save, control_transfer 2§ %] 2tH1]. lookup =
L W o]FE wolx 1 wigd] AFHE ghg urEd=
4ol print_out RES WFY F49 @& stdd &
dal= g5 0|tk repeat RE S AHEA oM wEHo g
Pr= 2848 FHEE BEZ repeat_start7t VoW e
BE thA] #3381 repeat_end’t Ve @ ubE F3& Bl

»ior]

4Execute [stmts] — event [complete | diverge |
Execute [<s1>,{s2>,... {Sp» where n 21] —

si.out < Execute [{s;>]

sp.out < Execute [{s2>]

spout < Execute [<{s2>]
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t}. return_save RES WACE &2 o AYPs= BE
2 32HEe dis=e g FAE AZEh control
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Execute[<{method _name>({var_type> {parami>,{var_typez> {paramsz>,..., {var_typen> <paramp>); where n z1] —

for i=1 to n do

param;.val < lookup(method _name.env, method_name.name)

paramgtype « var_typeiname

make_table(paraminame, param;.type, method_name.env)

od
method_name.addr <« current_point

Execute [<{method_name>(<{param,>, <{param;>, ..., {paramy’); where n 21] —

for i=1 to n do
paramgenv < method _name.env
parami.val < Eval_out[<param>]
od
return_save(method_name.addr)
control _transfer(method_name .addr)
Execute [class <class_id>]—
class_id.env <« class_id name
make_table2(class id.name, class_id.env)
class_id.addr + current_point

(32 1) 23 X2| =4l
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‘Execute [public class <class_id>]—
class_id.env « public
make_table2(class_id.name, class_id.env)
class_id.addr < current_point
‘Execute [class <class_id> extends <derived_class>]—
class_id.env < class_id.name
class_id.penv < derived_id.name
make_tableZ2(class_id.name, class_id.env)
class_id.addr <« current_point
‘Execute [public class <class_id> extends <derived_class>]—
class_id.env « public
class_id.penv «— derived_class.name
make_table2(class_id.name. class_id.env)
class_id.addr < current_point
Execute [<class_id><object_id;>,<object_idz>....<object_id,>; where n =1]—
for i=1 to n do
object_idi.env < class_id.name
make_table2(object_id;. object.env)
od
‘Execute [<modifier><var_type><identifier:>.<identifier.>.<identifier,>; where n=1 |—
for i=1 to n do
identifieri.name « identifier;
environment.name + determine_environment(identifier.name)
identifier.env « environment.name
identifier,.type + var_tvpe.name
make_table(identifier;,.name, identifier;type. identifier.env)
od
Execute[<object_id> = new<class_id>(<param,>,<param->.....<param,>) where n=)]—
object_id.env « class_id.name
make_tableZ2(object_id.name, object_id.env)
member_identifier <« search_member(class_id.name)
member_identifier.type « lookup2(method_name.env, method_name.name)
. for each member_identifier do
make_table(member_identifier.name. member_identifier.type, object_id.name)
do
object_id.addr « current_point
for i=1 to n do
parami.env < class_id.env
param;.val < Eval_out[<param;>]
od
return_savel(class_id.addr)
control_transfer(class_id.addr)
Execute [<class_id><object_id> = new <class_id>(<paran>. <paramz>, ... <param,>)
where n =1)]—
object_id.env < class_id.name
make_table2(object_id.name, object_id.env)
member_identifier + search_member(class_id.name)
member_identifier.tvpe « lookup2(method_name.env, method_name.name)
for each member_identifier do
make_table(member_identifier.name. member_identifier.type. object_id.name)
do
object_id.addr <« current_point
for i=1 to n do
param.env «— class_id.env
param;.val — Eval_outl<param:>]
od
return_save(class_id.addr)
control_transfer(class_id.addr)
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Execute [{method_name>(<var_typei><param>.<{var_typez><paramz>.....
{excep_idy> where m =1] —

throws <excep_d;>.<excep_idy>, ...
for 1=1 to n do

param;.val —

param;.type +« var_typeiname
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100 try {

11: M

12:  }catch(ExceptionType; identifier) {
13 /.

14:  }catch(ExceptionType; identifier) {
150 /...

16: :

17:  }catch(ExceptionType, identifier) {
18 /.

19:  }Hinally{

200 /..

21}

(323 2) o2l Ma| Aep Z=1

(X 1) exception__table 55

'ERE ol W [ dspia | els A2
ExceptionType; 12 false false
ExceptionType: 14 false false

false false
ExceptionTypen 17 false false
AHelahe catch #&9 #HsE & F Uk (2€ 3)

¢ throw new 244 <o excep_class_id.addr «
lookup_addr(excep_class_id.name) © 2]3] exception_
table?] RIARZE AA HAdFA & AN excep_
class_idaddr © d9j& M@ F4 gho] Eojzict. o 9t
A BEE= throw new 02 o97} SAA truedts
2t 2713 falseolth. (28 3)9] throw new 2H§4 <t
o] excep_class_id.val <« true & excep_class_id.val
true7t o &9t BAF AL dedth (2¥ 3¢
throw new Z2h&2%] <Fo] if (excep_class_id.val) then
control_transfer (excep_class_id.addr)el] 23] «9]& A

{var_typen»<param,>) where n =1

lookup(method_name.env, method_name.name)

make _table(parami.name, param;type, method_name.env)

od
method name.addr <+ current_point
for i=1 to m do

make _exception_table(excep_idiname)
od

Execute [throw new <excep_class_id>(<parami>,{paramz>.....

anonym _id.env + excep_class_id.name
anonym id.type

{param.>) where n=1]—

+« lookup2(anonym _id.env, anonym_id.name)

make _table(anonym _id.name, anonym did.type, anonym _id.env)
member_identifier.name + search_member(excep_class_id.name)

for each member_identifier do

make _table(member_identifier.name, member_identifier.type anonym_d.name)

(38 3) oflef X2| =24
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do

anonym_id.addr <« current_point

for i=1 to n do
param,.env « excep_class_id.env
param;.val «— Eval_out[<param;>]

od

return_savelexcep_class_id.addr)

if (lookup_excep(excep_class_id.name)) then
excep_class_id.val < true
excep_class_id.addr « lookup_addr(excep_class_id.name)

endif

if (excep_class_id.val) then
control_transfer(excep_class_id.addr)

else control_transfer{NullPointerException.addr)

endif

Execute[try { <s1>.<s2>.... <so> where n =1 }<catch_stmts>]—
Execute[<s1>.<sp>,... <s,> where n 21]
if (lookup_exceplexcep_class_id.name)) then
Execute[<catch_stmts> ]
Execute[try { <s1>.<s2>.... <s,> where n 21 }<catch_stmts><finally_stmt>]—
Execute[<s;>,<s2>.... <s,> where n =1]
if (lookup_exceplexcep_class_id.name)) then
Execute[<catch_stmts>]

else Execute[<finally_stmt>]
‘Execute[<finally_stmt>] —

Execute[finally {<s1>.<sz>.... <s,> where n =1 }]
Execute[finally {<s;>.<s»>,... <s,> where n =1 }]—

Execute[<s1>,<s2>,... <s5,> where n 21]
-Execute[<catch_stmts>] —

Execute[catch (<excep_class_id><excep_id,>){<s>,<s2>.... <sym>where nm=1} where i21]
Execute[catch; (<excep_class_id><excep_id>){<s;>.<s:>.... <Sam>where nmz1} where i 21]
— case of excep_class_id.name

‘excep_class_id).name":

Execute[catch (<excep_class_idi><excep_idi>){<s1>,<s522.... <sm>where ni=1}]
‘excep_class_ids.name':

Execute[catch (<excep_class_ids><excep_idz>1{<s1>.<s2>.... <spe>where nz=11]

‘excep_class_id,.name":
Execute[catch (Kexcep_class_id,><excep_id,>){<s1>,<s2>.... <Sam>where nmz1}]
endcase
Execute[catch (<excep_class_id><excep_id>{<s,>,<s2>,... <s,> where n =1}] —
Execute[<s,>.<s2>,... <s,> where n 21]

(33 32 AH

gate F42 Aoj7t ojFdh (2 39 try FE4 A
Execute[<s;>, <s2>,... <s,> where n >1] o 23l try
T80 e £33 1 if (lookup_excep(excep_class
_id.name)) then Execute[<catch_stmts>] oA ojl¢|7} &
AahA 9 <catch _stmts>9] Z&4& F3std 9 &
Aelsta BAE oozt He=HE doHe FEol= true
e 2t |k

5. 84 oo EHWO| HR

71&e) g4 ou] g A4 A vady]| f3 9
9] HE 9% FE F “throw” Fo dig ¥4 oJu& A
9] 8t DS(Denotational Semantics), ASM(Abstract State
Machine), AS(Action Semantics) 4l 7}A H#YL 7]&
AT =F[910M s YerddE g3t 2

* DS(Denotational Semantics) 8%
exec [ throw Expr ;1 env scont sto =
eval [Expr] env econt sto where
econt = A(val, typ, stoj).scont; (envs, sto;) where
env: = envi[&thrown « (val, typ)] and
scont; = env[&thrown]

e ASM(Abstract State Machine) E& 4
if task is (throw exp ; ) then
if val(exp) =null then
mode := Throw(val(exp))
task := up(task)
else
fail(NullPointerException)



e AS(Action Semantics) ¥ &4

Execute [ throw" E:Expression]=
evaluate E then
check ( the given reference is not null) and then
escape with the throw of the given value
or
check ( the given reference is not null) and then
escape with the throw of the null-pointer-exception

g4 oujE vwsdly] Y& 7€ AFT9ES TAHLR
<#E 2>9] #54(Readability), &4 (Modularity), 734
(Extensibility), %4 (Flexibility) d%golA A H71H<d
DS, ASM, ASs} AAlE &4 (AE)S vlastdd. 71&9
A 7 g7l o Bge g4 ofuje] ofs w]asta
A4 71E =87, 91§ 2AZ EAEAL

w54, B84, §34, 549 d dgeA FAE42
vastd HA, f5Ae] H9 ASMely ASe= 9E F
A ouF2E EAY 9 ifv} forde dwiyez de ¢
A7 Ao FE& AHEsln, WE golu A8y, 874 §9
87HA &£A4& AMgste 5 ofu|Fx2E A& AAEH
st FRo] E3he §4 ou|tz2E 444 #A4E +
ol BEAe]l Hojur} (27 4)= throw new 2HE-2 ¢
A de)A e EA AA ] vl s Aeldte vl
22 b2 A ZdHAE 22 env Y val £4E AEst
of vj7fse] A3} v ghe FEstn FHHOR
Edsty 7 Zod BE ouFFd i k& B¥st
A Astn Ao wjpEse AEys AL v F2&
A oldE = A BEAHE woln Ytk

E54S 1HARE BEAO ¥ ASY Hu¥ u
AE®] 7% zule] dig g4 ojuj& ®rh FAFHo|n g
&A "HAE7] 918 lookup, print_out, repeat, return_save,
control_transfer, determine_environment, search_member,
lookup2, make_table, make_table2, make_exception_table,
lookup_excep, lookup_addr ¢] 137F4 2E& AH&3ta i
HY A4E #3398 9 Z 7)]5¢ FYE ZEL Hacs

(2> 84| 20| Bl

B L Eis e 2EA G444 $84
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