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Formal Semantics Based on Action Equation 2.0 for Python

Jung Lan Han'

ABSTRACT

To specify a formal semantics for a programming language is to do a significant part for design, standardization and translation of

it. The Python is popular and powerful, it is necessary to do research for a formal semantics to specify a static and dynamic semantics
for Python clearly in order to design a similar language and do an efficient translation. This paper presents the Action Equation 2.0
that specifies a formal semantics for Python to change and update Action Equation. To measure the execution time for Python programs,
we implemented the semantic structure specified in Action Equation 2.0 in Java, and prove through simulation that Action Equation 2.0
is a real semantic structure that can be implemented. The specified Action Equation 2.0 is compared to other descriptions, in terms

of readability, modularity, extensibility, and flexibility and then we verified that Action Equation 2.0 is superior to other formal semantics.
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4Execute [stmts] — event [ complete | diverge ]
Execute [{s; sz .. sy where n =1] —
current_Whitespace.val — countWhitespace(si)
si.envl + setEnv1()
for i=2 to n do
previous_Whitespace.val < current_Whitespace.val
current_Whitespace.val — countWhitespace(s;)
si.envl — setEnvl()
if current_Whitespace.val is greater than
previous_Whitespace.val then
si.env2 «— setBnv2(s;.envl)
si.out — Bxecute [{sp]

od
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dEvaluate[<exp)] — event [ store |

Evaluate [{exp)] —

if <expy is number then
return(number)

elseif <{exp) is variable then
variable.val < lookup(variable.env, variable.name)
return(variable.val)

elseif {exp) is expression with parenthesis then
exp.val — eval_par [{exp)]
return(exp.val)

elseif {exp) is functionCall then
exp.val — current_func_name,val
return(exp.val)

elseif {exp) is calssConstruct then
exp.val — class_name,addr

elseif {exp) is collection then
exp.val — make_Array(exp)

endif

mto| 9] EAdol| B ZF i Eol tis Execute equation
< th3 o] AMEA 35t Al

( BiFE Execute equation )

Execute [Kid) = {expy] —

exp.val < Evaluate [{exp)]

id.val < exp.val

if {expy is collection then
collection_make_table(id.name, id.val)

endif

( if 9 Execute equation )
Execute [if {con) : {s)] —

con.val < Eval_rel [{con)]

s.env2 — setEnv2(s.envl)

if con.val then Execute [{s)] endif
Execute [if {con) : {(s1) else! <{sp)] —
con.val «— Eval rel [{con)]
si.env2 < setEnv2(s;.envl)
if con.val then Execute [{s;)] else Execute [{sy)]
endif
Execute [if {conp):{sp) elif {cony):{s,) where n=2 ]
—conj.val < Eval rel [{coni)]

si.env2 < setEnv2(si.envl)

if conj.val then Execute [{s1)]

else

for i=2 to n do

con;.val «— Eval rel [{cony]

if coni.val then Execute [{s;]
od
endif
Execute [if {conp):{(s1) elif {con,>:{s,> where n=>2
else ! (sl —
coni.val — Eval_rel [{con;)]
Smn.val < true
s1.env2 < setBnv2(si.envl)
if coni.val then
Execute [{s1)]
sm.val < false
else
for i=2 to n do
con;.val — Eval_rel [{cony]
if con;.val then
Execute [{sp]
snn.val < false
endif
od
endif

if spn.val then Execute [{spn]

{ while 9] Execute equation
Execute [while {con) : <{s)] —
s.env2 « setEnv2(s.envl)
repeat
con.val < BEval rel [{con)]
if con.val then Execute [{s)]
repeat_start
endif

repeat_end

Choice_elementi= FAEQ] Q= 8452 A35H ot
U 7EH QA B|AES] XQIEE thy 848 WHASH: ¢
Z=o|t}. Exist_elements= FAEQ] ERIA] ofdR] THSI=
Sk PAEQ B9l AL false olHH trueE R

{ for 9 Execute equation )
Execute [for <id) in range (Kexp1)): <{s)] —
id.val < Evaluate [K0)]
expi.val < Bvaluate [{expi)]
s.env2 < setEnv2(s.envl)
repeat
if expi.val is greater than id.val
then con.val < true

else con.val < false

endif



if con.val then Execute [{s)]
id.val < id.val + 1
repeat_start
endif
repeat_end
Execute [for <id) in range ({expi,expz)):{s)]
id.val < Evaluate [exp1)]
expa.val < Evaluate [{expy)]
s.env2 — setEnv2(s.envl)
repeat
if expiy.val is greater than id.val
then con.val — true
else con.val — false
endif
if con.val then Execute [{s)]
id.val < id.val + 1
repeat_start
endif
repeat_end
Execute [for <id) in range (expi,expz.exps)):{s)]—
id.val < Evaluate [{exp1)]
expz.val — Evaluate [Kexpy)]
exps.val < Evaluate [Kexps)]
s.env2 — setEnv2(s.envl)
repeat
if expz.val is greater than id.val
then con.val — true
else con.val — false
endif
if con.val then Execute [{s)]
id.val < id.val + exps.val
repeat_start
endif
repeat_end
Execute [for <id) in list) :
env2 — setEnv2(s.envl)

(] —

repeat
id.val < Choice_element(list)
if Exist_element() then
Execute [{s)]
repeat_start
else
repeat_end
endif

Wait_in 42 7|EEOA] RS JPuk= Aoz 77}
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Eval_out equation< &% &(print &)°] 42+
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4Eval_out[{expy] — event [ store |

Eval_out [Kexp)] —

if {expy is number then
return(number)

elseif {exp) is variable then
variable.val < lookup(variable.env, variable.name)
return(variable.val)

elseif {exp) is an expression with parenthesis

then exp.val < Bval_par [{exp)]
return(exp.val)

elseif <{exp) is an <{exp) then
exp.val — Evaluate [exp)]
return(exp.val)

elseif <{exp) is character then
return(character)

elseif {exp) is string then
return(string)

elseif {exp) is collection then

return(find_value_collection(exp.name,exp.envl,

exp.env2)
endif

(JZEE9 Execute equation)

Execute [Kid) = input(Q] —
id.val < wait_in[{d)]

Execute [<id) = input(“(string)”)] —
Execute [print_out(“(string)”)]
id.val < wait_in[<id)]

To] Mo AL “end S AHES] ZAUEO] upx|ul &8 At
= Aojat & e, ¥BO) A FUEL AT end=""
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z=["7F, "Y', "tF'1  # list z generates
print(z*2)

# print [7V, "W, ‘&, "7, "W, o]

t = ("', 5, True)

# tuple t generates

print(t*2)

# print (€', 5, True, '&', 5, True)
myset = {2, 1,5, 7,5}

# set myset generates

print(myset) # print {1, 2, 5, 7}

(EYE9 Execute equation)
Execute [print({out))] —
if out is not list then
out.val < Eval_out[{out)]
print_out(out.val)
else print_out(find_value_collection(out))
endif
print_out(line_feed)
Execute [print({out), end="{char)’)] —
if out is not list then
out.val < Eval_out[{out)]
print_out(out.val)
else print_out(find_value_collection(out))
endif
print_out(Eval_out[{char)])
Execute [print({out)*{exp))] —
exp.val — Eval_out[{exp)]
for i=1 to n do
out.val + Eval_out[{out)]
if <out) is list or tuple then
print_out(find_value_collection(out))
endif
od
Execute[print({out;)+<{out)+...+<{out,) where n=1)] —
for i=1 to n do
print_out(Eval_out[{out])
od
Execute[print({out;»,{outy),...,{out,y where n=1)] —
for i=1 to n do
print_out(Eval_out[<out;)])
print_out(* ”)
od

shol e g40h FlE 7]%50] B3 <lojz Fhulel 7t

e g ARgRIThETE 2A8E A5t &Sk o A

of 3he BAlO] MBT & Y W 5 T W 5%
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def sumNum(*number):
sum= 0
for num in number:
sum += num
return sum

sum = sumNum(1,5)

print('sum = ",sum)
sum= sumNum(1,3,2,5)
print("sum = ",sum)

39 Execute equation)
Executeldef {func_name)({parmi>,{parmy),...,
{parmyy) : where n=1 {s)] —
s.func_env < func_name
for i=1 to n do
make_table(parm;.name, func_name.env)
od
func_name.addr <~ current_point
Execute[def {func_name)({parm;>=<{exp1),{parmy)
={exp2),....{parmyy={expy)):where n=1 {s)]—
s.func_env < func_name
for i=1 to n do
make_table(parm;.name, func_name.env)
parmi.val — BEvaluate [{exp)i]
set_param(parm;.name, func_name.env, parm;.val)
od
func_name.addr <« current_point
Execute [def {func_name)(*(parm)) : {s)]—
makeArray_table(parm.name, func_name.env)
func_name.addr <~ current_point
s.func_env < func_name
Execute[{func_name)({parmy),{parmy)...., {parmy))
where n >1] —
for i=1 to n do
parmi.env «— func_name.env
parm;.val — Bval_out[{parmy]
od
return_save(func_name.addr)

control_transfer(func_name.addr)
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def sumNumC(*number):
count = 0
sum = 0
for num in number:
count += 1
sum += num
return count, sum
count, sum = sumNumC(1,3,2,5)

print("count = ", count, "sum =", sum)

Execute [idy, <idp,
({parmy), {parmyp), ..., {parm,)) where n =1] —
for i=1 to n do

. {idn) = <{func_name)

parm;.env «— func_name.env

parmi.val < Eval_out[{parm;)]
od
return_save(func_name.addr)
control_transfer(func_name.addr)
Execute [{func_s]
for i=1 to n do

idi.val ~
od

Executelretrun]—

func_name;.val

control_transfer(current_func_name.addr)
Execute [retrun {expi),{exp2),...{exp,) where n=>]—
for i=1 to n do
expi.val — Eval_out[{expy]
current_func_name;.val +
od

control_transfer(current_func_name;.addr)

expi.val

o2 A= Car EHAE X 3} Car SEjA0A A
drol 212 F#AQ1 MyCarg FH=+= dlA|Qld], S ol
AAE drive HAES] A HA U]VH@-’FE selfE 2+ self
= ZES AAE 9r)sitt

S

class Car:
def drive(self):
self.speed = 60
class MyCar(Car):
def drive(self):
self.speed = 100

g4 2.0 7J8 O[O Chat A oj0j2 169

{class #9] Execute equation)

- Execute [class {class_name) :] —
class_name.env < class_name.name
make_table(class_name.name, class_name.env)
class_name.addr <« current_point

- Execute [class {class_name)({derived_class)):] —
class_name.env < class_name.name
class_name.penv < derived_class.name
make_table(class_name.name, class_name.env)
class_name.addr <« current_point

- Execute[def {meth_name)(self,{parmy),...,{parm,))

: where n=0 {s)] —
s.meth_env < meth name
for i=1 to n do

make_table(parm;.name, meth_name.env)
od

meth_name.addr <« current_point

4. O|D|E3Y H|Wo IO T2 HAE

7o) oju] mEWT 284 208 vasty] 9 1=
A7 % while 7] that A A7 EENE Uehhd o
ow} 2.

* DS(Denotational Semantics) E8Y
exec [ while ( Expr ) Stmt] env scont sto =
scont; (env[&break < scontl], sto) where rec
scont; = Alenvy, stoj).eval [Exprl enwv
econt sto where econt = A(val, typ, stoy).
if val = true
then exec [ StmtJenv; scont; sto;

else scont(env, stoy)

+ ASM(Abstract State Machine) X3
let stm = (while (exp stm; ) in
fst(stm) = fst(exp)
nxt(exp) = stm
nxt(stmi) = fst(exp)
if task is (while (exp ) stm; ) then
if val(exp) = true then
task := fst(stmy)
else
task

nxt(task)
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+ AS(Action Semantics) B8

Execute [ "while" "(" E:Expression ")" S:Statement ]=
unfolding
evaluate E then
check ( the given value is true ) then
execute S then unfold
or
check ( the given value is false ) then
complete
trap an unlabeled—break then complete
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HHESHE AHIE A4 Quiz FofstHA 4 71A A
g dolg Z42t Akl AHI5I.

e while 2741 AASH= AH

(f—). I, S|for = in a; : o4, a )
0.1, S|for x in aj: b, af([ai]) ) if _next__€ @Y
e.r.s , raise un,pegrm,-[]) otherwise

where a; = ® (_next_)

* while 252 A¥sh= AJH

G yIOlm, Slfer z in a; : b, a}
= (0 & [11 — m], [|m, S|for z in a; : o, :'J:]I-
where m = 8(11) & [z — a

* while®S WHEol= AH
((—). I, S|for = in a; : b, raise r:)

{g(‘) r.s + one g if a fefmtoplteratlon

a8.r.s , raise n} otherwise
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invoke(obj(_:Int, <oattrsy..." closure_ " |-)
Closure "__code_ " |-) Code"_globals_ " |-)

Globals...</oattrs)), M) ~) KK =)
executeFrame(N, Code, ref(Frame),makelLocals(...),
Globals, Globals ['__builtins__"],makeCells(...),

M) ~) return

(k>

{nextLoc) N =) N +Int 1 {/nextLoc)

{control)...

{currentFrame) {frameObject) Frame:Int =) N
{/frameObject)

C:Bag

{/currentFrame)
{cstack). =) Listltem(call(Frame, C, K))

{/cstack)
{/control)
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Table 1. Execution Time of Python Program

(unit: us)
Program Assign. Condition oo R Esien
Type Stmt. Stmt.
M1 0.5 1 2 25
M2 0.5 1 2 25
Pl 0.5 1 2 25
P2 0.5 1 2 25
s1 0.5 1 2 25
s2 0.5 1 2 25
1 0.5 L5 2 25
12 0.5 L5 2 2




Table 2. Execution Time for No. of Program Lines

(unit: us)
Program No. of Program Lines
Type 100 500 1000 5000 10000
P1 598 2982 5973 28738 | 59732
P2 585 2920 5839 29027 | 57436
P3 572 2856 5672 28360 | 56392
P4 643 3206 6371 31269 | 62538
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Table 3. Comparison of Formal Semantics

Semantics | Readability | Modularity | Extensibility | Flexibility
DS low low low medium
ASM medium medium high high
AS medium high high low
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