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Formal Semantics for Lambda Expression of Java
Han Jung Lan’

ABSTRACT

Specifying the semantic structure for functional interfaces and lambda expressions, which are the latest features of Java, can be
referenced when designing similar functions in the future, and is also required in the process of standardizing or implementing an optimized
translator. In this study, action equation 3.0 is newly proposed to express the static and dynamic semantic structure of functional interfaces
and lambda expressions by modifying and upgrading the existing expressions to express the semantic structures of java functional interfaces
and lambda expressions. Measure the execution time of java programs by implementing the semantic structure specified in action equation
3.0 in java, and prove that action equation 3.0 is a real semantic structure that can be implemented through simulation. The superiority
of this action equation 3.0 is to be confirmed by comparing the action equation 3.0 specified in the four areas of readability, modularity,
extensibility and flexibility with the existing representative semantic expression methods.
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- Execute [<stmt;>,<stmts>,...<stmt,> where n =1] —
stmti.out < Execute [<stmt>]

stmte.out < Execute [<stmts>]

stmt,.out < Execute [<stmts>]
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<interface ¥9] Execute equation>
« Execute [public interface <interface_id>] —
interface_id.env < public
make_table(interface_id.name, interface_id.env)
interface_id.addr< current_point
interface_id.type<determine_fun(interface_name)
- Execute [interface <interface_name> | —
interface_id.env < interface_id.name
make_table(interface_id.name, interface_id.env)
interface_id.addr< current_point
interface_id.type< determine_fun(interface_name)
- Execute [interface <interface_id> extends
<derived_inter_id>]—
interface_id.env < interface_id.name
interface_id.penv < derived_inter_id.name
make_table(interface_id.name, interface_id.env)
interface_id.addr < current_point
- Execute [public interface <interface_id> extends
<derived_inter_id>]—
interface_id.env < public
interface_id.penv < derived_inter_id.name

make_table(interface_id.name, interface_id.env)

interface_id.addr <« current_point
- Execute [<modifier><id>]—
id.name < id
environment .name < determine_env(id.name)
id.env < environment .name
make_table(id.name, id.env)
« Execute [<modifier><id;>, <idy>, <id,> where n>1 |—
for i=1 to n do
id;.name < id;
environment .name < determine_env(id;.name)
id;.env < environment .name
make_table(id;.name, id;.env)
od
- Execute [public class <class_id> implements
<derived_interface>]—
class_id.env < public
class_id.penv < derived_interface.name
make_table(class_id.name, class_id.env)
class_id.addr <« current_point
- Execute[<obj_id>= new <class_id>(<par;>,..,<par,>)
where n>)]—
obj_id.env < class_id.name
make_table(obj_id.name, obj_id.env)
member_id < search_member (class_id.name)
for each member_id do
make_table(member_id.name, obj_id.name)
do
obj_id.addr < current_point
for i=1 to n do
param;.env < class_id.env
param;.val < Eval_out[<param;>]
od
return_save(class_id.addr)

control_transfer(class_id.addr)

Execute [<class_id><obj_id> = new <class_id>(<pary>,
., <par,>) where n >1)]—
obj_id.env < class_id.name
make_table(obj_id.name, obj_id.env)
member_id < search_member (class_id.name)
for each member_id do
make_table(member_id.name, obj_id.name)
do
obj_id.addr <« current_point
for i=1 to n do
param;.env < class_id.env
param;.val < Eval_out[<param;>]
od
return_save(class_id.addr)

control_transfer(class_id.addr)
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<g <dElFo]A A AAFE9] Execute equation>
« Execute[<interface_id><obj_id;>,<obj_ids>, ...,
<obj_id,>; where n >1]—
if interface_id.type is function then
for i=1 to n do
obj_idi.env < interface_id.name
make_table(obj_id;, obj.env)
od
endi f

import java.util.Scanner;
interface LambdaCompute{ void compute(int n); }
public class LamSumEx {
public static void main(String[] args) {
Scanner scanner = new Scanner (System.in);
System.out .print("1 ~ n odd & even sum program);
System.out.print(" input n : ");
int n=scanner.nextInt();
if (n<0) n=-n;
LambdaCompute la= num —> {
int odd=0, even=0;
for(int i=0; i<=num; i++) // calculate sum
if (i%2==0) event=i;
else odd+=i;
System.out .print("sum of even : "+even);
System.out.printIn(", sum of odd "+odd) ;
IS
la.compute(n);
scanner .close(); }

}
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<3 elgHo]x AN AMAES Execute equation>
- Execute[<obj_id> = [(<par¢>, <par;>, ,<par,>) =>
{<lambda_st,>, ... ,lambda_st,>} where n=>0]—
if interface_id.type is function then
interface_id.name<—searchIntName(obj_id.name)
obj_id.env < interface_id.name
mem_id < search_member (interface_id.name)
mem_id.type < lookup(method.env,method.name)
for each mem_id do
make_table2(mem_id.name, mem_id.type, obj_id.name)
od
for i=0 to n do
pari.env < interface_id.env
pari.val < Eval_out[<par;>]
od
return_save(interface_id.addr)
control_transfer(interface_id.addr)
endi f
- Execute[<interface_id><obj_id>=
-> { <lambda_st> } where n=0]—

if interface_id.type is function then

[(<par¢>, ... ,<par,>)

obj_id.env < interface_id.name
make_table(obj_id.name, obj_id.env)
mem_id < search_member (interface_id.name)
mem_id.type < lookup(method.env,method.name)
for each mem_id do
make_table2(mem_id.name,mem_id. type,obj_id.name)
od
for 1=0 to n do
pari.env < interface_id.env
par;.val < Eval_out [<par;>]
od
return_save(interface_id.addr)
control_transfer(interface_id.addr)
endif
- Execute [<lambda_st;>,<lambda_sts>, ... <lambda_st,>
where n >1] —
lambda_st;.out < Execute [<lambda_st>]

lambda_sts.out < Execute [<lambda_sts>]

lambda_st,.out < Execute [<lambda_st,>]

4. D= HAE 3 XA 3.02| 20jLx H|w It

OulF2E YAot= tEHQI Al E7]H<Q] DS(Denota-
tional Semantics), ASM(Abstract State Machine), AS
(Action Semantics)?} 2241 3.0 v]wafA Z-E4] 3.09



162 HEX2[EE=2X/H4RE A S ALY H12# H55(2023. 5)
O] -E4S FRIgitt. 284 3.09] A, interface_
id.type AF§3) A(HERP)Yle] WAE St Folg
AEFo]A0] F9 HAES Hrha oz AT & Jlnt. 2
&4 3.09 4%, Aot Juizs HA EHsIL T
QE|Ho|AY AL Ao Z HIYFIEE FHFOZ A
StaL glof ZHg-4] 3.00] HEAO] FHojdS AT 4= Qlrt

Table 1. Execution Time of Java Program  (unit: us)
Program | Assign. Condition lambda

Type Stmt. Stmt. begre expression
M1 0.5 1 2 5

M2 0.5 1 2 5

P1 0.5 1 2 4.5

P2 0.5 1 2 4.5

S1 0.5 1 2 4.1

S2 0.5 1 2 4.1
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Table 2. Execution Time for No. of Program Lines (unit: us)
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Table 3. Comparison of Formal Semantics

Program No. of program lines
Type 50 500 1000 5000 10000
Pl 495 4953 9903 49513 | 99022
P2 490 4950 9895 49471 | 98940
P3 481 4815 9627 48132 | 96263

Semantics | Readability | Modularity | Extensibility | Flexibility

DS low low low medium
ASM medium medium high high
AS medium high high low

AE 3.0 high high high high
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