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Compilation Technique Learning Design  Using
Automatic Lessimic Analysis Method

. Imtreductson

In learning compilmion techniques 2 lod of references are peeded can suppedt in
understimd the work process of compaliation machines, The compilation engne stans
working when o progrom wiss run by the pier. The progmm was made by a popgrammer
o her has mastered programiming sechnsques. Many programs were made wath diffensnt
programuming lanpuages Gourc: languages), one ol bem with © 4+ programmming
langunpes. Programming is reguined o be able to mnalviee progroim alporithines ame in
aceardance with the rules of the specibied alporithm, According to Donald Ervin Knuth
{196H]) 0 his Dok spatcs thal Algorithnes ane a sequence of sleps in peoblco splving in
the form of sentenges with o hmited vanber of words and arvanged logicollva and
svstematically [ 1].

When i program sars (ruondng) ic owill be seen how (e guality of the
zlgorithm hes been tramsloted i progmmming languages, The faster the resuits of o
prograny ihe betier than this progeam snd it bs clearly free from emmors b supponed
programs. An impostant facor which the proprammer mmst know s o suceessful
compilation technigue, FirnrrUidirartatmo (2{005) sapd that. compilution techmigue iz o
technigue in femling & program written o il source langosge, then wranshided inin
another langunge called the torget lunguoge, The tranzlation process curried ot by the
compiber i called the compilution process {eampilingi| 2],

Fuer this rezsod, the asthor asks the poog s o compleie and manige the proosss
10 make the program mside, which conlains errars and muast be able to resol ve the emor.
The problem of the guestion writer is quickly and precisely the results of the
compilation pmcess with the spplication help, The anthar found o reference of the halp
appEcation 1o sl the sopport of compilation progmams, oamely by Aumaiic Lessimec
Analyeer [3].

2. Theorsbcal Review
2o Cempilation Proooss.

The compilation pocess was colled the ranslation process,  Socompiladion

panzrams were a ransation process oo progranmes wrilen o high-Dfevel Banguapes

tor bowe-hewal lanpuages dprogram abjecis+4]. & good compilation (Compilec) can

wirk seel | om compuiter machinesand it does not equirea long process; There wene

¥ oways 1o make compilation, and the kinguage vsad @ [5]

o Machioe bamgiage, is charactoristies ane veey difficalt fo understand by humans,
becamss # iz very dependent om the engine

B, Assembly bonguaps, the features of the Taciliny are lkonived, the onder is briel

c. High Level Language, clusacted 14 easily understood by humeans. mone 1aciliy

The meiin ta=k of the compiler is divided inbo 2, namely [5]

a Thie Fromt end farction, the sask of decompsosing the source progran bite its basis
paris,

b Bwvnihisis (hack cnd) furction, e 1ask is wo generate smd optimise the object
[ERITEETHN

Thi compiler thsk = Hlustrated in the form of & compiber modol os bolos
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Figure | Conpiler Moclel

First Function Analysis wis divided oo 2 stages

. Lexbonl Analyveer (Scanner). decomposes the spurce proeram inko small pors

B Syniacihc Aoalyaor (Parser ) Syntax is the amangenent o] semienoes and the rales
Iy Forming seotcoegs e called gronwmag, The synms analveer m the compilaien
fhrld wns mften calbed p Farser. To analyre sontences, parse-ires help wns asually
used.

. Semantie Analyeer Ioermedeste Code Generator, wsually in renlation it will be
combined with an imermediaie code generator (e part that fnchons i generale
the irtermediate code) [ 7]

The Second Function of Symthesis was divided into 2 stages;
a, Codle Generdns . gonerdes object code.
b. Crale Opimizes, mdnimizes resalis and spesds op thix prooess,




The following figare was the plases of 8 compilation process[8]:
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Cual iy Compiler depends on 3 facwoesa | [4)

. Aperd & conpilation Geme (guality depends on writing conmpsber algoridins)

b Progiom Quality Objects. determined by the size (pasluced) amd the speod of
execution of the ehyacl progrim.

o, Inteeraied Environment has Pacilites integred in the compiter.

The compiler as o compilation machine was divided mbos 2 bvpes | 1O

o, Compiler

h. Interpreter

Bath hove the same function, it i as manslatons. the difference s in the conmpilation

process. [ the compiler works when the datn and source code were processed at

chiffererd fimes, while the source code interpreters ond datn wes processed o the me

licne.

The following i an ilfusiration of the compilation process and the workmg inderpreter

Fipured, Compiber progess

Anather difference from the meerpreter does not produce a form of object code, b
the result ofthe translation isanly moan imternal fomm, where the parest program must
alwaye gxist, diffencot from the compiler

TS A =R

Figuare 4, Inoerpretor process




2.2, Blackf@ox Testmg

Hinck box tesing was & tast which done only obsenang the results of execufion
through @ data and functional checking of saftware. I can be anabogous 1o seeing the
shupe of a block box anlv: con anly sez its oater aff§earance, withont knowing what is
behind the Black boa. 5o, # can be interpoeied that black box festing only evaluaies on
its exterral Appenrance (imesface), withmt knowing what acomlly happens in the
detatied process {in short. only Knowies inpals amd oulpuisg.

So, this Blak Box testing wethod pedorns sofffae wsting on application
functionaiity., does nol invalve iMemal structures. Special knowledpe of the application
ot infernal siruciore ard programming Knoscdedze are generally s needed. Test
cane are built based on specifications and rgirements, ranely ihe application what
abuld be done. Use an extemal description of ihe softwase, including specificaions,
requirements, and designs o redoce test cases, This iest can be functional or pon-
Funetinnat, aitheaogh veanlly functonal. The designer tosts by selecting valid ond offfilid
inpauts and derernnining the correct outpul. The picture below shows the scheme of black
box testing:

| BLACH BOX TESTMNG |
| gl ) _! g )

Figure 5. Bluck Box Testing

Bsting oo the Black Box will find srrors such 4

4. Incormect or missing fundions

b. [oterface eroor

¢. Erroas. in adaia structomes. or external datshase acoes
d. Performance ¢oor

o, Initkalization and ermination grroes

Sceng Himits for gsting, including several volues, nasmely
&, ¥Minimmm vakie of inpul vonnble

. Seore phove minimuam scom:

<. Mormal vuloe

i, Seore below the maximum sore

e, Maximum score

=

The ndvamtages of hlack box festing:

i Program specificotions con be identified anthe beginning
B [rcan b nsed o assea piogfa corsiaiencey

o, Testing s carricd ous bascd on specilicatbons

d. There is orneed to look at the detailed progam code

The dizadvantages of black box testing: if Lhe progmam specifecativns are mede less
clear ard concise, it will be difficult e make docomentotion proper]y [11].




3. Merhockloezy
There ore 2 methods osed m this stuchy, nomely:

.

b

Drescripive method, where in deseriptive wrlng the esults of the smady will be
writicn cleady and describe the exsonce of wriling

Sotbware Development Mathod, the method used is S0DLE quosed From Sakambos
aned Shelabuchlin's bood, inthe vear of 2013 in¥YokiFimmmsyal] 1 2], The Ggome below
ehwvays the parts of the SOLC metosd

i i Fargrdnin Vi l

Figure 4. S0OLC Method
Sounce: SukamiodanShalabuddin (2000 32499

While the explanation of the S0LC method m figore 6 gbove =:

L1

Analysis. the analyvsis phase of system requiremets, both hardwaire and softwane

necded m making spplications include:

I iHarkware: Minimum lapop 4GB BAM, [T0OMB ROM space wnd quad-core 22
poocessariHz

Lisofware: Yisual Sadie 2000 for making e Avioasstle Lessimic Analyser
inberface

eskpn, stages include the interface deston foe Awiomatie Lessimie Analyzar using

Wisaal Sdudio 2F1amd some oods corssd of bels fextbox, groop bos emi button.

Encoding, i the Awiomatic Lessimic Analyzer applicution using o programming

lumgungeC ++,

Testing, the final stage i the SOLC method uses block box testing and evaluntes

if there are errors in the application tha hos boen made to be repairsd

Resulis and Desgussion

4.1 Lexical Avalysis [scames,

Lexical Analysis is wdertilyving all the megnitudes that buikl a fanguage. In tleis
rmse lhe chamoter flosw that forms the emirce pmopram s meadd from k=8 0 oghl and
pmuped called tokers, which are churacier sequences in o sngle unit that has i
vwn meaning. Thes analvsis of transluting inpats imto formes-is mone asetol for the
next comvpalation sfuges, Lexicol anaivsis is the inledface befween sounce code smd
parser analysis, The scamner checks chiamcters per charnder i the mpul tex,
breaking the source of the progrum inin parts called tokers. Lexical Amlysis works
on grsaping chameter seguences imo the main companzets: identifier, delimiter,
mperatar syimbols. pumbers, keywond, wornd poase, hlanks. and comments, and =0 on
o prodiace @ Lesscal Token that will ke wsed in Syitactic Analysis, Scanners must
also be able to demtify wkens in foll and distinguish keyseords and identifiers, For
this reasin the scanner reguines 8 symbol isblie. The scanmer enders the wlenbfier
im0 e symbal able, emers Berd and numeric comstants inbe th symbal table itself
afler conversinn nio an internal fofm.

The main ks of this kexioal analyse includs;
- Beml e source oode by racing chacacter by characer.
k. ldentify kexic quantities (elentifiers, keywords, and constanis].

¢, Transform inie 2 ioken and determine the svpe of iken
d. Send tokens.




£, Remove ar ignore whikz-space aml codmmeends in (b program
t.  Deal wish errors,
¢ Hamdle the syl talle.

yample ;o cace ghixhee of source programs from © 4=k programming languages

Bnown: statements in a source program that suppart srithmetic expressions
Fahrenhcic: = 23 + eeleims * 1.8

Tranalotion resulis inbo okens in leaical onalveis osin wbkle-1,

Table 1@ Lexic Magniiude

Mo Lexle Magnitude Source Program Sy
1 ldentifier :
- Keywosd - D
- Mame Fahrernheit, celcius 2
2 Konstanta 15,18 1
E Chparator =% ." 3
[+ Dalimeter ; L
5 White-space : 1]
Tetal 2

4.2 Banilax Analyst (parser)
Tree symus { Treed is o non-cireulnr connecied graph thad has one node / node ¢ veries
calked Rasot dioof), feom which # will bave o path to cach node, Tror syrtax ¢ thee
deciine  parser tnee s sl for describong bisw oobiain snngs by loweriag seominal
svimbmols, where esch svimbol variable will be ewered in a terminal, until nothing

hias bewn replaced [13].

A context-free grammar with production rules (symbed iritial symbolized S

5 AR teal § produces AB orfireduce AR
Requirement A ahla
B bbb

The Fiopd Bewrds o b b

The parser formaton is m the form of a ree os shaemn in Figure 7 belaw.
s
AR
F/3 A
o

FigureT Syntex Tree
4.3, Sernontic analyair produces the synlax tree gerembed inthe pamsing process. The
petoral analyses of semaniics is fo desermine the mearng of the agreement provided
in the source progrim. 5o in essence, ihis semortic anabvsis nses the svnax mee
provuced by the Pamsing process. The syntax of synbacic analysis and semantic anaky sis
is twa proceases that are very gagy 1o andestasd md diffiealt to approve. Semantie
analysis, oflen abso combined in thegeneraion of miermediae code thal priduces
Indermedion: Code outpat, which willl be used in the pest corpdlation process.
There are twie kinds of Itermediate Codes. namely: Postfis Notation and N-Tuple
a1, Notssi Posific.
Syniasio i form oF Arithmsetic e pssions!
<ofHrans<eperans-cope o

h




Example ;

b i ®ic+d) Posgic ab+od +#
F=lA+Ry T+ Poarfta = AR+ CD4+=F=1In
ihe form of logic:

Logic Expression { symtax } : IF <expe THEM <stmfT 1> ELSE <stom2=-
PosttialForm c<espe-<labell> BE <simitT |=<label 2= BR <stma 2

. Motasi N-Tuple
IF Posfen each instrocton line consists of only one Tuple, whie in 5-Tope fine
consists of several Tuples:

Symiax Notsi N-Tuple B opefalo oo M- operand
¢, Triple Notation (prefes)
Symiax | oA ecoperandacopenimd =
Ezample |
=0*C+BE Himarkie Operator
[P T | Bt b3
x| B R f
3o (1512 *
4, = A1 .

. Cdrapules MNotation
Swmans <operater=<epemnd=<operamnl=<reaale
Tiee sesult o= a bemporary varsable that can be placed in the measory o regisier
Existing prodbbems how to mosoge iempoiary vanobles (results) o o mdnl i,

Expmple [nsiructions: AmD=C+HIE
When the berween Code b= mede:
|, =, ;. TI = Tl :aD*C
21,8, T2 <+ Ti=BE
3.+.T1.T2. A = A =TI+T2

e, Code Gerzratien
The mesults of the analysis phase will be received by the code peneration section,
Hese il Between Cidde program is usually traisaiad ine assemtly language of
machine Baguage
Example: a4+ B)* (T + 1)
Wihere is the incrmadiaie code in the form ol guesdoples:

li+. A B,TI (A+B) =TI

Lo DY T2 G+ =T2

i.%.TI . T2.T3 ITI*T2}=T3

{Zan ke tramsluted into assemshly lnnguage with a single sccumulaior:
LD& A LIdA TH

ADD BA+E=TI  MUL T2 TI*T1=T2

ST TISTOTS

Lo 0 The LDA commznd ads e contenls of the registen'memsory .

ADC Dy C+D=T2 Tothe secumualnior (v fo accwaalanm

5T T2 The ST} commund stores the conents of the

aceumulator 1o memory egister {stane from accumalaior)
f, Esror Homdling
The form of an error that oceurs in the soarce code in the form of an erms messige
willl bz displaedd i the Automarse Lessimic Analyzer opplicatien. The compiber
wall handbe erors from the ledcal syatactic and semantic apalyss proceses.
The mesults of Deaizn
The user intertace of the Aatomatic Lessinuz Anobyzer spplication 25 in Pictune 2
Bl comnaist of B columns, ey me peogram coce , emar messdded. Hiberinod:ane
coske , table blentifier, keyword sabb, data Dype table, operaor mhbe, delimeter ahle,

L]




The follewing @5 ihe InfEl display image of the Amomatic Lessimie Analyzer
applcation ;

Figure & Initel appeararee of the Atomaticlessimic Analyzer wachine

T the spurce conds 1= imchmled and P:rﬁ:rrn: cl'lq'l.pili-nﬂ the prigTam, if’ thers ans no
ermrs in writing the progmm shen ook liks in pictare 9 beloow:

Figare % Aufomatic Lessimic Mochine Without Emor Messages

Ia Picture 4 it cun be scen that the Emor Message sextbox doss ot hive any contents

(Blank), meaning that ihe poogrsm code entered by the user has no erros. But if the program code
entered = ot comect, then the textbox in the Ermor Message willlbe flled in scconding to He emoms
that oucar. for exanple can be seen in Picture 1 below




Figure 10, Awomuntic LESSIMIC Anabveer machine with Error Messaze




Tahle 2. Besulis of Discission of Applicaions with Block Box Testing

Fas g Cwis f ;

El" 3




Table 2 explams the discussbon of wsing (walsy wsling Auomars: Lessimibe Analyvzer
with the Block Box sesting process. Black Box wating in the applcation of Auemamic
Lessimic Analyeer is a test that is carried ool 1o determime the functions that exist inthe

applscation has been moning sccordingly or ra.

5. Conclusn

Barsand @ ihe Tinal resulis of 1he test stated that:

a Wil the application of Automatic Lessimie Avalvaer it his succecda] n canybing
vt three anal yzes they are lexical, syntax, semantic ard inlermediate code and ermar
haretling with sousce oode using the C++ programming language.

b, It has been saccessful in using Black Box tosting for lexicol, synkschic, semunitie
anadweis and intermediage codes and error handiing acoording 1o the input given

Sa, by using the Aulonstic Lessimic Analvzer application we can know aod uxlersiand

the parfornemee of compilmg programs effectively and efficiently,
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