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Java JVM

H ewkovikn} pnxavr} Java eivat yia agnenuevn unxavr] UTIOAOYLOMWV.

Onwg pla mpaypatikn pnxavr, €XeL €va cUvVoAo EVTOAWV PECW TwV oTolwv propel va
paypatornowjoet NPdEelg Kabwg Kat va dlaxelplotel dLldpopa KOYPATLA PVIHNG.
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Ewkovikiy Mnxavry Java

H ewkovikn} pnxavr Java dev €xel kayia yvwaon OXETIKA Pe TNV YAWooa npoypapuatiopou Java.
IMNvwpilel pévo to npdturo apxelou kAdong (class file format) To oroio nMeplEXeL EVIOAEG TNQ

€lkovikniq unxavnig (bytecodes), €vav mivaka cupBOAwY kabwg Kat dLdpopeg BonbNTIKEG
TIANpogopleg.
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Mpodiaypapeg Ekovikiig Mnxavrig Java

OL oxedlaoTEG TNG EKOVIKAG Un)avig Java neplypdgouv Tig dldpopeg AeLToupy(eq 0TO MAPAKATW
PATUTO:

B http://docs.oracle.com/javase/specs/jvms/se7/html/index.html

Na va uhoroinoeTe pia owoTh €lkovikr Pnxavr Java, apkel va dlapdoete owoTtd To MPOTUTO
apxelou KAdong kat va propel n unxavr oag va ekteAel TIq Asttoupyleg Tou eplypdgpovTtal oTo
rnapandvw Ke(pevo.

To mpdTumo NG €IKOVIKIG nxavig dev avagepel moubevd B€uata uhomoinong, Onwg m.x Tweg
ulortote(tal n kdbe evtohr} Tou JVM pe xapunAdTtepou ETLIMEDOU EVTOAEQG 1) TIwG AELTOUPYEL O
OUAAEKTNG OKOUTILOLWY, K.T.A.
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YAormowjoelg JVM

Yndpyouv didpopeg uhorotioelg JVM:

http://en.wikipedia.org/wiki/List_of_Java_virtual_machines
http://en.wikipedia.org/wiki/Free_Java_implementations

http://openjdk.java.net/
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Turot

‘Onwg kat n YAwooa npoypapyatiopou Java, To JVM unootnpilet dUo ldwv TUToug:

m Baoikoug turoug (primitive types)
m avagopeEg (references)

To JVM unob€tel wg 1o pEYAAUTEPO PEPOG TOU EAEYXOU TUTIWV E£XEL Tipayuatoronbel katd tnv
OLdpKela TNG HETAYAWTTIONG.

Ma autd To AdYO oL EVTOAEG TNG ELKOVIKIG PNXavig €Xouv eKOO0ELG avd TUMo, TLY iadd yla Tnv
npdobeon akepalwy Kat fadd yla Tnv mpoobeon aplBuwy KvnTrig UTIodLAOTOANG.

Xapokoneto Maverotripo
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Baowkol Turot

m byte, 8-bit mpoonuacugvol akEpatol oe CUPTAipwWUA WG TIPOG 2
m short, 16-bit mpoonuacugvol akepatol oe CUUTIANiPWHA WG TIPOG 2
m int, 32-bit mpoonuacuEvoL aKEPALOL 0E GUUTIANPWHA WG TIPOG 2
m long, 64-bit mpoonuacpgvol akEpaloL o€ CUPTIANPWHA WG TIPOG 2
m char, 16-bit un-nmpoonuacugvol akepatol e Unicode

m float, 32-bit single precision IEEE 754

m double, 64-bit double precision |IEEE 754

m boolean, true 1j false (uUAoroloUvTal Ye int kat 0 yia false, 1 yia true)

Xapokoneto Maverotripo
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Turmol Avagopdg

To JVM nap€xel unootriplén yla avTikelpeva.

‘Eva avTtikeipevo eival elte €va duvapLlkd dnuLoupynueEvo oTLypldTuno piag kKAdong eite €vag
rivakag.

H npdoBaon ota avtikelpeva ylvetal JEow TOU TUTIOU avagopd (reference).

Xapokoneto Maverotripo
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Meploxeg Mvung

CLASS FILES ' CLASS LOADER

RUNTIME DATA AREA

NATIVE METHOD
TIEPLOXEG OEOONPEVWV TIOU XPNCLUoTIooUvVTaL Katd
TNV eKTEAEON EVEQ TIPOYPAUNATOG, PROGRAM COUNTER REGISTER

NATIVE NATIVE
INTERFACE LIBRARIES

EIECI.I'I'IDNEII;IIIE.

l:l RUNTIME DATA AREAS SHARED AMONG ALL THREADS
l:l THREAD SPECIFIC RUNTIME DATA AREAS

m Mepikég and auteg dnuloupyouvtal HOALG Egkivrioel To JVM Kat KataoTpePpovTal HOALG
TepuaTloTel n ekTEAeON Tou JVM.
m AM\eq elval avd vijua ektéleong (thread) kat dpa dnpoupyolvtal dtav dnuioupynbel Eva
Xapokérew NaveREFHPOL10LO VALIA KAl KATACTOSMOVTAlL ATaV TSouaTiost To VALAQ.
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>1o(Beg Tou JVM

Local Variable Array

Stack Frame ¢I Operand Stack
f
Re Ere"c;&&co"mnt Kdbe vripa (thread) evdg JVM €xel pia mpoowrikr otoifa, n
oro{a dnuloupyeitat Tnv (dla oTLyun Tou dnuoupyeltat kat
TO Vijua.

VM Stack per Thread

m H oto(Ba autr anobnkelel eyypageg evepyomnoinong (frames).
m Eilvat avdioyn pe v otoiBa kAjoewv AAwV YAwoowv Tipoypappatiopol oniwg n C.

B AnoBnkeUel TOTIKEG PETAPBANTEG, YEPLKA amoTeAEopaTa Kat Talel pdAo otnv KAon
OUVAPTACEWVY Kal TNV EMOTPOYPY TIHWY ard TLG CUVAPTACELG.
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Heap

To JVM €xel kat €va Koppud Tt pvriung (heap) mou dtapotpdletat geta&u dAwv Twv vnudTwy Tou JVM.

H pvriun autr elval To u€pog mou arnobnkelovtat OAa Ta OTLYULOTUTIA TWV KAAOEWY KAl TWV TILVAKWV
Tou dnuloupyouvtal katd tnv dtdpKela NG EKTEAEONG VO TIPOYPANHUATOG.

m O owpdg dnuoupyeltal Katd TNV eKKIvnon TNG €LKOVLKAG UNXavig.

m O cuAA€KTNG okouTudLwyv (garbage collector) ivat unetBuvog yla Tnv CUAAOYH XWPOU OTO
OwpPO Tou eAeUBEPWONKE.

m H akpBriq oupumepLpopd Tou CUANEKTN OKOUTILOLWY £lval 0To XEpL TNG UAomoinong.
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Eyypagpeg Evepyoroinong

Frames

H eyypagri evepyornoinong Xpnotyoroleitat yia va anobnkeuboulv dedopeva, JepPLKA amoTeAéopata
Kabwg Kat va uAoronBel n KAjon cuvapTioewv.

Mia kawvoupla eyypagn evepyoroinon dnuloupyeital Kdbe gpopd mou yiveTtal pia KAon
ouvdptnong. H eyypagn autr kataotpepetal POALG EMOTPEWEL N GUVAPTNON, £(TE Kavovikd el(te
AOYyw Kdrolou AdBoug.

Local Variable Array

Stack Frame ¢

Operand Stack

VM Stack per Thread

Xapokoneto Maveruotripo

Reference to Constant
Pool

Kdbe eyypapn evepyoroinong mepLEXeL
gvav ivaka Pe TOTIKEG NETAPRANTEG
pila oTolBa oplopdtwv
pla avagopd oTig oTabepeg TNG KAAONG TIOU AViKEL N
HEBoBOG (runtime constant pool)
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Eyypagpeg Evepyoroinong

Frames

Local Variable Array

Stack Frame

<

Operand Stack

VM Stack per Thread

Reference to Constant
Pool

To ugyebog Tou Tivaka TOTILKWY JETABANTWYV Kal TNG
otoiBag oplopdtwv kabBopifovtal TNV wpa NG
METAYAWTTIONG Kal TtapExovtal pall Ye Tov KWdlka g
ouvdptnong.

m Mdvo pia eyypapn eival evepyr) avd ndoa oTLyun.

m OL EVTOAEQ TIOU avagEPovVTaL O€ TOTIKEG JETABANTEG KAl TNV oTo(Ba oplopdtwy, elval oe
oXE€on Pe TNV evepyn eyypagr evepyorolnong.

m Mia eyypapr otapatd va elval evepyn €av n cuvdptnon tng KaA€oel AAAN ouvdptnon i av n
OuVAPTNON ETILOTPEYPEL.

Xapokoneto Maveruotripo
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Torkeg MeTaBANTEQ

Kdbe eyypapn evepyorolnong mepLEXEL Evav Tiivaka Pe TOTUKEG YETAPANTEG. To peyebog Tou
nivaka urohoyiCetal KaTtd Tnv JETAYAWTTLON Kal TlapexXeTal Jali pe Tov Kwdlka tTng kKAdong.

OL torukeg PetapAnteg dleubuvatlodotolvTal e akEpaloug Eekvwvtag anod to undev (0).

m Mia torukn yetaBAntri uropel va anobnkeuaoet yia T Tumou boolean, byte, char, short, int,
float, reference.

m Mia T Tunou long 1j double xpetdletal dUo cuveXOUEVEG TOTIKEG HETABANTEG.

To JVM xpnotuorolel Torkeg HETAPANTEG yLa va Mepdoet MApAPETPOUG KATd TNV KAjon JEBAdwV.
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Operand Stack

Kdbe eyypaen evepyorioinong rieptexet pia LIFO otoifa nou ovopdletal otoifa TEAECTWV.

To pgyiloto Bdbog tng otoifag autnig kabopiletal Katd TNV JETAYAWTTLON Kat elval arnmobnkeuuevo
MEOQ OTOV KWOLKA.

m H otolBa teAeatwyv elvat ddsta PoALg dnuroupynbel n eyypagn.
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m Mepikr TUmnot dedopgvwy X long, double katavalwvouv dUo BEaelg oTnv Kopugr] TG otoiBag.
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Operand Stack

H odnyla iadd A€el oo JVM va agpatpgoet dUo akEpatoug ard Tnv KopuPr TNg otoifag, va Toug
TPOCBETEL KAl GTNV CUVEXELA Va EL0AYEL TO ATOTEAETUA 0TNV oTo(Ba.

AvtioTolyeg odnyieq untdpxouv yla dAhoug turoug, T.X fadd, dadd, K.qQ.

OL Tég otnv otoifa mpeneL va xpnaotuoriotouvTtal and eVToAEg KaTAAANAEG e Tov TUMO Toug. Aev
elval m.x duvats va kdvoupe push dU0 aKEPALOUG Kal va TOUG XPNGOLUOTIOO0UNE wg €vav long.
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Odnyieg JVM

Ot 0dnyieg Toug JVM amotelouvtal amnd €va byte opcode rou kaBopilel Tnv Aettoupyia mou Ba
npayuatorowndel, akoAouBoUupevo amd PndEv 1} MEPLOGOTEPEG TIAPAPETPOUG,.

m [MoAAEg Aettoupyieg Tou JVM amoteAouvtal and povo €va byte.
m Auti n etAoyn €xel yivel ue okomo va eivat o KwdLKag Ptkpog o PEYEDoG.
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Odnyieg JVM

OL neproodtepeg 0dnyieg Tou JVM mieplExouv oTo opcode Kal TAnpogopia oXETIKA PE TOV TUTO TWV
OeOOUEVWV.

m [la mapddetypa n Aettoupyia i load POPTWVEL TO TEPLEXOUEVO Piag TOTIKAG HETABANTIAG TTOU
TIPEMEL va elval akepalog, oTnv oToiBa TEAEOTWV.

m AvtioTtola n Aettoupyia fload yia turo float.

Mapdho Tou n uAottoinon elval (dia, untdpyouv duo EexwpLoTd opcodes.
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Odnyieg JVM

O neproadtepeq 0dnyieg Tou JVM mieplEyouv oTo opcode kat TANpopopia GXETKA PE TOV TUTO TWV
OedOoNEVWV.

Ma TIg MepLoodtepeq AELTOUPYIEG TIOU aPOPOUV TUTIOUG, O TUTIOG KWOALKOTIOLE(TAL OTOV KWOLKO TNG
€VTOANg (opcode) e €va ypdupa.

i: ylua Aettoupyia pe int
I: yua Aettoupyia pe long

b: yla Aettoupyia pe byte
c: yla Aettoupyia pe char
m f: yla Aettoupyla pe float
m d: yia Aettoupyia pe double

|
| |
m s yla Aettoupyia ye short
| |
| |

m a: yla Aettoupyla pe reference
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Odnyieg PopTwong kat Arobrikeuong

Load/Store

OL eVTOAEG QUTEQ HETAPEPOUV TIEG HETAEU TWV TOTIKWY PETABANTWY KAl TNG oToiBag TeEAE0TWV
Tou Bplokovtal otnv evepyn eyypagn evepyornoinong (frame).

iload i

(POPTWVEL TNV TOTIKN JETABANTY / oTNnV oTolBa

iload_0

(POPTWVEL TNV TOTILKA PETABANTH 0 oTNV oTolBa

iload_1

(POPTWVEL TNV TOTILKA JETABANTNA 1 oTNnV oTolRa

iload_2

(POPTWVEL TNV TOTIKN JETABANTA 2 oTnv oToi(Ba

iload_3

Ol ekdd0oeLg XwpIg MapdPETPOo KWwdLKoTooUV e POV €va byte Tiq ekdO0ELG TNG EVTOATG TIOU

POPTWVEL TNV TOTIKN YeTABANTA 3 oTNnV oTol(Ba

XpnotporotouvTat oAU cuyvd.

H torukn petaPAntr npenet va ivat int.

Xapokoneto Maverotripo
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Odnyieg PopTwong kat Arobrikeuong

Load/Store

OL eVTOAEQ QUTEQ HETAPEPOUV TIUEG HETAEU TWV TOTILKWVY JETAPANTWYV Kal TNG oTolfag TEAE0TWV
Tou Bplokovtal oTnv evepyn eyypagn evepyoroinong (frame).

lload i

QOPTWVEL TNV TOTIKA YETABANTH / oTNV oTo(Ba

lload_0

(POPTWVEL TNV TOTIKA PETABANTH 0 oTNV oTolBa

lload_1

(POPTWVEL TNV TOTIKA PETABANTH 1 oTNnV oTolBa

lload_2

(POPTWVEL TNV TOTILKA HETABANTH 2 0NV oTolBa

lload_3

OL ekddoeLg XwplG MAPAPETPO KWALKOTIOLOUV PE POVO Eva byte TG ekOO0ELG TNG EVTOAG ToU

(POPTWVEL TNV TOTILKA PETABANTN 3 oTNnV oTolRa

Xpnotuorotouvtat oAU ouxvd.

H torukn petafAntr mpenet va ivat long.

Xapokoneto Maverotripo
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Odnyieg PopTwong kat Arobrikeuong

Load/Store

OL eVTOAEG QUTEQ HETAPEPOUV TIEG HETAEU TWV TOTIKWY PETABANTWY KAl TNG oToiBag TeEAE0TWV
Tou Bplokovtal otnv evepyn eyypagn evepyornoinong (frame).

fload i

(POPTWVEL TNV TOTIKN JETABANTY / oTNnV oTolBa

fload_0

(POPTWVEL TNV TOTILKA PETABANTH 0 oTNV oTolBa

fload_1

(POPTWVEL TNV TOTILKA JETABANTNA 1 oTNnV oTolRa

fload_2

(POPTWVEL TNV TOTIKN JETABANTA 2 oTnv oToi(Ba

fload_3

Ol ekdd0oeLg XwpIg MapdPETPOo KWwdLKoTooUV e POV €va byte Tiq ekdO0ELG TNG EVTOATG TIOU

POPTWVEL TNV TOTIKN YeTABANTA 3 oTNnV oTol(Ba

XpnotporotouvTat oAU cuyvd.

H torukn petapAntr npenet va ivar float.

Xapokoneto Maverotripo
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Odnyieg PopTwong kat Arobrikeuong

Load/Store

OL eVTOAEG QUTEQ HETAPEPOUV TIEG HETAEU TWV TOTIKWY PETABANTWY KAl TNG oToiBag TeEAE0TWV
Tou Bplokovtal otnv evepyn eyypagn evepyornoinong (frame).

dload i

(POPTWVEL TNV TOTIKN JETABANTY / oTNnV oTolBa

dload_0

(POPTWVEL TNV TOTILKA PETABANTH 0 oTNV oTolBa

dload_1

(POPTWVEL TNV TOTILKA JETABANTNA 1 oTNnV oTolRa

dload_2

(POPTWVEL TNV TOTIKN JETABANTA 2 oTnv oToi(Ba

dload_3

Ol ekdd0oeLg XwpIg MapdPETPOo KWwdLKoTooUV e POV €va byte Tiq ekdO0ELG TNG EVTOATG TIOU

POPTWVEL TNV TOTIKN YeTABANTA 3 oTNnV oTol(Ba

XpnotporotouvTat oAU cuyvd.

H torukn petaBAntr npenet va ivat double.

Xapokoneto Maverotripo
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Odnyieg PopTwong kat Arobrikeuong

Load/Store

OL eVTOAEG QUTEQ HETAPEPOUV TIEG HETAEU TWV TOTIKWY PETABANTWY KAl TNG oToiBag TeEAE0TWV
Tou Bplokovtal otnv evepyn eyypagn evepyornoinong (frame).

aload i

(POPTWVEL TNV TOTIKN JETABANTY / oTNnV oTolBa

aload_0

(POPTWVEL TNV TOTILKA PETABANTH 0 oTNV oTolBa

aload_1

(POPTWVEL TNV TOTILKA JETABANTNA 1 oTNnV oTolRa

aload_2

(POPTWVEL TNV TOTIKN JETABANTA 2 oTnv oToi(Ba

aload_3

Ol ekdd0oeLg XwpIg MapdPETPOo KWwdLKoTooUV e POV €va byte Tiq ekdO0ELG TNG EVTOATG TIOU

POPTWVEL TNV TOTIKN YeTABANTA 3 oTNnV oTol(Ba

XpnotporotouvTat oAU cuyvd.

H torukn petapAntr npenet va ivat reference.
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Odnyieg PopTwong kat Arobrikeuong

Load/Store

OL eVTOAEQ QUTEQ HETAPEPOUV TLUEG HETAEU TWV TOTIKWVY PJETAPANTWY Kal TNG oTolfag TEAEOTWV

Tou Bplokovtal otnv evepyn eyypagn evepyoroinong (frame).

istore i

anobnkeUel TNV Kopu@r] TNG otoiBag otnv Tomkr HETABANTY /

istore_0

anoBnkeUel TNV kOPUPN TNG aTolBag oTNV TOTIKY PETABANTH 0

istore_1

anobnkeUel TNV kopuPr TNG oTolBag oTnv TOTK HETABANTA 1

istore_2

anobnkeUel TNV kopuPr TNG oTolBag oTNV TOTIKA PETABANTN 2

istore_3

OL ekdd0oeLg XwpIlg MapdPETPO KWdLKOTIoOUV e POVOo €va byte Tiq ekOO0ELG TNG EVTOANG TIOU

anobnkeUel TNV kopuPr TNG oTolBAg oTNV TOTILKY PETABANTN 3

XpnotporotouvTat oAU cuyvd.

H torukn petaPAntr mpenet va ivat int.

AvtioTowya pe tnv load undpyouv odnyieq 1store, 1store_<n>, fstore, fstore_<n>, dstore,

dstore_<n>, astore, astore_<n>.

Xapokoneto Maverotripo

25/70



Odnyieg PopTwong kat Arobrikeuong

Load/Store

Yndpyouv emiong evIoAEg pOpTwoNng otabepwv (constants) atnv otolBa.

bipush arnobnkeUel €va byte (mapduetpo) oty otoiBa
sipush anobnkeuel €va short (mapdueTpo) otnv otoifa
ldc @opTtwvel yia otabepd (int, float, String) otnv otolBa

naipvel wg napduetpo Tnv dlelbuvon Tng oTabepdq
ldc2_w @opTwvel pia otabepd (long, double) otnv ctolBa
naipvel wg MapdueTpo v dleubuvon Tng oTabepdq

Kat AAAEQ OTIWG

aconst_null amobnkelet €va null reference otnv otoiBa

iconst_ml arnobnkeuel -1 otnv oto(Ba
iconst_i anobnkeUel TovV akepaLo i oTnv otolfa
lconst_1 arnoBnkeuel Tov long /otnv atolBa
fconst_f anoBnkeuel Tov float fotnv otoiBa
dconst_d arnobnkeuel Tov double d otnv oto(Ba
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ApBuntikeg Odnyieq

Ol 0dnyleqg yLa apBuntikeg MpdEelg ouvibwg Xpnaotuorololy wg oplopata Tig dUo TEG oTnV
Kopu®pr] TG oToiBag Kat armobnkeUouv TO AMOTEAECHA GTNV Kopudpr TG oToiBag.

npdéobeon iadd, ladd, fadd, dadd
agaipeon isub, 1sub, fsub, dsub
TOAAQMAQCLACNOG imul, Imul, fmul, dmul

Olaipeon idiv, 1div, fdiv, ddiv
uTtOAOLTTIO irem, lrem, frem, drem
avtibetoq ineg, lneq, fneg, dneg
oAiobnon ishl, ishr, iushr, 1shl, 1shr, lushr
avd-bit OR ior, lor

avd-bit AND iand, land

avd-bit XOR ixor, 1lxor

au&non Torukig PetaBAnTiq

iinc

oUykpLon

Xapokoneto Maverotripo
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AN\ayn Tunwv

i2l

METATPEMEL TNV KopuPr} TNG atoiBag and int oe long

i2f

pETATPEMEL TNV KOPUPN TNG oToiBag and int oc float

i2d

peTaTpEneL TNV kopuPn TnG atoiBag and int oe double

12f

peTatpenel TV kopuPn Tng otoifag arnd long oe float

12d

METATPETEL TNV KOopuPr} TNG oToifag amd long o€ double

f2d

Kalt

i2b

METATPEMEL TNV KopuPpr TNG oToifag and float oe double

UETATPETEL TNV KOPUPN TNG aToifag and int oe byte

i2c

JETATPEMEL TNV KOPUPN TNG atoiBag and int oe char

i2s

JETATPEMEL TNV KOPUPN TNG oToiBag and int oe short

121

HETATPEMEL TNV KOpUPN TNG aToiBag and long oe int

f21

pETATPENEL TNV KOpUPN TNG otoiBag and float oe int

f21

petatpenel TV kopuPn Tng otoifag arnd float oc long

d2i

peTaTpEneL TNV kopuPpn TNG otoiBag arnd double o< int

d21

pETATPEMEL TNV KOpUPN TNG atoifag and double o€ long

d2f

METATPEMEL TNV KopuPr) TNG oTolBag and double oe float
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Anpoupyia Avtikelpgvwy Kat Mvdkwy

Evw kat Ta otiypdtuna kAdoewv ahAd Kat ot Tiivakeg lvat avTtikelpeva, uttidpXouv EEXWPLOTEQ

odnyieg daxeiplong Toug.

Onuoupyla avtikelpevwy

new

onuoupyla mvakwyv

newarray, anewarray
multianewarray

Mpoopaon o€ PETABANTEG AVTLIKELUEVOU

getfield, putfield

npoopaon o€ YeTABANTEG KAAONG

getstatic, putstatic

POpTWON oToLxelou Tiivaka oTnv otoifa

baload, caload, saload
iaload, laload, faload
daload, aaload

anoBrijkeuan oe atolyeio mivaka

bastore, castore, sastore
iastore, lastore, fastore
dastore, aastore

UnKog miivaka

arraylength

EAEYXOQ LOLOTATWY AVTLKELHEVWV

Xapokoneto Maverotripo
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Odnyieg ZtolBag

Oplopéveg Aettoupyleg ipoa@epovTal yia tnv aneubelag dtaxeiplon Tng otolBag.

pop agatpel Tnv Ty anoé tnv kopugpr Tng otoiBag
dup TPOOBETEL TNV TN TNG KOPUPNG TNG oTolBag
AAAN pia popd otnv otoifa
swap QVTIOTPEPEL TIG OUO AEEELG OTNV Kopupn TNG oTolBag
(oL A€EeLg dev mpemel va elval long 1i double)

KaBwg Kat AAAeG

pop2, dup?2, dup_x1, dup2_x1, dup_x2, dup2_x2

Xapokoneto Maverotripo
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AN\ayn EA€yxou
Yndpxouv dldgpopeg ekOO0ELG EVTOAWV Yla TNV aAlayn eA€yyou oto JVM.

m OLnapakdtw eAEyXouv pia akEpata T oTnv Kopugr Tng otoiBag ae oxeon e To undev (0)
kat aAAdlouv Tov €AeyXo.
ifeq,iflt,ifle, ifne, ifqgt, ifge,
m EAeyxoq eav n kopugr} Tng otoiBag nmeptexet null i dxL.
ifnull, ifnonnull
B 2U0yKpLon dUo akepaiwv oTnv KopuPr TN otoifag.
if _icmpeq,if_icmpne,if_icmplt,if_icmpgt,if_icmple, if_icmpge
m YUykplon duo references otnv Kopu®r Tng otoifag.
if_acmpeq, 1f_acmpne
B tableswitch, lookupswitch
B goto, goto_w, jsr, jsr_w, ret.
Ma v ahAayr eA€yxou Peow olykpLong Tywv tutou long, float j double, mpwta npenet va
XpnotporionBel pia evtoAr Tiou ouykplivel Ta dUo opiopaTa kat TornobeTel oTNV oToiPfa €vav akepato
ME TNV TN TG oUyKpPLoNG.

Xapokoneto Maverotripo
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Odnyieg KAjong Mebdédwv

KAjon HEBABOU AVTLKELPEVOU invokevirtual
kArjon pebodou interface invokeinterface
kArjon constructor, private peédwv invokespecial
KaL PeBodo unep-kKAAoNg
KAT}OT OTATIKWY PHEBOdWV invokestatic

KaL yla EMOTPOPY TLHWV

return, ireturn, lreturn, freturn, dreturn, areturn
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Odnyieg KAjong Mebdédwv

KAjon HEBABOU AVTLKELPEVOU invokevirtual
kArjon pebodou interface invokeinterface
kArjon constructor, private peédwv invokespecial
KaL PeBodo unep-kKAAoNg
KAT}OT OTATIKWY PHEBOdWV invokestatic

KaL yla EMOTPOPY TLHWV
return, ireturn, lreturn, freturn, dreturn, areturn

>1nv €kdoon 1.7 tou JVM npootebnke kat pia odnyia invokedynamic, n omnola ETUTPEMEL TNV
elpeon NG HEBBGBOU KATA TNV EKTEAECT TOU TIPpOYPAUMATOG.
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KAnon MeBddwv kat Emotpogr) AnoteA€opatog

KArion o€ peBodo evog avTIKELPEVOU XPELAleTaL
B cl0aywyr Tng avagopdc ToU avTIKELMEVOU aTnV oToiBa
m cloaywyr SAwv Twv NMapapsTpwy oTnv otoifa
m Xprion g avtiotowng odnylag, X invokevirtual i} invokeinterface

Ze nepimtwon mou n pebodog elval static dev mpoobEToue Kdmola avagopd otnv oTolBa agpou dev
urnidpyxel instance avtikelyevou aAAd Povo TG MAPAPETPOUG Kal XPENOLJOTIooUE TNV odnyla
invokestatic.

Me to n€pag g ektEAeong plag pebddou, To anotEAecpa TnG PeBddou BplokeTal oTnv KOPUPH TNG
otolBag.
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Mapduetpol MeBddwv kat avagopd this

‘Ortav &ekwvdel n ekteAeon plag pebddou oL apdpeTpol Bpiokovtal
B n avapopd this Pploketal oTtnv ToTKr peTaPAnT 0,
m oL TapdueTpol BpiokovTtal pe TNV oelpd EPPAVIONG TOUG OTLG ETIOPEVEG TOTILKEG UETAPANTEQ

B TIPOCOXN XPeldleTal oTnv Tep{nTtwon Twv TUMNwv long kat double Tou xpnotuorotolv duo
ouvexOueveG BE0ELG OTOV TIVAKA TOTIKWY PETABANTWV

2 e nepirtwaon mou n PeBodog elvat static, n PWTN MapdueTpog Bpioketal otnv Torukn petapintn 0.

Xapokoneto Maverotripo
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AAAeg Odnyleg

Yrndpyouv kat dAAeg 0dnyieg onwg yia napddetypa untooTrpLEn yia Aden (exceptions) kabwg kat
UTNooTAPLEN YLa CUYXPOVLOKS (Monitors).

Na neploodtepeg MAnpogopieg propeite va delte Ta
B https://docs.oracle.com/javase/specs/jvms/se8/html/index.html
B https://docs.oracle.com/javase/specs/jvms/se8/html/jvms—-6.html
B http://en.wikipedia.org/wiki/Java_bytecode_instruction_listings

B https://docs.oracle.com/javase/specs/
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OvopatoAoyia ota Apxeia KAdoswv
Ovduata Khdoswv

I"a LoToptkoug Adyougq ta ovépata kKAdoswv Kat interfaces p€oa ota apxeia kAdoewv epgpaviCovral
Alyo dLapopeTLKA.

Avti yla tnv xprion teheiag ".” onwg m.Y
java.lang.Thread
xpnoworoteitat ASCII forward slash ”/” kat dpa ripokUmnTet

java/lang/Thread
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OvopatoAoyia ota Apxeia KAdoswv

Ovduata Tunwv

Ot tunot Twv peAwv piag kAdong avanapiotavtal and neptypageq (descriptors) oL omnoieq

akoAouBoUv TIOAU GUYKEKPLUEVOUG KAVOVEG.

O napakdtw mivakag mepLtypdgel autouq ToUG KAvOveG:

BaseType Character Type Interpretation
B byte signed byte
C char Unicode character
D double double-precision floating-point value
F float single-precision floating-point value
I int integer
J long long integer
L<classname>; reference  an instance of class <classname>
S short signed short
z boolean true or false
[ reference one array dimension

Xapokoneto Maverotripo
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OvopatoAoyia ota Apxeia KAdoswv
Ovduata Tunwv

Me tnv mapdBeon auTwv Twv Kavovwy PropoUle va avarapacTHooUE TiLo oUvBeToug TUTIOUG

Onwg 1LY
long x J
double d[]]l] [[[D
Strings Ljava/lang/String;

String s[][] [[Ljava/lang/String;
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OvopatoAoyia ota Apxeia KAdoswv
Turot Meb6dwv

Ol tUmot Twv PeBddwv plag kAdong avamnap{otavTal Je Toug TUTOUS TwV TIAPAUETPWY OE
apevOean Kat 0Tnv CUVEXELA £(TE PE TNV PO TOU XaPAKTHpa V yla pia ouvdptnon mou
ETUOTPEPEL void E(TE Ye TOV TUTIO ETLOTPOPTG.

LY
B Object mymethod(int i, double d, Thread t)
e
(IDLjava/lang/Thread;)Ljava/lang/Object;
B voidmain(String args())

ye
([Ljava/lang/String; )V

Xapokoneto Maverotripo
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javap: Java Class File Disassembler

To epyaAeio javap pag erLTpeMeL va Koltd§oupe €va apxeio kAdong oto enimnedo bytecode.

®1dETe €va apyelo HelloWorld. java PE TO TIAPAKATW ATAS TIPAYpAUMA:
import java.lang.System;
public class HelloWorld {

public static void main(String args[]) {
System.out .println("Hello world!");
}

MrmopouUpe va JeETayAWTT{OOUNE EKTEAWVTAG!
> javac HelloWorld. java
To amnotéleopa elval €va apxelo HelloWorld.class TO Ono{o YMopoUle va EKTEAECOUE |E:

> java HelloWorld

Xapokoneto Maverotripo 40/70



javap: Java Class File Disassembler

EkteAwvTtag
> javap -c HelloWorld.class
nEpvoupe Tnv €ENg €Eodo:

Compiled from "HelloWorld.java"
public class HelloWorld {
public HelloWorld();
Code:
0: aload_0
1: invokespecial #1 // Method java/lang/Object."<init>":()V
4: return

public static void main(java.lang.String[]);

Code:

0: getstatic #2 // Field java/lang/System.out:Ljava/io/PrintStream;

3: ldc #3 // String Hello world!

5: invokevirtual #4 // Method java/io/PrintStream.println: (Ljava/lang/String;)V
8: return

}

OL eVTOAEQ TIEPLEXOUV AVAPOPEG OTLG OTABEPEQ TIoU elval anobnkeUpPEVES 0To apxelo KAAoNg, Kat
olrm\a akpLpwg oe oxOALo TIEPLYPAPETAL KABE TETOLA EYYPAPN.
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javap: Java Class File Disassembler

INa meplocdtepeg AeMTOPEPELEG OTIWG TL.Y private peBddoug, kabwg kat Tov Tiivaka Pe TIG 0TabeEPEQ

> javap —-c -p -verbose HelloWorld.class
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javap: Java Class File Disassembler

To mpdypaupa
import java.lang.System;

public class Loop {

public static void main(String args[]) {
new Loop ().printRange(100);
}

public void printRange(int i) {
while( i > 0 ) {
System.out.println(i);
i——;
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javap: Java Class File Disassembler

yivetat

Compiled from "Loop.java"
public class Loop {
public Loop();

Code:
0: aload_0
1: invokespecial #1 // Method java/lang/Object."<init>": ()V

4: return

public static void main(java.lang.String[]);

Code:
0: new #2 // class Loop
3: dup
4: invokespecial #3 // Method "<init>":()V
7: bipush 100
9: invokevirtual #4 // Method printRange: (I)V

12: return

public void printRange (int);

Code:
0: iload_1
1: ifle 17
4: getstatic #5 // Field java/lang/System.out:Ljava/io/PrintStream;
7: iload_1
8: invokevirtual #6 // Method java/io/PrintStream.println: (I)V
11: iinc 1, -1
14: goto 0

17: return
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BiBALoBNkn ASM

http://asm.ow2.org

H BiBALoBrikn ASM napexel peydAn Boribela otnv napaywyn bytecode. Me tov kwdika Tou

akoAouBel mapdyoupe Tnv kKAdon Loop.

1 import java.io.FileOutputStream;

2 import java.io.IOException;

3 import java.io.PrintWriter;

4 import java.util.Vector;

5

6 import org.objectweb.asm.ClassWriter;

7 import org.objectweb.asm.Opcodes;

8 import org.objectweb.asm.tree.AbstractInsnNode;
9 import org.objectweb.asm.tree.ClassNode;

10 import org.objectweb.asm.tree.FieldInsnNode;
11 import org.objectweb.asm.tree.IincInsnNode;
12 import org.objectweb.asm.tree.InsnNode;

13 import org.objectweb.asm.tree.IntInsnNode;
14 import org.objectweb.asm.tree.JumpInsnNode;
15 import org.objectweb.asm.tree.LabelNode;

16 import org.objectweb.asm.tree.MethodInsnNode;
17 import org.objectweb.asm.tree.MethodNode;

18 import org.objectweb.asm.tree.TypeInsnNode;
19 import org.objectweb.asm.tree.VarInsnNode;
20 import org.objectweb.asm.util.TraceClassVisitor;
21

22 public class App {

23

24 tic void main(String args[]) {
25

26 new App ().generate();

27 }

28 catch(IOException e) {

29 e.printStackTrace ()]

30
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BiBALoBNkn ASM

http://asm.ow2.org
2710 TIapddeLyua auTtd XPnaotuoroloUue To deVOPLKO HovTEAD TNG PLBALOBrKNG. H BLBALOBrKN apExet
Kat €va o arnodoTIkS TPOTo (600 avagopd TNV Pvipn Kat Tnv TaxitnTta) Xpnothonowwvtag €va
event-driven povteo.

33 public void generate() throws IOException {
34 ClassNode cn = new ClassNode();

35 cn.access = Opcodes.ACC_PUBLIC;

36 cn.version = Opcodes.V1_5;

37 cn.name = "Loop";

38 cn.sourceFile = "Loop.java";

39 cn.superName = "java/lang/Object";

40

41 MethodNode mn = new MethodNode (Opcodes.ACC_PUBLIC, "<init>", "()V", null, null);

42 mn.instructions. VarInsnNode (Opcodes.ALOAD, 0));

43 mn.instructions. MethodInsnNode (Opcodes . INVOKESPECIAL, "java/lang/Object", "<init>", "()V"));
44 mn.instructions. InsnNode (Opcodes.RETURN));

45 mn.maxLocals = 1;

46 mn.maxStack = 1;

47 cn.methods.add(mn);

48

49 mn = new MethodNode (Opcodes.ACC_PUBLIC + Opcodes.ACC_STATIC, "main", "([Ljava/lang/String;)V", null, null);
50 mn.instructions.add(new TypeInsnNode(Opcodes.NEW, "Loop"));

51 mn.instructions.add(new InsnNode(Opcodes.DUP));

52 mn.instructions. MethodInsnNode (Opcodes . INVOKESPECIAL, "Loop", "<init>", "()V"));

53 mn.instructions. IntInsnNode(Opcodes.BIPUSH, 100));

54 mn.instructions. MethodInsnNode (Opcodes . INVOKEVIRTUAL, "Loop", "loopRange", "(I)V"));

55 mn.instructions. InsnNode (Opcodes.RETURN));

56 mn.maxLocals = 1;

57 mn.maxStack = 3;

58 cn.methods.add(mn);

Xapokdreto MavermaoTriyo 46/70



BiBAL0Orikn ASM

http://asm.ow2.0rg

60

61 mn = new MethodNode (Opcodes.ACC_PUBLIC, "loopRange", "(I)V", null, null);

62 LabelNode 10 = new LabelNode ();

63 mn.instructions.add(10);

64 mn.instructions.add(new VarInsnNode(Opcodes.ILOAD, 1));

65 LabelNode 11 = new LabelNode ();

66 mn.instructions.add(new JumpInsnNode(Opcodes.IFLE, 11));

67 mn.instructions.add(new FieldInsnNode(Opcodes.GETSTATIC, "java/lang/System", "out", "Ljava/io/PrintStream;"));
68 mn.instructions.add(new VarInsnNode(Opcodes.ILOAD, 1));

69 mn.instructions.add(new MethodInsnNode(Opcodes.INVOKEVIRTUAL, "java/io/PrintStream", "println", "(I)V"));
70 mn.instructions.add(new IincInsnNode(1, —1));

71 mn.instructions.add(new JumpInsnNode(Opcodes.GOTO, 10));

72 mn.instructions.add(11);

73 mn.instructions.add(new InsnNode(Opcodes.RETURN));

74 mn.maxLocals = 2;

75 mn.maxStack = 2;

76 cn.methods.add(mn);

77

78 ClassWriter cw = new ClassWriter(ClassWriter.COMPUTE_MAXS);

79 TraceClassVisitor cv = new TraceClassVisitor(cw, new PrintWriter(System.out));
80 cn.accept (cv);

81 byte code[] = cw.toByteArray();

82 FileOutputStream fos = new FileOutputStream("Loop.class");

83 fos.write(code);

84 fos.close();

85 }

86

87 }
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BiBALoBNkn ASM

http://asm.ow2.org

H BLBAL0Brkn mapExel emiong kat €va epyaleio ASMifier To onoio d€xeTal wg eicodo €va apxelo
kAdong (.class) kat mapdyet Tov anapalTnTo KWdlka yla TNV napaywyr autig thg KAdong.

EkteAwvtag To epyaielo autd ue

> java -classpath asm-4.2.jar:asm-util-4.2.jar:. org.objectweb.asm.util.ASMifier Loop.class

EPVOUPE wq €000 Tov avt{oTol o kwdlka Tapaywyng g KAAong We tnv Xprion tou event-driven
MovTEAOU Tapaywyng.

H petdppaon and to event-driver povteNo 0To devOpLkS povTeNo elval oxeddv 1-1. To devdpikd
MOVTENO KATAvVAAWVEL TIEPLOGOTEPO XWPO, aAAd BoAeUel Og TIOAAEG TIEPUITTWOELG ylati dev
ETRANNEL CUYKEKPLUEVN OELPd TIAPAYWYNG.
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BiBALobrikn ASM
http://asm.ow2.0rg

import java.util.*;
import org.objectweb.asm.*;
import org.objectweb.asm.attrs.*;

1

2

3

4

5 public class LoopDump implements Opcodes {

6

7 public static byte[] dump () throws Exception {
8
9

ClassWriter cw = new ClassWriter(ClassWriter.COMPUTE_MAXS);

10 FieldVisitor fv;

11 MethodVisitor mv;

12 AnnotationVisitor av0;

13

14 cw.visit(V1_7, ACC_PUBLIC + ACC_SUPER, "Loop", null, "java/lang/Object", null);
15

16 {

17 mv = cw.visitMethod(ACC_PUBLIC, "<init>", "()V", null, null);

18 mv.visitCode ();

19 mv.visitVarInsn(ALOAD, 0);

20 mv.visitMethodInsn(INVOKESPECIAL, "java/lang/Object", "<init>", "()V");
21 mv.visitInsn(RETURN);

22 mv.visitMaxs(1, 1);

23 nv.visitEnd();

24 )

25

26 {

27 mv = cw.visitMethod(ACC_PUBLIC + ACC_STATIC, "main", "([Ljava/lang/String;)V", null, null);
28 mv.visitCode ();

29 mv.visitTypeInsn(NEW, "Loop");

30 mv.visitInsn(DUP);

31 mv.visitMethodInsn(INVOKESPECIAL, "Loop", "<init>", "()v");

32 mv.visitIntInsn(BIPUSH, 100);

33 mv.visitMethodInsn(INVOKEVIRTUAL, "Loop", "printRange", "(I)V");

34 mv.visitInsn(RETURN);

35 mv.visitMaxs(2, 1);

36 mv.visitEnd();
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BiBALoBNkn ASM

http://asm.ow2.org

38 {

39 mv = cw.visitMethod(ACC_PUBLIC, "printRange", "(I)V", null, null);
40 mv.visitCode ();

41 Label 10 = new Label();

42 mv.visitLabel(10);

43 mv.visitFrame(Opcodes.F_SAME, 0, null, 0, null);

44 mv.visitVarInsn(ILOAD, 1);

45 Label 11 = new Label();

46 mv.visitJumpInsn(IFLE, 11);

47 mv.visitFieldInsn(GETSTATIC, "java/lang/System", "out", "Ljava/io/PrintStream;");
48 mv.visitVarInsn(ILOAD, 1);

49 mv.visitMethodInsn(INVOKEVIRTUAL, "java/io/PrintStream", "println", "(I)V");
50 mv.visitIincInsn(1, —1);

51 mv.visitJumpInsn(GOTO, 10);

52 mv.visitLabel(11);

53 mv.visitFrame(Opcodes.F_SAME, 0, null, 0, null);

54 mv.visitInsn(RETURN);

55 mv.visitMaxs(2, 2);

56 mv.visitEnd();

57 }

58

59 cw.visitEnd();

60 return cw.toByteArray();

61 }

62 }
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ASM tree API

m ClassNode
m MethodInsnNode
m FieldinsnNode

m InsnNode

m LdcinsnNode

m LabellnsnNode

JumplnsnNode
m TypelnsnNode
m VarlnsnNode
m lincinsnNode
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http://asm.ow2.org/asm40/javadoc/user/org/objectweb/asm/tree/ClassNode.html
http://asm.ow2.org/asm40/javadoc/user/org/objectweb/asm/tree/MethodInsnNode.html
http://asm.ow2.org/asm40/javadoc/user/org/objectweb/asm/tree/FieldInsnNode.html
http://asm.ow2.org/asm40/javadoc/user/org/objectweb/asm/tree/InsnNode.html
http://asm.ow2.org/asm40/javadoc/user/org/objectweb/asm/tree/LdcInsnNode.html
http://asm.ow2.org/asm40/javadoc/user/org/objectweb/asm/tree/LabelInsnNode.html
http://asm.ow2.org/asm40/javadoc/user/org/objectweb/asm/tree/JumpInsnNode.html
http://asm.ow2.org/asm40/javadoc/user/org/objectweb/asm/tree/TypeInsnNode.html
http://asm.ow2.org/asm40/javadoc/user/org/objectweb/asm/tree/VarInsnNode.html
http://asm.ow2.org/asm40/javadoc/user/org/objectweb/asm/tree/IincInsnNode.html

ASM tree API

LineNumberNode
LookupSwitchinsnNode
MultiANewArraylnsnNode
TableSwitchinsnNode
InvokeDynamiclnsnNode

FrameNode

Odnyieq kat eptypagn TnG BPAL0Or kNG ASM prnopeite va Bpelte £dw:
http://download.forge.objectweb.org/asm/asmd-guide.pdf
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http://download.forge.objectweb.org/asm/asm4-guide.pdf

Mapddetypa Kataokeung pe tnv ASM
KAdon Complex
m Oa xpnotuororjooupe wg rMapddetyua pia uAomoinon pryadkwy aptbpwy.

m H ulomoi{non tg kAdong 1ou akoAouBel eival pla pikpdTePN Kat EAAPPWG MAPAAAAYUEVN
€kdoom arnod Tov Mapakdtw oUvOeTHO.

B http://introcs.cs.princeton.edu/java/97data/Complex.java.html.

1 public class Complex {

2

3 private double // the real part
4 private double im; // the imaginary part
5

6 public Complex(double re, double im) {
7 his.re = re;

8 s.im = im;

9 }

10

11 public String toString() {

12 if (im == 0) {

13 return re + "";

14

15 £ (re == 0) {

16 return im + "i";

17 }

18 if (im < 0) {

19 return re + " — " + (—im) + "i";
20 }

21 return re + " + " 4 im + "i";

22 }
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Mapddetypa Kataokeung pe tnv ASM

KAdon Complex

23
24
25
26
27
28
29
30
31

// return a new Complex object whose value
public Complex plus(Complex b) {

double real = this.re + b.re;

double imag = this.im + b.im;

return new Complex(real, imag);

}

// return a new Complex object whose value
public Complex minus(Complex b) {

double real = this.re — b.re;

double imag = this.im — b.im;

return new Complex(real, imag);

}

// return a new Complex object whose value
public Complex times(Complex b) {
double real = this.re * b.re — this.im
double imag = this.re * b.im + this.im
return new Complex(real, imag);

}

// scalar multiplication

// return a new object whose value is (this

public Complex times(double alpha) {
return new Complex(alpha * re, alpha *

}

public double abs() {
// Math.sqrt(re*re + im*im)
return Math.hypot(re, im);

}

// return the real or imaginary part
public double re() {
return re;

Xa@9koneto Maverotipto

is (this + b)
is (this — b)
is (this * b)
* b.im;

* b.re;

* alpha)
im);
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KAdon Complex

60

61 public double im() {

62 return im;

63 }

64

65 // return a new Complex object whose value is the reciprocal of this
66 public Complex reciprocal() {

67 double scale = re * re + im * im;

68 return new Complex(re / scale, —im / scale);
69 }

70

! // return a / b

72 public Complex divides(Complex b) {

73 return this.times(b.reciprocal());

74 }

75

76 // a static version of plus

77 public static Complex plus(Complex a, Complex b) {
78 double real = a.re + b.re;

79 double imag = a.im + b.im;

80 return new Complex(real, imag);

81 }

82

83 // sample client for testing

84 public static void main(String[] args)

85 Complex a = new Complex(5.0, 6.0);

86 Complex b = new Complex(—3.0, 4.0);

87

88 System.out.println("a =" +a);

89 System.out.println("b =" + b);

90 System.out.println("a + b = " + Complex.plus(a, b));
91 System.out.println("(a / b) * b = " + a.divides(b).times(b));
92 }

93

94 )
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1 public class Complex {
2
3 private double re;
4 private double im;
5
6 public Complex(double re, double im) {
7 this.re = re;
8 this.im = im;
9 }
10
11 }
1 // create class
2 cl de cn = new Cl de();
3 cn.access = Opcodes.ACC_PUBLIC;
4 cn.version = Opcodes.V1_5;
5 cn.name = "Complex";
6 cn.sourceFile = "Complex.java";
7 cn.superName = "java/lang/Object";
8
9 // add fields
10 cn.fields.add(new FieldNode(Opcodes.ACC_PRIVATE, "re", "D", null, null));
11 cn.fields.add(new FieldNode(Opcodes.ACC_PRIVATE, "im", "D", null, null));
12
13 // create constructor
14 Met mn = new Met (o .ACC_PUBLIC, "<init>", "(DD)V", null, null);
15 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));
16 mn.instructions.add(new MethodInsnNode (Opcodes.INVOKESPECIAL, "java/lang/Object", "<init>", "()V"));
17 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));
18 mn.instructions.add(new VarInsnNode(Opcodes.DLOAD, 1));
19 mn.instructions.add(new FieldInsnNode(Opcodes.PUTFIELD, "Complex", "re", "D"));
20 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));
21 mn.instructions.add(new VarInsnNode(Opcodes.DLOAD, 3));
22 mn.instructions.add(new FieldInsnNode(Opcodes.PUTFIELD, "Complex", "im", "D"));
23 mn.instructions.add(new InsnNode(Opcodes.RETURN));
24 mn.maxStack = 3;
mn.maxLocals = 5;

25
Xcr%@m’nzt%’l‘l&\?ﬁk@ﬁﬁnédd (mn
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1 public Complex plus(Complex b) {

2 double re = this.re + b.re;

3 double im = this.im + b.im;

4 return new Complex(re, im);

5 }

1 Met mn = new Met (o .ACC_PUBLIC, "plus", "(LComplex;)LComplex;", null, null);
2 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

3 mn.instructions.add(new FieldInsnNode (Opcodes.GETFIELD, "Complex", "re", "D"));
4 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 1));

5 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "re", "D"));
6 mn.instructions.add(new InsnNode(Opcodes.DADD));

7 mn.instructions.add(new VarInsnNode (Opcodes.DSTORE, 2));

8

9 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

10 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "im", "D"));
11 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 1));

12 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "re", "D"));
13 mn.instructions.add(new InsnNode (Opcodes.DADD));

14 mn.instructions.add(new VarInsnNode(Opcodes.DSTORE, 4));

15

16 mn.instructions.add(new TypeInsnNode(Opcodes.NEW, "Complex"));

17 mn.instructions.add(new InsnNode(Opcodes.DUP));

18 mn.instructions.add(new VarInsnNode (Opcodes.DLOAD, 2));

19 mn.instructions.add(new VarInsnNode(Opcodes.DLOAD, 4));
20 mn.instructions.add(new MethodInsnNode (Opcodes.INVOKESPECIAL, "Complex", "<init>", "(DD)V"));
21
22 mn.instructions.add(new InsnNode (Opcodes.ARETURN));
23 mn.maxStack = 6;
24 mn.maxLocals = 6;
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1 public Complex minus(Complex b) {

2 double re = this.re — b.re;

3 double im = this.im — b.im;

4 return new Complex(re, im);

5 }

1 Met mn = new Met (o .ACC_PUBLIC, "minus", " (LComplex;)LComplex;", null, null);
2 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

3 mn.instructions.add(new FieldInsnNode (Opcodes.GETFIELD, "Complex", "re", "D"));
4 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 1));

5 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "re", "D"));
6 mn.instructions.add(new InsnNode(Opcodes.DADD));

7 mn.instructions.add(new VarInsnNode (Opcodes.DSTORE, 2));

8

9 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

10 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "im", "D"));
11 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 1));

12 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "re", "D"));
13 mn.instructions.add(new InsnNode (Opcodes.DSUB));

14 mn.instructions.add(new VarInsnNode(Opcodes.DSTORE, 4));

15

16 mn.instructions.add(new TypeInsnNode(Opcodes.NEW, "Complex"));

17 mn.instructions.add(new InsnNode(Opcodes.DUP));

18 mn.instructions.add(new VarInsnNode (Opcodes.DLOAD, 2));

19 mn.instructions.add(new VarInsnNode(Opcodes.DLOAD, 4));
20 mn.instructions.add(new MethodInsnNode (Opcodes.INVOKESPECIAL, "Complex", "<init>", "(DD)V"));
21
22 mn.instructions.add(new InsnNode (Opcodes.ARETURN));
23 mn.maxStack = 6;
24 mn.maxLocals = 6;
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1 // return a new Complex object whose value is (this * b)
2 public Complex times(Complex b) {
3 double real = this.re * b.re — this.im * b.im;
4 double imag = this.re * b.im + this.im * b.re;
5 return new Complex(real, imag);
6 }
1 Met. mn = new Met! (0; .ACC_PUBLIC, "times", " (LComplex;)LComplex;", null, null);
2 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));
3 mn.instructions.add(new FieldInsnNode (Opcodes.GETFIELD, "Complex", "re", "D"));
4 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 1));
5 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "re", "D"));
6 mn.instructions.add(new InsnNode(Opcodes.DMUL));
7 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));
8 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "im", "D"));
9 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 1));
10 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "im", "D"));
11 mn.instructions.add(new InsnNode(Opcodes.DMUL));
12 mn.instructions.add(new InsnNode(Opcodes.DSUB));
13 mn.instructions.add(new VarInsnNode(Opcodes.DSTORE, 2));
14 mn.instructions.add(new VarInsnNode (Opcodes.ALOAD, 0));
15 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "re", "D"));
16 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 1));
17 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "im", "D"));
18 mn.instructions.add(new InsnNode(Opcodes.DMUL));
19 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));
20 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "im", "D"));
21 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 1));
22 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "re", "D"));
23 mn.instructions.add(new InsnNode(Opcodes.DMUL));
24 mn.instructions.add(new InsnNode(Opcodes.DADD));
25 mn.instructions.add(new VarInsnNode(Opcodes.DSTORE, 4));
26 mn.instructions.add(new TypeInsnNode(Opcodes.NEW, "Complex"));
27 mn.instructions.add(new InsnNode(Opcodes.DUP));
28 mn.instructions.add(new VarInsnNode(Opcodes.DLOAD, 2));
29 mn.instructions.add(new VarInsnNode(Opcodes.DLOAD, 4));
30 mn.instructions.add(new MethodInsnNode (Opcodes.INVOKESPECIAL, "Complex", "<init>", "(DD)V"));

Xu%bkénztgﬂ'lmﬂﬁﬁ5°“i:
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InsnNode (Opcodes.ARETURN));
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1 // scalar multiplication

2 // return a new object whose value is (this * alpha)

3 public Complex times(double alpha) {

4 return new Complex(alpha * re, alpha * im);

s }

1 Met mn = new Met (o .ACC_PUBLIC, "times", " (D)LComplex;", null,
2 mn.instructions.add(new TypeInsnNode(Opcodes.NEW, "Complex"));

3 mn.instructions.add(new InsnNode(Opcodes.DUP));

4 mn.instructions.add(new VarInsnNode(Opcodes.DLOAD, 1));

5 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

6 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "re", "D"));
7 mn.instructions.add(new InsnNode(Opcodes.DMUL));

8 mn.instructions.add(new VarInsnNode(Opcodes.DLOAD, 1));

9 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

10 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "im", "D"));
11 mn.instructions.add(new InsnNode(Opcodes.DMUL));

12 mn.instructions.add(new MethodInsnNode (Opcodes.INVOKESPECIAL, "Complex", "<init>"
13 mn.instructions.add(new InsnNode(Opcodes.ARETURN));

14 mn.maxStack = 8;

15 mn.maxLocals = 3;
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1 public double abs() {

2 // Math.sqrt(re*re + im*im)

3 return Math.hypot(re, im);

4 }

1 Met mn = new Met! (op .ACC_PUBLIC, "abs", "()D", null, null);
2 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

3 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "re", "D"));
4 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

5 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "im", "D"));
6 mn.instructions.add(new MethodInsnNode (Opcodes.INVOKESTATIC, "java/lang/Math", "hypot", "(DD)D"));
7 mn.instructions.add(new InsnNode(Opcodes.DRETURN));

8 mn.maxStack = 4;

9 mn.maxLocals = 1;
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public double re() {

1

2 return re;

3 }

1 Met mn = new Met (op .ACC_PUBLIC, "re", "()D", null, null);

2 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

3 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "re", "D"));
4 mn.instructions.add(new InsnNode(Opcodes.DRETURN));

5 mn.maxStack = 2;

6 mn.maxLocals = 1;
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public double im() {

1

2 return im;

3 }

1 Met mn = new Met (op .ACC_PUBLIC, "im", "()D", null, null);

2 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

3 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "im", "D"));
4 mn.instructions.add(new InsnNode(Opcodes.DRETURN));

5 mn.maxStack = 2;

6 mn.maxLocals = 1;
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re + im * im;

return new Complex(re / scale, —im / scale);

new MethodNode (Opcodes.ACC_PUBLIC, "reciprocal",

VarInsnNode (Opcodes.ALOAD, 0));
FieldInsnNode (Opcodes.GETFIELD,
VarInsnNode (Opcodes.ALOAD, 0));
FieldInsnNode (Opcodes.GETFIELD,
InsnNode (Opcodes.DMUL));
VarInsnNode(Opcodes.ALOAD, 0));
FieldInsnNode (Opcodes.GETFIELD,
VarInsnNode (Opcodes.ALOAD, 0));
FieldInsnNode (Opcodes.GETFIELD,
InsnNode (Opcodes.DMUL));
InsnNode (Opcodes.DADD));
VarInsnNode(Opcodes.DSTORE, 1));

"Complex"

"Complex"

"Complex"

"Complex"

TypeInsnNode (Opcodes.NEW, "Complex"));

InsnNode (Opcodes.DUP));
VarInsnNode(Opcodes.ALOAD, 0));
FieldInsnNode (Opcodes.GETFIELD,
VarInsnNode(Opcodes.DLOAD, 1));
InsnNode (Opcodes.DDIV));
VarInsnNode(Opcodes.ALOAD, 0));
FieldInsnNode (Opcodes.GETFIELD,
InsnNode (Opcodes .DNEG));
VarInsnNode (Opcodes.DLOAD, 1));
InsnNode (Opcodes.DDIV));

MethodInsnNode (Opcodes . INVOKESPECIAL, "Complex",

InsnNode (Opcodes . ARETURN) ) ;

1

2 public Complex reciprocal() {

3 double scale = re *

4

5 }

1 MethodNode mn =

2  mn.instructions.add(new

3 mn.instructions.add(new

4 mn.instructions.add(new

5 mn.instructions.add(new

6 mn.instructions.add(new

7 mn.instructions.add(new

8 mn.instructions.add(new

9 mn.instructions.add(new
10 mn.instructions.add(new
11 mn.instructions.add(new
12 mn.instructions.add(new
13 mn.instructions.add(new
14  mn.instructions.add(new
15 mn.instructions.add(new
16 mn.instructions.add(new
17 mn.instructions.add(new
18 mn.instructions.add(new
19 mn.instructions.add(new
20  mn.instructions.add(new
21 nn.instructions.add(new
22 mn.instructions.add(new
23 mn.instructions.add(new
24  mn.instructions.add(new
25  mn.instructions.add(new
26 mn.instructions.add(new
27 mn.maxStack = 8;
28 mn.maxLocals = 3;
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// return a new Complex object whose value is the reciprocal of this
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1 // return a / b

2 public Complex divides(Complex b) {

3 return this.times(b.reciprocal());

4 }

1 new MethodNode (Opcodes.ACC_PUBLIC, "divides", "(LComplex;)LComplex;", null, null);

2 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

3 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 1));

4 mn.instructions.add(new MethodInsnNode (Opcodes.INVOKEVIRTUAL, "Complex", "reciprocal", "()LComplex;"));
5 mn.instructions.add(new MethodInsnNode (Opcodes.INVOKEVIRTUAL, "Complex", "times", " (LComplex;)LComplex;"));
6 mn.instructions.add(new InsnNode(Opcodes.ARETURN));

7 mn.maxStack = 2;

8 mn.maxLocals = 2;

Xapokdreto MavermaoTriyo
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1 // a static version of plus

2 public static Complex plus(Complex a, Complex b) {

3 double real = a.re + b.re;

4 double imag = a.im + b.im;

5 return new Complex(real, imag);

6 }

1 Met mn = new Met (01 .ACC_PUBLIC + Opcodes.ACC_STATIC, "plus", " (LComplex;LComplex;)LComplex;", null, null);
2 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

3 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "re", "D"));
4 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 1));

5 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "re", "D"));
6 mn.instructions.add(new InsnNode(Opcodes.DADD));

7 mn.instructions.add(new VarInsnNode(Opcodes.DSTORE, 2));

8 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

9 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "im", "D"));
10 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 1));

11 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "im", "D"));
12 mn.instructions.add(new InsnNode(Opcodes.DADD));

13 mn.instructions.add(new VarInsnNode(Opcodes.DSTORE, 4));

14 mn.instructions.add(new TypeInsnNode(Opcodes.NEW, "Complex"));

15 mn.instructions.add(new InsnNode(Opcodes.DUP));

16 mn.instructions.add(new VarInsnNode(Opcodes.DLOAD, 2));

17 mn.instructions.add(new VarInsnNode(Opcodes.DLOAD, 4));

18 mn.instructions.add(new MethodInsnNode (Opcodes.INVOKESPECIAL, "Complex", "<init>", "(DD)V"));
19 mn.instructions.add(new InsnNode(Opcodes.ARETURN));

20 mn.maxStack = 4;

21 mn.maxLocals = 6;
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1 public String toString() {

2 if (im == 0) {

3 return re +

4

5 if (re == 0) {

6 return im +

7 }

8 it (im < 0) {

9 return re 4 " - " 4 (—im) + "i";

10 }

11 return re + " + " 4+ im +

12 )

1 Met mn = new Met (03 .ACC_PUBLIC, "toString", "()Ljava/lang/String;", null, null);
2 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

3 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "im", "D"));

4 mn.instructions.add(new InsnNode(Opcodes.DCONST_0));

5 mn.instructions.add(new InsnNode(Opcodes.DCMPL));

6  LabelNode 10 = new LabelNode(new Label());

7 mn.instructions.add(new JumpInsnNode (Opcodes.IFNE, 10));

8 mn.instructions.add(new TypeInsnNode(Opcodes.NEW, "java/lang/StringBuilder"));

9 mn.instructions.add(new InsnNode(Opcodes.DUP));

10 mn.instructions.add(new MethodInsnNode (Opcodes.INVOKESPECIAL, "java/lang/StringBuilder", "<init>", "()V"));
11 mn.instructions.add(new VarInsnNode(Opcodes.ALOAD, 0));

12 mn.instructions.add(new FieldInsnNode(Opcodes.GETFIELD, "Complex", "re", "D"));

13 mn.instructions.add(new MethodInsnNode (Opcodes.INVOKEVIRTUAL, "java/lang/StringBuilder", "append", " (D)Ljava/lang/StringBuilder;"));
14 mn.instructions.add(new MethodInsnNode (Opcodes.INVOKEVIRTUAL, "java/lang/StringBuilder", "toString",
15 mn.instructions.add(new InsnNode(Opcodes.ARETURN));

16

17 mn.instructions.add(10);
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"o (—im) + "in;

VarInsnNode (Opcodes.ALOAD, 0));

FieldInsnNode (Opcodes.GETFIELD, "Complex", "re", "D"));
InsnNode (Opcodes.DCONST_0));

InsnNode (Opcodes.DCMPL));

new LabelNode(new Label());

JumpInsnNode (Opcodes.IFNE, 11));
TypeInsnNode (Opcodes.NEW, "java/lang/StringBuilder"));
InsnNode (Opcodes.DUP));

MethodInsnNode (Opcodes.INVOKESPECIAL, "java/lang/StringBuilder", "<init>", "()V"));

VarInsnNode(Opcodes.ALOAD, 0));

FieldInsnNode (Opcodes.GETFIELD, "Complex", "im", "D"));

MethodInsnNode (Opcodes.INVOKEVIRTUAL, "java/lang/StringBuilder", "append", "(D)Ljava/lang/StringBuilder;"));
LdcInsnNode("i"));

MethodInsnNode (Opcodes . INVOKEVIRTUAL, "java/lang/StringBuilder", "append", "(Ljava/lang/String;)Ljava/lang/StringBuild
MethodInsnNode (Opcodes . INVOKEVIRTUAL, "java/lang/StringBuilder", "toString", "()Ljava/lang/String;"));

InsnNode (Opcodes . ARETURN) ) ;

1 public String toString() {

2 if (im == 0) {

3 return re + "";

4 }

5 if (re 0) {

6 return im + "i";

7 }

8 it (im < 0) {

9 return re + " -
10 }
1 return re + " + " 4+
12 )
18 mn.instructions.add(new
19 mn.instructions.add(new
20  mn.instructions.add(new
21 mn.instructions.add(new
22 LabelNode 11 =
23 mn.instructions.add(new
24 mn.instructions.add(new
25 mn.instructions.add(new
26 mn.instructions.add(new
27 mn.instructions.add(new
28 mn.instructions.add(new
20  mn.instructions.add(new
30  mn.instructions.add(new
31 mn.instructions.add(new
32  mn.instructions.add(new
33  mn.instructions.add(new
34
35 mn.instructions.add(11);
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"oy (—im) 4+ "in;

im o+ "in;

VarInsnNode(Opcodes.ALOAD, 0));

FieldInsnNode (Opcodes.GETFIELD, "Complex", "im", "D"));
InsnNode (Opcodes.DCONST 0));

InsnNode (Opcodes.DCMPL));

new LabelNode(new Label());

JumpInsnNode (Opcodes.IFGE, 12));
TypeInsnNode (Opcodes.NEW, "java/lang/StringBuilder"));
InsnNode (Opcodes.DUP));

MethodInsnNode (Opcodes . INVOKESPECIAL, "java/lang/StringBuilder",

VarInsnNode(Opcodes.ALOAD, 0));
FieldInsnNode (Opcodes.GETFIELD, "Complex", "re", "D"));

MethodInsnNode (Opcodes.INVOKEVIRTUAL, "java/lang/StringBuilder",

LdcInsnNode(" - "));
MethodInsnNode (Opcodes . INVOKEVIRTUAL, "java/lang/StringBuilder"
VarInsnNode(Opcodes.ALOAD, 0));
FieldInsnNode (Opcodes.GETFIELD, "Complex",
InsnNode (Opcodes.DNEG));
MethodInsnNode (Opcodes . INVOKEVIRTUAL, "java/lang/StringBuilder"
LdcInsnNode("i"));

MethodInsnNode (Opcodes . INVOKEVIRTUAL, "java/lang/StringBuilder"
MethodInsnNode (Opcodes . INVOKEVIRTUAL, "java/lang/StringBuilder"
InsnNode (Opcodes . ARETURN ) ) ;

in", "D"));

1 public String toString() {

2 if (im 0) {

3 return re +

4 }

5 if (re == 0) {

6 return im + "i";

7 }

8 it (im < 0) {

9 return re + " —
10 }
" return re + " + " +
12}
36  mn.instructions.add(new
37 mn.instructions.add(new
38 mn.instructions.add(new
39 mn.instructions.add(new
40 LabelNode 12 =
41 mn.instructions.add(new
42 mn.instructions.add(new
43 mn.instructions.add(new
44  mn.instructions.add(new
45  mn.instructions.add(new
46  mn.instructions.add(new
47  mn.instructions.add(new
48 mn.instructions.add(new
49 mn.instructions.add(new
50 mn.instructions.add(new
51 mn.instructions.add(new
52 mn.instructions.add(new
53 mn.instructions.add(new
54  mn.instructions.add(new
556  mn.instructions.add(new
56  mn.instructions.add(new
57  mn.instructions.add(new
58
59 mn.instructions.add(12);
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m<init>", "()V"));

"append", " (D)Ljava/lang/StringBuilder;"));

"append", "(Ljava/lang/String;)Ljava/lang/StringBuild
"append", "(D)Ljava/lang/StringBuilder;"));

"append", "(Ljava/lang/String;)Ljava/lang/StringBuild:
"toString", "()Ljava/lang/String;"));
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60 mn.instructions.
61 mn.instructions.
62 mn.instructions
63 mn.instructions.
64 mn.instructions.
65 mn.instructions.
66 mn.instructions.
67 mn.instructions
68 mn.instructions.
69 mn.instructions.
70 mn.instructions.
7 mn.instructions
72 mn.instructions.
73 mn.instructions.
74 mn.instructions.
75

76 mn.maxStack = 4
77 mn.maxLocals =

Xapokdreto MavermaoTriyo

add(new
add(new
.add(new
add (new
add (new
add(new
add(new
.add(new
add(new
add(new
add(new
.add(new
add(new
add(new
add (new

1;

TypeInsnNode(Opcodes.NEW, "java/lang/StringBuilder"));

InsnNode (Opcodes.DUP));

MethodInsnNode (Opcodes . INVOKESPECIAL, "java/lang/StringBuilder"
VarInsnNode (Opcodes.ALOAD, 0));

FieldInsnNode (Opcodes.GETFIELD, "Complex", "re", "D"));
MethodInsnNode (Opcodes.INVOKEVIRTUAL, "java/lang/StringBuilder"
LdcInsnNode(" + "));

MethodInsnNode (Opcodes . INVOKEVIRTUAL, "java/lang/StringBuilder",

VarInsnNode(Opcodes.ALOAD, 0));
FieldInsnNode (Opcodes.GETFIELD, "Complex", "im", "D"));

MethodInsnNode (Opcodes . INVOKEVIRTUAL, "java/lang/StringBuilder",

LdcInsnNode("i"));
MethodInsnNode (Opcodes . INVOKEVIRTUAL, "java/lang/StringBuilder"

MethodInsnNode (Opcodes . INVOKEVIRTUAL, "java/lang/StringBuilder",

InsnNode (Opcodes . ARETURN) ) ;

neinits", "()v"));
"append", "(D)Ljava/lang/StringBuilder;"));

"append", "(Ljava/lang/String;)Ljava/lang/StringBuild
"append", "(D)Ljava/lang/StringBuilder;"));

"append", "(Ljava/lang/String;)Ljava/lang/StringBuild
"toString", "()Ljava/lang/String;"));
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