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Front end Back end
source \
IR JG Y% target
program ly% 1 program
l [ ) | |

Lexical Syntax Semantic Interm. Code Code
Analyzer — Analyzer —{ Analyzer — (éode » Optimizer —~ Gen.
FEAHE | | EEAE | | BB | Lgemegs | (UBRAS | |[REARS

Token Syntax ~ Annotated Interm. Interm.
Stream Tree  Syntax Tree Rep. Rep.

wew owml RH RERR REEE

Symbol Table 5%
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source Front end Program
program U ¥ Input
l : l
[ \
Lexical Syntax Semantic Analyzer / Tree-walk Proaram
Analyzer — Analyzer — Interm. Code Gen. + routines —— 'Y
L . N . output
WIETER BRI B o hras | P IRARAS AL As W T fF
Token Syntax Abstract Syntax Tree or
Stream Tree other Interm. Rep.
A= BN i ZE S B A P (R R

Symbol Table 5%
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Interpreter

HigEmA LRITIRIER
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Translator
(javac)

& ] £ T Javagzii

Intermediate Representation Virtual Machine #ﬁfﬁ
class (Java)
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X 4mi¥8% (Cross compiler)

B E—NFEEERTG —AFE LKA
doRy orm-iinux-gcc LY

HWE%IEEE (Incremental compiler)

B U ERRBFRES R REFEEAES, 22 Freeline

BIEt4RiEeE (Just-in-time compiler)

B AEATHSTIRY HFANBOR RO T R#iTRE, [2BAR
ML H KWK AL, e Java VM P 89 BP B Rk B

TS dmiEeE (Ahead-of-time compiler )

B AAEFPATZ AT IREIE R A, 4o ARTFHAOT
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Garbage collector

Class loader

Bytecode
.class Y

Interpreter

BIAY4RiF=E " OHLSBIRES o

JIT Compiler . Machine code

HI
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- KB

- Library routines |

EE% _________________

i = Linker N
Preprocessor (1d) l

(cPP) , _
. MBEKE

! Machine code |

Comi¥sr T iLincs
Compiler S Assembler
(cc) (as)
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Java Java I~ Code | " Code |
% | |
JBytecode Translator _’_"l_sgle_ctgr_l_e_mﬂtgr A

L

{V'V'Cofe "Runtime Call Tnst Support ™~~~ ]
R gl il
N
< 1l 5
( )
GC (Allocate (obj)) ( Free(obj) )
| |
( Garbage Collection Alogrithm )
1L
Heap Space Managed by GC
\_ J
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( )
JIT Free E/?\
Java 1" Code | " Code |
o —> ' |
JBytecode Translator Lsglq:tgr_Le_m_ggr_' y
II < v AL
VMCore me—mm—mm—mm - Free#§% }
R Il Inst S t
{ . _U/”;'L“‘icia_ LTS, <“EF’\_°L1-=: — jéfa X
N
it 1l 5
4 )
GC (Allocate (obj)) ( Free(obj) )
| |
- X
X FH =N ( Garbage Collection Alogrithm ) ;:ﬁ; fﬁ:
2 A i g
Heap Space Managed by GC
k )
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Registers

Program
Counter

) LRI EEAREY

Code
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Data

Environment
Pointer

~— Heap
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Hi2E=SE : 644iLinux

f&s 1k 0x0000000000400000
Code 64{iLinux# 4.:
o & F1R484: B widkit, 484%
Memory . E6342 LM 5471 —F
Static Data (256TB)
- AP =ER: %128TB
Heap 0-0x7FFFFFFFFFFF
l .............. - AEZZFTE: 64TB
OxXFFFF880000000000-
I .............. OxFFFFc7FFFFFFFFFF
% 35t 0x00007FFFFFFFO000
Stack TASK_SIZE
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Control link - E‘iﬂﬂ]ﬁi
Local variables HEI B ERT O EFILE

Intermediate results ﬁﬂlﬂi)\*&
B ZEHGEE, £2ZH8918

" Control link #env ptr
Local variables B FFenvptr& @I ayEF)IL R
Intermediate results SERNc S #%
B FAEAFESeENEmNgErE
Environment FEenv ptr
Pointer
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1R [o] ik %
- %&ﬁ_@ﬁ%ﬂnﬁé@ﬁﬂ:é@&ﬁl Y EE

AL | EEhE
B A EaR (Ritta) —> = O %
&H Vi
B AR AL R A IR PRAFHIDL AR

B SEEELI: #1E. F5A JR # B

Env. pointer
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B EeARLNEHILE l

B R AR A EC ALY
RS AR ED LR

X HTAZ R Lk B0 IE B3 4 T35

—EHX5

B EHBRRTAERGNETH

B iR &R TARELY

L RN
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TESYHHE: RBEfirst class values

B KT AE A SR AE B

B RET A AR EEIRE

TR R /BN TE (LT )

B #353%EAR? (LTXELFELTHHFISOLSXE)
B HSERABR? (L TFTXEEAEFEBITHOGARARXEZ)
SCIR

B REEASK: LE2RBHAIFRAEGES T4
B O REAEABREE: FERABE /KN ENITLE
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RBEZE—1TH

B closure = <env, code>
A A F A8 3R <8 R E A
B AHARSBERESHILE

B EF PR ELsenvRZEFHREPHITRE
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,////EZDEHHCHl\\\\\\W
program dynamic(input, output); /
var r: real; show  small[r] kw small[r]

procedure show; ‘ ‘

begin write(r: 5: 3) end,; show show
procedure small;
var r: real; showZ&dynamic¥ &

begin r := 0.125; showend; X, show¥ 7 [Fayr &
dynamic ¥ & L &9

begin
r:=0.25; PATIEHIH
show; small; writeln; 0.250 0.250
show; small; writeln 0.250 0.250

end. HE. (BFEHESER) HERAER 22
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,////gzgén“CEl\\\\\\j
program dynamic(input, output); /
var r: real; show  small[r] kw small[r]

procedure show; ‘ ‘

begin write(r: 5: 3) end,; show show
procedure small; dynamic ¥ 18 Bl #7show BT i

var r: real; 8] 891 & dynamic ™ & X 89;

begin r :=0.125; show end; small ¥ 8 ] &show BT 7 =] 89 r
begin AZsmall ¥ 2 L&y

r :=0.25; PAT G5 :

show; small; writeln; 0.250 0.125

show; small; writeln 0.250 0.125

end. HE. (BFEHESER) HERAER 23
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B Pascal. Emacs Lisp. Common Lisp(& A # 54E A 3).

Perl (A#S/ERRK) . Shelli#F (bash, dash,
PowerShell)
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https://en.wikipedia.org/wiki/Scope_(computer_science)
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dynamic|r]
program dynamic(input, output); /
var r: real: showﬂ QW small[r]

procedure show; ‘ ‘

begin write(r: 5: 3) end,; show show
procedure small;
var r: real; BARX B X

beginr :=0.125; showend; 4{& {93 F HFAHAGRT

begin(%k & & 7 L|ATHS)
r .= 0.25;
: : : : r 2
show; small; writeln; : dynamic
show:; small; writeln N R

end. HE. (ERFRIHESER) FERADH 26
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dynamic|r]
program dynamic(input, output); /
var r: real: showﬂ QW small[r]

procedure show; ‘ ‘

begin write(r: 5: 3) end,; show show
procedure small;
var r: real; BARX B X

beginr :=0.125; showend; 4{& {93 F HFAHAGRT

begin(%k & & 7 L|ATHS)
r .=0.25;
: * Wri : r 0.25
show; small; writeln; dynamic
show:; small; writeln N R

end. HE. (ERFRIHESER) FERADH 27
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dynamic|r]
program dynamic(input, output); /
var r: real: showﬂ QW small[r]

procedure show; ‘ ‘

begin write(r: 5: 3) end,; show show
procedure small;
var r: real; BAKX B X

beginr :=0.125; show end; 4 F{addxes ¥ 540935

begin(%k & & = L AT L) ——
r-=02s: | | f=mm==--7
show; small; writeln; r1 025 oA
show; small; writeln ([T

end. HE. (ERFGIHESER) HERAER 28
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dynamic|r]
program dynamic(input, output); /
var r: real: shOW{I[r] QW small[r]

procedure show; ‘ ‘

begin write(r: 5: 3) end,; show show
procedure small;
var r: real; BAKX B X

beginr :=0.125; show end; 4 F{addxes ¥ 540935

begin(#k & & 7 LHATIHS) small
r:=025 L [TTR5ET7T
| - r [ 0.25 0.25
show; small; writeln; dynamic
show:; small; writeln r| 2 ]

end. HE. (ERFGIHESER) HERAER 29
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dynamic|r]
program dynamic(input, output); /
var r: real: shOW{I[r] QW small[r]

procedure show; ‘ ‘

begin write(r: 5: 3) end,; show show
procedure small;
var r: real; BAKX B X

beginr :=0.125; show end; 4 R{id9¥s ¥ B8 7

begin(#k & & 7 LHATIHS) small
r:=025 L TR
| R r [ 0.125 0.25
show; small; writeln; dynamic
show:; small; writeln r| 2 ]

end. HE. (ERFGIHESER) HERAER 30
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dynamic|r]
program dynamic(input, output); /
var r: real: shOW{I[r] QW small[r]

procedure show; ‘ ‘

begin write(r: 5: 3) end,; show show
procedure small;
var r: real; BAK B X

begin r :=0.125; show end; 4 R4id93s % B544693% %

begin(4k & & 7 L #ATEHH)
r .= 0.25;
show; small; writeln; r1 025 oA
show; small; writeln ([T

end. HE. (ERFGIHESER) HERAER 31
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& BaiF] E2s
’ G (LC“‘W\O% *

e

B pushi FiETFARM

B add MBEFTRERANTE, Feftah, &
28 RNAR

T 7+5 WOAZFF

DUSh7 1iconst 1

push 5 iconst 2

add iadd

JavaF P . Net#y CLR. Pascal®yP-code . Perl 55 F it
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Zi— W GmiFEHLEI => 4miF 3RS E 2
FNRAENE — 7 BBEAERK, HleE XA F—#7
BAEBMAINLE RRRER Y

B ERAERTA

B AFRABRBEMRPERXROALE

REE/N EFERE

B 4=, Fladd, ®wA& addrl, r2

— JavaF A4k F AR R AR R
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B add#$4 i R3517 ABAE: 2 reads. 1write

B ARTABIRE 7 7

ﬁtﬂ"ﬂi‘ﬂg

B BRMARRAEAETABIY (FHZ7FEER)
— R e % (accumulator)

B add#4 & Hacc « acc + top_of stack
XHERRE —FITABET
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= R/IUssH =

AR (invariants)

B XXX ERERAEEME T

m op(e,....e): AtHe,...,e B, FERBHEANE
R KARA AT

acc 7 5 | — o 12
7 7 /
StaCk EEE EEnE EEn EEn
acc « 7 acc <« 5 acc « acc + top_of_stack
push acc pop
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T B SRR

B EHEREEFERL

B BEFPEESRMBERAFRMMIE, 4o addtl, 2, (3

4o Dalvik VM. Lua VM. Parrot VM%) & T3t £

FIECR TN B R RS2

B PP RERILR (FAIIRAHBRF. RETEH
HKEFET) - RBEKR. FHEHKSGRN S

B RFE: BEKS (RITFR) . TR —EREBNE
REFAHENL CGerERZEXAXWERRAITASEF,
o E B AH)
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RABESZEEIFERNAB, RZMAmMKIL
SRS 3E S
B RAEEAHMNEEMT S B

BRAHS e Zaw T YA

iload 4 imove rl10, r4 s INEREAr 4
bipush 57 biload r11, 57 i1 AAIE Loy

iadd iadd r10, r10, ri1 s RN

istore 6  imove r6, r10 s AAhEg R REARE6
iload 6 imove r10, ré s INEJRERAR =6

ifreq 7 ifreq r10, 7 s AOREERNO, Bh3N7
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