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B —ANEHRFEPHRKIERS
B REFMTIEP, FTAEHCTROEART X
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LEWAIEGEHLEN, HEETENEALATERY
FAERETFIEHIFEE

AL R 69 S A% 1 T X
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Bt BT EAFEH TR SHH B
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UK
B oaAERL., SAERA, BIASH, KESK
B EH. EHHEAY

2 FHI{EM 1 (scope)
B ERB: —AF KR GER S

" R ALEAERTREN—K, HLFAREE
TR T R E TR GRKEST £
&n # L ARA 8GN int f(int n){
if (n<0) error(“arg<0”);
else if (n==0) return 1;
else return n*f(n-1);
KE. (FEREARA) BRI ) 5
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MRS
B ORI TR A, RRARAENN S LE
(Bp 2 5 B4 7 & Beht)

B BAXTERES, EREERR
B IAERAAKRERE: TRWENA IR EFHITE
B eRXFERFLTF xRFBAMEL s, WK x HHKE

Fs
W5 RS
/\ /\
AT A TT {EH
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RO B A& X B
AR E X ARERITESD
2RI XTI
FHRERR | BRI

X [
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FAAR = VT B
| BLERAE
AR
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B FORTHRLAEAFHRDELE

B T EENEMERTURBELLEARBSHAL

B ANIHEMEFANAERETE, BXIETEFHANENR
R P, ERIFRIFERFIRKSE S

B EFKEHRAETUARAMES TEHCEZTPEANMED

B BEXN RO FHEFRHLEEF ST FA
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Sizels

1) £ SPARC/Solaris T4k sk £ T & F A4 H) 4R 69 size 4~ 5
& 244216, AHATR—HT

typedef struct _a{ typedef struct _b{
char cl; char c1;
long 1I; char cz;
char cz; long i;
double f; double f;

}a; 1b;

%F3%: char: 1, long : 4, double : 8
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) XFEXITF i#sizeAISZ I

%] #£SPARC/Solaris T4 sk £ T & & A~ £& H 4k 69 size 5~ A1
R 244216, A AT—#7?

typedef struct _a{ typedef struct _b{
char cl; O char c1; 0
long 1I; 4 char c¢2; 1
char c2; 8 long I; 4
double f; 16 double f; 8

}a; 1b;

%F3%: char: 1, long : 4, double : 8
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Sizels

5 £ X86/Linux T4k sk £ TF & # A~ £& # 4K 89 size 9 A &£ 20
F216, AT ATR—H?

typedef struct _a{ typedef struct _b{
char cl; O char c1; 0
long 1I; 4 char c¢2; 1
char c2; 8 long I; 4
double f; 12 double f; 8

}a; 1b;

%F3%: char : 1, long : 4, double : 4
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S I=E SRIAT=ER
Singe iy

2R g

B AASAAEEREY  nta=0; 7] Bo
‘ Intb =0;
1% a) —
{ B,

0 '5]-15('}%&% Intb=1; 1B
B XA HEENE BN { inta=2; 2
B OISR RA R RS % .
B ARG T BT intb=3;| °

€ B }}

}
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e — / ¥
E E

main()
=B (S {
inta = 0; B,— B, inta=0; —B
intb = 0; B,— B, intb=0; ’
inth=1; B,- B, t inth = 1: By
Inta =2; B, { ] 82
intb = 3: B, Inta=2;

Intb = 3;

} -
a, { 1B,
}

_____ b, } ——

&y, D; }
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HiE IS BFIFS R EC

PN Ty el B -
BT AAR AR SR B A PP
¥, RNEBBEITHGET X E :

B A AN RAT S R AEAT H
37 18]

B S S TAETERGIRS: |

B RNAHFBETAE e

B KESNZFHKEFRCEANG T Al
{2 B oL 0 R A G B 7T XASeid 49

B REEHNRGEHDEL
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FJ LIn uxEI’{ltli’,t_l]:?ﬁ E:
Sle e

Memory

Code

Static Data

1k ak 0x080480000

324ZLinux & %.:

- 4GB

« AP ZiH: 1&K3GB
0-OXBFFFFFFF

- AEZZHE: 1GB
0xc0000000-0xFFFFFFFF

o R85 K
RLIMIT STACK i#% #8MB

= ik 0xC0000000
TASK_SIZE
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Memory

Code

Static Data
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) LinuxBUttiE 6 5

J&3#ak 0xO0000000000400000

644z Linux & %:

o ¥ FIAKASAZ WA AE, 4841 %
6312 LM 54742 —2 (256TB)

- MP=E: 1&128TB
0-Ox7FFFFFFFFFFF

« RNEZINH: 64TB
0xFFFF880000000000-
OXFFFFCc7FFFFFFFFFF

= ik 0x00007FFFFFFFO000
TASK_SIZE

KE: (WIFRBMKXAR) BITHEHZERENASEE 17
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CiE= T4 B
FABRZERIIME

mSHEE — LB
B HS5HEE — LB

(B ZA4E A3)
FEIRERHEE

B H5AHILE — LRFSHE
(BRZEAH)
B AEHEE — RRFSHB, EFHILRF
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7/ CtEl*% v |AER=

1. HIATEIFL0)H, AU ESD
1Lx?

f1(3)6Y1ER %/ ? f2(3)R.?

int f1(int n){
If (n==0) return 1;
else return n*f1(n-1);

}
... print (1(3) ); ...

ELAMBLEXEZATI2I)AH0?
sHI(N)GiFRRED? AHA?

I R RiIFRRE, WATI(N) BT
AT E4 2027 & ABBXA

ok WP

int f2(int n){
staticintm: m=n:;
If (m==0) return 1;
else return m*f2(m-1);

}
... print (12(3) ); ...

NE?
WANSF AL =BARR, R
s #CAF, KRB Hgcc-m32 -SHEFZ,
7= &L G G i SRR A AT

KE: (RIFRBMZAR) SITREFIEZEINERAS]

Int n=3;

int 3(){
If (n==0) return 1,
else return n*f3(n-1);

}
... print ({3(n) ); ...

O
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O cizmsn). HESHHT
int f1(int n){

1. HIATEL0)H, HILANfLEGESD if (n==0) return 1;

eEk? else return n*f1(n-1);
| . }
f1(3), f1(2),f1(1),f1(0) -- :EAT#%, ... print (f1(3)); ...
2. f1(3)M1ER % V7 f2(3)%R.7 int f2(int n){
6: 630 staticintm: m =n:;
If (m==0) return 1;
3. EAMBAXXZAAZTIR(R)HA0? else return m*f2(m-1);

REXORBLAFAEIRES) |
4. HI(n)mFLMAEDH? A AT S
e, TRMIRAGEELS int f3(){

. If (n==0) return 1;
5. f3(n) & BATH S FAEMA AR else return n*f3(n-1);

Segmentation fault o }
KE: (WIFFRBAZA) BITHREFEHE=ERNERS .. print ( f3(n)); ... 0
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BEIR . AR A FLESEANFBFEHNGFT X
BITH: YaMERYIRETHIRGLE—NEFP

m 3 I%E;E P186 F6.14
(1 0) i 8 &3

;HL/,
\\\\\\\\\\\\\\\\\\\q J;;//ﬁgﬁb
p(1, 9) (1 3) (5,9)
p(1,3) Q(l 0)\(2 3) p(5,9) CI(5 5)\(7 9)

[ Eﬁf{g p(2,3) A, 1)}3 3) p(7.,9) CI(7 ) q(9,9)
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B ENE e REXIEG—ANED

B RERXIERFNES

B 4 RaRabd Xk, S ERYBIEH AN FF 3t
Ab&y &)

B ARk TE&rbwadll, SERFaE 5L ThE
W

BT
B R ARTeRE e JaEIEENTENTAL
ﬁlg'fno\.; (EPJ%‘S}J?EJ']?{)
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u;(]()/ \04?5\ *5 WIJ
o e i

P186 [£]6.14
m m
_____ a:array /,/”
q (L. 9) ©o AW
K: Integer p(L9)  q(13)
q(1,3) o
k: integer p(1,3)  a(0)
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B AEFFE R ENE ____?_____%;i____
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B KRR BB L
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B el R E Ry | OB AR
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B AEFILR TR AL TR E BT
B Esn (—AEHE) |---nr-oron -

B KERRTAZNBAE u
B RE RBBAAE T3 T KR
& B IL R Y F 1] mg&yx _____

B B REBAEER e 0
HAEBH G @ I B 3 9

B e B B A T B A 0036 W AR B S T
R

B AR RDRIATEINENGRAEFRE
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JiEREAR : pfEAg

v top_sp: BRI F &
&, 4dmesp. rsp
v base_sp: & it F

top_sp A%, 4eebp.
I B 3 R B rbp
base sp 7 pdiee v PC: 2/ # &,
FRFRIVERRE F=eip. rip
| IR [A{E M

KE: (RIFRBMZAR) ST EFHZENEASETE 26
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(1) prHFE S, RAK

top_sp | o ___ AR, HERAG S
top_sp & F{E RIS K& EME % ], top_sp

BOAEA AR P AR

base_sp = ;ﬁg%u'% ------------
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JiEREAR : pfEAg

top_sp
base_sp S) _________________ (2) pFeik B ik G AT
top_sp _ ﬂ _?Eﬁ!?ﬁﬁ_ﬂ j@_ﬂ_if_lil._h_t_ | base_sp#y{EAANqEYE
REMEFISH MILRF, FEZqiizH

g, ¥ Aobase spiyfE

base sp
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JiEREAR : pfEAg

tOp_Sp ~
base_sp _)}é%,jéé """""" (3) q%é"?é—é‘é B {E F
[ RRGEONERA | ARABRERL
R F{E RS
I B 3 R B
;f’ﬁ%ﬂ_@% ____________
FRFRIVERRE
| EEERsE%

KE: (RIFRBMZAR) ST EFHZENEASETE 29
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JiEREAR : pfEAg

top_Sp
I BF B4 R B A
base sp ___ }é%,j% ____________ (4) QAR 3% By 3R % I B Ae
// AU SR | W R SR K N3
T ﬁn {Eﬂli}%& | top spB9Mh, BT &

BARACHE, AR
> TBERAEE | oo !
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Q) mmEpnigERSEES

b 55 . T
Il B B4 JR SR A I AR EqR & _l_
base sp __| Pk e ﬁfjif%%
(| mwwmnens ‘
BEENZS | mmspeis
Ik B B3 = BB AR
& 0L A L AR EpH
! ARFHIHLERE EHILF
> | [ eEERsK 1
\%‘, ¢ o
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base_sp 7 }é%,j% """"""
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top_sp
I B 254 5 S S
base sp ___ }éé,j% ____________ (1) g#ei& B8 E NARApP
[ | RERPLERE B EFIC RO
[ EPERSH BEANKTE LM
] ] 2 | N X e
5 >>§gg%?ﬁ%%?" VAR % A5 3 35 B AE 84
X &l B, AhBFAFAES
¥
o | |[PEEERERE | pssws
il | iR [BME 124
\LJ « .
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J HfFra&iEiR ol

AR

B 32 EAELEE: eax

B 6445 AR E 1A 41&32& eax, m324% edx
B FEEXAANEEE: FEFHE st(0)

AL ER G
O %ﬁ- rax
B FEA BT H 5 st(0)

KE: (RIFRBMZAR) ST EFHZENEASETE 34
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JiEREIFY : pfEAqg

top_sp __
base sp ___ }é%,j% _________ (2) q*t 2B R F 7 69 F
[ | FRERPLSRE ¥’ (4), # I top sphayfa
IR EME NS4
I B 2504 = BB £ R
;f’éﬁ%&% """"""
MRFRIVLSSRE
| EEERsE%
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JiEREIFY : pfEAqg

(3) gk B ¥ A H (Lt
top sp __ | MRAFHIDVLEING base sp)feLB RS, &
IR EME NS4 =Ip
I B 2504 = BB £ R
base_sp = eEik T
MRFRIVLSSRE
| IR EME RS
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JiEREIFY : pfEAqg

(4) pARIES FA S E £
7 Fe iR =) {8 78 % top_sp,

R )G B R B 48

top_sp .
Ik B B3 = BB AR
base_sp 7 pdiee
FMRFRHLBIRES
| R BEE RS
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SEMSHAMEENER

top_sp
I B 254 5 S S
base_sp | 00 (1) o 35 B A & % A F
SH
[ I B B4 B B e
A )5%%% """"""
f FURLE IR BLRAS
5 | 28
. —
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SEMSHAMEENER

_ X B 34 ;
RBEREERE | s era

base_sp | sl SHE R VEL L

ZH1, ..., ZHn ()R 8 B A R dm il
I I Bt B4 R FR B3 FASBEE
% > e T (4)#08 B &) AR F — A~
¥ FRLE NSRS SHEBRFRE=, H=
ol B T B

7@‘7‘ * I #]: printf(“%d, %d,\n”);
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AT S E R H4H
B CISO/IEC9899: 2011 n1570.pdf
(http://www.open-std.org/jtcl/sc22/wgld/www/docs/n1570.pdf)

[0 6.7.6.2(P132): inta[n][6][m];
[0 6.10.8.3(P177): _ STDC NO VLA ZEHXIHRIFEHTEKK4a
O &3d: AR EHER
B Java
1 int[ ] a = new Int[n];
O &g LyEe
T AR ERAHTEKAGEKA?
B ASEARIERBA LA, *H A7 BSR4 A T
B EBATH, BB BRoERAERRGOHEEMHZ W
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e EI7S 5 BECRY B4R

(1) wmEwr, £&
$ LR T N A
top_sp R W & &
msmm e A

base_spF: === __éfﬁﬂ_’f% ______

RE: (CmRRIBMIRA) BTREEEENAASER 41



FRBZLLXE

1958 i *% University of Science and Technology of China

B GRS EAKA

(2) BATEE, EEAZ4
35 0 9 B4 % TR 00 $c 4

top_sp B g 72 1)
4B
""" WA (3) iBATH, A IAR
---------------- Bé#Y 35 IR #f 2@ i A
B __éféé_ﬁ_ﬁiﬂﬁé‘??‘__= J5 4t ) 237

base_spf)_' === ';é%u—% ——————
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O BE2F5|H: EFRTFHEARL, XTEHRSHEAN
BT ERIIATEXAIRABESENT R

T *p; T* fun(...) {

... T n;

p = (T*)malloc(sizeof(T));

return &n;

free (p) ; }
*p ... // fBR! R S
{ T *p = fun(.
Tn=...; ..o *p .. )/ ﬁi%"
p = &n; // pEFHHNK }
}
.. *p ... /] fEBR! T
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ence ana T

R SRR
A —F 8 B8y KAEAR R
AALERTHR

PR 4 R BT

-ﬁ-% ’}a < .

1) RARTREFAEH

2) X s A AR F RIR

3) X BBEERKLITHE Z6HME
4) FF&ER AN
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POP

5
AN
7 +— @
9
add

push
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Bl ES
’ G (LC“‘W\O% *

=
B pushi i TFRMN
® add MBEFBREBATE, FeMiak, &
Tk R
itE 7+5 WIERF
push 7
DUSh5 iconst 1
iconst 2
add iadd

Javas T A, Net#y CLR. Pascal#yP-code . Perl 5% F
X
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Z— R GmIEHLEI => 4miFIF I & 2
FANRENRE —3b 7 BFEEHK, ARERXRIF—HT
R AE L RSt A

B ERARM

B AFRABRBEEEKERGEE

REED EFERE

B 4=, Fladd, ®mA&Z addrl, r2

— JavaF ¥ A4 Bl AR RAEAR R 6 R
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Q) minsmin A
#FEE RS

B add#E4 B R3FTHAEAE: 2reads. 1write

B AR TR K 5 5]

P B g

B BRMAZKRBLETABZY (FHZFFRER)
— R A % (accumulator)

B add#g4 & Hacc « acc + top_of stack
BZHRERA—FTAEELT
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= R/IUssH =

AT (invariants)

B REXAXNERERAEREF

B op(e,...,e): AitHe,...e &, H8HEHENE
Rk KR A AR T

or

X 2L 0
@ +
Rt s
S
1958
% &
2 ) &
- Fi"”&‘c andd (cc\““

acc ! 5 [— o 12
7 7 /
stack
acc « 7 acc « 5  acc « acc + top_of_stack
push acc POp
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T e SR

B RERAEAEATFABLE

B B4 TPERSRBRBAMHMMAE, o addtl, 12,3

42 Dalvik VM. Lua VM. Parrot VM%3 & Tt X

R B SFmNNB NS E

B EY: BERIF (FAIIERARKERF, RELTE
BREH) . RBEKR. 2LXBLOKRH0 &

B BEKS BATHRR) | BT e — AR

REFEAHHEAL (Gt Ex X XWERREINFE
B AT HIH)
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Dt s 7 AR

EABESZEIERFFENE, RZMAF KL
B B EFH A
B BAMETNE BT AR

A EYeEZawt HiEH

iload 4 imove r10, r4 s g mEAE =4
bipush 57 biload r11, 57 1= WAL loY4

iadd iadd r10, r10, ri1 s BN

istore 6  imove r6, r10 s A RA R E6
iload 6 imove r10, ré s INE R ERAE =6

ifreq 7 ifreq r10, 7  WEREER N0, BER]7

KE: (WIFRBMKXAR) BITHEHZERENASEE 52
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Virtual machine showdown: Stack

VErsus registers

VEE '05

ACM Transactions on Architecture and

Code Optimization (TACO): 4(4), 2008
(slides)
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https://dl.acm.org/citation.cfm?id=1328197&dl=ACM&coll=DL&CFID=829888235&CFTOKEN=97230964
http://www.complang.tuwien.ac.at/anton/euroforth/ef08/papers/gregg.pdf

4. iEFHERA FI519]

HAERABR: LidAEHREW (C) .
FIAE$% 24 (Pascal)
#H AR (Lisp. JavaScript)
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AR R R om
: 2 XBRTE _
B 2AH%E. #FOANLE o g 3
3
HE
B C: malloc, free
glibc &yptmalloc, Doug Lea’s dimalloc
=AY KA A LB jemalloc, |
TBBmalloc, TCMalloc (gperftools) I

B Java: new. Garbage Collection =L
Richard Jones's the Garbage Collection Page
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http://code.google.com/p/gperftools/
http://www.cs.kent.ac.uk/people/staff/rej
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http://www.cs.kent.ac.uk/people/staff/rej/gc.html
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T ER
B FERSHEESTERNIAR: £ TFERMSFHLE, &

1T 2 B354} base_sp & iF 9

n dEEFHIERBSIA. FSENEE: A8AHS
R e (L TFHSHER T ORE)

B AT A S HRAR, ETAENERREE

I b2k

A st

B ERRMEIE, By R FES B AT B

B &y 3E 53R %
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) SRR EE N iERFa0)

[€l6.14, P186

sort
readarray
exchange
quicksort

partition
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Q) eemEs ErE)

[¥16.14, P186
B 3AESRERE
sort

readarray

1

2
exchange 2
quicksort 2
3

partition
B TENHRERE: ACWEAHAMAEANIENRERLE
YERZLFHOHRERE
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; AR \E sye oy
r",,,? \o@é 1 In
S nd pen

B ARFRIEERLFOEMBEST ?(11@%\\
L J L
7 R B U7 IR B
p(, 3) p(1,3)
K, Vv K, Vv K,V
i I B 7 7] 8 U7 7] B~
q (1, 3) q(, 3) q(,3)
k_}/% k_Jv K Vv K,V
15 1) - V3 5] & - T 7] % - U7 7] 8
q(1,9) g(1,9) q (1, 9) q(1,9)
d, X a, X a, X d, X
S S S S
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XTI 18] @R AR A X S o)

i8 337 9 & 37 B dE B3R 5] F

BRiLAEp R BREAN, CIHAKREREH
n A E%a, n,<n, defTiFFlad AE L

77 9]

B A I AN B A2 DA A A A, 8
$AEx, 2AFE (D)n<n, (2)n=n &HFL



FRBZLLXE

ESATGARERSIIE

BE AL p (W EREAN, CiARERLHNH
T&a, n<n <%ﬂwﬂa%ﬁ%$m

O Mﬁlﬁéﬁéwﬂm:ﬁé%&a, iE 717 Pl &&n - n, K

B 2 awEAMAEIAENESITR VRV
B35 e 38 R ) IR B4R RE T R AR V7 13 i~
q(l 3
sort 1 VRV
readarray 2 U [ -
exchange 2 —qél’—ng
quicksort 2 |
partition 3 >
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AZpH & Fais FIM, abydikd T @6 = RaA T
(n,—n,, a3k P )
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) 1BIRIHERFESL

BEBEEREANNIE pARRERE NI x

Lon<n®yigdl B x H 2% AALPT

m TR A A R AR [
FHIT R MY 17 =) & p (1, 3)
B sortid Al quicksort. quicksortid Flpartition l);fltﬂv o
sort 1 q(1, 3)
readarray 2 g;f[:ﬂv o
exchange 2 q (1, 9)
quicksort 2 d, X
partition 3 S
sKE: (RIFREBEMFIAR) BITHEHTSENERSER
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2. n2n &I pAe x A AFeg S E AR

mEFFFE 0+ LR, Bk A G Bxd 3?%\

PEZH A RAL AN LA KA FEFITE i \
B AT A EHLRTARXEF TP 7 | U A EE

o] 6% 2 1% 48 @) B ARAN E TR p(3) >
B partitionid Flexchange ;lpﬂv%\

sort 1 q(l 3)
readarray 2 K, v
exchange 2 WM%

- , q( 9
quicksort 2 X
partition 3
Y 65
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program param(input, output); GZI2{ERE%H)
procedure b(function h(n: integer): integer);
begin writeln(h(2)) end {b};

param 1

procedure c; h 5

var m: integer; c[m] 2

function f(n: integer): integer; 2

begin f := m+n end {f}; baram
begin m := 0; b(f) end {c}; |
begin |C

C YEA SRR, EHE b(h=f)
end. f A S E A 5 15 R 4 l‘
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program param(input, output); GZI2{ERS%) i

procedure b(function h(n: integer): integer); ~ b(h=7)
begin writeln(h(2)) end {b};

procedure ¢; b: (integer->integer)->void |
param  var m: Integer;
b function f(n: integer): integer; TR
H ~
c[m]  beginf:=m+nend{f}; |[--7--------
f . <> b
begin m :=0; b(f) end {c}; —
begin ___iFEE_ =
C M D&Y 77 8] 4% 3 VA 32 2 f C
end. wiarEes [ )
KB (RETRRRA) EONEHSENASs|  param | 68
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program param(input, output); GZI2{ERES%) |
procedure b(function h(n: integer): integer);

begin writeln(h(2)) end {b};
procedure c;
var m: integer;

param
b function f(n: integer): integer;
c[m]  begin f:= m+nend {f};

f begin m :=0; b(f) end {c};

begin
J FAE S B 4 B
CH AT IS WL E B B8
end. k-3 Y 3]

KE: (RIFFRBMZAR) ST EHZENERAS
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TEEEHSE param

|
program param(input, output); GZIE{EAREH) I

procedure b(function h(n: integer): integer); b(T:f)
beginwriteln(h(2))end {b}; P
procedure c; e —
param  var m: Integer; f
b function f(n: integer): integer; - —mm s m = -
. Vi B~
C[m]} begin f := m+n end {f}; ?;>b —————
begin m :=0; b(f) end {c}; —
begin - TNTTHE R T
” pBAfe, Maps  [--TEEC
K 0937 P4 R E L J
ond i R
K= (WIEFREMEA) BITHRERESENEARS param 70
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/ \LEPE
o RS
e e

program ret (input, output); GIF2{ERIREE)
var f: function (integer): integer;
function a: function (integer): integer;
var m: integer;
function addm (n: integer): integer,
begin return m+n end,

begin m:=0; return addm end,;

procedure b (g: function (integer): integer); !
begin writeln (g(2)) end; /

begin (X ERXFalfif ) :
f:= a%f)/i

end. HE. (HIZEIBAMEA) BTHERSENERSSE

1
QJ /
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) J=E/MREIE
program ret (input, output); (ﬁm

var f: function (integer): integer;
function a: function (integer): integer;
var m: integer;
function addm (n: integer): integer,
begin return m+n end,
begin m:=0; return addm end,;

procedure b (g: function (integer): integer); /[et
begin writeln (g(2)) end; \b
begin ATaddmet, a#y a
f=abf) BANRLETAE, R ‘
- B meg{E addm

end. HE. (HIZEIBMEA) BTHERSENERSSE
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CIBSPRYERAEN R

NEERRETE X

SRR R B Z 1L B BIE S AR ER

B IEHSAFREE (AHEHBIALHK) : pBRAFTHLEK
BRI IR EFD LT P

BSHEE (BHERLAXLCREIAZIFHINFRERE)
FBSHNARTE: BYRAEFSHER

B CiE T AR (984 fEAREA
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O aias

Ses
e
oy

ce

X .*%?5115 IEAIES
M ﬁ*&% : 4= C++, Java. C#
B %E z!znPython\ JavaScript. Ruby

F (closure)
B kAR N B EO4E N2 & ATy 8] AR

function add(x) {
return function(y) {
return x +v;

}
}

var add3 = add(3); //add3 /&AL 4, B bR KR 7 W) R HT R B
alert(add3(4));
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FE (closure)

B 7T ARAE 12 A A2 & S A B
AR A A K B AL 8 B AR

function do10times(fn)
fori = 0,9 do
fn(i)
end

end

sum = 0

function addsum(i)
sum = sum + |

end

do10times(addsum)

print(sum)
WS, CRIZEEAEAR) ST EESENEARSSHE 76
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» micm\\
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¥T 7 [Flayr &
dynamic ¥ & X &)

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

end. HE. (HIZEIBAMEA) BTHERSENERSSE 78
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S 48 nc““‘\oqo , \1§J i 'b‘

,////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 ¥ 78 A &gshow

var r: real; 3% A #r & dynamic® & 3L#9;

begin r :=0.125; show end; small ¥ i f #9showFri7 8] 491
begin ﬁsmall‘jl’ IP{X%

r :=0.25; PAT R :

show; small; writeln; 0.250 0.125

show; small; writeln 0.250 0.125

end. WS, (SIREERREAR) BTHEES AR5 EE 79
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Ed Ej]?&ﬂf B p ]

B Pascal. Emacs Lisp. Common Lisp (A #S4ER

)  Perl (F#HS4EMR) . ShellizF (bash,
dash, PowerShell)

Htk
LY. i

https://en.wikipedia.org/wiki/Scope_(computer_science)
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,1‘,)/\3;«,;,,;»0 ”cc\\“o\o@ 'b‘ I

A Io]
B AEHBREFETR, FROASZIEHFLFHE —
NEFILFE

% i719]

B AFNLFAEFHSHEOEMZ R FRACH S ATME

B YR ES LA, pWAFLFNMERAEFIK
#EX BN BMHEE T, N RIERA LD EFIT
X, BpEHEREAIKE
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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; BAK X

beginr :=0.125; showend; 4& A4 d9¥s  HAANT
begin(k & & = LHRATHS)

r :=0.25;

show; small; writeln; r ? dynamic

show; small; writeln r [T 5777

end. WD, (SIREERREAR) BTHEES NS EE 82
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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; BAK X

beginr :=0.125; showend; 4& A4 d9¥s  HAANT
begin(k & & = LHRATHS)

r :=0.25;

show: small: writeln; rf 0.25 dynamic

show; small; writeln r [T 5777

end. WD, (SIREERREAR) BTHEES NS EE 83
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dynamiclr]\\
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; #AK X

begin r :=0.125; show end; 4& f{titdx s HAHAGHF
begin(%k & & 7 L#MATEHS) SNow

r=02,;, 0  [TTTTTT7"

show:; small; writeln; ' 0.25 dynamic

show; small; writeln r{ =2

end. WS, (SIREERREAR) BTHEES AR5 EE 84
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,////EXDEHHCEl\\\\\\j
program dynamic(input, output); /
var r: real; show  small[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; showend; {& {83 ¥ GIA0I%T

begin(4k & & 7 L IATEHS) small
r-=02, | [TTALETT
| o r[ 025 0.25
show; small; writeln; dynamic
show: small; writeln r| 2 ]

end. K (HREEMEA) BTNEHESENENSEE 85
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,////EXDEHHCEl\\\\\\j
program dynamic(input, output); /
var r: real; show  small[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& A{titdx s HAHAGH T

begin(4k & & 7 L IATEHS) small
r.=02, | [TTAiET T
| oo r[ 0125 0.25
show; small; writeln; dynamic
show: small; writeln r| 2 ]

end. K (HREEMEA) BTNEHESENENSEE 86
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dynamiclr]\\
program dynamic(input, output); /
var r: real; ShOW{m’] QW small[r]

procedure show; ‘ ‘

begin write(r: 5: 3) end, show show
procedure small;

var r: real; #AK X

begin r :=0.125; show end; 4& f{titdx s HAHAGHF
begin(% & & 7 AT 5)

r :=0.25;

show:; small; writeln; ' 0.25 dynamic

show; small; writeln r{ =2

end. K (HREEMEA) BTNEHESENENSEE 87
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YEAZEARS
7/ {Biff A (call by value)

e

B KA A AR R AR

EiR AR RESEIM TS &

B EHALARELRGBRLEL, HBEGEBET
g AR SR

n O ARSEHEES, FEAEERARARNLEN S

W) A5Gk L
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glﬁﬁﬂﬁi(call by reference)

sS7=

B SR AEELHARTE

S| FAEA AR gESE I /5 3&

B RS AIRNERLERS, BLANEMEL
A4 EHIREF

B AT HEEL, RELRGLARNARR BTN
R GME T

B ABARSALY BARRAT, R 5G] AR

BAAL TN RAET AESL
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}ﬁgﬂﬁi(call by name)

R
B AR5 REXMHR#ITELHER, REBIAT
procedure swap(var X, y: integer);

var temp: integer; 18] 4 18 Flswap(i, a[i])
begin HRipsE 2. temp = i;
temp := X; 1= all];
X =y a[l] := temp
y :=temp
end REM R IFE QAR
ﬁ'jk'sﬁizﬁ
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B & B R T b B AR
B C: malloc. free
glibc &yptmalloc, Doug Lea’s dimalloc

= X8 R N A5 BLE jemalloc,
TBBmalloc, TCMalloc (gperftools)

B Java: new., Garbage Collection
Richard Jones's the Garbage Collection Page

KE: (WIFRBMKXAR) BITHEHZERENASEE 93
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http://www.canonware.com/jemalloc/
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http://code.google.com/p/gperftools/
http://www.cs.kent.ac.uk/people/staff/rej
http://www.cs.kent.ac.uk/people/staff/rej/gc.html
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NFEHER, LIRAFE S ECRF (allocator)

B APHERZE: BFPRRZN,

B FERERIANRE: 5. B

AEEESNMNAEBA TR

B ZRAFRE: IR ZGBR TR ES

B EFARXNE: BIFRARANFTEL, EFEFRIE
TR — 2k

BRI A oA B BT L B I A AL AT I
] & &9 bR K& )
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iITRINRERE

Computer Architecture, Fifth Edition: A Quantitative Approach, John Hennessy
and David Patterson, 2012

L1 L2 L3
Cc C C § Memory
h h h
e e e Disk
Register Level 1 Level 2 Level 3 Memory ,g}zgrcyg
reference Cache Cache Cache reference
roference  roference  reference
Size: 1000 bytes 64 KB 256 KB 2—-4 MB 4-16 GB 4-16TB
Speed: 300ps ins 3—-10ns 10-20 ns 50—100 ns 5-10ms
(a) Memory hierarchy for server
L1 L2
C c W Memory
CPU a a bus
M
c c e =
- . Flash
Register Level 1 Level 2 Memory rnfemory
reference Cache Cache refarence o
reference  reference
Size: 500 bytes 64 KB 256 KB 256-512 MB 4-8GB
Speed: 500 ps 2ns 10-20ns 50-100 ns 25-50us

95
(b) Memory hierarchy for a personal mobile device


http://store.elsevier.com/product.jsp?isbn=9780123838735
http://store.elsevier.com/product.jsp?isbn=9780123838735
https://www.edn.com/design/systems-design/4397051/Memory-Hierarchy-Design-part-1
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AT (TLB, Translation lookaside buffer)
_ PN(1p) PD(12)

Page
Offset
(PD)

4K B Page

1022
1023

Page Tables

Ist-Level Page Table 1023 5
{Page Table Directory)



https://en.wikipedia.org/wiki/Translation_lookaside_buffer
https://en.wikipedia.org/wiki/Translation_lookaside_buffer
https://en.wikipedia.org/wiki/Translation_lookaside_buffer
https://en.wikipedia.org/wiki/Translation_lookaside_buffer
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Intel Core 17/

IE{ERFHTL: 25 GB/s; (ER4SHALEMIMNE. 36 FEtblt; LK TLB

Characteristic Instruction TLB Data DLB Second-level TLB

Size 128 64 512 T L B
Associativity 4-way 4-way 4-way 2*1"23
Replacement Pseudo-LRU Pseudo-LRU Pseudo-LRU

Access latency I cycle | cycle 6 cycles

Miss 7 cycles 7 cycles Hundreds of cycles to access

page table

Characteristic L1 L2 L3
Size 32KBI/32KB D 256 KB 2 MB per core E{Q
Associativity 4-way I/8-way D 8-way 16-way cac h e
Access latency 4 cycles, pipelined 10 cycles 35 cycles é._.,.‘.*,zg
Replacement scheme Pseudo-LRU Pseudo- Pseudo-LRU but with an

LRU ordered selection algorihtm
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AF T F EER

*E ,‘- Eﬁl‘ I'E(I oC al i ty) University of Science and Technology of China

X % HAL 89 K39 B R AT — DI H9RAG, HEH
I B— R 3R

B8] /B4 (temporal locality)
AL B 7 91 8 ) A 3 A AR G B 6] 19 T B T K AAL A 35
23 |6) R &R 4 (spatial locality)

WLARAK 35 1B 3 L6 A A AR AR A8 GG B 1) ) 5T AR AK 37 9]
BUFRER

B CacheE=Z A k. RLE H A AEcached
B X EHERBIGTH R HALF BRI
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void copyij (int src[2048][2048],
int dst[2048][2048])
{

int i,j;
for(i=0;i<2048;i++)
for (j = 0;j < 2048; j++)
} dst[il[j] = src[il[jl;

void copyji (int src[2048][2048],
int dst[2048][2048])
{
int i,j;
for (j = 0;j < 2048; j++)
for (i = 0;i < 2048; i++)
} dst[i][j] = src[il[jl:

LA EINEE. Bixz—F , (BRITRIE—=FS ?

int a[2048][2048] = {1, 1};

int b[2048][2048]; real
int main() user
{ sys

copyij(a, b);
// copyji(a, b);
} "

i

$ time ./copyij

$ time ./copyji

0mO0.046s real 0mO0.404s
0m0.037s user 0mO0.384s
OmO0.008s sys 0m0.020s

(RIFFREANFZRA) BITHFHZENEARSER 99
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o e

int a[2048][2048] = {1, 1}; int a[2048][2048] = {1, 1};
int b[2048][2048]; int main()
int main() {
{ mm) | int b[2048][2048];
copyij(a, b); copyij(a, b);
// copyji(a, b); // copyji(a, b);
} }

Lixmhge—t* , (BIITERTA3ELTE ?

Segmentation fault (core dumped) ®

Why ?
BAERES, YmiEss: HEMUZ=EAE: HX/)BR, 21 A8MVB
2048*2048*4 = 16MB
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struct student { Int num[10000];

Int num; char name[10000][20];
char name[20]; .

}

struct student st[10000];
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