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HAERBK: LIAEAKREY (C) .
FidAZH% £ 45 (Pascal)
A4 A (Lisp. JavaScript)
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o
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“ence

%&&,Ei KAk ﬁ o
B A2ETE. #5RILEE S E
HE H

B C: malloc. free
glibc #ptmalloc, Doug Lea’s dimalloc L
= XA IF R A A4 BLE jemalloc,
TBBmalloc, TCMalloc (gperftools) %

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

B JavaScript¥$si S XA SR WIET
T2 2 ER A & X638 5B
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http://www.malloc.de/en/index.html
http://g.oswego.edu/dl/
http://www.canonware.com/jemalloc/
https://www.threadingbuildingblocks.org/
http://goog-perftools.sourceforge.net/doc/tcmalloc.html
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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TEREREEXH, WMCES

B ESESHERTENIGL: £ TFTRMGFESLE, BT L R4 base sp k
17 9]

B IEAPHIERRSIA. #FSEBEE: TEA#SAC R (ETHS
AR 7 e IE)

B SETUEASREREE, ETUEALERXRET

B TIN5 P4

B iR EE X

4= Ada. JavaScript. Pascal. Python. Fortran 2003+

B FEMRirRe, AR RANSRIEFERGIERRLF
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sort
readarray
exchange
quicksort

partition
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A2 s b~ 3 —— R\ s ‘ * )
Q) T IEHREE XSS TRz EES

[£]6.14
B AR (RS )R ERE
sort

1
readarray 2
exchange 2
quicksort 2
partition 3
B T ENHERE: ACWAHMANIENREREEAZLFORERE
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B ARXRFRIEAFLFNHMEL T
sort 1| iplatERBuSiEZ e (1, 3)
readarray 2 | [B]JHEREEN XHR ] i3
| EEERMEZ [ SH R T -
partition 3 Iﬂjmwm*g p (l 3) p (1 3)
‘k, V K,V K,V
7 7] 7 - ) 1A e T 7 B~
q(,3) q(, 3) q(,3)
K, ]V%ﬁ K, V% K, v K, v
U7 10 B - U5 0] B - D - i -
a9 q (1,9 q (L, 9) g (1,9)
a, X a, X a, X a. X
S S S S
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XT3 18] A A 4 X S 0]

i i 77 B & 17 B E B3R 5] A
BE LA WRERXL AN, CIARER
AN BT Za, n <n, 4eiTi5Fath G E T

ZAR KA D A
BRKERE AN IAZPA AR ERE AN,
Ayt AEx, 9HF & (1)n <n, (2)n>n #HFRL




EidisasEsaiEReEe| A YEATLRARS

fR AL p B RA AN, CIAREEANNNEE 2, n,<n, i
17 |9] aky A4k % T
B RBWMAEH LR, ERTFE -0k
B X atyFHITAEIAENEFSNILE

W7 E) 4% 6936 37 A 18] IR AE T AR K, v
Vi -
sort 1 q (L, 3)
readarray 2 K,V
V-
exchange 2 q (L 9)
quicksort 2 a, X
partition 3 3
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HAZpH & Fais FIH, abydikd T @6 =LA
(n,—n,, afk&HieRTtass)
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BRHEEFE AN WAL piA AHEFREHn b A2 x

1. n <n & FRL X X R B HApF
m AR R EAT R 35 B 4 A @ A R ARG %%%
FILR G 7 F & o (1, 3)
B sortiA Flquicksort. quicksortid A partition K,V
i B~
sort 1
q(l,3)
readarray 2 K,V
exchange 2 V7 [ B
o q(1,9)
quicksort 2 a, X
partition 3
S
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2. ny2n B phe x A a0y 9k B AL

W EIRIF A N - N+ LK B #HS 6 B xAe 3 [
PEECMZLGIRA AR EFH LT e (1, 3)
l,
B PR A M) EF LR EF LR 8917 @‘3,‘@'%\
B4 A 2 0 B AR 76 3 T pa3y>
PR K,V
W partition flexchange
: Flex o T [ -
sor q(1,3)
readarray 2 K,V
exchange 2 i B
quicksort 2 q(1,9)
. a, X
partition 3
K. MRS ENER S g S 13
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S FASE YERZARSS

program param(input, output); GZI2{ERSH)
procedure b(function h(n: integer): integer);

begin writeln(h(2)) end {b}; BAMBETLLE
procedure c; param 1
var m: integer; b 2
function f(n: integer): integer; c[m] 2
begin f := m+n end {f}; : 3
begin m := 0: b(f) end {c}: s f”g;’?a’?n* %
begin g N e s i !
C (s |
b: (Integer—integer) —void B
end. ¢: void —void b(h=1)
f: integer —integer l‘
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S FASE YERZARSS

program param(input, output); GZI2{ERSH)
procedure b(function h(n: integer): integer);

begin writeln(h(2)) end {b}; BANREZ LA
procedure c; param 1
var m: integer; b 2
function f(n: integer): integer,; c[m] 2
begin f := m+n end {f}: B3
A . AR X%
begin m := 0; b(f) end {c}; param
begin (|:
- HeA BB B, EHE TR i
end. WA TG, Ak 0D
= 3E B3 4 Fm? L
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program param(input, output); GZF2{EREH)
procedure b(function h(n: integer): integer);
begin writeln(h(2)) end {b};
procedure c;
var m: integer;

function f(n: integer): integer; param
begin  := m+n end {f}; E[m]
begin m := 0; b(f) end {c}; f
begin
C
end. b &G 75 8] 4 3 VA 5

oy 37 =] 4%

K2 BITREFHTEREASER

b: (integer->integer)->void

param
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program param(input, output); GZF2{EREH)
procedure b(function h(n: integer): integer);
begin writeln(h(2)) end {b};
procedure c;
var m: integer;

function f(n: integer): integer; param
begin  := m+n end {f}; E[m]
begin m := 0; b(f) end {c}; f
begin
C e S BAFEH, ©
end. AYAL S5 MR IE ) °C W17

o] 4 — A2 AE i
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param
program param(input, output); GZF2{EREH) (|:
procedure b(function h(n: integer): integer); b(r!:f)
begin writeln(h(2)) end {b}; |
procedurec;, f__
var m: integer; A —
function f(n: integer): integer; paLam f
b:e_gln f_:_: n-1+n end {f}; _ c[m] 5'5;‘7:3}“: ’Eﬁ: : :;
gin m :=0; b(f) end {c}; f <f\> |
begin m
) bif Af B, AF#Eg R T
kFEERESIY 0 [T o T
end. 7 9] 4 )
e mmEEsa0easEE [ param 19
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program ret (input, output); GZFE{EHIEE{E) ot
var f: function (integer): integer; /
function a: function (integer): integer; 3
var m: integer; ‘
function addm (n: integer): integer,; addm
begin return m+n end;
begin m:=0; return addm end; ] At
EIPREIMIE

procedure b (g: function (integer): integer); A e i)
begin writeln (g(2)) end;

a: integer—integer ? &

begin %5@ alfyifia | addm: integer—integer
f:=a; b(f) b: (Integer—integer) —void
end. a: void —(integer—integer )

K2 BITREFHTEREASER 21
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program ret (input, output); (J‘iﬁﬂﬁ'ﬂi’i

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; ret
procedure b (g: function (integer): integer); \b
begin writeln (g(2)) end; a’
begin PATaddmet, ak s |
F:=a; b(f) HRRCRAE, BUR addm
end. Bmay4E

K2 BITREFHTEREASER 22
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T EEHREE X

SHETAUERY R B ZE G B R BIE 5 R R R

B HIANEE (AEHBXLARK) : PRAFHLCERMGFANEHLEFP

B AR ET (BHERXLELCRIHZIFHINRETEE) PHSHANRTE:
MOy BAFSEKERX

B CiEs AFRK (B4 FAHREA
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(2P ' > ‘
‘®))u { Y &@@é"({i%ké
1958 ]

XRAFSMERABRES
B AHEFAE: 4 C++, Java, C#
B % EidA2: 4= Python, JavaScript. Ruby

FE (closure)

B T ARAE iR B A R 2 | ARG 9] A
function add(x) {

return function(y) {
return X +v;

}
}
varadd3 = add(3);  // add32ABR, BERE(LirkIZL)RE
// FEBHETHYER R (X =3}

alert(add3(4));

K2 BITREFHTEREASER 24
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FE (closure)
B AR T ARAE 12 O A B2 | X aY B A
B AN ARG ARG E A

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

sum =0

function addsum( i)
sum = sum + |

end

do1l0times(addsum)

print(sum)

K2 BITREFHTEREASER 25
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wN7SAER L

ATFEBARHGARNXZRALIEGRLF I ANA
fi% 32 7T,

AR R R, B A R TFEE 5L FE LI
g (EEHTREP)

%N BV ARG F &
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program dynamic(input, output); dynamic[r]
var r: real; // A\\\
procedure show; show small|r] show smal [r]

begin write(r: 5: 3) end; ‘ ‘

procedure small; show show
var r: real;
begin r := 0.125; show end; showiEdynamic ¥ & X,
begin showF i7 9 81 &
1= 0.25: dynamic ¥ & L &9
show; small; writeln: PAT R
show; small; writeln 0.250 0.250
end. 0.250 0.250

K2 BITREFHTEREASER 27
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program dynamic(input, output); dynamic[r]
var r: real; // A\\\
procedure show; show  smallfr] show smal [r]

begin write(r: 5: 3) end; ‘ ‘

procedure small; show show
var r: real, e dynamic ¥ 8 B #show BT i%
begin r := 0.125; show end; =] &9 r £ dynamic ¥ & X &
begin « small ¥ i F 89 show Fi % 9]
r:=0.25 B Zsmall ¥ & L &g
show; small; writeln; PATFEEIH -
show; small; writeln 0.250 0.125
end. 0.250 0.125

K2 BITREFHTEREASER 28
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ERABSMEREIRIES

B Pascal. Emacs Lisp» Common Lisp(3 A& #S4ERR). Perl (A #HS51E
A3%) . ShelliZ= (bash, dash, PowerShell)

https://en.wikipedia.org/wiki/Scope_(computer_science)

K2 BITREFHTEREASER 29
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e"EI s SAERERRY TS A YERZLL S

A 9]
B HENERTEITR, FTROUXZIEAHNLFVHE—/NEFHILE
i%if19]

B AFNLFERSEG G R PHRAECH Y ITE
B LI AEpNHEHEILN, ptIAENRLFnNERAEHIKEFERSERLENG FME
Lo NHRATER B AP EFILEP, BpHWEHLERNFRE
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program dynamic(input, output); dynamic[r]
var r: real; // A\\\
procedure show; show  smallfr] show smal [r]

begin write(r: 5: 3) end; ‘ ‘

procedure small; show show
var r: real; )
begin r :=0.125; show end; &?g%%ﬁ ﬁﬁ—éii&ﬁ
begin(ik & & 7 AT YY)
r :=0.25;
show; small; writeln; r ? _
show; small; writeln .‘iy_”_a_”l'f_ -
end. ' ?

K2 BITREFHTEREASER 31



> VY
E?:%ﬂ‘:‘lnjeki wNZSVEB1E FOBZLALXS

program dynamic(input, output); dynamic[r]
var r: real; // l\\\
procedure show; show  smallfr] show smal [r]

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

var r: real;

begin r :=0.125; show end;
begin(i & & 7~ AT %)

RN T  FAENRT

r .=0.25;

show; small; writeln; r 005

show; small; writeln dynamic__
end. ' ?

K2 BITREFHTEREASER 32



> VY
E?:%ﬂ‘:‘lnjeki wNZSVEB1E FOBZLALXS

program dynamic(input, output); dynamic[r]
var r: real; // l\\\
procedure show; show  smallfr] show smal [r]

begin write(r: 5: 3) end; ‘ ‘

procedure small; show show
var r: real;
begin r :=0.125; show end; #SK B X
begln(ﬁ_ @i'r HATHS) i RANR T B AT
show; small; Wr!teln; " W |
show; small; writeln dynamic |
end. r ?

K2 BITREFHTEREASER 33



> VY
E?:%ﬂ‘:‘lnjeki wNZSVEB1E FOBZLALXS

program dynamic(input, output); dynamic[r]
var r: real; // l\\\
procedure show; show  smallfr] show smal [r]

begin write(r: 5: 3) end; ‘ ‘

procedure small; show show

var r: real;

begin r :=0.125; show end, #AK ol

Jnt .= i AR T AE T

begin( & & 7 LHRATHS)

r:=0.25; _small

show:; small; writeln: I 0.25 0'25.

. dynamic

show: small; writeln e

end. :

K2 BITREFHTEREASER 34
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program dynamic(input, output); dynamic[r]
var r: real; // A\\\
procedure show; show  smallfr] show smal [r]

begin write(r: 5: 3) end; ‘ ‘

procedure small; show show

var r: real; ‘

begin r :=0.125; show end:; SR AR

Jt e R AR T

begin( & & 7 LHRATHS)

r :=0.25; _small |

show:; small; writeln: I 0.125 0'25.

. dynamic

show: small; writeln e

end. :

K2 BITREFHTEREASER 35



AN B @ 7&K
, =1
C \C E?;%lﬁl nj *imm 'U“?ﬁ ij ﬁversity of Sciengnd Technology o:Ch%

program dynamic(input, output); dynamic[r]
var r: real; // A\\\
procedure show; show  smallfr] show smal [r]

begin write(r: 5: 3) end; ‘ ‘

procedure small; show show
var r: real;
begin r :=0.125; show end; #5K R KX
begin(# & & & LHRATHS) 1 AT B HAA T
r .= 0.25;
show; small; writeln;
. r{ 0.25 :
show; small; writeln dynamic
end. r| 2 ]
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Eﬂﬁﬁ(call by value) FEBZLL %G

TR
B LA EEELHIARTAL
{EARRATEESEIN 5%
B RHALSEEIRENEIRLER, AN GMEALEZIEGENHLEFP
B BARAIAETHEELS HARREAAEANRARNILHBLEYGEHETP
1|:||=|'j__1§|.|
B C., C++, Pascal
O $H LB R NSEAL RN, AR AL e AT a5 5]
B Go¥)RAEtiE
O XJTslice. map. channel=¥, SEPR R A% )R EE R 41151 H

K2 BITREFHTEREASER 38
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()) 5| AiEA(call by reference) FEAzLAS

TR
B R B A AR R AL

O SIAERBRNAEESEI S E
B ARASEHEEL, RELAYLAEANRBARAIEHB LG EHEELT
B AR RIAEN BARRAF, AT AR EIE L ZIAENRA AT AEL
O B RH
B PascalP#yvarsdt, C++Ho ezl LA R LK (Ieint &)
B Python¥ &) £5| A
O wAX%R (PR, FHE) « STEMRESE N BRI 5 %
O ArAEXR (WFEE. Fr/FH. udS)  BIUXEXN R BTN R
O R Hcopy & ik il copy() BiR K il deepcopy() bR & RI % A] A2 % G 4T & il

v ~
e, o™
“ice and T
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?ﬁgﬂﬁﬁ(call by name) FOMELK XS

TR
B A% SRR XA AR EXHR RE BRI

procedure swap(var X, y: integer);

4 3

var temp: integer; 1) 4 . 1A Flswap(i, a[i])
begin HILEF: temp:=i;
temp :=X; | :=ali];
X =y a[l] :=temp
y :=temp
e ST SRR
#HE:L»TEIEE%
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?ﬁgﬂﬁﬁ(call by name) FEAZLAL %S

TR

B ARSRE X SHATEHR, REFIHAT

{55 F A SE3

B ERFRABRET, FHLEXAETCRAURS L CER

B EAMARRAIAENERLTHEIBRSL, AR TN L FRFX A
Bs bl

B C/C++: inlinex4# 5, Rust: #[inline] &%

B Java: %iFS R EmMHe ABEAL; Go: iR 6 M ERMKAL

4 3
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6.5 HAtn

M. HESHENK
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FOAZLEL*XS

University of Science and Technology of China

O f: HFEEHTHRENRIE

B C: malloc. free
glibc & ptmalloc, Doug Lea’s dimalloc;
B H KR AEHBE R jemalloc, TBBmalloc, TCMalloc (gperftools)

B C++:new, delete
“Foundations of the C++ Concurrency Memory Model”(PLDI2008)

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

B Go: new, Garbage Collection
The Go Memory Model

B Rust: ownership; new. drop/dealloc
https://doc.rust-lang.org/book/ch04-01-what-is-ownership.html

KE: BITRE#ZERNEASER 43


http://www.malloc.de/en/index.html
http://g.oswego.edu/dl/
http://www.canonware.com/jemalloc/
https://www.threadingbuildingblocks.org/
http://goog-perftools.sourceforge.net/doc/tcmalloc.html
http://code.google.com/p/gperftools/
https://www.hpl.hp.com/techreports/2008/HPL-2008-56.pdf
http://www.cs.kent.ac.uk/people/staff/rej
http://www.cs.kent.ac.uk/people/staff/rej/gc.html
https://go.dev/ref/mem
https://doc.rust-lang.org/book/ch04-01-what-is-ownership.html

WT— FEBLLAX S

rsity of Sci and Technology of Chin

NFEERS WRAFS5BECEE(allocator)
B EPEARZL: BPEREN,

B FEREEANIK: 5. HIL
AEEESNAEETIIMR
B FEAEEME: RIRAERFT BB T AL

B EFEEAY: BIFRARANATER, EEEFRETHER—&

B (KFHE: 284 CICERAE T R 8] 2 AL R AT B 18] o 69 LB R & )
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https://item.jd.com/12553439.html ZE6k%
Computer Architecture, Sixth Edition: A Quantitative Approach, 2019

A

or c\o%

e, pec™™
ence and Te™

CPU

Flash
Register Level 1 Level 2 Memory mernory
reference Cache Cache reference reference
reference reference
Size: 1000 bytes 64 KB 256 KB 1-2 GB 464 GB
Speed: 300 ps 1 ns 5-10nNns 50—100 ns 25—50 us
{A) Memory hierarchy for a personal mobile device
L1 L2 L3
c c C Memory
cPU a a = bus Memory Storage
c c c
1] n g
= = = Flash
memo
Registar Level 1 Level 2 Level 3 Memory referenrge
reference Cache Cache Cache reference
reference  refersnce  reference
Laptop Size: 1000 bytes 64 KB 256 KB 4-8 MB 416 GB 256 GB-1TB
Speed: 300 ps 1 ns 2—10 ns 10—-20 ns 50—100 ns 50-100 us
Desktop Size: 2000 bytes 54 KB 256 KB 8-32 MB 864 GB 256 GE-2TEB
Speed: 300 ps 1 ns 3—10ns 10—-20 ns 50—100 ns 50-100 us
(B) Memory hierarchy for a laptop or a desktop
'g Disk storage
o bus
£ 2 Memory
c
e Flash storage
Register Level 1 Lewvel 2 Lewvel 3 Memory _
referance Cache Cache Cache referance Disk Flash
reference reference  reference memory  memory
reference reference
Size: 4000 bytes 54 KB 256 KB 16-64 MB 32256 GB & 64 _
Speed: 200 ps 1ns 3—10 ns 10—20 ns 50—100 ns 1 = 1-18 TB

5—10 ms 100-200 us 45
{C} Memor}" h|er8rchy for server


https://drive.google.com/file/d/1i4dY8jOw_lcx5PN69WaskMDTQPHlyEW8/view?usp=sharing
https://item.jd.com/12553439.html

AMD Opteron &P REHBIERRES FEBRZLL% S

Etﬂ’,ﬂt 63 48| 47 39 38 30 29 21 20 12 |11 0
???"'?Or Page-map L4 | Page-dir-pir |Page-directory| Page-table Page offset
Page-map L4
base addr (CR3)
Page-map L4 table
Page-directory
pointer table
Page-mp entry Page-directory
: table
Page-dir-ptr entry | Page table
Page-dir entry »GE’
. Page-table entry
WISk | :
BRTERA5121%H, B 9 bits &5|
‘ Physical address 1
m48 bitsﬁﬂi’,ﬂt;l%i}%40 bits%ﬂﬂﬂtﬂ:ﬂg%ﬂt Physical page frame number | Page offset

Iﬁ Main memory
KE: BITRE#ZERNEASER 46



Optero nZETLBAIE(E YoAzLArg

3" (TLB, Translation look aside buffer)

Virtual page  Page

number offset
<36> <12>
OMQ@: EEERIREEE TLB, KBNS MESL
<1> . <1><1> <36> <28>
@ @ V RW US D A Tag Physical address
- XERTLBB405%
<
-
=
(Low-order 12 bits
= of address)
ces L <12>
_ Y BEER Y, ~ 40-bit
®— 40:1 mux <28>  (4) physical
®: CEREIFEIIET40:1 SHEMELEIMERE ~ address

(High-order 28 bits of address)

KE: BITRE#ZERNEASER 47


https://en.wikipedia.org/wiki/Translation_lookaside_buffer

o ’ g J: '
Intel Core i7 FEAZLL LS

IE{ERNFEFRR: 25GB/s; EA4SNERIbE, 36r4pEEbhlr; #Lk TLB

Characteristic Instruction TLB Data DLB Second-level TLB
Size 128 64 512 TLB
Associativity 4-way 4-way 4-way %1‘@
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{é
Associativity 4-way I/8-way D 8-way 16-way CaChe
|Access latency 4 cycles, pipelined 10 cycles 35 cycles ] Q:l:*@

Replacement scheme Pseudo-LRU Pseudo- Pseudo-LRU but with an —H

LRU ordered selection algorihtm
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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::o;j<:2048;}++)
} dst[il[j] = src[il[j]:

void copyji (int src[2048][2048],
int dst[2048]1[2048])
{
inti,j;
for (j = 0;j < 2048; j++)
for (i=0;i < 2048; i++)
} dst[i][j] = src[il[jl;

Lixm 0 eENee. Six—iF, (BRITRIE—RIS?

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

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

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

}

$ time ./copyij

$ time ./copyji

0mO0.046s real 0mO0.404s
0mO0.037s user 0mO0.384s
OmO0.008s sys 0m0.020s
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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—tF, (BRITERTA3ELIE?

Segmentation fault (core dumped) ®

Why ?
HIERG, dniEss: HEREMUWZESE: HXNER, 21A8MB
2048*2048*4 = 16MB

K2 BITREFHTEREASER 51



2§1§|J eSS YEAZLA S

Bl: —ANBHERKEA S HFRETAARA

struct student { Int num[10000];

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

}

struct student st[10000];
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