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A Test Flamework of Dynamic Memory Allocator for Rust

Abstract: The establishment of secure programming languages is important because problems with pro-
gramming languages often lead to software vulnerabilities. Memory safety is the ability to prevent problems
related to memory such as dangling pointers and buffer overruns. The C and C++ languages do not guar-
antee memory safety, and Rust, which can guarantee memory safety, has been attracting attention as an
alternative language. Although there are several operating systems that have implemented isolated environ-
ments focusing on the memory safety of Rust, the implementation of the isolated environment depends on
the memory allocator, which must be prepared by the user. At present, however, the memory allocator has
not been sufficiently verified. In this paper, we propose a framework for checking the behavior of memory
allocators. The framework targets the memory allocation/deallocation operations, and is inspected for two
points: operation range and operation time. We also verified the behavior of existing memory allocators
created with Rust using the framework, and compared their performance.
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2.1 XEUR2H
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WHIREEZHET. X EVICT 2 NI RD & 5 S
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2.2 XEU7O09—4

AV 7RI =X YIE, TurIAMMEHT S — T
BoEERNcE D B THHRETH D, C FE T malloc B
B, new BIER Z U T 5. 2T, AL THRA
TE7RT—RIZOVWTHHAT 3.
2.2.1 Buddy allocator

Buddy allocator (& 1963 FEICBIF X /=71 TV X LT
HhH, XEVHEEE 2L HOTH Y 7B L TEHD T
BI75. 2L O L B A—K—v Y, BRINZAEVD
REZRJECTRAEY R 2FHST 5 Z 212 & DHER/FR
DOFZ NI IMA B e B TES. LrL, EkRkahs
AEVHEEN T v 7 DOKEZ X DEPITHNIVWEE, X
FBVHEBOIZE A CHEENCHERINATLES.
2.2.2 Slab allocator

Slab allocator Xk L 72 buddy allocator /R s % fi#ik
FTERDIHREINTar—XThHY, B—DTuv
PN/ E72 2 ) SR EEEI D 2T 5 2 EDAIREIC L -
TWb. ZD1DITAT T WHIFRVA ADLA T =7 b
ZEBEBNT 200X EYHEREA VTS, FY
ARXRDATS =27 Ve BHTLI2AIT72FLDbD%
FroPalblR R7734 7Y/ boMEE ) EAC
J&GU T Full, Partial, Empty @ 3 fEHDIRREIC X R,
A7 7DERRREZEM T2 2N TES. A7 T7HH|S
7YV PORZIFBBEHICOITIONTED, &b
T 32byte TTHW D> T3 70, EENICHMAELTLE
5 A E VB KIBICHIB ST 2 28 TE 5.
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2.2.3 Linked list allocator

Linked list allocator {&Z2MD X & Y fHB DN E & k= X
ZEMTZ2VAMHWETRS =2 THS. AEY DI
ROERSNIZFRIIV A DS THBRRKEZIDZEXEY
ZERRL, BUNCHOD o BB HEIR T 5. XEVHIK
DR TN BREBAR L 782 U R MIcEs L, BEEL

TWVWARZEXEYPFEL TV EEEIIERIE 3.

2.3 TL—LT—JBRICAVS Rust SO

TITE, 7V—avV—7RBEOBICEBICERLE
Rust SEEDMEREICOWTHIAT 5.
A.now() BA#/elapsed () FA#

now() BE%EL /elapsed () BB, ZHh 24 Instant &\ 5T
FRHWZEBTH 5. Instant 1&H 3 =D DEE D 5208
R ZAE ST 2BTH D, now() BAEIIFE I H X o7z BRRE
WRHG U7z Instant ZERL L, elapsed() BIEUZ Instant 53
fER SN T o0 LRMZRTEBTHE. Lo T,
now() BEI¥L % BAGAERSY, elapsed() BIEZ#4& T E 53 ICHECNHY
§Z TR OREHATREIC 72 5.
B.X51X

R T4 RLFER L EBANDBHDZ L THY, K]
DEBNDRAVREZINST VR ATE ZHBENE
FroTWwd. A4 RIZERD 2 BENTFET 5.
HEXFAMR & [T Ciddhahn 2. HHORAL v R T

HET 2208 TE20, EROLENTERWN
AIZEZAZA R & mut [T] Tididx a8, oL v K
EHFEFTERVY, HROHH LLEENTE D

C.ARZL7OT—42

Rust 3XEV 707 —X2METHELLDDICEE
MZTEES B2 ZENTE, ThEAIRZ LT BT —X&
ERER. ARZ LT O — 235l LT alloc/dealloc D
2ODBBEHET 2REDDH Y, #[global_ allocator] T
ERTHILRED 70y —XOBEEEIHNTE .

V—2RO—F 1 AIREZLTOTF—X
use std::alloc::{GlobalAlloc, Layout, alloc};
struct MyAllocator;
unsafe impl GlobalAlloc for MyAllocator {
unsafe fn alloc(&self, layout: Layout) ->
*mut u8 {
// T ZliZalloc & D5k
}

unsafe fn dealloc(&self, ptr: *mut u8,

~Ww N

[N

_layout: Layout) {
// Z ZiZdealloc #h5r DHELE
}
10 }
11 #[global_allocator]
12 static A: MyAllocator = MyAllocator;
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PREBL, 3S{fTHTHRZ LT QX —R%E2EST 5. RIZ
5~12fTHTHAR LT R —XDOFEXRITD. 6~81TH
&899 C alloc, 9~114THERD T dealloc DENEZEET 5.
®f2IZ 13~14 1T HT global allocator IZBET 5 Z &I &
DHARLTAr —=RIZE>TRAEY 70T — a vy &fT
SIZEMTELELIITRS.

3. HIfFtAEE

ARE Tl Rust ZFHWTEFE XN OS 2B 5 2 BEERF
FEZDNWTIRR B,

3.1 RedLeaf [4]

RedLeaf 3 SO X EMB IR L —F 4 VTV AT A
(0OS) DIRBUCH L TE ZETHET I ERAET 220
12, Rust TR INEZHLVOS THS. K
DR LTIIREORBEY R X4 VHATITS 22T
W) EMNEITSHNS. RedLeaf lZ F X A4 > Z L ICHE
Ranze—7 (X754 x—bbe—7) vidilicitBr —
TERF, TIAR- e —TREARNHE -T2 D
AT —RZDPOED 2ITS. ZOMEICED 754 X— 1
E—7DF— RO TS AR— e —FRZTFHT2 L
PRHE, BENRELEZBICEHNRD SIS A R— e —F
CZED—THRFHBLTWEIHEE L —THDT—XDA
R DI ZITZIR I RS, ZOMERFEET D201
RedLeaf & Box<T>M ¥ 5 Rust I TCHEXN/-FTEME
WK ERHIT 3B EHWTED, ZhickoTo
Dl —FDRAUTC7 RLRESBT 222D
TZ5.

3.2 Theseus [5]

Theseus (& OS ® 2 — FOHTHREDFHH % ¥ OFREEL[HE
WTEIDPEFARZ =D SEFEEINZ0S THS.
Theseus DI ADRHHIX, OS HtIL WS BE—DORKNER
TELNTVWEE WS HTHD. BIUIY 7 VU =7 TE
BINZEY 2—VHEOHNMNTHD, a v A LERHTITH
—DATI I T 7 AN UTHEET . FITRICIEE
TEALEA T2 VT s ANERDTTHRITL, 20t
YarEXAEVICe—F35. 2L Tt ORFNE
EPREEL, REWSCTREL TV S L BRI —
RTBZI&oTHEZINTVS. Theseus IZ1F “EL
FElLICKBEIRGESFRZ T 2”7 WO HRIZH D, Zh
FtL% 1 O3 OBIINICHER L TRLHTHER T 5 X E VU H
BUCHIRRZT 2 2 2 Ic X D FEEL TV 5.

4. RE
4.1 FHERE
AETEREY 70T —ROBREEBEN LS HBHNED
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BRNZ. XY 70— XOMREDFHliAHE L LTRD
2ONBITFLND.

o BT IN-HFDHIR, FROBIENIETE 2L S
o FEAMHIFENEIrOEXZD
1 DOHEXEY 7R —Y a YBRERBIZEITTETWVED
PEIE, 20HEAEY 7 RT — XPUEHEICE 2
DEBERIMT 5. XoT, MEEEIIZ LD 2 DDHERE
TRET AEAEE AN RED D 5.

/7 r - R RAREENTFELTBY, 2he
NAHNOERIZRR 20, MEZEEL LTI 7er—4
TrlTm o EEMZ A XD ARERR Y @D a—
FTBEITE2 e EE L.

4.2 WREFE

XEY 7O —XDOBET L —207— 27 DIERIZBWNT,
AL TEARZ L7y —2eHWS. BRI, 5
AR LT By —&ZD alloc/dealloc BI¥ % LU T OFNETHEST
T3 k51K T 3.
alloc 8% W OHIERB->REN RO T B 7 — X DFE

TR OHER T B OB
dealloc B8# G OMEEN T K ORIE R~

WRD7 vl — X DFETIFE ORER T

Tz, LoOMmE /A /IREORIE L ZhZHRDE XD
b L IZARENT 5.
4.2.1 NEEE ORI

X E Y OHER /B IEH WCEIE L TV 2 575 % W
TB3FEYE LT, ABIZETIZEELIAYIC X £ ) (g% i
9 5. alloc BAEUIT & o THELR L 72 1HIEZ IR, dealloc BA%K
W2 & o THEML 7-BI8% &  afhiF L7356, alloc BE%K,
dealloc I DEIWEIX Z N 2 RD LM Z T I-HIE X,
alloc Bl FEMRDORR L 722 X £V HEBO ORI T
HuX kv
dealloc B#l BAMONR Y 722 X £V HEBOEBIIRTH
kv
AR TER=1, H=2rBE, 274 2AZHVTHRD
7 RLRIZEEZ AN T2 2 e TERATEITS. 2ol
W&, MERIRD L H5ITITZ 5.
alloc BI$ FEAROXR X 722 X TV HEBOMED 1 LT
HuT kv

dealloc BB# BAMOXGR L 722 X €V FHIBROMED 1 TH

i kw

F7z, BOMEX alloc IZEIER, dealloc I XEIERTICHEAT
L, I alloc/dealloc DEMERRICFEITS 5.
4.2.2 ENERIREDIREE

alloc/dealloc DEIEICH D 2R ZEHHIT 272002, &
e CLEEIBALE /FHIHE T2 now() BAEX & elapsed() BE
BrHws., FEAL LT, MEEEBKROEERM%
BIDZLEHEREZRL 2N TERLLSDT now() BY
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BIZBOME X D&RIC, elapsed() BEIZ AT X D AT
179.

4.3 BREHER
ECRRIBEEEZ VT T s — XD 21T S 729,

2 DDMERIRZ RET 5.

MODE size MODE size I3Z3K3 % X £V IO K =
Ko TEEDRE D LD ICHET I ERET 1%
RETHB. 14+21(i=1,2,3,...) DREXTi2EHLR
735 alloc/dealloc DEIE & MRE 21T S

MODE loop MODE loop i alloc/dealloc D E{ED E)
ERIBIC X o THEST 20502 BE T 2HAET
B3, BRE2XEVHEBOKAZ X% 1000byte & L,
alloc/dealloc Bjff % 1000 [E1T 5. alloc/dealloc B
DERETH o EEEEFRL, RTEFICEEL T
ZDODEDERET 5.

4.4 FMETKREIS7O7—%
iz, KR THRET 2707 —X%2F%E5 5.

linked-list-allocator [6] linked list allocator D EjfE %
Rust THEE L7 s —%

buddy _system_allocator [7] buddy allocator O B
% Rust CRELEZTRI—&X, F—X—DRKE
732 LTW5.

buddy_and_slab_allocator [8] 64KiB Kiifid# 4 XT
slab allocator, Z#L{_ET buddy allocator D E{E %
15 7n7—&.

5. EI&

ARETIX, 4 BTHNZHEEE Rust L CTHELZTE
Y —2a— FERAWTHEHLTHL.

5.1 BRERBOBIE
5.1.1 EFEEORKRE

alloc/dealloc DEIEDSIEFICEIEL TW 202 RE T 2
TV —LU— I REELT.

AAZ LT BT —XNEICBY 2 BOMRETIEITOWT
V—ZXa—F2%2HVTHATS. £7 alloc TERXHN
TXEVEHEAOOEREZAIA ZRERTZ &>
THO L, TEREIFDEARMEEZRZ LTV Y D H
(alloc DHFEFIRE (1) THROUDE S ) Z—DFTOMET
3. MBERICETOEIEM R L T35 EIXIERHE
ELTO0%, Z5THRVWESEEFEMEE LT1220hz2h
MAERBRELIRT 2270 — UL EEITIRS . dealloc D
BREEERO (1) THE0E I PICEE L CHRBEOEE
21715

KiZ, main() NERIZEB 1T 2 BOMERRO HHEI1CD
WTY—2a—F 3EHVTHEHRT 5. 1{THTHRERSE
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V—Z2d—F 2 BOHKE (alloc)

1 let checkalloc = unsafe { slice::

from_raw_parts(ptr,layout.size()) };

2 let mut count = O;

3 for i in 0.. layout. size(){
4 if checkalloc[i] != 1{
5 count += 1;

6 }

7}

8 if count != layout. size(){
9 c_alloc = 1;

10 } else {

11 c_alloc = 0;

12}

V—2d—F 3 oBEERDHES (alloc)

if unsafe{c_alloc} == 0{
println! ("alloc is correct")
} else {

println! ("alloc is incorrect")

g W NN

}

V—Xd—F 4 @417 (alloc)

1 let paintred = unsafe {slice::
from_raw_parts_mut (ptr,layout. size())};
2 for i in 0..layout.size() {

paintred[i] = 1;

V—Z3a—F 5 #EEREEDEH (alloc)

let start = Instant::now();
let ptr = L.alloc(layout);
let end = start.elapsed();

t_secs_alloc = end.as_secs();

s W NN

t_nanos_alloc = end.subsec_nanos();

ZELIRT B 7B — VAR OHEZ D L ICEFD IR /R
ZHHIL, HBIIGCT2/TH X213 4 TH TEHEH I
Hs%.

%7, alloc/dealloc DEFFEDEAIFITBIT 2 A EX L
7agr—XRNITOFHEIZONWTY —RAa— K 4 2HWT
i3 5. BMHIMELIZERDEOLEEZITS 0,
MR 72 2 HHDOOERZAIERZ 7 4 2K o THRD H
. ZLTHREREFERIC1 DT OBEI LR LBEEH
THILIEDONIRET SES.

5.1.2 BIFRREOKRE

alloc/dealloc DRIz LS 5 7=, KEZRET 27
V—LT =T %FELT.

HARLT BT = RNFHOHECONTY —2a—
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V—2d—F 6 #ffIHE D) (alloc)
1 let mut tsa = 0;
2 let mut tna = 0;

S
4 tsa = unsafe{t_secs_alloc};
5 tna = unsafe{t_nanos_alloc};
6 println! ("time for alloc = {}.{:08}s", tsa,
tna) ;
V—RXJ—F 7 MODE size
1 let num_of_alloc = 24;
2 println! ("MODE size");
3 for i in 1..num_of_alloc+l {
4 if i >1 {
5 // dealloc DMEAGERD HSIE Y
6 }
7 let base: i32 = 2;
8 let exp: u32 = i;
9 let a = 1 + base.pow(exp);
10 let b = a as usize;
11 println! ("{}...allocate size = {}",i,a);
12 let mut vec = Vec::<u8>::with_capacity(b);
13 tsa = unsafe{t_secs_alloc};
14 tna = unsafe{t_nanos_alloc};
15 // alloc ODMWERRD MY

16 }
17 // HfkDdealloc EIfEDRERERD 155
18 }

F5ZHAWTHHRTS. $THRENROTO T —XD al-
loc/dealloc BIfEDEHRTIZ now() B EZFEUCH T Z 2 i Xk
DA VARV RAZVENT 5. KIT alloc/dealloc BIfEDE R
I elapsed() BEE O3 Z 212 X D now() BT A >~
AR Y AR XN TH S OFLEBREEZHIE L, FHllRE
R ra— rOVEBIZERT 5.

2 main() WHIZ 3BT 2 BIFERE O T EE2 1200
TY—Z2a—F 6 ZHOTHEHT 5. KEDOHIIE al-
loc/dealloc OEIVERER O HI 1121247 5 23, HIHTOBICAEH
THEBDBAEYV 7Ry —>a v e Br 352 n—
PNNVERZZDEEHTIL LS 3% L alloc/dealloc D
MREAERDOH )1 BED dealloc BHWEDREZIRLTLE S.
Z ZTHANT 7\ — VR SR 2 2T B 25802 1R
BRL, HENCREOERZRT 2 2 & TAROMRE N
R BZHERHZET X 5ICL TV 3.

5.2 BREZEBEOHEE
5.2.1 MODE size

MODE size DB IZOWTY — X3 —F 7 ZHWTH#
FE 5. FTULTHTERT 294 XDmAEZ L — 7 H
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Y—23d—F 8 MODE loop(ZEOEE)
let mut 1_alloc = O;
let mut 1_dealloc = O;
let looptime = 1000;
let 1_size = 1000000;
let mut totalalloc_s 0
let mut totalalloc_n = 0;
let mut totaldealloc_s =
let mut totaldealloc_n = O;

W N O Ut W N

Y —2J—FK 9 MODE loop(alloc DREERD)

totalalloc_s += unsafe{t_secs_alloc};

totalalloc_n += unsafe{t_nanos_alloc};
if unsafe{c_alloc} == 1 {
1_alloc += 1;

g W NN

}

Y —2d—F 10 MODE loop(alloc D H1#57)
if unsafe{l_alloc} == 0 {
println! ("alloc is correct");
} else {

println! ("alloc is incorrect");

s W NN

BrtEE 358 ICkoTIREL, T~101THT 2! Dffi%
ERCS 5. HiIfE L 72 fE %2 AT 12 17T B I alloc BIfE 21T
W, 13~14 fTHTZ 0 — NV WD TR E R RS % 30
L7212 15 ITHOALE T alloc OMERREZH 1T 5.
dealloc 13— FOEERF I TRICITDN A 729, TiglL
AE 16 ITHT 1 B b — T T b7 2 & 2R
LTHh 5 5 {THDNMET dealloc DBEFEREH L, &
‘DA ITITHOMETH I 21T5.

5.2.2 MODE loop

EERTOREICOVWTY — 22—} 8 ZHWVTHEHNT
5. ¥73 1~21THT alloc/dealoc D’ EE LRENWEZIT - 72
M 2R 2EBERET 5. KT 3~9ITHTAL—T
ZITO5MEBEERT AV HEBOKRE S ZIEEL, 51T
H~81TH CAFINHZE R T 2 EMERET 5.

2, alloc/dealloc DREFRTITOVWTY — 23— F 9
ZHWTHH T 2. £3 1~21THT alloc/dealloc DHEj
TERE Z A 3 5. RIZ calloc/c_dealloc % W CTEIfE
DIER/BREZHHL, BEME (1) PRI NHER
lalloc/l.dealloc DAY ¥ + 2D 25 Z L ITE D BE DR
Aailixd 5.

K2, alloc/dealloc DHAERITITOWTY —ZXa—F 10
EROCTHHS 5. BRELZIEX—EITObRLTHERVE
BRREREERHEE L BRI 0 e 23 e 2RAL,
Lalloc(l_dealloc) 2% 0 DHEFIEHR, 0 S THIUIRE
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Y—23—FK 11 MODE loop(H##5)
1 println! ("MODE loop(loop for {} times)",

looptime) ;

2 for n in 1..looptime+1l {

3 // dealloc BIfEfR DL

4 }

5 3

6 let mut vec = Vec::<u8>::with_capacity(
1_size);

7 // alloc DAL

8 ¥

9 //FHf%&Ddealloc DO

Y—2ZJd—F 12 MODE loop (i /1#5))
1 let ave_alloc_s = unsafe{totalalloc_s/1000};
2 let ave_alloc_n = unsafe{totalalloc_n/1000};
3 let ave_dealloc_s = unsafe{totaldealloc_s

/1000%};

4 let ave_dealloc_n = unsafe{totaldealloc_n
/1000%};

5 if unsafe{l_alloc} == 0{

6 println! ("alloc is correct");

7 } else {

8 println! ("alloc is incorrect");

9 }

10 if unsafe{l_dealloc} == 0 {

11 println! ("dealloc is correct");

12 } else {

13 println! ("dealloc is incorrect");

14 }

15 println!("average time for alloc = {}.{:08}s",
ave_alloc_s, ave_alloc_n);

16 println!("average time for dealloc = {}.{:08}s
" ave_dealloc_s, ave_dealloc_n);

EXETHNT 2 X520 IEEREL TV,

L CEBH L 7-rE 2 ElE$ % £, MODE loop ®D)L— 7
M OMEEXY —2a—F 11 DX 5% 5.

HAE OV TY —2a—F 12 2HWTHHT 5.
E3, 1~41THT alloc/dealloc DFLENERRE 2 H I3
%. XIZ5~917H/10~14 17 H T alloc/dealloc DA
RetiL, 15~16 fTHCTHIEERHZH 15 5.

5.3 HEFEELI-—F

AWFZECTHIE L 2REEED 2 — FIZE2THRAENSR L 72
70 —XDOMNHHAAENTWS. 2D, BE
NRO7O T —XEEET Iy b7y TR
23— FOAEEXHMZIUIEL, 7ur—XOEELE
PERBICGCTa— FEEDETHEIEL 5.
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16

14

=i
23

12

FojE

10

(o = )af
o ~N - = -]

1000 10000 100000 1000000
Fsft 1 X (byte) ====linked-list-allocator

buddy_system_allocator

1 BIfERER (alloc, FiE{LAT, linked list,buddy)

60

oz 90

30
20

10

1000 10000 100000 1000000
E3fkY A X(byte)

e buddy_and_slab_allocator

B 2 #felifE (alloc, I kT, buddy_and_slab)

160
140 ,/\
120

100

s 80
60

B R

-
k3

(o =)

40
20

1000 10000 100000 1000000
54 4 X (byte)

s linked-list-allocator

3 BRI (alloc, E L%, linked list)

6. WBR-ER

6.1 REFER

SETHEHELEME 7 L— 247 —27%HWVT linked-list-
allocator,buddy_system_allocator,
buddy_and_slub_allocator DREAGRICOWTIHRNS. £
1 Tl alloc/dealloc DEIEAH MODE size £ MODE loop
TIEETHo B2 ELH TS, i, K2R3
TIERY A X Z ¥ D alloc/dealloc DENIEREZ MODE
loop DFHERFEZITTICE L DTV S.

6.2 ER

F3R 1 XD alloc/dealloc DEEHIPHIC DWW THREES
5. linked-list-allocator &
buddy_and slab_allocator & 4 T IE & fli % )1 L 7= 2%,
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TRT—X2% alloc(size) dealloc(size) | alloc(loop) | dealloc(loop)
linked-list-allocator [6] v v v v
buddy_system_allocator [7] X (i=25 BLE) | X (=25 WA |) v v
buddy_-and_slub_allocator [8] v v v v

x 2 BIERE (alloc)

2021/3/15

7ar—Xx%4 size = 1000 | size = 10000 | size = 100000 | size = 1000000
linked-list-allocator (A E{LA(T) 777 ps 6.86us 12.57us 13.92us
linked-list-allocator (f{L.f%) 120.00us 132.00us 161.00us 139.00us
buddy_system_allocator (Fi#{ L) 5.32us 4.73us 9.77us 11.57us
buddy_system_allocator (Fzi#{t.#%) 11.0pus 17.00us 7.00us 8.00us
buddy_and_slub_allocator (i {L A7) 50.16us 51.25us 8.70us 8.60us
buddy_and_slub_allocator (& {L.1%) 6.00us 8.00us 10.00us 7.00us
1 TEREIR D% Lol o 7 7 DICHER D D BB —E bIT AR
- { otz e MRELHERIENS. £ oT, BIfFfEHOMR
@ 0 FIXRTIEFIITHONZ Z 225 alloc/dealloc DEIfEIZE
i 12 /\ TIEEETHIZEZLND,
s KizE 2 M 1~K 4 &Y, alloc DEHEREIZOWT
= z RN Z . HE(LHTIE linked-list-allocator &
0 buddy_system_allocator O E{ERFEIFER XN 2 ¥ 4 X
1000 10000 100000 1000000
B HKE B IE TR E < % B BIAE B,
===buddy_and_slab_allocator buddy_and_slab_allocator i 10000byte A T D BEREfE A
B 4 BHERR (alloc, BOBLH%, buddy,buddy_and_slab) 100000byte A O EIEREE & D i ICR o 7. &l
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6 FEIFR (dealloc, FRi{li%)

buddy_system _allocater @D & i=25 F & D alloc FRKKFIZ
S5—%HALE ZhETur — XAICHRELZY A4 X
B 2%byte THH, BERINZ VA A 1+ 2%byte L H)
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b2 2 W T linked-list-allocator D BfERF R I —#5 L
TEMIZE L D, buddy_system_allocator {Z# 4 XA3K
XV CENMERIE 235 < 72 D, buddy_and_slab_allocator
12 10000byte LU FTIEH 4 X2V X WMEY, 100000byte
ETERY A XDPRKREVFECEERMIEL 2o 7.
X o T, linked-list-allocator (@t ¥ DM E L,
buddy _system_allocator ¥ buddy_and slab_allocator (&8
EE D OEWEL T b I T i b & DS R W,
KIZFE 3 M 5~K 6 &b, dealloc DEWERERTIZ D W
TidR3. BTO7 BT — X THRELHTIY 4 AR E W
FERLRD, BRIV A X2 IE—EDMEE
L3eWSEANR LN, ElREE IR THET S
P A XNV FIFRERTOE S DL, A4 XA
REWVE ZEIREMEDIEI BEL kB9, Ri{kic
Ko TH A KT T 2 WML 72 5 Kb DITEMX
NME»HLETITbA TV S e HEfllans. DEXD,
linked-list-allocator,buddy_system_allocator,
buddy-and_slub_allocator (Z38##t L 72\ alloc/dealloc EifE
WCOWTHETHEeEZLNS. FEfERELD, &
(b DE AR buddy_system_allocator 23, FiE{tDEA
#£C!Z buddy_and_slub_allocator BSMEEZIT o727 1T —
ANTRDINMENRIRVWEEZHND.
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& 3 ERR (dealloc)
Tar—x% size = 1000 | size = 10000 | size = 100000 | size = 1000000
linked-list-allocator (i@ { LAl 8.98us 9.99us 32.36us 38.52us
linked-list-allocator (FiHE L) 19.00us 24.00us 19.00us 22.00us
buddy_system_allocator (F&i# L) 6.59us 7.05us 22.79us 22.59us
buddy_system_allocator (f#E b %) 9.00us 14.00us 12.00us 10.00us
buddy_and_slub_allocator (%H{L.HT) 5.55us 10.16us 46.00us 39.97us
buddy_and_slub_allocator (F#{L1%) 17.00us 23.00us 15.00us 16.00us

7. IR

AWZETIEXEY 7RI —XDXE Y ZEEOHRE LT
HEDHIZITS OB 7L — 67— 27 2B L, BHFED
X' 70— XOFHIi L kB E{To 7. £3, FER/M
AT S AV HEBICBUEEZRAT 2 2 22 X o TR
RS, G SEIfEORRE % HIBIT 2 H8HER B L 7.
¥/, XEY 70T —XOEERFREZFIRR L, MERED kS
R L THNTIHEEDTRELE. 2071 -0V —21%
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TLIY X LATENEL TWERE S Y A4 X2 O#E
RN & D D2 RE DML AIREE 72 o 72, L L, A7
L — 27— 2% alloc % dealloc % 2 [A]D4_ b3 U CER S
ZEMERELTH 5T, EEEIDER L 7z alloc/dealloc
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