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: | . Memory
| 4KPage ii:

i Program : | [IEEREEE i

! POSIX_memalign i i 4K Page ::E

5}= targeto]| guaranteedt HugePage2] AF&0] 7155 % th. MMAP system call
AF&A] MAP_HUGETLB flagE &4J3} A]A MMAPC 2 d}5h= memoryS©|

HugePage(2MB) & AR&-oHe = A5k 0 o] =15 target O & Sh= F G50l
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page 9% A] HugePage Al-8-2 HASIE = SF3ic

4.3 HugePage allocationg 9Jgt A} FH]

o17 oA AT BAE
£ 7EL P19 ket 22 A

A A2 Ao AFEE machine?] memory AE|E &215}o] HugePage2]

mb

25t target © 2 A E Biof|9k HugePage

)

21912 st

rlo

size?} 7]4E allocates} it & =RojA= 19 4.3 2 HugePageE AT
= Q=2 FA35HItE HugePage?] size= 714 t|&£2 0 2 AE5l= 2MB= 3}
O 1024719] HugePageE AFE & 4~ EE memory pools AA5Io] &

2GB size2] HugePage 98 A|-3-5}%t}.

echo 1024 > fprncfsysfvmfnr_hugepages

HugerFages_rFree:
HugePages_Rsvd: 0
HugePages_Surp: 0
Hugepagesize: 2048 kB
Hugetlb: 2097152 kB

L
of|A] Al-&-St= THP(Transparent HugePage) 7|52 118 443} 2 ®hHoz
"never” & /7 5kl t}. o] =I5 target?t Fit-S A |5tal= 4KB pageZt -85
o] targeto] 4] HugePage®] S37} dupt Uepf=2] g1 4= Q1= & 513l

THPE AMgo}s #e2is #2242 HugePage 240] 2715510] 425

A E default page size?] 4KB pageE AFgotAY & AF%o| A madvise -2
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= =1L A
HugePageE ARESIES & 4= QlH}
SYSFS_THP_ENABLED=/sys/kernel/mm/transparent_hugepage/enabled

if [ $# -ne 1 ];

then
echo "Usage: $0 <always|madvise|never="
echo ""

echo "Current status: cat $SYSFS_THP_ENABLED)"
echo ""
exit 1

“$1" > $SYSFS_THP_ENABLED

1% 4.4 THP selection

4.4 HugePage Optimization - workload®] code 24 9

2|23}

rE

HugePageo] #|2{35 ¢t 2 WA FA SR code £ W2 Ao}
2 A& 5] Bttt Parsec workload?] streamcluseterS EfAl O 2 A6} 0
g QIR == K-means clustering algorithm workload= machine learning,
pattern recognition, data visualization and analyze 5 T}FSE Hofo]| A Ao]=
gl ol

Streamcluster®] F2FAl2 17 4.5¢F Zth. WA Data A4 B 27]9t
A= ol point S} centroid7} @ E SHA] multi-dimension space oA A=
t}. Iterative clustering o A= point 7+ A @S AASEY, centroid®} cluster?}
T =, cluster®] HatH A L5 AA4lEl, performance measurement of A=

machine®] %52 745t outputo A= clustering®] Ai}E HojFrh o 7] A

Al

H<4= switch_membership, is_center “12]31 Center_table®] 7|7} 2t 0 of 2{¥H
a
| A

BT 2 & 4 9ek

=2 T

rr
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)
Data

Generation

Initialization
Block : over 2MB
centerblock : over 2MB
centerlDs : over 5MB
Initialization Point : over 7MB
\. -

Iterative
Iterative clustering
switch_membership : 200KB
is_center : 200KB X 200K
Center_table : 800KB

clustering
13 4.5 streamcluster workflow

Performance

measurement
| S—

A\ 4

M)
Output
—_—

Streamcluster workload®] codeE B4 5]E A} o HL-Eo] 22X 2+

H4E 0] Afo] 27} Aol HugePage Z-8A] memory usage’} S8 Ao 2 oA}
ol
%S

2

A= memory allocationo] o] HAYGTH= g2 o8 22 27|19 W
Ll

. o]t overheadE sfAst11A}t ot workload7} 2H2 379 W4EE

52 kel HugePageol compact A7l A4S ALgateiet. mepa ofel
59 WHES T N9 BEE locality S| 04 2 HFHA ofe]

=
memory allocationdf|oFol= overhead & &Y 4 Y-S ZAolzt= A8 519t}

b
o

T8 ot of Zro] 438519t &4 MMAP system call’} MAP_HUGETLB
flag=® 7]Z&o] malloc 2 2 memory allocation E|¢ B5oA 113 4.6 AH I =S

T7g5to] AHEE pages2 HugePagez WHEHSIAL:. SHAIRE HE Hpof sy o]
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emory usage overhead”7}

m
TAEA 25171, oI5 1™ 4.7 AY AT oA SFHE HesS A

MMAP code
Malloc code I

sizet_t switch_membership_size =
points.num * sizeof(bool)

switch_member_ship =
(bool*)malloc(points.num*sizeof(bool);

switch_membership =

(bool*) mmap (NULL,
switch_membership_size,

PROT_READ | PROT_WRITE, MAP_PRIVATE |

MAP_ANONYMOUS | MAP_HUGETLSB, -1, 0);

is_center =
(bool*)calloc(points.num,sizeof(booal));

center_table =
(int*)malloc(points.num*sizeof(int));

719 4.6 streamclustero] HugePage %]-&

MMAP code | MMAP compact code |

switch_membership = (bool*) mmap(NULL, size_t sw1tch _membership_size =
switch_membership_size, PROT_READ | points.num*sizeof(bool);
PROT_WRITE, MAP_PRIVATE | MAP_ANONYMOUS size_t is_center_size = points.num *
| MAP_HUGETLS, -1, offset); T -

sizeof(bool);
. A - B *
is_center = (bool*) mmap(NULL, is_center_size, size_t center_table_size = points.num

PROT_READ | PROT_WRITE, MAP_PRIVATE | sizeof{int);
MAP_ANONYMOUS | MAP_HUGETLB, -1, offset);

ptr = (void *)mmap(NULL, 2*¥1024*1024,
PROT_READ | PROT_WRITE, MAP_PRIVATE |
MAP_ANONYMOUS | MAP_HUGETLB, -1,
offset);

center_table = (int*) mmap(NULL,
center_table_size, PROT_READ | PROT_WRITE,
MAP_PRIVATE | MAP_ANONYMOUS |
MAP_HUGETLSB, -1, offset);

switch_membership = (bool*)ptr;
RARRRRIARRR Gy & ) el 1 ptr=ptr+switch membership_size;
is_center=(bool*)ptr;

ptr=ptr+is_center size;
wkkoekooe center tanle | olalie center_table=(int*)ptr;

KXXXEXANAAL 1§

S H4E compaction
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4.5 HugePage Optimization - memory access pattern
24 9 573}

Zy W0l A7)7F 22 47 shte] HugePageoll compact 47| R o]

P

AstAct. 2o vz e 52 F279] 27171 HugePageHth 2 7%

S memory allocationo] tf 5f

55

9O pageS AFE5}] memory access”7} A ]
1 &= 500 & 4 ok ek 4 g 9ol A o 211 memory access7} A 7]=
74 F718 02 paget evict H=Z2 T Qo] target?t Tt HugePages

o
-3
AFESEE 2 selectivedHA] HugePageS 2-8-5F

rg
O{(I-N
o
ol
i)
il
ne
A
30
ftlo
P

(0]
b
N,

i5}sict. o] 2iek S oA HugePages 21215} oho] 458 S 4] 517} Parsee
9] water_nsquared workload & AF-85}9itt.
Water_nsquared+ ”Lennard Jones Potential” 2] 9] workload 2, 0]+ par-

allel computing 452 =4 5}= workloado|H EHME2] 2| % AX| S

o,

11
7t 2rhg5e] ol5g ek 84 sk AlBO|A workloadolth. Initializa-

& 59 mtgtu]gE 27|38} otal, force calcula-
tionof| A= o] Fsh= & EAS] Aol w2t f o] MslE Attt ofuf Al ¥

memory allocation©] ¥rAY5IH PFORCES|A] 288K memoryS ATF ¥ X5

FHES= AUl°lE ste HA ez AR dHolE | ghs2 VA

22 =] oz et T A 9] performance measurement o] 4= workload

rO
=OL
—
=
o

ning time, memory usage 5= ARgAto| 7| Ho|Fot.

3|t workload 4~9§-2- DAMON framework® =7]5}0] memory access pat-
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Initialization
Force Calculation

A 4 VAR : 21MB
Iteration x 8 GL:2.5MB
f Z\ PFORCE : 288KB |x10M
Force
Calculation
\,
M
Force
| Accumulation | — Force accumulation
Position UPDATE FORCE
Update 1

o

VAR :21MB

\ 4
Performance
Measurement

1% 4.8 water_nsquared workflow

o
=

=)

filo
Bl
o
=
i,
i)
[
o
i
Ne)
i)

Lol ygrom oF 21MBO] address g o] F

71H o2 HIsta 122 <& 4 At Memory access patterng =271 7] =3}

Sﬂ
)
i)
Rl
A
1%
o
%
re
it

T 0.1x S92 270 AE 111 4.10 o] Y& et

3 ¥l 7S o] Duf oF 40WH (0 4%) F7)HOR 7|5 o]

d

al
doe=gs #IstAn. ol H 232 workload 9] £7 ®49] AJZ; address®}

L address®] HE oA =2 HIEE memory access’} WAYSIL Qth= AMAES
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25

3.5x107
3x107 20
2.5x107
§ 15
2 2x107
%
o
5 1.5x107 10
<T
1x107
5
5x106
0 0
0 1x1011 2x1011 3x101! 4x1011 s5x101!
Time (ns)

19 4.9 water_nsquared YT 2E°] {27 HZ ojel

rg
i)

O] @ B2 1o} Zro] memory access address 217} H3lol= A& &

QI3iTt. Page sizeZ} 4KB ¢-2 wj= Sljd Hof ths] DAMONE] region 27|

LTI

=)

Zrot access3 47 WQITHH HugePage Z-8A] 3t region Wof ¥H4=2] A2k

o
o

address7} ZETE 11, access3l4 ESE AA|E0] page 3F 37t E953

o g 4 99l

—

ok
2
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4KB Page Selective HugePage
start address — end address|region size |# of access start address — end address|region size |# of access
7fdebf14f000-7fdebf75€000 6M 20 7fb948613000-7fb94a815000 |  34M 0
7fdebf75e000-7fdebfaa0000 3.2M 20
¥ 4.5M 2
7fdebfaad000-7fdebfaae000 56K 7 2h3:381500027/6344c64000 >
Zfdebfaae000-7fdec007c000 5.8M 0 7fb94ac6a000-7fb94b2eb000 6.5M 2
7fdec007c000-7fdec0523000 4.6M 0
7fdec0523000-7fdec0547000 144K 16 7fb9494fd000-7fb949e9e000 9.6M 0
7fdec0547000-7fdec064f000 1™ 20 7fb949e9e000-7fb94a7ec000 9.3M 2
Jfdebf121000-7fdebf756000 oM 20 7fb94a7ec000-7fb94ac99000 4.6M 0
7fdebf75e000-7fdebfa64000 3M 20 7fb94ac99000-7fb94aed5000 2.2M 2
7fdebfa64000-7fdebfac4000 384K 10
7fdebfac4000-7fdec00b8000 6M 0 7b948a7e000-7fb94a5d4000 27.3M 1
7fdecO0b8000-7fdec04f1000 4.2M 0 7fb94a5d4000-7fb94b0cc000 11M 2
7fdec04f1000-7fdec054f000 376K 15
7fdec054f000-7fdec064f000 1M 20 7fb94866b000-7fb94a91d000 34.7M 0
rneems 7f694a91d000-7fb94aced000 3.8M 2
Z7debT147000-7debf52000 o™ % 7fb94aced000-7fb94b2a6000 5.7M 2
7fdebf75e000-7fdebfaae000 3.3M 20
7fdebfaae000-7fdebfb15000 412K 3 nemme
7fdebfb15000-7fdec00db000 5.7M 0
7fdec00db000-7fdec053c000 23M 0 7fb94866b000-7fb942a91d000 34.7M 0
7fdec053¢000-7fdec0557000 108K 16 7fb94a91d000-7b94aad1000 17m
7fdec0557000-7fdec064f000 992K 20 7fb94aad1000-7fb94ba25000 15.3M 1
printf("VAR START ADDRESS : %p\n", VAR);JVAR START ADDRESS : bf14f000] | printf("VAR START ADDRESS : %p\n", VAR);J VAR START ADDRSS : Ox7
printf("VAR END ADDRESS : %p\n', VAR); VAR END ADDRESS : x7fdec@64f000 | |printf("VAR END ADDRESS : %p\n", VAR); | VAR END ADDRESS : 0x7b4

719 4.10 (F}) 4KB page 4w water_nsquared memory access 21
(%) HugePage Y water_nsquared memory access 271
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A5 A

51 AA8H

A2 workloads o=t 0] memory 502 <QISH overhaed 7} HF
AJSHA] = E memory sufficient$t 237 memory”Z} HZSE insufficient 3t 8F
AS FENPA AE5H Tt Memory sufficient§t 3+ of A= HugePage?} 75
Holx=d| HttE limitationo] YA sF7] ¢1$©]3l memory insufficient$t 274

HugePageE AF2-617] o E2]3t 844 -& 2 A 5to] L@ T scheme So] 347 of ofaf

oj"et G HE Hol=X] &Qlst7| ¢foto|th. AE-gF machine2 Intel(R)Core(TM)i7-

4790CPUE A}85}91 91 clock speed= 3.6GHzo|th. A A= Ubuntu ver-
sion 18.045 AFE5I 2™ DAMON framework’} SFA A 0 g2 =o}7}= Linux
5.16.0 version= AF&5F9 T memory+= 32GBo| ™ 87 0] 2] machineo]| A 4~3Y5}
ot

workload+= multicore, memory access pattern, ZE53SHe test case, workload
simulation =2] workload2 Z}F AF&-E]= Parsec workloadE AFRSHSITH 1
Z0)| A sizeZ} ZHe H4ER LA E] Q] © ™ K-means clustering algorithm-2 4~
S}= streamcluster workload®} data sizeZ} 3 11 parallelization, load balancing,
G4 simulation©] 4~ == water_nsquared workloadE 4% 5} tt.

A ATE TLB miss@} Page fault 712]37 Memory UsageE =7451$a1 0]

2 2I3 Running time performanceo]] o] ¢t M3}7} ¥HAISH=2] &el5}¢it}.
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5.2 Streamcluster - Page compaction
5.2.1 Streamcluster - TLB miss, Page fault & running time

Streamcluster@] 7-9- 4KB page sizeS AF&SE Baseline®} 511}2] HugePage
Qboll 2717} 22 WaEa o2/l ZHAIZ] compaction HAlS H|wSHAT
Memory sufficient $F A8}o]| A 1core2} 8coreZ AA-2 $F A3}, TLB miss@} page
faulto] Slop= 19 5.13 Zo] ygith

Compactiong 433+ A1} HugePageE IA 24-86F= THP always®} TLB

=]

miss 34 H|S5H Ugko 4KB page sizeS AF85H= THP never Hih=

o15}itt. B madviser= THP never?} W] A7) L

ok

80%7t A2 A=
=t °] 2 © 2 madvise= HugePage U} 4KB pageE B Bol| g trh= 2=
& 4 ¢J3tt Running time 5% AL EojE5%0™ olgjgt Az BREZ 9|

QU 7L skt

Jot

compaction© 2 Q5] 5=

5.2.2 Streamcluster - Memory usage

Memory Usage+ compactiong 43St w2 7F4A5}e] THP always Hrt} oF

3% ZFASH A2 2FIst9 Tt 3% 2] memory usage ZFA~2} running time perfor-

mace 2] o] 2f

rok

OFAFL. streamcluster2h= micro benchmarkE 48§50 -2

rr

Z1 © 2 macro benchmarke]] -85} TLB miss®} 7-& overhead?] ZFAE 2 7

ok

o™ o W2 memory usage®] 7HAE Q1 & 4= Qg7 02 AYZrEch
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Sufficient memory with 1Core

TLB miss / page fault

Sufficient memory with 8Core

TLB miss / page fault

1000K 907 905 1400K 13151328
800 1200
1000
600 800
400 600
172 178 400 182 186 177 183 202 202
200 g8 g0 111 112 200
. [ | [ | o - 0 || [ 1 I
TLB miss Page fault TLB miss Page fault
running time running time
189 190 190
1000 831 839 866 856 200 187
800 150
600
100
400
200 50
0 0
time time
mcompact mTHP always (2M) = THP madvise  m THP never (4K)
719 5.1 streamcluster TLB miss, page fault & running time
Memory usage with sufficient memory situation I
250M
211
200 195
149 153 151
150
100
50
0
compact hugepage THP always (2M) THP madvise THP never (4K)

W 1core sufficient M 8core sufficient

26
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5.3 Water_nsquared - Pattern analyze
5.3.1 water _nsquared - TLB miss, page fault & running time

Water_nsquared @] 79 lcore® A -2 W] memory sufficient$t 32} in-
sufficient¢t 395 TLB miss, page fault 18] running time& 13 5.3°]
MY 1 uptrbx] o] AH-E 8core2 £~P5HFS W 5.47o] LEFY T

Memory sufficient S+ 270 A lcore® AHSH - streamcluster?} 70|
THP always@} H]=%F 9FS] TLB missZ7} Y52 ™ running timex LASH]
e £ Bt I12]Y memory insufficientSt $HF o A= THP always=
THP never®} H]==5}7] TLB miss?} page fault7} 2R sE 212 210151%1 © ™ run-
ning timeXx Zo]Zl ¥tH pattern analyzeE 535} HugePageE Z-23t selective
HugePage2] 739 TLB miss?] z}o]7} sufficient$t 273 7} 3 7] &apx] #] &3k o ™
running timex T2 case HT} WE7]-S SH215H o}

8core® HAEE 3 A4 &2 AME H oW o]=Ql5| coreofl T3l
o] selective HugePage scheme E3St compaction schemeX} 1FZF7FZ]| 2 memory

sufficient®} insufficient 87 250N F2 45 Weds &l & 4 ok

5.3.2 Water_nsquared - Memory usage

Memory usage= _13 5.59} Zro] 12k o v memory insufficient3t 274 of| A]
+ swap memory U4 O 2 T-2GFO] memory7} AHE-E| ATt oFX| Tt of 5] THP
always HTh= lcore 4o 10% A, 8core AW 5% AL A A ALEsSI=AS
51o15}o] selective HugePage©] 7] HugePage AFEH LT £2 ASS Y=AS

Q% 5 AU

-

ok
gt
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Sufficient memory with 1Core(32GB)
TLB miss / page fault
1400k 1259 1247 1400K
1200 1200
1000 1000
800 800
600 600
400 234 219 400
200 72 73 78 78 200
0 . - _— —_— 0
TLB miss Page fault
Running Time
1500 1500
1164 1163 1177 1184
1000 1000
500 500
0 0
time
u selective hugepage  m THP always (2M)

THP madvise

Insufficient memory with 1Core(8GB)

TLB miss / page fault
1261 1255 1259

236 I I
|

TLB miss

1182

1045 1043 1044 1044

Page fault

Running Time

1211 1201 1195

time

B THP never (4K)

719 5.3 water_nsquared TLB miss, Page fault & running time in lcore

| Sufficient memory with 8Core(32GB) I
TLB miss / page fault
1400k 12461234 1400k
1200 1200
1000 1000
800 800
600 600
o 195 175 400
200 81 81 86 86 200
0 Hm — - - o
TLB miss Page fault
Running Time
350 301 400
300
250 236 246 239 300
200 200
150
100 100
50
o 0
time
m selective hugepage  m THP always (2M)

| Insufficient memory with 8Core(8GB) |

TLB miss / page fault

1242 1264 1247
1044 1044 1042 1045
- I I I
TLB miss Page fault
Running Time
m i m )
time
THP madvise ~ m THP never (4K)

13 5.4 water_nsquared TLB miss, Page fault & running time in 8core
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Sufficient memory situation

140M
128
123 124 123
120
100
80
60
48 49
42 38
40
20
0
selective hugepage THP always (2M) THP madvise THP never (4K)

m memory usage 1core W memory usage 8core

Insufficient memory situation I

5000M
1160 4602
4500 4417 4404 4451 4442
4022 4066
4000
3500
3000
2500
2000
1500
1000
500
[
selective THP always (2M)  THP madvise THP never (4K)
hugepage
m memory usage 1core  m memory usage 8core

719 5.5 water_nsquared Memory Usage
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A6 4d

H = Bof A& memory2} CPU2] A50] $FAFE] 17 machine learning, artificial

intelligence 5 7]&2] WA 0 &2 TeraByte ©]Ar2] memoryE A Qo= AFH

Ml

T
T

ol

AEN d-EF workloadE= sl Woiet oFef dlolE7l HEshs @ AltiolA

o2 #ashr] Yot Wl = skt T 7FA] HugePage scheme

Fth. B =BOlAL HugePage® 48] 2] A23lotol AH§E %< memory

usageS 0|11 TLB miss®} page fault& ZFAA]Z 4= 91 ©™ running time %35+
2~
T

a5 U8e BTt
Aerst T 7}A] HugePage scheme & A WA= workload I =& HE A5}

HugePageE A8 W A4 4= = A1 Q] Internal fragmentations SO 2
o]-gslo] Ao HFSolH gttt HugePage? 7|E I 7]= 2MB=Z 7|& 4KB
pageol| H5l| 5128 & F S AAx|st=t] AT oA v TS T A
2MB Hr} 22 77t Wt o]f 7§ HugePageE 2]-85FH memory usage]
Gul7h A A system?] A5A 57T L2 E=d B =8 of A workloadof| A A
Alots A &2 FRAE § =2 YL 2 SE 5 HA HugePaged] size o} 22
749 Sh}+2] HugePageol FAA]7]+= compaction B2 L35It} o] 2215

22 27]9] W4So] ¥l HugePageS T ok 4713 memory gul& 2o



S =5E HLES 51te] HugePageof o spatial locality &3}

oli

T HA= DAMON(Data Access MONitoring) TH Y IE &8

ted

o

ol

T
)

fo

Aoz TEFELE Z size?] memory allocatione Ed| 75t F7]

iy

kD
e

=5 Page] 3¢ SEHE e oJsf page evictZ} A2 & Q1AL o]

page?] sizeZ} & 74-¢ TLB miss®} page faultZ7} 7] WA 4= Qlo] o] & &t

il
=
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A} HugePages A-85F% . =, DAMON framework® memory address access
patterne 245}1 HugePageS T Q2 St= o8 B4 did memory &
E9°] page talbed]] HELE S}

ol 1S 5l AH8-3F workloadt= multicorel} memory access pattern,
H 31 test case, real workload simulation 59] workload2 £ H-S W=
Parsec workloadE AFES} oW 11 & glo]g Ato| 27 AHA] Zhe Hg o]
20z 131 K-means algorithm clusteringS 34 5}+= streamcluster®} multi-
core 730 A parallel #HFEHT} memory FIA] ALl el Hol:= wa-
ter_nsquared workloadE target© & 5}iTt.

A4l HugePageE AMESH7] 5-2]$F memory sufficient$t S 7 2 size2]
of At

o)
A&

pages AHE5H7] E2]$F memory insufficientSt 7o) 4 A5 H

et

o} o
M_—-
& scheme 5-& memory insufficient$t 7oA = &2 50| Lo

rr

gHolslHtt. Streamcluster®] 749 memory sufficientdt 2Hgo|A4] TLB misst+=
HugePages A AF-&51= THP alwaysHt} 5% J = & 2RI} © ™ 4KB page
T AHg3H= THP neverleh oF 80% 48212 S15kAtt. water nsquared 9]
7% memory sufficient§t 23 o A= TLB miss= THP always2th 3% &= H

HFASEY Ot THP never H @ 85% ZHASH9ITE SFA]9F memory insufficient St
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7ol M= THP always7} 90% Ak 4d-so] ofehd Zof vl 2 AHA7F Aot
2t schemeE-2 overhead®] H-Fo] 27| glo] memory7} F2StAL £33 &7
5o A 7]E HugePage®| E-8= 5715h= 452 2

TLB miss®} page fault= A2 713 A3to] glo] AT 28-S sh=1| work-
loado]] w2} TLB miss?} page fault2] ZrA = 2po] 7} tr2 A Lrebdtt. o]= work-
load9] EAJo|| et o274 YEl= 202, TLB miss’} page fault Ht} o]
LA Sh= 7%= o128 pageol Hot=H TLBO«= target & &2 Sh= 547} gla
749 749 TLB miss”} page fault Ht} t] Zro] 2FA6HH page fault”} TLB miss

Ho} o Wo| BHAsHE= 7 -9-= memory access pattern©] $14:2] Q1 79 TLB miss

7} ¥rAIEE 7Hs A o] ol A page fault7} o wo] HEASHS A8 &0ldh 4= gl
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Abstract

In recent years, the rapid growth of technologies such as big data, artificial
intelligence, machine learning, and cloud computing has led to an exponential
increase in the volume of data. The exchange of these large datasets has resulted
in a significant increase in the size of memory required in machines. As memory
size grows, the number of pages constituting the memory also increases. Conse-
quently, this has led to an increase in overhead when translating virtual memory
addresses to physical memory addresses, with more frequent TLB misses and
page faults in the Translation Lookaside Buffer and page table, respectively. [1]

To mitigate the overhead caused by these issues and efficiently manage large-
scale data, HugePages are utilized. By using HugePages, the page size increases
to 2MB, which is 512 times larger than the default page size of 4KB. The ad-
vantage of this larger page size is that it allows access to a significantly larger
amount of data with a single page access, naturally reducing TLB misses and
page faults, and thereby minimizing the number of memory accesses required.
Consequently, this leads to a decrease in the overall task execution time, en-
hancing system performance. However, it should be noted that indiscriminate
use of HugePages can lead to memory waste and memory performance reduction

due to issues like Memory Fragmentation.

In this paper, two schemes are proposed to enhance the efficiency of HugePages
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while preventing excessive memory usage that could result from its application
throughout the entire system.

The first scheme involves using a memory address tracking tool called the
DAMON (Data Access Monitoring) Framework to analyze the memory access
patterns of workloads. By identifying areas with a high volume of memory
access, application of selective HugePages is employed to improve memory usage
efficiency.

The second scheme entails analyzing workloads to identify instances where
a small amount of data is accessed repetitively and with high frequency. In such
cases, data compaction into a single HugePage is performed to capitalize on the

locality effect, thereby further improving performance.

Keywords: Hugepage, THP, Memory, Page, Pagefault, TLB, TLB miss, Mem-
ory fragmentation
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