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PDM-Shuffle: E F# 1 9 B RX N EFREBRERFIZITY

ﬁiﬁﬁ%®* ok %&%—%ﬁ* )in%* é‘#/&ii*x* ,_%]g/}i_;g_@*
("AEELEFAEEALRE(FERFRITEEAFRIN)
("HERFRAF - 100049)

(™ ExprEARRFTEAE L 200131)

4L 7 100190)

i B FAFEEQEEM, T KB RGN EmF L2 R4E, NTiRE o4 A%
WHESAGTY BRI, AT, BRBEEELRE T HFHET RN RE I T F W%
TR T AR FRERA, VNI NFE LSS RN E IR AT 2T I
Hok B, AU — M T3 2 % XA 7 B B04F B 7k (passive disaggregated memory-
shuffle, PDM-Shuffle) % 4t , # A #1 & — B M & & B 3% ¥h BT 5 e 4 3 (compute express
link,CXL) B 3% 3£ % 4 F7 1% & 77 i o 20 40 30 76 o7 Bl 309, 8 6 7 B0 o o8 4 77 i Rtk s
# #3L/ F BR H3L ( transmission control protocol/Internet protocol, TCP/IP) ty /% #r 1t 42, &
THRRERIFUABEES N, AXRXRAT NEM SR THFEES T E2EAFH
WHETERRIERSRHEEOFAREGALZAFN —BEFEEE, LRERRA A
WA BAE RN, G50 & F XM, PDM-Shuffle % 40 ¥ 4 H 7 o [ 1H 5 1
4% 46 2K LA 72 ¥ Terasort A1 PageRank By 5/ A 52 i B 18] 9 5 8 2> 49% #0 65% , 48 % T
FHELBRMT CANRAT F Zeus, 2 H| T T 36% 70 18%

Rkl HERBE; FELE; 2BRANFRS; WHkEEE, NWFE-3E; RS

MapReduce FE4E" J2 437 247 40 LR 1)
TSR, B WAL BEOR A R A ik 1 — i g 3k i
SRCHRRY , ZAE SR A% O AR A2 2 i B s Ak
LSS o3 2 A T2 B WU (Map) B BeAA
ZJ(Reduce ) BB, 7£ Map BB, B 95 U1 43 pli bk,
PR —ME 55 AL BOF AR BB XS, 7E Reduce
BB, (] — 28 1) 0 S 1 X A [ (904 55 WO 4R O it A 7
MR, LA A e 4520, TR E (shuffle ) TR IX 2
AW B 18] AR 4 B AR £ 57 Kiodhe A FER 23 T
AL TAE, K5 (Facebook ) M —IREF9E TAE B
7N, B 50% Y MapReduce VAL 5 T 20— kIR
VEARAE, BEAh IR VER REAE AR b PAT 8] o 40 T

RFER LB, Gt 4 R B, Bl e b B AR Lis
FTISTEIEY 30% ~40% . X LERHE R T IR IR Ut
TR X TR TR K A BEASCR ) B2
SRV e 2 e T 2 ARG n IR vEHL AT A7
FE—SE B i Sy BRYE - (1) TR VR A oL A7 , BR il
TIRVE AR AT L ; (2) TRVE R S i A7 0, %L
P IR A RE OGAT: 55 At B HB T35 (3) TR Uk
AR AR Y R D SCORRORE R 95 i SR IR LG ok
TR BRI M G S AR R TR RTERE
7553 B SR A A Sy 30 2% 1 B o BT A
EawiBuR o iy e Rae VU AT IS s N e Y
WAL AL S T3 i 1 B PR A A IS8R K R G

O  FEF ARBERS (62002340, 62090020) , H1FEBHE B IS4 (V201923 ) Fil o [FRE7 B % w6 4 56 58 57 4 15 ( XDB44030100) ¥

ByIiH

@ 42,1999 AEAE b A PSS )RR G, A RSB E-mail: liyun _0819@ 163. com,,

@ #fEEH , E-mail: yan@ ict. ac. cn,
(Wki H 191.2024-03-01)
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TR 2555 . PDM-Shuffle : 3£ T 45 8435 s N A B TR vk R ik 1T

YRR, R ST, F 2R A BT IR R
TRVER T S AP i, JF 4 i 7 — 2 iy 52
BT POk R el SR Ve B A R BR P, X s
T5 SR A% O AR TR VR A0 S sl 3% 3t v 47 it
TSI KB R A SR, S AR
Ve BAH L X RO AE Map B BES AT AN K
LRIV R 1 AR R 5 B AE R ST, PR B Y
TR A B B I T AT 55 R WO ALY 2
etk

o BN AE VR Ry A7 5 53 5 AR 1) S S 4
Ty, dE— 2B 2h T B b B R BTN T
BB AL 0 S s AN N A7 B2 U T
ST AR A B R R — ST A2 AR N
FEI 43 T A ImDSCBE o 22 355 , el 2D T 9 VR 0 TR R
R,

TEST B N AEBE R v e 80 B A% vk T4
THRgERe R EE, Hp 3R R EUEE HE (com-
pute express link , CXL) PS> 1 S — o 20 i) i
G — B B E VM, SR 2 AT
BRI LY )[R — N AR A, T X R R T
2, WAFBCA T LAHIRAF AR e v ) EicHis | I 7E TR
ek RE ROk T LU E (1) A B i sS eAs
P B 28 2o A% G0 1) I 45 S B 4% 4 A/ (input/
output, I/0) , Il /D> TAEH TGS 5 (2) AT ST UL E
FAE NAF A L HE AT B 1 i 5 B S T AF
PRSI ; (3) 215 s[RI X 8 A7 15
R ATERAE X FPIA TS R IR DR B B A B 7 =X

SR WSS 2R v 4 2 XN A7 B A AR AL A7 fi
TIRE , WA AN A I TAER 51y s 8 B, R
WHEFR AN 73 B ANFRGE . R T oA
Z FHLURII S L AR R A IR v e, — 3tk
EHCN T PR

SRy L X A SR 43 B A T TR R A R A A DGR
IE 3053 R DR B2 B U AR 3 A SCa il T
FT 4% 80 43 85 X 9 AF 09 B0 R Bk ( passive disag-
gregated memory-shuffle, PDM-Shuffle ) &4t , % & 4t
It S % ) B R R A RS AR T A
TRV B, T R MR DA Ak VR Y A ] o b v 9 1
A HERE, AR SCH EZ ST LR 4 A5

(1) ARG XAL . A5 SCiedt T —Fh a8 W
FESYBLSR MG 1T 5 | A = R AF A XS, SR i
FEHI R 45 UK shuffle DA K 4540 X B30 (14 17
fthr & AR TR,

(2) I viin) Bt ik — S BEALA], AT
AT TCE s i 0 S R OR VEER 1 B A
FEHG AL, 5230 T AR Map 55 [543 X 80 o 13
RE, /D> Reduce S BUK B

(3) 43BN A2 (RS S T SEHEALD . 40
A2 A JR B B A 4 e e 2 oo i s il
S TE I R R 55 4 B S 4 S B 4 A S
(G

(RS R ZEEEDLE] . HEAR Map 155 K
A B2 T ORI ) A7 DX BN B 75 g, BT e i r
BRSPS R 1% F o B Y A, MR
AR 0 [ ARIE T35 A IR

ARSCIHET Spark SEHL T4 H 9 PDM-Shuffle . 52
Y ah F R FEAb B L 300 GB A I 1 A,
BB B PR AR B VRl 58 B B[] W] 970 409% 22
£, 3 Reduce By B AT B ] S5 185 AT 20 75%
Xt F 25 A 25 N FHFE P Terasort M PageRank , 7£
TR S B 58 J B[] /] 92D 499% K
65% X TAFEL5 B A T A R T % Zeus
Iy BT T 36% F1 18% .,

1 B 50 = KR R A

1.1 HFEHSBEATHRRSRE

158 TR e o A B A A v = ) B8 O Ay
H AN 1 TR Map S 5 AT 55 850 UE H )
(] SCAF FLY O S b B 5 A7, TR, Reduce St 7 22
RSB MR, BE R TRk MRE, AT
iR — [ L A 53 B AR B AL TR A SR
WME 2778, 58, Map i 3 34 IR R A 3% 2
FEAET R 5 R AT S AT ) A X B i TR
FlE, LI Reduce i BUHEHIBOR B, 7706719 50
T H T AR IR YRR 5 (remote shuffle service,
RSS) Kt Se 4 A% 1 858l , 22 5 4 il S+ 6 5 A
M SR 5L
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EHAGETR 2025 4E4 A H535 % 454 1)

Map {£:55 0 Map 1:45 1
A b 4% AIRVEE A A b 4
Map ¥ i :
T ; AAAAAAAAAAAA
Reduce {£45 0 Reduce {£4% 1 —
B1 EgRxEE
Map {£45 0 Map {£55 1
) EFEROEEEN
M e e e N,
or BEAAE BRI A VAR R A
- RS
Reduce 3 TR IR VR
Reduce {45 0 Reduce {£4% 1 —

B2 FESBERATHREIRE

DO AAL LT AT LU i B Y A AR A
BRI R 58 (distributed file system, DFS) |52
BRIR) o3 XS TR A ALRIAE — 2 BB B Gl
VR FRAE AT 4™ JRAE Ko R St /N SO A% i T ) ) R
R FHAEE S B AR — e R B EAUAE TR vt
FEWESIA TR — RSk,

PR 12 00 24 58 15 UCBOG fn, Map I 75 25K 4L
a5 A ST i A7 AT A5, XN T P 2% 3 17 kR,
R VES AR,

PRE 2 AT AR SRR, AR AR
BT (5 AR, 75 2 A P R o 1) A 5 A RS2 LT
Ko WRAAAETT S PERE N 2 20 R b BEAL SR
G, SRR,

PRl 3 AAELTIA A etk . AF5 o B A
TR A ) B SCE 2540 & 24> Map AF: 55 19 i
MR —A~ Map 1155 2200, 7] 8 75 22 F B 7153 BT A A
KERIAESS
1.2 HBXNEERETHHFEBEEE I

BE & B O B OK, NAE BEUR  R A%
RIAGRZ I, AR SCER[ 22 ] e T4 S
(b S AbFR S (central processing unit, CPU) i %18
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WTE 10% ~30% Z[8], 11 NAF 7R I 3R 2490
50% o XA N AR AR BRI 1 Ktk oo Y 7
REAND e fe 1, It o3 B SN AF U T #7840 B AR
Fa R B AR 55 7 )

1RG0 o B A AE R G B N A7 Vi ) 2R
T 0 4 D SORIRE 22 1 N AR DT IR R | 3 i B 35
1R I AE IR RN 37 BRI 58, CXL & —Fh e = 3 B AT
THEBLY R B AR UE (peripheral component intercon-
nect express, PCle) £ AR [ 3EAih I % JE Sk 9 22 47—
B DL EIEDL, BRI TG B XN RS
s R, 15 2 & EHLEE %38 i 5 AE 19 Load/Store
TR LM LR N AF B e . CXL B 5,
P A AE 0353 B SR 1 S B e S B A8 ey T 3
TEE S,

CXL PRy S A T H B &5 m T NAF
Vil R AR R, CXL UL T 2 Fli
P AL RS RUSE R AR TR 9 1 3 5% &R 4
Ko

(1)NUMA &=, T CXL NAERY 5 R) ZE 38 422
PE TR CPU AL &5 (4 25 I — Bk 9 A7 U5 18] ( non-
uniform memory access, NUMA ) #E3R , [H JH7E X Ffri
KT, CXL NAEBE T & o — MRk G CPU 1) NUMA
L, Hib ks B R R GG B, NAATERX
PR HRERHE T —A> CPU, T LM EIEM £
FHLNAAE =,

(2)DAX BixX, HHEVil (direct access, DAX)
B AVF CXL A A LA IR 4 R 100
18 33 AT ( memory map , mmap ) EFE AR H AT
LN N AE A5 S 380 FH P 23 1) S B4 i N AE U
], 1€ DAX #20F, 24~ CPU Af LL[R] A [n] ] —
ANFFRE, LB T NAFRIR A SR

SR, CXL B 53 1 =X A7 v i 1o P o i ok
TR B PRE R E A — O RS A BT T
T AR R L W] — N AF B H N AR A A
KRB S A, FEHSRT

Phlk 4 . /D —BOrEAE S AT & AL,
Wt SR E I IGEEN B AN AR & Z A F
EHEZAFIE AFRWEETT, 50 LB N X —
FEPERS I T b L N A — B DT R B A e, BR



TR 2555 . PDM-Shuffle : 3£ T 45 8435 s N A B TR vk R ik 1T

B Ah AEPATIR BEERAE R, 2T s T RERR 2
7 o 1t 1 S 5Bl T AL B LS PIR &, X b
BORRGLRENS HA S I Az L]

PR S - B A A7 A R R A9 AT S AL
o1 B AT B AT AL G B ST A B FE i i
AT SR BRAE: , 7 Ak B R HUASE Kt B il i 2 1
Hentn o B H A D02 B2 i B b B 4 4
M, FEUE S R, 38 208 R GER AT SEER SR

2 MK ITIE

2.1 ETHFESBEFRARRESLIR

TERBIR A 5T, A AR B A8 3R
Ve B HEAT OB O T R SRR GBS, RZ
LRI 2 e 55 B BE R AR UG B B Bk 55 750K, $R
T ZMAET IR VEIL AL T 58, A AR T IR Ve R
AR IR T TR PERCR, B A R MR
OAFEIN

TR Sailfish ™ 2 fi 542 800 8 Bk 2% K
)73 R BUR G R 58 . %07 il bR AN [R] Map
155 BAE RS A TRl — A~ SO A S BB B PR &
X T Reduce 2 72, Sailfish 2338 i35 [ 98 75 1) Jr 2L Afg
TEAE S5 B DL KRR E 55 7 B T R B L
Facebook ) Cosco'® NI J& Spark H A Sailfish #2511
L,

Magnet"* {345 T J5 4= Spark [ shuffle 753 7% 4%
T3 2 e o0 T BRI R 55 1 shuffle SCPFB
AR AT DAL 3 7 4 shuffle J5 =X, B HFEAR T
VEML IR RS . Zeus' A Uber FEA7Aif 15 £ 1346
F B RSS, SR AT B S AL R AR R (HHAE
il 15 AR B 2 AR I IR 55 2844

BRULZ AN, Crail ™ 3% SCHEHEAT T 43 2474, St
SRS NN, Z 05 BRI TR IN AR
Exoshuffle " 424t T — /734 20 shuffle 2, B T 4%
shuffle 42 ) FECHE F- T RE Z A1, I8 51 XL &% 27
AJINGRAEAT T BETT, B AT 5 i 10 SR 355 1 A B 4
LAY A AR
2.2 NEAAGRZREXRESLR

Sy BN R G T AR A e 5 B N

FEEBLINRE , 0 T o e Xl sh 7y g =X 2 Fhk
RN 3B I AE R GERERS TR AT a5 A
TN AT 55 M9k 3l o3 18 XN A7 R G0 AR g T
T RORE BLNAT
2.2.1 FInENFERS

FE NN RGN £ 3 RIS
ST DA Bhilb AT NAE VT IS 3 He BRI AE I 44ty
3,00 AR T3y X R gl oy 2 D/
FEARZFGINE 3 FrR .,

® HFEVim
L_Spex st
VR (WaEws | A VA
Giw) | | s
AR i AR P
P — 1 - ] | —
- l v - l v
TR A TS
iR
on on
RETRS% ST AN A

B3 EHaEXNFERSE

(1)@t R 55 g Sk N7, IR, A
BEU ST IR S5 AR A Y P 4
BN R A N AEAE BB R | R 55 4 B A5 A 20 b i 1
WA IRIE SR, IR UE B A B e . A AR 3R
Z SN INFINISWAP " SR 117, 45 41 ) IR 55 25 A 1
ToRIG I T I B A ARZ E A, 55, H
TR RG] SRR AS A 1 R A S
PR A8, X TE— B R L S B IRIR 2

(2) HEA R N A3, R8N
FER G, BEBE 4 00 A PN A7 1 A R o 20
SERLAEAN) L FTT S LR AN SE N AF R AR B i =
AL FRRE F7 , LASE IR DI B R A S50 B AR A
PAMRER RGN Clio™™ . HIXFh R G0 1 & M4
15, T BT X R AE IO 3 SR A 7 ) X R A T
i AN RS

FE BRI RG T, Intel 24 7 F IR 55 2%
PEHEAHR A E A ( persistent memory , PMEM ) 52 31
T AE LR BEHLH Spark-PMof ™ | iZHLHI 4 K
TR EH 3 N AF U] (remote direct memory access,
RDMA) FiAR | seVFHH A1 f B4 S e PMEM f74if
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EHAREI 2025 4E4 H #5355 4

SEREEAT R M B S 4 32T 1T B A P RE .
7E Spark-PMof H, 47 KURHE DR RS LI R A9 IE
R IELEAFAE Y R LB AT A FE 4 A AR (e
mote persistent memory pool, RPMP) ftH, RPMP 1%,
B TTETER PMEM SR, I D9 $odn 5 A4 k7
Be iz 55 .

SRIMT, Spark-PMof " &4fs 5 A ik i RPMP {X
HREE— 3T, PRIHCR BB S B IR 43 X BE i IR &, i

SO E) TRAAVERE AN, AR A D TR

BLYFET PMEM 19 shuffle J5 2™, LA 0
PASE I —E B PERE SR T, (EAE AR N AF 9 ORI 5
SIRAFREAER — & WAL Ao, X RE T &R
GER AT A A BT IR Y B AL o i

gi bRk A8 E 8o B NN A RS ITR BEL
il 7E SR TS AL PR RE 5 T HRAS T — & A H
AT RSP E S A R R 44 [m) AL, [) i Ao
ARk o3 FO AR R I AR 2 B X TR Ve AR it
(9, PR TR S ) S R B R AE E 9 B AN &
g8 bsii,
2.2.2 #arEARS

W BN AE RGP BB SR AR AR T
ST TR B N A A, N R TR) 45 BRI g 5 22
MR ST, MRS — 2 BE U A i i AL
BN A Ry 23X BUSORT DA AR 3 AR,
FEAZER N 4 PR

® B
W
TEHA TEHA
{ﬁmﬁﬁ] [ﬁmﬁﬁ}
on on
4 ]RDM ONLY | I
¢ ' >
TR
(ERRIR AT
(a) Direct Kz,
SRR B A
HHEA A T -
JEH R
{i@ﬁmﬁ} {ﬁﬁmﬁ}
= ,ﬁnJ HE ST HE T
— B T
i 2| |EFH
p P =
] I L4 « I v
T T A
TERIGPTE RGP
(b) Central Fi3% (c) Meta Fiz{,

B4 #HHSTBANEFRSE
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(1) Direct #5528, Direct #220F , B4 1 ] A1 A
A B TARR i Y s 05T R R e
L I 55 e s A A S0 RT LA B S AR R
AINAFEATSE . X R , B iy — 2ok S
FEEAMRAT ML AR . RDMA AR SR i A 5L
P AL, vl A R AL R AL BT K 3
SRUCT R, tHF RDMA 5 A 3548 75 22 1 4 By 7 Hb
HE, X FECTHE RS ASER X CXL PhsGE 42
Y NFFBER , 7E NUMA O, SR 7 g 4L
AT LORE U Sy — S TE T3R8 ) AYBT S NUMA 5
SR R TR SRR R G AR LR PT LA
HILAAE AL SR, UM NUMA F5 55, 2 £
BLZ AN BEAT 5 52 A TR I T ik 3 T 3X b 7
AR YE

(2) Central #i5, Central £2z0F, Kl 15 ) F1
WA B IRTT AR h T — b IR 55 o TTEE T
TE s AT RAEAT WU, W25 ek B ds ik 2= b
IR 55 , Bt 0 IR 55 i 67 D0RE X U R 7 — 20 e
KEHVMEAET S PO IR ERAEX AN R i 2
TORHEER AR, EA AL BB SRS A b
TSR — B R R SRR e MR, SR, X
U BUT A B S AT E 2l o ik 5
i, IX 2R TSN Y I 4 S OR[N g B 2801 B0
T, P IR S5 R AL BRAE ) 23 BRI B> R GE R PR RE
FKI,

(3)Meta Bz, 7E Meta B, A BH ) HR
B R A4 Ry (8 T BRI 2 1 R TR S
NARAE N R A TR SIS T . XA 2 5
T Direct Y iR S0 5 7] F Central A5 14 4E
IR B 0 A T B 3 B, 1 TR 5 110 T A
Meta #5125 H B KBS AR 1 72 R JH 19 Master-
Worker ZEFFEZS , HiiP Master 19 45, 571 5% JuE0HE & Bl
FAE SV | 1 Worker 15 55 P T EUA ) K405 4k BRAT:
5o XA E S AE S PR R B T 05 1
AEFIN, A SO 2R Meta F303R 5 4L PDM-
Shuffle HLHI

TER S B XN R G, B 5250 % T K Y
Sparkle""* 3 F SR T — Bl 2T Central A2 142
¥t Sparkle HUA% LB Z — 2R I T 4L



TR 2555 . PDM-Shuffle : 3£ T 45 8435 s N A B TR vk R ik 1T

FERASK SR VE LR A T [ 25 R fEft 2, 7E
XA T, A AL SRR A E R RE A 1 R
(scale-up) 55 a4 N ER A [6] jE U ML B $hUA T, X
R SRV 2T 55 SR W] — HOR A BT IR, DT R
T B A% i ) TR, OR AR T AR R R
A Sparkle 1A T NAFALEE (retail memory broker,
RMB) Vv 5135 i, 5358 BIh ) 9 A7 1 — B
FEAE )5 A1

R4 Sparkle 7E PR KA N AEHLAs R B 4
{BAEEE R 3 A PR BT o, >4 $08 75 00 o ) 45 1%
LES| L AN SN S RPN 8 I e e Wy Y 3

3 PMD-Shuffle % %1% 1t

SR RN AR 53 1 AR A v TR kA R B AR DGR AR
FEFEFI B B B PP L3 A g T
BTl 7y B N IR TR UE R 42 PDM-Shuffle
LRSI 2k B T B RS A A A
FEAS IRV P B | T LA 3kt B B30 %) T 385 7 it S
e I WML/ W BR 3 ( transmission control proto-
col/Internet protocol, TCP/IP) & i i B2, MM fif pk
THRER 1 FIBREL 2, AR Spark 1E A HEA 7R R
givort BT T et

S, WEA BT AT, 7 4 T INAF T
ST XA | oo B8 4 1 1 i — Btk SR IE AL
Tl LA B35 i v 97 B 38 17 0 92 A B50H0 1) O B 2
PF, DASERREEAR B N A7 45 B 6 PR 4, HEk TR
VRS A b TR SRS TR R 0 X 22 Bl E
IR B BRI [a] TR 12 39 s R o B A o X Y
ML, JeEEE f Y S 2l sk B X AL
BRI bR S R S B S AN T
SIS A3 0 DO TR R G R BT R sy
— U ) TR 1 AT SRR I 43 DX ) 4 A
Mtk BEJS RE ot ) AT U R BRI SR 4R
WoHHE . BT, WIRIER SRR R 727 B X
AR 25 RIS B BT T B S 2 BR ek
55 B AT SEMEDLH  7EAT: 55 2R W B3 1 e/ MR 1Y
FEEERLA , 2 B T kRS kK 3.,

3.1 XEWRIRT
3011 A AT XL

AN R N AT s 0 X BT oR Mg %K
I 70 R B A AR ] 43 X ) R [ A7 T ] — X
e, DT AT A /0 T T ] — g3 XA o 1] SO
SR, TERE Sy B NN AR R G, /DL TA%
G R G TR AR XU B e, B, O T
PRI 73 DR REAE A 38R &, Wb A0 N A 25 [ A7
KR AE RIS, AN TEPAT R BRI, 7] BE
ZBPIZ U shuffle A, T shuffle #BZMRYE Re-
duce 1155 B B i B 2 86 73 X, BT shuffle
b e BB R AR TR PR AT U ) 3 2 A Y
ICAE shuffle T 46 FxE LSRN ELAR (0 5t 5, %8 T
Xk, STy X SR I 455 S A N A4 BT
25, AT DATEECHE 7 A AN B0 15 B0 T A6 A A A4 2%
R, T R v B Ak BRPERE

Gk 5 BN, WA 3o 3 )2 B T E RO
89 DI < e i J2 A job 4, BUHIE BT R zone s Hh
[B] )24 K shuffle 2, B 5 ITTHRN region ; i fIRZ %
A partition %, B ITTFRN block, X 3 JZ X2
AL ICFR B zone WAL 24 region, T &1
region X AL & Z 4 block, fE job 4%, FEAAE M 24
A3 BE— [ 2 K/NEY zone, 5 AR 192, shuffle
2R partition XTI 1 region I block %= 23 4R 4%
Bl p R mish S84, &5, Po P1 AT P2
BRI T EHE T & A9 AN [R] partition 43 X, K3 T X
Fh B 253 B AR

Partition £ {[Block 0[Block 1[Block 2[Block 3] ...... [Block n-1]
Shuffle 2% *{| Region 0 [ Rz:'g;(;n 1 l ...... ‘Region n—l‘
Job 2 { Zone 0 Zone 1[I e Zone n—1

XCEINE Block 0 |Block 1| Block 2 | Block 3 | Block 4 | Block 5 xm\”\é‘
A

Region 2 |i.u;, ocl

5 AETAMS XS
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EHAREIN 2025 4E4 H 4535 % 44

TEAEML AT shuffle BG5S A Z R, RG22 H]
shuffle 7 T o5 %5 1] 70 %0048 42 ] 59 1 4 o BU AY
shuffle BRI shuffle 1953 XA, DL 151 5E 6
JE region I block BYFRUER /N, Ry T HA LR region I
block FECEERENS 7 AT 70 E , A SCH AT 4T I
F(scale factor, SF) B, 1%+ H TIH% region
Fil block FYAE K, HGES 1 shuffle YOHRT par-
tition 73 DX EACHR A 5 AN R, M T S5 30 PN A7 DX I
RIGHC . B DI RN R i 45 E 1 T
AAFI R, (1) FI(2) B, XSS R
SEREMEAR S S BRI 70 A AT H 55 0K, 2 25 b e
WAFGEIR A 7 C , D0 AL B AL BEAGR

Capacity,,,,

AvgSize, . = 1
& Lzemgmn NUMshufﬂe X SFshufﬂe ( )
AvgSize,
AveSi — region 2
PED bk NUMpartilion X SFpanitinn ( )

X AvgSize,,,, Fl AvgSize,,, 73 A region
H block H-F-IIRAER /N, Capacity,,,, 183 zone 1)
[ E A i, NUM . I NUM 0, 535048 ER shuffle
[ EAN partition 14 XA, SF . B SF o 18
7 shuffle Fil partition A48 LA ¥
3.1.2  JrEEE Y R O AL

TEWEN S XN A P BT AT AR
#IHERE T, M2 EVALRIVI ][R — AR A A,
LA BE T PN A b hE 0 4R A BRI AR, X R 3R
Map 155 78 3R BUS A bk ih Bl = 5 A | 25 3545 A
Sk S FLHEWE 224 Map 1155 AT RESSEAH S A
[F) — P AE X, DT 5 | 90 2 o i 1) R, oA 1
TRZA> Map 1155 165 A A7 B fig ke stttk o 58 | [
I SZHAN[R] Map 145 18] shuffle %03 196 2R A,
AT TOBAR RS ROR LTI RS0 S AL
BN i 55 B S N AF 23 FC IR 95 (memory alloca-
tion service, MAS) , i i MAS, & 4t Bk 76 3174k
PR PR A Map AT 45 R H G o 2 3t 15 (8] P9 A7
BEUR, MR = T A B AR R T ORI T 1) 57
e, AL, Reduce 1155t B4 38 1 T 40H 2 il 9
SARIRE A A E Y block 7 B, i — AL T %
PEAL PRI

Motk Sy 7k EEEWSTEYE 1, MAS BB RAE
shuffleld FRIA VIR VAT B ; ZJ5 W8 partitionld 15
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FUTHR I DX 1) (19 A7 38 A 2 9 A7 B
RI/NERKT length HDRE S5 A YR 7] Peid
JE FIH— BT B A B 2T BT B A B U
ZORF I AR EATIC 5%, I BEHTIR R 20 X A9 2 i 45
CIEEE &% Q0 KRS A LIPS PVA DS PN 51

EiE 1 Hbhk4r B 7% long GetAddress (int shuffleld, int
partitionld, int length)

address<~— — 1
shuffleInfo<—globallnfo. get( shuffleld)
partitionInfo<—shufflelnfo. get( partitionld)
block<—partitionInfo. getBlockNow ( )
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block<—shuffleInfo. getNextBlock ()
address<—block. startAddress
block. offset<—block. offset + length
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Abstract

Using the separation of storage and compute architecture, the computation and storage processes of the shuffle
phase can be decoupled, thereby enhancing the scalability of distributed data processing applications. However,
transferring shuffle data to remote storage nodes introduces additional network overhead, and storage nodes may be-
come a new communication bottleneck. To address the new challenges faced by shuffle after introducing the separa-
tion of storage and compute architecture, this paper proposes a shuffle system called PDM-Shuffle based on passive
disaggregated memory, which uses a novel consistency bus interconnect protocol compute express link ( CXL) to di-
rectly connect shared memory devices for storing and exchanging shuffle data, avoiding the hard disk storage and
transmission control protocol/Internet protocol (TCP/IP) transmission. Given that memory devices only support pas-
sive data writing, this paper adopts methods such as memory pre-partitioning and metadata control node allocation
of memory addresses to ensure the pre-aggregation of data in the same partition and consistent access management of
shared memory. Experimental results show that when processing large-scale datasets, compared with traditional
centralized architectures, the PDM-Shuffle system can optimize the single job completion time of comprehensive ap-
plications such as TeraSort and PageRank by 49% and 65% , respectively. Relative to the existing optimization so-
lutions in the separation of storage and compute architecture like Zeus, it has been improved by 36% and 18% , re-
spectively.

Key words: shuffle, separation of storage and compute, disaggregated memory system, compute express link

(CXL), memory consistency, pre-aggregation
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