#EAEA FRAEZS HRESE
IPSJ SIG Technical Reports

2009-ARC-181,72009-EMB-11 (1)
2009/1/13

BBIEA > F v T2y BT — 2 D7 bOFHIL— 2 OF
ma Bt Bkt K% Rt FHkx o it
T BRESERSE A ETAHNAl T 223-8522 #0%%) (RMEFHEBIIX HE 3-14-1
11 EEHREMIERT T 101-8430 HEHTARER—v1§ 2-1-2

H EREERS: KRGS X7 LEMAR T 182-8585 HGERMTRM 7 K 1-5-1
E-mail: {{matutani,hunga}@am.ics keio.ac.jp, }1koibuchi@nii.ac.jp, {1tyosinaga@is.uec.ac.jp

H5FL HAEOA=—O7 - 7—F T/ F ¥ TlX, aAT7HEHOBEEELELRT SV r— a VicEX 388 KEL
BoTETVS., I7HOBGEEEZRD T DICBRL I TFRABEERWEEEBEL— X B BRLTEE. FHL—
2T, RONRTy MEETHELONBZTHASHAF v XIVETFRIL, /37y FEIERIICT—E b L—Y 3 VBET
ETHTBL. FHEBYUENE, BE 1YL IVTI7V Y MRERETES D, by MROBOWFRHIZ VIV XLEER
RTBTEMEBELDRETHS. FHRYTE, V—RCEROTRA7INVIY XL2EHFHEE, FRad, V—Fa4
VY, BERR=VIGUT, FRTZNVIY ALZBEBCTIEZS. 2y NI—2BRECLICEDIS BTFRIT IV
FYXLPELTWEHERT D, FHN—2Z4BEOA=—O7 « 7T—F T 7 F v IGEA L. 4BED case
study TEICFRV—4% 65nm T RBRAVTEEL, B, HRIXIVF—, FAT7VIVXLTLOFHL Y
bR, SEEBERTUET B LT, FRAFhOA =13y FRFRFZ LI ZLOBFEREBEFERHESMIC L.

Evalutions of Prediction Router for Low-Latency On-Chip Networks

Hiroki MATSUTANI!, Michihiro KOIBUCHI!t, Hideharu AMANO!, and Tsutomu
YOSHINAGAT'tt

1 Graduate School of Science and Technology, Keio University 3-14-1, Hiyoshi, Yokohama, JAPAN 223-8522
1t National Institute of Informatics 2-1-2, Hitotsubashi, Chiyoda-ku, Tokyo, JAPAN 101-8430
111 Graduate School of Information Systems, The University of Electro-Communications
1-5-1, Chofugaoka, Chofu-shi, Tokyo, JAPAN 182-8585
E-mail: {{matutani,hunga}@am.ics.keio.ac.jp, {tkoibuchi@nii.ac.jp, 11} yosinaga@is.uec.ac.jp

Abstract To reduce the communication latency on recent many-core architectures, we have proposed a low-la-
tency router architecture that predicts an output channel being used by the next packet transfer and speculatively
completes the switch arbitration. In the prediction routers, incoming packets are transferred without waiting the
routing computation and switch arbitration if the prediction hits. Thus, the primary concern for reducing the com-
munication latency is to select the prediction algorithm that offers a high hit rate for a given network environment.
In this paper, the prediction routers support multiple prediction algorithms and select one of them in response
to the network topology, routing algorithm, and traffic pattern. To investigate optimal prediction algorithm for a
given network, the prediction router architecture is applied to four many-core architectures. For each case study,
the router is designed with a 65nm CMOS process and evaluated in terms of the area, energy, prediction hit rate,
and latency. This paper shows their area- and energy-overhead, and the pros and cons of each prediction algorithm.
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1L Bl CNETORAL DRI E T, HRAZTFET LAY XL

EEDRAZ—T7 « 7—F 77 F v T, I7 OO
—@BEWU-TED, ATHOEEBENT SV r—vavick
ABHEHIBAKREL B> TETVS., aT7THOBEEICIE XY
FT7—2#8E (Network-on-Chip, NoC) [1] BEL BV SEIB
fe®, BEEBEDNE VAV F v TIV—ZDHEBRNEETH 5.

TOLS HERAEERIC, B THIEEZBVIEEBE
W—ERREUTER (23] [4]. FRINL—&TE, RD/TY
FMERETHEDLDNSTHA S HAF v+ 2V ETFRIL, /v LB
EBHICT—E P L—2avERTERTEL. FRINUNE,
BEL1YAINVTIYw bREETESD, by FRSF

Bxy PI—IRBTLICREB T ENG STV 2] (3] (4]
FRXTE, V—XCEBOFRI7NVIY XL 2EHSE, b
AP, —Fa4 VY, BENAZ—VICELT, FRIZNVIY
XLZHEBINCYIBX 2 L 2EXS. Xy Y- VEECE
KEDESHFRTNIY XLHBEL TVWBIRTHIC, 4
BREOA=—O7 - 7T—F T I FricHL, FHIL—%% 65nm
TavREAVTEEL, FRIZVIY XL EOTFRINR,
EEEE, mH, HBRIXVF—ITOVTTEL .
BHRXOBRIIRDEBO THB. 2. ECTHETITRRE
NIBBEN— 2 2Y— AL, 3. BTFHIL—RIZDOVTH
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B9 3. 4. BT 4 D case study 2B LTFEIIL—Z
ZFMEL, 5. HTERXEZELDS.

2. BEEAVFYTIIN—20Y—~A

ERXOBERIE, W—FZHBNvZ TV b REETZ0DIC
BEYYAINVBERSTILTHS. V—XDEBELDT:
DICRLAEFEMERENTERLD, Fh 5 speculative,
look-ahead, bypassing @ 3 FERICARITES. £FN—L
BBN—2RBALES X T, BEOEEBELFEEENT .

2.1 Original )b—4 (4-stage)

1 DI HBIHE wormhole Jb—4% (Original) D73
TS5 VERRT. CORTR, V—RICAhEhET VY
V=S AT NBDICRIE 4 A 2 Vb 5. Bk
Hicid, 9, 58E7 FLAK b HAE—FDOFHE (Routing
computation, RC) & HMREF + XL OEID YT (Virtual
channel allocation, VA) Z2FhFh 194 7IhFTITS. %
LT, 70XNXALyFDiE (Switch allocation, SA) 21T
W, Uy FRRA v F EREERT S (Switch traversal, ST).

2.2 Speculative JV—#% (3-stage)

speculative L —Z T, BEDONA TSAVRATF—V %R
BRI (EFNC) ETTBTLTRATSA VEEERS T (5]
B & —7x speculative J—&id VA & SA 2RI L TET
TBHEA4T/THB. TOPA, VA XU SA LBICEIITHh
Ny HH VA/SA (VSA) RTF—YURERTESH, 55
PEATLRBTS L VSA ATF—VRPHETHENELS.

TOAHET RC & VSA 2XFILT ST & (double specu-
lation) HTE 3D, RLHELNEHT 3/ MEESEILTS.

2.3 Look-Ahead /V—#% (2-stage)

look-ahead JV—% Ti&, RC & VSA HDEKEEFRERBY]
BT THERYFNCRITTERLSICTS. TOkedic, &
N—&IZHIV—2D RC Tlid%L, REy FDIL—&D RC %
%217 (Next routing computation, NRC) 9°%. NRC DR
BREy TON—2TEDbN, BL—20D VSA cE@r5x
iz, NRC & VSA ZUHINCKITTES [5).

fz72L, NRC/VSA D&ERZZIIT ST NETET N3,
COHEZRAVWTLEERAFINCKITTZ T LIETER.

2.4 Bypassing Ib—%

bypassing JL— & Tl&, REDRBICHN L TFHIO RN
A FEHDUTTEL, Lk, EADTF—2 X 2HE
LTHL. £3F32LT, TOXI% FREEDRE HfED
hiz&ZDH, RC, VA, SA R7—I%INAIRXL, ST DH
D 1-cycle TEETTS. NANABREORBTAHILUTOLED.

e Frequently Used: BBFEHICHEDONBEE® 1-cycle
%93 [6] (7).

e Static Straight (SS): 737y FAE—XTLEEE
TBLRELT 1-cycle X7 3 (8.

e Custom: l-cycle #5357 2#2B & REFHE (9] [10].

feiEL, B2 —VICBHEMEENSV L, (6] ®X
HR (8] DAETIZ l-cycle BEATESF Y VAMBLATLE
5. ¥tc, Custom TR T 74w 7 OE(ITIE U TEEEL
THRBEHCYOBX S LIZTERL.

TR [6] 7] [8] [9] [10) TZBI—DRY SITE DO T/AA 78R
BEREEIRLTWVABY, lcycle lREDF vV AEBALTES
K3 BNANRRABBEDOBUCHART SV r—va vl LicBi3.

N 3 2 o] s

MISS HIT HIT
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1 EROL—2 (B) EFHEL—% (F) 04754 V.

reserve - .
VSA Arbiter kill
request |- nq 4:0)
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[Predictor]] 1|90 l
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Output channels

routers [l ROUTER C

Input ch I o

bar (5x5)
2 FRIN—2T—FF5F+.

3. FiRi—4%

3.1 FHIN-2T7—-FFTIF+

B2 i FRIN—2DT7—F T I F v 2RT. FHlL—2Ti
ANF 2 XN LICFRBERDL, Ty FARTWENE Z
ROy MERETHEDN B TH S 5 HAF v 2V ETFH,
7y PEIERNIIC T —E N L—Ya v BRRTEIRTEL.

FRINY=hiE RC, VSA ZEBTESZDT ST GERD
ST £EFIL T, Predictive switch traversal & L< X PST &
FEER) DIHD l-cycle ERENTES (K1 FTEDON—Z B HX
TC). —H, FHBNANSLEELED RC, VSA, ST %
EITT B0 3cycle XL 3 (K1 THDOIL—F A).

FHIZ RARIC, HE->HAF v INVCEREEENTLES
7Yy b2 dead flit LR, B 1 OFRIV—ZTid 1-cycle H
IETFRIKBPSRBE N, dead flit PEREINTLESTHA
F ¥ XKL kill 8% 6N3 (K2). D, dead
flit BHAF ¥ INVETRESN TN TPV TENSH, H
AF ¥ ZNVTIRI ENTV—ZONERT BT 2.

5B, FRIL—2DFMIOVTIIER (4 ZBRE hiz.

3.2 FH7NIVXL

FHIN— 2 TR FRNYIzZhNNE K> TEREY A5
WVBHELT 3128, by FRIFOFRITZ VIV XL2ER
TB5TLHMEBELDBTHS. 2.4 MTRNRIX ST, Y
APRT7ZNVITYXLERY bS8 (FEay, V-7~
VY, EENRE—Y) TLicREB. FRILV—-ZTIR, #EO
FR7NVT) ZLBHEHL, Xy PT—SBBEIECTTRT
WAV XLz A 5T & TRIKVARICENT 1-cycle %
NTCEBEIICTS.

FHIN—2HR—+F3FRT7NVTY ALBUTDOELD.

e Random: XD/ v MEETHEDLHhBHAF+RIV
B VELICTFHIT 5.

e Static Straight (SS): /37 v FHE—RT LEEE
5L RELTHAF + IVETFRT 5. X (8] & 5.

e Custom: FHIT2HIF¥XVEREALE (9]

e Latest Port Matching (LP): #IEID/$4 v MEx%
THEbNHAF ¥ XV RELEDNS L FHIT 3.
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£ 1 4 8B case study THW= NoC OREE.

Case study 1 Case study 2 Case study 3 Case study 4
Topology 2-D mesh 2-D mesh Fat tree (4,4,4) Spidergon
# of cores 16x16 cores 8x8 cores 256 cores 8x8
Core distance | 0.75mm 1.50mm 0.75mm 0.75mm
Traffic Uniform 7 NPB programs + | Uniform Uniform

4 synthetic patterns

Routing Dimension-order Dimension-order up*/down* Across-first

(deterministic) (deterministic) (adaptive) (deterministic)
Switching Wormbhole; no VC | Wormbhole; 2 VCs Wormhole; no VC | Wormbhole; 2 VCs
Piplie structure | [RC][SA][ST] [RC][VSA][ST][LT] | [RC][SA][ST] [RC][SA][ST]
Packet size 4-flit (1-flit=64-bit) | 4-flit (1-Ait=64-bit) | 4-Ait (1-Ait=64-bit) | 4-flit (1-flit=64-bit)
Input buffer 4-flit FIFO 4-flit FIFO 4-flit FIFO 4-flit FIFO
Predictor(s) 8S, LP, FCM Ss, LP, FCM LRU(SS) + LP SS, LP, FCM

v T 1T 1 7 T 3 T T T 7 T 3 T T T 17 1 3 ] T T 7 1 3]

(a) 2-D mesh

(b) Spidergon

® Finite Context Method (FCM): H#i n D2
VTFRFORICBLFERICEDNIHAF ¥ XIVHBRDIR
v MEETEDhZ L FRITS(11]. n=0 DL EIBR
LERICEDNIHIF ¥ XD TFRMEL 3.

e Sampled Pattern Matching (SPM): /3&Z—Y
RVFVTREISFUTNIY XL, RAOESHIRE
OFIGRERTI e 5 12, BEOBEBELNSBRDERELA
R—VRBRT S, BEOKHAIMEZHH LRI,

4. ®F @&

3.2HITE 6 EBEOFATNIY XLERLEDN, by bR
ERAMETEZFRT7 NIV LRy FU—S8E (RO
T, V=TV, BERE—V) TEICERB.

AETR, 2w NI—SYBECLIREDES HTFHIT LIV
ALBFEL TR ERT I, FRV—52% 4BEORA=——
ay - 7—F7oF% (R1220 ICHALTHMT 5.

4.1 Case Study 1: 2-D Mesh X F7—% ({EHIEE)

case study 1 Ti3, MALERART Y FXy bU—J2HEE
U, 16 x 16 mesh v hU—ZIcFRIN— 22 EHT 3.

4.1.1 WV—ET7—F57UF%

Z TR, UTFDFY IV —2 L FHIN—2 % T 3.

o FYIFI: V7TV wormhole V—HER—R S
A2ETB. VT4V T UTRTBENV—F+ V72,
BANF ¥RV EIC 4-flit FONY T 7 2FED. REF v X
RS LX), RC, SA, ST @ 3-cycle kL3,

o FAEU—%: FRFZNIVXLELTSS, LP, FCM
(n=0) ZBAWVWS. &, a7h5DAHF ¥V (local chan-
nel) Ti, BISRIC SS ICHBNWTEH LP ZAVEEDE Lz,
FRINY NI 1-cycle E838, SAhhid 3-cycle IRk L 23,

#of ranks (1) = 2
(c) Fat tree (2,4,2)

M3 FWRXTHHZLTHRY FT—7 bRad,

(d) Fat tree (4,4,2)

4.1.2 R—Tv Mg

FHITIE, V—2DIRA TS5 VEEPRIV—Ty MEREIC
5X3MEREND. R[4 THALETY Y FLAL - 2y
FI—=222aL—REBHNT 1~4 cycle b—4, SS 2RV
e PRI —% (Pred(SS)) DRAN—Ty MEgERHIE L. it
DY alb—vaVRSA—2BR1ICRLIZEEDTHS.

4(a) ICAMERERZ/RT. 16 x 16 mesh IZB1F 3 SS OFH
bw MR 80% R THB. TDEEFRIIL—EIX 1.4 cycle
V=B BT TLHTE, EERIRTISICFRIL—2D
Z—Ty bid 1-cycle —& & 2-cycle V—ZDE LS.

4.1.3 TFHley MR

2-D mesh DY+ X (k-ary 2-mesh D k) #EXEH5, SS,
LP, FCM OF#lley bRV I 2 L—Ya vickhRb .

4(b) IKFMERERERT. Xy bI—IY AL XHAEL
BPEV2ENICTFRIL y PRSI ELTHWS. SS id/h&Ex
2w NI =S TCRIBINION, FEHPAZLABICLES
WHIRNKELAD, k=14 B ETIREBE Y MR,

4.1.4 BREFROBEREEE

FEITE, /87w MAVEZRLEVE EDFEEBIEERDS.

Llit 5337y bW h-hop BEIT R 2%, FUIFIL
V— B DFEEIE T B TOXTHETE 3.

Tg™ = Tye(h — 1) + (Tre + Tosa + Tot)h + L/BW (1)

U, Trer Tosar Toty Tt BENFNDORTF—I DY A
VETH Y, T (Link traversal) X 0, 2oz 1 &L=

—%, Fley bR Pry & LI ZOTFHEINL—ZDOERE
BE TP B FORXCEHETES.

T = Ty(h — 1) + (Tpst)hPais + )
(Trc + Tvsa + Tst)h(l - Ph.z‘t) + L/BW
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Pred(80) Pred(h) Pred(miss)
(f) Flit switching energy E;.,

4 case study 1 DFMiER.

X 4(c) i£BWT, Orig A Y I FNVIV— X DEREBE,
Pred(SS) & SS ZAWVI=FHIIL— & DFEEEIE, Ideal 3T
FIAY 100% by M 3REDOEEEETHS. COKERKY,
16 x 16 mesh ICIBWVT SS ILEEEER 48.2% HIB T /2.

4.1.5 N—FU7#

TR, FAN—ZDON—RT278 (F— M) ZR®,
FUIFVN—Z LT 3.

Verilog-HDL 2B\ T SS X—XDFHRINL—& AV TS
Wv—2%Z8EHL, 65nm CMOS 7a+ X% BV T Synopsys
Design Compiler TR L. ThdDN—%E 500MHz T
DEREY I al—ya VCBERHERLTWVA.

B 4(d) ICFHESRERT. FRIIL—% (Pred(SS)) D
F—3\y RlidE 4L 10.1% TH5. TOEPE, FASTF+2
WICEE ST FHIZR, dead flit ZIHET 572DD kill HEH,
T—CRORE 4] cLBEDTHS.

4.1.6  Z VT 1 AIVISRBE

B 4(e) 2, AV IFNN—RLTFRN—ZDEILTSA
BUCEIF B 7V T4 HIVSKEIE [FO4] ZRYT. FRIBHEER
leRizC LI X BBREDEIMNIHE L 6.2% THB. FRlN—&
TRFHLey bThEBHIDAT—Y (RC) »5TE PST
ZEITTESZD, RC OBED ST R7F—Yifikixo>TW5.

4.1.7 HEIXVF—

1flit FOTF— 2 2B ETH OIRAEE THEATIDICETT
HIINVF— Epy BUTOESICKRETES.

Eflit = w-Have(Esw + Elink) (3)

’IEL, wid7Vy ME, Hue BFEFRY TH,, Eo 31—
A 1-bit ZERET BDICET T RNVF—, Enk & 1-bit Y
Yoo bR EHRT ADIET I —LT B,

FHTIE, TV IFNN—ZETFRN— 5% Ee IZDVT
9%, @&E® 65nm CMOS 7t AZHVWTARK, EHE
B L 7. EORRECSRE Xy MY AR 500MHz, 1.2V T¥3a
L—3 L, switching activity interchange format (SAIF)
EEMR L. TO SAIF »5 Synopsys Power Compiler %

WT E,, ERDIE.

4(f) IEBWT Orig XAV Y FIVIV—ED E,, ZRT.
Pred(hit) 3& U Pred(miss) &, SS X—ZADFHIN—&TF
ey Lzl E, IALIZLED E,, THB. FHIL—
2T, FRNENRELEZ 0, FRIORTICERELHE
BIXVF—MME2 5. FRNIRTZLTEDOT Y v Mgk
BMELB7H®EY, Pred(miss) D Esy i Pred(hit) £ &K
. DLEXD, FHIRKTHERD 80% DL ¥, FHEIND E,y
DA =Ny FIZE4L 8.0% TH3.

4.2 Case Study 2: 2-D Mesh X F7—% (KR

case study 2 Ti¥, Fv /I F atyY2EELE8x8
mesh IZRBF ¥ XNV BRI FRINV— 2 %2HEATS. CCT
& SS, LP, FCM D& FRI7NIY LT L, B+ S
Tav B, 7NV ALOBFRBELHLNMCT 3.

RT3 F574v2 & LT, NAS parallel benchmark
(NPB) [13] &b BT, SP, LU, CG, MG, EP, 1S ® 7 #
BOFS T4y, AMFRE LT bitcomp, bitrev, trans-
pose, uniform[5] D 4 FEED T T 4y JEBAL.

4.2.1 NV—ET7—F7IF%

o FUIFIV: FKEEF v XIVE 2 FFE> = wormhole —
REN—RA LT B, V—FHEESLBEPNEVD, V7L
EZTF—2h%8IT5 (Link traversal) MDIC 1-cycle ZH|D 4T
fe. #RE UTRC, VSA, ST, LT @ 4-cycle ke o7z,

o FHI—%: FRFNIYXLLLTSS, LP, FCM
ZRHWS. FRIHBYTIzHE 2-cycle I8, AN 4-cycle #5535,

4.2.2 Fley +E

AT, 8x 8 mesh ICHWTLED 11BEOLS T4
JEAVTTHlL Y FREVI A L—va itk bRk

5(a) ICAMERERERT. ERRFIT4Y IDIEINET
TVr—2av X0 &BENX—VAEMTH B0, 2L
LTFHley FEAEL & 12,

(ELD) : M8 > TeMAF ¥ JVICERENIE dead flit EiHEEH, Y IHL
V=R ERUEA IV CELOHAF v XVAT Y v FMEEE NS,
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. - " . .
7% 89. HISS) [% +15.93%
ol B = oL e
g (FCM) % a5
= |
E gl i” I
E 25 |
[
g 40 - §20 r
3 %15 +
c 20} g1of
% 5t
BT S W CG MG EP IS Bitcomp Bitrev Transpose Uniform orlg Pred(SS+LP) Pred(SS+LP+FCM)

(a) Prediction hit rate

(b) Hardware amount

5 case study 2 DFMIERER.

SS id case study 1 (16 x 16 mesh) DL SICkKEHRR Y b
T—IT80% LDy hEEEFLIH, 8x8 Tikkwy b
BREFNZZHEL AWV, &b}, LU FS5T749 5 TODEY b
ROBRICEY (12.0%). Thid, LU IZIZBRD 1-hop i
NEENTED, EEFHNYUIBNBONEHTHS.

LP £ FCM BREBL D7 SV r—yaicBnTSS &by
FENEW. Lbbl), SP £ BT FS7492IZBVWT LP I3
BK 80.8% OFHMNEL Y FLTWB. SP % BT ICidighiEL
DEEEEENSRICEENS D, LP HeicBLHV e

TOESEFR7NVIY ZLICRBFEREENBD, Xv b
T— RIS CTHESETNVTY XL EBIRT 308 D 5.

4.2.3 N—FRyzTH

TTTR, 2BROFHIN—Z2REL T — MERDI:.
Pred(SS+LP) i FRIZNLTY XLE LT SS & LP A
N7eFRL—E2T, Xy bI—JBRICISUT 1-cycle TPV
JUVXLEZYOBXZLHTES. Thic FCM ZX 1=F
H)V—% A Pred(SS+LP+FCM) T 3.

5(b) IC Orig, Pred(SS+LP), Pred(SS+LP+FCM) O
F— L BERYT. TDT 5T XD, Pred(SS+LP) B & U
Pred(SS+LP+FCM) OEMA —3\v RZZhFh 6.4%
& 15.9% TH%. FCM TREMNF ¥ XVOERERE LY
Y ETB 4bit AVVEABRBLESIHN— R TRIES
W, ZO—AT, B5(a) TRELSIK FCM REEWNT 7Y
F—vaviEBOTRELTEVE Y FREEFRLTWS. *
DFeh, Pred(SS+LP) & Pred(SS+LP+FCM) ICIdERL T
ey bR GEEEZEOHIHER) O L—KF 7155,

4.2.4 HEIILVF—

ZFHiTld Orig & Pred(SS+LP+FCM) @ E,, #LHET 5.
B 5(a) TRUEESIC, MG & EP 2%, ZLAYDTS
Vr—varvoFiley FRIG 70% 2B TWS. FHlL—
2DRE, FRBEEICIEUT Esy OENREBZH, TTT
13 70% OFHNLS LRET B L Espy DA —ANY RiZ
H49.5% TdH5.

4.3 Case Study 3: Fat Tree X F7—%

case study 3 T, 256 D ALU # fat tree b RO T
HTAMNEARS Y Ry R — 2 RIBETS.

fat tree ICIIRA BN D BH, T T Tl fat tree 2 (p,q,r)
DIDDNRNFA—RTEILTS. p LAZDVVIH, ¢l
THEDY VI, r @SV IBETSB. LizhoT, E3(c)
i3 fat tree (2,4,2), X 3(d) i fat tree (4,4,2) TH 3.

fat tree Tl up*/down* JV—F ¢ >~ J LI 2 EIEE)L—
Fa4VIRRAVENhS. chid, RETLEAOLBEOHE
(least common ancestor, LCA) & T/L— MABENER (up),

LCA 55k ETY—THBANEL (down) . p>1 DL ¥
up AHOERIC I EROREREN D2 BBV —T 1V
7) B, down FADIHEICIZE—DEE LAV (EEE) .

4.83.1 NWV—ET7—F577F%

o FUIFI: T T p=4 D fat tree ZRET 3.
FDIDENV—L2ETICF v 2V 48, ERlicFr RV 4
2RO, FhLUHE case study 1 DIV—2 L AL TH 3.

o FRIV—AR: fat tree DTFHIF+ XTI, SS ZHE
U7z LRU WS FRIZVTY XLZFVS. LRU ZAN3
TRIF ¥ 2VE, BERLEDNTOEV EHIF v 2V
HNC Ty b REETS. —FA, EfilFvyxLice-TR, E
LWHAF ¥ 20 1 D UDEWHFRIB Y-z V.

T T T fat tree M 2 BEOFRIN -2 R2EE L.
Pred(LRU) T FHIF ¥ 3 /Vi& LRU ZAV, EfIFv2Vik
FRILAEV. —F, Pred(LRU+LP) TiX FHIF v *)Vid LRU,
LRIF v 2V LP ZHWS. %EDIESHBFRIZI ANSON,
l-cycle ERiATE 3 F v VA B,

4.3.2 RAHRROBEEEEL

A1) I FN—% (Orig) & 2 BREDOFHIN—Z DA
REERBERRD (K6(a)). F57&D, 256-core D fat
tree IZHWVT, Pred(LRU+LP) & Orig & R TilifEEE %
30.7% KT & /=

4.3.3 N—FyxTHR

6(b) i Orig & Pred(LRU+LP) O % — i ZRT.
Pred(LRU+LP) OEHA—/ Ny RIZEL 7.8% TH5.

4.3.4 HETINVF—

T T T 55%DFRINLTB LIRET S L, Pred(LRU+LP)
D Eup KT 24—y RIZE 4 9.0%TH 5.

4.4 Case Study 4: Spidergon Xv F7—%

case study 4 Tld Spidergon [14] Z#8E$ 5. Spidergon i
VIR EaYDE/—RiCHL, NERED ./ — REERE
B9 37=8D1) % (across link) 2Lz b RadTHs.
3(b) IZ/RY mesh-like LA 7Y FAENERIh TV 3.

T T T across-first V—7 ¢ > J [14] ZAV3. Thid,
E(ETT/ — B TDH across link ZFFTE, LI clockwise
A, & UL, anticlockwise FRIDELESHh—FH2ES.

4.4.1 V—ET7—FFIF%

o FUIFI: HBIV—ZiX across lf, clockwise A,
anticlockwise /5, 37 & DEFEDO=HIC 4 HDOF v X%
Do, Fy Ravy 7V —0kbREF v X% 2 RxFHT 3.

o FRIL—4%: FRIFZNVIYXLELLTSS, LP, FCM
ZRW3. &, a7hoDANF v R, BELY, across link
MEDANF ¥ RIVTIR SS e w kL=, SSicH\T
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Network size (number of cores) Orig
(a) Zero load latency (case study 3)

(b) Hardware amount (case study 3)

+7.81%

04’ s’ al2 16’ 1;’ 1:1’ 16%

Pred(LRU+LP) Network size (number of cores)
(c) Prediction hit rate (case study 4)

K 6 casestudy 3 & 4 DFMERER.

HERSTHNC LP ZAVBEDL L.

4.4.2 TFHley =8

6(c) ic Orig & 3 FMBOFRAN—2DOTFHIL v FFEER
9. Spidergon {3 2-D mesh & EXT node degree A/NE W
fedb, EEROZRRYED mesh X HELS FHiL vy FREF.
B, 64-core M Spidergon IZ#WT Pred(SS) OFHlL v &
i3 80% ZBA THD, 256-core Tld 95% ULy FLTWVS.

4.4.3 RARROBEEEE

4.4.2 HOFBRL Y, BMANROBEBERZAME . Z
DFER, 64-core D Spidergon VT, Pred(SS) DIEAR
REDBEEIEIL Orig XD & 46.9% pE L, FRIBEICX-T
BEBESKBICHRTE ST LR L.

5. ¥£¢& &

FHIN—& T, by FMBOFNFRITIVIY XLEZRANS
TENMEBELDRTHS. 2y NI—IBRETLICEDLS
EFRTNVITV XLBPELTWE0ERT D, FRIL—&%
ABEDOA=—OT - T—FT IV F vIcHEA L.

® Casestudy 1: AXRSVRRXy - REELE
16 x 16 mesh % b 7—Z[AI}IC 65nm CMOS Tt X %2H
WTFRIN— S8 L. ZOER, - FMBLUHEHET
FVF-RZTNTN 10.1% BLU 8.0% #hn L = EEBIE
I 48.2% HIK T & 72,

e Case study 2: Fv<IF Loty Y DRE
Fx ZIVL—RiTHL, EREOTFHT7NVIU XL (SS, LP,
FCM) %2$E3L, ThE® l-cycle THIDEABNBLSICL
. ThoR NBEO RS T4y I RE—VTRMELE LT
3, FHley FRIZ 12.0% H5 89.8% ETORENH o/

e Case study 3: BEREIV—T 1 V25 256-core
D fat tree XY FI—ZICFRINV—22BAL, 8K 30.7%
DFEEEEZHIR L 7z

e Case study 4: {EIX M4 NoC D RRaIeL
TEEEHNTWS Spidergon ICFHIN—%%ERHE L, 64-core
@ Spidergon TR 46.9% DIEEEBIERHIE L=,

k&b, 1) FHIL—23RL xRy b T— 7 BIRICEET
&, 2) Dlrnt—\y RTEEBEZHIRTES T L. %,
CHhETOE—RY VTR DO FEEIEL— 4 (6] [7] [8] [9] [10]
Tid%L, 3) FRN—2DLSICEROTHT7 VI XLz
L2y M= RBEICE CTENAFRITZ VY XL 2BIR
T5CEHEREBENROEDICEETHSC LHERLL.

B B RPISIIURREASMER S R 7 LR eI e s 2 —
ZEL, HRSHYBGEB TR 2—, () A— Vv, &
HEkREROBHCITh .
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