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Fat Tree Based Network-on-Chips for 3-D ICs

HIROKI MATSUTANIt MICHIHIRO KOIBUCHI
and HIDEHARU AMANO?

The advance of the semiconductor technology allows us to integrate a number of process-
ing cores in a Network-on-Chip (NoC), while the wire delay is increasingly posing a severe
problem to the chip design; Therefore, 3-D IC technology that stacks several small-sized ICs
in vertical direction becomes an attractive solution to the problem.

For 3-D NoCs, we have been studying Fat Tree based topologies which have been considered
to cause a serious wire-delay problem because of long links around their root. In this paper,
we propose 3-D layouts of trees in order to resolve their intrinsic disadvantage. The 3-D
layouts are compared with original 2-D layouts in terms of chip area, wire length, wire delay,
number of repeaters inserted, and energy consumption. The results show that 1) total wire
length is reduced by 25.0% to 50.0%; 2) wire delay becomes short and a lot of repeaters which
eat much more energy are removed; 3) flit transmission energy is reduced by up to 59.7%; 4)
area overhead is at most 5.0%, which is quite smaller than that for 3-D mesh.
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N-core | 16-core | 64-core | 256-core
H-Tree 4" -1)/3 5 21 85
Fat Tree (2,4,1) | (4™ —2")/2 6 28 120
Fat Tree (2,4,2) 4 — 2 12 56 240
Fat H-Tree 2(4™ - 1)/3 10 42 170
Mesh N 16 64 256
Torus N 16 64 256
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k> THRERENERK 5.0% 8L TWwa, —%, Mesh & Torus
T3 RAEMIZE> TV —FOFR— NN Z 5720, HEN
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TAEDA—=N—=~y RPRFEERZRENT ENNS.

£2 FyTEM By IR 2KELATT MASORN) [mm?].

16-core 64-core
3-D H-Tree 1.73  (0.03) 7.20  (0.03)
3-D Fat Tree (2,4,1) 2.17  (0.05) 10.16  (0.13)
3-D Fat Tree (2,4,2) 437 (0.13) 20.32  (0.26)
3-D Fat H-Tree 3.78  (0.18) 15.46  (0.33)
3-D Mesh 3.88  (0.46) 19.01  (3.81)
3-D Torus 6.16  (1.98) 24.62  (7.90)
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EARE Lop jre ZRODRITRO LS ICEL ZENTESLD.
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N-core | 16-core | 64-core | 256-core
2-D H-Tree =4 24 112 480
2-D Fat Tree (2,4,1) nN 32 192 1,024
2-D Fat Tree (2,4,2) 2nN 64 384 2,048
2-D Fat H-Tree x5 72 392 1,800
2-D Mesh 2(N —2™) 24 112 480
2-D Torus 4(N — 2™) 48 224 960
5.3.2 3RRELATUhH

3RITLAT Y M TIRF Y THOBEBIT pm BES, KT
FRDY > 7 BIZHANTEBMICEN. T07R0D, ZZTRFY
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9, T2 n O H-Tree % 3 KLl Uz & ZORERE
Lsp e 2RDD. Fv 7OBBIL 4 AT, TXTOHENM
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i1 N nl g
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Fat H-Tree D513 red tree & black tree 12T TEX 3.
red tree iX H-Tree D 3 XV 7T hEEMTHS (M8) .
—7%, black tree {ZZNITIZ, JEMY > IOEIELTEN
N 2-unit BEERD (K9) . KXo TREREIIROEED.
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SRTVATY NOREREE R4 ICEEDD. Fat Tree B
KX Fat H-Tree TI, 3 KLz o TREEED 25.0%
5K 50.0% HIRTE. ZORR, BEREL, (24,2) Fat
Tree %2k %, 3-D Torus ERBEMNZNLATICHIB S Nz,

R4 3RTVATY MBS HERE (%7 MRS 1-unit &95) .

N-core | 16-core | 64-core | 256-core
3-D H-Tree X6 16 96 448
3-D Fat Tree (2,4,1) (n—1)N 16 128 768
3-D Fat Tree (2,4,2) 2(n — 1)N 32 256 1,536
3-D Fat H-Tree 7 40 200 904
3-D Mesh 2(N - 2"FTy 16 96 448
3-D Torus 4(N —2"T1) 32 192 896
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1-flit OF —F ERETLNSHEE/ — RIEETZEE, Zh
ICETEGERE TR F LKA THETES.

Eiit = wHove(Bsw + Elink) (8)
2L, w & 1-flit DYy M, Have ¥R Y T8, Eo %
=58 1-bit DF —FERRITHETDTHRNVF—, By &1
UM 1-bit OF —FEREICHBRTHIRNF—ET 5.

5.2 i TERLIZI—4 %, 250MHz TOEERREL TH—k
VARIWTYRalb—2arlitsl?, Eaw i 1.13p) izl
—H, Eling SRR THETES.

Elink = dVCuire/2 (9)

772U, d % 1-hop %72V OFHEH (mm) , V 2EMESE,
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B d DECED, EEFy TEIIZORTRG /ML, BEEH
WHBBWTHHER &7, H-Tree ® Fat Tree 137 OKICFEH
Ry TEBNE R, BEAY 27 ORBENE N DERET R
v F I3 Fat H-Tree KD HARELEo7. 2-D Torus I3BEHA
BT DT d DHELS /28 16 27 TH 2-D Mesh L DEEE TR
WE=MNZWN., —F, 256 A7 T Eep DT A MAELRD,
SRy TED /N E W Torus 13 Mesh KD EFIZIR->TWS.

®E 2KEVITUMIBHIEEIRNF— Eryyy [pJ] (JE—FEL) .
16-core | 64-core | 256-core
2-D H-Tree 464.6 579.2 676.8
2-D Fat Tree (2,4,%) 464.6 579.2 676.8
2-D Fat H-Tree 424.4 530.6 636.3
2-D Mesh 468.9 501.0 661.7
2-D Torus 483.9 512.3 637.0

Fo THA LN 12mm AOEE, V) —R ROV BIT5E
EREAREIT7EICESTEIZ 6mm THS. TOEEOEEE
FEV 715psec &72 0, FOEADHEEMLICELE SIZELET
HEEZLNS. £IT, XHk8) TRENDZFHERICHEDE
YE—F2EATD. ZOHR, EFEBEE 441psec TTHMZ S
ZEWNTERED, FECVE—IN Ty OEBREHEERTS
HENECE., 22T S5mm LEQU 2212V E-I Ny T 57
EHATELDELT By BEHRE L. #BRE K6 ITRT.

VU—BMROZPORR) 27 IIEFEE 4.9 BOU E—FHiE
AEhiizd, UE—YERWEWEE (X5) EHN, EET
FIVE—DRIBITIMU 7. F/z, 16 27D 2-D Torus 1B
TIEHABICED O —5)—FRY > 7% 5mm % #
Atelew, YR NRODE Epy MEEMUE.

K6 2RTEVLATY MBI HRETINF— Eryy [pl] (VE=F5HD) .

16-core | 64-core | 256-core
2-D H-Tree 642.8 748.8 844.5
2-D Fat Tree (2,4,%) 642.8 748.8 844.5
2-D Fat H-Tree 691.7 641.2 786.0
2-D Mesh 468.9 501.0 661.7
2-D Torus 662.1 512.3 637.0

X 8) OF 10 £9, 4mm MTFOREICY P—y RHBAL THRGRED
HIFRINE W EARN 5. ZZTHBRBHORIMNED L TOHNA DS,
Y E—FOEAL 5mm PO >R,

542 3RXRRVATUb

BEIZ, 3RILVA T MBI BEETRINF—2FET 5.
Xk 2) LB EERE T OARIT 4.34F THB. ZHUIAFT
i TRE L TWBEER 10.50m ZORRICHY L, KEHHROR
BEIHERTHIIE W, 20D, Fv 7MY >0 THEEIN
ZLFNFRERELANDDET S,

WEE RTIORYT. SRELVATTHTE, E0MRODK
BWTH 5Smm 2HA BV INRELRM> D) E—Y
WARE Lo/, Fat Tree DRELRIVF—IL £ 5 &HART
WA 44.3%, &6 EHLARTEK 59.7% Bl /-, FERIC Fat
H-Tree & #& 5 LR THRK 32.8%, &6 EHANTHRK 53.5%
HiRE Nz, 3Rk y, BREBLXOVE-SERSTZ
EWTE, BEMICERIIINF—2RIBICRS T IENTER,

RT 3RELATUMIBYIEELIINF— Eppe [p)] (VE—FFB) .
16-core | 64-core | 256-core
3-D H-Tree 258.8 383.1 483.1
3-D Fat Tree (2,4,*) 258.8 383.1 483.1
3-D Fat H-Tree 321.5 356.6 441.0
3-D Mesh 300.6 334.6 418.0
3-D Torus 282.4 327.0 398.4

6. £ &£

INETYU—HMRODE, - MMBEOY > 7 OEEMN
B3 DERBEDETARTHLEEASNTER. &
DREFEERBRT D7 DICEFR/ILTREL /= Fat Tree BLU Fat
H-Tree ® 3 KItftLA 7o bid, FVA XD 2 KELAT7 T b
N, 1) RRE 25.0% hBRK 50.0% BN, 2) &’
PEIENNELI2D, BAZNZYE—-YOEDE- &, 3) Th
WZED Ty hOEEIRILE 25K 59.7% BRI iz, 4) 3
Kofbic k> TFy THESRK 5.0% HMULZA, ZHidAy
a® 3 KT THMEOX N THS.

TTIED 3 KL IC BEMAEINTWSA, 3 KTl
BRELT, SEEDORTORBEOHL S EMEHINTY
52, 3K5T IC DRI, INSOMECERNLETS S
EEZLNS.
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