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For the bus architecture of large-scale integrated circuits, there is a problem that increased amounts of traffic cause an increase

in the frequency of the centralized bus. This paper describes a load-equalization method which can increase the transmission

bandwidth without increasing the bus frequency on the distributed bus.

In order to suppress the rise in bus frequency, the method avoids traffic congestion using autonomous distributed control for

load equalization at each node.

We implemented the load-equalization method on a distributed bus, and evaluated it in a 4-stage butterfly network with 4

slaves. The results showed that the maximum value of average throughput was improved to three times higher without increasing the

bus frequency.
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Fig. 1 Concentration of transmission loads in bus architecture of large

scale integrated circuit
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Fig. 6 Effect of load equalization in router

o mmns

Verilog-HDL (Hardware Description Language) % >
o= R = 7EEIC X Bk A —1b )5 X o Gl
REoRy. LUFT, @Hiigtr, B L OMR%MkRE, FE¥Em
&, N RIRO K FHHAS RIZOW TS,

6.1 ERMERM

(1) XZETI

AR G ONZAETNE LTCABEDNY 75 4%
W7z 16HDONAT AT EMHDO AL — T, B L U201
DNV—%%, BIROBETHER L. F—FiEEonN
A3 64 bitk L7-.

2 FIEYIETIL

2y MRS flit (AN FR2 flit, 1 flit 1375 AH]
YA ZNVTEBETELTFT—FR). NATRAF T LIS
7y bORGEHEE T AGATEHEELZ LTS
Ly 7 ORBL—IPEHTLEIICL, FENATRS
PHAR (KL — 13K, HL—MAK) OrFey s %
“BIiE L7

kB, BEMNLRFMZIT) 2Dl b Ty 7 MoRG
L—MIEEZZITLIETEREL— PO 2T 72,

. [Bm1] [BM3 ] [BM5] [BM7 ] IBl\i/I9| |BM11] [BM13] [BM15]
[BMO || [BM2 ]| [BM4 ]| [BMS6 || [BMS | [[BM10][[BM12][[BM14]

=%

BTE FHII R DN E TV
Fig. 7 Evaluated bus model

6.2 {nxxMERE & /N XENMER K E OO FTE
Rk BT — L) DR R ORI R 2, BIR

A PSR D0 14

Table 1 Comparison of transmission performance

2 —T y NDRAIE

et L 27 T2 Ifivoycle/siavel
=R REEAR [ BEFRK
- 21 0.62 0.94
SHiL| NICHOA 10f% 0.33 0.93
FHf@2 | v— & NDO A 1% 0.8 0.9
. NICH & Vv —% -
Byaliik] HOTH 105 0.33 0.98

27



28

Panasonic Technical Journal Vol. 58 No. 1 Apr. 2012

R, NAEMER I BUX160 MHZE L, H/NAT RS
PHD Ty ZTORBL— M EREBNICHERP LT, F
BWAN—F v N ORKMEEZFHL 7.

oz, fEkFE LT, AL—T0&R%
Round-Robin FRT, V=% TO/Ny 77 DEY K%
Age-Based A TIro 2 & R L7-. 2B, KL —

ORIV =Ty NI TEEL— FOTFEH AL —
Ty P OEIUGEIEDO LM T/HN— F 7 = 7 FEEIC
£ 2 MERERHN % 47 > 72,

NICH D=k BT — b D A % @ H L 72 5#- 41 T,
Foby rMOBEEL — bOEIUMEDSLLT, A
V—"TF v O RKMIE €K D 0.62 flit/cycle/
slave 2 HARFTID 0.94 flit/cycle/slave (2L S L7z,
T2, RELV - FEPIEOLRMTIE, FHALV—-T
F DI KAEATEHR D 0.33 flit/eycle/slave 225, A
X 0.93 flit/cycle/slave 12203 S L7z, NICH O E AT —
LHATIE, BELV— FEPIRELCLDZIEFEANV—-T Y
FOWUERNREDTEL 25 EDBWH LN R o7z

V— & NOMRBR AR — L RO A% #H L 725#li2
T, —HONV—F TREAMETHIHRET S L 91K
NARAY DAL B ALV —T ZHHRE L. £
DGR, FHAN—=T v FOmAMIZHERTTD 08
flit/cycle/slave 5, ARFZD 0.9 flit/cycle/slave (2B
SNz, V= NOEEAME—LIZL Y, V-5 Dz
EVREZEO LN ENHE IR o 7.

NICH] & v — & WOfRE A — b X om ) % #H
L7238 i3 Cid, PHAL—F v b ORKMIE, Rl
K 0.33 flit/cycle/slave (2xF LT, AKX TIE 0.98 flit/
cycle/slave 1220 Sz,

U EDRRE»S, AFRIZLD, NoCHiEOMETH
LBHDINA< A Y B TORBEREE DI TH U SRk
PEREDIR T OMEL R TE D 2 LR TE . T 72,
NZEMER IR R OIS, RN ZEIERE RO F
TREEEREEMGFICMETE L2 LW SN R o7
B, WRFRT, RAEKEF UREEREE MRS 572
DITII N ABER W R A7 < L B3R5 (480 MHZ) (2
BB UNEND 5.

6.3 FHEEBEDFE

Verilog-HDL% W\ 72h— K = 7 EE 2T, NICE
V=5 D5 — MNEEFEN L. $£72, NZAEERERE
160 MHz& LT, NALRE 14720 ONICE L UV —
FIZOWTHEETRE E, ZOTAREREANS O 5 FEH
e mEHEG L RDL (B2F).

INAEROEEER (BTR OGN RO /NAE TV
ZRERCT 520 0 v — & 20 ONICH & EHTI R 1%

28

BoFk FEWMMO IR

Table 2 Comparison of implemented area

v | AEBED GO D | AHERED H D B
ﬁfﬁﬁ R ETR EREA
[ k gate ] [ %]
INZ &R 923.8 87.9 9.5
NIC (11E47=1)) 16.3 2.8 17.2
NIC-A 155 2.7 17.4
NIC-B 19.1 3.1 16.2
=2 (1A 7=1)) 29.9 1.6 53

9238 k gate TH Y, FHKITIB WV TARBEREDY S © 5
FEEEE, N AEIKT 9.5%, NIC 17.2 % (NIC-A 17.4 %,
NIC-B 162 %), V—7% 53%TdH 5.

LZAHT, V= Dk, Ny 77 2T
ETHUEDTHETH 5[7]. Age-Based FRD IV — %
DNy T 7 R 2D S MEI RS 2T, (R L
IOV T, AFRE KL (83F).

B3RV — 5 OFEKIMM & ZEMEREO K
Table 3 Comparison between implemented area and transmission

performance for routers

coo | e | OICHT B | FHRN—Ty D
7 iigﬁ EHEME| B
[%] [flit/cycle/slave]
(D Age-Based| 21 28.3 0.0 0.81
@ AxAHR 21 29.9 5.7 0.91
(3 Age-Based| 41 54.2 91.4 0.98

Age-Based OV —% TiL, Nv 77 %&fFHT52
LT, FB ALV —T v oK% 0.81 flit/cycle/
slave 7*5 0.98 flit/cycle/slave F Tl L T& %235, i3
HAEAY 91.4 %lNd 5. ZhICHL, REXTIE, %
FMMED 5.7 %M T, FHAV—T> FDRKE
% 091 flit/cycle/slave T ET& 5. AFRITLD,
FRMBL ORI %2 W 2 72A5 L ERE I BT REE 20 5.

6.4 /N XIEDOFHE

f 31 7 AMBA AXT Y (Advanced Microcontroller Bus
Architecture Advanced eXtensible Interface) ver.1.0&, #x
INME TR DS TN AR LK% 475 72, NICTOD
F—=F Oy MEIZX D, 7 FL A LHl#EERE, 7—
FEBWMEMN > TE®R TSI LT, AMBAIZIERT/NA
MEA2 /NS CEBTE . BIRMICIE, AXT (268 bit) 12
xFLC, NoCTId2/3 (174 bit) D NAIFZE FEHTE 72,
F72, V—F TOBEBNADEH ENICTONAT T
FIVEBICE D, NZATT N IIVITRE L WS 2%

(#) AMBA, AXIiZ, ARM Limited D% §kraie



FINA ZEFE  HEERNRICH T B EFERS—EAR

29

BEEBT H 2 LT, ANARBEROMFDMEFTE 5.
AXIT (/ME i)
RZEDT— 55 M 128 bit

7 FLAFE Mt 64 bit
HAEE = 76 bit
& 268 bit
NoC
EZEDT— F 558 - 128 bit
HAEAS = At 46 bit
il 174 bit
I 7. &0

AR, PEAEREEBT 51327 A 5 ORLE
¥, NABMOET RN ZOMEOLKAL, Foev 7y
HOWNNC & 2 3N ZAEMEFR OB K OB L, N
A& Ay b T—=21t (NoCOEA) §5Z L THRITE
BT ERIRL B, NAEEREEEEIR g
T, NADOEBE L, NAOEEGRHROWE, BIOL
A7 FXEOBEHIWIFFTE S,

SR DM TELNRAETFTIVE LTNY 751 %%
L, (A& %2 I3 2wk Ay —bdic &
DFEHLL FEHAEEE LTI, NICEV—FTOHE
T R R AT LB X D, ENICR IV — 5 [H]
DIEEAM 2 —IZREOZ LT, FIby 7ROV
L ofngEamEh e L7z, £/, N— KN o 7EE
W&, FoeyrESEIMLTH, AFRXE, NAH
VERRW B % BT IR N ZEIE R B £ F CfE%
M ETEAZ 2R LA AFRTIKROEHEE D
D,
 NABEREEE KL BREE DD, fERAFRITH LT

INADNFIY AN =T+ O A% 3451 LT g
o N R 7 OFELEMRE Z P2 7wk R s

fiE
o N— Y 2 T RGEHFICLERZRH O WS ) 5
(]

e NIV ZBOMWIMIHTEZAT—F Y T4 D
<, RBIBL PB AR W 2 RS DY 5

AT =¥ T4 OFHIIESHOMETH L. BRY

12, SHICHBORE NS 774 BIZBWTAL—

TR AV — 7 ORIE % R U 72 EReaTli[e] R, £ v

VAR EDEho bR Y —ToOMEFEE N Y 75

AHE L TIT) PETH 5.

(1]

[3]

[4]

[3]

(6]

D

SEM

T. Bjerregaard et al., “A survey of research and practices of
network-on-chip,” ACM Computing Surveys, vol.38, no.1, pp.1-
51, 2006.

MAERL M, "CMPIZBIT 54 ¥ F v TV — ¥ OHIRLIE
NI = =T 4 v 7 OFM," LI &R T v
Ya—7+4 Y7 Y AT A, vol3,no.3, pp.100-112, 2010.

L. Tedesco et al, “A path-load based adaptive routing algorithm
for networks-on-chip,” Proceedings of the 22nd Annual
Symposium on Integrated Circuits and System Design: Chip on
the Dunes, pp.1-6, 2009.

K. Goossens et al., “AEthereal network on chip: concepts,
architectures, and implementations,” Design & Test of
Computers, IEEE, vol.22, no.5, pp.414-421, 2005.

HEE b, “HEN BT SRR AN L oHR
R EHULBL A SRR R T — % 7 2 F Y e R
#ett, vol.2011, no.7, pp.1-8, 2011.

D. Abts et al, “Age-based packet arbitration in large-radix k-ary
n-cubes,” Proceedings of the 2007 ACM/IEEE conference on
Supercomputing, pp.1-11, 2007.

W. J. Dally, “Virtual-channel flow control,” IEEE Transactions
on Parallel and Distributed Systems, vol.3, no.2, pp.194-205,
1992.

HEEREN

=H B
Jesm AN it FE A
Advanced Technology Research Labs.

Atsushi Yoshida

k.
¢
v

aH# kAR Tomoki Ishii
SESm AR JE
i 1% Advanced Technology Research Labs.

(I m e 5

S HA AT FE
Advanced Technology Research Labs.
Tt

Takao Yamaguchi

29



