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Prior-dimension Speciﬁcation on Output Channel Selection
for Adaptive Routers
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We propose a new adaptive routing method which is capable of selecting, based on a pri-
oritizing system, a particular dimension to output each message. We have compared its
hardware cost and performance based on HDL designs. The results of HDL synthesis and
simulation lead to the following conclusions: (1) The dimension-selective routing can be sup-
ported inexpensively compared with adding virtual channels; (2) Adaptive routers which
support communication scheduling are effective in improving network performance; (3) The
ability to restrict adaptive routing is useful not only in maintaining in-order message delivery

May 1999

but also balancing the overall network load for uniform communication traffic.
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AD : Address Decoder

BC: Buffer Controller

< — added for the North-last router
- - added for the fully adaptive one

N: North, E: East, W: West, S: South
(a) Port connection

M1

(b) Port organization
without virtual channels

OCA: Output Channel Arbiter VCC: Virtual Channel output Controller

(c) Port organization
with two virtual channels
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Fig.1 A router organization.
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Xd, Yd: X and Y directions

Xv, Yv: X and Y virtual channel select
X, Y: XandY absolute addresses
Rt: Additional routing information

B2 Ave-—YolE
Fig.2 Structure of a message.
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Table 1 Synthesis tool and conditions.
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Version 1998.02
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Table 2 Synthesis results for the dimension-order
routers.

FIFO/&— 4x1|4x2|4x2|4x4
VC #I4T W | AR | B | B
RABEREE (MHz) 98.2 | 72.4 | 69.4 | 68.9
295 4 AN (ns) 509 | 690 | 7.20 | 7.25

LV (K gates) 13.1 | 28.6 | 28.8 | 53.8
Bl#R5EI (K gates) 75| 16.4 | 16.5 | 32.1
HKEMR (K gates) 20.6 | 45.0 | 45.3 | 85.9
155 R 280 296 296 320
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L, Double-x & VC 2 KD XTTIEN — ¥ D
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L X RILEE— PAOKER, XRER—FHDA L v
FOWRKZEILLVHEMT 2 (K1) BH). 72,
BEEDZ V)T 4 ANSRE, BRBIROD v 7 OB
SN TRL, DRERIERT ST L2 X HEH
BHOEMI > TOEL % 5.

3.1.4 BB —2ATOER

K3 0o, BERTHEENV—T 170N (K
DS) &, BKEEEEEE MBERICRE P ES
B2 7w b 5. EB, Verilog-HDL IZ & 552
WTIE, 7FVAFTI—F &5 Rt € v + D&%
BT AT L,

R4 I North-last & 5242@EE D Double-x
FRET AL, ZUTFAANISAOHTICE bR B
KEMER D E NI K E VDT, Double-x & Double-
xy DEKBEBEROBEVIZEHEHAS V., Zhd
VC DB X 2EPRENDTH S, £/, W
SR & 5D VC UL THML Tnb, 72
2L, RIWRLZEF Y — M HEOBREEDE
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Table 3 Synthesis results for the adaptive routers.

FEHRIR NL | NL/DS | DX | DX/DS | DXY | DXY/DS
FIFO/X Xt 4x1 4x1 | 4x2 4x2 | 4x2 4x2
FIFO/Y KL 4x1 4x1 4x1 4x1 4x2 4x2
FIFO/PE I/F 4x1 4x1 | 4x2 4x2 | 4x2 4x2
AREER R (MHz) 92.5 92.5 70.9 68.4 68.0 68.0
295 4 ANISZ (ns) 5.40 5.40 | 7.05 7.30 | 7.35 7.35
VT (K gates) 13.7 13.8 23.7 23.8 | 29.8 29.9
FLMGAL (K gates) 8.0 8.1 14.3 14.3 18.0 18.1
W (K gates) 21.7 21.9 38.0 38.1 47.8 48.0
5o #E 280 280 288 288 296 296

NL: North-last

DS: Dimension-selective ~ DX: Double-x

DXY: Double-xy
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T, =9 v FoT70r - BV EVBERT S
#ETH UL, Double-xy BtV —45 1L, /HSHEE
BWEED F — NNy FCRTMEN —T 4 ¥ 7 & g
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PRSIV — 525, Foedk L bk ) BEICH
LTED LD % MEEERT %, Verilog-HDL RTL
(Register Transfer Level) f2ii% ¥ 3L —bF L7,
¥ 32l —#12k, Cadence 10 Verilog-XL % ff
L7z, EBRRERE, $XToV—-FPRAEGRICBN
T, #A4 IV T &2z T 66 MHz D7 0y 7 D
B, FL—FT LI2F 2, 3 WKL BRKEERE
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Y3al—varvgfrlL T, V-FEOF -
REHEE, BV —FOBEREOE IOy 7 (K2, 3
BOY YT 4 ANV AHY) DRERELZ. Lz
BoT, 3BEIEN 27Oy JEEROV—F A
BE15 70y 7 E5b¥T, 15y TiICAvE-T
AN FIR220y 2% ETL. 7, VCEATAHR
TNV — 7 12 B1F 28M7% VCEETIZOVWTE, &
R R BT 2 EBO Y TELRALPT
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% B, AFIXTIE Matrix-transpose #fg & All-to-
all BED 2 0OKRERTH, MOBENSSF - D
T 3al—¥arBERICOVTIHIE 15) 2 BR3h
7z,

4.1 Matrix-transpose &5

ZZTH, 5x5M25 J—F 2RI Ay ailBWw
T, J=FT7FVA(i,§) & (j,5) BAvE—V%E
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FASERRC A v — Y DORELTHIBL 2R, 5, 20
I =FFRTHFAFED A v =TV OREVFETT5E
TOBBMZEHIL, NV FIEERD. Hv—FIx
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[ 3 (a) 66 MHz BhfERsIZ, BARTHRER SOTE
B (DX/DS, DXY/DS) OFEE; &S B\, h
X, EGeBEBLTOI YT AANVNRRER D) —
K3t (4,0)-(0,4) B X v -V % Y RXEERICHE
LT, oAyt - nEHE+RBTELINLLTH
5. FT5E (3,0(03) MDA =YW 7YT 4%
VISR ERBDS, 512, (1,0)-(0,1) D 2y &—Y
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Beh i LT, EERERLFEL -7 i EK
15, BERRTHRED R W BLE DX 1, RTIE
DO #EILE! NL OtREL K& CHET 50, &
By — VI L TRER ATV 2= v %217 B
FRTIREN E0Ee#EcRE (DX/DS, DXY/DS)
RSV, F72, H4RICE NLik, XTIE DO
DHERZIFLALREL TV, SHIE, 774
HNVINAZ B —F (0,4) 5 (4,0) ~D X v~
VEBON—T AT TETIL, KEMEICHELLDHT
H5.

VO EDRTMEL —F 12D THBE, VCEIFT
IZBIL T DO/ V2 & BgYIE 2 TTEE% DO/auto
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