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Study on High Speed Routers(I) - Labeling Algorithms for STC104

Hyo Jong Lee'

ABSTRACT

A high performance routing switch is an essential device to either the high performance parallel processing or communication networks that
handle multimedia transfer systems such as VOD. The high performance routing chip called STC104 is a typical example in the technical aspect
which has 32 bidirectional links of 100Mbps transfer speed. It has exploited new technologies, such as wormhole routing, interval labeling, and
adaptive routing method. The high speed router has been applied into some parallel processing systems as a single chip. However, its
performance over the various interconnection networks with multiple routing chips has not been studied. In this paper, the structures and
characteristics of the STC104 have been investigated in order to evaluate the high speed router. Various topology of the STC104, such as
meshes, torus, and N-cube are defined and constructed. Algorithms of packet transmission have been proposed based on the interval labeling
and the group adaptive routing method implemented in the interconnected network. Multicast algorithms, which are often requited to the
processor networks and broadcasting systems, modified from U-mesh and U-torus algorithms have also been proposed overcoming the problems
of point-to-point communication.

FIHE : STC104, HO|wWBAU2||(labeling algorithm), HEIHAE(multicast), 2&2IRE (highspeed router)

LM B

Aoy BB AZeA A 7lEd e FA AFY
FEE AGL 7[E9 E2F ARET] opfet S4o, A
A 9 B AR deFe B ZrE 2
£02 AYY £ Y& 71es &7 HA =@ AN
85 B4y 713 dust Zo] AHE AFH AY
£ 878 Hopol ol&sHE WE A 7le Fobdt U

¥ 2 =Ee& "n& 3351"“ g A - STCIM F T4 1e s

@ AT - FYNEDTLE

4 10¢, AAHgE 1 2001d 59 299

,.

™
oo
~

48 VEAZ BollME BoE Aue 4% Ae
A% #A%ol 71¢e EHL B3 UG Wb qe A
ol ARE 7T Aate J1ed 27 dad o
FP F=doH AL tEo) T A SAY T
AR AgH dueE ALH 2L 2ZEdolH AT
€ Wag3 Yk STCI44 7172 A48k Roubel13]
5& =04 A gEAY ofolo

STCI042H= B4 349 2199 297 A& A VLSI
Neg olgstd ALHAG. o I RAY Py Jag
SA0] ojgatel HAAE - 228 4 Jom 7 P29
A% £2= FoI00Mbps7x FHsatd Hel el E 300



148 ZEXEIS 2 =2 K A MB-AZ M2=(2001.6)

MByte/soll Al 200Mpackets/s] A2 FH& 7K. o
2% 2 L 24T WE A2EE =244 T000(1]
o] Z2 M AZAY AHEEO WEA 2] FA AAE
HA3AY, HEndo] Age 14 &Y UFE A2H
o} £42F 87 HY)Q(VOD : Video On Demand)A) =%
3 o] HUiF A5 1% AL 27dE PEHAT 9
Ao o] 8" # itk
8 2944 A4 54 R 45F tEo] ol o] &3
oo Bg TEE W JellEe A% T3 Fag Wyt "
th. 71&9) STCIMl B ARES STCIM 9 A%l
@ ZAE FE olFa o] AA &4 o A @
S8 FE A 3 729 ddg faxe ERE
AT7h o] FolAok gtk ety FE TAY of dubyor
7 4y AHEEE AR JEYIS 1 JYENIE 34
02 STCI049] 54& S¥3] whdstd Z 49| through-
put, latency £ A AA AL FHAHeZ d7E et
Ak, B =RelMe ov] AMEE R e STCI04 el g
Tz 4% A8[21E 2AZ 249 31 1 7)5S NE
dold de AZEHO HYAE Adegc. azlx
STC104ell W=gle F8 549 €% #803], 7
golgd 298l 2% A% &% T g Vg
HEAZ AuelA 28, 93(torus) 2 Z4A FE T
A F 7 7z ©E AsLngFe FEsESH, ol
e %o Hee FAsn 2 AF}ES MR BT
=3 A NEHZY AYHE SEL dHANEE 7]
58 sy e AZEY]HOoF U-meshl5], U-
torusl]59 2aEFE STCIME &3 P HLdlo
I %E vasta Folz g 54 HAsE & e
dngyFS AAGLA gt
2 =29 7402 A2ZME STC149 +x9 54
& 4/3ta o8 ol&std Y ¥ Tz iF Ahsh
A 2§ PR AEHE 7 FolEY Wil s
ARt A3FelMe Q8 AHEHAUE Z2ANTH
WE BAgeA A5 A0 ANEHT glE HEPFIAEE
FHE7] Y3 WEE ATEYY duAEL AHG
A #A A 22d =R E STCIME HFEH NE
golig B3l T 4 F2dE A& EA%a AgE
A2ZEYo HElA2E SnPEE AlEdolAE T, vpxg

o8 FEAHQ HEL VIedAn

2. STC104

g8 e dAes AFHe=2 £487] AdMe
STC1049} 715 7% AHESH= 83 TEEEY DS-Link

(719} STCI4E FAst= T4 828U IFExu A9X9
PaR zgxn vse) 74 2 24 olsfsllel @k w3
#7298 785 o AA, 1% A¢ 2$H, universal
49 So) STCIMOIN HA) B$dol AHEHE 7|45
=42 oy TESA

2.1 STC1048] =

STC104¢] #=doj&g] FHUETG AZEJojdor
243 se=d Jdold A s15H BN FxE
AdE gart gl STCI04E @948 2L E4 Ao 7]
TE e B4 489 293 &2 (28 DI 2
< FZ2E /HAY. dHolHEL 329 YHEXERRH
STC1049] AR aZAu AXE Eo)7tn of 7|4
A g dolgst date A2E w2t Ry 28 ¥
EZ Uzt Z47te] #Hax olF M9¥ DS-LinkE A
£33 7} DS-Linke 349 YT ES FHXEE T
A gk,

DS-Linke WAy & AT 2249 #9180 7
TP} 225G A svte] FAE AY Hz9 2
AZE AFss YA F(inkslice)Z & @9
ol &},

STC104E S¥€¥oz Fasts 3209 garg 9
2 JFAFE Tl dorsd HAAY B[ FH g
2 A2 e F 7 A7 & d3te &Y
e 7%5E g dgan 295 aga 7
Aojsts Aojiz FTALL YARE AR T AN}
P32 RER FAHY 3 LEL 9 ¥EY 9. &
g gasty A9 Hee A T2 AN 93 P
At B#@ AYe Z 24259 oo A e 3
ojuf #7 44 #H¥ §& A} FHolth Clink0st
Clinkl& ¥4%9 DS-Link ZE2A4 STC149] #o|& HE
4328 5 P F JALE HAFE A0 STCI4=Z F
g T o] RS F3 74 Ao MEYAE 53
o AA YEAZLY STCIMES AT F JYEES 5
o gltt.

olf

PN i
TR

2.1.1 DS-Link

STC14E 435 A2 §A 5&E 93t DS-Link
€ ARt shvde] DS-Linke 4719 dez FAHY 9
A3 28d 47 3y diolH 2¢l(data line)# 2EZH
ZQl(strobe line)22 FAE U DS-Linkghs o2 niz
of Hiolg] &3} LERH #ler {AHE HoJE 2ER
B 344 711% Ao|th DS-Linke Ho}5{full-duplex),
HE7] & A9ske Fi A (Point-to-point) 9 2& A ¥t



0& 2H2E0 CHE D=1 -STC104% aolEd ¢TelE 149

Clink0 |
command processor
[Clink1
2 3] ¢4 B st 45
| 2 o I Q ul 4 5~ configure
5
select Interval Random £
- ‘[ s’;:g"g, header w
generator
: i
H
- {~ Header buffer [ >
g Link module
T T
‘.;.; ul Header stripper | -
c | SE—
g 8
0 ’; Packet ProcessorQ
e
[ 7] —
X a o Linli)_
C
= o]
- )]
il 8 —
e [
§ Rand
S| O |eseem mss || |
0 generator
2 3 3
H 5 &
I Header buffer 1| —>
Link module
1 Header stripper ‘]L —
Packet Processor0
Link31

(228 1) sTC1049] &

8 3§ Aol AT Ja £ 2F A
£E & 100MBit/s7hA A A3,

L ASSEE A A8 543 o
ZEZS AP ARE 2 dojE Rin
Aoz 2E28 #R1E o8 clocks HFste &
& YA |k diolele FAdeME dlojEet 2EZH 2kl
9] EXOR @4kl 93 clock A28 F&317] dE s &
AIA] PLL(phase-locked loop)ol AMREHE BHE 29 + 9
. B0 Gray codinge a3t wE =g 322A 74
ol & F glo} P27} 100Mbit/s oldY £2& d F d%
Z sj&r) =3 DS-Link7} clock A2 & 37 A$stor
A A E olFE #gAvt vE7lolaA £ At §l
g dolEel 713 fke Holth ojAL HE £k
AAAN A AR A FA E2E AR GE HY
Yol A lele] AEEEE Afo] sMestde A&
T g

DS-Link7t Ag# & e #H3aye /e F /M=
2] ojee} wi(disconnection)ol golth. HA ¥
o2 DS-Linke EE F&olA & v|E] o7}t dof
BE o #AdD EAE 08 EZe) gl W ¥l EES
Ag3te ZIEZS AR P39 9 deE g Y

2
o
fr AN

o
w
e
=
= e

|y
-

NEF do. A e dAZ gart g9deg @
AHAE o dojuiALt F29 TE F BA 277 o
it Aol FAHUEL W Yol

Az zul 29X E STCI4Y FA] He 828 294
o g 2ES 3279 SHRES 7MY 2220 294
dME o= el 32709 HulA AZel <doy {1
XES SHIE Ao]ofA o|Fo|F £ glen] 50MHzH A

4

AolZ G prtolg Aol ATt oL WY 2%

16 GBytessl W%e] o018 4 g ¢ vl 2z
W 29Aue Aoist gasel gomz @ HelF vl
FA0) 3hel el olFeAAY AAD & slch

2.1.2 Az 2n} 2904

Azt 29AE P2 FRYE 4 A9 d¥pd 2
HEES AMsed USE RS A Fu9 Ao £
o2 @A 291 FYLES Age] 5% o 2
2ot A9RE YARE Ao B2 olgad 293
ol szl Ak $2E dm A B ey 3
4 E2¢ 03 0§ voz WFY WA A9E AR
FAB,

AZo] o] FojX™ dolg A g9 11 HE W29 A=



150 HEM2/EI=EKX A HE-AH H2z=(20016)

dolz NIZAE dZAHL wehA 22 2u 294X E T
BE A7t FAHY oA F A g 3F Ao =
3 JbseA stk

azzu 294 o8 A9 dFe] A& W F YHE
o] Bl BYF ¥ & 873 AS shie dFd of
g Agrt A ol o U AHEL FYo| 7}
THE 97 d7jA7e d"E 19 FA(arbitration)
g Y3 FAE dU1FI 4ol AwE At U4
EF 53 5 EE PPk 2220 2978 £
2§94 719e Adsted 278 d™el dE st ol
ZYdo| 715 o o] AlojoA v E WA FAE F
g},

2.1.3 15}

STCI4®] %8 71% %9 it w2 2 aisig
S0} Witk STCIM4E 3248 A2 Ztzk d)
B% 0718 E2¢ AFE & Ut uHE AUz Q)
o A dAdoZ B o F 2009 ES& A3Y £
Qe 43L ALY <E 1>E STCIMW shte 22
AT Ak NNE % AAEE TR e
oltt.

(7 1) & 4249 Y 22X

8% DS-Link

48 FIFO

EZ #

az s 29H

29 FIFO

283 DS-Link
A4

3|0 |8~ 0|88

2.1.4 g3%

gaAne g4y Ao g2l 29XE AT
3 DS-LinkZ%E Z22u} 27X 2o {33}
 dg BEa 2z2d 29A0AM &% DS-Link7HA] ¢

—ﬂ Input Token
— >
—p FIFO Queue
4
DS
LINK iiﬁ? Interval
\(
Generator Comparator
<+ Output Error
- 1 fro [ Hander [*

&8 RES ¥ Aoz o 4L (0¥ 2% 2 3
Ro) 3L aydA Hol: nuiegl o] S ¥
FIFO, ¥4 o 2A7], 73 "], & 79 v 7%
E508 FAHL 2839 o AYrIs 28 FIFO 2
e BE2oz FAHEt

9% DS-LinkZ %€ dolele AA Y3y 4gZ9) n}
A 2vtAe] oA FAste Y FIFO% EE
o & EES AAA "ok 7 EEdE @9 v A4V
T v&7)7h AAM dolg] 3F 9FE vAAE Fe
Y 48 FIFOSt EE #9 Tl 9ad HHE A3
T q%8e @

4¥ FIFO= d8sHE ZE EZ°] AXA He £52
2 A7 §718 bE EZY ois @A §F Alo|Fe
latency g Wt @dh. 28u, 28 A2 AdHAS
9, & F A9 #HAol FAd & HUE 4T3
Agau 29X T2 ¥E oF FE7}t AgH
9% 4% FIFO:= DS-LinkZ#¥ Hd Hx =272 20
ARx e EEE dolsd wHd AFdd EE 771
EEZS wg U7t H £, §F A% d¥e ¢ ¥
Edze &¥o] 3LHAUL o FIFOT EE #F2 do]
HE e SMAY2 Wrat o744 43 FIFO9
7“1‘1] 8L @ Alo]E 9 @ EZ v g&Z doHE ¢

& 5 gl

‘4 Aol A AF = e Universal 348 7|50 H4H
= A% 99 FIFO¥ ‘randomize’ 87 27 AA
go] gloew Y o HAU|7F AP AHE DS-
LinkZ5¢ 22 sjile] i AYAA EE #=2
B2, e BAHE due ZEIY s iy
base®} ranged] o& 4 (13 2 ¥ Mol Ad5
o} 7t}

base < header < base + range 0))

Fouarle vE Zz2ay Hod 73 GeEEe
AP FoiE vadtd &8 Fas Ay sHaE ¢
AAZE T2 wREs)s 48R 02 3 Alo|F U F%
g el Qe BE 79 vug P 5 Aok

ES fe 73 vyl os A4E HolHE Xsn
dgslE dole 2EYY T2F dg Zohle 9¥E
Pk B2 72 4F9E AW 22202 RlojAAY ®
T EE fdA A2EHR g HAAA dAre
Yo ¥R gt F BF F stE oyt dojw
£ A% AYE Adsae 9% 0 AtelF latency W
W2 Fae



29 FIFOE 20A7AXY EE& ARFE & & HH
o g AA 715E 7ML Joke AE Adsne 49
FIFOSt 48 $Aoz Fagch wd 3o AA £
a7t AR ol s ¢Fd de BF sy
AFHE st e F A dely EZe] AAdY. §
de #Zvle T2y e SYad o 4= 9
HE AAR olF #Ad depdle doly EZo| givd

FAe F A #AE ARNA gon 18 AS H79
g UehiE $4 EZo] AASHI “null packet” o7t
WA g}

22 STC104e| &4 ,

STC104& VLSI 71&& o] 4% 58 &x4=2 32 %
g zz2au 249 DS-LinkE AL&3i9 =%$¥ A
A AztE HAa387] 9% wormhole THE-HE, U A
A, *+EA @98, ¥§ 299, universal #¢H
59 71&E o) &3n Ytk T o FES Aol
87 9% ZadAnA tsd AR AR E JHA
2 gtk

2.2.1 A #H98

A7 99 YEHIF] 24X YAEL FHAS
Hlolgle] 58L Alojdte YA Z2EZS Wi
9 298 T EZA dolee F3(flits)ol B
oy e Fe dojg 2482 7Y AAER o F
gk, E0E F MY 29A Alolol A & Ato|Eel A
F$Hod F e MY FE 949y oy z2Z4or uA
g arlg Zi=d A1y 2R 2HEe AFsr] 98
29A7F AMRSE BeE FEE ML gtk dd #A
ol EHAR Eoj7/td I A9 g EHo] 7bF A
7ta o) HE] EE W A9XE FAR F9" FH
e Y AAsta Ao 5RY F2E HHI
Holol g98 ARE MAA v ERE] WY EFHE
wel 292 Solen Y EHA o8 Hdd F=2E
we Asah AR wiA T E392 g HAY ny F
ozt Ben Zt7he] 29X o] my EHo FHF F
£89g 02 Azld 98 A8E F A AR e
AUzt Aol s AYEHAD F2E 2tk HA %
$¥& store-and-forward 4], virtual-cut-throughl8], 2
2] wormhole -8 el e STCIME 32x32
H-527 azzdl 29AE 7Y 49 YAqH o
9elel Haw tiE Yatd iy DA glo) =¢H
F JEZ wormhole #$8& AHEh (29 3o 2
vigh o] #A 9 BTzt STCIMO) WolEoA = FA

2 g

fr deor
He

2

L]

ro it

04 ZIRE{ON CHSE DA - STC1049) BioIgE &2lF 151

Az2ug 58 @0 H4AHY A g o v
A7t vl2 29 P22 AFHAAI] AF@T o|FA &
AXE 53 A¥E 2L ‘end of packet’ EHo|U} ‘end
of message’ E3o] £33tn v AeA A @t

STC10474 . Device
stig gaign| DO o

or C104
&4 Y328 Cit4 C104
Me st

Az aulE 4
SCER L

gD siiet
mel Loix|zt

Masc)h

dsd

3l ZAX| . Device
olsl ARABL Device C104

or
uel dgol 0%4 cl
sl =i,

(—_-’-ar:l 3) STC]040“A‘|9_I wormhole E}-C"—Eo‘

2.2.2 39 AA

HENAY F4HS dedtA 7] A4 Wwies 7§
289 sdl 7 je] SAE AFas el ik A W
A Hde 53 FAE AQsted EF 34® JEYaR
FHY 28 JaE Iugd H3lo] FeE FAE Wy
W A HA Sz AR o HAE AT ZEANA
F 9 o dehiAl gk olgE wAS Adsy] 9
skl STCI04E 999 Zojd #AZE F$E & & Utk
STC104¢l 3 AH&H= AF stidl #fdsls F uol
ojF9 Fre HA ALY g FEAA st HA 9
FFEAA AAHL & o] F R ASET (T 4)
€ By STCIe #4 29 d3ax= A39 dn7t ges
274¢ Wgde © AHEE oS 4 #@3le RELRRE

o MH7E HESX]|
%2 FYc

Ci04cel &icts 2y
B2\ & 8l

: C104

o] #chEe Mo
A7t d¥sof Aok

Ex|el 7ha ,E;'a{
Mest| it s

(28 4) sl HA



152 YEXMESI=FX A MB-AH H2z=(20016)

398 AdE AASES AFHld & AT wepy 7]
2<) 399 A7t AAYL ¢ o F de dojee) g
ge e Ao od AZe] wobEeld W AY2A o
FoiAA Ao,

2.2.3 Tzt #dol&H (Interval labeling)

YENZ AA SEHES 42 /AL e 428 §
& o gudegs A=A wekA, 229 le]
A%H7] date EFA =F7] Y& A8 2 Ha
g A dol&d PdE Ay Ytk F €% IS¢
& AHE8HE STCIME (28 5% 2ol Z4Hzte] 9 33
Fao FHE 9t 2 F2E T EE® T 3
RE Hud =28 39" § F RS k. #3
| STC104%] =& o sdde 73 299 Ho HAT
it vnEo A olE B &% yavt AREd e
A&Hog HHe] glo] 7zt iyt wEA] sl i) 3
FetesE dAErh 74 dolERE mn)oE #7311
gl P g0 ddd FAEY F2EA7t mEt 2A
Y 23 nrch ks A& Jepith o] WL ojmg E
2= BE FFlo] BHAE Foptes gty Ed
sledlojg @sirlel zhashs A2 HeE HAY ge
o] Ao diF HolEYo| sHestes & AY &
4% HA & 5 Ao

ot

2

|

rir

=]

#e 22 32 7H

e L

ko b 424549|6-18..25..36.. £2..50
N are
s
.

Link ! fep 8,17

Link2  fomeeeeeep  18,22.24
Linkd [——— 253834

link4 f———p 363940

(38 5) T2t Yo|EE ARESE UIESR

2.2.4 283% 2989(Grouped adaptive routing)

IFHE PR A5AQ HIE Ze dde Ygas
& ¥ 2§02 AAHSY 1 1FoFE F9E Hol #HA
of Y g9 AMHA g YAz AFHEE §9
latency$t throughputdeld o Y& %52 /A e
Polth (29 62 I8 HEHTEE BAFH #A3le]
STC104:914 STC104:E AA node® AT 713
o #7le] STCI042 Fo7Hed AdolA AR dre
A o] LinkbE S8 node® EHHLE FFF3ch v
Link57} ojv| Ap&Folztd #Hzle zAsoz 713 WA
AL 7hsd §32E #eob Link6, Link7 ®£¥ Link82 #

FHoAY. Yaed 449 g3ad gle HEE 43
o224 53 Hed T I gtol 00" 2FY AlFe
et 3 1o]9 o|m] Ajd oFd EFHE A& 97
.

STC104

diid

k
y

Link 10 Link 9
Link 0 Link 8
Link 1 Link 7

STC104
Link 2 2 Link 6
Link 3 Link 5

Link 4
3

processing

STC104 nodef

biid
HE

A A A A

processing
node 2

e
=
Y
{o
fu
=
im
2
W
1o
-+
oX
rlo
>
ol
_o'|_r‘
rir
I
o
oft
12
f
v
oy

3} e 7ol wet 2}k B =FdMe 77 9
o8y Few 4 4L S99 F 1F

£3h= YEYaR AAHAY T s

o} 7|9 Paz PASE 3$E
2 3o gF F30A § g
a9 vul(width)gk 39 o] F& &
Bk dis 54 AoT At

1o
ol
3
lo
4
i
a
ol
ot

q
rin
Kxl
rlu
b
I
i
o
ol

31 28+=

22 287 xE 7t dol pAY =2 FAE milY 1
A g2 FAY AeE B 5 gk o7loA Zze) x
2 UEYZAA Y] H$EHE njditt olg »xEE (29
DI 2ol HolEHse dwssd Ao HPee ==
_‘f_E-] 0’..., D_l, P, Zp,...’ BD‘.L e (m*l)p,'“,mp*li
goleddr. A7l 7 wzo #¥3d WHIe AA=Z
=282 FEE @9Ho A" ML Huldd g F
ol wetd k& ng AAZ[nn+D)ZE el EHE 2y
B9 & 94" Hvdd 2oy AAME gL ¥
o]By A= xE9 MIE ct Hn == o7t £F I
o] M3E I8 &9 plle) =2 74" mAe 1349 W



Ao Ao HolEy WAL vy gk

luc = [0, G-Dp), 1=0, --p-1 (2)
Inc = [ip, rnp), i=0,p- 3)
Lc = [G-Dp,c), i=0,p-1,;¢=0,mp (4)
Igc - [c*l,ip), i=0,»p-1;¢c=0, ~mp {5)
0o N3y |——- 1025 —“ 231 b3 3
4, 12 [4, 12) [4, 12 (4, 12)
[ 1 [
04 o % 08 0.9
4 {5 8) [4,5 5 16 8 [4,6 6 7.8 —{l4 7 7
(8, 12 [8, 12) [8, 12) 8, 12
1 1 [ I
0.8 08 ) © 8
8 b 9 L_ 10 "
@, 12 8, 9 [0, 12 B, 10 [11, 12) 8. 1)

(38 7) 22FZ=0M P2 o= of

IucE 2E8F2AA g9 AF, 5 aﬂ‘ﬁiﬂ e
Wato 2ol el i #HolEFoln, IncE otHFH
H3 it HolEYelrk LcE 33% o FfE xEE
o 1219 WG A B FAE M E S gt ¥
Ao diF Ao EFeY el FL FAE AT L
2 st gad digk golEHelrk vy st geEel T
A olde] Huldo] A= A9 & Aol geH 7 Huld

_?_
REFE a} 39 7 939 TR JEhlE B4 aE
st

32 HEHA

229 aFT RN Y U4 w5 7 FUs
A TU AAANFYoRZAN NAYLY ¢#3% 18T
748 F Ak oA ANE sEY] 1ES
Htorus) T2k sh, 48F T2 xTE IEFX
wE 22 Yoy WEvh ggddEnt a2y, #31 8
ol dolME AFAT ¥ FRAAHY AR ¥y
g YA w27 43 °17§ﬂ°1 T3 245 &)
of gt}

AANN e HolBae HH B9 A8 AAL v}
4 #e ARE BEEE Py =oES FE A2E o
FEAAS ol 1 W EAsHE A wE Feol 1/2u
9 27 g},

(29 8)& UBA Y o8 e dz H ZAew 7
=9 gao gt HelEye A FRE #Hve F

H dolgdgd g wE AHolth dwrAl o
xn T HBA A #Ho|&H S
I wE o7t 53 PUIE |

Hol &g a3 2o,

& 2I2E01 i3t DA -STC1042) HIOI28 & alE 153

I, ¢ = [(( +1+1+n/2)%n)m, im),

i=0, -, n-1im :if i=0, im = nm) (6)
In, ¢ = [((i + D%n)*m),((i + 1 + n/2)%n)m)

i=0, -, n-1 (N
I ¢ = [((G + | + m/2)%m) + im, ¢),

i=0,,p-1;j=0,-m-1 8

Irc=li*m+{+1%m(+1+m/2)%m) +im),
i=0,-,n-1;j=0,,m-1 9

AW

R I I A
K (8,12 I8, 12 18, 12) I8, 12
13, 4 0 [1, A0, 1) 1 [2.4)—H[1.2) 213, 23 3 [0,2)

T

(4.8 4.8 4, 8) 14,8
[ 1 1
-
0.4 0.4
(7.8 4 [5, D[4, 5 5 (6, B)}—
[8.12) 8, 12)
1 |
[ |
.8 )
. 12008, 10 | Jia o Yoo, 12 | . 10 v, @ o, 11 s, o0
(0.4 0,4 {0, 4 (0,4

U AR

(28 8) oM T2t Hjol82ie| of

&l; N-cubezl &9 w9 #3o] 2"07 3
7t Aol 5ot %o BAAA = %9 A
dE BT & 724 8 5 4%E BoFo
HE 2 AA e o] Falel 14 %% RS NS
ol g8t ZUAANMY wr Fhe WE R@ 79t
& Fi(2¥ 98 Zo] g éJ# 2 Nz 29%
AqE M o= N-1¢0 5 A9 M4 2994 1o B2 o F

Rog 7HFEHY T osle MA 2dWUAE Ages
gl glol Mak 2S08A HidlM 9] === 0,212 go]
24§99 HBAiMe w=E 20212 golEy ddh
Hel e zhzbe] = Hi3 Ho oidsts == e 9
Aste g Holde 73 2 2 e goj2d =€
el A& [0, 2he 2 #ol&d Hrh 2YwAY Hol&dy
& 4] 72E 4 dAdN b dd 722 BEA
A UrtdA golEY s #8 $EHY ot (13
Mol A 2 33 == Ao
ol4el &7t da glomz ofH g =
wAle] HeolEyg dab=d SlojAel st

Qo
[

;O

Aol 29)
¥ Agd sR



154 HEHMEIEB=2X A HIG-AR H235(2001.6)

27t doh. Holgd dnFY duHE Agdd 4 =
=d 7 SHE (@ o, -, o) € [0,20018 &
Wzt A ie(0,mol A 7T BV 1, & 9EF 2o
Liazd

I,‘(C(), C1, “'-cn—l) = [( 2 (:12 l), ( ) 2 012 [)
{{1<{n i+1<kn
+(cintD2H—[( X 29,
i<in
2 a2+ +12Y) 10)
iKin
{0, 1) 1 [2, 4)
(001)
(1.2 ; (0.2
(4. 8)
0 2.9 | s
(000) (011)
[2, 4)
(4, 8) [0, 2)
2
(010)
(4. 8) lo. 4
5 [6, 8)
LT on e
fo. 4 (5.6 s [0 “
4 | wel
(100) i
(6, 8)
[0. 4) (6. 7
6
[4. 6) (110} 17.8)

(O3 9) zeluxel yjo|E2ef of

ZYPAE e T2 do|EdX % Bo| shite g
$Eol T A olge Endo] AAHE B¥ & A9 &
P Bud =758 o2 9 dolEYge 74 YA
FHE YehiiE B5d oF T

34 He| FHAE

HEA2EE shte] EAdxE2NH o 79 4L
EAAZ dolHE d%—ﬁh: A& gugt) oL JEY
A e ZE xE2 FYE doEE AFdE HEEAXE
(broadcast)®] dutsld Fejoih. H2 MBonel9lolY} Stream
Works[10]9} 7o] IP(internet protocol)’dollA HEJAAEE
Fgtes B2 =¥Eo] PsH Ao AL AHzES
9 AA AF AE(itter), HASH Sl diE AL
#9 4%& 87e HEAE o &9 1 I3 A
& A8 8 JEYAY Jast ¥y, G4E AdE
#e st
AutHog HEl ALES FAL AZTEHoFHA WY
7 s=dojd wyos FREE F girh. 2ZEHQ

+

o ofr
o

e HEALEE YstE kol i £ZEH] Eg
g TA%A 7 »Ed FEA2E E9 s} B 1
ol el BARE A dyoln =doid Wy
HEHZE FAse 2944 Adse HEA2E 7]
& AHgte Wyelnt d=doiH ez A (point-to-
point) TALHE A Y= STCIMANN & £ZESJEEA
2E g o] §atofordrt

3.4.1 2ZEHo] HEFN2E

HE|NAE AZEJ dndFEL =28 7
e Ao g 1 £3& sy dvidoz ey
E JFUY RE k2o #Ile Blls diaddd HEA
aF e 22 x=o A3S Bux AFle He x
& old HAg ¥ R 1FUHY tE x=7 I
Agde s AT

A HEN2E Ee 74 W2 "HA2ET A&
sSe W tzo @oEgnEd wt gAn HRlo)
BAO B4 YAE AR ¥EE FAHTG

(28 1002 == 00 3179 x=(1.234, 3D HEA
2EE @tn ¥ A5 HEFIZE Eg9 ool == 0
o] == 1o HA& BT A == 29 #HAE B
= 1& 29 FA A BE AT k& 3o HA
& Bk T8y, ] =E o] k& 4o #ZlE HY o
EE [& 2E 58 kE 32 AN FE A &=
= 782 HARE 2dth B8 o] W kE 0225E HAe
Y == 2% GA AA Y BE AF &3 xEd
HA L Bl o|¥A o RE RAHA =t A HE
M2Ex 5TAA #vhA €t

o]
o

ot (m > fz

xono |y

0
0
; ®
SN
4 8 16
3/ @ W (4)/\5) o
17 6 10 18 12 20 24
A @/\6 |© (4)/\5) ® ®
11913 2% " 2% 2

® 6 ©

(4)/\(5)

5 232 29 30

(5

31

(28 10) Yej7|2E Ealof of
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3.4.3 1872

HA EFZAAN9 HENAEE U-mesh &xzE(11]
T8 dAoR2 Attt U-meshd dxn8l&e (2@ 1D
o 7|1&% vt 2o 72 Jde WAA Y] BAAE F4
o2 aETZRE BEY JUsEA Zze gy = ¥
¥ Adx= 74" EfY veolHE &4 Huie U
olty, o] ¥neFe] TH E A% [11]9A Caltech 12
X 14 2290 28T %9 168-node Symult 20107 FEISA
AZEdolHoR FEH oY wsyl HEFIAE Ho
BHE B 2E w=d FFH dHoHE Huls AY A$
et (12104 A E Symult A2 24H9] HelALE
A M Xmsendst HE 28 AF o & H5E& B
ojF Ao vehgt.

o

Inputs : @ : dimension-ordered chain {Die, Diet+1, ***, Dright}
for source and destination
Dsaree * the address of source node
Output : Send [ logx(right ~ left +1)] Messages
Procedure :
while left < right do
if source < (left+right)/2 then
center = letf +{(right-left)/2] ;
D= {Dcemer, Dccnl.eﬁl, tty Dnght} N
right =center -1 ;
else if source > (left+right)/2 then
center = left +[(right-left)/2] ;
D = D, .., Deenter-1, ***, Deenter} ;
left = center +1 ;
else /xsend left */
center = source ~1,
D = {Diet, Deenter-1, *** Deenter}
left = source ;
endif
send a message t0 node Deener With the address field D ;
endwhile

/* send right */

/xsend left */

(3 11) U-mesh &2iS

3.4.4 984

LA A+ 287xS 1 74 Aol vk a2
TN 7 g Ex 99 Fdol e k=50 Hg A
Aol A9 BEAL AR gdorng HEHANEE G4 o

D 2HRE0N CHSE DE() - STC1049) BI0I8E YnelE 155

of g mest Qojok k. HE TH4H 54 nd €
gxM e Hel A2ES #F AT FFA oA 2
A He2E Pid g a9 A FA x=59

Higte] W Y%E 3FHsn NE AgIHY 45 wag

s o Y42 278 wodFAch (29 12)¥ U-torus &
2EEL 71ed Aot U-torus@ g Fol4E U-mesh
9 7t Fdo] 43 AAHAN Y 72 FYS Yo
F4 =28 FAAsd AAE Bl

Inputs : R-chain{Des, Dieet, *+, Drignt},
where Dur is the local address

Output : Send [ logo(right - left +1)] messages
Procedure :
while left < right do
center = letf +[(right-left+1)/2] ;
D= {DcenlzrY Domlerl, Yy Dnght} ’
Send a message to node Dcenter with the address field D ;
right = center +1;

endwhile

(33 12) U-torus Z2|E
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