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Abstract

The shuffle-exchange graph is known as a structure to perform the parallel algorithms like
Discrete Fourier Transform (DFT), matrix multiplication and sorting.

In this paper, the layout for the shuffle-exchange graph is described and this layout places
emphasis on the placement of nodes that has the capability to have as small area as possible,
have as a small number of crossings as possible, and have as short wires as possible.

The algorithm corresponding these conditions is proposed and each evaluation factor and
the placement of the N-node shuffle-exchange graph is performed with FORTRAN and BASIC

program, and these results are calculated.
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2 owmZelMe bidst A B wkAvled F
L & o E @A (adjacency matrix) T o 83 A B
+ KA dreds sdcte Zeoad B slazt
g,

O. =&l ER

1. Shuffle-Exchange 1§38 £ &

Shuffle-exchange e %4Ed BHEZ ey
Al sl =
Noll o 3ted N-Fi%h shuffle-exchange 2l 3t} od

dhef.

1) Shuffle- §i#f (edge) & W&

L

FIt %3] shuffled} exchange

Il

Shuffle-exchange ZLel 3272%1n N=2* ,.,.u(node)
S vbAlnhal 3wl o 24t Kas ffrolan S
1,2, N-12 2z w38 ol7] dhrh :LEIJL
Zbzbe] EiBEE S 2 A4 (binary) ® K0 ShH ofw it
B (%, 0,1,2,-N-15oll ofx= shh o] 224 14
2 Bi.i Bu., By J~~-B,,}’, Lhebd < gloh el =
0=B=2%olck 7 Eif SoF S'7F 9l-% ) wbeb s
7} Se] K ome »{ffﬁ ¢ shiftojebal T+ Fi%S2 shuffle
Wi ew sl o A chea 2e akel,

S=B«.1 Bk » By (1)
olm A2t £7shifixs

S’ =By, By geeer B.B._,

—BoB._ By g B, (2)

olet)

olg} ol F AL Seob 579 AL shuffleHifE o 7

kL (conection) B2 FE0k gk,

2) Exchange Hi#f (edge) 2l T#K

5 EiEL Seb S'b U W olmel 2 alg FidellA]
22 P8 E(LSB ! least Significant Bit) ulo]
2ol %

S =By, By e B,

S'=By-i Byorrre B (3)
ol9} 2+ Al g af 5 HIES exchangeSifgo
2 OEgRE B D 2)Y 5 EER 58
Mol HiEbe s K ® shuffle-exchange 22|32y o}
+3 3et
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—— Shuffle
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Fig. 1. The shuffle-exchange graph for N= 8.
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2. #HFFHE B (Complex Plane Diagram) 9] &3
D. Hoey$} C.E. Leiserson''" & #WHViH Aol o}
T E7+2 shuffle-exchange e = 9] H#i (embed-

ding) ¢l 2U5& BE I ol 1H& BS @FE¥
1B o 2} = J et
K= Bf7 JEE#H (the primitive root of unity)
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22 MRE (S 7 pem oldE BFVIA R
hebm el 2 sk ek,
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514
Table 1. The position of nodes on the complex
plane diagram for N= 8.
node binary p(s) =complex
0 000 (.0000000, .0000000)
1 001 {1.0000000, . 0000000)
2 010 (— . 1999986, . 8660263)
3 011 ( .5000014, . 8660263)
4 100 (- .5000028, -.8660239)
5 101 (.4999973, --.8660239)
6 110 (- 1.0000010, . 0000024)
7 111 (- . 0000013, .0000024)
t1.61
1), 871 2> 3
1
[0} — —>
6 e 7
/
0.87 ~— 1=
4 B 5
1. 6i
1.6 1 -05 0 0.5 +1 +L¢6
a2, 8se Ao HE F4 HE =9
Fig. 2. The complex plane diagram for N= 8.
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)=P(001)

o 714 necklaces L sH7] el &5 e,
P(1)=8,P (001) o} =]o]

&P (001) =P (010) =P (2) 7} xlct, cb4

5. P(010) =P (100) =P (4)

&P (100) = P (001) =P (1) o] =% necklace ({S)) %
oA sk WiBLE

(Sr=1,2,4 (6)
2 el gl ol RE el R Rt Mw o

gl 33 3ro] AlolF 2 A necklaced sk gbch reln
2 oli-y)

T ERE G o9
(1) necklace7} KHiES-3 & @ of | 524 necklace

o] necklaces=

(Full Necklace : FN)
(S)e=KH"de| B (7)
(2) necklace7l Kiiifhdcl A& Mi%E WET ol
54 necklace (Degenerate Necklace:DN)
(Sro<K4 4ol ¥ (8)

DNell sidsle Bidhes-o 1Vl Lol 5683 KU

o 9|z 5HA] =t o|ebitel full necklace b degene-
rate necklace®l BfRy K29 2 #EE &
4+ ater
right shift
- lefu shify

1% 3. Necklac
Fig. 3. Example of the necklace.
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Table2. The relation of necklace.
%% denotation * %
dn < =degenerate-necklace
fn <= full-necklace
ex < =uvxchange
node relation
0 dn: 0
ex 1
1 fnl 2 4 1
ex 3 5 0
3 fn: 6 5 3
[ 4 2
7 dn i 7
ex Db
* % % cach facfor counting % * %
the number of fn ] P
the mimber of do-nodes ! 2
the total number of 2z necklace ! 4
2) N-fithioz ¥v¥l DNol @& s+ 2E E¥E

& 7 2 As &idel el B shifiol s HE
& ¥a‘ﬁ§ P& 7hal =l ol P Kol #EE mBel
®E w1’ 49 Feol K/PvlEsh Pl K

Al f

ol 24 2t (block) & M (5, P22)
3) N-EfithdolA] glelzte Hafo g Hksls K/P

ul Eof o} &)

(1) Degenerate necklaceoll W& s+
Pik
2 2% < O(NY% (0 : Big oh)

mEh el A

(9)
(2) Full necklaceoll & 5+ #ifhe] 7
N-O(NV'?) (10)
(3) Full necklace® A4 (FN2 logNAA @WE&) :
N/logN—0O (N""*/logN) (11
ofct,
K/P BIT BLOCK
o T~
5 0 110 1 b1
i
!
1011 0ol1 0] ! K/pw ok
|
|
5| o 110 1 jed (el

718l 4. Degenerate necklace®| o
Fig. 4. The example of degenerate necklace.
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4. a2z]= 249 (Grid Model) & E#

) 28E 2ellBlo i (rectangular) 12|52 4]
-8 fHIfR 2. & KoE#R (horizontal line) #F i Fiff
(vertical line) 52 E @ (track) & K

(2) 7+7to) »4—;—% By Zdole i
(3) Wires & KFMa JpfgS wat &gtz 9

2 2
HA wireE -2 5]“4 £y 2 ojAe) L (layers:
poly, diffusion, metal) & o] Fojx]=d| Fi
diffusionfg 5] o] %

poly 2}

(4) WireZ 2 KEH(0°) 2 #HER (90°) & whet &
e oy gi%;i___ 45° o 2w Azte 4 ol |,
olRE ¢Y F EHREZA MEME 1BE Mow

ke 4 ormg nE Lo WHAEIE (manhattan
distance) & £

5) [l F S (1/0 pad, contact cut, wEEHKf)S 2
= Bl 92 4] 7]}

6) 1l Zullof 4 Ffi wire T HIAHHS Sl
5 (op layer) 22 =l K¥E wireSe ofef &
(bottom layer) &2 #5

(7) Wireg 2 ¥ (crossing)+ & 4 Yo} ojn
Prggol el A (overlap) & ANY

(8) F& 2= B E
2 %

N=8ol oigt rejc =ulae] HHEL 2359 7
=

contact cuts A3}

100 1101

000 | 001 110 {111

010 | 011

a2l5. 8ol AAHo| dst o wl_necklace 22l

el

Fig. 5. A level-necklace grid model for N= 8.
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0 1 2 3 1 5 6 7

[yl 1 0 0 0 [§] { 8]

1 0 0 4 0 {) {

2 1 0 0 0 4]

3 ) Q 8] 0

1 1 0 0

5 0 0

6 1

22 6. Exchange 917 o E 2]~ (N=8§)

Fig. 6. The Exchange connection matrix for N==8.
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input
n-node
L Derivation of shuffle, Exchange, FN and DN
hitia) place-
ment (IP)
Compute We (S), Evaluation Factor (EF) —I
YES
NO
Counting
Overlap We(S),EF
{
Shortening
the Exch-
ange Fdge END
{
Remove
the Overlap
L Manipulation of 2nd node and (N--2) th node ]
Reduction THT
Of7. vl 22 &%
Fig. 7. Flow chart.
H 3. Hrta4vm
Table 3. Comparison of the evaluation factor.
N e | A
Hrhe s - # A
2 crossingel 4 5 5
exchange d A1 2] 2 ef 2 of 6 6
4 #| exchange 441¢] o] 61 38
A Al crossingel 45 18
exchange & A2} 16 16
s gy & 9 7
rag wAEde & 16 12
& ojob-g-o Fni4 144 84
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19874 38 EYIHE@AEE F 4% % 2 %

%k % % k node—32 * % % % %
$ % % ok ok ok %k K ok k ok initial placement %k sk % % %k %k % *k * *

60 7 0 0 0 0 00

o
o
<
(=2
=1
==

¢ 0 0 2 0 3 0 0O M4 0 0O O 15 0 0O
0 0 4 0 0 0 O 5 0 0 22 0 0 23 0 0
o 0 0 0 0 0O 10 6 0 O O 11 0 0 0 0
0O ¢ ¢ 1 12 0 0 18 0 19 13 ¢ 30 0 0 31
0O 0 0 0 0 0 20 0 0 0 0 21 0 0 0 O
¢ 0 8 0 0 0 0 9 0 0 26 0 0 27 0 0
0 0 0 16 0 7 0 0 28 0 0 0 29 0 0 0
0 0 0 0 24 0 0 0 0 25 0 0 06 0 00
* % % cach factor counting of initial placement * % %
the number of fn: 6
the number of dn-nodes . 2
the total number of necklace: 8
the number of vertical track: 16

the no. of horizontal track: 9

% % % % ¥ each parameter for area % * % % %

the number of maximum crossing 5
the maximum length of exchange edge: 6
the total length of exchan edge: 61
the total number of crossing 45
the number of exchange edge : 16

* % %k k %k k *k %k k% * overlap counting % % % % %k % % % % %

the number of overlap: 1

38, R2-HAde z7uA
Fig. 8. The initial placement for N=32,

* %k k k %k %k k k k k ¥ final placement % % % % % % % % * % *

0 2 3 6 0 0 7 4 0 00 15 0
0 4 0 0 5 10 0 0 11 122 23 0
0 0 0 12 0 0 0 0 0 013 o 0
0 0 0 0 8 0 19 0 0 026 27 0
0 8 0 0 9 20 0 0 21 10 0

0 6 17 24 0 0 25 28 0 0090 29 0
0 1 0 0 0 0 i} 0 0 031 30 0

* %k % %k * *k each parameter for area % % % % %k % % % % % %

the number of maximum crossing : 5

the maximum length of exchange edge : 6

the tatal length of exchange edge : 38
the total number of crossing: 18
the number of exchange edge : 16
the number of vertical track: 12
the number of horizontal track 7

389, 32-4Ade] HF Wi
Fig. 9. The final placement for N=32,
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Design)ﬂ: oo k dagl&e O(Nz/logx’/zN) —
Hiol A exchange Hifgol Zeol: BKKZ =4

£ o)

T AR
2, 2 @EE FoAEA ¥ 4+ ULk w3 mE
Bl AL BlEolM+ %A (overlap) o] FHol & o1
2gl&ol AHuiAd S o4 5 Aurh

Aol 4 | Overlaps u] al

N= 14 1 #H A =0 (N*/log™N) — =%
N= 8 0 2 A el &= O (N?/log™N) — =i
N= 32 1 2 Aol 2] = O (N log*N) - vl 4
N = 16 4 O (N*/log® *N)y — i 4

N~ 64 29 O (N*/tog> *N) — i 4

N =128 21 O (N¥/log® *N) — 44
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