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Main Contents

: Infroduce a recursive interconnection network

a RDN: Recursive Dual-Neft
a Can build a very large system
a Low node degree
a Short diameter

: Implement a parallel sorting algorithm on RDN

a Efficient on
a Computation time and
a Communication time
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Inferconnection Networks

- The modern high-perforrnance supercomputers
consist of hundreds of thousands of CPUs

- In the near future, the number of CPUs in
supercomputers will reach several millions

- How to connect these exiremely large number
of CPUs is an important issue for achieving high
performance of the supercomputers

A "good” inferconnection network should use @
small number of links and meanwhile keep the
diameter as shorter as possible

- The symmmetric structure and efficient routing
should also be considered

D
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The Recursive Dual-Construction

RDNK—1(B) RDNK(B)

if [RDNK=T(B)| = n, |[RDNK(B)| = 2n?
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The Recursive Dual-Net RDN '(B(3))

Base network RDNY(B) example: 3-node Ring

A link connects nodes (0.X.,Y) and (1,Y.X)
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The Recursive Dual-Net RDN '(B(3))

A node can be presented with an infeger
Ex. the ID of node (1,1,2)is 1% 3?4+ 1%34+2 =14
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The Recursive Dual-Net RDN“(B(3
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where Dg is The diameter of tThe base network




Examples of the Base Network: RDN™(B)
Hypercubes
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Examples of the Base Network: RDN™(B)
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Topological Properties

#Nodes Node-degree Diamefter
Networks | logs|(G)] d(G) D(G)
3D Torus X %Y *Z 6 X+Yy+2)/2
Nn-cube 2" N N
CCC(n) n % 2" 3 2n + |n/2| — 2
WK(n, 1) n' N 2r — 1
DC(n) 22n—1 N 2N
RDNK(B(m)) = (2m)2‘/2 do + K 2K % Dy 4 2K+ — 2

d(G) +D(©)

Cost Ratfio : CR(G) =

002|(G)|
_—
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Cost Ratio

Network Nodes Degree Diameter CR

10-cube 1,024 10 10 2.00
RDN'(B(25)) 1,250 5 10 1.46
RDN'(B(27)) 1,458 / 8 1.43
3D-Torus(10) 1,000 6 15 2.11

22-cube 4,194,304 22 22 2.00
RDN?(B(25)) @ 3,125,000 6 22 1.30
RDN?(B(27)) @ 4,251,528 8 18 1.18
3D-Torus(160) | 4,096,000 6 240 11.20




Cube

RDN“(Q(m)) — Base Network Q(m): m

Address format:
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Cube

RDN“(Q(m)) — Base Network Q(m): m
RDNQ(@(2)):
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Routing Path Example

0) 0000 00 0 00 00
1) 00000000000

2) 0000 00 000 00
000000 10001

3) 0000 0000000
000000 100 10

4) 000000 0 00 00
5) 0000 00 0 00 00

0000000000l
000000000 10

00000010000 —
00000000100

00000010000 —
0000000 1000

000000 10000
10000000000 —

A

10000000001 000007100000
6) 0000 00 00000 10000000000 —
100000000 10 0000 10000 00

-
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Routing Path Example

/) 00000000000 10000000000 —
1000 00 100 00 10000010001 —
100000001 00 00010000000

8) 0000 00 0 00 00 10000000000 —
100000 100 00 100000100 10 —

1000000 1000

© 00000000000
1000 00 100 00

10) 0 0 00 00 0 00 OO

00 1000000 00

10000000000 —
0 10000 0 00 00

10000000000

L A A

-
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Theorem 1

In the bidirectional channel and 1-port
communication model, the communicafion
between nodes u and u) in RDN¥(Qn,), where the
addresses of u and ul) differ in ith bit position for

0 <i< 2m + 2¥ — 1 takes at most

tk = 2k + |

steps.




Bifonic Sorting on Hypercube

. Bifonic sort is based on repeatedly merging two bitonic
sequences to form a larger bitonic sequence.

- A bitonic seguence is a sequence of values
(Qg, O1,...,0n_71) With the property that either

1. (1) there exists an index i, where0 < i< n — 1, such
that (ap ..., q;) is monofonically increasing and
(Qit1,s...,0n_1) IS Monotonically decreasing, or

2. (2) there exists a cyclic shift of indices so that (1) is
safisfied.

. For example, (2, 3,8, 13, 15, 14, 7,0) is a bitonic
seguence because it first increases and then decreases.

-
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Bitonic Sorting Network of Size 16

@ BM(4)
@ BM(8)
© BM(4) L
@ BM(16) ||
@ BM(4) [
S BM(8)

: &BM(K): increasing bitonic merging networks of size k;
1 6BM(k): decreasing bitonic merging networks of size k;

© The last merging network (BM(16)) sorts the inpuf.
- N—
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Bitonic Sorting Algorithm on h-Cube

Bitonic_sort_hypercube (my_id, my_number, n, resulf)
begin
result — my_number,
fori —0tfton—1do
forj «— i downto O do
partner — my._id XOR 2J;
send resulf to partner,
receive humber from partner;
if (my_id AND 2+ £ my_id AND 2)) /T max */
If (humber > resulr)
result «<— number,
endif
else /[ min */
If (humber < resulr)
result «— number,
endif
endif
endfor
endfor
end

.
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Bitonic Sorting on 4-Cube

BM(8)
0000 5 00
0001 % 02
0010 o 03
0011 . 07
0100 o 08
0101 % 13
0110 5 14
0111 % 15
1000 o 12
1001 % 1
1010 5 10
1011 O 09
1100 o 06
1107 % 05
1110 3 04
1111 % J

|
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|
N
|

C) Yamin Li, Cls, HOSEI UNIVERSITY .. PPDCAI2010 — p.21/2/



Bitonic Sorting Algorithm on RDNZ(Q(m))

_sifonic vorfing Algorithm on RUINASM)

Algorithm 1 Bitonic_Sort_RDN (my_id, my_number, m, result)
begin
result — my_number,
fori«— 0todm + 2 do
forj «— i downto O do
ifm—12>j>0thent=j; path =

(TSI <R o3 o AR o I LWl o LINENRRINY o) i o LIENPIIY o RN o) SN

(C2. Cr, bﬁ)—] " bS, b%_] "t b%' Co. b:]n—1 "o b(])' brOn—1 b_? e b8);
elseif2m—1>j>mthent =j—m; path =

(C2,C1. b5y -+, B2 +++08,Co, bl _y+++b] -+, bY,_+++58) —

(Cz, Cy., b?n_] coe bg, bﬁ\_] cee b%, Co., b?n-] . bg, br]n—1 b_,l . b(])) —

(C2.C1 b5, -3, OF,_y -+ - o5, Co, o b_8' =

(Ca,C1. B2,y -+ b, b2y -+, G, by ---b] ---b), 0% _, -+ -bY);
else if j = 2m then path =

(AP o SNIRRERY o=l o - NENPREY o Y F e/ i o LIUNNIPIIY o Lol o 3% bO)—>

2/ 10 Mm_ 0’ ¥m—1 o'_O' m—1 0’ ¥m—1 0
(C2,C1,bf’n_] ---bg,brzn_] ---b%,Co,br]n_1 bé,b?n_] bg),
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else if 3m
>
_J>
2m + 1 thent =j — (2
m—+ 1),
; path =

_ AR
(CQ’CO:b] ] b?l b?ﬂ_] '-.b2 5
- m— LI I LI
(C2’C0,b] ] bO'b(r)n_]..,bB bO’CO,b1 .
m—1°"b] bO O’CLbS m—1 ..b(]),bo
(C2,C] b3 0 Pm— "-bO m_]°-.b3 b2 m—1 .bO)
els . O "ob3 1 _0’ C],b3 0’ Mm—_1 . 2 0 —
e|f4m>. O/b2 m . o 3 bT °.b2
> >3m 2 _eeeb?.. D3 IREER] o/ o= — 0) —
(CQ,C] b3 + 1 the f bo,c bl m—1 p2...p32
I S ee-b? nNt=j— 0. Oy B foeebg) —
(Cz, Co. D] Z2...bg. b2 (3m + 1) e o
(S oy -+ oy B o o
__ e 1" * Mm— ... p/
(Cle m—1 bé,bo . O'E, b3_ ; olbo
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(CQICO b] 0 Op_1 '°b0 L m—1 '-.b2 b3 m—1 o.b2)
(C2 . ;ﬂ_] ..bg): bO 0’ C]Ib?ﬂ_]‘-obgl m—1 'b% .'bg —
else iflj :]'Z)m—1 b_fmgg] .2'b8'C1,b§n - b—g 0% _, - -b? ..bg) -
(C2. Cy bT = I pa?fl)tin_] -+ g, ;01 b{ oo p o -bg) -
(C2 = 5,“‘1°"b8,b2 B By -+ 0. by 0) =
Cl.bd . ...p3 2 1+ b3 5. b1+ p):
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Bitonic Sorting Algorithm on RDNZ(Q(m))

_sifonic vorfing Algorithm on RUINASM)

else if j = 4m + 2 then path =

3 3 K2 2 1 1 RO 0
(C2, C1, bm—] co bO' bm—1 co bO' Co. bm—] co bO' bm—] 06 o bO) —
= 3 3 K2 2 1 1 RO 0y.
(Cz.cr.® - 08, b2 _ .03, co. O] -l 00 .- 0Y);
endif

send result along with pafh;
receive number along with path;
if (my_id AND 2+' £ my_id AND 2)) /* max */
if (humber > resulf)
result «<— number,
endif
else /* min */
if (hnumber < resulf)
result — number,
endif
endif
endfor
endfor
end

.
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Theorem 2

In the bidirectional channel and 1-port
communication model, bitonic sorting on an

RDNK(Qpm) with N = 22M+2~1 hodes can be done
N

O((m2)%)
computation steps and

O((mk2k)2)

communication steps, respectively.
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Conclusions

- The recursive dual-net, RDN, has many attractive
properties including

a SMmall and flexible node-degree
a Short diameter

a Recursive structure
a Efficient routing and broadcasting algorithms

- We showed that a parallel sorting algorithm can
be implemented efficiently in RDN

- The RDN can be used as an efficient

Inferconnection network of a supercomputer of
the future generation

.
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