










































































































































































































































































: ; ; _1 _ ,,~1.=1, Therefore, Ac the adjacency
with the inverse ])(‘l‘mlllili.l()ll a; = - m; V. I'herefore, Ag ( adje :
matrix of ) is the summation of these 32 permutation matrices, and matrix

A= (1/32)A is given by

| Je " 5 }
= Z{Mm + M,

& gl
16

1
Ay + Aq, where Ay = 9 ; ;\I,’,' and Ay = Ay

Il

In the construction of the (‘.\Z])?\ll(l('r~ we use two types of permutations on Ay

namely lincar permutations and affine permutations. I'he linear permitations

are expressed by multiplying a 2 %2 invertible matrix over 7., with cach element

of A,,, and the afline permutations are expressed by adding a constant vector

to linear permutations. More specifically, we use the following matrices and

vectors:

1 6 ; | 2
I)’| = If;l = 3 /;;; = If; =
0 |1 -2 -3
1 0 ] B
Bs = By' = . Br=Bi'=
6 1 2 =3
| 0
a; = . =
0 |

In terms of these matrices and vectors, the permutations on N are rewritien

as:
oy = v B, v, oy = v ' —ay+ Bv),
o3 = v W ay+ Byv), 04 = v~ 2ay + Byv),
o5 = v~ Bap, o = v '(—ay+ Byr),
o7 = v Yay+ Bsyr). o8 = v '(2a2 + Byv),




_ pY(—a, + Bsv),

oy = v~ By, Fip =
o = v Wa, + Bsw), Tz = v~ (2a) + Bsr),
Ty = v~ 1B, ol = v (—a; + B-v),
o = v a+ B-v), T = v=1(2a, + Bzv).

Now. define a unitary matrix O = [wjklnxn over the complex numbers by
Wi g = (l/'nl)w<w(./).rf(/v)> 0<j,ksn— 1. where w = (.1'/)[(27r/m)\/ —1] and

<, > denotes the mner product of vectors. Because A is symmetric and the

5 - : F A s e know that
sum of entries in any row or any column of A is 1, we kn ‘

o . @
0 - -
0 AQ = = Ay + Ag
: I
0 ]
where [l = [hl-‘k](,,,l)x(”_l) is a Hermitian matrix, \1 = 0*A Q) and \_, -

0 A,0. The largest eigenvalue of Ais 1 since the sum of entries in cach row or

cach colummn of A is 1, and hence the second largest eigenvalue of A is equal to

the largest cigenvalue of 1.
Subsequently, we specily cach entry of 11 and then to determine an upper
First. we need the following two lemmas

bound on the largest cigenvalue of 1.

of Jimbo and Maruoka [JMST]:

o
X
SN

Lemma 1: If 7 is a linear permutation on A, .o, 1l there exists some .
invertible matrix B over Z,, such that the counterpart permutation o — 1wy

of 7 is given by ¢ = v~ ' By, then O*MiQ) = M;, where & - T (i

Lemma 2: If 7 is an afline permutation on A, e il there exists some 2 x 2,
invertible matrix I3 over Z,, and some two-clement constant column vector a

such that the counterpart permutation o = v lrroof mis given by o = v (a
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By, then Q*MLQ = diag {“"<

n—1 N =
_,,,,,(‘1)\)} M;, where ¢ =V
1=0

drag{-} denotes a diagonal matrx.

Applying these lemmas, we can compute

Furthermore, using the facts that

J1 and < ag, v(j) >= Jja2, where (Ji.J2) 1

Ay as

16
A, = (1/32) M 0
=1

w(i)> < —az2,w(1)>
w<uzl(_/) + w

[
= ?E(/I(l.([{l +
w<—2”2‘u(ll)>}[/‘11/—|((H|—l)')_l" + 1\[“_1((H"‘-1)1)—1p]

o< I g =™ w(1)>

|igiaens
+ :—;_—z(lmg{ I +

b o< (M, gyt + Moty

is the m-ary code of j, we obtain

A = (1/:;2)(11‘(1_(,{1 +w! +w 4 uf’-”} [Mgy, + M)

+ (1/32)diag {l 4w w4+ u,‘_z“} [M,, + M,,]

Similarly, using the facts that Ag = Ay and M7, = M,,_, = -”(,j'{
t = 1,2,3,4, we compute Ay as
Ay = (1/232)(11'(1,3]{1 Fw™ 4w +u-‘2"1} [z”,,»l + M, 1]
1 1

The j, k-th entry of H is the summation of the j, k-th entries of Ay and A,

+ (l/:;z)(/m_q{l Fw™? w4 »u’-“} [x\ln,;l + M, ]

and is hence given by

lj

+

= %( |+ w 4w 4w ) [o(Bi(f). (k) + 8(Bav(j). (k)]

Foos (W™ W ) BB (). o) + (B k)]
i( | 4w 4w 4w ) [8(Bsv(j). v(k) + 6(Brv()), v(k)]

+ %( L w4 w4 @) [S(Bar(j).v(k)) + 8B (). v(k))]

S0

t(B~"" " 'v and

(B = Bs, (B )07 = Br < anwli) >=

for

)




for 1 <j,k<n-—1.
alue A of H, we define a real-valued matrix

l'o upper bound the largest eigeny

"= [(‘,'[,A'](n—l))((,,-l) ‘)\
S(Biv(y),v(k))

Cijk =

= Lll ™ 4 "
32

S(Biv()).v(k)) (h.1)

U_Mx H'M_

I =12 iz J
. + +w?
oty T
where 1 < j,k < n— 1. Then ¢ > |hjxls | < j kL n~1, and (' is symmetric

because H is Hermitian. By the well-known prin('ipal of Rayleigh, there exists

5 o | 3 > s laroenc
an upper bound on the largest cigenvalue A¢ of (7, and, i turn, A (the largest

cigenvalue of 1) is upper bounded by X (See Pmpo\m(ms 3.5 & 3.6 in [l\l‘w]

for detail). Specifically, we have the following inequality:
n—1
A < max Z Vi kCik

— 1<j<n—1

where 5, is any real valued function of j and k. which satisfies the conditions
that v;4 > 0,9j% = 1/Vk.0 1 1 < j,k < n—1 Let D; = L1 vucia. Then
A € maxigjcn—1 Dj-

Now, in order to upper bound A, we need a real-valued function 5, . Mirst, let

: J
| || be a normon A, defined by || | = Re(w” )+ Re(w’?) lor cach
J2

(jrsj2) € Ap, where Re(-) denotes the real part of a complex number. Then,
define ;4 by
VB vG) =1 v k) |
ik = l i | #() =11 v (k) I
VI3t ey <l v (o) |
= (1/VBDud vG) I =N+ o v =1 (k)]

+ V3 k) = G D

S



. b otep function defined as
where 6(-) is the Dirac delta function and p(-) 18 the step function < i

ple) = 1if & >0; otherwise /l.(-l') = 0

3 ; o are ¢ ot 8 distinet A's such that
I'rom Fquation 5.1, we find that there an at most 8 ¢

. e B e Bl e
¢ x # 0 for any given j, 1 < j<n-L Specifically, they are ki = v Biv(y)s

RS are (‘.\’pr(‘ssv(l as

92 3. Hence, the corresponding 7.k,
R+ 8B+ () where B = [ =R
8.

| ()| — || Bir(i ||l011—l.4,..,.
Combining these, ; can be written as

1 B (E) + V3Ap(—E,
D; ==l +w “-i—u'“-{-w]iZl: o Fi) o+ 8LE) 2 )}

l =2 12 ,202 ’l/ B+ 6(E;) + :;.l/l(—l’;;)ﬁl
bl +w™ 4w +uw I'};[m/f( ) v

['rom now on, for calculation convenience, we will change the discrete version

I
A

ey
/

of D, into the continuous version. Given any v()) Wl &
J2

x = 27 /m and y = D7)y /m. Since @ = cap[(2m/m)V/—1]. we

m — 1, let

have |1 + w™ + " + w| = 41|(~u.<(.r)('o.~:(.1'/'_’)| and |1 +w™

12 4 2 4 L‘(,-‘,I:l

Aeos(y)cos(y/2)]. Furthermore, because || v(7) H: Re(w )+re(w’?) = cos()+

cos(y), I's can be (‘Xpl‘(‘ss‘('(l as

K, = 2smm(3y+ r)sin(3y),
Fy, = 2sm(3y — .l').ﬁllll(:‘.lj),
3 4 ol
Es = 8sin{ yt+ ). ',,,(_I#‘i)l) 08 Lt,ﬂ)

<

Jva+y, . xt+y g, &1 3

[}, = 8sin( Jstn(——)cos 5 )
[, = 2sin(3x+ y)sin(3x),
Es = 2sin(3x —y)sin(3r),
E: = 8sin( —;—{/—)_——l ysan( L/—:——I )eos*( Yy 7 £ ).



 3z—y, . Ty 2T Y 5.2
g = 8.&'[”(_f-)/—’)"“”(—/‘)")(U‘s 2 ) ( )

s version D(r.y) of D; given by

[-—l’»p( E;) + 6(FE;) + V3. l//(flz',)}

I'herefore, we get the continuou

™M=

[—’-1\/';"7/1( [+ 6(F) + V3Au(— /'f,’)J (5.3)

|
Mx,n) = ;‘('o.s'(.r)('(;.s'(.z'/;’)l

¢

M= 1

|
+ 3 |cos(y)cos( y/2)

=5

1=

Now, A is bounded by A < maX_r<ry<n D(x,y), where r and y are not both

0. In addition. we note that D&, y) 1s .\'_\'mmvlri('. e, D(eyy) = D(y.x) =

D(—x,y) = D(x,—y). Therefore,

A < max D(x,y), where = {(.I'.!/HO <yLarsmaty # 0},
(r,y)eR

We will show that the right-hand side of the above inequality is upper bounded

by 0.705. From Iiquation 5.3, we first note that D(x,y) depends both on the

signs of 19;’s and the values of ]('os(.r)('()s(.l'/'u))I and ""'-“(.’/)(“)-*‘(!//2)|. We then

partition I into the following subranges:

R = {(x,y)|lx+3y = 2n}

Ry = {(x,y)|r+3y<2m,a—3y<0,3x—y 22w}

Ry = {(z,y)|lz+3y <2m,0—-3y < 0,3r —y <2m,3x +y > 2r}
Re = {(x,y)le =3y >0,30+y =37}

s = {(x,y)|le =3y >0,2r <3r+y< 3}

Rs = {(z.y)|x-3y>0,x £3z+y < 2r}

R: = {(z,y)|le =3y <03x+y<2ma+3y>n}

Re = {(x,9)]x =3y <0304y >mao+3y<n}

Ity = {(x,y)B3x+y<nm}.
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= v el Pt = 1.2 S and calculate
In cach Hlll)l'angv, we can check the sign of cach I,

‘ 0S8 os(y/2)]. Subsequently, it is casy
the maximums of |('().~:(.I‘)(‘().s‘(.l'/.})' and [(u.«(,l/)(()*(!// )|

705 in cach subrange, : the
to verify that D(a,y) is upper bounded by 0.705 m cach subrange, and then
‘ ' . . i 5 7 @ B
D(x,y) is upper bounded by 0.705 in K. Also, A 1s upper bhounded by 0.705.

i . : Theorem 5.1, we have
Finally, applying this result to ['heorem 5.1 ‘

2.36
Co Z 17705 + L18a + /3.06a + 0.1971
Taking o = 1, our construction yields an (n,33.0.632, 1)-expander, and taking
o = 0.5, it yields an (n 33.0.868,0.5)-expander. Both these expanders have
expanders constructed similarly [Mar73,

larger expansion coefficients than the

GGSL, AMSH, Alos6, NAMST. JMST].

Remark 5.1 The sclection of our permulalions is based on an obscrvation as
Jollows. If different permulations on A, are chosen, the upper bound on 1he
sccond largest cigenvalue N may be different. In fact, different permutations will
yield different I5,s in Equations 5.2 and a diffcrent D{ay) in [Cquation 5.5
In turn, it will generate a different partition on B = {(x,y)[0 < y < ¢ <
T 4+ y £ 0}, Finally, in cach subrange R;’s. D(x,y) is upper bounded by a
different number. By trial and error, we found thalt our permutations wil have

the smallest upper bound on D(x,y) in cach subrange and henec on Ao ||

5.3 Bounded Concentrators and Superconcentrators

In this section, we use the expander constructed in the carlier section to obtain
explicit constructions of linear-size concentrators and superconcentrators. The

constructions follow those in [Pip77. GGS1.



outputs

inputs
0
1

0 — i
1 —p /
. /(p+1)-1
2 n/(p+1)
T

\A4

n/(p+1)
n/(p+1)+1

Expander with
np/(p+1) inputs 20/(p+1)-1
n(p-1)/(p+1)+1
n(p-1)(p+1)

np/(p+1)-1

np/(p+1)-1 —J

np/(p+1)
NP/(P+1)41 ——pr

Yy

n-1

y

Figure 25: An explicit construction of bounded concentrators.

5.3.1 Bounded Concentrator Construction

A linear-size bounded concentrator can be constructed by using a lincar-size
expander.  Figure 25 shows such a construction of a bounded concentrator
which has n inputs and pn/(p+ 1) outputs. For the last n/(p+ 1) inputs, cach
are joined to the

of them ig Joined by p edges to p outputs, and no two of them

same output.

Theorem 5.2 The network constructed i Figure 25 is an (n, pn/(p41): 1.0.5)-
bounded concentrator if the expander is an (pn/(p + D)k, e, (p? | }2p*)-
crpander with an crpansion coeflicient ¢ > 2p%/(p? + D(p — 1), where & -
P+ 1)/(p+1).

Proof: Obviously, the network as shown in Figure 25 is bipartite and has

pPlk + D/ (p + 1) edges. By Definition 2.6. it suflices to show that. for any

stubset X of mputs with [X]| < 0.5n, I'x| > ||, where 'y is the set ol outputs



. - o enntions of X and the subsets
adjacent to inputs of X. Let Xy and X2 be the interse tions of A ¢

of the first pn/(p+ 1) inputs and the last n/(p+ 1) inputs, respective ly. Then
number of outputs

IX| = | X, + | Xo). I | X2] 2 IX|/p, Uy > |X| since the
¥, ]. Otherwise, [Xi] 2 (7= 1)/p)| X, and let

adjoint to inputs X, is exactly p

is clear that Y7 is a subset of inputs of

X’ be a ({p— l)//;)]_\’[»sul)svl of Xi. It

the (pn/(p + 1); k.e,(p? — 1)/2p*)-expander and |X7] < ((p* = D/P")on/(p +

1)) because | X] < 0.5n. From the definition of expander (See Definition 2.7),

e set of outputs adjacent to

ICx:| > [1+e(1—(p*— 1)/p)]IX] where Iy is th
inputs of X’. Therefore, [I'x| > [I'x:| 2 (p/(p — )X’ = [X]if the expansion
coefficient ¢ > 2p*/(p* + D)(p = 1)- |l
Taking p = 3 and substituting the |)1‘<‘\'i()nsl.\f constructed (3/1/'1:33.().!)[.-I/H)-

95 we obtain an (n,3n/4;25.5,0.5)-

expander into the construction in Figure 2o,

bounded concentrator.

5.3.2 Superconcentrator Construction

Using two (n,pn/(p + 1); k.0.5)-bounded concentrator, Figure 26 shows a re
cursive construction of an n-input superconcentrator in which there is an edge

joining input 7 and output 7, 0 <7 <n — L.

= m . e v e
Theorem 5.3 The network constructed in Figure 26 is an (n; d)-supcrconce nin-

ator ford = (p+ 1)(2k + 1).

Proof: For any k inputs and any k outputs, 1 < Ak < n. let mput . he
paired with output ¢ if input ¢ is one of the A& inputs and output ¢ is one
of the k outputs, and let X and Y be the sets of the remaining inputs and

outputs that can not be paired in this way, respectively. Then, |\| N,



outputs

Reverse

(n.np/(p+1):k,0.5 j
Sl I b m-ﬂg/(mjj)-gﬂ-f?)
Concentrator superconcentrator |- | o0 :Ctg:] tg .

Figt

re 26: A recursiv . . . _
& 26: A recursive construction of an n-input snpvrvmn‘vnlmtul.
< nj/2. Now (ind a unicast assignment from A

IX| + |V] < k and [ X],[Y]
(n.pn/(p+ 1): k0.5

onto s v B . .
ome set, say X', of outputs of the

)—l)(mn(l('(l coll-

centrator, ¢ .

0r, an ; pa— ; - , 7 p
and find a unicast assignment. from Y onto some sel, say Y ol
led concentrator. Then, by

ill])lxt,s of T
[ the reverse (n,pn/(p+ 1) k. 0.5)-bount
erconcentrator cal

) realize a nnicast

induction, the sandwiched (pn/(p+ 1)-sup
assignment from X'’ onto Y. C‘ombining {he unicast assignments from N on-
‘;() X7, from X’ onto Y’ and from y* onto Y, we have a unicast assignment
f'l‘(nn X onto Y. Therefore, the hetwork in Figure 20 Is a sn|)('r("m|<'('nt‘mlur. I
S(n) denotes the number of edges of such an n-input snp('r('un('vnlrnlm'. then
we have the density

"“'('II = S .
) (pr/(p+ 1))+ (2k+1 Jn. Solving this recurrence,
d=(p+1)2k+1)- |l

of the superc
he superconcentrator given by

[Using
sing the (n,3n/4;25.5 5
(n, F ..,«).‘).l)..))-lnmml('(l concentrators constructed in the 1)!'(‘\'i
ons section, we have ¢ ami i
s have a family ol superconcentrators with density 208, We
must note the i v 1
1at 3 ‘s ; . 1
at this density is not the smallest density that 1s known: Alon

et al [NAMS ( i S S S
[ ( l]. and Jimbo and Maruoka [.)MU[] already (‘t)ll.‘ll'll('t‘(‘(l super
concentrators snsity 12 S
¢ 5 with density 122. However, we should also note that i still



possible . : . : :
le to reduce the density by using our (‘.\']mn(l('r m a su])vr('om'vmm(ul

('(‘." ¥ 36 i
sign different from that given in [(i(h\’]].

5%
4  Summary
The
FETRIUN. SR . _ , , ,
pander construction given in this chapter has a very large expansion
as compared to the densities of the

coefficie : o
ient but its density is also quite large
explicit constructions of m2-expanders,

previous exp:
us expander constructions. For

‘h(‘ {c -
llowing problems remain open:
ller density. but with about the

(a) Does .
s there exist an expander with a sma

same expansion coefficient as the expander given here?
I " ’

(b) Does there exist an expander with density < 20 and expansion cocellicient
o 1

= 0.77 1f so, this will give a superconcentrator with density at most 85.
(¢) More generally, can one find a tight lower bound on the expansion coellicient
as a function of the density?

1e density question for con-

The ¢
answers s ; .
rs to these questions will largely settle tl

centre S
rators and superconcentrators



CHAPTER
SIX

CONCLUSIONS

6.1 Summary of Contributions

We have presented parallel routing algorithms with the fastest routing time
for the Benes networks. Using these algorithms, an n-input Benes network
can route any unicast A-assignment, I < k< n,in ()(lg_';2 b+ lgn) time with-
pair of processors are

out pipelining and O(lg k) time with pipelining if cach

directly connected, and in O(lg* & + lg* klgn) time without pipelining and

O(lg” k + 1g k1g n) time with pipelining if the processors are extended perfect
shuflle connected. We list the comparison of various parallel routing algorithms

for the Benes networks in Tabel 1.
We have also introduced new networks with self-routing schemes for routing any

multicast assignment. For n inputs, the multicasting network has O(nlg“n)

¢

bit-level constant fanin logic gates and O(lg?) bit-level depth. and can

alize any multicast assignments in O(lg” n) bit-level time without pipelining

39



—— N
Algorithm Topology Routing Time for
k- Assignments
L B e ) BT el
Nassimi and Sahni complete O(lg*n)
[NS582a] perfect shuffle O(lg' n)
Leveet al [LPVSI] complete O(lg* n)
Our Algorithm complete ()(Ig2 b+ lgn)
O(lg k) pipelinling
perfect shuffle ()(]g“ b+ lgz klgn)
O(lg” k + lg kg n) pipelining

Table 1: Comparison of parallel routing algorithms for Benes networks.
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O(lg*n) multicast assignments.

and O(lg n) bit-level time with pipelining for
‘erent multicasting networks.

Tabel 2.4 - ; .
abel 2 shows the complexities ol three diff
a family ()flinvzlr—sizv('.\‘p;mtlvrs

Fine
ally, we have given an explicit construction of
{ 0.868, a family of hounded concen-

with SN TR e ] e
density 33 and expansion coeflicien
rs with density 208.

trators wi . o )
ators with density 25.2 and a family of superconcentrato
the cost of our multicasting networks to

'l‘}l(‘s
51 S N s e
networks can be used to reduce

« various designs of lincar-size expanders.

O(nlgn) in bit level. Tabel 3 compare

6.2  Future Research

Our parallel routing algorithm for the Benes networks can run not only on
the complete and the extended perfect-shuffle topologies as described in this
dissertation, but also on other topologies. One future research is to consider
and another direction of future

other e )
1ier topologies that will fit the algorithm,
demonstrate

l‘(‘:\'(‘('-”'(vh .S < ) )
is to build hardware prototype routers to implement and

the algorithm.
time

It scems : .
s that our algorithm has possibly provided the fastest routing

for the Benes _
Benes network, and that it is difficult to change the structure ol the
our

algorithm to ¢ :
' o pet a major gai - : : . . _r
get a major gain of routing time. With minor adjusting.
el

algorithm also fits other unicasting networks that can be recursively const ructe
as the Benes network, such as the omega plus reverse omega stwoils and the
baseline plus baseline networks. Hence, it is also diflicult to obtain a Easter
routing time for these networks than that for the Benes network. However. one
possible exception is the 21gn — 1 stages shuffle/exchange network because it i
not recursively constructable. Although this network has heen proved to be a

unicastine network [F : . )
wting network [I2J91], it still lacks a routing algorithm and even a parallel
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el RN
Routing Time
Construction (lost Depth
——’/"F—_/l*f*———l,——
— P s

Nassimi and O(n lg*n)

Sahni [NS82b]
O(nlgn)

Thompson O(nlgn) O(lgn)
[ThoTs]
' - O(lg” n)
Our Network O(nlg®n) O(lg* n) (lg
O(lg n) pipelining
*/’—l—‘—lﬂ/——-/#il_k, E

e . ' . o atwork designs in bt level.
lable 2: Complexities of various multicasting ne twork &

" : ‘L etioate this possibility.
routing algorithm. One future research is 1o investigate this | ,

_ o afficie sthod that uses
As for multicasting networks, we have showed an efficient methe ‘

: . SN S SR . we still do not
O(n) bits per input to encode any multicast assignment. But,

: . ; nee. a future esearch 1s 1o
know how to reduce it to O(lgn) bits per input. Hence, a future resed

. w . SO w A g fcasting networks.
find a more cfficient encoding method for input-initiate d multicasting

Z s , . SN icasting networks
Instead, as shown in this dissertation, oulput‘—nm,ml((l multicasting 1

! ; Bas Care sullicient.
can be used, and O(lg n) bits of source address coding per output are
. . : : ! " ; eentages of this approach
A direction for future research is to investigate the advantages of this appro:
. Ao e S of o8l | epth
and construct output-initiated multicasting networ ks with lower cost and dej

than the input-initiated counterparts.

Regarding linear-size expanders, it would be worthwhile to construct lincar:

size expanders with smaller density and larger expansion coelficients, and to use



Construction

Margulis [Mar73]

Gabber and Galil [GGS81]

Alon et al [NAMST] and

Jimbo and Maruoka [JMST]

Our Expander

Density

R

33

unknown

0.007

0.412

0.16-1

0.868

Table 3: Comparison of various lincar-size expanders.
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ther . ' » o
N to construct concentrators, supvr('um'vni rators, punicasting and multic ast-

3 3 R T
onstruction improves (hat of Gabber

i“'l ne P
g networks. Qur hounded concentrator ¢

vor (‘ullsl‘l'll('li()n

"'Il(l “ i ¢ o o . 2l N
Galil, and our superconcentrs follows that of Pippenger.
«l concentrators are still possible and

Hovy
Never S S 3 <
cr, better constructions of bounde
one

As for the .s‘ul)('r('()n('('nlr;ltors.

wotlc 5 E 1l e
I be worthwhile for future rescarch.

e improved constructiol ¢ of Pippenger,

1s over thos

future r :
ire rescarch is to explor

@) .
hung and Bassalygo.
We
Il()l(\‘ . . . L. , s > " .
that there are still no efficient routing algorithms for lincar-size expand-
ers and those , ; . ;
those networks that are constructed accordingly. Edge coloring schemes
are possible . ¢ 3 L . ; o
: ble, but they are inefficient. Hence, it 1s worthwhile to design efficient

routing aleori .
ing algorithms for those networks.
IMinal
Uly, we s 4T i e ; . : y
Y, note that this dissertation has not touched on the ssucs of strictly

These networks

and wide-serse .
sense nonblocking networks. are important in tele-
: 2

li which has O(nlg n) cost and

phone switchings. Cantor’s network [CanTl
O(lgn) depth, can be viewed as the rvpr('svnl,ali\'(‘ of strictly nonblocking net-
works.  However, the existing routing algorithms for Cantor’s networks are
hot satisfactory. Lin and Pippenger (LPI1] presented an O(lg” n) time par-
allel routing algorithm for Cantor’s networks by using O(n) processors and
O(nle?

(n1g? n) memory space. This time complexity s too high compared with the
O(lg n) depth of the network. Therefore, one area of future rescarch is to design
is to build other

I)(‘t‘( i ] ; {
Ler r )l”l“” ("‘l"( 4 I
’ )l”‘ J 3 y: g
h”]h '()l (v(l“i.()] S ”(‘1 \\'()I']\'ﬁ'. ('”“I (’”]()(h(\r

nonblocking netw g e
king networks with efficient routing schemes.
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