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ABSTRACT 

In a three-stage connection network a minimum 
reswitching number problem is that of finding 
a minimum cardinality set of those path changes 
for existing calls which unblock a given 
demand. This paper is devoted to five approxi
mate algorithms to this problem. We show that 
most of them can2 be implemented in worst-case 
time O(n) or O(n )although one may require as 
much time as 0(n4). Let A(s,d) be the number 
of reswitchings designated by the rearrangement 

. algorithm A when applied to a network state s 
in order to unblock a demand d. Having assumed 
that the network is arbitrarily large we final
ly show that for every considered algorithm 
A and any demand d there exists a sequence of 
blocking states sk' k=2,3, .•. with O(k) connec
ting paths such tMat A(sk,d)= k even though 
the minimum reswitching number equals 2. 

INTRODUCTION 

A connection network is an arrangement of 
sWitches allowing sets of terminals to be 
connected together in various combinations. 
Fig.l shows an example of a two - sided sym
metrical connection network. This type of net
work was primarily studied by Clos [3] and, 
for this reason, it is frequently called a ~ 
~. Such a network consists 
of r input and r output sWitches along with m 
middle switches. The input switches are rectan
gular with n inlets and m outlets, i.e., they 
are of size n x m, while the outpu t switches 
are of size m x n. The middle swi tches 

Fig.l. Three-stage Clos network ~(m,n,r). 

are square, all with r inlets and r outlets. 
Thus there are nr inlets and nr outlets in the 
network. There is one link connecting each 
input switch to each middle SWitch, and one 
link connecting each middle SWitch to each 
output SWitch. The three-stage · C}os network 
with parameters m,n,r is denoted by 
~ = ~(m,n,r). By the st£lte s of the network 
~(m,n,r) we mean a set of all connecting paths 
being in prog ress in i , 1. e., the se t of all 
triplets. (u,v,w) where u,W et1, .•. ,r} , 
v £{1, .•• ,~ such that there is a connection 
between an inlet of the switch iu and an out
let of the switch 0w via the switch mv • The 
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2 
~ d is a pair (u ,w) ~ { 1" ... , r} , wi th the 
understending, of course, that none of the ter
minals involved in d is busy in s. 

In the Clos network it is possible that a con
nection between an input and an output cannot 
be made even , though neither of them is already 
connected. This can only happen if other con
nections already occupy at least one link in 
every possible path between the input and out
put in question. But a blocked demand can 
always be unblocked by reswitching some of the 
connecting paths already set up in the network, 
provided that ~(m,n,n is rearrangeable, i.e., 
when n ~ m ~ 2n - 2 [2]. 

The problem of finding the minimum number of 
reswitchings for a blocked demand can be solved 
at the cost of a very complicated and time
-consuming search algorithm. Therefore fast 
heuristic methods which do not always yield an 
optimal rearrangement have to be used. In this 
paper we analyse the complexity and behaviour 
of five prominent algorithms of this type; 
first of all Slepian's fixed chain (FC) algo
rithm, and then four of the following algo
rithms due to Paull [4]: the shorter chain (SC~ 
the improved SC (ISC), the shortest chain (TSC) 
and the improved TSC (ITSC). The algorithms 
are all approximate and polynomial-time 
bounded. We show that most of them can be impl. 
mented in worst-case time OC~ or 0(n2) for 
~(n,n,n) though th~ ITSC algorithm may require 

as much time as OCn ). Examples of network sta
tes for which the duration of computations is 
extremely long are also presented Next we 
assume that ~(n,n,r) is an arbitrarily large 
network in the sense that the common number,r, 
of input and output stage SWitches tends to 
infinity. Let A(s,d) be the number of reswitch
ings designated by the rearrangement algorithm 
A when applied to a state s of ~ in order to 
unblock a demand d, and let M(s,d) be the 
minimum number of reswitchings. In the last 
section we show that for all conSidered algo
rithms A and any demand d there exists a seq
uence of blocking states sk' k ~ 2 with only 
O(k) connecting paths such that A(Sk,d) = k 
al though M (S, ' d) = 2. Then we generalize our 
result to in~lude rearrangeable networks having 
more than n middle SWitches so as to conclude 
that there is no upper bound on A(s,d)/M(s,d), 
and large values of this ratio can be achieved 
by states growing linearly with the ratiO. The 
only rearrangement algorithm that may have a 
better worst case behavi_our is the ITSC algo
rithm which for re~rrangeable Clos networks 
with m ) 4n/3 still has , sequences of ~tates sk' 
k ~ 3 blocking d such that Iskl = O( m ) and 
ITSC (sk,d)/M(Sk,d) ~ k/3. 

FIXED CHAIN ALGORITHM 

Before describing a fixed chain algorithm we 
shall introduce a useful model of a state of 
the three-stage Clos network. A network state 
is usually depicted by means of a Paull matrix 
P = [Pij] i,j = 1, .. . ,r, where Pij comprises 
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the numbers of the middle stage switches which 
serve to connect the external switches ii and 
0j [4]. But such a representation of the state 
s cannot be a source of efficien~ algorithms 
for the Clos network rearranging. In view of 
time complexity it is better to assume as a 
model of the network state an integer matrix . 
S = [s ij k] i = 1,2, j = 1, ••• , r, k = 1, ••. , m , 
where 

and 

={Wo if (j,k,w) E s, 
Sljk otherwise, 

={OU if (u,k,j) ~ · s, 
S2jk 

otherwise. 
Thus there are 21~ nonzero elements in the 
matrix. 

The first algorithm for a three-stage network 
rearranging was given by Slepian as early as 
in 1952 (cf[2,4]). He used it to show that in 
the case m = n = r, less than 2n - 2 connecting 
paths need be moved. Roughly, Slepian'~ origi
nal approach is based on finding a fixed chein 
of connecting paths starting with a connection 
on the same input switch as the blocked demand, 
and going through two sUitably selected middle 
switches, say m. and mj • After finding the 
fixed chain, on~ can alternately interchange 
the middle arrays of its paths, which frees 
the sWitch m. for this demand. For easy refe
rence, we shall call it a fixed chain (FC) 
algorithm. 

Let (u,w) be a demand blocked in the state s. 
At first we must find a sWitch m. such that 
(u , i ,q) E. s for ace r t a in q .,. w ~ and (p , i ,w) • s 
for all p ~ r. Next we must find a switch mi 
such that (p,j ,w) E s for a certain p • u al"ld 
(u,j,q) f s for all q , r. This can be easily 
expressed in terms of the Paull matrix, i.e., 
we look for both a number "in in row u which 
does not appear in column w ·and a number Dj" 
in column w which does not appear in row u • 
This part of the FC rearrangement algorithm 
may be described in a pseudo - ALGOL form as 
follows: 
A:W i:=l ~ 1 u.n.ill m Q.Q 

if S[2,w,i]= 0 ~ goto 11; 
ll:ij [1] :=i; 
B:W j:=l 2.1.W2 1 until m do 

if S[l,u,j]= 0 then goto 12; 
l2:ij(2]:=j; 
Then we must carry out the following ill .sta
tement: 

1:=1 ; 
C:for i:=l ~ 1 until 2r-2 do 

13: 

begin . 
a:=S[l,Uti j [1]]; 
S[l,u,ij 1]] :=S[1,u,ij[3-1]] 
1:=3-1; 
u:=S[3-1 ,u ,ij [1]] :=a; 
i.f u=O ~ Wtl!2 13 

end; 

In general, the complexity of any rearranging 
algorithm is dominated by the number of execu
tions of both assignment and comparison opera
tions involved in the worst case of data. For 
simplicity, we shall estimate the complexity 
of the FC algorithm in terms of the number of 
comparisons needed to execute this algorithm. 
Both the loops A and B require at most 
3n - m - 1 comparisons. Because the loop C 
requires no more than 2r - 2 comparisons we 
have at most(3n - m - 1)+(2r - 2)= 2(n+~+ n -
m - 3 of these operations in all. Thus the 
algorithm can run in time O(n+r). A blocking 
state which requires the maximum number of ele
mentary operations involved in the FC algorithm 
is given by the Paull matrix in Fig. 2. 
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1 2 3 4 r-1 r 

1 n 
I--
I B 

2 p n 
--+-- .... -t----I , 

I -- r -- t---+---I 
3 n I p 

4 
--+--1---+----1 

I p , 
I I I I ,--t- I 
I I , I I· I I I , 
~-+-+-+-~--r-+-'-~ 
, I I I , I.' I I 

r-: I A I I I I ~{=~ 
p 2n - m - 1 A 1,2, ... ,n-1 
B 1,2, ... ,p-l, n+l, ... ,m 

Fig.2. A state of -l(m,n,r), n ,m, 2n - 2 
in which the FC algorithm requires the 
maximum number of operations to unblock 
(1,1). 

SHORTER CHAIN ALGORITHM 

Paull [4] improved the FC algorithm by simulta
neously considering two chains of both input 
and output connections involved in the blocked 
demand in order to alternately interchange the 
middle sWitches in a shorter chain of connec
ting paths. He showed that elements in both of 
these chains are distinct and, consequently, 
the length of the shorter · one does not exceed 
n-l. We shall call Paull's.,method the ~b.9.cte.r 
~~in (SC) algorithm. Benes has noticed in [2] 
that the SC algorithm can easily be extended 
to include all of the rearrangeable Clos net
works. Using it for any ~(m,n,r) with 
n, m, 2n - 2, he generalized Paull's bound on 
the minimum reswitching number to r - 1. 

The first part of the SC algorithm is the same 
as in the FC algorithm. But the second one may 
be described more formally as follows: 

1:=1' :=1; a:=c:=u; b:=w; 
f..gr i :=1 ~ 1 Wl.U.l r Q.Q 

~[' . r ']] a:=S 1, a,~jLl ; 
1':=3-1' ; 
b:=S[l', b,ij[l']]; 

D:if a)(b=O ~ 
goto li a=O ~ 14 else 13 

~; 
13:c:=w:l:=2; 
14:comment Change Algorithm ·of [4]; 

W k :=1 ~ 1 u.n.ill i do 
~ 

a : = S [1 ,c i j [1] ]. . 
S [1 ,c, ij tU] :=S tl ,c ,ij [3-1]] 
1:=3-1; 
c:=S[3-1,c,ij[l]]:=a 

end: 

Let us estimate the running time of Paull's se 
algorithm. The method requires at most 3n-m-l 
comparisons to realize the loops A and B of the 
first part of the algorithm (see the previous 
section). Then the 11 statement labelled D must 
be repeated up to r times. It requires at most 
r+1 comparisons because two of them must be 
made when the 11 statement is executed for the 
last time. Since the "Change Algorithm" requi
res no other comparisons, the total number of 
operations is not greater than(3n - m-i) + 
+(r + 1)= O(n + r). Thus ~he SC algorithm is 
of the same order as the linear Fe one. An 
example of the network state requiring the 
maximum number of operations involved in the se 
algorithm is shown in Fig.3 in the next section. 
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IMPROVED SHORTER CHAIN ALGORITHM 

According to ~he SC rearrangement algorithm the 
only connecting paths that are alternately 
reswitched are those which pass through two 
suitably selected middle switches, while the 
remaining connections are unchanged. However, 
there are methods not restricted to changes of 
only two second-stage sWitches. One of them is 
an imJe(Qve~ JbQ~r ch.i~ eISC) algorithm due 
to Paull and originally called ".ethod 3" in 
his paper [4]. 

The first part of the improved SC algorithm is 
the ·same as in the original SC method, i.e., 
if d =(u,w) is blocked we look for a number in 
row u not in column w, say i, and a number in 
column w not in row u, say j, of Paul 1 matrix. 
Let 1 be the length of the shorter chain of 
connecting paths. Then by making 1 reswitchings 
d could be unblocked. If, however, some of 
those paths of the shorter or longer chain 
which are before thel-th one (we know they go 
though mi or mi) could be carried without ~ny 
conflict by a ~iddle switch other than mi or 
mj, by mk for example, then we could unblock d 
in less than 1 changes. Hence the main stage 
of the method involves recursive checks to see 
whether the succesive paths of these chains can 
be carried by a middle switch mk' i , k , j. 
If so, say a path belonging to the shorter 
cha~n can be put through mk, then we make this 
change and finish by making all interchanges 
of the paths preceding that one in accordance 
with the Cba~e ~r~t~. If not, we procced 
to the succee ing members of both of . the 
chains. In the latter csse the examining termi
nates when the l-th path of the shorter chain 
has been found, and the last stage of the una
dorned SC algorithm must be carried out. Thus 
the following fragment of a pseudo - ALGOL pro-

. gram may be substituted for the middle part of 
the shorter chain algorithm to obtain its im
proved action. 

1 : -1' : = 1: a: = c : = u: b : -w : 
ill i : = 1 I.1JlJ2 1 u.nill r d.g 

bep9in 
a:=S[l' ,a,ij [l']]:!.f s=O,L!:wJ ~ 14: 
b':-S [3-1', b, ij [3-11] :i..f b=O l.bAn g"g,lQ 13: 

E: f.su' j :-1 I...t.IU2 1 ~ m d.g 
;Lf S [l',a .jJ + S [3-1 ,a',j] -0 thAn 

1ml,a.j} :-a' : , 
S 3-l',a,1]:aS[3-l,a',i)[1']]: 
S 1', a ,ij ll']] :-S [3-l'.a ,ij [1']] :.0: 
~' 14 

an.p.: , , 
a : - a: 1:. 3-1 : 

F:f.o.r j:-1 ~ 1 ~ mr. 
~!l~~~l~lj;:~[:~:~:~:}~:1~ 

S l',b,ij U'] :-S [3-1',b.ij [1']]:-0 
QSU2 13 

AfiP: 
b:-b 

I!lS! : 
l3:c:-w: 1:-2: 
l4:comment Change Algorithm: 

It is easy to see that each of the loops E and 
F executes at most m comparisons. The worst 
case requires these loops to be performed r-1 
times, so the maximal number of comparisons 
involved in both of the loops is ' equal to 
2m(r-1). In addition, we must take into account 
at most 3n - m - 1 comparisons of the first 
stage of the algorithm plus comparisons 
checking whether a chein of paths, whose number 
is not greeter than 2r - 1, ends or not. Hence 
the· total number of these operations is less 
than or equal to 2m(r-1) + C3n-m-1) + (2r-1)- 0 (mr). 
Thus the Ise method is an O(n2)algorithm in the 
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case of ~(n,n,n). 

An example of such a blocking state that causes 
the maximum number of elementary operations in
volved in both the se and ISC algorithms is 
shown in Fig.3. 

1 2 3 4 r-2 r-1 r --T--
1 I n B -+.--

p A n 2 I 
-+--

p B n 3 I --~--
p A 4 • I 

I I I I I I I·' -1:--, I I , 
~-4-+-+-+-+-·+-+-4--t I I I I I.-~-"'§ml. ~ I I 

I I 

I I I 

r-2 I· B n --T--
r-1 , pAn 

-+-
rip __ 1. __ A 

p = 2n - m - 1 
A - 1,2 •.•• ,p-1, p+1, ... ,n-1 
B - 1,2 ••• ; .p-1, n+1, .•. ,m 

Fig.3. A state of ,,(m.n.r), n 'm, 2n - 2 
in which the SC a.nd ISC algori thms are 
forced to make the maximum numbers of 
operations to unblock (1,1). 

THE SHORTEST CHAIN ALGORITHM 

In the SC rearrangement algorithm we first look 
for a pair (i.j) such that there is no i in the 
w-th column and no j in the u-th row of the 
Paull matrix, and then we realize appropriate 
changes of i' sand j' s along . the shorter chain 
of paths. However, we can also use a slightly 
more complex method in which we test all pairs 
(i,j) such that i is in row u but not in column 
w, and j is column w but not 1n row u to find 
which of pairs will require the fewest inter
changes. The reswitchings are then made on that 
pair in accordance with the SC algorithm (see 
"method 2" in [4]). We shall call this method 
;'h"fl J.h~S- ~b~o (TSC) algori thm. 

In general, the complexity of the TSC algorithm 
depends heavily not only on the number of pos
sible pairs (i,j) and lengths of their chains 
but also on the order of pairs under exemina
tion. In the worst case there may be Ln/2J· 
·fn/21 such pairs-, each with two chains of r-1 
elements. Thus after finding al~ possible pairs 
(i,j), which requires exac~ly m comparisons to 
be made, we must test as much as In/2J·ln/21 
'n2/4 shorter chains to find out which of them 
is the shortest. Since encountering a shorter 
chain requires r-1 comparisons, we have to per
form at most n2 (r-1 )/4 + m2 - ~r) basic opera
tions. Our result states, in psrticular, that 
the TSC algorithm can be implemented in time 
0(n3) for ..,(n,n ,n). An example of the network 
state that forces the algorithm to make the 
maximum number of comparisons is given in FigA. 

the largest integer not greater than x, 
the a_alleat integer not les8 than x. 
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1 2 3 

1 C A 

2 B A 

3 B 

4 B 

4 

A 

r-2 r-l r --T---. 1 
1 

--i---~-+--~--~ 
I 
1 

--~--~-+--~~ 
I 
1 

--~---~~---+--~ 
• 1 

1 
: 1 I 1 1 1 --1'1 ;--1 I 1 I 

. 1 1 1 I. I 1 I I 1 

l ~--i--+--~--~:-+-~+--~--~--~ 
:111 I ~.I ~I.I' I I . --1---

r-2 . I · A 
-r--- . 

r~l lB ' A 
~-t--~-+---+--1--
riB 
~_L __ ~~ __ ~ __ ~ __ _ 

A ... 1,2, ••• , Ln/2J 
B = Ln/2J+ 1, .•• ,n 
C n + 1, ••• ;m 

Fig.4. A state o'f -/(m,n, r), n ~ m , 3n/2-1 
in which the TSC algorithm requires th~ 
maximum number of operations to unblock 
(1,1) • 

Note that the considerations above do not con
cern the rearrangeable ne tworks -I(m, n , r) wi th 
m close to 2n - 2. For example, the number of 
operatiuns in the worst state of ~(2n - 2,n,r) 
which the TSC a:lgori thm requires c~n be shown 
to be merely on the order of ~ax{n logr, nr} ' • 

IMPROVED TSC ALGORITHI'", 

The final algorithm th~t we shall consider in 
detail is Paull's "method 4"[4J which we shall 
call an ~ (ITSC) algorithm. The ITSC 
method generalizes both the ISC and TSC algori
thm~ In this method we try ~he ISC algorithm on 
all pair~ of integers (i,j) such that there is 
no i i~ ~olumn wand no j in row u of the Paull 
matrix,like in the TSC algorithm. The reswitch
ings are then made according to tpe ISC a~go
rithm on the pair involving the fewest moves. 

It is easy to see that the' ITSC algorithm is 
the mos f :c6mplex me thod for " the three-stage 
Clos · network rearranging. Beluw we shall show 
tha tit can run in time O( n4 ) in the case m=n= r. 
Suppose tha t 4(m, n, r) with m '4n/3-1 is blocked! 
F'i ·,..·st', ·(if· "afl we mus t find all p~ssible pa.ir·s 
(i' ,'j)'~ which c'learly requires m comparisons. 
For ~ given pair (i,j) we must find out which 
of two ' chain. Of - connecting ' paths going through 
m and m l~a~s to ~ nearer path that can be 
c~r~ied ~y mk : i I k I j. We know, this can be 
do'~e Dy means of 2 (m+l) (r-1) ' + 1 comparisons " . 
But in the wO'rst ca%e there may be Cn -lm/2J)· 
Cn -rm/21)'(n - m/2~ such pairs involving O(m~ 
comparisons each. Thu~ the total num~er of2 ' " 
these opera'tions , do~s not .pxceed (n' - m/2) . 2 
(2(m+l)(r-l)+ 1)+ m '(n/2)'(2(n+l)(r-1)+ 1)+ n • 
After the deSired pair is found ', there are no ' , 
compa~isons needed, so th~ worst ~ ' case comple
xity of the ITSC algorithm grows as fast as ' 
0(n3 r). A blocking state requ~ring th~ m~ximu~ 
number of operations involved in . the ITSC algo
rithm is shown in Fig.5. · 

It ought to be emphasized that our analysis 
does not concern the rearrangeable networks 
.",(m,n,r) with m close· to 2n - 2. In particular, 

if m m 2n - 2, the ITSC algorithm can be shown 
to require 0(n3 log r) operations. 
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3 

4 

1 2 3 4 ...... " ... r-2 r-l r 

C A 

B D A 

B C 

B 

A 

D 

-,---
I 
I --'1'---
1 
I 

--~--
I 
I 

-+-
I 

• I 

1 I I 1 1 --~---

D 

1 1 I 
I 1 I I. I I' 1 I I I 

• I ' I 1 1 1 I. 1 1 I 1 
t--T--1' ---+--"t--+ --~--+--- .... --, 
I 1 I I I· I I 1 I 1 

I I I I I --.4---~! . I I I 
r-2 I' C A 

~-+--~--+-~--4---

r-l I B D A 
~~---+---+----+--~---

r D I , B 
~~~_..I....---,_._L __ 

A 
B 
C 
D 

1,2, ... , n -lm/2J 
n - lm/2J + 1, ... , 2n - m 
2n - m + 1, ... , n 
n + 1, ... ,m 

Fig.5. A state of -}~m,n,r), n~ m, 4n/3-1 
in Which the ITSC algorithm requires the 
maximum number of operations to unblock 
(1,1) • 

WORST CASE BEHAVIOUR OF THE REARRANGING ALGO
RITHMS 

In order to get a quantitative idea of the value 
of all algorithms of the previous sections in 
the worst case behaviour we need some assump
tions. Suppose tha t -I(n, n, r), n ~ 3 is an a rbi
trarily large Clos network in the sense that 
there is no upper bound on the number,r, of the , 
inpu t/ou tpu t swi tC.hes as opposed to the number, 
n, of the middle SWitches. Let Aes,d) be the 
number of reswitchings designated by the rear
rangement algorithm A when applied td th~ ~et
work state s of ~ in order to unblock ~he ' 
demand d, and let MCs,d) be the minimum reswitch· 
ing number~ In the sequel we show that fo~ all 
conside'red algori thms A, and- any ' demand d, 
there exists a sequence of blocking states' sk' 
k ~ 2 with only O(k) connecting paths such th~t 
ACsk,d): k although M(sk,d)= 2 . . In other words, 
there is no upper bound on the ratiO ACs,d)/ 
Mes,d) and large values of it can be achieved 
by states ~rowing linearly with the ratio. More 
formally, le t us define A* (s) = max { A-(s, d) / 
Mes,d): d is blocked in the sta~~ s} under the 
assumption that max , = O. Theh ~he goodness 
fun c t ion g A ( p) =, . m a x { A * (s): s has no. m 0 r e 't h a n 
p paths} has ess-entially ,the wor'st possible 
growth rate, considering that for every rear-
rangement algorithm A, gACP) ;" P: " 

Let us ass~me, Without loss ~f g~nerality, that 
there is a demand to connect an idle inlet of 
the SWitch i1 to an idle outlet of the , swi tch 
0 1 while the network -len, n, r), n ~ 3 is in the 
state sk shown in Fig.6. This state is very 
similar to one of those considered by Paull{4] . 
Note that d =(1,1) is blocked by such a state 
but it can be unblocked by reswitching two 
paths: (1,3,k+1)-(1,1,k+1? and (k+~,3,1)
(k+1,2,1). T_he reader may verify that neither 
the unado~ned ~C ~lgorithm nor its refinements 
are able to give the optimal rearrangement. 
Moreover, all the algorithms are forced to mak~ 
k interchanges' of 1'~ and 2'~. Thus even ITSC* 
(s~= k/2 and Isklm 2k +C1 +lk/2J)Cn~2)+ 1 ~ 
kn+1=O(k). 

I t is easy' to see that such a . sequence of blo
cking sta~es can be constructed for each demand 
d' =(u,w) ~f the elos network. 
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1 234 5 k k+l 

1 A 1 3 -
2 2 B 1 -
3 2 1 

4 2 B 1 

5 2 
-1.--' ,---
I I , 

111 __ :m=~ 
I I " 
I I ~ I 

A 4,5 ••• ,n 
B 3,4 ••• ,n 

Fig.6. State sk of --J(n,n,r), n ~3 
for d = (1.1). 

Our result can be generalized to inc l ude Clos 
networks having more than n middle sWitches. 
From the way we have constructed the states 
requiring the FC, SC and ISC algorithms to per
form the maximum numbers of operations, it fol
lows that sequences of states causing such poor 
worst case behaviour can be given for all rear
rangeable networks controlled by these algo
rithms. The author could quote examples proving 
the same result for the TSC algorithm, and for 
the ITSC algorithm applied to the network 

"'Cm ,n, r) under the condi tion m '4n/3-1. The 
only rearranging algorithm which may have a 
better worst case behaviour in some network ca
ses is the improved TSC algorithm. Using states 
similar to those used by Bassalygo et al. [lJ , 
one can show that for 4n/3' m ~ 2n - 2 the ITSC 
algorithm still has a sequence of states sk 
blocking d such tha t I sk 1= O(m k) and ITSC* (sk) 
)k/3. Thus the function gA(P) grows at least 

logarithmically in this case. A more detailed 
study of Paull's rearranging algorithms in the 
worst case behaviour is in preparation. 

CONCLUSIONS 

It has been shown that all prominent algorithms 
for rearranging three-stage Clos networks are 
approximate and polynomial - time bounded. Most 
of them can2be implemented in worst-case time 
O(n) or O(n ) for ...J(n ,n ,n) though the IISC al
gorithm may require as much as time O(n ) . 
Moreover, for every considered algorithm A the
re do exist sequences of blocking states sk 
such that A* (sk) is proportional to I s I and 
has essentially the worst growth rate ~ossible. 
In other words, there is no upper bound on A·(s) 
and its large values can be achieved by states 
(and networks) which grow linearly with the 
function. The only rearranging algorithm that 
probably has a better worst case behaviour for 
some Clos networks close to non bl ocking ones is 
the ITSC algorithm which may encounter states 
causing at least a logarithmic growth rate of 
gA(P). At present no polynomial algorithm is 
known to the author that solves the minimum 
reswitching number problem within any bounded 
ratio A(s,d)/ M(s,d) greater than one. 
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