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Abstract

This paper presents and evaluates a distributed routing algorithm for effective routing control
inecircuit-switched multistage interconnection networks. The proposed method uses the distributed
control based on the individual-switching element control and it is very effective for allowing any
broadcast connection from a source to arbitrary number of destinations. The performance of the
proposed method is analyzed and evaluated by computer simulation in terms of the normalized
average time delays.
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exclusive-

begin
if (broadcast information=1)
then (broadcast connection)
else begin
if (routing information=0)
then (upper link connection)
else (lower link connection)
end ;
end ;
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Algorithm 1. SE control signal generation.
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const var
max_m; /% max, no. of stages */ upper_or. lower : integer; / % upper or lower lin’: */
max_size; / % max, network size. */ SE_level tinteger ; /% SE location in each stage */
max_mminus 1; /% the largest stage number */ )
ype begin
. . SE_level : =0;
list 1=array[ 0,. max.mminusl ] of integr; 1
. ) . for SElevel:=m-1 t0 1 do
list2=array[0.. max.size, 0.. max_m] off integer ; ]
wr begin
. . check the decimal values of souce addresses:
n : integer; / % network size %/ d
m < integer; / % number of stages (0.. mminusl) */ e
. ) upper _or_lower : = sel - SE [ mminus1] ;
mminus 1 s integer; /¥ m-1 */ e bt of "
destin_numd  : integer; / % number of destinations */ check the last bit of source 88
upper_or. lower: integer; / % upper or lower link %/ end;
SE_cont_sig  :integer;/ % control signal of each element */
count zinteger; / % no. of new source of next stage x/ &42lgs 5. select-SELd 1 EE.
stage_Jevel  :integer; / * stage level of source address */ Algorithm 5. select-SE Algorithm,
first tlist1;
second :list2;
begin var
read source and destination addresses, destin_numd : integer; / % number of destinations x/
sort the destination addresses. stage-level :integer ; / % stage level of source address */
change the addresses to binary form begin
if (stage_level ( ) mminwsl)then case stage-level of
begin 0 : begin/ * when stage_level is equal to 0 */
for j: =0 to mminus 1 do for i :0 to destin_numd do
fiest [] : = second [sum, j ] test bit patterns of destination addresses;
select_SE (first, selected _SE, upper_or _lower) ; end:
/*beate the switching clement % / 1.. m:begin/ % when stage_level is not equal to 0 */

/ % refer to algorithm 5. % /
upper-or-lower : = first [ mminus1] ;
if, (destin_ numd = nminus 1)
decide network size;
else SE_cont_gen (destin_binary, stage_level, SE_cont. sig) ;
/ % generate the SE control signals */
/% refer to algorithm 6, */
sef selected_ SE, stage_level ] : = SE cont . sig:
comnect (first, SE. cont_ sig, news) ;
/ * applying the interconnection function to stages * /
/ % refer to algorithm7, */
for i :=0 tocount do
generate the new sources of current stage;
end;
increment the stage_level ;
end;

Algorithm 4. Overall simulation process.
YT2|E 4. AlEHolAd HAAH

(1799)

for i: 0 to destin.mmd do
test bit patterns from Oth to stage_level .1 of
destination addresses;
begin
for j : =10 stage_level .1 do
select the destinations including the same bit
patterns;
end;
end;
end;
assign the control signals to switching elements;
/% 0 :upper link connection * /
/#* 1 :lower link connection * /
/% 2 :upper broadcast */
/% 3 :lower broadcast */
end;

2412|S 6. SE_cont_gen ¥12lE
Algorithm 6. SE_cont_gen Algorithm.




wHER 5 chebAl A5 A mhell 4 9

EEH

o
3 =

const

type

var

se

begin
if

max-mminus | ; / % the largest stage rumbe r
max. sizediv 2minus 1; / % the largest switching element mmber %/

destin.addr : integer ; / * destination address
destin_numd : integer ; / % number of destinations
stage. level :integer; /% stage level of source address

:list3 3/ % used in control signal generation

(stage-level { ) mminus 1) then

begin

generate the source of next stage by applying the
interconnection hnction of the baseline network;

case x of
0, 1:begin
/% one_to_one comection, 0:upper [ak connect ion %/
/% 1: lower link connection % /
conut : 0;

for j:0 to mminusl do
next_stage. S{0, ] : =se[j];

for ) :stage_level 0 m-2 do
next.stage-S[ 0, +1]:se[j];

if (x=0)
then next _stage_S[ 0, stage-level | :=0;
else next _stage_S[0, stage-level |:=1;

end;
2, 3:begn
/ % broadcast connections, 2:upper broedcast %/
/% 3: lower brosdcast %/
cont: = 1;
fori:0101d
begin

for j:=0 to mminusl do 1
next_stage. S [i,§] :=se[j];

*/

list 3= array [ 0. . max.sizediv2minus1, 0. . max.mmirus 1] of integer;

¥/
*/
*/
«/

next_stage_S[ i ,stage-level | : = se [ mminus 1] ;

for j:=stage-level to m2 do
next_stageS[i, j +1] :=se[j ];
end;
if (next.stage_S[ 1, stage_level] : =0)

then next..stage-S[ 1, stage_level] : = 1;

else next_stage- S[ 1, stage_level ] : =

0;

22|E 7. Connect ¥ig|g
Algorithm 7, Connect Algoriehm
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where T :the total transmission time in Siegel’s method.

Tiec: the total transmission time in IEC control
method.

Ther:the network transmission delay time (T sequp +
Tdam).

Teont-Stthe control signal generation time in ISC.

Tecom-E:the control signal generation time in 1EC.

T serup: the routing path setp time,

T gazo : the actusl data transfer time.

T srouw : the grouping time.

g the number of groups.
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Table 1. Comparison of average time delays.
N2 4 8 16 2|
d, Too | Tee | Tso | Tiee | Tsie | Tie | Tow | Tiee | Tow | Tee
132012013050 70(80| %0/100]1L0]140
203010 86| 7.8]|140(126] 184|178 234|236
3 14.0 | 100132 |17.8 | 25.2| 5.6 | 40.4| 344
4 5.0 | 4.0]14.4]21.2 | 326{30.0 67.6| 428
5 %.6 | 24.8 540380 760{5L2
6 30.6 [ 27.6 | 628(43.0 | 8L6| 552
7 4.0 [ 31.0 | 69.8|46.6 {1058 | 67.6
8 8.0 [10.0 | 924|50.0 {1380 686
9 98.2157.0 | 134.6| 782
10 12301 60.8 | 1126 | 856
11 137.2]65.8 | 196.6 | 91.8
12 1346 69.8 | 187.0 |100.6
13 127.2| 74.0 | 236.0 |206.0
14 122.6| 78.0 [ 207011090
15 110.0| 82.0 | 252 4 1118 4
16 13.0]22.0 | 369.2 (1218
7 299.6 (127.0
18 309.4 (1322
19 3146 (1390
20 329.2|1436
2 3214|1490
2 369.2 154 4
pA] 366.6 | 160.6
24 3546 (165 2
A L0 (1704
2% 3726 (1756
2 387.6 {1810
8 359.6 1858
29 387.6 {1910
3 327.21196.0
3l 309.0201.0
2 220460
Avel 30 | L5182 [67 (235192 (769 |48.2|B27 (1153
where d > number of destinations
N I network size
Tse © time delay by using the Siegel’s method
Tue . time delay by using the distributed
method
Ave :average time delay.
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Table 2. Comparison of the two methods in
average time delay by increasing the
network size, N.
WE93Z 37|| SIG W4 [ECH#4 | A A &
(N) 873} A8 (%)
2 3. 00 L5 -
4 8. 15 6.7 -
8 23. 50 19.2 18. 30
16 76. 87 48, 2 37.30
32 232. 27 115. 3 50. 36
64 616. 20 256. 4 58. 39
e
o
-? &0 4 a ISC mathod
; -+ IEC method
fo
]
100 4
o ’ - , .
4 8 13 x “
Network size
agl2. F 7bx bl g vl e,
Fig. 2. Comparison graph of the two methods.
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