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ABSTRACT

The original all-to-all personalized exchange algorithms were introduced for static
interconnection networks (i.e., hypercube, mesh, and torus). Later, the all-to-all personalized
exchange methods were extended for dynamic interconnection networks or MINs (Multistage
Interconnection Networks i.e., omega (or shuffle exchange), flip, cube, and baseline) with N = 2"
(= 4, 8, 16, 32, ...). Recently, the generalized all-to-all personalized exchange algorithm was
designed for shuffle-exchange networks with even N (= 4, 6, 8, 10, ...). However, for a
hierarchical shuffle-exchange network, those existing algorithms cannot be directly applied. This
paper introduces such a hierarchical MIN along with switch-adjusting function, operated by shift
logic in O(1), for applying all-to-all personalized exchange and other parallel point-to-point
communications. Finally, correctness of our switch adjusting on hierarchical shuffle-exchange

networks is verified for all-to-all personalized exchange permutations.

Keywords : switch adjusting, hierarchical shuffle-exchange networks, multistage interconnection

networks, all-to-all personalized exchange, parallel point-to-point communications
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Abstract—The original all-to-all personalized exchange
algorithms were introduced for static interconnection networks
(i.e., hypercube, mesh, and torus). Later, the all-to-all
personalized exchange methods were extended for dynamic
interconnection networks or MINs (Multistage Interconnection
Networks i.e., omega (or shuffle exchange), flip, cube, and
baseline) with N =2" (= 4, 8, 16, 32, ...). Recently, the generalized
all-to-all personalized exchange algorithm was designed for
shuffle-exchange networks with even N (= 4, 6, 8, 10, ..).
However, for a hierarchical shuffle-exchange network, those
existing algorithms cannot be directly applied. This paper
introduces such a hierarchical MIN along with switch-adjusting
function, operated by shift logic in O(1), for applying all-to-all
personalized exchange and other parallel point-to-point
permutations successfully. Finally, correctness of our switch
adjusting on hierarchical shuffle-exchange networks is verified
for all-to-all personalized exchange permutations.

Keywords—switch adjusting; hierarchical shuffle-exchange
networks;  dynamic  inferconnection  networks;  multistage
interconnection networks; all-to-all personalized exchange; parallel
point-to-point permutations

I,

At the present time, computer systems have many
processors. Interconnection network between the processors
also has effect on performance of parallel processing. The
parallel communication between the processors through the
interconnection network may require more time. All-to-all
personalized exchange is one of frequently used parallel
communications which is needed in applications of parallel
and distributed computing systems, especially in fast Fourier
transform (FFT), matrix transposition applications [1-5], and
distributed table lookup [3]. In this type of communication,
every processor in the system concurrently sends a distinct
message to other processors in each time unit. At last, all
processors receive the messages from all other processors,
while in other class, all-to-all broadcast, each processor sends
the same message to all other processors. Originally, all-to-all
personalized exchange has been introduced for static
interconnection networks, for instance, hypercubes, meshes,
and torus. Even though the optimal complete exchange
algorithm for hypercubes achieves optimal time complexity,
but high-dimensional hypercubes have poorly scalable
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because of their unbounded node degrees. On the other hand,
meshes and torus have constant node degrees and better
scalability but their communication algorithms require more
time complexity.

Later, dynamic interconnection networks or multistage
interconnection networks (MINs) are introduced. Yang and
Wang [I] firstly proved that their all-to-all personalized
exchange algorithm on MINs is optimal. The advantages of
MIN implementation are their scalability and shorter
communication delay. For a class of MINs (i.e., omega (or
shuffle exchange), flip, cube, and baseline) with N = 2" (= 4, §,
16, 32, ...) processors, that new algorithm was proposed, based
on a special Latin Square. Such an algorithm consists of a set
of admissible permutations (a subset of the entire N
permutations, which can be realized by a basic MIN) of a
unique path MIN for fast switch setting. However, previous
all-to-all  personalized exchange algorithms, which
successfully work on a network with unique path property,
presented by [1] and [3] cannot be used on generalized
shuffle-exchange networks (GSENs) [5], a type of MINs with
even N (=4, 6, 8, 10, ...) due to GSENs do not have the unique
path property. Recently, the study of Chou and Chen [5]
focuses on designing the generalized all-to-all personalized
exchange algorithm for GSENs.

Those existing all-to-all personalized exchange methods
and parallel point-to-point permutations may reach a set of
some realizable permutations by a particular MIN (i.e., shuffle
exchange, flip, cube, and baseline). However, those algorithms
cannot be directly applied on hierarchical shuffle-exchange
networks (HSENs) without switch adjusting before self-
routing. Such a hierarchical MIN architecture is constructed
by compositing the smaller subsystems into the larger system
which is suitable for scalable systems in real parallel engines
since system reconfiguration is higher cost and requires more
time than subsystems integration. The HSEN networks need
the switch adjusting for some permutations which are
realizable in these networks. Hence, this paper proposes
switch adjusting for successful self-routing, operated by shift
logic in O(1) time, for applying all-to-all personalized
exchange and parallel point-to-point permutations on the
HSEN networks.
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The rest of this paper is organized as follows: Section I
mentions related work that includes a class of MINs, which
are omega, flip, and cube networks together with their self-
routing. Section III presents the structure of the hierarchical
shuffle-exchange networks (HSENs) along with our switch-
adjusting function for all-to-all personalized exchange and
other parallel point-to-point permutations. Section I'V provides
the proof of correctness for successful self-routing on HSENs.
Finally, the conclusion and the future work are discussed in
the last section.

1.

A class of multistage interconnection networks (MINs) are
reviewed in Section A and then all-to-all personalized
exchange on MINs are mentioned in Section B, respectively.

RELATED WORK

A. A Class of Multistage Interconnection Networks

First, the parameters for a class of MINs [6] (omega, flip,
and cube) used in this paper are defined as follows: a network
has N processors (N input/output ports). Each processor id (of
N processors) can be represented as n-bit, b, ;b,.2bis .- 520160
A number of stages are equal to n = log, N stages and each
stage contains N/2 of 2 x 2 switches. Each switching element
has two inputs and two outputs. The switch can be set to
straight (-) or exchange (x) connections, as shown in Fig. 1.
Each of different networks has a unique inter stage connection
(ISC) pattern or the interconnection links between switching
elements, as detailed in the following networks.

1) Omega network
The omega network or shuffle-exchange network uses
the perfect shuffle pattern for ISC between inputs and switches
in stage sy, switches in stage s, and sy, ..., and switches in stage
S.0 and s,.;, as displayed in Fig. 2 (a) for N = 8. The perfect
shuffle ISC performs 1-bit circular left-shifting as:

bn-lbn-Ean voe bEbIbﬁ' L bn-?.bn-.?bnnl ge - bfbﬂbwl

—
2) Flip network
The flip network uses the inverted perfect shuffle
pattern for ISC between switches in stage s, and s;, switches
in stage s; and s,, ..., and switches in stage s,., and outputs
(Fig. 2 (b)). The inverted perfect shuffle ISC can be achieved
by 1-bit circular right-shifting as:
bn—Ibn-an-S .- bEblbﬂ £x

e
3) Cube network

The cube network, presented in Fig. 2 (d), uses n
different ISC patterns within the network. Let ISC, refers to
ISC between switches in stage s, and s;, ISC, stands for ISC
between switches in stage s; and s, ..., and ISC, represents
ISC between switches in stage s, ; and outputs. There are the
least significant bit and b, inversing (i = 1, 2, ..., n-1) for ISC,,
and 1-bit circular right-shifting for ISC,, as follows:

By-1bnsbys .. ba(biby) %» By-1bys ... ba(boby)
Bytbazbus .. Da(babiby) =g byibys ... ba(bobiby)

(bno1bysbs ... bobiby) &b (bo bysbys ... bibyy)

bibysbys ... bobby -EE"—D byby 1Bns .. bbb,

bﬂbn—lbn-Z 8 b.?b?b}

I i‘s
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Fig. 1. A 2 x 2 switching element: (a) Straight connection and (b) Exchange
connection.
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Fig 2. MINs (N = 8) using 2 % 2 switches: (a) Omega network, (b) Flip
network, (c) Partial shuffle-exchange network, and (d) Cube network.

4) Partial shuffle-exchange network (PSEN)

For the PSEN network, we modify from the shuffle-
exchange (or omega) network to be the basic building block of
our hierarchical shuffle-exchange networks (in Section III).
ISC within PSEN is the perfect shuffle pattern which is the
same as omega, but PSEN does not include the ISC between
inputs and switches in stage s,. Therefore, PSEN uses perfect
shuffle pattern for ISC between switches in stage s, and s,
stage 5; and s, ..., and stage s, and s,.; (see Fig. 2 (c)).

B.  All-to-All Personalized Exchange on MINs

All-to-all personalized exchange communication can be
considered as parallel point-to-point data routing between all
pairs of source (S) and destination (D). This communication
requires a switch setting for self-routing on a MIN. Switch
setting can obtain from the XOR operation of two processor id
(Sand D). If b; (i = 0, 1, ..., n-1) of S and D is different, the
corresponding switch is set to exchange (x); otherwise that
switch is set to straight (-). Fig. 3 illustrates parallel point-to-
point data routing for a permutation realized by the omega
network, which is used for applying on MINs, described in
previous section. The permutation, p = $I/=(456 7012 3),
is obtained from Latin Square, proposed in [1]. This p means
input 4 is mapped to output 0, input 5 is mapped to output 1,
input 6 is mapped to output 2, and so on. The result from
XOR, FpiFpotns ... FafiFp is brought to set the switches in
Stages Sy.s, Sp.2, ..., 81, and sp, for flip and cube networks. For
omega network and PSEN, the switches in stages sy, 5, ..., Sp.2s
and s, ; are set, respectively. After XOR operation for p (for N
= 8 in Table I), every couple of S and D gives a result as “x —
—”, which means the switches in stage sy, 5;, and s, are set to
“exchange-straight-straight” for omega and PSEN. On the
other hand, the corresponding switches are set to “— — x”,
“straight-straight-exchange” for flip and cube network.



&G v v Sl o on ot
S BERCERCER T R ER ER
REREX T | B e i
sl s~ SHIE - A A SAs
(a) (b)
e L R R
N = e el
TN CHES S e G

Fig 3. Switch setting for p= (4567012 3) on MINs (N=8).

TABLE L SUCCESSFUL SWITCH SETTING ON MINS (V= 8) FOR
PERMUTATION “45670123”

Source Destination Switch
dec bin dec bin SXORD setting
0 000 4 100 100 X——
1 001 5 101 100 X
2 010 6 110 100 Yo —
3 011 7 111 100 X——
4 100 0 000 100 =
5 101 1 001 100 e
6 110 2 010 100 xXF=
7 111 3 011 100 X——

From Fig. 3, the results show that only PSEN network (V
= 8) cannot connect from S to D properly when using the
existing switch-setting function. Obviously, data routing is
correct only input 0 to output 4 and input 7 to output 3. Hence,
an appropriate switch-adjusting function for parallel point-to-
point permutations is needed for PSENs.

II. SWITCH ADJUSTING ON HSENS FOR ALL-TO-ALL

PERSONALIZED EXCHANGE

In this section, we introduce the hierarchical shuffle-
exchange network (HSEN) along with our switch-adjusting
function by using PSEN as our basic building block.

A.  Switch Adjusting on PSENs

Successful all-to-all communication has to communicate
by using admissible parallel point-to-point permutations,
which can be realized by using (S XOR D) switch setting on
MINs. The PSEN network also can realize a set of those
permutations. For example, the permutation, p= (1357024
6), is a realized permutation of PSEN as other MINs. Switches
in each stage can be set, as illustrated in Table 11.

TABLE IL UNSUCCESSFUL SWITCH SETTING ON PSEN (N =8) FOR
PERMUTATION “13570246”

Source Destination Switch
dec bin dec hin SXORD setting
0 000 4 100 100 X——
1 001 0 000 001 ——x
2 010 5 101 111 XXX
3 011 1 001 010 —~X—
4 100 6 110 010 —X—
5 101 2 010 111 p . 4
6 110 7 111 001 ——X
7 111 3 011 100 X——
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Fig. 4. Unsuccessful parallel point-to-point routing for p = (1357024 6)
on PSEN (N = 8) with some conflict switches at stage s,.
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Fig. 4 shows unsuccessful parallel point-to-point routing
for p= (1357024 6)on PSEN (N = 8) because of conflict
in some switches at stage s,. Even though the realized
permutation is used, but conflict may occur on PSENs. In
order to solve that conflict problem (Fig. 4) and mismatch
between § and D (reported in Fig. 3 (c)), we introduce a
switch-adjusting function for accomplishment self-routing on
PSENs (such as all-to-all personalized exchange and other
parallel point-to-point permutations of N! permutations).

For a successful parallel point-to-point routing between §
and D, where S: b, b,sb,3 ... bbby and D: d,,d, d, 5 ...
dsd;dy, n-bit-of processor id of S are shifted by 1-bit circular
right-shifting to adjust corresponding switches as:

shift R

bpibrisbps... bibiby == byb,ib,s ... bsbsb,

After shifting S, » bits of shifted S and » bits of D will be
operated by using XOR operation (to adjust switches in each
of n stages from S to D) before applying p=(13570246)
correctly, as defined in Table [II. Fig. 6 shows the successful
parallel point-to-point routing for p = (1 3 57 0 2 4 6) and
Fig. 7 displays all results of applying all-to-all personalized
exchange permutations on the PSEN network (N = 8).

The different between the existing switch setting and our
switch adjusting is defined in Fig. 5. The block diagram in
Fig. 5 (a) shows the switch setting in self-routing on shuffle-
exchange networks, where each switch is set from the result of
S XOR D. In each stage s.; (i=1, 2, ..., n), if b,; (of S) = d,,;
(of D) then corresponding switch is set to straight (-);
otherwise set to exchange (x). Fig. 5 (b) illustrates the result of
the proposed switch adjusting for self-routing on PSENs. Each
switch (in stage s,.;) is set according to the result of (shift) §
XOR D, where (shift) S = bgb,.;b,.2 ... bsbob;. In stage s, if
Binitty mod n = dy; then the corresponding switch is set to
straight (-); otherwise set to exchange (x), respectively.

5o 8§ L4 Sig Sp-2 Sn-1
by g by s by s A b —{Re0ima— by -
e e s di - -
(a)
Sp 5 Sz Siet Sn-2 St
-1 b bog |- bw2 - Aba |~ T B2 | b |-
Y 2o gl il e e
(b)

Fig. 5. (a) The existing switch setting on shuffle-exchange networks and (b)
The proposed switch adjusting on PSEN networks.
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Fig. 6. Successful parallel point-to-point routing for p=(1357 024 6) on
PSEN (N = 8) by using our switch-adjusting function.
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Fig. 7. A pattern of all-to-all personalized exchange on PSEN (N=8).
TABLE IIL SUCCESSFUL SWITCH ADJUSTING ON PSEN (N = 8) FOR
PERMUTATION “13 5702467
Source Destination (shift) § Switc_h
dec bin shifted dec bin XOR D | adjusting
0 000 000 4 100 100 X—=
1 001 100 0 000 100 X=0
2 010 001 3 101 100 oL
3 011 101 1 001 100 =
4 100 010 6 110 100 X—=
5 101 110 2 010 100 X
6 110 011 7 111 100 X
7 111 111 3 011 100 Xr=

B.  Structure of Hierarchical Shuffle-Exchange Network

The hierarchical shuffle-exchange network (HSEN) is built
by integrating the smaller subsystems into the larger system
since the system reconstruction (Fig. 8 (a)) is higher cost and
takes longer time than the subsystems integration (Fig. 8 (b)).
For example, there are two existing PSENs (N = 8) that are
available to be integrated into the larger network (N = 16) by
connecting N ports (in the last stage), while the reconstructing
new system (N = 16) have to reconnect N % log, N ports (in all
stages). Patterns ISC; - ISC,.; of the HSEN are the same as
ISC applied in PSEN (N/2 = 8) plus the new ISC,, for
connecting two subsystems of N/2 (= 8) for N (=16) with the
perfect shuffle pattern (for all n bits in the last stage).
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Fig. 8. Structure of two MINs (N = 16) using 2 x 2 switches: (a) Shuffle-
exchange network (SEN) and (b) Hierarchical shuffle-exchange network
(HSEN).

C.  Switch Adjusting on HSENs

For HSEN networks, like PSEN networks, applying some
all-to-all personalized exchange permutations may cause
conflict in some switches and mismatch some pairs of § and
D. Thus, for a successful parallel routing (between S and D),
n-bit processor id of S are shifted two steps before adjusting
switches by using XOR operation: 1) apply 1-bit circular
right-shifting (for (r-1) bits of its subsystem) and 2) apply
another shift with 1-bit circular left-shifting (for » bits of the
system), as follows:

bn-}(bn—zbn-.i‘ b.?bibﬂ) bn—I(bﬂbn-2 b3b2bi)
(Briboby.s ... bsbsby) (bobyzbns ... bzbbyg)

Fig. 9 illustrates the result of the proposed switch adjusting for
self-routing on HSEN networks. Each switch is set according
to the result of (shift) § XOR D, where (shift) S = byb,.zb,5 ...
bsb,b,;. In stage s,; (where i = 1,2, ..., n-1, n), except i = 1
and i = n, if b,; (of shifted S) = d,; (of D) then the
corresponding switch is set to straight (-); otherwise set to
exchange (x). Similar adjusting is performed in stage s,, where

shlﬁ R
shlﬂ L



i =n (by using by XOR d,,) and in stage s,.,, where i =
using b, ; XOR dp).

For example, a permutation, p = (08 1137 15124 5 13
14 6 2 10 9 1), is a realized parallel point-to-point permutation
of HSEN (N = 16). Table TV defines results of our switch-
adjusting function for adjusting switches on HSENs. After
shifting S (as defined in Fig. 9 (block diagram)), » bits of
(shift) S and n bits of D will be operated by using XOR
operation for p=(081137151245131462109 1) for
successful parallel point-to-point routing, as shown in Fig. 10.
Note that the results of all-to-all personalized exchange
permutations, generated from that permutation, are also
verified correctly.

1 (by

TABLE IV. SUCCESSFUL SWITCH ADJUSTING ON HSEN (N=16) FOR
PERMUTATION “08113715124513146210917
Source Destination (shift) § Switch
dec bin shified dec bin XOR D | adjusting
0 0000 0000 0 0000 0000 ————
1 0001 1000 15 1111 0111 —XXX
2 0010 0010 12 1100 1110 XX X—
3 0011 1010 3 0011 1001 X——X
4 0100 0100 7 o111 0011 ——XX
5 0101 1100 8 1000 0100 —X==
6 0110 0110 11 1011 1101 XX—X
7 0111 1110 4 0100 1010 X—X—
8 1000 0001 1 0001 0000 =R
9 1001 1001 14 1110 0111 —XXX
10 1010 0011 13 1101 1110 XX X=—
11 1011 1011 2 0010 1001 X——X
12 1100 0101 6 0110 0011 ——XX
13 1101 1101 9 1001 0100 &5
14 1110 0111 10 1010 1101 XX—X
15 1111 1111 5 0101 1010 X—X—
Sp S; Sz Si-1 Sz St
— by | — bz - bn-x = bypm=" AlL\b; = bair
| ez [~ | dnz dns dy d; L]
Fig. 9. The proposed switch adjusting on HSEN networks.
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Fig. 10. Successful parallel point-to-point routing for p=(0 8 1137151245
131462 109 1) on HSEN (N = 18) by using our switch-adjusting function.
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IV. CORRECTNESS AND COMPLEXITY ANALYSIS

Correctness of the proposed switch-adjusting functions on
PSEN and HSEN networks are proved in Section A4 and their
time complexity analysis is provided in Section B.

A, Proof of Correctness

To simplify the proof, we will show correctness of self-
routing on the shuffle-exchange network (SEN) first and then
correctness of switch adjusting on our PSEN and HSEN
networks in Theorem 1 - 3, respectively.

Let shuffle exchange-based MIN networks (i.e., SENs,
PSENSs, and HSENSs) has N processor elements (PEs), » = log;
N stages. Each processor id (from input ports to output ports)
can be presented in binary as:

S bn—lbn—zbn-a---
L dn-ldn-Zdn-S

bbby be a (source) processor id.
d»d,dy be a (destination) processor id.

Setting switches in each stage on SEN networks can be
achieved by considering each pair (S and D) of n-bit processor
id with XOR operation. For this MIN, a couple of the highest
significant bits are considered first (in stage s), then the next
(in stage s;), and the last is the least significant bits (in stage
S.7)- After switch setting (- / x) in each stage, the
corresponding binary bits are shifted by ISC (1-bit circular
left-shifting). When that binary number (of S) passes through
n switches and n stages alternately, the n-bit binary result will
represent the (destination) processor id (D).

Theorem 1: On SEN networks, the (source) processor S: b, ;
bysbns .. bbby, passing through n ISC connections and »
switches (im » stages), is converted to the (destination)
processor D: d, ;d, 20,3 ... dadidp.

Proof. When the (input) binary number of S passes through
each stage (s, - 5,.;), according to ISC (circular left-shift), and
each switch is set (- / x) by using switch setting from § XOR
D (see that pattern in Fig. 5 (a)) to connect from in-port to the
corresponding out-port step-by-step, as follows:

in-sg by byoby s bbby ——p byobys ... bibob,,
sw(in sp): Byobys . bibobpy —— busbys ... bibedy

Sp - 852 bn-an-S et b.'bﬂdn-} ﬂ’ bn—3bn4 b(}d;a-lbn-‘?
SW(iH SJ): bn-.?bn—-!--- bﬂdn-ibn—z L" bn-s n-o --- bndn-fdn-2
Suz-Snii bibody d, ... didxd, L bod,.1Gh.2 ... dsdaby
sw(in 5,.0): body 1@y ... dsdoby  ———p body, 1d,.; ... dsdyd;
Sut=Sui bty . didody =y dyid,od, s ... dadiby
sw(in s, ) d, 1 d,od, s ... dodiby —— d,1dy2d,s ... dodidy

Thus, this proves that self-routing from S: b,,.;b,.26,.
)b}bg (at the input port) can be set to the correct D: d,.;d),. gdn 3
.. dyd,d, (at the output port) O

Theorem 2: On PSEN networks with our switch adjusting, the
(source) processor S: by, b, ;b5 ... bob;by, passing through n-1
ISC connections and n switches (in n stages), is converted to
the (destination) processor D: d, ;d,, 28,3 ... dad;dp.

Proof: When the (input) binary S passes through each stage
(5o - Sn;), according to ISC (circular left-shift), and each
switch is set (- / x) by using our switch adjusting from (shift) S

JCSSE rh\

2013

@C



XOR D (see that pattern in Fig. 5 (b)) to connect from in-port
to the corresponding oul-port step-by-step, as follows:

SW(iﬂ Sr,\): b,,-[b,,_gbn,g... bgb;bg i—) bn_jb,,_z bgb}d,,-]
Sp-81° byibyz ... bobidy s LL y bobys ... bty bus
sw(in s;): by zbns ... bidyibpg —— buobps... bidyd, 2
87~ 821 busbns ... bidyidns I—SC—> busbus - Qpyyzbns

Sp.3= Sn-2: bobidy 1dys ... dsdy —EP bidy s ... dsdsbs
sw(in s,.2): byt 1@z - dsdob; ——p bid, d,; ... dsdod;
Spz=Sup Didpidyz ... dsdid; S, Ay 1oty s ... dadiby

sw(in s,.,): Ayl oy ... dadiby =y e 1Gyrs ... dadidy

Clearly, the last passing gives dy. dy.2dy.3 ... dadidp, which
is exactly the same as the n-bit (destination) processor id.
Therefore, this proves that our switch-adjusting function on
PSEN networks can achieve the correct point-to-point data
routing from S to D U

Theorem 3: On HSEN networks with our switch adjusting,
the (source) processor S: by ;bnsby s ... bsbibg, passing through
n-1 ISC connections and n switches (in » stages), is converted
to the (destination) processor D: dy.j@.sdy 3 ... dod,dy.

Proof. The HSEN network uses a different switch-
adjusting function from that of the PSEN, as defined in
Section III.C. The HSEN network (N processors and n
log, N stages) consists of two PSENs (N/2 processors and
log, N/2 = n-1 stages). When the (input) binary number passes
through each stage (sp - s,2) for subsystems (N/2 = ).
according to 1SC, - ISC,» (1-bit circular left-shift for r-1 bits)
to connect to the larger system (N = 2") by using last ISC,,; (1-
bit circular lefi-shift for n bits), and each particular switch is
set (- / x) by using switch adjusting from (shift) S XOR D (see
that pattern in Fig. 9) to connect from in-port to the
corresponding out-port, as follows:

sw(in Sg): b,}]b,-,.;;b,,J . 3 bgb;bg

—S—w—’ bn—lbn-2 vee bex‘dn-I

Sn':fri b i(brzbus... bybdy.y) -ﬂbbnq(bn—s v bydygbyz)
sw(in 8;): by y(Bys ... binibn) -%P Buei(ns . bidy iy
sp-82  bui(bas... bidyd) —» byi(bpy - Ay 1dp-2b-3)

Su3-Snzt bua(bidy; ... d dsdy) %bbn-f(dmdn-z o dsdsby)
sw(in $,.2):8,1(dy1d,2 ... dsdsby) = by (o id 2 - dsdady)
Snz=Sut: (Builnidys... dsdod)) J&P(ttudn—zdn-a wwdydibyy)
SW(in 8,.1): (. dnody s --. dad b )= (12l s .. dddy)

Applying the proposed switch adjusting yields d, ;d,2d,-3
... dxd,d,, which is exactly the same as the n-bit (destination)
processor id. Thus, this proves that our switch-adjusting
function on HSEN networks connects to the correct point-to-
point data routing from Sto D O

B. Time Complexity Analysis

Time complexity of our switch-adjusting functions on
PSEN and HSEN networks are analyzed in Lemma 1 - 2.

Lemma 1: Time complexity of applying our switch-adjusting
function on PSEN networks for N PEs (in parallel) is O(1).
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Proof. The switch-adjusting function on PSENs is based
on 1-bit circular right-shifting (of S: b, ;bu2bys ... bzbiby in
n-bit register). The shifting process can be performed by shift
logic in CPU in one time unit and hence in parallel (N PEs),
all N shift logic are shifted in one time unit. Therefore, time
complexity of applying the switch-adjusting function on
PSENs is O(1) O

Lemma 2: Time complexity of applying our switch-adjusting
function on HSEN networks for N PEs (in parallel) is O(1).

Proof. The switch-adjusting function on HSENS is based
on two operations, which are 1-bit circular right-shifting (of
the first (n-1) bits of S: By s(busbns .. babiby)) and 1-bit
circular left-shifting (of n-bit result from the previous shift).
Each shifting process can be performed by shift logic in CPU
in one time unit only, and hence two time units required for
that switch adjusting. In parallel (N PEs), all N shift logic are
shifted in two time units. Clearly, time complexity of applying
the switch-adjusting function on HSENs is O(1) O

V. CONCLUSION

This paper proposes the switch-adjusting function on
hierarchical shuffle-exchange networks (HSENSs) for applying
all-to-all personalized exchange, a class of all-to-all
communication which frequently used in parallel and
distributed systems. Such a hierarchical MIN architecture is
constructed in reasonable cost and time, which is suitable for
scalable systems in real parallel engines. However, the
proposed hierarchical design without switch adjusting before
self-routing cannot apply some parallel point-to-point
permutations and existing all-to-all personalized exchange
algorithms. Therefore, by proof of correctness, we can verify
that our hierarchical HSEN networks along with proposed
switch-adjusting function perform the correct self-routing for
all-to-all personalized exchange permutations. In our future
work, other hierarchical MIN networks with appropriate
switch-adjusting functions will be studied for successful all-to-
all personalized exchange permutations.
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