Appendix A

by Assumption 1, we have s; (1)=0. Thus s, (1)=0 forall j,eP . Since
w,(t+ 1) =w,(t) =m(t)

and

w,(t+1)=w, () + Y (),

jeP

we have r,,()=0, and this prove (3) for k=1. Therefore, (1),(2) and (3) are proved
for k=1.

In continuation, the induction step on k is outlined. Suppose now that />7 and

that there exists 1, <1, <t; <...<t,, positive integers such that for all k, (1<k</),

(1), (2) and (3) hold.

-1 d
Let ie P\ JP.(#,) . We shall see that

k=1

wl(t+1)2ml(t))
forall t>21_,+B .

Let r21_+B .If 5;()=0 forall jeP ,then

wt+ D) =w, )+ Y r () 2w, = m ().

JjeP

If s, (£)>0 for some j, € P, then, as above,

wt+) 2w, (O +s, (O)=w, (7, (D)+s, (1)

" Note that: P\ P, (£) =P, (¢)
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Appendix A

Since r, (+)>0 for some ¢ >¢ , we have

1-1 [-1
Joe P =R, Vi'z2y,.
k=l k=1

Since z; (1) >t-B2¢,,

w, (1, () >m,_ (), $0 w, (r; () =m(£).
Thus w,(t+1) 2w, (z; (D) +s,,(6) >m(1).

Hence (m, (1)) is a non-decreasing sequence of integers <L . Thus there exists

2t +B

an integer ¢, >t,_, such that
m)=m(t,) Vi,
So (1) follows for k=1.
In order to prove (2), we shall see that

P)2Pt+D2 P +2) ... *")

Let r>¢ and let ieP\P(t) . If ieP,(s) for some k=1,..,/-1, then

]
ieP(t+1) ,s0 ieP\P(t+1). Suppose that let ieP\| JP.()) . If s,()=0 for all
v k=1

jeP ,then

w,(t+D) 2w, (t)>m()=m(t+1).

If s, ()>0 for some j, € P, then, as above,

w,t+)>m@)=m(+]).
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Thus ieP\P(t+1) and this proves (**). Since P,(t,') is a finite set, there exists

t, >t, such that

P()=Ft) izt
So (2) is true for k=I.

' /-1
In order to prove (3), let 121, let ieP(y) and let j,eP. If joe| JP ()
k=1

. -1
then s, (£)=0, because r,,(r)=0 forall r21_,.If j,eP\| JA () then

k=1

wi () >m () <wy (1),

by Assumption 1, we have s; (£)=0. Since w,(t+1)=w;(t)=m,(t) and

wi(E+ ) =w, (1) + ) 1, ()

JjepP
we have r;,;(#)=0, and this proves (3) for k=/. This concludes the induction step and

the proof of the theorem. m

We have proved the convergence of the proposed realistic IDLB model,
however, no consideration concerning the final balance degree has been provided.
Corollary A.1 gives an upper bound for the maximum load difference throughout the
whole system when the stable load distribution is achieved. For that purpose, a new
assumption is included in the LB model described this section: the maximum load
difference in any t-domain in the system at the end of the load-balancing process is
restricted to being one load unit. Consequently, the final maximum load difference
among the system is upper bounded by the diameter of the underlying topology

(d).
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Corollary A.1. Assume Assumption 1,2 and 3. Let teT,. Assume that 3j € D(i,t)
such that w,(t)—w, (1) >1 then 3j e D(i,t) with w (O)-w,;()>1 and s ()21. If I is

as in Theorem A.1, then
Iwi(t)—wj(t)lsd, Vi,jeP,Vt2i+B,

where d is the diameter of G.

Proof. Note that {j eP|{i,j}e E}g D(i,t) for all t>2B. By (b2) and (c2), we have

w,)-w, (1) <1, Vi{i,j}eE,Vi2i+B.
Hence

w(-w,(|<d, Vi jePVizi+B.m
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A new distributed diffusion algorithm for dynamic load-balancing in parallel systems

Appendix B

Comparative study of nearest-
neighbour load-balancing algorithms:

complementary tables
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Appendix B

Hypercube (dif_max)

NUmber likely distributions pathological distributions

of Proc. [ 25% | 50% | 75% | 100% | 25% | 50% 75% | n-1

D 8 0.3 0.5 0.6 0.2 0 1 0 2
A 16 1 1 1 1 1 1 1 1
s [ 32 15 | 15 | 16 165 | 2 15 15 2
u 64 1.75 2 2.2 2 2 2 3
D 128 [ 195 | 215 | 245 26 25 2 3
8 865 | 865 | 89 8.85 3 3 3 6

s 16 22 | 234 | 2445 | 251 115 225 19 20
I 32 || 2065 319 | 367 | 3585 | 505 39.5 35 50
D 64 14 | 2445 | 313 38.3 55.5 375 385 66
128 | 845 | 1145 | 245 29.1 28.5 30 25 46

8 2.3 2.4 2.5 2.1 2 2.5 2.5 3

G 16 25 26 | 281 2.71 3 25 3 35
D [T 32 31 | 32 | 312 | 34 35 3 |. 35 | 35
E 64 37 | 375 3.7 3.84 35 4 4
128 39 | 405 | 41 | 43 4 4 4

8 1.2 0.4 1 0.6 1 0 0 0

A 16 14 12 1.1 14 15 2 15 1
N 32 2 16 2.1 2.1 15 25 25 2
64 28 | 3 35 37 25 25 2.5 3

128 35 | 37 4 3.9 4 35 4 5

Table B.1 Maximum load difference for DASUD, SID, GDE and AN considering likely and pathological
initial load distributions for hypercubes attending to the architecture size and initial distribution pattems.
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Torus (dif_max)

Number likely distributions pathological distributions
ofProc. | 25% | 50% | 75% | 100% | 25% 50% 75% n-1
D 9 0.9 0.8 0.9 0.8 1 1 1 1
A 16 1 1 1 1 1 1 15 15
S 36 1 1 -1 1 1 1 1
U [ 64 2 2 2 2 2 2 2
D [T 121 28 | 31 | 315 | 315 | 4 3 3
9 6.75 7.8 9.1 8.75 7 75 55. 4
S 16 217 | 235 | 2455 | 263 115 20.5 18 20
I 36 20.05 | 32.05 | 41.95 | 439 | 625 36 48 73
D 64 14 265 | 345 | 4385 || 555 52.5 49 67
121 | 895 | 163 | 2355 | 31.25 28 41 435 60
9 15 16 2 2 2 2
G 16 1.7 2.3 3.1 3 25 25
D 36 2.45 25 3.5 326 || 3 35 35
E 64 3.75 3.8 47 45 45 4 4
121 47 49 49 5 45 45 45 45
5 1 1.1 1.1 1.1 1 1 1 1
Al 16 12 | 12 | 17 15 1 1 1 1
N 36 24 | 25 2.4 22 2 15 1.5 3
64 2.8 3.2 3.1 3.1 3 35 3 2
121 3.9 41 4.4 46 4 4 45 4

Table B.2 Maximum load difference for DASUD. SID. GDE and AN considering likely and pathological
initial load distributions for torus attending to the architecture size and initial distribution pattems
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Hypercube (dif_max)

Shape likely distributions pathological distributions
25% 50% 75% 100% 25% 50% 75% n-1
g SM 1.68 1.76 1.84 1.62 1.6 2 1.8 22
0 -
Chain 0.94 1.12 1.34 1.36 14 1 0.8
S e
o SM 206 | 30.44 | 36.82 40.84 35.2 39.6 40.8 376
7 Chain 8.9 12.04 | 13.52 35.1 26.4 13.4 94 _
W SM 327 3.31 3.4 3.42 3.8 36 35 3.7
o
o Chain 2.9 3.02 3.17 32 3.3 3.15 33 _
SM 2.24 2.12 2.08 224 3.34 2.64 286 2.88
=z
< Chain 2.12 1.84 2.46 2.24 2.32 2.88 29 -

Table B.3 Maximum load difference for DASUD, SID, GDE and AN considening likely and pathological
initial load distributions for hypercubes attending to the initial distribution pattems and shapes

Torus (dif_max)

Shape likely distributions pathological distributions
25% 50% 75% 100% 25% 50% 75% h-1
g SM 1.58 1.64 1.58 1.58 1.8 1.6 1.8 1.8
g Chain 1.6 1.52 1.64 1.6 1.8 1.6 1.8 -
SM 19.8 30.96 | 39.86 457 37.8 38.8 47.2 448
c% Chain 8.84 11.78 | 13.68 15.94 28 242 19.2 _
w SM 3.3 3.4 33 3.4 3.55 3.42 3.5 3.4
8 Chain 31 3.1 3.22 3.27 3.47 32 3.24 -
SM | 232 | 244 | 246 | 247 | 28 24 22 | 25
<Z( Chain 2.16 2.36 26 2.58 24 3 24 -

Table B.4 Maximum load difference for DASUD, SID, GDE and AN considering likely and pathological
initial load distributions for torus attending to the initial distribution pattems and shapes
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Hypercube (standard deviation - o)

Number likely distributions pathological distributions
of Proc. || 25% 50% 75% 100% 25% 50% 75% n-1
D 8 0.05 | 0.025 0 0.05 0 0 0 0
A 16 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
S 32 0 0 0 o - 0 0 0 0
Ui 64 0.01 0.01 | 0.01 0.01 0.01 0.01 0.01 0.01
D [ 128 05 | 05 0.5 05 05 05 05 05
8 245 2.57 2.69 2.6 1.05 0.86 1.06 1.73
S 16 5.46 5.8 5.85 5.99 3.1 5.91 479 48

I 32 5.08 6.44 7.15 6.89 9.99 8.22 6.65 8.93

D 64 3.73 6.17 7.49 6.16 10.56 7.38 7.98 11.14

128 2.22 4.57 6.33 7.59 6.94 6.92 7.85 1.7

8 0.5 0.5 0.5 0.6 - 06 0.6 0.6 0.6

G 16 0.6 0.6 06 0.7 0.74 0.7 0.7 0.7
D 32 0.65 0.6 0.6 0.82 0.81 0.8 0.8 0.83
E 64 0.85 0.75 0.8 0.82 0.92 - 0.8 0.8 0.92
128 1.3 1.1 1.1 1.1 1.3 12 | 12 1.35

8 0.02 0.02 | 0.0156 0.02 0.0 0.0 0.0 0.0

A 16 0.2 0.22 0.2 0.256 02 0.2 0.22 0.22

N 32 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
64 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

128 0.256 03 0.3 03 0.3 0.3 0.3 0.3

Table B.5 Standard deviation for DASUD, SID, GDE and AN considering likely and pathological initial
load distributions for hypercubes attending to the architecture size and initial distribution pattems.
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Torus (standard deviation - ¢ )

Number likely distributions pathological distributions

of Proc. || 25% 50% 75% 100% 25% 50% 75% n-1

D 9 0.35 0.34 0.35 0.33 0.47 0.47 0.47 0.47
A 16 0.5 0.5 0.5 "~ 05 0.5 0.5 0.5 0.5
S 36 0.01 0.'701 0.01 001 | 0.01 0.01 0.01 0.01
u 64 0.01 0.01 0.01 001 | 0.01 0.01 0.01 0.01
D 121 069 | 0.715 0.72 0.73 0.765 0.74 0.73 0.76
9 212 2.32 2.75 271 2.46 2.33 217 1.33

) 16 5.39 5.66 5.89 6.18 31 5.47 4.47 472
| 36 5.31 714 | 822 8.64 12.69 9.23 10.01 | 13.26
D 64 4.1 7.76 9.52 1.4 14.44 13.84 12.63 | 16.77
121 2.57 462 6.67 89 9.46 13.3 13.16 | 18.38

9 0.5 0.5 05 06 - 0.6 0.6 06 0.6

G 16 0.6 06 06 0.6 0.7 0.7 0.7 0.75
D 36 0.75 0.77 0.7 075 | ‘0.77 0.8 0.8 0.8
E 64 0.85 0.82 0.8 7083 0.97 0.97 0.97 097
121 1.3 1.27 1.3 1.31 1.3 1.3 1.3 1.32

9 0.15 0.16 0.16 0.16 0.18 0.18 018 | 02

A 16 0.2 0.22 0.2 0.2 0.2 0.2 022 | 022
N 36 0.01 0.01 0.01. 0.01 0.01 0.01 0.01 0.01
64 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.01

121 0.34 0.3 04 0.3 0.45 0.45 0.45 0.4

Table B.6 Standard deviation for DASUD. SID. GDE and AN considering likely and pathological initial
load distributions for torus attending to the architecture size and initial distribution pattems
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Hypercube (standard deviation - o)

Shape likely distributions pathological distributions
25% | 50% 75% 100% 25% 50% 75% n-1
o SM 0.2 0.2 0.2 | 0.2 0.2 0.2 0.2 0.2
g Chain | 0.22 0.21 0.2 | 0.22 0.2 0.2 0.2 -
SM 5.29 7.19 8.42 8.84 7.32 8.24 9.03 7.66
% Chain | 2.31 3.03 3.38 3.57 5.33 3.47 23 -
w SM 0.8 0.7 0.75 0.81 0.87 0.8 0.83 0.88
@ |[Cham [074 | 07 | 075 | 08 | 08 | 08 | 081 e
SM 0.1 0.15 0.11 0.15 0.1 0.15 0.1 0.1
z Chain 0.1 0.1 0.08 0.1 0.1 0.1 0.1 -

Table B.7 Standard deviation for DASUD, SID, GDE and AN considering likely and pathological initial
load distributions for hypercubes attending to the initial distribution pattems and shapes

Torus (standard deviation - o)

Shape likely distributions pathological distributions
25% 50% 75% 100% 25% 50% 75% n-1

g SM 0.31 0.31 0.31 0.31 0.34 0.34 0.35 0.35
) -

Ch 0.3 0.31 0.31 0.31 0.35 0.34 0.33
o SM 5.42 7.87 9.65 10.89 9.63 10.69 11.78 | 10.89
7 Chain 2.37 3.12 3.62 4,24 7.23 6.95 5.19 -
w SM 0.8 0.8 0.84 0.85 0.87 0.86 0.87 0.88
[a)
o Chain 0.82 0.8 0.83 0.85 0.86 0.86 0.86 -

SM 0.14 0.14 0.14 0.14 0.18 0.18 0.18 0.17

Z
< Chain 0.14 0.14 0.14 0.14 0.16 0.16 0.16 -

Table B.8 Standard deviation for DASUD, SID, GDE and AN considering likely and pathological initial
load distributions for torus attending to the initial distribution pattems and shapes
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Hypercube (load units — u’s)

Number likely distributions pathological distributions

of Proc. | 25% | 50% | 75% | 100% | 256% | 50% | 75% | n-1

D 8 41.80 150.95 | 198.1 337.5 268 423 519 1128
A 16 45.8 89.3 138.2 | 175.25 150 239.5 477.5 883
S 32 364 | 61.35 93.3 124.75 79.5 1105 268 718
U 64 24.05 | 46.75 63.4 82.9 43.5 74 143.5 608
D 128 1565 | 32.35 47.6 59.95 31 46 o1 536
8 742 | 14285 | 194 332.9 265.5 421 517 1125
S 16 36.56 | 78.35 | 127.35 | 164.6 144 220 470 874
| 32 23.1 | 48.35 80.4 111.85 60.5 95 257 706
D 64 9.65 27.2 441 61.05 21 52.5 119 579
128 3.556 | 12.85 | 22.45 31.9 7.5 16 59 485
8 79.8 | 189.7 | 2347 441.3 540.2 723.1 834.7 | 1659

G 16 70.2 | 120.7 | 170.3 221.7 275.1 381.2 509.1 1167

)

32 452 84.2 112.7 122.5 198.1 268.7 3954 | 1017

E 64 108 | 285 56.7 67.2 230.1 471.87 | 662.1 1360

128 19.5 33.2 49.3 67.4 721 101.7 173.1 908

8 137.2 | 282.95 | 354.35 | 585.1 723 954.5 932.5 | 1860

A 16 86 169.15 | 268.85 | 345.9 336.5 596.5 761.5 | 1474

N 32 5415 | 102.8 | 1564565 | 211.3 211 307 459 1177

64 2725 | 601 86.95 | 112.256 | 110.5 192.5 273.5 995

128 18.9 31.2 49.2 66.1 68.5 97.5 161 801

Table B.9 Load units (u ) for DASUD, SID, GDE and AN considering likely and pathological initial load
distributions for hypercubes attending to the architecture size and initial distribution pattems.
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Torus (load uhits - u’s)

Number likely distributions pathological distributions
of Proc. | 25% | 50% | 75% | 100% | 25% | 50% 75% | n-1
D 9 69.9 | 141.7 [ 19385 2511 | 1815 | 212 | 3655 | 836
A 16 | 4695 | 898 | 1372 | 1756 | 149 | 238 477 | 881
s 36 | 3335 | 73.15 | 1086 | 137.15 | 115 172 | 3295 | 1067
u 64 215 | 4605 | 67.9 94.2 87 | 130 | 2315 | 1169
D [T121 | 1595 | 287 | 41.05 | 5495 | 615 935 | 1585 | 1253
9 3385 | 137.8 | 189.65 | 2465 | 179 208 | 3605 | 832.
s 16 | 36.55 | 78.85 | 127.95 | 164.45 | 144 221 471 876
I 36 219 | 599 | 92.75 | 12335 | 885 | 1565 | 306 | 1045
D 64 775 | 2315 | 4265 | 66.25 42 92 197 | 1132
121 3 6.8 11 1785 | 155 3656 | 1155 | 1175
9 3215 | 438.7 | 5945 | 7934 | 5283 | 9714 | 21306 | 4113.7
G 16 | 271.7 | 3702 | 460 | 656.8 | 489.1 | 824.7 | 18751 | 3867.3
D 36 99.3 | 166.4 | 2982 | 399.9 | 3791 | 834.7 | 1578.3 | 2670.2
E 64 986 | 1653 | 206,56 | 2609 | 2676 | 687.9 | 1356.9 | 2447.6
121 | 538 | 972 | 126.8 | 179.7 | 1447 | 4359 | 8942 | 1689.3
9 |[163.55] 2916 | 416.7 | 592.85 | 703 1104 | 1212 | 1434
A 16 | 37.05 | 774 | 120.75 | 1546 | 159 241 4255 | 764
N 36 249 | 5865 | 882 | 11565 | 119 | 1645 | 245 | 841
64 | 3085 | 70.75 | 106.8 | 1564 | 157 | 2505 | 4345 | 1770
121 | 1235 | 23 | 353 | 5075 | 585 | 895 | 1545 | 955

Table B.10 Load units (u) for DASUD. SID. GDE and AN considering likely and pathological initial load
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Hypercube (load units- u’s - by shapes)

Shape likely distributions pathological distributions
25% | 50% 75% 100% 25% 50% 75% n-1
g SM 40.32 | 71.26 97.6 144,18 || 107.4 163 3244 | 7814
0 -
Chain || 36.92 | 80.24 | 118.74 | 167.1 126.6 197.4 279
3 | I
SM 26.58 | 52.12 77.5 123.56 87.6 142.6 297.8 | 753.8
o] ,
h Chain | 32.24 | 71.72 | 109.82 | 157.38 | 111.8 179.2 271 -
w SM 51.1 99.8 93.8 197.3 280.3 428.9 584.9 1222.2
W _
(0] Chain 39.1 82.7 71.2 170.5 2459 349.7 304.7 -
SM 76.42 | 1555 | 217.38 | 319.52 289.4» 487.8 782.8 | 1261.4
zZ
< Chain 53.9 | 102.98 | 143.46 | 208.84 [ 290.4 363.8 2522 -

Table B.11 Load units (u) for DASUD, SID, GDE and AN considering likely and pathological initial load
distributions for hypercubes attending to the initial distribution pattems and shapes

Torus (load uniis- d’s - by shapes)

pathological distributions

Shape likely distributions
25% 50% 75% 100% 25% 50% 75% n-1
g SM 36.27 | 7476 | 105.42 | 137.42 | 121.6 175.4 343.6 | 1041.2
[¢5) n
Chain 38.8 77 114.04 | 142.12 116 162.8 281.2
3 | | I
SM 227 | 55.08 | 8242 | 117.74 92.2 145.2 293.6 1012
a]
» Chain || 31.52 | 67.52 | 107.34 | 129.62 95.4 140.4 263.2 -
w SM 1926 | 281.3 | 367.4 487.9 397 786.8 | 1789.1 | 2957.6
Q
o Chain || 145.3 | 213.7 | 307.1 431.9 334.6 7149 | 1344.9 -
SM 58.76 | 115.02 | 121.22 | 179.52 | 253.8 375 540.8 | 1152.8
Z
< Chain || 48.72 | 82.29 | 137.52 | 196.76 | 224.8 365.4 447.8 -

Table B.12 Load units (u) for DASUD, SID, GDE and AN considering likely and pathological initial load
distributions for torus attending to the initial distribution patterns and shapes

B.11




Appendix B

_ Hypercube (steps)
Number likely distributions pathological distributions

of Proc. [ 25% | 50% | 75% | 100% | 25% | 50% 75% | n-1

D 8 1765 | 1745 | 1865 | 19.35 | 155 15.5 13 21
A 16 | 2495 | 27.95 | 29 3045 | 215 345 | 26 32
s 32 256 | 295 | 3165 | 3256 | 395 35 32 42
u 64 224 | 3255 | 379 | 39.75 | 415 36 405 53
D [T 128 | 169 | 26.55 | 3465 | 402 315 385 45 61
8 815 | 83 | 875 9.65 9 | 85 | 7 11

s 16 755 | 9.75 11 | 1145 8 14 11 13
| 32 645 | 87 | 1055 | 10.75 | 125 | 105 | 115 15
D 64 3 755 | 93 9.75 8 10.5 10 12
128 | 16 | 325 | 555 | 735 | 35 5 | 8 9

8 17.78 | 1843 | 1902 [ 1978 | 205 | 22.35 23 24.5

G 16 || 26.48 | 2667 | 27.95 | 28.85 30 35 375 | 385
D 32 369 | 37.8 | 3825 | 39.11 | 535 56 595 | 615
E 64 | 46.23 | 46.86 | 47.97 | 48.78 | 575 59 60.5 63
128 || 432 | 439 | 4634 | 46.11 61 625 | 655 70

8 29 | 312 31 34.8 28 36 44 40

A 16 318 | 35 37.8 39.8 40 36 42 56
N 32 31 36 376 | 402 40 44 38 48
64 | 292 | 342 37 41 42 44 38 60

128 || 268 | 316 | 346 374 44 38 48 54

Table B.13 Simulations éteps (steps) for DASUD, SID, GDE and AN considerning likely and pathological
initial load distributions for hypercubes attending to the architecture size and initial distribution pattems.
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Torus (steps)

Number likely distributions pathological distributions .

of Proc. | 25% | 50% | 75% | 100% | 25% 50% 75% | n-1

D 9 1355 | 17.3 | 18.15 | 187 18 18 20.5 22
A 16 || 25.25 | 27.95 | 286 30.4 20 32 26 33
S 36 246 | 3375 | 379 | 4125 51 475 495 66
u 64 | 2085 | 3555 | 4395 | 53.75 | 54 69 63 %
D [T 121 | 1855 | 2845 | 3665 | 46.7 51 73 835 | 125
9 68 | 855 | 87 9.15 9 85 | 12

S 16 7565 | 10.05 | 115 | 11.45 14 115 14
I 36 78 | 1525 | 175 | 205 22 24 22 31
D 64 255 | 915 | 154 22.7 12.5 31 29.5 62
121 155 | 245 | 3.15 6.75 65 | 175 405 74

9 497 | 502 | 514 52.7 60.5 615 62 61

G 16 | 4845 | 497 | 5162 | 5321 | 615 62.5 65 66
D 36 457 | 4691 | 484 | 5241 | 635 65.5 67 69
E 64 465 | 48.73 | 5067 | 525 68.5 71 72.5 73
121 | 48.46 | 5067 | 52,42 | 539 76.5 79.5 81 83

9 496 | 516 | 552 57.2 60 72 60 64

A 16 765 | 86 | 955 9.75 10 10 10 11
N 36 87 | 1075 | 115 | 1166 12 145 13 16
64 358 | 45 496 55.8 60 62 64 92

121 10.4 13 | 15.05 17 185 21 225 29

Table B.14 Simulations steps (steps) for DASUD. SID. GDE and AN considering likely and pathological
initial load distributions for torus attending to the architecture size and initial distribution pattems
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Hypercube (steps - by shapes)

Shape Iikely distributions pathological distributions
25% 50% 75% 100% 25% 50% 75% n-1
g SM 125 | 17.26 | 19.62 21.8 17.4 20.8 24 24.2
7] -
Chain . . . . .
g : 6.62 9.68 10.9 11.76 14 13.6 10 -
SM 6.04 8.48 10.52 11.84 9.8 12 12.4 12
(o]
7] Chain 4.66 6.54 7.54 7.74 6.6 7.8 6.6 -
" SM 3793 | 38.37 | 39.35 46.92 48.85 51.38 41.06 51.5
8 Chain 30.27 | 31.1 32.47 43.28' || 40.17 42.64 35.86 -
SM 308 | 3528 | 38.24 41.92 39.2 416 472 51.2
Z i
< Chain | 28.32 | 3192 | 32.96 35.36 38.4 3786 28.8 -
Table B.15 Steps for DASUD, SID, GDE and AN considering likely and pathological initial load
distributions for hypercubes attending to the initial distribution pattems and shapes
Torus (steps - by shapes)
Shape likely distributions pathological distributions
25% 50% 75% 100% 25% 50% 75% n-1
g SM 26.22 | 37.32 | 43.86 51 43 56 .65.2 68
7] -
Chain
é I, 18.78 | 19.68 | 22.18 | 25.32 34.6 39.6 31.2 -
o SM 6.24 11.88 | 15.58 19.68 12.8 23.6 35 38.6
n Chain 4,26 6.3 6.92 854 [ 104 146 9.8 -
W SM 51.21 | 51.76 | 53.05 54.85 67.85 69.31 70.73 70.4
® | Chan | 4425 | 46.78 | 48.79 | 51.09 || 6438 | 663 68.3 -
SM 239 | 27.32 | 3048 32.5 34 35.8 37.2 42.4
Z ) .
< Chain | 20.96 | 24.2 25.88 28.06 30.2 36 30.6 -

Table B.16 Load units (u) for DASUD, SID, GDE and AN considering likely and pathological initial load
distributions for torus attending to the initial distribution patterns and shap
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Appendix C

Likely distributions (Hypercube d=3)
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Figure C.1 Influence of the problem size in the global dif_max as the load-balancing process goes on for
a 3-dimensional hypercube for likely (a) and pathological (b) initial load distributions.
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Likely distributions (Hypercube d=7)
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Figure C.2 Influence of the problem size in the global dif_max as the load-balancing process goes on for

a 7-dimensional hypercube for (a) likley and pathological (b} initial load distributions.
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Likely distributions (Torus 3x3)
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Figure C.3 Influence of the problem size in the global dif_max as the load-balancing process goes on for
a 3x3 torus for likely (a) and pathological (b) initial load distnbutions.
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Likely distributions (Torus 11x11)
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Figure C.4 Influence of the problem size in the global dif_max as the load-balancing process goes on for

C6 .

a 11x1 torus for likely (a) and pathological (b) initial load distributions.
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Likely distributions (Hypercube d=3)
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Figure C.5 Influence of the problem size in the global standard deviation as the load-balancing process
goes on for a 3-dimensional hypercube for likely (a) and pathological (b) initial load distributions.
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Likely distributions (Hypercube d=7)
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Figure C.6 Influence of the problem size in the global standard deviation as the load-balancing process
goes on for a 7-dimensional hypercube for likely (a) and pathological (b) initial load distributions.
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Likely distributions (Torus 3x3)
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Figure C.7 Influence of the problem size in the global standard deviation as the load-balancing process
goes on for a 3x3 torus for likely (a) and pathological (b) initial load distributions.
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Figure C.8 Influence of the problem size in the global standard deviation as the load-balancing process
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goes on for a 11x11 torus for pathological initial load distributions.
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Hypercube d=3 (likely distributions)
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Figure D.1 Global load standard deviation versus time for a 3-dimensional hypercube varying ds from 1
to 3 for likely initial load distributions.

Hypercube d=3 (pathological distributions)
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Figure D.2 Global load stahdard deviation versus time for a 3-dimensional hypercube varying ds from 1
to 3 for pathological initial load distnbutions.
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Figure D.4 Global load standard deviation versus time for a 4-dimensional hypercube varying ds from 1

Figure D.5 Global load standard deviation versus time for a 4-dimensional hyperbube varying ds from 1
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Hypercube d=4 (likely distributions)
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Hypercube d=5 (pathological distributions)
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Figure D.6 Global load standard deviation versus time for a 5-dimensional hypercube varying ds from 1
to 5 for pathological initial load distnibutions.

Hypercube d=6 (likely distributions)
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Figure D.7 Global load standard deviation versus time for a 6-dimensional hypercube varying ds from 1
to 6 for likely initial load distributions.
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Hypercube d=6 (pathological distributions)
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Figure D.8 Global load standard deviation versus time for a 6-dimensional hypercube varying ds from 1
to 6 for pathological initial load distnibutions.

Hypercube d=7 (likely distributions)
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Figure D.9 Global load standard deviation versus time for a 7-dimensional hypercube varying ds from 1
to 7 for likely initial load distributions.
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Hypercube d=7 (pathological distributions)
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Figure D.10 Global load standard deviation versus time for a 7-dimensional hypercube varying ds from 1
to 7 for pathological initial load distributions.
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Figure D.11 Global load standard deviation versus time for a 3x3 torus varying ds from 1 to 2 for likely

initial load distributions.
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Torus 3x3 (pathological distributions)
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Figure D.12 Global load standard deviation versus time for a 3x3 torus varying ds from 1 to 2 for

pathological initial load distributions.

Torus 4x4 (likely distributions)
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Figure D.13 Global load standard deviation versus time for a 4x4 torus varying ds from 1 to 4 for likely

initial load distributions.
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Appendix D

Figure D.14 Global load standard deviation versus time for a 4x4 torus varying ds from 1 to 4 for
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pathological initial load distributions.

Torus 6x6 (pathological distributions)

T T T T

3000

Figure D.15 Global load standard deviation versus time for a 6x6 torus varying ds from 1 to 6 for

pathological initial load distributions.
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Torus 8x8 (likely distributions)
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Figure D.16 Global load standard deviation versus time for a 8x8 torus varying ds from 1 to 8 for likely

initial load distributions.
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Figure D.17 Global load standard deviation versus time for a 8x8 torus varying ds from 1 to 8 for

pathological initial load distributions.
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Torus 11x11 (likely distributions)
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Figure D.18 Global load standard deviation versus time for a 11x11 torus varying ds from 1 to 10 for

likely initial load distnibutions.

Torus 11x11 (pathological distributions)
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Figure D.19 Global load standard deviation versus time for a 11x11 torus varying ds from 1 to 10 for

pathological initial load distributions.
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Dif_max

Dif_max

hypercube for likely (a) and pathological (b) initial load distribution for all possible domain scopes.
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Figure D.20 Global maximum load difference versus load-balancing steps for a 3-dimensional
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hypercube for likely (a) and pathological (b) initial load distribution for all possible domain scopes.
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Figure D.21 Global maximum load difference versus load-balancing steps for a 4-dimensional
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Dif_max

Hypercube varying d,={1..5} with d=5§
patological distributions

Appendix D
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Figure D.22 Global maximum load difference versus load-balancing steps for a 5-dimensional
hypercube for likely pathological initial load distribution for all possible domain scopes.
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Figure D.23 Global maximum load difference versus load-balancing steps for a 6-dimensional
hypercube for likely (a) and pathological (b) initial load distribution for all possible domain scopes.
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Figure D.24 Global maximum load difference versus load-balancing steps for a 7-dimensional
hypercube for likely (a) and pathological (b) initial load distribution for all possible domain scopes.
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Figure D.25 Global maximum Joad difference versus load-balancing steps for a 3x3 torus for likely (a)

D.14

and pathological (b) initial load distribution for all possible domain scopes.



Appendix D

Torus 4x4 varying d.={1..4} Torus 4x4 varying d={1..4}
likely distributions pathological distributions
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Figure D.26 Global maximum load difference versus load-balancing steps for a 4x4 torus for likely (a)
and pathological (b) initial load distribution for all possible domain scopes.

Torus 6x6 varying d={1..6}
pathological distributions
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Figure D.27 Global maximum load difference versus load-balancing steps for a 6x6 torus for
pathological initial load distribution for all possible domain scopes.
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Torus 8x8 varying d,={1..8} l Torus 8x8 varying d={1..8}
likely distributions pathological distributions
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Figure D.28 Global maximum load difference versus load-balancing steps for a 8x8 torus for likely (a)
and pathological (b) initial load distribution for all possible domain scopes.
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Hypercube Pathological distributions
step 0 4 7

d || d stdev stdev % t off t off
1 | 558,30 || 31,82 94.3] 1971169 4806,29

3 2 603,99 [ OToS] 998:-1009,“3 B PR38359
3 558,30 1,07] 99.8] 1075,80 " 44481
1 673,35| 71,16 89,43] 61328,18[ 21,83 96.75| 21607,44

4 2 673,35( 12,02 98,2] 2158552 529| 99.2| 10476,32
3 673,35 3,71 99.44] 7304,62 3,17 995 695046
4 673,35 ] €0 [TTEREHE V ’ ’ -6438';94'
1 832,23] 104,82 87.4{117309,30| 3996| 95.1| 51336,61
2 832,23| 42,15| 94.9| 133227,72] 1587| 98.1| 55470,01

5 3 832,23| 6.92] 99.16| 26240,12 587 99.2| 2472312
4 832,23 |[[NEY { k52502583 R2i1408
5 832,23| = 6,80 99.18| 2728262 6,64 992 3006725
1 | 1054,37] 157,18] 85.09] 242681,99| 67,72] 93.57 [ 119867,79
2 | 1054,37| 6805] 935|39076862| 31,05 97.05| 192731,23

6 3 |[ 105437 13,16] 98.75] 94681,99 0| 5o% J61372:50
4 | 1054,37 [N |LE)§ PB72aa5yl 1091| 98.9| 9644576
5 | 1054,37] 11,77 98.8[ 9433390| 11,57 98.9| 105509,14
6 | 1054,37| 14,33] 986| 113508,29| 14,26 98.64 | 128854,43
T || 1366,76] 188,58 | 86.20] 440453,11| 75.78] 94.4] 19957913
2 |[1366,76| 92,47] 93.23| 1009206,2| 48,01 96.4 | 555034,01

y 3 | 1366,76]] 28,20 97.9] 390630,63 |24()758566
4 | 1366,76] 2396| 98.2]366006,73| 23,20 98.3] 401729,34
5| 1366,76 | JRCICCOSI] [255869:65 | 15,75| 98.8| 29087691
6 | 1366,76| 3508| 97.43| 56649464 3496 97.4|654147,92
7 | 1366,76| 36,23 97.3|582411,02] 36,19 97.3| 674370,43

pathological initial load distributions

Table D.1 Standard deviation, unbalance reduction percentage and trade-off between balance degree
and time for hypercube topologies and for all possible ds at different load-balancing steps for
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Torus Pathological distributions
step 0. 4 7

nxn ds stdev stdev % t off stdev % t off
1 | 47263 | 18.25] 96.1 845431] 4,90 989 264355

2 17263 | 1B Y . W
1| 673.35 42 | 61356.88| 22,02] 96.7 | 2179154

axa | 2 [ 673,35 12,02 98.2 | 14403,57| 5.27| 99.2 7168,65
3 |[ 673,35 371] 994 5659,23[ 3,11| 99.5 |JEE537976
4 673,335 310 | 8 || BRER[ 2EA Moot5 5757,87
1 || 768,79 | 172,30| 77.5 |223968,46|114,79] 85.06 | 175384,77)
2 | 768,79 || 71,84| 90.6 |143341,99| 3126 959 71076,96

6x6 ™31 768,79 14,77 98.1 | 38272,02| 8,06| 98.9 24275,51
4 | 768,79 741(99.03 [¥2207198| 6,39| 99.1 |22623(16
s | 768,79 834 989 | 26672,36| 7,12] 99.07 | 2761937
6 | 768,79 |WENATO9JJOS%EY 13140,15 | QRETCCI@SSRE 15129.09
1 [[1054,37 | 277,27] 73.7 [612801,36]213,72] 79.73 | 544451,70
2 [[105437| 152,70| 85.51 |533387,97| 96,20 90.8 | 37290583

axs | 3 | 105437 62,39 94.08 [287047,03] 30,34| 97.1 | 160189,13
4 |/ 105437 2353 97.7 [129665,01| 14,62 98.61 94582,26
5 105437 11.21] 989 [572062/08 NN OXTN mN7 2118155
6 | 105437 |WTOEARMSORE 7414566] 10,05| 99.04 | 87118,93
7 1105437 11,73] 98.88 | 87002,29] 11,53| 98.9 | 105536,68
8 |[1054,37| 14,33 986 |105671,57| 14.26| 986 | 13057454
1 141067 | 405,38 71.26 [1566743,1]336,40| 76.1 | 146893265
"2 |[1410,67 | 263,82| 81.29 | 1650700,6 | 198,90 | 859 | 1357862,45
3 11141067 | 157,94 888 |1273130,6][103,84| 926 | 939250,97

X114 1141067 || 90,06| 92.61 [872161,75| 51,31| 96.3 | 573573.45
5 | 741067 | 47.06| 966 |546777,20] 29.11| 97.0 | 40061691
6 (141067 [ 27,13| 98.07 [368469,49( 20,31 985 | 33722470
7 | 141067 || 19.63| 98.6 |30065406 [ -_"‘[" | 351409,98
8 [ 141067 [WEOKTNICCTCN 317752,10] 18,91 98.65 | 399305,73
9 |[141067 | 2503| 982 [421880,90| 24,91| 982 | 52953255
10 [[141067 || 24,62| 98.25 [444597,19| 24,51| 982 | 578157,20

Table D.2 Standard deviation, unbalance reduction percentage and trade-off between balance degree
and time for torus topologies and for all possible ds at different load-balancing steps for pathological
initial load distributions





