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Ñúäúðæàíèå

■ Ïîñòàíîâêà íà çàäà÷àòà è äèñêðåòèçàöèÿ
■ Ìåòîäè çà ðàçäåëÿíå íà ïðîìåíëèâèòå
■ Ïàðàëåëíà ðåàëèçàöèÿ
■ Îöåíêè íà ïàðàëåëíèòå âðåìåíà èóñêîðåíèÿ

■ ×èñëåíè åêñïåðèìåíòè
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Ïîñòàíîâêà íà çàäà÷àòà è äèñêðåòèçàöèÿ
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Ïîñòàíîâêà íà çàäà÷àòà

Åëèïòè÷íà ãðàíè÷íà çàäà÷à îò âòîðè ðåä:
(1)

∣∣∣∣∣∣∣

−∇ · (a(y)∇u(y)) = f(y) â Ω,

u = µ(y) âúðõó ΓD,

(a(y)∇u(y)) · n = g(y) âúðõó ΓN .

ww� Äèñêðåòèçàöèÿ (ÌÊ�, ÌÊÅ)

Ax = fÖåë: å�åêòèâíè ïîñëåäîâàòåëíè è ïàðàëåëíè àëãîðèòìè çàðåøàâàíå íà ïîëó÷åíàòà ÑËÀÓ
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Äèñêðåòèçàöèÿ
Åëèïòè÷íà ãðàíè÷íà çàäà÷à ñ ðàçäåëÿùè ñå ïðîìåíëèâè:

(2)

∣∣∣∣∣∣∣

−
2∑

s=1

∂

∂ys

(
as(ys)

∂u

∂ys

)
= f(y), y ∈ Ω = [a, b] × [c, d]

u = µ(y), y ∈ ∂Ω

ww� ÌÊ� ïðè ïåòòî÷êîâ øàáëîí ½êðúñò�, n × m ìðåæà

A = B ⊗ In + Im ⊗ T ,

xT = (xT
1 , xT

2 , . . . , xT
m), fT = (fT

1 , fT
2 , . . . , fT

m),

xj , fj ∈ R
n, j = 1, . . . , m,

xj = (x1,j , x2,j , . . . , xn,j)
T , fj = (f1,j , f2,j , . . . , fn,j)

T ,

C ⊗ D = {ci,jD}m1 n1

i=1,j=1, êúäåòî C = {ci,j}m1 n1

i=1,j=1,

D = {di,j}m2 n2
i=1,j=1
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Ñòðóêòóðà íà ìàòðèöàòà íà êîðàâèíà

ÌÊ� ïðè ïåòòî÷êîâ øàáëîí ½êðúñò� çà çàäà÷à ñ ðàçäåëÿùè ñåïðîìåíëèâè
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Ìåòîäè çà ðàçäåëÿíå íà ïðîìåíëèâèòå



ÏîñòàíîâêàÌåòîäè

●Ìåòîäè çàðàçäåëÿíå íàïðîìåíëèâèòå

●Ñðàâíèòåëåíàíàëèç íà èç÷.ñëîæíîñò

●×èñëåíèåêñïåðèìåíòèÏàðàëåëíàðåàëèçàöèÿÅ�åêòèâíîñò×èñëåíèåêñïåðèìåíòè
�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 8/32

Ìåòîäè çà ðàçäåëÿíå íà ïðîìåíëèâèòå
■ Ñòàíäàðòåí àëãîðèòúì çà ðàçäåëÿíå íà ïðîìåíëèâèòå

NSV ≈ 4m2n + m(5n − 4)

■ Òåõíèêà çà íåïúëíî ðåøàâàíå íà çàäà÷è ñ ðàçðåäåíà äÿñíà÷àñò

NSRHS ≈ m[2(r + d)n + (5n − 4)]

■ Áúðç àëãîðèòúì çà ðàçäåëÿíå íà ïðîìåíëèâèòå
NFASV ≈ 24nm(log(m + 1) − 1) − 9nm

■ Ñòàíäàðòåí ìàðø àëãîðèòúì
NSM ≈ 31nm

■ Îáîáùåí ìàðø àëãîðèòúì (m + 1 = p(k + 1))

NGMF ≈ 62pkn + 24nm(log(p) − 1) − 9nm
NGMS ≈ 62pkn + 4pnm + nm (�. Áåí÷åâà)
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Ñðàâíèòåëåí àíàëèç íà èç÷. ñëîæíîñò
n = m = p(k + 1) − 1; N = n2Ìåòîä Áðîé îïåðàöèèSV 4n3 + 5n2FASV 24n2 log2 (n + 1) − 33n2SM 31n2GMF 24n2 log2 (p) + 29n2GMS 4pn2 + 63n2
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×èñëåíè åêñïåðèìåíòè

Ïðèìåð: a1(y1) = 1 + y2
1 , a2(y2) = e−y2 ,

u(y1, y2) = (1 − y1)y1y2(1 − y2) è

f(y1, y2) = 2y2(1 − y2)(3y
2
1 − y1 + 1) + e−y2y1(1 − y1)(3 − 2y2) .Âðåìåíà çà ðàçãëåæäàíèòå àëãîðèòìè (n = p(k + 1) − 1)

k = 3 k = 7n SV FASV GMF GMS GMF GMS63 0.03 0.21 0.21 0.11 0.08 0.06127 0.29 0.83 0.88 0.47 0.52 0.28255 3.41 3.77 3.82 2.65 2.23 1.39511 33.82 16.66 16.44 15.70 9.84 8.401023 284.73 69.70 69.45 100.64 42.04 51.39
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Ïàðàëåëíà ðåàëèçàöèÿ



�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 12/32

Ïàðàëåëåí FASVÏðèìåð: Ïðè l = 4, m = 24 − 1 = 15, Np = 8, íåíóëåâèòå áëîêîâå íà
f (k), k = 1, . . . , 4 ñå àêòóàëèçèðàò îò ïðîöåñîðèòå ïî ñëåäíèÿ íà÷èí:

P0 P1 P2 P3 P4 P5 P6 P7

1 : f
(1)
1 f

(1)
2 f

(1)
3 f

(1)
4 f

(1)
5 f

(1)
6 f

(1)
7 f

(1)
8 f

(1)
9 f

(1)
10 f

(1)
11 f

(1)
12 f

(1)
13 f

(1)
14 f

(1)
15

2 : f
(2)
2 f

(2)
4 f

(2)
6 f

(2)
8 f

(2)
10 f

(2)
12 f

(2)
14

P0 P2 P4 P6

3 : f
(3)
4 f

(3)
8 f

(3)
12

P0 P4

4 : f
(4)
8

P0Ïðèìåð: Ïðè l = 4, m = 24 − 1 = 15, Np = 8, íà âñÿêà ñòúïêà k = 4, . . . , 1 ñåòúðñÿò x(2s−1)2k−1 çà s = 1, 2, . . . , 24−k. �åøåíèåòî ñå âúçñòàíîâÿâà íà ÷àñòèïî ñëåäíèÿ íà÷èí:

4 : x0
8

3 : x0
4 ∗ x4

12

2 : x0
2 ∗ x2

6 ∗ x4
10 ∗ x6

14

1 : x0
1 ∗ x1

3 ∗ x2
5 ∗ x3

7 ∗ x4
9 ∗ x5

11 ∗ x6
13 ∗ x7

15

P0 P1 P2 P3 P4 P5 P8 P7



�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 13/32

Àëãîðèòúì PFASVÑòúïêà 1. Ïðàâ õîä:for k = 1 to l − npðåøàâàò ñå 2l−k−np ñèñòåìè ñ A(k,s) ÷ðåç SRHS;êîìóíèêàöèè one_to_one: 1 âåêòîð îò ðåä n çà ïðåñìÿòàíå íà f (k+1);end {öèêúë ïî k}for k = l − np + 1 to l − 1ðåøàâà ñå 1 ñèñòåìà ñ A(k,s) ÷ðåç PSRHSF;êîìóíèêàöèè one_to_one: 2 âåêòîðà îò ðåä n çà ïðåñìÿòàíå íà f (k+1);end {öèêúë ïî k}Ñòúïêà 2. Îáðàòåí õîä:for k = l downto l − np + 1 (i = l − k + 1)ðåøàâà ñå 1 ñèñòåìà ñ A(k,s) ÷ðåç PSRHSF;êîìóíèêàöèè one_to_one: 1 âåêòîð îò ðåä n íà np − i ïðîöåñîðà;end {öèêúë ïî k}for k = l − np downto 1ðåøàâàò ñå 2l−k−np ñèñòåìè ñ A(k,s) ÷ðåç SRHS;ÍßÌÀ êîìóíèêàöèèend {öèêúë ïî k}



�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 14/32

Ïàðàëåëåí GMAÑòðóêòóðà íà ìàòðèöèòå A è Ã è ðàçïðåäåëåíèå ìåæäó ïðîöåñîðèòå âñëó÷àÿ p = 8, k = 3, m = p(k + 1), Np = 4.
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Àëãîðèòúì PGM
Ñòúïêà 1: ðåøàâàíå íà p

Np

ñèñòåìè ñ A
(k)
s ÷ðåç Àëãîðèòúì SM;êîìóíèêàöèè one_to_one: 1 âåêòîð îò ðåä n;ïðåñìÿòàíå íà f̃ (2);Ñòúïêà 2: Íåïúëíî ðåøàâàíå íà Ax̂ = f̂ ÷ðåç:Àëãîðèòúì PSRHSG (çà PGMS) èëèÀëãîðèòúì PFASV (çà PGMF);Ñòúïêà 3: êîìóíèêàöèè one_to_one: 1 âåêòîð îò ðåä n;ïðåñìÿòàíå íà f̃ (1);ðåøàâàíå íà p

Np
ñèñòåìè ñ A

(k)
s ÷ðåç Àëãîðèòúì SM;
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Ïàðàëåëåí SRHS
Àëãîðèòúì PSRHSFÑòúïêà 0: Íàìèðàíå íà {λi}nk

i=1 è íà íåîáõîäèìèòå d̃ ≤ d + rêîìïîíåíòè {qi,j}, j ∈ {j1, . . . , jd} ∪ {j′

1, . . . , j
′

r} îòâñè÷êè ñîáñòâåíè âåêòîðè {qi}nk

i=1 íà òðèäèàãîíàëíàòàìàòðèöà B
(s)
k (ïðåäâàðèòåëåí åòàï);Ñòúïêà 1: Êîìóíèêàöèè:one_to_all broad
ast çà fj , j = j1, . . . , jd;Ñòúïêà 2: Èçïúëíÿâàò ñå Ñòúïêè 1, 2 è 3 íà SRHS ñ m̃ =

nk

P̃è

qPs

i , λPs

i , βPs

i , ηPs

i , êàòî ñå íàìèðàò xPs

j , j = j′1, j
′

2, . . . , j
′

r ;Ñòúïêà 3: Êîìóíèêàöèè:all_to_one redu
e çà xPs

j : xj =

eP−1∑

s=0

xPs

j , j = j′1, j
′

2, . . . , j
′

rÊðàé {PSRHSF}.
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Ïàðàëåëåí SRHS � Àëãîðèòúì PSRHSGÑòúïêà 0: Íàìèðàíå íà λ = {λi}
m
i=1 è íà íåîáõîäèìèòå ed ≤ d + r êîìïîíåíòè

{qi,j}, j ∈ {j1, . . . , jd} ∪ {j
′

1, . . . , j
′

r} îò âñè÷êè ñîáñòâåíè âåêòîðè {qi}
m
i=1 íàòðèäèàãîíàëíàòà ìàòðèöà B (ïðåäâàðèòåëåí åòàï);Ñòúïêà 1: Íàìèðàíå íà êîå�èöèåíòèòå íà Ôóðèå βi,j ÷ðåç:Èç÷èñëåíèÿ: β

(P r)
i,j

=

d(Pr)X

s=1

qjs,jfi,js ,

i = 1, . . . , n, j = 1, . . . , m;Êîìóíèêàöèè:all_to_all redu
e_s
atter çà βj ;

0
@

P0 P1 P2 P3
1
A

0
B@

P0
P1
P2
P3

1
CA =

0
@

P0 P1 P2 P3
1
A .

Fn×d Qd×m Betan×mÑòúïêà 2: ðåøàâàíå íà (λj In + T ) ηj = βj , j = 1, . . . ,
m

Np

;Ñòúïêà 3: âúçñòàíîâÿâàíå íà xj , j = j′1, j
′

2, . . . , j
′

r ÷ðåç:Èç÷èñëåíèÿ: x
(P r)
j

=
fmX

i=1

qj,iηi,
j = j′

1, . . . , j′

r, em =
m

Np

;Êîìóíèêàöèè:all_to_all redu
e_s
atter çà xj

0
@

P0 P1 P2 P3
1
A

0
B@

P0
P1
P2
P3

1
CA =

0
B@

P0
P1
P2
P3

1
CA .

Qr×m Vm Xr



�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 18/32

Ïàðàëåëíè ïðåêè àëãîðèòìèPFASV(PSRHSF), PGMF(PFASV), PGMS(PSRHSG)
N = nm, m = 2l − 1 = p(k + 1), Np � áðîé íà ïðîöåñîðèòå1. Äàííè � îáëàñòòà ñå ðàçäåëÿ íà Np õîðèçîíòàëíè èâèöè

LSTRIP−1LSTRIP

1:
2:
3:
4:
5:
6:
7:

0:

à) PFASV, PGMF

0:
1:
2:
3:
4:
5:
6:
7:

LSTRIP LSTRIP−1

á) PGMS2. Èç÷èñëåíèÿ � ðàçïðåäåëåíè ñà ïî ðàâíî ìåæäó ïðîöåñîðèòå3. Êîìóíèêàöèè:PSRHS � ãëîáàëíè;PFASV � ÷àñò îò ñòúïêèòå � ëîêàëíè;îñòàíàëèòå ñòúïêè � one_to_one + ãëîáàëíè çà ãðóïà ïðîöåñîðè(PSRHSF);PGMF � 2 ñòúïêè � ëîêàëíè;1 ñòúïêà � ãëîáàëíè + ëîêàëíè (PFASV);PGMS � 2 ñòúïêè � ëîêàëíè; 1 ñòúïêà � ãëîáàëíè (PSRHSG)
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●Áàçîâèêîìóíèêàöèè

●Îöåíêè íàïàðàëåëíèòåâðåìåíà

●Êîå�èöèåíòèïðåä ts è tw

●Âðåìåíà çàêîìóíèêàöèèêàòî �óíêöèÿ íà

ts
tw×èñëåíèåêñïåðèìåíòè

�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 19/32

Îöåíêè íà ïàðàëåëíèòå âðåìåíà è óñêîðåíèÿ



�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 20/32

Áàçîâè êîìóíèêàöèè

data
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s

A0 0
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0

0

A

A

A

AMPI_BCAST

one−to−all broadcast
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one−to−all gather

one−to−all scatterA A A

A

A

A

1 2 3
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2
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A0 0

MPI_REDUCE

all−to−one reduce
A1

2

3

C D0 0 0

1 1 1

B

2 2 2A

3 3 3A

B

B

B

C

C

C

D

D

D

1 32A  +A  +A  +A 0 0 1 2C  +C  +C  +C 0 1 2 3D  +D  +D  +D31 2 3B  +B  +B  +B

ïðúñòåí êâàäðàòíà ìðåæà õèïåðêóá

oo(P, M) ts + tw.M.⌊P/2⌋ ts + 2tw.M.⌊
√

P/2⌋ ts + tw.M.log P

b(P, M) (ts + tw.M)⌈P/2⌉ 2(ts + tw.M)⌈
√

P/2⌉ (ts + tw.M) log P

s(P, M) (ts + tw.M)(P − 1) 2ts(
√

P − 1)+ ts log P+

tw.M.(P − 1) tw.M.(P − 1)
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�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 21/32

Îöåíêè íà ïàðàëåëíèòå âðåìåíà

T Alg(Np, m) = T Alg
a (Np, m) + T Alg

com(Np, m), T Alg
a =

NAlg

Np

∗ taÒåîðåìà 3.3.1 PSRHSF è PSRHSG:

Tpsf
com(Np, m, r, d) = b(Np, d.n) + b(Np, r.n) ,

Tpsg
com(Np, m, r, d) = b(Np, m.n) + s(Np,

m

Np

n) + b(Np, r.n) + s(Np,
r

Np

n) .Òåîðåìà 3.3.2 PFASV:

Tpfasv
com (Np, m) ≤ (l − np)(ts + n ∗ tw) + Tpsf

com(2np , m, 1, 1) + np oo(2np , n)

+

np−1X

j=1

`
Tpsf

com(2j , bm, 3, 1) + Tpsf
com(2j , bm, 1, 2) + (2 + j) oo(2j , n)

´
.Òåîðåìà 3.3.3 PGMF è PGMS:

Tpgmf
com (Np, m) ≤ (lp − np + 2)(ts + n ∗ tw) + Tpsf

com(2np , m, 1, 1) + np oo(2np , n)

+

np−1X

j=1

`
Tpsf

com(2j , bm, 3, 1) + Tpsf
com(2j , bm, 1, 2) + (2 + j) oo(2j , n)

´
,

Tpgms
com (Np, m) ≤ 2(ts + n ∗ tw) + Tpsg

com(Np, m, p − 1, p − 1) .



�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 22/32

Êîå�èöèåíòè ïðåä ts è tw

Tcom ≤ Ts ∗ ts + Tw ∗ twÕèïåðêóá ïðè k = 7 , n = 1023
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�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 23/32

Âðåìåíà çà êîìóíèêàöèè êàòî �óíêöèÿ íà ts
tw

Tcom ≤ Ts ∗ ts + Tw ∗ twÕèïåðêóá ïðè k = 7, n = 1023
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●Ïàðàëåëíèñèñòåìè

●Grendel

●Beowulf

●Parma


●Ñðàâíåíèå íàPGMF è PGMS

●Blue
�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 24/32

×èñëåíè åêñïåðèìåíòè
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●Ïàðàëåëíèñèñòåìè

●Grendel

●Beowulf

●Parma


●Ñðàâíåíèå íàPGMF è PGMS

●Blue
�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 25/32

Ïàðàëåëíè ñèñòåìè

Parma
 � êëúñòåð îò 4 äâóïðîöåñîðíè Power Ma
intoshêîìïþòðè, ñâúðçàíè ÷ðåç Bay Sta
k 350 ñóè÷. Âñåêè âúçåëèìà 512 MB RAM è äâà ïðîöåñîðà Power PC G4/450MHz(ÈÏÎÈ � ÁÀÍ).Beowulf � êëúñòåð îò 16 ðàáîòíè ñòàíöèè Digital (Compaq)Personal Workstations 500au ñâúðçàíè ñúñ 100Mbps swit
hedEthernet. Âñåêè âúçåë å ñ åäèí ïðîöåñîð EV56 íà 500MHz è128 MB RAM (TAMU, USA).Grendel � Sili
on Graphi
s Origin 2000 ñ 8 ïðîöåñîðà R10000 íà250 MHz, 4 MB L2 êåø è 4GB RAM (TAMU, USA).Blue � IBM SP (ASCI Blue) 5 ñ 336 âúçåëà è îáùà ïàìåò 512GBSDRAM. Âñåêè âúçåë èìà 1536MB SDRAM è ïî 4 Power PC604e ïðîöåñîðà íà 332MHz (LLNL, USA).Ïðè Parma
 � äâà íà÷èíà íà ðàçïðåäåëåíèå íà ïðîöåñèòå âúðõóâúçëèòå, îñèãóðåíè îò îïöèÿòà N íà ½mpirun�.



�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 26/32

�åçóëòàòè âúðõó Grendel, k = 7, n = m

PFASV PGMF PGMSn Np TNp
SNp

ENp
TNp

SNp
ENp

TNp
SNp

ENp2 2.47 � � 1.60 � � 1.07 � �255 4 1.42 1.74 0.87 0.89 1.80 0.90 0.63 1.70 0.858 1.08 2.29 0.57 0.65 2.46 0.62 0.37 2.89 0.722 16.86 � � 10.52 � � 7.59 � �511 4 8.85 1.91 0.96 5.73 1.84 0.92 3.95 1.92 0.968 4.98 3.39 0.85 3.28 3.21 0.80 2.24 3.39 0.852 79.59 � � 49.53 � � 50.96 � �1023 4 41.63 1.91 0.96 26.13 1.90 0.95 24.00 2.12 1.068 29.38 2.71 0.68 16.19 3.06 0.77 12.49 4.08 1.02



�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 27/32

�åçóëòàòè âúðõó Beowulf, k = 7.

PFASV PGMF PGMSn Np TNp
SNp

ENp
TNp

SNp
ENp

TNp
SNp

ENp2 8.94 � � 6.31 � � 2.29 � �255 4 3.90 2.29 1.15 2.72 2.32 1.16 1.74 1.32 0.668 2.31 3.87 0.97 1.55 4.07 1.02 1.11 2.06 0.522 47.52 � � 36.02 � � 13.28 � �511 4 23.40 2.03 1.02 17.83 2.02 1.01 8.51 1.56 0.788 15.44 3.07 0.77 13.35 2.70 0.67 8.14 1.63 0.412 271.13 � � 227.04 � � 89.46 � �1023 4 165.57 1.64 0.82 148.74 1.53 0.77 50.45 1.77 0.898 126.88 2.14 0.53 125.18 1.81 0.45 41.07 2.18 0.55



�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 28/32

�åçóëòàòè âúðõó Parma
, k = 7.

PFASV PGMF PGMSn Np TNp
SNp

ENp
TNp

SNp
ENp

TNp
SNp

ENp2 2.36 � � 1.34 � � 0.68 � �255 4 1.30 1.82 0.91 0.74 1.81 0.91 0.54 1.26 0.638 0.73 3.23 0.81 0.51 2.63 0.66 0.54 1.26 0.322 10.12 � � 5.82 � � 4.02 � �511 4 5.34 1.90 0.95 3.11 1.87 0.94 2.54 1.58 0.798 3.11 3.25 0.81 1.80 3.23 0.81 2.25 1.79 0.452 42.14 � � 25.16 � � 25.44 � �1023 4 22.88 1.84 0.92 13.33 1.89 0.95 15.08 1.69 0.858 11.96 3.52 0.88 7.54 3.34 0.84 12.06 2.11 0.53



�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 29/32

�åçóëòàòè âúðõó Parma
(N), k = 7.

PFASV PGMF PGMSn Np TNp
SNp

ENp
TNp

SNp
ENp

TNp
SNp

ENp2 1.86 � � 1.06 � � 0.62 � �255 4 1.00 1.86 0.93 0.60 1.77 0.89 0.57 1.09 0.558 0.73 2.55 0.64 0.50 2.12 0.53 0.55 1.13 0.282 7.97 � � 4.70 � � 3.52 � �511 4 4.43 1.80 0.90 2.61 1.80 0.90 2.56 1.38 0.698 2.95 2.70 0.68 1.96 2.40 0.60 2.32 1.52 0.382 33.57 � � 22.14 � � 23.16 � �1023 4 17.45 1.92 0.96 10.76 2.06 1.03 14.74 1.57 0.798 11.86 2.83 0.71 7.21 3.07 0.77 11.51 2.01 0.50



�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 30/32

Ñðàâíåíèå íà PGMF è PGMS âúðõó Parma
, k = 7.PGMF PGMSl Np TNp
Tr Ts2 T c

r T c
s2 TNp

Tr Ts2 T c
r T c

s2Parma
2 5.82 2.46 3.36 0.01 0.02 4.02 2.45 1.57 0.01 0.149 4 3.11 1.22 1.89 0.01 0.15 2.54 1.21 1.33 0.01 0.958 1.80 0.61 1.19 0.01 0.07 2.25 0.65 1.60 0.05 1.472 25.16 10.26 14.90 0.02 0.01 25.44 10.27 15.17 0.02 0.4510 4 13.33 5.08 8.25 0.02 0.28 15.08 5.09 9.99 0.01 3.738 7.54 2.52 5.02 0.01 0.68 12.06 2.68 9.38 0.19 6.83Parma
(N)2 4.70 1.92 2.78 0.01 0.02 3.52 1.91 1.61 0.01 0.439 4 2.61 1.07 1.54 0.13 0.04 2.56 0.96 1.60 0.02 1.278 1.96 0.61 1.35 0.01 0.23 2.32 0.63 1.69 0.04 1.542 22.14 8.16 13.98 0.02 0.82 23.16 8.16 15.00 0.03 1.8510 4 10.76 4.00 6.76 0.02 0.40 14.74 4.00 10.74 0.02 5.318 7.21 2.49 4.72 0.07 0.42 11.51 2.62 8.89 0.15 6.54
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�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 31/32

�åçóëòàòè âúðõó Blue, k = 7, m = n = 1023

PFASV PGMF PGMS
Np TNp

ENp
TNp

ENp
TNp

ENp4 131.36 � 64.77 � 40.12 �8 97.93 0.67 40.93 0.79 19.99 1.0016 80.79 0.41 29.47 0.55 12.27 0.8232 79.61 0.21 21.70 0.37 5.73 0.8864 57.73 0.14 10.63 0.38 3.23 0.78128 46.46 0.09 12.35 0.16 3.33 0.38
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●Ïàðàëåëíèñèñòåìè

●Grendel
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�åðãàíà Áåí÷åâà Ïàðàëåëíè áúðçè àëãîðèòìè çà ðàçäåëÿíå íà ïðîìåíëèâèòå - p. 32/32

�åçóëòàòè âúðõó Blue � �èêñèðàíà èâèöà.
ml = 16, m + 1 = Np ∗ mlPFASV PGMF PGMSn m Np k = 3 k = 7 k = 3 k = 763 4 2.96 2.90 1.60 1.36 0.73127 8 3.59 3.33 2.02 1.42 0.78511 255 16 4.73 3.82 2.51 1.62 0.92511 32 16.89 8.04 3.45 2.02 1.181023 64 53.01 13.21 5.25 2.27 1.652047 128 119.22 36.21 21.56 3.91 2.6463 4 7.39 6.24 3.26 2.73 1.49127 8 10.90 8.01 4.07 2.87 1.611023 255 16 17.48 10.79 5.53 3.22 1.92511 32 31.57 15.91 6.91 3.83 2.361023 64 59.91 27.40 9.08 4.43 4.102047 128 216.12 48.40 15.66 7.38 5.16
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