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TOMTAT

Bai toan day rungoc biét dén mpt cach png rai trong khoa hc ky thudt, dec biét
trong linh wec x# ly am thanh. Bai béo naydiithiéu mst phuwong phapdé song song hoa gi
thudt bai toan day rung. &g cach & dung chuin lgp trinh song song LAM/MPI trénim may
tinh s¢ dung k¢ diéu hanh Linux, gii thudt song song cho bai toan day rudd dwpc cai dat
thanh cong va co y ngthyc .

I. Gigi thiéu

Hau hét cac nlac ax thuong st dung day rungié tao nén cac am thanh trong am
nhac nhr dan guitardan cello va piano. & ky ai da chvi cac lai nhac cu naydéu biét
rang sr thayddi do cing aia day & lam thaydéi tin $5 Am thanh ¢a day.O day, ching
t6i xem xét ndt day rung Bng céach gk ¢d dinh & haidau va mé 4 hanh vi ¢a n6. Sau
d6, g9r dung cong a toan e & mo & cac hén tugng séng. Trong tlong hop BNy quat,
su chuyén dong songduoc biéu dién bai mot ham theo thi gian. Xét ham u(x,t) Bu
dign biéndo cua day rung dia haidiém, réu biéndo nay 1a nkb thi ndédugc xacdinh
boi phuong trinhdao ham riéng ang hyperbolic th hién bsi phuong trinh séng [1]:

c?0’u(x,t) _ 0%u(xt)
o 9%
Trong pHin 2, ching téi trinh bay plong phap gii bai toan day rung dmg
phuong phap tinh da vao *p xi ti sai phan ¢adao ham riéng ap 2. Sauwid, ching toi
ap ding phrong phap lén aia lan Fosteté thiét ké giai thuat song song cho bai toan
trong ptin 3. Trong phn 4, ching t6i thc hién danh giado phac tap cia giai thuat
song song. & qua thuc nghim dugc trinh bay trong pin 5 va cidi cung 1a Kt luan
cua bai baatuoc trinh bay trong pin 6.

(1.1)

Il. Phwong phap gii bai toan day rung

Dé co th giai bai toan day rung dmg phrong phép tinh, chang téirsdung
phuong phéap sai phani han bién déi phuong trinhdao ham riéng (1.1) thanh pbng
trinh sai phan nhxap xi ti sai phan ¢adao ham riéng &p hai:
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0u(x,t) _ u(x+Ax,t) —2u(x.t) + u(x - Ax,t)

> 5 (2.2)
0°X (AX)

62u(2x,t) - u(x,t +At) - 2u(x,2t) +u(x,t — At) 2.2)
04 (At)

Thay (2.1) va (2.2) vao (1.1), ta c6:
c’u(x + Ax,t) — 2u(x,t) + u(x — Ax,t) _ u(x,t +At) — 2u(x,t) +u(x,t — At)

5 5 hay
(Ax) (At)
L2 [u(x + Ax,t) — 2u(x,t) + u(x — Ax,t)] = u(x,t + At) — 2u(x,t) + u(x,t — At) (2.3)
cAt

Trongdd, L=—.
AX

Ching ta & xay drng leai tinh toan @m cacdiém ludi x = (i-1)4x, § = (-1) 4t
Ta co: u(x, t) = u[(i-1)4ax, (-1)4t], i, j=1, 2, 3, ... Nén c6 th viét gon (2.3) hi nhu
sau:

L?(Uis1j — 2U; + Ui1j) = Uijsr — Uj + Uijr (2.4)

hay Uij+1 = LZ(Ui+1,j -2y + ui_l,j) + 2Uj — Uj1 (2.5)
1. Thi é ké giai thuat song song

Khao séat (2.5) ta thy phan tir Uij+; phu thudc vao cac pim tir Ui, Uijg, Uierj VA
u.1j . Dodo, ap aing phrong phap ldn cia Fosteré thiét ké giai thuat song song cho
bai toan day rung [1]. Rlong phap nay baodgn bén bude sau:

Phandoan

Truyén théng

Tong hop

Anh xa

Phandoan la qua trinh chia ¥c tinh toan va @ liéu thanh cac céng & nho
hon, chip nhan ar tinh toan d thira va dt liéu dugc luu trir thi vu nhit. Md hinh trugn
thdng gita cac #n trinhdugc thec hién trong lrge thir hai dia phrong phéap lén, né
c6 kha ning can Bng i gitta cac &n trinh, cac #n trinh c6 th trao ddi dit liéu cho
nhau trong qua trinh tinh toan. Qua tribhg hyp duoc tién hanha budc thr ba, né
thuc hién nhém céac cdng §& nh thanh cac coéng &t I6n hon. Budc cwi cung 1a anh
xa, d6 1a qua trinh gan caciti trinh cho cac®dxu ly. Muc dich aia viéc anh x & arc
dai hoa kh nang aia bb xur Iy va arc tiéu hda g truyén théng gira cac B xu ly. Ching
ta € mo & chi tiét bén giaidoan nay nhr sau.
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6 Phandoan
toan

O
O Truyén thong
O

Hinh 1. Thiét ké gidi thudt song song theo lan Foster
3.1. Phandogn

Dé song song héa chiing tancchpn loai dit liéu dé phan tach. & phan tach
liéu dugc chpn théng quats phan tach ham. Ching tancsr dung cung mt ham trén
tit ca cac tén trinh nleng Wi nhing dt liéu khac nhau. Theo (2.5),+1 phu thuc vao
Ui véui,j-l. Mat khéC,Ui,j+1 yéu @u cac gia fir Ui+1 vaui-l,,- phai dugc tinh toan tréc. pé
xay drng leéi tinh toan cho bai toan, ching tantihanh &i rac héa mén khdng gian va
thoi gian thanh céc khimg byi ma tén hai chéu nhr Hinh 2. Dodo, viéc tinh gia tt
ciia mdi phan tir phu thude vao cac pln tir 1an dn dugc minh ha trong Hinh 3.

T ui‘j:u()fvlt)/—

)4
/

A\ /

X

Hinh 2. Luéi tinh todn 1a ma tn hai chiu
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u(i,j+1)

u(i-1,j) u(i+1,j)
u(i.j)

u(i,j-1)
Hinh 3. S phu thujc diz liéu cia phan ti can tinh

3.2. Truyén théng

Su truyén théng gira cacdiém ludi dugc ch ra trong Hinh 3, nduogc suy rai
cong thic (2.5). Gia tr ciia pHin tir cn tinhui 41 trong ki tinh toan ph thupe vao gia
tri cia cac pAn tr Uigj, Uj, Usj, Uja. Dé tinh gia ti cia cac phAn ti trén dong+1
chang ta én biét gia ti caa cac phn tir trén dong vaj-1. Hai dong nayfugc khoi tao
gia tfi nho vaodiéu kién dau caa bai toan ma khéngn bit ky chi phi trugn théng nao.

3.3. Tong hep

Téng hyp & qué trinh nhém cac congwilai thanh cac kéi [6n hon dé loai bo
s truyén thdng gira cac #n trinh. Mbi tién trinh 1a not khdi cot co $ phan tir bing
nhau.

Hinh 4. Cach & tri cacdiém o

Pé dé dang lon trong véc lap trinh song song ching tai sung cacdiém ao [1],
d6 chinh 1a cac 6 rhdugc sr dung dé luu trit dir liéu cia cac tn trinh bén anh. Diéu
nay cho phép atong trinh song songap nhit gia ti caa cac phn tr trén clng rat

buac lap.
N © N
N, N,

Hinh 5. S truyén théng gira cac tén trinh
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3.4 Anh

Sau khi éng hyp, chiing ta én hanh gan @i tién trinh cho mt bo xur ly, viéc
anh » c¢b ging arc dai héa kh ning aia b xir Iy va arc tiéu héa s truyén thdng gita
cac o xu ly.

IV. P§ phirc tap caa giai thuat song song

Déi véi giai thuat song song, éu $ phan tir trén ndi tién trinh 14 nlr nhau thi
d6 phac tap caa n6 1a O(n/p) trén & budc lap (trongdd n 1a $ diém trén day rung, p
la & tién trinh). Thyi gian truyén théngddi vai viéc gri va nhin 1a O(1). Dado, toan b
thoi gian truyn théng qua @i thuat song song 1a O(p).

V. Két qua thwc nghiém

Chang t6i cbn chuin 1ap trinh LAM/MPI trén mdi teong Linux dé thuc
nghiém bai toadndat ra vi nhing uu diém cia n6 so ¥i cac chidn Iap trinh song song
khac nlr PVM, MPICH[2],... Saudo, thec hién caidat bai toan wi ngdn ndr lap trinh
C két hop Vi cac thr vien caa MPI [3], [4]. Bai toanduoc thuc hién trén mm may tinh
Linux vai ciu hinh @a cac nat ni sau:

Mainboard Memory Hard Disk Ethernet card
ASUS P4BGL-MX| 256 MB DDR 40 GBHDD | Realtek RTL 8139
WLAN Celeron PC226 Family PCI Fast

1.8GHz Ethernet 100Mbps

Céau hinh @a cac nat tham gia tinh toan
Két qua do duoc thé hién trong Bing 1 va Bng 2.

Bang 1. Thvi gian do durpc sau 2000 tadc, 10 tén trinh va kich thdc bai toan & 10004iém
dén 100004iém (thyi gian duoc tinh king giay)

\ ’tDIem 1000 | 2000{ 3000 4000 5000 6000 70OO 8000 9000 1p0O0O
u

1 01.53| 01.71| 01.75| 01.94 02.18 02.35| 02.37, 02.44 02.50 | 02.79

2 02.13] 02.19| 02.30| 02.44 02.58 02.56| 02.65 02.81 02.94 | 03.00

3 01.60| 01.63| 01.67| 01.69 01.8501.94| 01.97) 02.09 02.12 | 02.19

4 01.40| 01.42| 01.59| 01.66 01.6Y 01.82| 01.93 02.06 02.15| 02.17

5 01.28| 01.30| 01.44| 01.59 01.61 01.70| 01.90 02.00 02.01 | 02.03
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——1may

Th&i gian (giay)

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Kich th wéc (diem)

Hinh 6. Biéu do so sanh thi gian thyc hién kich theéc tir 1000dén 10000

Bang 2. Thvi gian do durpc sau 2000 tadc, 10 tén trinh va kich thdc bai toan & 20004iém
dén 200004iém (thyi gian duoc tinh king giay)

Natiém 2000 | 4000 | 6000| 8000 10000 12000 14000 16000 13000002
1 01.71| 01.94| 0235 0244 02.79 03.15 0319 03.48.69| 04.01
2 02.19 | 02.44| 025 0281 03.00 03.25 03j26 03.33.650| 03.90
3 01.63 | 01.69| 01.94 02.09 02.19 0256 0300 03.08.020| 03.53
4 01.42 | 01.66| 01.8242 02.06 02.17 02.834 02|81 02.82.850| 03.90
5 01.30 | 01.59| 01.7g 02.00 02.03 01.94 0197 02.02.190| 02.72

Hinh 6 cho thy cung ndt kich thrgc cia bai toan (cungdsdiém, $ tién trinh va
sd budc) nheng thyi gian thre hién trén 1 ndt nhanhdm trén 2 nat. 8 di codiéu nay 1a
do kich thréc cia bai toan khongu lon nén véc thuc hign trén 2 may ngoai chi phi
tinh todn con c6 chi phi tréy thdng gira cac #n trinh qua LAN vas ting 1&n ¢ kich
thuge dit liéu do st ma hoa ¢ liéu truyén théng theo pirong phap RSA. Tuy nhiéngv
kich thrc bai toandu 16n thi H¢ do tinh toan & tang 1éndang K khi s nit ting nhr
thé hién trén béu do ¢ Hinh 7.
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2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Kich th wéc (diem)

Hinh 7. Biéu do so sanh thi gian thyc hién kich thedc tir 2000dén 20000
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VI. K ét luan

Trong bai bdo nay, ching téa gioi thiéu phrong phap dii bai toan day rung
nho xap xi ti sai phan @adao ham riéng &p 2 dé xacdinh biéndo rung ¢ia day. Saudé
chang toi & luan phrong phép ldn aia lan Fostedé thiét ké giai thuat song song, tic
hién danh giado phac tap oia thuit toan. Céi cung, caidat thuat toan dra trén am
may tinh Linux vadanh gia, so sanh caétiqua do dugc.
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VIBRATING STRING PROBLEM ON PARALLIZATION PROCESSIN G

Nguyen Mau Han
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SUMMARY

Vibrating string problem is widely regconised ineswe and technology, specially in
acoustic field. This paper suggests a method tallise the vibrating string problem. By using
LAM/MPI parallel programing standard in cluster cpoters we have sucessfully built parallel
algorithm of vibrating string problem.
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