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KHAO SAT NGHIEM CUA PHUONG TRINH POISSON BA
CHIEU TIM BANG THUAT TOAN BiCGstab()
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Tém tit: Bai bao nay trinh bay viéc st dung thuat toan BiCGstab(l) d€ tim nghiém ctia phuwong trinh
Poisson ba chiéu. Chuong trinh nay sau d6 sé dugc tich hop vao mét chuong trinh mé phéng linh kién
bang phuong phap Monte-Carlo tap hop tu hop nham kiém tra hiéu nang ctia né. Bén canh d6, d€ so sénh
toc do hoi tu va tinh 6n dinh ctia thuét toan BiCGstab(l) so vé6i cac ddc trung twong ting ctia thuét toan
BiCGstab, chung t6i da tién hanh khao sat sy phu thudc ctia chuén Euclide cua véc-to thing dw vao s6
vong lap cua chuwong trinh con Poisson. Két qua thu duwoc cho thdy chuwong trinh giai phuong trinh
Poisson dua trén thuat toan BiCGstab(l) cho két qua md phong chinh xac hon nhu khi st dung thuét toan
BiCGstab.

Tir khéa: Md phong linh kién ban dan, phuong trinh Poisson ba chiéu, thuat todn BiCGstab(l), phuong
phap Monte-Carlo

1 Giéi thiéu

Nén khoa hoc cong nghé hién nay dang phat trién rdt manh mé dua trén nén tang la cac
linh kién ban dan na-nod, vi vay linh virc nghién cttu céc linh kién loai nay da va dang thu hut su
quan tam nghién cttu cta nhiéu nha khoa hoc [1], [2], [3], [4]. Viéc nghién cttu ly thuyét cac linh
kién ban dan na-nd cho phép du dodn cac tinh chat cta linh kién tir d6 dua ra cac thiét k& t&i wu
dé dua vao str dung thuc tién. Cac phrrong phéap nghién ctu ly thuyét linh kién na-no thuong
duoc st dung c6 thé duoc ké dén nhu phuong phap Monte-Carlo tap hop tu hop, phuong
phép cac phuong trinh can bang va mo hinh kéo theo — khuéch tan [5]. Trong cac phuong phép
nay, Monte-Carlo tap hop tu hop ¢é nhiéu vu diém thé hién d6 chinh xac cao va 6n dinh. Pay
la phwong phap ban c6 dién vi cac tdc d6 tan xa dugc tinh todn dua trén quy tac vang Fermi va
cac dai lwong dong luc hoc duogc xac dinh tir cac phwong trinh chuyén dong cia Newton. Ngoai
ra, cac co ché tan xa dwoc lira chon ngéu nhién nhu xay ra trong thuc té€. Viéc m6 phong theo
phuong phap nay cang chinh xac néu s6 hat duwoc mé phong cang 16n.

Mot phan quan trong trong viéc thuc hién mé phong Monte-Carlo tap hop tu hop cho
linh kién ban dan na-n6 d6 l1a giai phuwong trinh Poisson. Phiwong trinh nay mang thong tin vé

st phan bg dién thé trong linh kién theo su phan bd dién tich cta linh kién dé. D€ ¢ thé giai
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dwoc, phrong trinh Poisson thuwong dwgce lam roi rac héa theo phuwong phap sai phan hitu han
d€ tré thanh mot hé phuong trinh dai s6 tuyén tinh [5]. Day 1a mot hé rat 1on cac phuwong trinh
dai s6 véi hang chuc tham chi hang trdm ngan bién s6. Hé nay ¢ thé duogc giai bang cac
phuong phép Jacobi, Gauss — Seidel, SOR, da luéi (multigrid), iLU [5], hay béng cic phuong
phap lap trong khoéng gian con Krylov nhu CGS, BiCG, BiCGstab, BiCGstab2, GPBiCG,
TEFQMR, BiCGstab(3) va BiCGstab(l) [6]. Mt sO tac gia da st dung phuwong phap BiCGstab,
CGS, TFQMR va BiCGstab(3) [4] d€ giai phuong trinh Poisson va da thu duoc két qua kha
chinh xac véi thoi gian tinh toan nngm. Thuét toan BiCGstab(l) la mot thuét toan dwgc cai tién tir
thuat toan BiCGstab va duogc danh gia la c6 toc d6 hoi tu vé nghiém nhanh hon va mang lai d6
chinh xac cao hon [7]. Bai bao nay trinh bay viéc nghién cttu ap dung thuat toan BiCGstab(l)
vao viéc giadi phuong trinh Poisson, khao sat d6 chinh x4c va 6n dinh cua phuong phép nay so
véi cac phuong phap da duoc st dung trude day nhu BiCGstab, CGS, TFQMR va BiCGstab(3)
[4].

2 Giai phwong trinh Poisson ba chiéu bang thuat toan BiCGstab(l)

Mot giai doan trong qua trinh md phong la tim dién thé ctia cac diém nuat trong mo hinh
linh kién gay ra boi dién tich tai cac diém nut d6 va dién truong ngoai dat vao linh kién.
Phuong trinh tong quat dé€ tim dién thé'la phuwong trinh Poisson

62 62 aZ
P p D0 Fp__p

S 1
oxt oyt ot e @)

trong d6 p la mat do dién tich, ¢ la héng s0 dién mdi tinh va ¢ la dién thé. Thyc hién sai phan
httu han, ta chia mo hinh linh kién thanh cac 6 lwdi, theo phuong Ox c6 N, nut lwdi, phuwong O-
y va Oz c6 cuing s6 nut ludi la N, . Kich thude cac chiéu caa 6 lwdi duoc Ia chon cho don gian
la AX=Ay=Az.Ta thu dugc phuong trinh cho mot nit lwdi nhu sau

Pi,jk
Pkt Piak TPk =00k TPtk Tk T Pijka =~ .

AX?, ()

S

trong d6 i=LN,, j=1 N, k=1 N, . Phuong trinh (2) c6 thé duoc biéu dién duéi dang ma tran
nhu sau

A¢=B, ®)
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trong d6 A la mot ma tran vudéng (N xN) ctia cdc hé s8, ¢ 1a ma trdn (N x1) ctia cac gia tri

dién thé cua cic diém nat va B la ma tran (N x1) ctia cac hé s§ & v€ phai, véi N =N N N,.

Trong qud trinh thuc hién lap trinh giai phwong trinh (3) theo phuong phdp BiCGstab(l) noi
riéng va cac phuwong phap lap trong khéng gian con Krylov ndi chung ta khong can nhip ma

tran A . Cac phép tinh nhan ma trdn A voéi véc-to ¢ thuong xuyén duoc thuc hién rat don gian

thong qua viéc stt dung cac phuong trinh (2). Giai thuat BiCGstab(l) dwoc trinh bay trong Bang

1[7).

Bang 1. Thuét toan BiCGstab(l) [7]

Chon x,, F,
Tinh r, =b— Ax,,

Lay u, =0, X, =X, o, =1 =0, =1

Lap lai cho dén khi ||rk+| || dt nho

k=k+lI,
bat G, =u, ,, f,=r, va &, =X,
Po = 0P,

For i=0,...,
uAl = AI _ﬁlji
End

For j=1..,1 (mod.G.S) (MR PART)

For i=1,..,j-1

End

n=r, o=y,

For j=1-1..1(7=T")
Vi =7 _Z:Jii?’m

End

For j=1..,1-1 (7" =TSy)

) 11
Vi=7ia +Zi:j+17ij7i+1
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uAJ-¢-1 = AO] End
T A
4 Z(UM, ro), o=y, 70 (update)
For i=0,.., ] X =% +yify, fo =T =7, 0, =0, — 14,
f=Ff-al,, For j=1,..,1-1
End G, =4, —y,0; (BLAS2 hoac BLAS3)
fi., = Af, X, =%, +al, %, =%, +7if; (_GEMV_GEMM)
End I”\():'co_)/;fj
End
Put u,, =0y, 1, =f and X,,, =%,

Chung t6i da xay dung mdt chuong trinh con giai phuong trinh Poisson ba chiéu hoan
toan mdi stt dung thuéat toan BiCGstab(l) duoc trinh bay trong Bang 1. Cac yéu t6 ctia ma tran
A duoc nhap te dong vi vay trong qud trinh chay chuong trinh ta chi can nhap cac yéu to cua
ma tran B. Cac budc tinh toan dwgc thuc hién tuan tu theo thi ty trong giai thuat d€ tim phan
bé dién thé trong mod hinh linh kién, chinh la cac nghiém ctia phuong trinh Poisson. D& khao sat
d6 chinh xac va 6n dinh ctia chuong trinh con giai phuong trinh Poisson ba chiéu nay, ching
toi tién hanh tich hop chuong trinh con vao mot chwong trinh mé phong linh kién ¢6 kich thude
nano do chung t6i da phat trién trudc day [1] va tién hanh md phong mot linh kién cu thé. Linh
kién dwoc chon dé khao sat 1a di-6t p-i-n ban dan GaAs, 1a linh kién da duoc khao sét chi tiét
truede day dé tién so sanh [1], [2], [3], [4]. Viéc phéan tich cac két qua mo6 phong sé giup danh gia

chi tiét d chinh x4c va d6 6n dinh cua chuong trinh con.

3 K&t qua m6 phong va thio luin

M5 hinh linh kién di-8t p-i-n ban dan GaAs gom mot 16p ban dan thuan (i) nam gitra hai
16p ban dan pha tap loai p va loai n dwgc minh hoa nhw Hinh 1, trong dé mdi 16p c6 d6 day Tan
luotla d;, d, va d . Mat do pha tap acceptor va donor twong ting la N, va Ng. Chuong trinh

mo phong sé xac dinh trang thai can bzfmg nhiét theo thoi gian thuc r6i méi chi€u xung laser vao
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linh kién dé tao c4c hat tai dién la dién t& va 16 trong tai 16p ban dan thuan (i). Cac théng s6 va

diéu kién mo6 phong duoc trinh bay trong tai liéu [3].
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Hinh 1. M6 hinh di-6t p-i-n GaAs [3]

Chuing tdi sé Ian luot so sanh cac két qua thu duoc bang chuong trinh md phong tich hop
thuéat toan BiCGstab(l) va cac chwong trinh tich hop cac thuat toan khac cho viéc tim nghiém
ctia phuong trinh Poisson. Hinh 2 cho két qua so sanh van toc cta dién ti thu duoc bang cac
chuong trinh m6 phong ba chiéu sit dung thuat toan BiCGstab va BiCGstab(l). Két qua thu
duoc gan nhu trung khop véi cac két qua da duoc cdng bd & cac cong trinh nghién ctru trude
day [2], [3], [4]. Diéu nay minh ching cho tinh hiéu qua ctia phwong phap giai phuong trinh
Poisson bang phuwong phap BiCGstab(l).

Hinh 3 biéu dién dién thé tai cdc diém trén mit cdt z= 10 nm tng va4i dién treong ngoai
E,, =100 kV/cm . Db thi dién ra hién twgng bién dang cua ludi dién thé do dién truong ngoai
thiét lap gay ra boi cac dién tich phan bd trong linh kién. Noi nao c¢6 mat do dién tich cang 16n
thi sé€ lam ludi dién thé bién dang cang nhiéu. Chiéu bién dang sé phu thudc vao ddu cua cac
dién tich tai cdc ntt lwdi. Hinh 4 biéu dién phan bd dién thé doc theo truc Ox, y = z = 10 nm
tng voi dién treong ngoai E, = 100 kV/cm trong truong hop chwong trinh mé phong c6 st
dung thuét toan BiCGstab(5) va BiCGstab. Két qua cuia hinh vé cho thdy dién thé thu duoc c6
gia tri kha gan nhau tai tat ca cac diém ludi cua linh kién trong hai chuong trinh mé phong cé

stt dung cac thuat toan noi trén.
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74 —— BiCGstab(5)
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Hinh 2. Véan t6c troi dat ctia dién tit theo phuwong Ox nhu 1a ham cta thoi gian véi E,, =100 kV/cm theo
céac chwong trinh mé phong ba chiéu st dung thuét toan BiCGstab va BiCGstab(l).
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Hinh 3. Phéan b6 dién thé khong gian trong di-6t p- Hinh 4. Phan bd dién thé doc theo truc Ox,
i-n ban din GaAs tai cic diém nat trén mit cit z = y = Z =10 nm tng véi dién trudng ngoai
10nm tng véi E, =100 kV/cm . E.. = 100 kV/cm trong truong hop chuwong trinh
md phong cé st dung thuat toan BiCGstab(5) va
BiCGstab.

D¢ so sanh hon nita mirc dd chinh xac ctia hai phwong phép BiCGstab va BiCGstab(l),
ching t6i khao sat chuan Euclide ctia véc-to thang du twong ng trong hai treong hop. Chuan
Euclide cua véc-to thang duw la mot ham ctia s6 vong ldp chinh ctia chuong trinh con Poisson va
dwoc tinh theo cong thirc [7]
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I, =T

véi r=b—Ag la véc-to thing dw. Tt @6 thi Hinh 5 ta thdy rang thuat toan BiCGstab(l) can it

(4)

vong lap chinh hon d€ thu dugc nghiém c6 cung mot chuan Euclide cta véc-to thang dw khi so

sanh vdi chrong trinh con Poisson st dung thuat toan BiCGstab.

5] = : 36T T T T T T ]
. BiCGstab = : ---m-- - BiCGstab(l)
. hu H ~
0 = Rl -0 BiCGstab(4) g 4 BiCGstab | |
-*5 = (]_ﬂ Oeeg Oa 5 3.2 7
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S6 vong lap chinh (don vi vong) Gia tri cdia ! diing trong thuat toan BiCGstab(/)

Hinh 6. Thoi gian trung binh trén mot Ian giai
phuong trinh Poisson theo thuat toan BiCGstab va
BiCGstab(l)

véil =1, 10

Hinh 5. So sanh chuén Euclide ctia véc-to thing
dw trong truong hop chwong trinh con Poisson
dung thudt toan BiCGstab va BiCGstab(!)

D€ 50 sénh dd chinh xac clia cac gid tri dién thé tai cdc diém trén cling duong thang
y =z = 10 nm tim duoc bang hai chuong trinh con Poisson dung thuat toan BiCGstab va
BiCGstab(l) chting t6i vé d6 thi biéu dién dd 16n ctia cac thanh phan cta véc-to thang du cta tat
ca cac diém doc truc Ox & Hinh 5. D6 thi biéu dién d6 16n cta cac thanh phan ctia véc-to thang
du trong treong hop chuwong trinh con Poisson dung thuat toan BiCGstab(l) gan gia tri 0 va
dong déu cho cac diém khac nhau doc truc Ox. Trong khi dé chuong trinh con Poisson dung
thuat toan BiCGstab cho két qua xa gia tri 0 va kém dong déu hon. Két qua nay mot lan nira
khéng dinh rdng chuong trinh con Poisson stt dung thuat toan BiCGstab(l) cho ta két qua mo
phong chinh xac hon khi dung giai thuat BiCGstab.

Mot trong nhitng diéu can quan tdm khi st dung cac giai thuat nay do 1a hiéu nang va
thoi gian tinh toan, thé hién qua sd phép tinh todn nhan ma tran (MVS), s0 [an tinh tich ndi cta
hai véc-to (DOTS) va s6 lan cap nhat véc-to (AXPYS). Chung t6i da thuwce hién mé phong trén
mdy tinh ca nhan Lenovo Y430 c6 cau hinh Intel(R) Core(TM)2 Duo CPU T5800 @ 2.00GHz
2.00GHz, DDR II 1.96 GB. Tit Bang 2 ta thay réng khi tang gia tri ctia [ tit 1 dén 10 trong thuat
toan BiCGstab(l) thi MVS, DOTS va AXPYS déu tang, trong khi s& vong 1dp chinh can thuc hién
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lai gidam nhanh chéng. Nguyén nhéan la ¢ng véi gia tri ctia I cang 16n thi chi phi tinh toan cho
mdt vong 13p chinh cang nhiéu. Phép tinh MVS ting theo quy luat tng véi cac s6 tw nhién chén
lién tiép. Moi Tan I ting mot don vi thi s8 phép tinh MVS tidng thém hai don vi. S§ phép tinh
DOTS tang theo quy luat 0.5(2+7/+1*). Riéng s§ cac phép tinh AXPYS ting nhanh hon han

khi tang gia tri cta I. Truong hgp chuwong trinh giai Poisson ¢é stt dung thuét toan BiCGstab s6
phép tinh MVS, DOTS va AXYPS it hon hin khi so véi chuong trinh st dung thuat toan
BiCGstab(l) v6i | = 1,10. Trong khi sd vong lap chinh can thuc hién dé€ tim nghiém chinh xac
cho phuong trinh Poisson cta thuét toan BiCGstab(l) giam rat nhanh khi ting dan gia tri cua
bién I, ddng thoi thoi gian tinh toan cho mét [an giai phuong trinh Poisson lai giam dang ké tie
3.6 s (I=1) dén con 2.6 s (I = 5), sau d6 thoi gian sé tang 1én trd lai khi tiép tuc tdng gia tri caa I.
biéu nay cho thay néu stt dung thuét todn BiCGstab(l) thi nén chon I = 5. Tuy nhién, thuat toan
BiCGstab(]) giai phwong trinh Poisson sé cham hon 0.43 s khi so sanh v6i thoi gian trung binh
giai phuong trinh Poisson cta thuat toan BiCGstab nhu duoc chi ra trén Hinh 6. D€ phat huy
uvu diém cta ca hai thudt toan nay cach t6t nhat la tich hop ca hai phwong phép trong cling mot

101 giai ctia phuong trinh Poisson, d6 la mét hudng mé cho bai toan trong tuong lai.

Bang 2. S phép tinh toan nhan ma tran (MVS), tich ndi (DOTS) va cap nhat véc-to (AXPYS) cta cac loi
giai phuong trinh Poisson theo thuat toan BiCGstab, BiCGstab(l) véi [ = 1,10

S6 vong 14p chinh MVS DOTS AXPYS

BiCGstab 111 3 5 8

BiCGstab(1) 113 2 5 8

BiCGstab(2) 45 4 10 15
BiCGstab(3) 28 6 16 24
BiCGstab(4) 21 8 23 38
BiCGstab(5) 9 10 31 54
BiCGstab(6) 8 12 40 73
BiCGstab(7) 6 14 50 95
BiCGstab(8) 6 16 61 120
BiCGstab(9) 5 18 73 148
BiCGstab(10) 5 20 86 179

158



Jos.hueuni.edu.vn Tap 126, S6 14,2017

Chung t6i da thuc hién chwong trinh md phéng ba chiéu di-6t p-i-n ban dan GaAs véi

chuong trinh con Poisson st dung thuat toan BiCGstab(l) véi cac gia tri I = 1, 10. So sanh két
qua do 16n cta tat ca cac phan t ctia véc-to thang du trong cac truong hop khac nhau cua gia
tri [ va dua vao Hinh 7, chting t6i rtit ra nhan xét rang véi gid tri ctia [ = 5 chuong trinh sé cho ra

két qua dién thé vdi sai s6 nho nhat, hoi tu nhanh va 6n dinh nhat.

—— BiCGstab(5)

o BiCGstab

s

60 80

D6 16n clia phin ti véc-to thing du' r (10-9 V)

1_;/ Mf\:l:f “le

Céc diém niit doc theo truc Ox, N =N =10

Hinh 7. D06 thi biéu dién d9 16n ctia cac thanh phén ctia véc-to thing du ctia chuong trinh con Poisson
trong hai treong hop dung thuét toan BiCGstab(l) va thuat toan BiCGstab

4  Kétluan

Chung t6i da xay dung thanh cong mot chwong trinh con Poisson dwta trén thuat toan
BiCGstab(l) va gan vao chuong trinh mo6 phong ba chiéu di-6t p-i-n ban dan GaAs. Két qua mo
phong da chi ra rang két qua thu dwoc la phtt hop véi cac cong trinh da cong bd truede day.
Chuong trinh con Poisson dua trén thuéat todn BiCGstab(l) vdi [ = 5 sé cho két qua dién thé
chinh xac hon véi d6 16n cta cac phan ti cua véc-to thang dw nho mot cach dong déu va on
dinh hon. Tuy nhién thoi gian x li cac tinh toan cta may tinh lai 1én hon cac chuong trinh c6
st thuat toan BiCGstab da tttng dugc st dung.
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INVESTIGATING THE SOLUTION OF THE THREE-
DIMENSIONAL POISSON'S EQUATION BY USING
BiCGstab(l) ALGORITHM

Lé Thi Ngoc Bao'?, Duwong Pinh Phudc?, Lé Quy Thong?, Lé Ngoc Minh?, Tran Thién Lan*

'HU - University of Education, 34 Le Loi, Hue, Vietham
?HU - University of Sciences, 77 Nguyen Hue, Hue, Vietnam

Abstract. This paper presents the use of the BiCGstab(l) algorithm to find the solutions for the three-
dimensional Poisson’s equation. This subroutine was incorporated into the self-consistent ensemble
Monte-Carlo device simulation program to test its efficiency. Moreover, in order to compare the
convergent rate and stability of the BiCGstab(l) algorithm to the corresponding characteristics of the
BiCGstab algorithm, we investigated the dependence of the logarithm of the Euclidean norm of the
residual vector on the number of the main loops of Poisson subroutine. The results showed that the
program for solving Poisson’s equation based on the BiCGstab(l) algorithm gives more accurate
simulation results as using the BiCGstab algorithm.
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