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LOI CAM ON
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- ThS.Khuu Minh Canh, cong tac tai Trung tim Ung dung Hé thong Thong tin
Dia Iy — S¢ Khoa hoc va Cong nghé TP.HCM, nguoi da hudng dan truc tiép toi
trong qua trinh lam d¢ tai nay.

- Thay Pho gi4o su, tién si Nguyén Kim Loi, chit nhiém B6 mon Théng tin dia 1y
ung dung - Truong Dai hoc Nong 1am Tp HCM.
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ngay hom nay. Gia dinh va ban bé luén dong vién giup dd, tao diéu kién thuan
loi cho tdi trong qua trinh hoc tap ciing nhu trong thoi gian thuc hién dé tai,
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TOM TAT

Pé tai nghién ctru “Nghién ciru vé xtr 1y song song trong GIS va xay dung ung
dung song song hoa thuit toan dinh dong chay trén bé mat” dugc thyc hién va hoan
thanh tai Phong k¥ thuat — Trung tam @ng dung Hé Théng Thong Tin Pia Ly — S&
Khoa hoc va Céng nghé Thanh phé H6 Chi Minh. Thoi gian thuc hién tir 2/3/2014 dén
31/5/2014. Gom céc ndi dung nhu sau:

- Tim hiéu vé cac md hinh, cong nghé, ho may tinh song song.

- Tim hiéu vé céc thuat toan song song, cau tric cic thuit toan song song.

- Tim hiéu vé thuat toan Floyd — Warshall va thuat toan tim tich liiy dong chay.

- Tim hiéu vé cac cong cu tim dong trong ArcGis.

- Tim hiéu vé thuat toan xac dinh hudng dong chay theo D8 va cai dat trén ngon
ngtt C sharp.

- Tim hiéu vé cac dang mé hinh di liéu cua DEM.

- Tim hiéu vé goi phét trién ArcEngine ciia ArcGis trén Visual studio. Trén nén
d6 xay dung cac cong cu hd tro hién thi, cap nhat, phan tich dit liéu va chuyén

dang dir li¢u.
Cac két qua thu duoc:

- XAy dung duoc cong cu xac dinh hudng dong chay (theo D8) va tinh tich liy
ctia dong chdy trén bé mit.

- Ung dung khai thac tbc d6 t6i da cua may tinh va cho ra két qua nhanh nhat c6
thé nham tiét kiém thoi gian cho nguoi st dung.

- Xay dung cac cong cu chuyén dit liéu dang file text sang dang raster va hién thi

dir ligu raster 1én form ng dung.
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GIS: Geographic Information System (Hé théng thong tin dia 1y).

ESRI: Economic and Social Research Institute (Vién nghién ciru hé thong moi
truong).

TP.HCM: Thanh phé HO Chi Minh.

DEM: Digital Elevation Models (M6 hinh d¢ cao sb).

CPU: Central Processing Uint (Bo xir 1y trung tam).

Thuat toan D8 (Thuat toan xac dinh huéng dong chay don).
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PHAN 1. MO DPAU

1.1. Tinh cap thiét caa dé tai

Mo hinh d6 cao s6 (viét tat 1a DEM) 1a mot ngudn thong tin quan trong trong
cac ung dung GIS. N6 duoc sir dung rong rii cho mé hinh thuy vian bé mit bao gom
phan dinh ty dong cua khu vuc luu vuc, mo hinh x6i mon hoac khai thac hé théng
thoat nudc ty dong. Tt ca nhimg tinh toan nay c6 lién quan dén viéc xac dinh huéng
dong chay, sau do tinh todn dong chay tich lity. Hon nita tinh toén tich liiy dong chay
1a dac biét quan trong dé diéu khién luong nudc, lugng carbon, chat dinh dudng va

trAm tich dong chay trén bé mat dia hinh trong luu vuc.

0 20 17 1615 1415 16 17
0 20-17 16 16 15 14 15 16
0 20 18 18 18 17 19 13 15 14 15
0 O 18 16 19 18 20 20 20 20 20
0 0 18 15 16 14 16 17 14
0 0 13 16 18 10 18 18 8
0 0 18 18 18 17 18 18 16
0 0 17 17 17 17 17
0 0 9 8 9 10 11
0 0 9 8 5 10 11
0 0 9 8 9 10 11
Hinh 1.1: DEM la mét raster Hinh 1.2: Cip d6 xam cua DEM

Nghién ctru khoa hoc dia 1y ngay cang phat trién voi cac bo dit liéu ngay cang
I6n tir vé tinh hodc may bay LIDAR cho két qua tét hon. DEM c6 li thé dé cho ta két
qué chinh xac hon khi phan chia ranh giéi cac khu vuc cu thé hoic dung dé mé phong.
Mt khac cic phép toan tuan tu co thé theo khong kip, hon thé cac nha 1ap trinh can
tinh toan thoi gian tuong thich véi vong lap phan tich cu thé timg budc tinh toan, giai
phap duogc dit ra 1a can sir dung thuat toan song song dé téi wu kha ning tinh toan va

dua ra nhitng két qua chinh xac nhat.
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Véi nhitng 1y do néu trén, t6i di dé xuit phuong phap tinh toan song song su
tich lity dong chay cho hé thdng thoat nude duoc xdy dung tir mot DEM 16n cho dé tai
ciia minh. Pé tai: “Nghién ctru vé xtr 1y song song trong GIS va xay dung ¢ng dung

song song hoa thuat toan dinh dong chay trén bé mat”.
1.2.  Muc tiéu nghién ctru ciia dé tai

Thiét ké va xay dung mot ang dung sir dung thuat toan dé tim dong chay trén
Iwu vuc, ung dung nay duoc lap trinh xir 1y song song bang ngdn ngit C# trong moi

truong Visual Studio. Muc tiéu cu thé cua dé tai nhu sau nhu sau:

- Tim hiéu vé xir Iy song song, cac thuat ngir trong tinh toan song song.
- Lap trinh xir 1y song song bang ngon ngit C# trong moi truong Visual Studio.
- Tim hiéu vé céc thuat toan phan tich dong chay.
- Cai dat mot thuat toan tinh toan song song vé phén tich dong chay trong dia
hinh.
1.3.  Poi twong va pham vi nghién ciru

1.3.1. Poi twong nghién ciru

Péi tuong nghién ctru 1a dia hinh, d6 dbc, dong chay (mua, 1, vo dé dap tao

thanh), code x1r Iy song song, thuat toan.

1.3.2. Pham vi nghién cau
- Toan hoc bao gom toan rdi rac, 1y thuyét do thi va toan hinh hoc. Cu thé 1a:
O Céc 1y thuyét khai niém d6 thi va mot s6 khai niém co ban cua dai s6 vé huéng
dong chay.
O Co s6 thong ké phan loai dir liéu.
O Théng ké phan tich dit liéu twong quan.
O Kbhao sat cac thuat toan dong chay don va da (DS, D16,...)
- Lap trinh bao gébm: Coding trén C shapre, xu 1y song song D8, sir dung thu vién
tinh toan .NET Framwork 4.0.
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2.1.
2.1.1.

PHAN 2. TONG QUAN VE THUAT TOAN VA
TINH TOAN SONG SONG

Pai cwong Vé tinh toin song song
M@t s6 khai niém va thuat ngir
Tinh toan song song hay xir ly song song (Parallel Computing/Parallel
Processing): 1a qua trinh xt 1y thong tin trong d6 nhan man viéc nhiéu don vi
dir liéu dugc xur Iy déng thoi bai mot hay nhiéu bo xa 1y dé giai quyét mot bai
toan.
Siéu may tinh: 13 nhitng mdy tinh da ning thong thuong nhung cé téc do tinh
toan vo cung 16n. Tat ca cac siéu mdy tinh hién nay déu la nhitng mdy tinh song
song. Chung chia 1am hai loai. Loai thtr nhat — mdy tinh song song dya trén bo
Vi xtr Iy — dugc thiét két voi rat nhiéu bo vi xir 1y ¢6 tée do xtr 1y vira phai. Loai
thir hai — siéu may tinh truyén théng (supercomputer) — it bo vi xir Iy hon nhung
téc d6 ctia mdi bo xur 1y d6 lai cuc cao.
Song song vé dir liéu (data parallelism): 13 co ché sir dung nhiéu don vi xir 1y
thuc hién ciing mot thao tac trén nhiéu don vi dit liéu.
Song song diéu khién (control parallelism): 1a co ché trong d6 nhiéu thao tac
khac nhau tac dong 1én nhiéu don vi dit liéu khac nhau mot cach dong thoi.
DAy chuyén (Pipelining): 13 co chét chia cong viéc thanh nhiéu chang néi tiép
nhau, mdi ching duoc thuc hién bai mot bo phan khac nhau. Pau ra cua bo
phan nay 1a dau vao cua bd phan tiép theo.
Ting toc (speedup): Tang toc cua thuat toan song song 1a ty s giita thoi gian
thuc hién trong tinh hudng xau nhat cua thuat toan tuan tu tét nhat va thoi gian
thyc thién cung cong viéc do cua thuat toan song song.
Thoi gian thyc hién trong tinh hudng xau nhit cua

thult todn tudn tw nhanh nhat

Thoi gian thyc hién trong tinh hudng xau nhit cia
thuat todn song song dang xét

Tang toc =
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Lién quan dén ting toc, nang 1967 Amdahl néu ra dinh 1y sau day:

Dinh Iy Amdahl. Goi f 14 ty |é thao tac tuan tir trén tong sb thao tac phai lam, trong d6
0 < f < 1. Tang tc téi da S cua mot may tinh song song véi p bo vi xir Iy luén nho
hon.
1
S <
f+@-H)/p

- Hiéu qua (Efficiency) cua thuat toan song song dugc tinh bang Tang toc / SO
bo xtr Iy tham gia tinh toan

- Gia (cost) cua mot qua trinh tinh toan trén PRAM
Gia = thoi gian tinh X S6 lwong bo xur 1y tham gia tinh,

Trong d6 thoi gian tinh chinh 13 s6 phép toan co ban (véi gia thiét rang viéc thuc hién

mét phép toan co ban tiéu tbn mot don vi thoi gian).
2.1.2. Cac murc do song song (Level of parallelism)

Viéc thuc hién song song hoéa c6 thé chia ra thanh nhiéu mic do khac nhau.
Chang han, néu c6 10 cong viéc (jobs) khac nhau vé noi dung va doi mot 1a doc lap,
thi ta c6 thé giao viéc thuc hién 10 viéc cho 10 may khac nhau thuc hién. Pay 1a muc
d6 song song cao nhit vi cac cong viéc c6 thé thuc hién doc lap. Thong thudng nguoi
ta goi mtrc do song song nay murc chuwong trinh song song (program level). Trong qua
trinh thuc hién mdi mot cong viée, dé tang hiéu qua thuc hién chuong trinh, ta lai tiép
tuc song song héa. Chia viéc thuc hién mdi chuong trinh ra thanh cic cong doan
(tasks). Cac cong doan nay lai c6 thé thuc hién mot cach song song va t6 hop cac két
qua ciia ching cho ta két qua can tim. Mdi céng doan nhu vay duoc thuc hién boi mot
chuong trinh con va cac chuong trinh con nay dugc thuc hién song song. Ta goi muc
do song song nay 1a mizc song song chwong trinh con (subprogram level). Trong moi
chuong trinh ciing nhu chuong trinh con lai ¢6 hang loat cac ciu 1énh (statement) can
thuc hién. Chung ta lai nghi dén thuc hién song song céc thao tic ndy, va d6 1a mie dé
song song theo thao tac. Thong thuong mdi thao tac lai bao gom hang loat cac thao tac
nhé hon (micro-operation). Chang han, xét thao tac cong noi dung hai bién A va B va

cat n6 vao C (C = A+B). Thao tac nay c6 thé thuc hién nhu sau:
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1. Load A to accumulator
2. Add B to accumulator
3. Store the content of the accumulator to variable C

Néu céac thao tac nho c6 thé thuc hién song song, thi d6 1a mize dg song song
thao tdc nhé (micro-operation lever parallelism). C6 thé hinh dung cac muc do song

song trén hinh 2.1.2. sau day...

Sequential
Processing
Program Level
Parallelism
Subprogram
Level Parallelism
Statement
Level
Parallelism
Operational
Level
Parallelism
Micro
Operational

Level Parallelism
Hinh 2.1.2. Cac mirc d song song

Mtic d6 song song chuong trinh va chuong trinh con 13 d& hiéu va khong can
giai thich thém. bé giai thich marc do song song cau Iénh, ta xét vi du sau.
Vi du: X¢ét thuan toan:

Fori:=1tondo

X[i]:= x[1]+1;

Thoi gian caa thuc hién tuan tu: O(n)

Ta c6 thé thuc hién cong viéc ndy mot cach song song. Giao cong viéc nay cho
nbo xtt 1y Py, Py, ... P BO xtr 1y P; thuc hién x[i]:= x[i]+1. Do cach bd xtt Iy thuc hi¢n
d6ng thoi nén thoi gian cua thuc hién song song: O(1). Thuat toan nay c6 thé mé ta
nhu sau

For i:=1to ndo in parallel

x[i]:= x[i]+1

end Parallel
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Mirc d6 song song nay la marc d song song cau Iénh.
Xét mot vi du khéac:
S=0;
fori=1tondo
s=s+Xx]i];
(Thuat toan nay thuc hién viéc tinh téng s = x[1]+ x[2]+ ... + x[n]).

Dé thay 1a thuat toan nay khong thé song song hoa tuwong tu nhu trong vi du
trudc. Ta co nhicu cach song song hoa thudt toan nay dé thu dugc thuat todn co thoi
gian O(log n).

Mtic do song song thao tac cling dugc thuc hién twong tu. Chang han, xét cau
Iénh:

Y = A(i) + B(j) + C(k)

Trong cau lénh nay ta phai tinh A(i), B(j), C(k) va sau d6 cong cac két qua dé
cat giit vao Y. Viéce tinh A(i), B(j), C(k) c6 thé thuc hién song song trén ba bo xir 1y,
va qua trinh nay dugc goi la mirc do song song thao tac.

2.1.3. Phan loai cac kién tric song song

Mot trong nhitng phan loai hay dugc nhic téi 1a cua Flynn — 1972. Michael
Flynn phan cic kién trac may tinh thanh bén loai dya trén twong tic véi lénh

(instruction) va dir liéu (data):
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LOAI
CAC
KIEN

SISD

MultiProcessor
MultiComputer

a MIMD Multi - MultiProcessor
PHAN — Data flow machine
SIMD Array Processor
— Pipelined vector Processor
MISD ——— Systolic Array
SONG __ MIMD-SIMD machine
HYBRID —— MIMD-MISD machine
SONG (Kién truc lai)
Cong dung — Atrtificial neural network
dicbiet —— —— Fuzzy logic processor

Hinh 2.1.3. Phan loai kién trtc song song

SISD (Single Instruction stream, Single Data stream). Pay chinh 1a kién trtic
tuan ty Von Neuman, trong dé tai mdi thoi diém chi mot [énh duoc thuc hién.
MIMD (Multiple Instruction stream, Multiple Data stream). Cho phép nhiéu
lénh khac nhau cé thé dong thoi xir Iy nhiéu dit liéu khac nhau trong cling mot
thoi diém.

SIMD (Single Instruction stream, Multiple Data stream) — con goi 1a kién trac
xir Iy mang. Cho phép mét lénh dugc thyc hién dong thoi trén cac dir lidu khac
nhau. Dai dién cho mo6 hinh nay la may Connection Machine CM-200 cua IBM.
MISD (Multiple Instruction stream, Single Data stream). Kién triic nay cho
phép mot vai 1énh cung thao tac trén mot dir li¢u.

HYBRID 1a kién trac lai, c6 nhitng dic diém cua ca ba loai trén. Loai cong
dung dic biét: c6 st dung nhitng tién bd vé mang noron va ly thuyét mo trong
thiét ké.
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2.1.4. Mé hinh SIMD (PRAM)

M6 hinh kién trac nay con dugc goi 1a PRAM (Parallel Random Access

Machine — M4y tinh song song truy cap bo nhé ngau nhién). Trong mé hinh nay, N bo

Xt Iy cung chia sé¢ bo nhé chung. M6 hinh PRAM chia thanh 3 16p nho:

EREW (Exclusive Read, Exclusive Write): doc quyén doc, doc quyén ghi.
Khong cho phép 2 bo xir Iy doc hozc ghi dong thoi vao ciing mot 6 nhd.
CREW (Concurrent Read Exclusive Write): doc dong thoi, ghi doc quyén. Cac
b6 xtr Iy c6 thé doc dong thoi, nhung khong duge phép ghi dong thdi vao mot 6
nho.

ERCW (Exclusive Read Concurent Write): doc doc quyén, ghi dong thoi. Céc
bo Xt 1y ¢ thé ghi dong thoi, nhung khéng duoc phép doc dong thoi tir mot 6
nho.

CRCW (Concurent Read Concurent Write): doc/ghi ddng thoi. Cac bo xtr 1y ¢6

thé déng thoi doc ghi vao mét 6 nhé.

Viéc cho phép nhiéu bo xtr Iy dong thoi doc mot 6 nhd khong khé. Nhung thiét

ké cau triic ghi dong thoi thi phirc tap hon. Khi ¢6 nhiéu bo xtr 1y dong thoi thuc hién

viéc ghi vao ciing mot vi tri, thi can giai quyét xung do nay nhu thé nao. C6 3 cach giai

quyét co ban:

ECR (Equality Conflict Resolution): Chi thyc hién ghi néu tat ca cac b xu ly
déu cung ghi mot gia tri nhu nhau;
PCR (Priority Conflict Resolution): Trong cach giai quyét nay, mdi bo xir 1y co
mot chi s6 uwu tién, va gia tri ma bo xir 1y ¢6 sb thir tw wu tién cao nhét s& duoc
ghi.

- ACR (Arbitrary Conflict Resolution): Trong cach giai quyét nay,
khi c6 nhiéu b xu Iy cung ghi vao mot vi tri, mdt cach ngéu nhién s€ c6 mot

trong sé ching thuc hién duoc viéc ghi.

Stc manh caa may tinh 1a ting dan theo thir tu trén. C6 nghia 13 EREW yéu

nhat, rdi dén CREW... That vay, xét bai toan tim kiém sau. “Mgt tép cé n khoan muc

duoe leu triv khong cé thir . Can tim mét muc x trong tép (dé thuec hién xéa, sira...)”
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Vé6i may tinh tuan tu, viéc nay tén thoi gian c& O(n).
Trén may tinh EREW véi k bo xtr 1y, viéc nay duoc thuc hién theo cac budc sau:

1. Quang ba gia tri x cho cac bo xu 1y.

2. Tép duoc chia 1am k phan va phan cho mdi bo xir 1y tim kiém trén mot phan.

Goi cac bo xu ly 1a Py, Py, P,, ..., P,_;. Trong thao tac quang ba gia tri x cho céc

bo xtr 1y thuc hién nhu sau:

e P, doc x va bao cho P;
e P, vaP; bao cho P, va Py

e Py, P,,P,, P; bao cho P,, Pg, P, P,
R rang 1a thao tac nay ton log k don vi thoi gian.

Trén k phan, mdi phan c6 n/k muc, cac bd Xt 1y tién hanh viéc tim kiém nhu
trén cac may tinh tuan ty. Do d6, thoi gian thuc hién s& 1a 0(n/k)

Tong cong do phuc tap tinh toan 1a: 0(n/k) + O(log k)

Trong khi do, ciing bai toan trén néu sir dung may tinh CREW rd rang ta khong
phai thuc hién budc quang ba x cho cac bd xur 1y vi chiing ¢6 thé cung mét lac doc X tir
6 nhé. Do d6 do phuc tap tinh toan giam xudng chi con: 0(n/k). Mit khac, néu x xuat
hién nhiéu 1an trong tép, s& c6 nhiéu bo xir Iy mudn ghi vao ving chira két qua. Piéu

nay chi thyc hién duoc trén mé hinh CRCW.

Mit du yéu nhat, nhung cong nghé ché tao pho bién hién nay lai 1a cic may
EREW, con cac may CRCW, CREW thi dit va kho ché tao. Do d6 ta phai nghi t6i

viéc dung EREW dé mé phong céc kién tric con lai nhu trinh bay dudi day.
2.1.5. Dung cong nghé¢ EREW mé phéng cac kién tric CRCW, CREW

Mo phéng viéc cho phép Poc dong thoi: Tinh niang Poc dong thoi duoc mo
phong trén EREW bang cach sir dung thao tac quang ba gia tri cAn doc cho cac bd Xt

ly. O trén chung ta di thay rang thao tac nay doi hoi thoi gian thuc hién 1a 0(log n).
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Mo phong viée cho phép Ghi dong thoi: Gia st chung ta quy dinh tring, cac bo
xtr Iy chi duwoc phép ghi néu céc gia tri can ghi tring nhau. Nhu vay thao tac ghi dong

thoi dugc tién hanh trén may mo phong nhu sau:

1. Kiém tra xem n gia tri can ghi c6 trung nhau khong.

2. Néu trung nhau thi tién hanh thao tic ghi. Néu khong thi dung.

Thao tac thir 2 chi tén thoi gian ¢& hiang s6. Thao tac kiém tra thi nhit co thé

dién ra nhu sau, véi a; gia tri thi i.
e for i « 1to (n/2)doin parallel
if a; = ajyn/s thenb; = true

else b; = false;

e for i « 1to (n/4) doin parallel
if (al- = al-+n/4) and (b; := true)
and (b;1n/4 = true)

then b; := true else b; := false;

Ta thay sau log n budc, qué trinh kiém tra két thic. Nhu vay budc kiém tra doi
hoi thoi gian ¢d log n va d6 cling 1a gia phai tra cho viéc mo phong.
2.1.6. Ho may MIND
Trong cac muc trén chung ta dd xem xét ho may SIMD, hay con dugc goi la
PRAM. Sau ddy chung ta xem xét mot kién trac song song khac — 16p may MIMD.
Lép nay phan thanh 3 loai:
- Hg da xur 1y vdi bo nhé phan tan
- Hé da xur Iy dung chung bo nhé

- H¢ da xur ly véi b nhé dung chung phén tan
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2.1.6.1. Hé da xir ly véi b nhé phan tan (Multi processor system with Distributed
Memory)

Pay chinh hé song song gom nhiéu may tinh két néi thanh mang
(multicomputer system). Hinh 2.1.6.1 m6 ta Kién truc cua hé thong. Mot vai dic diém

cua hé thong:

- Céac bd xtr 1y chi duwoc quyén truy cap ving nhd cyc bo ciia minh.

- Lién két giita cac bd xir Iy duoc thyc hién theo mé hinh Chuyén théng bdo
(message passing)

- Hé thdng c6 quy md 16m, c6 thé 1én dén hang chuc ngan bo xir Iy. Khi d6 bo xu
1y qua 16n c6 thé 1am cho duong truyén mang tro nén qua tai.

- K§ thuat lap trinh kha phuc tap, twong Gng voi cac moéi truwong lap trinh
Message Passing nhu PVM, MPI.

- Con dugc goi dudi mot tén khac 1la hé NORMA (no remote memory access
model: mé hinh khong cho phép truy cip ving nhé & xa). Ta thay mdi bo xur 1y
c6 mot ving nhé cuc bé riéng cua minh (local memory) va chi dugc quyén truy
cap vao d6, no 1a viing nhé & xa (remote memory) d6i Voi cac bo xir 1y khac va

cling khong dugc quyén truy cap vao day.

Processor N Processor
(BO xir 1y) (BO xit 1§7)
I ! T receive(
I
Local memory |1 Loc?I memory :
(B6 nhé cuc ! (B6 nhé cuc |
bo : bo) |
) I send() |
- : !
Y - _________C J

Interconnection network
(Mang lién ket)

Hinh 2.1.6.1: H¢ da xt Iy v6i bd nhé phan tan
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2.1.6.2. H¢ da xir ly dung chung bo nhé (Multi processor system with Shared
Memory)

Pay 14 cac may tinh 16n véi nhiéu b xir Iy (multi processor) hoat dong theo co
ché Pa xir 1y doi xing SMP (symmetric multi processing). Kién trtc cua hé thong duoc

mo ta trong hinh 2.2.6.2 Mét s6 dic diém cua hé thong:

- Céac bd xtr Iy ¢o thé truy nhap toan bd ving nhd ding chung.

- Lién lac gitta cac bg xur 1y dugc thyuc hién thong qua vung nhé dung chung. Gia
st bo xir Iy P, mudn giri dix liéu cho P,, dir liéu d6 s& duge ghi vao ving nhé
dung chung rdi bao dia chi cho P,. P, s& doc tai dja chi d6 dé Iy dit liéu Vé.

- Quy md cua hé théng twong ddi nho, chi ¢& vai tram bo xur 1y.

- Ky thuat Iap trinh dé dang hon so v&i mo hinh trén.

- Con duoc goi dudi mot tén khac 1la hé UMA (uniform memory access model:
quan ly va danh dai chi toan by viung nhé dung chung theo mét dang dia chi
thdng nhat).

Processor . Processor
(B6 xtr ly) (Bo xtr ly)

Interconnection network
(Mang lién két)

' IR R

|
I
:
I
I
I
: I
v

Interconnection network
(Mang lién két)

Hinh 2.1.6.2: H¢ da xur ly dung chung bo nhé

Ta sé& thdy hé NUMA dudi day tuy ciing quan Iy duoc toan bo ving nhé dung

chung nhung khéng ding mot ma dung nhiéu dang dia chi.
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2.1.6.3. H¢ da xir ly véi b nhé dung chung phan tan (Multi processor system with

distributed shared memory)

Processor L Processor
(B xtr ly) (Bo xtr ly)

— i —

Local memory
(BO nho cuc bo)

Local memory
(Bo nho cuc bg)

- 1 .
Interconnection network
f (Mang lién két)

Hinh 2.1.6.3: H¢ da xu ly v6i bo nhé dung chung phan tich

- Vé mat vat 1y, mdi bo xir Iy déu c6 mot ving nhé cuc bd ciia minh.

- Sy truy cap téi cac vang nhd khac nhau dugc thuc hién nhd co ché truy nhap
mang. Nho vay, tat ca cac ving nhd cuc bo déu duoc gom lai va danh dia chi

nhu mot ving nhé logic duy nhat. Cac bo xt 1y déu c6 thé truy nhap moi dia
chi trong vung nhéd chung do.

- Con duoc goi dudi mot tén khac la h¢ NUMA (non uniform memory access
model: quan Iy va danh dia chi ving nhé chung theo nhiéu dang dia chi). Ta co thé
thidy mdi bo xur 1y, ngoai viing nhé cuc bé (local memory) cia minh, con c6 thé
truy nhap vao cac vung nhé ¢ xa (remote memory: l1a viing nhé cuc bd cua cac b
xur Iy khac). Hai viing nhé nay dugc quan 1y theo hai ché d6 dia chi khac nhau.

2.1.7. Ngon ngir mo ta thuat toan song song

Truéc hét, toan tir gan c6 dang: Variable = expression.

O day expression sé& dugc tinh va két qua s& dugc cat giit vao variable. Cau 1énh

if c6 dang:
if cond then
S1
S2
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Else
S1

S2

Endif
Trong cti phap nay cond la diéu kién logic. Néu diéu kién 1a dung thi sy, Sy, ...
duoc thuc hién, trai lai s’q, 8’5, ... duoc thuc hién.
Vong lap For ¢6 dang sau day:
For variable =sto e step h
S1

S2

end for
Cac 18nh sy, S, ... dugc thuc hién véi cac gia tri cua variable lan lugt 1a s, s + h,
s+ 2h, ... cho dén khis + k.h>e.
Chung ta str dung ca vong lap while dudi dang sau:
While cond do
S1

Sy

end while
Céac 1énh sy, S,,... duoc lap lai ching nao diéu kién cond con 14 true.
Viéc thuc hién song song dugc mo ta nho Iénh For-in-Parallel. Cau Iénh nay co
thé viét theo hai c4u tric khac nhau.
CAu trac 1.
For variable = 1 to n do in parallel
S1

S2

End parallel
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Ddng thai, mdi mot trong n bo xir Iy déu thue hién cing mot diy cac 1énh sy,
Sy,...
Bién chay trong vong For thé hién chi s6 caa cac bo xir 1y.
CAu truc 2.
For x € Sdo in parallel
S1

S2

End parallel
Trong ciu trac nay diy 1énh s, S,,... duoc tat ca cac bo xir Iy véi chi s6 trong S

thuc hién dong thoi.
Gia str x, v, z 1a cac bién trong bo nhd toan cuc va ta viét:
X=y+z
Trong thuat toan song song, Cong viéc nay s& duoc bo xur 1y tién hanh nhu sau:

1. Poc noi dung bién y va goi né 1a v, (v4 1a bién trong bd nhé dia phuong ciia bo
xir 1y);

2. Poc noi dung cua bién z va goi né 1a v, (v, 1a bién trong bd nhé dia phuong cua
bo xtr 1y);

3. V3=V, + V, (V31a bién trong bo nhé dia phuong cua bo xir 1y):

4. Ghi gia tri ciia V3 vao bién toan cuc X.

2.2.  Cac mo hinh tinh toan song song va minh hoa

MJi giai thuat song song bao gio ciing duoc thiét két vai gia thiét st dung mot
kién trac nhat dinh ciia may tinh song song. Ta goi diéu d6 1a mo hinh tinh to4n song

song. Co rat nhiéu mo hinh khac nhau va mot sé mé hinh co ban la:
2.2.1. Mo hinh cay nhi phian (Bimary Tree Model)

Qua trinh x1r Iy vin dé dat ra dugc biéu dién dudi dang mot ciy nhi phan, trong
d6 mdi nut trung gian (nut khong phai 1a 14) c6 hai con. Mdi nut trung gian biéu dién

mot thao tac. Cac thao tac ¢ trén cung mot muc duoc thyc hién song song. M6 hinh
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ciy nhi phan d6i khi con duoc goi 1a mé hinh d6 thi c6 hudng khong c6 chu trinh

(DAG model).

Xét mot vi du minh hoa. Gia str ta can tinh tong cia 8 s6. Ta can vé mot cay nhi
phan véi mic & d6 cao thap nhat gdm 8 14 trong tng véi 8 s6 da cho. Cac nut trung
gian biéu dién viéc cong hai sé twong &ng vai hai con cta né. Hinh 2.2.1 dudi day cho

ta thay qua trinh nay:

Hinh 2.2.1.1: M hinh cdy nhi phan cong 8 s6

Gia str co 4 bd xur 1y ¢6 thé st dung. Ta can 1ap lich phan viéc thuc hién cac
thao tac & cac nut trung gian cho cac bo xur 1y nay. Viéc lap lich dugc thuc hién boi
ham SCH. Ham nay duoc gan cho mdi trung gian cip co th tu (p, t), trong d6 p 1a chi
s6 cua bo xir Iy con t 1a thoi diém ma thao tac ndy duoc thuc hién. Cac nut trung gian

duge danh s6 boi 1, 2, ..., 7. Bang duéi day cho gia tri cia ham SCH.

SCH Y Nghia

SCH(1) = (1, 1) Bo xir 1y 1 thyc hién tai thoi diém 1
SCH(2) = (2, 1) Bo xtr 1y 2 thuc hién tai thoi diém 1
SCH3)=(3, 1) Bo xir 1y 3 thyc hién tai thoi diém 1
SCH(4) = (4, 1) Bo xir 1y 4 thyc hién tai thoi diém 1
SCH(5) = (1, 2) Bo xir 1y 1 thuc hién tai thoi diém 2
SCH(6) = (2, 2) Bo xir 1y 2 thyc hién tai thoi diém 2
SCH(7)=(1, 3) B xir 1y 1 thyc hién tai thoi diém 3
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Theo lich nay ¢ khoang thoi gian t = 0 dén t = 1, cic cong viéc sau day duoc thuc hién

song song
Bo xu 1y 1 cong a, Vai a,.
Bo xtr Iy 2 ¢dng as Véi a,.
B6 xur 1y 3 cong as Vai a,.
Bo xtr 1y 4 ¢ong a, Véi ag.

Cac gia tri cua (a; + a,), (az + ay), (as + ag) va (a; + ag) 1a da biét. Trong khoang

thoi gian tir t = 1 d&én t = 2, cac cong viée sau day duoc thyc hién song song
86 Xﬁ' ly 1 Céng (a1 + az) Vél (ag + a4).
Bo xtr 1y 2 cong (as + ag) va (a; + ag).

Béy glff Céc glé tI‘l cua (a1 + a, + a3 + a4) Vél (as + a6 + a,; + ag) lé dﬁ blét Trong
khoang thoi gian tir t = 2 dén t = 3, viéc cong (a; + a, + az + a,) va (as + ag + a, + ag)

duoc thyc hién boi b xir 1y 1. Cong viée duoc thuc hién gidng nhu theo cach biéu dién:

[(a; + az) + (a3 + ay)] + [(as + ae) + (a; + ag)].

Nhu vay viéc cong 8 s sir dung 4 bo xir 1y c6 thé thuc hién xong sau 3 don vi thoi gian. Mot
ciy nhi phan day da n 14 c6 do cao khong qua logn, vi thé viéc cong n s c6 thé thuc hién
nho st dung [n/2] bo Xt 1y sau thoi gian log n.Gia sir chi c6 mot bo xur Iy dé thuc hién tinh
toan. Trong trudng hop nay thu tyc tinh toan c6 thé biéu didn boi so dd ciy cho trong hinh
2.2.1.2 sau:
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Hinh 2.2.1.2: Cay nhi phan thyc hién tinh toan tuan ty
Gia tri cua ham SCH ghi bén canh mdi nt trung gian. Thoi gian thyuc hién 1a 7.

Néu phai cong n sé thi thoi gian sé lan — 1.

Khi chi c6 3 bo xir 1y dé thuc hién cong viéc, mo hinh cay nhi phan dé thyc hién

cong 8 s6 c6 thé mé ta trong hinh 2.2.1.3, trong d6 thoi gian thuc hién 1a 4.

Hinh 2.2.3: Tinh téng v&i 3 bo xir Iy

[18]



2.2.2. M6 hinh mang

Khi chung ta tién hanh song song hda mot hé thdng, diéu duong nhién 1a can sir

dung nhiéu bo xir 1y. Vi vay, ta ¢ thé gia thiét ring cac bo xu Iy hoat dong doc lap va

truyén tin cho nhau. Dé thuc hién viéc truyén tin, cic bo xtr 1y can dugc ndi véi nhau

su dung cac kénh ndi vat 1y. M6 hinh nhu vay duoc goi 1a mé hinh mang. Trong mo

hinh mang, cac bd xtr Iy duoc ndi véi nhau bai cac kénh vat 1y va thong thuong nguoi

ta gia thiét rang:

1. MOi bo xir 1y co6 bo nhé rieng du 16n, ma ta s& goi do 1a bd nhé dia phuong.
Chuong trinh can dugc thyc hién trén bo xt 1y va dit lidu vao, dir liéu ra déu
duogc gitt trén bd Nho nay.

2. Khong c6 bo nhé dung chung cho tat cac cac bo i 1y.

3. Cac bo xtur ly dugc két ndi truc tiép nho cac kénh vat 1y theo mot két cau topod
duoc goi 1a topd mang (network topology). Topd mang 1a mot dd thi c6 cac
dinh twong Gng Vai cac bd xir 1y va cac canh tuong (ng Vi cac kénh két ndi vat
Iy. Cac kénh két ndi cho phép truyén tin theo moi chiéu hoic hai chiéu.

4. Néu hai bo xtr 1y 1a k& nhau (nghia 1 c6 kénh ndi truc tiép giira chung) thi dit
lidu c6 thé truyén tir bd xir 1y nay sang bo xir 1y khac.

5. Trong mét nhip thoi gian (clock cycle), mdi bo xir Iy déu thuc hién dugc mot
thao tac co ban.

6. Mdi bo xir 1y co thé truyén dit liéu cho bat ctr bo xtr 1y nao ké véi nd trong mot
don vi thoi gian.

Trong mot thuat toan duoc thiét ké cho mé hinh mang, 3 van dé sau day can
duoc chi ro:

1) Céu tric topd ctia mang;

2) Phén bo dau vao (Input Configuration);

3) Phan bd dau ra (Output Configuration);

Topd ciia mang: Rat tiéc 1a khong c6 mot cu trac topd nao thich hop cho moi
loai toan. Vi thé can phai khao sat bai toan va dua ra cau triic topd thich hop.

Céu triic topd co thuong dung 1a: d6 thi vong, ciy, dd thi siéu hop,...
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Phin bd diu vao: Trong thuat toan duoc thiét ké cho mé hinh mang dé giai
quyét mot bai toan, dit liéu can dugce phan b cho mot s6 bo i Iy. Phan bo nay
duoc goi 1 cdu hinh dau vao.

Phin bd diu ra: Phan b dau ra cho mot sé bo xtr 1y duoc goi 13 cau hinh dau
ra.

Mang lién két siéu hop (Hypercube/d-cube connection): Ta c6 thé dinh
nghia d-cube mét cach dé qui. 0-cube 1a mot bo xir 1y. 1- cube 1a mang gém hai
bo xu 1y duoc ndi véi nhau. 2-cube 1a mang gom bdn bo xir i duoc ndi Voi
nhau theo so dd ¢6 dang mot hinh vuong. 2-cube co thé xay dung tr 1-cube.
That vay, tir hai 1-cube: Po-P; va P,-P3, thuc hién ndi Py véi P, va Py Vi Ps. Ta
¢ 3-cube 1a cdp gom hai 2-cube PoP1P,P; va P4PsPgP; duoc bo sung cac kénh

noi gitra cac cap may:

P

o

P
001 !

\

PJ
P, K
oh 110
PS
P
011 111
Po va Py; Pl va Ps; PZ va Pg; P3 va P5.

Hinh 2.2.2.1: Mang 3-cube

Tong quat, d-cube duoc xac dinh béi mot cap gom hai (d-1) — cube trong d6 céc

dinh tuong @ng cua chung duoc ndi v4i nhau. Nhu vay d-cube gom 2% dinh trong do

cac dinh duoc gan nhin boi cac sb nhi phan c6 d6 dai d. hai dinh dugc ndi véi nhau

khi va chi khi hai xau nhan cua chung chi khac nhau dang mot vi tri.

Tir dinh nghia cua d-cube truc tiép suy ra mot sé tinh chit cua d-cube sau day.
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- Tinh chit 1. So d ndi mang d-cube 1a d6 thi chinh qui bac d.
- Tinh chit 2. Khoang cach tir dinh a=(a,a,...ax) va b=(bsb,...b,) bang sb lwong
bit ma tai d6 a va b 1a khac nhau.
- Tinh chét 3. Trong mang siéu hop n nut (véi n = 2% dit liéu co thé truyén tur
nat nay dén nat khac sau thoi gian khéng qua log(n).
Thuc vay, do hai nhin cua 2 dinh bat ky khac nhau khong qué log n bit nén tir
tinh chat 2 suy ra ludn ton tai duong di d6 dai khong qua log n gitta chung.
- Tinh chét 4. Goi e(k) 1a sé lugng canh cua mot k-cube véi n = 2% dinh, ta c6
E(k) = k x 2* =(log n) n/2
Tur cach xac dinh k-cube ta c¢6 cong thirc dé qui
E(k) = 2e(k-1) + 21
=2(2e(k-2) + 2¥?) + 2¢1
=2%(k-2) + 2x2"*

=2"e(1) + (k-1)x2**, doe(1) = 1

=kx2"!,
Bang dudi day cho ta so sanh mot s6 dic trung cua k-cube véi db thi day da
S6 dinh S6 canh cua do thi | S6 canh
(n) Logr day du (n(n-1)/2) | cua k-cube
2 1 1 1
16 4 120 32
64 6 2016 192
1024 10 523776 5120

Bang 2.2.2: so sanh mot sb dic trung cua k- cute véi d6 thi day du

Khi cac nit dugc ndi voi nhau gidng nhu d6 thi day du n dinh ta c¢6 s6 luong
canh 14 n(n-1)/2. Trong d thi ddy du, do hai dinh bat ky luén duoc ndi véi nhau, nén
dir liéu co thé truyén tir may nay sang may kia sau 1 don vi thoi gian. Tuy nhién do s6
lwong canh qua 16n, ma canh & day twong (ng véi cac kénh vat Iy ndi cac mdy, nén

diéu d6 dan dén chi phi xay dung mang qua 16n. Néu ta ndi mang kiéu siéu hop, s6
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lwong canh sir dung chi 1a (log n) n/2 va ta van c6 thé truyén tin tir may nay sang may
kia vai thoi gian khong qua log n.
Bay gio ta tim hiéu viéc thiét ké thuat toan cho cau tric topd k-cube trong mang
két ndi tryc tiép. Xét thuat toan tim sd nho nhat trong mét mang sé cho trudc.
Gia sir cac phan tr cia mang 1a
Apa1dy...an.1,
Thuat toan tuan ty dé giai quyét bai toan 1a
Small = a
Fori=1ton-1do
If small > a; then
Small = g
Endif
endfor
Thuat toan tuan tu doi hoi thoi gian tinh 13 O(n). Sir dung mang két ndi cac bo
sir Iy dang k-cube ta c6 thé thiét ké thuat toan vai thoi gian tinh O(log n). Ta bat dau tir
viéc mé ta phan bd dau vao.
O Phén b6 diu vaoe. Ta phan bo n sé cho n b xur Iy. Bé don gian, ta gia thiét 1a
n=2*. Khéi dau, sé a; ¢ trong bd nhé cia bd xir Iy P; (0 <i<n-1). Didu d6 thé

hién trong hinh sau:

Hinh 2.2.2.2: Phan bd diu vao
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O Phén bd dau ra. Chang ta mudn cat giir két qua (s6 nho nhét trong mang) & Py
Xt 1y. Theo dinh nghia, k-cube 13 cap gdm hai (k-1)-cube, trong d6 Pi ndi voi
Pisorger), Bdy gidr ta s& truyén noi dung cia Pisoager) cho Py (0 < i < 25-1). Nhu
vay mdi bo xtr 1y P; ddu c6 thong tin vé hai $6 ai va ajoniery (=0, 1, ..., 2Y).
Tiép theo, mdi by xir Iy P; ndy s& tién hanh so sanh hai s6 & va ajupng.q) va cat
giit 6 nho hon vao a;. Sau thao tac ndy s6 nho nhat trong mang da cho s& nim
trong mang

808187 .. .a(n2)-1
Qua trinh s& dwoc I3p lai trén (k-1)-cube bao gém cac bd xir 1y Py, Py, .., Pgya)1-

Lap lai thu tuc nay k 1an, s6 nho nhat s& dugc cét giir trong Po.

2.2.3. Thuat toan k-cube-Min
O Phin bo dau vao: M3i b xir Iy P; chita mot s6 a; & bo nhé dia phuong ciia no
(i=0,1,2, ..., n-1). Gia thiét 1a n = 2~.
O Phin bd dau ra: S6 nho nhat trong mang ag, a;, ..., an.1 Cat gitr vao ap.
1. Ford=k-1to1lstep-1do
2. M=2"
3. Fori=0tom-1doin parallel
4. BO Xir 1y Pismtruyén dit liéu aj.m cho bo xir 1y P;
5 Bo xtr Iy P; nhan dit liéu aj.m truyén toi tir Pi,m va cét gitr vao b; trong bo nhé
dia phuong
6. Bo xt Iy P; thuc hién tinh a; = min {a;, b}

~

end parallel

oo

end for

Do phai thuc hién vong lap for (bude 1 dén 8) nén thuat toan lam viéc véi thoi
gian O(k), ciing nghia 1a vai thoi gian O(log n). Trong thu tuc mo ta ¢ trén cac budc 4
va 5 mo ta viéc truyén tin gitra cac bd xur Iy. Thoi gian truyén tin thudng 13 rat Ion so
vé6i thoi gian thuc hién cac tinh toan. Vi thé thuat toan vira trinh bay ndi chung la
khong hiéu qua.

Mot s6 cau trac topd mang théng dung nhat.

[23]



2.2.4.

trong.

Mang hinh ludi (Mesh Network): con dugc goi 1a mo hinh ludi trong d6 cac bd
xir Iy Pgij dwoc bé tri tai cac nat cia mot mang ludi dusng truyén.

Mang luéi 3-chiéu 1a tap hop cac luéi 2-chiéu trong d6 cac nat twong Gtng duoc
két ndi. Twong tu nhu vy mang ludi k-chiéu 1a tap hop céc ludi (k-1)-chiéu véi
su két néi cac bo xur 1y twong tng.

Mang lién két dich chuyén day du (perfect shuffle connection): goi n 13 s bo
xtr Iy, bo xi ly P; duoc ndi véi P; trong d6

._{ 2i0<n/2—-1
J= 2i+1—nen/2<i<n-1

Mang hinh thap (Pyramid Network): Mang hinh thap dugc xay dung nhu mot
ciy c6 gbc. Gbc chira mot bo xir Iy. O muc tiép theo co 4 bo xir 1y dugc ndi voi
nhau theo dang cua ludi 2-chiéu va ca 4 nat déu 1a con cua goc. Mdi mot nit &
mutc 1 déu c6 4 con & muc 2. Tat ca cac nit con & muc 2 duoc két ndi vai nhau
theo dang ludi. Tiép tuc nhu vay hinh thap c6 thé xay dung dén d6 cao can
thiét.

Thuat toan song song tinh tich ma tran

Bai toan tinh tich ma tran gifr vi tri noi bat trong hang loat cac bai toan quan

Néu A 13 ma tran kich thuéc mxn, B 1a ma tran kich thuéc nxp, thi tich cua hai

ma tran A va B 1a ma tran C (ky hiéu 1a C = AB) ¢6 kich thuéc mxp. Phan tir dong trén

giao cua dong i va cot j ciia C ky hiéu 1a C(i,j) 1 bang tich vo hudéng cua dong thir i

cua A véi cot thar j caa ma tran B.

bqj n
.. b;j
C(.J) = (ai, aiz, -, Ain) = g b j
b;l' k=1
J

Thuat toan c6 thé mo ta trong so do sau

Thuat toan tinh tich ma tran

Input:

Cacmatran A vaB

Output: Ma tran tich C

BEGIN
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1. Fori=1tomdo in parallel
2. Forj=1topdo in parallel
3. Evaluate C(i,))
4, End Parallel
5. End Parallel
END

Budc 3 trong thuit toan can duoc chi tiét hoa. Viée tinh C(i,j) chinh 1a tinh tich
v6 hudng cua hai vecto. Ta c¢6 thé thuc hién diéu d6 trong doan chwong trinh sau,
trong d6 mdi bo xur 1y s& sir dung bién dia phuwong tam thoi T[1:n] dé cat gitr gia tri
A(i,K)*B(K,j).

3.1 Fork=1tondoin parallel

3.2 T(k) = A(i,k)*B(k,))

3.3  End parallel

34 P=n/2

3.5  While p>0do

3.6 For k=1 to p do parallel

3.7 T(K) = T(2k-1) + T(2Kk)
3.8 End parallel

3.9 P=p/2

3.10 End while

311 C(ij) =T

- Phan tich d§ phic tap.

Poan chuong trinh trén gém hai phan. Trong phan tha nhat cac gia tri
A(1,k)*B(k,j) dugc tinh trudc. Sau do, trong phﬁn thtr hai céac gia tri nay sé duoc cong
don dé thu duoc gia tri C(i,j). Bién dia phuwong tam thoi T[1:n] dwoc sir dung dé thuc
hién viéc cong va nhan nay. Trong doan chuong trinh nay, cac budc 3.1 — 3.3 ¢6 thoi
gian tinh 1a O(1) va doi hoi O(n) b xtr 1. Cac budc tir 3.4 dén 3.11 gidng hét thuat
toan tinh tong SUM, c6 thdi gian tinh 13 O(log n) str dung O(n) bo xir Iy. Budc 3 nim
trong 2 vong 1ap song song long nhau, vi thé thoi gian tinh cta thuat toan 1a O(log n)

doi hoi O(mnp) bo xtr 1y.
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Trong trudng hop riéng khi A va B 1a cic ma trn vudng cp n, thuat toan co
thoi gian tinh 1a O(log n) va st dung O(n®) bd xir 1y. Gia tri cua A(i,j) can thiét dé tinh
C@,1), CG4,2), ..., C@,n). Do C(1,1), C(1,2), ..., C(i,n) dugc tinh song song tai cic nhoém
bo xir 1y khac nhau, A(i,j) s& bi doc dong thoi boi nhiéu b xir 1y. Do d6 thuittoan
trinh bay trén doi hoi CREW PRAM.

2.2.5. Panh gia hiéu qua cia thuat toan song song
Hiéu qua cua thuat toan song song dugc danh gia thong qua 3 yéu tb sau:

1. Thoi gian tinh (Time Complexity);
2. S6 lwong bo xtr Iy doi hoi sir dung (Processor Complexity):;

3. Cau hinh may can su dung.

Vi du, hiéu qua cua 3 thuat toan dé nghi trong muc trude duoc trong bang sau day

Thuit toan Thoi gian tinh S6 lwong bd xirly | Mo hinh PRAM
Boolean-AND O(1) O(n) ERCW
Boolean-AND-1 O(1) O(n) ERCW-ECR
Boolean-AND-2 O(log,n) O(n) ERCW

Bang 2.2.5: So sanh thoi gian cua 3 thuat toan Boolean-AND, Boolean-AND — 1,
Boolean-AND - 2

Dé danh gia can cua d6 phic tap ching ta stir dung ky hiéu so sanh tiém can sau

1. T(n) = O(f(n)) néu tim duoc cac sd duong ¢ va ng sao cho T(n) < ¢ f(n) voi

moi n > ng

2. T(n) = Q(f(n)) néu tim dugc cac s6 duong ¢ va ny sao cho T(n) < ¢ f(n) voi

moi n > ng

3. T(n) = ©(f(n)) néu tim duoc cac sé duong ¢;,C, va Ny sao cho

¢y f(n) < T(n) < ¢, f(n) vai moi n > ng
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Hai dic trung quan trong khac can khao sat khi phan tich thuét toan song song

1a tang tdc (speedup) va hiéu suat (efficiency).

- Ting toc va Higu suit. Xét bai toan ma d6i v6i nd thuat toan tuan ty tot nhat
c6 thoi gian tinh 1a T. Gia sur ta ¢ thuat toan song song giai bai toan dé c6 thoi

gian tinh la T, v6i bo xur Iy 1a P. Ta dinh nghia
Tang tc = Ts/Tp,
Higu suat = TJ/(PT,).

Tang té¢ nhiéu nhat 1a biang s6 luong bo xir 1y, va chung ta ludn ¢b tim cach dat
dugc ting toc gan vai s6 bo xur 1y. Trén thuc té ching ta ¢ gang dat ting toc cao nhat
d6i voi mot sé lwong han ché bo xur 1y hién hiru. Hiéu suat cung cdp cho chung ta
thudc do hiéu qua stir dung cac bd xu ly. Do d9 hiéu qua trong linh vyc song song cang
bi phtc tap boi doi hoi giai dap “Liéu viéc giai bai toan tng dung sé nhanh hon bao
nhiéu 1an khi n6 dugc thuc hién trén mdy tinh song song?”. Nghia 13, liéu chung ta thu
duogc 1oi ich gi khi st dung song song hoa? Piéu d6 s& dugc giai dap thong qua khai

niém ting toc.
Tang toc = thoi gian tinh tuan tu | thoi gian tinh song song.

Hién tai c6 rat nhiéu cach dinh nghia thoi gian tinh tuan ty va song song. Piéu

d6 dan dén 5 dinh nghia khac nhau vé ting toc. Do la:

e Ting toc trong ddi (relative speedup);

e Ting toc thuc té (real speedup);

e Ting toc tuyét ddi (absolute speedup);

e Tiang tdc tiém can thuc té (asymptopic real speedup);

e Ting tdc tiém can turong dbi (asymptopic relative speedup)

Sahni va Thanvantri da khao sat ky cac d6 do nay trong bai bao “Performance
Metrices: Keeping the Focus on Runtime, IEE-PDT, 1996, 43-46”. Dudi day la so

lugc ve céac khai niém nay.

[27]



- Ting toc twong ddi (relative speedup). Thoi gian tinh tuan ty duoc xac dinh
nhu thoi gian tinh cua thuat toan song song khi né chay trén mot bo xu 1y cua
may tinh song song. Nhu vdy, ting toc twong ddi thu duogc tir thuat todn A khi

giai bai toan vai b dir ligu | kich thudc n sir dung p bo xir 1y sé 1a

Thoi gian gid i I st dung thuat toan A véi 1 bo xtr ly

Tang toc t doi (n,p) =
dng tbe twong ddi (n, p) Thoi gian gid i I stt dung thuat toan A véip bo xtr ly

Tang tc twong dbi cua hé théng song song khong phai 1a sé ¢b dinh. Chinh xac
hon, n6 phy thudc vao kich thudc cua bai toan va sb lwong bo xir 1y. Tang tdc tuong
d6i 1a ham cua n va p. CH dinh n chung ta c6 thé vé dudng cong biéu dién sy phu thuodc
cua ting toc twong dbi vao sb luong bo xur 1y p. Piéu d6 cho phép phan tich hiéu qua
cua thuat toan khi s6 luong bo xur 1y gia tang. Twong tu nhu vdy chiing ta c6 thé ¢b
dinh p va v& duong cong biéu thi sy phu thudc cua ting toc twong ddi vao n. Piéu d6
cho phép khao sat dang di¢u cua thuat toan khi kich thich dir liéu tang. St dung 2
duong cong nay ching ta ¢ thé tim ra diém ma tai d6 tang tdc twong d6i 13 16n nhat.
Ta goi d6 13 ting tdc twong ddi 16n nhat. Tang tdc twong ddi trung binh, ting tdc twong

d6i nho nhat, ting tdc twong ddi mong doi duge xac dinh mot cach twong tu.

- Ting toc thuc té (real speedup). Trong d6 do nay, thoi gian tinh song song
duogc so sanh vai thoi gian tinh cua thuat toan tuan tu nhanh nhat dbi véi van dé
ting dung can giai quyét. Thoi gian tinh cua thuat toan tuan ty nhanh nhat trén
mot bo xir Iy ciia may tinh song song duoc st dung. Do dbi v6i nhiéu bai toan
hoic 1a ta con chua biét thuat toan nhanh nhat, hoic 1a khong c6 thuét toan nao
13 nhanh nhét d6i voi moi bo dit liéu, nén thoi gian cua thuat toan thuong dugc
st dung trong thuc tién tng dung s& duoc sir dung thay cho thoi gian tinh cua

thuat toan nhanh nhat. Tang tdc thu duoc s& duoc goi 1a ting toc thuc té.

Thoi gian gid i s dung thult toan tuan tw tot nhat

Tang toc thuc té (n,p) =
dng toc thyc té (n,p) Thot gian gid i st dung p bd xtr ly

Ta c6 thé dinh nghia ting téc thuc té 16n nhat, ting tc thuc té trung binh, ting
téc thyc té nho nhat, tang toc thuc té mong doi gidng nhu nhitng dinh nghia cac khai

niém nay ddi véi tang toc tuong doi.
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- Ting tdc tuyét ddi (absolute speedup): Trong mét cach dinh nghia ting toc
khac, thoi gian tinh song song dugc so sanh véi thoi gian tinh cua thuat toan
tuan ty nhanh nhat trén may tinh tuan ty nhanh nhat. Ciing giéng nhu trong
truong hop ting tdc thuc té, so sanh duoc tién hanh ddi voi thuit toan duoc st
dung trong thuc tién.

Thoi gian gid i st dung thult toan tuan tw tot nhat

trén bd x& ly nhanh nhat
Thoi gian giad i sit dung thuat toan A véi p bo xtr ly

Tang toc tuyét d6i (n,p) =

Pinh nghia ting toc tuyét déi duoc mé rong thanh tang toc tuyét déi 1on nhat,

tang toc tuyét doi nho nhat, tang tc tuyét di trung binh, ting toc tuyét déi mong doi.

- Ting toc tiém can thuc té (asymptopic real speedup): Gia sir S(n) 1a d6 phuc
tap tiém can cua thuat toan tuan tu tét nhat d6i véi bai toan va P(n) 1a do phuc
tap tiém can cua thuat toan song song A véi gia thiét 1 may tinh song song ¢
da s6 bo xir Iy ma thuat toan song song doi hoi, thoi gian tinh tiém can thyc té

duoc xac dinh bai

Q)

Tang toc tiém can thuc té (n,p) =
g oM cé . (n,p) T

- Ting toc tiém cén twong ddi (asymptopic relative speedup). Khai niém nay
khac voi tang toc tiém can thuc té & chd trong viéc xac dinh d6 phic tap tuan tu
ta sir dung do phuc tap thoi gian tiém can caa thuat toan song song khi chay
trén mot bo xur 1y.

- Chi phi ting toc hoa (Cost Normalized Speedup). Thong thuong ngoai viéc
can biét hé théng song song thuc hién nhanh nhu thé nao, ta ciing can biét cach
do chi phi phai tra dé dat duoc diéu dé. Vi thé, ta dwa ra dinh nghia Chi phi
ting téc chudn hod (CNS):

Speedup (n,
CNS (n,p) = peedup (n, p)

(Chi phi cho hé thong song song)/(Chi phi cho hé théng tuin tw)
Dé tinh CNS, ngoai ting tdc, ching ta can biét chi phi cho cac hé théng song
song va tuan tu. Chi phi cho hé théng song can tinh dén ca chi phi cho phan ctng 1an

phan mém. Va 1 rang chi phi nay phu thudc vao rat nhiéu yéu t6 va viéc tinh nod
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khong phai 1a van dé d& dang. Chi phi cho hé théng tuan tu phu thudc vao dang ting
tbc ma ta sir dung. Nhu vay, néu biét loai ting toc nao dwoc chon, chung ta biét hé

thdng tuan tu nao duoc st dung.

- Hiéu suat. Hiéu suat 1a do do rit gan véi ting téc. Nhu chung ta di thay, theo
dinh nghia hiéu suat 13 ty s6 giita tang toc va sb luong bo xt 1y p. Phu thudc

vao loai ting tc dugc lya chon ma ta c6 cac khai niém hiéu suat khac nhau.

Con nhiéu cach dinh nghia hiéu suat khac c6 thé thay trong tai liéu vé tinh toan
song song. Chang han, c6 tac gia dinh nghia hiéu suat nhu 1a ty s6 wa/we, trong d6 wa
la cong viéc dat dugc (accomplish work) baéi thuat toan song song con we (expended
work) la cong viéc tiéu sai boi thuat toan. Ta xac dinh cong viéc dat duoc boi thuat
toan song song la cong viéc ma mdt thuat toan tuan tu tt nhét dat duoc, con cong viéc
tiéu sai boi thuat toan song song 1a tich ctia thoi gian tinh song song, toc do (s) ciia mot

bo xir 1y, va s6 bo xtr 1y (p). Ta c6
we = (thoi gian tinh song song) x S X p;
wa = (thoi gian tinh tuan tu tot nhat) x s
we/wa = (thoi gian tinh tuan ty tot nhat) / (p x thoi gian tinh song song)

Hiéu suat nay chinh 1a bang ting toc thuc té chia cho p. Vi vay, wa/we chinh 13
hiéu suat thuc té. Tuong tu nhu vay, néu wa duoc xac dinh nhu 1a cong viéc thuc hién
boi thuat toan song song khi no chay trén mot bo xur ly, thi wa/we chinh la hiéu qua

tuong doi (tc 1a bang tang toc twong d6i chia cho s6 bo xir 1y).

Trong mot cach dinh nghia khéc, hi¢u suat duoc dinh nghia thong qua viéc xac

dinh cong viéc vo ich (wasted work) ww = we — wa. Khi d6 hiéu suét l1a:

Effici wa wa 1
iciency = — = =
y we ww+wa 1+ww/wa

Tom lai, khi ban vé hiéu qua cua thuat toan song song ching ta can quan tim

dén cac thong sb sau:

e T, =thoi gian tinh cua thuat toan tuan ty tot nhat
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e T,=thoi gian tinh cta thuat todn song song sur dung p bd xtr ly
e Ting toc Sp=T,/Tp
e Hiéu qua st dung E, = Sy/p

Chit y rang

e Néu hiéu qua cua thuat toan song song 1a 100% (Ep=1) thi ta c6 ting toc 1a phu
thugc tuyén tinh vao p (S, = p)

e Hiéu qua sir dung khong bao gio dat 100% boi vi:
o Chi phi phai tra cho viéc dong bo hoa hoic truyén thong gitta cac bo xur 1y;

o Su phan tai gan téi wu giita cac bo xu 1y.
Chung ta xét luat Amdahl dé phan tich hiéu qua caa thuat toan song song
Luat Amdahl

Luat néi 1én rang sy cai thién hiéu qua thu duoc bang cach cai dit song song bi
giéi han boi bo phan khong thé song song hoa. Xét ung dung doi hoi T don vi thoi
gian khi dugc thuc hién tuan tu trén mot bo xu 1y. Khi ting dung dugc song song hoa,
ta gia sir rang thong sé a thé hién bo phan khong thé song song hoa duoc (b phan

tuan tu)

Véi gia thiét 1a p bo xir 1y duoc st dung trong tinh toan song song, thoi gian
thuc hién dugce xac dinh boi biéu thirc sau (gia thiét rang trong phan cia ung dung

duoc song song hoa, ting toc dat mac tdi da):
1—«a
T, = <a + ).T
p

Luat Amdahl: Tang tdc c6 thé dat duoc bai sir dung p bo xir 1y 1a:

Dé y rang: Néu ta gia thiét ring bo phan tuan tu a (con goi 13 bo phan Amdahl) 1a ¢

dinh, thi ting toc, ngay ca khi co6 thé st dung mot s6 lugng khong han ché bo xir 1y, bi
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chan bai 1/a. Chang han, néu a=10%, thi ting tdc cyuc dai la 10, ngay ca khi chung ta

c6 thé str dung mot s luong khong han ché bo xir 1y.
Binh luin thém vé luat Amdahl

e Bo phan o trong luat Amdahl trong thyc té 1a phu thudc vao kich thude bai toan
n va sb luong bo xir 1y p.

e M0ot thuat toan song song hiéu qua phai co:

e a(n,p) > 0khin— oo

e Trong nhitng tinh hudng nhu vay, ngay ca khi sé lugng b xu 1y p 1a ¢b dinh,
chiing ra van c6 thé dat duoc ting toc tuyén tinh nho viéc chon kich thuéc dir
liéu lon:

B P
1+ (p+ Da(n,p)

T
Sp=T—p - pkhin—- o

e Trong thuc té, kich thudc cua bai todn ma ta c6 thé xu Iy duoc ddi voi mot van
dé (ing dung 1a bi chin boi bo nhé ciia may tinh song song.
Dé minh hoa cho luat Amdahl, ta xét vi don gian sau dy.
Vi du: Tinh s Pi ()

Xét thuat toan song song dé tinh gia tri ciia 7 nho viée tinh tich phén s6

1
_f 4 d
= 1+x2x
0

Thuat toan song song

e MGi bo xir Iy s& tinh toan trén tap gém khoang n/p diém duoc phan bé cho mdi
bo xr Iy mot cach co chu ky.
e Cudi cung ta gia sir ring gia tri cua m s& dwgc gom tu lai tir p bd xir 1y boi co

ché dong bo.
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Thuat toan song song tinh Pi
parallelComputepi (){
id = my_processor_id ();

nprocs = number_of processors ();

h=1.0/n;

sum = 0.0;

for (inti=id;i<n;i=1i+nprocs){
x =h*(i-0.5);

sum =sum + 4.0/(1 + X * X);

}

localpi = sum*h;
use_tree_based_combining_for_critical_section ();
pi = pi _ localpi;

end_critical_section();

¥

Phan tich thuit toan song song tinh Pi

e Gia st rang viéc tinh 7 dugc thuc hién trén n diém.

e Thuat toan tuan ty doi hoi thuc hién 6 phép toan (2 phép nhan, 1 phép chia, 3
phép cong) ddi véi mdi diém trén truc X. Vi vay, doi véi n diém, sé luong phép
toan ma thudt toan tuan ty phai thuc hién la:

Ts=16n

e Thuat toan song song sir dung p bo xir Iy, mdi bo xir 1y tinh toan trén tap gom m
diém duoc phan bd cho cac bd Xt Iy mot cach co chu ky.

e R rang m < 1 + n/p (dang ca cho khi p khong chia hét n). Thoi gian tinh cua
thuat toan song song dé tinh cac gia tri dia phuong cta = la:

n
T,=6m=6—+6
p
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2.3.

Dé gom tu cac gia tri dia phuong cua =« ta st dung mo hinh ciy va diéu dé doi
hoi thoi gian 1a log,p

Tong thoi gian cua thuat toan song song ké ca tinh toan 1an gom tu la:
n
T, = 65+6+10gp

Tang toc cua thuat toan song song 1a:

_ 6n
6%+ 6+ logp

Sp =

3|3

Bo phan Amdahl d6i véi thuit toan song song ndy co thé xac dinh nho viét lai
dang thirc trén dudi dang:

p B p

p 1 p —
p_ plogp 1+ (@ - Da,p)
1 +n+ 6n

Vi vay bo phan Amdahl a(n,p) la:

P plogp
(p—Dn 6np-1)

a(n,p) =
Thuat toan song song vira trinh bay 1a hiéu qua, boi vi:

a(n,p) -» 0 khin - oo doi véi p co dinh.

Tinh toan song song trong .NET va minh hoa
Hé thdng can xir 1y cac budc :

Phan chia chuong trinh thanh cac cong viéc con (céc task)

Phan tich su phu thugc gitra cac task

Dinh thoi gian 1am viéc cho céc task

Uu diém cua tinh toan song song trong .NET

Pat téc d6 cao hon so véi lap trinh theo mo hinh lap trinh tuan tu.

Tan dung duoc tdi da hiéu nang ma cac by xu ly da nhan da 161 dang duoc su

dung.
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O Nhuoc diém cua tinh toan song song trong .NET:
- Viéc lap trinh kho khan,phuc tap..

NET Program PLINQ Execution Engine
Declarative Imperative Query Analysis
Paraliel Parallel >
Queries Algorithms Data Partitioning .NET Standard Data
l Query Operators Merging
—  C# Compiler =
— VB Compiler 2 n
—  C++ Compiler Task Parallel Library Data Structures for
G Coordination
—  F= Compiler <
Queries Parallet Constructs Concurrent Collections
Other .NET . Synchronization Types
Compiler Tasks and Tasks Schedullnq Coordination Types
—
Algorithms R ——
— L Threads

—1

Proc 1 we | | Procp

Hinh 2.3: M0 ta thuat toan song song trong .NET Framework 4.0

Y nghia tir hinh 2.3 ¢6 thé giai thich ngin gon nhu sau:

- Chuong trinh .NET Framwork 4.0 duoc Viét trén cic ngon ngit khac nhau nhu

C#,VB, C++, F#, ...

- Chuong trinh can lay dit liéu tir database, no s& truy van dén database thong qua
LINQ, sau d6 dugc dua dén cac thu vién chira cac Task (Task Parallel Library —
viét tat 1a TPL). Tai ddy chuong trinh s& duoc chia nho thanh cac tac vu va
duogc 1ap lich hoat dong (Task Sheduling). Két qua ta duoc cac Threads va cac
Threads nay s& dugc xtr Iy dong thoi.

- Néu chuong trinh khong can 14y dir liéu tir database, ta s& thao tac truc tiép va

tryc tiép tao ra cac task.
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2.3.1. Task

Nhu da trinh bay ¢ trén, mo hinh 1ap trinh song song s€ chia nho chuong trinh

ra thanh céc tic vu nho (Task). Dé st dung Task ta can thém hai khong gian tén:

- System.threading
- System.threading.task

NET Framework 4.0 cung cap cho ta rat nhiéu cach dé khai bao va khéi tao

mot Task:

// use an Action delegate and a named method
Task taskl = new Task(new Action(printMessage));
// use a anonymous delegate
Task task2 = new Task(delegate { printMessage(); });
// use a lambda expression and a named method
Task task3 = new Task(() => printMessage());
// use a lambda expression and an anonymous method

Task task4 = new Task(() => { printMessage(); });

Mbi mét Task khi khai bao va khoi tao s& duogc may tinh thyc hién song song

ddng thoi. Tuy nhién ta cling c6 thé dinh thoi gian hoat dong cho céc task.

O Huy boé mét task: ta sir dung phuong thirc CancellationTokenSource dé huy bo
mot task. Viéc hity bo mot tdc vu duogce st dung dén khi chuong trinh dang hoat
dong ma ta mudn can thiép va dimg 1 tac dung nao do lai.

O Tac vu cho: khi ta khong mudn mot tac vu nao déy thuc hién ngay, ma cho doi
1 khoang thoi gian nhat dinh. Ta sé& sir dung phwong thirc Thread.Sleep() va
Thread.SleepWait().

O Tacling c6 thé bat 1 Task thuc hién sau khi tat ca cac task khac da thuc hién

xong hodc chd doi sau bao 1au bang viée sir dung phuong thirc Task. Wait();
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2.3.2. Vong lap song song (Parallel Loops)

Vé6i chuong trinh tudn ty, khi cac vong lip thong thuong nhu for, while, do
while chuong trinh s& thyc hién tudn ty timg vong lip cho dén khi két thuc, trong khi
d6 CPU dang ranh rdi thi van phai doi thuc hién xong mot vong lip r6i m&i thue hién

vong lap tiép theo, vi thé né s& lam ton thoi gian cua hé thng.

M0 hinh 13p trinh song song sur dung cac vong 1ap song song (Parallel Loops)
dé khac phuc nhuoc diém cua 1ap trinh tudn ty nhu d3 néu trén, cac vong lap ¢ ddy s&
duoc CPU thuc hién déng thot, lam tang hi¢u nang tinh toan va giam thoi gian cia hé

théng.

- Phuong thirc Parallel.For() v6i 3 tham sé dau vao, tham sb dau vao chi chi
s6 bat dau tac vu, tham sb thtr 2 chi s6 két thuc va muc thr 3 chi tac vu can

thuc hién.

Parallel.For(@, 10, index =>

{
Console.WriteLine("Task ID {@} processing index: {1}",

Task.CurrentId, index);

})s

- Vong lap ForEach(): st dung phuong thirc Parallel.ForEach(), vong lap nay
linh hoat hon so vé&i vong lap trudc nhd viéc cho phép cai bién gia tri dau

vao. Xét vi du:

List<string> datalist = new List<string> {
Ilthell, llquickll, Ilbr‘ownll, ""FOX", Iljumpsll’ lletcll };
Parallel.ForEach(datalList, item =>

{

Console.WriteLine("Item {©} has {1} characters"”,
item, item.Length);
}s
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Cau tric cau Iénh trén kha gidong vdi cau tric cau I¢nh cua 1ap trinh tuan ty. Tuy
nhién ta khong nén hi€u 1am cac vong ldp nay s€ dugc thyc hién mot cac tuan ty. No
chi biéu dién dudi dang nay. Con viéc thuc hién song song la do trinh bién dich va

CPU dam nhiém.
2.3.3. Parallel LINQ

Parallel LINQ duoc biét ¢én nhu LINQ thong thuong nhung diém khac biét 1a
viéc thuc hién song song cac cau truy van LINQ dén co s dit liéu. Tir d6 céac tac vu

duogc xtr Iy dong thoi.

2.4.  Thuit toan Floyd — Warshall va bai toan tim dwong di ngin nhat giira moi

ciip dinh trén do thi

Thuat toan Floyd — Warshall hay con goi 1a Floyd, Roy — Floyd 1a thudt toan
tim duong di ngén nhat gitta moi cap dinh trén db thi sau mot 1an chay thuat toan. Mot
tinh chat nira 13 Floyd — Warshall c6 thé chay trén dd thi ¢6 cac canh c6 trong s6 ¢o thé
am. Tuy nhién luu y 1a d6 thi khong dugc c6 vong (cycle) nao coé tong cac canh 1 am,
néu c6 vong nhu vy ta khong thé tim duong di ngan nhat (mdi lan di qua vong nay,

d6 dai quing duodng lai giam, nén ta c6 thé di v6 han lan).

Thuat toan Floyd — Warshall so sanh tit ca cac duong di c6 thé giira timg cap
dinh. N6 1a mot dang ciia quy hoach dong (Dynamic Programming). Néu dat ham
adj(i, j, k) 12 duong di ngan nhit tir i dén j, chi dung dén cac dinh trong tap {1, 2, 3, ...,
k}. Gia sir mudn tinh adj(i, j, k + 1). Véi mdi cap dinh i va j, duong di ngan nhat c6 thé
1a: (1) duong di chi st dung cac dinh trong tap {1...., k} hodc (2) dudng di tiri dén k

+ 1 1di tirk + 1 dén j, cling chi sir dung céc dinh trong tap {1, ..., k}. Do vay:
Truong hop co ban: adj(i, j, 0) = w(i, j);

béquy: adj(i,j,k+1) = min{adj(i,j,k), adj(i,k+1, k) +
adj(k+1, j, k)}

Day la doan pseudocode cua Floy - Warshall
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for (int i

0; 1 < n; i++)

{
for (int j = 0; j < n; j++)
{
for (int k = @; k < n; k++)
{
adj[i][j] = min(adj[i][j], adj[i][k] + adj[k][3]);
}
}
}

Do phtrc tap cia thuat toan Floyd 1a O(n®).

Pau vao cua thuat toan 1a d6 thi lién thong G = (V, E), V= {1, 2,3, .... ,n}, co
trong sO W(i, j) > 0 véi moi cung (i, j). Pau ra ctia thuat toan 1a ma tran D = [d(, j)] 1a

chiéu dai duong di ngan nhat tir i dén j véi moi cip (i, j).

Dua vao thudt toan trén, to1 4p dung vao thuat toan tim dong tich liiy cho bai

todn cua minh. Phuong phép cta té1 nhu sau:
Phuong phap:
Budc 1: Khai tao ma tran xuat phat (Dg): Do = [Dyf(i, j)]
Trong do:

- do(i, j) = w(i, j) néu ton tai cung (i, j). Cu thé néu ton tai huéng (p, q) bang 1
trong 8 huéng c6 thé chay 1a huéng sé 1, 2, 4, 8 , 16, 32, 64, 128 thi truong
hop nay huéng (p, q) ta gan bang 1.

- do (i, j) = +oo néu khong ton tai cung (i, ). Nguoc lai v6i truong hop trén thi

huéng (q, p) ta gan bang +oo.
Dic biét néu khong c6 khuyén tai i thi dg(i, 1) cling bﬁng +o0,
Gank=0;

Bude 2: Kiém tra két thic: Néu k = n thi két thic. D = D, 12 ma tran chira vi tri tich

liy. Ta chi can chia vi tri léy toa do: (i/ sb cot) 1a toa do dong va chia léy du (1 % )
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cOt) dé léy toa do cot. sau do ta chi can dém lai s6 6 dé léy két qua tich liy. Nguoc lai

k =k + 1. Sang budc 3.
Budc 3: Tinh ma tran Dy theo Dy _1
Véimoicap (i,j)1=1....n, j = L.... n. Thuc hién:

Néud 1 (i, j) > d 1 (i, K) + di 1 (k, j) thi dat dy (i, j) = d 1 (i, K) + di_1 (k, j). Nguogc
lai dat di (1, j) = di -1 (i, J).

Quay lai bude 2 va két thac thuat toan.
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PHAN 3. DU LIEU, NOI DUNG VA PHUONG PHAP
NGHIEN CUU

3.1. Dirli¢u
3.1.1. M6 hinh dir liéu DEM

Mo hinh DEM c6 thé duoc xay dung tir ban db dia hinh, kich thuéc 6 luéi phu
thudc vao quy mé luu vuc va ty Ié ban d6 dia hinh, tuy nhién, thudng dao dong trong
khoang tir 10 — 100m. Trong truong hop néu mé hinh sé hoa do cao di c6 sin thi trude
khi str dung can Kiém tra tinh phu hop cua cac thong tin co ban, bao gom kich thudc 6

lu6i va hé quy chiéu.

Dix liéu dia Chuyén doi dinh Di licu dia
hinh dang dang di li¢u hinh dang
***.dgn ***.Shp
g0
g; gx-
- &
@ O
[ 9
>
=
¥ Chuyén d6i dinh
A 1 ~ d n d~ ||"u A 1.2 ~
M6 hinh di ang du fie S I\I/I_cj hgllEl I\(;Lr
lieu TIN ieu

Hinh 3.1.1.1. Quy trinh chuyén d6i DEM
Mo hinh dit liéu DEM ciing c6 thé tai vé tir phan mém Global Mapper véi dit
liéu s6 duoc cap nhat trén toan thé gidi.
Sau khi d3 c6 mé hinh DEM ta can hiéu chinh mot sé diém 15i vé nhimg diém

15i hodc 16m khéng mong mudn nhu hinh dudi day.
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Filling up ] e——)
Flow direction L
———
'Yx/
y _
—‘ Cutting through L
1
\ K

o

il sink

Hinh 3.1.1.2: Nhiing diém 13i c6 thé c6 ctia DEM

- Sink: phai lap day => filled sink

- Peak: phai x6a di => removed peak

Pé lam diéu nay ta dung han “Fill” trong cong cu

Hydrology cua ArcGis:

Xuat hién bang:

#, Fill
Input surface raster
C:Wsers\Administrator \Documents\ArcGIS TP, Thu Dau Mot tif B
Qutput surface raster o
C:Wsers\Administrator \Documents\ArcGIS \Default.gdb \Fill_tif1 B
Z limit {optional) -
0K Cancel Environments... | << Hide Help

- Trong muc input suface raster ta nhan B va
chon dit liéu DEM can hiéu chinh.

% Parcel Fabric Tools
@ Schematics Tools
@ Server Tools

- Spatial Analyst Tools
- &y Conditional

(-8 Density

%g Distance
&: Extraction

-8 Generalization
-8 Groundwater

-8 Hydrology

..... -, ", Basin

&
;\%
;\%

kS

Flow Accumulation

Flow Direction
Flow Length
Sink

Snap Pour Point

=
..... Yy

Hinh 3.1.1.3: Ham fill trong ArcToolbox

e \ 4 ~% . ’
- Tiép theo phan output suface raster ta cling nhan vao & va chon vi tri luu

dir liéu DEM d4 hiéu chinh va dit tén cho né. Tiép theo nhin OK dé bit dau

hiéu chinh DEM.
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3.1.2. File text d¢ cao

M®i pixel trong mé hinh dit liéu DEM cho ta d6 cao sé caa luu vuc tai diém do.

Va dé lay do cao d6 ra ta dung cong cu Raster to ASCII trong Arc toolbox cua ArcGis.

Xuat hién bang:

#, Raster to ASCT

& ArcToolbox

- & 3D Analyst Tools
Q Analysis Tools
-8 Cartography Tools
@ Conversion Tools

) &5 From KML

= From Raster

. L.*%_ Raster to ASCH
..... % Raster to Float
: ., Raster to Point
\ Raster to Polygon
-.7%, Raster to Polyline
...*%__Raster To Video

Hinh 3.1.2.1: Coéng cu Raster to Ascii
trong ArcToolbox

-

1I] H’

Input raster
C:\Users\Administrator\Documents\ArcGIS TP, Thu Dau Mot tif
Output ASCII raster flle
C:'\Users\Administrator \Desktopthudaumotarcgis 1. tet

0K

0

m

Cancel Environments...| << Hide Help

- Trong muc input raster ta nhan £ va chon dit lidu DEM can xt ly.

- Tiép theo phan output ASCII raster file ta ciing nhan vao £ va chon vi tri

Iuu dir liéu d6 cao dang text file va dat tén cho né. Tiép theo nhan OK
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Két qua ta duoc text file véi cac thong tin sau:

- Véi neols 1a sb cot, nrows gd File Edit Format “iew Help
. ncols 388
dong. nr ows 414
¥ 11corner 106,59259052391
- Xllcorner, yllcorner: 1a toa do y1lcorner 10,939866110806
, . cellsize 0,0002929658E8E8EEE
vi tri diém nam & goc dudi bén NODATA value -9999

trai cua DEM.

7,1 8,6 10 11,2 11,8 10,8 9,3 7,9 6,5 3
6,7 24,7 23,% 22,9 23 20,8 18,3 16,2 15

T . .. 35,2 33,8 31,1 28 24,6 23,6 22,5 22,3 2
- Cellsize: 1a kich thudc cua 71829 9,5 9,5 8,9 79'6,55.54.8 4
X A 2 25,9 23,5 23,1 22,8 22,6 23,3 22,4 2C

mo1 0. 7y77,47,87,87,87,25,85,45,467

5 25,3 24,1 23 23 23,1 23,4 24,4 24 22,

- NODATA _value: lanhiinggid 7 77,1 7,1 7,1 7,1 6,5 5,1 5,7 7 8,7 €
_ 3,6 23,1 23 23 23,4 24,3 26,3 26,1 24,€

tri khong duoc tinh duoc gan 7,6 7,1 7 6,9 6,5 6,4 6,3 6,2 6,9 7,9 ¢

. 5,2 30,2 26,9 25 25 24,8 24,5 24 23,7 2
bang “-9999” hay noéi cac khac 7,9 7,2 6,9 6,6 6,3 6,5 6,8 7,3 7,6 7,9
6,2 26 25,3 24,8 23,9 22,6 22,6 23,9 2¢

dé Chil‘lh lé. ranh giéi Ccua lu'u 7,9 7,2 8, 6,2 6,97,068 87,3 6,608,1
21 19,6 18,2 16,9 16,2 15,5 15 15 15 15

VUC. 7,2 6,56,2 6,4 8,19 8,87,36,66,2¢

. 1,1 31,1 31,1 31,5 31,6 30,9 29,6 27,9

6,5 5.86,2 7.2 8,79,1 8,4 6,66,26,13

- Céc s6 bén dudi mo ta do cao
cua DEM ¢ tung vi tri va dugc
phan cic nhau bang khoang

trang.

Thuit toan dinh dong chay trén bé mit dia hinh
3.2.1. Giéi thigéu thuat toan phan tich dong chay D8

3.2.1.1. Xac dinh huwéng dong chay

Hinh 3.1.2.2: Text file dung dé xir ly

Huéng dong chay ctia mot pixel bat ky duoc so sanh trén co so so sanh do cao

chénh cia diém d6 véi 8 diém xung quanh.

Ahi= (H — H,)/ Di

Trong d6 Ah; 14 d6 cao chénh. H 13 d6 cao tai pixel can xac dinh hudng dong

chay, H; la do cao cua pixel l4n can, D;la khoang cach gitra 2 pixel trén (1 hoic V2)

Huéng dong chay duoc xac dinh 14 huéng t6i diém c6 do cao chénh 1a 16n nhat.

trong luu vuc.
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Qua trinh tinh toan duoc lap lai dé xac dinh hudéng dong chay cho toan bd cac diém




Pé don gian ching ta cung xét bang vi du sau:

> (78-72)/1=6
> (78 — 67)1/ 2 =6,36

> (78-74)/1=4

78 ||72° |69 |71 |58 |49

74 '67 |56 [49 |46 |50

69 |53 |44 |37 |38 |48

64 |58 |55 (22 |31 |24

68 |61 |47 |21 |16 |19

74 |53 |34 |12 |11 |12

Bang 3.2.1.1: Hudéng dong
chay tinh trén luu vuc

Vay theo thuét toan D8 ta biét duoc 6 78 chay vé 6 67 ( ¢6 gid tri 16n nhét trong cac 6

xung quanh) nén gia tri s& 13 2, twong tu ta tinh tt ca cac 6 con lai dugc bang 3.2.1.1)

3.2.1.2. Tinh toan sy tich lily dong chay
Sy tich lily dong chay cho mét 6 nao d6 trong khu vuc trén nén mé hinh DEM
duoc x4c dinh bang cach tinh téng s6 6 ludi tap trung nudc vé 6 d6 theo hudng dong

chay.

Xét tiép vi du vira rdi, khi da tinh dwgc hudng cua ting 6 thi nhiém vy tinh toan
tich lily dong chay tré nén don gian hon, ngdi cong tit ca cac 6 co chay vé ta c6 két

qua nhu bang 3.2.1.2
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o |0 (0O |0 (0 |O
o |1 |1 |2 |2 |O
0 |3 |7 |5 (4 |0
0 |0 |0 |20 |0 |1
0O |0 |0 |1 (2410
0 |2 |4 |7 |35 |1

Bang 3.2.1.2: Sy tich lliy dong
chay trén luu vuc

Két qua ta tim duoc bang tich liy 3.2.1.2, cac con sb thé hién sy tich liy dong

chay & timg 6, mdi 6 ¢o tit ca bao nhiéu 6 chay vé.

3.2.2. Giédi thiéu cac cong cu tim dong trong ArcGIS
3.2.2.1. ArcSWAT
O Tong quan
- Swat la tén viét tit ctia cum tir “Soil and Water Assessment Tool”
- Muc dich: M6 phong chat va lugng tai nguyén nudc mat, nuéc ngam. Du
bao tac dong moi trudng cua hoat dong sir dung dat dai va bién do6i khi hau.
O Tién trinh tim dong trong ArcSWAT

Trong ArcGis mé menu “SWAT Project Setup” nhan chudt vao dong 1énh
“New Swat Project”. Trong cira s6 giao dién Project Setup, dat Project Directory chi
dén thu muc trong dia cing. Muc “Swat project geodatabase” s& tu dong chuyén thanh

“lakefork.mdb” va co s¢ dia ly dang raster s¢ c6 tén “RasterStore.mdb”. muc Swat
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Parameter s& tu két ndi dén co so dit liéu. Sau d6 nhan OK s& xuit hién bang véi cac

muc sau:

Muc DEM Setup:

Load the DEM: Lay DEM tir 6 dia hay tir ArcMap vao chuong trinh.

DEM projection setup: Khai
bao don vi do cao thanh
mét.

Define Mask: Dinh nghia
khu vuc can mé phong.
Burn in a stream network:
st dung mang ludi dong
chay c6 sdn dé mo ta luu

VuC.

Muc Stream Definition:

DEM - based: st dung
DEM dé mb phong luu vuc.
Flow direction and
accumulation: Tinh toan
huong dong chdy va dong
chay tich liy.

Area: Thiét lap ngudng dién
tich tiéu luu vuc.

Stream network: Tam mang
ludi dong chay, cua xa.
Pre-defined streams and
watershed: sir dung mang
luéi tiéu luu vue, dong chay

da co san.

~ DEM Setup [:'
| =
DEM projection setup @
I Mask I Al
I~ Bunin I A
~Stream Definition

¢ DEM-based t\§

" Pre-defined streams and watersheds

~DEM-hased

" Flow direction and
accumtdation

L

Area.
Number of cells:

!

—

—Pre-defined

Watershed dataset: |

Stream dataset: I

~Stream netwaork
Create streams and outlets
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Muc Outlet and Inlet ~Outlet and Inlet Definition

Definition: (¢ Subbasin outiet
" Inlet of draining watershed
" Point source input

Add mlm source =
[ to each subbasin IM‘IBYT‘}’]‘ QI

- Chon subbasin outlet.
- Add by Table: str dung

bang dé thém cira xa.
- Add, Delete, Redefine:

Thém, xoa, di chuyén

Edt manually
ot

~/

PELETE

il

f EREF IME

ctra Xa thu cong. L

Muc Watershed Outlets (s) Selection and Definition:

- Whole watershed outlet ~Watershed Outlets(s) Selection and Ileﬁnitiolrlr
hH]

s): lua chon mot ha
(s): lu on Mot NAy - hole watershed gﬁﬁlm

nhiéu ctra xa luu vyc. outlet(s) _une

Delineate
watershed D

- Cancel selection: Huy

viéc lua chon cura xa.

- Delineate  watershed:

Tién hanh phan dinh luu vuc.

Muc calculation of

Subbasin Parameters: ~Calculation of Subbasin Parameters
[T Reduced report cwﬁe subbasin
1 ers
- Reduced report output: s o
) [T Skip stream . : —
bo qua thong ké dia geometry check NG ok Gaa 3
. .2 ™ Skip longest flow reservoir / 2y /‘/"/
hinh tiéu luu vuc. path calculation - ‘

- Skip stream geometry check: Bé qua viéc kiém tra hinh hoc cua dong chay.
- Skip longest flow path calculation: bo qua tinh toan duong dong chay dai
nhat.

- Calculate subbasin parameters: tinh toan cac thong sé cua tiéu luu vuc.
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Hoan tit qua trinh phan dinh lwu vuc, nhin nat Exit dé hoan tat toan bd qua

trinh phan dinh lvu vire va xem két qua.

3.2.2.2. By cong cu tim dong chay tich liiy trong ArcGIS

Trong ArcGIS dé tim dong chay tich lily, can thuc hién tuan ty cac budc sau:

- Buwéc 1: Tao DEM tir ban dd dia hinh va hiéu chinh

Ban do dia
hinh, diém d6
cao, duong
ddng muc.

1§ ArcToolbox

=& 30 Analyst Tools
@& Conversion
@ Functional Surface
5 Raster Interpolation
& & Raster Math
-8y Raster Reclass
& Raster Surface
® Terrain
EJ @ TIN Creation

—> 1N

Mo hinh DEM da
duoc hiéu chinh

2

A

=- &P Spatial Analyst Tools
- - & Conditional
- - & Density
- [+ & Distance
+-& Extraction
+- & Generalization
+- & Groundwater

Mo hinh

B ArcToolbox
3 &P 3D Analyst Tools
f F]& Conversion
P 5 From Feature Class
& From File
[+ b From Raster
[+ @ From Terrain
= 5 From TIN
./ TIN Domain
-~ TIN Edge
Z* TIN Line
2 TIN Node
# TIN Polygon Tag

-2 O

M6 hinh

- &. Hydrology
P “ Basin

DEM

Hinh 3.2.2.2.1: So d6 tao DEM tir ban d6 dia hinh trong ArcGis
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- Bwéc 2: Tinh toan hudng dong chay, dong chay tich iy va tim dong

Mo hinh DEM da
duoc hiéu chinh

+- & Conditional

+)- & Density
+ &- Distance

+)- & Extraction

+)- & Groundwater
- & Hydrology
L # Basin

L Fill

- Spatial Analyst Tools

- & Generalization

é Hudng dong chay

%, Flow Accumulation

BN, Diecion

Stream Line
(dong chay)

&P Spatial Analyst Tools

- & Conditional
- & Density

- & Distance

& & Extraction
& Generalization
- & Groundwater
- & Hydrology

- & Interpolation

- & Local

:° Spatial Analyst Tools
- & Conditional
& Density
- & Distance
- & Extraction
- & Generalization
- & Groundwater
=& Hydrology
.5, Basin
A Fill
’\ Flow Accumulation

s

+)

Dong chay tich

- & Map Algebra

WA Raster Calculator

liy

Hinh 3.2.2.2.2: So d6 tinh hudng, tich lily va tim dong trong ArcGis
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- Bwéc 3: Stream link/ Snap Pour Point (lién két dong) va watershed:

&) Spatial Analyst Tools
+-&s Conditional
Hudng dong chay . 4 &y Density
+)- & Distance
4 &y Extraction
+- & Generalization
1 & Groundwater
Stream Line =& Hydrology
(dong chay) “\ Basin
A Fill
"r_k_ Flow Accumulation
#. Flow Direction
Watershed : How Length
(Két qua) N Sink _
. Snap Pour Point
A osireom Link
) Spatial Analyst Tools v

+- & Conditional
+)- & Density Stream Link (lién
+- & Distance két dong chay)
+)- & Extraction
—— & Generalization
+)- & Groundwater

. =& Hydrology
“ Basin — Hu‘(’)’ng déng Chéy

Fill
, Flow Accumulation

Flow Direction

_ Flow Length

_ Sink

. Snap Pour Point

[«

_ Stream Link
. Stream Order
Stream to Feature

AAADNDNADN NN

b7

Hinh 3.2.2.2.3 So d tim lién két dong va ctra xa trong ArcGis
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O Nhin xét: Dé thuc hién viéc tinh toan tich lily dong chay bang cac cong cu tinh
todn trén la kha phuc tap. Bén canh do cac cong cu trén chi tinh toan dugc cac
DEM nho va tiéu luu vuc, viéc ap dung cho cac DEM, luu vuc 16n cho ta két
qua khong hiéu qua cao hay mat nhiéu thoi gian va khong diéu chinh duoc két
qua nhu y mudn.

3.3.  Cai dit thuét toan D8 (tuan tu)

Khi d3 c6 dir kiéu truyén vao 14 file text do cao ta bat dau thuc hién tuan tu cac

budc cai dat thuat toan nhu sau:
3.3.1. DPoc dir li¢u (doc file text do cao)

O budc nay, ta thuc hién doc file text va 14y ra cac dir liéu can st dung nhu s6

dong, sb cot, d6 cao cua tung 6 trong mang,..

// st dung Open File Dialog dé 13y dudng dan cla file text
if (openFileDialogl.ShowDialog() == DialogResult.OK)
{ ~
//duong dan file text dugc luu vao labell
labell.Text = openFileDialogl.FileName;
//st dung textboxl dé hién thi file text vira doc
textBox1l.Text = File.ReadAllText(labell.Text);
} ~ ~
//tao chuoi reco luu dir 1liéu tu file text tu dudong dan
labell
string[] reco =
System.IO.File.ReadAllLines(labell.Text);
//vi cadu tao cla file text la dong 1 va dong 2 luu sb cot
va sO dong
nén ta sé lay 2 dong dé ra
var dongl reco[0];
var dong2 reco[1];
// cat cac ki tu cudi cla dong va chuyén dang chudi sang
dang int dé 1ay két qua

var al = dongl.Substring(dongl.Length - 5);
var a2 = dong2.Substring(dong2.Length - 5);
col = Convert.ToIntl6(al.Trim());

row = Convert.ToIntl6(a2.Trim());
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Khi da ¢ sé dong va sb cot ta resize lai cac mang da khai bao dé tinh trudc do:

//resize lai cac mang
if (row > @ & col > 9)

{
docao = new double[row, col];
huong = new double[row, col];
tichluy = new string[row, col];
ketqua = new int [row,col];
}

Dé cho viéc tinh toan dugc tro nén dé dang hon toi s& tao mot file text méi va

Ivu dir liéu d6 cao vao do:

//kh&i tao vong lap chay tiu dong thit 6 dén dong row(sé dong
cua dir 1liéu) + 6
for (int h = 6; h < row + 6; h++)
{
//st dung mang “mt” dé luu dir liéu
mt = mt + reco[h] + Environment.NewlLine;
}
//st dung phuong thic SteamWrite dé tao va ghi két qua vao
file text trong dudng dan bén dudi
using (StreamWriter writer = new
StreamWriter("D:\\Matrix_dem.txt"))
{
writer.Write(mt);
writer.WritelLine();

}
3.3.2. Xac dinh hwong dong chay theo D8

Khi di c6 file text luu dit lidu riéng, ta s& dung n6 dé tinh hudng dong chay theo

D8. Trudc hét ta can doc file text da luu & bude trude do:

//doc file text theo tirng dong vdi dudng dan d3 luu
string[] text =
System.IO.File.ReadAllLines("D:\\Matrix_dem.txt");
//13p dé cat tung vi tri cla dir 1iéu trong file text
for (int i = 0@; 1 < row; i++)

{

for (int j = 0; j < col; j++)
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{

var na = text[i];

string[] pt = na.Split(' ');

// chuyén tat cd dir 1iéu vé dang
int yy = Convert.ToIntlé6(pt[j]);
//1luu dit 1iéu vao mang docao
docao[i, j] = yy;

}

}

Khi c6 mang docao ta bat dau tinh huéng cua timg 6:

int"

Theo nhu thuét toan tinh huéng dong chay D8, 6 & vi tri (i, j) s& chay vé 6 nio c6 do
cao nho nhit trong 8 6 xung quanh né tc 6 cé gia tri tuyét ddi dd cao chénh 16n nhat
trong 7 6 con lai. Toi s& xét timg trudng hop, diéu Kién rang budc 1a huéng chay khong
dugc vuot ngoai mang. VD: truong hop hudéng bang 1 tac tai vi tri d6 6 s& chay sang
bén phai nén diéu kién rang budc 1a sé cot cong 1 (j + 1) phai nho hon s cot cua
mang. Bat dau tinh gid tri cua trudng hop nay.

max = Math.Max(max, (arrayl[i, j] - arrayl[i, j + 1]));

Khi c6 gia trj tai truong hop do, ta so sanh véi 7 trudng hop con lai, néu tir 6 (i, j) trir 6
(i, j + 1) dat gi tri Ion nhét thi tra ra huéng tai 6 d6 bang 1.

if (max == (arrayl[i, j] - arrayl[i, j + 1]))

direct = 1;
Tuong tu cho cac trueong hop con lai, cac truong hop huong 2, 8, 32, 128 1a hudng

chéo nén s€ chia cho cédn 2. Sau day 1a code vi du cu thé cia mot sd hudng.

for (int i

{
for (int j

{

@; 1 < row; i++) //lap voi moi dong

0; J

A

col; j++)//lap voi moi cot

double giatri = docao[i, j];
// Theo D8 c6 8 hudng va truong hgp ko gia tri “-9999”, tao
bién direct dé luu hudng, néu 6 d6 khong nam trong trudng
hgp nao thi direct bang ©
int direct = 0;
//Tao bién max dé tim gia tri 16n nhat khi chdy qua tiung 6
double max = 0;
//xet 9 truong hop:
if (docao[i, j] == -9999)
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{

// vOi trudng hop nay thi ta gilr nguyén, ko tinh
direct = -9999;

}

//trudng hgp direct bang 32(diéu kién cla trudng hgp nay
1la c6t j - 1, i - 1 phai 16n hon 0, twc la giad tri khong
vugt qua ngoai mang dod)
if ((i -1>>0) & (j - 1 >=0) & & docao[i - 1, j - 1] !=
-9999)

{
//trong truong hop nay thi 6 tinh ra cé gid tri 16n nhat 1la
6 nam & goc trén bén tay trai (téc 6 i - 1, j - 1)
max = Math.Max(max, (docao[i, j] - (docao[i - 1, j - 1]))
/Math.Sqrt(2));
if (max == (docao[i, j] - docao[i -1, j - 1]) /
Math.Sqrt(2))
// thda diéu kién thi in ra direct bang 32

direct = 32; }
//trudng hgp direct bang 8(diéu kién i + 1 khéng vuot ra
ngoai dong va j - 1 16n hon 0)
if ((i +21 < row) & (j - 1 >= 0) & docao[i + 1, j - 1] !=
-9999) //8
{
//trong trudng hop nay thi 6 tinh ra cé gia tri 1én nhat la
6 nam & goc dudi bén tay trai (toc 6 i + 1, j - 1)
max = Math.Max(max, (docao[i, j] - docao[i + 1, j - 1]) /
Math.Sqrt(2));
if (max == (docao[i, j] - docao[i + 1, j - 1]) /
Math.Sqrt(2))
// thoa diéu kién trén thi in ra direct bang 8
direct = 8;
}
//Tuong tu vdi cac truong hop direct con lai ta tinh duogc
direct cua huéng 1, 2, 4, 16, 64, 128
//cé két qua ta in direct vao mang huongl, ]

huong[i, j] = direct;

//kiem lai sau khi doc xong, in 1én hudng 1én textbox dé
kiém tra:

System.Text.StringBuilder s = new
System.Text.StringBuilder();

for (int i = @; i < row; i++)

{

for (int j = @; j < col; j++)
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s.Append(huong[i, j] + " ");

}
s.AppendLine();

}
textBox1l.Text = s.ToString();

3.3.3. Tinh toan tich liiy dong chay (D8)

Trong phan tim dong tich lily nay, dé cho bai lam thém da dang toi s& khong
dung thuat toan Floyd (s€ danh cho tinh toan song song) thay vao dé t6i s€ st dung

thuat toan dé quy dé tinh. phwong phép cua toi nhu sau:

T6i s& sir dung 2 bude dé tinh tich lity. Budc 1: Toi dém sé 6 va gan s6 6 dé cho
tirng 6 dé biét vi tri, ciing voi d6 t6i cling dwa vao mang hudng dé tim xem tai 6 (i, j)
d6 c¢6 nhitng vi tri 6 xung quanh nao chay vé. Khi da biét duoc c6 vi tri nao chay vé toi
s& xir Iy chudi d6 bang cach chia vi tri cho sé cot dé Iy toa d6 dong cuia nhiing vi tri
d6, chia vi tri 1ay du cho cot dé lay toa do cot cua vi tri d6. Sau budce ndy toi da co tap
hop tat ca cac vi tri chay vé 6 (i, j) bat ky. Sang budc 2 t6i chi viéc lap dé dém s 6

chay vé dé lay tich lity. Cy thé nhu sau:
Bwéc 1: Tinh tirg 6 xem c¢6 nhitng 6 nao chay vé:
//tao bién dém vitri véi gid tri ban dau 1la o

int vitri = 0;
//kh&i tao mang tichluy va gan cho méi 6 cé gia tri ban dau

la “»

for (int 1 = @; 1 < row; i++)
for (int j = @; j < col; j++)

tichluy[i, j] = "";

for (int 1 = @; 1 < row; i++)
{

for (int j = 0; j < col; j++)
{

//gid tri vitri dugc bat dau dém, gid tri sau méi 6 duoc
tang 1én 1 don vi

vitri = vitri + 1;

//tiép tuc chia thanh 9 trudng hop
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if (huong[i, j] == -9999) tichluy[i, j] = " "; //v6i truong
hgp huéng bang “-9999” thi tichluy khdéng dugc tinh

if (huong[i, j] == 32) tichluy[i - 1, j - 1] = tichluy[i -
1, j - 1] + " " + vitri.ToString(); // Trudng hgp hudng
bang 32 thi theo ly thuyét tai 6 32 d6 chdy 1lén & phia bén
trén goc trai (i - 1, j - 1) nén tai 6 phia trén d6 sé dugc
cong thém 6 32 vira chay vé

if (huong[i, j] == 8) tichluy[i + 1, j - 1] = tichluy[i +
1, j - 1] + " " + vitri.ToString(); // Trudng hgp hudng
bang 8 thi tai 6 bang 8 d6é chay xuéng 6 phia dudi géc trai
(i+1, j-1) nén tai 6 phia trén d6 sé dugc cong thém 6 8
vira chay vé

//Tinh tuong tu v&i cac trudong hgp hudéng con lai 1, 2, 4,
16, 64, 128

}
}

Khi d3 c¢6 dugc gia tri & bude trén ta can xir 1y chudi cia ting 6 xem mdi Vi tri

trudc d6 con ¢ 6 nao chay vé hay khong, ta ding ham dé quy:

for (int i
{

for (int j
{

//goi ham x&r ly tich liy

tichluy[i, j] = xulytichluy(i, j, row, col);

}

}

//xtr 1y tich liy

public string xulytichluy(int i, int j, int row, int col)
{

int toadox, toadoy;

string kg = (" " + tichluy[i, j] + " ").Trim();

if (String.Referencekquals(kqg, ""))

{

kq = llll;

}

else

{

string[] dayvitri = kq.Split(' ');

foreach (string viri in dayvitri)

{

if (!String.ReferenceEquals(viri, ""))

[57]

0; i < row; i++)

0; j < col; j++)



{
toadox = Convert.ToIntl6(viri) / col; // chia dé 1dy toa dd

dong
toadoy = Convert.ToIntl6(viri) % col; // chia 1lay du dé lay
toa do cot

kq = xulytichluy(toadox, toadoy, row, col) + " " +
kq.Trim();

}

}

}

return kq;

}

Buwéc 2: Cong céac vi tri lai dé lay két qua: khi da biét mdi 6 trong tich lily ¢o
nhitng vi tri ndo chay vé, ta Iy chudi d6 va tinh xem mdi 6 c6 tit ca bao nhiéu vi tri

chay vé.

for (int i

{

for (int j

{
int dodai = 0;
//dung ham Trim c3t khoang trang dau va cudi chudi
string tmp = tichluy[i, j].Trim();
if (!String.ReferenceEquals((" " + tichluy[i, j] +
").Trim(), ""))
{
int soluongtrung = 9;
//dém s6 lugng chudi
string[] chuoi = (tichluy[i, j].Trim()).Split(' ');
//v6i mdi chuoicon, dém s6 luong chudi trung:
foreach (string chuoicon in chuoi)
{
String temp = + tmp.Trim() + " ";
temp = temp.Replace(" " + chuoicon + " ", " a ");
//néu chuoicon cdon nam trong chuoi tmp thi:
if (tmp.IndexOf(" " + chuoicon + " ") >= 9)
{
string[] chuoil = temp.Split('a');
soluongtrung += chuoil.Length - 2;

0; i < row; i++)

0; j < col; j++)
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//néu chudi con nao tinh rdi thi khéng tinh nita dé tranh
lap

tmp = tmp.Replace(
}

}

dodai = chuoi.Length - soluongtrung;
}

ketqua[i, j] = dodai;

}

Console.WriteLine();

}
//In ra két qua tinh dugc
for (int 1 = @; 1 < row; i++)

{
for (int j = @; j < col; j++)

{
Console.Write(ketqua[i, j] + " ");

}

Console.WriteLine();

}

+ chuoicon + " ", " - ");

3.4. Tal sao phai cai dat thuat toan song song

Pé tra 101 cho cau hoi tai sao phai cai dit thuat toan song song t6i da tim hiéu va
xdy dung tng dung dé co thé dé dang so sanh su khac biét cua 2 thuat toan nay, Gng

dung d6 nhu sau:

Ung dung thr nhét sir dung thuat toan tuan ty dé tinh tich ma tran dua vao 2 ma
tran duoc tao ngéu nhién, gid tri to 0 dén 100, véi sb dong va sb cot duoc nguoi dung
tu nhap vao. Sau do tinh toan thoi gian chay cua ung dung, sau day la chuong trinh

duoc viét cu thé:

string k = textBox1l.Text; //nhap vao s6é dong
string k1 = textBox2.Text; //nhap vao s6 cot
bool result = false;
bool resultl = false;

result = int.TryParse(k, out hang); //lay ra sé dong
resultl = int.TryParse(kl, out cot); // lay ra sbé cot

// khdi tao cdc mang 2 chiéu véi s6 dong, s6 cot vira nhap
vao
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double [,] array = new double[hang, cot]; //mang dé luu két
qua

double[,] arrayl = new double[hang, cot]; //mang 1 ngau
nhién luu cdc gid tri ngadu nhién dé 13y tich

double[,] array2 = new double[hang, cot]; //mang 2 ngau
nhién luu cdc gid tri ngdu nhién dé 14y tich

for (int i = @; i < hang; i++)
{
for (int j = @; j < cot; j++)

{

arrayl[i, j] = random.Next(100); //tao mot mang v&i sé
ngau nhién c6 gid tri tr © dén 100, tuong tu vdi mang
array2

array2[i, j] = random.Next(1090);

¥
Stopwatch sw = Stopwatch.StartNew();// gan bién bat dau dém
thoi gian cla chuong trinh
// Bat dau 1ldy tich 2 ma tran
for (int i = @; i < hang; i++) //voi moi dong

{

for (int j = @; j < cot; j++)//voi moi cot
{

for (int k = 0; k < cot; k++)

{

array[i, j] = arrayl[i, k] * array2[k, jl; // lay tich
cla arrayl va array2 luu vao mang array

by

Console.Write(array[i, j] + " ");
b

Console.WriteLine("------ ");

¥

sw.Stop();//dieng déng hé va tinh thoi gian thyc hién chuong
trinh

TimeSpan ts = sw.Elapsed;
MessageBox.Show("Thoi gian thyc hién 1la:'
"phut" + ts.Seconds + "giay");

} // két thic chuong trinh

+ ts.Minutes +

Pé so sanh voi thuat toan nay t6i cling tao 1 tng dung gidng nhu vay,

cling tinh tich ma tran tr 2 ma tran ngau nhién vai sb dong va s6 cot duoc
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ngudi dung nhip vao, nhung ng dung nay duoc viét trén NET 4.0 va

dung thuit toan song song. Cu thé ung dung nhu sau:

Console.Write("Hay nhap vao so so hang: ");

int hang = int.Parse(Console.ReadlLine());// lay ra so
hang
Console.Write("Hay nhap vao so so cot: ");

int cot = int.Parse(Console.ReadLine()); //lay ra s6 cot
//tuong tu ta ciling tao mang arrayl va array2 dé luu ma tran
ngau nhién, array dé luu két quad tich 2 ma tréan
double[,] array = new double[hang, cot];
double[,] arrayl = new double[hang, cot];
double[,] array2 = new double[hang, cot];
//1ap for 13y ngau nhién s6 tUr 1 dén 100 vao 2 mang arrayl
va array2
System.Random random = new System.Random();//1lay ra ham lay
s6 ngau nhién

Parallel.For(@, hang, i =>

{

for (int j = @; j < cot; j++)
{

arrayl[i, j]
arrayl
array2[i, j]
array2

}

Console.WriteLine();

}s

// sau dé ta bat dau 1lay tich 2 ma tran

Stopwatch sw = Stopwatch.StartNew(); //bam dong do6 do thoi
gian thyc hién

random.Next(100); // 1lay s6 ngau nhién vao

random.Next(100); // 1lay s6 ngau nhién vao

Parallel.For(®@, hang, i => //voi moi dong

ior (int j = @; j < cot; j++)

ior (int k = 9; k < cot; k++)

{array[i, j] = arrayl[i, k] * array2[k, j];
gonsole.Write(array[i, jl1 + " "); //in két qua ra man hinh
}

Console.WriteLine("------ ")

1)

sw.Stop();// diung déng ho
TimeSpan ts = sw.Elapsed;
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Console.Write("Thoi gian thuc hien song song la:" +
ts.Seconds + "s");//in ra s6 giay thuc hién
Console.ReadLine();

So sanh diém khéc biét cua 2 ¢ng dung trén:

- Thoi gian: ta cung xem bang théng ké so sanh thoi gian chay cua 2 tng
dung trong bang dudi day:

S6 dong, s6 cot Thoi gian chay (phut/ gidy)
Thuat toan tuan ty Thuat toan song song
100 x 100 8 gidy 2 giay
300 x 300 1 phut 22 giay 22 gidy
500 x 500 3 phut 46 giay 1 phut 5 gidy
1000 x 1000 15 phat 9 gidy 4 phut 14 giay

Bang 3.4: Thong ké thoi gian ctia 2 phép toan tuan ty va song song

Bang thong ké thoi gian thuc hién ciia 2 phép toan trén cho thay thoi gian thuc
hién cing mot bai todn cua 2 phép toan 1a rit khac biét, wu thé nghiéng han vé phép

toan song song, véi tc dd nhanh hon phép toan tuan ty rat nhiéu lan.

- Hiéu suit CPU

—CPUUsage — [~ CPU Usage History

Hinh 3.4.1: Hiéu suat CPU khi thyc hién phép toan tuan tu

Hiéu suit CPU khi thuc hién phép toan tuan ty & muc trung binh, biéu do cho
thiy toc d6 may chay chua thyc su 6n dinh, chua thuc sy khai thac duoc téi da kha
nang cua CPU.
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—CPUUsage — [ CPUUsage History

Hinh 3.4.2: Hiéu suat CPU khi thuc hién phép toan song song

Trong hinh 3.4.2 cho ta thiy trong trudng hop nay, phép toan song song da str
dung tat ca kha nang ma CPU c6 thé dé thuc hién phép toan, biéu do ting dot bién va
giit nguyén & muc cao nhat. Pidu nay chting to vi sao phép toan song song lai nhanh

hon, ton it thoi gian hon so v6i phép toan tuan tu.
- Debug:

Pé dé dang nhan thay su thay doi trong debug, t6i da tao ra mang nho 3x3 dé

tim xem nd c6 sy khac nhau nhu thé ndo. Sau ddy 1a debug trong thuat toan song song

t6i dd nhin thay:
3055 1820 5460 ------ hang 2
2115 1260 3780 ------ hang 1
1081 644 1932 ------ hang 3

Chuc ta da c6 thé dé dang nhan thiy di c6 su xdo tron & ddy, cac dong khong
con dugc in theo tht ty nita, né da duoc xdo tron triy theo két qua da tinh dugc. Vi
dugc thyuc hién cung lac trén nhiéu nhan nén dong nao thyuc hién xong s& dugc in ra

ngay.

O KGét luan: Vi nhiing so sanh trén , ¢ thé thay phép toan song song ¢ nhiing
vu diém vuot troi so véi thuat toan tuan tu nhat 1a ddi véi nhitng dir ligu 16n,
nhitng go6i dit liéu ma ta co thé s& phai ngdi cho hang gid dong hd dé doi két
qua thi day, phuong phéap xt 1y song song s€ 1a mot giai phap mai va cling 1a
thach thtrc khong nhé cho nhirng 1a 1ap trinh vién (d6i véi nhitng bai toan phirc

tap).
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3.5. Cai dat thuat toan song song D8

Trong phuong phap xir Iy song song, diém khac biét Ién nhit véi phuong phap

tuan ty 1 phuong phap song song sé chia nho dix 78 72 69|71 58 49
liéu ra dé tinh. Xét dit liéu nhu trong hinh 3.5.1, 74 67 56|49 46 50
néu phuong phap tuan ty s& si dungcamang Ion g9 53 44(37 38 48
dé tinh lan luot ting 6 trong mang thi phwong g4 58 55(22 31 24
phép song song s& chia thanh 2 hay nhiéu mang 68 61 47(21 16 19
con dé tinh toan, diéu nay giup cho viéc nhicu 74 53 34(12 11 12
CPU c6 thé thuc hién dong thoi trong ciing mot

thoi diém, gitp cho viée tinh todn di liéy lon L nn3--1:Chia ggnneu thanh 4 mang
dugc thuc hién nhanh hon. Véi lap trinh NET

Microsoft cung cip cho ta mot cong cu lap trinh khong qua phuc tap trong viéc tinh
toan song song. Tir thuat toan tuan tu tim tich liiy dong chay toi d& dang phat trién 1én
thuat toan tim tich liily dong chay song song cho bai ctia minh. Viéc cai dat thuat toan

cling bao gém cac budc :
3.5.1. Poc dir liéu

Trude tién, viéc doc dit liéu, toi ciing doc file text va 1ay ra s6 dong sb cot. Sau
d6 t6i s& cat dir liéu d6 cao ra luu vao file text riéng ra dé tinh toan. Téi thuc hién nhu

Sau.

// st dung Open File Dialog dé 13y dudng dan cla file text

if (openFileDialogl.ShowDialog() == DialogResult.OK)
{ ~
//dudng dan file text dugc luu vao labell
labell.Text = openFileDialogl.FileName;
//st dung textboxl dé hién thi file text vira doc
textBox1l.Text = File.ReadAllText(labell.Text);
} ~ ~
//tao chuoi reco luu dur 1liéu tu file text tu duong dan
labell
string[] reco = System.IO.File.ReadAllLines(labell.Text);
//vi cadu tao cla file text la dong 1 va dong 2 luu sé cot
va sO dong
nén ta sé lay 2 dong dé ra
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var dongl = reco[@];

var dong2 = reco[1l];

// cat cac ki tu cubi cla dong va chuyén dang chudi sang
dang int dé 13y ké&t qua

var al = dongl.Substring(dongl.Length - 5);
var a2 = dong2.Substring(dong2.Length - 5);
col = Convert.ToIntl6(al.Trim());// lay ra s6 cot

Convert.ToIntl6(a2.Trim());// lay ra sé dong

row

Khi d3 c6 duoc s6 dong va sb cot ta resize lai cac mang can tinh toan di khai

bao truoc do:

if (row > @ & col > Q)

{
docao = new double[row, col];
huong = new double[row, col];

tichluy = new string[row, col];

}

Dé dé dang cho viéc tinh toan, t6i s& luu nhitng gia tri do cao vao file text riéng.

for (int h = 6; h < row + 6; h++) //cho bién chay tu dong ©
dén s& dong dé 13y ra dir 1iéu can tinh toan(chay tir 6 vi 6

hang dau tién luu s6é dong, s6 co6t, ..., dit¥ 1liéu dugc luu
b4t dau ti dong thd 6)
{

mt = mt + reco[h] + Environment.NewlLine; //tao mang mt luu
dir 1iéu do cao

}

//SUt dung phuong thic streamwrite dé luu mang mt vao dia
cung

using (StreamWriter writer = new
StreamWriter("D:\\Matrix_dem.txt")) //dudong dan file text
la bia cung D, file text cdé tén “Matrix_dem.txt”

{

writer.Write(mtl); //ghi mang mt vao file text
writer.WriteLine();

}
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3.5.2. Xac dinh song song hwong dong chay theo D8

Gidng nhu tuan tu, ta cling doc file text da ghi truée d6 va bét dau tinh huéng

dong chay. Cu thé nhu sau:

//doc file text luu mang 1 theo tiung dong véi dudng dan da
luu
string[] text =
System.IO.File.ReadAllLines("D:\\Matrix_ dem.txt");
//1ap dé cat tung vi tri cla dir 1iéu trong file text
Parallel.For(@, row, i =>
{
for (int j = 0; j < col; j++)
{
var na = text[i];
string[] pt = na.Split(' ');

int yy = Convert.ToIntl6e(pt[j]);

docao[i, j] = yy; //luwu dir 1iéu vao docao[,] ma ta da
khai bdo trudc do
}
}s
//bat dau tinh hudng cho mang th& nhat. Cach tinh gidéng nhu
thuat toan tuan ty nén t6i sé trinh bay chir khéng giai
thich thém nira, thudt toadn cla tdéi nhu sau:
Parallel.For(@, row, i =>
{
for (int j = 0; j < col; j++)
{

double max = 9;

double giatri = docao[i, j];

int direct = 9;
//xet 8 truong hop:

if (docao[i, j] == -9999)

{

direct = -9999;

}

if ((i -1>=0) & (j - 1 >=0) & docao[i - 1, j - 1] !=
-9999)//32

{

max = Math.Max(max, (docao[i, j] - (docao[i - 1, j - 1])) /
Math.Sqrt(2));

if (max == (docao[i, j] - docao[i -1, j - 1]) /
Math.Sqrt(2))
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direct = 32;
}
if ((i - 1 >= 0) && docao[i - 1, j] != -9999) //64
{
max = Math.Max(max, (docao[i, j] - docao[i - 1, j]));
if (max == (docao[i, j] - docao[i - 1, j]))
direct = 64;

huong[i, j] = direct;//gan két qua vao huongl[,]
}
1)

//kiem lai sau khi doc xong:
for (int 1 = 0; 1 < row; i++)

{

for (int j = @; j < col; j++)

{

Console.Write(huong[i, j] + " "); //In két qua tinh dugc
ra man hinh

}

Console.WriteLine();

¥

Ta ciing c6 thé nhan thdy diém khac biét trong phan nay so véi phuong phap
tuan tu 1a cau tric cia vong lap for da co thay doi, vong lap for da duoc thém phan

parallel phia trudc va cac kiéu ky tu ciing da thay doi.

3.5.3. Tinh toan song song tich lity dong chay theo D8

Trong phan nay, t6i s& sir dung thuat toan Floyd dé tinh tich liiy song song d6
t6i cling s& viét code song song cho thuat toan nay. Dua vao bai toan toi da trinh bay &
phan 2.4 thi toi s& dung thuat toan Floy dé tim duong di ngan nhat, mot chiéu c6 thé co
cua tat ca cac diém trén do thi. Sau d6 t6i cong don cac diém lai vé cho ra két qua tich

lity. Chi tiét bai lam cua toi nhu sau:

Theo nhu thuat toan Floyd toi can tao ma tran D,y dé dua vao tinh toan. Trudc
hét toi tao ra mot mang c6 tén 1a matranl, c6 kich thudc 1a [dong nhan cot, dong nhan
cot], gid tri ban dau cua matranl s& duoc gan nhu sau: cic 6 nam trén duong chéo co

gia tri bang 0 va cac 6 con lai & c6 gia tri 1a +oo (nghia 1a cac 6 khong di truc tiép qua
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day). diéu kién duong di cia t6i nhu sau: t6i tao mot bién k = dong*sb cot + cot khi
d6 cac duong di co thé c6 1a cac huong két qua cua phan tinh D8 bang 1, 2, 4, 8, 16,
32, 64, 128 va ta 13y toa do cho cac gié tri ndy

Vé6i hudng [i,j]=1thil=k+ 1
huéng [i,j]=2thil=k + sb cot + 1
huéng [i, j]= 4 thi 1 =k + s6 cot
huéng [i, j]=8 thil=k + s6 cot — 1
huéng [i,j]=16thil=k -1
huéng [i, j]=32 thi 1=k —s6 cot—1
huéng [i, j] = 64 thi 1=k — s6 cot
huéng [i, j]=128 thi 1 =k —sb cot + 1

Luc nay ta gan néu matran1la [k, 1] thi matranl = - 1 nghia 1a khong chay theo
huéng nay (mot chiéu). Nguoc lai néu matran11a [1, k] thi matranl[l, k] = 1 nghia Ia

huéng chay truc tiép. Code cia phan nay nhu sau:

Parallel.For(@, size, i =>
{
for (int j = @; j < size; j++)
{
if (1 == j)
matranl[i, j] = ©;
else
matranl[i, j] = int.MaxValue;// y nghia 1a khéng chay truc
tiép
¥
})s
Parallel.For(@, row, i =>
{
for (int j = @; j < col; j++)
{
k =1 * col + j;
if (huong[i, j] ==1) 1 = k + 1;
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2) 1 =k + col + 1;

4) 1 = k + col;

8) 1 =k + col - 1;

16) 1 = k - 1;

32) 1 = k - col - 1;

64) 1 = k - col;

if (huong[i, j] 128) 1 = k - col + 1;

matranl[1l, k] = 1; //1 mang y nghia 1la chay truc tiép
matranli[k, 1] = -1; //-1 cling mang y nghia 13 khoéng thé
chdy (tUr thap 1lén cao)

}

}s

//gan them 1 matran dé tinh nhan ma tran va tri 2 trudng
hop d6 cao tir thdp cling ko thé chdy 1lén cao, dd cao bang -
9999 khoéng ciing khéong chay

int p, q, r, s;

Parallel.For(@, size, i =>

if (huong[i, j]
if (huong[i, j]
if (huong[i, j]
if (huong[i, j]
if (huong[i, j]
if (huong[i, j]

_h

=l

{

for (int j = 0; j < size; j++)

{

if (1 1= 3)

{

p =1/ col;

q=1% col;

r =73/ col;

s =J % col;

if ((docao[p, q] > docao[r, s]) || (docao[p, q] == -9999))

{

matranl[i, j] = -1; // néu matranl cling nam trong 2

trudng hgp nay thi matranil ciing bang - 1

¥

// sau khi d3 c6é Dy 12 matranl ta gan thém 2 ma tran bang
vdi matranl

¥
matran2[i, j] = matrani[i, j];
matranmoi[i, j] = matrani[i, j];
¥
})s

Sau khi d3 c6 Dy ta s& thuc hién nhan ma tran theo phwong phap Floyd dén khi

ma tran khong ddi va 13y két qua tich liy:
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int giatri = int.MaxValue; //tao bién giatri voi gid tri
ban dau la cbéng v6 cung

bool cothaydoi = false;

do

{

cothaydoi = false;

//nhan ma tran:

Parallel.For(@, size, i =>

{

for (int j = @; j < size; j++)

{

if (matranmoi[i, j] > @) //chi xét nhitng truong hgp chay
dugc

for (int k = 0; k < size; k++)

{

//con lai truong hop chay dugc 1la truong hgp 16n hon 0
if (matranl[i, k] >= © && matran2[k, j] >= @)

if (matranl[i, k] != int.MaxValue && matran2[k, j] !=
int.MaxValue)

{

giatri = Math.Min(matranmoi[i, j], matranl[i, k] +
matran2[k, j]); //1lay min cua phép toan nhan ma tran Floyd
if (matranmoi[i, j] > giatri) //cé thay déi

{

matranmoi[i, j] = giatri; //gan matran m&i bang gia tri vira
tinh dugc

cothaydoi = true;

}

}

}

}

1)

//copy lai ma tran ci bang ma tran méi dé tiép tuc tinh
Parallel.For(@, size, i =>

{

for (int j = @; j < size; j++)

{

//nhu vay lan tinh sau sé la A mi 4, mi 8,...
matranl[i, j] matranmoil[i, j];

matran2[i, j] matranmoi[i, j];

}

1
} while (cothaydoi == true);
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//dém sé tich liy
Parallel.For(@, size, i =>

{

int t1 = ©;

for (int j = @; j < size; j++)
{

if ((i !'= j) & & (matranl[i, j] < int.MaxValue) &&
(matranl[i, j] >= 0))

tl += 1; //cong don dé dém sd tich lay
tichluy[i / col, i % col] = (tl).ToString();//chia dé lay
toa do tra vé két qua
}
1)

Console.WriteLine();
Console.WriteLine("===========");
Console.WriteLine();

Sau khi d3 c6 két qua tich lily, ta 13y ra ranh gigi ciia dé dua vao mang.

//tao mang ranh gidi va gan cho mang véi gia tri 1la “@©”
Parallel.For(@, row, i =>

{

for (int j = @; j < col; j++)
ranhgioi[i, j] = "@";

})s

//1lay ranh giéi
Parallel.For(@, row, i =>
{
for (int j = 0; j < col; j++)
{
if (huong[i, j]
}
1)
//in ranh gidi vao mang két qua
Parallel.For(@, row, i =>
{
for (int j = 0; j < col; j++)
{
ketqua[i, j] = ranhgioi[i, j];
}
}s
//in tich ldy vao mang két qua ta dugc mang két qua cuoi
cung
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Parallel.For(@, row, i =>

{

for (int j = 0; j < col; j++)

{

if (tichluy[i, j] '= "@") ketqua[i, j] = tichluy[i, j];
}

}s
//In két qua hién thi 1én textbox

System.Text.StringBuilder sl = new
System.Text.StringBuilder();

for (int i = 0; 1 < row; i++)

{

for (int j = 0; j < col; j++)

{

sl.Append(ketqual[i, j] + " ");

¥
s1.AppendLine();

}
textBox1.Text = chuoi.ToString() + s1.ToString();

Dén day thi viéc cai dat thuat toan song song coi nhu di xong. Dé hién thi két

qua dudi dang raster va hién thi raster 1én form t6i lam nhu sau:

Truéc hét dé xem két qua dudi dang raster toi tao form méi dé chuyén dit lidu

file text (.txt) sang file raster (.img)

Toi tao form nhu hinh sau:

[® ConvertToRaster — o ] 4
— Budc 1
Chon file text can chuyén ais I
—Budc 2
Nai luu DEM l

Budc 3
’7 Convert | Cancel |

Hinh 3.5.1: Form chuyén dit liéu sang dang raster

- Nut ... trong khung buéc 1 t6i dung Opendialog dé m& va chon file text can
chuyén
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openFileDialogl.Title = "Chon tap tin: ";
openFileDialogl.Filter = "Dang tap tin (*.txt)|*.txt";
if (openFileDialogl.ShowDialog() == DialogResult.OK)
{

labell.Text = openFileDialogl.FileName;

}

- Nut ... trong khung buéc 2 t6i sir dung Savedialog dé chon noi luu dit liéu

raster sau khi da chuyén:

saveFileDialogl.Title = "Noi luu tap tin: ";
saveFileDialogl.Filter = "Dang tap tin (*.img)|*.img";
if (saveFileDialogl.ShowDialog() == DialogResult.OK)

{
label2.Text = saveFileDialogl.FileName;

}

- Nut convert toi st dung go6i chuyén dit liéu cua ArcEngine goi phat trién caa
ArcGis dé chuyén. T6i dé 1am nhu sau:

Geoprocessor tGp = new Geoprocessor();//st dung goéi dir 1iéu
ArcEngine

tGp.OverwriteOutput = true; //lay dir 1iéu ra
ESRI.ArcGIS.ConversionTools.ASCIIToRaster tASC = new
ESRI.ArcGIS.ConversionTools.ASCIIToRaster();// lay coébng cu
AsciiToRaster st dung

tASC.data_type = "FLOAT"; //dinh dang du liéu dang FLOAT
tASC.in_ascii_file = labell.Text; // lay dudng dan dir liéu
vao

tASC.out_raster = label2.Text;// lay dit 1liéu ra
IGeoProcessorResult tGeoResult =
(IGeoProcessorResult)tGp.Execute(tASC, null); //thyc hién
chuong trinh

MessageBox.Show("ok"); //bdo thyc hién xong

Dé hién thi raster 1én form t6i tao MapControl Application dé hién thi: Trén C#
toi vao File > New = Projet t6i chon MapControl Application trong muc visual
C#/ArcGis/Extending ArcObjects.
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PHAN 4. CAC KET QUA NGHIEN CUU

4.1.

Phan mém cua toi c6 thé chay trén tit ca cac dit liu DEM, dic biét vi phan
mém duoc thiét ké chay da CPU nén c6 thé chay ca cac DEM vira va 16n. Trong bai

cia minh t6i xin chay thir nghiém véi dir liégu DEM cua truong dai hoc Nong Lam
Tp.HCM.

Bo dir liéu do cao thir nghiém cia toi bao gdm toan bo 118 héc - ta dién tich
truong dai hoc Nong Lam Tp.HCM, véi 1634 diém, mdi diém cach nhau 1a 1 mét,
& toa do (lattitude: 106,782879504,

10,866791000011). Toan bd cac diém trén di duoc st dung coéng cu Fill trong

diém cuc tdy nam nam longitude:
Arctoolbox cua ArcGis dé xoa cac diém 16i va 16m khong mong mudn trén bo dir liéu.

Cu thé file text d6 c6 hinh dang nhu sau:

™ dem_filltxt - Hotepad

File Edit Format View Help

=12lx

ncols

nrows
x11corner
iy11corner
cellsize
NODATA_value
-9999 -9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999

43
38
106,7

B2879504

10,866791000011

0,0002
-9999
-9999

-9993 -9

999

766829622

-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999
-9999 14

17 15

-9999
-9999
-9999
-9999
-9999

8 10 13 17 20 15 14 14 14 14 14 16 16 17 18 23 20 21 19 18 16 18 22 -9999 -9999 -9999 9999
12 9 13 16 16 13 18 18 16 16 19 16 15 15 15 18 19 17 16 16 16 18 21 -9999 -9999 9999 16 21 22 -9999 -9999 9999 9999 —

13

15 14 13 12 12 13 14
911 16 12 12 12 13 12 17

-9999 16 16 19 21 25
-9999 14 15 16 16 18
1512 12 14 15 15 15
14 11 12 15 16 15 14
11 11 14 15 15 18 15

15 18 15 15
14 16 15 18 17

26
21
16
15
14

-9999
21 20
18 18
14 14
15 14

-9999

-9999
-9999
21 20
22 23
20 20

-9999
-9999
17 17
22 20
19 18

61 516 24 29 35 26 19 19 2
16 19 23 30 34 35 29 20 19 19 21 20

-9999 -9999 -9999 -9999 -9999 -0999 -9999 -9999 -9999
-9999 -9999 -9999 -9999 -9909 -0999 -9999 -9999 -9999
-9999 -09999 -9999 -9999 -90900 -0999 -9999 -9999 -9999

20 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -99
20 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -99
-9999 -9999 9999 -9999 -999

12 13 12 12 12 13 14 15 14 14 15 19 21 21 22 20 32 32 35 25 23 19 19 19 19 20 24 27
13 12 16 12 12 12 12 14 14 14 14 15 19 17

17 15 15 12 12 13 15 17

14 16 15 17

10 9 14 13 14 13 15 12 16 15 16 15 16 16 20 18 17
7791011 11 12 16 19 15 15 16 19 16 20 24 20 28 27

7 779111213 15 17
9 12 12 ll 11 IU 12 11 11 11 15 17

-9999 -9999

-9999

-9999

16 19 16 16 22 20 21 24 28 28 28 28 31 37 33 33 31 27

-9999

-9999 -9999 -93939

27

-9999

17 20 28 31 29 23 20 20 21 20 21 23 26 31 31 33
22 23 24 26 24 22 21 20 23 25 22 23 24 25 30 32 28 27
24 24 21 20 20 20 25 30 22 22 23 25 31 31 26 23 23 -9999 -9999 -0999 -9999

22
18
24
27
24

-9999 -9999 -9999 -9999 -9999
-9999 -9999 -9999 -9999
-9999 -9999 -9999 9999

20
18
23 19

(]
2" 32 27 31 32 30 32 32 25 24 22

-9999

28 31 29 32 32 28 -9999 -9999

27

23 20 21 20 22 25 23 25 23 26 29 32 34 29 26 25 -9999 -9999 -9999 -9939
26 27 32 33 39 31 25 -9999 -9999 -9999 -9999

-9999

-9999

-9999

-9999

-9999

-9999

W
wom

-9999

19 23 23 27 24 25 28 30 28 28 32 34 36 34 36 35 30 25 25 30 33 36 36 26 -9999 -9999 -9999 -9939

29 26 -9999 -9999 -9999 -9939

28 25 22 -9999 -9999
26 26 23 -9999 -9999

25 28 -9999 -9999

32 -9999 -9999 -9999
35 -9999 -9999 -9999

-9999

-9999
-9999

-9999
-99939

36 -9999 -9999 -9999 -9999
-9999 -9999 -9999 -9999 -9939

9 -9999 9999 9999 9999

99 —9999
8 23 23
15 15

-9999
-9999
-9999

-9999 9999

-9999

27 31 34 -9999 -0999 -9999
-9999 -9999 -0999 -9999

Hinh 4.1: B dit liéu thir nghiém trén phan mém phan tich dong chay

-9999 -9999 -9999
-9999 -9999
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4.2. Nhom cong cu xay dung trong chwong trinh

=101

Phan Mém Phan Tich Song Song Dong Chay (D8)

—Thaotde —— —Hién thi

M3 File Text dé cao Budng dan file

Luiu File Text K&t Qua

Thodt

—Cdng cy
Thudt todn D8

Tinh tich IGy

Chuyén dang Raster

Hién thi két qua

Hinh 4.2. :Form chinh cua phan mém phan tich song song dong chay theo D8
Phan mém gom c6 3 nhém muc, thir nhat 13 nhom thao tac, thir 2 1a nhém cong

cu trén phan mém, tht 3 13 nhom hién thi két qua thuc hién dang text.

Nhém muc thao tac:

- Mo file text d6 cao: Day 1a nat dung dé mé file text ArcGis ma ta muén xir 1y.
- Luu file text két qua: Pay la niit ding dé Luu lai cac két qua ma ta tinh dugc
qua cac thuat toan nhu Thuat toan D8 va tinh tich 1y trd lai vao file text

ArcGis.
- Thoat: Nt dirng phan mém va thoét khi ta khéng mudn thyc hién nira.
Nhém muyc cong cu:
- Thuat toan D8: Diy la nat dung thuét toan tinh hudng dong chay D8 dé tinh cac
hudng co thé co ctia mot 6 tir file text da nhép vao.
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- Tinh tich liy: Tir huéng dong chay D8 d tinh duoc ta dung nut ndy dé tinh tich

Ity dong chay.

- Chuyén dang raster: Sau khi da tinh duoc huéng D8 hay tich lity dong chay, ta

lru két qua lai thanh file text va tir file text nay ta s& dung nut nay dé chuyén

sang form khéc bat dau chuyén dang di liéu tir file text thanh dang raster, két

qua s& duoc hién thi rd hon & dang nay.

- Hién thi két qua: Nt nay dung dé chuyén sang form méi. Trong form nay sir

dung ArcEngine dé hién thi dit liéu ban do ma ta mubn xem. Ta s& hién thi file

raster trén form nay.

Nhom muc hién thi dang tex: La khung hién thi phia bén tay phai, khung sé& hién thi

két qua mdi khi ta load file text Ién, két qua cua cac phép tinh hudng D8, tinh tich liy.

Ta c6 thé dé dang theo ddi két qua trong khung nay.

4.3. Cac két qua thuc hién dwoc trong 2 &ng dung phan tich hwéng dong chay

Qua cac budc thuc hién vai bo dir liéu DEM truong dai hoc Nong Lam

Tp.HCM phan mém phan tich dong chay, cho ta nhiing két qua nhu sau:

Pau tién dé ma file text ArcGis, trong khung thao tac ta nhan nut mo file text

dd cao nhu trong hinh 4.3.1

— Thao tac
2205

| Mg File Text d6 cao
— B

Luu File Text Két Qua

=A
i=

Thodt

Nhan chon M File text do cao

Hinh 4.3.1 Mo file text d0 cao
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Sau d6 s& xuat hién bang nhu trong hinh 4.3.2 ta tim dén duong dan noi luu file

text ArcGis va chon file text xong ta nhan nit Open

Chon tap tin: 5‘
Or\’ ) @ ~ computer - music @) + v K23 [ search music () ¥
Organize v  New folder = v 0 @
::-] Documents 2] Name - I Date modified I Type fezt
3y Music
m Pictures _| . FIFA 07 Portable 26/05/2014 7:47 PM File folder
B videos il | FugoViewer 03/04/20148:52 AM  File folder
| . MP3 Nuoc Ngoai 30/01/2014 1:26 PM File folder
&3 Homegroup | mp3vietnam 1, Chon File 07/05/20149:26 AM  File folder
il | New folder 30/05/2014 11:25 AM  File folder
(]
PR Eomputes | Phim Song Tinh 26/02/20146:58PM  File folder
B4 Windows 7 Luxury
(@ MUsIC ) _.| . TWILIGHT SAGA 17/05/2013 5:35 AM File folder
@ SOFT E) J . Thesis2014 29/05/2014 9:46 AM File folder |
@ MA () T dem_NongLamTpha. bt 22/05/2014 2:22PM  Text Document
m dem_text.txt 22/05/20 14215 DM Tavt Nam imant
@ network [l FowAccum. txt 27jsi2014 2. Chon Open
'@ DOMARY E] FowAccum_parallel. txt 23/05/2014 1:25 Am 1 eXTUocument e
i X o
File name: Idem_NongLamTphcm.bct __I IDang tap tl" (*.bd) _l

Open | Cancel |

Hinh 4.3.2: Chon file text

Sau budc nay, phan mém s& hién thi file text 1én textbox va cit riéng dir liéu do

cao luu vao mot file text riéng c6 tén 1a Matrix_Docao.txt luu trong dia D:\\.
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£ Phan mém phan tich song song dong chay

Phan Mém Phan Tich Song Song Dong Chay (D8)

— Thao téc
M3 File Text d6 cao

Liu File Text Két Qua

Thodt

—Céng cu
Thuét todn D8

Tinh tich Iy

Chuyén dang Raster

Hién thi két qua

— Hién thi

=10l

D:\dem_NongLamT; File Text hién thi trén Textbox

ncols 43

nrows 38

xicomer 106,782873504
ylicomer 10,866791000011
cellsize  0,00027775766829622
NODATA_value -39395 '
5599 -5599 -9959 -9599 -95999 -9599 -9959 -5559 -9599 -5555 16 16
15 21 25 26 -5999 -9959 -5559 -5999 -5999 -9959 -9599 -5539 -95959
-9959 -5599 -9959 -5995 -9959 -9599 3939

-9599 -59999 -9959 -59599 -35999 -9599 -9959 -9599 -9999 -9559 14 15
16 16 18 21 21 20 20 26 27 27 -5595 -5599 -9955 -5959 -9535 -55999
-9559 -5599 -9999 -5959 -9959 -5599 -3999 -9555 -9559 -5599 5999
-9959 -5599 -5999 -5553

-5599 -9599 -9959 -9999 -9559 -9999 -9959 -9999 -9555 151212 14
15151516 18 18 1923 27 26 22 20 21 20 17 17 -5559 -5599 -5959
-9959 -9999 -9599 -5999 -95959 -9999 -9955 -5999-9955 14 11 12 15
1615141514 14 18 22 24 22 21 21 22 23 22 20 20 -5995 -9999 -

W~

-9999 -9599 -9999 -9999 -9999 -9999 -5999 -9999-99599 11 11 14 15

Hinh 4.3.3: File text hién thi trén textbox

4 Homegroup

= l@ Computer
E Windows 7 Luxury (C:)
= (d MUsIC (D)
.|| FIFA 07 Portable
-‘I . FugoViewer
i | MP3 Nuoc Ngoai
)| Mp3 viet Nam
J. New folder
i | Phim Song Tinh
|| TWILIGHT SAGA
||| Thesis2014

Song song do thi

Fugro_software.pdf file text luu riéng

'

PDF File A ~ ~

‘ 922KR do cao cling sé&
—

ot dugc tao trong dia
Matrix_Docao.txt

J

l l Text Document D:\
<l 129k8
) thudaul.txt
: Text Document
! 608 KB

WinXP.SP3.All.Driver NhutLinh.GHO
GHO File
2,51GB

Hinh 4.3 .4: file text m&i dugc tao trong dia D:\
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Sau khi d3 nap dit liéu d6 cao vao phan mém, ta bit dau di tim huéng dong

chay bang cach nhin nut thuat toan D8 trong khung cong cu.

. ~Céng cu
Chon nut thuat toan D8 dé . L
o, i . Thudttodn D8 |
bat dau tinh hudng dong ]
chay
Tinh tich iy

Chuyén dang Raster

Hién thi két qua

Hinh 4.3.5: Chon nut bt dau tinh thuat toan D8

Sau qua trinh tinh toan, phan mém in ra két qua tinh duoc 1én khung hién thi, ta
c6 thé d& dang theo ddi két qua o day. Pé luu két qua tinh duogc vao file text ta 1am

nhu sau:

Trong khung thao tac, ta chon nut Iuu file text két qua

- Thaotdc Chon Luu file text két
Mg File Text d6 cao | qua trong khung thao
i tac
Luu File Text K& Qua 1"
— ——

Hinh 4.3.5: Chon nat Luu file text két qua

Xuat hién hop thoai mai, trong hop thoai nay ta chon noi luu va dit tén cho file

text vira tinh dugc, sau d6 nhan save dé luu lai.
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Noi Iutu tap tin: X|
60c ::I v Computer » MA (F:) ~ ketqua ~ v @l Search ketqua ]ﬂ
Organize v  New folder \ (s > Q

"; Music _‘_I Name * \ I Date modified I Type I
p Pictures
- oLl 31/05/2014 12:22PM  File folder
i linfo 1. Pu (\mg d?m t6i 31/05/2014 12:22PM  File folder
43 H GJ text-fill. txt 2 31/05/2014 12:22PM  Text Document
- e chon dé luu file
|@ Computer . .
B Windows 7 Luxury 2. Dat tén cho file
@ music () text trong khun X 2
@ SOFT &) . g g 3. Nhan save dé
na s A ,
fd MAF) y luu lai két qua
9 Network
= KIT | 2l
J
File nan =: | ket qua LI
Save as type: IDang tap tin (*.txt) j

.4 Hide Folders I

Save 1 Cancel |

Z

Hinh 4.3.6: Chon tén va duong dan luu

Sau khi d3 c6 két qua cua tinh huéng D8 ta s& dung két qua nay dé tinh tich liy,

muén tinh tich liiy ta nhan vao chon nit tinh tich liy trong khung thao tac:

—Cong cu

Thuét toan D8

—_— - — -

Tinh tich Idy ||

Chuyén dang Raster

Hién thi két qua

Nhan vao day dé
bat dau tinh tich
Iy

Hinh 4.3.7: Chon nut tinh tich Iy

Luc nay chuong trinh sé& ty dong tinh toan dong tich liiy va khi c6 két qua may

s& in két qua ra khung hién thi, két qua nhu sau:
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Phan Mém Phan Tich Song Song Dong Chay (D8)

— Thao tac

Md File Text dé cao

Luu File Text K&t Qua

Thodt

—Codngcu
Thuét todn D8

Tinh tich Iy

Chuyén dang Raster

Hién thi két qua

—Hiénthi ———

Két qua tich liiy hién thi trén Textbox
Buidng dan file

ncols 43

nrows 38

xllcomer 106,782879504

yllcomer 10.8667951000011

cellsize  0,000277795766825622

NODATA _value -5955 .
pooooo000000000000O000000000000000000
0000000
p00000000020112000000000000000000000
0000000
000000000048403120152000201720000000
0000000
0000000000172000704101001000000000000
00000000
0000000001200000090170013001000000000
00000000
00000000382200012243921016101021510000
poooooo000
0000000001110060000002740033260000010
0000000
0000000017009000000003140060439000410

AN

Hinh 4.3.8: Két qua tich lily in trén Textbox

=01x]

Luu két qua tich lily, cling nhu phén tinh thuat todn D8 ta chon nut luu file text

két qua trong khung thao tac s& xuat hién mot hop thoai cho ta chon 6 dia luu va luu

tén file tex két qua. Xong cac budc ta s& duoc file text két qua véi tén va duong dan

nhu ta da luu.

Dé chuyén file text két qua sang dang raster ta lam nhu sau. Trong khung thao

tac ta chon chuyén dang raster dé chuyén d6i dinh dang file text sang dang raster.

‘4
Chuyén dang Raster |

Hién thi két qua

—Cong cu
Thuét todn D8 ,
Chon chuyén dang
Tinh tich iy raster

Hinh 4.3.9: Chon nat chuyén file text sang dang raster
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Luc nay phan mém s& chuyén sang form ConvertToRaster dé ta c6 thé dé dang
thuc hién. Trong Form méi nay ta lam tuan ty theo cac budc da duoc chi dan. Cac

budc nhu sau:

e 1. Nhan vao day chon =Rx

[l file text can chuyén &=

Chon file text can chuyén y | I
~B6c2—— 2.Nhan vao ddy chonnoi ~ —

2 e B N —
Noiluu DEM — Tyry raster sau khi da chuyén __Jg
Budc 3
Convert | Cancel |

3. Nhén vao day dé
chuong trinh bat dau
chuyén

4. Nhan vao day
dé trg vé fom
chinh
Hinh 4.3.10: St dung chirc ning chuyén sang dang raster
Thuc hién tuan tu theo cac bude, chuong trinh s& ty chuyén dit liéu sang dang raster,
chuyén xong phan mém s& bao “OK” va ta chi can vao duong dan ma ta chon trude do

dé xem két qua.

Sau khi convert xong, dé xem két qua dang raster trén form ta lam nhu sau. Trén form

chinh trong khung cong cu ta chon nut hién thi két qua.

—Céng cu
Thuét toan D8
Dé hién thi két qua ta
Tinh tich Ity chon nat hién thi két qua

Chuyén dang Raster

Hién thi két qua | [

Hinh 4.3.11: Chon nat hién thj raster 1én Form
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Sau khi ta chon nut hién thi két qua, phan mém s& tu dong chuyén sang Form
méi. Trong form nay ta 1am nhu sau. Trong form mai ta chon nat ¥  dé add DEM

vao form. Xuét hién hop thoai méi ta chon DEM trong hop thoai nay.

. =lBlx]
- _ ] 1. Chon nut nay d¢ add DEM
Addoata £
et ﬁ o By
[E8 dem_huonononglamiTpnam. img
<5 2. Chon noi
Goriienn luu DEM t
| 4.ChonDEM da r;rl‘ic - rong ,
= convert trude do He nay 5.9 Nhan nut Open
“L.déhiénthi dé m¢ DEM
@ .
3. Chon hién
D e
e s thi file raster
frm————

703,92, 445,1 Uninowniinits

Hinh 4.3.12: Chon file raster hién thi 1én form

Nhan ntit Open, néu phan mém thong bao gi thi nhan OK. Két qua cua thuat
toan tinh huong D8 trén b dir ligu d6 cao truong dai hoc Nong Lam Tp.HCM dudi

dang raster hién thi trén Form nhu sau:
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© - ArcEngine Controls Application - ;Lgl.)ﬁl
File
BOCERQANIIO € 9 [0 A x 8@ L

= &7 Layers
=) dem_huongnonglamTphcny

Value
s High: 44
|

Low:7

«| i

106,78, 10,88 UnknownUnits

Hinh 4.3.13: Két qua thuat toan D8 dang raster
Két qua hién thi 8 hudng theo D8, chung ta ¢ thé nhin 13 trén form nay, cac 6 c¢6 cing
hudng sé& hién thi cing mot cap d6 xam, theo d6 cac hudng s& duoc sip xép theo thu
tu 16n dan tir 1 dén 128, cac hudng cang 16n & c¢6 cip d6 xam cang nho. Nguoc lai cac
6 cang nho s& c6 cAp d6 xam cang 16n (mau cang den).

Con day 1a két qua cua thuat toan tim tich lily dong chay cua dit liéu DEM trudng dai
hoc Nong Lam Tp.HCM
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File
B aRa

Q «

o0 Ak 20

=100 ]

=l = Layers
S| 0999999999999949g.img
Value
W High: 124
|
Low:0
= O 1img
Value
W High: 124
|
Low : -99990
= O yivch.img
Value
W High: 124
|
Low:0
= [0 b.img
Value
W High: 124
[ 1
Low:0
= O hh.img
Value
W High : 35
[ 1
Low:0

4

106,7806443, 10,86839964 UnknownUnits

-

Hinh 4.3.14: Két qua tich lily dang raster hién thi trén form

Két qua cho ta thay rd cac dong tich lity. Mau téi thé hién cho nhiing noi it va

khong c6 6 nao chay vé. Mau cang sang thé hién tai diém d6 cang tap trung nhiéu 6

chay vé. & goc dudi cung bén trai co toa do thé hién rd vi tri cua ting diém ta mubn

xét bang cach ré chudt 1én vi tri mudn xét, diéu nay rat dac biét. Dva tng dung nay ta

c6 thé nhan thiy rd dong chay caa mot luu vuc Ién ma ta mubn xét, tir d6 ta co thé ap

dung cho cac cong trinh nhu xay dung dudng x4, cong rdnh hay nhitng ving thuong

xuyén c6 1i lut xay ra, tir 6 ta co thé chu ¥ dac biét va canh bao cho cac ving & cac vi

tri nay.

Bang so sanh két qua thoi gian thuc hién 2 thuat toan duoc thyuc hién trén core
i5—3230M (4 Cpu — 2.6 Ghz).
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Thuét toan Thuét toan tuan ty Thuat toan song song
Phép toan
Tinh huong D8 2 giay 626 1 giay 260
Tinh tich liy 2 phut 53 gidy 243 1 pht 20 giay 854

Tong thoi gian

2 phut 55 giay 869

1 phut 22 giay 124

Bang 4.3: So sanh thoi gian thyc hién 2 thuat toan tuan ty va song song

Bang 4.3 so sanh thoi gian thyuc hién 2 thuat toan tuan tu va song song két qua
cho ta thiy 1a quéa khac biét, thoi gian tiét kiém dugc cua thuat toan song song 13 rat
I6n so véi thuat toan tuan tu. Pac biét, néu bo dit liéu cang 16n va nhitng may dugc
trang bi nhitng 15i cpu doi mai s& cang cho ta nhitng két qua tét hon, kha quan hon,

thoi gian tiét kiém duoc co thé 1én dén hang gio ddng hd, tham chi véi nhitng dit liéu

I6m va siéu 10n thi két qua s& ting 1én gap boi, 1én dén hang ngay, hang tuan...
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5.1.

PHAN 5. KET LUAN VA KIEN NGHI

Két luan

Két qua, nghién ctru da xay dung duoc tng dung phan tich song song thuét toan

dinh hudéng dong chay trén bé mat vai cac tinh nang va vu diém sau:

5.2.

Ung dung c6 kha ning doc mo file text ArcGis, luu dit lidu két qua tinh dugc
vao file text riéng dé ta dé dang theo ddi va tiép tuc tinh toan vé sau.

Ung dung c6 kha ning st dung file text ArcGis nhap vao dé xac dinh hudng
dong chay (theo D8).

Ung dung c6 kha ning dung két qua caa hudng dong chay di xac dinh trude do
dé tinh toan sy tich liiy dong chay vé mét 6.

Ung dung c6 kha niang chuyén dit liéu dang file text ArcGis sang di liéu dang
raster va hién thi khac kiéu dir lieu nhu dir lieu ban d6 (shapefile),
geodatabases, dac biét 1a raster 1én form tng dung.

Ung dung di duoc st dung va diéu chinh thuat toan song song sao cho ung
dung c6 thé khai thac tdi da kha ning ctia may tinh, luén ludn dat toc do 1on
nhat, tiét kiém thoi gian ngan nhat cho nguoi st dung.

Kién nghi

Két qua cua tinh tich lily trong (ng dung trén da cho ta buc tranh téng quat vé

su tich lily dong chay ciia mot luu vuc 16n, két qua hinh thanh cac duong tich lily ma

dong chay di qua. Dya vao d6 ta c6 thé ap dung xay dung cho cic cong trinh giao

thong, cau cdng sao cho hiéu qua cao nhat va canh bao nhitg ving c6 nguy co li lut

tranh rai ro hét sirc ¢ thé vé nguoi va cia.

Ung dung con c6 thé duoc phat trién 1én thanh cic phién ban méi véi cac cong

cu lay két qua tir tinh huéng D8 va tich lily dé xdy dung thém nhu céng cu tim dong

(Stream line), cong cu tim lién két dong (Stream link), tim cira xa (watershed) dé ¢ng

dung thém da dang va phuc vu duoc nhiéu nganh, nhiéu linh vuc tir d6 doi song con

nguoi ngay cang dugc nang cao hon.
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PHU LUC
Phu luc 1: Ly thuyét vé tim dwong di ngin nhat

Hién tai, nhiéu thuat toan song song tim dudng di ngin nhét trén mot do thi.
Chung ta s& néu mot trong nhing thuat toan, cu thé 1a thuat toan do tién si Lyudmil

Aleksandrov dé xuat.
Gia str, chiing ta c6 mot d6 thi G, n dinh. Khi d6, thuat toan sé& la:

O Giai doan tién xu 1y:

- Buéc 0: chia d6 thi n dinh thanh r db thi con. Mdi d6 thi c6 n/r dinh va mdi d6
thi con ¢o \/? dinh bién ngoai cua do thi con.

- Budc 1: Tai cac dd thi vao p bo xu 1y.

Hinh PL1: Hinh minh hoa viéc phin bd r=5 db thi con vao p=3 bo xir Iy

- Budc 1: (tiép theo) Sau d6, mdi bd xur 1y con s& chuyén toan bo cac dinh bién
ngoai dén tit ca cac bo xir 1y con khac dé hinh thanh mot d6 thi G™ ¢6 canh nhu
G (nhung chi ¢6 cac dinh bién ngoai).

- Budc 2: Tinh toan trong mdi bo xu Iy. Mbi bo xir Iy s& tinh toan dudng di ngan

nhat.
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- Buéc 3: Mdi bo xir 1y sé& trau doi thong tin vé bién ngoai. Khi d6 gia tri nhé
nhét s& dugc cap nhat trén dd thi G .
- Budc 4: M&i bo xtr 1y con s& tinh toan gia tri ngan nhat tir cac dinh con lai dén
cac dinh cia do thi G
O Giai doan xtr Iy: Khi ¢6 yéu cau tim dudng di ngan nhat:
- Buoc 1: Bo xtr 1y trung tam s€ xac dinh chinh x4c vi tri cac dinh va cac bd xur 1y

chua cac dinh nguon va dich.

Hinh PL2: Nhap diém ngudn va diém dich

- Budc 2: Tinh gia tri trong s6 ngan nhat gitra moi dinh ngoai ctia do thi chta

diém ngudn dén d6 thi chira diém dich.

Hinh PL3 : Tim khoang cach ngan nhét giira tap diém bién cta db thi con chira diém

ngudn dén d6 thi con chira diém dich.
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Budc 3: Puong di dugc hinh thanh bang cach két hgp duong di ngan nhat tir diém
ngudn dén cac dinh ngoai cuia do thi chira diém ngudn véi dudng di tim duoc ¢ budc
trén va duong di ngin nhat tir diém dich dén cac dinh ngoai cua do thi chta diém dich.

Két thac thuat toan.

Hinh PL4 : Xac dinh duoc dudng di ngin nhat va két thic thuat toan

Pé cai dat duoc thuat toan trén, chung ta phai xy dung nhiing d6i tuong va

phuong thirc nhu sau:

Déi tuong do thi G,
Xac dinh doi tuong cac dinh trong, dinh ngoai cua cac dd thi con.
Do thi G” (bao gém tip cac dinh ngoai cta cac do thi con va canh cua d6 thi G),

Céc node lién két.
Thuat toan trén da duoc ching minh céc van dé sau:

Thuat toan giai quyét duoc van dé tim duong di ngan nhat.

Viéc truyén thong giira cac node (bo xir 1y) 1a cyc tiéu.

Tir day, véi ban d6, chiing ta c6 thé xay dung thanh d6 thi véi cac dinh 1a giao

gitra cac duong va cac canh la cac duong. Doi véi cac dir liéu raster, chung ta c6 thé

phan chia theo khong gian déu.
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Phu luc 2: Thuat toan Fox nhin ma tran

Phép toan nhan ma trin 13 mét trong nhitng phép toan c6 sd lwong tinh toan 1on.
Vi hai ma tran A=(a;;) va B = (bjj) véi kich thuéc gia dinh 1a nxn. Tich ma tran A.B =

C = () 1a mot ma tran kich thudc nxn véi mdi phan tir ma tran C duge xac dinh nhu

sau.
Cij = Zaikbkj, voi k=0,n-1 va 1=0,1,...,n-1 Vé‘l_] =0,1,...,n-1.
A B L

T T

hD,j ___I ]
Gp| @) o ol bl,j i Cj

> =0 1 1

; B

- .

Pl |

J

cij = ajoboj T ajr by + . T dip-10p-;.

Véi thuat toan nhan ma tran dugc cai dat theo dinh nghia, ta c6 d phuc tap cua

thuat toan la O(nS). Pé thyc hién thuat toan Floyd, ta chi thuc hién cac céng viéc sau:

- Matran a va b 1a ma tran ké cua d6 thi.
- Thay Phép nhéan bang Phép cong.
- Thay Phép cong bang phép lay gia tri cuc tiéu (min).

Vi phép nhan ma tran can it nhat tinh toan cho n? phan tir, do do, ta cb géng
thuc hién mot thuat toan giam mac d6 phuc tap thanh O(nz). Thuat toan Fox vé nhan
ma tran véi ¥ twong thyc hién n budc (tir bude 0 dén budc n-1). Trong mdi budc, ting
gia tri cij duoc cap nhat. Cu thé nhu sau:

- Budc 0: ¢j; € a;i X by,
- Budc k: (1<k<n): ¢jj € Cjj + ajx X by, trong do k = (i+k) mod n.
Diéu nay nghia 13, & budc 0, Cjj duoc tinh gia tri 1a a; X bj;. Trong cac budc tiép

theo gia tri ¢;; dwoc cong don gié tri hign hiru véi gia tri méi duoc xac dinh 1a: ay X by.
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Tu tuéng cua thuat toan nhan ma tran Fox la gid tri cia ¢;; dugc xac dinh bang
téng cac tich clia cac phan tir ké tiép a; ;. trong cing hang dbi véi ma tran A va phan
tur ké tiép bisj trong cung cot ddi véi ma tran B. Do do, hai van dé dit ra:

- (1) Chi sé cua cac phan tir A va B trong cac budc 1<k<n khi i+k >=n
- (2) Xac dinh vj tri d6i véi truong hop gia tri cij can tong céc tich cua cac phan
tir nam bén trai cung dong dbi v6i ma tran A va nam phia trén cung cot d6i voi

ma tran B.

Tong hop hai van dé trén, ta chon gid tri k = (i+k) mod n s& dap tmg hai yéu cau
(1) va (2). Trong thuc nghiém, cong thirc & cac budc lap 1<k<n c6 y nghia dam bao
gid tri ¢ duoc cong doén mot gia tri ma van duge dinh dang cong thuc: Cij = & X bjj. bé
lam duoc viée ndy, trén thuc té, ngudi ta sé thuc hién viéc dich chuyén xoay vong céac
gi4 tri cua ma tran A va B. Cu thé la:

- Thuc hién xoay dong d6i voi ma tran A, dua dong i+1 thanh dong i, cac gia tri dong 0

dugc dwa xudng dong n-1.

- Tuong tu, thuc hién viéc xoay cot d6i véi ma tran B, dua cot j+1 thanh cot j, cac gia tri

cot 0 dugc chuyén sang cot n-1.

O Ung dung trong tim dwdng di ngin nhat

Phép nhan ma tran A va B trén c6 thé dugc song song hoa véi s6 bo xir 1y p
(p<n). Trudc tién, cac phan tir cia ma tran dugc phan phdi phu hop sé luong dén p bo
xtr Iy nham dam bao viéc tinh toan twong ddi can bang trén cac bo xur 1y. Néu A, B, C
déu 13 cic ma trn vudng dang gxq, ta nén phan chia thanh cac khéi ma tran con c6
kich thudc nxn véi g=Vp va n = n/q. Tai mdi budc k>0, tién trinh pij (0< i,j <q) tinh
gia tri ciia khoi con Cij 1a tich cua a; (duoc broadcast boi tién trinh p; trén cing dong
i) VGi by tir tién trinh “lang giéng phia nam” cua tién trinh py;...

Tom lai, khi cai dat trong mot ludi bo xir 1y kich thudc pxp (Véi n=kp) thi ma
tran A duoc tach thanh cac ma tran Aj, tuong ty ma tran B duoc tach thanh cic ma
tran Bj;. Va moi ma tran A;; va By dugc giao cho mdi bo xtt 1y p;. Dudi day 1a minh

hoa ma tran A(4x4) duoc tach thanh 4 ma tran dé 4 bo xir 1y tinh toan:
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Khi d6, ma tran C=A.B duoc xac dinh sau k(=n) giai doan tinh toan nhu sau:
Cij = AiiBijj + AijinBisaj + ... + Aig1Bgaj + AioBoj + ... + Aij1Biaj.

T d6, ta c6 ma gia cai dat thuat toan nhu sau:

// tién trinh/bdé x&r 1ly p theo dong 1la i, theo cot 1la j
q = sqrt(p);
dest = ((i-1) mod g, J);
source = ((i+l) mod g, Jj);
for (stage = 0; stage < g; staget++) {
k bar = (i + stage) mod g;
(a) Broadcast A[i,k bar] across process row i;
(b) C[i,i] = C[i,1i] + A[i,k bar]*B[k bar,i];
(c) Send B[k bar,j] to dest; Receive

B[ (k bar+l) mod g,j] from source;
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