Tat lidu ky thuat — Chi tiét hé thdng BKluster

o

Loi No6i Dau
Tai liéu nay dugc thuc hién sau mét thoi gian lam viée v€ Tinh toan hi€u néng cao
ctia nhém nghién ciru High Performance Computing tai Trung tam Tinh Toén Hi¢u

Ning Cao truomg Dai Hoc Bach Khoa Ha N6t

Trong tai liéu nay, chung td1 xin trinh bay, dac ta chi tiét vé kién truc cling nhu cac
chtre ndng cua BKluster — mdt hé théng tinh toan song song gheép cum dua trén
kién tric hé Beowulf va m hinh lap trinh truyén théng diép cimg voi bd phin mém
BKlusware - mdt tip cac phan mém hd tro toi da nhiéu nguoi dung su dung hé
théng BKluster & nhiéu mirc d6 khac nhau. Noi dung cta tai liéu duoc chia thanh 9

chuong:

Chuong 1@ Trinh bay tong quan vé may tinh song song mo hinh ghép cum, gi6i
thiéu vé muc dich va cac hudng tiép cin cuia nhém nghién ciru khi xdy dung hé

théng BKluster va géi phan mém BKlusware.

Cac chuong 2, 3, 4: trinh bay vé Hé théng phat trién tich hop bao gém Bo cong cu
soan thao va quan 1y ma ngudn, B céng cu go rdi chuong trinh song song va Cac
nghién ctru, thir nghiém xdy dung may ao cung ngdn ngit théng dich don gian giup
phét trién cac img dung song song.

Chuong 5 mé ta thiét ké va hoat dong clia Hé thdng thuc thi tinh toan. Chirc ning
cia hé théng nay 1a dé trinh, theo ddi va quan Iy két qua tra vé cla cac ing dung
song song

Bén chuong cudi: chuong 6. chuong 7, chuong 8, chuogn 9 mé ta chi tiét Hé thong
quan tri va giam sat. Hé thdng nay ¢6 cac chic ning: Quan Iy cdc goi phén mém,
Quan ly cdu hinh cluster, Quan ly nguoi dung, Giam sat hoat ddng va Panh gia
hiéu ning hé thong.
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CHUONG 1 Hé Théng Tinh Tean Song Song Ghép Cum
BKluster va Goi Phian Mém BKlusware

1.1 M6 hinh song song ghép cum (cluster)

Ngay nay, nhirng nghién ctru, thue nghiém vé mé phong, du bao da dan dén viéc
cén phai gidi quyét nhitng bai toan c6 sd lwong phép tinh rit lén trong nhimg
khoang thasi gian chdp nhan duge. Mot trong nhimg giai phap cho vin dé trén 1a ap
dung k¥ thuét tinh todn song song phat trién nhing chuong trinh chay trén céc siéu
may tinh. Theo Top500, website xép hang cac siéu may tinh manh nhat Thé Giai,
siéu may tinh cé thé dugc chia thanh 3 loai chinh: MPP (Massively Parallel
Processors), Cluster (H¢ théng tinh toan song song ghép cum) va Constellation

(cluster vi cac mit tinh toan 1 cac may tinh nhiéu vi xir 1y).
* Mot sb dinh nghia:

* May tinh song song !a mot tip céc tai nguyén tinh toan c6 kha nang truyén
théng va két hop véi nhau dé giai quyét cac bai toan 1n trong khoang thoi
gian chép nhan duoc (Almasi va Gottlieb — 1989).

¢ Cluster (hé thng tinh toan song song ghép cum) la mot hé théng tinh toan
phéan tan bao gém nhiéu may tinh duoc ghép ndi véi nhau qua mang va duoc
str dung nhir mét tai nguyén tinh toan duy nhét (G.F.Pfister. In Search of
Cluster (second edition). Prentice Hall NJ.1998).

Qua dinh nghia trén, ta c6 thé thiy, hé théng tinh toan song song ghép cum 1a mot
may tinh song song, trong do:

e Cac tai nguyén tinh toan 1a bd vi x1r ly va bd nhé trong tai mdi may tinh,

¢ Céc tai nguyén tinh toan nay cé kha nang truyén théng va két hop véi nhau
théng qua cép mang. Thudong thi quy mé ciia hé théng chi gi6i han trong
mdt mang cuc bd (LAN), trong d6é cé mét may tinh dong vai trdé may chu

{server), cAc may tinh con lai déng vai tro nut tinh toan (computing node)

Viéc thiét 14p hé théng tinh toan song song ghép cum tir nhimg may tinh c6 cu
trac don gian, st dung cac cong nghé mang phd bién da duge bat diu tir nam 1994
vo1 cong trinh nghién ciru clia Thomas Sterling cung Donal Becker. Vi 16 may
tinh PC, vi xtr ly DX va card mang Ethernet 10 Mbps, Sterling va Becker da xay
dung thanh cong hé théng tinh toan song song ghép cum déu tién trén Thé Gidi —
Hé¢ Beowulf. Ngay nay, Beowulf d2 tro thanh mdt trong nhitng chuén phd bién nhat

L ]
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trén Thé Gidi dé xay dung cluster. So voi kién tric MPP, kién truc cluster c6 uu
diém la d& mo rong quy mé, thich hop voi nhiéu cong nghé ché tao vi xur ly, ché
tao bd nho, cdng nghé mang phd bién. So véi kién tric Constellation, kién tric
cluster ¢6 vu didém 14 céc nut tinh toan c6 thé la nhimg may tinh don gian, théng
dung. Tuy nhién, kién tric cluster ciing ¢6 nhimg han ché nhu: qua trinh trién khai,
cdu hinh hé théng tuong dbi phirc tap, hé thong hoat dong khéng dn dinh, va nhugce
diém 1én nhat 1a vén dé truyén théng gila cac nut tinh toan. Viéc nghién ciru nham
ning cao kha ning truyén théng la mot trong nhitng vin dé quan trong hang diu
trong qua trinh phat trién cc cdu tric, md hinh hé théng phan cum. Cac hé théng
song song ghép cum hién dai déu dung cac kién triic mang tién tién nhu: Myrinet,

Gigabit Ethernet,... nhim nang cao toc dé truyén thdng gifta cac niit tinh toan.

Trén thuc té, co s& ha tAng phan cimg méi chi 1a mét phin trong toan thé mé hinh
chung cia tinh toan phan cum. Cung véi su phat trién cta linh vue Céng nghé
thoéng tin trén thé gi¢i, phin mém dang ngay cang chimng minh dugc vai trd cbt yéu
ctia minh trong céc hé thdng song song ghép cum. Ddi vai cac hé théng tinh toan
ghép cum, phan mém cang co vai trd quan trong hon. Chinh cac phan mém dam
bao cho hé théng gdbm nhiéu may tinh riéng Ié c6 thé hoat dong 6n dinh va cdng tac
hiéu qua. MGt hé thdng tinh toan song song ghép cum (dua trén mang LAN) hoat

déng nhu mot hé théong don dudi cai nhin ctia ngudi dung va ung dung.

Parallel Appheations m

[
Sequential Spplicadens ‘u d

Parallel Programmeg Exironments :]

Cluster Middleware
(Sicgle Svstem Image and Availabilicy mffasmucamre)
7 prd £
PC;‘R’o&ksuncn—’ PO Workstation A Wekzazon 9 Workuanen BC Workstauen
Comm, SW Comum, 5. Comm W Cogue. 3°W Comm, 5%
Net. Iutarface HW Net. Tprarface H'A] ¥ar, Freriace HW et Imardace HW Yiat Ietarfacs HW

O Hish Speed Netsrark:Switch )

Hinh 2-1 Kién tridc mé hinh tinh toan ghép cum

Kien truc song song ghép cum cho phép thiét 1ap nén nhiing may tinh song song tir
nhimg may tinh ¢ kién truc don gidn, cdng nghé mang pho bién. Biéu nay rit thich
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hop voi nhimg nudc dang phat trién, cac truong Pai Hoc. Thue té cho thiy, tir
nhitng may tinh PC va cong nghé mang Fast Ethernet hodc Gigabit Ethernet, co thé
xay dung nén nhiing hé thong tinh toan ghép cum co hiéu ning cuc dai RMAX vao
¢d hang chuc Gigaflop. M6 hinh phé bién nhét hién nay dé xay dung hé thong tinh
toan song song ghép cum tir nhitng may tinh ¢6 kién tric don gian, céng nghé

mang phd bién chinh 12 mé hinh Beowulf.

Beowulf Ia mdt loai cluster voi nhimg yéu cdu sau (phan biét Beowulf vdi cac loai

cluster khac):

e (Cac nt tinh toan trong cluster chi phuc vu cho muc dich cua cluster, khong

lam mét chirc ndng nao khac.

¢ Mang lién két cac nit tinh toan chi phuc vu cho cluster, khong lam thém mot

chirc nang nao khéac.

e Céc nut tinh toan ¢4 chi phi ré, phd bién trén thi trudmg, dé nang cip hoac
thay thé (M2COTS: Mass Market Commodity-Off-The-Self).

o Hé thong mang lién két phd bién, tuong thich v&i nhiéu kién tric may tinh.
e Moi phin mém cai diit trén cac it déu la phin mém ngudn ma.
¢ Muc dich cla toan bd hé théng 1a tinh toan hiéu nang cao (HPC).

Mot s6 dic diém phé bién clia hé Beowulf

e Céc nut déu sur dung hé diéu hanh Linux. Dic diém nay da co tinh lich su
lau d&i voi hé Beowulf ddu tign xay dung dua trén Linux va GNU véi cac

ethernet driver do Donnal Becker viét cho Linux.

o Trong hé théng c¢6 mot may duoc goi 1a may chi. O muc d6 vira di, moi
tuong tac voi toan bd hé thong déu duoc thue hién théng qua may chi (do
do trong toan bd hé thbng, chi duy nhit may chu 1a cdn ban phim va man
hinh). May chii s& c6 hai dudmg két ndi: két ndi voi mai trudong bén ngoai
(dén cac hé thong khac hoac Internet) va két ndi véi cc nit tinh toan trong
cung hé théng. May chtt con hay duoc dung dé chia sé bd nhé ngoai véi cac
nat tinh toan (nfs).

o Théng thudng cdu hinh clia cic ndt tinh toan trong cing mét hé tuong dbi
giong nhau (tuy nhién diéu nay khong phai la quéa cén thiér).
e Théng thuong, tai mt thot diém xéc dinh, mét nat chi thuc hién mot nhiém

vu tinh toan.

L -~ ]
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1.2 Hé théng tinh todn song song ghép cum BKluster

BK luster 14 mot hé thdéng tink toan song song ghép cum xay dung theo mé hinh hé
Beowulf tir nhitng may tinh PC hodc HP NetServer, cong nghé mang Fast Ethemnet.

BKluster dugc thiét ké voi nhitng muc dich chinh sau:

¢ Cho phép nguoi sir dung soan thao, quan ly va bién dich ma nguodn ctia cac
tmg dung song song theo chuan MPI.

e Cho phép ngutt su dung dé trinh chuong trinh song song dudi dang cac
céng viéc (cac job), theo ddi va quan 1y két qua tra vé clia qua trinh thuc
hién job.

¢ Cung cdp cho ngudi quan tri hé thong cac cong cu truc quan dé quan ly cau
hinh, quan ly ngud st dung va danh gia hi€u nang cua hé thong.

Toan b hé thf)ng dugce két ndi theo kién tric mang nhu sau;

Cac nat lam viéc

HE@%

| —_—
1

——————

Mang bén
ngqéis.-: N

Switch BayStack 450 24T

Gateway
May —_— = = @
chi mree
tluster — — —

)

l
I
[

l
I

I
l

-
|
It
|

[ — -
[ [

C
=

Cac nut tinh toan

Hinh 2-2 Kién tric mang ghép néi cia hé théng BKluster
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1.2.1 Két ndi cac may tinh trong BKluster

Vé mat phan clmg, cAc may tinh trong hé théng BKluster duoc két not voi nhau
theo topo mang Fast Ethernet, toc do truyén toi da la 100Mbps. Hé diéu hanh cai
dat trén may tinh la Linux Fedora Core [. Trudc khi cai dit va trién khai cac géi
phén mém phuc vu tinh to&n song song, cAn phai ciu hinh va thiét lap mét sé dich

vu sau trong toan bd mang LAN:

o Dit dia chi IP cho cac may tinh: cac may tinh trong mang dugc dat dia chi
IP 16p C, danh sach dia chi IP va tén mdy tuong Ung dugc dat trong file
/etc/hosts.

» Kich hoat mét sé dich vu cho phép truy nhip va chay ung dung tir xa:
Mot sd Ung dung chay trén hé diéu hanh Linux nhu rsh, rtogin, ssh,
kerberos, ... cho phép ngudt st dung truy cdp va chay tng dung trén 1 may
tinh khac tir m§t may tinh bat ky. Trong BKluster, céc kha nang kich hoat va

chay cac img dung tir xa dugc sir dung nham hai muc dich:

e Cung cip kha nang sir dung, diéu khién cac mit tinh toan théng qua 1
may cht duy nhét (v&i md hinh Beowulf, chi duy nhat may chu 14 cdn
ban phim, man hinh,...).

» Cho phép cic tién trinh clia cling mét chuong trinh song song c6 thé trao
ddi thao tinh v6i nhau cfing nhur thu thap két qua tra vé tién trinh chi.

Hé thong BKluster str dung hai dich vu 12 rsh va rlogin. Cin liru y mét diém,
dé c6 thé chay cac ung dung song song véi MPI, cin phai bo co ché xac
thuc ngudi sir dung gifta cac may tinh bang cach liét ké danh sach tén cac

may tinh trong cing mét mang LAN trong file /etc/hosts.equiv.

e Thiét lap hé thf)ng file mang NFS: NFS dugc xay dung dua trén viéce goi
thii tuc tir xa, cho phép sir dung cac tép tin trén cac tram & xa giéng nhu
chung & trén tram cyc bd. NFS bao gém chuong trinh client trén may can sur
dung cac tép tin va churong trinh server cung cip cac tép tin. NFS cd thé
duoc st dung trén nhiéu hé théng khéc nhau (Redhat, Debian,...) viéc truy
cp cac tép tin 1a trong sudt dbi véi ngudi st dung. NFS cho phép dit liéu
danh cho ngudi str dung co thé dit trén moét tram tap trung, cac tram khac co

thé thiét 1ap thu muyc nay lic khéi dong (théng qua lénh mount).

NFS cho phép dir liéu chiém nhiéu dung lugmg dia ¢é thé duge gilt tai mot
tram va phéan phdi cho cac tram khac. Tuy nhién, tdc do truy cip bd nho

ngoai s€ phu thudc vao toc d¢ dudng truyén va cau hinh clia mang LAN.
m
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Trong hé théng BKluster, NFS dugce st dung dé thiét 1ap thu muc home cua
nhing ngudi st dung hé thong. Pay 1a mét viing nh¢ ngoai ding chung dat
trén may chu cluster, giup cac nit tinh toan trong hé th611g c6 thé truy cép,

nap chuong trinh chay vao bd nhé trong, doc dir Ligu déxrly ...

 Thiét 1ap hé thong théng tin mang NIS: NIS sung cép cac tién ich truy cip
co s& dir liéu dé phan phdi théng tin, ching han nhu dir liéu trong
fetc/passwds va /etc/groups cho tit ca céc tram trong mang. Piéu nay lam

cho mang tré nén nhur mot hé thong duy nhat.

Sau khi thiét 1ap xong cac dich vu trén, toan bd hé thdng cé thé duoc coi nhu mét
may tinh song song v&i cac tai nguyeén tinh toan la mdt tdp cac vi xu ly & bo nhé
trong phén tan két ndi voi nhau bfmg cap mang LAN, toan bd hé théng dung chung

mdt ving nhd ngoai duy nhat va mét hé théng nguei quan tri duy nhat,

CcPU CPU CPU
RAM : -_ RAM - RAM
/home fhome /home
nfs

/home

Execidable file

data
‘elgipasawd
gD

Hinh 2-3 BKluster nha mt miy tinh song song nhidu vi xir ly

1.2.2 Thiét 1ap méi trudng tinh tein song song

Mot chuong trinh song song viét theo mé hinh truyén théng diép (Message
Passing) bao gdm nhiéu tién trinh chay trén cac nut tinh ton, trao ddi théng tin voi
nhau trong qua trinh hoat dong. Sau khi thuc hién céc budc cdu hinh mang LAN,
thiét lap cac dich vu & trén, toan bd hé théng da cé thé coi nhu mdt may tinh song

song duy nhat, céc vi xur ly di cd cac kha nang sau:
¢ Nhan biét cac vi xur Iy khac

* Truy xuat vao cung mdt ving nhd ngoai
e
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Tuy nhién, dé co thé bién dich va thye thi cac chwong trinh song song, hé thong van

con thiu ba chirc ning sau:
» Bién dich cac chuong trinh song song
* Chay chuong trinh song song mt tdp cac nut tinh toan

¢ Theo ddi qua trinh chay cta cac tign trinh ciia chuong trinh song song, thurc

hién viéc truyén thdng gilra cac tién trinh, quan ly két qua tra vé.

Cung v&i sit phat trién ciia mé hinh song song ghép cum, da c6 rit nhiéu phan mém
hay goi ph?m mém duoc xay dung dé thuc hién cac chirc ning trén (pvm, cic phién
ban MPI,...). Hé thong BKluster sit dung géi phan mém LAM/MPI dé thuc hién
viéc thiét 1ap mdi truomg tinh toan, bién dich va chay cic img dung song song. Sau
khi cai dat va cdu hinh, LAM/MPI cung cip cho ngudi sir dung cac module sau:

»  Caéc script hd tro viée bién dich chuong trinh viét bé’mg cac ngdn ngif bac cao
nhu: C, C++, Fortran theo chuén MPI.

«  Céc tién trinh ngam (daemon) dim nhiém viéc quan ly va truyén théng diép
giita céc tién trinh song song. Céc thong diép duoe truyén théng qua giao
thirc TCP/IP

Gia sir ¢6 mot chuong trinh viét theo chudn MPI tén 14 ping_pong.c. Dudi day la
qua trinh bién dich va chay ping pong.c véi LAM/MPI:

Buée 1: Bién dich ping pong.c thanh file chay (céc file executable dbi voi hé diéu
hanh Linux):

gee mpi.h

ping_pong.c mpice ».  Ping_pong

T

Hinh 2-4 Bién dich chwong trinh song song v&i script mpice

Bwée 2: Khéi dong moi trudmg tinh toan song song bing cich chay cac LAM
daemon dudi dang cac tién trinh ngém (1&énh lamboot). Cac LAM daemon s& co
chirc nang chav chuong trinh va truyén théng diép giita cac tién trinh. Luu ¥ ring,

bude 1 va bude 2 hoan toan dc 1dp véi nhau.
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Hinh 2-5 Khi djng méi trwdng song song voi cic LAM daemon
Buée 3: Chay chuong trinh ping pong véi mét sé nut tinh toan xac dinh (1énh
mpirun). Cac vi xir 1y sé& tién hanh doc va nap ndi dung ping_pong vao bd nhd
trong cua nut tinh toan (hinh v& minh hoa chay chuong trinh vén hai nut tinh toan).
MG&i tién trinh s& duoc danh mot s6 thir i goi 1a rank.

Hinh 2-6 Cic vi xir I¥ doc'va nap chwong trinh song song vao bd nhé trong twong irng
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[[ R . e
Budc 4: Cac tién trinh s& thue hién cac 1énh tuong Ung vdi rank cua minh. Qua
trinh déng goi va truyén thong diép, diéu khién cac tién trinh s€ dugce thuc hign

thong qua cac LAM daemon.

V&i goi phﬁn mém LAM/MPIL, hé théng BKluster di hoan toan cé thé chay duoc
nhitng chuong trinh song song trén cac nut tinh toan ctia minh. Tuy nhién, nguoi su
dung hoan toan phai thao tac qua dong Iénh, dbng thoi phai biét ré vé sb luong, dia
chi [P cing nhu tén cac niit tinh todn trong hé thong.

1.2.3 Cai diit h¢ théng qudn Iy tai nguyén va phén i

Mét van dé quan trong dat ra v&i cac hé théng déng vai tro dich vu tinh toan do la
phan bé céc tién trinh tinh toan trén tai nguyén cta hé thdng sao cho hiéu qua hoat
dong cla toan bd hé théng 1a t6i vu. Pé tam dugce viée nay, trong hé thong can cai
dit cac phan mém c6 chire nang quan 1y tai nguyén va lap lich. Hai loai phin mém
nay thuémg dugc tich hop chung vao mdt géi phan mém goi la “hé quan Iy tai
nguyén va phin tai”. Trong hé thong BKluster, hé quan 1y tai nguyén va phan tai
duoc sir dung la PBS - Portable Batch System. PBS 12 phin mém mi nguén mé
ciia NASA. Hién nay, PBS dang duoc (mg dung va phat trién trong nhiéu hé théng
tinh toan song song ghép cum trén Thé Gidi.

PBS 14 mét géi phin mém mia ngudén mé dugc cung cip kém theo ddy du tai liéu
dac ta, hudng dén st dung. Nhimg ddc diém trén gitip cho viéc cai dit va cau hinh
PBS c6 thé tién hanh mot cach trong déi d& dang, ddng thoi ciing tao diéu kién cho
viéc cai tién, tich hop thém cac chirc ndng chuyén biét cho phu hop vdéi muc dich
str dung cu thé.
Hé théng quan 1y tai nguyén va phan tai PBS bao g6m 3 module chinh :

+ pbs_server: nhin va didu phdi cac yéu ciu tinh toan.

+ pbs_scheduler: lip lich cho cac yéu cdu tinh ton.

+ pbs_mom: quan ly tai nguyén va thuc thi céng viée trén cac nat tinh toan.

Viéc quan ly tai nguyén va thuc thi cdng viéc 1a hai qua trinh ddc l4p vdi nhau.
Khi tién hanh cai dat, thong thuong hai médun pbs_server va pbs_scheduler dugc
cai dat trén may chi, pbs mom duge cai dit trén cac nit tinh toan. Ca 3 méodun
trén déu hoat d(f)rig dudi dang cac tién trinh ngém — daemon, '
Qua trinh hoat ddng cua toan bé hé théng nhur sau:

l. Nguoi st dung dé¢ trinh t cong viée 1én pbs_server.

2. pbs_server yéu ciu pbs_scheduler 1ap lich.

B ]
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3. pbs_scheduler yéu cau pbs_server va pbs_mom cac thdng tin vé trang thai
va tal nguyén.

4. pbs_server va pbs_mom chuyén céac théng tin vé trang thai va tai nguyén

cho pbs_scheduler.
5. pbs_scheduler tién hanh ldp lich va chuyén két qua vé cho pbs_server.
Két qua lap lich c6 the la | trong 2 trudng hop sau

+ Xac dinh rd tén cong viée duge chay va danh sach cac nit tinh todn
tuong ung

+ Khong c6 cong viée ndo duope chay, trong trudng hop nay cong viée
mai s€ duge dua va hang doi.

6. Trong trudong hop cbd cang viéc dugc chay, pbs server s€ phat tin hi€u yéu

cau céc pbs_mom thuc hién cong viéc trén cac nut tinh toan.
7. Khi cong viéc két thie, pbs_mom chuyén két qua cho pbs_server.

8. pbs_server tra két qua vé cho ngudi st dung.

pbs_server |4

F 3

pbs_mom

Hinh 2-7 Hoat ddng ciia hé théng quan Iy thi nguyén va phin tii PBS

Trong goi phan mém PBS con cé cac thu vién lip trinh va mét tip cac cau 1énh cho
phép nguoi quan tri va nguoi st dung d& dang twong tac véi hé thong & ché dd
dong lénh hodc qua ciac chuong trinh viét béng ngon ngir bac cao. Vo1 nhing dac
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diém trén, PBS da dap tmg dugc nhitng véu cau co ban cua ngudi quéin tri va ngudi

str dung hé thong tinh toan song song ghép cum.

1.2.4 Cai dit hé thong giam sat hoat ddng

O mirc d6 co ban, gbi phén mém PBS da dap tmg dugc day di véu cdu cua viée
quan v tai nguyén ciing nhu phan tai trong Blduster. Tuy nhién, PBS khong ho tre
manh giao dién d6 hoa, céc thong tin vé tai nguyén hé théng duge luu trir dudi
dang céc struct, hé tro ngdn ngir C. Do do, trong hé théng BKluster, PBS chi dugc
sir dung kha nidng ldp lich va phan tai, con chirc ndng quan ly tai nguyén, giam sat
hoat ddng cla hé thdng duoc thuc hién boi goi phan mém Ganglia két hop véi co
s dir 11éu Round Robin.

Ganglia gém 2 thanh phin chinh

e Gmond : chay tai cac nut tinh toan la mét tién trinh ngdm ¢6 nhiém vu thu
thap cac thong tin vé trang thai tai nguyén tai cac mit tinh toan nay rdi gii cac
thong tin nay dudi dang XML ra mdt cong nao d6 dé thanh phin khac cd thé
doc va st dung céc théng tin nay.

e Gmetad : Diy la mét tién trinh ngadm ciia Ganglia. Thanh phan nay chay tai
nut cha cua hé théng co nhiém vu thu thdp thong tin cia tit ca cac gmond tai
cac nat tinh toan. Do d6 c6 thé ndi thong tin clia gmetad 1 théng tin vé toan b
hé théng. Théng tin nay dugc glri cho thanh phan server phia trén va dugc luu
trong co so dif 1i€u Round Robin.

RRDTool {Round Robin Database Tool); Cac thdng tin v& tai nguyén cac nit
trong hé théng duge luu trir dudi dang co sé& dir liéu Round Robin. Phan mém quan
ly co s& dir liéu nay la RRDTool. DPay 1a co sd dir liéu luu cac gid tri ciia mot hodc
nhiéu dai lugng bién ddi theo thoi gian, vi du nhu théng luong mang trung binh sau
mdi 5 gidy, phan trim sir dung bd vi xir Iy ctia may tinh, dung lugng bd nhd cén
trong. .. Co s& dif liéu nay gém hai thanh phin : d6 1a cac phin tir dit liéu va mot
con 1ro tro téi phan tir hién hanh. C6 thé hinh dung nhu mét hinh tron 6 cac diém
phén bd déu trén duong bién cua no, cac diém nay chinh 14 noi ma dit liéu duge luu
trir. Ké mét ban kinh tir tim t6i cac diém nay ta s€ ¢6 con tro. Mdi khi cac dit liéu
duoc doc hodc ghi, con trd s& di chuyén dén phan tir tiép theo. Va bai vi ching ta
dang trén mdt duong tron nén khong cé diém khoi dau cling khong c¢6 diém két
thiic. Sau mot khoang thoi gian tat ca cic phén tir trén bién cua hinh tron déu duge

su dung heét, cac vi tri cii s€ duge tai st dung mot cac ty dong. Chinh vi thé nén

o S A
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kich thudce cta co sé dir liéu khdng bi phinh ra theo tho1 gian.

Mot tién ich khac cua RRDTool la kha ning tao ra céc biéu db tir cac gia tri luu
trong co s& dir 1iéu Round Robin. Do d6 chiing ta cé thé dé dang theo ddi sy bién
ddi ciia mot hay nhiéu dai luong theo thoi gian mét cach truc quan nhét bang hinh

anh.
1.3 G6i phan mém BKlusware

Véi viée cAu hinh nhu trén, sau khi cai dat cac goi phan mém LAM/MPI, PBS,
Ganglia, hé thong da dap img duge cic yéu ciu co ban cia viéc phét trién, bién
dich, 13p lich chay céc img dung song song, ciing nhu cung cap cho ngudi quén tri
cac cong cu dé quan ly, cAu hinh, theo déi toan bo hé théng. Tuy nhién, viéc st
dung, vin hanh nhimg géi phan mém trén con doi hoi ngudi sir dung phai 6 nhimg
kién thic nhit dinh vé hé thong, ciing nhur phai biét kha nhiéu cac tuy chon khéac
nhau tuong tmg voi timg cau 1énh. Mat khéc, cac goi phan mém trén 1a do nhimg
nha cung cip khac nhau xiy dung va phat trién nén chi hd tro nhau rat han ché

hodc khong ho tro.

Xuét phat tir cac quan sat dd, Trung tam Tinh Toan Hiéu Ning Cao trudmg Dai Hoc
Béach Khoa Ha N¢i da tién hanh x&y dumg goéi phin mém BKlusware v&i cac muc

dich sau:

o Lién két cac goéi phin mém sin c6 teén Thé Gidi hoat ddng mot cach théng
nhét, cung cip cac chirc nang phat trién tich hop, thyc thi cong vide va quan

ly giam sat hé thng tinh toan song song ghép cum.

e HJ tro ngudn s dung nhiéu mic: BKluster hd tror st dung nhiéu muc, nguai
dung thuan tuy, ngudi phat trién chuyén nghiép va ngudi quan tri hé thong.
Ngudi ding thudn tuy khai thac hé thdng dua trén céc phan mém tinh toan
¢6 san hodc dua ra yéu ciu tinh toan dua trén mot ngdn nglr dic td cia hé
thong dé& ra. Bdi voi nhom nguoi dung nay, khai niém song song la trong
suét. Hé théng ciing cho phép ngudi ding phét trién cac phin mém tu viét
cac chuong trinh tinh todn nham toi uu hod dya trén dic trung cla timg bai
toan cu thé. Cac chuong trinh duge phat trién theo mé hinh lap trinh truyén
théng diép. Tuy nhién, & mirc d6 nay nguéi dung ciing cé thé bo qua mot sb
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vin dé phuec tap trong viéc tinh todn song song nhu viéc phén tai. sap dat cac
chuong trinh song song trén cac nut tinh toan. Né1 cach khéc, su phuc tap
trong td chirc va céc thanh phan hé thong da duoc che lap giup nguoi dung
nhin BKluster nhtr mét méy tinh nhiéu bd vi xtr ly. Lép nguoi dung cudi
cling — ngudi quan tri mang budc phai nhin hé thdng mdt cach chan thye —
mét tip cac may tinh duge “lién két” dua trén moi trudng truyén thdng. Cac
cong cu quan tri va theo duoc xay dung khdng phai dé che day su phirc tap
ctia hé théng. N6 chi gitp nguoi dung giam bot khéi lugng cong viée phai
lam cua ngudi quan tri cling nhu hién thi mdt cach truc quan vé hé thdng,

glup nguoi quan tri cé nhirng quyét dinh ding dan.

Tdp hop cdc phin mém giip BKluster tré thanh mgt hé thong tinh todn goi la

BKlusware.

Mai trieong tich hgp -]  Mai frudng tinh " Bo cong cu quain tri &
_phat trién, ' toan ‘ giam sat

Quinly & || Timidi || Quinlycong || Dich vu quin Iy va gidm
! gL Ich vu g g
bién dich {:| & kiém |  vige sat
chuwong |- the o i ' -
trinh ) g Chﬂ'O'l'lg = . . e .
P T tr‘lnh PBS : B@ !E:lp ) GMETAD . Cic chu'o'ng
' ) H {{ trinh do hitu

GCC | ich ning
NFS : GDB 1 LAM/MPI MOM GMOND

HE DIEU HANH LINUX

Hinh 2-8 Kién triic phan ting hé théng BKluster
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Vé mat chirc nang chinh. goi phdn mém BKlusware cé 3 chitc ning chinh, tuong
{mg vé&i 3 hé théng nho hon:

e Hé théng Phat trién tich hop
e Hé théng Thuc thi tinh toan

s Hé théng (Gidm sat va quan tri

Hé théng phat trién
chwong trinh

Hé théng thuc thi
tinh toan

Hé théng quan tri
& giam sat

Mii truomg phat
trién

Méi treong tinh
todn

Cac chng cu quin
tri & giam sat

Cac dich vu phat
trién

Dich vy quin ¥

Dich vu quan fri
~ vi giam sat

tritn trinh

T chire luu friv

Thuyc thi trén cac

Dich vu thong tin

trén cac nnt

nitt _ trén tirng nit

Hinh 2-9 Kién tric phin hé BKluster

N6i dung cdc chuong tiép theo s& di vao trinh bay cu thé ba hé théng trén:

e Hg¢ thdng phat trién tich hop bao gdm B¢ cong cu soan thio va quan Iy ma
ngudn, B cdng cu g& rdi chuong trinh song song va Cac nghién ciu, thu
nghiém xay dung may 4o cling ngdn ngit théng dich don gian giup phat trién
cac img dung song song.

e Hé théng thuc thi tinh toan cho phép dé trinh, theo ddi va quan 1y két qua tra
vé clia cac (mg dung song song

e He¢ thong quan tr1 va giam sat cung cap céc chirc ndng: Quan ly cac géi phan
mém, Quan ly cau hinh cluster, Quan ly nguoi dung, Giam sat hoat dong va
Danh gia hiéu ndng hé théng
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CHUONG 2 B¢ Cong Cu Soan Thao va Quan Ly Ma
Ngudn

2.1 Datvan dé

Tinh todn song song khéng phai la mot linh vuc mdi, nhung hién nay ¢ nudc ta
viéc ap dung tinh toan song song con rit han ché mot phé‘m do cac diéu kién vé vat
chét va mdt phan do vidc tiép cin va ap dung cdng nghé. Cac hé théng tinh todn
song song thirémg cé kién tric phire tap khién cho viéc mé hinh hoa va 1dp trinh céc
bai toan doi hoi tinh chuyén nghiép va su hidu biét siu vé tinh toan song song. Do
viy viée xay dung mdt mdi trudong phat trién (mg dung song song la rat can thiét
tao co sO cho viéc tmg dung tinh toan song song trong khoa hoc k¥ thuit va trong

cudc song.

2.2 Kién triuc méi trweong phat trién cédc trng dung song song

B§ soan thao Quan 1y project

k) P

Quan Iy truyén théng

Client
Server
Server
Bién dich 1 G& 161 Thue thi
l “ ]
y
LAM/MPI
PBS

Hinh 2-1 Kién triic md hinh MPIDevelop

High Performance Cornputing Center - HUT 27



Tai lieu k¥ thuat — Chi tiét hé thdng BKluster

Méi tredomg phat trién img dung song song MPIDevelop la mdt méi truong tich hop
dugc xay dua trén md hinh Client/Server. Nguoi ldp trinh s€ soan thao ma nguén
trén mot bd soan thao nam o may client. M3 nguén s& duge ghi vao cac tép trén
server, dich, lién két thu vién va chay trén server. Server c6 mot bd tiép nhan yéu
cAu, phan loai va chuyén cc yéu cdu nay dén cac bo phan khac dé thuc hién. Mo

hinh nay dam bao dap img dugc nhiéu ngudi ldp trinh trong cing mét thoi diém.

B¢ soan thdoe la thanh phin nim trén client gitp ngudi lap trinh soan thio

cac 1énh cho ung dung.

e Quin Iy project: thuc hién viéc quan 1y cac file ma ngudn, cic 16p, ham

trong ma ngudn.

e Quain ly truyén théng: thuc hién truyén nhan dir liéu giira client va server

théng qua socket.

¢ Server la mot tién trinh ngdm chay trén mot nut trong hé théng tinh toan
song song tiép nhan nhin moi yéu cau gui dén tir client, phan loai r6i chuyén
cho cac thanh phin khac thuc hién. M&i ngudi st dung ¢6 mét tai khoin
diing dé ddng nhap vao hé théng. Tai khoan nay tuong img véi mét thu muc
duge goi la thu muc home cia ngudi st dung. Ngudi su dung chi duge phép
thao tac trén cac t€p hodc thu muc nam trong thu muc home cia ngutn do.
Khi mdt ngudi stru dung dang nhéap vao hé théng, bé tiép nhan yéu cdu s&
doc cac tham s cén thiét cla ngudi st dung trong thu mu'c home va tao ra

mot phién lam viée (session) doc 1ap.

e B bién dich: thuc hién viéc bién dich mi ngudn ma lap trinh vién d3 soan
thao. Hién tal chuong trinh chi cho phép bién dich cac chuong trinh song

song duoc viét theo chuin MPL

e B¢ thuec thi cho phép ngudi ldp trinh chay thir chuong trinh vira duge tao ra
bing cach cho chay file thuc thi dugc tao ra khi build. Thudng thi cac
chuong trinh chay phai ¢é tham sé, tham sb nay c¢é thé nhap tir dong 1énh
hodc méi truomg phat trién tich hop co thém muc cho phép 13p trinh vién

nhép trude tham sé khi chay chuong trinh.
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Hinh 2-2 Giao dién chwong trinh MPIDevelop

2.3 Két qua dat duvoc

MPIDevelop hién tai a phién ban thir nghiém cho phép ldp trinh vién soan thdo ma
ngudn, bién dich va thuc thi chuong trinh. Cac chirc ndng nay da duoc hoan thanh
mét cach co ban, tuy nhién viéc bién dich thuc thi van chua duoc tach ra dé thuc
hién trén Server. C6 thé sir dung churong trinh dé lap trinh mot s6 bai toan tinh toan

song song chay trén hé théng BK Cluster.

2.4 Kétluan

MPIDevelop hién gier mdi chi dat duge mét sé chire nang co ban va dang trong qua
trinh hoan thién tiép. Cac cdng viee can thuc hién dé hoan thién MPIDevelop:
e Hoan chinh bd soan thao ma nguén vo1 cac chlic ndng nang cao hé tro lap
trinh vién soan thao.
e Thiét k& bd quan 1y project cho phép ldp trinh vién xem cac file ma ngudn,

cac lop, cac ham trong chuong trinh.
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o Thiét ké phn server thuc hién viée bién dich, g& 161, thuc thi chuong trink tr

xa.

o Tich hop thém bg trg gitp cho ngudi lap trinh.
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CHUONG 3 Xay Dwng B6 Cong Cu G& Réi Chuong
Trinh Song Song

Cong viée phat trién tmg dung — hay lap trinh — 12 ¢éng viéc luén ludn c6 161 (bug).
Viée xéc dinh cac 181 tiéu ton rat nhiéu thoi gian cla ngudi 1p trinh. Do d6 nhu cau
vé mdt cong cu hd trg nguoi 1ap trinh ¢é thé nhanh chong phat hién ra cac 16i ma
ho mac phai la thuc su can thiét. D1 vai 1ap trinh song song, vai trd clia cong cy g&f
181 cang quan trong hon nita do kha ning xay ra 16i trong chuong trinh song song
cao hon nhiéu so voi trong chuong trinh tudn tw. Hon thé, cac 161 xay ra trong lap
trinh song song cling phirc tap hon so vt trong chuong trinh tudn tw. Co sy tro
gitp cua phin mém hd trg g& rdi, cong viée cvia ngudi lap trinh sé try nén dé dang
homn rit nhiéu.

3.1 G& roi cho cac chwong trinh song song

3.1.1 So lwgce chung vé gl roi
3.1.1.1 Van dé g& réi trong lap trinh

Trong phaét trién phan mém, mdt nhiém vu co ban nhung khong hé dé dang 1a dam
bao sur chinh xac, ding din ciia chuong trinh. Viéc xuat hién 18i trong chuong trinh
1a kho tranh khoi do ban chét tu nhién cua con ngudi la khdng hoan hao. Do d6, khi
con ngudi van con tham du vao cdng viéc 1ap trinh, 13i s& vén con xuat hién.

Co nhiéu k¥ thuat dé tim va stra 18i trong chuong trinh. Mot ky thuat co ban va don
gian hay dugc cac 13p trinh vién st dung 1a ding ciu lénh in ra man hinh. Cau 1€nh
duge dat tai vi tri nghi ngé co 164, va in ra man hinh gia tri cac bién theo yéu cu
nhim gitp cho lap trinh vién ¢6 thé xac dinh 13i cia chuong trinh. Tuy nhién
phuong phap nay chi 4p dung cho cac chuong trinh bé va véi nhimg 18i don gian.
Khi gip chuong trinh ¢é quy mé Ion, phuong phap trd nén khé khan hon rdt nhiéu
vi viéc tim vi tri nghi nger ¢6 161 cling nhu dit cac cau 1énh in ra man hinh doi hoi
nhiéu céng sic clia ldp trinh vién. Ngoai ra mot diém yéu rit rd cia phuong phap
nay la tinh bi déng: ngudi 14p trinh khéng co kha nang tuong tac vdi chuong trinh,
khéng thé thay dbi gia tri cac bién dé kiém tra hoat ddng cua chuong trinh.

Mét phuong phap thir hai dé g& 13i chuong trinh 14 st dung cac cong cu hd trg g&
161. Trong nhitng nim gan déy, rit nhiéu c¢ong cu phin mém da duoc tao ra nhim
tro gitip lap trinh vién trong viéc nay (VD: dbx, gdb, sdb, DEBUG, ...). Cac
chuong trinh g& 16i nay théng thuomg cho phép 1dp trinh vién dirng chuong trinh
khi dang chay, kiém tra trang thai ctia chwong trinh, cho phép sira doi gia tri cac
bién cling nhu gia tri ngan x&p, in ra cac gid trj ¢6 thé lién quan dén 131, va tiép tuc

chay chuong trinh. Viée cho phép dieu khién chuong trinh chay mét cach tuong tic
L
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nhu vay giup cho cac ldp trinh vién co thé tim ra 13 mot cach hiéu qua.

3.1.1.2 Céng cu gdb

M5t cong cu hd trg gd 16 rit théng dung va duoc ding phé bién trong thé goi
Linux 1a gdb. Gdb 1a mdt chuong trinh phin mém mi nguén md giao dién dong
1énh — CLI (command line interface) cho phép nguot su dung diéu khién qua trinh
chay cta chuong trinh can g& 181 mot cach tuong tdc. Gdb 6 khd ning thuc hién
bén cong viéc chinh sau (cong thém cac kha ning khac hé tro cho bén kha ning
chinh nay):

» Chay chuong trinh, thay déi cac théng sb ban dau dé tac dong 1én hoat déng
cua chuong trinh.

e Dirng chuong trinh tai nhimg diéu kién cu thé.

e Kiém tra trang thai chuong trinh khi dimg lai.

e Thay déi cac gia tri trong chuong trinh dé chan doan 15i.
3.1.2 Nhirng bai toan dwge dit ra trong g roi chwong trinh song song
3.1.2.1 Mét sé dic diém cua chwong trinh song song

Nhu chiing ta di biét, m§t chuong trinh song song bao gdm nhiéu tién trinh chay
trén cac niit tinh toan, trao ddi théng tin voi nhau trong qua trinh hoat dong, vdi
muc dich dua ra két qua cudi cing véi hiéu nang cao hon nhiéu 1an so véi chuong
trinh tudn tw.

Nut 1 Nut 2 Nitn
Tién Tién Tién
trinh trinh trinh
1 2 n
MPI > » >
- < -—
— -

"~
Chuong trinh song song
Hinh 3-1 M6 hinh hoat déng ciia chuong trinh song song
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3.1.2.2 Céac van dé trong go roi chuong trinh song song

Khi chuyén tir bai toan g& rdi cac chuong trinh tuan tu sang bai todn gb roi cac
chuong trinh song song, ta gip nhiéu van dé m&i nay sinh. Cac van d€ nay xuat
phat tir cac dic diém dac trung cua cac chuong trinh song song!

e Chuong trinh song song khéng phai chi bao gdm mot ludng céng viée duge
thue hién mot cach ¢o thit wr nhu trong chuong trinh tudn tu. Ching bao
gdm nhiéu ludng chuong trinh song song chay d6ng thii trong cac rang
budc vé thoi gian va dir lidu.

« Trong qué trinh hoat ddng, cac ludng chuong trinh song song nay quan hé
v@i nhau rat chit ch& thong qua viéc trao ddi thong diép.

e Khai niém trang thai cia chuong trinh song song cé nhiéu khac biét so voi
chuong trinh tudn tu. Tai mdt thid diém, trang thai cua chuong trinh song
song bao gdm mot tip cac trang thai cia céc tién trinh trén cc nut tinh toan.
Téap cac trang thai nay thay ddi ddi véi mdi 1an chay chuong trinh, tao ra
tinh hdn loan, giy khé khin cho ngudi lap trinh khi bét trang thai dé g& 16i.

Do viy, viéc thiét k&, t chirc va viét mot chuong trinh song song la khong hé don
gian. Mot chut sai s6t rat nho (ching han nhu quén khong dit diém déng bd gitra
cac tién trinh, bi 181 deadlock - mét 13i rat hay gdp trong lap trinh song song) cé thé
gay ra nhimg 131 ngdm bén trong rit khé phat hién. Vi vdy, céng viéc lap trinh song
song dé phat sinh 16i hon trong l4p trinh tudn tu, va cac 18i cling thuéng phirc tap
hon.

Phuong phéap g& 16i rat phd bién trong 1ap trinh tudn tu la sir dung cdu lénh in ra
man hinh (ching han printf() trong ngdn ngir C). Phuong phép nay rat don gian va
to ra kha hiéu qua khi g& 15i chuong trinh tudn tu. Tuy nhién, d6i véi chuong trinh
song song, phuong phap g& 16i sir dung cau lénh in ra man hinh lai khéng hé hiéu
qua, thdm chi nhiéu khi con khién cho ngudi gi 16i chuong trinh bj lac hudng. Diéu
nay xudt phat tir dic diém cua chuong trinh song song 14 bao gdm nhiéu tién trinh
cung chay song song. Khi thuc hién dén cau 1énh in ra man hinh, céac tién trinh song
song nay s€ “tranh nhau hién thi”, tién trinh nao dén trude thi hién thi trudec, tién
trinh nao dén sau thi hién thi sau. Do dé, thr tu thuc hién ciu 1énh in ra man hinh la
rit 16n x6n. Dya vao nhimg gi hién ra trén méan hinh khi nay dé g& 16i chuong trinh
song song la rat kh6 khan. Ngoai ra phiong phap nay ciing rat khé cé thé phat hién
ra cac 13i xudt phat tir vin dé truyén thong giira cac tién trinh, ching han nhu van
dé deadlock.

Phuong phédp g& 16i chuyén nghiép hon la sir dung cac phan mém hd tro g 16i
chuong trinh nhu gdb, dbx. sdb, DEBUG, Turbo system debugger. Tuy nhién, tit
cd cac chuong trinh ké trén déu la cac chuong trinh g& 18i danh cho chwong trinh
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tudn tu. Can phai co nhimg giai phap phi hop dé cé thé &p dung cac cdng cu phén
mém nay vao g rdi cac chuong trinh song song.

Mat vAn dé nita cin chi y d6i véi chuong trinh song song 1a viée trao déi théng tin
gitta cac tién trinh. Pay 13 diém dic trung khac bidt cla cdc chuong trinh song
song. Qua trinh trao déi théng tin nay cling gdy ra nhiéu 16i. Do d6, mot cong cu
cho phép theo déi qua trinh truyén théng gitta cic tién trinh déng maét vai tro quan
trong trong phat trién cac cdng cu g&f 101 song song.

Hién nay trén thé gidi cé rat it cdc chuong trinh g& 16i hoan chinh danh cho chuong
trinh song song. Mt chuong trinh hoan thién nhat ma ta cé thé ké ra 12 Total View.
Pay la ¢bng cu hiéu qua trong viéc g& 16i chuong trinh song song, va n6 da duge
LAM/MPI chinh thuc hd trg. Nhung mot diéu dang tiéc Total View 13 mot chuong
trinh thuong mai. N6 khéng phai la chuong trinh ma nguén mé nhu LAM, do d6
khong phi hop véi BKluster va khdng c6 nhiéu ¥ nghia trong viéc hoc tép nghién
ctru.

3.1.3 M#t s hwéng tiép cin

Hién nay trén thé gi6i c6 hai hudng tiép cin chinh dbi véi vide gd réi chuong trinh
song song: theo md hinh g& réi tudn tr truyén théng v theo hudng md hinh truyén
thong diép.

Péi v&i mé hinh theo hudng g& rdi tuan tu truyén théng, cong viée g& roi duogc tien
hanh theo hai pha:

e Pha 1: tién hanh g& rbi déi v6i timg tién trinh trén timg nut tinh toan gidng
nhu d6i véi g& réi chuong trinh tuén .

o Pha 2: tdng hop két qua tir c4c nut tinh toén dé dua ra cdi nhin tong quat vé
hoat ddng cua ca chuong trinh cho ngud su dung.

Trong hai pha ctia mé hinh g& réi nay, pha thi hai chinh la thanh phan quan trong
tao nén sy khac nhau giita g& rdi tudn to va g& rdi song song. D6i véi cac bai toan
song song theo mo hinh SIMD, khi cac tién trinh cung thuc hién mét chudi céc 1énh
nhur nhau thi ¢éng viée tong hop coé thé don gian hon. Hé théng s& gidng nhu mot
may don thao tac ciing mét lic trén rt nhiéu dit liéu. Céng viéc s& trd nén phic tap
hon ddi v&i bai toan song song theo md hinh MIMD. Do khi nay cac tién trinh thuc
hién cac cong viéc khac nhau trén cac bé dit liéu khac nhau nén céng viéc téng hop
déi hoi nhiéu cong sirc. Tham chi, hé thdng cé thé con yéu cdu tri thirc dé c6 thé
dura ra nhitng két qua tng hop ding dén va chinh xéc.

Pbi véi hudng mé hinh truyén théng diép, cong viée g& roi chu trong vao theo doi
qué trinh truyén thong gitra cac tién trinh. Xudt phat tir quan diém cac 161 phé bién
va khé phat hién trong céc chuong trinh song song thuong la 13t cua qué trinh
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truyén thdng, nhitng ngudi phat trién céng cu g& rbi theo hudng nay da xay dung
nén nhimg cdng cy cho phép theo doi hi€u qua qua trinh truy€n thong gitra cac tién
trinh, bao gdm cac chirc nang chinh:

e Theo doi ban dé truyén thong diép: thoi diém truyén thong, noi xudt phat va
dich dén ctia céc thong diép.

e Kiém tra ni dung cua cac thong diép

Str dung cong cu g& rdi theo huong nay, ngudi 1ap trinh sé dé€ dang hon trong viée
phat hién ra nhiing 16i dic trung cla chuong trinh song song.

Trong hat huéng tiép can trén, hudng tiép cdn thir nhit tao cho ngudi st dung kha
nang chu ddng trong cdng viéc g& rdi chuong trinh. Ngudi sir dung ¢6 thé chay
chuong trinh, dirg chuong trinh, theo doi va thay dbi gia tri cac bién dé kiém tra
phan tmg ctia chuong trinh. Viée chdn doan 16i s& tré nén don gian hom.

Nhuoc diém clia huéng tiép cin thir nhét la su phirc tap khi xay dung céng cu. Nhu
da dugc phat biéu & trén, viée tong hop két qua tir cac tién trinh don 1¢ dé duva ra cai
nhin chung téng quat, truc quan ctia ca chuong trinh 1a khéng don gian, cin nhiéu
cdng sirc nghién cuu.

Dbi vai hudng tiép can thir hai, céng cu hd tro theo ddi truyén thong diép cho phép
ngudi st dung quan sat mot cach true quan qua trinh hoat dong cfia cac tién trinh
song song, viéc truyén thong diép giita chung va ndi dung ciia cac thdng diép.
Nhimg kha ning ndy gitip cho ngudi 1ap trinh dé dang hon trong viéc phat hién cac
16i truyén théng.

Tuy nhién, nhuge diém cla céc céng cu nay Ia khong cho phép ngudi sir dung
tuong téc voi chuong trinh. Ngudi dimg chi duge phép theo doi qua trinh truyén
thong chir khéng ducoc can thiép vao qua trinh do.

Phin mém hé trg g& r6i BKPD s& sir dung ca hai hudng tiép can trén. Mgt mat,
BKPD sir dung gdb dé tién hanh g& rdi don 1é trén céc tién trinh, sau dé tdng hop
lai va cung cdp céi nhin tdng quan cho ngudi sir dung. Mat khac, BKPD ciing bao
gom thanh phan BK Viewer dé cung cAp cho nguoi ding cai nhin truc quan vé qua
trinh truyén théng diép trong chuong trinh song song.
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3.2 BKPD - HE THONG GO ROI CHO CAC CHUONG TRINH
SONG SONG TRUYEN THONG DIEP

3.2.1 Hgé théng tinh toan song song BKluster

Hé théng BKluster dugc xay dung dua trén nén méi truomg lap trinh song song
truyén thong diép LAM/MPI - theo chuan MPL, va b quan 1y va phan tai PBS.

MPI - Giao dién truyén thong diép - Message Passing Interface (MPI)) — 1a mot
chuan quy dinh cic ham giao dién 1dp trinh tmg dung (API), cho phép ngudi lap
trinh viét cac chuong trinh song song theo mé hinh truyén thong diép.

MPI 1a két qua cta nhiéu thip k¥ nghién ctru trong linh vuc tinh toan song song,
duoe dé xudt bai nhém phan mém ma nguén mo MPI Forum.

MPI c6 thé thuc hién trén rt nhidu méi tnromg khie nhau, tir cdc méi trudng lém
nhu cac may tinh song song (IBM SP, SGI Origin) dén cic méi trudmg nho hon
nhu cdc Cluster. Dac biét chuan MPI duoe st dung nhiéu trong cac truong dai hoc,
noi chil yéu ap dung mé hinh tinh toan song song Cluster. Cac chuin MPI duge
thiét ké hd tro tinh kha chuyén va khéng phu thudc platform.

LAM MPI ta mét g6i phdn mém hé théng va bd thu vién lap trinh m3 nguén md,
tudn theo cac chuin MPL LAM dugc phat trién boi phong thi nghiém cac hé théng
m¢ (Open Systems Lab) tat truomg dai hoc Indiana,

LAM MPI khong chi 1a thu vién thuc hién cic tmg dung MPI, ma nd con tao ra
mdi trudmg LAM (LAM run-time enviroment). Pay 13 méi trudng ngam mirc hé
théng cung cip rt nhiéu dich vu cho cac img dung MPL.

Goi phan mém LAM cé hai thanh phan chinh: méi truomg thue thi LAM va ting
truyén thong MPI. Néi chung ting LAM cung cép cac dich vu xuong séng cho ting
truyén théng MPI, do dé ting MPI phu thudc vao ting LAM. Hai thanh phan nay
ndm trong hai thu vién riéng biét 1a liblam.a va libmpi.a.

User ok |

MPI Layver rhibmpi.a) J

|
|
r LaM thblana) I
|

Operating svsiem J

Hinh 3-1. Céc thanh phin caa LAM/MPI
Ca hai thanh phén chinh trén ciia g6i LAM MPI déu duoc thiét ké theo mé hinh
kién tric thanh phdn — c¢6 kha nang mé réng cao, kha nang chon lua va chu hinh
cdc module nho tai thoi diém thue thi (run-time). Kién tric thanh phin nay cla
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LAM MPI dugc goi la giao dién dich vu hé théng — System Service Interface (SSI).
LAM SSI duoc thiét ké theo mé hinh module hai tang (two tier). Myc tiéu cua SSI
la cho phep lua chon trong nhiéu mau giao dién tai thoi diém thue thi chuong trinh
va truyén cac thong sd cho miu dé. Hinh dudi mé ta cdu tric hai ting nay

( Trer | Sysiem inerface delimman oollecuon
Tier X Tier 2 Tier 2
Instinee A Inscance B 'Y Inssance O

. / W,

mpirun

Hinh 3-2. M4 hinh module hai ting cia LAM $SI

Kién tric nay cung cap kha néng “plug-n-play” cho cac dich vu cia LAM va MPL
M3i thuc thé cua tier 2 1a mét tip code ridng biét, duge cdu hinh va cai dat doc 1ap
voi cac thue thé khac. LAM sé tu ddng tim va ciu hinh cac thuc thé dugce lua chon
vao méi trrdong hoat déng chung clia minh. Nhu viy 6 thé thém cac thuc thé dich
vu m&i vao LAM mét cach dé dang.

Hién nay LAM bao gdm bbn nhém giao dién SSI, trong d6 mdi nhoém bao gbm
nhiéu thye thé module SSI cho phép chon lua khi thwe thi LAM. Bén nhém nay 1a:

‘Boot  LAM " Boot SSI st dung dé khoi tao cac tién trinh méi
. ruong tal cac nut trong mang, vol cac lénh
. lamboot, recon, wipe, va lamgrow. Boot SSI
- ding cdc moi truomg thuc thi khac (nhu ssh/rsh) |
dé khoi tao méi trudng cia chinh minh.
Coll MPIL ~ Coll SSI cung cip cac giai thuat nén cho cac ham -
truyén  théng  quang  ba  (collective
communication) trong MPI.
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Cr LAM  va Ho tro checkpoint/restart. Cho phép tam dimg va
MPI khot phuc chuong trinh song song.
Rpi MPI MPI Request Progressioﬁ Interface (RPI) SSI su

dung trong tit ca cac truyén thong diém-diém

trong MPI. Pay la ting thép nhat trong MPT phuc

vu truyén thong, dam nhdn céng viéc truyén céc
byte giifa cac tién trinh MPI.

Bang 3-1 Cac SS1 cua LAM/MPI

3.2.2 Nhirng hd trg cia LAM/MPI trong g& 16i cac chuong trinh song
song

LAM/MPI ¢6 hai dac diém hd trg cho qua trinh g& rdi céc chuong trinh MPI. Thix
nhat, LAM duoc thiét ké cho phép ngudi lap trinh song song c¢6 kha nang g& 16i
mot cach trong tac, dua trén cong cu g& 16i tudn fw gdb. Viée g& 161 dugc thuc hién
bing cach gin gdb vao cac tién trinh song song, sau do tién hanh g& 151 qua gdb,
giéng nhu d4i véi chuong trinh tuén tu.

Trong LAM, mot chuong trinh song song duge chay khi triéu got cau 1énh mpirun
nhir sau:

mpirun C myparallelprogram
Thir tu cac cong viéc thuc hién cua LAM khi chay chuong trinh song song la:

¢ Khdi tao cac bién méi truong can thiét cho viée chay chuong trinh song
song. Noéi chung cac bién nay déu chi phuc vu riéng cho LAM/MPIL. Cé mét
bién mdi trudmg kha co ich 1a bién LAMRANK trén mdi may chtra dinh
danh ctiia mdy do trong méi trudng LAM.

e Thuc hién chay chuong trinh duoc chi ra trong cau 1énh mpirun trén tit ca
cac may. O bude nay thi chuong trinh tuan tu hay chuong trinh song song
déu nhu nhau: chang déu c6 n miu va duge chay cung lic trén trong n tién
trinh trén m may (do mdi may cé thé c6 nhiéu tién trinh)

e DPdi voi chuong trinh song song, dic trung song song chi bat ddu duoc thé
hién khi cac may cing chay dén 1énh MPI Init. Khi cac may chay lénh nay,
chiing s& thiét 1ap méi truong truyén thong, trao ddi thong tin cho nhau dé
nhin biét tit ca cic mdy trong mdi trudng va thu thdp chi s6 clia cic may.
Sau khi thu thip xong cac théng tin trén thi MPI_Init két thac. Nhu viy co
thé coi MP[_Init 14 mét ham truyén thong quang ba, 1d mét diém dong bo
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cua chuong trinh song song. Cac tién trinh trén cac may phai cho nhau tai
diém nay.

o Ddi vdi cdc chuong trinh tudn tu, do khéng c6 MPI Init nén chuong trinh sé
chay thang mot mach dén khi két thic. Khi d6 do MPI thiy chuong trinh da
két thiic ma van chua c6 MPI_Init nén nd sé bao 16i.

Ta c6 thé tmg dung nguyén tic nay dé chay gdb trén cac tién trinh nhw sau:
mpirun C gdb myparallelprogram

Nhu vay mpirun duge ding khéng phai dé chay chuong trinh song song ma dé
chay gdb trén cac nat tinh toan. Dya vao qui trinh chay chuong trinh song song
trong méi truomg Lam duoc néu & trén ta thay diéu nay 1 hop 1é. Khi d6 gdb duoc
chay dbéng thdi trén tit ca cac nit, va chuong trinh song song can chay thi dugc
diéu khién boi gdb. Ngudi dung cé thé g& 161 cac tién trinh song song trén cic niit
théng qua cdc tién trinh gdb chay trén cdc mit do.

Tuy nhién, d& g& rdi ngudi 1ap trinh phai tu minh thuc hién ting 1€nh trén ting tién
trinh riéng lé. Né khong cung cip cho ngudi sir dung cai nhin tdng quan vé toan b
chuong trinh, va gay nhidu bét tién trong qua trinh gd rdi.

Pic diém thir hai LAM hd trg cho qué trinh g& rdi 14 nd cho phép tao ra file vét
truyén théng gitra cdc tién trinh (trace file). Pay la file luu lai cc théng tin trao doi
gifta céc tién trinh. Nhor file nay, ta cé thé tai hién lai qué trinh truyén théng cia
chuong trinh MPL

3.2.3 Phén tich yéu cdu ciia chwong trinh g& réi song song BKPD

BKPD st dung ¢4 hai kha néng hd trg cia LAM/MPI trong g& réi cdc chuong trinh
song song. Muc tiéu cua chuong trinh hd tro g& rdi song song BKPD 14 tao ra mdt
coéng cu phin mém:

e Cho phép ngudi sir dung tién hanh g& 18i cac tién trinh song song MPT trén
cac nut tinh todn mét cach tap trung.

o Cho phép ngudi sir dung tién hanh g& 16i théng qua mét giao dién dd hoa -
GUI (Graphic User Interface).

* Cho phép ngudi sir dung tién hanh g& 16i mét cach twong tic, 6 kha ning
 theo ddi, diéu khién qua trinh hoat ddng cua chuong trinh. Ngudi sir dung
trong qua trinh g& réi ¢6 kha nang thay ddi cac gia tri bién cling nhu ngin

xép dé co thé chin doan duoc 13i.

» Cho phép ngudi st dung tién hanh g& 181 tir xa (phan tan) thdng qua mang
Internet, qua mdt giao dién chay trén Windows.
et A SR

High Performance Computing Center - HUT 39



Tai lidu ky thuat — Chi tiét hé théng BKluster
e Cho phép ngudi st dung theo ddi khung canh truyén thong diép gifta cac
tién trinh théng qua céng cu BK Viewer.

Muc tiéu hién nay cuia du 4n BKPD chua phai la phat trién mot chuong trinh hd trg
& rdi hoan thién, ma chi 13 phat trién mdt chuong trinh khung hé tro g réi mot
cach co ban. Dé phat trién BKPD thanh mét chuong trinh g& réi song song hoan
thién can nhiéu cong nghién citu va phat trién hon nia.

3.2.4 Hoat ddng ciia BKPD
Qua trinh hoat dong cua BKPD c¢6 thé duoe md ta budc diu nhur sau:
o Nguoi sit dung khdi dong chuong trinh gd rdi, két ndi dén server

e Server s€ khoi déng gdb trén cac nut, gin gdb vao cdc tién trinh song song
can chén doan 161.

¢ Toan bd cac tien trinh dirng lai, chd cac diéu khién clia ngudt st dung.

e Ngudi st dung co thé thue hién cac hoat ddng sau thdong qua giao dién phia
client.

o switch gita cac tién trinh

o dit break point trén cac tién trinh

o xem gia tri cac bién

o xem gia tri stack

o slra dbi gia tri bién, stack, 6 nhd, thanh ghi

» Ngudi ding cé thé cho chuong trinh tiép tuc chay cho dén break point tiép
theo.

¢ Ngudi ding ciing cé thé thyc hién chay chuong trinh theo timg budc.

o Cudi cling, ngudi st dung c6 thé xem lai qua trinh truyén thoéng ciia chuong
trinh.

e ]
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S dd tdng quan cc bude trong qua trinh debug

Gan gdb vao
¢ac tién trinh

b A 4 Y
bit breakpoint, Dat breakpoint, Pt breakpoint,
xem gia tri bién, xem gia tri bién, Xem gia tri bién,
stack,..., stra doi stack,..., sta dbi | **" |stack,..., stra dbi gia
gia tri,... trén tién | | gia tri,... trén tién tri,... trén tién trinh
trinh 1 trinh 2 n

|

Chay chuong
trinh tmg budc

Yy
Xem lai qué trinhl
truyén thong

4

Hinh 3-2 Cic budc debug chuong trinh song song
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3.3 KIEN TRUC BKPD

3.3.1 Kién triic chung

BKPD c6 md hinh kién tric theo céc tAng nhu sau.

CLIENT

DE

Client Communicator

Internet

B o emet

!

!

Server Daemon

Server Communicator

SERVER

NODES

Master

Slave Slave Slave
gdb . gdb gdb
MPE | MPY [ MP

process | process . { process -

LAM/MPI

Hinh 3-3 Mb hinh kién tric BKPD

¢ DE (Debugging enviroment) : Mdi truong g& 16i song song. Tang nay nim
phia client, cung cap cho ngudi dliing kha nang tien hanh g& 15i tlr xa.

o Tiang truyén thong k&t ndi: bao gom Client communicator, Server Daemon,
va Server communicator.

e Client va Server communicator: La ting dém trung gian dam nhan nhi¢ém vu

truyén théng giita client va server. Client communicator cung cép cic ham
API cho DE dé thuc hi€n cac cau l¢nh debug. Nhe Client va Server comm,
DE nhin hé théng phén tan cua ta gidng nhur 1a hé thng cuc bé.
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.

Server Daemon: Tién trinh ngdm phuc vu phia Server tinh toan. Tien trinh
nay ludn ché & mdt cong, mdi khi cd nguoi dung ket ndi dén s€ sinh ra tien
trinh.phuc vu.
Master : Thanh phan dam nhédn cac cong viéc sau :

o Khai tao cac slave tai thotl diém ban diu.

o La noi xtt ly 1énh nhén duge tir ngudn st dung, thuc hién i€nh, nhin
két qua tra vé va xu ly két qua (trude khi két qua duge truyén vé cho
ngudi su dung).

Slave : Thanh phéan didu khién gdb hoat ddng : truyén Iénh cho gdb, nhédn
két qua tra vé tir gdb va truyén cho master.

Gdb.
Chuong trinh MPL.

3.3.2 Kich ban hoat dong ciia BKPD

Kich ban hoat dong cia BKPD bao gdm 4 pha chinh : pha két ndi, pha thiét lap,
pha phuc vu va pha két thic.

A 4
Pha két ndi

|

Pha thiét lap

!

Pha phuc vu

Pha két thic

Hinh 3-4 Kich biin hoat djng cia BKPD
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3.3.2.1 Pha két noi

CLIENT

L¥S]

5.

DE

L i

R

Client Communicator

. — internel

Server Daemon Server Communicator

Hinh 3-5 Hoat déng ciia BKPD - Pha két noi
Ngudi dimg str dung DE goi cac ham ciia Client Communicator két ndi dén
server.
Client Communicator két ndi dén server.

Server Daemon xac nhdn ngudi dung, sau do sinh ra tién trinh Server
Communicator phuc vu ngudi dung.

Server Communicator giri thong tin k& ndi thanh céng vé cho Client
Communicator. Théng tin xac nhén chinh l1a s nut tinh toén cé tai trung
tam.

Client Communicator théng bdo vé cho ngudi ding théng qua DE.

Lic nay hé théng sin sang phuc vu ngudi ding.

Céac ngoai 1€ c6 thé xayra:

Client Communicator khong két ndi duoc dén server (van dé duomg truyén
mang)

Server xac nhin ngudi sir dung khong cd quyén.

L -~ ]
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3.3.2.2 Pha thiét Iap

DE
/1_\ 3 (5\)
R k. 4 p—
Client Communicator
CLIENT - 'y Int t
erimmeeen- e I - emet_.
SERVER v

Server Communicator

o NG

y S
Master
. — LAN
........... (B ) fmmmmmmadmm e N B oo
NOCES Y @
Slave :; » Slave
gdb : gdb
MPL b MPH
process .f process

Hinh 3-6 Hoat déng ciia BKPD - Pha thiét 13p

Trang thai:

Client va Server Communicator d k€t noi, san sang chd nhdn yéu cau ctua ngudi
dong : tén chuong trinh cén chay, sO nut chay.

Cac bwoc ;

1. Ngudi st dung théng bao chuong trinh mudn g& 16i va sé nit chay cho
Client Communicator théng qua DE.

)

Client Communicator truyén théng tin dén Server Communicator.

LS

Server Communicator khai tao Master, sau d6 go1 ham AP cia Master yéu
cdu khoi tao méi trudmg g 16i.
4. Master triéu goi cac Slave trén cac nat tinh toan.
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M

5. Cac Siave goi gdb, khéi sinh cac tién trinh MPI song song.

6. Slave thiét 1ap két ndi dén Master va giri thong tin thong bao khoi tao thanh
cong vé cho Master.

7. Master nhan thong béo tu slave, sau do tra vé két qua cho Server
Communicator.

8. Server Communicator truyén két qua vé cho Client Communicator.

9. Client Communicator tra vé cho DE dé hién thi thong bao khdi tao moi
trudng thanh cong.

Cic ngoai 1é ¢6 thé xiy ra :

» Ngudi dung yéu cau chay chuong trinh khéng ton tai.

» (Cac Slave khoi tao khong thanh cong (cd vai Slave khéng chay).
3.3.2.3 Pha phuc vu
Trang thai ban diu:

Méi truimg debug da duge khdi tao thanh cong. Hé chd ngudi sir dung nhép vao
cac lénh debug.

Ciac bwée :

1. DE goi ham thyuc hién lénh cua ngudi ding do Client Communicator cung
cap.

2. Client Communicator truyén lénh cho Server Communicator.
3. Server Communicator goi ham thuc hién 1€nh do Master cung cép.

4. Master xir 1y 1énh, sau d6 truyén xuéng cho slave théng qua két ndi duoc
thiét 14p trong pha thiét lap.

Slave diéu khién gdb thuce hién 1énh.
Slave giri két qua vé cho master.
Master téng hop két qud 1rd vé cho Server Communicator.

Server Communicator truyen két qua v€ cho Client Communicator.

I T

Client Communicator tra vé két qua cho DE.
Cac ngoai 1¢ ¢6 thé xiy ra
* (au lénh sai ct phap.

= (o mot Slave bj block.
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DE
P A
(0 9)
e .
Client Communicator
CLIENT — A internet
-------------- A R et ki) EEEEE ST
SERVER N
Server Communicator
I N
®) 1@
Master
{4“\, LAN
“““““““““““ @ H s
Save |-
gdb
MPI
process i

Hinh 3-7 Hoat dgng cia BKPD - Pha phuc vu

3.3.2.4 Pha két thuc
Trang thai ban dau:
H¢ dang hoat ddng binh thudng.
Ciac bude:
1. DE goi ham két thuc cua Client Communicator.
2. Client Communicator giri théng bao két thiic cho Server Communicator.
3. Server Communicator goi ham két thiic ciia Master.
4. Master guri thong bao két thiic cho cac Slave.

5. Cac Slave diéu khién cac gdb két thuc phién lam viéc.
L ]
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6. Slave giri théng bao vé cho Master va tu két thuc.
7. Master tu két thiic.

8. Server Communicator guri thong bao ve cho Client Communicator 101 tur két
thie.

9. Client Communicator tir két thuc.

10. DE két thic phién phuc vu.

E___()
y W

<,

=Y (5)

Client Communicatou

CLIENT ey A internet
_____________ —{\\2/“:»_.._-______-.--4 o mn . . ——— - - — - -

SERVER h 4 - 8
Server Communicator

Master @

Slave Slave
®] 1®
gdb gdb
MPt o MPI
process | process

Hinh 3-8 Hoat déng ciia BKPD - Pha két thic

3.33 Giao thire

‘Trong BKPD ¢o6 hai giao tiép mang la giao ti¢p gitta Client Communicator v&i
Server va Server Communicator, va giao tieép gitta Master va Slave. D ligu frong
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hai giao tiép nay dugc t& chirc thanh cac xau dit lidu trude khi truyén dis (phuong
phap "data is string™)

3.3.3.1 Thanh phan Slave

Chue ning

Slave 14 thanh phan chay trén ting ndt tinh toén, dam nhén vai tro dieu khién
chuong trinh g& 131 tuan tr gdb, thuc hién g& 161 trén timg tién trinh riéng biét cla
chuong trinh song song.

Cac Slave s& gin gdb vao tién trinh song song, nhin 1énh g& 15i tir Master, diéu

khién gdb thuc hién lénh, sau do tra két qua vé cho Master.

Kién tric

Thread

. . {Control|  MPI
stdGdbin T process |

Slave
stdGdbOut

; stdGdbErm

Hinh 3-9 Thanh phén Slave

gdo |

Slave giao tiép voi gdb thong qua co ché dudng bng pipe. Giao tiép nay bao gébm
ba duomg 6ng chuin sau:

o stdGdblIn: dudong dng vao chuin cia gdb.

e s5tdGdbOQut: dudng dng ra chudn cia gdb.

o stdGdbErr: dudmg dng ra 161 chuin cua gdb.
Hoat dong

s Pha thiét lap
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o Slave dugc khoi ddng béi Master (cdu lénh “mpirun —np nnodes
Slave mpi_prog port™).
o Slave khaoi dong gdb.
o Slave gtri tén file chuong trinh song song cho gdb.
o Slave gui thong bao xac nhan cho Master.
* Pha phuc vu

o Slave nhan &nh tu Master.
o Slave ddy cau 1énh vao stdGdbln truyén cho gdb.

o Slave cho doc két qua tra vé tir gdb trong dudmg bng stdGdbOut va
théng bao 13i trong dudmg ong stdGdbErr.

o Slave truyén xau két qua vé cho Master.
e Pha két thic
o Slave nhan 1énh két thic tir Master.
o Slave ddy lénh két thic vao stdGdbln.
o Slave giri thong bao két thiic cho Master.
o Slave két thuc.
3.3.3.2 Thanh phan Master
Chirc nang

¢ Thanh phan Master dam nhiém vai tro diéu khién cac mit tinh toan thyuc hién
cdu I€nh debug cua nguoi sir dung.

+ Master nhén Iénh tir Server, tién xir ly 1énh, sau do truyén 1énh cho cac slave
théng qua céc thread.

o Master nhan két qua tra v& tir cic thread, tng hop va tra vé théng béo cho
Server Communicator.
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Kién trac

MASTER

Master Controler

!

Data buffer

Thread | Thread _' Thread

Slave | Slave Slave

Hinh 3-10 Thank phin Master

Master Controler

Pay la thanh phan diéu khién chinh ctia Master. Thanh phan nay dam nhan trach
nhiém:

o Xirly ciu lénh dugc chuyén tdi.

. Truyén cau 1énh vao bd dém 1énh.

o Tac dong 1én c& Knh.

e Poc dit lieu két qua tra vé.

e Xit ly két qua va théng bao cho Server Communicator.
Thread

Cac tién trinh chay ddc 1ap co vai trd giao tiep voi cac slave trén cac nat tinh toan.
Thread thue hién cac cong viée sau:
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e Nhan lénh tr b6 dém €nh.
¢ Truyén lénh cho slave ctia minh.
e Nhin két qua tra vé tir slave.
» Ghi két qua vao bd dém két qua.
o Tac dong vao co két qua.

Data Bufer

La trung gian luu @it T liéu giao tiép gita Master Controler va cac Thread. Data
Buffer bao gom:

e Mot ciy 1énh (command flag) d& Master Controler cé thé bao hiéu cho cac
Slave khi ¢6 1énh

e Mot ving dém 1énh {(command buffer) luu trit cau lénh can thuc hién.

e Mot vimg dém két qua (result buffer) luu trir cic két qua tra vé cla cac
Slave.

e Mbt c& két qua (result flag) dé bao cho Master Controler biét khi nao mét
Slave thyc hién xong 1énh va co két qua tra vé.

Hoat dong

Hoat dfng cua Master thude vao ba pha chinh: thiét l4p, phuc vu va két thuc. Tuy
nhién ta co thé coi pha két thic 1a pha phuc vu véi cau lénh thuc hién 12 cau 1énh
két thiic phién lam viéc.

Pha phuc vu bao gém hai giai doan: nhdn va thuc hién 1énh + xu ly va tra vé két
qua.

Thiét lip

Céc budce hoat déng cuiia Master khi thiét ldp duge mé ta nhu hinh ve trén. Cac hoat
dong trong pha nay dugc bit ddu khi Master nhin duoc yéu cdu khoi tao moi
trudmg g& 101,
|. Khi nhan duge yéu cau thiét 1ap méi truémg, diu tién Master Controler s&
tao ra mét socket tai cong port dé ché tin confirm cia cic Slave. Cbng port
nay s& duge thay ddi tuy theo timg phién lam viéc dé dam bao khéng c6 su
trung 1ap.

=

Master Controler sé triéu goi cac chuong trinh Slave trén cac nit tinh toan.
Viée triéu goi nay duoce thuc hién thong qua cau 1énh mpirun: “mpirun -np
nnodes Slave port mpi prog”. Nnodes (sé nut chay) va mpi_prog (tén
chuong trinh chay) duoc truyén tir client dén théng qua Client
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e = e ]

Communicator va Server Communicator. Tham s0 port cho Siave biet c&n
eirt tin xac nhén dén cOng nao cha Master.

Sau khi chay thanh c¢dng gdb va chuong trinh mpi trén nut tinh toan cua

L]

minh, Slave guri thong tin xac nhin vé cong da duge thong bao.

4. Master Controler cip nhat théng tin vé Slave.

wh

Master Controler sinh ra mot thread dam nhan viéc giao tiep vé&i Slave via
confirm va mét socket v6 danh giao tiép véi Slave do.

6. Sau d6 thread vira tao ra s& ¢6 trach nhiém giao tiép voi Slave théng qua
socket vo danh nay.

(&
Master Controler

port

Thread

@) ©) @ T socket

—» Slave Slave

Hinh 3-11 Hoat djng cia master khi khdi tao

Nhdn va thyc hién lénh

Trang thai ban dau: Hé théng da khoi tao thanh céng. Ngudi ding yéu ciu thuc
hién cau 1énh debug va ciu lénh duoc chuyén dén Master.

1. Master Controler dura ciu 1€nh vao vung dém 1énh.

2. Master Controler set cic c& 1énh ctia cac Slave can thuc hién lénh tuong
ung. '

I

Cac thread lién tuc doc ¢ lénh tuong img ctia minh dé tiét khi nao ¢é 1énh.

4. Khi c6 lénh, thread s& doc cau 1énh trong ving dém 1énh va reset cO |énh cua
minh,
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5. Thread truyén lénh dén cho Slave.

Master Controler

(1)
et @) command flag
command buffer

[ Y }

@ (3

Thread | - | Thread | . | Thread

o o ©®

h 4 Y h J

Slave Slave | | Slave

Hinh 3-12 Master nhén vi thuc hién lénh

Nhdn va xir Iy két qud trd vé
1. Cac Slave thuc hién xong cong viée s& giri két qua vé cho cdc thread twong
ung.
2. Céac thread ghi két qua tra vé vao ving dém dir lidu teong ung clia minh.
3. Cac thread set c& két qua tuong Umg cua minh.

4. Master Controler kiém tra xem cé&r két qua cua cac Slave thuc hién 1énh da
duoc set chura.

5. Khi tht ca c& clia cac Slave thuc hién Iénh d3 duoc set, khi d6 Master
Controler s& doc va xir ly dit liéu trong bd dém két qua, df)ng thoi reset lai
cor két qua.

e ————
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Master Controler

h

f/_\
(5 47
result bufier O N

[ N S

result flag

A li\

Z 3)

N
)
:
T
»
-
.

Thread } . | Thread Thread

o] o ©

Slave Slave _ Slave

Hinh 3-13 Master nhin va xir Iy két qua

3.3.3.3 Thanh phéan Server Communicator
Chirc nang

e Server Communicator 14 thanh phén trung gian phia Server dam nhén trach
nhiém giao tiép véi Client Communicator phia Client. Server Communicator
nhan 1énh tmyén dén tir phia client, goi cac ham do Master cung cép dé thue
hién 1énh, sau d6 tra két qua vé cho Client.

¢  MOGi mot ngudi su dung khi yéu cau mét phién 1am viée s&€ co mét tién trinh
Server Communicator tuong g phia Server phuc vu.

¢ Nh& ¢6 Server Communicator va Client Communicator, DE phia client s€
nhin toan hé théng nhu 14 mdt chuong trinh cuc bd.
3.3.3.4 Thanh phan Server Daemon

Chirc ning

o Server Daemon la tién trinh ngam cho nhéan ket ndi cua nguoi dung. Moi khi

¢ ngudi ding mdi, Server Daemon s€ sinh ra mdt tién trinh mdi phyc vu.

s Server Daemon cling sinh ra moét thread riéng cho phép nguodi quan tr ¢é
kha nang can thiép vao qua trinh hoat ddng ctta hé thong nhu xem so nguol
.
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sit dung, khoa va mo khoa server...

e Server Daemon hién nay mdi chi 1a mot module don gian, trong tuong lai ¢
thé phat trién hon hodc ¢ thé sé bi thay thé bai server chung cta ca hé
théng BKluster.

Kién tric

Chent communicator

4\
(1 {3)
4“-._'/ T
¥ ) 4
o (@)
- N N
L Admin Server @ "/ Server
/ thraad daamon communicator

Admin

O

Fiag

Hinh 3-14 Thanh phin server daemon

Trong thanh phan Server Daemon bao gdm ba thanh phén chinh:

+ Server Daemon: 14 thanh phin chinh, tién trinh ngdm ché va phuc vu nguéi
st dung.

e Admin thread: 1a thread chay song song, cho phép admin quan tri hoat dong
cua Server.

e Flag: cac c& dé bao hiéu cac lénh cla ngudi ding dén Server daemon.
Hoat déng

1. Client communicator két ndi dén Server daemon théng qua mdt cong dinh
sin (12000).

2. Server daemon sinh ra tién trinh Server communicator phuc vu nguol su
dung, déng thoi cling cdp nhit cac thong tin vé ngudi sir dung hé thong.

Phién lam viée dugc thuc hién théong qua giao tiép gita Client

ol

commlunicator va Server communicator.
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4. Ngudi si dung diéu khién hoat dong cia Server thong qua Admin thread.

5. Khi nhan duge 1énh ctia admin, Admin thread s& ¢dp nhét vao co Iénh tuong
ung.

6. Server Daemon nhén 1énh théng qua co 1énh va thue hién l€nh.

Hién nay hé théng mai chi hd tro mét sO 1énh don gian nhu: xem 6 ngudi ding
(list), han ché khéng cho thém nguoi sw dung ding hé thdng (lock), xoa bo han ché
(unlock), két thic (q).

3.3.3.5 Thanh phan Client Communicator
Chiec néng

¢ Client Communicator cung vdi Server Communicator tao thanh bd dém
trung gian dam nhan vai tro truyén théng gitta Client va Server.

e Client communicator cung cip mdt tip ham API cho DE sir dung dé thuc
hién cau 1énh debug.

Tap cdc ham API Client communicator cung cdp
* int Init{QString serverlP,int port,QString userID,int Dtimeocut);
La ham két ndi dén Server daemon.
* int Running(QString mpiProg, 1nt nnodesg) ;
La ham khai tao moi trudng debug.
¢ int Execute(Q3tring userCommand) ;
La ham thuec thi 1énh debug.
* (QString getResult (int rank);
La ham doc két qua tra vé.
3.3.3.6 Thanh phan BKViewer

BKViewer va mét sé cac phdm mém theo d&i truyén thong khac nhu Xmpi truc
quan hoa qué trinh truyén thng bing cach sir dung dir lidu tir file huu vét truyén
théng diép (trace file) trong méi truomg LAM. File vét truyén théng nay dugc LAM
tao ra trong qua trinh chay chuong trinh song song.

Tao file vét truyén thong

Pé tao ra trace file, ta can thuc hién hai budc :

1. Chay chuong trinh song song vai tuy chon tao trace file (-t):
mpirun —np nnodes -t mﬁProg
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Khi chay chuong trinh vé1 tuy chon nay, cac lam daemon trén cac nut tinh toan s€
fuu lai cac vét truyén thong diép trén nut ctia minh.

2. Tong hop cac vét truyén thdng trén cac nat tinh toan thanh mét tracefile duy nhat
sir dung lénh lamtrace :

lamtrace -k -mp1 traceFileName
e Lura chon —k : khéng x04 cac trace trén timg nit sau khi tbng hop xong.
¢ Lua chon —mpi : chi tng hop trace ciia chuong trinh song song
Lénh lamtrace s& tdng hop céc trace cua chuong trinh mpi chay gin nhit.

Khi da cé trace file, ta cAn doc dir lidu dir liéu dé hién thi 1&n d6 hoa. N&i dung
trace file dugc chia 1am ba phan chinh nhu sau :

e V&t méi truomg (world trace) bao gdm s6 hidu xac nhan format (magic
number) va danh sdch mo ta cac nat tham gia chay chuong trinh song song.

o Vét ddi tuong (object trace) mé ta cac dbi tuong MPI nhu cac kidu dir liéu
(datatype) va cac cum truyén théng (communicator).

o Vét thuc thi (run-time trace) mé ta cac hoat déng xay ra khi chay chuong
trinh.

Cac dir liéu trong trace file déu duoc té chirc dudi dang ciu tric cia C (C
structure). Cac kiéu dir liéu co ban duge dung la char, int4 (kiéu int 4 byte) va
float8 (kiéu thic 8 byte).

Tét ca cac trace ngoai world trace déu ¢ mét phan dir liéu ndm & dau (source
subtrace) cho biét trace do thudc loal nao.

World trace
¢ World trace 14 thanh phéan dau tién cla trace file, bao gbm:
e magic number (int4).
¢ Kich thude cia méi truomg LAM (MPI COMM_WORLD) (int4).

e Danh sach mé ta céc tién trinh (Process Description) theo thtr tu rank trong
MPI COMM_WORLD.

Chu tric Process Discription nhur sau:

struct _gps { |
int4 gps_ node;
Ddy 1& s hiéu nit dang chay tién trinh trong mang.
int4 gps_pid;
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Day 13 sé hiéu tién trinh {(process id) trén nit dod.

int4 gps_idx;

g4 hidu cua tién trinh trong chuong trinh.

int4 gps _grank;

Rank cua tién trinh trong MPI_COMM_WCRLD.

I

Danh sach cdu tric nay s& cho ta biét théng tin chinh xac vé cdc tién trinh ¢é mit
trong moi truémg LAM.

Source subtrace

Ciéc trace ngoai world trace déu ¢é6 mdt cdu tric nam & dau (source subtrace) cho
biét trace d6 thudc loai gi ciling nhu mét s6 théng tin khac vé trace. Cau tric cua
source subtrace nhur sau :

struct trsrc |
int4 trs node; /* node of process that made trace */
int4 trs_pid; /* pid of process that made trace */
node v& pid phai pht hop vdi world trace.
int4 trs listno;
Cho biét trace thudc loai gi.
int4 trs_pad; /* for alignment */
}i
Céc gia tri ¢6 thé c6 cua trs_listno la:
e TRCOMM (communicator object trace) (gia tri = -2)
¢ TRDTYPE (datatype object trace) (gia tri = -3)

¢ TRONOFF (run-time trace cta lop TRONOFF (s&€ duoc noi & sau)) (gia tr1 =

-4)
* TRRUNTIME (run-time trace of class TRRUNTIME (sé dugc ndi ¢ sau))
(gia tri=0)
Object trace

(6 hai loat object trace :
e communicator trace : mo td vé cac communicator.
* datatype trace : mo ta cac kiéu datatype do ngudi su dung dinh nghia.

Ca hai loai object trace nay déu ¢é mét source subtrace & dau md ta cac thong so
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cua trace.
Communicator trace
Trace nay theo sau mdt source subtrace c6 kidu TRDCOMM (-2). Chu tric
communicator trace nhu sau :
struct trcid {
int4 trc_cid; /* cid */

Pay 13 sé khéng Am dinh danh che communicator. Cac gid tri
tir 0 dén 2 tuong ung duoc danh che cédc communicator chuén
MPI_COMM WORLD, MPI_COMM SELF va MPI_COMM PARENT.

int4 tre nlg; /* size of local group */

Kich thuéc ctla nhdm cidc niat ndi bd.

int4 trc nrg; /* size of remote group */

Kich thuéc cua nhdm ti xa.

int4 tre pad; /* for alignment */

bi

Theo sau cdu tric trcid 12 danh sach céc cdu tric md ta tién trinh (Process
Description} cho cac nut trong nhoém ndi1 b, va tiép dén 1a cac nit trong nhom tir
xa. Danh sach nay duoc sip xép theo thir tr cia rank.

Datatype frace
Trace nay theo sau source subtrace c¢6 kiéu TRDTYPE (-3). Mdi datatype trace bao
gdm mot chudi cac phan tir theo cu trie trdtype nhu sau :
struct trdtype {
int4 trd param0;
int4 tra_paraml;
bi
Gia tri cac truong trong mot phin tir trdtype con tuy thude vao vi tri ciia phan tir d6
trong chudi. Phan tir dau tién trong chudi chira nhan kiéu dir liéu (datatype label} va
d¢ dai cua chudi (theo byte, bao gdm ca phan tir ddu tién). Cac phin ti tiép theo
trong chudi duoc str dung dé mé ta kiéu dir lidu duoe dinh nghia.
Run-time trace
Run-time trace bao gbm nhiéu loai khac nhau. C6 thé chia cac loai nay thanh hai

16p chinh : TRONOFF va TRRUNTIME. Théng qua source subtrace cua mét trace,
ta ¢ thé biét dugce trace 46 thudc TRONOFF hay TRRUNTIME.

Bén canh source subtrace, moi mét trace trong run-time trace con bao gbém mot
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phin tidu dé ndm ngay sau source subtrace {run-time header). Phén tiéu dé nay sé
cho ta biét cac thong tin cin thiét dic trung riéng cia cac run-time trace.
Run-time header
Phén tiéu dé co cau trite nhu sau:
struct trrthdr
float8 trr time; /* trace time {(sec) */

Thoi gian (tinh theo gidy). DPay 1a thoi glan xay ra sy kién
duoc md ta trong run-time trace theo sau. Thdi gian nay sé
dugc néi cu thé trong ting run-time trace.

int4 trr type; /* trace type */ The flavor of the following
trace.

Loal cga run-time trace theo sau.
int4 trr pad; /* for alignment */;

Gia tri cha trr_type duge liét ké trong bang sau:

Tén hé'mg sb Gia tri héng $0 Loai ciia run-time trace
TRTINIT 0 Khdn tao
TRTSUBCHG 1 Thay ddi nén
TRTOUTPUT 2 Message di ra
TRTINPUT 3 Message di vao
TRTNOIO 4 Cac loai message khac
TRTRON 5 Bét theo dd1
TRTROFF 6 Tét theo déi
TRTBUOY 7

TRCOLORON 8 Bat mau
TRCOLOROFF 9 Tét mau
TRCOMMNAME 10 Tén cia communicator

Bang 3-2 Caic gia tri ciia struct trr_type

Chuing ta s€ noi ti mi hon v€ moét s6 loai run-time trace trong cac muc sau.

Lép TRONOFF

e L&p TRONOFF bao gé)m cac loai : Khoi tao (TRTINIT), bat theo d&i
L~ " " "~ " T " ]
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(TRTRON) va tit theo d&i (TRTROFF).
o Cag trace thudc 1dp TRONOFF dung ngay sau world trace trong trace fle.

e Trace khdi tao (init trace) ghi lai cac thong sé cua tién trinh tai thoi diém
thire hién cau 1énh MPI Init. Trace co cAu trac nhur sau:
o Source subtrace cd kiéu TRONOFF,
o Tiéu dé (run-time header) cé gia tri ctia trr_type 1a TRTINIT. Gia tri
cia trr_time trong tiéu dé chinh 1a thi diém thuc hién ciu 1énh
MPI Init cua tién trinh.
CAu tric trinit luu thong tin riéng cla init trace. Ciu tric nay nhu sau:
struct trinit {
floats tri skew; /* clock skew (sec) */
P& léch théi gian so véi tién trinh ¢é rank 0.
char tri_name[32]; /* application name */
Tén cua chuong trinh thuc thi.
}i
Céc trace bat theo d&i va tit theo ddi mé ta thdi didm bt dhu va két thic cua qui
trinh theo déi vét cia chuong trinh song song. Qué trinh theo ddi nay 1a khoang
théri gian LAM sé& theo d6i va ghi lai qua trinh truyén thong cua chuong trinh song
song. Néu qua trinh theo doi tit, LAM sé& khéng ghi lai cac vét truyén thong nira
cho dén khi ngudi lap trinh bat lai truyén théng.
Ngudi st dung c6 thé diéu khién bat va tit quéa trinh theo d&i truyén théng nay
théng qua cac cau 1énh API cia thu vién MPI trong chuong trinh song song cua
minh. Day 12 mot hd tro thudn 161 gitp ngudi lap trinh cé thé didu khién theo ddi
nhimg phén truyén théng can quan tam, thay vi theo ddi toan bd chuong trinh. Va
nhu viy, mét chuong trinh ¢6 thé bao gém nhiéu qua trinh theo d&i roi nhau.
Theo mic dinh, néu ngudi sir dung khéng tac dong gi dén viéc bat/tat theo doi,
LAM sé€ tu dong theo do1 toan by chuong trinh.
Ca hai trace bt va tit theo ddi déu c6 format nhur sau:
struct troncff {
int4 tro _trnum; /* trace epoch number */
Sé higdu dinh danh chc mét qui trinh theo 4di..

int4 tro pad; /* for alignment */

}i
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Lép TRRUNTIME

Lép TRRUNTIME mo ta cac heat dong xay ra khi chay chuong trinh song song,
cht yéu lien quan dén cac hoat dong truyén thong, Lép nay gdm ¢6 mdt s loai nhu
sau:

o TRTOUTPUT, TRTINPUT va TRTNOIO: dung dé thé hién cic truyén
théng diém-diém (point to point) va cic truyén thong quang ba (collective
communication). TRTOUPUT (output trace) chi mot théng diép di ra tir mét
nat tinh todn, va tuong ung voi nd ¢ mét théng di€p di vao (TRTINPUT) di
vao nut dich. TRTNOIO dai dién cho cac thong di€p truyén théng quang ba
hodc cac truong hop khéng c6 message nao duge truyén (VD: MPI_Probe).
TRTOUTPUT, TRTINPUT va TRTNOIO déu c6 format dang cdu tric
trmsg.

s TRTRON va TRTROFF tuong (mg vdi trong 16p TRONOFF. Cac trace nay
cho biét hoat ddng xay ra trong doan theo ddi nao.
Céu tric trmsg nhu sau:
struct trmesg {
int4 trm_topfunc; /* top-level function =*/
int4 trm wrapfunc; /* wrapper function */
int4 trm syst; /* trace time in system (usec) */

Thdi gian hoat déng ndy su dung CPU. Trong trudng hop truyén
théng thi ddy 1a théi gian thuc hién nhan/gui thong diép.

int4 trm blkt; /* trace time blocked (usec) */

Thoi gian block. Ddy 1la khoang thoi gian tién trinh chéd nhan
hodc gui théng diép, 1a khoadng thai gian chét cua chuong
trinh.

int4 trm peer; /* peer rank */

S dung trong truyén thdng didm-diém. Pay 1lia rank cua tién
trinh giao tiép véi tidn trinh hisn tai.

int4 trm tag; /* tag */
Gia tri tag dugc su dung trong théng diép truyén di.
int4 trm cid; /* context ID */

Sé dinh danh communicator. $& dinh danh nay cho biét message
dugc truyén trong communicatcr nao.

int4 trm_dtype; /* datatype label */
Nhin kiédu dO liéu cua message.
int4 trm_count; /* message count */
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W
84 phan tu 4 lidu dugc truyén di.

Cac gid tri tag, ¢id, dtype va count dugc chi ra trong cau
1énh MPI Send cua chuong trinh song song.

int4 trm mrank; /* src rank matched in case of wcard */
int4 trm mtag; /* tag matched in case of wcard */
int4 trm_segnum; /* sequence number */

Gia tri segnum [(sequence number) 13 gid tri ding d& ghép
khép mét théng didp ra voi mét théng diép vao. MA1I wmdt théng
diép ra (ocutput message ) s& ¢d mdt théng diép vac tuong img
vél nd voi cung sd segnum.

Kién triic BKViewer

BKViewer co kién truc nhu sau:

BKViewer
Thanh phan Thanh phin Thanh phén
< hinthi |, |téng hop di lidu/, phén tich trace

file

Hinh 3-15 Kién tric BKViewer

e Thanh phét_l phan tich trace file: ¢ vai tro loc ra cic dit li¢u tir file trace,

e Thanh phin téng hop dit liéu: Tdng hop céc dit liéu do thanh phin phan tich
trace file doc, dua ching vao mét co s& dir liéu dé xtr ly hon cho qua trinh
hién thi.

e Thanh phé"m hién thi: Phan tich co so dit liéu va hién thi truc quan 1én man
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hinh cho ngu st dung. Thanh phan hién thi bao gom bdn module chinh:

e Module hién thi mdi truomg LAM (LAM World): Hién thi danh sach cac nit
tinh todn c6 trong md1 truromg LAM.

e Module hién thi qua trinh truyén thong (Message Passing Progress): Hién thi
truc quan qua trinh truyén théng gitra cac nut tinh toan.

e Module hién thi théng tin ndt tinh toan (Process Window): Hién thi danh
sach cac thong diép dén va di ra tir mdt nut tinh toan.

e Module hién thi théng tin théng diép (Message Window): Hién thi théng tin
chi tiét vé thong diép.

Trace file duoc truyén dén may client théng qua giao thie truyén file FTP.

3.4 Mot S6 Két Qua Pat Buoc Va Binh Hwéng Phat Trién

3.4.1 Cai dat hé thong
Pé cai dat BKPD, hé théng cén thoa man céc yéu cau sau:

o (o6 mdt mang tinh to4n (mdt hay nhiéu may) cai dat hé diéu hanh Linux va
méi truong LAM (phién 7.0.6 trd Ién).

o (6 mdt may front-end dam nhin trach nhiém giao tiép voi phia client. Pay
chinh 14 noi chay server ciia BKPD. Front-end ciing yéu cdu cai Linux va
LAM. May front-end nén ¢ ciu hinh cao tuong déi dé cé thé chay server 6n
dinh. Céu hinh dé nghi ta: Pentium IV 1.2 GHz, RAM 256 MB hoac hon.

e May client co thé cai Linux hodc Windows.

Viéc cai dit bao gdm hai bude:
o Cai dit server trén méy front-end. C6 thé cai bang source hodc rpm.
¢ (Cai dat BKPD-client trén may client.

Céc thanh phan ciia BKPD sau nay sé& duoc tich hop vao gbéi phan mém chung
BKlusware. Ngudi ding c6 thé Iya chon cai dit BKPD khi cai goi phian mém
BKlusware.

3.4.2 Két qua thir nghiém
BKPD cung cip hai kha ning chinh: kha nang tuong tac. diéu khién chuong trinh

va kha nang theo déi truyén thong diép.
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Ngudni sir dung co thé tuong téc, dieu khién chuong trinh song song thong qua mét
giao dién db hoa.

alnd

ik 3

argc, char *arge[1)4

1 Bavpanr FLZ Hank 4

10 MPE_IwT{ &arGe, &argy )y

2 1L ME_Comm_size{MPI_COMM_\WORLD, &size);
12 MPL_Comm_r3ak{(MPL_CORM_WORLD, &ank);
13
14 int oo
15 int Qf;

rank.size};

ar SANT b4 2% hd ::.::z:-—,",rank,Size);

- o me aed

STDOUT_GDB_M3G. RANK 4 >

Raing orogram: metue_sobic. BkDumes Wakrg v, hebo
Trwead dabugang uang Mbifvesd_db snadbed]

Hew Thmas 1034375002 (LWP 22835

Hink 3-16 Cira b chinh ciia BKPD

Cira 6 chinh ctia chuong trinh cho phép ngudi sit dung c6 thé diéu khién tit ca cac
tién trinh cling mdt ltc. Ngoai ra ngudi sit dung ¢d thé sir dung mét cira sé dong
1énh d€ nhap 1énh truc tiép cho server ma khong qua cac thao tac vai giao dién.

High Performance Computing Center - HUT 66



Tai lidu ky thuat — Chi tiét hé thdng BKiuster

- e

~ Ghow Process
Srerongrmedt AN L
- griagdet
Loisd
- g eurtat
* heko

MRT_Comm_mize{=i_COrma WORLD, &esize);

12 M7T_Comm_ ank{MPI_TOMM_WORLD,Brark)  E omserorss - tietch rorsio
L4 int Do - {gdb) eax ] i} L ~
15 int ot ack 1235456003 156524552
z = Cadx N0 il
14 » Ceb 0x%292998 2730392
17 bo = brnonuongl <) “esp OxbEESOEED 0xbEEFSOEED
18 ¢t = glakhua(™ ) “abp OxbE£51008 NxbEES1008
= 19 if (rank == . Bsi DxpEFS1034 -107445847%
adi JxbEES10% - 1074458468
2§ 91 0xB804%ct3 DxB804%(3 -
T(vaellz I oam ZATE ¥ i vz DIz L. rank, size); -
) o ST LA s
Remenans I (e}
~
STDOUT _GDE_ME3 RAMK L -
Rameg program’ mexshae_subhe, BeCluster adang e hede
TThemad debugiay uang ‘bt b 2
© Mew Trrmad 1184573502 (L8P 2
v

Hinh 3-17 Cira s con ciia BKPD

Ngudi sir dung cling cé thé thao tic v6i timg tién trinh théng qua ctra s riéng cia
tién trinh d6. Cira sé nay cung cép thém cho nguvi sir dung kha nang theo d&i danh
sach cac break point, theo ddi gia tri stack va cac thanh ghi.

dows

o~
BCX 0x9545008 156524552 f
“edx 0z0 0
‘ebx 0292938 2730392
esp DxbEFfSOFFO OxbEffSOLED
'ebp Oxbff51008 Oxbf£51008 -
‘esi Oxbf£51094 -1074458476 i
tadl OxbffS5109c -1074458468 .
elp 0x804%¢f3 0xzB045ct 3 v

Hinh 3-18 Cira sé gid tri thanh ghi

e
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Ngudi s dung co thé theo ddi qua trinh théng diép théng qua cac cua so cua

chuong trinh BKViewer.

Send Recarve Sand Recaive
peet peet peer poe
| | 1 F 1 2 1 v »
- S 2 ? S 2 2 FRE- I n
b T ‘ 3 2 FE, ?
i PR H 4 1
Flank D Rank 1 Rark 2 P 1
[~ 3
TS 2
] 2

Cowt. 10000 Teg 12

Communicator .
MP1_COMM_WORLD

) ) (2 " MW

Hinh 3-19 Cira sé theo ddi truyén thong digp BKViewer

3.4.3 Dinh hwéng phat trién

Chuong trinh BKPD cung cép kha day du cac tién ich co ban ho trg cho viée gd rbi
chuong trinh song song. Tinh twong tic va truc quan giup ngudi sir dung c¢6 kha
ning chin doan 151 chinh xéc hon. |

Ca hai thanh phén ctia BKPD — thanh phin diéu khién chuong trinh va thanh phan
theo ddi truyén thdng diép - déu cé nhimg wu diém va nhuge diém. P4i véi thanh
phin diéu khién chuong trinh, ta ¢ céc uu diém sau:

e BKPD dua kha nang didu khién ludng chuong trinh ctia gdb, von chi ap
dung cho cac chuong trinh tudn tu, ap dung vao cac chuong trinh song song,
voi mét giao dién kha than thién.

e (4 thé trién khai chuong trinh trén méi truomg Win.

¢ BKPD duogc xay dung theo md hinh client — server. Mét server khi dugc

trién khai trén mot trung tAm tinh toan s& co kha nang phuc vu mét luc nhiéu
ngudi dung.

e BKPD sé duoc phat trién thanh mdt chuong trinh ma nguén md.
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Cac nhuoc diém cta thanh phan diéu khién chuong trinh:
» Chuong trinh chay chua thét su n dinh, van can cai tién trong twong lai.

e Hién nay trén thé gidi chua ¢6 mdt phan mém ma ngudn md ndo cung cap
khd nang diéu khién qua trinh chay cua chuong trinh song song giong nhu
BKPD.

Déi voi thanh phén theo dai truyén thong diép, hién nay wén thé gidi co mot phan
mém rat phd bién 14 Xmpi. Tuy nhién, Tai lidu nay khong str dung Xmpi ma xay
dung mét cong cu riéng BKViewer voi muc dich xay dung cac kha nang thich hop
hon cho BKPD. Mot s uu diém ctia BK Viewer so véi Xmpi la:

e BKViewer cung cip mdt giao dién than thién hon Xmpi.

e BKViewer cung cip kha ning twong téc véi qua trinh truyén thong tot hon
Xmpt.

¢ BKViewer — client c6 thé trién khai trén méi trudng Windows.

Mot sé nhuoe diém cia BKViewer so véi Xmpi:

e BKViewer van chua xir 1y dugc toan bd cac dir liéu trong trace file nhur
Xmpi.

e Xmpt cho phép theo ddi mot sé thong sé théng ké nhu ty 1& truyén
thong/tinh toan. BK Viewer chua ¢d kha nang nay.

e Xmpi c6 kha ning portable trén cac nén platform khic nhau nhu Intel,
Mac

PR

Thue t&, BKPD chua thé coi 1a mét san phim hoan thién. Day chi la nén tang, 12 bd
khung @é tiép tuc xay dung mét chuong trinh g& rbi hoan thién,

Mot thanh qua quy gia khéng kém so v6i san phdm BKPD, d6 1a nhimg kién thic
thu duoc trong qua trinh tim hiéu, nghién ctru dé xdy dung BKPD. Nhitng kién
thitc nay ciing sé 14 tién d& dé phat trién, cai tién chuong trinh trong tuong lai.
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CHUONG 4 Xay Dwng May Ao va Ngoén Ngir Théng
Dich Pon Gian

4.1 Téng quan vé chwong trinh
Chuong trinh gdm cé 2 thanh phén;

¢ Trinh bién dich :

Lam nhiém vu bién dich chuong trinh nguén la mét 16p cac bai toan vdi cac phép
todn thao tac don gidn vé vector .ma tran (khoi tao ma tran, vector, doc tir file , in
ra file ,v.v....) ra dang ma nhi phan gia dinh.

Chuong trinh dich
(md nhi phdn gia dinh)

»  Trinh bién dich >

Chuongtﬁnhnguén

Théng bao 16i

Hinh 4-1 So 46 trinh bién dich

+ Piu vao: Chuong trinh ngudn duoe viét theo cli phép gia pascal, vidu:

//Chuong trinh nguén

var
A ; matrix[5,5];
x,b : wvector|[s];
i,j,size : integer;
begin

readfromfile ('matrix' ,A, 'mt3.txt'};
readfromfile('vector' ,b, 'vl.txt');
exec ('vecgetsize',b,size) ;

createvector (x,size);
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exec{'sles' ,A,X,b);
for i := 0 to size - 1 do write{x{[i]l,' ');

end.

* Cdc thu tuc, ham cua ngon ngit gid pascal xem chi tiét ¢ phdn sau

+ Piu ra: Chuong trinh dich (ma nhij phén gid dinh)

/{Chuong trinh dich

0C 00 44 07 00 00 00 (Lenh JMP, nhay dén diachi 7)

24 00 03 {Lenh RefreshParaBuffer)

230006 6D 6174726978 (Lenh AddStringPara, dua xdu ky ty 'matrix’ ra viing dém)

220044 2E 00 00 00 (Lenh AddNumberPara, dua gia tri 46 tirc 1a dia chi cia bién A ra viing dém)
230007 4D 54 41 2E 54 58 34 (Lenh AddStringPara. dua xdu ky oy ‘MTA.TXT ra ving dém)

11 00 00 (Lenh ReadFromFile, goi 1énh readfromfile voi cic tham b 1ay tir viing dém)

24 00 03 (Lenh RefreshParaBuffer)

23000676 6563 74 6F 72 (Lenh AddSiringPara, dua x4u ky tv 'vector' ra ving dém)

22 00 44 36 00 00 00 {Lenh AddNumberPara, dua gia trj 54 tirc (a dja chi ca bién b ra viing dém)
2300 0B 56 45 43 54 4F 52 42 2E 54 58 54 (Lenh AddStringPara. dua xdu ky ty 'VECTORB.TXT ra viing dém)
11 00 00 (Lenh ReadFromFile, thuc hién 1énh readfromfile v&i cic tham s léy ur v;‘mg démy)

24 00 03 (Lenh RefreshParaBuffer)

23000A 76 656367657473697A65 (Lenh AddStringPara, dua x8u ky ty 'vecgetsize' ra viing dém)
22 00 44 36 00 00 00 {Lenh AddNumberPara, dva gid trj 34 tirc dia chi cia bién b ra ving dém)
220044 3A 000000 (Lenh AddNumberPara, dua gid tri 38 tirc dja chi cua bién size ra vimg dém)

5000 00 (Lenh Exec, thuc hign 181 goi thu vién tinh toan voi hin vecgetsize dé 14y kich thuge cia bién vector b dua

vao bién size)

24 00 00 (Lenh RefreshParaBuffer)

220044 320000060 {Lenh AddNumberPara, dua gia tri 30 tirc dia chi cua bién x ra viing dém)

OF 1044 3A 00 00 00 (Lenh PUSH, dura gid trj 38, dja chi ca bién size vio ngin xép)

10 1044 03 60 00 00 {Lenh POP. Ifiy gid tri ra khot ngan xép va dua vao bién trung gian tai dia chi 3)
221044 03 00 0000 {Lenh AddNumberPara, duz gia tri cua bién rung gian tai dia chi 3 ra ving dém)

210000 (Lenh CreateVector. thure hién 18nh createvector w5 cic tham sé Iéy wr vung démy
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24 00 04 (Lenh RefreshParaBuffer)

230004 73 6C 65 73 (Lenh AddStringPara. dua xdu ky tv 'sles' ra vang démy

22 00 44 2E 60 00 00 {Lenh AddNumberPara. dura gid tri 46 e dja chi bién A ra vung dém)
22 00 44 32 00 00 00 (Lenh AddNumberPara, dira gia tri 50 tirc dia chi bién x ra viing dém)
220044 36 00 0000 (Lenh AddNumberPara. dua gid trj 58 tire dia chi bién b ra viing dém)
5000 00 (Lenh Exec, thyc hién goi thu vién tinh toan sles dé gidi hé !uyén tinh Ax =b) !
6001 14 00 3A D0 00 00 {Lenh Move gi4 trj 0 vao & nhd tai dia chi 58 tic bién i)
OF 1044 3A 0000 00 (Lenh PUSH cit gia tri bidn i vao ngin xép)

OF 1044 420000 00 (Lenh PUSH cat gid i bién size vio ngin xép)
60011401 12000006 (Lenh Move gia trj { vao bién trung gian tai dia chi 18)

10 10 44 03 00 00 00 (Lenh PGP ldy gia tri ra khoi ngan xép uirc gia tri bién size va dua vao bién trung gian tai dia chi

L}

01 30 44 03 00 00 00 12 00 00 00 21 00 00 00 (Lenh SUB thyc hign trir ndi dung bién tai dia chi 3 tire bién size cho

bién tai dia chi 18 va két qua dua vao bién trung gian tai dia chi 33)

OF 104421 00 0000 (Lenh PUSH cit gia tri cia bién trung gian tai dja chi 33 vao ngin xép)

101084 16 00 00 00 {(Lenh POP Iy gia trj ra khoi ngan xép, chuyén thanh kiéu double va dwa gid tri véo bién trung

gian tat dia chi 22)

10 10 84 07 00 00 00 (Lenh POP lay gia tri ra khoi ngin xép tir gia tri bién i vi chuyén thanh kiéu double va dua vao
bién trung gian tai dia chi 7)

0938 00 07 60 06 00 16 00 00 00 (Lenh Leq thuc hidn phép so sanh < ndi dung cia bién trung gian tai dia chi 7 va dia
chi 22)

0OE 00 00 6D 01 00 00 (Lenh JF thire hién nhay ra khoi chuong trinh néu ¢ bing 0)

240002 (Lenh RefreshParaBuffer 1am tuoi viing dém truyén tham sé)

60 1144 3A 00000003 00 0000 (Lenh Move gid trj 6 rh¢ ¢6 dia chi 58 tirc biéni vio bién trung gian tai dia chi 3)
OF 30 88 32 00 00 00 03 00 00 00 (Lenh PUSH cit gia tri cia x[i] v2o ngin xép)

16 10 88 07 00 00 00 (Lenh POP liy gid tri cua x[1] ra khoi ngan xép va dua vao bién trung gian tai dja chi 7).

2210 88 07 00 00 00 (Lenh AddNumberPara dua gid tri cita bién trung gian tai dia chi 7 ra ving dém)

23000220 20 (Lenh AddStringPara dua xdu ky wr' ' ra viing dém)

2500 00 {Lenh WRITE thuc hign ghi cac dir liéu & ving dém ra man hinh)

OF 10 44 3A 0000 00 {Lenh PUSH cdt gid tri bién i vao ngin xép)

6001 140112000000 (Lenh Move gia tri | vio bién trung gian tai dja chi 18)

10 1044 03 00 00 00 {Lenh POP 1y gi4 irj bién i ra khoi ngin xép va dua vao bién trung gian tai dia chi 3)

00 30 44 03 00 00 00 12 00 00 00 3A 00 00 00 (Lenh ADD cong i v 1 vi két qua dira vao i)

0C 00 00 BF 00 00 00 (Lenh JMP nhdy ién nhiin ¢la vong lip) !
]
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* Tham khao chi tiet md lénh cua may ao o phdn sau

May io:

Thue chat chinh 1a 1 chuong trinh LAM/MPI duoc xiy dung dua trén hé thu vién
tinh toan khoa hoc PETSC, nhan déi sé dau vao la cac ma lénh trong file Chuong
trinh dich (mi nhi phan gia dinh), tir 46 thye hién céc thao tac tinh toan cho ra két
qua cudi cling .

Chuong trinh dich
> May a0 » (CSDL
P chuve
4
Thur vién -
Tinh Toan

Hinh 4-2 May o

+ Piu vao: Chuong trinh dich & trén

+Paura:

X8t qua thyc hién chwong trinh

Trong chuong trinh trén dd liédu cho ma tran A duoc doc tir file

mt3.txt ¢& néi dung nhu sau:
55

14121

Dt liéu vector b dugce doc tir file vl.txt cé ndi dung nhu sau:
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21120

Man hinh hiédn thi két qua:

1.750000 0.250000 -2.750000 1.250000 -0.500000

{*t qua thuce hién chuong trinh

Trong chuong trinh trén dif liéu cho ma trdn A dugc doc tir file mt3.txt ¢ ndi dung
nhur sau:

55

14121

21232

00130

00021

11111

D1t liéu vector b dugce doc tir file v1.txt ¢6 ndi dung nhu sau:
5
21120

4.2 Xay dwng ngoén ngi¥ Iap trinh
C1 phap ngén ngit l4p trinh ¢6 thé dugc bidu dién dudi dang BNF hodc dudi dang
so dd cn phap. :

Trong phén nay, ctt phap ctia ngdn ngir 1ap trinh duoc biéu dién dudi dang so 46 cu
phap véi muc dich ap dung phuong phép phén tich dé quy trén dudi.

Xét mot vin pham G = (N, T, S, P) 12 vin pham phi ngit canh, moi quy tic A
— al| a2l ..|ak dang BNF dugc chuyén thanh so dd ci phéap theo cac qui dinh
sau:

I-NéuA - al |a2]..|akla quy tic cia G dugc anh xa thanh biéu d& doan
nhin A, c6 ciu tric xac dinh bai vé phai cac san xut theo qui dinh tr 2= 6.

2-MSbi a € T lap so dd cti phap:

o
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Dé tién cho viéc trinh bdy trong khuén kho trang gidy, hinh oval © c6  thé
duge ding thay thé cho hinh tron biéu dién cho cac tir khoa, tén chudn, ki¢u dit
liéu.

3-M&i A € N lap so dd cu phép:

A

4-Quytic A >l |62 | a3 .. ok lap so dd ct phap:

¥

b4
b

voi ad (1 <i <k) 1ip so d6 ¢t phap bing cach ap dung quy dinh 2+6 .

5- Gia sir od ¢ dang X1X2X3. . .Xn, lap so db cd phap :

——p X4 > X; I Xa —

voi Xi (1 =i <n) lap so d6 ci phap bang cach ap dung quy dinh 2+6.

6- Gia si cd c6 dang 1ap ky hiéu o = {Xi}, lap so dd cti phap:

Xi
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vi Xi lap so db ci phap bing cach ap dung quy dinh 2+6.

Ap dung cac biéu dién trén vao cii phap cua ngdn ngit 1ap trinh dugce xay dumg.

P9

LETER
e, e
DIGIT : :
r—— . —
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SIMPLE_SIGN

COMPLEX_SIGN

|
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LETTER [¢
IDENT
——  LETTER : >
DIGIT -
INTNUMBER
—> DIGIT ry >
DIGIT ~
NUMBER
—»  INTNUMBER >
—» INTNUMBER
CONST_STRING LETTER ]
4 4 » [4
h
<+ DIGIT

SIMPLE_SIGN

COMPLEX_SIGN
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KEYWORD

—

begin

L
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readfromfile

writetofile

STD_PROC_NAME

— e ]

creatematrix

createvector

dbselectrow

dbselectrowcol

dbselectcol

dbstore

dbdestroymatrix

dbdestroyvector

dbmatgetsize

dbvecgetsize
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VAR_TYPE

s ]

~y

byte

A 4

integer

h 4

INTNUMBER

O

INTNUMBER

VAR_LIST
—

IDENT

INTNUMBER

:
-0

G

VAR_DECL_ITEM

IDENT

Tos

—_—¥

VAR_LIST
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VAR_DECL_LIST

VAR _DECL_ITEM »

. VAR_DECL_ITEM
- — -

ARGUMENTS

\ 4

—™ VAR_DECL ITEM [}

VAR_DECL_ITEM

FUNC_DECL_ITEM

IDENT +@ :®_’@

ARGUMENTS

: LIST_STMT
VAR_TYPE _.Q > - __.,@_,

VAR_DECL _LIST J

FUNC_DECL_LIST

v

FUNC_DECL_ ITEM
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VARIABLE

IDENT

v

(-

EXPRESSION_LIST

EXPRESSION

O

EXPRESSION

Y

v

EXPRESSION

FACTOR_ITEM
IDENT

+®—>

EXPRESSION

A 4

EXPRESSION_LIST |

P

O

EXPRESSION

—( -

EXPRESSION
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- NUMBER
FACTOR
EXPRESSION
—p
.|  FACTOR_ITEM »
TERM

— ™ FACTOR

——1 FACTOR

4

EXPRESSION

colete

TERM

TERM
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CONDITION_FACTOR

— > EXPRESSION ™

CONDITION_TERM
CONDITION_FACTOR

—p

—* EXPRESSION

CONDITION

— " CONDITION_TERM

CONDITION_FACTOR @
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EXEC_PARA_LIST

v

IDENT

TWO_VALUE

——* EXPRESSION

SELECT_PARA

CONST_STRING

OUTPUT_DATA_ITEM
——— ]

IDENT
b
EXPRESSION [—*
TWQ VALUE IDENT
- —
EXPRESSION >
f————»

CONST_STRING

L~~~ "~ "~ ]
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OUTPUT_DATA_LIST

OUTPUT_DATA ITEM

ASSIGN STMT

OUTPUT_DATA_ITEM

CONDITION STMT

VARIABLE - EXPRESSION
LOOP STM
_ CONDITION o STATEMENT
IDENT EXPRESSION
EXPRESSION o STATEMENT
CONDITION STATEMENT

\ 4

‘ °

STATEMENT
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LIST_STMT

end

INPUT_STMT

readfromfile

STATEMENT

N

CONST_STRIN

O,

IDENT _@

CONST_STRING

O

OUTPUT_TOSCREEN_STMT

°

OUTPUT_TOFILE_STMT

OUTPUT_DATA_LIST _@_’

CONST_STRING

IDENT O’

CONST_STRING

20n
-
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OUTPUT_STMT

—_—

OUTPUT_TOFILE_STMT ™

CREATE_MATRIX_STMT

creatematrix

OUTPUT_TOSCREEN_STMT

IDENT ( )

EXPRESSION

CREATE_VECTOR_STMT

createvector

EXPRESSION ( )

IDENT

EXPRESSION

SELECT_COL_STMT

dbselectcol

SELECT_PARA
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SELECT_ROW_STMT

dbselectrow

SELECT_PARA

SELECT ROWCOL_STMT

dbselectrowcol

CONST_STRING

STORE_STMT

20

TWO VALUE Q TWO VALUE
_ -, 2

Q IDENT
[

CONST_STRING

ad

IDENT

A

DESTROY _MATIX_ST

destroymatrix

CONST_STRING

MT

IDENT
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DESTROY_VECTOR_STMT

destroyvector

IDENT

e

MAT_GET_SIZE_STMT

dbmatgetsize

IDENT IDENT

CONST_STRING

VEC_GET_SIZE_STMT

dbvecgetsize

IDENT

CONST_STRING

5 4

Y

LIB_STMT

@ o CONST_STRING ( )

EXEC_PARA_LIST
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| e s e e e

————-» SELECT ROWCOL _STMT >

A
h J

L CREATE_MATRIX_STMT

»*| CREATE_VECTOR STMT >
DB_STMT -
> > SELECT_ROW STMT > >
STORE_STMT

SELECT_COL_STMT

L 4

h 4

MAT_GET SIZE_STMT

VEC_GET SIZE_STMT

DESTROY_MATRIX STMT

DESTROY_VECTOR_STMT

L
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W

STATEMENT

> ASSIGN_STMT >

» LOOP_STMT »

> CONDITION_STMT »

. LIST_STMT X

> OUTPUT_STMT >

> INPUT_STMT >

> DB_STMT >

> LIB_STMT —»
PROGRAM

» LIST_STMT -——*@—’
VAR DECL FUNC_DECL_LIST |

Chi thich vé chirc nang cfia cac thi tuc chuin trong ngdn ngit lp trinh néu trén:
e Thi tuc write, writeln dung dé hién thi dit 1iéu ra man hinh.
e Thu tuc readfromfile dung dé doc dir 1iéu 1a ma trin hoic vector sb tir file
van ban.
. Thil tuc writetofile diung dé ghi dit liéu ma trin hodc vector ra file vin ban.
o Thu tuc creatematrix dung dé khdi tao dit liéu cho ma trén trén bd nhd.
¢ Thu tuc createvector dung dé khai tao dit 1iéu cho vector trén bé nhé.

» Thu tuc dbselectrow dung dé léy dir liéu ma trdn tir co s& dir liéu (chon mot
56 hang cua ma tran).
b " - "~ "~ |
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w

e Thu tuc dbselectcol dung dé 14y di liéu ma trdn tir co s& dit liéu (chon mot
s ¢t cua ma trdn).

e Thu tuc dbselectrowcol dung dé 1ay dir lidu ma tran tir co s& dit liéu (chon ra
mdt sb hang va mét 56 cot).

e Thu tuc dbstore dung dé luu dit lidu ma tran, vector tr bd nhé vao co s dit
liéu.

o Thu tuc dbmatgetsize dung dé ldy kich thudc cua ma tran trong co s dir
ligu.

e Thu tuc dbvecgetsize dung dé 15}' kich thudce cua vector trong co s¢ dit Liéu.

e Tha tuc dbdestroymatrix dung dé giai phéng dit liéu ma tran di duoc cép
phat trén b nhd.
e Thi tuc dbdestroyvector dung dé giai phong dix liéu vector da dugc cdp phat
trén bo nho.
o Thil tuc exec dung dé goi thu vién tinh toan.
Péi v&i hai thi tuc readfromfile va writetofile ding dé doc, ghi dir liéu ma trén,

vector dbi vai file. Cac file nay la cac file van ban ¢é dinh dang nhu sau:

Trudmg hop file luvu ma trdn : Dong ddu ghi 2 s6 nguyén M, N xéc dinh kich thude
hang, cot ciia ma tran. Trong M dong tiép theo, mbi dong ghi N sb thue, cac sd
céch nhau it nhit 1 ddu céch.

Truong hop file lwu vector : Dong ddu ghi sé nguyén M xéc dinh kich thude cua
vector, dong thir hai ghi M sé thuc(cac thanh phén cta vector) cach phau boi dau
cach.

Kiéu dit liéu matrix, vector 1a mang 2 chiéu va mang 1 chiéu, mbi phé‘m 10r 14 mot sb
¢6 kiéu double.

Vidu 2.1

Vi du doan chuong trinh tinh udc s6 chung 1én nhét cta hai s nguyén nhu sau:

var a,b : integer;
function USCLN (a,b : integer) : integer;
begin

while a <> b do

if a=b then a := a-b else b := b-a;
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USCLN :=a;

end;

{chuong trinh chinh)
begin
write{' uscln cua 32 va 80 1a : ', USCLN{32,80)};

r

end.

Vidu 2.2

Poan chuong trinh sau doc dit 1éu ma trdn mt, cac vector x, y tu file van ban, sau
d6 goi thi tuc trong thur vién tinh toan dé thuc hién phép tinh w = mt*x+y va ghi
dit liéu cua vector w ra file nhu sau:

var
mt : matrix[1C0,100];
x,v,w : vector[l00];
begin

readfromfile ( 'matrix', mt , 'matrixl.txt');
{doc du lieu ma tran tu file matrixl.txt)
readfromfile ('vector', x , 'vectorx.txt');
{doc du lieu vector tu file vectorx.txt}

readfromfile ('vector', vy , 'vectory.-txt');

{doc du lieu wvector tu file vectory.txt}

exec ('matmultadd', mt, x, v, Ww ); { w = mt * x + vy}
writetofile ('wvector', w, 'vectorw.txt');

{ghi du lieu vector ra file vectorw.txt}

end.
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4.3 Thiét ké may do
4.3.1 Kién tric may io

May 4o c6 chirc nang doc va thuc thi chuong trinh mé 21a dinh.

May do co bd nh¢, ngin xép, vung dém lénh, con tré lénh,bién ¢ phuc vu cho viéce
luru trir dit liéu va thuc hién tinh toan.

So d6 thuc thi ciia may ao nhu sau:

B§ nho do Ngin xép a0

[y 3

~ s A =n ~ - ,
B diéu khién va xir ly

Ving dém 1énh

Hinh 4-3 So' db thue thi cia may io.

4.3.1.1 B nhé.

B& nhé cia may ao duge td chirc mdt cach tuyén tinh, kich thudc tdi da 1a 65536
Byte.

B nhd nay gdm 65536 byte dugce danh sé thir tur tir 0 dén 65535, ding dé chira cac
bién dugc khai bao trong churong trinh. B6 nhd nay duge goi la bd nhd do. O nhd
gém k byte lién tiép nhau (k = 1,2,4,8) bét diu tir vi tri j dugc goi 1a 6 nh¢ ¢6 dia
chi j (dia chi nay duoc goi la dia chi 4o vi ndé khdng phai la dia chi thuc su cta 6
nhé &6 trong bd nhé clia may tinh). Trong cic phén tiép theo, néu khéng chu thich
gi thém thi khai niém dia chi duoc hiéu 12 dia chi 4o trong bd nhé do.

Phén diu (45 byte) chira cac bién tam (luu cac gia tri trung gian. thuéng duge ding

trong viec tinh toan gia trj ctia bifu thic) duge té6 chire nhu sau :
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e S —

¢ 30 nha 1 byte duge dinh vi tai cac diachi 0, 15, 30

e 306 nho 2 byte dirge dinh vi tai cac diachi i, 16, 31

e 30 nhd 4 byte duge dinh vitaicacdiachi 3, 18, 33

e 3 6 nhd 8 byte duoe dinh vi tai cac diachi 7,22, 37

e Biénco duge qui dinh 1a 6 nhd 1 byte tai dia chi 45.
Phan tiép theo bat diu tir dia chi 46 trd di duge dinh vi cho cac bién duoc khai bao
trong chuong trinh ngudn, cac bién nay duge dinh vi mét cach lién tiép nhau, bién

khai bao trude thi duoc dinh vi trude Dia chi ciia mot bién phu thudc vao dia chi va
kich thudc ciia bién trude d6.

4.3.1.2 Ngan xép

Ngin xép dung dé chira cac két qua trung gian trong qua trinh tinh gia tri cua biéu
thirc. Ngan xép ciing ding dé cit gia tri cia cac bién , dia chi cta lénh trong cac 10
goi chuong trinh con.

Ngan xép duge t6 chirc mot cach tuyén tinh voi kich thude téi da cia ngin xép la
65536 byte.

V&i ngin xép co hai thao tac co ban 1a cit dir liéu vao ngan xép va lay dir lidu ra
khoi ngan xép. Hai thao tac nay c6 cac thong tin diu khién di cing dé xac dinh gia
tri hodc dia chi cta dir 1idu va kich thuée cua di lidu.Kich thude dir liéu c6 thé 1a 1
, 2, 4 hoic 8 byte.

Ngian xép duge quan ly bot mét con tro tro dén dinh cta ngin xép.Ban d4u ngan
xép khong cé dir liéu, con trod ngan xép c6 gia tri bang 0.

4.3.1.3 Con tr6 lénh

Con tro 1€nh 14 mot gia tri nguyén 4 byte xac dinh dia chi cia 1énh s& dwoc thue thi.
Sau mdi 1énh, con tro 1énh sé duge tu dong cap nhat dé tro sang lénh tiép theo.

4.3.1.4 Bién co

Bién c&r ¢6 kich thude 1 byte tai dia chi 45 trong bd nhé may do, _

Bién cor diing dé chira két qua cliia mot phép so sanh. Néu két qué ctia phép so sanh
la ding thi gia tri cua thanh ghi co duge thiét 1ap bang 1 va néu két qua clia mot
phép so sanh la sai thi thanh ghi c& duoe thiét 1ap gia tri bang 0. Gia tri cla bién cd
cé tac dong dén cac lénh nhay.
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4.3.1.5 Vung dém truyén tham sé

Ving dém truyén tham sd cé kich thugc t6i da 1a 65536 duge td chirc mot cach
tuyén tinh.

Vung dém nay dung dé chira gié tri cua cac tham sb trong cac cau 1énh :
e Doc ghi dit liéu dbi voi file.
e Hién thi dir liéu ra man hinh.
e Cau Iénh goi thu vién tinh toan.
¢ (Ciu 1énh thao tac co s dir liéu.
Dit liéu duge dua vao viing dém cé thé 1a xau ky tu hodc s6 1, 2, 4, 8 byte.

Dinh dang ctia viing d&ém truyén tham s nhw sau:

Phan tir 1 Phin ti 2

Mai phan tir i ¢ céu tric nhu sau:

Type Len Data

Trong d6 Type c6 kich thudce 1 byte xac dinh kiéu ctia dit liéu : Xau hodc sé
Len c6 kich thude | byte xac dinh d6 dai cua di liéu (46 dai cua truong Data).

Data la dit 1iéu thue sy.

4.3.1.6 Vung dém lénh

Ving dém dung dé chira cac 1énh gia dinh duoc nap tu file phuc vu cho viéc thuc
thi chuong trinh. Lic khéi tao, con tro 1énh duge tro vé ddu vang dém dé doc 1énh
dau tién.

4.3.2 B0 1énh cua may ao

M3i 1énh bao gom ma 1énh, cac thong tin didu khién, cac toan hang néu cé.

Kich thudc ctia méi 1énh phu thudc vao ma Iénh va cac théng tin didu khién

Mai lénh xac dinh l€nh d6 thuc hién nhiém vu gi hay hanh vi thao tac voi dir liéu.
Cac théng tin diéu khién ding dé xac dinh kich thudce dit lidu hodc cach xac dinh
dia chi cua dit Héu.

Toan hang co thé 1a gia tri thue su hodic dia chi.

M1 I¢nh s&€ c6 mot ma 1€nh riéng, mé [énh nay tuong Ung vai cde gia tf tir O dén
oo
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255. Mi 1énh nay dugc chaa trong mot byte Kich thuoc cua mdi 1énh phu thude
vao mi 1énh, cac 1énh duogc chia thanh cac nhém sau :

e Lénh sb hoc nhu cong, trir, nhén, chia cac s nguyén, thuc
¢ Lénh so sanh
e Lénh nhay.
 Lénh lién quan dén ngan xép
¢ [énh vaora
e Lénh thao tac v&i co so dir 1éu cua cac ma tran.
e L.énh goi ham thu vién tinh toén.
4.3.2.1 Céc lénh sé hoc

Gom cac lénh cong, trir, nhan, chia thuc hién trén hai toan hang. Cac toan hang nay
c6 thé c6 kich thusc 14 1, 2, 4, 8 byte.

D¢ dai cua iénh phu thude vao kich thudc cua toan hang.

Pinh dang cta énh nhu sau

Mai phép toan | Luira chon Toin hang 1 | Toan hang?2 | Kétqua

M3 phép toan ¢ kich thude 1 byte vdi cac gia tri va y nghia nhu sau:

Giatri | Ky hiéu Y nghia

$00 Add Phép cong

$01 Sub Phép trir

$02 Mul Phép nhan

503 DivideReal Phép chia s6 thuc

$04 Diy Phép chia nguyén , 1ay thuong
$05 Mod Phép chia nguyén , ldy sé du

Béng 4-1: Bang gia tri ciia 1&nh sd hoc

Lua chon co kich thudce 2 byte (bao gém Iwa chonl va lga chon 2).

4 bit cao clia byte cao (lua chonl ) cho biét ché do dia chi vdi cac gi4 tri nhu trong
bang sau:

Gia tri Y nghia

0 Toan hang 1 va 2 la gia tri

i Toén hang 1 la gia tri, toan hang 2 1a dia chi
2 , Toan hang 1 1a dia chi , toan hang 2 13 gia tri
3 Todn hang | va 2 la dia chi

Bing 4-2: Biang gid tri xdc dinh ¢hé dé dia chi trong lénh 56 hoc
1
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4 Bit thap cua byte cao (lua chon 1) xac dinh kich thude cla cac toan hang trong
trrong hop toén hang la gia tr. Néu toan hang 1a dia chi thi né ¢é kich thudc 4
byte.

Truong lya chon 2 chua duge dung.

Két qua 1a mét dia chi 4 byte.

4.3.2.2 Lénh so sanh

Lénh nay thuc hién phép so sanh hai toan hang vdi nhau, tac dong 1én bién co.
Dinh dang cua 1énh nhu sau

Mi phép so sanh | Luachonl | Lwachon2 | Toian hang1l | Toan hang 2

M3 phép so sanh ¢o gia tri va y nghia nhu trong bang sau:

Gia tri Ky hiéu Y nghia
506 Gtr So sanh >
507 Geq So sanh >=
508 Lss So sanh <
309 Leg So sanh <=
$0A Equ So sanh =
$0B Neg So sanh <

Bang 4-3: Bang gi4 tri cia {€nh so sanh

Lura chon 1 va lua chon 2 déu c6 kich thuée 1 byte va c¢é y nghia nhu sau:
Gia tr1 4 bit cao cua lua chon 1 ¢d ¥ nghia duge mé ta trong bang sau:

Gia tri Y nghia

0 Toan hang 1 va2 1a gid tn

1 Toén hang 1 1a gia tr, todn hang 2 la dia chi
2 Toan hang 1 1a dia chi, toan hang 2 la gia tri
3 Toan hang 1 va 2 1a dia chi

Bang 4-4: Bang gia tri xac dinh ché dd dia chi trong 1énh so sanh

Gia tri cla 4 bit thip cta lua chon 1 xac dinh kich thuéc cla toan hang trong
truong hop toin hang 13 gia tri (néu 2 toan hang la gia tri thi ching phai ¢6 cung
kich thudce).

Trudng lua chon 2 chua sir dung.

Hai Toan hang néu la dia chi thi né cé kich thudc 4 byte.

Lénh nay tac dong vao thanh ghi c&, néu két qua so sanh la dung thi gia tri cta
thanh ghi c& bang 1 va néu nguoe lai thi gia tri ctia thanh ghi ¢& bang 0.
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4.3.2.3 Cac lénh nhay
Gom 1énh nhay khong diéu kién va nhay 6 diéu kién.
Lénh nhay co diéu kién c6 hai 1énh dé 1a lénh nhay ding va lénh nhay sai.

Lénh nhay ding s& thuc hién khi két qua clta mot bidu thire logic la diing (tire 14 khi
thanh ghi c&r ¢o gié tri bang 1).

Lénh nhay sai s& thyuc hién khi két qua coa mot biéu thirc logic 1a sai (tirc thanh ghi
c& ¢6 gia tri bang 0).

Dinh danh cua 1énh nhir sau

Mai lénh Lua chon 1 Lua chon 2 Pia chi méi

Ma [énh c¢6 gid tri va y nghia dugc mé ta trong bang sau:

| Gia tri Ky hidu Y nghia
$0C JMP Nhay khong diéu kién
$0D JT Nhay c6 diéu kién , khi c& bang 1
SOE JF | Nhay di€u kién, khi c& bang 0 ]

Bang 4-5: Bing gia trj cua lénh nhay
Néu 4 bit cao cta Lua chon 1 béng 0 thi Dia chi m&i ¢6 kich thudce 4 byte xac dinh
vi tri nhay dén cia con tré chuong trinh PC.

Trong truomg hop 4 bit cao clia lya chon 1 bing 1 thi Pia chi méi c6 kich thude 4
byte xac dinh dia chi ctia bién tam nguyén , bién nay xéac. dinh vi tri nhay dén cta
con trd chuong trinh PC.

4.3.2.4 Céc Iénh lién quan dén ngin xép

G6m hai 1énh Push va Pop.
bPinh dang cua lénh nhu sau

Ma lénh Luachon 1 Lya chon 2 Toan hang

M3 1énh ¢6 gia tri va y nghia duge xac dinh trong bang sau:

Gia tri Ky hiéu -~ | Y nghia |
$OF PUSH Pdy dit liéu vao ngan xép |
$10 POP Liy dir liéu ra khoi ngin xép |

Bing 4-6: Bing gia tri ciua lénh thao tic ngin xép

L -~ "~ ]
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Lira chon | va lua chon 2 déu cé kich thude 1 byte vai gia tri va ¥ nghia duge md
ta nhu sau:

e 4 bit cao cua [wa chon 1 xac dinh cach tinh dia chi toan hang v cac gia tri;
e 0:toan hang la gia trj tryrc tiép.
e | :toan hang la dia chi.

e 2 toan hang gdm 3 trudng xac dinh 1 phan tr cia ma trdn, moi trudmg
c6 kich thudce 4 byte. Truémg thir nhit xac dinh dia chi bién ma trin
trong b0 nhd may ao noi cach khac day la dia chi ctia ngin nhé 4 byte
chira dia chi thuc su (khong phdi dia chi 40) cia ma trdn hay mang 2
chidu. Truong thir 2 va thir 3 1a dia chi cta 2 bién trung gian 4 byte trong
b0 nhd may 4o noi chira gia tri ctia chi s& hang va cdt cua phan tir trong
ma tran cén thao tac.

e 3 :toan hang goém 2 trudng xac dinh 1 phan tir ctia vector, mdi trudng c6
kich thudc 4 byte. Trudmg thir nhét la dia chi cia bién vector (con trd)
hay no 12 dia chi clia ngén nho 4 byte trong bd nhd may ao no1 chira dia
chi thuc su (khong phai dia chi 0) cta vector hay mang 1 chiéu. Truong
thir hai 14 dia chi cha mét bién trung gian trong bd nhé méay o noi chira
chi s6 ciia phén tir vector cin thao tac.

e 4 bit cao cta lya chon 2 xac dinh kich thudce thuce su ctia toan hang.

e 4 bit thip cta lya chon 2 xac dinh kich thudée cdn ddy hodc ldy ra tir ngan

Xép.

Toan hang la dia chi noi cit dit liéu dwoc l?iy ra tr ngan xép hoic dia chi cila dir
liéu s& duoc cat vao ngin xép hodc 1a mot gia tri truc tiép (trong trudng hop lénh
PUSH ).

4.3.2.5 Lénh gan gia trj.
Day la Iénh gan gia tr1 cia mdt vang nhdé cho mét vung nhd khac.
Dinh dang cta 1€nh nhur sau

Mi lénh Lua chonl | Lwachon2 | Toan hang1 | Toan hang 2

M3 iénh ky higu ta MOVE ¢6 d6 dai 1 byte va gia tri bang $60.

Luachon 1 ¢d do dai 1 byte xac dinh ché d6 dia chi cta toan hang 1 va toan hang 2
trong do:
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-4 bit cao cta Lira chon 1 xac dinh ché do dia chi cua toan hang 1 (toan hang
ngudn) vi gia tri va y nghia gibng nhur lénh PUSH.

-4 bit thip clia Lya chon | ¢ gia tri bang 1 xac dinh toan hang 4 1a mét dia chi.
4.3.2.6 Cac lénh vao ra File

Pay la hai 1énh doc dit liéu kiéu ma tran hodc ghi dit Hiéu ma tran ra mot file Text
File nay co dinh dang nlir sau :

» Ma tran : Dong dau ghi 2 s6 nguyén M, N xac dinh kich thudc hang, ot cia
ma trin

 Trong M dong tiép theo, m&i dong ghi N sé thue, cac s6 cach nhau it nhét 1
dau cach.

e Vector : Dong dau ghi sb nguyén M xac dinh kich thudc cia vector, dong
thir hai ghi M s6 thuc(cac thanh phén clia vector) cach nhau béi ddu cach.

Dinh dang cua lénh nhir sau

Mai lénh Lya chon 1 Lya chon 2

Mai lénh ¢o gia tri va y nghia duge mo ta trong bang sau:

Giatri Kv hidu Y nghia
11 READFROMFILE Poc dir ligu tir file
$12 WRITETOFILE Ghi dir liéu ra file

Bing 4-7: Bang gia trj cia 1énh vao ra file.

Lwa chon 1, lva chon 2 chua duge sir dung.
Céc tham s khac cla Iénh véo ra qua file nim trong ving dém truyén tham sd.
4.3.2.7 Cac lénh thao tac d@ liéu trong co' s& dir liéu

Cac Iénh nay chi ¢ ma 1énh, cac tham sb duoc lay tir ving dém truyén tham sé. S&
lrong ciing nhu kiéu ctia tham sb phu thuge vio ma lénh.

Dinh dang cua lénh nhir sau

Ma lénh Lwa chon 1 Lua chon 2

Ma lénh ¢ gia tr1 va y nghia duge md ta trong bang sau:
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Gia tri Ky hiéu | Y nghia

$27 MatGetSize Léy kich thudc cua ma trin trong co so dit ligu

$28 VecGetSize Lay kich thudc vector trong co s& dit lidu

S2F SelectRow Chon ra mét s6 hang ctia ma tran trong co sd dit
liéu

$30 SelectCol Chon ra mdt sd c¢dt cua ma trdn trong co so dit
liéu

$31 SelectRowCol | Chon ra mdt phén cua ma trdn trong co s¢ dir hiéu

$32 Store Luu trit ma trdn, vector tir b nhé vao co s¢ dir
ligu

520 CreateMatrix Khai tao ma tran trén bd nhé

$21 CreateVector Khai tao vector trén bo nho

$27 DestroyMatrix | Huy ma trin trén bd nhé

$28 DestroyVector | Huy vector trén b nhé

Bang 4-8: Bang gia tri cia l¢nh thao tac dir ligu

4.3.2.8 Cac Iénh nap tham sb vao vung dém

Tham s6 ¢6 hai loai 1a xau ky tir va sb. Cac lénh dua tham sb ra vung dém déi vin
hai loai nay c6 dinh dang khac nhau.

- Lénh thém tham sb 12 xau ky tu ¢d dinh dang nhu sau :

Mai lénh Lura chon 1 Lwa chon 2 xau ky tu

trong do ma lgénh ky hiéu [a ADDSTRINGPARA, co gia tri 1a $23. Truong Lua
chon 2 chira d¢ dai cua xau ky .

-Lénh thém tham sé 1a gia tri sd ¢6 dinh dang nhu sau:

Ma iénh Luwra chon 1 Luwa chon 2 Toan hang

Trong d6 ma Iénh ky hi¢u la ADDNUMBERPARA va ¢6 gia tri 1a $22. Truong lua
chon va toan hang cd gia tri va y nghia nhu trong 1énh PUSH va POP.
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4.3.2.9 Lénh khéi tao lai vang dém tham s6

M3 1énh ky hiéu la RefreshParaBuffer va co gia tri 1a $24, {énh nay khong c6 toan
hang di cung. Truomg Lua chon 2 chira sé lugng tham s6 s& dua vao ving dém tham
50,

4.3.2.10 Lénh goi thw vién tinh toan

Pinh dang cua lénh giéng voi dinh dang cta Iénh thao tac co s& dit Liéu.

Ma Iénh ky hi¢u la Exec va co gia tr1 1a $50.

4.3.2.11  Lénh hién thi di¥ liéu ra man hinh

Lénh nay thuc hién hién thi cac dit liéu ra man hinh. Di liéu nay co thé 1a xau ky
w, s6 nguyvén, thuc. Cac dir lidu nay nam trong ving dém truyén tham sb.

Pinh dang cua lénh nhu sau

Ma3 1énh Lra chon 1 Lyra chon 2

M3 1€nh c6 gia tri va y nghia duge mo6 ta trong bang sau:

Gia tri Ky hiéu Y nghia
$25 WRITE Ghi binh thuémg, khdng xuéng dong
$26 WRITELN Ghi xong xudng dong

Bang 4-9: Bang gid tri cia l¢nh hién thj di i¢u ra man hinh.

4.4 Xay dwng bé dich

Qua trinh bién dich gém 3 phase chinh:
e Phan tich tir vung.
¢ Phan tich cu phép.
e Sinh ma.
vé chi tiét c6 thé minh hoa theo so do sau:
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Chuong
trinh
nguon

Bé phan tich

tir virng
r
Bing ky hiéu B¢ phin tich Théng bao 16
* > ci phap [* >
h 4
B sinh mi
mi nhi phan gia dinh

Hinh 4-4 So 6 3 pha ciia bd bién dich.

Vi€c phan chia theo timg phase dé tim dwoc cong cu manh va giai phap thich hop
do1 véi timg phase, con khi cal dit cd thé két hop mot sO phase lai thanh 1 s
module churong trinh.

4.4.1 B{ phan tich tir vung
Pha phan tich tir vung duge thuc hién bdi Otomat hitu han.

Chuong trinh ngudn, qua bd phén tich tir vumg s& cho ra cac tir vimg thude 1 trong
cac loal sau: -

e Tir khoa, tén chuén
* Tén
e Hing s0, hing xau
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» Diu (déu don. ddu keép)

4.4.2 Bé phén tich ci phap
Cho van pham G = (N, T, S, P) sinh ra ngdn nglt L{G) = {we T*|S =* v}
Phan tich cau o la xét xem w cé thude L(G) hay khong.
Co hai kha néng xay ra:
® € L{G) — theo nghia hep la chwong trinh viét dung cu phap.
® ¢ L(G) — theo nghia hep 14 chuong trinh viét sai cti phap.

Nhu véy phan tich cau o 1a biét cach xiy dung cay ci phap cta .

4.4.2.1 Cac phwong phap phan tich

Co6 hai phuong phéap phan tich do 1a phén tich trén xubng (Top-down) va phan tich
dudi 1én (Bottom-up).

C6 hai kiéu phén tich d6 13 phan tich quay lui va phan tich tit dinh.

Trong ndi dung cta ludn van nay chi xét phuong phap phén tich Top-down tét dinh
cu thé 1a phuong phap phén tich dé quy trén xudng.

Trong phuong phap nay, xau vao duoc xem xét mdt luot tir trai qua phai, tai moi
budc ngudi ta xac dinh mot san xudt duy nhét cé thé cb.

Vin pham LL(1)
Cho van pham G=(N, T, S, P), s& nguyén duong k, o0 € V*.

Ta dua vao hai tdp hop sau:
FIRSTk(a) = {x|x € T, a=>* xf va I(x) = k hodc o =>* x va l(x} <k}

FIRSTk(0i) la tap cac xau x chira k ky hiéu két thic du tién suy din tir o. Néu o
chi gdm cac ky hiéu két thic, ta 1iy k ky hiéu dau.

FOLLOWk(a) = {x|x € T*, §=>*Bod vax € FIRSTk(d) }.
FOLLOWk(a) la tip cac xau x, chira k ky hiéu két thuc, dimg ngay bén phai o
trong bit kv dang ciu nao d6, dac biét o = A € N, va BA la dang cau thi
FOLLOWI(A) = {&}.

Piéu kién dé van pham 1a LL(1)
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Vian pham G = {N, T, S, P} 1a LL(1) khi va chi khi mdi quy tac P c6 dang A
>al |e2].. ]on (n =2)né thoa man cac dicu kién sau:

a.FIRST(ad) NFIRST(og) =<, 1<i<)<n.
b. Néu ¢6 o =>* ¢ thi phai c6 FIRSTl(eg) N FOLLOWI(A) = &
(voimoij #1, 1 £j<n).

Déi chiéu vdi vin pham cla ngdn ngit lap trinh dé ra, ta thdy van pham do chua
thoa man didu kién LL(1) vi du quy tac:

<caulénh> — if <dk> then<ciulénh>| if <dk>then <caulénh>else<caulénh>

Vin pham nay can duoc chuyén vé vin pham LL(1) tuong duong.

Viéc chuyén vé van pham tuong duong nay duge thuc hién bing phuong phap
nhém thira sé chung.

Vidu4.1. Vanpham § -> ax|af

vé phai cta hai san xudt déu duoc bit diu bing ky hiéu két thuc a, nhu vay tir ky
hiéu khong két thic S va 1 ky hiéu xem xét 14 a thi khong thé quyét dinh duoc sé ap
dung san xuét nao trong hai san xuét trén,

Vin pham trén c6 thé chuyén vé van pham twong duong bing cach dua ky hiéu két
thiic a lam thira s6 chung, van pham trong duong nhu sau:

S -> aA
A > alf

Tiép tuc ap dung nhém thira s chung ddi voi hai xau o va 8 néu chiing van con cé
cac tién t6 (k¥ hiéu két thic & bén trai nhit) gidng nhau.

Trong ngén ngit lip trinh quy tic cta cu lénh ré nhanh dugc chuyén vé dang
LL(1) tuong duong nhu sau:

<caulénh> -> if <dk> then <caulénh> <ménh dé tiép>

<ménh d¢é tép> -> ¢ | else <caulénh>

4.4.2.2 Ap dung phwong phap phan tich dé quy trén xudng

Cho van pham G =(N, T, S, P} la LL(1) va xdu o. Tu tudng cht dao cua giai thudt
phén tich d& quy trén dudi 12 véi mdi ky hiéu A € N, ta xdy dung mét thi tuc
tuong ng. Qua trinh phan tich bét dau la th( tuc img véi ky hidu S (ky hiéu khoi
ddu) va goi toi cac thu tuc khac mét cach dé quy.

Dé thudn tién ta chuyén quy tic A — al |2 {. . | ak dang BNF thanh so a6 cu
phap theo cdc qui dinh di duge néu & phan xay dung ngdn ngit 1ap trinh.
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Khi ¢6 so d6 cu phap tuong img voi quy tic cta vin pham di cho, ta dua ra mot 56
qui dinh dé dién dich so d6 thanh chuong trinh tuong mg. Dé lam diéu d6, ta ky
hiéu cau lénh dién dich so do S 1a T(S). Cac qui dinh sau:

1- Néu so' d&b cit phdp co dang:

X] > XZ —_— X“ e

thi dién dich twong tmg voi cau 1énh ghép (tua pascal):

begin
T{X1) ;
T(X2) ;
T{Xn)
end

2- Néu so db cii phdp cd dang:

Y
Y

X,

Xz

Xa

A 4
Y

thi dién dich twong ting c&u Iénh chon (twa pascal):
if ch in D1 then T(X1l) else

if ¢h in D2 then T{X2) else

if ¢h in Dn then T{(Xn) else SAT

trong d& Dj = FIRSTL(X3) (1 <3 <n )
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3- Néu so d6 cii phdp ¢ dang:

X

thi dién dich thanh cau 1énh:

while ch in D do T(X)
trong do D = FIRST1(X), va vo1 T(X) ta ap dung 1 dén 5.

4- Néu so d cit phdp cé dang:

X

thi ing véi cau nh goi thu tue T(X) (X € N).

5- Néu so db ci phdp: cé dang

—{(

thi img voi cau 1€nh:
if ch = a then DOC else SAI

trong d6 DOC va ~SAI la hai tha tuc lam nhiém vu doc ky hiéu tiép theo trén xau
vao va thong bao 161 da duge xay dung san. ‘

Vidu 4.2. Xét van pham G=(N, T, P, S) trong do
N= {Sa‘T’AaB)F}a :T= {+1-:*: /, ( })aa36}
P bao gdm cac san xuit;

S-> TA
A->+TA|-TA |¢
T-> FB
B-> *FB|/FB |¢
F-> (8)|a
So d6 ci phap cia van pham trén nhu sau:
So dé S.
S
—P T » A >
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So do A.

SO RS
A
) |

Ml A

()1TJ_>A

Y

v

SoddT.
T

e F . B .

So do B.
F , B
B
" S

So do F.

d’;

( : ’ A

/

Ung véi méi ky hiéu két thic, xay dung cac thd tuc doan nhén nhu sau:

precedure S;
begin

T;

A;

i
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end; I
procedure 4;
begin
if ¢h = '+' then
begin
GetCh;
T;
A;
end
else if ch = '-' then
begin
GetCh;
T;
A;
end ;

end;

procedure T;
begin

F;

B;

end;

procedure B;
begin
if ¢ch = '*' then
begin

GetCh;
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s o e S

F; |
B;
end
else 1f c¢ch = '/' then
begin
GetCh;
F;
B;
end;
end;
procedure F;
begin
if ¢ch = '{’ then
begin
GetCh;
S;
if ¢ch = ')' then
GetCh
else Error{'Thieu dau ngoac');
end
else if ch = 'a' then
GetCh
else Error('Loi trong cau lenh');
end;
Chuong trinh chinh phan tich ct phap d& quy trén xubng: J
begin |
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LoadProgram{str] ; —‘
GetCh; ‘
5

1
End |

Trong cac thu tuc trén, LoadProgram, GetCh va Error la cac thu tuc da duge xay
dung san, thu tuc LoadProgram c6 nhiém vu nap chuong trinh nguén vao xAau str,
thu tuc GetCh c¢6 nhiém vu doc ky hiéu vao tiép theo va thu tuc Error ¢o nhi€m vu
lwu trir tht ca cac thong tin vé 161,

4.4.2.3 Chuén hod cay suy dan
Cay suy dan cin dwgc chudn hod dé tao thuén tién cho viée sinh ma.
Chuin ho4 ciy biéu thire.

Biéu thitc don gian nhat chi 1a m¢t bién (khéng phai 1a phan tir ciia mang 1 chiéu
hodic 2 chiéu) hosic mét hang s6, trong trudng hop nay khéng cin chudn hoa.

Trong trudmg hop bi€u thirc 1a mét phan tir clia mang 1 chiéu hodc 2 chiéu thi cay
chuan héa duge tao thanh bai nit gbe 1a tén bién mang, cac niit con(l hodc 2 nut
con) la cac cdy biéu thirc 4 duge chuan héa img véi cac chi sé.

Néu biéu thirc 1a mot 1o goi chuong trinh con thi ¢iy biéu thire chudn hoé dugc tao
thanh bdi nut gde ng véi tén chuong trinh con, cic ndt con tir trai qua phai 1an
luot 1a cac biéu thirc ddi sé da duge chudn ho.

Néu biéu thirc E1 op E2 trong d6 op 14 mot toan tir s hoc, E1 va E2 1 hai bidu
thirc sb hoc thi ciy biéu thirc chun hod duge tao thanh béi nut goe 1a nat toan tir,
it con trai Umg voi biéu thirc E1 da duge chudn hod va nut con phai img véi bidu
thire E2 da duge chuin hoa.

Vi du 4.3. V&i biéu thitc 3*{a(i,31+2) - b*5, ciy biéu thirc chudn hod nhu
hinh sau:

W
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Hinh 4-5 Cay biéu thirc chufin héa trong vi du 4.3

Chuin ho4 ciy suy din ciia véi cdu énh gin

Ciy suy dan chudn ho4 cla cau lénh gén duoc toa thanh bai:
- Nut gbe 12 nit tmg voi toan tir gan.
- Cay con trai img v&i bién & vé trai clia cau lénh gan.

- Cay con phai la ciy da dugc chuan héa cua biéu thitc & vé phai cla cédu I€nh
gan. '

Vidu4.4. V&icau lénh gén x := 5+ (a+b), cay chuén hoa nhu sau

Hinh 4-6 Ciy cii phip chuidn héa cia ciu énh gan trong vi dy 4.4
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Chuin hoa ciy suy dan ciia cu lénh ré nhanh.

Cay suy dan cua cau 1énh r& nhanh 1 vé ¢6 dang sau:

statement

h 4

Hinh 4-7 Céy suy din ciu lénh r nhanh 1 vé

dugce thu gon vé dang sau:

Hinh 4-8 Ciy suy din chuin héa cia ciu 1énh r& nhanh 1 vé

Cay suy dén cu Iénh 1& nhanh 2 v& ¢6 dang sau:

Hinh 4-9 Cay suy din ciu 1énh ré nhanh 2 vé.

High Performance Computing Center - HUT 116



Tai liéu k¥ thuat — Chi tiét hé théng BKluster

dugce chuin hoa vé dang sau:

if then_else

% =

Hinh 4-10 Cay suy diin chuin héa ciia ciu 1énh ré nhinh 2 vé.

trong do -
» Nut gbc c6 nhin la if then hodc if then else.
¢ Nut diu kién 1a cay biéu thirc logic da dugc chuin hoa.
e (Cac nut cau lénh statement cling d3 dugc chuin hoa.
Chuin ho4 ciy suy din ciia cau 1énh Eip.

Cay suy din cta cau 1énh l3p while ¢6 dang sau:

COIORGEY

Hinh 4-11 Cdy suy din cdu énh Lip while.

duoce chuin hoa vé dang sau:

Coomtion ) Csoement

Hinh 4-12 Ciy suy din chuin hoa ciia ciu lénh tip.
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Céau 1énh lap for duge bién dd1 vé cau lénh 1ap while twong duong,.
Chuan hoa cay suy dan img véi cac ciu lénh con lai

Cac cau lénh con lai la cac cau 1€nh hién thi dir li€u ra man hinh, {€nh goi thu vién
tinh toan, cau Iénh vao ra file. . . déu c6 dang nhu mét 1é1 goi thu tuc. Cay suy dan
cua céc cau 1énh nay dugc chuan hoa vé dang sau:

Nut gdc Umg voi tén cla lénh: write, writeln, readfromfile,

exec, .
Cac nut con lan lugt tir trai qua phai 1a cac cay da duge chudn hoa cia cac tham sé.

Vidu 4.5. V&icau lénh writeln{'result = ', a+b) dugc chuin hoa vé
dang

Cromn> N

Hinh 4-13 Ciy suy din chuin héa cia ciu 1énh hién thi dit lidu trong vi du 4.5
Cay cti phap sau khi chudn hoa dugc diing 1am du vao cho pha sinh ma.
4.4.3 Bg sinh ma
4.4.3.1 Bang ky hiéu

Bang ky hiéu dugc tham chiéu thudomng xuyén trong xir Iy sinh ma cho hau hét cac
nat 1énh.

Bang ky hiéu 1a mét cau tric dit liéu ding dé luu trir cac théng tin vé cac dbi tugng
ma chuong trinh dich lam viéc, N6 gbm nhiéu phin tir, méi phén tir chia thong tin
cén thi€t vé tén trong chuong trinh ngudn. M&i phan tir gdm hai truomg quan trong:

» Tén: Trudng nay luu trir tén cua cac bién, chuong trinh con duoc khai bao

va sur dung trong chuong trinh ngudn.
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e Thudc tinh: Trudng nay chita cac théng tin lién quan dén tén nhu kiéu, vi
tri,. . .

Céc thao tac dbi véi bang ky hidu

¢ Thém mét tén méi vao trong bang ky hicu.

o Kiém tra mot tén d4 ton tai trong bang ky hiéu hay chua.

o Tim kiém va lay théng tin Umg v&i mét tén cho trude.

o Xoa tén ra khoi bang ky hiéu.
Bang ky hiéu c6 thé duoc to chire theo danh sach lién két, cAy nhj phan tim kiém
hodc bang bam.

Trong bd dich nay, bang ky hiéu duge td chirc theo danh sach LIFO (ngan xép).
Tén m& duge thém vao dinh ngin xép va viéc tim kiém cling dugc thuc hién tur
dinh ngin xép.

Trong hau hét cac cau lénh, bang ky hiéu déu dugc tham chiéu toi dé tim kiém cac
théng tin lién quan dén bién nhu kich thudc, dia chi. Cac thong tin nay duoc dua
vao cac cau lénh nhi phan gia dinh.

4.4.3.2 Cau tric cta chwong trinh ma nhi phan gia dinh.

Chu tric churong trinh ma nhi phéan gia dinh duoc mé ta trong Hinh sau:

Lénh nhay khéng diéu kién tir vi tri hién tai
dén thin chwong trinh chinh

Lénh nhay khong diéu kién tir vi tri hién tai
dén thian chwong trinh con 1

Lénh nhay khong diéu kién tir vi tri hién tai
dén thian chwong trinh con n

Than chwrong trinh con 1

Thén chwong trinh con n

Théan chwong trinh chinh

Hinh 4-14 Ciu truc file nhi phin gid dinh.
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4.4.3.3 Cac giai thuat sinh ma cho cac nut lénh
Tét ca cac cau 1énh duoc bién déi dua vé dang ma 3 dia chi tuong Umg.
e Caulénh ganma3 diachi: & <« B op C
e Cac cau lénh mai 3 dia chi khac :
goto L
if A goto L
if A op B goto L.

Céu 1énh mi 3 dia chi duge anh xa sang day cac cau lénh nhi phan gia dinh tuong
duong.

Vidu 4.6. Doan chuong trinh sau:
while (a > 10) and ( a<2*b+5) do a := a+b
duoc chuyén vé cac cau 1énh dang 3 dia chi tuong tng nhu sau:

dkl: if a > 10 then goto dkZz;

goto Thoat;
dk2 : tl1 := 2*b;
t2 := tl + 5;

if a <« t2 then goto Caulenh else goto Thoat;

Caulenh:
a := a + b;
goto dkil;
Theoat

Vidu 4.7. Boan chuong trinh sau
1f {(a < 100) or ( b+l < n) then
a :=a+ 1
else begin
a := b + n;
b :=b - 1;
end;
dugc chuyén vé cau lénh dang 3 dia chi tuong g nhu sau:
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dkl : if a < 100 then
goto Caulenhl;
dk2 : £l := b+l;
if tl < n then
goto Caulenhl;

goto Caulenh2;

Caulenhl: a := a + 1;

goto Thoat;

Caulenh2:
a := b +n;
b :=b - 1%;
Thoat:

Xir Iy sinh ma cho nit lénh gan

Cay cti phap di chuin hoé can lénh gan

Variable Expression

Hinh 4-15 Ciy ci phap c¢ia cfiu 1énh gin

Goi Expr(node) 12 doan ma tinh gié tri ciia nat biéu thie node va cét vao ngan xép.

So do khoi doan ma nhi phan gia dinh cla céu 1énh gan nhu sau:

L
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Expr(Expression)

POP diachi{Variable)

Hinh 4-16 So' @3 khéi doan ma ciia ciu lénh gin.

Xay ra cac trudong hop sau:
¢ Néu node 14 nat {a voi nhéan 1d.
o Néu Id 1a mét hing sé thi Expr(node) 1a cu 1énh: PUSH giatri(Id).

o Néu Id 14 mot bién di co trong bang ky hiéu thi Expr(node) la cu
lénh: PUSH diachi(Id).

o Néu node {a niit biéu thirc dang E1 op E2 trong d6 op la toan tu s6 hoc thude
1 trong 6 loai ( +, -, *,/, div , mod) gia sz op la toan tir cOng (1), E1 va
E2 13 hai biéu thirc twong Umg vai 2 nit con cia node, t1, t2, t3 1a cac bién
trung gian, doan md Expr(node) nhu sau:

Expr(E1l)

Expr(E2)

POP diachi(t2)

POP diachi(tl)

ADD diachi(tl), diachi(t2), diachi(t3)
PUSH djachi(t3)

¢ Néu node 1a mét 1o got chuong trinh con voi nhin la Id tén cua chuong
trinh con. Cac budc xir ly nhur sau:

o Sinh ra cac cdu lénh cét gia tri cac bi€n nay vao ngin xép.

o Sinh ra cac cau lénh tinh toan gia tri cua cac biéu thirc va truyén vao
cho céac d6i cua chuong trinh con.

o Cét dia chi cua 1énh tiép theo trong chuong trinh goi vio ngin xép.
o Sinh ra cau {énh nhay dén diu chuong trinh con (tir diy chuong trinh

con bét dau dugce thue thi).
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o Sinh ra cac ciu 1énh khoi phuc lai gia tri cho cac bién trong chuong

trinh con tir ngan xép.

o Sinh ra cau I¢énh cat gia tri cua ham vao ngan xép.

Xir Iy sinh ma cho nat I€nh ré nhanh

Cay ch phap da chudn hoa cua cau lénh ré nhanh dang 1 vé nhu sau:

condition statement

Hinh 4-17 Cay cii phap d4 chuén hoz ciu iénh ré nhanh 1 vé

Goi Cond(node) 14 doan ma tinh gia tri cla biéu thirc logic node.

So b khbi doan ma nhi phan gia dinh cla cau lénh ré nhanh 1 vé nhu sau:

Cond(condition)

JF Nhin Thoat

Cau 1énh statement

Thoat e

Hinh 4-18 So d khdi cda cau 1énh ré nhanh 1 vé
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Cay ci phap da chudn hoa ctia ciu [énh r& nhanh 2 vé& nhu sau:

lf then_else

=l

Hinh 4-19 Cay ci phap chuén hoa ciu lénh ré nhanh 2 vé

So db khéi doan ma nhi phan gia dinh ctia cau lénh r& nhanh 2 vé:

Cond(condition)

JF Nhin Lénh2

Ciu lénh statement]

JMP Nhian Thoat

Lénh2 Céu lénh statement2

Thoat

Hink 4-20 So do khdi ciia cdu lénh ré nhinh 2 vé

Doi voi doan ma tinh gi tri cua biéu thire logic: Cond(node), Xay ra cac trudng hop
sau:

¢ Néu node 13 mot ménh dé quan hé E1 op E2 trong d6 E1 va E2 14 cac biéu
thire sb hoc, op 1a toan tr quan hé thudc 1 trong 6 loai (=, <>, >, >= <,
<=) gia sir op la toan tir 16n hon ( > ). Cy ¢t phép clia ménh dé so sanh I6n
hon nhu sau: '
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Hinh 4-21 Ciy ci phap chuin hod cia ménh dé quan hé 16n hon

So dd khdi doan mia nhi phan gia dinh nhu sau:

Expr(E,)

Expr(E;)

POP diachi(12)

POP diachi(tl)

Gtr diachi(tl), diachi(t2)

Hinh 4-22 So db khéi ciia cdu 1énh so sanh,

Néu node 13 mjt biéu thirc logic dang logicgEl or logicE2.

Hinh 4-23 Ciy ci phip chuin hoi ciia biéu thire logic dang OR.
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S dé khéi doan ma nhi phan gia dinh Cond(node) nhu sau:

Cond(logick,)

JT Nhin Ding

Cond(logicE,)

Pung

Hinh 4-24 So db khbi ciia cau 1énh xdc dinh gia tri ciia bidu thire logic OR.

Néu node 13 mot bidu thirc logic dang logicgE1l and logicE2.

Hinh 4-25 Céy cii phap chuin hoa ciia biéu thirc logic dang AND.
So d6 khéi doan ma nhi phén gia dinh Cond(node) nhu sau

Cond(logicE,)
JF Nhin Sai
Cond(logicE;)
Sai
—-_’.

Hinh 4-26 So 46 khéi ciia cau 1énh xdc dinh gia tri cha biéu thire logic AND

e
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Xir 1y sinh mi cho nut 1énh 1ip
Cay cu phap chudn hoa cta cau 1énh 13p while

Hinh 4-27 Cay ci phap chuin hod cia ciu Iénh lip while.

Cau l‘énh lap dang for duoc dua vé dang cau lénh l3p while twong duong.
So d6 khoi doan mi nhi phan gia dinh cta cau Iénh 1dp nhu sau:

Lap "
| Cond( condition)
JF Nhin Sai
Poan mi vua cau 1énh statement
JMP Nhin Lip
Sai
—

Hinh 4-28 Se d6 khéi cita ciu lénh lip.

Xw Iy sinh ma cho nat Enh ghép
Céay cu phap chuin hoa cau iénh ghép nhur sau:

L ]
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Hinh 4-29 Cay cii phap chuidn héa cia ciu lénh ghép

So d6 khdi doan ma nhi phan gia dinh ciia cau 1énh ghép nhur sau

Doan ma cua cau Iénh statement_1

Poan mai cua cau Iénh statement_n

Hirh 4-30 So d5 khéi ciia ciu lénh ghép

Xir ly sinh ma cho c4c nit I§nh con lai ‘
Cac cau 1énh con lai d€ co dang 101 goi thi tuc. Ciy ci phap chuén hoa cé dang
sau:

StmtName

Hinh_ 4-31 Cay cti phap chuin hoa ciia cic ciu lénh ¢6 dang 10i goi thi tuc
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L

Trong dé StmtName la tén cua ciu lénh (readfromfile, exec, writeln, .. .). Cac nat
con para_i 14 cac tham s thude 1 trong 2 loai la hiang xau ky tu hedc biéu thirc sb
hoc.

So d6 sinh ma chung duge mé ta nhu sau:

¢ Lan lugt sinh cac doan ma tinh gia tri va dua cdc tham sO para_i ra vung
dém truyén tham sd.

¢ Sinh ra cdu lénh cé tén StmtName tuong mg.
Vidu 4.8. Cau 1€nh exec('matmultadd’, mt, x, y, w)

So db khéi doan ma nhi phin gia dinh nhu sau:

RefreshParaBuffer

ADDSTRINGPARA 'matmultadd'

ADDNUMBERPARA diachi{mt)

ADDNUMBERPARA diachi(x)

ADDNUMBERPARA diachi(y)

ADDNUMBERPARA diachi(w)

EXEC

Hinh 4-32 So dé6 khéi doan ma nhj phan gia dinh ciu 1énh exec trong vi du 4.8

Vidu4.9. Cau lénh writeln(row ="', m,' col= "', n)

So dd khdi doan ma nhi phan gia dinh nhu sau:

L e e e
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RereshParaBuffér

ADDSTRINGPARA 'row ='

ADDNUMBERPARA diachi(m)

ADDSTRINGPARA ' col =

ADDNUMBERPARA diachi(n)

WRITELN

Hinh 4-33 So d6 khéi doan ma nhi phin gii dinh ciu I¢nh writeln trong vi du 4.9,

4.4.4 Théng bio 16i.

Céc 161 c6 thé gap dugc liét ké nhur sau (mdi 181 gém c6 s§ nguyén chi ma 18i, tiép
theo 1a mo ta cua 10i):

1 Unknown Character (ky tu la).

2 Name too long (tén qua dai).

3 Logic expression is expected (thiéu toan tir quan hé).

4 Keyword THEN is expected (thiéu tir khoa THEN).

5 ; after statement is expected (thiéu ddu ; sau céu 1énh).

6 Keyword END is expected (thiéu tir khoa END).

7 Keyword DO is expected (thiéu tir khoa DO).

8 Identifier is expected (thiéu tén).

9 = is expected {thiéu déu =).

10 Keyword TO is expected (thiéu tir khod TO).

11 Keyword BEGIN is expected (thiéu tir khoa BEGIN).
12 . at the end of program is expected (thiéu dédu . két thuc chuong trinh).
13 Unknown Type (khéng hiéu kiéu di liéu).

14 ; in variable deciaration statement is expected (thiéu dau ;

2

trong cau lénh
L |
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khai bao bién).

15 : in variable declaration statement is expected  (thiéu du : trong cau lénh
khai bao bién).

16 Identifier in variable declaration statement is expected (thiéu tén trong phin
khai béo bién).

17 Invahd identifier (tén dung khong hop 1€)

18 Error in Parameters of write statement  (Ldi trong danh sach tham sb cua

cau 1énh hién thi dir liéu ra man hinh).

19 String in parameter of select statement 1s expected (thiéu tham s

xau ky tu trong cau lénh ldy dir liéu).

20 Invalid Constant (hing s6 khong hop 18).
21 Unknown identifier (t€n chua dugce khai bao).

22 Unknown statement (khéng hiéu cau 1énh).

23 ) in expression is expected (thiéu dau ngoac d6ng)

24 ( in exec statement is expected (thiéu ddu ngodc md trong cau 1énh
exec)
25 Function name 1n exec statement is expected (thiéu tén ham trong

cau lénh exec).

26 , exec statement is expected (thiéu déu phay trong cau lénh
gxec).

27 ) in exec statement is expected (thiéu diu ngodc déng trong ciu
1énh exec)

28 (in dbmatgetsize statement is expected (thiéu diu ngodc mé trong ciu lénh
dbmatgetsize).

29 Constant string parameter in dbmatgetsize statement is expected (thiéu
hing xau trong cau lénh dbmatgetsize).
30 , in dbmatgetsize statement is expected (thiu ddu phdy trong cau lénh

dbmatgetsize).

31 Identifier parameter in dbmatgetsize statement is expected (thiéu

tén trong ciu lénh dbmatgetsize).

32 ) in dbmatgetsize statement is expected (thiéu diu ngodc déng trong cau
L ____ ]
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1énh dbmatgetsize);

33 Assignment statement to function is expected (thiéu cau lénh gan gia tri

tra vé cho ham).

34 ( in dbvecgetsize statement is expected (thiéu diu ngodc md trong ciu lénh

dbvecgetsize).

35 Constant string parameter in dbvecgetsize statement is expected (thiéu

hing xau trong cau |énh dbvecgetsize).

36 , in dbvecgetsize statement is expected  (thiéu déu phay trong cau lénh
dbvecgetsize).

37 Identifier parameter in dbvecgetsize statement is expected (thiéu

tén trong cdu Iénh dbvecgetsize).

38 ) in dbvecgetsize statement is expected (thiéu dau ngodc déng trong céu
1énh dbvecgetsize).

39 ( in readfromfile statement is expected (thiéu ddu ngoic md trong cau
1énh readfromfile).

40 Constant string parameter in readfromfile statement is expected (thiéu
hing xau trong céu lénh readfromfile).

41 , in readfromfile statement is expected (thiéu diu phay trong cau lénh
readfromtfile).

42 Identifier in readfromfile statement is expected (thiéu tén trong cau lénh
readfromfile). '

43 Filename in readfromfile statement is expected (thiéu tén file trong ciu lénh
readfromfile).

44 ) in readfromfile statement is expected (thiéu déu ngodc déng trong ciu
1énh readfromfile).

45 ( in store statement is expected  (thifu ddu ngodc md trong cau 1énh store).

46 Constant string in store statement is expected  (thiéu hing xdu trong cau

- 1énh store).
47 | store statement is expected (thiéu déu phay trong ciu lénh store).
48 Identifier in store statement is expected (thiéu tén trong ciu lénh store).

49 ) in store statement is expected  (thiéu déu ngodc déng trong ciu iénh
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store).
50 ]is expected (thidu ddu ).
51 ) 1s expected (thiéu d4u ngoac ma).

52 ) in function declaration is expected (thiéu déu ngodc déng trong khai

b4o chuong trinh con).

53 ( in function declaration is expected (thifu dau ngodc md trong khai

b&o chuong trinh con).

54 Function name in declaration is expected(thiéu tén trong khai bao chuong

trinh con).
55 ; in function declaration is expected (thiéu dau ; trong khai bao chuong
trinh con).
56 : in function declaration is expected (thiéu dau : trong khai bdo chuong
trinh con).

57 (in writetofile statement is expected (thiéu ddu ngodc md trong cau 1énh
writetofile).

58 Constant string in writetofile statement is expected (thifu  hing
x&u trong cau lénh writetofile).

59 , in writetofile statement is expected (thiéu dau phay trong cau
1&énh writetofile).

60 Identifier in writetofile statement is expected  (thiéu tén trong cau lénh
writetofile).

61 Filename in writetofile statement is expected  (thiéu tén file trong ciu lénh
writetofile).

62 ) in writetofile statement is expected (thiéu déu ngodc déng trong cau
lénh writetofile).

63 (in dbselectcol statement is expected (thiéu ddu ngoac mo trong
cau lénh dbselectcol).

64 , in dbselectcol statement is expected (thiéu diu phay trong cau
1€nh dbselecteol).

65 Identifier in dbselectcol statement is expected (thiéu tén trong ciu [énh
dbselectcol).
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66 ) in dbselectcol statement is expected (thiéu ddu ngodc dong trong

cau [&nh dbselectcol).

67 ( in dbselectrow statement is expected (thiéu ddu ngodc md trong cau 1énh

dbselectrowl).

68 , in dbselectrow statement is expected  (thiéu ddu phay trong cau lénh

dbselectrowl).

69 Identifier in dbselectrow statement is expected (thiéu tén trong céu lénh
dbselectrowl).

70 )} in dbselectrow staternent is expected  (thiéu ddu ngodc déng trong ciu
1énh dbselectrowl).

71 ( in dbselectrowcol statement is expected(thiéu dau ngodc m& trong céu lénh
dbselectrowlcol).

72 Constant string in dbselectrowcol statement is expected (thifu  hing

Xau trong cau I¢nh dbselectrowlcol).

73 , in dbselectrowcol statement is expected (thiéu ddu phay trong ciu 1énh
dbselectrowlcol).

74 Identifier in dbselectrowcol statement is expected (thiéu tén trong ciu
1énh dbselectrowlcol).

75 ) in dbselectrowcol statement is expected(thiéu diu ngodc déng trong ciu
1énh dbselectrowlcol).

76 ( creatematrix statement is expected (thiéu d4u ngodc md trong ciu lénh
creatematrix).

77 Identifier in creatematrix statement is expected (thiéu tén trong cau lénh

creatematrix).

78 , in creatematrix statement is expected  (thiéu ddu phay trong cau lénh

creaternatrix).

79 ) in creatematrix statement (thiéu dau ngodc déng trong cau Iémh

creatematrix).

80 ( in createvector statement is expected  (thiéu ddu ngodc mo trong cau énh

createvector).

81 Identifier in createvector statement is expected (thiéu tén trong cau lénh
createvector).
L _____________________________________________________________________________________________}
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82 . in createvector statement is expected  (thiéu dau phay trong cau lénh

createvector).

83 ) createvector statement ic  xpected (thiéu dau ngodc déng trong ciu

lénh createvector).

84 { in destroymatrix statement 1s expected (thiéu dau ngodc md trong cau 1€nh

destroymatrix).

85 Identifier in destroymatrix statement is expected (thiéu tén trong cau

lénh destroymatrix).

86 ) in destroymatrix statement is expected (thiéu déu ngodc déng trong ciu
1€nh destroymatnx).

87 (in destroyvector statement is expected (thiéu ddu ngodc md trong cau lénh
destroyvector).

88 Identifier in destroyvector statement is expected(thiéu tén trong cau lénh
destroyvector).

89 ) in destroyvector statement is expected (thiéu diu ngodc déng trong cau
1énh destroyvector).

90 Incompartible type in expression (kiéu khéng hop 1énh trong biéu thirc).
91 Duplicate identifier (tén khai bao trung nhau).

92 Unknown this Library Function {cau 1énh trong thu vig€n tinh toan khong
ton tai).

93 Parameter incompartible in library function (Tham s& khéng hop 18
trong cau [énh goi thu vién tinh toan).

94 Parameter incompartible (tham s6 khéng hop 1€).

95 Constant string is expected (thiéu hang xau).

96 ( is expected (thiéu dau ngodc mé).

97 Error in expression (16i trong biéu thirc).

98 [ is expected ‘ (thiéu dau [ ).

99 Integer Constant is expected (thiéu héng s6 nguyén).
100 , is expected (thiéu dau phay).

Néu pha sinh ma khéng gip 181 thi file chuong trinh ma nhj phan gia dinh duge tao
e
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4.5 Ap dung bé bién dich vao hé théng tinh todn

Céc chuong trinh viét bing ngdn ngit lap trinh néu trén duge b bién dich dich sang
ma nhi phan gia dinh.

Chuong trinh ma nhi phan gia dinh s€ duge may do dich va thue thi dudt dang
thong dich. May ao l4n luot doc timg 1énh, gia m3 1énh va thue hién lénh dé.

4.5.1 M4 hinh thuec thi

May 4o thyc thi chwong trinh trong ché d6 song song nhiéu tién trinh.
Cac may ao dugce nhan ban va chay song song su dung thu vién truyén théng diép
MPI.

B{ nhé | ngin xép Bo nh¢ | ngan xép
dir liéu phan tan dir liéu phin tan
vingdémmilénh || 0 viing dém mai Iénh
may do may o

i 1

Truyén théng diép

Hinh 4-34 Mé hinh thyc thi chwong trinh cia may ao

Céc may ao doc dady lénh nhi phan gia dinh, giai ma lénh va cho thyc hién. Noi
dung bd nhé ciia cac bién (trir bién con trd ma trin, vector) va ngin xép cla cac
may ao ludn dugc cap nhat gibng hét nhau. Phin dif liéu cia ma trin, vector sé
duoc phan tan vao vung dit liéu phén tan cia timg may ao.

M&i may do ¢6 mét dinh danh riéng. Viée doc ghi dit lidu dugce thuc hién bt | may
ao c6 dinh danh bing 0. Sau dé dit lidu nay sé dugc truyén dén cac may do khac.
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4.5.2 Qua trinh thuc thi

Day ma nhi phan gia dinh cua mot chuong trinh nguén s& duge doc vao ving dém
Iénh cia méy do. Con tro lénh duoc tré vé dau ving dém dé doc 1énh dau tién. Chu
trinh thuc hién chuong trinh dugce bat dau.

Qua trinh thyuc thi chuong trinh md gia dinh duge thuc hién trong ché d6 théng
dich, may ao lan luot doc timg Iénh, gidi ma iénh va thuc hién ludn.Mdi 1énh gia
dinh ¢6 thé coi nhu 1a mot su md hoa cta mot sé lénh ma may thuc su. Su thuc
hi€n cua mét I¢nh tuong umg voi 101 goi 1 chuong trinh con xir Iy twong tmg.

Trong mdi chu trinh, may o doc mi 1énh dé xac dinh chuong trinh con xir [y twong
ng. V&i mbi mé 1énh, chuong trinh con tuong tmg s& doc cac thong tin didu khién
cung voi cac toan hang trong 1énh dé thuc hién xtr ly dir liéu. S6 lugmg toan hang
cling nhu kich thude cua céc 1énh khac nhau tuy thudc voa ma 1énh va thong tin
diéu khién. Sau khi thuc hién xong mdi lénh, con trd 1€nh duge tr dong cap nhat
gia tri dé tro sang lénh tiép theo.

Truong hep ma Iénh 12 lénh s6 hoc

May o doc tiép cac thong tin diéu khién dé xéac dinh dia chi va kich thudc cac toan
hang. Poc tiép toan hang, dia chi noi chira két qua va thyuc thi phép tinh s8 hoc trén
céc todn hang d6. Két qua duoc luu vao ving nhé trong may do c6 dia chi da duge
xac dinh.

Trwdng hop ma [€nh 14 lénh so sanh

Tuong tu 1énh sb hoc, may ao ciing doc cic toan hang va thuc hién phép so sanh
trén hai toan hang d6.Phép so sanh loai nao trong s6 6 loai (>, >= , <, <= , =,
<> ) duge xac dinh trong m3 lénh. Két qua ctia phép so sanh tac dong dén gia tri
clia bién cd. Néu két qua dung thi bién c&r duoc thiét 1ap gia tri bang 1 va nguoc lai
thi bién c& duge thiét lap gia tri 0.

Trudmg hop mai I€nh 14 1énh thao tac ngin xép

Néu ma lénh xéac dinh la 1énh cét dit liéu vao ngin xép, may 4o doc tiép thong tin
didu khién dé xac dinh dia chi va kich thudce thuc sy clia dit lidu, kich thude méi
ma dit liéu s& duge chuyén dbi sang trirde khi ddy vao ngan xép.Sau dé chuyén doi
dit liéu sang gia tri tuong duong nhung kich thudc méi ( vi du chuyén dit liéu 1a 1
byte sang gia tri tuong duong nhung a sé nguyén 4 byte) sau d6 day dit liéu vao
ngan xép. Con tré ngan xép dugc cdp nhat gia tri dé ludn tro 1én dinh ca ngan xép.

Néu dir liéu can dua vao ngin xép la mdt phan tir cla ma trin (hodc vector), may
4o doc tiép cac toan hang dé xé&c dinh dia chi cia ddi tuong ma trdn (vector), chi s6
hang, cot cua phén tir. Tir gid tri dia chi ma trin va cac chi s0 nay, may ao sé€ XAac
dinth phﬁn tir ctia ma tran cin léy gia tr] ndy ¢6 thudc phan dir ligu phan tan ma no
m
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quén ly hay khéng, néu khéng phai thi né s& dugc tién trinh chira dir liéu phén tan
¢6 mit phan tir d6 gin dén va gia tri nhan duoc s€ duge dua vao ngin xép. Noi
dung ngan xép cia tat ¢a cac tién trinh may o déu giong nhau.

Néu ma 1énh x4c dinh Iénh 14y dit liéu ra khoi ngin xép, qué trinh xir 1y dién ra
twong tu nhu lénh cit dir liéu.

Trwong hop mi lénh 1a 1énh nhay
Lénh nhay c6 3 loai :

e Nhay khong diéu kién

o Nhay khi gia tri bién c& bang 1 (nhay ding)

e Nhay khi gia tri bién cr bang 0 (nhay sai)
May ao doc tiép thdng tin diéu khién dé x4c dinh dia chi noi chira gia tri ctia nhan
sau do doc gia tri cua nhdn.Gia tri nay chinh la dia chi cua I€nh s& dugce con trod
1énh nhay téi.

» Néu la Iénh nhay khéng diéu kién thi cdp nhat gia tri ctia nhan cho con trd

}énh.

o Néu 14 1énh nhay ding thi chi cdp nhat gia tri mdi cho con trd énh néu gia
tri bién ¢& bang 1.
e Néula lénh nhay sai thi chi cdp nhét gia tr1 madi cho con tré 1énh néu gia tr
bién c& bang 0.
Trwong hop mi lénh xac dinh 1énh 1am tirei viing dém truyén tham sb
May ao s& thiét 14p gi trj dua con 16 cua ving dém tro vé diu viing dém. Mai khi
¢ 1énh dua dir 1iéu ra vung dém thi con tré viung dém lai duoc ting lén dé tro vé
cudi phan dit liéu ¢o gia tri trong ving dém.

"
~

Trwing hop mi 1énh x4c dinh 1énh dwa gia tri sé ra ving dém truyén tham sb

May o doc thong tin didu khién dé xé4c dinh dia chi va kich thude dit liéu cin dua
ra vung dém, sau dé thuc hién doc dit liéu va dua ra vang dém.

Trwong hop ma Iénh xic dinh 1énh dwa xdu ky tw ra ving dém truyén tham sé
May 4o doc théng tin diéu khién dé xac dinh d6 dai xau ky tu cén doc, sau d6 doc
xau ky tu trong v&i dd dai da duge xac dinh va dua xau ky tu dé ra vung dém.
Truong hop mi 1énh [a 1énh doc ghi file

Con trd viing dém dugc thiét 1ap vé 0 dé tro vao dau vilng dém.

M&i tham s6 déu ¢é hai byte diéu khién xac dinh loai dir lidu ( ®éu, sb ) va d6 dai
cua dir ligu trong vang dém.Cac théng tin nay dwgce xac dinh trong cac ciu 1€nh dua
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tham s6 ra vung dém.

e May ao doc tham sd déu tién trong vung dém, tham sb nay la xau ky tu xac
dinh ddi tugng lam viéc 1a ma tran hay vector. Con tro vung dém dugc cép
nhét gia tri dé tro vao diu tham s6 tiép theo.

e May 40 doc tiép tham sé thir hai. Pay la gia tri dia chi cua ngan nhé 4 byte
trong bd nhé cia may ao noi chira dia chi thuc sy cua ma trin (vector). Con
tré vimg dém dugc cap nhat gia tri dé trd vao tham sb tiép theo.

e May ao doc tham sb thir 3, tham sO nay la mot xau xac dinh tén file sé duge
doc hodc ghi.

Gia str la 1énh ghi dit 1iéu ra file.Sau khi ¢é diy du tht ca cac tham sb can thiét |
may ao co dinh danh béng 0 s€ thuc hién viéc doc ghi file. Néu dit liéu ciia ma tran
(vector) khéng nim trong phén dit liéu phan tan cua tién trinh 0 thi né s& nhin duge
dit liéu tir cac tién trinh khac giri dén va ghi ra file.

Néu ma 1énh xac dinh lénh doc dir liéu (gia sir ma tran) tir file thi may ao s& mo file
va doc kich thude ma trin, sau do goi ham khoi tao ma trin véi kich thude da duge
x4c dinh. Khi d6 cac khdi dir liéu cua ma tran sé dugc phén tan trén cac tién trinh,
gia tri cta cac khéi nay chua dugce xac dinh. Sau dé tién trinh cé dinh danh béng O
s& thue hién doc dit liéu 13n luot tir file. Tién trinh nay sé truyén gia tri cla phan tir
doc duge sang ding tién trinh s hiru khéi dit 1iéu phan tan ma né thuée vao va gia
tri d6 sé& duge cédp nhat vao dung vi tri.

Trudng hgp mi lénh 1a Iénh goi thu vién tinh toan

Tuong tr 1€nh doc ghi file, may ao doc tham s6 dau tién 12 mot xau ky tu tr vung
dém truyén tham sé, xdu nay xac dinh tén ham trong thu vién s& dugce goi thuc
hién. Tiép dé dua vio gia tri cua tén ham, may ao doc cac tham sb tiép theo xac
dinh dia chi cia cac dbi tirgng dit liéu ma trdn,vector l1a tham s6 trong 101 goi ham
va cubi cung la thyc hién goi ham thu vién.Dia chi cia tham sb ma tran(vector) 1a
Kkét qua trong l&1 goi ham sé& duge cdp nhit vao b nhd cia may ao.

Trudng hgp mé Iénh 1a 1énh truy xuit dir liéu trong co s& dir liéu

Tuong tu lénh goi thu vién tinh toan, cac tham sb trong cic ham truy xnat dir liéu
duoc 14y tir ving dém truyén tham sé.

Con tro viing dém duge thiét lap vé 0.

May ao doc cac tham sb tir vung dém nhu xau ky tu xac dinh dbi twong 13 ma trdn
hay vector, xau ky tu xac dinh tén cua déi tugng ma trin(vector) trong co s¢ dit
liéu, gia tri cac chi sd. Sau dd thuc hién 1o goi ham truy xuét dir liéu.

Truong hop mi iénh xdc dinh 1énh hién thi d@ liéu ra man hinh
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Cling nhu cac énh trén, dir lieu cén hién thi 1a xau , sd da duoc dua ra viung dém
truyén tham sd. Con tro vung dém duoc thiét 1ap vé 0.

Tiép do may 4o lan lugt doc cac gia tri tham s6 tir vung dém va dua ra man hinh.
4.5.3 Xirly 16i thuc thi.

Trong qué trinh thuc thi cling rat hay gip 16i, cac 161 nay khong thé phat hién dugce
trong cac pha clia qua trinh bién dich, cac 18i c6 thé gap dé la:

e L3i khi chi cho 0.

o Truy xuat dir liéu ctia ma tran, vector chua dugc khoi tao.

e Kich thudc clia ma tran, vector khéng hop 1€ trong céac phép tinh toan.
e Tran bé nhd, ngan xép, ving dém truyén tham sé.

Khi gap mét trong cac 13i thyuc thi nay, may 4o dimg viéc thuc thi va théng bao 16i.

4.6 Két qua dat dwoc va hwong phat trién

4.6.1 Két qua dat dugc

B bién dich dugc xay dung dé dép img muc tiéu cla hé théng 1a cung cap cho
ngudi mot ngdn ngir 1ap trinh don gian, c6 tich hgp cac cau 1énh truy xudt dir lidu
va goi thu vién tinh toén di duoc xay dung sin. Ngudi dung lap trinh bang ngdn
ngir nay khong can thiét phai hidu vé lap trinh song song, ho chi cén biét trong hé
thdng da cd nhing thu vién tinh toan nao, tir 46 ngudi 1ap trinh c6 thé t6 hop cac
thu vién tinh toan trong hé théng dé tao ra chuong trinh giai quyét bai toan dit ra.
Dit liéu ding cho viéc tinh toan c¢é thé 14y tir co s& dir liéu chuyén dung cta hé
théng bang cac cau 1énh truy xuit dit iiéu, c6 thé doc tir file. Két qua tinh toan co
thé dugc luu vao co sd dit lidu, file hodc hién thi ngay ra man hinh.

B§ bién dich c¢6 nhiém vy dich chuong trinh mét dang mé nhi phan gia dinh. Ma
nhj phan gia dinh 14 mot dang ma trung gian tai do cac tén bién duge anh xa hét
sang dia chi, mdi cau 1énh trong chuong trinh ngudn duge phén tach thanh cac cau
[énh gia dinh nhd hon.
Vi thoi gian ¢d han nén con mét s& muc tidu cla hé théng dat ra chua duge hoan
thién, hiéu nang thuc thi chuong trinh chura duoc cao. Sau day 1a mot sb tdng két vé
két qua dat duge va hudng phat trién tiép theo.
V& co bin, cic két qua da dat dwoc 1a

e Xay dung xong bo bién dich bang ngdn nglt Delphi chay trén h€ diéu hanh

Linux.
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s Xay dung xong may ao.
4.6.2 Dinh huémg phat trién
e B4 sung cac kiéu dir liéu mdi.

e THi uu ma, cai tién may ao dé ning cao hiéu ning thye thi chuong trinh.

4.7 Phu luc chwong 4

4.7.1 Cac module chinh trong chwong trinh
B6 trinh dich duoc t& chize thanh cac Module sau:

e Module dinh nghia cic cdu tric dir liéu PcsDataDefine. Module nay
dinh nghia cac cdu tric dir liéu dugc sir dung trong chuong trinh.
o Module phan tich tir vung PcsLexemelParser. Module nay ¢6 ham
chinh la
function LexemeParse{src:string;Var err:ErrorType) :TList;

Ham nay tra vé danh sach cac tir vung dugc tach ra tir chuong trinh nguén, bién
err diing dé chira cac thong tin vé 18i néu cé.
¢ Module phan tich cu phap PcsSyntaxParser .Module nay chira cac thi tuc
phuc vu cho viéc phén tich ¢t phdp. Cac chuong trinh con phén tich ¢t phap
theo phuong phép dé quy trén xudng dugc liét ké theo theo tén (chi c6 phan diu
cta thu tuc dd) nhu sau:

procedure PROG(p : pltem);

procedure VAR _DECL_LIST(p : pltem);

procedure FUNC DECL LIST(p : pItem);

procedure FUNC DECL _ITEM{p : pltem);

procedure LIST STMT(p : pltem);

procedure VAR DECL_ITEM( p : pltem);

procedure VAR LIST(p : pltem);

procedure VAR TYPE{p : pltem};

procedure ARGUMENTS{p : pItem);

procedure EXPRESSION LIST(p : pltem);

procedure STATEMENT (p : pltem);

procedure ASSIGN 5TMT(p : pltem);

procedure  LOOP _STMT(p : pltem);
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procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure

procedure

CONDITION STMT (p pltem);

QUTPUT STMT{p pIlItem);

OUTPUT_TOFILE_STMT (p pltem);

OUTPUT TOSCREEN STMT(p : pltem);

INPUT _STMT (p pltem);

VARIABLE (p pltem);
EXPRESSICN (p : pltem);
TERM (p : pltem);
FACTOR (p pltem) ;
FACTOR_ITEM(p : pItem);
CONDITION(p : pltem);
CONDITION TERMIp pitem) ;
CONDITION_ FACTOR (p pltem) ;
CREATE MATRIX_STMT(p : pItem);
CREATE VECTOR_STMT(p : pltem);

DESTROY MATRIX STMT(p : pltem);

DESTRCY_VECTOR_STMT(p : pItem);
SELECT ROWCOL_STMT(p : plItem);
SELECT_ROW_STMT (p : pltem);
SELECT_COL_STMT(p : pltem);
STORE_STMT (p : pitem);

MAT GET SIZE_STMT({(p pI&em);
VEC_GET_SIZE_STMT(p : pltem);
SELECT_PARA(p : pltem);
TWO_VALUE(p : pltem);
LIB_STMT(p : pltem);

DB_STMT(p pltem) ;

EXEC_PARA LIST(p : pIltem);
EXEC _PARA ITEM(p : pltem);
OUTPUT _DATA LIST( p : pltem);.
OQUTPUT_DATA_ITEM{ p : pltem);

GetSym;
Error(Line integer; errdes

Main;
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Ngoai ra con ¢6 cac thu tuc phu khac thuc hién chuén hoa cay cl phap.
s Module sinh mi PcsCodeGenerator. Module nay chira cac thu tuc phuc vu
cho viéc sinh ma nhi phén gia dinh. Céc ham chinh nhu sau:
function GenerateStatement (node:pltem;var lstVar:TList) :ErrorType;
function GeneratelistStatement {nede:pltem;
var lstVar:TList} :ErrorType;
function GenerateAssignStmtCode(node:pltem; PC:integer;
var lstVar:TList) :ErrorType;
function GenerateAssignment EXPR TO_VARIABLE (node:pltem;
var lstVar:TList) :ErrorType;
function Generate Expression Value Ccde{node:pltem;
var lstVar: TList) :ErrorType;
function GenerateCQutPutStmt (nede:pltem;var lstVar:TList) : Errorlype;
function Generate_ READ_FROM_FILE_Stmr (node:pltem;
var lstvar:TList) :ErrorType:
function Generate WRITE_TO_FILE_Stmt (node:pltem;
var lstVar:TList) :ErrorType;
function GenerateComparasionStmt (node:pItem;
var lstvar:TList) :ErrorType;
function GeneratelogicExpression(nede:pltem;
var lstVar:TList) :ErrorType;
function Generate IF _THEN Stmt (node:pltem;
var lstVar:TList):ErrorType;
function Generate IF_THEN ELSE_Stmt (ncde:pltem;
var lstVar:TList) :ErrorType;
function Generate WHILE_DC_Stmt {node:pItem;
var lstVar:TList) :ErrorType;
function Generate FOR Stmt {node:pltem) :ErrorType;
function Generate ADD NUMBER PARA ToList {node:pIltem;
var lstvVar:TList} :ErrorType;
function Generate ADD ADDR PARA ToList (pv:pVariable) :ErrorType;
function Generate_ADDuSTRINGipARAAToList(nodé:pltem):ErrorType;
function Generate PUT_PARA LIST ToBuffer (node:pltem;
var lstVar:TList;Ext:integer=0) :ErrorType;
function Generate CREATE STMT (node:pltem;AddrRs:integer;

var lstVar:TList) :ErrorType;
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function Generate MAT GET SIZE STMT (node:pltem;AddrRs:integer;
var lstVar:TList) :ErrorType;

function Generate VEC GET SIZE STMT (nede:pltem;AddrRs::integer;
var lstVar:TList):ErrorType;

function Genevate SELECT_ROW COL_STMT (node:pltem;AddrRs:integer;
var lstVar:TList) :ErrorType;

function Generate SELECT_ROWCOL_STMT (ncde:pltem;AddrRs:integer;
var 1stVar:TList) :ErrorType;

function Generate_STORE_STMT (node:pltem;AddrRs:integer;
var lstVar:TList) :ErrorType;

function Generate EXEC_STMT (node:pltem;AddrRs:intedger;

var lstVar:TList) :ErroxType;
Ngoai ra con ¢o cac thu tuc phu khac ¢6 chirc nang:
e Thao tac véi bang ky hidu.
e Kiém tra su phi hop vé kiéu dit liéu trong céc cau 1énh.
4.7.2 Thuyc hién bién dich va chay chuong trinh

Yéu cdu hé thong :
« Di cai dit thu vién truyén thong LAM/MPI
» i co thu vién PETSC dugce ciu hinh dé 1am viée trén nhiéu node dua trén

thu vién truyén théng LAM/MPL

Mé ta thw muc
- Cac budc dudi ddy duge thuc hién vt source cua chuong trinh nam trong thu
muc /home/k43/sannh/pcsroot/
- Dit dudng ddn  PCSROOT= /home/k43/pesroot '
- Thu muc $PCSROOT/home/sannh/src chira cac file chuong trinh nguén viét
b ngén ngit gia pascal.
- SPCSROOT/home/sannh/bin : chira cac file dang ma nhi phén gid dinh sau
bién dich.

Dich chwong trinh

- Buéc 1: Dich chuong trinh ngudn ra ma gia dinh.

$./pcsc SPCSROOT/home/sannh/src/test6.pcs
$PCSROOT /home/sannh/bin/testé

- Bude 2: Thyuc hién chay may éo .

$mpirun -np 4 pcsvm testé
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4.7.3 Giao dién chuong trinh va huéng din st dung

Giao dién clurong trinh

A BkParaComp Compiler

=48 X

it %

Bun

__:_J display _:J

Parse Lexeme

Make Destmation File

' Destination File Name Joutexe Cleas Display ‘_l

Hinh 4-35 Giao dién cia chwong trinh.

Huéng din sir dung chwong trinh.

* Soan thio chuong trinh ngudn trong & soan thao & géc trén bén trai bing 1 trong
2 cach sau:

¢ Soan thao truc tiép.

e Mé¢ chuong trinh da c6 tir file bang cach chon chirc ning Open trong muc
File.

* Dé thuc hién chic ning bién dich chwong trinh, chon chic ning Make
Destmation File trong muc Compile.

* Pé thue hién phan tich tr vung, chon chirc ning Parse Lexeme trong muc
Compile.

* Pé chay chuong trinh, chon chirc nang Run trong muc Compile.
* Cac chirc nang khac:

e Chtc ning View Destination File myc View dung dé hién thi file nhi phan
gia dinh.

¢ Chuirc nang New trong muc File diung dé md soan thao chuong trinh mai.
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* Chic nang Save trong muc File dung dé luu chuong trinh ngué’m dang soan
thao ra file.
e Chirc nang Use guide trong muc Help 1a hudng dan ngudi sir dung.
4.7.4 Mot s6 két qua thir nghiém

Sau day 1a mot sd két qua thir nghiém, trong d6 co chuong trinh ngudn va chuong
trinh dich tugng img.

Chuong trinh dich 1a chuong trinh mé nhi phéan gia dinh (cac byte diroc biéu dién
dudi dang Hexa), bén canh mdi 1énh nhi phan gia dinh cé cac 1oi giai thich trong
diu ngodc.

2.3.1. Chuwong trinh 1
Chuong trinh nay dua ra vi du vé cau lénh gan.

Chuong trinh ngudn

var n,m : integer;
begin

m 10;

1}

n

123*m;
writeln(n);

end.

Chuong trinh dich

QC 00 44 07 00 0C 0O {Lenh JMP, nhay &&n vi tri 7)

60 01 14 CA 32 00 00 00 (Lenh Move gia tri 10 v&oc ngdn nhé tai
dia chi 50 tuc 1& bién m)

OF 00 44 7B 0C 00 00  (Lenh PUSH, cit gid tri 123 vio ngin xép)

60 11 44 32 00 00 00O 12 90 0C 0C (Lenh Move, gén gié cri bién
tai dia chi 50 tize 13 bién m cho bién trung gian tai dia chi 18)

10 10 44 03 00 0C 00 (Lenh POP, lay gia tri 123 ra khéi ngdn
xép va dua vac bién trung gian tai dia chi 3)

02 30 44 03 00 00 00 12 00 0C 0O 2E 0O 0O 0O (Lenh MULT, thuc
hién nndn gid tri cia bién tai dia chi 3 va bién tai dia chi 18
va dua két qua vao bién tai dia chi 46 tuc 13 bién n)

24 00 01 {Lenh RefreshParaBuffer)
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OF 10 44 2E 00 00 @0 {Lenh PUSH, cAt gii tri bién tai dia chi
46 tic la bién n vaoc ngdn xép)

10 10 44 03 00 00 00 (Lenh POP, ldy gi&d tri ra khéi ngian xép va
dua vao bién trung gian tai dia chi 3)

22 10 44 03 00 00 0O {(Lenh AddNumberPara, dua gia tri cta bién
trung gian tai dia chi 3 ra ving dém)

26 00 00 (Lenh WRITELN, hién thi gii tri ¢ ving dém ra man
hinh)

Két qua thue hién chuong trinh

man hinh hién thi:

1230

2.3.2. Chwong trinh 2

Chuong trinh nay dua ra vidu vé cau lénh goi thu vién tinh toan, cic cau lénh vao
ra qua file.

Chuong trinh ngudn

var

A : matrix[5,5];

X,b : vector|[5];

i,j,size : integer;

begin
readfromfile (*matrix', A, 'mt3.txt’');
readfromfile ('vector',b, 'vl.cxt'};
exec ('vecgetsize',b,size);
createvector{x,size);
exec{'sles' ,A,x,b);
for i := 0 to size - 1 do write(xI[i]l,' '};-

end.
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Chuwong trinh dich

0C 00 44 07 00 00 GO (Lenh JMP, nhay dén dia chi 7) |
24 00 03 (Lenh RefreshParaBuffer)

23 00 06 6D 61 74 72 ©%9 I8 {Lenh AddStringPara, dua xau
ky ty 'matrix' ra vung dém)

22 00 44 2E 00 00 00 {Lenh AddNumberPara, dua gi& tri 46
tic 1a dia chi cta bién A ra ving &ém)

23 00 07 4D 54 41 2E 54 58 54 {(Lenh AddStringPara. dua
¥8u ky ty 'MTA.TXT' ra ving dém)

11 0¢ 00 (Lenh ReadFromFile, goi 1énh readfromfile véi
cac tham sé lay tu ving dém)

24 00 03 {Lenh RefreshParaBuffer)

23 00 06 76 65 63 74 &F 72 {Lenh AddStringPara, dua xiu
k¥ £ty 'vector' ra viung dém)

22 00 44 36 GO0 00 00 {(Lenh AddNumberPara, dua gia tri 54
tic 13 dia chi cia bién b ra ving dém)

23 00 0B 56 45 43 54 4F 52 42 2E 54 58 54 (Lenh
AddStringPara, dwua xau ky ty 'VECTORE.TXT' ra ving dém)

11 00 00 {Lenh ReadFrcmFile, thuc hién lénh readfromfile
véi cac tham s6 lidy th ving dém)

24 00 03 (Lenh RefreshParaBuffer)

23 00 OA 76 65 63 67 &5 74 73 69 7TA 65 {(Lenh

AddstringPara, dua xau ky ty 'vecgetsize' ra ving dém)

22 00 44 36 00 00 00 {Lenh AddNumberPara, dua gid tri 54
tic dia chi cda bidn b ra ving dém)

22 00 44 3A 0C 00 Q0 {Lenh AddNumberPara, dua gi& tri 58
tc dia chi cla bién size ra ving dém)

50 00 00 {Lenh Exec, thyc hién 1&i goi thu vién tinh toén
véi hadn vecgetsize d& ldy kich thudc ctua bién vector b dua vao
bién size)

24 00 00 (Lenh RefreshParaBuffer)

22 00 44 322 00 00 Q0 (Lenh AddNumperPara, dua gia tri 50
tac dia chi cua bién x ra ving dém)

0F 10 44 3a GO 00 00 {Lenh PUSH, dua éié tri 58, dia chi
cha bién size vAoc ngidn xép)

10 10 44 03 00 00 00 (Lenh POP, lady gid tri ra khéi ngin
xép va dua vao bién trung gian tai dia chi 3)

22 10 44 03 00 00 00 {Lenh AddNumberPara, dua gia tri cua

L ]
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bién trung gian tai dia chi 3 ra ving dém)

21 00 00 (Lenh CreateVector, thuc hién lénh createvector
voi cdc tham sd lidy tir vilng dém)

24 00 04 {Lenh RefreshParaBuffer)

23 00 €4 73 6C 65 73 (Lenh AddStringPara, dua xdu ky tuy
'sles' ra vung dém)

22 00 44 ZE 0C 00 00 {Lenh AddNumperPara, dua gila tri 46
tirc dia chi bién A ra ving dém)

22 00 44 32 00 00 00 (Lenh AddNumberPara, dua gié& tri 50
tiuc dia chi bién x ra ving 4ém)

22 00 44 36 00 Q0 QO (Lenh AddNumberPara, dwua gia tri 58
tuc dia chi bién b ra ving dém)

50 00 0C (Lenh Exec, thuyc hién go¢i thu vién tinh tcén
sles d4 gidi hé tuyén tinh Ax = b)

60 01 14 00 3A 00 00 00 (Lenh Move gid tri 0 viac & nhd tai dia
chi 58 tGc bién i)

OF 10 44 3A 00 00 00 (Lenh PUSH cat gid tri bién i v3o ngin
xép)

OF 10 44 42 00 00 00 {Lenh PUSE cit gii tri bién size vio ngin
xép)

60 01 14 01 12 00 00 00 (Lenh Move gid tri 1 vaoc bién trung
gian tai dia chi 18}

19 10 44 03 00 00 00 (Lenh POP liy gid tri ra khdi ngdn xép tuc
gia tri bién size va dua vao bién trung gian tai dia chi 3}

01 30 44 03 00 00 QO 12 00 QO 00 231 00 00 00 (Lenh SUB thuc
hién trit néi dung bién tai dia chi 2 tuc biédn size cho bién tai
dia chi 18 va két qud dua vaoc bién trung gian tai dia chi 33)

OF 10 44 21 00 00 00 (Lenh PUSH cit gid tri cua bién trung gian
tai dia chi 33 vAo ngan xép)

10 10 84 16 00 0C 00 (Lenh POP 14y gid tri ra khéi ngin xép,
chuyén thanh kiéu double va dua gid trj vac biédn trung gian tai
dia chi 22)

10 10 84 07 00 00 00 {(Lenh POP 14y gid tri ra khoi ngdn xép tu
gif tri bién i va chuyén thanh kidu double va dua vac bién trung
gian tai dja c¢hi 7)

0S 38 00 07 00 00 00 16 00 0C 00 (Lenh Leg thyc hién phép so
sanh < ndi dung cua bién trung gian tai dja chi 7 va dia chi 22)

CE €O 00 6D 01 00 00 (Lenh JF thyc hién nhay ra khoi chuong
trinh néu c¢ bing 0)

|

L ]
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24 00 02 (Lenh RefreshParaBuffer lam tuoi vung dém truyén tham
ab)
60 11 44 3A 00 00O 00 03 00 0OGC 0O {Lenh Move gi& tri & nhd cb

dia chi 58 tic bién i vido bién trung gian tai dia chi 3)

0F 30 88 32 (00 00 00 03 0C 00 00 {(Lenh PUSH cit gia tri cla
x[i] vao ngdn xép)

10 10 88 07 00 0C 00 (Lenh PCP léy gid tri cua x[i] ra khoi:
ngan xép va dua vao bién trung gian tai dia chi 7).

22 10 88 07 00 GO 0C (Lenh AddNumberPara dua gid tri cuda bién
trung gian tai dia chi 7 ra ving dém)

23 00 02 20 20 {Lenh AddStringPara dua xau ky ty '’ ' ra ving
dém)

25 00 00 {Lenh WRITE thuc hién ghi cac da liéu ¢ ving dém ra
man hinh)

OF 10 44 3A 00 00 00 (Lenh PUSH c&t gid tri bién i vac ngin
xép)

60 01 14 01 12 0O 00 QO (Lenh Move giid tri 1 vdo bién trung

gian tai dia chi 18)

10 10 44 03 00 00 00 {Lenh POP ldy gi&d tri bién i ra khéi ngin
xép va dua vao bién trung gian tai dia chi 3}

00 30 44 03 00 00 00 12 00 00 QO 3A 00 QO 00 {Lenh ADD cédng i
véi 1 va k&t guad dua vao i)

0C GO 00 BF Q0 00 00 (Lenh JMP nhay 1&n nhi3n cua véng ldp )0

Két qua thure hién chuong trinh

Trong chuong trinh trén dit 1liéu cho ma tran A duge doc tir file mt3.txt co ndi dung
nhur sau:

Dir 11€u vector b duge doc tir file v1.txt co ndi dung nhur sau:

High Performance Computing Center - HUT 150



Tai liéu ky thudt — Chi tiét hé théng BKluster
M

21120

Man hinh hién thj két qua:

1.750000 0.250000 -2.750000 1.250000 -0.500000

2.3.3. Chuwong trinlh 3
Chuong trinh nay dua ra vi du minh hea cau 1énh 1€ nhanh.

Chuong trinh nguén

var
a : integer;
begin
a := 32;
if a mod 2 = 0 then write{'a chan')
else write('a le');

end.

Chuong trinh dich

0C 00 44 Q7 00 00 00 {Lenh JMP, nhay d&n dia chi 7 tuc than
chuong trinh chinh)

60 01 14 20 2E 00 €O 00 (Lenh Move, g&n gid tri 32 cho bién tai
dia chi 46 tuc 13 bién a)

0F 1C 44 2E CO0 0C 00 (Lenh PUSH, dua gi& tri bién tai dia chi
46 vac ngin xép)

60 01 14 02 12 00 00 0O {Lenh Move, gan gia tri 2 cho bién
trung gian tai dia chi 18)

10 10 44 03 00 00 GO (Lenh POP, 14y gi& tri ra khéi ngin xép
tic gid tri cua bién a va dua vac bién trung gian tai dia chi 3)

05 30 44 03 GO 00 00 12 €O 00 00 21 00 00 Q0 {(Lenh MOD, thuc
hién phép tcan sé hoc MOD, 1lay gid tri cla bién tai &ia chi 3
chia lay du cho bién tai dia chi 18 va két qud dua vac bién trung
gian tai dia chi 33)

L ]
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OF 10 44 21 00 00 QO (Lenh PUSH, dua gia tri cua bién tai dia
chi 33 vaoc ngan xép)

OF 00 44 00 00 00 00 (Lenh PUSH, dua gia tri 0 vaoc ngidn xép)

10 10 84 16 00 00 00 {Lenh POP, 1liy gid tri ra khoi ngidn xép

tac gid tri 0 va dua vao biédn trung gian tai dia chi 22)

10 10 84 07 00 00 00 (Lenh PCP, 1Ay gi& tri ra khoi ngdn xép
tgc gid tri cida bién trung gian tai dia chi 33 va dua vao bién
trung gian tai dia chi 7)

QA 38 00 07 00 0C G0 16 00 00 00 {Lenh Equ, thuc hién phép so
sianh = trén bién trung gian tai dia chi 7 va& bién trung gian tati
dia chi 22}

QE Q0 00 78 00 60 00 (Lenh JF, thuc hién nhay dén dia chi 120
cua ving dém lénh néu két qua so sanh sai)

24 Q0 01 (Lenh RefreshParaBuffer)

23 00 06 61 20 63 68 61 6E (Lenh AddStringPara, dua xau ky tu

'a chan' ra ving dém)

25 00 00 (Lenh WRITE, thuc hién hién lénh thi x8u k¥ tu tu ving
dém ra man hinh)

0C 00 00 85 00 00 00  {Lenh JMP, nhay dn dia chi 133 trong ving
dém 1é&nh)

24 00 01 {Lenh RefreshParaBuffer)

23 00 04 &1 20 6C 65 (Lenh AddStringPara, dua xau k¥ tu 'a le’
ra ving d&m)

25 00 00 (Lenh WRITE, thyc hién lénh hidn thi xiu k¥ ty & ving
dém ra ma&n hinh)

Két qua thuc hién chuong trinh

Man hinh hién thi két qua;

Li%chan
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CHUONG 5 Hé Thong Thwe Thi Tinh Toan

5.1 Ddc ta va phan tich thiét ké hé théng

5.1.1 Dic ta hé théng

Nhu di néi & phén trude, PBS 1a mot bd 1ap lich hd tro rit t6t cho méi trudng tinh
toan song song. Tuy nhién mot nhuge diém cia bé lap lich nay 1a rat khé st dung,
dac biét 1a voi nhimg ngudi st dung khéng chuyén. Méi cau lénh ciia PBS cung
cAp cho ngudi sir dung co thé cd dén hang chuc tham sd ma déi khi nhitng tham sé
nay khéng cé y nghia gi’ dbi voi ngudi st dung. Vay nhiém vu cua bd c¢dng cu hd
trg ngudi dung do nhom BKluster dua ra la lam don gian cac thao tac cia PBS ma
van dam bao diy du chic nang cung cip cho ngudi sir dung. Ngoai ra phai xay
dung mot giao dién cho chuong trinh qua d6 cho phép ngudi dung cé thé twong tac
trong mdi trudng dd hoa nhim tao diéu kién thuén loi nhét cho nguoi sir dung,

Bd cong cu User Tool phép ngudi ding ¢6 thé tuong tac véi hé thong BKluster,
qua ddy ngudi ding cd thé tién hanh chay cac céng viée song song ciing nhur theo
d5i cac cong viée song song ma minh d3 dé trinh v&i hé théng.

Bén canh céc yéu té trén thi mét yéu cdu dbi véi bd cong cu User Tool 1a phai cé
kha ning dgc 1dp véi hé didu hanh &€ cé thé cho phép ngudi dung cho di sir dung
bat ké hé didu hanh nao ciing cé thé twrong tic mdt cach thoai mai véi hé théng,
Day 1a mot yéu cdu tirong dbi phire tap vi nhu ching ta d&u biét thi PBS 14 mot du
4n ngudn mé nén rit dé dang trong viée tich hop né dudi nén hé diéu hanh Linux
nhung dé c6 thé su dung trong hé diéu hanh windows thi lai 12 ¢ mét véan dé, trong
khi d6 thi & nudc ta nhin chung moi ngudi van chi quen v6i hé diéu hanh windows
con hé diéu hanh Linux vin con xa la v&i ngudi s dung. Sau mét thoi gian tim
hiéu, mdt giai phap cho vin dé nay la xay dung hé théng theo md hinh Client-
Server, trong d6 Server 1a mdt img dung chay trén mét may chu dudi hé diéu hanh
Linux dung c6 cai dat PBS & dudi, con Client sé 14 phin giao tiép vdi ngudi sit
dung s€ dugce dit tai cac may cia ngudi sir dung co kha ning chay doc 1dp van hé
diéu hanh va giao tiép vdi Server théng qua Socket. Chirc nang cu thé cia timg
phén s& dugc trinh bay k§ hon trong phan kién tric hé théng.

Dé c6 thé tién hanh trién khai thue hién cai dat b User Tool dau tién chung ta phai
xéac dinh rd bd cdng cu s& hd trg cho ngudi ding nhimg chuc ning nao va yéu ciu
cu thé ca timg chitc nang s& nhu thé nao.

Dau tién chiing ta cin biét hé thdng BKluster s& ¢6 nhing nguoi ding nhu thé nao

va cut thé hé thong cla ching ta s& hd tro cho ngudi dung nao trong d6 nita. Theo

thiet k€ ban dau thi hé thong s& chia lam ba loai ngudi ding v&i cic quyén han cu
e
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thé nhu sau:

e Diu tién 1a nhiing ngudi ding co quyén thap nhit cua hé thong. Pay la
nhing ngudi dang chi cd quyén xem qua mét cach tong quan cic tai nguyén
tinh toan cua hé thdng dé biét mot cach so qua vé sirc manh clia hé thong.

e L&p nguoi dung thir hai la 1ép ngudi dung cé nhiém vu lam cdng viéc quan
tri hé thong. Day 13 nhimng ngudi ding c¢6 quyén cao nhat trong hé thong.
Nhimg ngudi dung nay ¢é thé ciu hinh lai toan bé hé théng, dam bao cho
toan bd hé théng chay mét cach hoan hao va tién hanh cac thao tac quan 1y
ngudi dimg. Cac cong cu hd tro cho 1ép ngudi ding nay s& nam trong bd
Admin Tool.

e Cudi cung 12 16p c6 quyén thuc thi cac thao tac voi cac job. Day chinh la déi
tuong tuong tic chinh vai b céng cu User Tool ma em xay dung. Nhimg
ngudi dung nay can dugc ngudi quan tri cip cho mét account va mot thu
muc riéng goi 1a thu muc lam viée. Sau khi dugce cz‘ip mdt account thi méi
ldn muén thao tac v&i hé théng thi ho s& dang nhip vao hé théng véi account
nay va thue thi cac cong viéc ma minh mudn thuc hién, moi két qua thao tac
cua ho s&€ duoc luu lai ngay trén thu muc riéng cta ho dd duge nguoi quan
tri cung cdp cho.

Trén day ching ta di thdy mot cach tdng quan vé ngudi ding cia hé thdng
BKluster. P& phuc vu tt cho viéc phén tich thiét k& va tién dén cai dat bd cdng cu
User Tool chiing ta s& cung tim hiéu k¥ vé 16p ngudi dung thir ba va cac cong viée
ma nhitng ngut dung nay dugc phép thuc hién.

Nhu da noéi & trén day chinh la 1op ngudn dung thao tac chinh voi bd cong cu User
Tool. B cong cu duoc xay dung s& hd trg cho ngudi dung cé kha nang giao tiép
mot cach dé dang vo&i PBS, nghia 1a PBS cung cp lénh gi cho nhiing ngudi dung
théng thuong thi bd User Tool ciing phai cung cip ddy du cho ngudi s dung
nhung chi khac v&t PBS 1a giao dién cua BKluster néi chung va User Tool noi
rieng s& dé hidu va dé sur dung hon. Nhu viy dé xac dinh duoc cong viée cin lam
thi dau tién ching ta cin néi lai mét s6 1énh ma PBS cung cap cho nguoi ding dé
thao tac vai Job.

Lénh diu tién ching ta cin quan tdm chinh 1 1énh gsub, day la 1énh cho phép
ngudi ding dé trinh mot céng viée véi hé théng. Cong vide dugc dé trinh phai dugc
viét dudi dang mét file kich ban tir truéc. Tuy nhién mdt khé khan déi véi ngusi sie
dung 1énh nay chinh 14 viéc ¢ qua nhiéu tham sé cho 1énh va cac tham sé nay doi
khi 12 rAt xa la ngay ca voi nhimg ngudi sir dung chuyén nghiép chir dimg néi gi
dén nhimg ngudt dung khong chuyén nghiép.

Lénh tiép theo ma ching ta quan tam ta 1énh galter, day la lénh cho phép nguot
e ]}
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ding sur dung dé diéu chinh cac tham s6 vé cong viéc ma minh da dé trinh trudc
day bing lénh gsub. Pay 1a mot 1€nh ciing rit quan trong, lénh ndy cho phép ngudi
ding c6 mét kha ning mém déo hon trong qua trinh thuc thi céc cdng viée cua
minh.

Ciing nhu cac thao téc khac chung ta dbi khi cling mudn xo6a bé di nhitng céng viéc
ma minh d& dé trinh trude day( ¢6 thé vi mét Iy do nao d6) thi 1énh qdel sé dap tmg
nhu cdu nay. Lénh nay cho phép ngudi diing xéa bé mét céng viéc da dwoc dé trinh
tlr trudc nhung van chue duge thue hién.

Lénh tiép theo ma ching ta quan tdm chinh 14 1énh ghold, day 1a 1énh cho phép
nguoi dung dua mot cong viéc nao do vao trang thai nam ché&r vo thoi han cho dén
khi céng viéc nay duoc giai phéng bang lénh grsl. Lénh nay cho phép ching ta ¢
thé bd chi chay cac job ctia minh mét cach linh hoat tiiy thudc vao cac diéu kién
ngoai canh tac dong nhur co khi mét céng viée co thé duge thuc hién ngay nhung
két qua ching ta lai chwa cin ngay thi chiing ta ¢6 thé sip xép cho cong viéc do
dimg lai d& cho mdt cdng viéc khac co két qua quan trong hon( tai thoi diém nay)
duoc thuc hién trudc.

Nguoce vén 1énh ghold la 1énh grsl, 1énh nay dung dé g1ai phong cac cdng viéc bi
giit béi Iénh ghold.

Ngoai ra d6i khi nguai diing mudn xem thong tin vé cac cong viée clia minh ma
vin ndm trong hang doi chd thuc hién, khi d6 thi 1&nh gstat s& dap vung nhu ciu ndy.
Lénh nay cho phép chung ta co kha nang xem dugc cac thong tin cta cac cong viéc
dang nim trong hang doi clia hé thdng..

Nhu phén tich & trén chiing ta d3 thdy dugc mét cach tong quan cac chirc ning ma
b6 cong cu User Tool can cung cdp cho ngudi sir dung, tuong img véi mdi lénh &
trén 12 mét chitc ning ma bé céng cu sé cung cp cho nguei sir dung nhung & mét
mire cao hon, cho phép ngudi ding ¢6 thé thuce hién cac 1énh ndy nhung ho khong
hé biét dang thao tac véi PBS trong méi truomg lam vide song song ma chi nhu
dang ngdi trén mdt may tinh dbng nhit va thuc thi cac 1énh dé chay cong viée cua
minh. Nhu vdy bd cong cu User Tool sé& ¢én ¢6 cac chire nang chinh la submit job,
alter job, hold job, release job, del job va hién thi théng tin vé job. Pé thuc hién
dugc cac chire ning nay trong bo User Tool chiing ta s& sir dung thu vién pbs_ifl do
PBS cung cép dé giao tiép voi phin PBS bén duéi. pbs_ifl la thu vién do PBS cung
cép hd tro cho ngudi lap trinh cd, thé giao tiép véi phin pbs_server ¢ bén dudi,
théng qua thur vién nay chiing ta c6 thé tién hanh viét lai cac 1énh ctia PBS véi cac
tham s don gian va d& sir dung hon.

L ]
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5.1.2 Phan tich thiét ké

Biéu do Use case cua toan bd hé thong:

-

Submit Job

/ Alter Job

-

) Del Job

Use
(from Use Ca

Hold Job

O Release Job

Hienthithongtin

Hinh 5-1 Téng thé cac chire ning caa User Tool

5.1.2.1 Chire nang Submit Job

M5 ta : Ngudi sir dung st dung chirc ning nay dé dé trinh mét cong viée vdi hé
théng.

Ludng sy kién thong 18

Use case nay dugce khai tao khi ngudi dung lua chon chirc nang submit job. Sau khi
ngudi st dung chirc ning nay hé thong sé yéu cau ngudi dung dua duong din dén
file kich ban va hé théng cling yéu cau ngudi ding nhép vao tén cua file ma ngudn
da duoc dich roi. Ngoai hai théng tin bit budc trén thi hé thong cho phép nguoi
ding tr nhap cac tham sb lién quan dén cOng viéc cua minh hodc lua chon‘céc
tham sb méc dinh sau dé hé théng sé tu sinh ra file kich ban va dé trinh céng viée
v&i hé théng.

Use case két thic khi sau khi viéc dé trinh cong viée dién ra xong, théng tin vé Job
sau dé s€ duge cdp nhdt vao co s¢ dir lidu.
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Lu6ng sy kién bién thé

Ludng su kién bién thé 1a khi khéng tim thdy file ma ngudn trong dudmg din ma
ngudi submit job dua ra, khi do hé théng s& hién thi thdng bdo cho ngudi sit dung
va yéu ciu nguoi ding nhap lai théng tin vé duomg dan dén file ma nguon.

Ngoai ra néu nguoi dung khong nhap tén file kich ban thi hé thdng ciing s& thong
béo yéu cau ngudi ding phai nhap tham s6 nay vao.

Didu kién khéi dau

Khong cé

Diéu kién két thiic

Co thém job do ngudt dung dé trinh duge dua vao hang doi

Use case diagram

-

NhapDuongDanFile

<<include>> Pt
,’/ <<include>> ‘O

= < );: _______ <<jnclude>>

L Tl CapNhatDuLieu
User Submit Job el
(from Use Case.Yiew) s\ <<include>> N O
., TaoRaFileKichBan
kM .
Submitvoihethong

Hinh 5-2 Biéu dé Use case cia chirc ning Submit Job

5.1.2.2 Chirc nang Alter Job

M@ ta: Ngudi ding dung chirc ning nay dé didu chinh céc thudc tinh vé mot cong
viéc thude quyén s& hiru ciia minh

Ludng su kién théng 18

Use case nay duoc bat dau khi ngudi ding chon mdt cong va chon chire nang Alter
job.

Sau khi nguéi dung fua chon chite nang nay hé thong s€ cho hién thi cac théng tin
. ___________________ |
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[ PR R S S
vé thudc tinh cta céng viéc ma ngudi st dung di lya chon dé nguoi dung c6 thé dé
dang hom trong khi diéu chinh tham s6 mai cho cong viée nay.

Sau d6 hé thdng s& yéu cau nhdp vao cac gia tri méi clia cac thude tinh cua cong
viéc ma chung ta mudn thay doi, sau khi nhdp xong ngudir dung nhan phim OK dé
xac nhdn sy dong y.

Sau khi nguti dung xac nhan déng y hé thong s€ cap nhét lai cac thudce tinh nay cua
cdng va két thiic Use case nay

Luong sw kién bien the

Ludng su kién bién thé xuat hién khi nguoi dimg lua chon chire ndng nay nhung
khong chi 18 cdng viée cu thé nao khi day hé thdng s& yéu cau ngudi ding phai lua
chon mot cong viéc nao do.

Piéu kién khéi dau

Phai ¢6 cong viéc & trong hang doi, va cong viéc dung dé diéu chinh tham khéng &
trong trang thai running.

bicu kién ket thac

Cac thudc tinh cla cap nhét v d¢ trinh lai v6i hé théng,

O

HienThiCacThuocTinhJcb
<<include>*

—

~.&<include>>
User Alter Job T

Use case diagram

RN

{from Use Case View) ©

NhapThongTinChiTiet

Hinh 5-3 Use case cho chiic ning Alter Job

5.1.2.3 Chtrc nang Hold Job

MBS ti: ngudi st dung dung chirc ning nay dé dua mot job vao trang thai cho doi
cho dén khi trang thai nay duoc giai phéng thi job mdi san sang dé dua vao trang
thai chay
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e ——  ~
Lufmg su kién thong 1é

Chirc niang nay duge kich hoat khi nguot dung chon mét job va kich vao chuc nang
hold job.

Heé théng s& kiém tra xem job tuong img cé & trong trang thai running va c6 thude
quyén s& hiru ctia ngudi ding dé hay khong, néu thoa man hai diéu kién trén thi job
tuong ung s€ duge dua vao trang thai cho doi.

Néu moi viéc dién ra binh thuémg thi sau khi dua cdng viéc vao trang thai cho dot
hé théng s& cdp nhat lai vao co so dir liéu trang thai mdi cua céng viéc.

Luong s kién bién thé

Ludng sur kién bién thé xuat hién khi ngudi sir dung lya chon mét job khong thude
quyén s& hiru cia minh hoic mét job dang & trong trang thai running khi nay hé
théng s& hién thi théng bao 18i cho ngudi dung va Use case nay két thic.

Diéu kién khéi diu

Job duoc chon phai ton tai trong hé théng, thudc quyén s& hitu cia nguoi dua ra
yéu cdu va khong & trong trang thai running

Diéu kién két thuc

H# théng théng bao trdr lai voi nguoi sur dung két qua thyuc hién 1énh va job duoc
dua vao trang cho doi.

Use case diagram:

O

<<include=>” capNhatDul.ieu

-
.
o
% % : P

. <<include>>
User Hold Job ™.

(from Use Case View)

Chonmotcongviec

Hinh 5-4 Use case cho chite nding Hold Job
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e

5.1.2.4 Chirc nang Release Job

M@ ta: chirc nang nay duoc sir dung dé gidi phong cac cong ¢ trang thai hold sang
trang thai san sang dé duoe thuc thi,

Luodng s kién thong 1&

Ngudi sir dung chon mdt ¢éng dang & trong trang thai hold va nhan vao chirc nang
Release job hé thong s€ giai phéng cong tuong (ng khoi trang thai hién thoi dong
thol cdp nhat lai co s¢ dit liu.

Ludng su kién bién thé

Ngudi sir dung khdng c6 quyén gidi phéng cho job nay.

Ngudi sir dung yéu ciu giai phéng mét cong viéc khdng & trong trang thai hold.
Diéu kién khéi diu

Phai c6 job dang ¢ trang thai hold v&i hold_type phu hop voi ngudi s dung nay.
Piéu kién két thac

Job tuong tng duoc giai phong khoi trang thai hold va hé théng théng bao lai két

qua cho ngutn sir dung.

<<inciud‘(:333—7' CapNhatDulLieu

/- \ <<include>>

Release job ™

Use case diagram

User .
(from Use Case View) T
Chonmotcongviec

Hinh 5-5 Use case cho chirc niing Release Job

5.1.2.5 Chirc nang Del Job
M@ ta: chirc nang nay ding dé xoa mdt céng viée ra khoi hang doi
Ludng sw kién théng 1é
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Use case nay dugc khoi tao khi nguoi ding lya chon mdt cong viée sau do kich vao
chirc nang Del job.

Hé théng sé kiém tra trang thai cla cong viée néu khong o 16i gi thi s& tién hanh
x6a bd cong viéc do.

Sau khi thuc hién hé théng thong bao lai cho ngudi dung la d xoa céng viéc tuong
mg khoi danh sach cong viée trong hé théng déng thdi cap nhat lai trong co s& di
liéu.

Ludung sy Kién bién thé

Job duge lua chon khéng thude quyén s& hiru clia ngudi dung nay, khi d6 hé thong
s& thong bao lai va yéu cdu ngudi ding nhap lai théng tin vé job hodc hily bo Use
case nay

Piéu kién khéi ddu

Job duoc yéu cAu phai ndm trong mot hang doi nao dé clia hé théng

Didu kién két thic

Job dugc xéa khoi hé théng, néu trudce lic x6a job & trang thai running thi mot sd
tai nguyén ciia hé théng s& duoc giai phong

Use case diagram

-

<<incluq§;:? CapNhatDuLieu

-
-

<<include>>

User Deljob ™

.
-
~,

-

{(from Use Case View)

Chonmotcongviec

Hinh 5-6 Use case cho chic niing Del Job

5.1.2.6 Chure nang Show Info Detail

Mo ta use case

Use case nay cho phép ngudi dung xem chi ti€t cac théng tin vé c¢dng viéc ma minh
da lwa chon, chitc ndng nay s&€ giup cho ngudi dung quan ly tot hon cac cong vige
cua minh, ¢6 kha ndng ndm duge trang thal va cac tai nguyén ma cong viéc yéu
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cdu.
Luong sw kién thong 1é

Use case duge kich hoat khi nguoni sir dung chon mét cong viée trong danh sach cac
cong vi€c cua minh va lya chon chirc nang hién thj théng tin ve cong viée.

Hé thong s& ldy cac théng tin lién qua dén cong viéc ma ngudi sir dung yéu cau va
hién thi théng tin cho ngudi st dung.

Use case ket thic khi nguoi diing xem xong va dong chirc nang nay lai.
A an A A
Luong sw Ki¢n bién thé

Ludng su kién bién thé xay ra khi ngudi ding khéng Iva chon mét céng viéc cu thé
nao ma vin yéu cau hién thi théng tin vé céng viéc, khi dé hé théng s& hién théng
bao va yéu ciu ngudi dung lua chon mét ¢éng viéc trude khi lya chon chirc ning
nay.

Piéu kién khai diu
e Phai c6 mdt cong viéc nao do trong hang doi.
e Diéu kién két thic
e Khong cd

Use case diagram

O

<<inc}ude>>:.3 Laythongtinvejob

—C
User
{from Use Case View) AQ

Chonmatcongviec

Hinh 5-7 Use case cho chire néing Show Info Detail
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p o 1 e
5.2 Kién trac hé thdong va cai dat cac thanh phan

5.2.1 Kién tric hé thong
5.2.1.1 Kién triic cua toan bé hé thong BKluster

Nhu chiing ta d biét hé thong BKluster duge xiy dung dua trén géi phin mém
ngudn m& PBS. Nho viée st dung nhitng tinh nang phan tai rit 6n dinh coa goi
phdn mém nay sé€ dam bao cho hé théng chay én dinh va c6 hiéu qua. Tuy nhién
do dac trung cua PBS la phan ta1 va thuc thi ¢cong vi€c nén néu ching ta chi sur
dung PBS thi sé rat kho trong viéc theo dai hé théng vi vy trong hé thdng
BKluster c6 tich hgp thém thanh phan theo doi thong tin hé théng va thanh phin
niy ciing dira trén mot gbéi phan mém ngudn mé 1a Ganglia :

IDE Admin tool User tool Monitor
tool
master Servers

slave PBS Gmetad RRD
Tool

gdb

LAM Gmond
Linux Kernel

Hinh 5-8 Vi tri cic goi phin mém ma ngudn mé trong Bkluster

Trong hinh vé& trén ching ta thdy ring hé théng BKluster bao gbm 4 thanh phin
chinh la:

e Thanh phin cho nhiing ngudi phat trién phén mém: day la thanh phén chua
bo gdb, cho phép ngudi dung ¢6 thé sir dung dé soan thao, dich va debug
[6i cho mdt chuong trinh song song.
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e Thanh phin thu hai i thanh phdn quan tri hé thdng: thanh phén nay gbm
hai phin mot phén server viét bang C duoc dit tai mot may lam Server, day
nhu 12 mot thanh phdn midware gitta PBS va thanh phén giao dién & Client
cung cap cho ngudi dung. Thanh phan nay gdm hai chic nang chinh la
quan tri ngudi ding va cau hinh hé théng. Viéc quan tri ngudi ding chinh
1a viéc cung cép tai khoan va mat khau cho ngudi dung, theo doi viée dang
nhap hé théng cia ngudi ding. Con viée céu hinh hé théng, day la nhiém
vu chinh cua thanh phan nay, chinh 13 viéc thiét lap c4u hinh vat ly cho hé
théng nhu 14 thiét 1dp hé thong gdm bao nhiéu nit tinh toan, tai nguyén cua
hé thong ra sao... va viéc cau hinh nay phai dam bao sao cho hé théng hoat
ddng on dinh.

e Thanh phin thir ba 1 thanh phén dung dé thuc thi cac thao tic v6i cac Job
cta ngudi dung. Chirc nang chinh cua thanh phén nay 13 cung cip cho
ngudi ding sir dung dich vu caa hé théng BKluster mot moi trudmg lam
viéc dé dang va thuan tién trong qua trinh thyc thi cic cdng viéc song song
cua minh.

e Thanh phan cudi ciing !4 thanh phin ding dé thoi doi cac thong tin vé hét
théng. Thanh nay ciing cé mot Server chay ngam truée va giri cac thdng tin
vé hé théng cho Client théng qua mét cbng socket.

Trén day chung ta da diém qua toan bd cac thanh phén cua hé thong BK Cluser, vé
mat kién tric thi hé théng BKluster dugc xay dung theo mod hinh Client-Server.
Trong d6 thanh phan Client 1a chi déng vai tro lam giao dién véi ngudi st dung va
thu nhép théng tin nguoi ding. Cac thong tin ma ngudi ding yéu ciu hé théng
thuc hién sau d6 sé dugc truyén cho thanh phin midware ( chinh 14 thanh phin
Server ma chung ta xdy dung), tai diy thong tin bat dau dugc st Iy va dua vao
thye thi tai céc thanh phin & bén dudi cua hé théng (PBS, gmeta...) .Sau khi thuc
hién xong thi két qua lai dwoc tra lai Client cho ngudi s dung co thé xem. Kién
tric theo mé hinh Client-Server ciia hé théng
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;ﬁ PBS

— Bproc
[ijfj Ganglia

Client o Data Server
Application Server

Middieware(Server)

Hinh 5-9 Mb hinh Client-Server ciia hé théng BKluster
Trén day 14 kién tric tdng thé cia toan bd hé thng BKluster, trong phin sau
chiing ta s& ciing di vao phan tich chi tiét kién tnic ctia bd User Tool. Ching ta sé
xem xét v6i mé hinh tdng thé nhu trén khi dugc 4p dung vio bd User Tool s& gdm
nhitng thanh phin nhu thé no va hoat dong ctia timg thanh phén cu thé bén trong
hé thong.

5.2.1.2 Kién truc cta bd cdong cu User Tool

B6 User Tool duge xiy dung dwa véi muc dich cung cdp cho ngudi ding mot moi
traomg lam viéc dé dang hon v6i hé théng BKluster. B& céng cu nay dugc xiy
ding voi thanh phén trung tim Ia géi phdn mém PBS, moi thao tic ma bd cung
cép cho ngudi ding déu nham muc dich dé ngudi ding giao tiép mot cach dé dang
hon v6i thanh phan PBS & bén dudi.

Nhu trong mé hinh ban dau da dé cap bd User Tool 1a mdt phﬁn troang hé théng
BKluster nén né ciing phai ¢6 tuan theo mé hinh cua hé théng BKluster. Nghia la
bd cong cu User Tool cling duge xdy dung theo md hinh Client-Server, trong do
méy Server s& ¢6 nhiém vu giao tiép voi phan PBS va thuc hién giao tiép voi
Client dé ldy vé cac yéu ciu cia ngudi ding..

Phia Server dé thuc hién viéc giao tiép vdi PBS thi chung ta sé su dung bé thur
viée ifl do PBS cung cip dé thuc thi cac lénh cia nguoi ding con giao tiép véi
Client thong qua Socket. Viéc phan chia thanh m6 hinh Client-Server nhu thé nay
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s& dam bao tinh doc 14p cua hé thong vdi hé didu hanh. Béi vi chi ¢6 Server 1a phai
bit budc chay trén hé diéu hanh Linux, vi cin giao tiép truc tiép véi PBS va dong
thori ciing yéu cdu phai cai PBS, con phia Client chiing ta c6 thé chay trén hé diéu
hanh Linux hay windows vi ca hai hé diéu hanh nay déu hd tro cho viée giao tiép

qua socket.

Ngoai ra viéc phan tich thanh hai phan, Client va Server nhu trén ciing dam bao
cho tinh doc 13p sau nay clia hé théng. Nhu vdy sau nay khi ching ta tién hanh
nang cip mét trong hai phan thi khéng can thiét phai viét lai toan bd hé théng.
Thém nira viéc st dung mo hinh Client-Server s€ lam cho kién tric hé théng dugc
16 rang thuén lgi cho qua trinh xay dung hé théng. Sau diy 13 md hinh kién tric
cua b User Tool :

R Client_lntétfﬁé_s_:

e :Cl‘i"eﬁ:t_::__Ezl-ln‘(‘étiqzm.f :

CLIENT

Pbs_ifl

| PBS Server

. LAM MPL.

SERVER

Hinh 3-10 Kién tric caa User Tool
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Nhur trong hinh v& ching ta ciing thay hé thong duoc chia lam hai phan 14 phan
Client va Server nhu ching ta da phan tich & trén, viéc giao tiép giita hai phan nay
dugc thuc hién thong qua Socket. Tiép theo chung ta s¢ di phan tich cu thé nhiém
vu va kién tric clia timg phén.

Thanh Phan Client

Client_lnterface

' Client;Function

CLIENT

Hinh 5-11 Thanh phinn Client

Day la phan cai dat trén cac may cua nguoi dung. Nhiém vu chinh cta phén nay la
lay vé& cac tham s6 ma ngudl dung muon dwa vao trong Job clia minh sau do
truy€n vé cho Server.

Phin nay duoc chia lam hai phdn 13 Client Interface va Client Function. Phén
Client_Interface c6 nhiém vu lam giao dién cua toan bd hé théng vOl nguol su
dung, ddy chinh 1a noi ngudi sir dung nhép céc théng tin vao dbng thai nhan két
qua trd vé. Sau khi ngudi dung nhip thong tin thi cdc thdng tin nay dugc truyén
cho thanh phan Client_Function & bén duéi. Phin Client_Function 12 thanh phén &
phia Client ding dé xir Iy thd thong tin ma ngudi ding nhp vao trude khi truyén
cho phia Server, déng thoi phin nay ciing sé& tién hanh xur 1y thong tin dugc truyén
vé tir Server trudc khi hién thi cho nguoi ding xem trén méan hinh Client. Ngoai ra
Client_Function con dam nhan viéc truyén théng voi phan Server. Viéc ching ta
dé cho thanh phan Client thuc hién st Iy mot sb thong tin thd ban dau sé& phat huy
dugc sirc manh tinh toan ctia cic may Client ddng thoi ciing giam tai cho Server.

Phan Client nay dugc viét bang ngén ngit QT va hoan toan ¢ thé chay doc lap véi
nén hé diéu hanh.
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ThanhPhan Server

Server User Tool ~—— CSDL
Pbs_ifl
PBS_Server
LAM_MPI -
SERVER

Hinh 5-12 Thanh phén Server

Toan bd phén Server nay dugc chay trén nén hé diéu hanh Linux, trén mot hé
théng tinh toan ludi da durge cai dat bd 1ap lich PBS.

Chung ta ¢6 thé thy ro phin nay gdm cé hai phan chinh 1a phan Server User Toal
va PBS_Server.

PBS Server day chinh 1a PBS d3 duogc cai dit 16n hé théng tinh toan phan cum ctia
chiing ta va dwoc dung dé tién hanh lap lich cho cac céng viéc song song sau nay
dugc dé trinh véi hé théng. Con thanh phin LAM _MPI bén dudi 1a mdi truong
truyén thong diép giita cac tién trinh song song cta mot cong viée, day 1a mét tién
trinh ngém cua hé théng.

Thanh phén Server User Tool 1a thanh phan do ching ta xdy dung dung dé thuc thi
cac ydu cdu tir phia nguoi ding dé giao tiép voi PBS, thanh phan nay s& giao tiép
v6i PBS_Server thong qua thur vién pbs_ifl do PBS cung cdp dé thuc hién cac thao
tdc ma ngudi dung yéu ciu. Ngoai ra thanh phan nay con c¢6 nhiém vu truy suét
vao trong co s& dit ligu dé ghi lai nhitng cong viéc ma mdt ngudi nao d6 da thuc
hién, c4p nhit trang thai cong viéc.
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5.3 Thwec hién cai dit cac thanh phan cua hé thong

Tir két qua phan tich thiét ké cung vdi kién tric cac thanh phan cia hé théng da
dwoc phén tich & trén, trong phan nay s& dua ra chiic nang cu thé cta timg thanh
phan trong md hinh Client-Server trong méi chirc nang ma hé thong cung cip cho
nguot su dung.

Pé cai dat bd User Tool chiing ta s& sur dung thu vién pbs_ifl do PBS cung cap dé
torong tac vol hé théng phdn PBS & bén dudi va thu vién mysqlclient.h dung dé
twong tac v&i co so dir liéu. Ngon ngir 1ap trinh dugc sir dung 1a C ( dung dé xay
dung Server ) va QT ( dimg dé xay dung Client ).

5.3.1 Chirc nang dé trinh cong viéc

Pay la chirc nang Submit Job d3 dugc nhic dén & trén, dé tién cho viéc theo doi
chung ta s& nhic lai kich ban thong 1€ cua chire ning nay.

Chtrc ndng nay duogc kich hoat khi nguéi dung cé nhu ciu dé trinh mdt cong viéc
song song voi hé théng. Khi ngutn ding dé trinh mot cong vige vdi hé théng thi hé
thong s& cho phép ngudi dung lua chon cac tham sé ciia cong viée nay dé chay.
Yéu ciu la cdéng viée dwoc dé trinh phai c6 mét file ma ngudn da duoc dich roi dé
chay.

Tur viéc phan tich Use case O trén ching ta s& phan tich timg phin cong viéc cho
phia Client va Server.

Nhu trong kich ban cia chirc ning da néi chiing ¢6 thé nhén ra trong chirc nang
ndy thi phia Client 13 noi nhan di¥ liéu vé cac tham sé cac thudce tinh cla cong viée
va sau khi c6 xir ly mot sb théng tin so bo s& truyén vé cho phia Server ¢é dé trinh
cbng viéc voi phan PBS_Server.

Phia Server sau khi nhan duoc yéu cau dé trinh cong viée tir phia Client sé chd doc
vé cac thudc tinh veé cong viéc do Client truyén vé sau do s tu dong sinh ra file
kich ban cho céng viéc réi tién hanh dé trinh cong viée nay voi PBS Server. Néu
viéc dé€ trinh thanh cong thi cac thdng tin mdi vé cdng viéc nay s& dugc cip nhat
vao trong co sé dit liéu, duge dit & Server dé tién cho viéc quan ly cong viée sau
nay. Con néu viéc dé trinh gap 18i thi s& hién thi thong béo lén trén cho ngudi sir
dung.

Phia Server s€ d¢ trinh cong viéc voi PBS_Server thdng qua ham pbs_submit cua

thu vien pbs_ifl.
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5.3.2 Chire nang diéu chinh tham sb ciia c¢ong viéc

Pay 14 chire nang tuong ung voi chirc nung Alter Job dd dugce phan tich ¢ trén,
chitc nang nay cho phép nguoi su dung ¢é thé diéu chinh cac tham sb vé cong viée
ma minh d3 dé trinh voi hé thong trude do. Dé tién cho viée phén tich chitc ning
nay theo md hinh Client-Server ching ta s& nhéc lai mét cach so qua vé kich ban
cta chlrc ndng nay.

Cht¢ ning nay dugc kich hoat khi ngudt dung tua chon tir danh sach cac cong
viéc ctia minh trong hang dgi va chon chirc nang diéu chinh cac tham sb cla cong
viée. Sau khi nguoi ding lua chon chirc ning nay hé thong sé hién thi cic théng
tin lién quan dén cong viéc nay va yéu ciu nguoi dung nhap vao cac tham sé méi
cho céng viéc nay. Sau khi ngudi dung nhip céc thong tin vé céng viée thi xic
nhan lai cho hé théng nhirng théng tin moi vé cong viéc dé hé théng cap nhit lai
vai PBS.

Ludng sy kién ngoai 1€ xay ra khi ngudi dung sau khi xem xong thdng tin vé cong
viéc nay thi khéng tién hanh diéu chinh tham sb cong viéc khi day hé thing s& hay
bo phién lam viéc nay va khéng tién hanh diéu chinh tham sd cta cong vigc vira
duge yéu cdu nira. Tir viéc phéan tich Use case & trén ching ta sé cling xem xét
phin viéc ciia Client va Server trong chirc ning nay ctia hé théng BKluster.

Client: ciing giéng nhu trong chirc ning dé trinh céng viéc, & chic nang nay thi
Client la noi giao tiép giita ngudi st dung va hé thdng vi vay Client ¢é nhiém vy
thu nhan théng tin tir phia ngudi st dung va hién thi nhimg théng tin tir hé théng
cho ngudi sir dung biét. Nhur trong kich ban ctia chirc ning nay thi ching ta c6 thé
thdy ring Client 1am nhiém vu nhan thong tin v& cac thudc tinh m&i ma ngudi sir
dung véu ciu cho cong viéc ctia minh va sau d6 dua vé cho phia Server. Ngoai ra
trude khi nhan cic thong tin nay thi Client con phai truyén vé cho Server dinh
danh clia céng viéc ma ngudi dung mubn diéu chinh tham sé.

Thém nira Client & trong chire ning nay con ¢é nhiém vu hién thi cac théng tin vé

cong viéc ma ngudi ding mudn diéu chinh tham sb dé tién cho ngudi sir dung

trong qua trinh thay déi cac tham sé clia cong viéc, cac thong tin cla cong viéc &

day thuc chét chinh 1a ndi dung file kich ban ctia cdng viéc dé thong qua d6 ngudi
“ding c6 thé ndm duge nhirmg thong tin vé cong viéc ma minh da dé trinh trude

day.

Server: trong chirc ning nay Server sau khi nhin dugc yéu cau diéu chinh tham 56

cua c¢déng viée cung vdi dinh danh cha cong viéc s€ tién hanh tim kiém file kich
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ban cua cdng viéc va sau do truyén ndi dung cia file nay cho phia Client dé Client
hién thi thong tin nay 1én cho ngudi str dung biét.

Sau ki truyén ndi dung cda file kich ban cho ngudn su dung thi Server sé “do1”
két qua tra vé tir phia Client, két qua & dy chinh 1a cac théng tin mdi vé thude tinh
cua cong viéc. Sau khi nhén dugce cac tham s6 moi nay tir phia Client thi Server sé&
go1 ham pbs_alterjob dé didu chinh lai cac tham sd cila cdng viéc nay véi PBS.
Ham pbs_alterjob 1a mét ham do thu vién pbs_ifl cua PBS cung cép nham cho
phép nguoi 14p trinh c6 thé tién hanh diéu chinh cic tham sb ctia mot céng viéc
ngay trong chuong trinh.

5.3.3 Chirc ning Tam dirng céng viéc-Hold Job

Diy 14 chire ning cho phép ngudi dung thay déi trang thai ciia cdng viéc ma minh
di dé trinh trude day, cu thé & diy 14 ngudi dung sé s dung chic niang nay dé
chuyén trang thai cua mot cong vige vé trang thai chd dgi vo thoi han, nghia la
cdng viée day sé khong thé duge thue hién, cho dén khi ngudi dung gidi phong
céng viéc khoi trang thai nay.

Chirc nang nay duge kich hoat khi ngudi ding lira chon mdt céng viéc va yéu cau
hé théng dua cong viéc nay vao trang thai “hold”. Hé thong sau khi nhén dugc yéu
cdu tir phia ngudi ding s& kiém tra lai xem yéu cdu nay cé hop 1& hay khéng. Vi
cong viée ¢o thé dua vao trang thai hold phai la céng viéc dang trong trang thai
chér dgi va khéng o trong trang thai hold rdi. Néu sau khi kiém tra khéng c6 van dé
gi xdy ra thi hé thong s& dua cong viéc ndy vao trang thai hold sau d6 s& cp nhat
vao trong co sé dit lidu vé trang thai méi cua cong viéc.

Trén day la tom tat lai kich ban cta Use case ndy, trén co s kich ban nay chung ta
s€ phén tich cdng viéc cua Client va Server trong chirc ning nay.

Ciing gidng nhu trén thi Client & day s& sir cung dé thu thap thong tin tir phia
ngudi sit dung. Client ¢o nhiém vu dua vé cho Server nhimg théng tin vé cong
viéc ma ngudi ding mudn dua vao trang thai hold. Ngoai ra Client con lam thém
nhiém vu 1a kiém tra tinh hop 1¢ cia yéu cdu ma ngudi sit dung dua ra, nghia la
viéc kiém tra trang thai cia céng vig¢e duge thue hién hoan toan & bén Clhient. S& di
chung ta thic hién viéc kiém tra nay & phia Client thay vi truyén vé Server t6i méi
kiém tra 1a vi ngay & Client chung ta cling da biét duoc trang thai cia cong viéce,
do trang thai nay d3 dugc Server truyén cho Client trude do. Va viée thuc hién
nhur thé nay s& giam tai cho Server.
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Trong chire nang nay Server sau khi nhan dugc dinh danh cua céng viéc ma nguon
dung muén dua vao trang thai nim cho( hold) s& goi ham pbs_holdjob dé dua
cong viéc vao trang thai cho doi, san dé s€ tién hanh cdp nhat trang thai cua cong
viéc nay vao co s& dit lidu. Nhu vy ching ta thiy cong viéc cua phia Server trong
chirc nang nay ¢ vé tuong dbi don gian, s& di c6 duge didu nay la do phia Client
ching ta d& xu Iy so bd thong tin ma ngudi dung nhdp vao va nhu vay khi Server
nhdn duoc thong tin vé céng viéc thi mic nhién cong viec nay dad thoa man moi
diéu kién dé co thé xtr 1y nén khong phai 1am thém gi dé kiém tra trang théi cla

cdng viéc nira.
Trong chirc nang nay ching ta cé sir dung ham pbs_holdjob do PBS cung cép.
5.3.4 Chirc ning thwec thi lai cong viéc-Release job

DPay la chirc nang ngugce vo1 chue nang hold job ¢ trén, chuc nang nay cho phép
ngudi dung gial phong cac cong viéc khoéi trang thai hold va dua tr¢ lai trang thai
sén sang thuc hién khi c6 du diéu kién v& tai nguyén.

Chtre ning nay dugc kich hoat khi ngudi dung lya chon mét cong viéc cla minh
dang & trong trang thai hold va yéu cu giai phong cbng viéc khoi trang thai nay.
Hé théng sau khi kiém tra tinh hop 1é ciia yéu cdu ngudi dung s& tién hanh thuc
hién yéu cdu clia ngudi dung, két qud tra vé 1a cdng viéc nay duge dua trd lai trang
thai sdn sang thuc hién va két qua duoc cap nhédt vao trong co s¢ dir liu.

Trén day 14 toan bd kich ban cua hé théng, bay gid ching ta s& phan chia cong
viéc cho ting phén cu thé

Tuong tuy nhu trong chic nang Hold Job ¢ trén, trong chirc ning nay Client cé
nhiém vu l4y thong vé cong viéc ma ngudi ding mudn giai phong khéi trang thai
hold va dua trd lai hang doi véi trang thai sin sang thuc hién tro lai, bén canh d6
Client cdn c6 nhiém vu kiém tra ca tinh hop 1€ clia yéu cau ngudi dung. Kiém tra
tinh hop 1é & day chinh 1a ching ta tién hanh kiém tra xem cong viéc ma nguoi
ding yéu ciu ¢ & trong trang thai hold sin khong, néu yéu ciu ngurdi ding khong
hop 1é thi hé théng s& théng bao cho ngudi ding va hity bé phién lam viée. Nguoc
lai néu yéu céu tir phia nguoi ding 13 hoan toan.

Phia Server trong chirc ndng nay ciing tuong tu nhu trong chirc nang Hold Job &
trén, nghia la Server & day chi c6 nhiém vu doi Client truyén vé théng tin clia cong
viée( cu thé & day chinh la dinh danh cua cong viée) sau dé st dung ham
pbs_rlsjob do PBS cung cép dé giai phéng trang thai cta cong viéc khot trang thai
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hold. Sau khi giai phong trang thai cua cong viéc xong thi Server sé€ cap nhat lai
trang thai cua cong viec trong co so dit héu.

Trong chirc ning nay phia Server ¢6 sit dung ham pbs_rlsjob ctia PBS cung cép.
5.3.5 Chikc niing x6a bé mot cong viéce

Chuc nidng nay nham gitup ngudi st dung co6 kha ning xda bo mdt cdng viéc ma
minh da dé trinh trude day nhdm tiét kiém tai nguyén cua hé thong.

Vé mat phan chia cong viéc cho Client va Server thi & chiic nang nay ciing tuong
tu nhu trong hai chirc nang trén. Nghia la Client cling ¢6 nhiém vu nhén vé yéu
cdu cua ngudi ding va kiém tra tinh hop 1é cta yéu cau nay. Con Server khi nhan
dugce dinh danh cua cong viée can xda bo s& mic nhién ¢dng nhan 1a c6ng viéc nay
da thoa man moi yéu céu dé co thé x6a bo va sir dung ham pbs_deljob dé x5a bo
cong viée khoi hang doi, sau do tiép tuc xoa bo cong viéc trong co sé dit liéu.

5.3.6 Chirc ning hién thi théng tin chi tiét ciia cong viéc - Show Info
Detail

Pay 1a chitc nang cho phép ngudti ding cd thé xem thdng tin chi tiét vé cac cong
viéc ma minh d3 dé trinh va céng viée nay van chua dugc thuc hién.

Chirc nang nay duoc kich hoat khi nguoi dung lua chon tir danh sach cong viéce
clia minh trong hang doi mét cong viéc va yéu cdu xem théng tin chi tiét vé cong
viéc nay. Sau khi nhan duoc yéu cu tir phia ngudi dung hé théng s& tién hanh lay
théng tin vé cdng viéc nay va hién thi laic cho ngudi dung xem. Céc théng tin tra
vé cho ngudi ding s& la nhitng théng tin vé cac thude tinh cia céng viée, cac
thong tin lién quan dén ngay gidr dé trinh, ngay gid cong viée duge chay....

Trén day ching ta da noi vé cong viée cha toan hé théng trong chirc nang nay, tiép
theo ching ta s& cliing xem xét dén timg phan céng viéc cu thé cho Client va
Server.

Client: cling giéng nhu cac chirc ndng trude cia hé théng, client ¢é nhiém vu daun
tién 1a lam noi cho phép ngudi dung giao tiép véi hé théng. Cu thé trong chitc
nang nay Client ¢6 nhiém vu lfiy théng tin dinh danh cbng viéc ma ngud1 dung
mudn xem thong tin chi tiét va sau khi truyén thong tin nay vé cho Server thi nam
doi két qua tra vé tir Server dé hién thi thong tin nay cho ngui sir dung.

Server: Trong chirc ning nay Server sau khi nhan dugc thong tin cua Client vé
dinh danh cua cdng viéc va cé yéu cau tir Client can xem thong tin chi tiét vé cong
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viéc nay thi s& két ndi dén PBS_Server dé Iy thong tin vé cong viée sau d6 truyén
vé cho Client dé hién thi 1én cho ngudi ding. Dé 1ay théng tin vé cong viéc Server
ding ham pbs_statjob do PBS cung cdp dé ldy thong tin vé céng viéc ma nguoi
dung yéu cau.

Trong qué trinh phan tich cac chire ning & trén ching ta da rat nhidu lin nhic dén
danh sach cong viéc cua ngudi dung, va ngudi dung s€ lua chon mot cong viée
trong danh sach nay & thuc hién cac thao tac cia minh. Vay danh sach ddy & dau
ra va no c6 duoc ngudi sit dung biét dén nhu thé nao? Thuc té 1a khi nguol dung
sir dung bd cong cu User Tool thi dau tién ngudi ding s& thiy mét form giao dién
chinh cua bd cong cu nay, trén form giao dién chinh nay s& c6 danh sach cac cong
viéc cua ngut dung dia duge thuc hién trude ddy va ngay sau khi ngudi st dung
dé trinh mot cong viéc mo1 thi hé théng s€ cap nhét lai danh sach nay.

Sau day ching ta sé phan tich cu thé cac phan céng viéc cho viéc hién thi danh
sach cong viéc nay cho ngudi su dung.

Dau tién ching ta cung md ta chung cho Use case nay. Use case nay dugc tr déng
kich hoat ngay khi nguoi sir dung sir dung céc chirc nang cua bd cong cu danh cho
ngudi dung( User Tool) né gitip cho ngudi dung cé thé dé dang hon trong qua
trinh kiém soét cac cong viéc ma minh da thuc hién.

Trong Use case nay Client c6 nhiém vu hién thi thong tin 1én cho ngudi sir dung,
khéng cén thiét phai thu nhan bét ky dir liéu nao dugc nhdp vao tir ngudi dung.
Tuy nhién vi ngudi st dung chi duge phép theo dbi cac cong viéc cua minh nén
trong Use case nay Client s& phai truyén v& cho Server thong tin vé ngudi dung, cu
thé & day chinh 1a tén cua nguoi ding trong hé théng. Sau khi truyén tén ngudi
ding cho Server thi Client s& doi Jay két qua tra v& tir Server vé cac thong tin lién
quan dén cong viéc ma ngudi ding d3 thue hién duoc va hién thi lai cho ngudi s
dung. Ngoai ra sau mdt khoing thdi gian nhit dinh Client ciing phai gui céc yéu
ciu cép nhat lai danh sach cac céng viéc ma nguoi ding da thuc hiéh, bd vi co
nhiftng cong viec moi duge ngudi dung thue hién ngay trong phién lam viéc nay.
Thém véao d6 dé hé trg cho ngudi diing thi hé théng cho phép ngudi ding tr dong
yéu cau cép nhit lai danh sach nay ma khdng can doi dén thot gian dinh ky.

Server trong chirc ning nay cé nhiém vu ling nghe théng tin vé ngudi st dung sau
do lay thong tin nay dé truy sudt vao co so dit lidu 14y ra nhing cong viéc lién
quan dén ngudi ding nay va tra két qua lai cho Client dé hién thi lai cho ngudi sir
dung.
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Trong hau hét cic chirc ning ciia by cong cu danh cho nguoi ding ching ta déu
thdy nhic dén cac thao tic vdi co s dir liéu nhung chung ta chua hé nhic dén to .
chire co s¢ dir liéu trong hé thng cia ching ta. Trong hé thong BKClusware néi
chung va bd cong cu danh cho nguéi dung nédi néng ching ta duang hé quan tr1 co
s MySQL dé quan tri co sé dir liéu.

Co sé dit liéu cta hé théng gbm ba bang la

e Bang user : day 13 bang ding dé quan tri ngudi dung, bang nay dung dé
chira cac thong tin vé ngudi ding. Cac théng tin trong bang nay bao gbm:
uname, uid, pass, roleid( truong nay dung dé quy dinh quyén cta nguoi
dung trong hé thong). ..

» Bang Job : day la bang chira cAc théng tin lién quan dén céc cdng viéc trong
hé théng. Bang nay bao gém céc truong:
o Jobid : dinh danh ctia céng viéc trong hé thong.
o uid : dinh danh cda ngudi ding sé hitu cong vige nay
o Script : tén file kich ban cua cong viéc nay
o State : trang thai cua cong viéc.
o DateTime : ngay gid cdng viéc dugce thuc hién.
e role : day la bang chira danh sich cic quyén cia nguoi ding dbi véi hé

thong. Bang nay chira thong tin vé& dinh danh cta quyén danh cho ngudi
ding va mé ta thém chi tiét vé& quyén trong tmg v6i dinh danh nay.

5.4 Két qua dat dwoc va dinh hwdng phét trién

5.4.1 Panh gia két qua da dat dwoc

Sau qué trinh thuc tdp trén trung tdm, clng voi cac ban trong nhém HPC chung
em di tich hop thanh céng thém vao hé thong BKluster ma trung tam di xay dung
tir trede cac tinh ning cho phép cic ngudi ding 6 thé giao tiép mét cach thuin
t1én hon vé thanh phé"m PBS & bén dudi. Cac tinh nang duoc tich hgp thém nay
cho phép ngudi quan tri c¢o thé ngdi tir xa dé cdu hinh toan bd mdt hé théng tinh
todn phan cum va tién hanh viéc quan trj toan bd hé théng, bén canh dé hé théng
BKluster ciing cho phép ngudi ding xem xét céc thong tdng thé ciing nhu chi tiét
vé cac hoat dong cla toan bd hé théng. Thém nua hé thong BKluster cho phép
ngudi ding ¢6 thé tién hanh thao tac v6i cac bai toan yéu cau déun viéc tinh toan
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song song mot cach dé dang ( day 1a cong viéc cua bd User Tool).

Cung véi toan b cac ban treng nhom HPC, sau qua trinh thyuc tdp cua minh trén
trung tAm em da hoan thanh bd cdng cu theo yéu cau ban dau dat ra va da cai dat
thir trén trung tam HPC két qua 1a hé théng chay n dinh. Tuy nhién do thoi gian
va kha nang cé han nén chuong trinh con mot $6 han ché nhat dinh, em hy vong
ring nhitng han ché nay s& duoc khic phuc trong thoi gian sém nhét. Sau day la
mot sb giao dién cua hé thong BKluster va b User Tool

File Edit Help
Quan Tri Server I De Trinh Jobs

Server. [mavzz-namilel Cong: IBGOS Xet Not l

Chon: IQun_ﬂ Iy nut tinh toan _:I Cap nhax! - o @ ¢ @
DBanh sach nut Bang thuo tinh CPU:
Thuoc tinh ]Gia i Ghi chu ]
Mem

Cap Nhat Xoa Nut Them Nut Thay Doi Nut

Hinh 5-13 Giao dién ciia toan b hé théng BKluster

High Performance Computing Center - HUT 176



Tai liéu Ky thuat — Chi tiét hé thdng BKluster
L e e

Giao dién chinh cua User Tool
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16 |324.may22 parallel finished 03,;01,1970 276 00 Dieu chinh thuet tinh J
_?__325.may2.‘.para5lel fimshad LG9 Q2000
LSEG.mayéE.paﬁilel finished 010171970 [APads s 0]
L327.maylz.parailel fimshed 0131 1970 07.00.00 X0a bo cong viec !
_1_9__“ 328.may22.paralel finished 01/01/1970 A7 C00d
__1_.}__329.may22.pam!lei finished GLI0L1970 O700.00
12 | 332 maylZ.pasadled finished G7/04/2005 09:1357 Giu trang thai cmgvigcl
_53__339.mav22.pa:«11h.~| wailing 2150472005 158:0%4 48
iLZ‘]?.mavzz.namkﬂ finishad 030111970 Q700 00

Buong cong viec J

Hien thi thang tin I

Submit Job

File ma nguon

Ten file ma ngud
1 jthu
2 ithul

I

Ten fite kich ban

Mac dinh ’ Lua chon

~

Hink 6. 2 Chire niing dé trinh ¢éng viée v6i cic tham s mic dinh
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Flle ma nguon ; Thuoe tinh lua chon
Ten Elle ma ngu(a So nut unh toan | > Soluong Cpus 20
1 thu S S I,
' 2 thul Ten hang doi ‘dworkg@may22 v
. Dung tuong bo nho can su dung 10mb <
Wallame
Go § - Phuw o T Giay .0 o

Ten file kich ban

-— " De winh cong viec

Hinh 6. 3 D¢ trinh c¢éng viéc vdi tham sé do ngudi ditng lra chen

So nut tinh toan 2 So Iuong Cpus 10 s

Dung luong bo nho can su dung ld'"b - "j:.:j

Gio O : Phut 10 —:- Giay 10 —:—

R el TR R e e e e o o2 ¢ e

| #PBS 4 mem= }.Omb

| #P8S 1 ncpus=10

 #PBS -o /mnt/ThangH3T/output/thuynt
" #PBS -e /mnt/ThangH3T/error/thuynt

: lamboot -d
- mpirun /matThangH3T/binsthu
lamhate
Be tinh
cong viec

Hinh 6. 4 Chiic niing diéu chinh cic tham sd clia mét cong viée

e "~ —

High Performance Computing Center - HUT 178



Tai liéu ky thuat — Chi tiét hé thong BKluster

'Ten thuoc tinh Glakm
1 | job_Name none '
Tjob_Owner hpck4s Fmay99Q.paralief
?—_ job_state Q
4 Equeue workq
T server may22.parallet
|6 ctime Thu Apr 21 11'09'48 2005
7 Enor_Path /mnyThangH3Tenogthuynt
‘8‘_'§mrime Thu Apr 21 11:09:48 2005
—9__: Qutput_Path /mnt/ThangH3T/output/thiynt
10 |qrime Thu Apr 21 11:09:48 2005
11 !Resource_List.mem LOmb ‘
12 Resource_List.ncpus 10 ‘
_I.T Resource_List.nodect 2
14 |Resource_List.nodes 2
15 [Resource_List.walltime 00:10:10 .
16 |Varable_List PBS_0O_QUEUE =workg.PBS_O_HOST=may8Q.parallel
17 jetime ) o Tl_j_u Apr 21 11:0948 2005
e e Kt thuc
{ ' )

Hinh 6. 5 Chirc niing hién thj thang tin chi v& cdng vide

5.4.2 Pinh huwéng phat trién trong tuong lai.

C6 thé tich hop thém bd 1ap lich Maui vao hé théng nhu vdy hé théng s& cé nhiéu
co ché 1ap lich hon, thém nita néu c6 thém thanh phin Maui vao hé théng s& cho
phép theo ddi cic théng tin bén trong hé théng mét cach truc quan hon, do Maui
cho phép ngudi dung xem cac théng tin vé hé théng dudi dang cac loai biéu d6 va
nhu viy sé& cho chiing ta mét cai nhin truc quan hon vé toan bd hé thong.

L _______ |
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.
Ngoai ra do néu chi sir dung minh hé théng BKluster thi nhiéu khi hé thong cia
ching ta khong thé dap (g dugce cac bai toan dat ra cho du da ap dung tinh todn
song sbng rdi va cong nghé tinh toan ludi da ra doi dé c6 thé st dung duoc lugng
tai nguyén rong 1ém hon & trén mang, khi diy mdi hé théng Cluster s& chi 1a mot
phin tr trong ludi. Chinh vi loi ich ciia tinh toan ludi nén trong tuong lai 1au dai
hé théng BKluster cfing s& c6 ké hoach dé tham gja vao ludi vdi tu cach [a mot nat

tinh toan trong luroi.

b .
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CHUONG 6 Module Quan Ly Cac Géi Phan Mém

6.1 Nhiém vu cada dé tai:

Xay dung chuong trinh quan 1y cic géi phin mém (BKluster package manger)
trong hé thong cluster. Chuong trinh nay cho phép cai dat, nang cip, xéa va dong
thoi cung cdp thong tin thdng ké cac goi phan mém da duoc cai dat trong toan bo
hé théng.

6.2 Phan tich dé tai:

pé thure hién dé tai nay, cé thé sir dung cac co ché thuc thi 1énh tr xa nhu rsh,
ssh... Tuy nhién, cach lam nay khéng mém déo, doi hoi ngudi str dung phai tién
hanh ding nhdp trén tit ca cac may thanh vién va phai cé mot kién thire sir dung
Linux nhét dinh md1 thuc mén dugc. Cach thir hai la cai dit theo moé hinh
client/server théng qua socket, Md hinh nay s& ganh phan cong viéc nang nhoc vé
cho nguon 14p trinh, nhung dbi lai, hé théng s& trong sudt voi ngudi su dung, cho
phép ngudi ding thao tac mdt cach don gian va nhanh chéng ma khéng cin phai
¢6 kién thic sau rong vé hé théng. Chinh vi vy, ching em da chon di theo cach
lam nay.

Tir yéu cdu cia dé tai, c6 thé phén tach chuong trinh thanh 2 thanh phan chinh :

e BKluster-package-manager chay trén may chu, cung cdp giao dién twong
tac cho ngudi sir dung. Thanh phdn nay ¢6 nhiém vu nhén 1énh tir ngudi str
dung, réi truyén yéu cdu dén cac iserver trén cac may tram dé thyec thi.

e iserver chay trén cdc may tram, co vai tro nhén 1énh tr may chu, thue thi
cac yéu cau turong ung, 1oi truyén két qua thuc hién lai cho may chu hién
thi. iserver phai dugc thuc thi & ché d6 nén, dwoc goi ngay khi cac may
tram khai dong, sén sang nhén yéu cau tir may chul,

6.3 Tién hanh céng viéc:

Do cic yéu céu trén, thanh phan iserver dugc vict bing ngdén ngir C++, con thanh
phan BKluster-package-manager dugc xay dung trén ngdn ngit QT. Khi dugc
‘khoi dong’, iserver s€ ldng nghe trén cong 4242, khi ¢6 bit cir yéu cau nao duge
gui td1 qua cdng nay, iserver s€ goi nhirng 1énh shell coa trinh vo tuong ung dé
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e
thuc thi. Viée thuc hién 1énh duoc tién hanh théng qua cac duong éng. Véi co ché
nay, céc thong tin hién thi tvong tmg Ién thiét bi hién thi dau ra va 18i chuan
(stdout, stderr) co thé 1iy duoc mot cach dé dang dé truyén vé cho BKluster-
package-manager. Mol thong tin qua lai gira BKluster-package-manager va céac
iserver déu & dudi dang text, nén viée xir 1y khéng gap phai nhidu khé khin.

FILE *file = popen{&cmd linel[0], "zr");:

while (fscanf(file, "%s", line) != EQF)

{

Response (string{line) + "\n");

}

pclose{file)};

Poan ma trén md& ra mdt pipe thuc thi 1énh shell chira trong xéu cmd_line, tra vé
con trd file chira dia chi cia pipe. Tiép dén, st dung fscanf dé ldy két qua réi
truyén vé cho may chi véi ham Response.

char *buffer = new char[FILE_BUFFER_SIZE];

memset (buffer, 0, FILE BUFFER_SIZE); //zero mem

int n = read{error [READ] ,buffer, FILE BUFFER_SIZE-20);

if (n » 0)

{

Response (string (buffer) + "\n");
}

Poan ma trén ¢6 nhiém vu 14y thong tin tir stderr va truyén vé cho may chu. error
12 mdt pipe “kép”, voi errorf WRITE] (WRITE=0) la pipe ding dé ghi, duoc két
ndi véi stderr, con errorfREAD] (READ = 1) 1a pipe ding d& doc dir lidu.

BKluster-package-manager sit dung QThread dé quan 1y viéc trao ddi dit liéu véi
cac may tram. Khi nhin yéu cau tir nguoi ding, BKluster-package-manager doc
dia chi IP clda cidc mdy tram tir file /etc/hosts dua vao mot mang. V& mdbi IP,
BK luster-package-manager mé ra mét thread dé thuc hién két ndi ti cac iserver
trén cac may tram dong thoi quan 1y ludng théng tin trao dbi gitra hai chuong
trinh. Khi tién hanh két ndi t6i cac may tram théng qua IP (trén cdng 4242), néu
may tram nao khong chay hodc chuong trinh iserver trén may d6 khong duge khot
déng, BKluster-package-manager tu dong dong két ndi va thread twong ing.
BK luster-package-manager doi dif liéu chuyén dén tir cac iserver va hién thi.
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e e, - -
Cai dat:
Hién gio, BKluster package manger da duge dong goi thanh file nén tar vé thao

tac cai dat hét suc don gian: copy céc file chay vao cac thu muc can thiét, tao link
trong init.d dé iserver tu dOng chay khi may tram khéi dong. ..

Han ché:

Trong thoi gian ¢ han, viéc xdy dung BKluster-package-manager moi chi dung
lai & mirc co ban nhét. Tuy nhién, ca chwong trinh vAn cho phép ngudi dung thuc
thi mot 1énh shell bét ki trén toan bd hé théng. Viée thuc hién tron tru, cho ngudi
str dung mot cai nhin téng thé vé toan hé théng, moi thao tac thuc thi Iénh trén cac
may déu trong sudt voi ngudi dung.

Viéc quan Iy cac g6i phan mém cai dat trén hé théng con thd so, chua xay dung
dugc mot co so dir Liéu tap trung.

Chura c¢6 huéng quan ly cac géi phin mém duge cai dat truc tiép tir ma ngudn, do
tinh da dang trong viéc cai dit phu thudc rat nhidu vao y thich ctia ngudi 1ap trinh.

Phén ng dung Master chay trén mdy chit hé Beowulf
Nhiém vu :

Ung dung Master c6 nhiém vu két ndi va quan li viéc cai dit trén  toan bd cac
slave ¢é trong Cluster cling nhu kha ndng twong tac véi mdt phan nao doé cla
Cluster ( cac Slave da dugce cai dit iserver )

Ung dung c6 kha ning sau :

e Guri lénh t4i tat ca c4c slave trong cluster

e (6 thé twong tac riéng 1¢ t6i timg slave trong cluster

¢ Ung dung c6 giao dién , dé sir dung v6i ngudi ding

e (4 khé nang thy chon céac slave dé thuc hién ¢cong viéc
Giai phap :
St dung cong cu QT programming hd tro ngdn ngir 14p trinh C-++
Té&n dung RPM
Thuc hién :

Cac Slave co trong Cluster s& dugce luu dia chi trong mét file text dugce dat tén la
hostfile ¢06 ghi r3 dia chi IP cula cac slave d6,mdi slave trén mét dong .Mai khi
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cluster m& rong thay thu hep thi chi can thém vao hodc xda di cic dong twong ung
v41 cdc slave méi thém vao d6 (hodc trong trudng hop ching ta chi mudn cai dat
trén mot s6 méay nhét dinh thi ching ta thay déi file text nay dé phi hop véi yéu
cdu clia ta ).Diéu nay co thé thiy ngay trén giao dién cua chuong trinh nhu trong
anh chup man hinh .

Khi thuc hién ,chuong trinh s€ doc file hostfile nay , tao ra cac tab tuong tic vén
timg slave , viéc sinh ra cac tab la hoan toan dong , phu thude vao sd lugng cac
slave co trong hostfile .Vai mdi slave, img dung Master s& tao mot socket két ndi
v4i server dang chay trén slave do dé dam bao kha nang tuong tac riéng & voi
timg slave . Két qua thuc hién céng viéc trén slave s& duoc hién thi trong tab
tuong g vai slave do .Viée 1p trinh véi Socket duoc QT hd trg vai 2 lop dé la
QSocket va QServerSocket .

V§i viée nrong tac voi toan bd hé thdng , céng viéc duge tién hanh nhu sau: mdi
khi mudn giri 1énh t&i toan bo slave trong cluster thi ing dung s& tao ra cac thread
, cac thread nay chui trach nhiém giri 1énh dén toan bo céc slave cé trong hostfile
J(viéc l4p trinh voi Thread duge hd tro v6i Qthread ),tit nhién cong viée nay dua
trén mo hinh client-server, két qua thuc hién cong viéc cia timg slave van sé& duge
hién thi trén tab twong g véi slave dé .

Giao dién cia chuong trinh nhu sau :
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Send To Al

T];EIESSOQO l 192.168.50.15 1 192.168.50.3 !i 192.16B.50.6 i 192.168.50.4 % 152.168.50.12 ! 192.168.50.14 i(! y
rpi'n -ga :
o

i Send To 192.168.50.14

i NEWT-GEVEI-U.D1.b-1
T geC-CH+-3,3.2-1
zlib-devel-1.2.0.7-2
liptiff-devel-3.5.7-14
Xaw3d-devel-1.5-19 ;
“libpnglO-devei-1.0.13-9 I
- atk-devei-1.4.0-1 ) i
CRBit2<evel-2.8.2-1 K
gtk2-devel-2.2.4.5.1
- GConf2-devel-2.4.0-1
" libxsit-devel-1.0.33-2
. gnome-vfs-devel-1,0.5-15
i gal-devel-0.24-2
i kdeaddons-3.1.4-2 ;
gt-designer-3.1.2-14 P f
PyGt-devel-3.8.1-2 :
taching-nameserver-7.2-10
libattr-devel-2.4.1-2
finger-server-0.17-18.1
postgresqal-7.3.4-2
mc-4.6.0-6

K3 B S

| = |

Bing 6-1 Giao dién module quan I¥ cdc géi phan mém

6.4 Két qua dat dwroc va hudng phat trién

6.4.1 Két qua dat dwoc
e Viéc tuong tic cia hé théng da dirgc dam bao.
* Server chay én dinh & ché d0 nén trén cac slave .

o Di tién hanh cai ¢at thir nghidm cac goéi phin mém trén hé thdng cta trung
tam HPCC.

6.4.2 Huwéng phat trién
Trong thdi gian t&i hé thong s& 06 thém céc phin sau :

¢ (o ché bao mat : boi vi day la chuong trinh quén 1i , quyét dinh cdu hinh
Clia toan bd cluster , chinh vi thé chi ¢6 ngudi co quyén hoic dugc cip

L ]
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[P e e e o
quyén quan tri hé théng méi ¢d quyén sir dung chuong trinh nay , chuong
trinh s€ co thém module dang nhép khi str dung chuong trinh
o Co so dir hiéu : Dé tdp trung vao viée quan ly viée cai dat cac goi dir liéu co
trén cac Slave , hién nay hé théng da dam bao dugc viée twong tic gilra
Master va cac Slave xong chua ¢6 co s& dir 1i€u ghi la1 cac phién lam viéce

o Module tdng hop théng tin tra vé tir cac Slave , bao cao téng quan vé cdng
viéc thuc hién trén toan bo hé théng ( vi du : thuc hién thanh cong trén bao
nhiéu may , cdc may nao cé 15i, cac 161 cu thé ra sao )
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W

CHUONG 7 Module Quan Ly Cau Hinh Cluster va
Quan Ly Ngwé&i Dung

7.1 Phan tich yéu cau

Trong qué trinh phat trién hé thong tinh toén song song tai trung tim HPC, cac
danh gia vé goc d6 k¥ thuat cho thay: hé thong tinh toan song song da dap (mg
dugc nhitng chic nang co ban nhu lap lich va thuc thi cong viéc tinh toan song
song. Tuy nhién d6 1a nhimg chirc ning co ban ctia modt hé théng tinh toan, hé

thong con nhiéu diém han ché néu nhin tir géc 6 mot dich vu tinh todn.

7.1.1 Cac van dé dit ra:

Kho khin trong viéc quin tri hé thong khi cung cip dich vu duwéi dang dong
gol.

Déi voi nhirng ngudd 1am tin hoc ngay ca ngudi cé kinh nghiém trong linh vuc
tinh to4n song song phai d6i mit vdi viéc quan tri hé théng véi tip lénh va cic
khéi niém phirc tap 1&4 mét thach thirc déng ké. Néu trién khai hé thong tai mét
trung tim , ma trung tam HPCC khéng thé két ndi truc tiép toi, viéc quan tri hé
théng tinh to4n hoan toan s& do ngudi tai trung tim nay dam nhiém. P& véi
nhimg ngudi nghién ctru thude cac linh vire khac nhu vét 1y, hda hoc,...viéc quén

tri mot hé thbng tinh toan nhu vay qua 1a khéng dé dang.
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[ Sunday. January 16, 2005

Nhimg kho6 khian trong viéc quan tri

{Chura o cong ca quan {0 tir Xa
o chuw ¢o cang ¢ guan I L xa nén
Inguii s dung o guan tri hé thong
C1a mddt van dé e nan gidi

i Quan tri twi ché

Workstati

. Cung cap goi phin mém

Workstation

Hinh 7-1 Khé khiin trong viéc quan tri hé théng khi cung cip dang géi phin
mem

Kho khin trong vigc quan Iy nguoi ding khi cung cdp dich vy dwdi dang cip tai
khodn &é sir dung hé thong,

Dich vu cung cip diréi dang tai khoan dang nhap tir xa la dich vu cung cdp cho
khach hang mét tai khoan cta hé diéu hanh dé ngudi dung dung tai khodn dé
telnet vao hé théng va su dung cong cu tinh toan nhu thé ho & tai trung tam tinh
toan. Cach lam nay 1a cich cung cip dich vu truyén théng cia cac hé thng tinh
todn song song ciing nhu tinh toan Iudi, wru diém 13 don gian va d& dang diéu hanh
hé théng. Tuy nhién, cach cung cép dich vu nay ¢6 nhuoc diém la né cung cép cho
ngudi ding mdt tai khoan truc tiép c6 kha nang st dung céc tai nguyén cia hé
thdng, vi thé rit khé khan trong viéc bao mat hé théng, ciing nhu theo d&i su su
dung tai nguyén.
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Khé khan trong viéc quan tri nguoi ding

/_ Tai khoan dang nhip tir xa

1116/2005

MSi mgudn can c6 mdt thi khoan dé
dang nhap tis xa ¥he hé thdng

Sunday, Apnl 24, 2005

Nt li,ih in

N\if tinh tod

%

‘ Firgwalk

Tan cong 777

116/2005
i dung rat oo the diveg
13 Khoun dang nhap i
¢ ran cone bé dubag

it tinh 1oin
Server tinh todn (77

Nit tinh 1odn

Hinh 7-2 Kho khin trong viéc quan trj khi cung cip dang tai khoan ding nhip

tir xa

7.1.2 Cach giai quyét:

“XAay dung céng cu quin tri ciu hinh hé thong tinh toin song song” vdi cac

chirc nang sau:

e Tao cac ta1 khoan va quan ly ngudi dung tich biét vdi cac tai khoan ngudi

dung ctia hé diéu hanh.

* Cong cy chu hinh hé théng cho phép ngudi quan tri ¢6 thé cdu hinh hé
théng tai chd hodc tir xa vdi nhitng hiéu biét co ban vé hé théng tinh toan

song song ghép cum.

e Cbng cu giam sat hé thdng, cho ngudi quan tri co thé theo ddi hoat déng
ctia hé thng qua cac thong tin ghi lai trong quéa trinh hoat déng cia hé
théng, théng tin ¢ thé dudi dang thong bao binh thuong hoac théng bao

161.
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e s ey iy

7.2 PHAN TICH CAC YEU CAU QUAN TRI

Tir nhimg yéu cau thye té cua cac dich vu tinh toan va nhitng phan tich ban dau vé
viéc quan tri dich vu tinh toan, churong nay sé& dua ra nhitng yéu cau co ban can
duge dam béo trong khi xay dung cbng cu quén tri hé théng. Sau khi dua ra duoc
nhitng yéu cdu chinh ctia cdng cu quan tri, chiing ta s& cing di siu phan tich chi
tiét cac chirc nang cdn c¢é dé dam bao cac yéu ciu do.

7.2.1 Cac chirc ning chinh

7.2.1.1 Quan ly ngwoi dung

Mdi ngudi ding tir xa muén str dung dich vu tinh toan phai dang ky mot tai khoan,
tai khoan c6 quyén quan trj s& dam nhén viéc chdp nhan ding ky, phén quyén va
quan Iy cac tai khoan khac.

MJdi tai khoan ngudi dung sé cé mét thu muc trén server dé lwu cac file chay,
script, log file va két qua viéc chay chuong trinh.

Thu muc
nguoi dung

—

Bin
{chua file chay da dich)

Resuit
{Kat qua)

Errors
(Ghi lai cac su ca}

Cutput
{Shi Lai ket qua)

_ Log
{ghi lai ¢ac hoat dong)

—

Script
{chua cac file Script)

—

Hinh 7-3 Céu tric ciy thu muc ngudi diing

¢ Thu muc Bin 1a thu muc Iuu lai cac file da dich cua nguoi dung, tao ra do
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congcu IDE. .

e Thu muc Result lvu lai cac thong tin cua qua trinh chay cdc chuong trinh
song song, nhu 161 {thur muc Errors), két qua (thu muc Output), thdng tin vé
qua trinh chay (thu muc Log).

e Thu muc Log lru lai cac thong tin vé cong viéc song song clia ngudi dung
nhu: thoi diém bat ddu va két thic chay cong viée song song,. ..

e Thu muc Script dung dé Ivu cac PBS script file do User Tool giup ngudi
dimg tao ra dé chay cac chuong trinh song song, trong d6 c6 cac chi dén vé
tai nguyén va file chay cho PBS.

7.2.1.2 Chirc ndng cau hinh

Chirc ning ciu hinh cung cdp phuong tién cho ngudi quan tri thao tac voi cac it
tinh toan, server tinh toan, va cic hang dgi cong viéc, ciing nhu thiét lap cac thudc
tinh khéc nhur cAp quyén quyén, cho phép/cAm cac nit khac tham gia vao hé
théng. ..

MOM

Leah quan iri
{NTERNET

L bt

Cila fimh 2 binh

Hinh 7-4 Chire niing ciu hinh cia céng cu quén tri
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7.2.1.3 Chirc nang giam sat

Chirc ndng giam sat thuc hién viée luu lai thong tin vé tinh trang vé server, hang
doi cong vide va cac cong viée da thuc hién va két qua cua ching sau chu ky thoi
gian nhét dinh, viéc luu lai cac thong tin ndy nham muc dich thong k&, t6i uu héa
va khic phuc nhimg 18i nghiém trong co thé xay ra. Trong hé théng

Chuc ndng giam sat con cung cép phuong tién gidp ngudi quan tri theo ddi trang
thai cac mit tinh todn tai thoi diém hién tai (nut nao dang chay, nut nao bi down,
ndt nao free...) ngoai ra cong cu con cd tham vong theo ddi cac tién trinh ctua mot
job chay trén c4c nut tinh toan trong hé thong tinh toan

7.2.2  Chi tiét cic yéu ciu quan trj.

Trong phan nay chiing ta s& phan tich k¥ vé cac yéu cau cu thé dam bao cac chuc
nang chinh cta cong cu quan tr1.

7.2.2.1 Quan tri ngwdi dung
Pé quan tri ngudi ding cin cic chirc ning sau:

e Thém ngudi ding vao hé théng: thém ngudi ding vao hé thong bao gdm
vigce thao tac véi thu muc cia ngudi dung, cdp nhét co s¢ dir liu. ..

e LAy théng tin vé mot ngudi dung.

e Cap nhat théng tin ctia ngudi dung: ching han nhu thém quyén cho ngudi
ding d6. Trong BKluster ngudi dung duoc chia lam ba cip: nguoi quan tri
14 ngudi c6 toan quyén déi véi hé théng, thanh vién cua hé thng 1a nguoi
¢6 thé thue hién cac cong viéc song song, ngudi ding théng thudmg la
ngudi chi ¢6 mot sé quyén hiru han nhu xem théng tin vé hé théng.

o Xoangud dung
7.2.2.2 Quan ly nat trong trong BKluster
O mirc d6 quan 1y viéc phén tai Cong cu quén tri ¢in thue hién cic chitc nang sau:

¢ Xem trang thai cua cac nut tinh toan(pbs_mom), céc trang thai c6 thé 1a tat,
khong tham gia tinh toan, hodc dang phuc vu tinh toan. .. .

e Thém mot nit tinh toan vao hé thong
¢ Bt moOt nat ra khot hé théng tinh toan
e Thay ddi cdu hinh ctia nut tinh toan tham gia vao hé théng.
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7.2.2.3 Quan tri PBS Server

PBS server cin c¢ cac chirc ndng quan tri sau day:

o Liy théng tin vé trang thai clia server: ching ta c6 thé lay duge thong tin
vé bash server nhu c¢6 bao nhiéu hang doi, cho phép cdm ngirdi dung, nut
tinh toan tham gia vao hé thong hay khéng...

e Tit PBS server: trong mét s& truong hop can thiét cin phai tit PBS server
cho muc dich bao tri hay an ninh ctia hé théng. ..

e Khai dong lai server tinh toan.

e Quan ly hang do1 cong viée

o Dé quan Iy cac hang dgi cong viéc chiing ta cin cac chirc nang sau day:
e Ldy thong tin vé cic hang d¢i cong viéc.

o Tao hang doi: tao cac hang doi trén server véi cac thudc tinh do ngudi quén
tri cung cap khi tao hang doi

s Thay ddi cac thudc tinh cho cac hang dgi: ¢6 thé thém céc thude tinh, chinh
sira tai nguyén... cho hang doi.

o Thay déi trang thai cia hang doi (chay, dirng...)
o X6a hang doi.
e Luu céc théng tin vé hoat ddng cua hé théng

Céac thong tin tip trung vao ba loai : thir nhit, thong tin vé cac hoat dong cua
ngudi ding (tbng sb cong viée, thoi gian thuc hién, thoi gian yéu ciu...) ; th hai,
thong tin ghi lai cac hoat ddng cua server; thir ba, thong tin vé hoat dong cua cac
hang doi ( d6 hiéu qua, s6 hrgng cdng viée ....).

Luu théng tin vé hoat ddng ctia ngudi ding, xir Iy véi muc dich théng ké
Liru thdng tin vé hoat ddng ciia server

Luu thong tin vé& hoat dong cla cac hang dot.
7.3 KIEN TRUC BO CONG CU QUAN TRI

Xay dung kién tric cho m6t phan mém 1a mét viée kho, doi héi ngudi phat trién
phai dua vao kién triic vét ly, nhimg yéu ciu chitc ning ctia hé thong va nhimg yéu
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cau cho sir phat trién lau dai ctia hé théng. Dudi day 1a mét dé xudt vé kién tric
clia cong cu quan tri.
7.3.1 B cdng cu quan tri trong kién tric chung ciia BKluster

B c¢ong cu quan tri co chire nang chinh 1a cung cap céng cu cho ngudi quan tri
cau hinh va guan ly hé thong tur xa, va tuan theo kién tric chung cia BKluster nén
kién truc dugce hra chon 1a kién tric client-server.

Giau dien quan 0 he thong

iClient) Cie thiinh
phin cu
. 4 - — b chnge
‘_‘ > B [RVRTEIRT
AV L ] rre

Portabie Batch System Database

Linux Kemel

Dich vu quan tn he thoag
{herver)

@ Hardware

Hinh 7-5 B9 cdng cu quan tri hé théng trong kién tric chung ciia BKluster

o Thanh phé“m giao dién quan tri h¢ théng: 13 thanh phdn giao tiép véi
ngudi quan tri hé thong, cung cip giao dién cho nguéi quan tri thao tac véi
hé théng.

e Thanh phin dich vu quén trj hé théng: 1a thanh phén xtr 1y cac yéu ciu
g t6i tir xa va chuyén cic yéu ciu d6 thanh cac yéu ciu quan tri dbi v6i hé
théng PBS, va co s dit liéu ngudi ding, sau d6 nhin cac phan hdi va gii
tra vé phia giao dién quan trj hé théng.

e Thanh phin Portable Batch System: 1a hé thdng quin 1y tai nguyén va
phan tai, thanh phan phan mém cdt 15i ctia hé thdng tinh toan.
e Thanh phin User Database: |3 co 50 dif liéu ngudi ding cla hé thong tinh

toan.

L ]
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e Thanh phin Linux Kernel: 1a nhan hé diéu hanh Linux cung Ce:lp mo1
trurong cho cac Ung dung phia trén.

e Thanh phin Hardware: 14 cic may tinh ca nhan cau hinh trung binh duoc
két ndi tao ra hé thong tinh toan phan cum.

Trén day 1a kién tric chung clia cong cu quan tri dudi géc nhin tong quan toan bd
hé théng tinh toan. B cong cu quan tri gbm hai thanh phan la thanh phan thir nhat
giao dién quan tri hé théng (client) va thir hai dich vu quan tri hé théng (server),
céc client két ndi voi server qua cac socket va giri tdi d6 cac yéu cAu quan tri tir
Xa, server XU 1y cac yéu cdu nay chuyén ching thanh cac énh tuong mg vadi cac
chirc nang quéan tri nhu quéan tri ngudi dung, cdu hinh hé théng hay giam sat hoat
dong cua hé thdng...server sau khi chuyén cac yéu céu tdi PBS va co s dir liéu
ngudi dang, iy lai cac két qua cén thiét va giri tra lai phia client. Viéc truyén nhan
dir liéu gitra client va server su dung XML.

7.3.2 Céc module trong b cong cu quan tri hé thong

Dé 1am 16 hon kién tric cla bd cong cu quén trj hé thdng, bao cao s& trinh bay cac
module trong hai phﬁn chinh la giao di€n quan tri h¢ théng (client) va dich vu quéan
tri hé thong (server).

7.3.2.1 Kién truc Client

Client ¢6 ba nhiém vu chinh :
e Nhian lénh tir phia ngudi quan tri déng goi, chuyén tdi server.

e (Cac 1énh sinh ra tir cic thao tac cla ngudi st dung sau d6 duge cac module
giao dién chuyén to1 bd dém va dong g 1€nh, cac 1énh s& duge dong gbi
thanh cac xau XML va chuyén tdi phia server, nhin phan hoi tir phia server,
tach dit liéu BO dém va tach dit liéu s& nhan phan hoi tir phia server dudi
dang XML va tach dir liéu ra khoi dinh dang XML, cac dir liéu tach ra sé
dura tdi cac module giao dién dé hién thi.

* Trinh bay dir li€u : Dir liéu sau khi duge boe tach s& duge cac module giao
dién trinh bay dé ngudi quan trj 6 thé biét cac thong tin vé hé théng va
nhitng thao tic clia ho da thay d6i cdu hinh hé thong ra sao.
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Modun giao dien: Modun giao dien ' Modun giao dién .
quiniy PBS W quin iy ngudi dimg [ gidmsit he théng
(PBS Management 3B (User Management [ (System Monitoring
. Interface) Interface). | Interface)

I

Bo dém vi dong g6i lenh Bo dém va tich dit licu

. ! N . ‘
(Command Buffer and Packaging Modute) i (Response %&;ﬁ;ﬁd Packaging

Hinh 7-6 Cic thanh phin phia Client

7.3.2.2 Kién truc Server

Khi c6 két ndi tir client, server sé tao tién trinh con phuc vu va tai cdc module can
thiét, khi c¢6 lénh gut t&1 bd dém (Command Buffer and Classifying module) sé
béc tach dir lieu dudi dang XML, xem 1énh d6 thudc loai [€nh nao va gin tdi céc
module xir ly twong trng. Co cac loai 1€nh nhu sau

Lénh liy thong tin

Lénh thao tac (thém, bdt, x0a, sta... cac thude tinh ctia PBS, hay co s& dir liéu
ngudi dung...).
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A e L  Bo 8em vh dong g6l kes qui
B§ dém v phan logi ténh : : ’ s Buff P \
(Command Buffer and Classifing Mesduley | - (Response iy er an d Packaging

Modun quin I3 Modun quin tri hé Modum thes d6i bit

ngurd ding thing PBS thong
User ¥Management (FBS Management (System Mouitoring
Module Madide} Module)

Hinh 7-7 Cac thanh phén cda server

o Néu 18nh d6 12 1énh thao tac voi PBS, bd xir ly (PBS' Management Module)
chuyén 1énh duoi dang XML thanh cac batch struct dé thao tac véi PBS
thong qua thu vién IFL.

o Néu 1énh d6 1a 1énh thao tic quan 1y ngudi dimg thi module xur 1y(User
Management Module) s& chuyén thanh cac thao tac truy xudt co so dir lidu
va lay cac thong tin can thiét.

e Néu lénh d6 1a 1énh y&u ciu tip hop dir liéu dé thuc hién thong ké thi 1énh
duge chuyén cho module theo ddi hé théng xu 1y,

Cac két qua trd vé dugce cac module xur Iy twrong tng chuyén to1 bo dém va duge

dong goi dudi dang XML, gin t&1 cac client. Két qua tra ve cd thé & dudi cac dang
sau:
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¢ Théng bao da thuc hién Iénh
e Thoéng bao 161 khi thuc hién 1énh
Dir liéu, khi 1énh g toi doi hot cac dit liéu dé hién thi phia Client
Trén day 1a tong quan vé kién tric cia bd cong cu quan tri hé théng, nhimg chi tiét

vé viéc dong goi di liéu, dinh dang XML cua cac 1énh, va két qua tra vé sé néi 1o
hon & chuong tiép theo khi tién hanh xay dung hé théng.

7.4 XAY DUNG CONG CU QUAN TRI

Phan nay sé trinh bay chi tiét vé cac khai niém lién quan t&i viéc quan tri hé thong
va hoat dong cua hé théng, dua ra giao thirc truyén nhén dir liéu ciia hai phia client
tlr xa va sever quan tri tor do dua ra mot sb lop va cAu tric dir liéu can thiét dé xay
dung cong cu quan tri hé théng.

7.4.1 Cac khai niém co so

7.4.1.1 Phan lép nguwdi dung

Mot trong nhitng nhiém vu chinh cia coéng cu quén tri [a quan ly nguoi ding tach
biét khoi hé diéu hanh dé tranh céc nguy co an toan thdng tin (quan 1y ngudi ding
chung vdi co s& dit liéu ngudi ding ciia hé diéu hanh 1a cach quan ly cia hiu hét
cac hé thong tinh toan song song ghép cum), dé dam bao quan 1y ngudi dung hiéu
qua ngudi ding hé théng duoc phan ra lam ba 16p ngudi diing véi nhitng quyén
tuong Ung

Ngudi quan tri - Toan quyén véi hé thong va cac ngudi
dung khéc

-C4u hinh, thém bét, xba, sira tit ca cac
dbi trgng thude hé théng phan cum bao
gbm: hang doi cong viéc, server tinh
toan, nut tinh toan, cac cong viéc.

Thanh vién - Can dang ky trrde khi tré thanh thanh
vién clia hé théng

- C6 quyén xem cdu hinh hé théng
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- B¢ trinh, thyc thi cong viée

- Toan quyén véi thu muc duge cung
cap trén server quan tri

Khach - Chi ¢d quyén xem ciu hinh hé théng,
Kkhong ¢é quyén nio khac.

Bing 7-1 Phin 16p ngudi ding

7.4.1.2 Hé théng tinh todan phan cum - cdc khai niém co sé

Diy 13 nhitng khai niém co ban cia cac hé thdng tinh toan song song ghép cum
néi chung va clia hé théng PBS ndi riéng. Dudi day 14 trinh bay mdt cach tom tat
céc khai niém d¢, chi tiét ctia né cé thé xem trong tai liéu tham khado [PBS
External Reference Specification]

Nit tinh toan (Node)
Mot may tinh véi mot hé théng xir 1i rigng, mdt bd nhd ddc ldp, mot hodc nhiéu
bd vi xir H va mét dia chi mang duge goi 1a mét nat tinh todn. Théng thudng nguon
ta thudng diing Excution Host dé am chi dén cac nut tinh toan. Vi du mét may tinh
nhu SGI Origin 2000 thuémg c¢6 nhidu b vi xir 1y duge chay dudi mét hé didu
hanh duy nhit va dwoc coi nhu 1a mdt nut di véi PBS. Mot hé théng nhur IBM SP
chira rat nhiéu don vi xir Iy, mbi don vi xir 1y déu chay dudi mot hé didu hanh
riéng va hé thdng nay nay 1a sur tip hop ctia rit nhidu mit.
Céc thudc tinh cia mdt nut ma ta thuong quan tdm dugc cho trong bang sau:
Cacthudc tinh . Y nghia
Node_state Trang thai cia mit, c6 thé nhdn mét hodc két hop cac cic

gia tri sau

D ~ node dang bi down

F - node dang roi (free)

O —node dang & trang thai offline

U - node Unknown

R — node reserved
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E — node dang chay mot job & exclusive — mode
S - node dang chay mdt job & share — mode
B — node dang bén
Node type Kiéu ctia mot ndt, & day ta phin biét hai kidu node :

Timeshare - node & dang timeshare, fitc no chi cho phép hé
théng cla ta sir dung né & dang chia sé thoi gian, chir né
khong truc tiép 1a mét bd phin cua hé théng cluster tinh
toan.

Cluster — node nay 1a mét thanh vién clia hé théng cluster

tinh toan.
Name Tén cua nut.
Propertice -~ Thubc tinh cia nit.
| Jobs Tén cta cac job dang chay trén nit do tai thot diém hién tai
Ncpus Sé luong cac CPU.,
Physmem - Téng b nhg vat 1y cia mit
Loadave | Tai trung binh

Bang 7-2 Cic thudc tinh cia Nit tinh tean

Hang dg¢i cong viéc (Queue)

Hang doi 1a mdt d6i dang déi tugng dwoc quan 1i bai Server. Mot hang dgi co thé
bao g(‘")m nhiéu cong viéc(Job), tap cac thude tinh va mot tap hop cac ddi tugng dir
l1€u bén trong. Cac cong viéc dugc dinh vi trong cdc hang doi va trd thanh cac
phin tir cua hang doi. Cac may khach c6 thé ldy vé cac thong tin cta hang doi va
cac cong viéc bén trong hang doi thong qua cdc yéu ciu téi Server.

C6 hai dang hang doi co ban:hang doi dinh tuyén va hang doi thuc thi. Va cac
thudc tinh bén trong cla hang doi quyét dinh kiéu loai cia mdi hang doi.

Khi mét cong viée nim bén trong hang doi dinh tuyén, no ¢O6 xu hudéng dugce
chuyén td1 mét vi tri khae va khai niém vi tri & day co thé bao gém cac hang do1
khac ciing nam trén Server hodc cac hang doi ciia cac Server khic.
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Mot Cong viée duge cot la da duge lﬁy ra khoi hang doi dinh tuyén kh:
e (Codng viéc da thuc sy duge dinh vi thanh cdng téi mot hang doi khac.
e (odng viéc da bi xoa khot hang don.
e (bng viéc da bi ngudi str dung chuyén tdi mot hang doi khac.
» (Cong viéc da bi bo qua b Server

Khi mét cdng viéc nim trong hang doi thue thi, né dang nim trong tinh trang
chuén bj duge thuc hién. Mot cong viée s& van la phin tir ctia hang doi thuc thi ké
ca khi né da duoc lua chon dé dua vao thuc hién. Va mét cdng viée duge coi la da
duoc 14y ra khéi hang doi thue hién khi:

o (ong viéc da duoc thyc hién va di két thic.
e (Cong viéc da duge chuyén 1¢i mot hang doi khac.
e (Cong viéc da bi ngudi sir dung bo qua khong thue hién.

Dudi day 1a bang cic thudc tinh céng khai ctia hang doi , ngudi st dung hé théng
c6 thé dat lai gia tr1 cho cac thude tinh nay néu duoc phép:

Cicthubetinh Vnghia
Acl Group_ Enable Néu thudc tinh ndy duge gan bang True, Server

s&€ su dung acl group v&i muc dich nhu mot
danh sach v& kiém soat quyén sir dung Queue
cua cac nhém ngudi sir dung. Pinh dang gia tri
cua thudc tinh nay la Boolean.

Acl groups ~ Danh sich nay ¢ho phép hodc cdm céc thanh
- ' vién ciia nhom duge dua ra trong danh sach cé
thé dua cac Job vao Queue. Day 1a danh sach cac
nhém truy nhdp cia Server khdng phai la cac
- nhém st dung cita cidc may d¢ trinh Job. Pinh
dang cia thude tinh:[+]-group namef,...]] va gi4
tri mic dinh cla thudc tinh ndy 1a tit ca cac
nhém sir dung déu dugc quyén sit dung Queue.

Acl_host _enable Khi thudc tinh nay duoc dit bang True, Server
s€ su dung thudc tinh acl_hosts.
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Acl_hosts Danh sach clia cdc may khach c6 thé dé trinh Job
t&i Queue. Pinh dang[+|-hostnarnef....]]

Acl user_enable Khi thudc tinh nay dwoc dit biang True Server sé
stt dung thudc tinh acl_users lam danh sach kiém
sodt truy nhap ddi voi Queue. Pinh dang:
Boolean.

Acl users Danh sach ngudi str dung duge phép hodc khong
duoc phép dé trinh Job trén Queue. Dinh dang
[+-user[@hostll,...]]

Enabled Thudc tinh nay dugc dat la True hodc False sé&
quyét dinh viéc Queue c¢é chap nhdn mét Job
mdi vaoe trong hang dgi hay khong. Dinh dang:
Boolean.

‘Max_queuable Sé lugng cuc dai cac Job ¢d the cho phép trong
. * Queue tai mot thei diém.

Max_running Sb luwong tdi da cac Job trong hang doi c6 thé
duoc dua vao trang thai thuc hién hodc dugce
dinh duong lai tai mot thei diém.

Prority = = Mirc d6 wu ti€n ciia mdt Queue so vo1  céc.
| R - Queue khac ¢6 cung loai trong hé théng. Trong
-hé thong ton tai hai dang hang doi 14 hang dgi

thye hién va hang doi dinh duong.

Resources max S6 hrgng toi da ctia mdi loai tai nguyén ma cé
thé duge phép yéu cdu cua cac Job trong hang
don.

Resources_min S& lugng nhé nhit méi loai tai nguyén ma mai

mdt Job trong hang doi c6 thé yéu ciu.

Resources default Danh sach cac gia tri mac dinh cia tai nguyén
duoc dit gidi han cho mot Job trong hang doi va
cac gia tri ndy duge gan cho ciac Job ma cac tai
nguyén nay khong duge dat gia tri.
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Started Néu thudc tinh duge gin bing True, cac Job
trong hang doi ¢d thé dugce dua vao trang thai 1ap
lich dé thuc hién va khi duoc gan gi tri la False,

Queue bi dimg tam thot

Checkpoint_min Xic dinh khoang thoi gian nho nhét cho phep
thue hién kiém tra dinh ki déi véi mot Job trong
Queue.

Resources_available Danh sach cac tai nguyén va sé lugng cia céc tai

nguyén nay cho phép sir dung ddi véi tit ca cac
Job trong hang doi. Tong s6 mdi loai tai nguyén
duoc sir dung bon tit ca cac Job khéng dugce vuot
qué s6 lugng nay.

Max_user_run Sé lwong tdi da cic Job trong hang doi thude mot
ngudi str dung cé thé duge tai mdt thoi didm xéc
dinh.

Max_group_run 86 luong téi da cac Job trong hang doi thudc vé

" bét cir mdt ngudi st dung trong nhém cé thé
dugc chay tai mot thai diém.

Bang 7-3 Cic thude tinh ciia hang doi cong viée

Server tinh toan

Déi tugng méay chit hay thanh phin quan ! tién trinh (PBS Server) . Pay la thanh
phan phuc tap nhat clia hé théng. May chii ¢6 nhiém vu quéin 1y cac théng tin
chung ctia hé théng, lang nghe yéu cdu cia ngudi dang hodc cia cdc module khac,
xir 1y va tra lai két qua tuong ing. Y nghia va tén goi cac thude tinh ctia may chi
(Server) tuong tu nhu cdc thude tinh cia hang dgi(Queue).

Tai nguyén (Resource)

Trong hé théng PBS céc tai nguyén hé théng la dai dién cho nhitng gi ma mot
cong viéc (Job) yéu cu va st dung trong qua trinh thyc hién. Cu thé hon nita tai
nguyén hé théng 14 nhitng gi ma cac cdng viéc can dé thuc hién nhu céc nat tinh
todn, cdc géi phin mém hodc ta nhimg gi ma cong viéc sé si dung trong qué trinh
chay nhu thoi gian CPU, bd nho thuc hodc bd nh¢ ao. Cac tai nguvén duge su
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dung trong PBS chiing ta co thé phan 1am hai loai khac nhau: loai th nhat 14 cdc
tai nguyén xac dinh mét cong viée co thé duge dua vao mot hang doi nao do hay
khong, va dang thir hat la cac tal nguyén gio1 han sO lugng tai nguyén mot cong

viéc c6 thé sir dung trong qué trinh thue hién.

Nhin chung khi mét ¢ong viéc duoc dé trinh dé thuc hién, ching s& duoc dua vao
céc hang doi dinh tuyén(Routing Queue). Sau dé céc tai nguyén duge yéu cdu boi
bdi cac cong viée s& duoc so sanh voi tai nguyén cua cic hang doi thuc hién dbi
v&1 hang doi dinh tuyén dé x4c dinh xem cdng vige do s€ dugc dua vao hang doi
nao. Thong thuomg cong vide d6 s& duge dua vao hang dgi ddu tién thoa man tiéu
chi: 14t ca cac tai nguyén hé théng duoc yéu cdu béi cong viée d6 déu nim trong
gi6i han tai nguyén nhé nhét va 1on nhét ciia hang doi qui dinh. Néu mét cong viée
khi dugc dé trinh 1én hé théng khéng xac dinh cée tai nguyén yéu cau mdt cach
tuomg minh cédc tai nguyén nay s€ khong duge gidi han. Nhung khi mdt cdng viéc
da dugc dua vao trong mot hang dogi nao dé, cac gia tri cia cac tai nguyén khong
dugc xac dinh nay cé thé dugc gan bdi cac gia tr1 tal nguyén mdc dinh cla hang
dogi, hodc gia tri mdc dinh cua tai nguyén xac dinh cho thanh phﬁn quan 1 tién
trinh, hodc gid tri cuc dai cua tai nguyén cho phép cia hang doi, hodc gia tri cuc
dai cla tai nguyén cta thanh phén quan Ui tién trinh theo thir tu diroc néu trén tuy
thudc vao céc gia tri duge néu trude cd dugc xac dinh hay khong.

Khi mdt cdng viée da duge dua vao mot hang doi thuc hién, hé théng s& tim kiém
cac by xtr li 4o trén cac nut tinh todn thod man cac thudc tinh duge yéu cdu bai
cong viée d6. Khi cac bd xir li 4o duoc tim thy, hé théng s& bat ddu thuc hién
cdng viéc trén cac nat tim duge. |

Cac tai nguyén hé théng ctia hé didu hanh Linux duoc hé théng PBS sir dung duge
néu ra dud day:

Tén tai nguyén . Y nghia

Arch H¢ diéu hanh ciia hostn Vi du: linux, freebsd,
solaris5, aix4

Cput chi ra thot gian cpu theo gidy

Idletime chi ra thoi gian nghi cia hé théng theo giay

Loadave chi ra sb cac tién trinh dang chay

Mem chi ra s6 bo nh¢ di dung tinh theo byte
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Ncpus chirtasd bd vixirly trong may tram

Nsessions 3 chi ra s& phién lam viéc danz thuc hién trong may
tram

Nuers chi ra s6 ngudi dung cd tién trinh dang chay trong
may tram

Pids chi ra danh séch cac tién trinh cia ciing mot phién
lam viéc.

Physmem chi ra kich thudc bd nhd vét 1y.

Sessions chi ra s6 phién lam viéc trong may tram

Size chi ra kich thude file hé thong tinh theo kb.

Uname chi ra théng tin nhu 1énh Uname tra vé

Validuser = .~ . chirangudi ding c6 hgp phip khong

Walltime chi ra s6 thai gian tinh theo don vi gidy ma mot
chuong trinh hay phién lam viéc ton tai trong hé
thong

Bang 7-4 Cic tai nguyén hé théng
Cong viéc(Job)

Mot cong viéc (Job) 1a mot ddi twong co ban nhit duge quan li bdi mot hé thong
tinh toan theo 16. Theo quan diém nhin nhén ciia ngudi ding, mdt cong viée 1a mot
file kich ban dugc chuyén toi hé théng tinh toan theo 1énh ma hé thong cung cép.
Day 1a mot file dudi dang mdt dang ngdn nglt don gian, duge goi Ia shell script
duoc st dung réng rii trong hé diéu hanh Unix. File nay s& dugc bién dich béi cac
1énh shell. Trén thuc té cac file nay co thé chira bat ki dang dir liéu gi va ngudi st
dung c6 thé yéu ciu bt cir mdt chuong trinh hop 18 ndo xir 1y céc file nay véi tu
cach la d4u vao chuan cho chuong trinh. Mdi mét cong viéc sé ¢ cac thude tinh
ma nd anh huong té1 qua trinh xir 1y c¢dng viéc trén Server. Cac cong viéc duoc
duy tri trén Server cho téi khi né duwge thue thi hodc bi yéu cdu cham dirt. Sau khi
nhan file script tir phia ngudi st dung, néu nhu yéu cau tao cong viéc(Job) to1 cac
dbi tuong hang doi (Queue) tuong img theo yéu cu ciia ngudi st dung la thanh
cong thi hé thong s€ tao ra mdt cong viée(Job) tvong rng. Khi céng viéc duoce tao
L
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ra trén Server, ndé dugc dinh danh duét dang: Sequence number.Server_name
trong do: Sequence Number 1a mét 5O tu nhién va hai cong viéc khac nhau, luén
¢o dinh danh 1a khac nhau. Cac cong viéc dugce tao ra sau sé cd Sequence_Number
1én hon cac céng viée tao ra tr trude. Server Name : la tén Server quan 1y cdng
viéc do.
Cac thudc tinh cua céng viéc

Mot cong viée ludn co cac thude tinh cong khai duge dua ra trong danh sach sau.
Cac thudc tinh nay c6 cac gia tri mic dinh néu trong trudmg hop cdc thude tinh cua
cong viée khong dugc dit cac gia tri tuong ng va ngudi sir dung c6 thé dat gia tri
cho cac thudce tinh nay cia cong viéc.

Tén thude tinh Dinh nghia

Account Name Puoc sir dung dbi v&i céc tai khoan trén mét s may
tram. Dinh dang: String. Gia tri mac dinh: rong.

Checkpoint & DBuogc cung 'cép-b()'i sir thuc thi béi Server va hé diéu hanh
| clia cac méay tram. Thudc tinh nay x4c dinh céc thoi diém
kiém tra dinh ki ctia hé théng ddi véi mot Job cy thé nao
d6. Gi4 tri ciia thuc tinh Checkpoint dugc sir dung trong
cac:lénh nguoi dung “qalter” va “qsub”(s& dugc d& cép
saﬁ). . ' o '

Error_path Puémg dan cla file chita dAu ra chuin cta 18i khi thuc
hién hé théng. Pinh dang ciia thudc tinh nay co thé duoc
miéu ta dudi dang: “[Hostname:]pathname” va gia tri
maic dinh cua thudc tinh nay la
(Job_name).e(Job_number).

Execution Time Thoi gian chd doi dé mot Job duoc thuc thi. Thoi gian
nay cé thé duge duge tinh bang gidy. Néu thoi gian nay
chua dat duoc, Job s€ khong duoc 1ap lich dé thuc thi va
Job s& bi roi vao tinh trang dgi thuc hién. Pinh

~dang:"M:DD:HH:MM:SS”

Group_list Mot danh sach ¢6 dang group names(rhost xac dinh
nhém ma tai d6 mét Job cu thé nao dé duoc dinh vi va
thuc hién trén mdt may tram dugc dinh ra. Khi mét Job
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duoce dua vao thue hién, Server s€ lira chon tén cua nhom
. dua theo cac luét chon lya sau day:

1.Chon tén nhoém tur danh sach ma su két hop cua tén
nhom vdi  tén cua may phu hop vdi tén clla may cai dat
thanh phén thuec thi cac tién trinh.

2.Chon tén nhom ma no khong di cung tén cia may.

3.5t dung tén cia nhém la tén déng nhdp cia ngudi
dang nhap hé thdng ma duéi tén dang nhép nay chwong
trinh duoc thuc thi.

Pinh dang cua thudc tinh:group_name [@host]
[,group_name [@host]...]

Hold_types Tap hop cac dang luu giir duge ap dung cho cdc Job. Néu
S o T dang luru gitr duge dat 1a r5ng,'J ob s& khong dugc ldp lich
T TR aé thuc hién va J ob nay s& roi vao trang thai bi Iu:u git.

Job_name Tén duorc gan lién voi mbi mot Job duorc thuc hlen théng
qua 1énh gsub hoac 1énh “qalter”(s& dwoc dé cdp sau).
Pinh dang chuén cia tén Job 13 c6 d6 dai khong qua 15
ki tu , ki tur du tién phai 1a chir cai. Gia tri méc dinh cia
tén Job dura vao tén cua file kich ban.

~ Néu thuc tinh Join_Path dugc dat 13 true, ddu ra chuin
- cia két qua 16i khi thyc hién mot cong viéc nio d6 s8
" duge két hop véi ddu ra chudn cua két qua thyc hién -
" cong viée d6 va dugc dit trong file dugc xac dinh bing
| thude tinh Output Path. Thude tinh Error Path duge duy
tri nhung lic nay s& bi b qua. Pinh dang: Boolean va

gia tri mic dinh 1a False.

Keep Files Néu thudc tinh Keep Files dugc dit béng “0” hoic la
e”, két qua ra cho mdt Job nao do6 s€ dugce duy tri trén
may tram thuc hién Job dé cho dén khi Job dé bi chdm
dirt. Gia tri thudc tinh Keep_Files c6 thé ghi de 1én gia tri
cta thudc tinh Output Path va thudc tinh Error_Path.

Dinh dang cho thudc tinh:"0”,”e¢”,”0e”,"c0” va gia tri

b

High Performance Computing Center - HUT 207



Tai liéu ky thuat — Chi tiét hé théng BKluster

[ e e
méc dinh bing rong.

Mail Points Xac dinh tai trang thai thay d6i ndo cua Job, Server s&
giri thong bao vé trang thai hién thai cia Job. Gid tri clia
thudc tinh nay 1a “a” nghia 14 khi két thic hoac 1a “b”
nghia 12 bt diu va gia tri mic dinh 1a “a”,

Mail Users Tdp hop cua cac ngudt st dung s& duge gui mail khi
trang thai nhat dinh nao dé cha Job duoc dat t&i. Dinh
dang:user@host|,user@host].

Qutput_Path Tén ciia dudmg dan diy du cia file chira ¢au ra chuin cia
két qua thuc hién mot Job nao d6. DPinh dang: (
Job_name). O.(Job_number)

Priority Mire d wu tién cia Job dugc thuc hién bdi mdt nguoi s
dung nao d6. Pinh dang:[+-]priority.

Rerunable - - Puge d3t la “y “ hodc 1a “n™. Néu thude tinh duge dat la
| 3 - “y”, Job c6 thé duge chay lai.

Resource List Danh sich cdc tai nguyén dugc yéu cdu bdi mét Job.
Danh sach nay 1a mét tip hgp co dang: tén tai nguyén =
gia tri. Néu cac gia tri cla cac tai nguyén khong duge
dét, gia tri mic dinh duge xac dinh dua theo cac gia tri
mic dinh cua cac thude tinh cﬁard(")i tugng Queue hoic
dbi tuong Server.

Stagein  Danh sach céc file ddu vao ciia cc Job.
Stageout Danh sach cac file ddu ra cia cac Job.
User List Danh sach cac ngudi st dung c¢6 dang , danh sach nay

xé4c dinh tén sé€ dugc quyén chay céc Job tai cic may tinh

- két ndi & xa. Khi modt Job duge dua vao trang thai thuc
hién, Server s& lua chon tén ngudi chay Job dua vao cac
fuét chon.

Variable List Pay 12 mot danh sach cac bién méi truong duge di kém
vt Queue hodc Job.
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Ctime Thoi gian ma Job dugc tao ra trén Server. Thoi gian nay
duoc tinh theo don vi gidy.

Exec host Day la mot tap hop tén cac may ma moét Job nao do dang
chay dong thoi.
Egroup Néu mét Job nao dé dugce xép vao hang doi cho thuc

hién, thudc tinh nay dugce dit bang tén cia cta nhém ma
Job dugce chay dudi quyén cia nhom do.

Euser Néu mot Job nao d6 duge xép vao hang dgi chd thuc
hién, thudc tinh ndy duoc dat bing tén cha cia ngudi s
dung ma Job dugc chay dudi quyén cha nhom dé.

Interactive Néu thudc tinh nay dugc dat bing True, Job c¢o thé
tuong tac thong qua dong 1€nh.
Job_Owner Tén truy cép cua ngudi thyce hién Job.
Job_state = " Trang théi clia Job. Trang thii ndy c6 thé xac dinh theo
R mét trong cac gia tri sau day:
E: Da két thic. |
H Bang bi treo
Q: bang trong hang dot thue thi.
S: Dang bi dimg.
" T: Pang trong trang théi truyén tiép tir noi méy ndy t&i
- mmay khac.
R: Pang thuc hién.
W: Pang trong trang thai dgi va thot gian thuc hi ~ on
v6i cong viée ndy chura hét,
Server Tén ctia Server quan 1i Job.
Bang 7-5 Céc thue tinh cia cdng vige(job)
7.4.1.3 Tiéu chi thong ké hoat déng cla ngwoi st dung

Vé mat 1y thuyét ¢6 hai tiéu chi chinh dé c6 thé danh gia va thdng ké hoat déng
clia ngudi sit dung trong hé théng. D6 la :
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CPU-time : Tong théi thoi gian chiém giit CPU cia tt ca cac chuong trinh do

ngurdi dung dé trinh

Wall-time : Thoi gian lau nhit ma mét chuong trinh ¢6 thé ton tai trong hé théng

Tuy nhién ching ta déu thiy ring PBS chi ghi lai thoi gian chiém CPU tai nut
chira PBS server con ¢ cac nut tinh todn didu nay khong dugce ghi lai. Mt khac,
khi chay cac chuong trinh song song trén cac méi truong nhu LAM-MPI thi cac
tién trinh do LAM-MPI sinh ra lai vuot ra ngoal tam kiém soat cia PBS. Do d6
ding CPU-time dé danh gi4 va thong ké hoat dong cua ngudi sir dung hé thdng 1a
khong chinh xac va hop 1y, nguge lai vl Wall-time thi & moi nut tinh todan chuong
trinh chi ton tai trong khoang thdi gian cho phép vi thé c¢é thé ding dai luong :
wall-time * s& nut thuc thi dé danh gia hoat d6éng cua ngudi s dung.

7.5 Xay dwng dich vu quan trj hé thong (server).

7.5.1 Co ché sinh tién trinh con phuc vu

Server
T Tidn Trinh ngdem

Bang 7-6 Co ché sinh tién server cia server

Theo kién triic hé théng da xac dinh, server cua bd cong cu quan tri sé dugc xay
dyng 1a mot tién trinh ngAm(deamon) chay tai may cai dit server tinh toan (PBS
server), vi vy phuong phap tt nhat dé c6 thé xay dung server la huéng céu tric
tire 1a server quan tri sé dugc viét bang ngon ngtr C trén nén hé didu hanh Linux.
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Mdi khi cé két ndi tir phia client thi tién trinh ngam(server) sé sinh ra mot tién
trirh con phuc vu twong Ung va tién trinh con nay sé& thuc hién dap ung cac yéu
cdu tir phia client. TGi lic nay client s& chi giao tiép vdi tién trinh con phuc vu
nay, khi két ndi bi déng thi tién trinh con ciing s& tir giai phong.

7.5.2 Hoat déng caa cac tién trinh con phuc vy phia trinh cha

E( Bezin )
- ‘ v

y

/ - Faee haf7 ookl PES wrpves,
P Faor ket v won osdd pen donc:,
(1 \ - T ket po v sl b cie thong bn vé b theng /

b e dbicky gimm ag o /

- Towr pa ving adens i ahgn ek,

\
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@ M hien Eendy ¢t phiu client

Yeéu cdn dong ket non ?

Thch dir tidw, phao loai Rah @

Lenh rwcng e wi PBS Y

{xing

2nh tho wie v csedl ngran in,

— : iing:l @
@ “ Fany

Thin: e cie e i Kic diza vsin v -Thue heén cic tan tac
lénh i vt
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- Ping 26i ke qud, 180 dang sl i
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Bang 7-7 Luu dd hoat ddng ciia cdc tién trinh con phuc vy phia trinh chi
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Céc tién trinh con sé truc tiép phuc vu cac ydu cau tir phia client duéi ddy 13 lvu

d6 hoat ddng cia cac tién trinh con phuc vu.

Luu do trén cho théy chi tiét qua trinh tiép nhan va xu ly cac 1énh cua mdt tién
trinh con phuc vu

Khi c6 két ndi td1 server, va ti€én trinh con phuc vu dugce tao ra ngay tiép sau do
tién trinh con sé tao ra cac két ndi can thiét : két n6i vai PBS server, két ndi vai co
sd dir liéu ngudi dung, va tao ra ving dém d€ nhén 1énh tir phia client.

Mot vong 13p v han dugc tao ra dé tién trinh con phuc vy lién tuc 1€ing nghe céng
* va dap (mg cac yéu ciu tir phia client. Vong 13p nay sé chi két thic khi c6 yéu cAu
dong két ni tir phia client.
Tién trinh con phuc vu ling nghe va nhén cac yéu cdu tir phia client.
e Kiém tra yéu ciu d6 co phai 1a yéu cAu dong két ndi hay khong, néu ding 1a
yéu cdu déng két ndi thi chuyén téi 10.
e Néu yéu cdu khéng phai 14 yéu cdu déng két ndi thi thuc hién phan loai
1énh va tach cac dit 1iéu di kém theo.
¢ Néu Iénh 12 1énh tuong tac voi PBS thi cac cdu tric dir liéu tuong tng véi
thao tac sé& dugc thiét lap va chuyén cho PBS thuc thi, tién trinh con sé& chd
cho viée thuc hién két thuc dé le‘iy két qua tra vé hodc mai 13i roi chuyén dén
9.
» Néu lénh 12 1énh thao tac trén co sO dir lidu nguol dung thi cac truy van sé&
duge thiét 1ap va thuc hién dua trén cac thoéng tin cung cip béi lénh
e Néu lénh khong phai 12 hai loai trén thi thy thudc vao ma 1énh s& co xu ly
twrong ung. Pay 12 phin tiy chon dé c6 thé mé rong tip 1énh sau nay.
Cac két qua va 15i tra vé cia céc thao tac duge déng gdi dang xml va g tdi client
Néu nhdn dugc 1énh yéu ciu déng két ndi thi tién trinh con phuc vu sé& déng céc
két ndi d3 md va duge giai phong
Luu do trén khong thé hién dugc mét cach chi tiét hoat dong clia tién trinh con

phuc vy, tuy nhién dam bao duogc nhitng cu tric co ban trong tién trinh con phuc
VUL
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7.5.3 Cac thu vién dung trong server

7.5.3.1 Thw vién libpbs.a

Pay la thu vién cho phép ding cic ham API{Application Programing Interface) dé
thuc hién céc thao tac var hé quan ly tai nguyén va phéan tai PB. Thu vién nay co
rat nhidu ham API, tuy nhién trong bd céng cu quan trj hé thong chi sir dung cac
ham API sau :

Tén ham Chirc nang

Pbs_connect Tao mot két ndi (socket) toi PBS_Server
Pbs_disconnect Ngit két ndi téi PBS_Server
Pbs_geterrmsg Liy vé thong bao 16i

Pbs_manager Thuc hién chirc ndng quan ly
Pbs_statjob Trang thai cua j.ob

Pbs_statque - Trang thai cia queue

Pbs_statnodé . | Ly vé fréng thai ctia node
Pbs_statserver Trang thai cua server

Pbs_teminate - Du*n g mot “batc.h_server

Bang 7-8 Cac ham sir dung trong libpbs.a .

7.5.3.2 Thw vién libxmi2.a

Libxml2 14 thu vién dugc phat trién dé sir dung trong du an Gnome, tuy nhién
dugc sir dung rong rdi nhu mét thu vién trg gitp trong viée xur 1y cac chudi véi
dinh dang XML, libxml2 |4 thu vién rdt 6n dinh va kha chuyén cé thé su dung
trong ca moi truong hé diéu hanh Linux, va hé diéu hanh Windows. Libxml2 cung
cip ca cac phuong thirc xir Iy huéng su kién- SAX(Simple API for XML)
Interface, va cac phwong thirc xir Iy hudng ddi tugng- DOM (Document Object
Model) Interface, day la cong cy rat manh dé xir ly xml trong cic ung dung hién
nay.
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Hinh 7-8 Ciu triic cdy khi xir Iy xml theo phuong thire DOM bing libxml2
7.6 Xay dwng giao dién quan tri hé théng(client)

Client dugc xay dung véi muc dich tao giao dién voi ngudi quan tri va c6 thé chay
ca trén moi truong Linux va moi truong Windows, sau khi xem xét va danh gia
cac giai phap c6 thé 4p dung thi viéc xay dung giao dién quan tri hé théng theo
phuong phap huéng déi tuong va sir dung thu vién Qt cta Trolltech 1a phi hop
hon ca.

Dudn day 1a cac use case chinh cia client.
7.6.1 Cac Use case chinh
7.6.1.1 Quan ly PBS server

Get PBS Sener Information
<<extend>>
. /"
. Lem T L <<extends® e
I e .

P8BS Serer Managementh_ Start/Stop PBS Sener

Administrator

<<extend>>

Configure PBS Server Attributes

Hinh 7-9 Use case quin 1Y PBS server

L __________ " "]
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Muc dich: Ngudi quan trj cdu hinh va quan Iy hoat déng cia PBS Server.
Tac nhin: Nguoi quan tri, server(tac nhan phu).
Piéu kién vao:
e Ngudi quan tri ding nhap vao hé thong
o (o thé tao két ndi vai server.

Piéu kién ra: Cac thay ddi dugc cip nhat trude khi két thic, hodc néu co 18i thi
can théng bao cho ngudi quan tri.

Cac truomg hep két thic ciia Use Case
e K&t thuc binh thudmg moi thay ddi duoc cap nhat va hién thi.
e (6131 vé mit thao tac clia ngudi st dung
o (6 15i khi thuc thi cac 1énh & hé thdng PBS, server tra vé 19i.

Ciac Use case phu:
e Lay thong tin vé PBS server(Get PBS Server Information)

e Dirng/kich hoat PBS server( Start/Stop PBS Server)
e Cap nhat cac thudce tinh cua PBS (Configure PBS Server Attributes)
e Kich ban ddi thoai cia use case phu (Start/Stop PBS Server)

Stop PBS Server B '

Ngudt quan tri kich vao nut “‘Sfop Server”

Hé théng hoi ngudi quan tri mudn dimg theo cach
nao:

Dung tirc thi(Stop Immediately)
Dimng cho phép kiém tra(Stop with checkpoint)
Huy b6 thao tac(Cancel)

Nguoi quan tri lua chon dung tuc tho, chu;érn
1énh tGi server va dgi cho tdi khi ¢o thong bao g
vé tir phia server, hién thi théng bao cho ngudi
quan tri
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{ | Ngudi quan tri chon dimg véi checkpoint vén
cho phép ngudi quan tri thao tac va chi hién thi
thdng bao khi ¢ trd 1o tr phia server.

Ngudi quan tri chon hdy bo thao tic(Cancel) hé
théng khdng cé phan hoi cho thao tac nay

Start PBS Server

Hé thong dua ra thong bao, dé nghi ngudi quan tri
ch¢ cho to1 khi PBS Server khai dong xong

Khi ¢6 thong bao tir phia server 1a PBS Server da
khoi déng xong thi tit thong bao va hién thi
théng tin vé PBS Server

Bang 7-9 Kich ban ddi thoai ciia use case Start/Stop PBS Server

7.6.1.2 Quan ly nut va hang doi cdng viéc

Quan ly nut va hang doi cong viéc v€ co ban cac thao tac la gidong nhau chi khac
nhau & loai thudce tinh va sd lugng thude tinh cua nut va hang dgi, dudi day 1a use
case quan ly nut tinh todn

Muc dich: CAu hinh niit v hang doi c¢ong viéc
Tac nhan: Nguoi quan tri, server(tac nhin phu).

Piéu kién vao: Ngudi ding phai ding nhdp vao hé théng va co quyén quén tri hé
thong

Piéu kién ra: Cac thao tic quan ly nut phai dugc cép nhat va théng tin vé trang
thai cac nut phai dugc trinh bay.

Cic truomg hop két thic
e Két thic binh thudmg: céc lénh duge thuc thi va trang thai mdi cia cac nut
tinh toan dugce cdp nhat,
» Ngudi dung chua nhap dir liéu: trude khi thue thi [énh ngudi dung chua
nhdp dir iéu
e Nhip dir li€u sai: Dit lidu nhép sai, PBS khong thuc hién 1€nh va tra veé
16i(tén niit khéng ¢é trong hé théng, thudc tinh co6 gia tri sai...)
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Cac Use case phu
e Lay thong tin vé mit tinh toan(Get Node Information).
o Thém nat tinh toan vao hé théng(Add Node).
e Xoéa nit tinh todn ra khoi hé thdng tinh toan bé{Delete Node).

e Ciu hinh céac thude tinh cta nut tinh toan(Change Node Attributes)

_ <<include>> -
AddNode - e
<<gxtend>> " Get Nodes Information Classify Node
9 o " <<exiend>>
AN e <<extend>> y
Administrator Nodes Management . Delete Node
<<gxtend>> h S
Change Node Aftribites

Bang 7-10 Use Case quan Iy node tinh toin

Kich ban ddi thoai ciia use case: Add Node

Kich ban thong 1€

Ngudi quan tr1 kich chudt vao nit Add Node

Hé théng tao moOt mot nut méi voi tén la:
L New Node trén cay phéan loai cac nut tinh toan.

Ngudi dung sira lai tén nut va gé Enter.

Hé thong tao ra 1énh thém mdt nut mdi var cdc

thude tinh méc dinh va gun té server.

High Performance Computing Center - HUT 217



Tai liéu k§ thuat — Chi tiét hé théng BKluster
w

Thém mot nit méi thanh cong hé thdng thé hién
thong bao 1a 1€énh da duoc thuc thi

Kich ban m& rong

Truong hop 1: Ngudi st dung nhép tén nit tinh toan c6 dau “ *.

Hé thong théng bao cho ngudi st dung: Tén nut
khong thé chira ky tu © .

Trudmg hop 2: Neuai sir dung nhép tén mit tinh toan khdng ton tai
trong hé thng.

Server giri vé mdt thong bao 1a nat ¢ tén nhu vay
khéng t6n tai trong hé thong.

Thé hién théng bao dudi dang théng bao 16i.

Bang 7-11 Kich ban déi thoai ciia use case: Add Node

7.6.1.3 Quan ly ngudi dung

e <Rinclude>>  —

W o [

Get User Information Classify Users
% -
<<extend>> / ST
/ <<extend>> =
- / e T - - =
. g N Add User

"« \
<<extend>>" e L
. —

R Delete User

Change User information

Hinh 7-10 Use Case quan Iy ngudi ding

Quan 1y ngudi dimg ciing bao gdm cac thao tac nhu 1a quan 1y nut tinh toan.
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7.6.1.4 Thdng ké hoat déng cua ngudi str dung

Nhu da néi & trén, bé cdng cu quan tri hé théng s& dua trén tdng 6 Wall-time cta
cac cong viéc(job) ddi véi timg nguoi sir dung dé danh gia hoat dong cia ngudi sir
dung dy. M6 ta use case thong ké hoat dong clia nguoi st dung nhu sau:

Muc dich: théng ké hoat dong cua ngudi st dung theo ngay, va thang
Tac nhian: Ngudi quan tr, server(tac nhan phu).
Piéu kién vao:

e Ngudi sir dung can duoc xac nhin la ¢6 quyén quan tri.

e Tao dugc két ndi véi server.

Diéu kién ra: khong co

_7-;7 -
<<extend>/>”/ In Day

. /’
T

~ S . <<extend>>

s ., o - -

N — .

Admln'strator System StatiStiCS ; = T T T

In Month

Hinh 7-11 Use case thong ké hoat djng hé théng
Cic Use case phu:

e Théng ké hoat dong theo ngay.(In Day)
¢ Thong ké hoat ddng theo thang.(In Month)
e Kich ban hoat déng ciia Use case thong ké theo ngay.
Kich ban théng 1&
Nguoi quan tri chon ngay, thang, ndm va yéu cau tao
théng ké
l— ~ EY IR - 1A Ty A .
_ He¢ thong gl yéu clu tdi server va lay lai két qua.
J J

High Performance Computing Center - HUT 219



Tai liéu ky thuat — Chi tiét hé thong BKluster
T T e |

Két qua dugce thé hién dudi dang do thi.

Kich ban mo rong

Khéng co hoat dong trong ngay dugc chon.

Hé théng thé hién théng bao cho ngudi quan tri.

Bang 7-12 Kich ban hoat déng ciia use case théng ké theo ngay.

Vé mat thiét ké ciing nhur xdy dung hét théng thi nhitng gi da trinh bay 1a chua du,
tuy nhién nhimg diém chinh vin dugc dam bao, théng tin diy du vé viéc phan tich
va thiét ké va xdy dung s& duoc trinh bay & tai lidu k¥ thuat, & diy chi xin trinh
bay thém vé giao thic truyén thong st dung XML trong viée déng goi va bée tach
dit 1iéu giira server va client.

7.6.2 Truyén nhan dir liéu dwa trén XML

XML(Extensible Markup Language) 12 mét tdp con cua SGML(Standard
Generalized Markup Language) dugc W3C dinh nghia va phat trién, hién nay
XML dang rt duoc quan tdm nhu mét trong nhitng phwong phép lvu trit dit lidu
hiéu qua dé quan ly, va duge st dung rong rai 1am giao thirc truyén nhan dir liéu.
Tuy viéc truyén nhén dir liéu tuy khong phai 13 qua nhiéu nhung viéc st dung
XML dé truyén nhén dir liéu da mang lai mot sy thudn tién rit 16n.

7.6.2.1 Binh dang lénh

[.énh dugc dong trong cdp thé <cmd> va </cmd> v&i cac thudc tinh kém theo nhur:

* Mai lénh(code): mi lénh dung dé qui dinh cach xit Iy & client khi nhan phan
héi tir phia server.

e D6i tuong tic dong(objType): ddi tuong tac déng 13 hang dgi cong
viéc{queues), nit tinh todn(node), hay PBS server.

e Tén dbi trong(objName): dinh danh ctia dbi trong tac dong.

e Loai lénh(type): thudc tinh nay dé& xac dinh cach tac dong lén dbi tuong
twong Ung voi cac yéu cau quan Iy ctia PBS: xoda dbi tuong, tao dbi tugng,
hay thay déi déi tuong. ...

Mot 1énh gui toi server khong nhat thiét phai ¢6 tit ca cac thudc tinh trén nhung
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nhat thiét phai co ma lénh dé xac dinh cach thirc x&r ly khi nhdn phan héi tir server.

Thang tin vé déi twvong tac dong duge dong goi trong phan than cia Iénh voi céc
cép thé mang tén cac thong tin do. Sau day 1a mét vi du vé dinh dang 1énh

<cmd code="6" type="2" objT="C" obijN="may22.parallel">

<attr mname="rescurces available" resource="mem" value="500Mb"

/>

</cmd>

Lénh nay s& dugc phila server nhu sau:

Ma lénh: 6

Loai lénh:2- Thay dbéi thudc tinh &bi tuong(PBS:Set).
pbéi tuong téc ddng: 0- PBS server

Tén d4i tugng: may22.parallel

Théng tin vé thuée tinh sé& duoc thay ddi:

Tén thudc tinh: resources available

Loai: mem- dung lugng nhd

Gid tri thudc tinh: 500Mb

Bang 7-13 Dinh dang Xml ciia lénh giri téi server

7.6.2.2 Bjnh dang phan héi sau khi thuwc thi céc Iénh

Sau khi thyc thi 1énh g té1 cua client, server s&€ giri tra 101 téi client chira ma 1énh
vira méi thyc thi, diéu nay gitp client cé thé hoat dong khéng déng bd vai server
ma s& dya vao ma 1énh tra vé dé xur ly.

<cmdResponses

<header>
<codes>2</codex>"

<resType>0</resType>

High Performance Computing Center - HUT 221



Tai liéu ky thuat — Chi tiét he théng BKluster

[ 0 P

e Phan header chira hai théng tin: </header>
e Mji lénh vira thuc thi - <body>
e Loai phan hdi: 0- binh thudng, </body>

1- tra vé 16i. </cmdResponse >

e Phén body chura cac thong tin twong ing véi cac 1énh vira thue thi . Vi du:

<cmdResponses»
<header>
<ccde>8</code>
<resType>0</resTypes>

<cmdName>getNodesInfo«/cmdName>

</header>
<body:>
<deque:>
<queue_type>Execution</queue_type>
<Priority>80</Priority>
<total_jobs>C0</total jobs»>

<state count>Transit:0 Queued:0 Held: o0
Waiting:0 Running:0 Exiting:0 </state counts>

<acl_group_enable>True<kac1_group_enable>
</deque>
<exequex>
<queue_types>Execution</queue_types
<Priority>30</Prioritys
<total jobs>0</total_ jobs>

<state_count>Transit:O Queued: 0 Held: 0
Waiting:0 Running:0 Exiting:0 </state counts

<route_fetryﬂtime>2</routeﬂretry_time>

</exeques

<run_gues
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<total jobss0</total jobs»>

_ <state count>Transit:0 Queued: 0 Held: 0
Waiting:0 Running:0 Exiting:0 </state count>

<acl_group_ enablesTrue</acl grcup enables
</run_gue>
<newque>

<queue_type>Route</queue_types

<total jobes»0</total iobss

<state count>Transit:0 Queued: 0 Held: 0
Waiting:0 Running:0 Exiting:0 </state counts

</newque>
<test>
<total_jobs>0</total_jobs>

<state_count>Transit:0 Queued:0 Held:0
Waiting:0 Running:0 Exiting:0 </state_count>

</test>
</body>

</cmdResponse >

Bang 7-14 Sir dyng Xml déng goi phan hdi 1énh 1iy théng tin hing dgi cong vige

resType=0 : khéng cé 13i . resType=1 : C& 16i xdy ra
<cmdResponse:> <cmdResponse>

<header> <header>

<codes>34</code> <codes>34</codes

<resType>0</resType> <resTypes>l</resTypes>

</header> «/header>

<body> . <body> '

<text>Added User: <text>Can't Add User,User

hpceoe«/texts existed<text>

</bedy> </body»</cmdRegponse >
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</cmdResponse>

Bing 7-15 Sir dung Xml dong géi phan héi 1énh thao tic thém nguoi dung

Viéc x4y dung cac dinh dang xml dé truyén nhén dir liéu trong b céng cu quan trj
tuy moi chi tan dung dugc nhitng uu thé co ban cia xml trong viéc déng gbi va
boc tach dir liéu nhung da mang lai nhitg 1¢i ich sau:

o D& xirly dir lidu.
e D& mé rong tap 1énh va phan hdi.

» Giap ngudi phat trién c6 thé tach biét qué trinh phat trién server va client
7.7 Két Qua Pat Puoc Va Hwéng Phat Trién

Chuong cudi cing nay s& trinh bay vé nhitng két qua dat duge khi tién hanh xay
dung bd coéng cu quan tri hé thdng, duara nhitng han ché, nhing van dé chua gia1
quyét duge, va hudng phat trién trong tuong lai.

7.7.1 Cac két qua dat dwoc

Sau qua trinh phéan tich, thiét ké va xdy dung, c6 hai module da dugc thuc hién
hoan tit 13 module dich vu quan tri hé théng viét bing ngén ngit C va module giao

dién quan tri hé thdng viét bing Qt (c6 thé chay trén moi trudng Linux va
Windows):

High Performance Computing Center - HUT 224



o~

Tai ligu ky thuat — Chi tiét hé thdng BKluster

Giao di¢n cau hinh va quan ly nut tinh todn, hang dpi cong viée

—

LN

d

'Quan Td Server |

£ -exeque

--Other Queues
TR run_que
T TNBE S test

- Routing Queues

3 |total_jobs ]
4 |state_count Transit: 0 Queued: 0 Held:0 Waiting:0 Runring: 0 Exiting:0
S lacl_group_enable True

R I —
i ] I B :
Choose Object: | Node&Queue management vl Update Time | 30 seconds ~ !
L e e e e ] I sl
Queus Management
| Property value IExplamcmon !
[ ] i . i
i E_.(ecutinn Queues 1 :queue_type Execution
e G deque 2 |Priority 80

eed BT newgue ]
Change Queue Propenties

v ‘,L\Iaiue:

Name: | -]

Hinh 7-12 Giao dién quén 1§ node vi hang doi cong viée
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i Unset vl | OK
f 1 : .
Delete Queue | \L Create Queue
Naode Management
Nodes Status  ~ E | JPropeny IVaIue 1Exp{ainaﬁon i P‘ Update Node Proparties
- --Free Nodes g state free I Name:
i o) i . i -
localhost e 3 e i 4 |
{3 propenties red,blue L |
---Down Nodes ! ntype ciuster 1 value
7 Unknown o {loadave 11l g
B .. o ]15__phvsmem 262080kd 5 [
i ' | T o]
H : - 4
NIRRT W
Add Node ] | Delete Node [ Memory Usage: SHITWERmem
L
Updating ...

Ln
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Giao dién qudn tri server tinh todn

File Edit Help

Quan Tri Server |

: T .
Choose Object: | SeIver management fvi Update Time | 30 5€Conds v || * -
: | .t
Attributes Table Stop Server Start Server
Froperty Vaiue Explaination ;
server_state Idle Thuoe tinh chi doc
scheduling False
totai_jobs 4 0 Thuoc tnh chidoc
state_court Transit.0 Queued:0 Held:0 Waiting:0 Running; 0 Exiting:0 - Thuoc tinh chi doc
log_events ‘ 500
mail_from adm

resources_available.arch 1386

resources _avaianie.mem 400mb

fesources_available.ncpus 100
resources_costarch 7 0
scheduer letion | o
comment datnuxong Quan T Sever

fefaitnode  focabost

pis_version OpenPBS_24

g Rvwll |l el BT

Update Properties

-+

Name: i a¢l_host_enable v

Vaiue | Unset v OK

Updating .... ' $ ¢

Hinh 7-13 Giao dién quin IV server tinh toin
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Giao dién quan Iy nguwoi dung

File Edit Help

|
Quan Tn Server E

: | i}
. ChooseObject: | User management v UpdateTime | 30 seconds v

b

User Information !

' ’:’ Userin Sysierrl
i i Adminstratiors User name: chungrh
" Guest S - _
Password: _ Chungnh
i~ g@thaodtp
. Members Role: Guest v
E---@phuckv
Email: chung@gmail.com
Address: Long Bien - Hanol

Mobile phone 0902332883

Home phone | 046500277

Company phone 2048682355

Credit car; | vnl2331323 Accept Change

4 Delete User '30 Add User
& [E:

Updated information Of User: chungnh o &

Hinh 7-14 Giao dién guan Iy nguoi dung

Vé mat chire nang bo cdng cu quan tri hé théng dam bao dugce cac chuc ndng co
ban nhu da trinh bay trong phan “Phan tich céc yéu ciu quan tri”. PHAN TICH
CAC YEU CAU QUAN TRI

1
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7.7.2 Nhirng han ché va hwdong phat trién tiép theo
B cong cu quan tri hé thong van chua‘;dép tng dwoc cac yéu cau nhu:

e Sit dung cac chuc ndng cua bd ldp lich (Maui) (da cai dét trong hé théng
cluster tai trung tam tinh toan hiéu nang cao HPCC- PHBKHN) d cung
cip cho ngudi quan tri kha nang thdng k& va gidm sat hoat dong cua hé
théng.

e Cung cip mot giao dién c6 kha nang giai thich ¥ nghia thudc tinh cua céac
d6i tuong quan tri.

¢ Cung cip mét bo trg gitp(help).

e Tir nhitng han ché néi trén, chung ta ¢6 thé chi ra hudéng phat trién trong
thot gian téi nhu sau:

e Xay dung mdt module cung cap kha nang théng ké va giam sat hoat dong
cla ngudi dung, server tinh toan, hang dgi cdng viée.

e Cai tién giao dién dé co thé trg gitp ngudi quan tri v€ y nghia cac thude
tinh cia cac do6i tuong.

o Xay dung mét bd trg giup (help).
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CHUWONG 8 Module Giam Sat Hoat Pong Hé Théng

Trong mot hé théng phan cum, cac tai nguyén la cac chuong trinh, cac b nho va
cac trang bi. Viéc quan ly tot tat ca cac loai tai nguyén dugc coi nhu mét nhan t6
chu yéu deé bao dam sy vén hanh t6t cua h¢ thong.

Su quan 1y hé thong c6 thé chia thanh 2 phén chinh nhu sau:

e Giam sat cac tién trinh ciia hé théng: Tét ca ca tién trinh cia mdi nit
trong hé thong phan cum co thé duge theo ddi. Khai niém "tién trinh" 1a
nén tang cia tt ca cac hé diéu hanh da nhiém nhu UNIX, WinNT, Linux. ..
V@i Unix/Linux, tit ca cac job dang thuc hién duoc thé hién béi tién trinh.
Mot tién trinh 12 mot thic thé bao gbm déng thoi dir liéu va code. C6 thé
coi mot tién trinh nhu mdt don vi co ban ma nd lién quan cac hoat dong
trén hé théng. D& tranh céac 181 va su ting phim chit cta dich vu tinh toan,
tat ca cac hé thdng phan cum phai c6 mot cdng cu giam sat viéc thuc hién
chwrong trinh song song, dac biét 1a cac tién trinh ctia chuong trinh do.

e Quan Iy tai nguyén c@ia hé théng phan cum : Ngoai cic tién trinh trong
cum, cc tai nguyén 1a cin thiét dé quan 1y. Céc tai nguyén & day c6 thé 1a
tinh hay déng, phan cimg hay phin mém. Hé thdng phan cum 1 mét mang
local cic méy tinh, co ché quan ly chung cac tai nguyén cia né la khac
nhau v&i co ché quan ly binh thutmg & mét nit.

D3 tdn tai nhiéu cong cu quan 1y tai nguyén cho cum nhu C3, M3C, SCMS (Smile
Cluster Management System), KCAP, Ganglia... nhung cdc céng cu m& nay co
cac phan mém thuong mai, lai khé sir dung. Giao dién ngudi sir dung clia da s
cac cong cu nay chi la man hinh dong 1énh (console) hay giao dién web. néd yéu
cdu nhiéu hiéu biét va sy tinh thong ctia ngudi sir dung. Vi thé mot cong cu méi
vé quan ly tai nguyén phai trang bj giao dién d hoa va ndi tri trong hé thong
BKluster duge quyét dinh phat trién. No 1& muc tiéu cia cic coéng viée trong
khuén khd cia du an BKluster.

Cong cu quan ly nay dugc phat trién dua trén Ganglia va RRDTool, st dung ngén
ngif 1&p trinh Qt trén Linux.

* Ganglia la mdt cong cu quan 1y tai nguyén nhung no chua cd mot giao dién
dd hoa. Ganglia ¢6 2 tién trinh ngam chinh: gmond tai mdi nat tinh toan va
gmetad o nat Master.
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e RRDTool la mot phin mém dé quan 1y co s& dir liéu. N6 khéng chi cho
phép luu trr, quan ly co so dir li€u ma con co6 kha nang tao cac anh tu cac
gia tr1 trong cac file co s¢ dir lidu.

e QT la mdt ngdn ngir 14p trinh ndi tiéng trong méi truomg KDE/GNOME
ctia Linux. Qt 1a mét nén croix-plateforme, mot «framework», mot nguoi
xay dung giao dién d6 hoa (GUI Builder - Graphic User Interface Builder)
cla su phat trién cac Ung dung C++ cho vigc lam don gian trong ¢dng viéc
xay dung mdt giao dién db hoa cac img dung.

8.1 Quan ly tai nguyén trong hé thong phan cum

Phén thtr nhat cia chuong nay trinh bay chi tiét cong cu quan ly tai nguyén chi cia
mot may tinh. Cac van dé dat ra lién quan dén cac tai nguyén ciia hé thong phan
cum s& duge nghién ciru & hiéu biét hon cac khac nhau gitta céng cu quéan 1y binh
thuomg va cia hé théng phan cum. Phan con lai ciia chuong nay quan tam dén cac
ham chinh ctia cong cu quan 1y hé thng nay.

8.1.1 Quan ly tai nguyén ciua mot may tinh.
8.1.1.1 Céac tai nquyén cua mét may tinh

Cac tai nguyén clia mt may tinh ¢6 thé coi 1a tit ¢a moi thir trang bi trén may. Tai
nguyén clia may tinh c6 thé duoc phan thanh nhitng loai sau:

e Tai nguyén phin cimg/ phin mém.
e Tai nguyén tinh/ déng
e Tai nguyén phan cimg/phin mém

Theo dinh nghia, "cac tai nguyén phin ctrng” chi dinh cac trang bj may méc. Cac
phin cimg duge quan ly va theo d3i boi hé didu hanh, boi cac trinh driver. Cac tai
nguyén phan cimg duoc chia ra 3 loai:

s Tainguyén bd nh¢ .
* Tai nguyén processor.
¢ Tai nguyén dia.

Trong khi "tat nguyén phan mém” twong Urng vdi hé diéu hanh va ching dugc cai
dat trén cac nat cua cum, chiing ciing duoc hicu la cac thu vién, cac chuan va cac
giao thac, v.v...

b ]
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Tai nguyén tinh/dong

N6i chung, "tai nguyén :inh" khéng thay ddi gia tri trong mot quang thoi gian dai
nhu: toc dd cla processor, tdng bd nho, tong so dia, tdc do truy nhép trong bd nhd,
tén may...

"Tai nguyén dong"” thay ddi voi thoi gian, vi du bo nhd bi chiém déng, bd nhé
ranh roi, phan tram sir dung processor, s6 luong byte giti , .

8.1.1.2 Mét vai cong cu quan ly tai nguyén trong 1 may

Céc hé diéu hanh luén ludn cung cdp mdt cdng cu quan 1y tai nguyén. Céng cu
quéan 1y tai nguyen ciia 2 hé diéu hanb Windows va Linux vdi mét giao dién dé
hoa dé dang va thuén tién dé st dung.

Linux : System Monitor

File Edit View Help

Process Listingl

% CPU Usage History

M | Memory Used :

164 MB Total - 250 MB

A Swap Used: Obytes Total: 0 bytes

Devices

{;ame 1D|rectory IiJsed Space LTotaI Space
192.168.50.72:/mnt/sda2_publicspublic fmntfhue_public 41.3 GB 45.8GB
192.168.50.72:/mnt/sda5_datasdata /mntthye data  18.0GB 28.0GB
102 TRR.50.87 /home fhome Q3.1 GR G].2 GR

Hinh 8-1: Hé théng Moniter ciia Linux RedHat 9

Windows: Windows Task Manager
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8.1.2 Tai nguyén cua cum

Mot cum tinh toan gdm cé mdt lugng 16n cac tai nguyén. D6 1a tit ca cac tai
nguyén tai cac nit tinh toan va mang két ndi, chiung hop thanh tai nguyén cla
cum. Cac tai nguyén nay bao dam kha nang cta cum: thuc hién tinh toan va kha
nang luu trit. Cac tai nguyén ctia mdt nit da ndi chi tiét trong phdn trude, phan nay
chi tAp trung vé dic diém cac tai nguyén clia cum.
Pic diém céc tai nguyén clia cum:

o Chc tai nguyén rat 16m va khac biét.

e Céc tai nguyén (vat Iy va phan mém) dirgc phan b trén cac mit khac nhau

cuita cum.
e Céc tai nguyén clia mot nut chi ¢é thé dugce sir dung néu nd chua duge sir
dung trong médt cOng viéc nao

Mdt nit ¢ thé khéng tranh khoi cac 18i. Nhung 15i ctia mot nit phai khong anh
hudng dén cic nit khac. Nghia 14 trong trudmg hop mot hay vai nut phai khéi
d6ng lai chang han, cum vén hoat dong tét.
8.1.3 Su hoat dong cia mét cong cu quan ly tai nguyén cum
Phén nay téng két cac chirc ning chinh va céc nguyén tic chung ctia quan 1y tai
nguyén cia hé théng phan cum. Van d& dat ra ciia quan 1y tai nguyén cia cum la
khéng don gidn va dé dang. Mot céng cu quan 1y tai nguyén cia hé théng phan
cum c6 thé quan ¥ cum nhu mét thyc thé duy nhit, nghia 14 né phai c6 cic kha
nang sau :

» Quan Iy tai nguyén ctia mdi mit trong hé théng phéan cum.

¢ Quan ly mang két ndi

e Panh gi4 hiéu nang ciia hé théng.

8.1.3.1 Quan ly céc tai nguyén cta méi nut ctia hé théng phan cum.

Hiéu qua thuc hién chuong trinh song song tuy thudc nhiéu yéu td: cic nhan td
khach quan va chi quan. Cac nhan té chi quan 1a céc thudt todn ma ngudi ta chon
va st dyng, cach chay chuong trinh .. Cach ¢ day la chon cac nut dé str dung - la
su quyét dinh ciia ngudi st dung. Néu céc nit tr do (vi du: phén tram str dung cla
nut < 25%) dugce chon, thot gian thuc hién s&€ nhanh hon trudmg hop cac nt da bi
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qua tai (vi du: str dung > 100%) dugc chon. Phan khac, chuong trinh song song
dang thuc hién c6 thé tra lai vai van dé 16i. D6 1a cac thong tin ¢6 ich vé trang thai

hién tai cua chuong trinh dang chay.
Cong cu xdy dung ¢6 kha nang quan 1y cu hinh mdi nit tinh todn: c4u hinh phin
ctng va phan mém. Céng viéc quan trong nhit clia cong cu nay 1a quan ly cac
thdng tin lién quan dén tai nguyén cua mdi nut tinh toan. Céc théng tin tai nguyén
nay cta phin cing hay phin mém c6 thé 13 tinh hay dong, nhu da néi trong phin
trude. Vi voi cac thong tin chi tiét lien quan mdi nit, ngudi sit dung ¢ thé tuéng
tugng cai nhin téng quat ciia cum mdi khi cdp nhat hé théng. Cac théng tin glam
satla :

e Sb luong téng nut, sb lugng cac nut hoat dong, khong hoat ddng.

o Trang thai hoat dong hay khong clia mdi nut.

e Tai nguyén bd nhd cua mdt nut va cua cum.

e Tai nguyén processor cia mdt nut va clia cum.

¢ Tai nguyén dia cia mét nut va cla cum.

e Yéucauhé théng cua mdt mit va cia cum.

Thém vao do, sir quan 1y tai nguyén cta cum c6 thé thuc hién tir xa. Nhu moi
ngudi da biét, hé diéu hanh cung cip kha ning truy cdip tir xa cac tai nguyén cia
mot may tinh. Linux va Windows dura ra mot tity chon da dang. Hau hét cac phién
ban Linux cung cép SSH, telnet va ftp. Su tich hop bao mat cia Web ciia Linux cé
thé 13 hoan thién, véi su gitip d& vi du ctia server Web Apache. Nhung cac co ché
nay khong don gian, dé dang dé st dung, véi mdt cum nhiéu nit. Vi du, su quan 1y
tal nguyén ciia mdt cum co6 1000 tram 12 mot cdng viéc ndng nhoc.

8.1.3.2 Quan ly mang két néi

Mang két ndi 1a mot phan cén thiét ctia cum. N6 chic chin 1a mot mang tdc do
cao. Sy quéan ly trang thai cia mang ciing 13 cng viéc quan trong dé dam bao cac
hoat dong ctia hé théng. Trang thai mang bao gdm nhiéu tham sé, nhu téc do, lIru
lwong, thoi gian phan g .. O day, cdng cu quan 1y tai nguyén gin bo quan trong
v&i gidm st luu lrgng mang, sé lugng byte gt va nhén.

Theo cac thong tin nay trén trang thai clia mang cung cap boi ¢cong cu quan 1y tai
nguyén, cac két ndi trong hé thong c6 thé duge giam sat. N6 ¢ ich lam giam bot
su nguy hiém va sira chita cac 161, diic biét trong thdi gian chay chuong trinh, vi
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chuong trinh song song can rat nhiéu su truyén thong.
8.1.3.3 Panh gia hiéu nang cta hé théng phan cum

Linh vuc nay da dwoc nghién ciru ti mi trén thé gioi. C6 rit nhiéu cong cu dé do
hiéu niang ctua hé théng, vi du NPB (NAS Parallel Benchmark). Kha nang cua hé
théng phan cum c6 thé duoc danh gia khach quan.

Péi tuong do ludng hidu ning la processor, mang, hé théng file, vao/ra song song
hay c6 thé 1a thur vién MPI, hay hiéu nang cia cong cu bién dich cia ngén ngir C,
FORTRAN...

8.1.4 Khoé khin - giai phap

D6 1a hiéu biét ¢6 ich trang thai ciia cum bit ki luc nao, tai théi diém chay chuong
trinh. Nhung ngudi ta ¢6 thé quan 1y cum nhu thé nao trong khi hé diéu hanh

khéong cung cip cong cu dé theo dbi tu dong tit ca cac nit tinh toan.

8.1.4.1 C4u trac cong cu quan ly tai nguyén ctia cum

Hinh 8-2 Hai module quan I¥ cum

Sau khi ¢6 hiéu biét ki vé dac diém céc tai nguyén ctia cum, ngudi ta dua ra mot
giai phap dé quan 1y tai nguyén cua cum nhu mot thuc thé duy nhat. Phai c¢o 3
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module:

e Module MPR dé tip hop cac thdng tin cla tai nguyén & tat ca cAc nit tinh
toan voi hé diéu hanh dia phuong.

e Module MPC & mot niit Master dé suu tip cic thong tin cac module MPR
va luu.

e Module MPF dé hién thi céc théng tin dugc suu tip béi module MPC, cho
dudi dang text, dang dd hoa.

8.1.4.2 Phwong thire thu thap théng tin tai nquyén trong Linux

Hat nhén ciia hé diéu hanh (Linux hay Windows) quan ly trang thai ciia may tinh
va dam bao tit ca cac hoat dong trong mdy tinh nay. Noi dung phén nay s& trinh
bay vé cac phuong thirc truy nhip théng tin cic tdi nguyén cia mot may ding
Linux.

Cé 4 phuong thitc dugc minh hoa cic phuong thie dé thu thip théng tin tai
nguyén trong modt may.

Module thu thép thf)hg tin tii nguyén

Thu vién lip H¢ théng file
trinh /proc
s L e R
“Pilote 1

periphérique

Thdng tin ta1 nguyén

Matériel (Hardware)

Hinh 8-3 Phuong thike thu thap thong tin cia mjt nit
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¢ Truy nhap true tiép bd nho cia hat nhéan

Trong cach nay, cac dir li¢u dat duge bd1 mdt dia chi dopc truc tiép da biét ( su
dung mdt giao dién nhu /dev/kmem). Cach nay thu thap cac thong tin vé tiry thuodc
phién ban cua hat nhan. Mot su thay doi nho clia hat nhan c¢6 thé gay 15i cho
processor thu thip cac théng tin tai nguyén. DE tranh van dé nay, phin 1on cac hat
nhan hién dai cung cap thuomg xuyén mét giao dién thdng tin clia hé théng AP
Uu diém cua cach nay la toc d6 ctia thu thap théng tin.

Vai cdng cu méi day duoc phat trién biét truy nhip nhanh thong tin hat nhan st
dung mot cedng cu quan 1y bén ngoai client (custom driver) ma nd vao truc tiép
to1 tit ca thong tin bang giao dién img dung bao vé API c¢é dinh. Uu diém cua cach
nay la truy nhdp nhanh va doc l1ap véi hat nhan.

e Haé thong file /proc:

Phén 1ém cac hé théng UNIX, nhu Linux, c6 mdt giao dién ao dé lam viéc thu thip
céc thong tin tai nguyén d& dang hon, d6 1a hé théng file /proc. Cac théng tin bén
trong hat nhan nhu don vi trung tam, cac tién trinh, cac file, cac trang tha mang ..
dat trong /proc. N6 c¢6 kha ning dé nhin bao quét thu muc /proc dé tim kiém céc
théng tin mong mudn. Cach nay cho phép di chuyén tot hon va mot nhéan doc 1ap.
Ngudi ta cling chi ¥ tée do truy nhdp c6 thé so sanh truy nhdp truc tiép trong hat
nhén vi d6 13 coi nhu truy nhap truc tiép trong bd nhé cia hat nhan . Dy 4n phat
trién mot 16p cac thur vién trén hé théng file /proc né cho phép mot su di truyén tot
hon va dé dang lap trinh.

e Thar vién lap trinh cida Linux :

Hé diwuf hanh Linux cung cép cac thu vién dé thu thip théng tin cia moit may.
Uy diém cua phuong phép nay 1a dé dang l4p trinh va mdt hat nhén déc lap. Trong
1ap trinh véi céc thu vién ndy, ching ta cé cac hidm ma ching c6 thé goi dé dang
gin nhu véi moi ngdn ngit 14p trinh va script dua trén C hay C++.
o Lénh ciia hé théng :

Vai c¢ong cu quan 1y dua trén UNIX/Linux sir dung két qua chay cic 1énh chuén
cua UNIX/Linux nhu ps hay uptime... N6 cung cip kha ning chuyén ddi giira cac
ho cac hé théng Linux. D6 la mét cach khong hifu qua vi yéu cdu cao trén hé
thong méi lan ma céc 1énh duoc chay.
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8.1.4.3 Céng nghé web dé lam néi ré céc théng tin tai nguyén cia
cum

Module MPC thu thap théng tin tai nguyén cua tAt ca cac nut tinh todn cua cum

sau do, module MPF phu trach hién thi cac théng tin nay.

Cong nghé thuong duge st dung nhiéu 1a web. Ngudi sir dung va ngudi quén tri
quan ly cum qua mét trinh duyét.

neud neeud neud neeud Grappe
nod noeud nceud neud
N
\ N e
\ /\& / Navigateur
/ Cal

script

Maitre: neend de gestion

Hinh 8-4 Céu tric hé théng quan 1y va theo déi cum dwa trén web
Phén 16n cac cong cu quan 1y tai nguyén trén thuc té 12 mot giao dién web vdi
web server phé bién 1a Apache.
8.1.5 Vi du moét cong cu quan ly tai nguyén cia cum
Ta da nghiém ctru tap cac cong cu quan ly tai nguyén cta cum théng dung trén thé
gidi nhu C3, M3C, SCMS, KCAP, Ganglia...
8.1.5.1 Ganglia
Ganglia 1a4 mét du 4n mé (open-source project) né duge phat trién & truomg dai
hoc California, Berkeley. N6 1a cong cu giam sat hé théng phan b nhu cum hay
luéi tinh toan. Hé thong Ganglia ¢6 2 tién trinh ngam chinh (gmond va gmetad),
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mot giao dién web dua trén (PHP-based Web frontend) va mdt vai chuong trinh
nho khéc. 3 tién trinh ngdm chinh nhu cac module MPR (Module dé thu thép céc
théng tin tai nguyén clia mot nut cia mmét hé thong ), MPC (Module dé tich cop
cac du liéu cia MPR) va MPF (Module dé hién thi cac théng tin tai nguyén) trong

cAu tric cta cong cu quan 1y tai nguyén.

Gmeond (Ganglia Monitoring Daemon)

Dé giam sat cac tai nguyén ciia hé théng phan phdi nhu Iudi hay dac biét 1a cum
tinh toan, phai theo do: t6t cdc tai nguyén cua tht ci cac may tinh trong hé
théng nhu : cac théng tin nhu sé lygng cac mit trong hé théng phan cum, trang thai
ciia mdi nut trong thdi diém hoat dong, tén cia nut, tbe doc CPU, sb hrgng
processor clia mbi nit, bd nhd tu do, tng bd nhé, sd lugng byte nhan/ giri, ...

Gmond (Ganglta Monitor Daemon) 1a mét trong 2 tién trinh ngﬁm chinh cua
ganglia, né chay qua trén mdi nut cia hé théng ma ching ta muén theo dai.

Gmond co 4 trach nhiém chinh:
» Quan ly su thay ddi trong trang thai ctia mot nt,
o Bao hiéu cac thay ddi thich hop
» Nghe trang théi cia tit ca cac mit khac cia cum.
o DPap lai cic y&u cdu cho mdt md ta XML cna trang thai ctia cum.

Pé thu thap cac thong tin tai nguyén mot nit cua cum, gmond st dung giao dién
hé théng file /proc cla Linux. Mdi gmond truyén cac dir liéu véi 2 cach khac
nhau: trong dinh dang ngoai cta dit 1iéu (XDR) sit dung cac message UDP hay giri
XML boi mét két ndi TCP.

Gmetad (Ganglia Meta Daemon)

Tién trinh ngém nay phu trach thu thdp cac dir liéu cua tit ca cac gmond. Su két
hop gitta 2 thanh phén gmond va gmetad duge thuc hién bai viéc dung mdt cay
két ndi diém - diém gitra cac nit tidu biéu cia cum . Tir gmetad, c6 thé thiy va
quan ly trang thai cta cum. Tai mdi nut trong cdy, mot tién trinh ngdm gmetad
nhédn dinh ki mot bo céc_ngu&“)n dir lieu clia nat con ( gmond hay co thé 1a gmetad),
phan tich XML thu duge, bio toan tit ca cdc luat trong co s¢ dir liéu Round Robin
va xuit ra XML dén cac module client bdi 1 socket TCP. Gmetad cho phép quin
ly mét cum va cac tap cac cum. Cac ngudn dir lidu ¢6 thé la cac tién trinh ngam
gmond hién thi cum chuyén biét, hay céc gmetad khac hién thi cac tdp cac cum.
L _____________________________________ . |
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Gmetad s dung cac dia chi cua nguf_)n [P dé diéu khién truy nhap va moi [P dic
thu cho mo6t cum.

P

Hinh 8-5 Céu tric ciia Ganglia

Céng gmetad sir dung d8 xuét cac dir litu XML 1a 8652 (mic dinh).

PHP-based Web Frontend

Mot giao dién web 1a chd ma cac théng tin tai nguyén ciia cum duge hién thi. Cac
thong tin duoc hién thi ¢6 2 loai: text va dd hoa. Ngudi str dung c6 thé thdy cac
tai nguyén ctia cum hay mot nit cta hé théng trong mot gi& san/ mot tuan saw/ mot
ngay sau/ mét thang saw/ hay mot ndm sau, bédi mot trinh duyét (browser) nhu
Internet Explorer, Firefox, Mozilla...

8.1.5.2C3 & M3C

C3 (Cluster Commande Control) va M3C (Monitoring and Managing Multiple
Cluster) la 2 coéng cu thuomg dwoc st dung hién nay, vi du trong hé théng
« HighTORC Linux Cluster » clia phong thi nghiém qudc gia Oak Ridge.

C3 1a mot cong cu quan ly va theo doi cic cum tinh toan véi mot giao dién dong
1énh. Cé 8 1énh co ban:

s cl pushimage

e cl| shutdown
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e cl push
e cl rm

o ¢l get

e cl ps

e cl kill
e cl exec

M3C ¢6 6 cdng cu tich hop. N6 cung cip mot giao dién dd hoa web cho nguoi sir
dung va ngudi quan tri cum. a six outils d’intégration.

§ MEM3Clool -Monttor - oS
Fid View Heip

i Clusiers | @
BT orRNL clusters | F
= B8 clusten _ _ S L M

] é 042001 : ACPl-siave, raypoy, task2

A nodens? ACPL-slave
*%%% nodeno3 |80 ACPlslave
A oo . T e

3 node005 = 3 - »_“ACPE-sléve, genome:askz Kiva
@ node006 < : ACPI-slave, ACPl-master

? noded07 ‘  task2
; 7 nodelns ;ray;jov
& = B2 cluster2 i I | L
B node0O 105 sns

& nodeD02 : sns

%4 nodenod; : sns

Hinh 8-6 Giao dién web cilia M3C
8.1.5.3 SCMS

SCMS (Scalable Cluster Management System) 14 mét cdng cu quan ly tuong tic
va co gian cua cum. Muc dich cia SCMS 1a cho phép ngudi st dung thuc hién dé
dang cdc cong viéc quan tri. SCMS cung cap mét s6 lugng lén (commande tool),
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hé thong con cua viéc giam sat thoi gian thue, mdt giao dién web .. V&i SCMS,
cac cong viéc quan tri hé thdng phan cum tré nén don gian hon rit nhidu.

Cong cu lénh
e scms_tnitconf 1a mét cong cu dé céu hinh dé dang cho SCMS. Nha quan tri
it ra cling phai bi¢t danh sach cac tén host.
¢ sce host gitp dua ra cic nat trén dong hay tat ca cac nut tinh toan,
e sce rms : giao dién cla sce_rms dé cac hé thdng con cla giam sat thoi gian
thuc. NO cung cip cac chirc nang cla tit ca viéc giam sat.
Giao dién Web

Co 3 cép nhin : cdp ludi, cdp cum va cap nit.
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Hinh 8-7 Giao dién web quin 1y cluster ¢dp dd hé théng

8.1.5.4 KCAP

KCAP 1a mét cong cu dua trén cong nghé web. N6 ¢6 mdt tip cac cdng cu va cac
seript cho phép chuyén dbi cu hinh phirc tap cua hé thong hién thi 3D. No cho
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phép ngudi sir dung ding ¢6 hiéu qua hon dé quan 1y va lam thay 1o hé thong phan
cum. KCAP st dung véi chuong trinh con giam sat thoi gian thyc dua trén Java,
no theo ddi lién tuc cac tham sé cia hé théng va trinh bay céac théng tin dudi dang
3D, sir dung cong nghé VRML va Java EAL V&1 ¢ong cu nay, mdt cum Beowulf
16n ¢6 thé thé hién rd hiéu qua trong st dung mdt mang véi bang thong rét thap.

Thuc t&, KCAP 1a mdt phin mém md va o san dé dung bai tht ca nguoi sir dung.
8.2 Khai niém ~ Van dung céng cu quan ly tai nguyén

Tiép theo khai niém kién tric cia cong cu quan ly tai nguyén trong boi canh cia
BKluster. Gidi thiéu co ché cla su van hanh va cac thanh ph'?m cua cdng cu nay.

Cudi cung, phan cubi 12 su van dung cu thé va su tich hop cdng cu quan ly tai
nguyén trong hé théng phan cum nay.

8.2.1 Kién tric ciia hé thong BKluster

Céng cu quan 1y tai nguyén 12 mdt phan chinh cia hé théng BKluster. Kién tric
ctiia nd c¢6 3 1op chinh minh hea nhu hinh dudi.

Lép core

Lop nay 1a 16p thap nhédt déng vai trd mot nén tang clla hé théng. N6 bao gém hé
diéu hanh (Linux - BProc), thu vién lap trinh song song (LAM-MPI) va mét vai
phin mém m& can thiét cho mot cum nhu PBS, Ganglia. ..

Cac thanh phan cta 16p tim dugc cai dat & tit ca cac nit tinh toan.

Lop dich vu

Lép dich vu 1a cic 16p ngdm, ching cung cip céac dich vu can thiét dén 16p client
phia trén. C4c tién trinh ngim chay trén nut Master. N6 chiu trach nhiém gén két 2
16p thap nhét va cao nhit caa hé thbng.

Lop client

Lép nay cung cap cac img dung/ céng cu vdi giao dién dd hoa cho ngudi sir dung
c6 thé 1am viéc trén hé théng. Cac ng dung nay co thé duoc cai dit tai tat ca cac
tram lam viéc (tram lam viéc cia cum nay hay mot may tinh két ndi voi cum nay

qua mang TCP). Nguot stir dung va nguot quan trl thu dugce sy cho phép lam vigc
véi cum tir xa (néu ho cé tai khoan trong cum ).

High Performance Computing Center - HUT 242



Tai liéu ky thuat — Chi tiét hé théng BKluster

[FUTINRRRNRNNN_—— A S R e e S

16p
client

16p core

Outil
débogueur

Outil
soumission

Outil
gestion de
processus

Outil
gestion de
ressources

Network

Serveur Serveur Serveur Serveur
débogage || configuration | | gestion de gestion de
processus ressources
PBS Ganglia
LAM - MPI
Linux Kernel

8.2.2 Kién triic — Co ché van hanh cia ¢dng cu quan Iy

Hinh 8-8: Céng cu quén Iy tai nguyén trong kién tric hé théng BKluster

Sau khi ¢o thio ludn chung vé kién tric va céc tai nguyén cta hé théng BKluster,
phén nay 1a khai niém vé kién tric cua céng cu quan ly tai nguyén, co ché van
hanh va tuong tac gitta cac thanh phdn clia hé théng duoc d& cip. Cong cu nay
dugc xay dung thira ké co ché quan Iy tai nguyén cua Linux, phan mém m&
Ganglia va st dung kha ning thiét ké d hoa cia RRDTool.

8.2.2.1 Kién tric céng cu quan ly

Dau tién, dé ¢c6 mdt phan mém tot, phai lam t6t cac khai niém cua kién tric. Hinh

dudi gidi thiéu cac thanh phan khac nhau trong hé thong BKluster.
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client : .. Appiicaﬁdn

Serveuar

R TR S

service

Hinh 8-9 Ciu tric cia céng cu quin Iy tai nguyén cia cum
Céng cu theo d5i bao gdm nhidu thanh phén trong 3 16p chinh, tr truyén théng qua
message XML.

Lép Core
L6p nay gbm 2 thanh phén : Nhan (Linux kernel) va gmond cua Ganglia.

o Nhin: Tét ca c4c nut tinh todn st dung hé diéu hanh Linux. Hat nhan
Linux quan ly va theo d&1 cac hoat dong co ¢, cling nhu cic tai nguyén cua
mbi nit. Cc thanh phan riéng biét cla ¢ong cu quéan 1y tai nguyén sir dung
cac théng tin tai nguyén qua nhan cta Linux & mdi nut tinh toan dé quan 1y
toan thé hé thdng.

e Gmond : Gmond duge xiy dung dua trén kha ning quan ly tai nguyén cua
hé diéu hanh Linux. Gmond & cac nit tinh toan ¢6 trach nhiém thu thap
théng tin tai nguyén duoc theo ddi boi nhan Linux (Red Hat 9/Fedora). O
mdi nit, phuong thirc thu thap bdi giao dién hé thong file /proc dugc st
dung. Cac théng tin thu duge nay duge gui dén 16p dich vu & trén.

Lé&p dich vy

Lop nay co 2 tién trinh ngam : gmetad cua Ganglia, server va phan mém co s¢ dir

L "~ -~~~ " ]
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11éu RRDTool.

e Gmetad: La tién trinh thu thip cac théng tin cua tt ca cac nut cla hé
théng. Céc théng tin nay duge giri di boi thanh phin gmond cta 16p duéi.
N6 bao tadn chung trong cac file Round Robin .rrd va né gin cac thong tin
nay dén server.

e RRDTool : Co s& dir liéu Round Robin .rrd dwgc chon dé sir dung.
RRDTool dugce str dung dé luu céc gia tri quan trong nao do trong file co s&
dir lidu Round Robin. Cac gia tri nay thay ddi va cap nhat voi thoi gian. Co
s¢ dir liéu Round Robin duge sir dung trong céc ing dung thoi gian thue.
N6 cho phép xay dung d hoa.

e Server : Server doc cédc thong tin cia gmetad, n6é chon mét b thong tin céan
thiét va giri dén application ctia lép trén.

Lép client
Lép nay 13 16p cao nhat 1a céng cu quan 1y tai nguyén véi mot giao dién db hoa.

Application : La giao dién dd hoa cho ngudi sir dung. Tiy theo théng tin giri boi
server va dit liéu trong file Round Robin .rrd, né hién thi chiing rd rang cho ngudi
sir dung va nha quan tri hé théng. Cac anh hién thi la duoc tao bdi RRDTool.

Truyén théng giita cac thanh phan nay théng qua chudn XML.

8.2.2.2 Co ché van hanh

Co ché van hanh bao gf‘)m 7 bude, trong d6 budc diu va bude thir 6 duoc thuc
hién trong 16p client va service. Budc 3 va 4 thyc hién trong tang service v core.
3 budc con lai (2,5,7) trong cing 1 ting ( ting service).

e Budc [ : Application két ndi1 voi server cla ting service va phat tin hiéu
yéu cdu doc

e Buéc 2 : Server két ndi véi gmetad va phat tin hidu yeu ciu doc gmetad.

e DBudc 3 : gmetad cta tang service két ndi vé1 gmond cua tang tim va phat
tin hiéu yéu cau doc tat ca cac gmonds. '

e Budc 4 : gmond thu thap thén gtin , giri chiing dén tang service.
* Budc 5 gmetad thu thiap théng tin ctla tAt ca cac gmonds, bao vé chiing
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trong cac file co s& dir liéu Round Robin .rrd va giri ching dén server.

e Budc 6 : Server doc cac dir liéu giri dén bai gmetad, phan tich chung va giri
thong tin cdn thiét dén application .

e Budc 7 : application doc cac dit liéu nhén bdi server cua ting service. Phén

tich no, doc céc file co s& dir liéu, xay dung graphic, hién thi cac théng tin
can thiét trong giao dién nguoi sir dung.

service

Ak FErzIasEaR) K+

- - [ZXIITIT? 223314

~ Hinh 8-10:Co ché vin hinh cia cong cu quan Iy tai nguyén .

8.2.3 Co s& dir lieu Round Robin va RRDTool
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Round Robin 1a mdt co s& dir 1iéu vai finh vue ap dung chinh la hru cac gia tr
thay doi theo thoi gian. RRDTool 1a mdt céng cu cd kha ndng tao nhanh céc hién

thi graphic cac gia tr cia dir liéu thu thap dugc trong mét chu ky thoi gian.

8.2.3.1 RRDTool la gi ?

RRDTool 14 thanh phén ciia co s¢ dir liéu Round Robin. Round Robin vén hanh
vGi mot lugng ¢b dinh cac dir lidu, va mot con tro. Co thé coi Round Robin nhu
mot vong tron voi vai diém dudng nét trén bién céc diém nay 1a noi ma cac di liéu
c6 thé duoe luu. Pudng nbi tir trung thm vong trdn dén cac diém, d6 1a con tro.

élément courant

donnée

pointeur

Hinh 8-11 Phin tir dir lidu trong RRDT ool

Khi céc dit liéu duoc doc hay ghi, con tro di chuyén dén phan tir tiép theo. Vi trén
mot vong tron khong cso diém bat dﬁu, va két thuc, co thé 13p mai mai. Sau mdt
thoi diém, tit ca cac diém c6 thé dung dugc da duge s dung va tién trinh tai tao
tr dong cac diém ci.

RRDTool van hanh véi co s& dir liéu Round Robin (RRDs), 1a cac file nhi phan
«.rrd ». Céch luu dit liéu trong file .rrd rat don gian : diu tién, ching ta dua mot

tén , sau dé mdt gia tri vdi nhiéu thdi diém coé thé duoc do va cung cip cac théng
tin dén RRDTool.
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8.2.3.2 Cé4c lénh chinh cua RRDTool

Trong RRDTool, tat ca cac twong tac gilra co s& dir liéu Round Robin va ngui su
dung thén gqua dong lénh. Phin sau s& gidi thiéu cic lénh chinh ctia cong cu nay:
céc l1énh dé tao mot co s& dir licu, luu céc gia tri, hién thj cac thoéng tin, tao mot
graphic ...

¢ rrdtool create Tao moét co s¢ dir liéu maot .rrd

e rrdtool update Cép nhat co s¢ dir liéu, luu cac gia tri mé trong file
rrd.

e rrdtool graph Tao mét graphic cac dir liéu dugce luu trong mét hay
nhiéu file .rrd. D& xay dung graphic, céc dir lidu ciing ¢ thé <hai thic &
stdout.

e rrdtool dump Lay ra n6i dung ASCII ctia.rrd.

* rrdtool restore T chic lai mot.rrd tir dinh dang XML dén mét.rrd nhj
phéan .

e rrdtool fetch LAy céc dir 1iéu theo chu ki thoi gian ciia mot.rrd.

s rrdtool last Tim thoi gian cudi cing cép nhit cia mét.rrd.

e rrdtool info Hién thi cac thong tin trén 1 fficher.rrd.

e rrdtool xport Xuét cac dir lidu tim tir 1 hay nhiéu file .rrd.

Vidu

Piu tién ta ¢6 mot vi du nhur sau: Trong mét cai 6t6 dang chay, su thay d6i déng

hé cong to 13 lién tuc. Nhung phai chi y, RRDTool lam viéc véi cac chudng thdi

gian dac biét cla thé gidi ciia UNIX. Chudng thoi gian la sb gidy ma no trdi di tir

1/1/1970 UTC. Chuéng thdi gian nay thé hién thdi gian local. Vi du, 12h 05 ngay
- 7/5/2005 & Viét Nam 1a tuong tu vdi 920804400,

Temps | Kilométre Temps Kilometre
12h 05 | 12345 KM 12h 30 12373 KM
12h 10 | 12357 KM 12h 35 12383 KM
12h 15 | 12363 KM 12h 40 12393 KM
12Zh 20 {12363 KM - | 12h 45 12399 KM
12h 25 | 12363 KM 12h 50 12405 KM

Hinh 8-12 Vi dy vé CSDL Round Robin
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Tao co so dir iéu Round Robin:
rrdtocl create test.rrd
--start 920804400

DS :speed:COUNTER:600:U:U

P

RRA:AVERAGE :0.5:1:24
RRA:AVERAGE:0.5:6:10
Stocker les values de données dans la base de données

rrdtool update test.rrd §20804700:12345 920805000:12357
920805300:12363

rrdtool update tesc.rrd 920805600:12363 920805900:12363
920806200:12373

rrdtecl update test.rrd 920806500:12383 920806800:12393
920807100:12399

rrdtool update test.rrd $20807400:12405
Hién thi graphic

Mot dédc trung quan trong cia RRDTool 13 kha nang tao graphic. RRDTool tao
m@t co s& dit liéu, huu cac dir 11€u trong do, phan tich cac dir li¢u nay va tao céc
graphic trong dinh dang GIF/PNG dé hién thi cac anh trén. Cac anh nay phu thudc
cac dir liéu thu thip duge. N6 c6 thé dugc sir dung dé cho thay sir sir dung trung
binh mang, nudc thiy chiéu, tia sang mat trdi, sirc manh ning lwgng, sb khach
trong mdt cudc trién 1dm, cAc mirc tiéng dn gin san bay, nhiét do trong ti lanh , ..
N6 phai c6 bd do tim dé do cac dir lidu va dé lvu véi RRDTool. Lénh « graph » sit
dung trong lénh « fetch » dé tim céac gia tri cia co s& dir ligu. Véi cac gia trl tim
dugc, nd vé graphic nhu dinh nghia bdi cic tham sé cung cip trén dong lénh. Mot
graphic don giam co thé dua ra cac DS (sources de données) khac nhau cia mot
co s& dit liéu . N6 ¢6 thé dua ra cac gia tri ciia hon mét co s dir lidu trong mét
graphic don gian. Thuong, né cin thiét chay vai phép toan trén cac gia tri tim dugce
cia co s& dir héu trude khi ve.

8.2.4 Server

Nhu da néi trong phin trude, tién trinh ngdm gmetad thu thdp thong tin cla tit ca
cac nit tinh todn theo chuin XML. Mang két néi 1a mot phin quan trong trong cdu
truc hé théng phan cum, tir d6, lién két gilra cac nut tinh toan én dinh. Trong
truong hop co nhiéu nguot sir dung cung lue, luu lugng mang cé thé day hay vuot

High Performance Computing Center - HUT 249



Tai liéu k¥ thuat — Chi tiét hé théng BKluster
0 —
qué luu luong bang thdng, néu khéng, né chiém giir phan 16n bang théng vi cac dir
liéu guri bédi gmetad khong nho. Hon nita thot gian phan (ng cua mang phai tinh
sao cho hop 1y. No ¢o thé gay ra mét s6 nguy hiém cho su van hanh ciia cong cu
quén ly tai nguyén va anh hudng dén hé thong. Dé khic phuc, phai giam lurgng dir

liéu trao déi.

Giai phdp dua ra & diy 13 mét thanh phin cé tén «server ». Thanh phin
application cta ting cao nhat khéng ndi truc tiép véi gmetad cua ting nay. Trao
dbi giira 2 thanh phin cta 2 ting cao nhét va thip nhdt duogc thuc hién qua ting
dich vu & gitra. Server nhu mét bd loc cho phép cac thong tin can thiét qua. Véi
giai phap nay, luu lwong cé thé giam nhiéu 1an ( khoang 30 14n).

8.2.4.1 Cor ché van hanh

Cong viéc két hop 2 thanh phin 1a application va gmetad ctia 2 ting khac nhau [a
trach nhiém chinh cta server. Chia hoat dong cua server ra 6 budc chinh :

. Application
client

service

gmetad

Hinh 8-13 : Co ché van hanh cua server

Budc 1, 5, 6 trong tang client va service con lai trong ciing ting service.

* Budc 1 : Server cé trach nhiém nhén cac yéu cau tir application cta tang
client.
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e Budc 2 : Server thiét 1ap mét lién két voi gmetad bang cach giri 1 yéu céu
dén gmetad. ’

e Budc 3 : gmetad tra 10i server. Tra o1 ¢6 thé 1a tir chdi/ldi hay dong v.

e Budc 4 : Néu ddng y, server sé doc dit liéu XML ciia gmetad.

e Budc 5: Server nhin gli hiéu trd 101 dén application. Néu khéng co 13i
trong qua trinh doc dir liéu cua gmetad, tra 101 s& chép nhan. Néu khéng tra
1641 164i.

e Budc 6 : Trong truémg hop tin hiéu tra 1&i toan 1a chap nhan, application cd
thé doc dir liéu XML ciia server. Server khdng giri cac dir lidu nay ngay 1ap
tire dén application cua té‘lng cao nhat. N6 phan tich cac dir lidu d3 doc coa
gmetad, chon va nit ra cac dir liéu can thiét. Cudi ciing, né chuyén déi cac
dir liéu rit ra dugc sang XML va giri dén application.

Céng ma gmetad ding dé xut dir Héu XML 1a 8652 (mac dinh) con server xudt
XML dén application qua cdng 8080 (mac dinh).

8.2.4.2 Chire nang chinh
Theo co ché trén, cac chirc ning chinh cua server c6 thé gdm:
» Nhin va tra i cac yeu ciu cia application.
e Doc dir liéu XML.
e Phan tich dir i¢u XML.
e Chuyén déi dir liéu thuomg sang XML.
o Gui dir ligu XML.
8.2.5 Application

Application 12 mét thanh phan cia ting client, cung cip mot giao dién dé hoa cho
ngudni su dung. Su truyén théng giita cac phan bén trong trong hé thong phai trong
sudt vi ngudi sir dung.

8.2.5.1 Co' ché van hanh

Su vin hanh cua application cua tz‘"mg client ¢ thé duge minh hoan qua 4 buoc
sau: )

L e
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User

— Application

Server

service

Hinh 8-14 Co ché vin hanh ciia application
e Buoc 1: application thiét 1dp mdt két ndi voi server bang cach gui 1 yéu
céu dén server cua tang service.

e Budc 2 : Server giri tin hi€u tra 161 to1 application. Cé thé 14 15 hay déng y.
NO phu thudc su hoat dong cua céc thanh phé‘m bén duoi.

e Buéc 3 : Néu ddng v, application doc dir liéu XML cha server. Cong sur
dung la 8080.

e Budc 4 : Nhu server, application phén tich dir iéu XML gun di boi server.
N6 sir dung RRDTool d tao cic graphic tir cac file co s& sit liéu Round
Robin. Cudi cung, nd hién thi cac théng tin va anh can thiét cho ngudl sir
dung .

8.2.5.2 Chirc ndng chinh

T co ché van hanh trén, c6 thé cé mot tdng két vé chic ning chinh cia thanh
phin nay:

* DPoc DL XML.

¢ Phéan tich DL XML

e Dung RRDTool tao graphic.

e Hién thi théng tin va anh can thiét cho nguol s dung.
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Thém vao do, ¢6 thé doc, cong cu quan 1y tai nguyén la mét su két hop gilra
RRDTool (Round Robin Data base Tool) va mdt ngdn nguc lap trinh hwdng doi
twong trén Linux (Qt). RRDTool ¢é thé quan ly CSDL, va, né cé thé xiy dung
cac grapgic. Thanh phan application sir dung kha ning nay dé hién thi cic anh cu

thé va rd rang.

8.2.6 Van dung

Phén nay gidi thiéu cic cong viée van dung trong cong cu quan ly tai nguyén. Dau
tién, phai tim hiéu kién thirc vé méi truomg phép trién. Cong cu quén ly duoc phat
trién trén nén Linux bing viéc ding ngdn ngir lap trinh Qt, Ganglia, RRDTool va
chudn XML. Cubi cung, ph?m quan trong clia chuong nay la vin dung cu thé cac
thanh phén chinh ctia quan 1y tai nguyén cum.

8.2.6.1 XML

Su truyén théng gitta céc thanh phin trong hé théng theo chuin XML. XML
(EXtensible Markup Language) 13 mét dinh dang text don gian va mém déo
SGML (Standard Generalized Markup Language) (ISO 8879). XML la mot nén
cross-platform, mét phin mém va mét céng cu doc 1ap v6i phén cimg dé trao dbi
thong tin. Nhur HTML duoc dién dat dé trinh bay DL va dé tip trung su chi ¥ 1én
DL thu thip nao d6, nhung XML duoc dién dat dé mé ta cac DL va tip trung su
chi y 1én DL nay. Ngay nay, XML c¢6 vai trd ngdy cang quan trong trong trao doi
DL 16m, da dang trén web va cac chd khac.

XML dugc dién dat dé chuyén cac DL. Nhung XML khong thay thé HTML vi
XML chua dugc dién dat dé thye hién. XML dugce viét cho ciu tric, Iuu va gl
thong tin. Vi du:
<Patient>
<PatientName>John Smith<«/PatientNames>
<PatienthAge>108</PatientAge>
<PatientWeight»>155</PatientWeights>
</Patient>
Khi mét vin ban XML duge trao dbi, phai ¢6 nguoi giri va ngudi nhan. Nhung
ludn luén, tai liéu XML nay ching thuc hién gi ca. D6 1a thong tin ding dugce phét

trién trong cac muc tidu cia XML. Ai dé phai viét mdt phan mém dé giri, nhin hay
dua ra thong tin.
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Trong vi du trén, cac thanh phin co s& cia 1 tai lieu XML c6 thé dé nhan thay.
Cac thanh phan chi yéu nhit ciia XML 14 cac nhén t6, cac thudc tinh, va cac 1o

chu giai. ’
e Nhan t6: Cac nhan td duoc sic dung dé danh diu cac doan clia mot tai liéu
XML. Mét nhan t6 XML co dang:
<Nom_du_élément>Contenu</Nom_ du_¢lément>

<Nom_du_élément>, </Nom du_éléement> : tag cia XML

Contenu : Noi dung trong tag XML. Noi dung c6 thé 12 ndi dung
binh thuong, hodc 14 cac nhén t5 khéc

e Cic thuge tinh: Mot thude tinh 1a mot co ché dé thém mé ta thong tin vé
mot nhan 4. Vi du, trong tai liéu XML cla chang ta, cé ¥ kién, néu trong
lugng cia patient do bing kg. Dé biéu thi PatientWeight cho bai kg, mot
don vi duge thém vao trong phz"m tir ndy va gia tri cia no s& biéu thi nhu
KG.
<PatientWeight unit="LB" unit="KG">155</PatientWeight>

e Chu gidi: Cac chu giai 1a cac md ta trong mot tai liéu XML. Cac chu giai
trong XML str dung cung ctt phap nhvy HTML |, Vi du:
<!-- Text de commentaire-->

8.2.6.2 Ngbn ngtr lap trinh Qt _
Qt 1a ngdn ngir lap trinh huéng ddi tugng trong méi trrong KDE/GNOME Linux.
N6 la mét thu vién lap trinh C++ tuyét voi twong hegp Linux, Windows et
Macintosh. Mét code c6 thé chay trén cac nén khac nhau. Qt duoc cung cép vdi sb
lwong céc cong cu bang dong 1énh hay dd hoa, d& dang trong phat trién cac tmg
dung. Qt 1a 1 ngén ngir manh, cho phép xay dung dé dang, nhanh chéng cic tng
dung v&i mot giao dién dd hoa b??mg cach diung Qt Designer. Mgt uu diém khac
ctia Qt la kha ndng lam viéc véi tin hiéu va cac slot.
Cong cu cia Qt
Day 1a m6t sd cong cu cung cip bai Qt.

e Cic bién méi truong

o Pésa dung Qt v&i thanh céng, 3 bién mai trudng phai duge cai dat:
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QTDIR, PATH va QMAKESPEC.

o Dé compile Qt, QTDIR phai dinh nghia dé danh déu vé hudng danh
muc sy phin phdi Qt (pointer vers le répertoire contenant la

distribution Qt).

o Dé c6 thé goi cae cong cu Qt trén dong 1énh, bién mdi trvomg PATH
phai dugc dinh nghia. Cho vao don gian ${QTDIR}/bin vao cudi
cua PATH.

o Dé sir dung gmake mdt cach chinh xdc QMAKESPEC phai dugc
dinh nghia. QMAKESPEC chi dén mét danh muc céc file md ta méi
truong dich cta gmake. Qt bao ham mot danh muc cac lon goi
mkspecs, & trong SQTDIR/mkspecs, bao ham mét sb cac dac tnng
dugc sap dat. Néu tién hanh t&t mot trong cac vira qua ching ta lam
cho thich hop véi nhu cau, vi du mot su cai dit cua x86 trong Linux
sir dung gec nhu trinh bién dich st dung hinux-g++, QMAKESPEC
phai duoc dinh nghia vdi $QTDIR/mkspecs/linux-g++.

e  Qt Designer

Qt Designer la mét studio 14p trinh cung cap véi ‘Qt. Qt Designer 12 mot
cong cu dé dién dat va van dung cac giao di€n ngudi su dung xdy dung
v6i Qt. Nhu mét ngudi xay dung giao dién, véi no c6 thé dé& dang tao ra
cac hdi thoal va tiy ¥ sit dung céc déi tugng nhu ching duogc thay khi
thuc hién. Mot giao dién duge tao ra véi Qt Designer duge dang ki
trong mét file cé phan m& rong (.ui) va chira code XML. Dinh dang nay
khong mot cach trre tiép c6 thé khai thac béi trinh bién dich C++. N6 1a
can thiét dé bién ddi file (.ul) nay vé mot cong cu, got la uic (User
Interface Compiler), né doc mot file dinh nghia giao dién (.ui) bang
XML dugec tao ra bai Qt Designer va tao ra mét file (Lh) va nguén (.cpp)

tuong ung.
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Khi so sanh Qt voi cac cong cu khac dé xay dung giao dién db hoa cho
cac ung dung, nhu Visual C++ cua Microsoft, co thé hiéu rﬁng cac code
ctia Qt ngan hon (mot nira hay mdt phan ba). N6 ciing 1a vu diém quan

trong cua ngong ngir nay.
e qmake

gmake cho phép tao ra cic file « Makefile » tie file dy an doc lip cua

~

nen.
e uic

uic la trinh compitler giao dién ngudi st dung, nd doc mét file giao dién
(.ui) béng XML tao bo1 Qt Designer va tao mot file tiéu dé va source

C++ tuong tng
* moc

moc (Meta Object Compiler) 1a trinh compiler méta-objet, 1a mot
chuong trinh thao tac cac phan mé rong C++ cia Qt. moc doc mot file
source C++, Néu nd tim thiy mot hay nhidu gia tri k& khai, chira dung
macro Q OBJECT, né san xuit mét file source C++ khac chita code
méta-objet cho cac gia tri ma chung st dung macro Q@ OBJECT. Mit
khac, code méta-objet duoc yéu ciu bai co ché signal/slot, va hé théng

dédc tinh dong.
+ Signal va slot

Phan quyét dinh trung tam ciia mé hinh déi twong Qt 1a mot co ché rit
manh cho sy truyén théng ciia cc dbi tugng yéu ghép déi duoc goi la
tin hiéu (signal) va slots. C6 nghia ring phat mét tin hiéu khong biét dbi
tuong nao s& lay né vao tai khoan (né cé thé bi bo qua). Vi cling cach,
mot dbi tugng chan mot tin hiéu khong biét dbi tuong khac nao phat ra

tin hiéu. Slot ¢ thé ¢ mot ham cua mot dbi tuong Qt hay mot ham
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dinh nghia trong mot déi tueng ctia ngudi lap trinh. Cong nghé nay cho
phép ndi lién gitra 2 46i twong khac kidu va dua ra mot sy mém déo 1ém

dé phat trién

N\, connect{ Objett, signal1. Objet2. slot1)

; h
Object? conneact( Objet1, signal1, Objet2, slot2 )
signalt |
signal2 Object2
- signalt |

connect( Objetl, signai2, Objet4, slot 1)

signall

L—»p

-
connect{ Objet3, signall, Objetd, slot3)

Hinh 8-15: Cac két ndi giira signal va slot

XML

Céc cong viée vdi cac DL XML, mét phan 16n trong budc tién cia xir 1y
DL clia céng cu quan Iy tai nguyén cta cum. Qt dé xut mét nén XML
nhu module, va ngudi s dung cé thé khéng c6 lgi, nhung su xuét ban
tur do va cac cdng ty xuat ban co. Qt dua ra 2 cach tuong tac vél ndi
dung XML: DOM va SAX. SAX la don gian nhat, dé doc va phan tich .
DOM doc file XML hoan toan trong mot ciy bod nhé. Cay nay ¢é thé

.~~~ " ]
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duoc doc va thao tac trude khi duge dé danh hay ghi mai 1én dia.

SAX thé hién sy thay ddi kho khin cac DL cung cap. Bu lai, né yéu cau
mot khong gian bo nhd riit it, ¢6 lgi nhu DOM trong nhiéu tinh huéng.

DOM yéu cau nhiéu bd nh¢ hon. Toan bd vin ban phai luu trong bd
nhé. Bl lai, n6 dua ra kha ning thay déi va lam viéc véi van ban tu do
trong bé nhd va dua cdi méi vao dia. N6 rit dé sir dung trong nhiéu tinh
hudng. Qt cung cdp vai I6p dé giip d& ngusi lap trinh viét va doc tai
liéu XML st dung DOM nhua QDomDocument, (QDomFElement,
QDomNode, QDomAttr. ..

8.2.6.3 Swvan dung
Server

~ Nhu trong khéi niem cla céng cu quan 1y tai nguyén, server la mot thanh phan
nhén cac yéu ciy cua application. Thanh phédn nay dwoc xdy dyng nhu mét tién
trinh ngdm dé ndi 2 thanh phén gmetad va application. Tién trinh server & 16p
« Server » thira ké mét 16p sin cé clia Qt: classe QServerSocket.

QServerSocket cung cip mét server dua trén TCP. N6 1a mot 16p thich hop dé
chép nhan cac lién két méi cia TCP. Ngudi ta ¢ thé dac ta cong, va nghe cac dia
chi chinh x4c hay tt ca cic dia chi cla may. QServerSocket rit don gian dé sir
dung: tao 16p con cta nd, goi ham cua trinh xdy dung, va vén dung ham
newConnection() dé dat dugc va dap lai cac lién két mai.

ké thira

o Server .

class server : public (QServerSocket

{

Q OBJECT
private:
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QDomDocument xmlDom;

QSocket *sock;

public:

server!{ QObject* parent=0 ); //constructsur

void newCennection( int socket );//nouvelles connexions
signals:

void newConnect () ;
void endConnect () ;
vold wroteToClient () ;
void xmlEndConnect () ;
void xmlNewConnect () ;
void xmlError(int e);
void xmlSigConnected() ;
void xmlRead () ;
private slots:
void xmlConnected() ;
void readClient(};
void discardClient{);
void xmlEmitError (int e);
void xmlConnectionClosed{);
void readxXML () ;//lire les données XML
//analyser le document XML

//convertir les chaines de caratére en
forme XML

//envoyer le document XML

void xmlReadyRead () ;

Application
Thanh phén nay c6 16p « DigitalClock » né ké thira mét [6p cta Qt: class QDialog
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— class ¢ SO cua tat ca cac dbi tuong cua Qt sir dung céc signal va slot.

Classe QDialog 14 class co s¢ cho cac cira sO hoi thoai. Mot cua s6 hoi thoai dugce
sir dung cho cac cong viée thoi gian ngén va cic truyén thdng ngan gon voi ngudi
su dung. QDialog dua ra cac co ché nhu dang thirc, cac mit méc dinh, kha nang
dan va mot gia tri két qua.

<o QDialeg

ké thura

i DigitalCluél{ : an

Cira s6 giao dién ciia cong cu quan ly tai nguyén duge cdp nhét sau mdi phit. D6
12 tai sao , class DigitalClock sir dung mét bo dém thai gian (timer).

class DigitalClock : public QDialog

//digital clock widget

{ Q_OBJECT

public:

// constructeur

DigitalClock({ QWidget * parent = 0, const char * name = 90,
bool modal = FALSE, WFlags £ = 0 );

QSccket *sock;

QDcmDocument xmlDom;

protected:
vold timerEvent ( QTimerEvent * ) ;
private slots:
void readXML(); //doc cAc DL XML
void xmlReadyRead () ;

void xmlParse{); //phé&n tich taji liéu XML
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void update{(); //cap nhat giao dién ngudi su dung
void getContext () ;
private:

int normalTimer;

}
8.3 Két qua dat dwoc va hwéng phat trién

8.3.1 Két qua thu dwge

Céng cu dugc phat trién 13 thich hop véi hé théng BKluster clia trung tdm tinh
toan hiéu nang cao truong dai hoc Bach Khoa Ha Noi. N6 thoa man cac yéu cau
can thiét khi hé thdng phan cum duge xay dung.

Co 5¢ phan ctng clia cac thi nghiém cia trung tAm tinh todn hiéu ning cao :
Server : P4 1a mét nut cia cum nhung né chiu trach nhiém quan ly Cluster.
* HP NetServer LH6000
* 6 x CPU Intel Pentium I1I Xeon 700 MHz
¢ Bj nhs: 1GB SDRAM
e Network Card : 10/100 TX NIC
Nut tinh todn:
¢ CPU Intel Pentium III 500 MHz
¢ B{ nhd: 256 MB SDRAM
e Network Card : 10/100 3COM Ethernet Adapter
Switch: BayStack 450-24T 10/100/1000 Switch

Nguo1 ta quan ly cum bing 2 mc : me cia cum va mirc cia cac nit,
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Vé mirc cum

. Sysiem Help

'JusterMommnn Server Configuration t User Tool | Process Monitoring

i i Information about the system BKCluster Friday, May 13 2005 055713 PM
1 ‘ ——————————————————————————————————————————————————————————————————————————————————————————————————
i R —
| CPUs tetal 3 Option © Choose a nodefCluster »> ;| BKCluster *L
e
Hosts up 3 Information 1ast »>> | hour  ~|

i
:
: Hosts down : 0

17120 17149

W vser Pt [ wice <Py N Systam CPU [ 1d1¢_CPU 8 in W out

-
g n oS00 M
z =
il H
= B B S
) : o ¢ R
) 17:20 1740 ;
i H memory_used Ml semory_shared B memory_cached ;
O 1_min_Load €I Modes [ <CPys W Runming_Processes j (0 Memory_Buffered M Memory_sSwapped &l Total_In_Core_Memory
BKCTuster_CPU_last_hour z§ BKCluster NetWork_last_houy
180 —t - + - + + % P e —
e » 500K ; : \[
i = N
=4 a FUUTUTRNEURETE AR S
- ] . ;
a H > H
; y H @ b T [ETTURT N
! i o ag
17720 17:40 i
¥
;

Hinh 8-16 Quan 1Y mitc cuym
Ngudi st dung, ngudi quan tri cum hay bat cir ai ¢ thé xem théng tin chung ctia
hé théng BKluster bing cach sir dung cdng cu nay :

e Tdng sb cdc tién trinh

e Téng sb cdc nut hoat dong

e S6 cac nut khong hoat dong

e Hé théng nap clia cum

¢ Bd nhé cua cum: té)ng, tu do, chia sé ..
¢ . Su sir dung processor cua cum

e S0 lugng byte vao/ra cum
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Vé mirc nut

Céng cu nay cung cap kha nang xem thdng tin chi tiét cia mdi nit trong hé thdng.
Theo mic dinh, graphic cho phép nhin cac théng tin trong mdt gio trude, nhung
ngudi ta ¢ thé xem théng tin lién quan hé théng chung hay mdi nit trong 1 ngay
trudce, | tudn trude, | thang trugc hay mot nam trude. N6 ¢o thé kiém tra cac
graphic cua mét tham 5O cu thé trén mot nut.

System Help

e Moo | SeverCotgaaton | Ussr Toa | rocess Wty |

Information about the node may90.paraliel

Friday, May 13 2005 06:06.57 PM

Status
as

: running

DLinux 2.4.22-1.2115.nat

information last »>> | hour |

System load: 37%

may30.parallel_Load_ last_hour :
"0'3 N B - I H D

nay30.parallel_Memory_last_hour

* - 300 M —y

" R >

] 3'0; : I n 200 M

a 1o o 2

3 AR AN 1 0 | RSSO o | IS ST

bd : B - 3
2 MOERT TR R 0

0.0 . ; i 17120 17:40 18100
18: 00

1720 17: 40

W Memory_used
O 1_min_toad Hcros W Running_Processes

W Memory_shared

[ Memory_cached
{0 Memory_Buffered W Memory_swapped [ Total_In_Core_Memery

ray90.parallel_CPU_last_hour may30.parallel_NetWork_last_hour

Fercent

Bytes/sec

17120

M User_CPU [0 Wice <Py (O 1d1e CPY

i
H
i Ein Hout
3

Static information of node ;

Dynamic information >>

ray90.parallel_load_one_last_hour

;

1

B

o = |

Machine type: xB86 4.0 i K i

CPU speed : 797 MHz . ‘A l

Memory total ; 255316 KB &0 17t 20 17:40 o0 i

1 Swap total | 265032 KB M oad_one
Disk total  : 5.287 GB

Hinh 8-17: Quan ly & miic nut

Céc thong tin thdy dugc 13 cdc thong tin ctia phin cimg, phin mém, cac thong tin
tinh cling nhu dong. Vi du:
-

Trang thai hoat dong hay khéng cua nit.

e Hé diéu hanh dugc sir dung
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e Hé théng nap nit.

S6 luong tién trinh cia nut.

Toc¢ 4o processor.

Bo nhé cua nut : tong, roi, chia sé ...

Utilisation de processeur du nceud.

Byte vao/ra
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CHUONG 9 Module Panh Gia Hiéu Nang Hé Théng

9.1 Téng quan vé danh gia hiéu nang hé théng mdy tinh

Danh gia hiéu ning ¢4 thé hidu mdt cach don gian nhét 1a qua trinh chay cac phin
mém chuyén dung trén mét may tinh don hay 1a ca mot hé théng may tinh, tu viéc
phan tich thoi gian chay chuong trinh hodc nhiing két qua tra vé, ta rut ra nhimg
két ludn vé tdc d6 tinh toan, téc d6 truyén thong, kha ning truy cip bd nhé ... Noi
dung chirong nay sé trinh bay nhitng vin dé chung nhét cia viéc danh gia hiéu
ning nhu : muc dich, phin loai va su phat trién cia cac loai phin mém do hiéu
nang

9.1.1 Muc dich cia viéc danh gia hiéu ning

Khi trién khai mot hé théng may tinh, mot yéu ciu dit ra dbi voi ngudi quén tri 1a
phéi danh gid dugc kha nang cua hé théng vé cac mit tinh toan, truyén théng. Su
danh gia nay c6 dugc dua trén cac Két qua cu thé phan anh tdc do thuc hién céc
thao tac trén céc kidu dir lidu, téc d6 giri va nhan géi tin, téc 46 truy cdp bd nhé
ngoai va bd nhé trong. Cac két qua nay khi duge tong hop lai sé co thé cho phép
du doan mot phan vé& hidu ning cia nhimg img dung cé thé s& dugc trién khai
trong tuong lai.

Dbi véi timg may tinh déng vai tro 14 nit tinh toan, viéc danh gia hiéu ning dugc
thuc hién v6i muc dich dua ra nhitng thong s6 cu thé phan anh téc do tinh toan,
tdc d6 truy cip bo nhé trong khi thuc hién bai toan trén CPU don cia may tinh,
Tir nhimg thdng sb cu thé trén ta c¢6 thé dua nhimg danh gia vé nang luc tinh toan
cliing nhu kich thudc cla bai toan 1a bao nhiéu thi s& phu hop voi miut mang

Kha ning truyén théng gilta cac mit trong mang dong vai trd rit quan trong khi
trién khai mot hé théng tinh toan. Téc dd truyén théng chiu dnh hudng mét cich
truc tiép bai cac cau hinh phin cing ciing nhu dung luong goi tin va tin sd giri géi
tin. Tir nhimg théng s6 do duge khi thuc hién cac chuong trinh do hiéu ning
truyén théng, ngudi quéan tri cé thé dua ra nhimg thong sd ti wu vé dung lugng
g6i tin va tin sé gui tin cua ting giao thac cu thé dbi véi hé thdng tinh toan dang
trién khai

(Qua trinh do hi€u nang cdn duge su dung dé danh gia sy trong thich cua he théng

do6i vai cac thu vién 1ap trinh. Trong trudng hop nay, phin mém do hiéu niang sé&

High Performance Computing Center - HUT 265



Tai lieu ky thuat — Chi tiét hé thdng BKluster

[T e e
goi mot s6 ham tiéu biéu cia thu vién, do thoi gian thuc hién cac ham nay dbi véi
cac kich thude dau vao cu thé.

Mot trong nhitng muc dich cua viéc xay dung hé théng may tinh la dé thuc ién
cac bai todn doi hoi sd lwong tinh toan rat 1on. Lic nay ca hé théng s& duoc xem
nhu mot may tinh duy nhét thuc hién qué trinh chay chwong trinh. Cac phdn mém
do hiéu ning tinh toan song song cho phép ngudi quan tri ¢é duoc nhirng thong sd
vé thc do tinh toan ddi véi nhimg kiéu bai toan, ing dung khéc nhau. C6 nhirng
chwong trinh thién vé truyén thong, cé nhirng chuong trinh cho phép giam thiéu
qué trinh truyén thong dé tap trung danh gia nang luc tinh toan. Dé danh gia su
fwrong thich cia hé thong d6i véi nhitng (mg dung dang du dinh trién khai, cac
phan mém do hiéu nang c¢6 dang img dung mé phong (simulation application)
dugc viét ra va sir dung. Céc phin mém nay sé mé phéng ting dung trong twrong lai
& mirc dd nho hon va do dac cac thong s6 vé tinh toan, truyén thong khi chay véi
nhimg gi4 tri diu vao thich hop. Qua céc théng s thu duge, ngudi quan tri hé
théng s& ¢ thé dira ra nhitng d4nh gia ding dan, nhimg chinh sira dé co thé trién
khai hé théng trong twong lai mot céch téi wru nhét vé ca cdu tric phin cimg ciing
nhir cac phin mém cai dat

9.1.2 Phin loai cic phian mém do hiéu niing

Nhimg phin mém do hjéu ning ra doi vao dau nhimg niam 80 véi muc dich ban
d4u 13 do hiéu néng tinh toan ciia nhitng may tinh tuin tu. Nhimg chuong trinh do
hiéu ning ban dau thudng 12 mot tip cic cau 1énh duge goi trong nhiéu vong lap
thirc hién mét sé luong 1on cac phép toan s6 hoc véi dir lidu 1a sb nguyén hodc 56
thuc. Sau nay, cac phﬁn mém do hiéu ning da dugc sir dung trong viée do dac,
danh gia cac may tinh don hogc ca hé théng tinh toan dwdi nhidu khia canh nhu :
tinh toan, truyén théng, truy cip by nhé ... V&i mbi muc dich khéc nhau s& cé
nhitng phin mém tuong trng dé danh gia, khong c6 mot phin mém do hiéu ning
nao duoc viét mot cach tong hop dé danh gia tit ca cic khia canh trén. C6 hai cach
phé) bién khi phan loai caic phé"m mém do hiéu nang d6 la phan loai theo d9 phirc
tap cua chuong trinh do hiéu nang va phan loai dyua trén muc dich do hiéu ning
cua chuong trinh

9.1.2.1 Phéan loai dwa trén dé phtrc tap cua chwong trinh do hiéu nang

Viéc phén loai dua trén dé phic tap cua chuong trinh gin lién véi qua trinh phat
trién cua cac loai phan mém do hi¢u nang. Tir nhitng chuong trinh don gian ban
ddu viét dé do khd ning tinh toan ctia mdt may tinh ¢4 nhin dén nhimg chuong
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trinh phire tap mo phong mot hé théng cu thé trién khai trén toan bd hé thong tinh
todn. Duya trén tidu chi nay, cdc phan mém do hiéu ning cd thé dwoc phan chia
theo mure do tang dan thanh 3 loai chinh : mi 1énh don gian (Synthetic Code), hat
nhin (Kemel) va M6 phong ng dung (Simulation Application). Cdc chuong trinh
do hiéu ndng ¢ muc do md phong ung dung da co thé cho phép ngudi quan tri du
doan duge sy twong thich cta hé théng, tham chi ¢ thé ca hiéu nang cia hé théng
khi thuc hién cac tmg dung c6 muc dich cu thé

M3 lénh dom gidn : 1a chuong trinh thuc hién mot tip cac phép toan nhu cong,
trir, nhén, chia trén tap sd thue, cac thao tac truy cdp b4 nhd nhu : doc, ghi dir ligu
tr b nhd ngoai hodc céc thao tac truyén dit liéu nhu gt gdi tin va chd tin hiéu
phan hoi tir may dich. Nhimg chuong trinh do hiéu nang tinh toan dau tién trén
Thé Gidi thuong duoc xép vao loai nay. Ngay nay nhitng chuong trinh nay thuong
d3 duge cai tién rit nhiéu hodc tré thanh mét phan cia nhimg chuong trinh do hiéu
ning phuc tap hon. Tuy nhién cac chuong trinh do hiéu nang truyén théng hodc
truy cip bd nh¢ trong hién nay van dugc xép vao dang mai 1¢nh don gian

Hat nhin : Day 1a chuong trinh thuc hién mot phén cla mot ing dung cu thé, Hat
nhan thudng dugc sir dung trong cac géi phan mém do hiéu ning tinh toan. Churc
ning cla hat nhin c¢é thé chi don gian 13 thuc hién viéc chuyén vi ma trin hay
phire tap hon nhu thuce hién bién d6i fourier, nhan ma trdn. Pa sb cac chuong tinh
do hiéu ndng tinh toan ngay nay duoc coi la cac hat nhan.

Mé phéng @ng dung: Pay la nhimg chuong trinh dugce viét ra dé danh gia su
tuwong thich cta hé théng ddi véi mét loai g dung cu thé. Cac chuong trinh loai
ndy thuong ia mot tap hop cuia cac hat nhéan, gifra cac hat nhén da co sy tuong tac
v6i nhau vé truyén théng ciing nhu két qua tinh toan. Hién nay céc chwong trinh
mé phong ng dung thudng duge cung cap dudi dang mot phan cia cac goi phin
mém do hiéu ning cla cdc co quan, vién nghién ciru ¢6 uy tin trén Thé Gii. Dé
chay duoc cac chuong trinh loai nay thi can phai trién khai todn bé hé thdng mét
cach tuong déi hoan chinh vé& cAu hinh phén cing, phan mém.

9.1.2.2 Phén loai dya trén muc dich cua chwong trinh

Céc chuong trinh do hidu nang thudng chi thuc hién viée danh gia tée d6 thue hién
cua maot loai céng viée cu thé cho nén viéc phén loai theo muc dich ngay nay rat
hay dugc s dung trong cac tai liéu tong quan vé danh gia hiéu niang. Cé thé noi
rang, bt cir khia canh nao cita mét may tinh don hay mot hé théng tinh toan phuc
tap déu tOn tai nhitng chuong trinh do hidu ning chuyén dAL_mg dé danh gia hiéu
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ning. Co thé chia ra thanh cac phan mém do hiéu ning v&i nhitng muc dich sau :
do hiéu nang tinh toan, do hiéu ning truy cip bd nhd trong, do hig¢u niang truyén
thong, do hiéu ndng cia thu vién lap trinh, do hiéu nang truy cdp bd nhd ngoai

Phian mém do hi¢u ning tinh todn

Nhirng chuong trinh do hiéu nang chuyén dung do hiéu nang tinh toan dugc ra doi
vao dau thip ky 80. Chuong trinh WhetStone dugc coi la chuong trinh do hiéu
nang tinh toan dau tién trén Thé (161, day 1a mot tap cac module con, mdbi module
thurc hién mot thao tac riéng nhur : cac phép todn sb nguyén, cac phép toan s thure.
Kiéu dir liéu str dung trong WhetStone ¢ thé ¢6 d6 chinh xac don hodc chinh xéc
kép. Sau WhetStone, xudt hién cac chwong trinh do hiéu nang tinh toan khac nhur :
DhryStone, Digital Review. Ddc diém chung ctia cac chuong trinh nay la déu thao
tac chu yéu trén cac kiéu dix liéu sb thuc, gia tri tra vé ¢6 thit nguyén dugce quy udc
riéng, vi du WhetStone tra vé gia tri cé thir nguyén KWIPS (Kilo WhetStone
Instrution Per Second), DhryStone tra vé gia tri ¢ thir nguyén DhryStone Per
Second, Digital Review tra vé gid tri c6 thir nguyén MVUPS (MicroVAX units of
processing). Cac gia tri nay 1a s nghin hay triéu vong 13p dung trong chuong trinh
twong Ung, rd rang 1a cac gia tri ndy chi ¢6 thé duge sit dung dé so sanh hiéu nang
tinh toan cuia hai may khi cung chay mdt chuong trinh do hiéu ning

Bén canh nhitng chuong trinh do hiéu nang hoat déng chu yéu trén kiéu dir liéu sb
thuc, da xudt hién cac chuong trinh do hiéu nang thao tac trén kiéu dir lidu sb
nguyén. Cac chuong trinh nay thudng duoc cai dat theo mét sb giai thudt cu thé
nhu : HeapSort, Hanoi ... Gia tri trd vé& clia cac chuong trinh nay ¢6 dang MIPS
(Mega Instruction Per Second) 14 s6 triéu ldn cac cdu lénh duoc thuc hién trong 1
gidy

Céc chuong trinh do hiéu ning tinh todn duoc phét trién trong nhitng nam gan day
déu sir dung chi yéu cac phép toan trén kiéu dir liéu sé thuc dau phiy déng
(floating point). Két qua tra v& ¢6 thir nguyén 1a MFLOPS - sb hang triéu phép
tinh dau phdy déng trong 1 gidy. Mt trong nhimg chuong trinh tiéu biéu dau tién
c6 st dung kiéu thir nguyén nay 1a Linpack cia tic gia Jack Dongarra truong dai
hoc Tennesse. Linpack la mét tdp cac chuong trinh con nam trong thu vién lap
trinh Lapack. Pay 1a chuong trinh do hréu nang co sb lugng phép tinh déu phéy
dong rat 16n tuy nhién cling ¢é mdt nhuge diém la khong thire hién phép chia.
Phan mém do hiéu nang nay con duoc sty dung rit phd bién va da duge phat trién
thém cac phién ban viét bing ngdn ngt C va Java tr phién ban ban diu viét bang
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ngdn nglt Fortran. Cac chuong trinh do hiéu nang st dung phép tean dau phay
dong sau nay da s6 déu duoc xép vao dang hat nhan, ngoai Linpack ra con co thém
mot s& phan mém do hiéu nang ndi tiéng khac nhu : Livermore, Nasa Parallel
Benchmark (NPB). Dac biét gdi phén mém NPB da cung cép 5 hat nhan, 3 md
phong img dung duge st dung rat rong réi trong viéc danh gia hiéu ning cia cac
hé thong tinh toan song song

Phan mém do hiéu ning truyén théng mang

Cac chuong trinh do hiéu nang truyén thong mang duoc s dung dé danh gia hiéu
nang truyén goéi tin gitta hai mdy déng vai trd mit mang trong mot hé théng tinh
toan. Cac chuong trinh nay déu c6 céu tnic client — server véi module client dugc
cai trén may ngudn, module server dugc cai trén may dich. May ngudn sé giri géi
tin dén may dich, tuy theo timg chirong trinh ma may dich c6 giri lai tin hiéu hay
khéng. Ngutt st dung cé thé tuy chon nhiéu giao thirc truyén théng nhw : TCP,
UDP hodc thay ddi gia tri cta cac géi tin giri di, thay dbi do 16m clia bo dém socket
may giri va may nhan ... dé co thé khao sat toc d6 truyén thong gitta hai may trong
hé théng dudi nhidu géc do. Dudi day 1a mot sb phf"m mém do hiéu ning truyén
théng mang phé bién :

e NetPerf ciia hing Hewllet — Packard, phin mém nay dugc viét vao nim
1996, dén nay da cé phién ban 3.0

e TIperf clia nhém tic gia tai dai hoc bang Illinois, phdn mém nay duge cong
b6 1an déu vao nam 1999, dén nay da c6 phién ban 1.7.0

e UDPMoN cia tac gia Richard Hughes-Jones, phan mém nay duoc viét vao
niam 2000, dén nay da c6 phién ban 3.2

Céc chuong trinh trén déu duoc viét bang ngdn ngit C, trong céc phan mém trén,
phian mém Netperf hay dugc ding nhit khi danh gia hiéu ning truyén thong trong
mang LAN

Phin mém do hiéu ning truy cip bé nhé trong

Céac chuong trinh do hiéu nang truy cdp bd nhé trong kh()ng cé nhidu nhu nhitng
chuong trinh do hiéu néng tinh todn hay do hiéu ning truyén théng mang nhung
déng vat trd quan trong khi phan tich su tuong quan cua dung lugng cua bo nho
trong véi tdc d6 cua CPU véi hiéu ndng tinh toan. Cac chuong trinh nay sé tién
hanh do théi gian, tan sudt truy cdp bo nho trong khi thuc hién céc phép toan déi
vGi cac bd gid tri dau vao co kich thuée khac nhau. Cac chuong trinh do hiéu nang
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truy cdp bo nhé trong sé cho ngudt quan tri biét dugc kich thude cia bai toan nhu
thé nao 12 t&i uu nhét d6i véi timg may tinh cia hé théng. Phin mém do hiéu nang
truy cép bd nho trong phd bién nhit 1a Stream cia tac gia John McCalpin, giang
vién truomg dai hoc Delaware, ngoai ra con cac phian mém khac nhu Sandra
Memory Benchmark, CacheBench ... Thuc té cho thiy két qua ctia c4c phan mém
do hiéu ndng truy cdp bd nho trong thudng dua ra théng sé tdi wu nhé hon céc
thong sb ciia nha cung cap thiét bj phin cimg

Phin mém do hiéu ning cia thw vién chrong trinh

Khi xay dung cac thu vién chuong trinh, mét trong nhitng yéu cau dat ra la phai
kiém tra cac ham trong thu vién cé hoat dong tdt. tuong thich v hé théng, the do
thuc hién ... Tuy nhién, sb chuong trinh do hiéu ning cta thir vién ldp trinh 1a
khong nhiéu, mot sd dai dién cho nhitrng phé"m mém thudc loai nay 1a:

* ATLAS do hiéu nang cua thu vién tinh toan BLAS
o Linpack do hiéu ning cua thur vién tinh toan Lapack

e NetPIPE do hiéu ndng cua thu vién truyén théng diép MPIL. V& ban chét
NetPIPE 1a churong trinh dung dé so sanh hiéu nang truyén théng gifta mot
sé giao thire, tuy nhién NetPIPE thuong duge cdu hinh khi bién dich dé
danh gia hiéu ning cta moi trudmg truyén thong thiét 1ap béi thur vién MPT
trong cac hé théng tinh todn song song ghép cum

Phin mém do hiéu niing truy cip b nhé ngoai

Qua trinh do hiéu nang clia bd nhd ngoai cé thé xem 1a viéc danh gia su dap (mg
cta hé thong d6i voi cac 1énh doc, ghi, khdi tao hay xoa : creat, read, write, mkdir
... Déi tuong tac déng cla céc ciu 1€nh nay 1a data hodc meta-data. Data 13 cac
file chira dir liéu thong thudong con meta-data 14 céc file chira di lidu vé céu tric
ctia hé thdng. Meta-data co thé la inodes, free map, indirect blocks va directory.

Trong cac hé théng may tinh, bd nhd ngoai tdn tai chu yéu dudi hal dang sau : bd
nhé trén may tram va hé thdng file mang Network File System — NFS. Ung v
mdi loai bd nh& ngoai trén s& c¢é cac phin mém do hiéu ning twong img. Dudi day
1a m6t s6 cac phan mém do hiéu nang truy cdp bd nhd ngoai théng dung .

Céc phan mém do hiéu nang ctia bd nhd trén may tram : 10Stone, Bonnie++,

10Zone trong dé I0Stone duoc coi la chuong trinh do hiéu nang truy cip bd nho
ngoai dau tién trén Thé Gidi
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e

Céc phan mém do hiéu nang truy cip hé thong file mang : NFSStone, NHFStone

Hau hét cdc chuong trinh do hiéu nang thudc loai nay dugc viét bing ngdn ngit C
hodc C++.

9.1.3 Suw phat trién cta cac phin mém do hiéu ning

Céc chuong trinh danh gia hiéu ning diu tién xudt hién vao nhiing nam dau thap
kv 80 va duoc ap dung cho nhitng kién tric may tinh, hé thong tinh toan cu thé,
sau dé mét sb chuong trinh duge phat trién dé c6 thé do hiéu nang cia nhitng hé
théng may tinh khac. Hién nay, cac chuong trinh do higu ning da phat trién rit
phong phu vé sé lugng va dugc 4p dung & danh gid miy tinh don hoic cd hé
théng vé nhiéu mdt. Qua trinh phét trién cua cac phin mém do hiéu ning cé thé
dugce chia ra thanh ha khia canh chinh sau : su phat trién cac chuong trinh dé co
thé do hiéu ning cla nhiéu hé théng va sy thdng nhit thir nguyén cia cac chuong
trinh do hi€u nang

Sy phit trién vé kha ning twong thich hé thong ciia cic chwong trinh do higu
ning: ban diu, cac chuong trinh do hiéu nang thudong duge viét ¢é danh gia hiéu
nang cua nhirng hé théng cu thé. biéu nay dugc thé hién qua mot sb vi du phu sau:

e (6i phan mém NASA Parallel Benchmark dugc viét dé danh gia hiéu ning
tinh toan cla hé thdng tinh toan song song ghép cum ciia co quan nghién
ctru Vit Tru Hoa Ky v6i cdc chuong trinh hat nhan va phan mém mé phdng
dva trén nhitng yéu ciu nghién ciru thyre t&. Sau nay, cac chuong trinh do
hiéu ning trong géi phin mém NPB da dugc hoan thién véi cac module
viét bang ngdn ngir C, Fortran va High Performance Fortran véi cac tai diu
vao co kich thude khdc nhau. Thuc té cho thdy NPB tuong thich vdi hdu
hét cac hé théng tinh toan song song trén Thé Gidi

¢ Phan mém Lipack ban ddu dugc tic gia Jack Dogarra viét dé do tée d6 thuc
hi¢n hai ham DGEFA va DGESL trong thur vién tinh todn Lapack viét béng
ngén ngir Fortran. Sau nay Lipack da duge sir dung rong rai dé danh gia
hiéu ning tinh toin ciia CPU don va duwgc phat trién thém phién ban viét
bing ngdn ngit C, gan day co thém phién ban viét bing ngdn ngit Java.

Hién nay da xuat hién céc cong cu danh gia hiéu nang dugc cung cép dudt dang
cdac goi. Trong got bao g6m nhiéu chuong trinh do hiéu niang véi nhiing muc tiéu
do khéc nhau. Nhimg g6i chuong trinh do hiéu nang pho bién 1a : NPB - Nasa
Parallel Benchmark), ParkBench - Parallel Kernel Benchmark, SPEC - Standard
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Performance Evaluation Cooporation, LMBench cua hang Hewllet Packard ...

Sw thong nhit thir nguyén cia cic chwong trinh do hiéu niing: Cac chuong
trinh do hiéu ning ban ddu st dung céc thir nguyén dugc dinh nghia riéng (nhu
KWIPS, DhryStone Per Second, MVUPS da dugc trinh bay & phin 1.2.2). Sau
nay, hau hét cic chuong trinh do hiéu nang gan day déu sir dung hai thir nguyén
sau : MFLOPS (sé nghin 1an phép tinh sé thuc trong | gidy) ddi véi két qua do
hiéu ning tinh todn va Mbps (s6 nghin bit truyén théng trong 1 gidy) ddi véi cac
két qua do hiéu nang truyén théng. Su thdng nhit nay cho phép xay dung lén cac
co s& dir liéu vé hiéu nang va kha ning so sanh hiéu nang cta cac hé théng may
tinh khac nhau trén Thé Giéi
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9.2 Cac phwong phap do hiéu nang
N&i dung chuong nay sé trinh bav vé phuong phép xdy dung céc phan mém do
hiéu nang va y nghia cia nhirng thir nguyén ciia cac két qua do hiéu nang

9.2.1 Do hiéu ning tinh toan

Pé danh gia hiéu nang cua hé thong, théng thudng, can phai xac dinh 2 thong sb
RPEAK va RMAX.

RPEAK: hiéu ning t6i da (hiéu nang thiét ké) ctia hé thong. Théng sé nay duge
tinh bing tong nang luc cua toan bd nut tinh toan trong hé théng va coi nhu bd qua
sy tirong tac gilra cac nit. Cong thire tinh RPEAK nhu sau:

Rpeak = 86 VXL * ClockSpeed * FLOPS/Cycle

1 sb théng sé FLOPS/Cycle:

pPri:i, PIV: 2, Aphlon: 3, Italium: 4
RMAX: hiéu nang cua hé thong thu duge khi thuc hién mdt chuong trinh danh gia
hiéu ning chuyén dung. Phin mém dénh gi4 hidu nang dugc st dung phé bién
nhét trén Thé Gidi trong viéc xép loai 500 may tinh manh nhit (www.top300.org)
1a High Performance Linpack (HPL).

Theo y kién mot sé chuyén gia, két qua RMAX thu duoc bang HPL clia mot sé hé
théng tinh toan trén Thé Gioi thuong 12 50% RPEAK. Tuy nhién, tj 16 RMAX =
50% RPEAK 1a dat dugc & nhirng cluster ¢é giai phép truyén théng rat tdt (sur
dung HPS, Myrinet hodc InfiniBand), con véi cac cluster ma téc d6 truyén thong
mang nhé hon (nhur Fast Ethernet 100Mbps), ty 1& nay nhé hon nhiéu (vi du 14
32.7% dbi v6i hé théng BKluster).

Nguyén tic hoat dong chung cua cac chuong trinh do hiéﬁ ning tinh toan la thuc
hién mét s6 16n cac cau [énh tinh toan, do thdn gian chay toan bd chuong trinh, sau
dé tinh ra két qua cé dang sé phép tinh trong mdt don vi thai gian hodc téng sb
cau lénh, téng sd ham thuc hién trong mot don vi thoi gian

Nhitng chuong trinh do hiéu ning tinh todn ban diu nhu WhetStone, DhryStone
do hiéu nang béng cach thuc hién mot tip cac module con, mdi module co chirc
nang thuc hién phép todn trén céic kiéu dit liéu riéng nhur : s nguyén, sb thuc hay
thire hién cac cau l1énh nhu : 1énh r& nhanh, Iénh goi cac chuong trinh con. Véi moi
module, ngudi sir dung cé thé thay déi cac tham sé diu vao cho phu hop vai tung
hé théng cu thé. Céc tham sé nay lién quan dén kich thude cia dit liéu ddu vao
dudi dang 56 nghin lin doan 1énh (instruction) thuc hién trong mdi module. Két
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qua tra vé ciia chuong trinh s& ¢6 thi nguyén dugc dinh nghfa riéng nhur

e MWIPS (s nghin doan lénh ciia WhetStone trong | don vi théi gian) a6
v&i cac két qua trd vé clia chuong trinh WhetStone

e DhryStone Per Second (sé vong lip DhryStone trong 1 don vi thoi gian)
dbi véi két qua tra vé cia chuong trinh DhryStone

Cac chuong trinh do hiéu ndng tinh toan to dang mai lénh don gian (Synthetic
Code) duqc phat trién 1én thanh cac chwong trinh (hodc module churong trinh) thue
hién muc dich cu thé hon trong tinh toan khoa hoc, d6 1a cac hat nhan (kernel) va
mé phong tmg dung (Simulation Application). Péi v&i nhitng chuong trinh & dang
trén, cac phép todn chu yéu thue hién trén mién sé thue va két qua dugce tra vé ¢o
thir nguyén la MELOPS - sb nghin 1in phép toén sé thuc trong 1 gidy. Tuy nhién,
tuy theo timg muc dich dic biét, vin co thé t6n tai nhimg thir nguyén khac (tuy
nhién hién nay didu nay rat it khi xay ra), vi du hu thit nguyén két qua tra vé cia
2 hat nhan IS (Interger Sort) va EP (Embrassingly Parallel) trong goi phin mém
NPB ¢6 thir nguyén 1a MOPS - s nghin 1an phép toan trong 1 gidy. Déi vai hat
nhén IS, phép toan dugc thrc hién 14 “sip xép sb nguyén” con ddi voi hat nhan
EP, phép toan duge thuc hién 1a “sinh ngiu nhién cac sb phirc”.

Pon vi do hiéu nang théng dung nhit hién nay 13 FLOPS, dé tinh ra dugc két qua
theo thi nguyén nay cdn phai xac dinh thoi gian thuc hién chuong trinh
(Benchmark Time) va téng sb phép toan déu phdy déng (Floating Point Operation
Count) dugce thyc hién.

Thoi gian thwc hién chuong trinh (Benchmark Time) ky hiéu la T(N,P) : dugc
dinh nghia 1a thoi gian dé thuc hién bai toan 1a N (size N) vdi p vi xir li. Bai toan
dugc go1 la ¢6 40 1on N néu vector biéu din cac tham sé ddu vao cia bai toan c6
N phan tir.

86 phép todn diu phiy dpng (floating peint operation count) ky hi¢u la F(N) -
dai lugng nay duoc tinh bing sé phép todn diu phdy dong cin dugc thuc hién khi
gidi quyét bai toan c6 kich thudc N. Viée kiém tra duoc tién hanh trén ca bai toan
do hiéu ning va chuong trinh cii dat twong ng dé xéac dinh ra s phép tinh déu
phdy déng cin phai thuc hién trong viéc giai quyét cac bai toan don gian nhu
synthetic va kernel benchmarks. Hon nita, ¢6 thé con cin phat c6 mot chuong
trinh déng vai trd bo dém hodc mot phin cimg chuyén dung ding dé dém cac phép
toan dau phéy dong duoc thuc hién khi giai quyét cac bai toan phuc tap. Dé phan
bi€t cac loai phép tinh déu phay dong. nguot ta dinh nghia thém cac loa sb do nhu
I
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sau

s Benchmark floating point operation count ky hiéu la FB(N) : ia 50 phép
toan dau phiy déng duoc st dung dé thuc hién bai toan & dang tuan tu

e Hardware floating point operation count ky hiéu ia FH(N,p) : la toan b{ sb
phép toan diu phiy déng ma phin cing phai thuc hién khi giai quyét bai
toan & dang song song véi p vi xtr li. Gia tri nay co thé 16n hon gia tri
FB(N)

Dudi déy 1a bang biéu dién s phép toan trén ddu phiy dong (flop) thuc su ddi véi
timg phép tinh cu thé

Kiéu phép toan sé thuc S6 phép toan sb thyc (flop)
cOng, tru, nhan 1
chia, cén bac hat 4
lu¥ thira, sin, cos ... 8

Bang 9-1 86 phép toin sb thire twong img voi cac phép tinh

Tir hai théng sé trén ta rit ra dugc sb phép toan diu phdy dong thuc hién trong
mot don vi thoi gian (Benchmark Performance) ky hiéu 1a RB(N,T) : dugc dinh
nghia bang ty 1& ctia Benchmark Floating point Operation so v&i Benchmark Time

RB(N,p) = FB(N)/T(N;P)
Don vi do clia dai lugng nay 1a FLOP/s
Qua céng thire dinh nghia trén, ta thiy ring hiéu ning ctia hé théng duoc dénh gia
dua trén benchmark floating point Operation Count hon 14 dua vao cac phép toan
déu phéy ddng da thue su duge phén cung thuc hién. Mic du viée tinh toan vo1 bd
nhé phén tan c6 thé s& thuc hién nhidu phép tinh hon 13 viéc tinh toan tuan tu, tuy
nhién chi cé Benchmark Floating Point Operation Count 1 duge s dung dé do
hiéu ning cta hé thong
9.2.2 Do hiéu ning truy cip b nh¢ trong

Céc phan mém do hiéu ning truy cdp bd nhé trong (RAM) thuong duoc xay dung
theo nguyén tic sau :
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o Sir dung mdt khéi luong Ion bd nhe trong dé cép phat cho céc bién tinh st
dung trong chwong trinh (thudng 14 kiéu mang 1 chiéu véi cac phan tir sd
thuc)

e Thuc hién cac phép toan cong, trir, nhan, chia hodc td hgp cac pheép toin
trén, do thon gian thuc hién ca chuong trinh, tir do tinh ra kich thudc cua
nhitng dir liéu da cip phat duoc xir |y trong mot don vi thi gian

Két qua tra vé cua cac phan mém do hiéu ning truy cdp bo nho trong thuong cé
thir nguyén 1a MB/s (MegaByte per Second). Thir nguyén nay biéu dién dir liéu
tinh theo MegaByte dugc xur ly trong vong 1 gidy

Mot dic diém ciia hé didu hanh Linux 1a khi téng kich thude cta bo nhé cén cép
phat vugt dung lugng cia bd nhé trong thi sé& dan dén viéc truy cap vao ving dém
swap. Swap thudc vao bd nhd ngoai nén tde d6 truy cdp s& cham hon tée do truy
cip vao bd nho trong rat nhidu, diéu nay s& gy ra viéc gidm dot ngot toe do thuc
hién cac phép toan trén. Tir cac két qua do hiéu ning truy cép bd nhd trong, nguoi
quan tri cd thé biét duoc kich thude cuc dai cia bai toan la bao nhiéu thi tbc do
tinh toén 1a cao nhét

9.2.3 Do hi¢u ning truyén thong mang

Céc chuong trinh do hiéu nang truyén thong mang luén ¢é hai thanh phin, module
server cai dit trén may dich va module client cai dat trén may ngudn. Module
server sé& giri cac goi tin co kich thude khac nhau dén may dich, may dich sé do
thoi gian tr lae gin dén lic nhan, kich thudc cia goi tin nhan duge, ... Tuy theo
timg phan mém ma nhimg két qua nay c6 thé duoc hién thi ngay tai may dich hodc
dwoc gii vé va hién thi tai may ngudn. Dé thuc hién diéu nay, hai module server
va client s€ tao ra hai kénh thong tin sau :

e Kénh didu khién: kénh nay c6 nhiém vu truyén cac tham sb thiét lap ban
dau, théng tin vé cdu hinh (kha ning nay cho phép dung module client dé
thiét 1dp cAu hinh ctia mdy dich) ... Kénh nay ciing déng vai trd truyén két
qua v& may ngudn (néu cin)

e Kénh di liéu: kénh nay doc 1ap voi kénh diéu khién c6 chirc ning truyén
cac géi dir liéu tir may ngudn dén may dich dé thuc hién phép do, qua trinh
két ndi va giao thirc truyén théng tuy thude vao muc dich do hiéu ning va
tudn theo su thiét 14p ban diu cua kénh diéu khién

Toc do truyén dir lidu trén mang phu thudc vao mot $d yéu td sau ;
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e (iao thirc gui va nhan tin
e Kich thude géi tin gui
e Kich thude bd nhd dém cua socket tai may gui va may nhan

Cac théng sb nay c6 thé duge thay déi khi bién dich cac module hodc nhédp vao
dudi dang tham s6 khi thuc hién chuong trinh. Két qua do hiéu ning truyén thong
mang thuong cé thir nguyén 1a MBps : MegaBit per second. Pay 1a tdng s bit
truyén duge trong 1 gidy

9.2.4 Do hiéu ning ciia thwr vién phin mém

Bo hiéu nang cda thu vién 1dp trinh thuc chét la viéc do thoi gian thuc hién mot )
ham quan trong trong thu vién véi cac gia tri dau vao khac nhau. Tuy vao chirc
nang cua thu vién ciing nhu muc dich cua viéc danh gia hiéu ndng ma co hai cach
d4nh gia hiéu nang cta thu vién truc tiép va gian tiép

Panh gia hiéu nang thu vién phdn mém mét cach truc ti€p : mot sé chuong trinh
kiéu nay 1a Linpack danh gia hiéu nang thu vién tinh toan Lapack, ATLAS danh
gia hiéu nang thu vién tinh toan BLAS. Két qua trd vé c6 thir nguyén phu thudc
vao chirc nang cha thu vién, vi du Linpack tra vé két qua c6 thir nguyén la
MFLOPS

Danh gia hiéu ndng thu vién phin mém mot cach gian tiép : Khong phai thu vién
phin mém nao cling t6n tai phan mém riéng danh gia hiéu nang. Trong truong hop
nay thi qua trinh danh gia hiéu nang cé thé thyc hién mdt cach gian tiép dua vao
céc phan mém chuyén dung khac, vi du nhu phin mém do hiéu nang truyén théng
NetPIPE c6 thé dugce st dung dé danh gia hiéu nang cua cac thu vién truyén thong
diép theo chuin MPI. Phin mém nay cho phép dinh hudng bién dich cé st dung
cac ham truyén théng diép hodc khéng, so sénh toc do truyén thong mang trong
truong hop c6 va khong sir dung thur vién MPI sé& cho thiy hiéu ning cua thu vién
nay
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9.3 Quy trinh danh gia hiéu ndng hé théng tinh toan song song
ghép cum -

Néi dung phan nay sé& trinh bay vé viéc xay dyng quy trinh quy trinh danh gia hiéu
nang cua mot hé thong tinh toan song song ghép cum dua trén céc phén mém dénh

gia hidu nang ma ngudén mé thong dung trén Thé Gidi.

9.3.1 Xiy dung quy trinh danh gii hiéu niang ciia hé théng tinh toan song

song ghép cum

Qua dinh nghia ciing nhu kién tric, ¢6 thé thiy nhing yéu t6 anh hudng dén nang

lue tinh toan cua hé thong tinh toan song song ghép cum la:
e Tdc dd vixir 1y trén timg nut tinh toan,
¢ Dung lugng bd nhé trong cua tirng nut tinh toan,
o Tbc db truyén thdng clia mang LAN,
e Cac phin mém thiét 14p moi trudng tinh toan.

Tir viéc xac dinh céc yéu t§ anh huong dén nang lyc tinh toan cia toan bd hé
thong, cung véi viéc khio sat, phan tich chic ning cac phin mém danh gid hiéu
nang chuyén dung trén Thé Gidi, nhom nghién ctru da dé xuit mdt quy trinh danh

gia hiéu ning cla hé thdng tinh toan song song ghép cum nhr sau:

-

Tén phan mém Chirc ning Muc dich

Phin mém do | Panh gia hiéu ning tinh toan | Pua ra téc d6 tinh todn cao
hiéu ning tinh | CPU don trén mét nat tinh | nhat cia timg may tram riéng
toan High | toan 1€

Performance
Linpack (HPL)
bién dich chay
trén mot nut

Phin mém do | Panh gia hiéu nang truy cap | Xac dinh kich thudc bai toan
hiéu nang truy | bd nhd trong trén mot nit | thich hop nhat déi véi ting nut
cép bd nhd trong | tinh todn _ tinh toan, tr d& cd cac cach
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Stream song song hoa va d¢ trinh cong
viéc thich hop doi voi cac tng
dung song song cu thé

Phin mém do | Panh gia hiéu ning truyén | Xac dinh kich thude géi tin 1a
hiéu ning truyén | thong trong mang LAN giifa | bao nhidu thi téc do truyén
théng Netperf | hai nut tinh toan bat k¥ theo | thong 1a cao nhét gita hai nit
giao thirc TCP/IP tinh toan, dong thoi danh gia
dugc kha ning truyén thong
giira cdc nut tinh toan trong heé

théng

Phin mém do | Panh gia hiéu ning truyén e Xac dinh kich thudc géi
hiéu nang truyén | thong trong mang LAN giita tin 1a bao nhiéu thi téc
thong NetPipe hai nat tinh toan bt ky dé gii va nhan thong
thong qua cic ham g va digp gitta hai nut tinh
nhan thong digp cia thu vién toan thong qua mdi
LAM/MPI truong tinh todn song
song thiét lap bai

LAM/MPI 14 cao nhat.

¢ Su so sanh két qua giira
hai phin mém do hiéu
ndng Netperf va NetPipe
cho ngudi quan tri biét
duge céc thong sd cau
hinh khi thiét lip moéi
truong tinh toan song
song vt MPI da thét su

t6i uu chua.
Phin mém do | Dénh gi4 hiéu ning tinh toén o Khio sit su thay ddi
hiéu nidng tinh | clla mot sO nat tinh toan va hiéu ndng tinh todn cua
toan High | cua toan bd hé thong hé théng voi s6 mit tham
Performance gia tinh toan khac nhau

Linpack (HPL)
bién dich chay
trén nhidu nut

e Xac dinh hiéu nang tinh
toan cao nhdt cla toan
bd hé théng. Két qua
nay co thé sir dung dé so
sanh hiéu nang cua cac
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F | | hé thong tinh toan khac
! nhau.

| F

Bing 9-2 Cic phin mém si dung dé xay dung b eéng cu dinh gia higu ning

9.3.2 Két qua danh gia hiéu ning bé théng BKluster

9.3.2.1 bPanh gia hiéu nang tinh toan

BKluster dugc danh gia hiéu ning tinh toan v&i sé nit tinh toan khao sat 1an lugt
1a 1,2, 4, 8 va 16. Do hé thng bao gdm 8 nut tinh toan PentiumIIl 500 MHz va 8

nit tinh toan Pentiumlll 800 MHz nén qua trinh do hiéu néng tinh todn sé dugc

thuc hién trén 1, 2, 4 va 8 mit cing loai, sau 46 1a toan bd 16 nuit cua hé thng

S6 nut tinh PentiumIll 500 MHz PentiumIil 800 MHz
toan
1 0.334 0.544
2 0.562 0.857
4 1.094 1.703
8 1.965 3.066
16 3.396

Bang 9-3 Két qué khioe sit higu ning (RMAX) cia hé théng BKluster (domn vi la GFLOPS)

Véi 16 nat tinh toén, ta cd RPEAK = 8*0.5 + 8*%0.8 = 10.4 (GFLOPS)

Ty ¢ RMAX/RPEAK = 3.396/10.4 =32.7%
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Pertormance of cluster with hpl
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Hinh 9-1 Két qua danh gia hiéu ning tinh toin h¢ théng BKluster

9.3.2.2 Panh gia hiéu nang truy cap bé nhé trong

Khao sat tee do truy cap bo nho trong bang chuong inh Stream
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Hinh 9-2 Két qua dinh gid hidu ning truy cip b nhé trong ciia nat tinh todn
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Két qua do hiéu nang truy cap bd nhd trong véi phan mém Stream cho thay: Trudce
khi xay ra hién tugng truy cdp vao bd nhé swap (khi téng gia tri cac , toc do truy
cdp bd nho trong ludn on dinh va b'fmg 236 — 238 MB/s. Khi xay ra hién tuong
truy cip swap, toc d9 truy cdp bd nhd trong sé giam xudng dot ngdt va s& gidm rat
nhanh néu kich thudc ctia bai toan tiép tuc tang 1én

Két qua trén cho thdy kha nang tinh toédn cta may tram la 6n dinh véi nhitng bai

toan c6 tdng gia tri cac bién can cap phat nho hon 240 MB.

9.3.2.3 Panh gia hiéu nang truyén théng theo giao thirc TCP/IP

Thuc hién do hidu nang truyén théng theo giao thirc TCP/IP ‘oang phin mem
NetPerf giita hai nut tinh toan trong mang LAN, két qua cho thiy téc do truyén
théng gitra hai nut tinh toan trong mang la 6n dinh va dao dong khong nhiéu trong
khoang ian céan 85 Mbps.

o I Throughput graph _ 008

r 2048 4006 6144 819.2
Hinh 9-3 Két qua dinh gia hiéu ning truyén théng theo giao thire TCP/TP
9.3.2.4 Danh gia hiéu nang truyén théng méi trwéng song song
LAM/MPI

~ Qua trinh danh gia hiéu nang truyén thong dua trén cac LAM daemon cho thfiy tde
do truyén thong trong mang dat duoc cao nhflt‘lél khoang 82.82 Mbps vdi cic got
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tin 1an can 6.2 MB. Diéu nay cho phép khing dinh rang, moi truong tinh toan song
song da duoc thiét lap tot, khdng anh hudng nhidu dén tbc 46 truyén thong ziita
cac nut tinh toan.

Ethernet ThrougthPut Graph Benchmark using NetPIPE
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Hinh 9-4 Két qua danh gia hidu ning truyén théng ciia méi trwong song song LAM/MPI

9.4 B§ coéng cu danh gia hiéu ning hé théng phan cum

Céc phan mém do hiéu ning duogc cung cip tir nhiéu ngudn khac nhau, viét bing
nhiéu ngdn ngit 1ap trinh nhu C, C++, Fortran. C6 nhimg chuong trinh chi duge
viét bang duy nhAt mét ngén ngit nhu NetPerf, NetPIPE viét bing ngdn ngit C,
Linpack viét bang Fortran, nhung ciing tdn tai hién tuong trong mot gbi phan mém
c6 cdc chuong trinh con duge viét bing nhiéu ngdn ngir khac nhau nhu cic
chuong trinh do hiéu ning NPB. Hon nita, mdi chuong trinh sé& ¢6 thé lién két dén
nhidu thu vién khac nhau, trong dé c¢6 thir vién sin c6 trong hé diéu hanh nhu
pthread.h, math.h,... nhung ddng théi ciing cé nhimng thu vién chuyén dung nhu
LAM/MPI, MPICH.

Cac phidn mém thuong duge cung cip ma ngudn md duodt dang mot tip cac file
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. ]
ngudn, file header, khong phai phdn mém nao cing duge cung cip kém theo hai
file tro giip bién dich la config va makefile. Vi vy, khi dich'va chay chuong trinh
déi khi nguéi thuce hién can phai truc tiép dua vao nhimng tham sé hoac thay ddi

mot vai tham sé trong makefile cho phii hop véi hé théng cu thé.

Vi nhitng ly do trén ma ta cin dén mét cong cu tuong dbi trong sudt hon vé mit hé
thong dé quéa trinh danh gia hiéu ning co6 thé tién hanh mét cach thuan loi hon.
Cong cu danh gia hiéu ning hé théng sé& tu dong hoa viéc thuc hién céc cong viée

sSau .

o Thuc hién cac chuong trinh danh gia hiéu niang véi cac gia tri diu vao thay
d6i. Viéc thay doi cac gia tri ddu vao c6 thé do ngudi st dung thuc hién hodc
duge xac dinh mdt cach tr dong dua trén cac tham sb thuc té cua hé théng
BKluster.

e V& biéu 40 dua trén mot sd gia tri ddu ra: qua trinh vE biéu dd duge thuc
hién ngay trén giao dién d6 hoa hodc sir dung cac phan mém vé biéu db chuyén
dung nhur GnuPlot. Do d6, chuong trinh ¢6 kb nang lwu két qua ra file theo
dinh dang tirong thich v&i GnuPlot.

9.4.1 Cong cu danh gia hiéu ning tinh toan cia hé thong

Céng cu danh gid nang luc tinh toan cia hé théng cho phép bién dich va chay mot
s6 chuong trinh danh gia hiéu ning théng dung trén Thé Gidi nhu: xHPL, NPB,
NETPIPE, ... trén mdt s6 nut tinh toan x4c dinh. Cac chuong trinh danh gia hiéu
ning tinh toan déu co6 dang mdt chuong trinh song song, thizc hién mot sb lugng
1om phép toan s thire dau phiy dong, ¢ kha ning bién dich theo mét sé chudn
thong dung, dic biét 1a chudn MPI.

Qua4 trinh ddnh gi1a hiéu ning tinh toan duoc thuc hién qua nhirng bude nhir sau:

e Ngudi quan tri théng qua thanh phin giao dién xé4c dinh cac théng sd
nhu: tén phﬁn mém do hiéu nang, téng s& mit trong cum cin do hiéu
nang, ...

e Performance_Server giri cac thong s trén dén iServer trén mot nut bat kv

trong sd tong cac nut can danh gia hiéu niang

e iServer thuc hién cac viée sau:

L ]
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o Bién dich chuong trinh danh gia hiéu nang (Source code va file thuc
thi san khi bién dich cta cac chuong trinh darh gia hiéu ning dugc
dat trén bd nhé ding chung cia BKluster)

o Chay chuong trinh danh gid hi€u ning dud dang mdt chuong trinh

song song viét theo chuan MPI trong méi trudng LAM

o G két qua vé Performance Server

Giao Dién

h
A

Performance_Server

4/

iServer

A

y =S D >
Charong trinh / Churong trinh // Chuong trinh //
do hiéu ning do hiéu ning do hiéu ning

|- (MPI process) - - (MPI process) - (MP1 process)

Hinh 9-5 Kién tric thanh phin d4nh gii hiéu ning tinh toan hé thong

9.4.2 Cong cu danh gia hiéu ning truyén théng trong hé thong

Céng cu danh gia hiéu nang truyén théng hé thong duge phat trién dua trén phén
mém md ngudn mé Netperf. Netperf bao gbm 2 module Netserver va Netperf chay
trén 2 may tinh khiac nhau. Module Netperf s& giri cac goi tin dén module
Netserver, dua vao két qua phan hdi cia Netserver sé tinh duoc tde do truyén
théng trong mang ndi gira hai may tinh.
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Ciu tric cdng cu danh gia ning luc truyén théng duge mé ta trong hinh vE sau,
Cac module Netperf, NetServer va iServer da dugc cai dit sin trén moi node tinh

toan
Qua trinh danh gi4 nang luc truyén thong dugc thuc hién qua nhimg bude nhur sau:

e Ngudi quan tri thong qua thanh phdn giao dién xac dinh cac thong sb

nhu: kigu go1 tin, kich thudc goi tin, tén may ngudn, tén may dich, ...

o BKNetperf gui céc thong sd trén dén iServer trén may ngudn va may
dich,

s iServer trén may dich khon dong chuong trinh NetServer

e iServer trén méy ngudn goi chwong trinh Netperf, thuc hién truyén tin
theo céc thong sb da xac dinh

o iServer trén may ngudn tra két qua vé cho BKNetperf

Giao Dién
Jl.
’
BKNetperf
X Ny
iServer iServer
Y
v v
Netperf NetServer

Hinh 9-6 Kién tric cong cy danh gia hidu ning truyén thong hé théng

I
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Hinh 9-7 Giao dién phin mém BKNetPerf danh gia hidu ning truyén théng
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