Chuyén dé |. Download va xir Iy ban dau sé li¢u tai phan tich

Ngwoi thuc hign:

1. Mé& dau

Bo sb liéu tai phan tich khi tuong 13 bo s6 liéu khi tugng duoc xay dung lai tir bo s6
liéu quan tric va cac bo so liéu khac dugc thu thap trong qua khtr nhu quan trac tai
tram, do dac, ghi chép, vé tinh ...) bang mot phuong phap dong hoa dong nhat cho mot
giai doan nhat dinh.

Trong hoat dong dy bao thoi tiét cling nhu nghién ctru khi hau bang phuong phép s6,
cac md hinh du bao sir dung thong tin trang thai diéu kién ban dau cua khi quyén dé
du bao/dy tinh trang thai khi quyén trong twong lai. Trang thai ban dau cung cap
thong tin dau vao cho viéc du bao phai bao gom maot sé thong tin, di dé mé hinh xac
dinh sy tién trién cua trang thai khi quyén trong twong lai. Cac thong tin ndy trong
quan tric c6 thé khong day du hoic can tinh toan mot cach gian tiép. Ngoai ra b 6
liéu tai phan tich can xdy dung trén ludi dong nhat, can xac dinh gia tri tai tim ludi
hodc cac nut ludi ma thong tin quan trac thu thap trén tram khong dong déu vé mit
khong gian, thoi gian va c6 thé chira dung trong né mot sé sai sot gia tri quan trac. Ky
thuat déng hoa dir lidu duoc st dung dé xay dung lai mot bo s6 lieu méi dua trén tat
ca nhitng thong tin thu nhan, trong do6 s6 liéu dugc phan tich dong nhat vé mit khong
gian, thoi gian va bao gdm ca viéc chinh 1y cac sai sb.

Ngoai viéc duoc sir dung dé tai tao lai b s6 liéu trong qua khir, s6 liéu tai phan tich
con 1 cong cu c6 gia tri dé nghién ctru khi hau trong twong lai. Bo s6 lidu tai phan tich
1a co s& dé co thé danh gia dugc nang luc cia mot mo hinh du bao, tir co s¢ cac két
qua danh gia thu dugc co thé nhan biét dugc nang luc ciia md hinh trude khi phyc vu
du béo hodc dy tinh trong twong lai. P tin cay cua s6 liéu tai phan tich phu thudc vao
nguon thu thap s ligu, vi vay c6 su khac biét tiy thudc vao vi tri, thoi gian va bién

(truong gia tri)
Céc bo s lidu tai phan tich tir dy 4n dAu tién dén nay dd qua 3 mdc cai tién quan

trong:

Giai doan dau: Tur nhimg ¥ tuéng dau tién, trung tim NCEP/NCAR di nd lyc xay
dung bo s liéu tai phan tich NCEP/NCAR (version 1) va NCEP-DOE (version 2 —
duoc nang cap tir versionl)



Giai doan 2 Véi sy phét trién caa s liéu vé tinh va nhiéu nguodn sé liéu khac, chat
luong cua s6 lidu tai phan tich di duoc nang cao mot cach dang ké véi 1 s6 san pham
(ERA40, JRA25) tuong tng. Giai doan 2 nay, sb liéu tai phan tich di duoc cai tién va
bd xung dong hoa b day du cac buc xa tai dinh khi quyén ma vé tinh thu thap duoc.
Vi du, trong giai doan dau, NCEP-NCAR va NCEP-DOE khong dong hoa cac sd lidu
vé tinh nhu qua trinh van chuyén am, trén dai duong. Céc thong luong buc Xa tai dinh
khi quyén. ERA40 hién nay van 1a bo s6 liéu dugc st dung kha phd bién trong cac
nghién ctru khi hau.

Giai doan tha 3, véi cac san phém nhu ERA-Interim, MERRA, CFSR, st dung
phuong phap tiép can dong hoéa dit liéu da chiéu hon (vi du nhu phan tich va dong hoa
4D-Var), nham giai quyét duoc cac nhude diém con t6n tai & giai doan 2.

Thach thirc cling nhu mot s6 bai toan trong twong lai dang duoc tiép can, chang han
nhu xay dung bo s6 lidu tai phan tich lai thé ky 20, day s& tiép tuc 13 mot thach thic
boi, nd khong bao gdm phan 16n cac thong tin quan sat hién dai trong thoi gian nhu
gan day.

Gidi thiéu mot s6 trung tim xay dung va san pham tai phan tich

Do ki thuat xay dung s6 liéu tai phan tich hét sic phuc tap va khéi luong cong viée dd
s6 nén chi mot s6 cac trung tdm 16n trén thé gidi c6 nhitng du an x4y dung cac bd b

li¢u tai phan tich:

Trung tam canh bao moi truong Hoa Ky NCEP (United States National Centers for
Environmental Prediction).

Trung tdim nghién ctru khi quyén quéc gia Hoa Ky NCAR (National Center for
Atmospheric Research).

Trung tam du béo thoi tiét han vira Chau Au ECMWF (European Centre for Medium-
Range Weather Forecasts)

Céc san pham tai phan tich dau tién, ERA-15, tao ra lai phén tich cho khoang 15 nam,
tir thang 12 ndm 1978 dén thang Hai nam 1994. San pham tha hai, ERA-40 (ban dau
1a tai phan tich 40 nim) bat dau vao nim 1957 va bao gdm 45 nim dén nam 2002.
ERA40 1a san pham tai phan tich mé rong duoc hoan thién hon thay thé bo ERA15.
Gan day, ECMWF da phat hanh bo sb liéu ERA-interim, véi giai doan tir nam 1979
dén nay. Bo sb liéu nay da duoc ddng hoa toan bo sé liéu vé tinh.



C6 kha nhiéu san pham sé liéu tai phan tich khi twong dwgc cung cap mién phi phuc
vu nghién ctru khi hau, cac san pham c6 thé 1am cong cy nghién ctru khi hau trong qua
khtr. N6 ¢6 thé coi 1a mot bo sb liéu “quan triac hoan chinh” trén khong gian luéi.
Trong phan 3 nay, sé trinh bay huéng dan chi tiét cach download va sir dung bo sé
licu tai phan tich ERA40- bo s6 liéu hién dang duoc khai thac va sir dung kha phd
bién trén thé gisi va bo s lieu CFSR-bo sb liéu thudc dién méi nhét va hoan chinh
nhat hién nay.

2. Hwéng din ciu tric va download bd s6 liéu tai phén tich

Bo sb lieu ERA40 co6 thé duoc download mién phi trén mang internet mot cach dé
dang. Tuy thudc bai toan cu thé hoic muc dich, ngudi st dung c6 thé download mot
phan hoic toan bo tap s lidu. Ngoai ra mot s6 trang web ciing cung cap két qua bo s6
licu hién thi dudi dang anh trén ban d6 cua tap két qua. Dudi day 1a hudng dan chi tiét
ciu trac cta bd s licu tai phan tich ERA40 va cach download va str dung bo s6 liéu

nay.

Vé ¢ ban dé Cau triic bo sb liéu va cach thac download gom mot sé bude co ban nhu
sau:

1.Truy cap vao trang chu ECMWEF: http://data-portal.ecmwf.int/

2.Trong bang Datasets c6 cac san pham tai phan tich cia ECMWF nhu: DEMETER,
ENACT, ERA interim, ERA40, ERA15 .. nhu trén hinh 3.1. Bé chon bo sb liu
ERA40 chiing ta tién hanh chon (kich dup) trong trang Datasets.

2.1. Boc tach dir liéu trweéc khi download

Céc file s6 liu CFS duoc luu trit dudi dinh dang GRIB2 (GRIB edition 2). Mdi file
GRIB thyc chat 1a mot tap hop cac ban ghi (muc) di liéu riéng va hoan toan c6 thé
dung doc 1ap. Chinh vi vy mot tap cac ban ghi GRIB c6 thé ndi voi nhau dé thanh 1
file GRIB va nguoc lai, mot file GRIB ¢6 thé duoc tach ra thanh mot tap ban ghi
GRIB ma khong lam mat thong tin trong cac ban ghi.

Thong tin ban ghi cua 1 file GRIB2 c6 thé lay duoc bang cong cu wgrib2. [Bang 1]
trich doan thong tin ban ghi cua file s6 liéu pghf2012120100.01.2012051400.grb2 khi
chay véi wgrib2. Thong tin ndy duoc goi 1a index, mdi file GRIB s& co mot index
khac nhau. M&i ban ghi bao gom 6 trudng, ngan cach véi nhau bang mot dau : (xem
[Bang 2]).


http://data-portal.ecmwf.int/

1:0:d=2012051400:PRES:mean sea level:4824 hour fcst:
2:67691:d=2012051400:HGT:1 mb:4824 hour  fcst:
3:104278:d=2012051400:TMP:1  mb:4824  hour  fcst:
4:121396:d=2012051400:RH:1 mb:4824 hour fest:
5:125244:d=2012051400:SPFH:1  mb:4824  hour  fcst:
6:144113:d=2012051400:VVEL:1 mb:4824 hour fcst:
7.1:214111:d=2012051400:UGRD:1 mb:4824 hour fcst:
7.2:214111:d=2012051400:VGRD:1 mb:4824 hour fcst:
8:257145:d=2012051400:ABSV:1  mb:4824  hour  fcst:
9:291477.d=2012051400:03MR:1  mb:4824  hour  fcst:
10:343977:d=2012051400:HGT:2 mb:4824  hour  fcst:
11:386650:d=2012051400:TMP:2  mb:4824  hour  fcst:
12:403521:d=2012051400:RH:2  mb:4824  hour  fcst:
13:406060:d=2012051400:SPFH:2  mb:4824 hour fcst:
14:440273:d=2012051400:VVEL:2 mb:4824 hour fcst:
15.1:510005:d=2012051400:UGRD:2 mb:4824 hour fcst:

Bang 1. Thong tin ban ghi GRIB2

Dia chi Byte Thoi Tru Thoi diém du
TT |bat dau (tinh tr|diém  bat |ong Khi|uc |bdo (tinh tir thoi
dau file) dau duy bao | tuong diém bat dau)

Bang 2. Cau tric ban ghi GRIB2

Nhu vay, mdi ban ghi trong file sé liéu CFS 1a dir liéu cia mot trudng khi tuong trén
mot muc nhat dinh va & mot thoi diém dy bao nhat dinh. Tir index cua file CFS, ban
ghi twong Gng véi trudng khi tugng can thiét co thé dugc trich ra mot cach dé dang.
Vi dy, ban ghi chta dit liéu cua truong PRES tai muc "mean sea level” c¢6 thé trich dé
dang tir file pgbf2012120100.01.2012051400.grb2 véi index trong [Bang 1] bang cach
doc tir byte s6 0 t6i byte s6 67690. Nhur trén d trinh bay, ban ghi nay hoan toan cé thé
dung doc 1ap hoic ghép voi cac ban ghi khac dé tao thanh file GRIB 16n hon.

Dai dia chi byte ing v&i mot (hoac mot tap) cac ban ghi dugc goi la byte-range. Trong
vi du trén, byte range ctia PRES trén muc "mean sea level" tai thoi diém du bao 4824h
1a 0-67690. Khi biét thong tin nay, dit liéu cua ban ghi co thé duoc tai tryc tiép tur
internet véi 1énh “curl'. Vi du:



curl -r 0-67690 \
http://nomads.ncep.noaa.gov/pub/data/nccf/com/cfs/\
prod/cfs/cfs.20120514/00/6hrly_grib_ 01/
pgbf2012120100.01.2012051400.grb2 > pres.grb2

Sau khi thuc thi Iénh trén, file pres.grb2 s€ chira dir liéu ctia PRES trén muc "mean sea
level".

Nhu vay, khi biét duoc index cua 1 file sé liéu CFS (c6 thé download duoc tir cung
thu muc véi s liéu CFS trén website nomads.ncep.noaa.gov véi dung lugng rat nho),
va danh sach cac muc dit liéu can st dung, ta c6 thé trich duoc dung dir liéu can thiét

tir trudc khi download, tir @6 giam bang thong két néi internet va dung lugng luu trit.
2.2. Tach va ghép

Trong phan trén, chiing t6i da trinh bay phuong phép tach dit liéu trudc khi download
dé tiét kiém bang thong va dung luong luu trit. Tuy nhién, khi s6 lugng truong dir liéu
(twong g vai $6 ban ghi GRIB) qué nhiéu thi thoi gian can thiét dé thiét lap két noi
(handshake) v&i server s& dong mat ti trong Ion trong tong thoi gian download s6 liéu.
Vi du, néu download tirng ban ghi trong tong s 194 ban ghi can thiét tur file pgbf,
chuong trinh s& phai két ndi véi server 194 lan. Véi dung luong trung binh ctia moi
ban ghi chi vao khoang vai chuc KB thi thoi gian handshake vai server con 16n hon ca
thoi gian download dir liéu thue. Co thé nhan thay rang, mot sé ban ghi ¢ dia chi lién
ké& nhau trong file sb liéu CFS gbc. Vi vay, dé giam thoi gian thiét 1ap két ndi, byte-
range cia cac ban ghi nay s& duoc két hop véi nhau. Tré lai vi du trén, thay vi
download tir byte 0-67690 va 67691-104277 cho "PRES mean sea level" va "HGT
1mb", ta s& download lién tir byte 0 dén hét byte104277.

2.3. Tang toc download véi giai thuat da ludng va bs dém RAM

Sau ghi ghép cac khoang byte-range, sé lan két ndi véi server dé download cac ban
ghi cho céc file fIxf, ipvf va pgbf s& giam xudng con tir vai lan dén vai chyc lan. Néu
download tuan tu, s lwong két ndi nay van con kha 16n va tuy thudc vao chat luong
két ndi internet, thoi gian download cé thé khong giam duoc nhicu. Dé ting toc
download, nhiéu byte-range c6 thé dugc download cing mét luc, giébng nhu phan
mém IDM hay Flashget van lam trén Windows. Viéc download mot byte-range c6 thé
duoc diéu khién bai mot ludng (thread).



Lya chon sb luong thread tdi da dugc phép chay cung lic (Nthread) ciing rat quan
trong. Khi sd lugng thread qua nhiéu, két ndi internet c¢6 thé bi nghén khién cho luu
lwong dir liéu download giam xudng. Thém nira, khi ¢ qua nhiéu thread chay, tuong
g voi s6 két ndi cing lc téi server tang, teong lira trén server c6 thé chan tat ca két
ndi tir dia chi IP cia may chay chwong trinh download. Thyc nghiém trén duong két
ndi internet ciia nhém nghién cau (VNPT FTTH 40 Mbps) cho thay Nthread=16 s&
cho két qua ti wu. Pé khdng ché sé luong thread téi da dugc chay cung mot lic,
chung t6i str dung 1 file tam trong RAM (thread_num) chaa sb thread hién chay.
Chuong trinh diéu khién chinh (cfs_dl) tao ra thread num va ban dau n6 ghi duy nhat
mot gia tri 1a Nthread. Khi cfs_dl can khoi tao 1 thread download, no s& check xem
gia tri trong thread num c6 > 0 hay khong, néu dung, thread s& dugc chay va gia tri
trong thread_num giam di 1. Khi 1 thread chay xong, gia tri trong thread_num s€ duoc
tang thém 1. Bang cach nay, sb luong thread duoc chay cing 1 lac s& khong thé vuot
qué Nthread.

Céc tap ban ghi GRIB (manh dir liéu GRIB) sau khi duoc download thi ¢6 thé duoc
néi vai nhau theo bat ctr thir ty nao. Khi sé lwgng manh dix liéu nhiéu, dac biét vai file
pgbf, viéc ndi dir liéu trén 6 cing co thé mat nhiéu thoi gian. Do luong dit liéu cua 1
file 1a twong d6i nho (I6n nhat chi khoang 8.2MB), tat ca cic manh dit liéu c6 thé
dugc download vé va ghép lai thanh file GRIB trong RAM trude khi duoc chuyén toi
noi luu trir 14u dai trén 6 cing. Trén Linux, viéc ndy rat don gian 1a thuc hién cac thao

tac trén trong /dev/shm.

Qua trinh tach file index thanh cac byte-range (Mx), download manh dir liéu va ghép
thanh file GRIB dugc minh hoa trong [Hinh 1]. Manh dit liéu nao download vé trudc
s& dugc ndi vao trude trong file GRIB cudi cung.
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Hinh 1. Tach index file, download cac manh dir liéu va ghép thanh file GRIB



2.4. Thi nghiém

Céc chuong trinh get inv va cfs_dl duoc dit trong cron dé ty dong khai chay vao Oh
UTC thtr 2 hang tuan. Server dit chay chwong trinh ¢6 2 CPU QuadCore 2.5GHz, 8
GB RAM. Nthread duoc dat bang 16. Két néi internet 1a duong VNPT FTTH 40
Mbps. Thir nghiém chay thuc té cho thay toc d6 download sé liéu ting kha nhanh.
Néu download toan bd file s6 liéu bang wget/curl thi thoi gian can thiét dé download
cac file flxf, ipvf 1a khoang 10-15 gidy va thoi gian can dé download file pgbf 1a tir 30
dén 60 gidy. Trong khi d6 thoi gian twong tng dé download bang chuong trinh cua
chung t6i 1a 3-5 gidy va 10-15 gidy. Tong thoi gian download toan b trén 8000 file s6
licu giam téi hon 1/2. Thém nira, trong sudt qua trinh download s6 liéu, tai nguyén
cua server khong bi chuong trinh chiém dung nhiéu.

Khéng chi ting toc qué trinh download, giai phap cua ching toi cling giam dung

lwong luu trit dir liéu téi 3 1an nhu dd phan tich & muc
2.5. Huéong dan download tu dong

Pé chay chuong trinh, nguoi sir dung can thiét 1ap cac tham s vé duong dan t6i noi
chita cac script, noi chira index file va noi luu trit s lieu CFS trong file
ProductionConfig. Mic dinh cac thu muc ndy nim trong thu muc home cuia ngudoi st
dung. Crontab can dat theo minh hoa sau dé download sé liéu vao th 2 hang tuan:

# Download CFS every Monday

*[15 * * * 1 [home/cfs/scheduler/cfs_dI
*/5 * ** 1 [home/cfs/scheduler/get_inv
3. Két luan

Pé c6 thé md phong duoc cac truong khi tugng, cac md hinh khi hau toan ciu va khu
vuc can duoc cung cap cac diéu kién ban dau va diéu kién bién. Cac m6 hinh GCM va
RCM dang dugc sir dung tai nhdm nghién ctru cua chung toi 1y dau vao 1a két qua dy
bao ctia md hinh CFS. Pé du bao khi hau han mua cho 6 thang, du bao cho khoang
thoi gian twong tng cua CFS ciing can duoc download vé. Tong sé file can download
cho mot 1an du bao 1a trén 8000 file vai dung lugng 1én téi hon 100 GB, mac du sb

li¢u nay khong can dung hét.



Trong chuyén dé nay, chung t6i trinh bay giai phap dé ting tdc qué trinh download
ddng thoi giam dung luong can dung dé luu trix s6 lidu. Cac phuong phap st dung bao
gom boéc tach dir lidu trudc khi download, download nhiéu luong va ding RAM lam
bo dém.

Cac két qua thuc nghiém cho thay giai phap cua ching t6i da tang t6i trén 2 1an téc do
download va giam t6i 2/3 dung lwong 6 cang can sir dung dé luu trir s6 liéu. Phuong
phap nay hoan toan c6 thé tng dung dé download céc sb liéu khi twong khac dé phuc
vu cho cac muc dich khac nhau, vi du download s liéu GFS dé phuc vu bai toan dy
bao thoi tiét,



