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1 Ââåäåíèå

Äàííûé áëîê ïðåäíàçíà÷åí äëÿ îäíîïðîöåññîðíîé äîâû÷èñëèòåëüíîé ïîäîòîâêè ìî-

äåëè ê çàïóñêó: ïîñòðîåíèÿ ñåòîê, ôàéëîâ íà÷àëüíûõ óñëîâèé è ìàòðèö èíòåðïîëÿöè-

îííûõ âåñîâ. Áîëåå òîãî, áëîê ïîçâîëÿåò ñòðîèòü ñåòêè ìîäåëåé â óíèôèöèðîâàííîì

SCRIP-ôîðìàòå, áëàãîäàðÿ ÷åìó äàííûå ìîãóò áûòü îáðàáîòàíû ìíîãî÷èñëåííûìè

êîìàíäàìè ïàêåòà CDO (íàïðèìåð, èíòåðïîëÿöèîííûìè).

2 Ñòðóêòóðà

Ðàáîòà áëîêà ïðåäñòàâëÿåò âûçîâû ðàçëè÷íûõ ïðîöåäóð íåêîòîðîãî êëàññà, êîòîðûé

óìååò õðàíèòü è îáðàáàòûâàòü äàííûå ñåòêè ìîäåëè. Îñíîâíàÿ åãî ÷àñòü ðåàëèçîâàíà

â áàçîâîì êëàññå GridConstructor, êîòîðûé ñêðûâàåò îò ïîëüçîâàòåëÿ âíóòðåííèå

ïðîöåäóðû ðàáîòû ñ äàííûìè è ïðåäñòàâëÿåò íåêîòîðûå ïîëåçíûå ôóíêöèè (îïèñà-

íèå API ïðèâåäåíî äàëåå). Î÷åâèäíî, áàçîâûé êëàññ, íàïèñàííûé äëÿ îáùåãî ñëó÷àÿ,

íè÷åãî íå çíàåò ïðî êîíêðåòíûå ñåòêè ìîäåëè, ïîýòîìó íåêîòîðûå ìåòîäû (íàïðè-

ìåð, çàäàíèÿ ñåòêè) îïðåäåëåíû êàê àáñòðàêòíûå. Ýòî çíà÷èò, ÷òî äëÿ çàâåðøåíèÿ

êëàññà è ðàáîòû ñ áëîêîì ïîëüçîâàòåëü äîëæåí çàïîëíèòü ïðîáåëû ñâîèìè ïðîöåäó-

ðàìè.

Ñåé÷àñ, àáñòðàêòíûõ ìåòîäà òðè: ïîñòðîåíèÿ ñåòêè, äîáàâëåíèÿ ìàñêè è äî-

áàâëåíèÿ ïðîèçâîëüíûõ íà÷àëüíûõ óñëîâèé â ñòàðòîâûé ôàéë. Ðàçäåëåíèå ïåðâûõ

äâóõ ôóíêöèé îáóñëîâëåíî òåì, ÷òî, íàïðèìåð, äëÿ îêåàíà òðåáóåòñÿ ñíà÷àëà ïî-

ñòðîèòü ìîäåëüíóþ ñåòêó, ïåðåèíòåðïîëèðîâàòü íà íåå òîïîãðàôèþ äíà ETOPO è

òîëüêî ïîòîì, ïðîàíàëèçèðîâàâ äàííûé ôàéë è ïðîâåäÿ ÷èñòêó ãëóáèí, âû÷èñëèòü

ìàñêó. Îò ïîëüçîâàòåëÿ òðåáóåòñÿ çàïîëíèòü ïîëÿ ýêçåìïëÿðà ñâîåãî ïðîèçâîäíî-

ãî center_lat, center_lon, corner_lat, corner_lon, imask çà ñ÷åò âûçîâà ñâîèõ

ôóíêöèé ïîñòðîåíèÿ ñåòîê. Ìåòîäû äîáàâëåíèÿ ìàñêè è íà÷àëüíûõ óñëîâèé òåîðå-

òè÷åñêè ìîãóò áûòü îñòàâëåíû ïóñòûìè.

Íàïðèìåð, â ïàïêå îêåàíà ñîçäàåì ôàéë off_module.f90 â êîòîðîì ñîäåðæèò-

ñÿ ìîäóëü ñ ïðîèçâîäíûì êëàññîì o�ine-áëîêà îêåàíà off_ocn (íåâàæíûå ñòðîêè

ïðîïóùåíû):

module off_ocn_module

TYPE, EXTENDS(GridConstructor) :: off_ocn

CONTAINS

PROCEDURE :: make_grid => o_make_grid
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PROCEDURE :: make_mask => o_make_mask

PROCEDURE :: make_ic => o_make_ic

END TYPE off_ocn

CONTAINS

!========================================

subroutine o_make_grid(this)

c a l l o_ini_set_grid

grid % z(1: grid % nz) = z(1: grid % nz)

do j = 2, jl -1

do i = 2, il -1

grid % center_lat(i-1,j-1) = x2_t(i,j)

grid % corner_lat (1,i-1,j-1) = x2_v(i,j)

grid % corner_lat (2,i-1,j-1) = x2_v(i-1,j)

grid % corner_lat (3,i-1,j-1) = x2_v(i-1,j-1)

grid % corner_lat (4,i-1,j-1) = x2_v(i,j-1)

grid % center_lon(i-1,j-1 ) = x1_t(i,j)

grid % corner_lon (1,i-1,j-1) = x1_v(i,j)

grid % corner_lon (2,i-1,j-1) = x1_v(i-1,j)

grid % corner_lon (3,i-1,j-1) = x1_v(i-1,j-1)

grid % corner_lon (4,i-1,j-1) = x1_v(i,j-1)

end do

end do

Ïðàâèëà èìåíîâàíèÿ îñòàþòñÿ ïðåæíèìè: èìåíà ìîäóëÿ è ïðîèçâîäíîãî êëàññà

ôèêñèðîâàíû, òåïåðü ñ ïðåôèêñîì off_. Äëÿ ðàáîòû ñ o�-áëîêîì, áèáëèîòåêà âà-

øåé êîìïîíåíòû äîëæíà ñîäåðæàòü ïðîèçâîäíûé êëàññ, íàñëåäóþùèé áàçîâûé êëàññ

GridConstructor.

3 Êîìàíäû áëîêà

Ðàáîòó áëîêà ðåãóëèðóåò ñêðèïò make â ïàïêå /off:

bash make <êîìàíäà > <èìÿ êîìïîíåíòû > <àðãóìåíòû >

Îí ïîïûòàåòñÿ çàéòè â ïàïêó êîìïîíåíòû è ïîäêëþ÷èòü åå áèáëèîòåêó ê ãëàâíî-

ìó ôàéëó ïðîãðàììû off_main. Âñå íåîáõîäèìûå ïîäêëþ÷åíèÿ ìîäóëåé è ñîçäàíèå
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ýêçåìïëÿðà êîìïîíåíòû âûïîëíèòñÿ àâòîìàòè÷åñêè (äëÿ ýòîãî è òðåáóþòñÿ ñîãëàøå-

íèÿ â èìåíîâàíèè). Òàêèì îáðàçîì, è ïîäãîòîâèòåëüíûå ðàáîòû ñ ñåòêîé íå òðåáóþò

îò ïîëüçîâàòåëÿ èçìåíåíèé âíå åãî ïàïêè � âñå íåîáõîäèìûå äåéñòâèÿ êîíòðîëèðó-

þòñÿ çà ñ÷åò ñîáñòâåííîé ðåàëèçàöèè àáñòðàêòíûõ èíòåðôåéñîâ.

Âñÿ ðàáîòà áëîêà âûïîëíÿåòñÿ íàä îáúåêòîì êëàññà, íàñëåäóåìîãî îò

GridConstructor. Ïåðåäàííûå èç êîìàíäíîé ñòðîêè àðãóìåíòû è òèï ñåòêè çàïè-

ñûâàþòñÿ â ïîëÿ nx, ny, nz, gType - èõ ìîæíî èñïîëüçîâàòü.

Íà äàííûé ìîìåíò äîñòóïíû ñëêåäóþùèå êîìàíäû:

• grd � ñîçäàíèå ôàéëà ñåòêè è ïîïûòêà äîáàâëåíèÿ ê íåìó ìàñêè. Âûçûâàþòñÿ

ìåòîäû make_grid, make_mask. Åñëè ìàñêà ïóñòàÿ, ïîëüçîâàòåëü ïîëó÷àåò ïðå-

äóïðåæäåíèå. Ïðîöåäóðà äîïîëíÿåò îáúåêò ïîëÿìè center_lat, center_lon,

corner_lat, corner_lon, imask.

bash make grd ocn 3600 1800 50 T

• ics � ÷òåíèå âõîäíûõ ôàéëîâ, èõ àíàëèç è îáðàáîòêà, è äîáàâëåíèå äàííûõ â

ñòàðòîâûé ôàéë. Âûçûâàþòñÿ ìåòîäû make_grid, make_mask, make_ic.

bash make ics ocn 3600 1800 50 T

• wts � ïîñòðîåíèå èíòåðïîëÿöèîííûõ êîýôôèöèåíòîâ ìåæäó äâóìÿ ìîäåëüíû-

ìè ñåòêàìè ñ ïîìîùüþ ïàêåòà CDO è SCRIP. Äîñòóïíû âñå ìåòîäû ïîñòðîåíèÿ,

îïðåäåëåííûå â SCRIP, íàïðèìåð, êîíñåðâàòèâíûé, áèëèíåéíûé, áèêóáè÷åñêèé,

è ò.ä.

bash make wts bil ./data/src_cdo.nc ./data/dst_cdo.nc

• int � CDO-èíòåðïîëÿöèÿ äâóìåðíûõ è òðåõìåðíûõ ïîëåé. Íåîáõîäèìà, íàïðè-

ìåð, äëÿ ñîçäàíèÿ ôàéëîâ íà÷àëüíûõ óñëîâèé Ëåâèòóñà. Äàííàÿ îïöèÿ ïîêà

ðàáîòàåò â òåñòîâîì ðåæèìå.

bash make int ./data/ETOPO5.nc topo ./data/OCN_720x360_V_cdo.nc.

4 Èíòåðôåéñû áàçîâîãî êëàññà

Ïðèâåäåííûå íèæå ìåòîäû íàñëåäóþòñÿ îò ñèñòåìíîãî ìîäóëÿ è ïîìîãàþò ïîëüçîâà-

òåëþ ðàáîòàòü ñ ôàéëîâîé ñèñòåìîé ïîëÿìè, ñåòêè êîòîðûõ îïðåäåëåíû îáúåêòàìè

êëàññà GridConstructor.
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• off_get_var()

Ñ÷èòûâàåò ïåðåìåííóþ èç netCDF-ôàéëà.

Âõîäíûå ïàðàìåòðû:

character(*) :: var: èìÿ ïåðåìåííîé

character(*) :: filename: èìÿ ôàéëà

real(kind=4) :: arr_1D(:), arr_2D(:,:), arr_3D(:,:,:): íåîáÿçàòåëüíûå

àðãóìåíòû, â êîòîðûå áóäåò ñ÷èòàíà ïåðåìåííàÿ.

real(kind=8) :: arr_2D_8(:,:),arr_3D_8(:,:,:): íåîáÿçàòåëüíûå àðãóìåí-

òû, â êîòîðûå áóäåò ñ÷èòàíà ïåðåìåííàÿ.

real(kind=4) :: misVal: íåîáÿçàòåëüíûé àðãóìåíò, ïðè íàëè÷èè êîòîðîãî áó-

äåò ïîïûòêà ñ÷èòûâàíèÿ ïîòåðÿííîãî çíà÷åíèÿ (àòðèáóò �_FillValue�).

Ïðèìåð èñïîëüçîâàíèÿ:

Ñ÷èòûâàíèå ôàéëà òîïîãðàôèè â ôóíêöèè ïîñòðîåíèÿ ìàñêè îêåàíà:

c a l l this % get_var(filename , "topo",

arr_2D = hv(iwest(myrank ): ieast(myrank),

jsouth(myrank ): jnorth(myrank )))

• off_put_var()

Çàïèñûâàåò ïîëå â netCDF-ôàéë.

Âõîäíûå ïàðàìåòðû:

character(*) :: var, long_name, units: èìÿ, ðàñøèðåííîå èìÿ è åäèíèöû

èçìåðåíèÿ ïåðåìåííîé

character(*) :: filename: èìÿ ôàéëà

real(kind=4) :: arr_1D(:), arr_2D(:,:), arr_3D(:,:,:): íåîáÿçàòåëüíûå

àðãóìåíòû, èç êîòîðûõ áóäåò ñ÷èòàíà ïåðåìåííàÿ.

real(kind=8) :: arr_2D_8(:,:),arr_3D_8(:,:,:): íåîáÿçàòåëüíûå àðãóìåí-

òû, èç êîòîðûõ áóäåò ñ÷èòàíà ïåðåìåííàÿ.

character(*) :: filename: íåîáÿçàòåëüíûé àðãóìåíò, îáîçíà÷àþùèé ôàéë, â

êîòîðûé áóäóò çàïèñàíû äàííûå (ïî óìîë÷àë÷àíèþ èñïîëüçóåòñÿ IC-ôàéë).

Ïðèìåð èñïîëüçîâàíèÿ:

Äîáàâëåíèå â IC-ôàéë îêåàíà ìàññèâà òîïîãðàôèè kv:
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c a l l this % put_var(var = "kv", long_name = "kv -array",

units = "unitless",

arr_2D = REAL(kv(iwest(myrank ): ieast(myrank),

jsouth(myrank ): jnorth(myrank ))))

5 Çàìå÷àíèÿ

Ðàáîòà áëîêà òðåáóåò óñòàíîâåííîãî ïàêåòà CDO. Ñêðèïò óñòàíîâêè è èíñòðóêöèè

íàõîäÿòñÿ â óäàëåííîì git-ðåïîçèòîðèè. Äëÿ áûñòðîãî çàïóñêà íà äîìàøíåé ìàøèíå

ìîæíî îáîéòèñü óïðîùåííîé óñòàíîâêîé:

sudo apt -get install cdo
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