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Disk storage for a three dimensional variable

Longitudes: i=1...imt
Depths:   k=1...km
Latitudes: jrow=1...jmt

Array(imt,jmt)Array(jmt,km)Array(imt,km)

Memory requirements for various slices
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R.C.P.

Rows in Memory

Work

Work

Work

j=3 (τ−1,τ)
j=2  (τ−1,τ)
j=1  (τ−1,τ)

τ−1  Disk

jrow=2
jrow=1

jrow=3

jrow= jmt-1
jrow= jmt-2

jrow= jmt
τ  Disk

jrow=2
jrow=1

jrow=3

jrow= jmt-1
jrow= jmt-2

jrow= jmt

Rows in Memory

Work

Work

Work

j=3 (τ−1,τ)
j=2  (τ−1,τ,τ+1)
j=1  (τ−1,τ)

τ−1  Disk

jrow=2 (τ+1)
jrow=1

jrow=3

jrow= jmt-1
jrow= jmt-2

jrow= jmt
τ  Disk

jrow=2
jrow=1

jrow=3

jrow= jmt-1
jrow= jmt-2

jrow= jmt

a) 

b)
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R.C.P.

Longitudes: i=1...imt
Depths:   k=1...km
Latitudes: jrow=1...jmt

Computed row Workspace

Boundary row
Computed row
Computed row

Workspace

Workspace
Workspace(τ−1,τ,τ+1)

(τ,τ−1)

(τ−1,τ,τ+1)

(τ−1,τ,τ+1)
Computed row
Boundary row Workspace

Workspace
(τ,τ−1)
(τ−1,τ,τ+1)

Longitudes: i=1...imt
Depths:   k=1...km
Latitudes: j=1...jmw

i,k,jWork

j

kk

i
j

kk

i

j

kk

i

i

k

jjrow

kk
i,k,j,1,τ−1

U

Ui,k,j,1,τ

i

k T

j

k
i,k,j,2,τU i,k,j,1,τ i,k,j,2,τT

τ Disk}
} Disk

i,k,j,2,τ−1U
τ−1

i,k,j,1,τ−1
T

a)

b)

i,k,j,2,τ−1T

i,k,j,1,τ+1U
i,k,j,2,τ+1Ti,k,j,2,τ+1U

i,k,j,1,τ+1
T

i,k,j,1,τU
i,k,j,2,τTi,k,j,2,τU

i,k,j,1,τ
T

i,k,j,1,τ−1U
i,k,j,2,τ−1Ti,k,j,2,τ−1U

i,k,j,1,τ−1
T

c)
j=jmw

j=jsmw

j=jemw

j=1

d)

j=jmw

j=jsmw

j=jemw

j=1

jrow
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τ-1τ
Disk

1

2

3

1

2

3

1

2

3

1

2

3

1

2

3

1

2

3

Memory

jmt

4

5

6

7

1

2

3

jmt

4

5

6

7

1

2

3

1
2

3
4

5

 (jmw = 3)

R.C.P.

j

jrow Latitude row on disk

Boundary Row j in the MWj

Read from disk to MW

Offset between jrow and j

Memory to memory copy

       1          2          3          4          5          6
                      Moving MWNorth

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

Calculated Row j in the MW
written back to τ-1 "jrow" 
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τ-1τ
Disk

1

2

3

1

2

3

1

2

3

1

2

3

1

2

3

1

2

3

Memory

jmt

4

5

6

7

1

2

3

jmt

4

5

6

7

1

2

3

1
2

3
4

5

 (jmw = 4 for Biharmonic option)

R.C.P.

j

jrow Latitude row on disk

Boundary Row j in the MWj

Read from disk to MW

Offset between jrow and j

Memory to memory copy

       1          2          3          4          5          6
                      Moving MWNorth

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

4

4

4

4

4

4

τ,τ-1τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

Calculated Row j in the MW
written back to τ-1 "jrow" 
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R.C.P.

Offset between jrow and j

jrow Latitude jrow on disk

Boundary Row j in the MWj

Read from disk to MW

Memory to memory copy

j

Disk

1

2

3

4

5

6

τ-1τ
Memory

 (jmw = 5 for Biharmonic option )

6

1

2

3

4

5

1

2

3

4

5

6

1

2

3

4

5

8

7

8

7

jmt

1

2

3

4

59

jmt

9

        1             2              3               4
                    Moving MWNorth

1

2

3

4

5

τ,τ-1

τ,τ-1

τ,τ-1 τ,τ-1

τ,τ-1

τ,τ-1

4

τ,τ-1

τ,τ-1

τ,τ-1

2

Calculated Row j in the MW
written back to τ-1 "jrow" 
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R.C.P.

Offset between jrow and j

jrow Latitude jrow on disk

Boundary Row j in the MWj

Read from disk to MW

Memory to memory copy

j

Disk

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

3

6

τ-1τ
Memory
 (jmw = 5)

6

1

2

3

4

5

6

1

2

3

4

5

8

7

8

7

jmt

9

jmt

9

        1                     2                      3         
                    Moving MWNorth

τ,τ-1

τ,τ-1

τ,τ-1

τ,τ-1

Calculated Row j in the MW
written back to τ-1 "jrow" 
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R.C.P.

Read/writes between disk and MW

Calculated Row j in the MW

Boundary Row j in the MWj

j

Disk

Memory
 (jmw = jmt)

6

1

2

3

4

5

8

7

jmw

9

                               1                             
                     Stationary MW

Reads
Writes

2��S^):/('.��/+¦� � �H?'!/.QGw<a�&�%?��SCT8R�%?Q< �&�SC/^|�'!T< �u8R�%$&`�$ W <)?A.)~#('.B<R8/$A�B_u(&�S�'.B$¬~T< CT8�G1.QG1�R('*1�'�1Go.QG1�)('*w?A� W ��.B$< ('.�C/�R�uC/.Q.B8#.B8|_u!/.QC7�'!/.�G1.QG1�R('*w_���CT8#� _ $���£Q.c�%$��! 0 � �  �"��SC¤56=@5�K



�)j ��� ��� 
 � ��� � � ��
�� � � ���

R.C.P.

Processor # 1 Memory

τ+1  Disk

τ  Disk

τ−1  Disk

jrow=2
jrow=1

jrow=3

jrow
jrow - 1

jrow + 1

jrow=2
jrow=1

jrow=3

jrow
jrow - 1

jrow + 1

j=3 (τ−1,τ)
j=2  (τ−1,τ,τ+1)
j=1  (τ−1,τ)

jrow=2

jrow

Processor # 2 Memory

Work

Work

Work

j=3 (τ−1,τ)

j=1  (τ−1,τ)
j=2  (τ−1,τ,τ+1)

Work

Work

Work

2��S^):/('.O�/+si � 4
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R.C.P.

τ Data

τ+1 Data

τ−1 Data

τ−1 Diskτ  Disk

Work

One Memory Window

B
WorkC
WorkC

WorkB
WorkC

Shared memory

Processor #2 Slab Window

WB

WB

WC
B
C
B

x
x

WB

WB

WC
B
C
B

Processor #1 Slab Window

x

Processor # m Slab Window

WB

WB

WC
B
C
B

x

•
•
•

WB

WC
B
C

One  Memory Window

WB

WCC
B

WCC
•
•
•

Shared memory

{M1

{

M2

MOM 1 design MOM 2 design

where α = WB/WC  and    β = WC/C
M2       2(1+αβ) + m(1+β)

M1       m[2(1+αβ) + (1+β)]
=

 "
m

" 
 P

ro
ce

ss
or

s

M2 / M1   (α= 1/3)

1       1        1         1         1
2     .71      .71      .72      .73
3     .61      .62      .63      .64
4     .56      .57      .58      .59
5     .53      .54      .55      .56

10     .47      .49      .5        .51
100    .42      .43       .45     .46

.75      1.0      1.25    1.5
β

a)

b)

c)
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Code Structure

MOM 1

Coarse Grained Parallelism

do jrow=1,latitudes

end do

•
•
•

Vector region

Parallel region
Scalar region

do k=1,km
   do i=is,ie
      array(i,k) = ...
   end do
end do

MOM 2

Fine Grained Parallelism

R.C.P.

•
•
•

do n=1,num_groups 

end do

Vector region

Parallel region
Scalar region

Group region

do j=js,je

end do

do k=1,km
   do i=is,ie
      array(i,k,j) = ...
   end do
end do

•Arrays are two dimensional

• Each processor works on all
   loops for one latitude.

•All processors work
   simultaneously on separate
   latitudes

•Arrays are three dimensional

•All processors work
   simultaneously on each loop for 
   a group of latitudes

•Size of Memory Window
    controlls the number of groups

2��S^):/(P.��/+ShRh � 3d��¢r.Q('.QCT?A.B$���C¤?A�98#.O$&�'(':T?A�P:/('. � .Q�&_-.Q.QC�5J=@5 h>< CT8|5J=@5 K
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jstask(2)

jetask(2)

          (ramdrive area)

  Processor #1
        

τ+1

τ+1

τ+1

τ+1

τ+1
(jrow=8)

(jrow=7)

(jrow=5)

(jrow=6)

(jrow=4)

τ

τ
τ
τ
τ

(jrow=8)

(jrow=7)

(jrow=5)

(jrow=8)

(jrow=7)

(jrow=5)

(jrow=6)

(jrow=4)

τ−1

τ−1

τ−1

τ−1

τ−1

(jrow=6)

(jrow=4)

   jstask(1)

   jetask(1) τ+1

τ+1

τ+1

τ+1

τ+1

τ

τ
τ
τ
τ

(jrow=5)

(jrow=4)

(jrow=2)

(jrow=3)

(jrow=1)

(jrow=5)

(jrow=4)

(jrow=2)

(jrow=3)

(jrow=1)

 
     (Memory Window)

 j=1   j=1   j=1
τ−1   τ      τ+1

Work

Work

Work

 j=3   j=3   j=3
τ−1   τ      τ+1

 j=2   j=2   j=2
τ−1   τ      τ+1

  Processor #2
          

 
     (Memory Window)

τ−1

τ−1

τ−1

τ−1

τ−1
(jrow=5)

(jrow=4)

(jrow=2)

(jrow=3)

(jrow=1)

          (ramdrive area)

Reading Processor"2" and writing Processor "1" memory

Reading Processor"1" and writing Processor "2" memory

 j=1   j=1   j=1
τ−1   τ      τ+1

Work

Work

 j=3   j=3   j=3
τ−1   τ      τ+1

 j=2   j=2   j=2
τ−1   τ      τ+1 Work

2��S^):/('.O�/+ShBK � �UCH�'.Q(P� W ('�9?A.B$P$&�)(@?A�)GoG�:/C#�%?Q< �Z���RC�('.BYR:#�S('.B8����)(@<O$&.B?A�)CT8x�)(�8#.Q(uGo.QG1�)('*�_-�SCT8#� _�+
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          (ramdrive area)

          (ramdrive area)

jetask(2)

jstask(2)

   jstask(1)

   jetask(1)

τ+1

τ+1

τ−1

τ−1

(jrow=2)

(jrow=3)

(jrow=2)

(jrow=3)

τ+1τ−1
(jrow=4)(jrow=4)

(jrow=8)
τ−1

(jrow=7)

(jrow=5)

(jrow=6)

τ−1

τ−1

τ−1

(jrow=9)
τ−1

(jrow=4)
τ−1

(jrow=3)
τ−1

τ+1τ−1
(jrow=5)(jrow=5)

τ+1τ−1
(jrow=6)(jrow=6)

(jrow=8)
τ+1

(jrow=7)

(jrow=5)

(jrow=6)

τ+1

τ+1

τ+1

(jrow=9)
τ+1

(jrow=4)
τ+1

(jrow=3)
τ+1

(jrow=8)
  τ

(jrow=7)

(jrow=5)

(jrow=6)

τ+1τ−1
(jrow=1)(jrow=1)

  τ
  τ
  τ

(jrow=9)
  τ

(jrow=4)
  τ

(jrow=3)
  τ

τ+1τ−1
(jrow=0)(jrow=0)

τ
(jrow=1)

τ
τ

(jrow=2)

(jrow=3)

τ
(jrow=4)

τ
(jrow=5)

τ
(jrow=6)

τ
(jrow=0)

 j=4   j=4   j=4
τ−1   τ      τ+1
 j=5   j=5   j=5
τ−1   τ      τ+1

 j=1   j=1   j=1
τ−1   τ      τ+1
 j=2   j=2   j=2
τ−1   τ      τ+1
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cell Ui,k,jrow 

ui,k,j,n,τ

dzt
k

dxui

Bounding longitudes

B
ounding depths

ti,k,j,n,τ ui,k,j,n,τ ti+1,k,j,n,τti-1,k,j,n,τ

ui,k+1,j,n,τ

ui-1,k,j,n,τ

ui-1,k+1,j,n,τ

ti,k-1,j,n,τ

ti,k+1,j,n,τ

λ

cell Ti,k,jrow 

ti,k,j,n,τ

dxti

dztk

ti,k,j,n,τ

ti,k+1,j,n,τ

dzw
k

A region on the λ-Ζ Surface

 z = 0

zt
k

xti
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A region on the ϕ−Ζ Surface

cell Ui,k,jrow 

ui,k,j,n,τ

dzt
k

dyujrow

Bounding latitudes

B
ounding depths

ti,k,j,n,τ ui,k,j,n,τ ti,k,j+1,n,τti,k,j-1,n,τ

ui,k+1,j,n,τ

ui,k,j-1,n,τ

ui,k+1,j-1,n,τ

ti,k-1,j,n,τ

ti,k+1,j,n,τ

ϕ

zt
k

cell Ti,k,jrow

ti,k,j,n,τ

dytjrow

dztk

ti,k,j,n,τ

ti,k+1,j,n,τ

dzw
k

z = 0

ytjrow
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Method 1

}dztk

Tk+1

Tk

Tk-1

zwk

o

{
wk+1

wk-1

wk

ztk {
dzwk

dzwk-1

Method  2

R.C.P.

Grid points within non-uniform grid cells

dztk = dzwk

z
= (dzwk-1+dzwk)/2

}

}dztk+1

dztk

Tk+1

Tk

Tk-1

o

dzwk{
wk+1

wk-1

wk

ztk

zwk

T   is not located on W T   is located on W
z z

dzwk = dztk

z
= (dztk+1+dztk)/2
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Do n=1,segments

End do

Get Atmos SBC and
interpolate to Atmos grid• • • • • • • • •

Integrate Ocean for one time
segment holding SBC fixed

• • • • • • •

•••Divide  integration time into segments

Get Ocean SBC and
interpolate to Ocean grid

• • • • • • • • •

GASBC
SST SSS U V • • •

SST SSS U V • • •

GOSBC
• • •HFX PMEτx τy

• • •HFX PMEτx τy

Do n=1,ntspos

End do

MOM

Do n=1,ntspas

End do

ATMOS

R.C.P.

Integrate Atmos for one time
segment holding SBC fixed

• • • • • • •

  • • • • • • • • • • • •Atmos InitializationSetatm

  • • • • • • • • • • • •Ocean InitializationSetocn

Driver
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GASBC

R.C.P.

•Find ocean domain in terms of Atmos indices
•If ocean  domain is limited... set blending zone

if (first) then

End if

Do n=1,num_asbc

•Extrapolate sbcocnm into land areas

•Interpolate sbcocnm to sbcatmm

•Set cyclic conditions on sbcatmm

•Convert sbcatmm to atmos units

•Compute global mean of scbatmm

End do

•If ocean domain is limited then
      Apply prescribed sbcatmm outside ocean domain
  else
      Set cyclic conditions on sbcocnm

Atmos domain

•Set index "m" to reference Atmos S.B.C. "n" (eg: SST...)

sbcatm = array of Atmospheric S.B.C.(eg: SST...) on the atmos grid
sbcocn = array of Atmospheric S.B.C.(eg: SST...) on the ocean grid

•If ocean domain is limited then
      Extrapolate sbcatmm into blending zone

Ocean domain

s+�EpFL5BU4]·<Ä5jº¾#9+súmg6TWX8Z2S;TBUV�N_6`Bh?OL5H5BU6FL5V	�E=541RFÎTÅfSZ¬ 
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GOSBC

R.C.P.

Atmos domain

Do n=1,num_osbc

•Set cyclic conditions on sbcatmm

•Compute global mean of sbcatmm

•Extrapolate sbcatmm into land areas

•Interpolate sbcatmm to sbcocnm

•Set cyclic conditions on sbcocnm

•Convert sbcocnm to ocean units

•Compute global mean of scbocnm

End do

•Set index "m" to reference ocean S.B.C. "n" (eg: τx,τy...)

sbcatm = array of Ocean S.B.C.(eg: τx,τy...) on the atmos grid
sbcocn = array of Ocean S.B.C.(eg: τx,τy...) on the ocean grid

Ocean domain

s+�EpFL5BU4]·<Ä5jCBF9+súmg6TWX8Z2S;TBUV�N_6`Bh?OL5H5BU6FL5V	�E=541RF­TÅfSZ¬ 
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�6*�� � � \^] �T] _ ½ x��6*�� � � �H\^] �h] _ 4 �I\^] �T] _a] ��] � !½ �,*�� � � �I\^] �h] _ 4 :A�I\^] �T] _a] ��] � � �I\ � 5 ] �h] _0] ��] � ; ?A@ ½ @ d!� C ? @�� � C ::·F·FjÛ¾F¸ ;
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 _0`�bIc � ! :A�H\^] �h] _0] ��] ��� 5 ;
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½ * � ��� ghk �H\^] �h] _ 4 8:6c? 0 � _a`�bHc � \^] �h] _ � 5 ] ��] ��� 5 � � \^] �h] _0] ��] ��� 5
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* � ��� ��e}\^] Õ ] _-½ d�� �f\^] _0] � ::·F·Fj Bc¹ ;
* � ��� ��e}\^] ���H] _ ½ e � �,\^] _a] � ::·F·Fj B ��;
�6*�� ��e}\^] Õ ] _-½ �6*�� � e �I\^] Õ ] _ 4 :A�H\m] 5 ] _a] ��] � � �H\^] 5 ] _a] ��] � ; ::·F·Fj B � ;
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�\m] �T] _ � * � ��� ��k � \��Ib\^] �h] _ ::·F·Fj��5· ;

WX254GBU4	VU254.�Y?M6FdCJ98:=S;~mXA���¥§LS?��g6`= �SLC�94<?/* � ��� � � �
\��Ib\^] �h] _ ;T=SA * � ��� ��k;� \��Ib\^] �h] _ ;TBZ4]p-�EDF4G=&�E=�¶F4<8:V��g6`='·��{jE·<¹5jÛ¾{j

13254QHS;F8ZÍCpFBU6FL5=SA �SLC�94<?X;>BU4Qp-�EDF4G=[HCJ

* � ��� � �
b����\^] �T] _ ½ * � ��� g � � \^] �h] _ 4

�I\ � 5 ] �T] _a] ��] ��� 5 � �I\^] �T] _a] ��] ��� 58:6c? 0 
 _a`�bHc *���� \ ::·F·Fj��Fx ;
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*,+�� _a`�bHc ::·F·Fj��F¾ ;
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tropic

diago

••••••Solve barotropic equations

••••••Output diagnostics

diagi

tmngr

do mw=1,maxmw

putmw ••••••Write computed MW latitudes back to disk

••••••Increment time by one timestep

••••••Initialize diagnostics

 •••Solve equations for each group of latitudes 

loadmw ••••••Load MW with latitude rows from disk

end do

MOM

R.C.P.

diag ••••••Compute diagnostics

••••••Compute advective velocitiesadv_vel

vmixc ••••••Compute vertical mixing coefficients

hmixc ••••••Compute horizontal mixing coefficients

setvbc ••••••Set vertical boundary conditions

tracer ••••••Solve the tracer equations

cllinic ••••••Solve the baroclinic equations

isopyc ••••••Compute isopycnal mixing tensor
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τ−1   τ τ+1

τ−1   ττ+1

τ−1

  τ
τ+1

τ−1   τ τ+1

τ−1
  τ

τ+1

τ−1  τ τ+1

τ−1  τ τ+1

R.C.P.

 Leapfrog

h  = h   + 2∆τ*F
τ−1τ+1 τ−1τ,

τ+1 τ
τ−1τ

h  = h   +  ∆τ*F
τ−1τ+1 τ−1τ,

τ+1 τ
τ−1τ+1

 Forward

 Leapfrog

h  = h   + 2∆τ*F
τ−1τ+1 τ−1τ,

τ+1 τ
τ−1τ

 Leapfrog

h  = h   + 2∆τ*F
τ−1τ+1 τ−1τ,

τ+1 τ
τ−1τ

 Euler backward

h  = h   +  ∆τ*F
τ−1τ+1 τ−1τ,

τ+1 τ
τ−1τ+1

τ+1 τ

h  = h   +  ∆τ*F
τ−1τ+1 τ−1τ,

Type of Time Step

Memory
  (MW)

τ−1

τ+1

 τ          

τ−1

τ+1

 τ          

τ−1 

τ−1   τ τ+1

τ−1   τ τ+1

τ−1   τ τ+1

τ−1   τ τ+1

τ−1   τ τ+1

τ−1   τ τ+1

Disk(1) Disk(2)

Time
Step

jmw < jmt jmw = jmt

n

n+1

n+2

n+3

n+4

Memory
  (MW)

τ+1

τ+1

τ+1

 τ          

 τ          τ−1 

τ−1 

τ+1

τ+1

 τ          

   τ           

   τ           

   τ           

   τ           

   τ           

   τ           

   τ           
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R.C.P.

adv_veti-1,k,j adv_veti,k,j

adv_vnti,k,j

adv_vnti,k,j-1

ti,k,j,n

ui,k,j,n

ui-1,k,j-1,n ui,k,j-1,n

ui-1,k,j,n

dytjrow

dyujrow

dyujrow-1

dxti

dxui-1 dxui

a)

adv_veui-1,k,j adv_veui,k,j

adv_vnui,k,j

adv_vnui,k,j-1

ui,k,j,n

ti+1,k,j+1,n

ti,k,j,n ti+1,k,j,n

ti,k,j+1,n

dyujrow

duwi

dusjrow

duei

dunjrow

b)
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