
ne
tc

df
 g

rid
 {

di
m

en
sio

ns
:

   
   

  n
Ce

lls
 =

 4
09

62
 ; 

 th
is 

is 
th

e 
nu

m
be

r o
f m

as
s 

ce
lls

   
   

  n
Ed

ge
s 

= 
12

28
80

 ; 
 th

is 
is 

th
e 

nu
m

be
r o

f v
el

oc
ity

 p
oi

nt
s

   
   

  n
Ve

rti
ce

s 
= 

81
92

0 
;  

th
is 

is 
th

e 
nu

m
be

r o
f v

or
tic

ity
 c

el
ls

   
   

  m
ax

Ed
ge

s 
= 

10
 ; 

 m
ax

im
um

 n
um

be
r o

f e
dg

es
 th

at
 a

ny
 o

ne
 c

el
l c

an
 h

av
e

   
   

  m
ax

Ed
ge

s2
 =

 2
0 

;  
2*

m
ax

Ed
ge

s
   

   
  T

W
O

 =
 2

 ; 
 

   
   

  T
HR

EE
 =

 3
 ;

   
   

  n
Ve

rtL
ev

el
s 

= 
1 

;  
th

is 
is 

th
e 

nu
m

be
r o

f v
er

tic
al

 le
ve

ls 
(s

et
 h

er
e 

to
 o

ne
 fo

r t
es

tin
g)

   
   

  n
Tr

ac
er

s 
= 

5 
;  

th
is 

is 
th

e 
nu

m
be

r o
f t

ra
ce

rs
 (a

ga
in

, s
et

 to
 5

 fo
r t

es
tin

g)
   

   
  T

im
e 

= 
UN

LI
M

IT
ED

 ; 
// 

(1
 c

ur
re

nt
ly)

va
ria

bl
es

:
   

   
  d

ou
bl

e 
la

tC
el

l(n
Ce

lls
) ;

  t
he

 c
en

te
r o

f e
ac

h 
ce

ll i
n 

la
tit

ud
e

   
   

  d
ou

bl
e 

lo
nC

el
l(n

Ce
lls

) ;
 th

e 
ce

nt
er

 o
f e

ac
h 

ce
ll i

n 
lo

ng
itu

de
   

   
  d

ou
bl

e 
xC

el
l(n

Ce
lls

) ;
  t

he
 x

 p
os

itio
n 

of
 th

e 
ce

ll c
en

te
r o

n 
th

e 
un

it 
sp

he
re

   
   

  d
ou

bl
e 

yC
el

l(n
Ce

lls
) ;

  t
he

 y
 p

os
itio

n 
of

 th
e 

ce
ll c

en
te

r o
n 

th
e 

un
it 

sp
he

re
   

   
  d

ou
bl

e 
zC

el
l(n

Ce
lls

) ;
  t

he
 z

 p
os

itio
n 

of
 th

e 
ce

ll c
en

te
r o

n 
th

e 
un

it 
sp

he
re

   
   

  i
nt

 in
de

xT
oC

el
lID

(n
Ce

lls
) ;

 th
e 

un
iq

ue
 in

te
ge

r t
ag

 fo
r e

ac
h 

ce
ll (

ra
ng

es
 1

 to
 n

Ce
lls

)
   

   
  d

ou
bl

e 
la

tE
dg

e(
nE

dg
es

) ;
  t

he
 p

os
itio

n 
of

 th
e 

ve
lo

cit
y 

po
in

ts
 in

 la
tit

ud
e

   
   

  d
ou

bl
e 

lo
nE

dg
e(

nE
dg

es
) ;

 th
e 

po
sit

io
n 

of
 th

e 
ve

lo
cit

y 
po

in
ts

 in
 lo

ng
itu

de
   

   
  d

ou
bl

e 
xE

dg
e(

nE
dg

es
) ;

 th
e 

x 
po

sit
io

n 
of

 th
e 

ce
ll e

dg
e 

ce
nt

er
 o

n 
th

e 
un

it 
sp

he
re

   
   

  d
ou

bl
e 

yE
dg

e(
nE

dg
es

) ;
 th

e 
y 

po
sit

io
n 

of
 th

e 
ce

ll e
dg

e 
ce

nt
er

 o
n 

th
e 

un
it 

sp
he

re
   

   
  d

ou
bl

e 
zE

dg
e(

nE
dg

es
) ;

 th
e 

z 
po

sit
io

n 
of

 th
e 

ce
ll e

dg
e 

ce
nt

er
 o

n 
th

e 
un

it 
sp

he
re

   
   

  i
nt

 in
de

xT
oE

dg
eI

D(
nE

dg
es

) ;
 th

e 
un

iq
ue

 in
te

ge
r t

ag
 fo

r e
ac

h 
ed

ge
 

   
   

  d
ou

bl
e 

la
tV

er
te

x(
nV

er
tic

es
) ;

 th
e 

po
sit

io
n 

of
 th

e 
vo

rti
cit

y 
po

in
ts

 in
 la

tit
ud

e
   

   
  d

ou
bl

e 
lo

nV
er

te
x(

nV
er

tic
es

) ;
 th

e 
po

sit
io

n 
of

 th
e 

vo
rti

cit
y 

po
in

ts
 in

 lo
ng

itu
de

   
   

  d
ou

bl
e 

xV
er

te
x(

nV
er

tic
es

) ;
 th

e 
x 

po
sit

io
n 

of
 th

e 
ce

ll v
er

tic
es

 o
n 

th
e 

un
it 

sp
he

re
   

   
  d

ou
bl

e 
yV

er
te

x(
nV

er
tic

es
) ;

 th
e 

y 
po

sit
io

n 
of

 th
e 

ce
ll v

er
tic

es
 o

n 
th

e 
un

it 
sp

he
re

   
   

  d
ou

bl
e 

zV
er

te
x(

nV
er

tic
es

) ;
 th

e 
z 

po
sit

io
n 

of
 th

e 
ce

ll v
er

tic
es

 o
n 

th
e 

un
it 

sp
he

re
   

   
  i

nt
 in

de
xT

oV
er

te
xI

D(
nV

er
tic

es
) ;

 th
e 

un
iq

ue
 in

te
ge

r t
ag

 fo
r e

ac
h 

ve
rte

x
   

   
  i

nt
 c

el
lsO

nE
dg

e(
nE

dg
es

, T
W

O
) ;

  t
he

 c
el

l in
di

ce
s 

th
at

 s
ha

re
 iE

dg
e

   
   

  i
nt

 n
Ed

ge
sO

nC
el

l(n
Ce

lls
) ;

 th
e 

nu
m

be
r o

f e
dg

es
 fo

r i
Ce

ll
   

   
  i

nt
 n

Ed
ge

sO
nE

dg
e(

nE
dg

es
) ;

 n
um

be
r o

f e
dg

es
 in

 c
el

ls 
sh

ar
in

g 
iE

dg
e

   
   

  i
nt

 e
dg

es
O

nC
el

l(n
Ce

lls
, m

ax
Ed

ge
s)

 ; 
th

e 
ed

ge
 in

di
ce

s 
as

so
cia

te
d 

wi
th

 iC
el

l
   

   
  i

nt
 e

dg
es

O
nE

dg
e(

nE
dg

es
, m

ax
Ed

ge
s2

) ;
 in

di
ce

s 
fo

r e
dg

es
 in

 c
el

ls 
sh

ar
in

g 
iE

dg
e

   
   

  d
ou

bl
e 

we
ig

ht
sO

nE
dg

e(
nE

dg
es

, m
ax

Ed
ge

s2
) ;

  w
ei

gh
ts

 fo
r v

el
oc

ity
 re

co
ns

tru
ct

io
n

   
   

  d
ou

bl
e 

dv
Ed

ge
(n

Ed
ge

s)
 ; 

 th
e 

di
st

an
ce

 b
et

we
en

 th
e 

ve
rti

ce
s 

at
 th

e 
en

ds
 o

f i
Ed

ge
   

   
  d

ou
bl

e 
dv

1E
dg

e(
nE

dg
es

) ;
  (

no
t u

se
d 

at
 p

re
se

nt
, fi

lle
d 

wi
th

 z
er

os
)

   
   

  d
ou

bl
e 

dv
2E

dg
e(

nE
dg

es
) ;

 (n
ot

 u
se

d 
at

 p
re

se
nt

, fi
lle

d 
wi

th
 z

er
os

)
   

   
  d

ou
bl

e 
dc

Ed
ge

(n
Ed

ge
s)

 ; 
th

e 
di

st
an

ce
 b

et
we

en
 th

e 
ce

lls
 th

at
 s

ha
re

 iE
dg

e
   

   
  d

ou
bl

e 
an

gl
eE

dg
e(

nE
dg

es
) ;

  t
he

 a
ng

le
 th

e 
ed

ge
s 

m
ak

es
 w

ith
 th

e 
ea

st
 d

ire
ct

io
n

   
   

  d
ou

bl
e 

ar
ea

Ce
ll(

nC
el

ls)
 ; 

 a
re

a 
of

 e
ac

h 
ce

ll (
wh

er
e 

m
as

s 
liv

es
)

   
   

  d
ou

bl
e 

ar
ea

Tr
ia

ng
le

(n
Ve

rti
ce

s)
 ; 

 a
re

a 
of

 e
ac

h 
tri

an
gl

e 
(w

he
re

 v
or

tic
ity

 liv
es

)
   

   
  i

nt
 c

el
lsO

nC
el

l(n
Ce

lls
, m

ax
Ed

ge
s)

 ; 
th

e 
ce

ll i
nd

ice
s 

of
 iC

el
l t

ha
t s

ha
re

 a
n 

ed
ge

   
   

  i
nt

 v
er

tic
es

O
nC

el
l(n

Ce
lls

, m
ax

Ed
ge

s)
 ; 

ve
rte

x 
in

di
ce

s 
as

so
cia

te
d 

wi
th

 iC
el

l


in
t v

er
tic

es
O

nE
dg

e(
nE

dg
es

, T
W

O
) ;

  v
er

te
x 

in
di

ce
s 

as
so

cia
te

d 
wi

th
 iE

dg
e


in

t e
dg

es
O

nV
er

te
x(

nV
er

tic
es

, T
HR

EE
) ;

  e
dg

e 
in

di
ce

s 
as

so
cia

te
d 

wi
th

 iV
er

te
x


in

t c
el

lsO
nV

er
te

x(
nV

er
tic

es
, T

HR
EE

) ;
  c

el
ls 

in
di

ce
s 

as
so

cia
te

d 
wi

th
 iV

er
te

x


do
ub

le
 k

ite
Ar

ea
sO

nV
er

te
x(

nV
er

tic
es

, T
HR

EE
) ;

  (
la

be
le

d 
on

 F
ig

ur
e 

1)


do
ub

le
 fE

dg
e(

nE
dg

es
) ;

 C
or

io
lis

 p
ar

am
et

er
 e

va
lu

at
ed

 a
t e

dg
e 

po
in

ts


do
ub

le
 fV

er
te

x(
nV

er
tic

es
) ;

 C
or

io
lis

 p
ar

am
et

er
 e

va
lu

at
ed

 a
t v

er
te

x 
po

in
ts



location of edge points (velocity points) 
centers of dual-mesh cells (vorticity points) 

centers of primal-mesh cells (mass points) 

dual-mesh cell,Dv

primal-mesh cell, Pi

xi

xv

xe

line segments
are orthogonal.

de

le

pressure, tracers,
kinetic energy, etc.

live on cells

vorticity lives
on vertices

We generally refer to mass points
as “cells” and refer to vorticity
points as “vertices” and refer to
velocity points as “edges”.

Figure 1



P1

e1

e2

e3

e4

e5

e6

P3D2 D1

D3

D4 D5

D6

P2
D7

D8D9

D10

e7

e8

e9

e10

e11

e ∈ EV (D1) = [e1, e6, e7]

e ∈ EC(P1) = [e1, e2, e3, e4, e5, e6]

i ∈ CE(e1) = [P1, P2]

i ∈ CV (D1) = [P1, P2, P3]

v ∈ V E(e1) = [D1, D2]

e ∈ ECP (e1) = [e1, e2, e3, e4, e5, e6, e7, e8, e9, e10, e11]

e ∈ ECV (P1, D1) = [e1, e6]

v ∈ V C(P1) = [D1, D2, D3, D4, D4, D5, D6]

edgesOnVertex

cellsOnEdge

cellsOnVertex

edgesOnCell

VerticesOnEdge

VerticesOnCell

EdgesOnEdge
(not in grid.nc)

Figure 2



Grid Description

Decomposition for implementation on MPPs.

Horizontal decomposition
is done with METIS.

At present, each processor
gets one block. In the
future, each processor
might own multiple
blocks to improve cache
reuse.

Figure 3



Grid Description

Data Layout: Unstructured in horizontal, structured in vertical.

Each MPI task can own an 
arbitrary number of blocks.

Each block is expanded into 
a vector list ranging from 1 
to nCellsSolve.

The halo region is appended
at the bottom of the vector list.

Halo updated via non-blocking
sends.

The ordering of the cells is determined by
Reverse Cuthill-McKee (RCM) to maximize
cache reuse.

The data access pattern in repeated in the vertical
leading to arrays dimensioned as

mass(nVertLevels, nCellsTotal, nBlocks)

Example: sum mass at neighbors cells, each proc executes

do iBlock = 1, nBlocks
 do i = 1 , nCellsSolve(iBlock)
   do j=1,nCellsOnCell(i,iBlock)
        coc = cellsOnCell(i,j,iBlock)
        do k=1,nVertLevels
           r(k,i) = r(k,i) + mass(k,coc,iBlock)
        enddo
   enddo
 enddo
endo     

The vertical loop is always the inner most loop
to vectorize and to limit indirect addressing.

The layout is repeated for variables that live at 
vertices and at edges.nCellsTotal = nCellsSolve + nCellsHalo

nC
el

ls
So

lv
e

nC
el

ls
H

al
o



Grid Description

What data is local?
Assume that P1 is a real cell and that P2 is a halo cell.

All data that lives on P2 is present.

From the perspective of a loop over iCell:
Vertex data D7 through D10 is valid.
Edge data e7 through e11 is valid.

From the perspective of a loop over iVertex
If one of the cellsOnVertex is a real cell (e.g. D1)

then all data in cellsOnVertex, edgesOnVertex,
and verticesOnVertex is valid.

If none of the cellsOnVertex is a real cell (e.g. D7),
then only data associated with the distance-one
neighbors (e.g. P2) is valid.

From the perspective of a loop over iEdge
If one of the cellsOnEdge is a real cell (e.g. e1)

then all data in cellsOnEdge, verticesOnEdge,
and edgesOnEdge is valid.

If none of the cellsOnEdge is a real cell (e.g. e8),
then only data associated with the distance-one
neighbors (e.g. P2) is valid.

   

P1

e1

e2

e3

e4

e5

e6

D2 D1

D3

D4 D5

D6

P2
D7

D8D9

D10

e7

e8

e9

e10

e11

halo cell

real cell

halo cell

halo cell




