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Subject: Miltiple Nonzero-Rank Part References for Structure Conponents
Ref erence: J3-007R3, "Miltiple Nonzero-Rank Part References for Structure Conponents in Fort

ran 95/2002", to appear in the Fortran Forum
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Summary

| propose to delete the part of C613 (103:9) in 6.1.2 that prohibits multiple nonzero rank p

art-refs:

"In a data-ref, there shall be no nore then one part-ref with nonzero rank." There is no jus

tification for this constraint, and renoving it woul d unl eash a nost useful capability which
Fortran is uniquely capable of with its possibly non-contiguous arrays.

The constraint that "A part-nane to the right of a part-ref with nonzero rank shall not have
the ALLOCATABLE or PO NTER attribute" should remain as this prohibits skewed arrays, which

cannot be inplenented with regul ar array descriptors. However, structure conponents with mul
tiple nonzero rank part-refs *can* be inplenmented with regular array descriptors.

In fact, | have inplenented extensions for the three conpilers | use to be able to use such
structure conmponents in only a hundred lines of Fortran+C code or so. So | know for sure tha
t this won’t pose an inplenentation challenge, while | also know that it is a nost useful fu
nctionality in scientific codes. It is also pretty trivial to incorporate the change into th
e standard.

Mot i vati on

Take the sinple exanple:

TYPE Poi nt 3D

I Apoint in 3D

REAL :: coordinates(3), data(2)
END TYPE Poi nt 3D

type(poi nt3D), dinension(10) :: points
I Acollection of points
In Fortran,
poi nt s[ 1: 2] % oor di nat es[ 1]
produces a strided rank-1 array section (I will use this termnore liberally then the actua

standard) which contains the x coordinates of the first two points. This can, for exanple,
be used as a target of a rank-1 array pointer.

However, the reference

poi nt s[ 1: 2] %coordi nat es[ : ]
is not allowed. In a user’s mnd, this would reference the xyz coordinates of the first two
poi nts, and can be thought of as an "array of arrays". But in fact, it can just as well be t
hought of as a rank-2 array of shape (/3,2/).

This is nmore then just a convenient convention. In fact, the nenory |ayout of the collection
of real nunbers (coordinates) referenced by this array of array can be described by a regu
ar strided array section, so that in fact it is alnost trivial for any existing F95 conpil er
to inplenent the follow ng nonstandard assignnent of a rank-2 array pointer to this "array
of arrays":

REAL, DIMENSION(:,:) :: selected_coordi nates
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sel ect ed_coor di nat es=>poi nts[ 1: 2] %coordi nates| : ]

Yet no conpiler known to the author inplenents such an extension. It should be obvious to th
e reader that this kind of functionality would i ndeed be useful. For exanple, finding the ce
ntroid of the selected points would be performed with,

WRI TE(*,*) "The centroid is", SUMsel ected _points, DI M=2)

whi ch requires no | oops. Even nmore useful would be the ability to pass the coordinates of th
e selected points to a procedure (note that this procedure need not know that the coordinate
s cane froman array of derived type point3D) as an actual argument associated with an assum
ed-shape array dunmy argunent.

Sol uti on

Delete "In a data-ref, there shall be no nore then one part-ref with nonzero rank” in C613.
Then, nodify 103:12-13 and add constraint (see C549 at 76:14):

The rank of a data-ref is the sumof the ranks of the part-refs with nonzero rank, if any; o
therwise, the rank is zero.

C%%x: The maxi mumrank of a data-ref is 7.

Al'so nodify Note 6.6, 107:11-13 and 106: 14-107:1 accordingly. In particular, nodify 106: 14+
to say something |ike:

The rank and shape of a nonzero rank part-ref are determined as follows. |If the part-ref has
no section-subscript-list, the rank and shape are those of part-nanme. O herw se, the rank

s the number of subscript triplets and vector subscripts in section-subscript-list, and the

shape is the rank-1 array whose i-th elenent is the nunmber of integer values in the sequence
indicated bu the i-th subscript triplet or vector subscript. If any of these sequences is e
npty, the corresponding elenent in the shape is zero.

In an array-section, the rank of the array is the sumof the ranks of the nonzero rank part-
refs. The shape of the array is the rank-1 array obtai ned by concatenating the shapes of the
nonzero rank part-refs, in backward order, i.e., starting fromthe last one. If the shape h
as an elenent with the value of zero, the array section has size zero.

Probl ens and Al ternatives

Since Fortran only guarantees that arrays of rank up to 7 will be supported by a conformng
processor, the validity of having a total rank of nore then 7, as in the reference,

level 1(:,:,:)%evel 2(:,:,:)%evel 3(:,:)

will need to be either prohibited or left "processor-dependent”. | believe this is a mnor
ssue.

Anot her problemis that the Fortran order of specifying conponents, structure%onponent, as
opposed to the alternative conponent%tructure, is the opposite of the order of concatenatio
n of the shapes of the non-zero rank references. For exanple, the reference:

level 1(1:4,1:5,1:6)%evel 2(1:2,1:3)%evel 3(1:1)

represents an array section of shape (/1,2,3,4,5,6/), and not (/4,5,6,2,3,1/) as mght be th
ought at first. Again, | believe this to be a nere inconveni ence and not an sufficient reaso
n to deny very useful functionality to Fortran programmers.

Edits
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WIl be witten in a revision after sone feedback is received.

Ext ended Exanpl e

Here is an illustration of the expressivity and power of the proposed feature:

I A type hierarchy of neterol ogical data
TYPE :: Hourly_Record
REAL (KIND=r_wp) :: tenperature (3) = 0.0
I Three tenperature readings (water, air, soil)
LOd CAL (KIND=I _byte) :: synny = . TRUE.

END TYPE

TYPE :: Daily_Record
TYPE (Hourly Record), DI MENSION (24) :: hourly_records
| NTEGER (KIND=i _sp) :: sunrise = 7, sunset = 18

END TYPE

TYPE :: Wekly Record
TYPE (Daily_Record), DI MENSION (7) :: daily_records
REAL (KIND=r_sp) :: forecast_success (5)

END TYPE

I Weat her data over a grid of observation points:
| NTEGER, PARAMETER :: n_x = 100, n_y = 50
TYPE (Weekly Record), DIMENSION (n_x, n_y), TARCET :: weekly records

I Assign values to the weather data, do calcul ations, etc..

I Select the second tenperature readi ng on Mondays and Wednesdays
I at 9:00 and 15:00 hours at grid point (3,1):
WRITE (*,*) "The selected tenperatures are:", &
weekly records(3,1)%laily_records(1:3:2)%ourly_records(9: 15: 6) % enper at ure( 2)

I EOF



