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1 Fortran com piler di ag nos tic
ca pa bil ity

1.1 History

This article was first pub lished in the ACM News let ter, For tran Fo rum, De cem ber 2019.
The original version had entries for Cray, gfortran, Intel, NAG and Or a cle.

· Re vi sion 1 up dated the NAG en try to the 7.0 re lease, and dropped the Or a cle en -

try as we were in formed that de vel op ment of the com piler had ceased. 

· Re vi sion 2 up dated the Intel en try to the 2021.1 re lease and gfortran to the

10.2.0 re lease.

· Re vi sion 3 up dated the Intel en tries add ing cov er age of their new ifx com piler.

· Re vi sion 4 up dated the Cray en try to cover the 10.0.4 re lease.

· Re vi sion 5 is an up date that tar gets NAG 7.1, Intel ifort 2021.6.0, Intel ifx

2022.21.0, Nvidia nvfortran 22.5 and gfortran 12.1.0.

1.2 In tro duc tion

The di ag nos tic ca pa bil ity of com pil ers is very im por tant both in code de vel op ment and
when teach ing For tran. Poly he dron Soft ware and Ser vices

https://poly he dron.com/

pro vide For tran com piler com par i son ta bles.

https://poly he dron.com/?page_id=175

These ta bles can be found at

https://www.for tran.uk/for tran-com piler-com par i sons/
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1.3 His tory of com pil ers we have used

We have used sev eral com pil ers for the de vel op ment of the ex am ples in our books. The fol -
low ing ta ble sum ma rises this in for ma tion.

Books
In tro duc ing
For tran 90

In tro duc ing
For tran 95

In tro duc tion
to
Pro gram ming
with Fortran

Edi tion(s) 1 2 3 4

Year of
publication

1995 2000 2006 2012 2015 2018

Compilers

CVF Yes Yes Yes

Cray Yes Yes Yes

DEC Yes Yes

g95

gfortran Yes Yes Yes

IBM Yes

Intel Yes Yes Yes Yes

Lahey Yes

NAG Yes Yes Yes Yes Yes Yes

Oracle Yes

Salford Yes Yes Yes

Sun Yes Yes

1.4 Cur rently used com pil ers

We cur rently use the NAG, Intel, Cray, gfortran and Nvidia com pil ers, and we have used
the Poly he dron For tran com piler di ag nos tic suite in test ing the fol low ing re leases

· Cray: 10.0.4

· gfortran: 12.1.0

· Intel ifort: 2021.6.0

· Intel ifx: 2022.1.0

· NAG: 7.1

· Nvidia 22.5
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1.5 Poly he dron di ag nos tic test suite

The Polyhedron source code ex ists for both Linux and Win dows. The first ta ble lists the
source code test and run time er ror.

Source Run time error

A01 and A02 Can mix checked and un checked code

ARG1 ar gu ment mis match: same file

ARG2 ar gu ment mis match: dif fer ent files

ARG3 Il le gal as sign ment to con stant ar gu ment: no IN TENT spec i fied

ARG4 Il le gal as sign ment to con stant ar gu ment: IN TENT spec i fied

ARG5
Il le gal as sign ment to DO loop vari able in SUB ROU TINE:
 no IN TENT spec i fied 

ARG6
Il le gal as sign ment to DO loop vari able in SUB ROU TINE: 
IN TENT spec i fied

ARG7 Sca lar con stant passed to ar ray dummy ar gu ment

OARG1 Il le gal use of op tional ar gu ment

ALIAS1 Aliased dummy ar gu ment variable10

ALIAS2 Aliased dummy ar gu ment ar ray

BND1 ar ray bound er ror: X(100)

BND2 ar ray bound er ror: X(N) N is ar gu ment

BND3 ar ray bound er ror: X(N) N is in COM MON 

BND4 ar ray bound er ror: X(N) N is in MOD ULE

BND5 ar ray bound er ror: X(*)  

BND6
ar ray bound er ror: X(M:N) M and N ar gu ment
ques tion lower bound vi o lated

BND7 ar ray bound er ror: au to matic ar ray

BND8 ar ray bound er ror: allocatable ar ray

BND9 multi-di men sional ar ray bound er ror within over all ar ray bounds 

BND10
ar ray bound er ror: as sign to dummy ar gu ment which is 
larger than ac tual ar gu ment 

BND11 ar ray bound er ror: pointer ar ray com po nent of de rived type
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Source Run time error

CBND1 char ac ter bound er ror: lo cal

CBND2 char ac ter bound er ror: COM MON

CBND3
char ac ter bound er ror: as sign to dummy which is larger than 
ac tual ar gu ment

CBND4 char ac ter bound er ror: CHAR AC TER*(*)

UIN1 uninitialized variable7: lo cal

UIN2 uninitialized vari able: ar gu ment

UIN3 uninitialized vari able: COM MON

UIN4 uninitialized vari able: MOD ULE

UIN5 uninitialized ar ray el e ment: lo cal

UIN6 uninitialized ar ray el e ment: ar gu ment

UIN7 uninitialized ar ray el e ment: COM MON

UIN8 uninitialized ar ray el e ment: MOD ULE

UIN9 uninitialized ar ray el e ment: lo cal ar ray in SUB ROU TINE

UIN10 uninitialized ar ray el e ment: au to matic ar rays

UIN11 uninitialized ar ray el e ment: allocatable ar rays

UIN12 uninitialized ar ray el e ment: saved ar rays

UIN13 uninitialized ar ray el e ment: IN TENT(OUT) ar rays

UIN14 two byte ar ray el e ments

UIN15 one byte ar ray el e ments

DO1 zero in cre ment DO loop

DO2 Il le gal as sign ment to lo cal DO loop vari able 

DO3 Il le gal as sign ment to lo cal DO loop vari able via EQUIV A LENCE 

DO4 Il le gal as sign ment to DO vari ables in CON TAINed subprogram

SF1 SUB ROU TINE ref er enced as a FUNC TION: same file

SF2 SUB ROU TINE ref er enced as a FUNC TION: dif fer ent file6

FH1 Same file opened on 2 dif fer ent units

FMT1 Il le gal run-time for mat
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Source Run time error

CONF Non-conformant ar ray as sign ment

PTR1 As sign via pointer af ter tar get deallocated

PTR2 As sign via global pointer to lo cal ar ray af ter subprogram re turn

None Full trace back from run-time er rors 

1.6 Com piler di ag nos tic re sults

The next ta ble has the di ag nos tic re sults for each com piler.

Source Cray gfortran Intel Intel NAG Nvidia

10.0.4 12.1.0 ifort ifx 7.1 22.5

2021.6.0 2022.1.0

Score 49 42 55 28 96 23

ttft time N/A, 30 2.625 2.549 19.203 9.150

A01, A02 Yes Yes Yes Yes Yes Yes

ARG1 Yes 5 Yes 4 Yes 4 Yes 4 Yes 4 No

ARG2 Yes 5 No Yes 4,8 Yes 4,8 Yes 5 No

ARG3 No No Yes 5,9 Yes 5,9 Yes 5 No 31

ARG4 Yes 4 Yes 4 Yes 4 Yes 4 Yes 4 No 31

ARG5 No Yes 5 No No Yes 5 No

ARG6 Yes 4 Yes 4 Yes 4 Yes 4 Yes 4 No

ARG7 No Yes 4 Yes 4 Yes 4 Yes 4 No

OARG1 Yes 5 Yes 4 Yes 5,9 Yes 5,9 Yes 5 No 31

ALIAS1 No No No No Yes No

ALIAS2 No No No No No No

BND1 Yes 5 Yes 5 Yes 5 No Yes 5 Yes 5

BND2 Yes 5 Yes 5 Yes 5 No Yes 5 Yes 5

BND3 Yes 5 Yes 5 Yes 5 No Yes 5 Yes 5

BND4 Yes 5 Yes 5 Yes 5 No Yes 5 Yes 5

BND5 No No No No Yes 5 No
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Source Cray gfortran Intel Intel NAG Nvidia

10.0.4 12.1.0 ifort ifx 7.1 22.5

2021.6.0 2022.1.0

Score 49 42 55 28 96 23

ttft time N/A, 30 2.625 2.549 19.203 9.150

BND6 Yes 5 Yes 5 Yes 5 No Yes 5 Yes 5

BND7 Yes 5 Yes 5 Yes 5 No Yes 5 Yes 5

BND8 Yes 5 Yes 5 Yes 5 No Yes 5 Yes 5

BND9 Yes 5 Yes 5 Yes 5 No Yes 5 Yes 5

BND10 No No No No Yes 5 No

BND11 Yes 5 Yes 5 Yes 5 No Yes 5 Yes 5

CBND1 Yes 5 Yes 5 Yes 5 No Yes 5 No

CBND2 Yes 5 Yes 5 Yes 5 No Yes 5 No

CBND3 No Yes 5 Yes 4 Yes 4 Yes 4 No

CBND4 Yes 5 Yes 5 Yes 5 No Yes 5 No

UIN1 No Yes 3 Yes 5 No Yes 3,5 No

UIN2 No Yes 3 No No Yes 5 No

UIN3 No No No No Yes 5 No

UIN4 No No No No Yes 5 No

UIN5 No Yes No No Yes 5 No

UIN6 No No No No Yes 5 No

UIN7 No No No No Yes 5 No

UIN8 No No No No Yes 5 No

UIN9 No No No No Yes 5 No

UIN10 No No No No Yes 5 No

UIN11 No No No No Yes 5 No

UIN12 No No No No Yes 5 No

UIN13 No No No No Yes 5 No
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Source Cray gfortran Intel Intel NAG Nvidia

10.0.4 12.1.0 ifort ifx 7.1 22.5

2021.6.0 2022.1.0

Score 49 42 55 28 96 23

ttft time N/A, 30 2.625 2.549 19.203 9.150

UIN14 Yes 5 No No No Yes 5 No

UIN15 Yes 5 No No No Yes 5 No

DO1 Yes 5 No DIV0 5,9 DIV0 5,9 Yes 5 Yes 31

DO2 Yes 4 Yes 4 Yes 4 Yes 4 Yes 4 No

DO3 No No No No Yes 4 No

DO4 No No No No Yes No

SF1 Yes 4 Yes 4 Yes 4 Yes 4 Yes 4 No

SF2 No No Yes 4,8 Yes 4, 8 Yes 5 No

FH1 Yes 5 Yes 5 No No No No

FMT1 Yes 5 Yes 5 Yes 5 Yes 5 Yes 5 Yes 32

CONF Yes 3 Yes 5 Yes No Yes 5 No

PTR1 No No No No Yes 5 No

PTR2 No Yes No No Yes 5 No

UFL Op tion Op tion Op tion Op tion Op tion No

OFL Op tion Op tion Op tion Op tion Op tion No

DIV0 Op tion Op tion Op tion Op tion Op tion No

IOFL No Si lent Si lent Si lent Op tion No

None No No Yes Yes Yes No

Here are the notes for the ta ble.

1.7 Notes

1 Per cent age Passes is cal cu lated from a to tal of 53 tests. No score is as signed for ex -

cep tion han dling.

2 Ex e cu tion Time for TFFT.for, com piled us ing the di ag nos tic switches (see ta ble

above) mea sured on the same ma chine as the benchmarks.

3 Com piler is sued warn ing mes sage.
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4 Com piler is sued fa tal er ror mes sage – no ex e cut able pro duced.

5 Run-time mes sage. 

6 Ar ranged so that er ror is not vis i ble at com pile time.

7 A vari able is “uninitialized” if it has never been as signed a value.  Data el e ments

should be in i tial ized be fore their value is used. The il le gal use of an uninitialized

vari able can some times be de tected at com pile-time, but, be cause it may be data and 

flow de pend ent, usu ally re quires run-time mon i tor ing. In some cases, com pil ers im -

ple ment this by check ing for a spe cial “uninitialized” bit pat tern, such as 0x80, but

this may re sult in false positives for one or two byte vari ables (and, rarely, in other

cases).  Use of a “shadow ar ray” dou bles mem ory re quire ments, but avoids false

positives.

8 Com pi la tion or der de pend ent. Com piler gen er ates .mod file to al low in ter face check -

ing.

9 Non-spe cific er ror mes sage, but full traceback.

10 Spot ted by Forcheck.

11 The test is passed if the pro gram re fuses the sec ond open. For some rea son, the For -

tran stan dard does not al low a file to be opened twice, even for read-only ac cess. It

has been ar gued to me that al low ing the sec ond open is an ex ten sion to the stan dard, 

rather than a fail ure to spot an er ror.

12 False pos i tive de tected 

20 com piler op tion -ftrap=over flow,un der flow. Has no ef fect

30 The Cray com piler has a N/A en try for tfft ex e cu tion time as the tim ing for this

com piler was done us ing the UK HPC sys tems at Ed in burgh. The other tim ing fig -

ures are on the same sys tem.

31 Segfault. No ad di tional in for ma tion.

Intel warn ings - Many of the ex am ples gen er ate the fol low ing er ror mes sage: Warn ing
#8889:: Ex plicit in ter face or EX TER NAL dec la ra tion is re quired.   [SUB]

Some prob lems (e.g. tfft) need to be com piled and ran man u ally due to batch file pro cess ing 
on Win dows.

1.8 Sum mary

The NAG com piler has the high est di ag nos tic rat ing us ing the Poly he dron code suite.

1.9 Ac knowl edge ments

These ta bles were pro duced us ing the Poly he dron For tran Benchmarks. Their web site is

www.for tran.uk

Thanks to Poly he dron Soft ware & Ser vices Ltd  for per mis sion to use the bench mark suite.
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