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QAD Fortran Program 
Static and Dynamic Analysis 

June 7,1994 

Earl S. Mannril 
John E. Tolli 

Scientific Computing Unit 
Idaho National Engineering Laboratory 

1. Introduction 

This analysis was performed on the Cray version of the software as provided by 
Southwest Research Institute (SwRI). 

One sample problem was used along with the source code. The program was analyzed 
using the Craft (Cross Reference Analysis of Fortran) tool, FORWARN, the Fortran 77 
analyzer, and PC-Metric. These tools provide static analysis, coverage analysis, and 
complexity analysis. 

2. References 

[l] N.H. Marshall and E.S. Marwil, 4, EG&G- 

[2] Fortran 77 Analvzer User's Manual, National Bureau of Standards, NBS GCR 81-359, 

ide, Quibus Enterprises, Inc., July 1991. 
1981 

RN User's Gu 
ide, SET Laboratories, Inc., 1987. 

CATT-9198, EG&G Idaho, Inc., July 1991. 

r31 FORWA 
[41 ~ c - ~ e t r i c  user's GU 

3. Functions 
The QD program contains 3 1 Fortran routines. 

There is 1 alternate entry point: "slitet" in module "slite". 

Three modules are not used: "geom", "gomflp", and "norml". 

4. Common Block Irregularities 
There are 13 common blocks in the QAD program. 

There are 2 common blocks which are declared only once in the program: 

Common block variable exceptions are noted as follows: 
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Var i ab le  

n aad 
n add 
nb lz  
b l z o l d  
WP 
nOa 
nbound 
xsecea  
dcons t  
i n t  
i e d t  
i n t l  
i n t 2  
i agg 
i t r a n  
i n t e r  ’ 

- - _ _ - - - _  Exception 

Defined but  unused 
Defined but  unused 
Defined but  unused 
Defined but  unused 
Undefined and unused 
Undefined and unused 
Unused 
Undefined and unused 
Undefined and unused 
Undefined and unused 
Undefined and unused 
Undef i ned and unused 
Undefined and unused 
Undefined and unused 
Undefined and unused 
Undefined and unused 

- - - - - - - - -  

Common blocks which are declared, but not used, in a module are: 

Block name Modules n o t  us ing  

/goml oc/ norml 
/org i  / bda t  a1 
/ tape /  norml 

_ - - _ _ _ - - - -  - - - - - - - - _ - - - - _ - - -  

Some common blocks have inconsistent declarations: 

Block name D i f f e r e n t  i n  

// jomin 
Pr 
l eng th  

// 
/dbg/ 
/orgi  / l eng th  
/o rg i /  1 ookz 
/qada t  a/ p r i n t  
/q a d a t  a/ sou rce  
/tape/ jomi n 

- - - - - - - - - -  - - - - - - - - - - - -  Type of d i f f e r e n c e  

s i z e  
1 ayout 
1 ayout 
size 
size 
s i z e  
1 ayout 
size 

- - - - - - - - - - - - - - - - - _  

5. Interface Irregularities 
Exceptions are noted as follows: 

Module Exception 

jomin Argument #2 t o  
jomin Argument #1 t o  
jomin Argument #3 t o  
l eng th  Argument #5 t o  
l eng th  Argument #3 t o  

- - - - - -  _ _ - - - - _ _ -  
GENI has the  wrong type  
GTVLIN has the wrong t y p e  
GTVLIN has the wrong t y p e  
LOOKZ has the wrong type  
G1 has the wrong type  
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6. Local Variable Irregularities 
Local variable exceptions are noted as follows: 

Modu 1 e 

d t l i s t  
g l  
g l  
gen i 
inpu t  
i npu t  
i npu t  
jomin 
norm1 
q ad 
qad 
9 ad 

- - - - - - - -  Var iab le 

1 i s t d t  
i r l  
i r 2  
il 
epsln 
kerp 1 
n l p t  
i save 
i out 
i e r r 3  
i P  
n l p t  

- _ - - - _ _ _  Exception 

Defined, Unused 
UNUSED 
UNUSED 
UNUSED 
Defined, Unused 
Defined) Unused 
UNUSED 
Defined) Unused 
USED but  UNDEFINED 
Defined, Unused 
Defined Unused 
Possibly undefined 

- - - - _ - - - _ _ _ _ - _ _ _ _ _  

7. Fortran Extensions 
The following modules have format statements containing fields which 
are not separated by commas as required by the standard: 

i npu t ,  length,  l i t e b f ,  p r ,  p r i n t ,  source. 

8. Optimization 
The following table summarizes the performance data gathered from execution of the 
sample problem. Only those routines exercised by the sample problem are shown 
(see "Coverage Analysis" for a list of routines not exercised by the sample problem, 
i.e., coverage = 0%). The table lists all program modules in descending order 
according to CPU time. To optimize code execution time, emphasis should be placed on 
those modules which appear highest in the listing. 

The performance data show that a high percentage of the overall execution time 
(91.1 58%) is spent in the first 6 routines listed. This is due primarily to the following 
(applies to some or all of the 6 routines): 

1) a low percentage of floating point operations which are performed 
in vector mode (%Vflops is small) 

2) a high overhead factor for calls to the routines (IFact > 1) 

3) a high rate of instruction buffer fetches (IBFR > 1). 

A detailed optimization analysis effort should focus on these 3 areas. 

PERFORMANCE DATA FOR QAD 

ROUTINE NAME Time %ExTime %AccumT %Vflops IFac t  MC/MR IBFR 

BUILD 4.220 23.943 23.943 0.00004 214.26 0.000 0.850 
KERNEL 2,960 16.795 40.738 69.82759 6.23 0.032 0.945 

- - _ _ - _ _ _ _ _ - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - _ - - - - _ _ _  _ _ _ _ _ _ - -  - - - - - - - -  - - - - - - -  
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GG 2.772 15.727 56.465 0.00000 665.49 0.146 0.740 
G1 2.705 15.347 71.812 0.00000 61.38 0.136 1.447 
LENGTH 2.039 11.572 83.384 80.83730 9.04 0.071 1.404 
FUNCF 1.370 7.775 91.158 0.00000 659.87 0.026 0.952 
QAD 0.530 3.008 94.166 80.50551 0.00 0.075 1.431 
SLITET 0.438 2.485 96.651 0.00000 1052.97 0.001 1.596 
LOOKZ 0.435 2.470 99.122 0.01609 42.36 0.570 1.284 
READBF 0.064 0.361 99.482 99.02622 0.00 0.087 0.938 
INPUT 0.058 0.331 99.813 61.67872 0.00 0.075 0.954 
DTLIST 0.012 0.069 99.883 99.80130 0.00 0.210 0.453 
GENI 0.005 0.030 99.913 84.70522 0.00 0.178 0.969 
SOURCE 0.005 0.028 99.941 60.13465 0.00 0.212 1.048 
JOMIN 0.005 0.027 99.969 89.20301 0.00 0.288 0.987 
PRINT 0.002 0.010 99.979 72.92554 0.00 0.225 0.890 
LITEBF 0.002 0.010 99.989 45.64018 0.00 0.201 1.138 
TITLE 0.001 0.003 99.992 86.43479 0.00 0.532 0.738 
GTVLIN 0.000 0.003 99.995 88.76092 0.00 0.202 0.883 
SLITE 0.000 0.002 99.997 0.00000 1.16 0.014 0.587 
XSECQD 0.000 0.002 99.999 98.76508 0.00 0.088 0.058 
SETP 0.000 0.001 100.000 57.11372 0.00 0.537 0.442 
EXIT 0.000 0.000 100.000 100.00000 0.00 0.289 0.954 
SET10 0.000 0.000 100.000 0.00000 0.01 0.000 0.989 
==Ee=PI=====E=======e===IE=====E==I===========~======================================= 

T o t a l s  ( A l l  Traced Rout ines)  
17.623 100.000 100.000 30.61699 

Key: 
%AccumT = accumulated percentage o f  t o t a l  CPU 
%ExTime = percentage o f  t o t a l  CPU t i m e  
% V f l o p s  = percentage o f  f l o a t i n g  p o i n t  opera t  

t o  v e c t o r  f l o a t i n g  p o i n t  o p e r a t i o n s  
IBFR = I n s t r u c t i o n  B u f f e r  Fe tch  Rate (mesa 

282.65 0.085 1.060 

t i m e  

ons due 

etches/sec ) 
I F a c t  

MC 
MR 
Time = t o t a l  CPU t i m e  (sec) 

= I n l i n e  F a c t o r  ( t o t a l  c a l l s  t o  r o u t i n e  / 

= number o f  memory c o n f l i c t s  
= number o f  memory r e f e r g n c e s  

average t i m e  spent i n  r o u t i n e  f o r  each c a l l )  

9. Coverage Analysis 
A coverage analysis shows that the sample problem yielded a 40% segment coverage 
of QAD. Sample problems provided with simulation programs typically achieve only 
35% to 50% coverage. A statement of software quality cannot be made for routines 
that have low coverage, i.e., large portions of the code are untested. 

Note that 6 routines have 0% coverage. These routines are not tested with the 
supplied sample problem. 

Two routines achieve 1%-19% coverage, 3 routines achieve 20%39% coverage, 7 
routines achieve 40%-59% coverage, 8 routines achieve 60’3~79% coverage, 1 routine 
achieves 95%99% coverage, and 2 routines achieve 100% coverage. 
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Modu le  
Name 

QAD 
ALBERT 
BU I LD 
DTLIST 
ERROR 
EXIT  
FUNCF 
G 1  
GENI 
GEOM 
GG 
GOMFLP 
GTVLIN 
INPUT 
JOMIN 
KERNEL 
LENGTH 
LITEBF 
LOOKZ 
NORML 
PR 
PRINT 
READBF 
SET10 
SETP 
SLITE 
SOURCE 
TITLE 
XSECQD 

T o t a l s  

QAD 
ALBERT 
BUILD 
DTLIST 
ERROR 
EXIT  
FUNCF 
G1 
GENI 
GEOM 
GG 
GOMFLP 
GTVLIN 
INPUT 

Number o f  
Segments 
in modu le  

183 
47 
25 

9 
1 
1 
4 

119 
57 
1 

304 
1 

27 
101 
59 
41  
22 

6 
50 
97 

3 
5 1  
20 

3 
30 
15 

111 
14 
44 

1446 

Number o f  
Segments 
E x e c u t e d  

98 
0 

15 
7 
0 
1 
3 

64 
40 

0 
55 

0 
10 
58 
42 
14 
21 

6 
25 

0 
0 
8 

15 
2 

18 
12 
34 
9 

19 

576 

P e r c e n t  
Segment 
Cover  age 

53.6 
0.0 

60.0 
77.8 

0.0 
100.0 
75.0 
53.8 
70.2 

0.0 
18.1 
0.0 

37.0 
57.4 
71.2 
34.1 
95.5 

100.0 
50.0 
0 .o 
0.0 

15.7 
75.0 
66.7 
60.0 
80.0 
30.6 
64.3 
43.2 

39.8 

0.20 0.40 0.60 0.80 1.00 
I - - - -+----  I I 

I I I 
I I I I I 

I I 
I I 

I I I I I 

I I 
I I 
I I 

I 

- - - -+----  - - - - + - - - - ( - - - - + - - - - I - - - - + - - - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I I i i 
I I I I I 
I I I I I 

I I I I 
I I I 

********* 
******************* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I i 
I I I 
I I i I I 

I I I I 
I I I 

********* 
******************* 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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JOM I N 
KERNEL 
LENGTH 
LITEBF 
LOOKZ 
NORML 
PR 
PRINT 
READBF 
SETIO 
SETP 
SLITE 
SOURCE 
T ITLE 
XSECQD 

I I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I I I 1 I***************** 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
i I I I I i 
I I I I I I I ******** I I I I I 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I I I*************** 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I . . . . . . . . . . . . . . . . . . . . . . .  
I ----+---- I - - - - -+----  - - - -+----  ----+---- I I 

coverage = 0 .  ALBERT ERROR 

0.01 <= coverage < 0.20 GG PRINT 

0.20 <= coverage < 0.40 GTVLIN KERNEL 

0.40 <= coverage < 0.60 QAD BUILD 

0.60 <= coverage < 0.80 DTLIST FUNCF 
SETIO SLITE 

PR 

SETP XSECQD 

G EOM GOMFLP NORML 

SOURCE 

G 1  INPUT LOOKZ 

GENI JOMIN READBF 
T ITLE 

0.95 <= coverage < 1.00 LENGTH 

coverage = 1 .OO EXIT  , LITEBF 

Program coverage for t h i s  run -0.40 

10. Complexity Analysis 
Some key metrics are the number of executable statements (sloc), the number of 
non-blank comments (ncomt), McCabe's extended cyclomatic complexity (vg2), the 
number of branching statements (cgoto, ugoto, bIF, and lIF), and Halstead's predicted 
number of errors in (re)writing the code (bhat). Measures are normalized per 100 
executable statements for ease of comparison and are listed in the table below. 

The branching measures for this code (ugoto/sloc, lif/sloc) indicate moderate to high 
values for several routines. This code may benefit from a restructuring effort aimed 
at reducing the number of unconditional GO TO and logical IF statements in these 
routines. 
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The table shows low values for the ratio of non-blank comments to source code for 
many routines. This program could probably use more internal documentation. 

McCabe's extended cyclomatic complexity (vg2), normalized per 100 lines of source 
code, indicates high values. Generally, the routines with the highest complexity are 
those most likely to have defects. As a guideline, normalized measures of 15 or 
greater should be considered complex. A software maintenance program should 
focus on those routines with the highest measures. 
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Complexity Report by Subprogram for QAD 

ncomt vg2 cgoto u got 0 b i  f l i f  
Name l o c  s loc  cmnt ncomt /s loc  /s loc  cgoto /s loc  ugoto /s loc  b I F  /s loc  1 I F  /s loc  Bhat 

- - - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - - -  - - - -  
QAD 
ALBERT 
BUILD 
DTLIST 
ERROR 
E X I T  
FUNCF 
G 1  
GENI 
G EOM 
GG 
GOMFLP 
GTVLIN 
INPUT 
JOMIN 
KERNEL 
LENGTH 
LITEBF 
LOOKZ 
NORML 
PR 
PRINT 
READBF 
SET10 
SETP 
SLITE 
SOURCE 
TITLE 
XSECQD 

285 215 32 32 14.9 
82 75 9 3 4.0 
53 42 13 6 14.3 
30 16 10 7 43.8 

7 3 3 2 66.7 
9 4 3 3 75.0 

10 8 1 0 0.0 
189 168 20 15 8.9 
161 123 14  9 7.3 

4 3 1 1 33.3 
543 528 75 30 5.7 

4 2 2 2 100.0 
61 43 12 12 27.9 

304 172 36 29 16.9 
155 120 15 11 9.2 
76 45 8 5 11.1 
89 59 3 3 5 . 1  
18 10 2 1 10.0 
93 80 7 4 5.0 

173 138 25 16 11.6 
43 15 11 8 53.3 

119 45 1 1 2.2 
59 40 10 4 -  10.0 
25 5 21 18 360.0 
81 59 18 9 15.3 
19 22 2 2 "  9 .1 

212 136 25 25 18.4 
24 11 1 1 9 .1  
83 5 1  19 19 37.3 

Legend o f  M e t r i c s  i n  Report 

25.6 6 2.8 12 5.6 0 0.0 1 0.5 6 
30.7 0 0.0 6 8.0 0 0.0 8 10.7 2 
28.6 0 0.0 9 21.4 2 4.8 7 16.7 1 
18.8 0 0.0 3 18.8 0 0.0 2 12.5 0 
33.3 0 0.0 0 0.0 0 0.0 0 0.0 0 
25.0 0 0.0 0 0.0 0 0.0 0 0.0 0 
25.0 0 0.0 0 0.0 1 12.5 0 0.0 0 
26.8 0 0.0 32 19.0 0 0.0 27 16.1 1 
17.9 0 0.0 16 13.0 0 0.0 14  11.4 2 

0 0.0 0 0.0 0 33.3 0 0.0 0 0.0 
20.5 3 0.6 104 19.7 0 0.0 73 13.8 2 
50.0 0 0.0 0 0.0 0 0.0 0 0.0 0 
23.3 1 2.3 6 14.0 0 0.0 5 11.6 0 
19.2 1 0.6 5 2.9 0 0.0 6 3.5 4 
17.5 0 0.0 14 11.7 0 0.0 12 10.0 2 
26.7 0 0.0 4 8.9 1 2.2 1 2.2 1 

2 3.4 0 0.0 2 3.4 1 18.6 2 3.4 
30.0 0 0.0 0 0.0 0 0.0 0 0.0 0 
35.0 0 0.0 11 13.8 0 0.0 11 13.8 1 
27.5 3 2.2 16 11.6 0 0.0 6 4.3 3 

0 0.0 1 6.7 1 20.0 0 0.0 0 0.0 
0 0.0 0 0.0 1 33.3 0 0.0 1 2.2 

20.0 0 0.0 7 17.5 0 0.0 6 15.0 0 
40.0 0 0 .0  0 0.0 0 0.0 1 20.0 0 

0 0.0 10 16.9 0 0.0 6 10.2 1 22.0 
31.8 0 0.0 1 4.5 0 0.0 6 27.3 0 

4 2.9 18 13.2 0 0.0 0 0.0 2 22.8 
45.5 2 18.2 2 18.2 0 0.0 0 0.0 0 
33.3 0 0 .0  5 9.8 0 0.0 6 11.8 0 

l o c  - -  l i n e s  o f  code 
s loc  - -  number o f  executable statements 
cmnt - -  t o t a l  number o f  commnts 
ncomt - -  number o f  non-blank COMMENT statements 
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100*ncomt/sloc - -  percent, nonblank comments t o  number of executable statements 
lOO*vgZ/sloc - -  percent, extended complexity of number o f  executable statements 
cgoto - -  number o f  COMPUTED GO TO statements 
100*cgoto/sloc - -  percent, computed GOTO‘s t o  number of executable statements 
ugoto - -  number o f  UNCONDITIONAL GO TO statements 
100*ugoto/sloc - -  percent, unconditional GOTO’s t o  number o f  executable statements 
bIF - -  number o f  BLOCK IF statements 
100*bif/sloc - -  percent, Block IF statements t o  number o f  executable statements 
1IF - -  number of LOGICAL IF statements 
100*lif/sloc - -  percent, logical IF statements t o  number of  executable statements 
B h a t  - -  Halstead’s predicted number of e r rors  in writing code 
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1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t jr l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t jr l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t jr l  
1 t jr l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t jr l  
1 t jr l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t jr l  
1 t jr l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  
1 t j r l  

t j r l  
t j r l  
t jr l  
t jr l  
t j r l  
t jr l  
t j r l  
t j r l  
t jr l  
t jr l  
t j r l  
t j r l  
t j r l  
t jr l  
t j r l  
t j r l  
t j r l  
t jr l  
t jr l  
t j r l  
t j r l  
t j r l  
t j r l  
t jr l  
t jr l  
t j r l  
t j r l  
t j r l  
t jr l  
t jr l  
t j r l  
t j r l  
t jr l  
t jr l  
t j r l  
t j r l  
t j r l  
t jr l  
t j r l  
t j r l  
t j r l  
t j r l  

1500 Jun 24 07:34 Makefile 
2249 Jun 24 07:34 a 1 b e r t . F  
6048 Jun 24 07:34 b d a t a 1 . F  
7289 Jun 24 07:34 b d a t a 2 . F  
1619 Jun 24 07:34 b u i 1 d . F  

639 Jun 24 07:34 d t 1 i s t . F  
243 Jun 24 07:34 e r r 0 r . F  
280 J u n  24 07:34 e x i t . F  

27386 Jun 24 07:34 f o r t . 1 0  
97560 Jun 24 07:34 f o r t . 1 1  

257 Jun 24 07:34 f u n c f . F  
5 2 5 1  Jun 24 07:34 g1 .F  
4543 Jun 24 07:34 g e n i . F  

65  Jun 24 07:34 ge0m.F 
12280 Jun 24 07:34 g g . F  

9 5  Jun 24 07:34 gomf1p.F 
1796 Jun 24 07:34 g t v 1 i n . F  

11527 Jun 24 07:34 i n p u t . F  
4418 Jun 24 07:34 j0min .F  
2 8 1 8  Jun 24 07:34 k e r n e 1 . F  
3021  Jun 24 07:34 1 e n g t h . F  

579 Jun 24 07:34 1 i t e b f . F  
2723 Jun  24 07:34 1 o o k z . F  
4369 Jun 24 07:34 norm1.F 
1779 Jun 24 07:34 p r . F  
5455 Jun 24 07:34 p r i n t . F  
9794 Jun 24 07:34 q a d . F  

108366 Jun  24 07:34 qad.SRC 
105820 J u n  24 07:34 qad.src 

0 Jun 27 08:26 qad d i r . t j r  
5 2 4 2 8 8  Jun 24 08:50 qad-tar . t j r  

2512 Jun  24 07:34 qadgp.inp 
40029 J u n  24 07:34 qadgp.out 

1743 J u n  24 07:34 r e a d b f . F  
984 Jun 24 07:34 s e t i 0 . F  

2216 Jun 24 07:34 s e t p . F  
418 Jun 24 07:34 s 1 i t e . F  

7135 J u n  24 07:34 s 0 u r c e . F  
1003 Jun 24 07:34 t i t 1 e . F  

205 Jun 24 07:34 x.qad.covr 
286 Jun 2 4  07:34 x .qad . t e s t  

3184 Jun 24 07:34 x s e c q d . F  




