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Abstract

The aim of this study is to identify the role of the analytical review using traditional
and modern quantitative methods; so that the performance of auditors can be improved,
especially when we consider the importance of information technology for the Algerian
Economic Corporation. This research comes as an attempt to show how the artificial neural
networks participate in the amelioration of the analytical review.

To achieve the objective of this study we have undertaken an applied field work in an
enterprise specialized in the production of salt, located in ElI Outaya-Biskra for the period
2010-2013. We used four patterns of analytical review such as financial ratios to discover the
material errors, and regression analysis and time series models as comparative models to the
artificial neural network model for the purpose of forecasting sales.

As a conclusion, the methods of analytical review give us an interesting warnings
about the existence of manipulation in the finance statement and discovery of material
misstatement, as there is statistical significance that the method of artificial neural networks
method has the ability of forecasting more than the traditional statistical methods.

Keywords: Analytical Review, Finance Ratio, Audit, Computer Assisted Audit Techniques,
Information Technology, Time series, Artificail Neural Network
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- Coakley, James R. — Brown, Carol E. Neural Networks Applied to Ratio Analysis in the Analytical Review

Process. In: Proceedings of the Fourth International Symposium on Expert Systemsin Accounting, Finance
and Management, University of Southern California. Pasadena California, USA, October 30 — November 1,
(1991a), 1-36.

- Coakley, James R. — Brown, Carol E. Artificial Neural Networks Applied to Ratio Analysis in the
Analytical Review Process. International Journal of Intelligent Systems in Accounting, Finance and
Management, 2 (1): (1993) 19-39.

- Coakley, James R. Using Pattern Analysis Methods to Supplement Attention-Directing Analytical
Procedures. Expert Systems with Applications, 9 (4): 513-528(1995)
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Wel to the N 1 rk Time Series Tool.

Solve a nonlinear time series problem with a dynamic neural network

Introduction Select a Problem

Prediction is a kind of dynamic filtering, in which past values of one or more

C i g with External Input (NARX)
time series are used to predict future values. Dynamic neural networks,

which include tapped delay lines are used for nonlinear filtering and Predict series y(t) given d past values of y(t) and another series x(t).
prediction.

There are many for iction. For afi analyst =08 é...l WD = FEnty-T)..x0e- ),
might want to predict the future value of a stock, bond or other financial Y1) y(t-d)
instrument. An engineer might want to predict the impending failure of a

jet engine. =

r Rj
Predictive models are also used for system identification (or dynamic e s orin,
modelling), in which you build dynamic models of physical systems. These e Y s IR AR D M0
dynamic models are important for analysis, simulation, monitoring and

control of a variety of systems, systems, u yit) = fy(t-1).y(t-d)
botics and systems. (
This tool allows you to solve three kinds of nonlinear time series problems

shown in the right panel. Choose one and click [Next].

Nonlinear Input-Output

Predict series y(t) given d past values of series x(t).
Important Note: NARX solutions are more accurate than this solution.

Only use this solution if past values of y(t) will not be available when
deployed.

() \_}«xiw I YO = 0t 1), x(t-d))

Ep To continue. dick [Next].

&@ Neural Network Start M we

K % Next @ Cancel

MATLAB R2013a _ls LYl Lslisl 1 £ ,all

Gl pailad Jilady zalipll Lo aghyy cclibnd) Jalad Adaje :EIGY sgladl) =
L) aly ealipad) gy Alapal) 028 g ccalall Baacl Copasis Cald) 52 smsal
sdiall Caagll Jilsy Al DL e S Sl o3 a5 cpaalae )
:(18-4) &) JSall b daiasally Ul il e cile sane <G
Sl sl sl oy 1(18-4) a8y JSa

Neural Network Time Series Tool (ntstool)

Validation and Test Data
Set aside some target timesteps for validation and testing

Select Percentages

Explanation

&% Randomly divide up the 48 target timesteps: & Three Kinds of Target Timesteps:

@@ Training: T0% 34 target timesteps @@ Training:
. These are presented to the network during training, and the network is
. 7t Et ti st
W validation: TER IS || e e G G
WP Testing: 7 target timesteps
@ validation:

These are used to measure network generalization, and to halt training
when g lization stops improvi

g.
WP Testing:

These have no effect on training and so provide an independent measure of
network performance during and after training.

Restore Defaults

EJP Change percantages if desired, then dick [Next] to continue.

| & Meural Network Start | | Kl Welcome |

| @@ Back || ® MNeax | [[& Cance

.MATLAB R2013a e alac¥Wl Lalac) e o yuall
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4\ Neural Network Time Series Tool (n’ts’tool)“ ‘ | — —

Network Architecture
Choose the number of neurons and feedback delays

Architecture Choices

Recommendation

Define a nonlinear autoregressive neural network.  (namet Return to this panel and change the number of neurons or delays if the
network does not perform well after training.

Number of Hidden Neurons: 10

The network will be created and trained in open loop form as shown below.
Number of delays d: 1 Training wath open loop (single-step) prediction is more efficient than with
closed loop (multi-step) prediction because it allows us to supply the
network with correct feedback inputs even as we train it to produce the
correct feedback outputs.

Problem definition yit) = fty(t-1),. y(t-d))

After training, the network may be converted to closed loop form, or any
other form, that the application requires.

I Restore Defaults

Neural Network

Hidden Layer with Delays

y() > y(t)
4O | |
* E/@ | k
1 1
10
W) Change settings if desired, then click [Next] to continue
| & Neural Network Start | K Welcome | @@ Back | & Next | | @ Cancel

.MATLAB R2013a _Je alac¥l Lalac) (e 1 jaaall
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RMSE = A=t
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. Neural Metwork Time Series Tool (ntstooll i SR =]

Train Network
Tramn the metwaork to &t the inputs and targets

Train Network Results

2

Train using Lewenbe rg-Mar quardt backpropagation. trainim % Target Values =l MsE =l R

- 34 214T4EI6AT .2890... 1.51426e-3
) Retrain
7 2147483647 6025...  T52172e-1
7 ZLATABI6AT 3045, 8.79489e-2
Training automatically stops when generalization stops improving, as lamElot Eosan biizhog o) Blos, Besponas
indicated by an incresse in the mean square ermor of the validation
samples. Plot Error Autocorrelation

Motes

Mpy Training multiple times will generate different results due =l
to different initial conditions and sampling.

an R Values mea
and targets. Amn of 1 means a close
relationship, 0 & random relationship.

e correlation between

) Open aplot retraim. or cick [Mext] to continue.

| &= Meural Network Start HEl Welcome | < Back [ = Next | [ € Conesl

.MATLAB R2013a Jle alacYU Lalac) (e i jhaal)

n
de
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) @l e loass sl ddee DA o0
R=—0.0015 , MSE= 1.538850e14 sl jlns
R=0.75 , MSE= 1.064499 e14:siaill jlns

R=—0.088 , MSE= 3.388429 e14:4Diny) jlaa) e

Skel B julaall (gl gl £(21-4) <

Error Histogram {(ploterrhist) - El

File Edit Wiew Insert Tools Desktop Window Help

Error Histogram with 20 Bins

1zl B Training ||
[ v alidation
I Test
10 - Zero Error [
2 Br
“—r
|
£ st
=
4
2_
U [<w] [€w] (< w] [<w] L [<w] [Cw] [Cw]
+ = < T =F F F =
L=t L] s o o L an o
- [ ] I e oo L ol (=]
L= L= L el S R
Errors = Targets - Outputs
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File | Edit View |Insert Tools Desktop Window Help el
<10 Autocorrelation of Error 1
T T T T T T I I I
I Correlations
8 Zero Carrelation ||
--------- Confidence Limit
6_ —
5
Y i
£ of ]
=]
o
4]
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1 1 1 | 1 | 1 | 1
-20 -15 -10 -5 0 5 10 15 20
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Iterate for improved performance

Evaluate Network

Try training again if a first try did not generate good results
or you require marginal improvement.

My Train Again

MNeural Network Time Series Tool (ntstool) - =

Optionally test netwark on more data, then decide if network performance is good enough

Optionally perform additonal tests

B @ Targets:

Time step:

data -

i} cell column (0 ] pMatrix column @) [S] Matrix row

Targets ‘data’ is a 48x1 matrix, representing dynamic data: 48 timesteps of 1
element.

Increase network size if retraining did not help.

A Adjust Metwork Size

Mot werking? ¥ou may need to use a larger data set.

% Import Larger Data Set

0 Click an improvement button, plot, or click [Nesxt]

e Meural Network Start k&l welcome

0

4 Test MNetwork

MSE 2147483647.23437e-0
R -1.94252e-1
Plot Error Histogram Plot Response
Plot Error Autocorrelation
@@ Back W Mext & Cancel

MATLAB R2013a Je sicVL Lalac) (he @ jdaall
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Train Network
Train the network to fit the inputs and targets.

Train Network Results
Train using Levenberg-Marquardt backpropagation.  [(trainlm) [ Target Values MSE R
% Retroi W@ Training: 34 2147483647.5468... 5.93098e-1
ain
@ Validation: 7 2147483647.3616...  9.74591e-1
W Testing: 7 2147483647.0468...  -9,12081e-2
Training automatically stops when generalization stops improving, as Plot Error Histogram Plot Response
indicated by an increase in the mean square error of the validation ’
samples. | Plot Error Autocorrelation
Notes
Wy Training multiple times will generate different results due Mean Squared Error is the average squared difference

to different initial conditions and sampling. between outputs and targets. Lower values are better. Zero

means no error.
Regression R Values measure the correlation between

cutputs and targets. An R value of 1 means a close
relationship, 0 a random relationship.

$ Open a plot, retrain, or cdick [Next] to continue.

&9 Neural Network Start | K Welcome | @™ Back ) Next a Cancel

MATLAB R2013a zaliy e slaieYl balael (e 1 jaadl)

R=0.593 , MSE=8.549E12 :y,sill lme
R=0.974 , MSE= 5.4004E11 :Giail L

R=0.0912 , MSE= 7.3167E12 :4,D&! Hladl [l
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Error Histogram with 20 Bins
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@ Evaluate Network
Optionally test network on more data, then decide if network performance is good enough.

Iterate for improved performance Optionally perform additonal tests

Try training again if a first try did not generate good results B @ Targets: data v

or you require marginal improvement. Time step: O i} cell column ) [M] Matrix column @) [E] Matrix row

&) Train Again Targets 'data’ is a 48x1 matrix, representing dynamic data: 48 timesteps of 1
element.

Increase network size if retraining did not help.

A Adjust Network Size && Test Network

=) MsE 2147483647.63671e-0
# r 5.97717e-1
?
Not working? You may need to use a larger data set. Plot Error Histogram Plot Response

% Import Larger Data Set Plot Error Autocerrelation

o Click an improvement button, plot, or click [Next]

@& Meural Network Start Kl Welcome 4@ Back = Next @ Cancel

MATLAB R2013a e saieNL Lalac) (e @ jdaal)
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Error Histogram with 20 Bins
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Tools Desktop Window Help gl
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T

Autocorrelation of Error 1
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15

1

0.5

Correlation

T I

I Correlations
Zero Correlation
--------- Confidence Limit [

MATLAB R2013a zaliy e slaieYh Galael (e 1 jradll

223




Gle o 85 135 ¢ 0.5 5 0.5 ow &8 Jlae Jals a8 apan IS o sl Can
(29-4) a8, JSal) 3 A sally dpiedl Alududl hyiiad (uSey gdlly ¢ eUad¥l G 1A Lol YY)

SUaSU A L) Al pe Aial) Alulall cilajaall Alasa) Alls (29-4) J<al

File Edit View Insert Tools Desktop Window Help ~
x 10° Response of Output Element 1 for Time-Series 1
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109770.87 234588.14 387454.00 372539.69 Y Bl LY | 65
26510727.34 | 29441188.55 38435262.50 34094403.05 Slsglly SlSSay) olaasll | 68
1265611.00 3110717.43 3306613.30 17554.37 | byl il fls o plail | 78
48900829.62 | 28339900.71 (1060804.61) 2718986.98 Adasll il .5
11348.41 8775.00 W gl | 76
7867.45 LW LY 66
11348.41 907.55 W i 6
48912178.03 | 28339900.71 (1059897.06) 2718986.98 | (5+6) ityial 3 otall e .7
Al ) e Leads ol 51,
S e (k) gl ol
g\l
334084330.24 | 380639965.77 | 349527059.80 | 291280058.60 yolalt Aol Sl g g0t
322149217.39 | 351873255.60 | 350160147.40 | 293572236.12 sl 22381 she pgut
11935112.85 | 28766710.17 (633087.60) | (2292177.52) oW1 et Al et 8
37321.64 1440982.00 | (es gy (lmzayinle pé wolic
854642.00 Lo ot (sbelyanle pi ole
(817320.36) 1440982.00 Kpplal) 4 domge 9
11935112.85 | 28766710.17 (1450407.96) (851195.52) U i) 2L T 10
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2013 i sjidiall LaSl s dlanll dasiaall bl @ (8-4) a8 Galdl
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ilrgsall 3ol Alulid) el Ciiy z Al (9-4) &) Gald

Position=T |Y Rang=RT  |Dt=T-RT |Dft
36 16557321,79 |1 35 1225
24 16183542,80 |2 22 484
48 13302138,63 |3 45 2025
47 12011181,53 |4 43 1849
46 11025450,37 |5 41 1681
14 10643785,68 |6 8 64
34 10530134,43 |7 27 729
42 9826564,02 |8 34 1156
33 982291334 |9 24 576
26 9803457,99 |10 16 256
35 9598580,00 |11 24 576
40 9414533,72 |12 28 784
22 9358110,26 |13 9 81
25 9316280,18 |14 11 121
43 9077726,38 |15 28 784
41 9021096,08 |16 25 625
45 893356225 |17 28 784
23 8837329,04 |18 5 25
12 8665769,88 |19 -7 49
17 8515793,34 |20 -3 9

21 839688357 |21 0 0

10 8318930,65 |22 -12 144
16 8257169,81 |23 -7 49
11 8169173,53 |24 -13 169
13 8154776,54 |25 -12 144
18 812765337 |26 -8 64

9 8121619,73 |27 -18 324
30 8109847,29 |28 2 4

19 8106468,42 |29 -10 100
29 8106246,44 |30 -1 1

27 810170322 |31 -4 16
20 769313195 |32 -12 144
15 7306078,98 |33 -18 324
8 712461245 |34 -26 676
28 7079555,15 |35 -7 49

7 7022082,80 |36 -29 841
31 6870723,08 |37 -6 36
44 679602027 |38 6 36

5 6174132,00 |39 -34 1156
6 6118884,00 |40 -34 1156
4 5786570,00 |41 -37 1369
38 5670983,66 |42 -4 16
39 5517509,04 |43 -4 16

3 5505870,00 |44 -41 1681
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32 4026462,62 |45 -13 169

2 3445823,00 |46 -44 1936

37 2362272,07 |47 -10 100

1 2262335,00 |48 -47 2209
26812
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5Oal A atall o siall Ayl aladials dboadll LSl zhata) 1(10-4) 8, Gald

st,It=

t y MA CMA y/cma | St S dezesaesonali | T

1 |1 2262335,00 2,3 983623,91 2282310,961
2 |2 3445823,00 3,05 1129778,03 2299934,919
3 |3 5505870,00 2,44 2256504,10 2317558,877
4 |4 5786570,00 2,87 2016226,48 2335182,835
5 |5 6174132,00 2,94 2100044,90 2352806,793
6 |6 6118884,00| 6392983,587 2,95 2074197,97 2370430,75
7 |7 7022082,80 | 6884020,382| 6638501,98| 1,058 2,73 2572191,50 2388054,708
8 |8 7124612,45| 7483850,605| 7183935,49| 0,992 2,32 3070953,64 2405678,666
9 |9 8121619,73 7633868,02| 7558859,31| 1,074 3,22 2522242,15 2423302,624
10 |10 8318930,65| 7839751,338| 7736809,68| 1,075 3,42 2432435,86 2440926,582
11 |11 8169173,53| 8034889,783| 7937320,56| 1,029 3,19 2560869,45 2458550,54
12 |12 8665769,88 8202287,23| 8118588,51 1,067 4,87 1779418,87 2476174,498
13 |1 8154776,54 | 8292652,698| 8247469,96| 0,989 2,3 3545555,02 2493798,456
14 |2 10643785,68 | 8340029,323| 8316341,01| 1,280 3,05 3489765,80 2511422,414
15 |3 7306078,98 | 8362967,977| 8351498,65| 0,875 2,44 2994294,66 2529046,372
16 |4 8257169,81| 8449566,278| 8406267,13| 0,982 2,87 2877062,65 2546670,329
17 |5 8515793,34| 8505245,903| 8477406,09| 1,005 2,94 2896528,35 2564294,287
18 |6 8127653,37 9131726,98| 8818486,44| 0,922 2,95 2755136,74 2581918,245
19 |7 8106468,42 9228518,95| 9180122,97| 0,883 2,73 2969402,35 2599542,203
20 |8 7693131,95| 9158491,643 9193505,3| 0,837 2,32 3316005,15 2617166,161
21 |9 8396883,57 | 9224793,663| 9191642,65| 0,914 3,22 2607727,82 2634790,119
22 |10 9358110,26 | 9126659,108| 9175726,39| 1,020 3,42 2736289,55 2652414,077
23 |11 8837329,04| 9092530,199| 9109594,65| 0,970 3,19 2770322,58 2670038,035
24 |12 | 16183542,80| 9091046,359| 9091788,28| 1,780 4,87 3323109,40 2687661,993
25 |1 9316280,18 | 8988067,581| 9039556,97| 1,031 2,3 4050556,60 2705285,951
26 |2 9803457,99 | 8682511,803| 8835289,69| 1,110 3,05 3214248,52 2722909,908
27 |3 8101703,22| 8801347,618| 8741929,71| 0,927 2,44 3320370,17 2740533,866
28 |4 7079555,15| 8899016,298| 8850181,96| 0,800 2,87 2466743,95 2758157,824
29 |5 8106246,44 | 8962453,878| 8930735,09| 0,908 2,94 2757226,68 2775781,782
30 |6 8109847,29| 8993602,128 8978028| 0,903 2,95 2749100,78 2793405,74
31 |7 6870723,08| 8414101,452| 8703851,79| 0,789 2,73 2516748,38 2811029,698
32 |8 4026462,62| 8069728591 | 824191502| 0,489 2,32 173554423 2828653,656
33 |9 0822913,34| 7854379,076| 7962053,83| 1,234 3,22 3050594,20 2846277,614
34 |10 | 10530134,43| 8048960,624| 7951669,85| 1,324 3,42 3078986,68 2863901,572
35 |11 9598580,00| 8125198,094| 8087079,36| 1,187 3,19 3008959,25 2881525,53
36 |12 | 16557321,79| 8268257,821| 8196727,96| 2,020 4,87 3399860,74 2899149,487
37 |1 2362272,07| 8452174,763| 8360216,29| 0,283 2,3 1027074,81 2916773,445
38 |2 5670983,66 | 8682971,234 8567573| 0,662 3,05 1859338,90 2934397,403
39 |3 5517509,04| 8608858,643| 8645914,94| 0,638 2,44 2261274,20 2952021,361
40 |4 9414533,72| 8650134,971| 8629496,81| 1,091 2,87 3280325,34 2969645,319
41 |5 9021096,08| 8851185,099| 8750660,03| 1,031 2,94 3068400,03 2987269,277
42 |6 0826564,02| 8579919,835| 871555247 | 1,127 2,95 3331038,65 3004893,235
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43 |7 9077726,38 2,73 3325174,50 3022517,193
44 18 6796020,27 2,32 2929319,08 3040141,151
45 |9 8933562,25 3,22 2774398,21 3057765,109
46 |10 | 11025450,37 3,42 3223815,90 3075389,066
47 |11 ] 12011181,53 3,19 3765260,67 3093013,024
48 |12 | 13302138,63 4,87 2731445,30 3110636,982
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