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All Access Objects
Tables
j tbllnvoicesPaid

ACCESS TABLE
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2001
2001
2001
2001
2001
2001
2001
2001
2001
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Date - InvNum
1/1/2010 4242110
1/1/2010 7899J10
1/1/2010 3830J10
1/1/2010 9514J10
1/1/2010 629610
1/1/2010 5884J)10
1/1/2010 6908J10
1/1/2010 6882J10
1/1/2010 2104J10
1/1/2010 049610




ACCESS OBJECTS

ansaction data are stored;
xcel

1

ries: To select a subset of records that
certain criteria; Also calculations and
By procedures

ts: Organized presentation of the

results of the forensic analytics work



DATA IMPORT
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External Data

5 | & T

Saved Access  Excel SharePoint
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Database Tools

Acrobat Datasheet

¥ XML File

K;j Maore = Ex

Imports List
N\nrt
All Access Objects \ | « [_I lhﬂlmﬂ!‘
Tables = B2 ID
j MastervVendors
j tbllntervalBounds
= tbllnvoicesPaid
EH tbiNumberDupsLi
EH tbiNumberDupslP
EH tbiNumberDupssP
j thlPosAmounts
Queries b3

0¥ gryMakePosAmounts
0¥ gryMastervendaors

&Y gryMumberDupsLM

oY gryNumberDupsLP

arvMumberbuo

Get External Data - Excel Spreadsheet

Select the source and destination of the data i

Spedify the source of the data.

Eile name: C:\1_BenfordsLaw_Data\InvoicesData, xlsx a

Specify how and where you want to store the data in the current database.

@ Import the source data into a new table in the current database.

If the specdified table does not exist, Access will create it. If the spedified table already exists, Access might overwrite
with the imported data. Changes made to the source data will not be reflected in the database.

(") Append a copy of the records to the table: | zsteryendors

If the specdified table exists, Access will add the records to the table. If the table does not exist, Access will create it.
to the source data will not be reflected in the database.

(7! Link to the data source by creating a linked table.
Access will create a table that will maintain a link to the source data in Excel. Changes made to the source data in Exce

reflected in the linked table. However, the source data cannot be changed from within Access,
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BIT OF CALCULUS

Selecting the third digital order, Fig. 4, the arca under the
I-curve can be written

190 VUL 1000
A= [ Cpast [Cpdet [ pdn, )
100 109 VoY

0
where the ordinates of the first rising section of the curve are
a — 88

YL (6)

The descending section of the curve has ordinates

111

Yo = 9 (7)

and the last rising section between 999 and 1,000 has ordinates

_a -—888.
i a

(8)

Yy

The curves are plotted to semi-logarithmic coérdinates and
z = loga, )
dx = da/a. (10)
The integrals after making these substitutions give the value
1990 ” 8
87909 T 1000
A similar operation yiclds for the l-curve in the second
digital order

A l'lu w16

190 ¥ 8
4 =loeegp 100



BENFORD'S LAW

TABLE 5.1 The Expected Digit Frequencies of Benford's Law

Digit 1st

0
30103
7609
12494
07671
07918
D&6695
05797
05115
04576

Position in Number

2nd

11948
11389
10882
10433
10031
09668
09337
07035
08757
J08500

3rd
10178
10138
10097
10057
10018
09979
0340
09902
078464
02827

4th

10018
0014
J0010
J0006

0002
09978
09994
09990
09986
09982

Source: Migrini, M. J., 1994, "A taxpayer compliance application of Benford's
Law.” The Joumnal of the American Taxation Association 18 (Spring): 72-91.

The table shows that the expected proportion of numbers with a first digit 2 is
0.17860% and the expected proportion of numbers with a fourth digit 4 is 0.10002.




ITHE FORMULAS

’ 1 N
didz € {10, 11,...,99 5.3
T4 i€ {10,11,..,99)  (53)

P(D1D> = dids) = l{:g( 14

b

where P indicates the probability of observing the event in parentheses and log
refers to the log to the base 10. The formula for the expected first-two digit proportions
is shown in Equation 5.3. For the first-two digits, the expected frequencies are
also highly skewed, and range from 4.139 percent for the 10 combination down
to 0.436 percent for the 99 combination. The first-two digits of 110,364 are 11.

P(DyD, =64) = log(1 + (1/64)) = 0.006733




JATERATURE TO 1980

umbers

lance (x by a constant)

can’t use middle 3 digits as random

09, article in Scientific American
- 1971,
(972, use Benford to test forecasts

rst Fibonacci numbers paper

= 1976, Raimi’s review paper
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HIRST-TWO DIGITS

ANALYSIS OF FIRST-TWO DIGITS|




SUMMARY

1 gives the expected frequencies of
ated data

las toward the low digits

mportant papers in the 1940 to 2000 period
 to datasets that meet the three conditions
best on datasets with > 1,000 records

| pbot excess activity below control
hresholds

Access can calculate the digit frequencies
Excel can be used to graph the results

»
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MBER DUPLICATION

[ S S Sy SR S R o
0 oh W N =

W 0 ~N o O b N =

Amount ~ |

$50.00
$1,153.35
$1,083.45
$150.00
$988.35
$1,159.35
$25.00
$90.00
$928.45
$994.35
$30.00
$250.00
$200.00
$100.00
$300.00

FirstTwo



NUMBER DUPLICATION

der large positive spikes

) summation large positive spikes
ers below thresholds

ambers that have occurred often
‘Relative y large counts

‘Numbers linked to inefficiencies



T

IMBER DUPLICATION

oot

Rank Count ~| Amount ~ FirstTwo
204 $5.25

$9.38

$6.45

$0.29

$5.00

$2.35

$4.40

$6.25

$0.59

$0.91

4
4

1
2
3
4
3
6
7
8
9

O O BN U O o WO

b=
o



ILL DOWN RESULT

\o e
Amount Count

20918 $26,763,475.78

21037 $263,674.47

21038 $261,673.33

21039 $260,599.30

21875 $26,974.99

21876 $26,961.39

11255 $26,961.25

21877 $26,940.31

21878 $26,937.89

21879 $26,931.62

21880 $26,920.71

21881 $26,915.31

F irswo

4

[ T O N R S T O =



MPARE +VE AND -VE

3] qryNumberDupsCompare |
LP Rank =~ LP Count ~|LP Amount ~| LN Rank

6022 $50.00

2264 $1,153.35

1185 $1,083.45

1056 $150.00

1018 $988.35

4

' LN _Count ~ LN_Amount -~
160 ($119.80)
111 ($139.80)
108 ($29.95)
88 ($239.60)
86 ($359.40)
78 ($994.35)
74 ($479.20)
67 ($599.00)
60 ($150.00)
60 ($838.60)
54 ($34.95)
52 ($718.80)

976 $1,159.35
956 $25.00
938 $90.00
907 $928.45
729 $994.35
672 $30.00
657 $250.00

W 0 N o 0 b W N
W 0 N o 0 B W N

[y
o
[y
o

[y
[
[y
[
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N
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AST-TWO DIGITS T

The last-two digit tests is generallv run on data tables where we areloolang for signs of number
invention in data tables where we don't really want number invention. Examples might include:

Census population numbers (quite relevant in 2010)
Election results

Inventory counts

Odometer readings at the time of warranty claims
Weights of fish catches by trawlers

Temperature readings at automated weather stations

Deduction numbers on individual tax returns
Web site hit statistics or banner ad clicks
Coupon redemption counts



YUMMARY

looks at the actual numbers
mall and large +ve and -ve

ciated with FTD spikes,

thresholds and psychological

digits test looks for number invention
= Interesting results from invoices data

um Dup and LTD tests can be run in Access
or Excel
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INTRODUCTION

-risk transactions

)set is a group of records with

Ing 1N com

\

bles: Vendors, customers, locations
Look for largest $$$ or largest growth

» Tests can detect fraud or errors

. Tests can be run in Access or Excel



ARGEST VENDORS

‘3] qrylLargestVendors '
VendorNum » InvoicesCount ~ InvoicesSum v
16721 51 $48,945,037.31
2088 62 $33,969,172.65
2508 $22,255,032.87
2817 43 $19,067,059.18
17141 3 $17,839,333.34
2786 $17,283,574.49
16059 $16,528,575.56
14728 $16,174,568.28
3630 $15,288,401.29
2001 $12,207,770.41
6118 $10,678,566.27
16637 $10,638,664.03
2101 $10,230,544.38



INDINGS

-Packard invoices per year

| FedEx invoices per month

e refunds

arge negative inventory balances

- Two vendors, 100 checks each per month



EST GROWTH RESULTS

| 5] qryTotalSorted
VendorNum ~ |

14728
4967
2879
5769
5843
2098
6547

16731
3719
5778
2764
2493

20914
6854
4251

143350

15510

11893

m1

$4,315.00
$805.00
$300.00
$83.75
$18.00
$1,622.70
$69.40
$70.00
$175.00
$137.50
$1,915.00
$376.50
$6.00
$20.00
$276.00
$21.01
$20.00
$200.00

um2
$16,170,253.28

$379,739.42
$81,169.50
$21,966.03
$4,195.16
$360,050.00
$12,673.80
$11,058.86
$24,445.00
$17,578.62
$243,100.00
$46,466.14
$667.00
$2,040.00
$27,534.00
$1,861.47
$1,738.28
$14,603.00

v | Chancht

374,645.2
47,072.6
26,956.5
26,128.1
23,206.4
22,088.3
18,162.0
15,698.4
13,868.6
12,684.5
12,594.5
12,241.6
11,016.7
10,100.0

9,876.1
8,759.9
8,591.4
7,201.5



|

| e ——

VendorNum
14728
| |

1
2
3
6
7
8
9

f1o |

A |

2786
7172
6118
3142
2001
3141
5806
3547
2892

B
H1

$4,315.00
$2,766,074.69
$0.00
$2,750,319.84
$1,488,343.87
$4,952,998.10
$252,284.26
$1,542,846.07
$0.00
$2,368,206.47

C
H2

$16,170,253.28
$14,517,499.80
$5,485,583.00
$7,928,246.43
$6,047,390.38
$7,254,772.31
$2,375,058.31
$3,582,441.62
$1,747,913.27
$3,504,619.94

CEL: RESULTS (%)

D

’ChangeDollars'

$16,165,938.28
$11,751,425.11

$5,485,583.00
$5,177,926.59
$4,559,046.51
$2,301,774.21
$2,122,774.05
$2,039,595.55
$1,747,913.27
$1,136,413.47

u.é poead” Sl 36,2000 V3220020 S0 15

i)
26
27
28|
29

S R — AL_‘ar Son O As See aos e

LargestSubsets

|44>N|

2U98
2569
3244
2733
2053

$1,622., s
$745,017.98
$10,087.50
$84,322.22
$164,504.39

~ InvoicesPaid .-

$360,0.0.00
$1,078,304.53
$340,427.57
$397,146.27
$475,986.85

Larg estGrowthPct ]

$35.,42/.50
$333,286.55
$330,340.07
$312,824.05
$311,482.46

Ano e s =~

arowthollars_



SING DATES AS THE SUBSET

S0 -
1/1/2010 3/2/2010 5/1/2010 6/30/2010 8/29/2010 10/28/2010 12/27/2010
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WAMPLE OF A LARGE ERROR

Ohio Department of P. O. Box 182382
- TAXATION Cois OF S12ia5es

January 24, 2011

‘ BOSSETTI,DENISE S

— Social Sacuriti Number{s)

Dear Taxpayer:

Wa are unable to deposit your Ohio income tax refund electronically as requested because you
split the refund Inin ahf;'naéwr chack and an electronic de sltﬁ}. Instead, you will receive a paper
cEan Igr H_\le total refind amount. If there are no adjustments to your retdm, you will recsive a
check for the amount of refund listed below after we are finished processing your return,

Account Type Account Numbaer Requested Amount

CHECKING T 0.02
TOTAL _ 200,000,000.00




YUMMARY

lve in choice of subset variable
when to stop once they

ubsets: Access or Excel (pivot tables)
rgest growth: Easier in Excel
Results should be carefully interpreted



RECENT APPLICATIONS

o N el r
+ [ | n hifgef e comun gow/ popestchin it him | D-g0x

m Pepulation Eimates

Population Estimates

I slimnales Main Ahairuiere I sldirialers Dhala [ slimales Topics denpraphec Tojpas Ay Archivres

Incorporated Places and Minor Civil Divisions

Vintage 1009 Datassts
Placas Over 100, 000: 2000 fo 2005 File layoud (POF Ti)

Al Incorporated Places: 2000 o 20049 « Al States, all geoaraphy (TM) cav help
« Alabama through Missoun (48]
Mimeor Ll Divisions: 2000 to A0 « Manlang Firough Wyorming (4]
+ Individual States
Mpthodology (PDF 55K) File kayoud (POF TK)

Special Processing tor Hurmcanes Katnng and Rita - 2008 (PDF 55K)

« All States, incorporatad places only (M) .cav halp

Emata
Dalasats for Al Geggraphes

Archived Releases
20005 | 1980s | 18805 | Pre-1860

Rulated Topics

Teams & Dafmilions

FIGURE 1.1 Source of the Town and City Populations on the Census Bureau Web site

.5 Census Bureau Paogda | Bisimeas | Goography

Source: WIWWL DB NESUS. 0OV,



ECENT APPLICATIONS

xpographic Ases

M nray
Abearon city
Bl aha bosugh
Elinheral Beigiigh
Edwntawn baough
HAlgha bgmugh
Alping bongegh
Ayradrapr boroagh

Bamnglon boraugh
Bay Head borgugh
Baspandie City | |
Beach Hivas bssugs. | x : : 3 3 1,316

Bl boraugh [ 38 B [ T30 KE 10,732 10, T30 10517

FIGURE 1.2 Census Bureau Data with the State Total in Row 5 and the Town and City
Mumbers Starting in Row 6



ECENT APPLICATIONS

PROPORTION

FIRST-TWO DIGITS

| ESAcuml  —— Bendord's Law |

FIGURE 1.3 First-Two Digits of the Town and City Populations. The Line Shows the
Proportions of Benford's Law and the Bars Show the Actual Proportions.



ECENT APPLICATIONS

PROPORTION

FIRST-TWO DIGITS

| E=mactal —— Benford's Law |

FIGURE 2.7 Digits of the Population Numbers Multiplied by =



CENT APPLICATIONS

] ‘alkie spoxe I

| out a handhe\d walkm-talbk and 'p
: rrivé minutes.
.our Langdon est @ vé. Deux‘. e
frmation came crackling b k =
ble conhrmx S o

st € n A.
n cHAPTEn8

! . tear his eyes from the glowing purple text
scrawled across the parquet floor. Jacques Sauniére’s final communica-
tion seemed as unlikely a departing message as any Langdon could

imagine.

The message read:

13-3-2-21-1-1-8-5
O, Draconian devil!
Oh, lame saint!



FIRST-TWO DIGITS
—— Benfond s Law

= Actusl

] = =
d d = = = = = =
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

NOILHOd0Hd

FIGURE 3.2 First-Two Digits of 500 Fibonacci Numbers

ECENT APPLICATIONS




ECENT APPLICATIONS

F

Abnbedlle ity
Adamisalla city
AddiEon Lawn
Akron town
Alabaster cily 5 ,
Albertlle city 47133 20, 852 18,820
Alexandes Cily city 15,005
Allcesdlle city
Allgoad kawn
Altoona fwn
sndalusia cily
Andarsan bown
Anniston city
Arab city
Ardmiore lawn

T

]

i

R Do W
oo @ fa B
LM'—]E‘UE

b | O | R
[

By =
e L P
s h 8

FIGURE 3.11 Town and City Data with a Field Showing the Base 8 Population Numbers



SECENT APPLICATIONS

040

PROPORTION

FIRST DIGITS

| EMastusl —— Basfard'slaw |

FIGURE 3.12 First Digits of the Base 8 Town and City Populations




See the ingructions for line 44 on page 35 fo Sample Table
see if you must use the Tax Table balow fo
figure your fax.

Example. Mr. and Mrs. Brown are filing a joint retum. Their

taxable income on Form 1040, line 43, is $25,300. First, they

find the $25,300- 25,350 taxable income line. Maxt, they find Your tax is—
the column for married filing jointly and read down the 25,200 25,250|3,365 2,946 3,365
column. The amount shown where the taxable income line %E'ggg %g'ggg %-::ég A

and filing status column meet is $2,961. This is the tax 25.350 25,400 | 3,388

amount they should enter on Form 1040, line 44,

Single

FIGURE 8.16 Extract fromthe 2010 U.S. Individual Tax Tables




RECENT APPLICATIONS

PROPORTION
2

g

a0 50 &0
LAST-TWO DIGITS

| & Acual ——Benford's Law |

FIGURE 8.17 Last-Two Digits of Taxpayer Taxable Incomes




FIRST-TWO DIGITS

A

Y2
Z
O
—
<
=
-
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FIGURE 9.2 First-Two Digits of the 2005 Accounting Data




ECENT APPLICATIONS

TABLE 9.4 Numbers Reported by Enron for 1997 to 2000
2000 1999 1998 1997
Total revenues (in $ millions) 100,789 40,112 31,260 20,273

Met income before cumulative effect of 979 ' : 703 105

accounting changes (in $ millions)

Cumulative effect of accounting changes,
net of tax (in $ millions)

Net income (in $ millions)

Earnings per share of common stock

(diluted and in dollars)



SECENT APPLICATIONS

Enron
P.O.Box 1188
Houston, TX 77251-1188

News Release

Mark Palmer
(713) 853-4738

ENRON REPORTS RECORD FIRST QUARTER RECURRING EARNINGS OF $0.47
PER DILUTED SHARE: INCREASES EARNINGS EXPECTATIONS FOR 2001

FOR IMMEDIATE RELEASE: Tuesday, April 17, 2001

HOUSTON -- Enron Corp. announced today an 18 percent increase in diluted earnings

per share to $0.47 for the first quarter of 2001 from $0.40 a year ago. Results for the quarter

include:

e a 281 percent increase in revenues to $50.1 billion:

* a 20 percent increase in net income to $406 million;



RECENT APPLICATIONS

Revenmes:

Premioms and other considemtions s 23,508
Net investment income 1221
Net realized capatal gaans (losses) (55484)
Unrealized markst valuation loasss on AIGFP super ssaior cradit defankt swap portfaio (28.602)
Other income (loss) (337)
Tatal revenumes 11,104
Benefits, claims and expenses:
Policyhalder benefits and claimes incurred 63209
Policy acquesition and other insurance expenses 17,565
Interest expense 17,007
Restructuring expensss and related assst impairment and other expenses 758
Other expenses 11,236
Total benefits, claims and expenses 119365
Income (loss) before income tax expense (benefit), minority interesi and camulative effect of change in accounting principles {108,761}
Income tax expense (bemefitk
Cusrent 1,706
Deferred {10,080)
Taotal income tax expense (benefith (8374)
Income (loss) before minority interest and cumulative effect of chamge in accounting principles (100 38T)
Mimarity interest 1,098
Income (loss) before cumulative effect of change in accounting principles __ (99.28%)
Cumulative effect of change in accounting principles, net of tax —
Net income (loss)

FIGURE 9.7 Extract from the AIG 10-K filing for Fiscal 2008
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FIGURE 9.8 First-Two Digits of the Ledger Balances




Y2
Z
O
—
<
=
-
o
o
<
—
Z
LLl
»,
LLl

A

NOILHOd0Hd

FIRST-TWO DIGITS

FIGURE 11.8 First-Two Digits of the Chrysler Payments




RECENT APPLICATIONS

PROPORTION

v r!r!_
2 3 4 5 L

FIRST DIGIT

I ESNicteal =—s—Benfard's Law I

FIGURE 11.13 First Digits of the Fairfield Monthly Returns




RECENT APPLICATIONS

PROPORTION

FIRST-TWO DIGITS

| ESactual ——Benford'slaw |

FIGURE 11.19 First-Two Digits of the Daily Apple, Berkshire, and Dell Returns
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FIGURE 13.11 Digits of the Lehman Gift Amounts
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8) Concluding comments
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only one part of the forensic
ocess.

ct and analvze data at the start.

use incomplete or inaccurate data.
use of a subject matter expert.
Remes

ber the legal environment.
‘A is still an evolving discipline.
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