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OPairwise Independent Combinatorial Testing
tool (PICT)

M Jacek Czerwonka ( jacekcz@microsoft.com) , Test
Lead, Microsoft Corporation

IS Re R

@ http://download.microsoft.com/download/f/5/5/f5548
4df-8494-48fa-8dbd-8c6f76cc014b/pict33.msi

OPICT A Z“PA 7K T E,, Hn] PLAE Rk
% Fh2H & 45




PICT_

Excel#% =)

:/ \‘fl\/jljj

\F Proc: otter | 1s, Bette:

OPICTE — AT LA, HEA. i}
DLE“a ‘

AR ]

AR Gt a] BLAMS

OIPICTH4E 5, 42 2 i et i IS B

A

Ay

e

—a  J
- /] —
T

AT M A

/,
11,



P I CT:_A N fl\ éjljj I Proc otter | ts, Bettel

CdUsage: pict model [options]

B Options:
€ /o:N - Order of combinations (default: 2)
@ /d:C -Separator for values (default: )
@ /a:C -Separator for aliases  (default: |)
€ /n:C - Negative value prefix (default: ~)
@ /e:file - File with seeding rows
€ /r[:N] - Randomize generation, N - seed
®/c - Case-sensitive model evaluation
® /s -Show model statistics

w
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PICT_

OPICTHI W] 20 i

Helgelel

I

W i) L 2

@ C:\pict ModelFile.txt

Kb

K

L CTXTHRSE D)

otter |

@ C:\pict ModelFile.txt > OutputFile.txt

Kb

Kt

L (XLSHE D)

€ C:\pict ModelFile.txt > OutputFile.xls
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Helgelel

B XK N: Model Files
B R A= 1ETT (Sections )

& Parameter definitions
@ Sub-model definitions
& Constraint definitions
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=T ARHEIES
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12t ]
ey

otter |
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OPICT I % N\ A
W BT

& <ParamName> : <Valuel>, <Value2>, <Value3>, ...

B OIS EIUE 2 PR oA, 7, {Hs Al AR

“/d: Vi T

NN R I WS TRl e ISP =T AR C 2

”/0: "Z"ﬁﬁ?%aﬁ

WL AR I ME—
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OPICT % A A
W 511

i
# This 1s a sample model for testing volume create/delete functions

i

Type: Primary, Logical, Single, Span, Stripe, Mirror, RAID-5
Size: 10, 100, 500, 1000, 5000, 10000, 40000

Format method: quick, slow
File system: FAT, FAT32, NTFS
Cluster size: 512, 1024, 2048, 4096, 8192, 16384, 32768, 65536

Compression: on, off

N 00 W IN N N

& 20 & TR F 1 =7 X 7 X 2 X 3 X 8 X 2=47041
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CdSub-Models

B {<ParamNamel>, <ParamName2>, <ParamName3>, ... } @ <Order>

model for testing volume create/delete functions

PLATFOEM: xB86, 1a64, amded

CPUS : S5ingle, Dual, Quad

HAM : 128MB, 1GE, 4GB, &4GE

HDD : S5C5I, IDE

05 : NT4, WinZE, WinXP, WinZEK3
1IE : 4.0, 5.0, 5.5, 6.0

LEE : SQLServer, Exchange, Office

@ HAE TR FFI=3 X 3 X 4X2X4X 4X3=3456"7

w
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CdSub-Models

B {<ParamNamel>, <ParamName2>, <ParamName3>, ... } @ <Order>

# This iz a sample model for testing volume create/delete functions

F

PLATFORM: x86, 1264, amdo4d

CEUS : Single, Dual, Quad

ROM : 128ME, 1GB, 4GB, 64GB

HDD : 5C5I, IDE

o5 : NT4, WinZE, WinXP, WinZE3
4.0, 5.0, 5.5, 6.0

SQL5erver, Exchange, Office

PLATFORM, CPUS, RAM, HDD } @ 2
IE } @ 2

w
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CdSub-Models

B {<ParamNamel>, <ParamName2>, <ParamName3>, ... } @ <Order>

functions

PLATFOEM: x86, iabc4, amdo4d
CPUS : Single, Dual, Quad

RoM : 128MB, 1GB, 4GB, 64GB

HDD : SC5I, IDE

05 : NT4, WinZ2E, WinxXP, WinZE3
IE : 4.0, 5.0, 5.5,

AFP : SQLServer, Exchange, Office

{ PLATFORM,
{ 03, IE

w
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2 (defined by /o

{ PLATFORM, CPUS, RAM,
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O2) R R 3RA

B= <, >, > L, <5,
BLIKE GEALS

& ({ERD
‘u? ” (%/ﬁ)
HIN

BIF THEN, and ELSE
BNOT, AND, and OR
m )

otter |
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ITyvpe: Primary, Logical, 5ingle, 5pan,
Size: 10, 100, 500, 1000, 5000, 10000,
Format method: quick, =low

FAT, FAT32, HNTFS

ol2, 1024, 2048, 40956,

on, off

etter |

Stripe,

40000

ts, Better

Mirror,

EAID-5

w
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PICT_
uESpY

— /N

W 513
®FAT16: 4G
®FAT32: 32G

F

ITvpe:

S5ize: 10,

IF

[File

I

elgelel

otter |

ts, Bettel

sanmple model for specifving constraints
& =

Primary, Logical,

Single, Span,

100, 500, 1000, 5000, 10000,
Format method: guick, =low

File
Clu=st
Compr

FLT, FAT3Z,
512, 1024,
on, off

HTIFS5

2048,

"FAT"™ THEN [
= WFAT32" THEN

Stripe,

40000

Mirror, RAID-S

o
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sample model for specifying constraints

Primary, Logical, 5ingle, 5pan, Stripe, Mirror, BAID-5

10,
Format met

100, 500, 1000, 5000, 10000, 40000
hod: guick, =slow

FAT, FAT3Z2, NTFS

512, 1024, 2048, 4096, 8192,

on, off

{512, 1024, 2048} THEN [Compr
{"FAT", "FAT32"} THEN [Compres

w
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# Example 5

# This is a sample model for specifying constraints
#

Type: Primary, Logical, Single, Span, Stripe, Mirror, RAID-5
Size: 10, 100, 500, 1000, 5000, 10000, 40000

Format method: quick, slow

File system: FAT, FAT32, NTFS

Cluster size: 512, 1024, 2048, 4096, 8192, 16384, 32768, 65536
Compression: on, off

F [File system] <= "NTFS™ OR ( [File system] = "NTFS™ AND [Cluster size] = 4096 )
HEN [Compression] = "Off";

F NOT ( [File system] = "NTFS" OR ( [File system] = "NﬂZE" AND NOT [Cluster size] <= 4096 ))
HEN [Compression] = "Off™
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# Example 6
#

# Machine 1
0S 1: Win2000, WinXP

SKU_1: Professional, Server|AdvServer, Datacenter, WinPowered
LAMG 1: EN, DE

# Machine 2
0S_2: Win2000, WinXP

SKU_2: Professional, Server|AdvServer, Datacenter
LANG Z: EN, DE

FILANG_1] = [LANG_2] THEN [OS5_1] <= [05%_2] AND [SKU_1] <= [SKU_2]




otter | ts, Better

0s 1 SKU 1  LANG 1 05 2 SKIL 2
Win2000 Datacenter EN WinXP  Professional
WinxpP Datacenter DE Win2000 Server
WinXP  WinPowered EN Win2000 AdvServer
Win2000 Professional DE WinXP  Server
WinxpP server EMN WinxP Datacenter
Win2000 AdvServer DE Win2000 Professional
Win2000 WinPowered DE Win2000 Datacenter
WinXP  WinPowered EN WinXP  Professional
Win2000 Server DE WinXP  AdvServer
WinXP  Professional EN Win2000 Professional

WinxpP Datacenter EN WinXxP Datacenter
WinxpP Professional EN Win2000 Datacenter




otter | ts, Bette!

SKU 1 LANG 1 05 2 SKU 2 LANG 2+

Datacenter EM WinXP Professional EMN+
Professional EMN Win2000 Professional DE+

Win2000 Server DE Win2000 Datacenter EMN+
Win2000 WinPowered DE WinXP Professional DE+
WinxP WinPowered EN Win2000 Server EMN+

Win2000 Professional DE WinXP AdvServer DE+
Win<P WinPowered EMN  WinxP Datacenter DE+

WinxP Datacenter DE Win2000 Server DE+
Win2000 Datacenter EN WIin2000 Datacenter DE+
WinxP AdvServer EM WinXP AdvServer DE+

WinxpP Professional EN Win2000 Datacenter EMN+
WinkKP Server DE Win2000 Professional DE+
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#Example 7
#

# Machine 1

0% 1: Win2000, WinXP

SKU_1: Professional, Server|AdvServer, Datacenter, WinPowered
LANG_1: EN, DE

# Machine 2

0S_2: Win2000, WinXP

SKU_2: Professional, Server|AdvServer, Datacenter
LANG_2: EN, DE

# At least one pagagneter must be differegt to be a meaningful test case (use the OR operator)
05_1] <> [05_2{ or)iSKU_1] <> [SKU_2 @ LANG_1] <> [LANG_2:
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SKU 1 LANG_ 1 SKU 2  LANG_2+

Datacenter EN ' Professional EN+
Datacenter ' server DE+

WinPowered ' Advserver EN+
Professional ' Server DE+
Server ' Datacenter DE+

AdvServer ' Professional EN+
Win2000 WinPowered ' Datacenter EM+

Winxp WinPowered ' Professional DE+
Win2000 Server DE AdvServer EMN+
WinXP  Professional _EN Professional _EN+

. MWIn2000 Qatacenter EM ' Datacenter DE+
@ Win2000 Professional DE Datacenter E M+

1.
2.
3.
=,
3.
G.
7.
é
10.
11
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#Example 7
o

# Machine 1
0S_ 1: Win2000, WinXP

SKU_1: Professional, Server|AdvServer, Datacenter, WinPowered
LANG_1: EN, DE

# Machine 2
0S_2: Win2000, WinXP

SKU_2: Professional, Server|AdvServer, Datacenter
LANG 2: EN, DE

# All parameters rpust different (use the AND operator)
05_1] <> [05_2iang)isKU_1] <> [5KU_2and)ILANG_1] <> [LANG_2];




otter | ts, Bette!

SKU 1 LANG 1 052  SKU 2 LANG 2+

Win2000 WinPowered DE WinXP  Professional EN+
WinXP  Professional EN Win2000 Datacenter DE+

WinxP Server EN Win2000 Professional DE+
WinXP  Professional DE Win2000 Server EMN+
WinxP Datacenter EN Win2000 AdvServer DE+

Win2000 Professional EN WinXP  Datacenter DE+
WinxP WinPowered EN Win2000 Server DE+

Win2000 Datacenter DE WinXP  Professional EN#
Win2000 AdvServer DE WinXP Datacenter EN+
Win2000 Datacenter EN WinXP  AdvServer DE+
Win2000 WinPowered DE WinXP  Datacenter EN+
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# Example 8: This is a sample model for Aliasing (No Aliasing)
#

# Machine 1

0S_1: Win2000, WinXP

SKU _1: Professional, Server, Datacenter, WinPowered
LANG_1: EN, DE

# Machine 2

O5%_2:' Win2000, WinxP

SKU_2: Professional, Server, Datecenter
LANG_Z2: EN, DE

# WinXP is always Professional in our case
if [0S_1] = "WinXP" then [SKU_1] = "Professional™
if [0S_2] = "WinXP" then [SKU_2] = "Professional™

# No German WinPowered
if [SKU 1] = "WinPowered™ then [LANG_1] = "EN";

# Let" s not test the same QS on both sides
[0S 1] <= [OS_2]:

ts, Bettel




# Example 8: This is a sample model for Aliasing (Aliasing)
#

# Machine 1

0S_1: Win2000, WinXP
SKU_1: ProfessionalkServer| AdvServeg Datacenter, WinPowered

LANG_1: EN, DE

# Machine 2
O5_2: Win2000, WinxB

SKU_2: ProfessionalN§erver| AdvSerygd Datecenter

LANG_2: EN, DE

# WinXP is always Professional in our case
if [0S_1] = "WinXP" then [SKU _1] = "Professional™
if [OS_2] = "WinXP~ then [SKU_2] = "Professional™

# No German WinPowered
if [SKU 1] = "WinPowered™ then [LANG_1] = "EN™

# let’ s not test the same OS on both sides
[0S_1] == [OS_2]:

ts, Bettel
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# Example &: This is a sample model for Aliasing(Names rotated)
#

Size: 1, 2, 3,4, 316171819
Value:a, b, ¢, d
High:o,p,q,r,5t

O o oL @ N
0
m

]

1.
2.
3.
4.
5.
6.
7.
8.
Q.

o o o o T n oo

bt
e

[
g

3
w
O 0 o N 0 o o0

[
i
W B P ok NP B NN NN NN A

=W R W R s W3 A bW R e
L = D 00 = = kB =] B = n WD
W B 0 bk MO WM WA W R NN R
00D oo o0 L o000 0o T

o 0o 0 o T o

H O OW R OB RN R O R AR U R
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d
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Ewamplu : This is a sample model for Aliasing (Parameter Types-MNo Error)

Size: 1, 28}:‘-,*2, 3,45

Value: a, b, ¢, d

[Value] =

+

Example 8: This is a sample model for Aliasing (Parameter Types-No Error)

=
1™
#

Size: 1, 34:‘-.."}_'28 3,45

Value:a, b, ¢, d

IF [Size] Q HEN [Value] = "b™
# Example 8: This is a sample model for Aliasing (Parameter Types-
Alnput Error: Parameter/value type mismatch: IF [Size] > 3 THEN [Value] > "b";

P
1™

Size: 1, x|y|z|2]8, 3, 4, 5
I
Value: a, b, c, d

Value] = "hb"

o
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Euarnplv: : This is a sample model for Aliasing(Evaluating constraints-No Error)

# Machine 1

05_1: Win2000, WinXP

SKU_1: Professional, Server|AdvServer, Datacenter, WinPowered
LANG_1: EN, DE

# Machine 2

OS_2: Win2000, WinXP

SKU_2: Professional, Server|AdvServer, Datecenter
LANG_2: EN, DE

*"Wln\{P is Hhﬂfafb Pr::n’ressmnal in our l._r_"l‘_'rt'

if [D‘% 2] = "Win2000" then [SKU_2] = "Server™

w
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0% 4

4

Constraints Warning: Restrictive constraints. Output will not contain following values: OS_2: Win2000

I EE

# Machine 1

05 _1: ' Win2000, WinxP

SKU_1: Professional, Server|AdvServer, Datacenter, WinPowered
LANG_1: EN, DE

# Machine 2

05 _2:' Win2000, WinXP

SKU_2: Professional, Server|AdvServer, Datecenter
.i

LANG_2: EN, DE

# WinXP is always Professional in our case

-
£

w
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float SumSquareRoots( float a, float b )

[ Proce otter | ts, Better

if (a <0) throw error: // [1]
if (b < 0)throw error: // [2]

return ( sqrt(a) + sqrt( b );




—

A

PICT_

— /N

33 ] 0

L
1T
L
1T
#

I

Helgelel

otter |

Example 9: This is a sample model for Negative Testing
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# Let’ s focus on primary partitions formatted with NTFS
Type: Primary , Logical, Single, Span, Stripe, Mirror, RAID-5
Format method: quick, slow

File system: FAT, FAT32, NTFS

# Example 10: This is a sample model for Weighting(Weighting)

# Let’ sfocus on primary partitions formatted with NTFS
Type: Primary (10), Logical, Single, Span, Stripe, Mirror, RAID-5
Format method: quick, slow

File systerm: FAT, FAT32, NTFS (10)

otter |

ts, Bettel
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# Example 11: This is a sample model for Seeding

#

0S: Win2000, WinxP
SKU: Professional, Server|AdvServer, Datacenter, WinPowered
LANG: EN, DE

& JmHE SO
05 SKU Lang
Win2000 Professional EN

Win2000 DE
WinXP Professional EN

ts, Bettel




PICT L E A4
0%

Mo Seeding+

05 SKU LANG+
WinXP  WinPowered

WinxP  Server
WinxXP  Datacenter

WinXP  Professional

2l Proce

e

eding+

atter | ts, Better

05 SKU LANG+

WinxP
WinxP

WinxpP

WinxpP

Professional  EN+
server  DE#
WinPowered EN+
EMN+
Datacenter DE+
EMN+
Professional DE+

w
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Example 12: This is a sample model for Qutput Randomization

e
1+
=
e
1+

0S: Win2000, WinXP
SKU: Professional, Server|AdvServer, Datacenter, WinPowered
LANG: EN, DE

C:\Examplel2pict modelfile. txt>0OutFilel. txt

C:vExamplel 2dpict modelfile. txt>0OutFile?. txt /v
zed seed: 506818

A Fwamnl 212 nict model file. txt>0utFiled. txt /v
Uzed seed: L0830



PICT L E A4

O FE AL %
w7112

2l Proce

No Randomization+ Randomization+
05 SKU LANG+ 05 SKU LANG+

WinXP  WinPowered

WinXP
WinxP  Server . WinxP
WinxP Datacenter . WinxP

WinXP  Professional . WinXp

WinPowered
Server

Datacenter

Professional

DE+
EN+
DE+
DE+
EN+
EN+
EN+
DE+

atter | s, Better

Randomization+
05 SKL LANG+

Win2000 Server
WinXP Datacenter

WinXP  Professional
WinXP  AdvServer
WinXP  WinPowered



S Examplel 2ipict modelfile. txt»OutFilel. txt /r:2008
sed seed: Z00E

SExamplel?ipict modelfile. txt>0utFilel. txt r:EDDBDBUBI
sed seed: ZBT9

SExamplel?ipict modelfile. txtrOutFilel. txt /i A5535

sed seed: BhEEG

S Examplel?ipict modelfile. txtrOutFilel. txt /r:65536
sed seed: 0

S Examplel?ipict modelfile. txtrOutFilel. txt /ri6AE53T

sed seed: 1
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