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Unit testing
Integration testing
Smoke testing
System testing
Regression testing
Acceptance testing

Alpha testing
Beta testing
Gamma testing
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Example 1

. }/oid CMyClass::Grow(int years)

mAge += years;
— if(mAge < 10)

mPhase =" JLE&";

else if(mAge <20
mPhase = "/ 4E";

else if(mAge <45
mPhase = "& "

else if(mAge <6O )

mPhase = "1
else
mPhase = "Z4E";

. uﬂJﬁué&EPEl’J~/\uﬂJﬁﬁﬁﬂiJ
CaseBegin();{
int years = 1;
pObj->mAge = 8§;
pObj->Grow(years);
ASSERT( pObj->mAge =
ASSERT( pObj- >mPhase == ")Lﬁ" );
}CaseEnd();
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public static int dayOfYear (int

if (month == 2) {

}
}
}

}
}

dayOfMonth += 31;
else if (month == 3) {
dayOfMonth += 59;
else if (month == 4) {
dayOfMonth += 90;
else if (month == 5) {
dayOfMonth += 31 + 28
else if (month == 6) {
dayOfMonth += 31 + 28
else if (month == 7) {
dayOfMonth += 31 + 28
else if (month == 8) {
dayOfMonth += 31 + 28
else if (month == 9) {
dayOfMonth += 31 + 28
else if (month == 10) {
dayOfMonth += 31 + 28
else if (month == 11) {
dayOfMonth += 31 + 28
else if (month == 12) {
dayOfMonth += 31 + 28

return dayOfMonth;

month, int dayOfMonth, int year) {

31

31

31

al

al

al

al

al

30;
30
30
30
30
30
30

30

+

315
21
al
al
al
al

31

+

30 ;
30
30
30
30

30

+

31;
31
31
31

al

31;
31 + 30;
31 + 30 + 31;

31 + 30 + 31 + 31;

What would you comment on?
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Code Review

W FATIEE (peer-review) )7 XSRS HAT REEPE R R 2,
DR AT e = RS (code repository) B =

ok Hi I RIS IEAE A TT R AT AR IR R

T RIT RN RS FAS 2 e NRE S BEE) (A2 55 &
R %€ ) gt XA« 2 A 78 0 A B ..)

o RS AIPEE S 2 RN AR IR 22 L B 2 () K A
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Code Review

o TEHAIT K BIASE B R BRI CAS AT 1 SRR
(Code Inspection, Michael Fagan, 1976)

—_

CODE (INSPECTION REPORT

SUMMARY Date. . 11/20/-

To: Design Manager KRAUSS Development Manager. GIOTT!

Subject: Inspection Report for CHECKER Inspection date 11 19 -
System/Application Release Build
Component Subcomponents(s)

ELOC inspection
Full Added, Modified, Deleted People-nours (X.X)
New | or Pre-insp Est Post Rework ; 1 '
Mod/Mac | or | Part ! Insp ' Re- ‘Follow- Sub-
Name |Mod |Insp.|Programmer {Tester | A|M|D A M| DJjAIM/{D]|Prep !Meetgiwork: up |componen

N McGINLEY | HALE |348| 400 50 90 . 88 B0 1.5
i
i
Totals ]

Reinspection required?__ﬁ,_mLength of inspection {clock hours and tenths) 2.2

Reinspection by (date)_n_’}_.i’_‘.___ndditional modules/macros? NO

DCR #'s written

Problem summary:  Major 13 Minor 5 Total 18

Errors in changed code: Major —Minor Errors in base code: Major Minor.
LARSON McGINLEY HALE
Initiat Desr Detaiied Dr Programmer Team Leader Other Moderator's Signature
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Code Review
o ERAEIT RIS R B Z R BB Bert AR AT 12 U1
(Code Inspection, Michael Fagan, 1976)
o SRINHTTAHEL, BUACHIACRS B 7 S0 B 5 o A
o FAORMEONPIRER (informal)
» B TESHEBEAGREE (tool based)
« B LAMEZH T AT (asynchronous)
o FRIEAFAZRMWKAGYS (code changes)




(MR,
Practice at Google
* Creating: fUE1EESAUS AT IE L

* Previewing: fREEZELH TE (Critique) k& AL
(BHE H AR 7t T RIS, FHR BBk vF o &

Critique Search CLs ™y a | & -

; an| liham N Grab Snapshot e ~ mments ~ arch - -
- 17 Change 243497582 by ilh Pending Fil Comments ~  Search -5
22 @NgM : 57
23 @ ?m Reviewers caitlin Implement pizza supplier (1/6). 28
24 CcC le, 29
25 Bugs Add a skeleton for the pizza supplier system. Wodule, 30
26 sdule 31
27 Diffbase We follow the organic framework for establishing the connection between the basic jul{e , ’ 32
28 = —— ingredients to the supplier. le 33
< Mod Revert -
30
31
32 Created 3:04 PM, Mar 5, 2019 UTC+2 Score LGTM - Missing
33 Modified 3:06 PM, Mar 5, 2019 UTC+2 Approvals coverage - No approvals necessary
;:_ Workspace pizza  Open in Cider Sync Analysis @ Actionable: ([HEN Moo e
36 Done: Presubmit
if: Files Analysis Progression Refresh for new findings  Run analyses v @
40
41 1, 5 . ) 34
2 de Filters (2 Only with findings $  Category status: v/ Completed +/ Running v/ Failed Include findings on unchanged lines 35
3 36
“N— I
Category Status Snapshot First finding snippet

Presubmit:CheckProtoSyntax v 2 (Latest) Your change contains one or more new .proto files without a syntax statement. Each .proto file must have a syntax st...

@ Presubmit v 2 (Latest) Presubmits finished with status SUCCESS. Reported 1 notice(s), 0 warning(s), 1 error(s). NOTES: Presubmits were invoked with -...

Modemn Code Review: A Practice at Google, ICSE SEIP 2018
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Practice at Google

« Commenting: WHEERET Web ) qUI FHi E25 H 1T
B (unresolved comments 1E ISR 14T 5HT0)

Critique Search CLs (] “ o -

{7 Change 243497582 by ilham C Pending Grab Snapshot  File- ~Comments~ Snapshots~ Search~ ~Change -
pizzalpizza.proto # -0 File 3 of 3 « » |
/dev/null Create file comment Snapshot #1 3:05 PM (text)

Mark this file as reviewed

~ Presubmit:CheckProtoSyntax Your change contains one or more new .proto

3:06 PM files without a syntax statement. Each .proto
file must have a syntax statement in order to
submit. Not f

- caitlin Please fix the CheckProtoSyntax error.
(Draft ]
Edit Discard Unresolved

package google.pizza;
import google.Timestamp;

message Ingredient {
required int64 id = 1;

w caitlin Having the name is a unique enough identifier for ingredients, so
we can spare one field.

Edit Discard Unresolved

required string name = 2;
required int64 unit = 3;
optional Timestamp season = 4;

}

Modemn Code Review: A Practice at Google, ICSE SEIP 2018
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Practice at Google

. Addressimg Feedback: ﬁﬁ%ﬂ’lf%*ﬁi’)%%ﬁ?@‘ﬁ&ﬁﬁ%\ B R

PFE = AR BN,

Grab Snapshot ~~ File~  Comments ~  Snapsho

@ [0FO |

Action required

LGTM - Missing
Approval

pizzalpizza.proto
File

Add to CC:

« caitlin  Please fix the CheckProtoSyntax error.
[Draft]
Edit Discard

6 required int64 id = 1;

v caitlin  Having the name is a unique enough identifier for ingredients, so
GE  one field.
Edit Discard

HAPTE P

Critique Search CLs
Dashboard ~ Weekly snipp Starred CLs
= Needs attention 4 Changes

Change Author Status
42972248 ilham Pending
® 42974683 ilham Pending
37099895 ilham Pending
27761071 caitlin Pending
& Incoming reviews 6 Changes

Change Author Status
® 42972248 ilham Pending
42974683 ilham Pending
37099895 ilham Pending
42161351 ilham B ™
@ 40374250 ilham Unresolved
36387832 ilham Unresolved
= Outgoing reviews 3 Changes

Change Author Status
27761071 caitlin Pending
] 15068925 caitlin Pending
® 15416497 caitlin Pending

Last Action
Apr 11 by gwsq
Apr 11 by tap
Apr 11 by ilham
Jan 8 by ilham

Last Action
Apr 11 by gwsq
Apr 11 by tap
Apr 11 by ilham
Apr 9 by caitlin
Apr 4 by caitlin
Mar 5 by caitlin

Last Action

Jan 8 by caitlin
Jan 6 by caitlin
Jan 2 by caitlin

Reviewers
caitlin
caitlin
caitlin

ilham

Reviewers
caitlin
caitlin
caitlin
caitlin
caitlin

caitlin

Reviewers
ilham
ilham

ilham

Size
Xs

Xs

Size
Xs

»

XS
XS

-

Size
Xs

DLHRAS 21 i iR

Description

Implement pizza supplier (6/6).
Implement pizza supplier (5/6).
Implement pizza supplier (4/6).

Implement pizza maker (3/3).

Description

Implement pizza supplier (6/6).
Implement pizza supplier (5/6).
Implement pizza supplier (4/6).

Implement pizza supplier (3/6).
Implement pizza supplier (2/6).

Implement pizza supplier (1/6).

Description
Implement pizza maker (3/3).
Implement pizza maker (2/3).

Implement pizza maker (1/3).

Modemn Code Review: A Practice at Google, ICSE SEIP 2018




(MR,

Practice at Google

Creating: fUB1TEEXMAUSEATIEEL

Previewing: fUS1EE M H TR (Critique) K& &G
(BLHE H AR 0t T RIS, IR IR M8 R vF o 2

Commenting: PFHFEEET Web 1] GUI A E5 HFE
=L (unresolved comments 1ENARTG/EE 4T 30 T0)

Addressing Feedback: IRISVEFRYE B RS ol wf
P R LR B, AT DY R LA R

Approving: E/D0—ATFE IR T (hridy LGTM,
Looks Good To Me) f&, ] LAFEACARTY

Modern Code Review: A Practice at Google, [CSE SEIP 2018
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* Functionality: {52
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* Complexity: ISR
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o Tests: g2 BARCER IEM.
1157 W= < T 7 W

* Naming: JFRNREBNITHEZE.
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https://google.github.io/eng-practices/review/reviewer/
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Comments: TP G ZGHEW . ZHEMIESHERS JEE?
REER R R LY

Style and Consistency: %2 55T E B i XA 2

Documentation: TR FE & 5% N B #T 1 AR 23 H 5K K]
Fr A (e.g., README) ?

Every Line: {FINFaG—TAHD, 6 it (RELARITA A fE
WeH 4 (IR TR, SR A TR )

Context: AT EZEEHEN XU RSS2 S &M
Good Things: XF B4 SEEIEAT SR AT E 3

https://google.github.io/eng-practices/review/reviewer/
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Integration Testing

K P& 2 1) SR i oo RS R il T R gl R gt IF
RS IR A 5 32— s e 4% BB e 1 it ZEoRis AT

o B AR A1 L SieR AN 4 R B0 45 1)

JET DR (Decomposition-Based): i85 K HHE Xy
V2, ARAEBLIRR] ) A8 O< ZR R BT B8 BRI

* Big bang

* Bottom up
* Top down

e Sandwich



L SBRIERY
Integration Testing

5 R EEER (Bottom up)
IR TR AR, 3825 [R) B 2H 2R A 2% AR B

o BTSSR AN R E T 2D RE -

) 1E A 4 Drivr
o E— NI SR (Driver)

KBl 1R DA B i A\ A il H —




B B
Integration Testing

H TR N EER (Top down)
c NFEERIBERIFIR, W& AT R R KR R 23, s IR
BREF AR (RIEIE /7 T EILR)

B TR P B AT o
fgs (e.g., s HREN ] LU N

Uil — AN e B T fig) l

BEGART (Stub) = L.

....................

AT (Mock) 3k A Cams e
AR MG AT K LR

stub X stub Y
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Integration Testing
HREF (Stub) vs. HHFEF (Mock)

Mock

—Send an email%b[ SMTP Server ]

[System under test]

T—Qetriewa dataﬂ Database ]
\ Stub

Mocks are for outcoming interaction; stubs —for incoming
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Integration Testing

BE R (Sandwich)

S PR LB P IR B Ty, TR e T
IR F R v -~

'Ebﬂﬁ‘{ﬁ, 1ﬂgﬁ%g%§% EI‘JQ%BZVFEU Top (parts)

Stub

_
I
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Integration Testing

o ETIREHIEMR (Function-Based): BEIXERSRHE—AH A
e BRI LR T g

1

L—

several modules tI/\M :
together provide a | ’
user-visible feature

\_I —1 | . I

IN

1 I_—I‘




SRR
Integration Testing

o ) RE B SR P DB S A T ) UG B LR (risk -
oriented process)

o EH MR B S BTG (technical / business
risk, ...)

o HEERIIRTE W N EH IR 0353 (risk-reduction),
A e T R B
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System Testing

KB RGN — DK FEATIN (whole system, whole
specification)

o B R MR P2 o ) 25 T D e 15 s 2 FH T O ZEoR

b FEMERE et AR A PSRRI A T R
(we will discuss these aspects later)




BAFEANA]S

R B B

oracle

ek BRI SRR ARSI
MRG0 oy AT g e o
(CRSREILEE AT AT RIS i e o
EKTS drivers BY T test oracle,
tiisry  Stabs ITTTRER T URT ARG [ R HHEE
AR Hok, FINIEA test |[RIAERSENS T (eg.,

embedded system)




Testing Pyramid

BAFIF RAS RS BB AR T v B A 22 /D s A/ B 2

no scientific evidence, but widely accepted by the community

Manual Session

Based Testing

Ideal Software
Testing Pyramid
Automated

GUI Tests

Automated
GUI Tests

Integration
Tests

Software Testing
lce-Cream Cone
Anti-Pattern

Automated API Tests

Automated Integration Tests

Automated Component Tests

Automated Unit Tests
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Smoke Testing
Daily build and swmoke test (Microsoft)
o —FRRFCIG E LT E 15 )52 992 il i 7
o I THASFIH R I I B PR
MLHTH F RS T
o FHEH build #7)5, X RGHIEARLES T
s i MEFENST S T AhE 2 B

(EBUR CI/CD e, IEH ARSI )G = ATl
150 million test executions / day @ Google (averaging
35 runs / test / day)



) Smoke Testing - &

/

B SEEAME. FREEEGLERTE. BEREARER. WEEASHH
. o LUERZEXES.. ...

m Wikipedia: confidence testing / sanity testing / build verification
test(BVT) / build acceptance test

m 75X “Daily build and smoke test”

https://msdn.microsoft.com/en-us/library/ms182613(v=vs.90).aspx

N ‘



B IR TR S — AR e
HEHITENEIZEE R, BEREREME.

[l ParT ONE BE N
W | MRREER, WZAHRED TR,

BHS

looking for smoke
when powering
electrical items for the

first time

the practice of using

smoke to test for leaks

AR, “EiF
MR X —AREH
R ZERNEE
BENE = AR
W Z B IX LT
I THIER)T R

o

testing for market

demand of a value

proposition prior to
building a functioning

product or service



l parT WO 3145
“Daily Build and Smoke Test”

daily build L2 B — I B T AR AT B AECEE P B A TE
MR TSR IE, BIRMEIT. EEETUIBBEITMR SRR ERIIEE]
T, ZRMWARSERNENLE. BREETEBETHA. RN
EEHbUldEIM G, MRGEWERINGERITEEAMI.

A common practice at Microsoft and some other shrink-wrap software companies is the "daily
build and smoke test” process. Every file is compiled, linked, and combined into an executable

program every day, and the program is then put through a "smoke test,” a relatively simple
check to see whether the product "smokes” when it runs.

BEMEFITS. This simple process produces several significant benefits.



[l ParT THO #1147

5 B AR ALLE(Nightly build), HEPRFEEEMCVSIERELL, THSHM
BRED, REREATID, STRTURETE, $ETHITr, e
EAEIT, FHEEK HITHEE, MIAYEE T BRI, XBf, MEREES
WIS OB LT, AR LEFNBME, £-X—8, MEARRTUE,
SEIHIIE AR B B 4 SREU PR R S DME R . BHERTL, MR A R
ITHREHTHEEMIR . FIARXLEINEERTR, —RESREMASTRN, BaTtiE
F RO AR B TCL,PERL, PYTHON R THREAR 55 RO AN IE . X LRI PASER R G0 E H il

.
N\

BN 2 R RIERFREIAVER, AZTIEMK TIEME —3 3R BB RFH A 5. B
MR R ERE RERFMN, WREEXRNAE GO, MEEITEFLET, BRI
[EJHIIR R




) Smoke Testing - /5%
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) Smoke Testing - /5%
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) Smoke Testing - i
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) Smoke Testing - Sl

B FEFREAREIE T ?

B AFPEOSSTTH?

B NEERREEAERMN ? (GUIEEIER ? )
m Hello Worldi2FEEI={THI ?

B YHRFTHF. BA. XAEE/MKI ?

B RITIKFIEEERRELES ?
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I PART THREE A[EIMEXEYSmoke Testing

ESEFRBIEEENRR T{Ed, Smoke Testing FEEE AR EIM EE B

FiAE. RIEFILAT A=

1. FZREE RIS AR A LABITSmoke Testing =REE (XL B Br - & o>
MH—InT1E, BRRWIER MR ITREBRIINIT, FARUEM
13 bR 7K BE 0% I 1) 85 A% o

2. FRREE R AR AN LA ZE4X RS check in 2] daily build acceptZ Al
AT Smoke Testing, LAPRIEFTEY S E B iU RIS N WA S B
AR FER MR E

3. [FEATIGIIE Bug AVIEIE FEHA daily build HEXTRER, $tXE4
Bug FT (8 Bug Fix #ZE S £ T/$8Y build H 1T Smoke Testing,
iz 18 5 BY Bug Fix 7 8BE check in EETAY daily build #1,
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SIENEHEE R
B “FHIEE
Thok BAESE RO

> ??

AR
E1EH Smoke

Testing?

IRX &UBERK
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D
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EEF eI
3

Smoke Testing FiE
BVT? ?

build verification
test
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Regression Testing

u:

RN

LA AN 58T e ST AT

W% (regression fault)

S PO Al ey R Pl e, LB, B | )
—-—w

DY RN R A EA IS ZSIEIPAN
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Regression Testing

FE A WA 5858 Jm BERr AT IS, AR DB ARG 2 o 51

W% (regression fault)

[BAMTR E B3N AIT KRS Bl =it A7 2 Ok el =)
W, HTRRASIE S R A oA RS AT I B INA S (G s &R

# T E AT T R B )

Y] FEAT [l I3 7

o KA WraNEAHGIESAT I (re-start all)

o fHE, WU S B A o BESE BPE T R B REAT TR
BEREOR, 6 I A AT B TR A 2




] D0 3
Regression Testing

IR BRI BB (o AT pra U 1) 1398 £/ 5
R FR = A R 2

oM H B2 (Minimisation)
M B+ (Selection)
MBI (Prioritisation)

—




3 9 2 g

Test Suite Minimisation

M 70 A7 AERUEEF IR S R &, Ara il
1 7] v AR B — B 0 A Al 43

Things to cover (e.g.,
statements,
branches)

O O 4
— a4 O O
O = a4 O

What is the subset of test cases that, when
combined, will cover the most of the columns?



M3 FH 51 24 1]

Test Suite Minimisation

M7 T0 A7 AERUEREFIGE S5 R A &, A a il
1 7] v AR B — B 0 A Al 43

greedy_minimisation(TestSuite T)
S = {}
while(True)
find t in T s.t. S U {t} covers max. cols.;
if t exists:
S =S u {t
continue
else:
break



M3 FH 51 24 1]

Test Suite Minimisation

M7 T0 A7 AERUEREFIGE S5 R A &, A a il
1 7] v AR B — B 0 A Al 43

ro ri 2 r3 Time

tO 1 1 0 0 2
t1 0 1 0 1 3
t2 0 0 1 1 /
t3 0 0 1 0 3

WIll {to, t2} still be the best
choice?



M3 FH 51 24 1]

Test Suite Minimisation

M7 T0 A7 AERUEREFIGE S5 R A &, A a il
1 7] v AR B — B 0 A Al 43

greedy_minimisation(TestSuite T)
s = {}
while(True)
find t in T w/ max. Acov./cost of t;
if t exists:
S =S u {t}
continue
else:
break
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Test Suite Selection

FAE R A I B#E 5 A2 A OG . ABIT A I R A9 v ke — 6
o1, MRS AT 5 AR sl A 5 R 1 20 A e g i 2]

P P’
void test_me(int x) void test_me_again(int x)
{ {

if(x == 0){ if(x == 0){

print ¢“Bwahaha”; print “Bwahaha”;

} print x;

return; }
} return;

}



3 91 3 %

Test Suite Selection

FAE R A I B#E 5 A2 A OG . ABIT A I R A9 v ke — 6
o1, MRS AT 5 AR sl A 5 R 1 20 A e g i 2]

L/

P!

@

@\<

P and P’ start to differ
from node 2

Any test that execute
node 2 should be
selected to test the
changes

Test suite of P
« x=0{1,2, 3%
» x=1{1, 3}



M1 191 328 33
Test Suite Selection

FAE R A I B#E 5 A2 A OG . ABIT A I R A9 v ke — 6
o1, MRS AT 5 AR sl A 5 R 1 20 A e g i 2]

o M ABEBER AN ZSATEE “safe” (i.e., ¥ FTA &A1 HE
fink A R o AT 3K R 491 AT — 3
o ISR I PAT B AR IR Z R A 5
o 5 RSHCEMRIMESUE T MET 28 (non-executable

modifications)
o TR “safety” Hoxim BRI T4
o MEHBIE B AR =T EK
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Test Suite Prioritisation

IS ) S 2R AR e 7 S 5 A T il B
SRR, AT ZE 4 I IR 2

fo f1 fa f3 f4 f5 f6 {7 {8 fg

to x X

1 x X

t2 x X X X X X X
X

t3
| %] X X X

H T JCVEAE M T A B S ) S A g ), 7R 22
KIGFEF surrogate metric (e.g., structural
coverage) KiHATH, RN surrogate
metric 1S
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Test Suite Prioritisation

ISR S5 22 R AR S 7 5 5 T il B0
SRR, AT ZE 4 I IR 2

Test Case Order: A-B-C-D-E

70% of faults are detected

after executing 20% of test
cases

Test Case Order: C-E-B-A-D
100 I

Test Case Order: E-D-C-B-A

100 100
90 90 I i 20 | | |
E a | 1 2 20 | | |
g 80 = 80 : : g | ; :
B 70 _ Fclqd 70 I | FLT'; 70 _% : :
‘8 | | 8 I 1 F_.') 60 | ! I
& o | | 2 60 | : 8 |
2% | g o Ee
|
e 40 S _: : Q 40 _ _| | e 40 | : : :
5 E I 1 = |
S N I e R I B IV A
9 20 -- | ! S 20 : | ! ! S 20 |
" 10 | | Area=50% g ! | Area = 64% A 0 | :/’h'eaau!=84‘?a|
0 : I I : ! : ! I 0 i I I I
; ' 0 ‘
¢ 92 92 06 08 1D 0 02 04 06 08 10 0 02 04 06 08 10

Test Suite Fraction

Test Suite Fraction Test Suite Fraction

FEE N HAT 77 9 A T . APFD
(Average Percentage of Fault Detection)
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Test Suite Prioritisation

IS ) S 2R AR e 7 S 5 A T il B
SRR, AT ZE 4 I IR 2

Test Case Order C-E-B-A-D Test Case Order E-C-B-A-D

100 100
9 i 90
80 / 80
70 o 70
60 60
50 50
40 40
30 30
x 1 0 | 1
10 Area=5250% | | 10/ Area=68.93% | | |
0 BN o I P

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Percentage Total Test Case Cost Incurred Percentage Total Test Case Cost Incurred

Test Cost tHRZMIAH BT T FHEHZER— R RE R
(APFD.)
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Regression Testing

andel e BRI BEIR T~ (RikshdT pra sl Fa ) 7598 m fR/ i
R FR = A R 2

«ME B2 (Minimisation) — Redundancy

i SERE PRI A, H — DR R ade 2 1) 78 i A v

MG TE (Selection) — Safety
A B DL — AR S 77 3R AT BT SR (ARSI, (BT8R vT BRI
P K B FH 1) 4

WA BIHE T (Priovitisation) — ASAP / Survogate
e AT Rl Beer s 2, (ELA RS S Pl 2 8 A 2 T A
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Regression Testing

MBI fa] s IR AT BRI — MBS A SR 2 R, R
LEMI BT M SRR IR (e.g., use cloud computing) ?

Single Testing Machine If all test cases have to be
executed sequentially, we have to
-- - optimise the regression testing
process as much as possible, to
, get the most out of the limited
testing resources.

i Achievable Testing
Elastic Cloud Resource / Parallel Instances

If all test cases can be executed in
parallel, the time needed for testing
is only as long as the longest test
execution.

F——— Shorter Testing Time
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Regression Testing

o B FHBILTRAERE: V3984 B BRI A

o MRAHABIHER: BT CL AR B

o TFRBEARMEIZZHHHHINK (Pre-Commit Testing)
s EFEEXDE RS LT, TR EORIIRA &




EYEHIRRY

Regression Testing

o A2t A AR B R R A

o MAMBIAR: BT CL R A F B B

o JFRBEERIGRAEH A (Pre-Commit Testing)
» UBRR)E Cl 2t HBIPATIIR (Post-Commit

Testing)
* Cl pipeline ElH XHIRE commits, 1R%E 5
flooded

(Google engineers have to wait up to 9 hours to
receive test results from the Cl pipeline)

o XA commits HEATHET
(e.g., commits relevant to test cases that have
recently failed are given higher priority)
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Perpetual Beta

Release Early & Release Often: keeping software or a system
at the beta development stage for an extended or indefinite

period of time

BRAND (AMP
...‘

by Tem Fishburae

ITS NOT DEFECTIVE.
ITS "IN BETA™,
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* a third stage of software testing sometimes
peformed after beta testing but before
commercial release. In gamma testing, the
software is believed to be complete and free of
errors, but the manuals and packaging may not
yet be in final form.
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