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Testing Ethereum Contracts



About Instructor

« Jim Sullivan is a senior blockchain instructor and developer at
DC Web Makers.

« As a Software engineer with 18 years of experiences, Jim leads
an expert team in Blockchain development, DevOps, Cloud,
application development, and the SAFe Agile methodology.

« Jim is an expert in all blockchain platforms like Hyperledger,
Ethereum, and Corda.


https://blockchain.dcwebmakers.com/

Prerequisite Courses

Taking the below courses are highly recommended:

Intro to Blockchain Technoloqgy

Intro to JavaScript

Learn Node.JS, Express.JS and MongoDB



https://learn.coding-bootcamps.com/p/introduction-to-blockchain-technology
https://learn.coding-bootcamps.com/p/learn-javascript-web-development-by-examples
https://learn.coding-bootcamps.com/p/learn-node-js-express-js-and-mongodb-by-examples
https://learn.coding-bootcamps.com/p/learn-node-js-express-js-and-mongodb-by-examples
https://learn.coding-bootcamps.com/p/learn-node-js-express-js-and-mongodb-by-examples

Recap

« What we have learned so far?



Testing Ethereum Contracts

Ethereum Testing Frameworks

« Ethereum has testing frameworks for Remix and Truffle.
« The approach is similar to nUnit testing, i.e. JUnit testing.
« Tests can be written in Solidity or JavaScript.
 The Ethereum contract testing is quite useful for:

Test Driven Development” (TDD)

Continuous Integration” (Cl)

Regression Testing

Ethereum testing does not take the place of a strong

guality strategy with an extensive test scripts to test all
requirements.



Testing Ethereum Contracts

Remix Testing

 The Remix IDE has a testing module that will create contract
frameworks for testing.

* The testing module can be access with the “Double Check”
button. ¥

« Remix adds a “ test” suffix to the name of the test contract.
Using the suffix, Remix recognizes the test contracts and
bundles the tests into Remix’s Testing Module.



Testing Ethereum Contracts

Remlx Testlng PN SOLIDITY UNITTESTING &

remix
Test your smart contract by creating a foo_test.sol

file (open ballot_test.sol to see the example).
@ You will find more informations in the
docu ion Then use the stand alone NPM
S module remix-tests to run unit tests in your
© Continuous Integration

& " 2
» For more details, see How to test smart contracts
guide in our documentation.

Generate test file
S 13
¥ Check/Uncheck all

¥ browser/ballot_test.sol

| browser/MyContract1_test.sol

Results:

browser/MyContract1_test.sol (test_1)

browser/MyContract1_test.sol



Testing Ethereum Contracts

Remix Testing: Creating Tests

« Remix tests are created in the Remix testing module.

 When the Generate test file button in the Testing module is
clicked, a testing file is generated with the “ test” suffix.

* The testing file only contains a framework to run contract tests.

— ‘

{ Generate test file

¥ e ———

¢ Check/Uncheck all

_ il SOESRREOONEY RO | Py SEGS RPERER

<&



Testing Ethereum Contracts

Remix Testing: Creating Tests

* When the testing file is generated, it only contains “out-of-the-
box”, generic contract source code that makes a test
framework.

« Some instructions on how to build tests are included in the test
contract’'s comments.

* No contract code or variables are brought into the test contract.

* The contracts and tests in the testing files must be edited to call
the Smart Contract functions and variables.
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pragma solidity »=0.4.8 <0.6.8;
import “remix_tests.sol"; // this import is automatically injected by Remix.

1

. = 2

Remix Testin :
4 // file name has to end with '_test.sol’

5

6

7

8

- contract test_1 {

- function beforeAll() public {
// here should instantiate tested contract

[ ) The test Contract IS generated 13 }Assert.equal(uin:(M, uint(3), "error in before all function");
L] - L] 11
h S I d t d 12~ function checkl() public {
Wlt Contract O I I y CO e. 13 /f use 'Assert' to test the contract
14 Assert.equal{uint(2), uint(1), "error message");
- - 15 Assert.equal(uint(2), uint(2), "error message");
* The generic contract is used as : )
18~ function check2() public view returns (bool) {
a template 19 // use the return value (true or false) to test the contract
. 20 return true;

21 }
22 }
23
24 ~ contract test_2 {
25
26~ function beforeAll() public
27 /f here should instantiate tested contract
28 Assert.equal(uint(4), uint(3), "error in before all function");
29 }
3e
31~ function checkl() public {
32 // use 'Assert' to test the contract
33 Assert.equal(uint(2), uint(l), "error message");
34 Assert.equal(uint(2), uint(2), "error message");
35 }
36
37~ function check2() public view returns (bool) {
38 // use the return value (true or false) to test the contract
39 return true;
4@ }

41 H



Testing Ethereum Contracts

Remix Testing

« When a contract has its
functions and variables
tested using Remix testing,
the contract will be
Instantiated in the test
contract and the functions

will be called in the test file.

#* Home

MyContract1_test.sol

1 pragma solidity ~@.5.1;

import "remix_tests.sol";

v contract MyContractl {

string public value;
string public myVal;
int256 public mylInt;
string public strl;

constructor() public {

set("Good","Day");

//value = "myValue";
//myVal = "myString";

}

function hint (int256 i) public returns (int256 M
myInt=i;

fulllnt = myInt + 1@;
return fulllnt;

}

function get() public view returns(string memory , string memory

return (value, myVal);
}
function myGet() public returns(string memory) {

strl = myVal;
return strl;

}

function set(string memory , string memory ) public
value = _value;
myVal = _MyVall;

}

MyContractl.sol ’ myFunctionsModTimeContract.s

// this import is automatically injected by Remix.

) 1



Testing Ethereum Contracts

‘ SOLIDITY UNITTESTING B 2 Home | MyContract]_test.sol MyContractlsol myFunctionsModTimeContract.sol
= .
L4 1 pragma solidity ~0.5.1;
fermix . 2 import “remix_tests.sol"; // this import is automatically injected by Remix.
Test your smart contract by creating a foo_test.sol 3 import "./MyContractl.sol";
file (open ballot_test.sol to see the example). 4 B ) :
& You will find more informations in the z // file name has to end with °_test.sol
- - - - 6+ contract test_1 {
n Then use the stand alone NPM 7
[} e el I IIX teStII Ig I e IS "‘O module remix-tests to run unit tests in your 8 int256 public myfulllnt = @;
" " 9 string myValuel;
Continuous Integration ) o String thevalue;
. & https://w p n/p ge/remix-tests. 11 MyContractl mycontractl;
» For more details, see How to test smart contracts 12 string strval;
- . 13
ult rrom the contract to M — N
| 15+ function beforeAll() public {
16

Generate test file 17 mycontractl = new MyContractl();

be te StEd i 18 // here should instantiate tested contract
- EEEEEEEER 19 //Assert.equal(uint(4), uint(3), "error in before all function");

Check/Uncheck all g? !
11 b} 551 function check1() public {
. e eS CO n raC eS 23 // use 'Assert' to test the contract
mer/ballot_test.sol 24
— ‘ 25 myfulllnt = mycontractl.hint(5);
26 mycontractl.set("Hello", "World");

¥ browser/MyContract]_testsol

Instantiates the contract to
be tested function and
returns the results for
validation.

Assert.equal(mycontractl.value(), “"Hello®", “Error: Not Hello");
Assert.equal(strVal, "World", "Error: not World™);

function check2() public view returns(string memory, string memory) ({

mycontractl.get();




Testing Ethereum Contracts

The Remix tests include a group

. ) Function Parameter
of functions to validate contracts.
Assert.ok() bool
These functions evaluate Assertequal() uint, int, bool, address,
. : 32, stri

returned values and run equality ytfs t bs ”:‘g i

; . . . uint, int, bool, address,
or inequality comparisons with Assert.notEqual() bytes32, string

expected values. These functions [ s greaterthang | int, int
are called the Assert functions.

Assert.lesserThan() uint, int




Testing Ethereum Contracts

Remix Testing

« The Assert functions follow a template for evaluations.
* The template follows: Assert.equal(returned value, expected
value, “message”)
 Available special functions for Solidity Testing:
« beforeEach() - runs before each test to create new
Instance of the contract for testing.
» beforeAll() — instantiates the contract to be tested
« before() function runs before tests, instantiates the
contract to be tested, and initializes.



Testing Ethereum Contracts

Remix Testing

15~ function beforeAll() public {

16

17 mycontractl = new MyContractl();

18 // here should instantiate tested contract

19 //Assert.equal(uint(4), uint(3), "error in before all function");
20 }

21

Calling the instantiated contracts, functions and variables.

15~ f ionseforeAll() public {

16

17 rcontractl = new MyContractl();

18 ( here should instantiate tested contract
19 /Mssert.equal(uint(4), uint(3), "error in before all function");
20 }

21

22 ~ function checkl() public {

23 // use 'Assert' to test the contrac

24

25 myfulllnt = mycontractl.hint(5);

26 mycontractl.set("Hello", "korld");
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Node Package Manager and remix-tests

« The NPM package for Remix tests is called: remix-tests.
* Docs: https://www.npmjs.com/package/remix-tests
* The package can be installed using:

npm —-g 1nstall remix-tests.



Testing Ethereum Contracts
Truffle Testing with JavaScript

Truffle includes an automated testing framework.

The framework supports simple and manageable tests in two
different ways:

« JavaScript

« Solidity

JavaScript tests use the Truffle console to instantiate contracts,
call functions and evaluates results.

JavaScript tests use the async()/await() functions demonstrated
earlier.



Testing Ethereum Contracts
Truffle Testing with JavaScript

« The truffle JavaScript tests also have Iinitialization function such
as the, beforeEach function.
« The truffle JavaScript tests use their own Assert functions to
evaluate results.
« The JavaScript tests have the functions:
* require()
« before()
e async()
e await()
« assert(), for equality, or inequality



Testing Ethereum Contracts
Truffle Testing with JavaScript

e Testruns in an it() function block.

* The it() function includes the test name and lists of contract
functions and result evaluation.

« JavaScript testing uses the assert() functions for evaluations of
equality and inequality, and/or pass/fall.
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const MyContractl = artlfa<ij\i:::i::iﬂ//>
. . . contract ('MyContractl', (accoun i
['ruffle Testing with JavaScript === imer o
this.mycontractl = await MyContractl.deployed()

* The JavaScript test validates | /715 the contract successtuity deployeas
deployment, and it calls e o W T e

M " 4 assert.notEqual(anress, )
functions that return integers - R .
3]

and strings |

[ it ('set t', async () => {

const int0 = await this.mycontractl.hint(25)
const nint = await this.mycontractl.fulllnt
assert.notEqual (nint, 0)

b
[ it('set st ; ', async () => {
const sl = await this.mycontractl.set("my",6"t

const s2 = await this.mycontractl.get()

assert.notEqual (s2.value, "")
assert.notEqual (s2.myval, "")

H
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Command Prompt

Truffle Testing with JavaScript
:\ethereumTesting>truffle test

* The JavaScript tests run using Using network ‘development’.
command: truffle test

 The 3 JavaScript tests run
successfully.

Contract: MyContractl

:\ethereumTesting>




Ethereum Client-Side Applications

Summary

« Ethereum testing supports test automation, Test development,
and continuous integration

* Remix testing module

« The Building Remix tests

* Running Remix tests

 Truffle tests with JavaScript

« Building JavaScript tests: require, before, await, async, asset

* It() Functions

« Running JavaScript tests with Truffle



Assessment

Ethereum Contract testing support Continuous Integration and ...?

True or False: Remix supports test building?

True or False: Remix test module only generates a testing template?

True or False: Remix testing module organizes tests?

True or False: Remix can run contract tests?

True or False: Remix tests cannot be run outside of Remix?

True or False: JavaScript contract tests do not support automation,

test driven development?

8. True or False: JavaScript testing can validate if a deployed contract
has an Ethereum address.

9. True or False: JavaScript tests have functions for evaluation

10. True or False: JavaScript tests do not return real time results

NoOoOh~wWNE



More Resources

* History and Evolution of Blockchain Technology from
Bitcoin

* Qverview of Blockchain evolution and phases from
Ethereum to Hyperledger

« Comprehensive overview and analysis of blockchain
use cases in many industries

* Qverview of blockchain technoloqgy and blockchain
development
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More Resources...

« How to Write Ethereum Smart Contracts with Solidity in 1
hour

« How to Build Auction DApp With Ethereum and Solidity
Programming Language

« How to Work with Ethereum Blockchain Applications
through Remix IDE

» Certified Solidity Professional Certification exam
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More Blockchain Training

Blockchain Management with Hyperledger for System Admins

Hyperledger Fabric and Composer for Developers

Intro to Blockchain Cybersecurity

Learn Solidity Programming by Examples

| earn Blockchain Dev with Corda R3

Intro to Hyperledger Sawtooth for System Admins
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Next Session

Ethereum Use Cases
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