
Hands-On Data Structures and 
Algorithms with JavaScript

Data structures and algorithms are the 
fundamental building blocks of computer 
programming. They are critical to any problem, 
they provide a complete solution, and they act 
like reusable code. It is important in JavaScript 
to use appropriate data structures and have 
a good understanding of algorithm analysis 
in order to solve crises and ensure your 
application is less prone to errors.

Do you want to build applications that are 
high-performing and fast? Are you looking for 
complete solutions that implement complex 
data structures and algorithms in a practical 
way? If either of these questions rings a bell, 
then this book is for you!

You'll start by building stacks and learning 
about performance and memory implications. 
You will learn how to pick the right type of 
queue for the application. You will then use sets, 
maps, trees, and graphs to simplify complex 
applications. You will learn how to implement 
different types of sorting algorithm before 
gradually calculating and analyzing space and 
time complexity. Finally, you'll increase the 
performance of your application using micro 
optimizations and memory management.

By the end of the book you will have gained the 
skills and expertise necessary to create and 
employ various data structures in a way that is 
demanded by their project or use case.

Things you will learn: 

• Build custom back buttons that are 
embedded within your application

• Build part of a basic JavaScript syntax 
parser and evaluator for an online IDE

• Build a custom activity user tracker 
for your application

• Generate accurate recommendations 
for credit card approval using 
decision trees

• Simplify complex problems using a 
graph data structure based on the 
application

• Increase the performance of an 
application using micro-optimizations
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Write effi cient code that is highly performant, scalable, 
and easily testable using JavaScript

Hands-On Data 
Structures and 
Algorithms with 
JavaScript

Kashyap Mukkamala
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Write efficient code that is highly performant, scalable, and
easily testable using JavaScript
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.�0$!.`0$�*`'!5/`�* `0$!%.`%*0!.*�(`)!)+.5`)�*�#!)!*0K

,PSOHPHQWLQJ�VWDFN�PHWKRGV
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�!"%*!`�`constructorM8K

class Stack {
    constructor() {
    }
}

�.!�0!`�`WeakMap()`0+`/0+.!`0$!`/0��'`%0!)/M9K

const sKey = {};
const items = new WeakMap();

class Stack {
    constructor() {
        items.set(sKey, [])
    }
}

�),(!)!*0`0$!`)!0$+ /` !/�.%�! `%*`0$!`,.!�! %*#`���``%*`0$!`Stack`�(�//M:K

const sKey = {};
const items = new WeakMap();

class Stack {
    constructor() {
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        items.set(sKey, []);
    }

    push(element) {
        let stack = items.get(sKey);
        stack.push(element);
    }

    pop() {
        let stack = items.get(sKey)
        return stack.pop()
    }

    peek() {
       let stack = items.get(sKey);
       return stack[stack.length - 1];
    }

    clear() {
       items.set(sKey, []);
    }

    size() {
       return items.get(sKey).length;
    }
}

�+L`0$!`"%*�(`%),(!)!*0�0%+*`+"`0$!`Stack`3%((`(++'`�/`"+((+3/M<K

var Stack = (() => {
    const sKey = {};
    const items = new WeakMap();

    class Stack {

        constructor() {
            items.set(sKey, []);
        }

        push(element) {
            let stack = items.get(sKey);
            stack.push(element);
        }

        pop() {
            let stack = items.get(sKey);
            return stack.pop();
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        }

        peek() {
           let stack = items.get(sKey);
           return stack[stack.length - 1];
        }

        clear() {
           items.set(sKey, []);
        }

        size() {
           return items.get(sKey).length;
        }
    }

    return Stack;
})();

�$%/`%/`�*`+2!.�.�$%*#`%),(!)!*0�0%+*`+"`�`��2���.%,0`/0��'L`3$%�$`�5`*+`)!�*/`%/
�+),.!$!*/%2!`�* `��*`�!`�$�*#! `��/! `+*`0$!`�,,(%��0%+*W/`.!-1%.!)!*0/K`
+3!2!.L`(!0W/
#+`0$.+1#$`/+)!`+"`0$!`,.%*�%,(!/`!),(+5! `%*`0$%/`%),(!)!*0�0%+*K

�!`$�2!`1/! `�`WeakMap()`$!.!L`3$%�$`�/`!4,(�%*! `%*`0$!`,.!�! %*#`,�.�#.�,$L`$!(,/
3%0$`%*0!.*�(`)!)+.5`)�*�#!)!*0`��/! `+*`0$!`.!"!.!*�!`0+`0$!`/0��'`%0!)/K

�*+0$!.`%),+.0�*0`0$%*#`0+`*+0%�!`%/`0$�0`3!`$�2!`3.�,,! `0$!`Stack`�(�//`%*/% !`�*`����L
/+`0$!`�+*/0�*0/`items �* `sKey`�.!`�2�%(��(!`0+`0$!`Stack`�(�//`%*0!.*�((5`�10`�.!`*+0
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!//!*0%�((5` !/%#*! `0$!`��=`�(�//`%*`/1�$`�`3�5`0$�0`%0`/$+1( `+*(5` !"%*!`�* ` !�(�.!`%0/
)!)�!./L`3$%�$`�.!`,.+0+05,!`)!0$+ /`%*`��<K`�(/+L`/%*�!`�  %*#`2�.%��(!/`0+`,.+0+05,!/`%/
*+0`0$!`*+.)L`0$!`��%(%05`0+`�.!�0!`�(�//_(!2!(`2�.%��(!/`$�/`*+0`�!!*`,.+2% ! K`
+3!2!.L`+*!
��*`/0%((` +`0$!`"+((+3%*#M

    constructor() {
        this.sKey = {};
        this.items = new WeakMap();
        this.items.set(sKey, []);
    }


+3!2!.L`0$%/`3+1( `)�'!`0$!`items`���!//%�(!`�(/+`".+)`+10/% !`+1.`Stack`)!0$+ /L
3$%�$`%/`/+)!0$%*#`0$�0`3!`3�*0`0+`�2+% K
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)!0$+ /`�* `0�'!`�`(++'`�0`$+3`0$!5`,.!/!*0`1/`3%0$` �0�M

var stack = new Stack();
stack.push(10);
stack.push(20);

console.log(stack.items); // prints undefined -> cannot be accessed
directly

console.log(stack.size()); // prints 2

console.log(stack.peek()); // prints 20

console.log(stack.pop()); // prints 20

console.log(stack.size()); // prints 1

stack.clear();

console.log(stack.size()); // prints 0

�$!*`3!`.1*`0$!`��+2!`/�.%,0`3!`/!!`0$!`(+#/`�/`/,!�%"%! `%*`0$!`�+))!*0/`��+2!K`�/
!4,!�0! L`0$!`/0��'`,.+2% !/`3$�0`�,,!�./`0+`�!`0$!`!4,!�0! `+10,10`�0`!��$`/0�#!`+"`0$!
+,!.�0%+*/K
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// AMD
if (typeof define === 'function' && define.amd) {

    define(function () { return Stack; });

// NodeJS/CommonJS

} else if (typeof exports === 'object') {

    if (typeof module === 'object' && typeof module.exports ===
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    'object') {

        exports = module.exports = Stack;
    }

// Browser

} else {

    window.Stack = Stack;
}

�*�!`3!`�  `0$%/`(+#%�`0+`0$!`/0��'L`%0`%/`)1(0%_!*2%.+*)!*0`.!� 5K`�+.`0$!`,1.,+/!`+"
/%),(%�%05`�* `�.!2%05L`3!`3%((`*+0`�  `%0`!2!.53$!.!`3!`/!!`0$!`/0��'N`$+3!2!.L`%*`#!*!.�(L
%0W/`�`#++ `0$%*#`0+`$�2!`%*`5+1.`�+ !K

�"`5+1.`0!�$*+(+#5`/0��'`�+),.%/!/`��<L`0$!*`5+1`*!! `0+`0.�*/,%(!`0$!
,.!�! %*#`/0��'`�+ !`0+`��<K`�$%/`%/`*+0`�`,.+�(!)L`�/`0$!.!`�.!`�`,(!0$+.�
+"`+,0%+*/`�2�%(��(!`+*(%*!`0+`0.�*/,%(!`�+ !`".+)`��=`0+`��<K
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export class Stack {
    private wmkey = {};
    private items = new WeakMap();

    constructor() {
        this.items.set(this.wmkey, []);
    }

    push(element) {
        let stack = this.items.get(this.wmkey);
        stack.push(element);
    }

    pop() {
        let stack = this.items.get(this.wmkey);
        return stack.pop();
    }

    peek() {
        let stack = this.items.get(this.wmkey);
        return stack[stack.length - 1];
    }

    clear() {
        this.items.set(this.wmkey, []);
    }

    size() {
        return this.items.get(this.wmkey).length;
    }
}
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�+`1/!`0$!`Stack`�.!�0! `,.!2%+1/(5L`5+1`��*`/%),(5`%),+.0`0$!`/0��'`%*0+`�*5`�+),+*!*0
�* `0$!*`1/!`%0K`�+1`��*`/!!`%*`0$!`"+((+3%*#`/�.!!*/$+0`0$�0`�/`3!`)� !`0$!
WeakMap()`�* `0$!`'!5`,.%2�0!`)!)�!./`+"`0$!`Stack`�(�//L`0$!5`�.!`*+`(+*#!.`���!//%�(!
".+)`+10/% !`0$!`�(�//M

>

Public methods accessible from the Stack class
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Directory structure after adding routes
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�+3`(!0W/`/!0`1,`0$!`*�2%#�0%+*`%*`/1�$`�`3�5`0$�0`3!`��*`/3%0�$`�!03!!*`0$!`.+10!/K`�+`/!0
1,`.+10%*#`%*`�*`�*#1(�.`�,,(%��0%+*L`5+1`3%((`*!! `0+`�.!�0!`0$!`�+),+*!*0`0+`3$%�$`5+1
3�*0`0+`.+10!`�* `0$!` !�(�.�0%+*`+"`0$�0`,�.0%�1(�.`.+10!K`�+L`"+.`%*/0�*�!L`5+1.
home.component.ts`3+1( `(++'`�/`"+((+3/M

import { Component } from '@angular/core';

@Component({
    selector: 'home',
    template: 'home page'
})
export class HomeComponent {

}

�$!`home.routing.ts`"%(!`3+1( `�!`�/`"+((+3/M

import { HomeComponent } from './home.component';

export const HomeRoutes = [
    { path: 'home', component: HomeComponent },
];

export const HomeComponents = [
    HomeComponent
];

�!`��*`/!0`1,`�`/%)%(�.`�+*"%#1.�0%+*`"+.`�/`)�*5`.+10!/`�/`*!! ! L`�* `+*�!`%0W/`/!0`1,L`3!
3%((`�.!�0!`�*`�,,_(!2!(`"%(!`"+.`�,,(%��0%+*`.+10%*#`�* `%*&!�0`�((`0$!`.+10!/`�* `0$!
navigatableComponents`%*`0$�0`"%(!`/+`0$�0`3!` +*W0`$�2!`0+`0+1�$`+1.`)�%*`)+ 1(!`+2!.
�* `+2!.K

�+L`5+1.`"%(!`app.routing.ts`3+1( `(++'`(%'!`0$!`"+((+3%*#M

import { Routes } from '@angular/router';
import {AboutComponents, AboutRoutes} from "./pages/about/about.routing";
import {DashboardComponents, DashboardRoutes} from
"./pages/dashboard/dashboard.routing";
import {HomeComponents, HomeRoutes} from "./pages/home/home.routing";
import {ProfileComponents, ProfileRoutes} from
"./pages/profile/profile.routing";

export const routes: Routes = [
    {
        path: '',
        redirectTo: '/home',
        pathMatch: 'full'
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    },
    ...AboutRoutes,
    ...DashboardRoutes,
    ...HomeRoutes,
    ...ProfileRoutes
];

export const navigatableComponents = [
    ...AboutComponents,
    ...DashboardComponents,
    ...HomeComponents,
    ...ProfileComponents
];

�+1`3%((`*+0!`0$�0`3!`�.!` +%*#`/+)!0$%*#`,�.0%�1(�.(5`%*0!.!/0%*#`$!.!M

{
    path: '',
    redirectTo: '/home',
    pathMatch: 'full'
}

�$%/`%/`�*#1(�.W/`3�5`+"`/!00%*#` !"�1(0`.+10!`.! %.!�0/L`/+`0$�0L`3$!*`0$!`�,,`(+� /L`%0W/
0�'!*` %.!�0(5`0+`0$!`/home`,�0$L`�* `3!`*+`(+*#!.`$�2!`0+`/!0`1,`0$!`.! %.!�0/`)�*1�((5K

'HWHFWLQJ�DSSOLFDWLRQ�VWDWH�FKDQJHV
�+` !0!�0`�`/0�0!`�$�*#!L`3!`��*L`(1�'%(5L`1/!`0$!`�*#1(�.`.+10!.W/`�$�*#!`!2!*0`�* `0�'!
��0%+*/`��/! `+*`0$�0K`�+L`%),+.0`0$!`Router`)+ 1(!`%*`5+1.`app.component.ts``�* `0$!*
1/!`0$�0`0+` !0!�0`�*5`/0�0!`�$�*#!M

import { Router, NavigationEnd } from '@angular/router';
import { Stack } from './utils/stack';

...

...

constructor(private stack: Stack, private router: Router) {

    // subscribe to the routers event
    this.router.events.subscribe((val) => {

        // determine of router is telling us that it has ended
        transition
        if(val instanceof NavigationEnd) {
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            // state change done, add to stack
            this.stack.push(val);
        }
    });
}

�*5`��0%+*`0$�0`0$!`1/!.`0�'!/`0$�0`.!/1(0/`%*`�`/0�0!`�$�*#!`%/`*+3`�!%*#`/�2! `%*0+`+1.
/0��'L`�* `3!`��*`)+2!`+*`0+` !/%#*%*#`+1.`(�5+10`�* `0$!`���'`�100+*`0$�0`0.�*/%0%+*/`0$!
/0�0!/K

/D\LQJ�RXW�WKH�8,
�!`3%((`1/!`�*#1(�._)�0!.%�(`0+`/05(!`0$!`�,,L`�/`%0`%/`-1%�'`�* `.!(%��(!K`�+`%*/0�((
angular-materialL`.1*`0$!`"+((+3%*#`�+))�* M

QSP�LQVWDOO���VDYH�#DQJXODU�PDWHULDO�#DQJXODU�DQLPDWLRQV�#DQJXODU�FGN

�*�!`�*#1(�._)�0!.%�(`%/`/�2! `%*0+`0$!`�,,(%��0%+*L`3!`��*`1/!`0$!`Button`�+),+*!*0
,.+2% ! `0+`�.!�0!`0$!`��`*!�!//�.5L`3$%�$`3%((`�!`"�%.(5`/0.�%#$0"+.3�. K`�%./0L`%),+.0`0$!
MatButtonModule`0$�0`3!`3�*0`0+`1/!`"+.`0$%/`2%!3`�* `0$!*`%*&!�0`0$!`)+ 1(!`�/`0$!
 !,!* !*�5`%*`5+1.`)�%*`AppModuleK

�$!`"%*�(`"+.)`+"`app.module.ts`3+1( `�!`�/`"+((+3/M

import { BrowserModule } from '@angular/platform-browser';
import { NgModule } from '@angular/core';
import { FormsModule } from '@angular/forms';
import { HttpModule } from '@angular/http';
import { BrowserAnimationsModule } from '@angular/platform-
browser/animations';
import { MatButtonModule } from '@angular/material';

import { AppComponent } from './app.component';
import { RouterModule } from "@angular/router";
import { routes, navigatableComponents } from "./app.routing";
import { Stack } from "./utils/stack";

// main angular module
@NgModule({
    declarations: [
        AppComponent,

        // our components are imported here in the main module
        ...navigatableComponents
    ],
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    imports: [
        BrowserModule,
        FormsModule,
        HttpModule,

        // our routes are used here
        RouterModule.forRoot(routes),
        BrowserAnimationsModule,

        // material module
        MatButtonModule
    ],
    providers: [
        Stack
    ],
    bootstrap: [AppComponent]
})
export class AppModule { }

�!`3%((`,(��!`"+1.`�100+*/`�0`0$!`0+,`0+`/3%0�$`�!03!!*`0$!`"+1.`/0�0!/`0$�0`3!`$�2!`�.!�0! 
�* `0$!*` %/,(�5`0$!/!`/0�0!/`%*`0$!`router-outlet` %.!�0%2!`,.+2% ! `�5
�*#1(�.`"+((+3! `�5`0$!`���'`�100+*K`�"0!.`�((`0$%/`%/` +*!L`3!`3%((`#!0`0$!`"+((+3%*#`.!/1(0M

<nav>
    <button mat-button
        routerLink="/about"
        routerLinkActive="active">
      About
    </button>
    <button mat-button
        routerLink="/dashboard"
        routerLinkActive="active">
      Dashboard
    </button>
    <button mat-button
        routerLink="/home"
        routerLinkActive="active">
      Home
    </button>
    <button mat-button
        routerLink="/profile"
        routerLinkActive="active">
      Profile
    </button>
</nav>

<router-outlet></router-outlet>
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<footer>
    <button mat-fab (click)="goBack()" >Back</button>
</footer>

1DYLJDWLQJ�EHWZHHQ�VWDWHV
�+`�  `(+#%�`0+`0$!`���'`�100+*`".+)`$!.!`+*`%/`.!(�0%2!(5`/%),(!.K`�$!*`0$!`1/!.`�(%�'/`+*
0$!`���'`�100+*L`3!`3%((`*�2%#�0!`0+`0$!`,.!2%+1/`/0�0!`+"`0$!`�,,(%��0%+*`".+)`0$!`/0��'K`�"
0$!`/0��'`3�/`!),05`3$!*`0$!`1/!.`�(%�'/`0$!`���'`�100+*L`)!�*%*#`0$�0`0$!`1/!.`%/`�0`0$!
/0�.0%*#`/0�0!L`0$!*`3!`/!0`%0`���'`%*0+`0$!`/0��'`�!��1/!`3!` +`0$!`pop()`+,!.�0%+*`0+
 !0!.)%*!`0$!`�1..!*0`/0�0!`+"`0$!`/0��'K

goBack() {
    let current = this.stack.pop();
    let prev = this.stack.peek();

    if (prev) {
        this.stack.pop();

        // angular provides nice little method to
        // transition between the states using just the url if needed.
        this.router.navigateByUrl(prev.urlAfterRedirects);

    } else {
        this.stack.push(current);
    }
}

�+0!`$!.!`0$�0`3!`�.!`1/%*#`urlAfterRedirects`%*/0!� `+"`,(�%*`urlK`�$%/`%/`�!��1/!`3!
 +`*+0`��.!`��+10`�((`0$!`$+,/`�`,�.0%�1(�.`���`)� !`�!"+.!`.!��$%*#`%0/`"%*�(`"+.)L`/+`3!
��*`/'%,`�((`0$!`.! %.!�0! `,�0$/`0$�0`%0`!*�+1*0!.! `!�.(%!.`�* `/!* `0$!`1/!.` %.!�0(5`0+`0$!
"%*�(`���`�"0!.`0$!`.! %.!�0/K`�((`3!`*!! `%/`0$!`"%*�(`/0�0!`0+`3$%�$`3!`*!! `0+`*�2%#�0!`+1.
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�+L`*+3`+1.`�,,(%��0%+*`%/`.!� 5`0+`#+K`�!`$�2!`�  ! `0$!`(+#%�`0+`/0��'`0$!`/0�0!/`0$�0`�.!
�!%*#`*�2%#�0! `0+`�* `3!`�(/+`$�2!`0$!`(+#%�`"+.`3$!*`0$!`1/!.`$%0/`0$!`���'`�100+*K`�$!*
3!`,10`�((`0$%/`(+#%�`0+#!0$!.`%*`+1.`app.component.tsL`3!`$�2!`0$!`"+((+3%*#M

import {Component, ViewEncapsulation} from '@angular/core';
import {Router, NavigationEnd} from '@angular/router';
import {Stack} from "./utils/stack";
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@Component({
    selector: 'app-root',
    templateUrl: './app.component.html',
    styleUrls: ['./app.component.scss', './theme.scss'],
    encapsulation: ViewEncapsulation.None
})
export class AppComponent {
    constructor(private stack: Stack, private router: Router) {
        this.router.events.subscribe((val) => {
            if(val instanceof NavigationEnd) {
                this.stack.push(val);
            }
        });
    }

    goBack() {
        let current = this.stack.pop();
        let prev = this.stack.peek();

        if (prev) {
            this.stack.pop();
            this.router.navigateByUrl(prev.urlAfterRedirects);
        } else {
            this.stack.push(current);
        }
    }
}

�!`�(/+`$�2!`/+)!`/1,,(!)!*0�.5`/05(!/$!!0/`1/! `%*`0$!`�,,(%��0%+*K`�$!/!`�.!`+�2%+1/
��/! `+*`5+1.`�,,(%��0%+*`�* `0$!`+2!.�((`�.�* %*#`+"`5+1.`,.+ 1�0N`%*`0$%/`��/!L`3!`�.!
#+%*#`3%0$`/+)!0$%*#`2!.5`/%),(!K

�+.`0$!`�,,�+),+*!*0`/05(%*#L`3!`��*`�  `�+),+*!*0_/,!�%"%�`/05(!/
%*`app.component.scssM

.active {
  color: red !important;
}

�+.`0$!`+2!.�((`0$!)!`+"`0$!`�,,(%��0%+*L`3!`�  `/05(!/`0+`0$!`theme.scss`"%(!M

@import '~@angular/material/theming';
// Plus imports for other components in your app.

// Include the common styles for Angular Material. We include this here so
that you only
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// have to load a single css file for Angular Material in your app.
// Be sure that you only ever include this mixin once!
@include mat-core();

// Define the palettes for your theme using the Material Design palettes
available in palette.scss
// (imported above). For each palette, you can optionally specify a
default, lighter, and darker
// hue.
$candy-app-primary: mat-palette($mat-indigo);
$candy-app-accent:  mat-palette($mat-pink, A200, A100, A400);

// The warn palette is optional (defaults to red).
$candy-app-warn:    mat-palette($mat-red);

// Create the theme object (a Sass map containing all of the palettes).
$candy-app-theme: mat-light-theme($candy-app-primary, $candy-app-accent,
$candy-app-warn);

// Include theme styles for core and each component used in your app.
// Alternatively, you can import and @include the theme mixins for each
component
// that you are using.
@include angular-material-theme($candy-app-theme);

�$%/`,.!�! %*#`0$!)!`"%(!`%/`0�'!*`".+)`0$!`�*#1(�.`)�0!.%�(` !/%#*` +�1)!*0�0%+*`�* `��*
�!`�$�*#! `�/`,!.`5+1.`�,,(%��0%+*W/`�+(+.`/�$!)!K

�*�!`3!`�.!`.!� 5`3%0$`�((`+1.`�$�*#!/L`3!`��*`.1*`+1.`�,,(%��0%+*`�5`.1**%*#`0$!
"+((+3%*#`�+))�* `".+)`0$!`.++0`"+( !.`+"`+1.`�,,(%��0%+*M

QJ�VHUYH

�$�0`/$+1( `/,%*`1,`0$!`�,,(%��0%+*L`3$%�$`��*`�!`���!//! `�0`http://localhost:4200K
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�.+)`0$!`,.!�! %*#`/�.!!*/$+0L`3!`��*`/!!`0$�0`0$!`�,,(%��0%+*`%/`1,_�* _.1**%*#L`�* `3!
��*`*�2%#�0!`�!03!!*`0$!` %""!.!*0`/0�0!/`1/%*#`0$!`���'`�100+*`3!`&1/0`�.!�0! K

%XLOGLQJ�SDUW�RI�D�EDVLF�-DYD6FULSW�V\QWD[�SDUVHU
DQG�HYDOXDWRU
�$!`)�%*`%*0!*0`+"`0$%/`�,,(%��0%+*`%/`0+`/$+3`�+*�1..!*0`1/�#!`+"`)1(0%,(!`/0��'/`%*`�
�+),10�0%+*_$!�25`!*2%.+*)!*0K`�!`�.!`#+%*#`0+`,�./!`�* `!2�(1�0!`!4,.!//%+*/`�* 
#!*!.�0!`0$!%.`.!/1(0/`3%0$+10`$�2%*#`0+`1/!`0$!`!2%(`!2�(K`

�+.`!4�),(!L`%"`5+1`3�*0`0+`�1%( `5+1.`+3*`plnkr.co`+.`/+)!0$%*#`/%)%(�.L`5+1`3+1( `�!
.!-1%.! `0+`0�'!`/0!,/`%*`�`/%)%(�.` %.!�0%+*`�!"+.!`1* !./0�* %*#`)+.!`�+),(!4`,�./!./`�* 
(!4!./L`3$%�$`�.!`!),(+5! `%*`�`"1((_/��(!`+*(%*!`! %0+.K`

�!`3%((`1/!`�`/%)%(�.`��/!`,.+&!�0`0+`0$!`+*!` !/�.%�! `!�.(%!.K`�+`�.!�0!`�`*!3`�,,(%��0%+*
3%0$`�*#1(�._�(%`3!`3%((`�!`1/%*#`0$!`���`0++(`3!`%*/0�((! `!�.(%!.K`�+`�.!�0!`0$!`�,,`.1*`0$!
"+((+3%*#`�+))�* `%*`0$!`�!.)%*�(M

QJ�QHZ�SDUVHU

%XLOGLQJ�D�EDVLF�ZHE�ZRUNHU
�*�!`3!`$�2!`0$!`�,,`�.!�0! `�* `%*/0�*0%�0! L`3!`3%((`�.!�0!`0$!`worker.js`"%(!`"%./0
1/%*#`0$!`"+((+3%*#`�+))�* /`".+)`0$!`.++0`+"`5+1.`�,,M

FG�VUF�DSS
PNGLU�XWLOV
WRXFK�ZRUNHU�MV

�$%/`3%((`#!*!.�0!`0$!`utils`"+( !.`�* `0$!`worker.js`"%(!`%*`%0K

�+0!`0$!`"+((+3%*#`03+`0$%*#/`$!.!M

�0`%/`�`/%),(!`��`"%(!`�* `*+0`�`�5,!��.%,0`"%(!L`!2!*`0$+1#$`0$!`!*0%.!`�,,(%��0%+*`%/
%*`�5,!��.%,0
�0`%/`��((! `worker.jsL`3$%�$`)!�*/`0$�0`3!`3%((`�!`�.!�0%*#`�`3!�`3+.'!.`"+.
0$!`,�./%*#`�* `!2�(1�0%+*`0$�0`3!`�.!`��+10`0+`,!."+.)
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�!�`3+.'!./`�.!`1/! `0+`/%)1(�0!`0$!`�+*�!,0`+"`)1(0%0$.!� %*#`%*`��2���.%,0L`3$%�$`%/
1/1�((5`*+0`0$!`��/!K`�(/+L`/%*�!`0$%/`0$.!� `.1*/`%*`%/+(�0%+*L`0$!.!`%/`*+`3�5`"+.`1/`0+
,.+2% !` !,!* !*�%!/`0+`0$�0K`�$%/`3+.'/`+10`2!.5`3!((`"+.`1/`�!��1/!`+1.`)�%*`�,,`%/`+*(5
#+%*#`0+`���!,0`0$!`1/!.W/`%*,10`�* `,.+2% !`%0`0+`0$!`3+.'!.`+*`!2!.5`'!5`/0.+'!`3$%(!`%0W/
0$!`.!/,+*/%�%(%05`+"`0$!`3+.'!.`0+`!2�(1�0!`0$%/`!4,.!//%+*`�* `.!01.*`0$!`.!/1(0`+.`0$!`!..+.
%"`*!�!//�.5K

�%*�!`0$%/`%/`�*`!40!.*�(`"%(!`�* `*+0`�`/0�* �. `�*#1(�.`"%(!L`3!`3%((`$�2!`0+`(+� `%0`1,`�/`�*
!40!.*�(`/�.%,0`/+`0$�0`+1.`�,,(%��0%+*`��*`1/!`%0`/1�/!-1!*0(5K`�+` +`/+L`+,!*`5+1.
.angular-cli.json`"%(!`�* `1, �0!`0$!`scripts`+,0%+*`0+`(++'`�/`"+((+3/M

...
"scripts": [
  "app/utils/worker.js"
],
...

�+3L`3!`3%((`�!`��(!`0+`1/!`0$!`%*&!�0! `3+.'!.L`�/`"+((+3/M

this.worker = new Worker('scripts.bundle.js');

�%./0L`3!`3%((`�  `0$!`*!�!//�.5`�$�*#!/`0+`0$!`app.component.ts`"%(!`/+`0$�0`%0`��*
%*0!.��0`3%0$`worker.js`�/`*!! ! K`

/D\LQJ�RXW�WKH�8,
�!`3%((`1/!`�*#1(�._)�0!.%�(`+*�!`)+.!`�/` !/�.%�! `%*`0$!`,.!�! %*#`!4�),(!K`�+L`%*/0�((
�* `1/!`0$!`�+),+*!*0/`�/`5+1`/!!`"%0`0+`/05(!`5+1.`�,,(%��0%+*W/`��M

QSP�LQVWDOO���VDYH�#DQJXODU�PDWHULDO�#DQJXODU�DQLPDWLRQV�#DQJXODU�FGN

�!`3%((`1/!`MatGridListModule`0+`�.!�0!`+1.`�,,(%��0%+*W/`��K`�"0!.`%),+.0%*#`%0`%*`0$!
)�%*`)+ 1(!L`3!`��*`�.!�0!`0$!`0!),(�0!`�/`"+((+3/M

<mat-grid-list cols="2" rowHeight="2:1">
    <mat-grid-tile>
        <textarea (keyup)="codeChange()" [(ngModel)]="code"></textarea>
    </mat-grid-tile>
    <mat-grid-tile>
        <div>
            Result: {{result}}
        </div>
    </mat-grid-tile>
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</mat-grid-list>

�!`�.!`(�5%*#` +3*`03+`0%(!/N`0$!`"%./0`+*!`�+*0�%*/`0$!`textarea`0+`3.%0!`0$!`�+ !`�* `0$!
/!�+* `+*!` %/,(�5/`0$!`.!/1(0`#!*!.�0! K

�!`$�2!`�+1* `0$!`%*,10`�.!�`3%0$`ngModelL`3$%�$`%/`#+%*#`0+`,.+2% !`0$!`03+_3�5
�%* %*#`0$�0`3!`*!! `between`+1.`2%!3`�* `0$!`�+),+*!*0K`�1.0$!.L`3!`(!2!.�#!`0$!
keyup`!2!*0`0+`0.%##!.`0$!`)!0$+ `��((! `codeChange()L`3$%�$`3%((`�!`.!/,+*/%�(!`"+.
,�//%*#`+1.`!4,.!//%+*`%*0+`0$!`3+.'!.K

�$!`%),(!)!*0�0%+*`+"`0$!`codeChange()`)!0$+ `3%((`�!`.!(�0%2!(5`!�/5K

%DVLF�ZHE�ZRUNHU�FRPPXQLFDWLRQ
�/`0$!`�+),+*!*0`(+� /L`3!`3%((`3�*0`0+`/!0`1,`0$!`3+.'!.`/+`0$�0`%0`%/`*+0`/+)!0$%*#`0$�0
3!`$�2!`0+`.!,!�0`/!2!.�(`0%)!/K`�+L`%)�#%*!`%"`0$!.!`3!.!`�`3�5`%*`3$%�$`5+1`��*`/!0`1,
/+)!0$%*#`�+* %0%+*�((5`�* `,!."+.)`�*`��0%+*`+*(5`3$!*`5+1`3�*0`%0`0+K`�*`+1.`��/!L`5+1
��*`�  `%0`0+`0$!`�+*/0.1�0+.`+.`0+`�*5`+"`0$!`(%"!�5�(!`$++'/`0$�0` !*+0!`3$�0`,$�/!`0$!
�+),+*!*0`%/`%*`/1�$`�/`OnInitL`�*�+*0!*0�*%0L`OnViewInit`�* `/+`+*L`3$%�$`�.!
,.+2% ! `�5`�*#1(�.`�/`"+((+3/M

this.worker = new Worker('scripts.bundle.js');

this.worker.addEventListener('message', (e) => {
 this.result = e.data;
});

�*�!`%*%0%�(%6! L`3!`0$!*`1/!`0$!`addEventListener()`)!0$+ `0+`(%/0!*`"+.`�*5`*!3
)!//�#!/—0$�0`%/L`.!/1(0/`�+)%*#`".+)`+1.`3+.'!.K

�*5`0%)!`0$!`�+ !`%/`�$�*#! L`3!`/%),(5`,�//`0$�0` �0�`0+`0$!`3+.'!.`0$�0`3!`$�2!`*+3`/!0
1,K`�$!`%),(!)!*0�0%+*`"+.`0$%/`(++'/`�/`"+((+3/M

codeChange() {
    this.worker.postMessage(this.code);
}

�/`5+1`��*`*+0!L`0$!`)�%*`�,,(%��0%+*`�+),+*!*0`%/`%*0!*0%+*�((5`(!�*K`�!`�.!`(!2!.�#%*#
3+.'!./`"+.`0$!`/+(!`.!�/+*`0$�0`���_%*0!*/%2!`+,!.�0%+*/`��*`�!`'!,0`�3�5`".+)`0$!`)�%*
0$.!� K`�*`0$%/`��/!L`3!`��*`)+2!`�((`0$!`(+#%�`%*�(1 %*#`0$!`2�(% �0%+*/`%*0+`0$!`3+.'!.L
3$%�$`%/`!4��0(5`3$�0`3!`$�2!` +*!K
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(QDEOLQJ�ZHE�ZRUNHU�FRPPXQLFDWLRQV
�+3`0$�0`0$!`�,,`�+),+*!*0`%/`/!0`�* `.!� 5`0+`/!* `)!//�#!/L`0$!`3+.'!.`*!! /`0+`�!
!*��(! `0+`.!�!%2!`0$!`)!//�#!/`".+)`0$!`)�%*`0$.!� K`�+` +`0$�0L`�  `0$!`"+((+3%*#`�+ !`0+
5+1.`worker.js`"%(!M

init();

function init() {
   self.addEventListener('message', function(e) {
      var code = e.data;

      if(typeof code !== 'string' || code.match(/.*[a-zA-Z]+.*/g)) {
         respond('Error! Cannot evaluate complex expressions yet. Please
try
         again later');
      } else {
         respond(evaluate(convert(code)));
      }
   });
}

�/`5+1`��*`/!!L`3!`�  ! `0$!`��,��%(%05`+"`(%/0!*%*#`"+.`�*5`)!//�#!`0$�0`)%#$0`�!`/!*0`0+
0$!`3+.'!.`�* `0$!*`0$!`3+.'!.`/%),(5`0�'!/`0$�0` �0�`�* `�,,(%!/`/+)!`��/%�`2�(% �0%+*`+*
%0`�!"+.!`0.5%*#`0+`!2�(1�0!`�* `.!01.*`�*5`2�(1!`"+.`0$!`!4,.!//%+*K`�*`+1.`2�(% �0%+*L`3!
/%),(5`.!&!�0! `�*5`�$�.��0!./`0$�0`�.!`�(,$��!0%�`�!��1/!`3!`3�*0`+1.`1/!./`0+`+*(5
,.+2% !`2�(% `*1)�!./`�* `+,!.�0+./K`

�+3L`/0�.0`5+1.`�,,(%��0%+*`1/%*#`0$!`"+((+3%*#`�+))�* M

QSP�VWDUW

�+1`/$+1( `/!!`0$!`�,,`�+)!`1,`�0`localhost:4200K`�+3L`/%),(5`!*0!.`�*5`�+ !`0+`0!/0
5+1.`�,,(%��0%+*N`"+.`!4�),(!L`!*0!.`0$!`"+((+3%*#M

var a = 100;
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�+1`3+1( `/!!`0$!`"+((+3%*#`!..+.`,+,`1,`+*`0$!`/�.!!*M

�+3L`(!0W/`#!0`�` !0�%(! `1* !./0�* %*#`+"`0$!`�(#+.%0$)`0$�0`%/`%*`,(�5K`�$!`�(#+.%0$)`3%((
�!`/,(%0`%*0+`03+`,�.0/M`,�./%*#`�* `!2�(1�0%+*K``�`/0!,_�5_/0!,`�.!�' +3*`+"`0$!`�(#+.%0$)
3+1( `�!`�/`"+((+3/M

�+*2!.0%*#`%*,10`!4,.!//%+*`0+`�`)��$%*!_1* !./0�* ��(!`!4,.!//%+*K8K
�2�(1�0%*#`0$!`postfix`!4,.!//%+*K9K
�!01.*%*#`0$!`!4,.!//%+*W/`2�(1!`0+`0$!`,�.!*0`�+),+*!*0K:K

7UDQVIRUPLQJ�LQSXW�WR�PDFKLQH�XQGHUVWDQGDEOH
H[SUHVVLRQ
�$!`%*,10`Q�*50$%*#`0$�0`0$!`1/!.`05,!/R`3%((`�!`�*`!4,.!//%+*`%*`0$!`%*"%4`*+0�0%+*L`3$%�$`%/
$1)�*_.!� ��(!K`�+*/% !.`0$%/`"+.`!4�),(!M

(1 + 1) * 2


+3!2!.L`0$%/`%/`*+0`/+)!0$%*#`0$�0`3!`��*`!2�(1�0!`�/`%0`%/L`/+`3!`�+*2!.0`%0`%*0+`�`postfix
*+0�0%+*`+.`.!2!./!`,+(%/$`*+0�0%+*K`
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�+`�+*2!.0`�*`%*"%4`0+`�`postfix`*+0�0%+*`%/`/+)!0$%*#`0$�0`0�'!/`�`(%00(!`#!00%*#`1/! `0+K
�$�0`3!`$�2!``%/`�`3�0!.! _ +3*`2!./%+*`+"`0$�0`�(#+.%0$)`%*`�%'%,! %�L`�/`"+((+3/M

��'!`0$!`%*,10`!4,.!//%+*`Q�(/+`'*+3*`�/L`0$!`%*"%4`!4,.!//%+*R`�* `0+'!*%6!`%0L8K
0$�0`%/L`/,(%0`%0K
�2�(1�0!`!��$`0+'!*`%0!.�0%2!(5L`�/`"+((+3/M9K

�  `0$!`0+'!*`0+`0$!`+10,10`/0.%*#`Q�(/+`'*+3*`�/`0$!`postfix8K
*+0�0%+*R`%"`0$!`!*�+1*0!.! `�$�.��0!.`%/`�`*1)�!.
�"`%0`%/`(`0$�0`%/L`�*`+,!*%*#`,�.!*0$!/%/L`�  `%0`0+`0$!`+10,10`/0.%*#K9K
�"`%0`%/`)`0$�0`%/L`�`�(+/! `,�.!*0$!/%/L`,+,`�((`0$!`+,!.�0+./`�/`"�.`�/`0$!:K
,.!2%+1/`+,!*%*#`,�.!*0$!/%/`%*0+`0$!`+10,10`/0.%*#K
�"`0$!`�$�.��0!.`%/`�*`+,!.�0+.L`0$�0`%/L`*L`^L`+L`-L`/L`�* `,`0$!*`�$!�'`0$!;K
,.!�! !*�!`+"`0$!`+,!.�0+.`"%./0`�!"+.!`,+,,%*#`%0`+10`+"`0$!`/0��'K

�+,`�((`.!)�%*%*#`+,!.�0+./`%*`0$!`0+'!*%6! `(%/0K:K
�!01.*`0$!`.!/1(0�*0`+10,10`/0.%*#`+.`0$!`postfix`*+0�0%+*K;K

�!"+.!`3!`0.�*/(�0!`0$%/`%*0+`/+)!`�+ !L`(!0W/`�.%!"(5`0�('`��+10`0$!`,.!�! !*�!`�* 
�//+�%�0%2%05`+"`0$!`+,!.�0+./L`3$%�$`%/`/+)!0$%*#`0$�0`3!`*!! `0+`,.! !"%*!`/+`0$�0`3!`��*
1/!`%0`3$%(!`3!`�.!`�+*2!.0%*#`0$!`%*"%4`!4,.!//%+*`0+`postfixK

�.!�! !*�!L`�/`0$!`*�)!`/1##!/0/L` !0!.)%*!/`0$!`priority`+"`0$�0`,�.0%�1(�.`+,!.�0+.
3$!.!�/`�//+�%�0%2%05` %�0�0!/`3$!0$!.`0$!`!4,.!//%+*`%/`!2�(1�0! `".+)`(!"0`0+`.%#$0`+.`2%�!
2!./�`%*`0$!`��/!*�!`+"`�`,�.!*0$!/%/K`	+%*#`�5`0$�0L`/%*�!`3!`�.!`+*(5`/1,,+.0%*#`/%),(!
+,!.�0+./L`(!0W/`�.!�0!`�`)�,`+"`+,!.�0+./L`0$!%.`priorityL`�* `associativityM

var operators = {
    "^": {
        priority: 4,
        associativity: "rtl" // right to left
    },
    "*": {
        priority: 3,
        associativity: "ltr" // left to right
    },
    "/": {
        priority: 3,
        associativity: "ltr"
    },
    "+": {
        priority: 2,
        associativity: "ltr"
    },
    "-": {
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        priority: 2,
        associativity: "ltr"
    }
};

�+3L`#+%*#`�5`0$!`�(#+.%0$)L`0$!`"%./0`/0!,`%/`0+`0+'!*%6!`0$!`%*,10`/0.%*#K`�+*/% !.`0$!
"+((+3%*#`!4�),(!M

(1 + 1) * 2

�0`3+1( `�!`�+*2!.0! `�/`"+((+3/M

["(", "1", "+", "1", ")", "*", "2"]

�+`��$%!2!`0$%/L`3!`��/%��((5`.!)+2!`�((`!40.�`/,��!/L`.!,(��!`�((`3$%0!`/,��!/`3%0$`!),05
/0.%*#/L`�* `/,(%0`0$!`.!)�%*%*#`/0.%*#`+*`�*5`+"`0$!`*L`^L`+L`-L`/`+,!.�0+./`�* `.!)+2!`�*5
+��1..!*�!/`+"`�*`!),05`/0.%*#K

�%*�!`0$!.!`%/`*+`!�/5`3�5`0+`.!)+2!`�((`!),05`/0.%*#/`""`".+)`�*`�..�5L`3!`��*`1/!`�`/)�((
10%(%05`)!0$+ `��((! `�(!�*L`3$%�$`3!`��*`�.!�0!`%*`0$!`/�)!`"%(!K

`�$%/`��*`�!`0.�*/(�0! `%*0+`�+ !`�/`"+((+3/M

function clean(arr) {
    return arr.filter(function(a) {
        return a !== "";
    });
}

�+L`0$!`"%*�(`!4,.!//%+*`�!�+)!/`�/`"+((+3/M

expr = clean(expr.trim().replace(/\s+/g, "").split(/([\+\-\*\/\^\(\)])/));

�+3`0$�0`3!`$�2!`0$!`%*,10`/0.%*#`/,(%0L`3!`�.!`.!� 5`0+`�*�(56!`!��$`+"`0$!`0+'!*/`0+
 !0!.)%*!`3$�0`05,!`%0`%/`�* `0�'!`��0%+*`���+. %*#(5`0+`�  `%0`0+`0$!`postfix`*+0�0%+*
+10,10`/0.%*#K`�$%/`%/`�0!,`9`+"`0$!`,.!�! %*#`�(#+.%0$)L`�* `3!`3%((`1/!`�`�0��'`0+`)�'!`+1.
�+ !`)+.!`.!� ��(!K`�!0W/`%*�(1 !`0$!`/0��'`%*0+`+1.`3+.'!.L`�/`%0`��**+0`���!//`0$!`+10/% !
3+.( K`�!`/%),(5`�+*2!.0`+1.`/0��'`0+`��<`�+ !L`3$%�$`3+1( `(++'`�/`"+((+3/M

var Stack = (function () {
   var wmkey = {};
   var items = new WeakMap();

   items.set(wmkey, []);

   function Stack() { }
   Stack.prototype.push = function (element) {
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      var stack = items.get(wmkey);
      stack.push(element);
   };
   Stack.prototype.pop = function () {
      var stack = items.get(wmkey);
      return stack.pop();
   };
   Stack.prototype.peek = function () {
      var stack = items.get(wmkey);
      return stack[stack.length - 1];
   };
   Stack.prototype.clear = function () {
      items.set(wmkey, []);
   };
   Stack.prototype.size = function () {
      return items.get(wmkey).length;
   };
   return Stack;
}());

�/`5+1`��*`/!!L`0$!`)!0$+ /`�.!`�00��$! `0+`0$!`prototype`�* `2+%(à`3!`$�2!`+1.`/0��'
.!� 5K

�+3L`(!0W/`�+*/1)!`0$%/`/0��'`%*`0$!`%*"%4`0+`,+/0"%4`�+*2!./%+*K`�!"+.!`3!` +`0$!
�+*2!./%+*L`3!`3%((`3�*0`0+`�$!�'`0$�0`0$!`1/!._!*0!.! `%*,10`%/`2�(% L`0$�0`%/L`3!`3�*0`0+
�$!�'`0$�0`0$!`,�.!*0$!/!/`�.!`��(�*�! K`�!`3%((`�!`1/%*#`0$!`/%),(!`isBalanced()
)!0$+ `�/` !/�.%�! `%*`0$!`"+((+3%*#`�+ !L`�* `%"`%0`%/`*+0`��(�*�! `3!`3%((`.!01.*`�*`!..+.M

function isBalanced(postfix) {
   var count = 0;
   postfix.forEach(function(op) {
      if (op === ')') {
         count++
      } else if (op === '(') {
         count --
      }
   });

   return count === 0;
}
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�!`�.!`#+%*#`0+`*!! `0$!`/0��'`0+`$+( `0$!`+,!.�0+./`0$�0`3!`�.!`!*�+1*0!.%*#`/+`0$�0`3!
��*`.!�..�*#!`0$!)`%*`0$!`postfix`/0.%*#`��/! `+*`0$!%.`priority`�* `associativityK
�$!`"%./0`0$%*#`3!`3%((`*!! `0+` +`%/`�$!�'`3$!0$!.`0$!`0+'!*`!*�+1*0!.! `%/`�`*1)�!.N`%"`%0
%/L`0$!*`3!`�,,!* `%0`0+`0$!`postfix`.!/1(0M

expr.forEach(function(exp) {
    if(!isNaN(parseFloat(exp))) {
        postfix += exp + " ";
    }
});

�$!*L`3!`�$!�'`3$!0$!.`0$!`!*�+1*0!.! `0+'!*`%/`�*`+,!*`�.��'!0L`�* `%"`%0`%/L`0$!*`3!`,1/$
%0`0+`0$!`+,!.�0+./W`/0��'`3�%0%*#`"+.`0$!`�(+/%*#`�.��'!0K`�*�!`0$!`�(+/%*#`�.��'!0`%/
!*�+1*0!.! L`3!`#.+1,`!2!.50$%*#`Q+,!.�0+./`�* `*1)�!./R`%*`�!03!!*`�* `,+,`%*0+`0$!
postfix`+10,10L`�/`"+((+3/M

expr.forEach(function(exp) {
    if(!isNaN(parseFloat(exp))) {
        postfix += exp + " ";
    }  else if(exp === "(") {
        ops.push(exp);
    } else if(exp === ")") {
        while(ops.peek() !== "(") {
            postfix += ops.pop() + " ";
        }
        ops.pop();
    }
});

�$!`(�/0`Q�* `�`/(%#$0(5`�+),(!4R`/0!,`%/`0+` !0!.)%*!`3$!0$!.`0$!`0+'!*`%/`+*!`+"`*L`^L`+L`-L
/L`�* `0$!*`3!`�$!�'`0$!`associativity`+"`0$!`�1..!*0`+,!.�0+.`"%./0K`�$!*`%0W/`(!"0`0+
.%#$0L`3!`�$!�'`0+`)�'!`/1.!`0$�0`0$!`,.%+.%05`+"`0$!`�1..!*0`+,!.�0+.`%/`(!//`0$�*`+.`!-1�(`0+
0$!`,.%+.%05`+"`0$!`,.!2%+1/`+,!.�0+.K`�$!*`%0W/`.%#$0`0+`(!"0L`3!`�$!�'`3$!0$!.`0$!`,.%+.%05`+"
0$!`�1..!*0`+,!.�0+.`%/`/0.%�0(5`(!//`0$�*`0$!`,.%+.%05`+"`0$!`,.!2%+1/`+,!.�0+.K`�"`�*5`+"`0$!/!
�+* %0%+*/`�.!`/�0%/"%! L`3!`,+,`0$!`+,!.�0+./`1*0%(`0$!`�+* %0%+*/`"�%(L`�,,!* `0$!)`0+`0$!
postfix`+10,10`/0.%*#L`�* `0$!*`�  `0$!`�1..!*0`+,!.�0+.`0+`0$!`+,!.�0+./W`/0��'`"+.`0$!
*!40`%0!.�0%+*K

�$!`.!�/+*`3$5`3!` +`�`/0.%�0`�$!�'`"+.`�`.%#$0`0+`(!"0`�10`*+0`"+.`�`(!"0`0+`.%#$0
associativity`%/`0$�0`3!`$�2!`)1(0%,(!`+,!.�0+./`+"`0$�0`associativity`3%0$`0$!`/�)!
priorityK`

�"0!.`0$%/L`%"`�*5`+0$!.`+,!.�0+./`�.!`.!)�%*%*#L`3!`0$!*`�  `0$!)`0+`0$!`postfix`+10,10
/0.%*#K
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&RQYHUWLQJ�LQIL[�WR�SRVWIL[�H[SUHVVLRQV
�100%*#`0+#!0$!.`�((`0$!`�+ !` %/�1//! `��+2!L`0$!`"%*�(`�+ !`"+.`�+*2!.0%*#`0$!`%*"%4
!4,.!//%+*`0+`postfix`(++'/`(%'!`0$!`"+((+3%*#M`

function convert(expr) {
    var postfix = "";
    var ops = new Stack();
    var operators = {
        "^": {
            priority: 4,
            associativity: "rtl"
        },
        "*": {
            priority: 3,
            associativity: "ltr"
        },
        "/": {
            priority: 3,
            associativity: "ltr"
        },
        "+": {
            priority: 2,
            associativity: "ltr"
        },
        "-": {
            priority: 2,
            associativity: "ltr"
        }
    };

    expr = clean(expr.trim().replace(/\s+/g, "").split(/([\+\-
\*\/\^\(\)])/));

    if (!isBalanced(expr) {
        return 'error';
    }

    expr.forEach(function(exp) {
        if(!isNaN(parseFloat(exp))) {
            postfix += exp + " ";
        }  else if(exp === "(") {
            ops.push(exp);
        } else if(exp === ")") {
            while(ops.peek() !== "(") {
                postfix += ops.pop() + " ";
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            }
            ops.pop();
        } else if("*^+-/".indexOf(exp) !== -1) {
            var currOp = exp;
            var prevOp = ops.peek();
            while("*^+-/".indexOf(prevOp) !== -1 &&
((operators[currOp].associativity === "ltr" && operators[currOp].priority
<= operators[prevOp].priority) || (operators[currOp].associativity ===
"rtl" && operators[currOp].priority < operators[prevOp].priority)))
            {
                postfix += ops.pop() + " ";
                prevOp = ops.peek();
            }
            ops.push(currOp);
        }
    });
    while(ops.size() > 0) {
        postfix += ops.pop() + " ";
    }
    return postfix;
}

�$%/`�+*2!.0/`0$!`%*"%4`+,!.�0+.`,.+2% ! `%*0+`0$!`postfix`*+0�0%+*K

(YDOXDWLQJ�SRVWIL[�H[SUHVVLRQV
�.+)`$!.!`+*L`!4!�10%*#`0$%/`postfix`*+0�0%+*`%/`"�%.(5`!�/5K`�$!`�(#+.%0$)`%/`.!(�0%2!(5
/0.�%#$0"+.3�. N`5+1`,+,`+10`!��$`+"`0$!`+,!.�0+./`+*0+`�`"%*�(`.!/1(0`/0��'K`�"`0$!`+,!.�0+.
%/`+*!`+"`*L`^L`+L`-L`/L`0$!*`!2�(1�0!`%0`���+. %*#(5N`+0$!.3%/!L`'!!,`�,,!* %*#`%0`0+`0$!
+10,10`/0.%*#M

function evaluate(postfix) {
    var resultStack = new Stack();
    postfix = clean(postfix.trim().split(" "));
    postfix.forEach(function (op) {
        if(!isNaN(parseFloat(op))) {
            resultStack.push(op);
        } else {
            var val1 = resultStack.pop();
            var val2 = resultStack.pop();
            var parseMethodA = getParseMethod(val1);
            var parseMethodB = getParseMethod(val2);
            if(op === "+") {
                resultStack.push(parseMethodA(val1) + parseMethodB(val2));
            } else if(op === "-") {
                resultStack.push(parseMethodB(val2) - parseMethodA(val1));
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            } else if(op === "*") {
                resultStack.push(parseMethodA(val1) * parseMethodB(val2));
            } else if(op === "/") {
                resultStack.push(parseMethodB(val2) / parseMethodA(val1));
            } else if(op === "^") {
                resultStack.push(Math.pow(parseMethodB(val2),
                parseMethodA(val1)));
            }
       }
    });

    if (resultStack.size() > 1) {
        return "error";
    } else {
        return resultStack.pop();
    }
}


!.!L`3!`1/!`/+)!`$!(,!.`)!0$+ /`/1�$`�/`getParseMethod()`0+` !0!.)%*!`3$!0$!.`3!
�.!` !�(%*#`3%0$`�*`%*0!#!.`+.`"(+�0`/+`0$�0`3!` +`*+0`.+1* `�*5`*1)�!.`1**!�!//�.%(5K

�+3L`�((`3!`*!! `0+` +`%/`0+`%*/0.1�0`+1.`3+.'!.`0+`.!01.*`0$!` �0�`.!/1(0`0$�0`%0`$�/`&1/0
��(�1(�0! K`�$%/`%/` +*!`%*`0$!`/�)!`3�5`�/`0$!`!..+.`)!//�#!`0$�0`3!`.!01.*L`/+`+1.`init()
)!0$+ `�$�*#!/`�/`"+((+3/M`

function init() {
    self.addEventListener('message', function(e) {
        var code = e.data;

        if(code.match(/.*[a-zA-Z]+.*/g)) {
            respond('Error! Cannot evaluate complex expressions yet. Please
try
            again later');
        } else {
            respond(evaluate(convert(code)));
        }
    });
}
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6XPPDU\
�$!.!`3!`$�2!`%0L`.!�(_3+.( `3!�`!4�),(!/`1/%*#`/0��'/K`�$!`%),+.0�*0`0$%*#`0+`*+0!`%*
�+0$`!4�),(!/`%/`0$�0`0$!`)�&+.%05`+"`0$!`(+#%�`�/`!4,!�0! ` +!/`*+0`.!2+(2!`�.+1* `0$!` �0�
/0.1�01.!`%0/!("K`�0`%/`�`/1,,(!)!*0�.5`�+),+*!*0L`0$�0`#.!�0(5`/%),(%"%!/`���!//`�* `,.+0!�0/
5+1.` �0�`".+)`1*%*0!*0%+*�(`�+ !`/)!((/`�* `�1#/K

�*`0$%/`�$�,0!.L`3!`�+2!.! `0$!`��/%�/`+"`3$5`3!`*!! `�`/,!�%"%�`/0��'` �0�`/0.1�01.!`%*/0!� 
+"`%*_�1%(0`�..�5/L`/%),(%"5%*#`+1.`�+ !`1/%*#`0$!`/�% ` �0�`/0.1�01.!L`�* `*+0! `0$!
�,,(%��0%+*/`+"`0$!` �0�`/0.1�01.!K`�$%/`%/`&1/0`0$!`!4�%0%*#`�!#%**%*#L`�* `0$!.!`%/`�`(+0`)+.!
0+`�+)!K

�*`0$!`*!40`�$�,0!.L`3!`3%((`!4,(+.!`0$!`-1!1!/` �0�`/0.1�01.!`�(+*#`0$!`/�)!`(%*!/`�* 
�*�(56!`/+)!`�  %0%+*�(`,!."+.)�*�!`)!0.%�/`0+`�$!�'`3$!0$!.`%0W/`3+.0$`0$!`$�//(!`0+`�1%( 
�* \+.`1/!`�1/0+)` �0�`/0.1�01.!/K


