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Abstract

Abstract for this Assignment. This assignment proposes the1

DDARCS document which is short for the Design and Development2

Application Review of the Corporate Standards, which is a signature3

document for this chapter of the course. The assignment is built on4

certain premises as this is left open from the assignment instruction.5

The company this document is proposed to serve is in healthcare6

sector specifically in radiography where there are machine learning7

scientists to assist radiography doctors such as pathologists or8

histologists to make a prognostic decision on detecting cancerous9

cells for patients. The company is assumed to be a global leading10

research and hospital group and facility teams in both hospitals as11

well as machine learning research. These premises are designed to12

set up certain environment for the document to serve better needs,13

because the instruction mentioned for ERP or EHR implementations.14

Without these premises, the document can be presented in vain and15

without stronger motivations.16

17

The body of the document is composed of (1) Abstract, (2)18

Introduction, (3) Goal Statement, (4) Comparisons of the main19

features of different level of programming languages, (5) Recommen-20

dation for data management, (6) Coding standards and examples, and21

(7) Conclusions.22

23

An important premise is that the company is backed by ma-24

chine learning and neural network based algorithms that need to be25

deployed to the cloud and the mobile platform. Hence, this document26

introduces the basics of these machine learning topics in the Goal27

Statement to serve as a purpose. The comparisons of Go, Swift,28

and Julia (the main programming languages for desk, cloud, mobile29

applications) would need to be designed to serve for machine learning30

purposes.31
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Abstract of DDARCS52

This document conducts an in-depth analysis of the current programming languages53

and development environments for desktop, cloud, mobile applications. The purpose54

is to create appropriate corporate standards for database and application design and55

development. The document starts with an Section 1: Introduction which is to cover56

the basic ideas of this document. The presmises in the cover page of this assignment57

stated the purpose of using machine learning backed modules to support frontend58

development. Hence, the next part Section 2: Goal Statement breaks apart down59

the argument and describe some basic machine learning topics, matrix form of the60

data frame, and the mathematical operation required for the support of the backend61

development. Section 3: Comparisons briefly described the syntax highlighting the62

Fibonacci series as an introductory example. Section 4 Recommendation for Data63

Management Platform summarizes the final recommendation of this document. As a64

bonus before the conclusion, Section 5: Coding Standards takes the basics from Section65

3 and introduce code standards for all contenders from programming, data structure,66

function declarations, and mathematical operation perspectives. Section 6: Conclusions67

finishes the document and provides a quick summary of this document.68

1 Introduction69

The company provides integrated solutions to secure connectivity between discrepancies70

amongst different systems. The solutions at an enterprise level should be able to minimize71

or eliminate the manual or paper-driven processes amongst different departments. The72

health data and records need to be secured and transferred without friction or loss of73

information as efficiently as they possibly can. The results should provide our employees,74

patients, and clients the thorough electronic transfer of data from laboratories as well as75

clinical practices. The format and type of data should be flexible upon request and can76

be delivered on time without loss.77

For advanced laboratories or central laboratories, the enterprise solutions need to aim for78

reduction of data entry cost into client’s system. The health record and data management79

platform needs to increase efficiency throughout paperless centric approach. The entire80

database management system needs to be easily accessible for all approved personnel81

only and efficiently.82

To deliver this idea, this investigative report lands on a proposal of some upgrades of the83

current engineering and database management system in regards to mobile application84

and data transfer. The document investigates a selective few famous computer program-85

ming languages and their pros and cons to reach a conclusion of which upgrade would86

be the most optimal in regards to handle the workflow and database management of the87

healthcare system. (Hoerbst and Ammenwerth, 2010; Evans, 2016; Cowie et al., 2017)88

2 Goal Statement89

To deliver a better system, online mobile service, and database management platform90

remotely, an optimal choice of a programming language. In this document, the in-91

vestigation of three popular programming languages are conducted to understand the92

performance in regards of strengths and weaknesses.93

First, the language Go was initially created at Google specifically for the desire to develop94

scalable models. The prior environment developers have been using stacks of languages95

3



composed of C++, Python, and Java applications which can raise a series of issues for96

QAQC (Quality Assessment and Quality Control). Often times the developers must97

collaborate in an enclosed environment where the system is tuned by one senior level98

developer and the same system is duplicated for the others. This way the collaboration99

can exist temporarily for the lifetime of the how long the team exists. However, in100

regards to all future references, it is questionable whether a new lead engineer or junior101

level engineer joining team can still follow up with the workflow. This design raises a102

series of questions and the stops developers from writing sophisticated on-going software103

products.104

The language Swift is the second contender for the competition in this document. Unlike105

Go, Swift is backed by Apple. It is actually a successor to some of the conventional106

languages such as C and Objective-C and it even includes some of the low-level de-107

velopment primitives such as types, operators, arrays, and flow control. In addition,108

to properly operate the environment and allow any newcomers joining the team to be109

comfortable with the system, Swift has been known to be one of the simplest language110

to learn. It can even be taught using iPad (by downloading Sift Playgrounds) and then111

be professionally designed using Xcode.112

A third language that is worth competing with Go and Swift is Julia. Scientific computing113

has been traditionally been well established and it is constantly being developed. In114

this sense, modern day computer programming requires the design and compiler to be115

made possible to be able to handle some of the day-to-day trade-off and to be able to116

debug in an unique environment such that the initial protocol can be designed efficiently117

to deploy some of the performance-intensive applications. This is an area where Julia118

programming shines and fits the profiles.119

2.1 Machine Learning and Artificial Neural Networks Background120

In the premise statement in the beginning of the DDARCS document, it is stated that the121

healthcare company that this CEO manages has pipelines heavily backed by machine122

learning problems. To understand the application field of machine learning component123

used in the backend of the cloud and mobile systems, it is important to introduce the124

fundamentals of the machine learning problems.125

2.1.1 Overview126

In the past, traditional machine learning strategies such as logistic regression, Support127

Vector Machine (SVM), Random Forests (RF) were restricted by their abilities to128

process natural data in their raw form. For decades, constructing a pattern recognition129

or machine system required careful engineering and considerable domain expertise to130

design a feature extractor that transformed the data LeCun et al. (2015).131

Representation learning refers to a family of machine learning methodologies that allows132

a machine to be fed with raw data to automatically construct the representations needed133

for making predictions or classifications. Deep learning is a family of learning methods134

that fall under representations learning. Specifically, deep learning methods are obtained135

by consisting simple but non-linear modules that each transform the representation of136

the data form at a unique level into a global but higher and more abstract level. With137

the construction of enough such transformations, many complex functionalities can be138

discovered and learned LeCun et al. (2015). For the machine learning tasks that are139

aiming to make good prediction results, high layers of representation enhanced the way140

the input features can be processed and hence important rules can be constructed for141
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discrimination and suppress irrelevant information. For example, images are defined142

in the form of an array of pixel values and the important features in the first layer143

of representation typically represent the presence or absence of edges at particular144

orientations and locations in the image LeCun et al. (2015). The second layer typically145

detects higher level of abstractions such as edges, positioning, and so on. In some146

occasions, we even have a third layer which assemble all the patterns from the second147

layer into a much bigger combinations that are functions of familiar objects presented148

locally in the original raw image data. The key of deep learning of building these layers149

of features is that we need the machine to be able to learn the important information with150

the help of designed layers but not human engineers – the machines are learning from151

the data fed in and are using a generalized purpose in pattern recognition and making152

predictions.153

Advancement of Deep Learning. Deep Learning is revolutionizing the modern day154

Artificial Intelligence and it has been for many years. The family of the entire deep155

learning based methods to make classifications has turned out to be extremely suitable156

for learning and representing the intricate structures in high-dimensional data and157

therefore is adapted in many domains of science, economics, biology, and so on. Famous158

applications can be found in image recognition (Krizhevsky et al., 2012; Farabet et al.,159

2012; Szegedy et al., 2015), speech recognition (Mikolov et al., 2011; Hinton et al.,160

2012; Sainath et al., 2013) and so on.161

Supervised Learning. The most common form of machine learning task is supervised162

learning. This is the type of learning task that we have well-defined target variable.163

Whether if it is regression problem or classification, we know the variable we want to164

predict before we start designing the lab procedure and fitting the machine. This type of165

problems can have wide range of applications such as image classification, sentiment166

analysis, user recommendation system, and so on. In regression problem, the target167

variable we aim to predict is continuous. These variables can be temperature, stock168

price, sales number, next year’s GDP per capita, and so on. In classification problem,169

the target variable we want to predict is discrete. These variables can be binary or can170

be in multiple different levels. Each level may represent a particular class. In a binary171

image classification task, a goal can be to classify cat images from dog images. In this172

case, the target variable would be dichotomous. We compute the objective function173

that measures error (or distance) between the ground truth and the predicted scores174

or values. We then need to modify the parameters (or weights) so that we can reduce175

the error computed by the objective function. The objective function can be seen as176

mapping the landscape of high-dimensional space that is computed based on the ground177

truth and the predicted values. This gives us an optimization problem. The argument178

in the optimization problem is to minimize the loss from the objective function by179

changing the parameters (or weights) in the model. A famous optimization technique180

is called gradient descent. The algorithm can have many iterations. At each iteration,181

the algorithm updates the weights of the pre-defined model according to the gradient182

(partial derivatives with respect to the parameters) of the loss. At present day, a deep183

learning model that completes these tasks can sometimes have hundreds of millions of184

trainable weights.185

2.1.2 Linear Regression186

In a supervised machine learning problem, the first type of task is regression problem.187

In a regression problem, we assume that the target variable y ∈ R has the following188
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likelihood function189

p(y|X) = N (y|f(X,σ2) (1)

while X ∈ RD are input variables or explanatory variables and y ∈ R is the target190

variable or the response variable. Another way to state the equation 1 is191

y = f(X) + ϵ, (2)

while ϵ ∼ N (0, σ2 is iid Gaussian noise with mean 0 and variance σ2. The goal is to192

search for a set of parameters (or weights) that generate the data well. To further dissect193

the equation 2, we can make the linearity assumption, which means that we rewrite the194

linear regression model as the following195

p(y|X, θ) = N (y|XTΘ, σ2)⇔ y = XTΘ+ ϵ, ϵ ∼ N (0, σ2) (3)

With the model set up as in equation 3, we can discuss in detail what kind of parameter196

set works “well” in this model. For now, we assume that the noise variance σ2 is known.197

Consider a model that takes the form of equation 2 and assume in training set we are198

given {(X1,·, y1), ..., (XN,·, yn)}. Notice that yi and yj are conditionally independent199

given their respective inputs Xi,·, Xj,· so that the likelihood factorizes according to200

p(Y |X,Θ) = p(y1, ..., yN |X1, ...., XN ,Θ)

=
∏N

i=1 p(yi|Xi,Θ)

=
∏N

i=1N (yi|XT
i Θ, σ2)

(4)

where we define X = {X1, ..., XN} and Y = {y1, ..., yN} as the sets of training inputs201

and corresponding targets, respectively.202

A widely used procedure to find the desired parameters Θ̂ML is maximum likelihood203

estimation, where we find the optimal parameters Θ̂ML that maximize the likelihood204

which is written in the last line of equation 4. In other words, we want to maximize the205

predictive distribution of the training data given the model parameters, which means we206

obtain the parameters as207

Θ̂ML = argmin
Θ

p(Y |X,Θ) (5)

To find the desired parameters , we typically perform gradient ascent (or gradient descent208

on the negative likelihood). In this case, this linear model has a closed-form solution209

which makes iterative gradient descent unnecessary. Mathematically, it is much more210

efficient to use log-likelihood function. Hence, to find the optimal parameters Θ̂ML, we211

minimize the negative log-likelihood212

− log p(Y |X,Θ) = − log

N∏
i=1

p(yi|Xi,Θ) = −
N∑
i=1

log p(yi|Xi,Θ) (6)

In the linear regression model 3, the likelihood is Gaussian, so we arrive at213

log p(yi|Xi,Θ) = − 1

2σ2
(yi −XT

i Θ)2 + constant (7)

where the constant term includes all terms independent of the parameter Θ. Thus, we214

obtain215

L(Θ) = 1
2σ2

∑N
i=1(yi −XT

i Θ)2

= 1
2σ2 (Y −XΘ)T (Y −XΘ)

= 1
2σ2 ||Y −XΘ||2

(8)
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where X is the design matrix and X ∈ RN×D and Y ∈ RN . In practice, we can think216

of the data matrix X to have N samples in training set and D parameters so it is a matrix217

with dimension N ×D while Y is the response vector so Y is a vector of length N . The218

loss function in equation 1 is also known as sum of squared between the training set219

response variable Y and the prediction XTΘ. The final step is to compute the gradient220

of L with respect to the parameters221

∂
∂θN = ∂

∂θ (
1

2σ2 (Y −XΘ)T (Y −XΘ))
= 1

2σ2
∂
∂θ (Y

TY − 2Y TXΘ+ΘTXTXΘ)
= 1

σ2 (−Y TX +ΘTXTX)
(9)

which then we can set to zero and solve for222

set: ∂
∂ΘL = 0⃗ ⇔ Θ̂TXTX = Y TX

⇔ Θ̂T = Y TX(XTX)−1

⇔ Θ̂ = (XTX)−1XTY

(10)

which is the closed-form solution for a linear regression model.223

2.1.3 Logistic Regression224

The logistic regression model is another crucial stepping stone in statistics and machine225

learning when the objective is to investigate the posterior probabilities of the object226

with K classes by implementing linear functions in x while x refers to the explanatory227

variables assuming the probabilities of all K classes sum to one and remain in [0, 1].228

The model has the following form229

log P(G=1|X=x)
P(G=K|X=x) = β10 + βT

1 x

log P(G=2|X=x)
P(G=K|X=x) = β20 + βT

2 x
...

log P(G=K−1|X=x)
P(G=K|X=x) = β(K−1)0 + βT

K−1x

(11)

The model describes the k − 1 log-odds or logit transformations providing the trainable230

weights (or parameters) {β·,0, β·}. For each k, we can simply write231

P(G = k|X = x) =
exp(βk0+βT

k x)

1+
∑K−1

l=1 exp(βl0+βT
l x)

, k = 1, ...,K − 1

P(G = k|X = x) = 1
1+

∑K−1
l=1 exp(βl0+βT

l x)

(12)

and they clearly sum to one. To denote the entire parameter set θ =232

{β10, β
T
1 , ..., β(K−1)0, β

T
K−1}, we denote the probabilities P(G = k|X = x) =233

pk(x; θ).234

In the following, it is important to discuss when K = 2. In this case, the model is simple235

and straightforward for interpretation. Since there are only a single linear function, it is236

widely accepted to use applications in bio-statistics where we face two classes or binary237

responses. Suppose we have an experiment where there are two possible outcomes:238

either success or failure, either diseased or healthy, etc.. Suppose success happens with239

probability p. Then failure happens with probability 1− p. A random variable that takes240

value 1 in case of success and value 0 in case of failure is called a Bernoulli random241

variable. Formally, a random variable Y is a Bernoulli random variable if it has support242

RY = {0, 1} and with a probability p it has probability mass function to be243

PY (y) =

{
p if y = 1
1− p if y = 0
0 elsewhere

(13)
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Based on the above probability mass function, we can find the expectation of Y to be244

E(Y ) =
∑

y∈RY
yPY (y)

= 1 · PY (1) + 0 · PY (0)
= 1 · p+ 0 · (1− p)
= p

(14)

and in order to find the variance of Y , we first find245

E(Y 2) =
∑

y∈RY
y2PY (y)

= 12 · PY (1) + 02 · PY (0)
= 1 · p+ 0 · (1− p)
= p

which gives us ⇒ var(Y ) = E(Y 2)− E(Y )2

= p− p2

= p(1− p)

(15)

In the next component of this section, we discuss the procedure of searching for the246

optimal parameters for β = {β10, β1} in the equation 11 when K = 2 (because we247

assume we are treating a binary-class classification problem). In order to motivate the248

search process, we review the procedure of finding the maximum likelihood estimator249

for Bernoulli random variables. Suppose we have Y1, ..., Yn ∼iid Bernoulli(p). The goal250

is to find the maximum likelihood estimator (MLE) for p. We first find the log-likelihood251

function.. Then we set the first order partial derivatives to zero and solve for the optimal252

parameter. It is essential to start by writing down the likelihood function253

L(p) =

n∏
i=1

pyi(1− p)(1−yi) (16)

and to make the math more efficient we take logarithm, so we write254

l(p) = log p

n∑
i=1

yi + log(1− p)

n∑
i=1

(1− yi) (17)

To find the most optimal weight, we take the first order partial derivatives (with respective255

to p) and we set the equation to zero.256

∂
∂p l(p) = 1

p

∑n
i=1 yi −

1
1−p

∑n
i=1(1− yi)

set
= 0

⇒
∑n

i=1 yi − p
∑n

i=1 yi = p
∑n

i=1(1− yi)
p = 1

n

∑n
i=1 yi

(18)

Moreover, we can always check the second order partial derivative to ensure that the257

optimal solution is a global optimal.258

∂2

∂p2
l(p) =

−1
p2

n∑
i=1

yi −
1

(1− p)2

n∑
i=1

(1− yi) (19)

In the logistic regression models, it is common procedure to search for the best fit using259

maximum likelihood. Since P(G|X) completely specifies the conditional distribution,260

the multinomial distribution is appropriate in general scenarios for the equation 11. In261

other words, we may write the log-likelihood for N observations to be262

l(θ) =

N∑
i=1

logPgi(xi; θ) (20)

where P(k(xi; θ) = P(G = k|X = xi; θ).263
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For simplicity, denote two-class gi with the response yi which means that yi = 1 when264

gi = 1 and yi = 0 when gi = 2. Since the probabilities for these two classes are265

complete of each other, we further assume P(G = 1|X = xi; θ) = 1− P(G = 2|X =266

xi; θ). With the motivation in equations 16 17 18, we can write out the log-likelihood267

l(β) =
∑N

i=1{yi logP(xi;β) + (1− yi) log(1− p(xi;β))}
=

∑N
i=1{yiβTxi − log(1 + eβ

T xi)}

and here we let β = {β10, β1} following the notation in equation 11 while we assume268

that the vector of input variables xi to include the constant term to accommodate269

the implementation of intercept (or bias term) in the model. In information theory,270

the equation 2.1.3 can also be referred to as the cross-entropy error. In two-class271

classification problems, we also call the equation 2.1.3 the binary-cross-entropy. To272

maximize the log-likelihood, we set the partial derivatives to zero. This becomes273

∂

∂β
l(β) =

N∑
i=1

xi(yi − p(xi;β)) = 0, (21)

and we can use the Newton-Raphson algorithm, which requires the second-derivative274

(or Hessian matrix)275

∂2l(β)

∂β∂βT
= −

N∑
i=1

xix
T
i p(xI ;β)(1− p(xi;β)). (22)

Starting with βold, a single Newton update is276

βnew = βold −
( ∂2l(β)

∂β∂βT

)−1 ∂l(β)

∂β
(23)

where the derivatives are evaluated at βold. To make our notations simpler to use, write in277

matrix notation. Denote y the vector of yi values, X the N × (p+1) matrix of xi values,278

p the vector of fitted probabilities with the ith element p(xi;β
old) and W a N × N279

diagonal matrix of weights with ith diagonal element p(xi;β
old)(1− p(xi;β

old)). Then280

we have281
∂l(β)
∂β = XT (y− p)

∂2l(β)
∂β∂βT = −XT WX

(24)

The Newton step is thurs282

βnew = βold + (XT WX)−1XT (y− p)
= (XT WX)−1XT W(Xβold + W−1(y− p))
= (XT WX)−1XT Wz

(25)

In the above set of equations, notice that we rewrite the Newton step as weighted least283

squares, the response is284

z = Xβold + W−1(y− p), (26)

which is also known as the adjusted response. These equations can be solved iteratively285

using an algorithm called iteratively reweighted least squares (or IRLS), with each286

iteration being defined as287

βnew ← argmin
β

(z− Xβ)T W(z− Xβ) (27)

To initialize this algorithm, it is common practice to start with β = 0. However, the288

convergence cannot be guaranteed. Due to the nature of concavity of the log-likelihood289

function, the algorithm should converge theoretically. But practice with real world290

application is more of a state of art.291
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2.1.4 Neural Networks292

The term neural network has evolved to encompass a large class of models and learning293

methods. In this paper, we describe the most widely used “vanilla” neural network. This294

can also be called the single hidden layer back-propagation network, or single layer295

perceptron.296

A neural network is a two-stage regression or classification model. We present the most297

basic design of a neural network in Figure 1. In Figure 1, there is a diagram on the left298

consists of input features such as {x1, x2, ...}. This is the architecture of a basic neuron.299

The diagram on the right consists of many of the neurons in a hidden layer of which300

we can use to build many deep neural networks (or sometimes called deep Artificial301

Neural Networks). This network architecture applies to both regression or classification.302

For regression, there is one output and we need to amend the output to just O instead303

of {O1, O2} as shown in Figure 1. For classification such as a two-class classification304

problem, we can directly use the architecture presented in Figure 1. We can even produce305

pictures at the output layer (this leads to variational-autoencoder which will cover in306

later chapters).307

To generalize this architecture, we denote the input features of each neuron to be308

{x1, ..., xp} as illustrated on the left diagram of Figure 1. These input features are309

covariates (or explanatory variables) when the neuron is in the first hidden layer. These310

input features are output from an activation function if these input features are fed into a311

neuron in the middle of the deep learning architecture (this happens if there are more312

than one hidden layer). In each neuron, we have the symbol Σ|σ to illustrate that it has a313

linear combination and a non-linear operation.314

Now we formally present the mathematical formulation to construct one single neuron.315

Suppose we have input features {x1, ..., xp} and each of the input feature carries a316

weight (also known as parameter) {w1, ..., wp}. In addition, we have a one vector that317

represents the bias term with weight w0. This bias term can be set to zero if desired. The318

linear combination takes the form as the following319

linear combination: w0 +

p∑
j=1

wjxj (28)

and the result of this linear combination is then fed into a non-linear function. This320

non-linear function is also called an activation function. The reason is because the321

common choice of activation function can be ReLU, i.e. ReLU(z) = max(z, 0). The322

nature of the ReLU activation function acts as a switch to turn the information on and off.323

Mathematically, it is a link function to assist the output to generate positive numerical324

value for the purpose of classifications. In other words, the choice of activation function325

is dependent on data set. Next, we feed the result of the linear combination into a326

non-linear function. Two famous activation functions are ReLU and sigmoid. The ReLU327

activation function is common used in between layers while the sigmoid activation328

function is commonly used in the end of a neural network architecture. We formally329

write them below330

output for ReLU activation = ReLU(w0 +

p∑
j=1

wjxj , 0) (29)

331

output for sigmoid activation = σ(w0 +

p∑
j=1

wjxj) =
1

1 + exp(−(w0 +
∑p

j=1 wjxj))

(30)
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Figure 1: Basic Structure of Artificial Neural Network. This figure represents the
internal structure of a neuron in an Artificial Neural Network (ANN) with one hidden
layer.
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3 Comparisons332

To handle large-scale programming projects, object-oriented programming is the most333

optimal approach though not the only one. For the purpose of this document, it is334

worth to compare Go, Swift, and Julia in how the codes are stacked and compiled. Go335

attempts to reconsider the whole pipeline by Duck typing the syntax language. Swift336

uses object-oriented approach as a base and it updates its pipeline using other interface337

and class extensions. Julia has its own mind and uses multiple dispatch (a programming338

feature that the code or functions can be dynamically dispatched based on the dynamic339

type or run-time).340

3.1 Go341

In Go language, the duck typing is, without a doubt, one of the basic ways to solve342

programming problems. It is simple and very straightforward. In Go, there is no specific343

requirements of stating the specific element implementations with an interface. The344

language automatically does depending on the listed methods. To develop ERP or345

EHR system, Go can definitely be one of the go-to languages. There are many existing346

libraries available to use that can allow users and developers to speed up the environment.347

A famous library is Doppler that allows to develop secure data storage system across348

different platforms, environments, servers, and across different teams. Another famous349

library is WorkOS, which allows the developers to use just a few lines of code to start350

selling products and services to enterprise customers.351

3.2 Swift352

The second contender, Swift, has commonly been known for the easier choice of353

developing online database management system. It is also a trending language for354

newcomers due to its easy syntax and many existing languages. From today’s demand,355

users tend to prefer to have mobile applications integrated with the latest technologies356

and techniques. Swift is a relatively young language comparing with C++ and Java,357

however, there is definitely a persuasive argument to use Swift. Its newborn status could358

actually provide key features for Swift to be easily integrated with other libraries required359

to handle large-scale programming needs. Due to its clean syntax, Swift actually allows360

users, developers, and newcomers clean environment to write easy syntax which makes361

it easier to read, write, edit, and collaborate with other code. Swift is also backed by362
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Apple, which has the largest amount of IOS apps available across the board and has the363

largest amount of online users. This allows the modern day healthcare system to be able364

to develop mobile applications that can easily be reviewed or accessed by the patients.365

The patients, with a move of a finger, can log in to their profile or accounts and edit366

account information, check-in to a doctor’s appointments, pay the co-pay, review X-ray367

scans and do many other things that are desirable to make the their lives easier.368

3.3 Julia369

Julia acts as the third contender and a compiled languages using interpreters like that370

of Python and R. The processing of the script of Julia can be less intuitive and slow.371

However, the language, if truly well written, can function as efficient as C. Another372

perspective is that Julia programming using a lot of syntax from Python, Ruby, Perl, and373

so on, which makes the programming language familiar for some newcomers. The base374

library of Julia is actually written by Julia itself, which includes most of the primitive375

compositions. The richness of the language is tested to be constructive and easy to376

elaborate with different objects that can usually be used to declare different components377

of the programming project.378

3.4 Examples: Fibonacci Series379

The famous Fibonacci numbers have been the most intriguing phenomenon for all math-380

ematicians and it is a good building block to learn the fundamentals of a programming381

language.382

Formally, the Fibonacci series is referring to a series of numbers, i.e. Sn, where n is the383

running index of this number. The sequence starts from 0 is connected with 1. From384

there, every number afterwards is always the sum of the previous two numbers. In other385

words, we can formally write the following386

Fn = Fn−1 + Fn−2 (31)

where n ≥ 2. The document starts by introducing the basic syntax of Go, Swift, and387

Julia using the famous Fibonacci Series.388

First, the Fibonacci Series written in Go is presented in the following. Then we present389

the same algorithm written in Swift. Last, the Julia version is presented for comparison.390

The time complexity is O(2n) and the space complexity is O(2n).391

392
func this_particular_fibo(n int) int {393

if n <= 1 {394

return n395

}396

return this_particular_fibo(n-1) + this_particular_fibo(n-2)397

}398399

400
func this_particular_fibo(_ n: Int) -> Int {401

guard n > 1 else { return n }402

return this_particular_fibo(n-1) + this_particular_fibo(n-2)403

}404405

406
function this_particular_fibo(n::Int)407

n<0 && error("n must be non negative")408

n==0 && return 0409

n==1 && return 1410
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this_particular_fibo(n-1) + this_particular_fibo(n-2)411

end412413

4 Recommendation for Data Management Platforms414

This document has covered some major differences amongst Go, Swift, and Julia as well415

as introducing some of the basic syntax. The document also has supporting topics of416

machine learning and basic Artificial Intelligence. The section we combine all reasoning417

together to make a finalized recommendation of programming language based on all the418

above in-depth analysis of programming languages. The final recommendation is Swift.419

5 Coding Standards420

5.1 Examples421

This portion of the document starts with a simple task in each of the three programming422

languages: Go, Swift, and Julia. Then we show examples of in-house development that423

can directly be used in ERP and EHR solutions.424

5.1.1 Go425

In Go, it is easier practice to start with a working module. This approach allows each426

building block to be modular and it is simpler to put the packages together in discrete427

and useful way. In a command prompt, a programmer should first start with setting the428

desired directory:429

430
cd SOME_PATH431432

In this directory (which is supposed to be empty because it is a new project), clean433

directory is recommended so a starter directory is created as a subfolder.434

435
mkdir starting436

cd starting437438

Next, in order to start a module, the command “go mod init” is recommended. Hence,439

the follownig code can be a good starter.440

441
go mod init some_examples.com/starting442443

This assumes that the software is written and the code is packed into a file (one can open444

this in a VSCode window)445

446
package greetings447

448

import "fmt"449

450

// Hello returns a greeting for the named person.451

func Hello(name string) string {452

// Return a greeting that embeds the name in a message.453

message := fmt.Sprintf("Hi, %v. Welcome!", name)454

return message455

}456457
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In the above code, it is important to understand the the structure of the syntax instead of458

the syntax itself. The function takes a name parameter. The name parameter is a string459

and it serves as an argument. Then a return type is specified which also happens to be a460

string.461

To a simple reverse function, a “.Reverse” function can be applied and the sample code462

can be seen below.463

464
package main465

466

import (467

"fmt"468

469

"golang.org/x/example/stringutil"470

)471

472

func main() {473

fmt.Println(stringutil.Reverse("Hello"))474

}475476

To set up database system to ensure client-side can have access of the database without477

issue, a module needs to be developed and the common language to handle database478

platform is SQL or MySQL. At the command line, it is important to enter479

480
mysql -u root -p481

Enter password: ENTER_YOUR_PASSWORD482

mysql>483484

and this is when the user password is required. Next, a database can be created485

486
mysql> create database recordings;487488

and inside the file the following sample SQl code is provided as an example489

490
DROP TABLE IF EXISTS viproom;491

CREATE TABLE viproom (492

id INT AUTO_INCREMENT NOT NULL,493

title VARCHAR(128) NOT NULL,494

age DECIMAL(5,2) NOT NULL,495

PRIMARY KEY (‘id‘)496

);497

498

INSERT INTO viproom499

(title, artist, age)500

VALUES501

(’Doctor’, ’John Coltrane’, 56),502

(’Nurse’, ’Jenny Smith’, 63),503

(’Surgeon’, ’Gerry Neil’, 65),504

(’Patient’, ’Autumn Vaughan’, 34);505506

which does a series of actions. The code first delete the table called the “viproom”. The507

code then create this table with three primary keys called: id, title, and age.508

Once database is setup, Golang offers libraries to support the development of machine509

learning based backend environment. A famous library is GoLearn and the environment510
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functions similar to that of Sci-kit Learn, a common python based machine learning511

model. The following is taken from the sample github repo from here512

513
package main514

515

import (516

"fmt"517

518

"github.com/sjwhitworth/golearn/base"519

"github.com/sjwhitworth/golearn/evaluation"520

"github.com/sjwhitworth/golearn/knn"521

)522

523

func main() {524

// load in the desired data frame with columns525

// columns need to be stored526

// consider the instance and ensure the data frame527

// come from a proper structure from ‘‘df’’ in R or ‘‘pandas’’528

↪→ in Python529

rawData, err := base.ParseCSVToInstances("datasets/iris.530

↪→ csv", true)531

if err != nil {532

panic(err)533

}534

535

// Print a pleasant summary of your data.536

fmt.Println(rawData)537

538

//Initialises a new KNN classifier539

cls := knn.NewKnnClassifier("euclidean", "linear", 2)540

541

//Do a training-test split542

trainData, testData := base.InstancesTrainTestSplit(543

↪→ rawData, 0.50)544

cls.Fit(trainData)545

546

//Calculates the Euclidean distance and returns the most547

↪→ popular label548

predictions, err := cls.Predict(testData)549

if err != nil {550

panic(err)551

}552

553

// Prints precision/recall metrics554

confusionMat, err := evaluation.GetConfusionMatrix(555

↪→ testData, predictions)556

if err != nil {557

panic(fmt.Sprintf("Unable to get confusion matrix:558

↪→ %s", err.Error()))559

}560

fmt.Println(evaluation.GetSummary(confusionMat))561

}562563

15

https://github.com/sjwhitworth/golearn


5.1.2 Swift564

Next, Swift programming language also offers similar contained environment as Go565

for online database management and machine learning backend pipelines. The Swift566

programming language is highly optimized to handle large-scale machine learning tasks.567

In fact, it is one of the most important task at the birth of the language. Swift works568

with tensorflow and one of its significant achievements was to include language-based569

differentiable programming. This allows us to have optimized condition to run highly570

complex algorithms such as that is discussed earlier in this document, see equation 10.571

In this subsection, sample tutorials and code standards for Swift is presented. One can572

starts with a simple “hello world”.573

574
print("Hello, world!")575

// Prints "Hello, world!"576577

As discussed above, since Swift comes from objective-C, it is not surprising that the578

syntax looks like that of the C. Unlike C, this is a complete program in Swift and there579

is no need to define global variable and set the value type as string to be able to define a580

variable and process the data. In case of handling larger scale project and variables do581

need to be defined, one can follow the syntax below582

583
let some_label = "Yiqiao Yin went to college in "584

let some_width = 2010585

let this_output = some_label + String(some_width)586

# Yiqiao Yin went to college in 2010587588

Loops are common operation in favor if the desired task is dynamically related. Similar589

to programming languages such as Python or R, Swift code also supports for loop. The590

example is below591

592
let examGrades = [75, 43, 103, 87, 12]593

var this_grade_ = 0594

for score in examGrades {595

if score > 50 {596

this_grade_ += 3597

} else {598

this_grade_ += 1599

}600

}601

print(this_grade_)602

// Prints "11"603604

The most important modular component is the capabilities to design large-scale projects605

in functions. The functions of Swift is very easy to understand. There is some sample606

syntax below607

608
func computeThisNumber(scores: [Int]) -> (min: Int, max: Int, sum:609

↪→ Int) {610

var min = scores[0]611

var max = scores[0]612

var sum = 0613

614

for score in scores {615

if score > max {616

max = score617
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} else if score < min {618

min = score619

}620

sum += score621

}622

623

return (min, max, sum)624

}625

let statistics = computeThisNumber(scores: [5, 3, 100, 3, 9])626

print(statistics.sum)627

// Prints "120"628

print(statistics.2)629

// Prints "120"630631

In this function, the data types need to be specified inside the parenthesis. The scores632

need to be an integer and that is an input argument. The output are three integers and633

they also need to be specified. The variables are locally defined globally inside of a634

function. This sounds mouthful. The function itself is a local component of a large-scale635

project. The function is defined locally. Inside of a function, there is a for loop. In case636

of the needs for building machine learning backed algorithms to support the system for637

clients and patients, functions are desired to facilitate this setup.638

5.1.3 Julia639

For high performance multiplaform supercomputing, Julia is another preferred language.640

Though Julia might not be as optimal as Go and Swift when it comes to handle large-641

scale online or mobile platform specifically when it comes to designing a full scale of642

ERP or EHR system for a healthcare company, it is still worth the role in this document643

for junior level developers who are not directly writing code into production but are644

trying to write small projects for concept arts.645

Julia is dynamically typed and, just like Python, it has modules and functions. Though646

Julia is dynamic, it does not lack of the advantage of static typing. As a matter of fact,647

many Julia scripts without specific methods attached to them. Let us start with some648

basic declaration of variables.649

650
my_name = "Yiqiao"651

my_age = 30652

my_city = "New York"653654

Thus, the declarations are basic commands that are very much like that of Python other655

object-oriented language. The declared variables can be printed out.656

657
print(my_name)658

# Yiqiao659660

The next component is the function declaration. As a comparison to Go and Swift, the661

function component is quite straightforward.662

663
function my_addition(x)664

# perform an addition operation665

return x + 5666

end667668
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Unlike Python, the declaration of Julia needs end on "end". Correct indentation also669

needs to be specified correctly like Python, otherwise interpreter will fail to execute the670

code. To handle and design online and mobile service to assist ERP or EHR platforms, it671

is important to introduce how Julia handles data structures. The following code presents672

a small task to handle some toy data and conduct some basic mathematical operations673

on them. A library needs to be called the syntax "using". The data x, y, xx, yy are674

declared. The data types can even be higher dimensional. Hence, we design the following675

experiment to showcase how data is handled and used in a mathematical operation.676

677
using JLD678

679

x = collect(-10:0.1:10)680

y = collect(-10:0.1:10)681

xx = reshape([xi for xi in x for yj in y], length(y), length(x))682

yy = reshape([yj for xi in x for yj in y], length(y), length(x))683

684

z = cos.(xx.+ yy.^2)685

some_output = Dict("x" => x, "y" => y, "z" => z)686

save("some_output.jld", some_output)687688

6 Conclusion689

Design and Development Application Review of the Corporate Standards (DDARCS) is690

a document that provides in-depth analysis of three popular programming languages for691

developing cloud and mobile system for ERP and EHR system. We recommend to use692

Swift for the development and sample codes are provided to demonstrate showcase of693

the usage of the proposed programming language.694
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