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OPERATIONS, INFORMATION & TECHNOLOGY | RESEARCH ARTICLE

Using optimization algorithms of DEA and Grey 
system theory in strategic partner selection: An 
empirical study in Vietnam steel industry
Phu Nguyen1* and Nhu Ty Nguyen1

Abstract:  In the current market economy, alliances play a key role in developing 
strategies across fields. In order to have a good partner, managers have used both 
qualitative and quantitative methodologies. This paper proposes a mathematical model 
to figure out the most suitable strategic partners. With input data from published 
financial reports, the authors use the data envelopment analysis (DEA) to evaluate the 
business efficiency of the steel companies in the period of 2011–2019. Then, Grey system 
theory is applied to predict their performance in the future period. The findings recom-
mend the two leading steel manufactures but having ineffective performance, the Hoa 
Sen Group, and the Pomina Steel Corporation, as the most feasible beneficial partnership. 
Managers and the government can take advantages of the model in order to implement 
and have overall plans of steel enterprise in the future.

Subjects: Science; Mathematics & Statistics; Applied Mathematics; Social Sciences; 
Economics; Finance; Business & Industry; Business; Management and Accounting; Industry 
& Industrial Studies

Key words: strategic alliance; optimization algorithms; Grey forecasting model; Data 
Envelopment Analysis (DEA); business performance

1. Introduction
In any market, steel industry is one of the viral fields contributing in the development of the country and 
Vietnam is not an exception. According to a report by Grand View research, the global steel market is able 
to reach USD 1.01 tribillion with 2.6% in CAGR by 2025  (GVR, May, 2017). In the next 2022, the amount of 
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crude steel produced from Vietnam is estimated to raise with CAGR over 20% and the Vietnamese steel 
market is one of the fastest-growing market (Nguyen & Nguyen, 2019). Overall, although the economy 
growth is negatively influenced by many factors such as Covid-19 virus pandemic, the steel production is 
still potentially growing. In the report of Vietnamese Steel Association, the domestic steel manufacturers 
cannot meet the demand for steel in various sectors such as construction, automobiles and home 
appliances with 22.31 million tons in 2019.

One main reason of unsatisfying the market demand is that Vietnamese steel enterprises have less 
competitive advantages and face many challenges in term of size, production capacity and technology. 
Moreover, it becomes more difficult if firms operate individually. In order to overcome such issues and 
improve competitive advantages, especially small and medium manufactures consider building partner-
ship or cooperation as a key efficiency strategy (Wang, Nguyen, & Wang, 2016; Nguyen & Tran, 2018).

However, companies encountered many challenges to choose a good partner when the informa-
tion is limited and incomplete  (Kawabata, 2016). Especially, with unavoidable errors in collecting 
information, mathematical models are suitable to apply. Data Envelopment Analysis (DEA) is a 
linear function converting multiple inputs into outputs to measure the efficiency of decision- 
making units (Charnes et al., 1978). In addition, Grey System theory is a modern prediction method 
introduced by Deng (1982), and it uses uncertain information with available data to estimate 
future behaviours. In this study, these two techniques are combined into the research model. With 
critical input and output variables from published financial reports, the DEA model evaluates the 
performance of steel companies during the period of 2011–2019 and the grey model predicts the 
future business operation in the period of 2020–2021. From the output of algorithms, the paper 
suggests potential steel firms to build good strategic alliances.

The paper studies on 17 Vietnamese steel companies with relevant data that fulfil the requirements of 
DEA and Grey system theory. The sample size of 17 DMUs is sufficient to reflect the characteristics of steel 
firms in Vietnam. Hoa Sen Group is one of the leading steel manufactures in Vietnam and South Asia 
(Nguyen & Nguyen, 2019). However, the group experienced a significant decline in its market share and 
net profit during the period of 2018–2019. In addition, the outputs of DEA show that the Hoa Sen Group 
has the efficiency scores are less than 1 during the period of 2011–2019. Although it is a leader in the field, 
the group has not performed well. The Hoa Sen Group, hence, is selected as a target firm in this research 
and the purpose of study is to recommend potential strategic alliances by using optimization algorithms 
with many thoughtful considerations.

Most of the research on strategy literature focuses on approaches such as “competitor analysis” and 
the “resource-based view” of the firm; the “cognitive aspects” approach for strategic alliance (Capaldo & 
Messeni Petruzzelli, 2015; Das & Teng, 2002). There is a lack of studies applying mathematical optimiza-
tion models in selecting alliances. This study has more developments and new contributions to fulfil such 
a research gap.

2. Literature review

2.1. Strategic alliance
Strategic alliance is an “inter-firm collaboration over a give economic space and time for the attainment 
of mutually defined goals” (Das & Teng, 2003; Glaister & Buckley, 1996; Nguyen & Tran, 2018). It is an 
efficient pattern to help companies to approach and conserve the resources needed for innovation and 
share risks in dynamic development (Allelign, 2014; Parkhe, 1993). There are a wide range of well-known 
success alliances across fields, for example, Renault-Nissan; Toshiba -Timer Warner; Merck and AB Astra; 
etc. (Das & Teng, 2003; James et al., 2003; Wang, Nguyen, & Wang, 2016).

Das and Teng (2000b) reported about 60 percent of alliances failed due to unsatisfactory 
cooperating or conditions of their partner. One of the main reasons is that firms made failures in 
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the “partner selection” stage. The purpose of this study is to propose a model combining the Grey 
system and DEA for identifying proper candidates for alliances.

2.2. Grey system and DEA models
In 1978, Charnes et al. introduced Data Envelopment Analysis (DEA) as a “data-oriented” approach 
to measure the efficiency of production and business activities of multiple “decision-making unit” 
(DMUs). This is a linear mathematical model based on the history business data to construct 
production boundary lines (T.-M. Le et al., 2020). The firms can calculate and evaluate the optimum 
combinations of inputs and outputs in order to bring the optimal performance.

In 1982, Deng introduced the Grey System Theory to reduce randomness and promote the 
regular pattern of disorderly and unsystematic data. Despite of basing on small amount of random 
data, the advantage of the Grey System model is able to forecast with high level of accuracy (T.-M. 
Le et al., 2020).

Recently, there are many studies on the application of DEA in various fields. In 2001, Martín and Roman 
applied DEA models to assess the technical and operation efficiency in Spanish airport. In 2006, Liang et 
al. (2006) applied DEA to assess the efficiency in supply chain sectors. In 2015, Wang, Nguyen, Tran et al. 
(2015) combined Grey model and DEA to evaluate the hi-tech industry in Taiwan. In 2020, Tien et al. apply 
the optimization algorithms to evaluate the business performance of Vietnamese logistics companies.

3. Research methodology

3.1. Grey forecasting model
Grey model becomes a suitable technique to forecast with limited amount of historical business 
data. The authors implement the most frequently used DEA model, GM (1,1), to get estimating 
results because of its computational efficiency (Nguyen & Tran, 2018).

The GM(1,1) model constructs a group of various differential equations based on the generated 
sequence. The model has five main steps described as following:

Step 1: Input original time series data X(0) (Deng, 1982)

X 0ð Þð Þ ¼ x 0ð Þð Þ 1ð Þ; x 0ð Þð Þ 2ð Þ; � � � ; x 0ð Þð Þ nð Þ
� �

; n � 4 (1) 

where X 0ð Þð Þ: a non-negative sequence; n: the number of data observed

Step 2: Generate time series data X(1)(k) by 1-Accumulating Generation Operator AGO (1-AGO) of 
X(0) And Generate partial series data Z(1)(k) from X(1)(k)

X 1ð Þð Þ ¼ x 1ð Þð Þ 1ð Þ; x 1ð Þð Þ 2ð Þ; � � � ; x 1ð Þð Þ nð Þ
� �

; n � 4 (2) 

where

x 1ð Þ kð Þ ¼ ∑k
i¼1 x 0ð Þ ið Þ; k ¼ 1;2; � � �n: (3) 

Step 3: Establishing the data matrix by least square method to acquire the value of coefficient a & 
grey input b

Z 1ð Þð Þ ¼ z 1ð Þð Þ 2ð Þ; z 1ð Þð Þ 3ð Þ; � � � ; z 1ð Þð Þ nð Þ
� �

; (4) 

Where

z 1ð Þð Þ kð Þ ¼ 1=2 x 1ð Þð Þ kð Þ þ x 1ð Þð Þ k � 1ð Þ
� �

; k ¼ 2;3; . . . ; n (5) 
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Step 4: Construct GM(1,1) forecasting equation

dX 1ð Þ kð Þ
dk

þ ax 1ð Þ kð Þ ¼ b (6) 

where: parameters a and b are called the developing coefficient and grey input, respectively. 
However, these parameters a and b are undetermined from Equation (6). Instead, the least square 
method below can be used:

X̂ 1ð Þ kþ 1ð Þ ¼ X 0ð Þ 1ð Þ �
b
a

� �

e� ak þ
b
a
; k ¼ 1;2;3 . . . (7) 

Where X 1ð Þ kþ 1ð Þ denotes the prediction X at time point k + 1 and the coefficients [a,b]T can be 
obtained by the Ordinary Least Squares (OLS) method:

a
b

� �T
¼ θ̂ ¼ BTB

� �� 1BTYN (8) 

And

B ¼
� Z 1ð Þ 2ð Þ 1
� � � � � �

� Z 1ð Þ nð Þ 1

2

4

3

5 (9)  

YN ¼
X 0ð Þ 2ð Þ
� � �

X 0ð Þ nð Þ

2

4

3

5 (10) 

(B is data matrix, YN is data series, [a,b]T is parameter series)

X̂ 1ð Þis acquired from Equation (7). Let X̂ 0ð Þbe the GM(1,1) fitted and predicted series:

X̂ 0ð Þ ¼ X̂
0ð Þ

1ð Þ; X̂
0ð Þ

2ð Þ; . . . ; X̂
0ð Þ

nð Þ; . . .
� �

where X̂ 0ð Þ 1ð Þ ¼ X 0ð Þ 1ð Þ

Step 5: Evaluate average residual γ, and calculate forecast values:

X 0ð Þ kþ 1ð Þ ¼ X 0ð Þ 1ð Þ �
b
a

� �

e� ak 1 � eað Þ k¼1;2;3 . . .ð Þ (11) 

3.2. DEA model
One of the important requirements of DEA models is the non-negative data input. In this study, 
the authors used the Slacks-based measure of efficiency (SBM) developed by Tone in 2001 and 
run by the program DEA-Solver pro 4.1 Manuel, it supposes that yr0 ≤ 0 and defines �yþr and 
�yþ� r by

�yþr ¼ max
j¼1;...n

yrjjyrj > 0
� �

; (12)  

�yþ� r ¼ min
j¼1;...n

yrjjyrj > 0
� �

; (13) 

If the output r does not have positive values, then it is defined as �yþr ¼ �yþ� r ¼ 1.

The value yr0is never changed in the constraints. The term is sþr =yr0 will be replaced by

sþr =
yþ� r �yþr � yþ� r
� �

�yþr � yr0
if �yþr > yþ� r (14)  
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sþr =
ðyþ� rÞ

2

B �yþr � yr0ð Þ
if �yþr ¼ yþ� r (15) 

With B = 100.

The estimated score is units’ invariant that is independent to the measuring units (Düzakın & 
Düzakın, 2007)

3.3. Development of research
This study combined GM(1,1) and DEA models as a set of systematic assessment model. The 
research development is presented in Figure 1 as below.

Step1: Data collection

The authors chose 17 appropriate candidates in the Vietnamese steel industry as our DMUs.

Step 2: Inputs/Outputs selection

The authors used three Input factors: (I1) Fixed assets; (I2) Cost of goods sold Capital; (I3) 
Operating Costs; and two Output factors: (O1) Net sales; (O2) Net profits

Step 3: Grey prediction model

The study applied the GM(1,1) model in Grey system theory to predict the business situation of 
steel firms during the period of 2020–2021.

Step 4: Forecasting accuracy

Then, the authors implemented the Mean Absolute Percent Error (MAPE) to quantify the fore-
casting accuracy. If the value of MAPE is too high (more than 20%), the data of inputs and outputs 
must be recollected.

Step 5: Choosing the DEA model

The Super -SBM-I-V of DEA evaluates efficiency points and rankings of each steel companies.

Figure 1. Research 
development.
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Step 6: Pearson correlation

The authors used the Pearson correlation coefficient to test the positive correlation between 
inputs and outputs

Step 7: Analysis before alliance

In this step, the target firm is identified on the predicted value of 2020. Next, the super-SBM is 
applied in the realistic data of 2019 to rank the efficiency of each DMU

To evaluate efficiency of DMU(x0, y0), the SBM models are established as per (Tone, 2001).

min ρ
1 � 1

m ∑m
i¼1 s�i =xi0

1þ 1
s ∑m

i¼1 s�i =yi0 

Step 8: Analysis after alliance

The authors used the super-SBM model with sum of the forecasted values to analyse all the 
alliancing between the target DMU and the other DMUs. Then, we compare and analyse the 
difference in efficiency ranking between “before” and “after” alliance.

Step 9: Summary

Standing on the performance of firms before and after virtual pairing, the study would analysis 
and suggest possible strategic alliances.

4. Emperical analysis and results

4.1. Collecting the DMUs
There are 17 Vietnamese steel enterprises selected companies as our DMUs in the proposed model. 
These DMUs must have relevant data and meet the requirements for applying DEA and Grey system. 
The business historical data of firms are collected from financial reports during 2011–2019, published 
on different reliable databases of the State Securities Commission of Vietnam (ssc.gov.vn). In addition, 
the authors double-checked the data with the information reported by Vietnamese Steel Association.

These enterprises with top market shares can represent to the whole Vietnam Steel market. The 
detailed list as follows in Table 1.

4.2. Input/output variables selection
The authors reviewed the literatures of DEA and refer to steel industry reports in order to decide 
input and output variables. In term of inputs, three important factors to the sources of steel 
manufactures are fixed assets, operating cost, and cost of good sold (COGS). In term of outputs, 
Net sales and Net profits are considered as two output factors because the indicators are good 
signals to analysis the company’s financial effectiveness.

The example of detailed data are shown in the Table 2 below.

4.3. Variables calculations—Forecast inputs/outputs by GM(1,1)
The authors run GM(1,1) model on the realistic inputs/outputs factors from 2011 to 2019 in order 
to predict the values of all DMUs in 2020 and 2021. The results are shown in Tables 3 and 4

4.4. Accurate checking
The imperfect information are constraints in the prediction. To check accuracy of applying GM(1,1), 
the authors estimate the MAPE score in percentage and shown as follows (Table 5)

The prediction is good and qualified if the value of MAPE is less than 10%. In the Table 5, the 
average MAPE of 8.93% confirms the results of GM(1,1) are accurate to use in the study.
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4.5. DEA model choosing
Nguyen and Tran (2018) considered the necessities of one unit over the others to overcome the 
issues of negative information. Hence, the authors choose Super-SBM as a DEA model to deal the 
problem of negative values.

Table 1. Sample of research
No. DMUs Stock code Company name
1 DMU1 HPG Hoa Phat Group Joint Stock Company

2 DMU2 HSG Hoa Sen Group

3 DMU3 DTL Dai Thien Loc Corporation

4 DMU4 POM Pomina Steel Corporation

5 DMU5 NKG Nam Kim Steel Joint Stock Company

6 DMU6 TIS Thai Nguyen Iron And Steel Joint Stock Corporation

7 DMU7 VIS Vietnam—Itaty Steel JSC

8 DMU8 SMC SMC Trading-Investment Joint Stock Company

9 DMU9 TLH Tienlen Steel Corporation Joint Stock Company

10 DMU10 VGS Vietnam Germany Steel Pipe Joint Stock Company

11 DMU11 HMC VNSTEEL—Hochiminh City Metal Corporation

12 DMU12 VCA VNSTEEL—Vicasa Joint Stock Company

13 DMU13 DNY Dana-Y Steel Joint Stock Company

14 DMU14 TDS Thu Duc Steel Joint Stock Company

15 DMU15 KMT Central Vietnam Metal Corporation

16 DMU16 TNB VNSTEEL—Nha Be Steel Joint Stock Company

17 DMU17 SSM Steel Structure Manufacture Joint Stock Company

Table 2. Input and output factors of 17 steel companies in 2017
Input factors (in Mil. VND) Output factors 

(in Mil. VND)

DMUS Fixed 
Assets

Operating 
Cost

COGS Net Sales Net Profits

1 DMU1 13,197,797 1,559,503 35,536,121 46,161,692 9,252,124

2 DMU2 7,179,737 3,124,927 23,716,142 28,269,056 1,529,362

3 DMU3 645 868 141,925 2,803,075 3,166,157 224,076

4 DMU4 2,255,530 352,956 10,265,817 11,369,575 749,638

5 DMU5 3,859,555 721,868 11,250,913 12,619,284 781,490

6 DMU6 1,894,227 524,699 9,166,558 9,725,418 122,691

7 DMU7 415,821 162,888 5,895,922 6,105,119 55,267

8 DMU8 673,911 428 441 11,952,938 12,653,940 334,007

9 DMU9 320,157 193,300 4,372,612 4,971,552 436,100

10 DMU10 130,246 166,497 5,747,587 5,980,106 83,417

11 DMU11 37,575 115,224 2,570,830 2,768,734 100,495

12 DMU12 84,213 47,713 1,768,354 1,894,197 81,039

13 DMU13 741,100 105,868 2,179,211 2,365,987 88,149

14 DMU14 57,587 68,985 1,870,642 2,027,197 90,646

15 DMU15 52,810 101,140 2,144,696 2,243,506 15,004

16 DMU16 148,282 59,054 1,644,877 1,716,784 1,403

17 DMU17 22,063 18,509 252,666 258,906 10,536
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Table 3. Forecasted inputs/outputs data for the year of 2020
Input factors (in Mil. VND) Output factors 

(in Mil. VND)

DMUS Fixed 
Assets

Operating 
Cost

COGS Net Sales Net Profits

1 DMU1 18,099,206 1,600,968 40,783,526 54,858,768 14,241,668

2 DMU2 8,231,564 4,036,152 26,427,678 32,874,305 487,256

3 DMU3 812,388 146,253 3,205,435 3,639,810 216,571

4 DMU4 2,106,591 379,248 9,155,247 10,190,295 309,746

5 DMU5 4,262,485 793,694 13,803,378 15,803,101 1,235,718

6 DMU6 2,374,086 476,073 9,163,869 9,735,381 169,136

7 DMU7 399,695 167,235 3,390,591 3,614,671 77,296

8 DMU8 744,298 500,828 11,666,733 12,532,139 703,308

9 DMU9 370,058 247,393 4,693,900 5,514,606 851,288

10 DMU10 165,251 193,985 6,679,289 7,036,267 14,827

11 DMU11 191,442 99,629 1,801,636 1,946,413 132,185

12 DMU12 75,614 41,666 1,705,181 1,800,506 70,648

13 DMU13 973,276 113,993 2,240,717 2,397,033 17,760

14 DMU14 53,244 62,229 1,645,777 1,874,274 76,652

15 DMU15 60,058 58,616 2,271,060 2,377,588 5,591

16 DMU16 152,409 57,293 2,033,777 1,822,537 10,904

17 DMU17 26,105 20,578 205,810 234,576 21,272

Table 4. Forecasted inputs/outputs data for the year of 2021
Input factors (in Mil. VND) Output factors  

(in Mil. VND)

DMUS Fixed 
assets

Operating 
cost

COGS Net sales Net profits

1 DMU1 19,137,371 1,631,302 49,025,992 67,384,814 20,180,594

2 DMU2 10,130,604 5,171,944 31,720,497 39,992,379 474,179

3 DMU3 811 260 145,276 3,625,205 4,151,812 220,183

4 DMU4 1,893,907 366,346 8,873,449 10,008,849 317,119

5 DMU5 6,151,953 977,746 17,830,262 20,768,871 1,599,001

6 DMU6 2,555,417 417,133 9,633,384 10,174,148 175,835

7 DMU7 340,799 159,571 3,365,235 3,583,730 89,787

8 DMU8 875,280 557,408 12,145,177 13,155,553 1,049,575

9 DMU9 390,478 303,366 5,089,252 6,135,085 1,223,085

10 DMU10 154,549 215,950 8,221,815 8,673,484 14,534

11 DMU11 198,394 88,582 1,589,926 1,730,344 176,339

12 DMU12 70,282 39,621 1,675,129 1,779,473 93,188

13 DMU13 1,033,053 116,700 2,362,828 2,538,289 18,659

14 DMU14 48,202 61,014 1,602,004 1,852,897 99,359

15 DMU15 61,550 59,365 2,519,534 2,646,220 6,100

16 DMU16 150,006 57,949 2,425,873 2,019,025 11,762

17 DMU17 26,953 21,058 205,794 235,913 25,164
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4.6. Pearson correlation
The “homogeneity” and “isotonicity” data of inputs and outputs are two requirements for applying 
the DEA model. The authors employed the Pearson Correlation to test these two criteria.

In the period 2011–2019, inputs and outputs factors have strong positive correlation, for 
example, the results of 2011 and 2019 present in the Tables 6–7 as below

4.7. Analysis before alliance
The super-SBM-I-V algorithm based the business performance of all DUMs in 2019 to evaluate the 
efficiency of 17 firms before alliance.

The Table 8 is an example of performance ranking in 2019, the authors considered all the 
performance ranking in the period of 2011–2019 to select the target DMU. Then, DMU2 becomes 
out target firm for alliance due to two reasons. First, the firm is a top leading steel manufacture 

Table 5. Average MAPE of DMUs (in %)
DMUs Fixed 

assets
Operating 

cost
COGS Net ales Net rofits Average 

MAPE of 
DMUs

DMU1 10.23 11.44 7.39 5.34 10.43 8.96

DMU2 10.60 1.84 10.06 6.73 3.45 6.53

DMU3 15.51 1.53 5.35 7.28 6.22 7.18

DMU4 2.24 16.94 8.52 8.94 4.77 8.28

DMU5 11.60 12.06 8.77 7.72 17.14 11.46

DMU6 9.54 11.04 4.81 4.13 17.40 9.38

DMU7 8.47 6.95 5.84 6.21 13.02 8.10

DMU8 8.68 3.22 9.90 8.19 19.43 9.89

DMU9 5.45 5.63 9.22 3.84 24.32 9.69

DMU10 16.95 4.80 4.78 4.51 10.77 8.36

DMU11 13.59 9.62 14.69 15.52 8.26 12.34

DMU12 4.94 12.42 1.94 1.89 18.63 7.96

DMU13 10.99 3.11 8.00 8.51 25.47 11.22

DMU14 1.44 8.41 11.44 5.83 16.34 8.69

DMU15 9.87 1.36 9.68 8.85 16.49 9.25

DMU16 3.84 5.94 2.67 4.05 14.71 6.24

DMU17 6.29 4.93 8.82 8.30 13.20 8.31

Average MAPE of all 17 DMUs 8.93

Table 6. Correlation of input and output data in 2011
Input factors Output factors

Pearson 
correlation

Fixed assets COGS Operating 
costs

Net sales Net profits

Fixed Assets 1 .918** .808** .839** .864**

COGS .918** 1 .857** .883** .820**

Operating costs .808** .857** 1 .998** .783**

Net Sales .839** .883** .998** 1 .817**

Net Profits .864** .820** .783** .817** 1

**Correlation is significant at the 0.01 level (two-tailed). 
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with a high market share of 31.6% in galvanized steel and 18.1% in steel pipes (VSA report, 2018). 
Second, DMU2 experienced “less 1” in the efficiency scores during from 2011 to 2019. Hence, there 
are some issues in business strategic of the DMU2 that should consider building alliance strategic 
to improve their performance in the future.

4.8. Analysis after alliance
In this stage, the authors formed 33 virtual DMUs including 17 initial steel firms and 16 supposed 
alliances. Then, Super-SBM-I-V is repeatedly implemented to estimate and rank the efficiency of 
these DMUs in 2020 and 2021.

4.9. Alliance selection
There is no doubt about the advantages of alliances, such as increasing performance; improving 
productivity; enhancing a firm’s market power (Anand & Khanna, 2000). The increasing the 
performance efficiency score becomes one of the main motivations to form collaborations. The 
study based on the estimation results of performance ranking to indicates potential alliances for 
the target firm (DMU2). Hence, the authors consider the firms which are able to increase the 
performance ranking of the DMU2 to make decisions.

Table 7. Correlation of input and output data in 2019
Input factors Output factors

Pearson 
correlation

Fixed assets COGS Operating 
costs

Net sales Net profits

Fixed Assets 1 .823** .941** .963** .902**

COGS .823** 1 .873** .798** .634*

Operating costs .941** .873** 1 .993** .634*

Net Sales .963** .798** .993** 1 .878**

Net Profits .902** .634* .857** .878** 1

*;**Correlation is significant at the 0.05; 0.01 level (2-tailed). 

Table 8. Performance ranking of DMUs 2019
Rank DMU Score
1 DMU1 2.392269615

2 DMU8 1.821285328

3 DMU9 1.672197786

4 DMU10 1.360273728

5 DMU15 1.095773184

6 DMU14 1.023832224

7 DMU12 1.002176322

8 DMU4 1

9 DMU17 0.970349782

10 DMU2 0.76297578

11 DMU3 0.75651009

12 DMU16 0.72698304

13 DMU6 0.715493545

14 DMU11 0.6923648

15 DMU5 0.68859546

16 DMU7 0.68794698

17 DMU13 0.62947584
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Tables 9 and 10 showed that there are 15 potential good alliances improved the DMU2’s 
efficiency ranking after cooperating. However, the authors separated two groups of these alliances.

The group 1 includes the strategic alliances improved the scores of both firms. Having common 
goals increases the opportunity of forming alliances because the involved companies find their 
benefits from these strategic collaborations. Group 1, therefore, is the first priority.

There are seven alliances in group 1. Table 11 showed how their position in ranking 
changed after alliances. The cooperation between DMU2 (i.e the Hoa Sen Group) and DMU4 
(i.e. Pomina Steel Corporation) is the highest recommendation, because this alliance improved 
the position of the DMU2 and DMU4 from the 25th and 23th in, respectively, to the 13th in 
the ranking score.

Table 9. Performance ranking of virtual alliance 2020
Rank DMU Score Group
1 DMU17 4.057306822

2 DMU1 2.47415715

3 DMU10 1.458048505

4 DMU9 1.4391284

5 DMU8 1.6673832

6 DMU14 1.082907185

7 DMU15 1.06298046

8 DMU12 1.0623793

9 DMU2+DMU1 0.99523558 2

10 DMU2+DMU8 0.95 2

11 DMU2+DMU10 1 2

12 DMU2+DMU9 0.82157235 2

13 DMU2+DMU4 0.813130365 1

14 DMU2+DMU5 0.796131255 1

15 DMU2+DMU6 0.776528195 1

16 DMU2+DMU7 0.768820655 1

17 DMU2+DMU15 0.76546345 2

18 DMU2+DMU14 0.75380695 2

19 DMU2+DMU12 0.749334445 2

20 DMU2+DMU3 0.74270316 1

21 DMU2+DMU11 0.742459105 1

22 DMU2+DMU16 0.740419265 1

23 DMU4 0.72722766

24 DMU2+DMU17 0.71074554 2

25 DMU2 0.706468925

26 DMU5 0.69998451

27 DMU2+DMU13 0.699018075 3

28 DMU3 0.656088145

29 DMU16 0.64662605

30 DMU11 0.64590899

31 DMU6 0.60601146

32 DMU7 0.590362585

33 DMU13 0.519546165

Nguyen & Nguyen, Cogent Business & Management (2020), 7: 1832810                                                                                                                            
https://doi.org/10.1080/23311975.2020.1832810                                                                                                                                                       

Page 11 of 15



Meanwhile, in Table 12, group 2 includes the other alliances improved the target firm’s perfor-
mance but its partners get worst. This group is the second priority recommendation since the 
chance of forming alliance is less. These firms’ efficiency ranking is influenced after cooperation, 
meanwhile the target firm’s position gets higher.

The study eliminated all alliances that reduced the scores of both the target enterprise and its 
partner.

5. Discussion
The foundation of a strategic alliance is an agreement between two organizations toward a 
correlating business goals such as developing a more effective process; sharing the resources 
and risks; etc. (Kogut, 1988). Obviously, the firms in the group 1 have a clear motivation to form a 
strategic alliance. However, the question about how to form such a strategic alliance attracts 

Table 10. Performance ranking of virtual alliance 2021
Rank DMU Score Rank
1 DMU17 4.364562

2 DMU1 2.513451

3 DMU10 2.103487

4 DMU9 1.693625

5 DMU8 1.289312

6 DMU14 1.229521

7 DMU12 1.188105

8 DMU15 1.164055

9 DMU2+DMU8 1.073165 2

10 DMU2+DMU1 1 2

11 DMU2+DMU10 0.997881 2

12 DMU2+DMU9 0.897672 2

13 DMU2+DMU4 0.872236 1

14 DMU2+DMU15 0.819943 2

15 DMU2+DMU7 0.818928 1

16 DMU2+DMU6 0.808803 1

17 DMU2+DMU5 0.803541 1

18 DMU2+DMU14 0.79614 2

19 DMU2+DMU3 0.793797 1

20 DMU2+DMU12 0.790399 2

21 DMU2+DMU16 0.784877 1

22 DMU2+DMU11 0.774105 1

23 DMU4 0.75279

24 DMU2+DMU17 0.752048 2

25 DMU3 0.751934

26 DMU2 0.750551

27 DMU2+DMU13 0.741716 3

28 DMU5 0.73885

29 DMU11 0.723177

30 DMU16 0.697695

31 DMU7 0.639268

32 DMU6 0.636433

33 DMU13 0.56184
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many studies recently. The different enterprises with different mission and vision would have 
different kinds of alliance. It could be the simple agreements without exchanging equity; or a 
formal contract involving equity ownership and shared managerial control over joint activities 
(Nguyen & Nguyen, 2019; Wang, Nguyen, & Wang, 2016). For examples, the “group 1” firms could 
consider various forms such as supplier–buyer partnerships; joint research projects, collaborative 
technical, shared resources of distribution channels; cross-selling, etc. (Das & Teng, 2003; Nguyen 
& Nguyen, 2019; Wang, Nguyen, & Wang, 2016).

Although the authors mentioned the low opportunity of forming alliances between the target 
firm and the companies in the group 2, it is possible to make collaborations. Nguyen and Tran 
(2018) stated that alliances can be constructed without the same perspective or common objec-
tive between partners. For example, Chen and Chen (2002) introduced a definition of “asymmetric 
alliances”, in which small firms accept to invest more and gain less benefits from alliance with 
larger ones such as leader firms, but they can have more reputable from such an collaboration. 
This is also incentives for the market leader to join in an alliance. Hence, the “group 2” is the 
second priority in our recommendation.

6. Conclusion
Recently, strategic alliances attract many concerns from managers to government officials across 
different fields. In a dramatic competitive market, any industries have experienced many challenges 

Table 11. The first prioritized in alliance strategy
DMU Score Group Target DMU2 

and partner 
DMU ranking 

before alliance 
(1)

Target DMU2 
and partner 
DMU ranking 
after alliance 

(1)

Change in 
ranking  
(1)—(2)

DMU2+DMU4 0.813130365 1 25 and 23 13 12 and 10

DMU2+DMU5 0.796131255 1 25 and 26 14 11 and 12

DMU2+DMU6 0.776528195 1 25 and 31 15 10 and 16

DMU2+DMU7 0.768820655 1 25 and 32 16 9 and 16

DMU2+DMU3 0.74270316 1 25 and 28 20 5 and 8

DMU2+DMU11 0.742459105 1 25 and 30 21 4 and 9

DMU2+DMU16 0.740419265 1 25 and 29 22 3 and 7

Table 12. The second prioritized in alliance strategy
DMU Score Group Target DMU2 

and partner 
DMU ranking 

before alliance 
(1)

Target DMU2 
and partner 
DMU ranking 
after alliance 

(1)

Change in 
ranking  
(1)—(2)

DMU2+DMU1 0.99523558 2 25 and 2 9 16 and −7

DMU2+DMU8 0.95 2 25 and 5 10 15 and −5

DMU2+DMU10 1 2 25 and 3 11 14 and −8

DMU2+DMU9 0.82157235 2 25 and 4 12 13 and −8

DMU2+DMU15 0.76546345 2 25 and 7 17 8 and −10

DMU2+DMU14 0.75380695 2 25 and 6 18 7 and −12

DMU2+DMU12 0.749334445 2 25 and 8 19 6 and −11

DMU2+DMU17 0.71074554 2 25 and 1 24 1 and −23
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and the Vietnamese steel market is not an exception. To have a successful strategic, however, firms 
encounter many difficulties to select a good partner. There are many issues such as lack of informa-
tion; fluctuated inputs data. The study, therefore, proposed a novel model combining various optimi-
zation algorithms namely the GM(1,1) and DEA model to help managers make decision.

All inputs and outputs of the real 17 steel firms and 33 virtual alliances are implemented by the 
super-SBM model. The findings show that the Pomina Steel Corporation (DMU4) is highly recom-
mended to form a strategic alliance with the target firm, the Hoa Sen Group.

However, this is only a reference in term of improving the business performance in the future 
between two companies. To have such an association, these two steel enterprises must pay much 
effort to analyse and evaluate each other as well as choosing the most suitable kind of alliance 
formation.

There are some advantages of the research model in this paper. Firstly, the estimations in the 
model are more accurate than the previous study due to using the realistic data updated in nine 
consecutive years from 2011 to 2019. Secondly, many industries or sectors can use the proposed 
model for future applications as well as the policymakers can refer it to evaluate the performance 
of different fields.
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