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Brief  description of  hunger games search 

(HGS) optimization 

1 Approach food 

To express its approaching behavior in mathematical formulas, the following formulas are proposed to 

imitate the contraction mode: 

𝑋(𝑡 + 1)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ =

{
 
 

 
 𝑋(𝑡)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ∙ (1 + 𝑟𝑎𝑛𝑑𝑛(1)),               𝑟1 < 𝑙

𝑊1
⃗⃗ ⃗⃗  ⃗ ∙ 𝑋𝑏⃗⃗ ⃗⃗ + �⃗� ∙ 𝑊2

⃗⃗ ⃗⃗  ⃗ ∙ |𝑋𝑏⃗⃗ ⃗⃗ − 𝑋(𝑡)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  | ,                𝑟1 > 𝑙, 𝑟2 > 𝐸

𝑊1
⃗⃗ ⃗⃗  ⃗ ∙ 𝑋𝑏⃗⃗ ⃗⃗ − �⃗� ∙ 𝑊2

⃗⃗ ⃗⃗  ⃗ ∙ |𝑋𝑏⃗⃗ ⃗⃗ − 𝑋(𝑡)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  | ,                 𝑟1 > 𝑙, 𝑟2 < 𝐸

 (1) 

where �⃗�  is in the range of  [−𝑎, 𝑎]; 𝑟1 and 𝑟2 respectively represent random numbers, which are in 

the range of  [0,1];   𝑟𝑎𝑛𝑑𝑛(1) is a random number satisfying normal distribution; 𝑡 indicates that the 

current iterations; 𝑊1
⃗⃗ ⃗⃗  ⃗  and 𝑊2

⃗⃗ ⃗⃗  ⃗  represent the weights of  hunger; 𝑋𝑏⃗⃗ ⃗⃗  represents the location 

information of  a random individual in all the optimal individuals; 𝑋(𝑡)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   represents each individual's 

location; and the value of  l has been discussed in the parameter setting experiment. 

The formula of  𝐸 is as follows: 

𝐸 = sech(|𝐹(𝑖) − 𝐵𝐹|) (2) 

where 𝑖 ∈ 1,2,… , 𝑛, 𝐹(𝑖) represents the fitness value of  each individual; and 𝐵𝐹 is the best fitness 

obtained in the current iteration process. Sech is a hyperbolic function (sech(𝑥) =
2

𝑒𝑥+𝑒−𝑥
). 

The formula of  �⃗�  is as follows: 

�⃗� = 2 × 𝑎 × 𝑟𝑎𝑛𝑑 − 𝑎   (3) 

𝑎 = 2 × (1 −
𝑡

𝑀𝑎𝑥_𝑖𝑡𝑒𝑟
)   (4) 

where 𝑟𝑎𝑛𝑑 is a random number in the range of  [0,1]; and 𝑀𝑎𝑥_𝑖𝑡𝑒𝑟 stands for the largest number 

of  iterations. 

 

2 Hunger role 

The starvation characteristics of  individuals in search are simulated mathematically. 

The formula of  𝑊1
⃗⃗ ⃗⃗  ⃗ in Eq. (5) is as follows: 

𝑊1(𝑖)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ = {
ℎ𝑢𝑛𝑔𝑟𝑦(𝑖) ∙

𝑁

𝑆𝐻𝑢𝑛𝑔𝑟𝑦
× 𝑟4,   𝑟3 < 𝑙

1                          𝑟3 > 𝑙

    (5) 

The formula of  𝑊2
⃗⃗ ⃗⃗  ⃗ in Eq. (6) is shown as follows: 

𝑊2(𝑖)⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ = (1 − 𝑒𝑥𝑝(−|ℎ𝑢𝑛𝑔𝑟𝑦(𝑖) − 𝑆𝐻𝑢𝑛𝑔𝑟𝑦|)) × 𝑟5 × 2    (6) 

where ℎ𝑢𝑛𝑔𝑟𝑦 represents the hunger of  each individual; 𝑁 represents the number of  individuals; 

and 𝑆𝐻𝑢𝑛𝑔𝑟𝑦 is the sum of  hungry feelings of  all individuals, that is 𝑠𝑢𝑚(ℎ𝑢𝑛𝑔𝑟𝑦). 𝑟3, 𝑟4 and 𝑟5 

are random numbers in the range of  [0,1]. 

The formula for ℎ𝑢𝑛𝑔𝑟𝑦(𝑖) is provided below: 
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ℎ𝑢𝑛𝑔𝑟𝑦(𝑖) = {
0,                                 𝐴𝑙𝑙𝐹𝑖𝑡𝑛𝑒𝑠𝑠(𝑖) == 𝐵𝐹

ℎ𝑢𝑛𝑔𝑟𝑦(𝑖) + 𝐻,        𝐴𝑙𝑙𝐹𝑖𝑡𝑛𝑒𝑠𝑠(𝑖)! = 𝐵𝐹
    (7) 

where 𝐴𝑙𝑙𝐹𝑖𝑡𝑛𝑒𝑠𝑠(𝑖) preserves the fitness of  each individual in the current iteration. 

The formula for 𝐻 can be seen as follows: 

𝑇𝐻 =
𝐹(𝑖) − 𝐵𝐹

𝑊𝐹 − 𝐵𝐹
× 𝑟6 × 2 × (𝑈𝐵 − 𝐿𝐵)    (8) 

𝐻 = {
𝐿𝐻 × (1 + 𝑟),           𝑇𝐻 < 𝐿𝐻
𝑇𝐻,                   𝑇𝐻 ≥ 𝐿𝐻

    (9) 

where 𝑟6 is a random number in the range of  [0,1]; 𝐹(𝑖) represents the fitness value of  each 

individual; 𝐵𝐹 is the best fitness obtained in the current iteration process; WF stands for the worst 

fitness obtained in the current iteration process; and 𝑈𝐵 and 𝐿𝐵 indicate the upper and lower bounds 

of  the search space, respectively. The hunger sensation 𝐻 is limited to a lower bound, 𝐿𝐻. 

 

Algorithm 1 Pseudo-code of  HGS 

Initialize the parameters 𝑁, 𝑀𝑎𝑥_𝑖𝑡𝑒𝑟, 𝑙,𝐷,𝑆𝐻𝑢𝑛𝑔𝑟𝑦 

Initialize the positions of  Individuals 𝑋𝑖(𝑖 = 1,2,… , 𝑁) 

While (𝑡 ≤ 𝑀𝑎𝑥_𝑖𝑡𝑒𝑟) 

Calculate the fitness of  all Individuals 

         𝑈𝑝𝑑𝑎𝑡𝑒 𝐵𝐹,𝑊𝐹,  𝑋𝑏, 𝐵𝐼 

Calculate the 𝐻𝑢𝑛𝑔𝑟𝑦 by Eq. (7) 

Calculate the 𝑊1 by Eq. (5) 

Calculate the 𝑊2 by Eq. (6) 

For 𝑒𝑎𝑐ℎ 𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 

    Calculate 𝐸 by Eq. (2) 

    𝑈𝑝𝑑𝑎𝑡𝑒 𝑅 by Eq. (3) 

    𝑈𝑝𝑑𝑎𝑡𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛𝑠 𝑏𝑦 𝐄𝐪. (1) 

End 𝐅𝐨𝐫 

𝑡 = 𝑡 + 1  

End While 

Return 𝐵𝐹, 𝑋𝑏 
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