
Programming Interview for KAIST GSDS (2025 Fall) 
 
Suppose that you are given with an array X of shape  which represents a set of  points in .   (𝑛, 𝑑) 𝑛 𝑅𝑑

Assume the following python modules are available: 
import numpy as np 
from sklearn.cluster import KMeans 
from scipy.spatial import distance 
from scipy.optimize import minimize 

 
Q1. Fill in the following function (in pseudo-code or python) to find the smallest ball 
containing all points in X.  (Either heuristic approximate solution or exact solution is 
acceptable.)​
 
# Input: X = (n,d) array which represents n points in  𝑅𝑑

# output: center , radius  ∈ 𝑅𝑑 ∈ 𝑅1

def compute_min_ball(X): 
# An example answer (This is just to exemplify the answer style. The quality 
#  of this answer is not so good. We are expecting better answers from you.) 
# center = X[n//2] 
# radius = |X[0] – center|  # or np.linalg.norm(X[0]-center) 

 
    # 1. Heuristic (mean version): use mean of points as center 

�​ center = np.mean(X, axis=0) 
 

# 2. Heuristic (max dist. Version) 

�​ mi, mj = argmax_(i,j) dist(X[i], X[j]) 

�​ center = (X[mi] + X[mj]) / 2 

# � 1,2로 하면 최소반경 ball을 구하게 되는지 질문 

# � 안된다면 어떤 경우인지 질문  
mean: outlier point가 하나 있는 경우 반경이 꽤 커짐 
max_dist: 두점을 잇는 직선에 수직한 방향으로 d/2이상 떨어진 점 가능 

 

# 3. Optimization version: 대략적인 방법 설명하면 됨.   
from scipy.optimize import minimize 
def max_dist_sq(c):  # 목적 함수: max_i (X[i]-c)^2 

return (((X-c)**2).sum(axis=-1))).max() 
 
result = minimize(fun=max_dist_sq, x0=np.mean(X, axis=0),  

method='L-BFGS-B', options={'ftol': 1e-9, 'disp': False}) 
center = result.x 
 
# 4. Welzl’s algorithm 
#  � Geometric algorithm (with randomization) 
#  � complexity: average O(n), worst O(n^d)  

 
radius = np.linalg.norm(X-center, axis=1).max() 
 
 
 
 
return center, radius 

 



Q2. Assume that compute_min_ball(X) function in Q1 is available.  We want to find "cover" 
(= a few number of balls with radius <  covering all points in X), as exemplified in the 𝑟_𝑚𝑎𝑥
figure below.  It is desired to cover X with smaller number of balls.  Please complete the 
following binary_split_cover(X, r_max) function for finding a cover in divide-and-conquer 
manner.   (Note that you don’t have to find the exact optimal cover.) 

         
def binary_split_cover(X, r_max): 
    centers = []  # list to store ball centers 
    radii = []    # list to store ball radii 
 
    def recurse(subset): 
        if len(subset) == 0: return 
        center, radius = compute_min_ball(subset) 
 
 
        if radius <= r_max: 
            centers.append(center) 
            radii.append(radius) 
        else:  # split and recurse.  다음의 대안들 가능 
            # 1. Var가 가장 큰 axis의 중간에서 split 
            a = np.argmax(subset.var(axis=0)) 
            b0 = subset[:,a] >= subset[:,a].mean() 
            # 2. Var가 가장 큰 principal axis 방향에 수직하게 split (위치는?) 
            # 3. Max-distance pair찾아서 bisector로 split (중점에서) 
            # 4. KMeans (2) split 
            kmeans = KMeans(n_clusters=2, n_init='auto') 
            b0 = (kmeans.fit_predict(subset) == 0)  # label == 0 
            recurse(subset[b0]) 
            recurse(subset[~ b0]) 
 
        # 그냥 MILP로 최적화 하면 � 약간의 점수 
 
 
    recurse(X) 
    return np.array(centers), np.array(radii) 

Q3. What is the worst case time complexity of binary_split_cover (X, r_max) shown in Q2 ? 
Assume that compute_min_ball (A) and 'binary split' can be done in O(m), where m is the 

number of points in A.  (You may include additional assumptions in your answer if 

necessary.)  
 
 



   O(N log N) : O(N) for each subset, and the recursion depth is O(log N)  
  T(N) = c1 N (compute_min_ball) + c2 N (split) + 2*T(N/2) (for handling two halves) 

� T(N) is O(N log N) 
필요한 가정: split에서 거의 N/2로 나눌 수 있다 
단, 여기서 N은 정확히는 point 개수가 아니라, X가 차지하는 vol. / ball vol(r_maxd) 

�​ 모든 가능한 경우를 고려한다면 이 값이 point개수에 비례할 듯.. 
 
 
 
 
 
Q4. Assume that you have an LLM (Large Language Model, such as ChatGPT) which is 
capable of python coding.  Please provide a prompt to the LLM for the code shown in Q2.  
Since there are many ways of finding a cover, you are supposed to direct the LLM in order to 
get a code similar to the above.  You also need to specify that compute_min_ball(A) function 
given by yourself should be used.  Suppose that you have only 1 chance of asking the LLM, 
so iterative prompting is not allowed.   
(Note that this question is to check whether you can describe problems precisely and 

concisely.  You may compose prompt in Korean.) 
 
 
 
an example prompt: 

    

Suppose that you are given with an array X of shape (n,d) which represents a set of n points in 

d-dimensional space (R^d). Compose a python code to find a set of balls in R^d which covers X with 

minimal number of balls.  Radius of each ball should not exceed r_max.  Note that we have a function 

compute_min_ball(subset), which computes the minimal ball covering all points in subset.  We want 

the code in binary split with recursion style. 
 


