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2    Background 
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4    Example: Rostering Doctors in a Hospital Department 

 



 

 

 

 

5    Approach 
 

5.1     Hard  and  Soft  Constraints 
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5.2     Generation of a Random Valid Roster 
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1        function c r e a t e R o s t e r ( employees, shif ts, patterns ) 

2        foreach f p ∈  f i x e d  p a t t e r n s : 
3  foreach employee f e  t h a t  have fp : 
4 e x t r a c t   a l l    s h i f t  s e r i e s    matchin g  fp  and   a s s i g n  t o   fe ; 

5 

6        foreach date  ∈  [ startDate, endDate ] 
7 f i n d   e mp loyees   t h a t  h a v e   t o   h a v e   a  s h i f t   → mustBeSchedules 
8  foreach shif ti  ∈ shif ts  on  t h e  d a y   date : 
9  f i n d  e m p l oy e e s   t h a t  c a n  do  shif ti    → availablei 

10              while n o t  a l l    s h i f t s   a r e    f u l l y    a s s i g n e d 
11                    f i n d  s h i f t   − > shif t∗  wi th   t h e    s m a l l e s t  available∗ 
12                    f i n d  an  e m p loyee  ∈ available∗  t h a t  c a n  do  t h e    l e a s t  # s h i f t s   → employee∗ 
13                    a s s i g n shif t∗  t o  employee∗ 
14                     foreach f p ∈ conditional  p a t t e r n s   o f   employee∗ : 
15                                   i f   s h i f t    matches   a    f i r s t    e n t r y    o f   fp  
16                                  e x t r a c t  and  a s s i g n a   s h i f t  s e r i e s    m a t c h i n g   fp ,  s t a r t i n g   f r o m   shif t∗ 
17                          u p d a t e    a v a i l a b i l i t y     l i s t s    for    a l l    s h i f t s  
18            foreach  employee ∈ mustBeSchedules 
19           i f  employee h a v e   no   s h i f t s    a s s i g n e d  on   t h e   date 
20                           do 

21                                randomly s e l e c t  a  s h i f t  employee can  do  → shif t 
22                                randomly s e l e c t  an e m p l o y e e   ∈/ mustBeScheduled  a s s i g n e d   t o   shif t → employee!

 

23                             r e p l a c e   employee!  by   employee 
24                          u n t i l    r e p l a c e m e n t   i s    v a l i d 

 
Fig. 1.  

 
 

5.3     Optimisation. Simulated Annealing 
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1      funct ion  s i m u l a t e d A n n e a l i n g ( T ,   i t ) 

2 fo r   i =  0  t o   it − 1 
3  i f random < swapP robability 

4 roster!  
= swapShif ts(roster) 

5 e l s e   roster!  
= replaceW ithAnotherEmployee(roster) 

6  delta = objective(roster! ) − objective(roster) 
   −delta   

7  i f delta <= 0  o r  e 
T ∗(1− 

it 
)  

> random(0, 1) 

8 roster = roster!
 

 
Fig. 2.  

 

 
 

1      function  s w a p S h i f t s ( ) 

2 swapped  = false 
3  do 
4 r a n d o m l y    s e l e c t  an   e m p l o y e e   − > emp1 ; 
5 r a n d o m l y    s e l e c t  a   s h i f t   a s s i g n e d    t o   emp1 − > shif t ; 
6  i f  shif t d o e s   n o t  b e l o n g   t o   a n y   f i x e d    p a t t e r n   i n s t a n c e s ; 
7  i f   s h i f t  b e l o n g s   t o   a  c o n d i t i o n a l    p a t t e r n   i n s t a n c e   pi ; 
8 shif ts1 = pi 
9 e lse  shif ts1 = shif t 

10                              f i n d    an   e m p loyee    t h a t    c a n   swap    t h e i r    s h i f t s    t o   shif ts1   − > emp2 ;  
11                              i f  emp2   found  
12                                      f i n d    s h i f t s    a s s i gn e d    t o   emp2   on   t h e    days    o f   shif ts1   shif ts1 − > shif ts2 ;  
13                                      i f  emp1   c a n   swap   shif ts1     to   shif ts2 ;  
14                                                     swap   shif ts1     and   shif ts2   b etween   emp1   and   emp2 ;  
15                                     swapped  = true ; 
16           while swapped  = false 

 
Fig. 3.  
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1      function   r e p l a c e ( )  

2   replaced = false ; 
3     do 
4 r a n d o m l y    s e l e c t  an   e m p l o y e e   → emp1 ; 
5 r a n d o m l y    s e l e c t  a   s h i f t   a s s i g n e d    t o   emp1  → shif t ; 
6  i f  shif t   doe s    n o t    b e l o n g    to   a n y    f i x e d   and   c o n d i t i o n a l    p a t t e r n    i n s t a n c e s  
7 and   removing  shif t  w i l l    n o t  c r e a t e   a  f o r b i d d e n    p a t t e r n   i n s t a n c e 

8  do 
9  randomly s e l e c t  an e m p l o y e e   → emp2 

10  i f  emp2    can    do   shif t 
11  u n a s s i g n  emp1   from  shif t 
12  a s s i g n emp2   t o  shif t 
13 replaced = true ; 
14 while  replaced == false  and   n o t    a l l    employees    a r e    checked  
15     while replaced == false 

 
Fig. 4.  
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Replacing an employee.  
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6    Reference Problem Sets 
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Table 2. 

 

 

 
 



 

 

 

 

7    Experimental Results 
 

7.1     Example 
 

 
 

 
 

 
Fig. 5.  
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Fig. 6.  

 
 

7.2     Results for the Reference Problem Sets 
 



 

 

Table 3. 

 

Instance Algorithm Total # hours violating constraints Total #fined  hours 

Average st. error Average st. error 

Instance 1 Construction heuristic 14392.37 176.63 1125.11 12.36 

SA  T  = 1   7449.30 178.81 549.50 14.21 

SA  T  = 5   7230.60 177.51 509.83 15.25 

SA T = 10 7154.25 155.70 509.45 14.40 

SA T = 20 7203.53 163.28 544.01 11.83 

Hill climbing 7227.35 136.82 552.61 15.01 

Instance 2 Construction heuristic 45508.90 289.36 2590.96 91.50 

SA T = 0.5 26220.38 328.12 1669 23.83 

SA  T  = 1   26385.78 277.21 1674.33 20.88 

SA  T  = 5   26646.42 363.01 1637.92 18.31 

SA T = 10 26256.35 244.42 1629.91 17.61 

Hill climbing 26631.13 292.35 1662.22 24.47 

Instance 3 Construction heuristic 75158.94 372.46 3997.50 21.67 

SA  T  = 1   35275.21 288.862 2070.42 22.26 

SA  T  = 5   34625.76 341.06 2006.49 24.13 

SA T = 10 34804.16 402.82 2088.55 19.12 

SA T = 20 36168.75 302.00 2216.43 21.59 

Hill climbing 34837.91 226.04 2081.90 16.13 

Instance 4 Construction heuristic 15691.08 186.19 1118.20 12.43 

SA  T  = 1   10759.83 171.28 785.56 14.90 

SA  T  = 5   10645.29 195.90 752.88 16.50 

SA T = 10 10916.20 232.44 738.03 15.10 

SA T = 20 10725.80 209.87 775.98 15.33 

Hill climbing 10666.61 193.90 772.67 14.69 

Instance 5 Construction heuristic 47209.34 321.82 2745.52 18.70 

SA  T  = 1   28077.16 276.50 1692.92 14.73 

SA  T  = 5   28034.43 307.42 1670.66 15.77 

SA T = 10 28230.94 268.04 1669.04 22.27 

SA T = 20 28402.98 211.79 1735.44 16.25 

Hill climbing 27659.40 228.98 1708.40 11.77 

Instance 6 Construction heuristic 76787.06 342.21 4319.37 23.76 

SA T = 0.5 32706.85 379.68 2308.99 24.52 

SA  T  = 1   31310.53 338.70 2212.53 24.97 

SA  T  = 5   32348.37 389.96 2210.53 24.67 

SA T = 10 32264.98 427.64 2252.43 28.20 

Hill climbing 32320.89 366.99 2257.7 35.54 

Instance 7 Construction heuristic 135852.86 480.06 6647.58 25.43 

SA  T  = 1   52759.67 466.08 3766.58 27.80 

SA  T  = 5   52839.51 399.91 3585.32 21.87 

SA T = 10 52527.78 309.55 3642.91 17.78 

SA T = 20 54050.58 342.35 4000.37 28.48 

Hill climbing 52918.33 383.51 3801.19 27.76 

Instance 8 Construction heuristic 15695.73 203.99 1027.85 14.93 

SA  T  = 1   6953.34 158.74 477.82 13.90 

SA  T  = 5   6751.71 123.26 456.56 14.48 

SA T = 10 7038.60 137.84 479.45 14.38 

SA T = 20 7180.64 143.61 491.68 14.96 

Hill climbing 6832.12 146.64 511.99 11.82 

Instance 9 Construction heuristic 82628.66 413.85 5239.20 28.13 

SA  T  = 1   31162.35 272.02 3025.29 25.11 

SA  T  = 5   30947.47 283.55 3004.49 17.80 

SA T = 10 31927.78 275.92 3062.31 23.69 

SA T = 20 32913.02 375.69 3243.34 19.80 

Hill climbing 31400.26 247.82 3029.21 26.52 

Instance 10 Construction heuristic 53600.38 344.68 2690.08 26.69 

SA  T  = 1   25587.85 224.02 1727.23 24.30 

SA  T  = 5   25426.45 203.21 1688.36 27.19 

SA T = 10 25443.54 247.17 1756.32 26.46 

SA T = 20 26263.30 251.38 1820.77 23.66 

Hill climbing 25992.72 230.13 1774.82 25.17 
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8    Conclusion and  Future Work 
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