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79 NI'77Dn NnpNN DR NLYONN NTIPD X' N'VPIVOAXR NTIRO (1986) Hoare nyT?
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V1910 YT 7w niralk nnpn 7w nTona npoivin -(data abstraction) ntaima nowsn X
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'R AIRT? X 'R, 7Y 0 700 D'y -NNY 17100 D 02 YIRY NI N0 NIyl -nny
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"lYyau AN TINN WIM'WAY 1197 TY NN R mxywd Timp 2", NNNK NIt 1197
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[9IX .(Haberman et al.,, 2002) 217N na102 yT X7 D'UYOIN DIN] 'OI9'V] YIN'WN
NIDN D'TARN 17X .T191 W0l IXINN 'A17 NIDN O'TAI7A D' T'N7NY QUYWONN [NPY NAXN
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JIynun Noni 0'NNT 17X D'YISN 7TIA TO 7w 0'NIMAY NNNY N X971 NTanD

770 AWKRD LTIPN 7Y NINMIPA DAIDD AT NUWONA WIN'YA RN 7'NNnn TNNn A
'YIP .NON91 NN TXD 1N NIRNZ AW, TRR DIPRn D'NN X720 "'onnon” jnnosn
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concept List_Template (type Item)
type Listis modeled by

(left: string of Item,

right: string of Item)

exemplar s

initialization ensures
|s.left] = 0 and |s.right] =0

operation Insert (updates s: List,
clears x: ltem)

ensures s.left = #s.left and
s.right = <#x> * #s.right
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Num-of-Nodes(T)
1. if Is_Empty ? (T) then return 0
2. else
2.1 if ((Is_Empty? (Left_Sub_Tree (T) and notIs_Empty? (Right_Sub_Tree (T))) or
((Is_Empty? (Right_Sub_Tree (T) and not Is_Empty? (Left_Sub_Tree (T) ) ) then
2.1.1 return
1 + Num-of-Nodes(Left_Sub_Tree (T) ) + Num-of-Nodes(Right_Sub_Tree (T) )
2.2 else return Num-of-Nodes(Left _Sub_Tree (T) ) + Num-of-Nodes(Right_Sub_Tree (T))
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Has_Single_Child :(Leron, 1987) (abstract primitive) nowsim nwTn n71y9 naTan (X)
;1191 DNMIA7RA "1 yy" punn Y o'naima nunmnin ? (T)
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ANIDT WWONNA KINY |11, TIZ NA'ND NN NNNONYT N'ITXIND NUYONI YIN'Y qun XN
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Num-of-Nodes(T)
1. ifls_Empty ? (T) then return O
2. else
2.1 if Has_Single_Child ? (T) then
2.1.1 return
1+ Num-of-Nodes(Left_Sub_Tree (T) + Num-of-Nodes(Right_Sub_Tree (T))
2.2 else return Num-of-Nodes(Left_Sub_Tree (T) ) + Num-of-Nodes(Left_Sub_Tree (T) )

Has_Single_Child ? (T)
1. if ((Is_Empty? (Left_Sub_Tree (T) and not Is_Empty? (Right_Sub_Tree (T) ) ) or
((Is_Empty? (Right_Sub_Tree (T) and not Is_Empty? (Right _Sub_Tree (T) ) ) then
11 return True
2. else return False
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Num-of-Nodes (T)
1. ifls_Empty ? (T) thenreturn 0
2. else
2.1 return Compute_Node (T) + Num-of-Nodes(Left_Sub_Tree (T) + Num-of-Nodes(Right_Sub_Tree

(M)

Compute_Node (T)
1. if Has_Single_Child ? (T) then
2.2 return 1
2. else return 0

Has_Single_Child ? (T)
1. if ((Is_Empty? (Left_Sub_Tree (T) and notIs_Empty? (Right_Sub_Tree (T))) or
((Is_Empty? (Right_Sub_Tree (T) and not Is_Empty? (Left_ Sub_Tree (T))) then
1.2 return True
2. else return False
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Num-of-Nodes(T)
1. if Is_Empty ? (T) then return O
2. else
2.1 return Compute (T, Num-of-Nodes(Left_Sub_Tree (T), Num-of-Nodes(Right_Sub_Tree

M)

Compute (T, Left_Value, Right Value)
1. return Compute_Node (T) + Left_Value + Right_Value

Compute_Node (T)
1. if Has_Single_Child ? (T) then
2.3 return 1
2. else return O

Has_Single_Child ? (T)
1. if ((Is_Empty? (Left_Sub_Tree (T) and notls_Empty? (Right_Sub_Tree (T))) or
((1s_Empty? (Right_Sub_Tree (T) and not Is_Empty? (Left_Sub_Tree (T))) then
1.3 return True
2. else return False
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Table 2. Students' assessment regarding the correctness, readability, and generality

of algorithms

Algorithm 1 | Algorithm 2 | Algorithm 3 | Algorithm 4 | Compariso
n between
alg.
Beginners Correctness 87 % 87% 86% 79%
Generality 92% 87% 84% 79%
Readability 3.28 3.76 3.11 2.26 4<(3,1)<2
Avg. (Std) (0.97) (0.49) (0.81) (0.92) F(3,107)=21
.6
p=0.0001
Advanced Correctness 100% 100% 100% 94%
Generality 100% 100% 100% 94%
Readability 3.35 3.41 3.47 2.53 4<(1,2,3)
Avg. (Std) (0.7) (0.71) (0.94) (1.12) F(3,48)=7.1
p=0.0005
Comparison | Correctness n.s. n.s. n.s. n.s.
between Generality n.s. n.s. n.s. n.s.
groups Readability n.s. p=0.038 n.s. n.s.
t=2.13
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Table 3. Students' preference of algorithms

Algorithm 1 | Algorithm 2 | Algorithm 3 | Algorithm 4

Beginners Avg. 2.92 3.03 2.51 1.54

(Std) (1.12) (0.83) (1.1) (0.77)
Advanced Avg. 2.18 2.29 3.59 1.94

(Std) (1.13) (0.59) (0.62) (1.25)
Comparison t 2.26 3.27 -4.58 -1.22
between p 0.028 0.002 0.0001 n.s.
groups
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Solution 1
Num-of-Nodes(T)
1. if Is_Empty ? (T) then return 0
2. else
2.1 if ((Is_Empty? (Left_Sub_Tree (T) and notls_Empty? (Right_Sub_Tree (T))) or
((Is_Empty? (Right_Sub_Tree (T) and not Is_Empty? (Left_Sub_Tree (T))) then
2.1.2 return 1 + Num-of-Nodes(Left_Sub_Tree (T) ) + Num-of-Nodes(Right _Sub_Tree (T))
2.2 else return Num-of-Nodes(Left_Sub_Tree (T) ) + Num-of-Nodes(Right _Sub_Tree (T))
Solution 2
Num-of-Nodes(T)
1. if Is_Empty ? (T) then return O
2. else
2.1 if Has_Single_Child ? (T) then
return 1+ Num-of-Nodes(Left_Sub_Tree (T) + Num-of-Nodes(Left_Sub_Tree (T))
2.2 else return Num-of-Nodes(Left_Sub_Tree (T) ) + Num-of-Nodes(Left_Sub_Tree (T) )
Has_Single_Child ? (T)
1. if ((Is_Empty? (Left_Sub_Tree (T) and notls_Empty? (Right_Sub_Tree (T))) or
((1s_Empty? (Right_Sub_Tree (T) and not Is_Empty? (Left_Sub_Tree (T) ) ) then return True
2. else return False
Solution 3
Num-of-Nodes(T)
1. if Is_Empty ? (T) then return O
2. else
2.1 return Compute_Node(T) + Num-of-Nodes(Left_Sub_Tree (T) + Num-of-Nodes(Right_Sub_Tree
(M)

Compute_Node (T)
1.if ((Is_Empty? (Left_Sub_Tree (T) and not Is_Empty? (Right_Sub_Tree (T))) or
((1s_Empty? (Right_Sub_Tree (T) and not Is_Empty? (Left_Sub_Tree (T) ) ) then return 1
2. else return 0
Solution 4
Num-of-Nodes(T)
1.if Is_Empty ? (T) then return O
2. else
2.1 return Compute (T, Num-of-Nodes(Left_Sub_Tree (T), Num-of-Nodes(Right_Sub_Tree (T) )

Compute (T, Left_Value, Right_Value)
1. return Compute_Node (T) + Left_Value + Right_Value

Compute_Node (T)
1. if ((Is_Empty? (Left_Sub_Tree (T) and notls_Empty? (Right_Sub_Tree (T))) or
((1s_Empty? (Right_Sub_Tree (T) and not Is_Empty? (Left_Sub_Tree (T) ) ) then return 1
2. else return O
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