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Introduction

Context : CS1 Course

Skills : Problem Solving and Abstract thinking skills

How? : The Graphical Loop Invariant (GLI)
N\ T

4 . . . N
Each time you implement a loop, all the variables that are handled are

characterized (individually and/or with respect to each other).
\ That variables’ state must be true at each evaluation of the guard loop.

Ed: Compute the factorial of n

0 2 3 4 5 i-1 i ' n+1
: . | | | | | | |
Graphical LI > ',—:l e >
fact contains their product To multiply

Loop Invariant (L1): = 2<i<n A fact = (i—1)!
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|_evel of abstraction where the GL| stands

Proble_m Level

: 7
— input —» — output —» : 1
: ) e W

Problem Definition Decomposition into subproblems

Problem td Solution Level

OUTPUT INTERMEDIATE SOLUTION

Algorithmic Level

. . To progress the solution:
0 i1 N ,:{> 1. Check i ..
N — : : 2. Compute ...

>3 . Increment i
“Done *15 do 8 eme

0 N

Design Phase

Level of abstraction =—————— %

Development Level Building Phase

Low
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From the GLI Preliminary

to the code Results
Section 1 Section 2 Section 3 Section 4 Section 5
Graphical Learning Further work
Loop Invariant Tools and Conclusion
(GLI)
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Section 1

Graphical
Loop Invariant
(GLI)
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Graphical Loop Invariant

through an example

Problem : Compressing an array brut of size MAX based on
sums of 1 0. The last element of brut Isalways 11.

0 MAX-1
brut : 214|383 ]2 31522 7 9 1 10 6 [1 |12 |11
# 10 =, 10 #, 10 =_ 10 =_ 10 =_ 10 End of
/ ///sequence
—N— ~ = —N— N = ~ = ~ =~
0 MAX-1
compress: | 2|4 3|10 212|710 10 10 11 ? I O Y

The Graphical Loop Invariant — Geéraldine Brieven (gbrieven@uliege.be)




From the output to the intermediate solution (GLI)

Problem to Solution Level

OUTPUT . INTERMEDIATE SOLUTION
0 N : 0 i N

Level of abstraction =—————— %

Low

The Graphical Loop Invariant — Géraldine Brieven (gbrieven@uliege.be)



Finding a GLI: constant relaxation

Expected Result: Not modified

< >

0 | J

Alrgady10 To compress
compressed In
compress

0

Result  Free Spage Free Space
of the

compression
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Rules supporting the GLI

Rules 1 & 2 :

0

11
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Rules supporting the GLI

Rules 3 & 4 :

2 subzones treated In brut : - What has been compressed

- What Is candidate to be compressed

A
| _ 1

0 | J

11
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Rules supporting the GLI

Rule 5 :

11

> >l <« >

Already sum <10
compressed In
compress K

: -

Result of the compression
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Rules supporting the GLI

Rule 6 :
Not modified

0 ! J
11
Already sum <10 To compress

compressed In
compress K
[O
Result of the compression Free space
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Different possible patterns

Object Pattern

Array | N-1|N
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Not modified

From the GLI
to the code
S_curr
Section 1
Section 2
(Legend -
le 2
- b < . Rule 3
Already To be discussed gﬂ:gg
discussed | Rule6 |
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Programming Methodology

Variable initialization

Loop Body
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Programming Methodology

Initial State:

>

- > >le

Already | Gum) <10

compressed in
compress

O

coOmpress

< —>
Result of the compression

Free
space

>

Variable Type Initial
value
1 0
] unsigned 0
int
sum 0
k 0

The Graphical Loop Invariant — Géraldine Brieven (gbrieven@uliege.be)




Programming Methodology

Final State: Stopping Condition :

i == MAX && j == MAX

Not modified

11

<« >l <« =d >

Already sum < 10 To compress

compressed In
COmpress k

11

< > < >

Result of the compression Free space
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Programming Methodology

Resulting Code :

sum += brut[j]; _ _
J++; 0 | J
if (sum<=10) {
if (sum == 10) {
compress[k] = 10;
i =737 - — —> >l —
telse o Already sum <10
compress [k] = brut[i]; 3 compressed in To compress
it++; 2 compress
D= o
j = 1y @)
} © k
k++; 3 0
sum = 0; @®©
}
} < > >
Result of the compression | Eree space
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Not modified

< >
From the GLI
to the code
Section 1 >_Cur
Section 2
(Legend -
le 2
- > . Rule 3
Already To be discussed Rule 4
discussed Rule’5
. Rule6
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_earning Tools

L3
ﬁ‘\j ﬁ‘lfl ﬁ‘lfl

Correction
and Feedback

IIIIIIIIIIIIIIIIII=
student’'s

submission

| | | |
17 i 3

. enerates
(] ‘ ml k

T

PCA = Programming Challenge Activity
GLIDE = Graphical Loop Invariant Drawing Editor
CAFE = Correction et Feedback Automatique pour les Etudiants
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GLIDE (graphical editor)
R

v Tableau
Nombre
Ligne d'entiers
Enumération

Invariant muet
Not modified

IN
Already compressed
A D =

n Result of the compression
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Programming Challenges Activity

Activity Diagram:

Programming Challenge Activity

Read Statement ]
N N

3 v Vi 4
_ Initial Final |_
— | State (2) J| States) |~

2 Q <I> \k

ISy Suljapop

| = =V=

Submission

Improving submission = === 3
Development Phase

CORRECTION & FEEDBACK

Solution Part |Errors| Feedback
LLoop Drawing @)

- Initial State @ )
MISCONCEPTION - Final State 'S
L IBRARY Loop Variant |
Code <]
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Programming Challenges Activity

Screenshot:

. ©
CAFE 2.0 A Home - Challenges © Administration © Help A Notifications  Géraldine Brieven ~

Options a GLI (Loop Drawing) Loop Variant Function

Values in boxes

:1.‘ Already browsed ‘

7

4 S 6 7 8I9
D‘D‘ D‘"AX

2.

3. contains

4. | multiple of

I
[ | E]
] ‘
5.| Already stored |
| | | | |
P : 2 21 19l 23,20 248 25
o | To print | I already compressed in Icompressl r to compress D

7 | Result of the computation |

8. | To browse | n 12 13 % - - . .
L] | [ed L1 O O [max-a] | []
9. |FE ;

1 I I
264 27, 28 29 30
- — .
I result of the compression D Free space B Free space
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Not modified

< g
Section 1 >_curt
Section 3
L_earning egend -
Tools
le 2
- < . Rule 3
Already To be discussed Rule 4
discussed Rule 5
. Rule6
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Preliminary Results: Errors

1A= 12

2
Compress = S
an array o 5
(week 1) @ 3

______________________________________________________________________________________________________________________

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

Guard Loop

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————

Out of Bou:nds

———————————————————————————————————————————————————————————————————————————————————————————————————————————————
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Not modified

< g
Preliminary
Results
Section 1 >_curt
Section 4
(Legend -
le 2
- < . Rule 3
Already To be Rule 4
di d discussed Rule 5
ISCUSSE  Rule6

The Graphical Loop Invariant — Géraldine Brieven (gbrieven@uliege.be)



Further Work & Conclusion

Graphical Loop Invariant (Informal)

a+1 ... 1i-1}| i b b+l
| | | | | | —

\ Z \

\already multiplied in p/ %0 be multiplieci

" T

(%(%(%(%g §i§b—|—1/\p:ﬁj
® =a
(%(%(%(% - Loop Invariar;t
First year students (Formal)
g On-going Research ?

How students actually manage the GLIBP ?
How to smoothly bridge the GLIBP to the Formal Invariant ?
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Not modified

Section 1

S _curr

Section 5

Further work
and Conclusion

Already
discussed

> < >

To be
discussed

(Legend -

le 2
Rule 3
Rule 4
Rule 5

. Rule6
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Visit our research Contribute to our research
(survey for CS1 teachers)
(It takes 10min to fill in ©)
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Preliminary Results: General

1A= 12 1B =12 L w
Compress Q %
o ey
(week ) | \ @@ -/ | C@OS =/ | OO - g
BN UNRELEVANT INCOMPLETE EXEC

B PARFAIT
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Preliminary Results : Students Perception

= Strongly Disagree Neither Agree nor Disagree === Strongly Agree

Disagree e Agree

Problem Definition *

Decomposition into subproblems -

Modularity -

Graphical Loop Invariant

Code Quality -

The discipline is too abstract -

[ just like coding -

[ lack rigor+

[ don’t make enough links-

I lack consistency -

L Students’ self-assessment
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Preliminary Results : Students performance

o 1 2 3 4 5 6
# Challenges students took part in
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