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Introduction to Concurrent Programming with Linux Shell
for Information Engineering Courses

MAKOTO SATOH!

Abstract: As computers and the internet have become important social infrastructure, information
literacy and fundamental programming are becoming learned in elementary and secondary education.
In response, it is growing demand than ever for the programming education in information related
courses at universities to learn about more specialized contents. This paper describes a method for
introducing concurrent programming at information engineering courses. The modules developed for
the method enable the experiments on the algorithms for concurrent programming with Linux shell.
The method is suitable for introducing the specific features of the algorithms, and for illustrating their
details after providing visually the essential points on their behavior.
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Table 1 Modules for the experiments of atomicity.

modules description

StartCP Preparing a shared variable.
Add1 Adding 1 to the shared variable.
Print Verifying the shared variable.

EndCP Removing the shared variable.

ProcessBehaviorGraph  Generating visualization.
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©
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1: FEY 2 —LVOHEE
Fig. 1 Behavior of Modules: StartCP (top left), and adding by
1 with single Add1 module (top right) and with multi-
ple Add1 modules (bottom).

aAvAhHLY IO TITI IO TNTY) A L% [
W3y, TutAebTIEFENE—2 2 TEfEXE5 2L
WHRETH B, ZOEFEIIE, Tt AL 2 HEERD
FHNZBOVWTT P I T 4 BERINLTVWE WS,

% 112, Atomicity DEBRHDEY 2 — V%2 RT.

StartCP HAXEVHEHREZMHRL, ZOHEBITHAEZER
sum ¥ HET 5.

Addl Addl Fmt 2% 1 24T 3. Addl FutkRIZ,
HEZR sum I XN TV AEEHAAA, O
i1 2MET 2. 2L T, MEFMHRET sum OEE
FHTE (X T arT7 FIvT 4 BIEE).

Print HEZEK sum IEWEINTVWRHEERTT 5.

EndCP HEXEVFHKZMKT 5 (AT LITEHIT ).

ProcessBehaviorGraph 70t ZADHIEEZAIMHILT 5.
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Table 2 Modules for the experiments of synchromization.

modules description
StartCP Preparing shared variables.
SetTotalWorkers  Setting total sorting workers.
SetValues Setting sorting values.
Sort Launching a sort process.
Merge Launching a merge process.
EndCP Removing the shared variables.
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$ ./StartCP

$ ./Add1

addl process 1: get value: O
addl process 1: set value 1
$ ./Print

Shared memory value: 1

$ ./EndCP

B 2: MEEHIIAINC X 5 FEBR

Fig. 2 Experiment with interactive inputs.
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$ ./StartCP

$ ./Addl --semaphore false 1 & \
./Add1 --semaphore false 2 &

addl process 1: get value: O

addl process 2: get value: O

2
addl process 1: set value 1
2

addl process 2: set value 1

$ ./Print

Shared memory value: 1

X 3: £~ 7+ ZFHLRVEIEDH

Fig. 3 Example of the behavior without a semaphore.

$ ./StartCP

$ ./Addl --semaphore true 1 & \
./Add1 --semaphore true 2 &

addl process 1: get value: O

addl process 1: set value 1

addl process 2: get value: 1

addl process 2: set value 2

$ ./Print

Shared memory value: 2

4: =7+ ZERT 2EEDHI

Fig. 4 Example of the behavior with a semaphore.
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TH5.
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VAL 1 7rITT4DEROLDDS =)V« A7 Y T+
Listing 1: Shell script for the experiment of atomicity.

#!/bin/bash

./StartCP -1

for (( count = 1; count <= $1; count ++ )) do
./Add1 --semaphore true -1 $count &

done

wait

./Print

./EndCP -1

$ ./Sum.sh 2
addl process get value: O

addl process

2:

addl process 2: set value 1
1: get value: 1
1:

addl process set value 2
Shared memory value: 2

$ ./ProcessBehaviorGraph

5: 17 DINESB X KA DA

Fig. 5 Collecting the process log and generating visualization.

0 0] 01 1
sum
(shared variable)

Pl

P2 I

0.0 2.0
elapsed time (sec)

6: 7 FI¥T 4 DEBROAPUL (L~ 7+ HHET)
Fig. 6 Visualizing the experiments of atomicity (without

semaphore).

(0] 0 1 2
sum

(shared variable)

1 -1-1 +1 +1
add1l

(semaphore)

P1

P2 f

0.0 2.0
elapsed time (sec)

M7 72T 4 OFEBROAMGIL (v~ 7 )
Fig. 7 Visualizing the experiments of atomicity (with

semaphore).
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./StartCP
./SetTotalWorkers 2
./SetValues 10
./Merge &

./Sort 1 & ./Sort 2 &

©® &BH B H B

sorting process 2: sorting values 5 9 3 2 4

sorting process 2: sorted values 2 3 4 5 9

2
sorting process 1: sorting values 5 8 4 3 10
1

sorting process 1: sorted values 3 4 5 8 10

merging process: merged values 2 3 34455 8 9 10

8 MR 7 4 7 4 DR (£~ 7 + 2 fEH)

Fig. 8 Interactive entity synchronization (with semaphore).

$ ./StartCP

$ ./SetTotalWorkers 2

$ ./SetValues 10

$ ./Merge --semaphore false &

merging process: partially sorted values of \

sort process 1 do not found !

9: kw7 BBV Y T 4 T 1 OEIfE
Fig. 9 Entity behaviors without semaphore.
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VAL 2: 27474 DO EBRD /2D =)L - A7 Y Tk

Listing 2: Shell script of the experiment of synchronization

#!/bin/bash

./StartCP

./SetTotalWorkers $1

./SetValues $2

for (( count = 1; count <= $1; count ++ )) do
./Sort --semaphore true $count &

done

./Merge --semaphore true

./EndCP

$ ./MergeSortWithSemaphore.sh 2 10

sorting process 1: sorting values 6 3 1 8 7
sorting process 1: sorted values 1 3 6 7 8
sorting process 2: sorting values 3 7 2 2 5

sorting process 2: sorted values 2 2 3 57
merging process: merged values 1 223 35677 8

10: YA+ 2 2wk 7 47 4 DR
Fig. 10 Entity synchronization with Listing 2.
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$ ./Sum-Verbose.sh 2

addl process 2: sleep 312 milliseconds.
addl process sleep 598 milliseconds.
addl process decrement semaphore for atomic addition.
addl process starting critical section.
addl process get value: O
addl process sleep 1310 milliseconds.
addl process decrement semaphore for atomic addition.
addl process set value 1
addl process increment semaphore for atomic addition.
addl process starting critical section.
addl process Ending critical section.
addl process get value: 1
addl process sleep 627 milliseconds.
addl process set value 2

addl process increment semaphore for atomic addition.

[ S S S e N R e N T N T I N S

addl process Ending critical section.
Shared memory value: 2

$ ./ProcessBehaviorGraph

11: 7t 2OEEDFH
Fig. 11 Details of process behavior.
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Fig. 12 Visualization of Fig.11.
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