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Improving Schedule Length Ratio of
Associated Task on heterogeneous data
processing units

Abstract

Scheduling of associated tasks in heterogeneous systems is very
important to reduce the total completion time as heterogeneity and
coherence introduce more complexity. Several studies have focused on
studying task scheduling in homogeneous systems and some studies
have been limited to scheduling in heterogeneous systems.

In this paper, a new algorithm was created and a simulation of the
proposed algorithm was designed and tested using a random schema
generator. This algorithm showed better results than its predecessors in
terms of schedule length ratio relative to heterogeneity factor.

Keywords: Makespan - Critical Path - Task - Rank - Predecessor -
Successor.
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(1) Starting from the exit node, compute rank,, for all tasks by using " improved task priority

strategy ".
(2) Sort tasks in schedualing list by decreasing order of rank,, value.
(3) Compute the Critical Path using CP, = Max{Z} w(t)max + 2 Cosuce(ry)}-
(4) Select the first task v;from the list for schedualing.
(5) If the task is the entry task
(6) Use " entry task duplication selection policy "
(7) Elseif ti is VIT
(8) IfDRT (t;, pi)>w (MP,pj)
(9) Duplicate MP on pj without violate the dependency constraints
(10) Update EFT of ti on pj
(11) End if
(12) If satisfy the condition of ITS insertion—based optimizing policy
(13) Use ' ITS insertion-based optimizing policy "
(14) Else
(15) For each processor in the processor set do
(16) Compute EFT(t; , pj ) value
(17) End for
(18) Assign t; to the pj that minimizes EFT
(19) For latest task if second MP or any other MP gives shorter scheduale length duplicate it
(20) elseif first and second MP give shorter scheduale length duplicate them
(21) End if

Axe (3580 Jgaalls bl : Janl)
(S ALY (50 ) il Lalaiie 1 a1)

eleall Apghsl Al (385 A8 el i L) s s z s AN dagas (e sall-]
10 A5l 5 9 A8Mall Canen il

A Al 5 iy A saall A8 algall 5582

CPe = Max{E3w(tmax + X Crneegry} -otad) pladiuy  jall jluall Gilaa-3
Adgaall Al e A5V Aegall a4

Ui dagae dagall il 135

cdsaall dage LSS Hlod) sl pa35u1-6

FaanY) Bl Aegall S 13 Y7

SV Galld) 2 ) g ST ALAY) daidl cwilS -8

Aplacy) 258 gl (s Sy Gl Fwl-9

P ) o g dagall SEY) ol () dad Cia=10
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Jf dils 11

ALal) el bzl 2 oY) e Al Gpuatl) Al Joyd 3323 s 412
el 038 22310013

Y- 14

Gilallad) de sane (o mllae IS Jal e 15

P el e ¢ dagall HSY) i) (o) anal=16

for dals ¢if-17

oY) SV L) e 93 allaall e g dagall 2-18

Usan Jsh any ol Gale ol o S8 <Y1 Galud) IS01Y) dage AT dalf (19

AR gl
Legint) yuadl Agan gl laamy Ligus 5 J5¥1 5891 Gl IS o) Y1520
Jif =21

:HSIP ijsal PUSUDO 4sagia
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Input: DAG, set of tasks V, set of Processors P

Output: Schedule result, makespan

(1) Starting from the exit node, compute rank,, for all tasks by using “Improved Task Priority Strategy”.
(2) Sort the tasks in scheduling list by decreasing order of rank,, value.
(3) While there are unscheduled tasks in the list do

(4)  Select the first task v; from the list for scheduling

(5) If the task is the entry task

(6) Use “Entry Task Duplication Selection Policy”

(7)  Else (task v; is not the entry task)

(8) if satisty the condition of ITS insertion-based optimizing policy
(9) Use “ITS Insertion-based Optimizing Policy”

(10) else

(11) for each processor p; in the processor set (p; € P) do

(12) Compute the earliest finish time (EFT) by (5)

(13) end

(14) Assign task v; to the processor p; that minimize EFT of task v,
(15) End if

(16) Endif

(17)  Update list

(18) End while

Ciplall Dlge alaee Jaid Azl Jlaall alen SLieYL HSIP duy)lsa 336 Y
Cua (Makespan JSU oLaY) ey e i 135 dege (sl Jie Lefia Leilgan o5 G
- AHPSHC 2 lsa 8 el puad

:AHPSHC 4aj lAl Slaa sli-11

PyCharm  Jaexll dius Python daayl) 2al aladiuly da jiall e lsal) Slas sl &
(2) JS& b mage s LS Community Edition 2020.1 x64

=] fida - AApy
Fle [dit Yiew Neigate Code Befoctor Run Jooks VC3 Window Help
rida (5 Anpy
rE S Tlo= &y
.
5, verw import matplotlib.pyplot as plt

matplotlid.inage as
wort  randon
import pandas as pd

npimg

Data= pd.read_csv("test2.csv", header=None)
Data.astype(float)
for 1 1n range(len(Data)):

if ==0:
n=Data.iloc[1,8]

n=1nt(n)

print(“the number of tasks:",n)
eUif i==1:

n = Data.iloc[t,6]

n=int(m)

print("the number of processors:®,n)
elif i=s2:

Ru 4 AR

S 7 4 $5.629999999999995 || se.8 ||
6 (T ST 5 SN THE X T

g

' g v 1" | 6633 Il 268 I

Er

AHPSHC s sa Slak (2) U<
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cale J<8 e aslily Jas (7) JSall & WS DAG Labie g oy of e
) Lidand o5y 3 (6 Slaall ) JusS)

:[22] Jul) DAG Lbis e da i) dua) )l 3ukail

Slalles 3 (e (58 allas e Lgilgan o)) Aayliic alea 8 (3) JSi 8 L
o @l e IS e it 340 (e Gage JSU (3 co o deyudl b daid
cpsilaie e allail)

Ty Aagal) Ct‘i’ Y il Ty degall e Ts 5 Ty s T35 T, eté-'d‘ ada
Bl 13805 L) el T gl il At samy 11 ol Jlssl pa) Slie
Alaie V) asgie iy <l L algal) 4

oA dega () Jsaal) daga e i 4 Gl Jsbl 8 sl Ll

Task| p, | p2| ps | Pi

1 J11)13] 9 |11.0

2 (10]15|11(12.0

3 109]12|14(11.6

4 112|16(10(12.3

5 |15])11]19(15.0

6 [13]0905|8.60

7 |11]15]13]12.3 A
8

\

11|15(10(12.0

-

@

(DAG) ilia )50 Y (il Jabaia (3) JSal

talgall Llel Clus jsh—1
rankTg = 12 x 2.16 = 25.92
rankT, = Max(12.3 * 1.632 + 13 + 25.92) = 58.993
rankT, = Max(8.6 * 3.265 + 21 + 25.92) = 74.999
rankTs = Max(15 * 3.265 + 27 4+ 58.993) = 134.968
p Al iy eV An) s JWL T, 5Ty Leas cils T, dagall
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rankT, = Max(12.3 * 2.494 + 13 + 19 + 74.999) = 137.675

T,: rankT, = Max(12.3 * 2.494 + 13 + 19 + 58.993)
=121.669

rankT; = Max(11.6 * 2.054 + 10 + 74.999) = 108.825

rankT, = Max(12 * 2.16 + 13 + 74.999) = 113.919

Gis eV Agll s JuG T, ¢ ToTy ¢ Ts oy <Al dayl T) dagall
s Aal
T,: rankT; = Max(11 * 1.63 + 53 + 113.919) = 184.849
T3:rankT, = Max(17.93 + 53 + 108.825) = 179.755
Ty:rankT; = Max(17.93 + 53 + 124.675) = 195.605
Ts:rankT; = Max(17.93 + 53 + 134.968) = 205.898
DU il aleal) dyglgl st ML
C)AJ\ )Lmd\ k_ll.u;_z

CP,, =13 + 11 + 15 = 39
CP; =13 + 17 + 14 = 44
CP,, =13 + 14 + 16 = 43
CPs =13+ 11+ 19 = 43
CP,6 = 39+ 13 + 13 = 65
CPse = 44+ 10 + 13 = 67
CPe =43+19+13 =75
CP, =43+ 13+ 15 =71
CP,o, = 43 4+ 27 + 15 = 85
CPyes = 65 + 21 + 15 = 101
CPags = 67 + 21 + 15 = 103
CPiyes = 75 + 21 + 15 = 111
CPy47g =71+ 13 415 =99
CP,o7g = 85 + 13 + 15 = 113

T) > Ts > T; > Tg zall ludl gl
rladlaall alead) alin) sk 3
P3 sa5 35 (ga) Jral 53 llaall o Ledsans Joaal) Aaga 2T,
Ty oo V) AtV il dagall
EST,, = Max(0,max(9 + 14)) = 23
EFT,, =23 +12 =35

Te:
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EST,, = Max(0,max(9 + 14)) = 23
EFT,, =23+ 16 =39
EST,3 = Max(9,max(9 +0)) =9
EFT,3=9+10=19
PPy el e Jsaal) daga (g Adi oLt Jayd
Gase 11 <9414 =23
PPy el Ll Jsiall Gaga (g dds oLty dayd
Gise 13 <9+ 14 =23
Py 5Py aallad) (e OS e Jsaal) dage (e Adu o L) Jla 3 4l 2
EST,; = Max(11,max(11 + 0)) = 11
EFT,; =11+ 12 =23
EST,, = Max(13,max(13 + 0)) = 13
EFT,, =13 +16 =23
pe Jla 84k yral clalladl e Ty Ggall S oL@y () of JaadU
Py ) e Ty dagall Jpand L el o L)
asts JAL VIT s Tg & Jal) gsiall 8 53V 350631 cld dagall
: ) Gy AU bl
ESTs1 = Max(0,max(9 + 11)) = 20
EFTs; =20+ 15 =35
slot = EST — treqay ) tready rellaall Aals (e
slot =20 : Jull
ESTs, = Max(0,max(9 + 11)) = 20
EFTs, =20+ 11 =31
slot =20

ESTs3 = Max(9,max(9 + 0)) =9
EFTs, =9+ 19 = 28
rAaal o L) Js 8
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PPy pllad) Jlodls e

A oLty i L Ghae Wi | = 11 < 20 syl e Yyl Gias
ESTs, = Max(11,max(11 + 0)) = 11
EFTg; =11+ 15 =26
1 Py mlleddl Hloals e
A oLty ki WL Giae Wy, = 13 < 20 :laydll e Yyl Gias
ESTs, = Max(13,max(13 + 0)) = 13
EFTs, =13+ 11 = 24
Py laall e Tg dagall Agan i
Ty ot AN Al Y il degal
g e HSIP 4 ld 3 Zaiddl Jodall dage (e A3 ¢ L) dulias a0
DRT > Wr, 5. 383 13 8 Clallaal
EST,, = Max(9,max(9 + 11)) = 20
EFT,; =20+ 10 =30
slot =20

EST,, = Max(24,max(11 + 0)) = 24
EFTZ,Z = 24‘+ 15 = 39
EST,3 = Max(19,max(9 + 0)) = 19
EFT,3 =19+ 11 =30
daall (L) Ja s
A o Lit) adiios Nl Giae Wy, | = 11 < 20 thaydll (e Yyl (s
EST,; = Max(11,max(11 + 0)) = 11
EFTZ,l == 11 + 10 == 21
EFT Glaas Bl 2l oLl L 3aY) cuallaal Wl
Py el e Ty degal) son i Ul
Ty & SNV LY il degdl)
EST3; 1 = Max(21,max(11 + 0)) = 21
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EFT;, = 2149 =30
EST;, = Max(24,max(13 + 0)) = 24
EFT;, =24+ 12 =36
EST33 = Max(19,max(9 + 0)) = 19
EFT;3 =19+ 14 =33
EST3;1 = Max(21,max(11 + 0)) = 21
EFT;; =21+9 =30
EST3'2 = MClX(24, max(13 + O)) = 24
EFT;, =24+ 12 =36
EST33 = Max(19,max(9 + 0)) = 19
EFT;3 =19 + 14 = 33
Py el e T dagall Algan i U,
T oo Y AyglsY) il dagall
ESTs, = Max(30, max(21 + 0,30 + 0,19 + 19)) = 38
EFTs, =38+ 13 =51
ESTs, = Max(24, max(21 + 13,30 + 10,19 + 19)) = 40
EFTs, =40 +9 =49
ESTs 3 = Max(19, max(34,40,19 + 0)) = 40
EFTg3 =40+ 5 =45
. Py GJ\’““ML_A‘Te M\Mﬁ;e@ugmg
VIT a5 Ty o S Al il dagall
EST; 1 = Max(30,max(19 + 13,24 + 27)) = 51
EFT,; =51+ 11 =62
Slot=19
EST,, = Max(24,max(32,24 + 0)) = 32
EFT,, = 32+ 15 =47
Slot=8
EST, 3 = Max(45,max(19 + 0,49)) = 49

EFT7’3 = 4‘9 + 13 = 62
Slot=4
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i) ola) Jla b
das oWy aeais UG Bise Wi = 15 < 19l (e Yl Gins

EST, 1 = Max(45,max(32,45)) = 45
EFT,, =45+ 11 =156

alled) e diis o Lay) 40K s UL Py adlaadl e Agans Tg dagall
P;

: Py el Hloals e
B e A el iy Jall Wy, =19 > 4 :l)all e Yyl Giass
gellaal
L) Jla b 4ie pral dadl) o) (s Py el e EFT of Ll
Py el e Ty degd) Joand ML Py aellaal) e 4l
VIT a5 Ty a1 Al V) il degal

ESTy, = Max(30, max(47 + 13,45 + 21)) = 66
EFT&I = 66 + 11 =77

Slot=36
ESTg, = Max(47, max(47,66)) = 66
EFTg, = 66+ 15 =81
Slot=19
ESTg3 = Max(45, max(60,45)) = 60
EFTg3 = 60+ 10 =70
Slot=15
T¢:MP

| '\;Lﬂd}d\;‘éj

das oLy b MG e Wi = 13 < 36 thyll (he Yol (il
ESTg1 = Max(43, max(43 + 0,47 + 13)) = 60
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EFT8’1 == 60 + 11 == 71
t Py el Slaaly e
R oLty i UL Ghae Wi, =9 < 19 thpdl) e Yl Gaas
ESTg, = Max(56, max(56 + 0,47 + 0)) = 56
EFT8,2 = 56 + 15 == 71

ey lsal) oda i Jalls Al (s 4t ST sl Jla & EFT of s
gaall Skl EFT jaual MP 53 Calull iay ol of 79 yad) dagal dpuailly Lasd
a3 llaal) e AT Gl e Al 7o Lilh el J 4 &5l
Py Wle 8 sag adde MP cld dagall dgaa

t Py el Hloals e

R oLty i WL Ghae Wi, = 13 < 15 :la)dll (e Yyl Ghas

ESTg3 = Max(58, max(45 + 0,58 + 0)) = 58
EFT8'3 = 58 + 10 - 68

1

1 1
10

- 4
20 il

3
30
40 7| =
50 7
60 3
70
80
90

AHPSHC

Lulus AHPSHC ) ylsa il (4) Jal
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.Makespan=68 ;)i >
: oSlaall alasiuly sl

:—Table of rank ——tabrank

Il 71 [l 206.41766444215938
Il 75 || 135.4547396617494
I T4 [l 133.980582565453

I T2 [ 113.98602272047596
| T3 || 108.9019301461593
Il 76 [| 75.06305992684452
I 77 [| 59.46494480608584
Il T8 [| 25.92296279363144

Table of cp ——tapc:—]

<== T1 -—=> T2 =-—=> T6 ==> T8 ==> 101.0
;= T1 => T3 ==> T6 ==> T8 ==> 103.0
;;= T1 ==> T4 => T6 ==> T8 => 111.0
;= T1 => T4 => T7 ==> T8 ==> 09.0

;= T1 ==> T5 => T7 ==> T8 ==> 113.0
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<== T1 -—=> T5 => T7 ==> T8 ==> 113.0
Critical Path:
T1 => T5 => T7 ==> T8 ==> 113.0

“ X

Processor
N

=

f T T
0 10 20 30 40 50 60 70
seconds since start

#l€d +Qlx B
Slaall alaaiuls AHPSHC Zua))lsa it (5) Jal

bl ] 3illaa 13
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10
20
30
40
50
60
70
80
90

Py p, P, P, P, Py
1] |1 1 o 1] || |
i 5 4
2|5 20 5
3 3
30
7 . 40 7 B
7 50
60
3
70
80
90
(b) AHPSHC (a) HSIP
AHPSHC HSIP
Makespan 68 70

AHPSHC s lsas HSIP i)l o lia (6) S
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danzsall JasY) degae dicliae Aadiliind s Jsiall g S5 &3 4df aadUS
3 Sllially Juaie <0 5l o5 el llaally lgiulss & Cua Tl
el uiladll aacy dalaic¥] asgie Zpd Gy Alall aleall 400 A6 Gl
(3) Jsal e Jbad

& bgle adnn Ty 5T coiles lgal Ty dagadl o (6) JSGN G Jaads
dgie) sang 13 o)l Juail (o) (3) JSAl G T degal) zliad Cua ladas
28 o lgll (e Baay 13 ks (1 Ty dagall b CLLAI T, Zagall o i
563 Ty dagall 5Ty dagall G Jlady) el Apally Wl cdmlly Tagl T, gl
JSal G osas ) ellaall e gdlus Aegall Alsan o5 43S Allal) 030 3 Jagl
3 el (6)

e @aiall Gadll sa9 HSIP 44 )lsa 3 Makespan=70 I Ly () ()
Makespan=68 sual ds jiall i) s aladiulys 75 Al dagal Jodall degs
1aluagilly clalinuyi-12

aal e Ve (7) &) pang Gum B J ded OS dal e cllabaae ae a5 &
om Lo AL gt A (8) JSEN b o sa LS il il alsell cilaladall

.-

ol

Gliaiall g Al 138 A3)lEes Qi) owadl) Agaal) Jsb 5 £=0.1,0.2,05,1, 2
AHPSHC 4. )5 off (9) JSall s aa dald) cluhall b lgle Jpmal) 5
L s Agan Jsla il f i Guilail) daide Jab V) 8 Juadl o1af ca

digraph G {
NODE @ 1 ROOT 0.0 0.0
1 [size="1153751040", alpha="0.26"]
2,3 COMPUTATION 1153751040 0.26
-> 4 [size ="75497472"]

-> 5 [size ="75497472"]
[size="218411008", alpha="0.03"]
COMPUTATION 218411008 0.03
4 -> 8 [size ="8388608"]
5 [size="2247688192", alpha="0.27"]

143



dailaie pf by dadlaes cilan g o Ay fial) algall aaill Jgand) Jsba (ypaun

7 COMPUTATION 2247688192 0.27

5 -> 8 [size ="134217728"]

8 [size="212246528", alpha="0.14"]
9 COMPUTATION 212246528 0.14

8 -> 10 [size ="8388608"]

10 [size="537665536", alpha="0.19"]
11,12 COMPUTATION 537665536 0.19

10 -> 13 [size ="33554432"]

10 -> 14 [size ="33554432"]

13 [size="4337934336", alpha="0.39"]
15 COMPUTATION 4337934336 0.39

13 -> 18 [size ="75497472"]

14 [size="4057049088", alpha="0.00"]
16,17 COMPUTATION 4057049088 0.00

14 -> 18 [size ="75497472"]

14 -> 19 [size ="75497472"]

18 [size="327264256", alpha="0.41"]
20 COMPUTATION 327264256 0.41

18 -> 22 [size ="8388608"]

19 [size="3153723392", alpha="0.32"]
21 COMPUTATION 3153723392 0.32

19 -> 22 [size ="134217728"]

22 [size="4751972352", alpha="0.46"]
23 COMPUTATION 4751972352 0.46
NODE 22 23 COMPUTATION 4751972352 0.46

}

Hsdiall lakaal alge alasiuly salsall il sl e Jbia (7) JSal
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SLR for different heterogeneity

L35
13 .
= -
ﬁ 1.25 _——;
an o
S e
g - —
- —
1.15 F_/g—.""
11
0.1 0.6 11 16
Heterogeneity
—a— AHPSHC

oilal) dibide Llu Y1 3 AHPSHC 4y lsa 8 ostl) Jaall Jsha (8) JSall

SLR for different heterogeneity

8
.5
7
o .5
6
» 55
g 5
.5
c g
g 35
x 3
2.5
2
1.5 —® a
1 —® . o
0.10203040506070809 1 1.11.2131.41516171.819 2
Heterogeneity
a b G d e f
—8— AHPSHC —@—HSIP —@— PEFT SDBATS —@—HEFT —@—CPOP

Balll ciloay 3l e Cuilal Ailite Bl 8 sel) Aol Jsa oy Aia (9) JSA

Sl A gl Adjpeas daa)yleall oda o Al aasa il Aulp S5 o 2
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