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• Parallel Workload 
Model

These figure are adopted from Guo et. al. ECRTS’ 17 paper and presentation.

• Energy-efficient computing

• Faster computing



Problem and Motivation

12/2/2022 Real-Time & Intelligent Systems Lab 3

• Parallel Workload Models
o fork-join model
o DAG model
o gang model



Problem and Motivation

12/2/2022 Real-Time & Intelligent Systems Lab 4

• Parallel Workload Models
o fork-join model
o DAG model
o gang model



Problem and Motivation

12/2/2022 Real-Time & Intelligent Systems Lab 5

• Parallel Workload Models
o fork-join model
o DAG model
o gang model



Problem and Motivation

12/2/2022

Real-Time & Intelligent Systems Lab 6

• Parallel Workload Models
o fork-join model
o DAG model
o gang model



Problem and Motivation

12/2/2022

Real-Time & Intelligent Systems Lab 7

• Parallel Workload Models
o fork-join model
o DAG model
o gang model



Problem and Motivation

12/2/2022 Real-Time & Intelligent Systems Lab 8

• Traditional gang task model

P1

P2

P3

P4

𝜏𝜏1 = (1,3,5) 𝜏𝜏2 = (5,2,8) 𝜏𝜏3 = (2,3,10)
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• Traditional gang task model

P1

P2

P3

P4
worst case execution time

degree of parallelism

period/deadline

𝜏𝜏𝑖𝑖 = (𝑐𝑐,𝑚𝑚,𝑇𝑇)

𝜏𝜏1 = (1,3,5) 𝜏𝜏2 = (5,2,8) 𝜏𝜏3 = (2,3,10)
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P3
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Problem and Motivation

• Traditional gang task model 𝜏𝜏𝑖𝑖 = (𝑐𝑐,𝑚𝑚,𝑇𝑇)

𝜏𝜏1 = (1,3,5) 𝜏𝜏2 = (5,2,8) 𝜏𝜏3 = (2,3,10)

Job release
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Problem and Motivation

• Traditional gang task model 𝜏𝜏𝑖𝑖 = (𝑐𝑐,𝑚𝑚,𝑇𝑇)

𝜏𝜏1 = (1,3,5) 𝜏𝜏2 = (5,2,8) 𝜏𝜏3 = (2,3,10)

Processor remains 
idle, although there 
are pending tasks 

(𝜏𝜏2, 𝜏𝜏3)



12/2/2022 Real-Time & Intelligent Systems Lab 12

P1

P2

P3

P4

1 60

Problem and Motivation

• Traditional gang task model 𝜏𝜏𝑖𝑖 = (𝑐𝑐,𝑚𝑚,𝑇𝑇)

𝜏𝜏1 = (1,3,5) 𝜏𝜏2 = (5,2,8) 𝜏𝜏3 = (2,3,10)

5 97

Processor remains 
idle, although 𝜏𝜏3 is 

pending



12/2/2022 Real-Time & Intelligent Systems Lab 13

P1

P2

P3

P4

1 60

Problem and Motivation

• Traditional gang task model 𝜏𝜏𝑖𝑖 = (𝑐𝑐,𝑚𝑚,𝑇𝑇)

𝜏𝜏1 = (1,3,5) 𝜏𝜏2 = (5,2,8) 𝜏𝜏3 = (2,3,10)

5 97

Processor remains idle, 
although 𝜏𝜏1 and 𝜏𝜏3 are 

pending

Processor remains 
idle, although 𝜏𝜏3 is 

pending
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P1

P2

P3

P4

1 6 90

MC-Gang

7

𝜏𝜏2 = (5,5,2,8, 𝐿𝐿𝐿𝐿)𝜏𝜏1 = (1,2,3,5,𝐻𝐻𝐻𝐻) 𝜏𝜏3 = (2,6,3,10,𝐻𝐻𝐻𝐻)

wcet at LO-criticality mode

degree of parallelism

period/deadline

wcet at HI-criticality mode

criticality level

𝜏𝜏𝑖𝑖 = (cl, ch,𝑚𝑚,𝑇𝑇, 𝑥𝑥)
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MC-Gang
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mode switch
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18

• At LO-criticality mode, set a virtual 
deadline (VD) to all the HI-criticality tasks.
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3 5

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑑𝑑𝑑𝑑𝑉𝑉𝑑𝑑𝑉𝑉𝑉𝑉𝑑𝑑𝑑𝑑 = 𝑥𝑥 � 𝐴𝐴𝑐𝑐𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝐷𝐷𝑑𝑑𝑉𝑉𝑑𝑑𝑉𝑉𝑉𝑉𝑑𝑑𝑑𝑑,𝑤𝑤𝑤𝑑𝑑𝑉𝑉𝑑𝑑
𝐴𝐴 ≤ 𝑥𝑥 ≤ 𝐵𝐵 𝑉𝑉𝑑𝑑𝑑𝑑 𝐴𝐴 = max(𝐴𝐴1,𝐴𝐴2)

𝐴𝐴1 = 𝑚𝑚𝑉𝑉𝑥𝑥𝑖𝑖:𝜏𝜏𝑖𝑖∈𝜏𝜏𝐿𝐿
𝑈𝑈𝐿𝐿𝐻𝐻

𝑀𝑀 − ∆𝑖𝑖 − 𝑈𝑈𝐿𝐿𝐿𝐿

𝐴𝐴2 = 𝑚𝑚𝑉𝑉𝑥𝑥𝑖𝑖:𝜏𝜏𝑖𝑖∈𝜏𝜏
𝑚𝑚𝑖𝑖𝑈𝑈𝐿𝐿𝐻𝐻 + 𝑉𝑉𝑖𝑖𝐿𝐿(𝑀𝑀 − ∆𝑖𝑖 − 𝑚𝑚)

𝑚𝑚𝑖𝑖(𝑀𝑀 − ∆𝑖𝑖 − 𝑈𝑈𝐿𝐿𝐿𝐿)

𝐵𝐵 = 𝑚𝑚𝑉𝑉𝑑𝑑𝑖𝑖:𝜏𝜏𝑖𝑖∈𝜏𝜏𝐻𝐻 1 −
𝑚𝑚𝑖𝑖𝑈𝑈𝐻𝐻𝐻𝐻 + 𝑉𝑉𝑖𝑖𝐻𝐻(𝑀𝑀 − ∆𝑖𝑖 − 𝑚𝑚)

𝑚𝑚𝑖𝑖(𝑀𝑀 − ∆𝑖𝑖)
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Precise MC-Gang (This paper)
• In MC-Gang, there execution for LO-tasks are not guaranteed 

• Precise MC-Gang: No-jobs are dropped in H-Mode
– In L-Mode, tasks execute only on 𝑀𝑀𝐿𝐿 processors 

• Out of H processors, only (at max) L processors can be used in L-mode

– In H-Mode, tasks may execute on all 𝑀𝑀𝐻𝐻processors 



Schedulability Test (Utilization)

• Lemma 1: Under GEDF-VD scheduling, all (LO- and HI-) tasks 
must meet their virtual deadlines in L-mode, if

∀𝑉𝑉, 𝑥𝑥 ≥
𝑚𝑚𝑖𝑖𝑈𝑈𝐿𝐿 + 𝑀𝑀𝐿𝐿 − Δ𝑖𝑖𝐿𝐿 − 𝑚𝑚𝑖𝑖 𝑉𝑉𝑖𝑖𝐿𝐿

𝑚𝑚𝑖𝑖 (𝑀𝑀𝐿𝐿 − Δ𝑖𝑖𝐿𝐿)



Schedulability Test (Utilization)

• Lemma 1: Under GEDF-VD scheduling, all (LO- and HI-) tasks 
must meet their virtual deadlines in L-mode, if

∀𝑉𝑉, 𝑥𝑥 ≥
𝑚𝑚𝑖𝑖𝑈𝑈𝐿𝐿 + 𝑀𝑀𝐿𝐿 − Δ𝑖𝑖𝐿𝐿 − 𝑚𝑚𝑖𝑖 𝑉𝑉𝑖𝑖𝐿𝐿

𝑚𝑚𝑖𝑖 (𝑀𝑀𝐿𝐿 − Δ𝑖𝑖𝐿𝐿)
Utilization of Low-tasks

Maximum possible idle processors in L-mode



Schedulabilty Test (Utilization)
• Lemma 2: Under GEDF-VD scheduling, assuming all virtual 

deadlines are met in L-mode, all (LO- and HI-) tasks must meet their 
actual deadlines in H-mode, if

∀𝑉𝑉, 𝑥𝑥 ≤ 1 −
𝑚𝑚𝑖𝑖𝑈𝑈𝐻𝐻 + 𝑀𝑀𝐻𝐻 − Δ𝑖𝑖𝐻𝐻 − 𝑚𝑚𝑖𝑖 𝑉𝑉𝑖𝑖𝐻𝐻

𝑚𝑚𝑖𝑖(𝑀𝑀𝐻𝐻 − Δ𝑖𝑖𝐻𝐻)
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Utilization of HI-tasks

Maximum possible idle processors in H-mode
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