Exploring Domain Decomposition

Activity 1 – Addition with Race Conditions

Teams will explore how to use domain decomposition to accomplish the job of adding a set of numbers together. Through this activity, team members will see what can happen when changes are made to shared memory in parallel without regard for possible conflicts.

Materials (used in all 3 activities)

· 16 numbered index cards (or Post-It notes) – each has a number 1 through 5 written on it. There should be three sets of cards numbered 1-5, and another single card with the number 1 on it.

· 20 index cards labeled “Shared Sum”.

· 4 index cards labeled “Local Memory”.

· 5 Pencils.

· Marker.

· Stopwatch or clock with second hand.

Setup

1. Divide the numbered cards and 16 Shared Sum cards equally (or roughly so) among the 4 or 5 team members (processors). For example, with 4 processors, each processor will have 4 numbered cards and 4 Shared Sum cards. (The numbered cards should be face down in a pile.)

2. Give a pencil to each processor.

3. Write the number 0 on one of the Shared Sum cards, and place it in the middle of the table, visible to and within reach of all of the processors. 

Execution

1. After all of the processors are given the instructions, start timer.

2. Each processor should perform these steps as quickly as possible:

a. Read the value of the current Shared Sum in the middle of the table.

b. Turn over the numbered card on the top of the pile.

c. Add the value shown on the numbered card to the value read from the Shared Sum card in step , and write the result on a new Shared Sum card.

d. Place the new Shared Sum card on the top of the pile forming in the middle of the table. (Don’t worry if others have placed new Shared Sum cards on the pile while you were processing.)

e. Repeat steps  -  until you are out of index cards.

3. Stop timer.

Debrief

1. Is the Shared Sum (i.e. the value on the top card of the Shared Sum pile) equal to 46? 

a. If not, discuss possible reasons. These could include:

i. Multiple processors adding at the same time.

ii. Overlapping changes – e.g. one processor performing addition at the same time that another processor places a new Shared Sum card on top of the pile.

iii. Arithmetic errors.

The first two reasons are issues that need to be addressed in parallel processing; the third generally won’t happen at all, with properly written computer programs.

When multiple processors are changing the same shared memory location (like the Shared Sum pile), and overwriting each other’s results, this is called a race condition.

Activity 2 – Addition with Critical Section

Teams will explore how to improve accuracy by protecting the shared memory, so that one processor’s changes don’t overwrite those of other processors. 

Setup

1. Divide the numbered cards equally (or roughly so) among the 4 or 5 team members (processors). 

2. Write the number 0 on a Shared Sum card, and place it in the middle of the table, visible to and within reach of all of the processors. 

3. Place the marker next to the Shared Sum card; this will be the only writing instrument used in this activity.

Execution

1. After all of the processors are given the instructions, start timer.

2. Each processor should perform these steps as quickly as possible:

a. Pick up marker. (Obviously, only one processor can do this at a time.)

b. Read the current value of the Shared Sum in the middle of the table.

c. Turn over the numbered card on the top of your pile.

d. Add the value shown on the numbered card to the value read from the Shared Sum card in step , and write the result on the Shared Sum card, crossing out the previous value.

e. Return the marker to the center of the table.

f. Repeat steps  -  until all processors are out of index cards.

3. Stop timer.

Debrief 

1. Is the Shared Sum equal to 46? 

a. If so, discuss possible reasons for the improved accuracy. These could include:

i. Processors taking turns in reading and updating the Shared Sum.

ii. Processors resting between additions.

b. If not, discuss possible reasons.

2. Compare times required for processing in activities 1 and 2. Discuss reasons for any difference observed.

When there is a processing task that can only be performed by one processor at a time, this is called a critical section. In this activity, all of the steps between picking the marker up and returning it make up a single critical section. This can lead to processors being idle while waiting for another processor to complete a critical section. 

Activity 3 – Addition with Reduction

Teams will explore how to improve the efficiency of addition by using subtotals.

Setup

1. Divide the numbered cards equally (or roughly so) among the 4 or 5 team members (processors). 

2. Give each processor a Local Memory card, with the number 0 written on it.

3. Give each processor a pencil.

4. Designate one processor as the Master Processor; give a Shared Sum card with the number 0 to this processor.

Execution

1. After all of the processors are given the instructions, start timer.

2. Each processor should perform these steps as quickly as possible:

a. Read the current value of the Local Memory card.

b. Turn over the numbered card on the top of your pile.

c. Add the value shown on the numbered card to the value read from the Local Memory card in step , and write the new result on the Local Memory card, crossing out the previous value.

d. Repeat steps  -  until out of numbered cards.

e. Hand Local Memory card to Master Processor.

3. Master Processor adds the values of the Local Memory cards to the Shared Sum card.

4. Stop timer.

Debrief 

1. Is the Shared Sum equal to 46? 

a. If so, discuss possible reasons.

b. If not, discuss possible reasons.

2. Compare times required for processing in activities 2 and 3. Discuss reasons for any difference observed.

By having each processor add its own numbers independently in local memory, the idle time is decreased. This use of local memory for computing intermediate results is called reduction.

Review

1. Describe a race condition.

2. What does a critical section do?

3. What is a reduction?

