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Concurrency

Pipelining
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Assembly Lines



2

15-105 Principles of Computation, Carnegie Mellon University - CORTINA 3

Pipelining

 Used in RISC processors to speed up
computations.
 RISC = Reduced Instruction-Set Computers

 Based on the assembly line concept
 Instead of completing one computation before

starting another, each computation is split into
simpler sub-steps, and computations are
started as others are in progress.

 The amount of speedup depends on the
dependency between the computations.
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Pipelining Example

  0       30      60     90     120    150   180    210    240   270    300   330    360 min. 

Washing, Drying and Ironing four loads of laundry.

W D I W D I W D I W D I

W D I
Washing (30 min) Drying (45 min) Ironing (15 min)

WITHOUT
PIPELINING:
6 hr
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Pipelining Example

  0       30      60     90     120    150   180    210    240   270    300   330    360 min. 

Washing, Drying and Ironing four loads of laundry.

W D I

W D I

W D I

W D I

W D I
Washing (30 min) Drying (45 min) Ironing (15 min)

WITH
PIPELINING:
3 hr 45 min

The length of the
pipeline depends
on the length of
the longest step.
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Pipelining in Computing
 Fetch instruction from memory
 Decode the instruction
 Read data from registers
 Execute the instruction
 Write the result into a register

F D R E W

F D R E W

F D R E W

F D R E W
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Dealing with Dependencies
ADD R3, R2, R1
ADD R5, R4, R3
ADD R8, R7, R6
ADD R11, R10, R9

ADD R3, R2, R1
ADD R8, R7, R6
ADD R11, R10, R9
ADD R5, R4, R3

This instruction depends on the result
of the previous instruction. (This will
hold up the pipeline.)

"Add the contents of R1 and R2 
and store the results in R3."

Reorder the instructions to minimize
the delay on the pipeline due to the
dependency, if possible.
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Dealing with Dependencies
A: ADD R3, R2, R1
    SUB R6, R5, R4
    BEQ R6, R3, A
    MOV R2, R1

"Branch to label A if R3 = R6."

The BEQ instruction will stall in the
pipeline since the final values of
R3 and R6 are not known yet.

Possible solutions:
1. Assume the branch occurs. If we find later that

R3 is not equal to R6, clear the pipeline and 
begin computing with the MOV instruction.

2. Start decoding the ADD and MOV instructions.
When we know if R3 is equal to R6 or not, send the appropriate
instructions into the pipeline for completion.
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Matrix Multiplication

student8

student7

student6

student5

student4

student3

student2

student1

finalexam3exam2exam1paperhw

556070808088

10010090808090

757575757575

9096969895100

475660506550

918885807385

757963758073

928591939095

final

exam3

exam2

exam1

paper

hw

weight

0.3

0.15

0.15

0.15

0.1

0.15

student6

student7

student8

student5

student4

student3

student2

student1

average
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Matrix Multiplication

student8

student7

student6

student5

student4

student3

student2

student1

finalexam3exam2exam1paperhw

556070808088

10010090808090

757575757575

9096969895100

475660506550

918885807385

757963758073

928591939095

final

exam3

exam2

exam1

paper

hw

weight

0.3

0.15

0.15

0.15

0.1

0.15

student6

student7

student8

student5

student4

student3

student2

student1

average

91.2

0 + 95*0.15 + 90*0.1 + 93*0.15 + 91*0.15 + 85*0.15 + 92*0.3 = 91.2 
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Matrix Multiplication

student8

student7

student6

student5

student4

student3

student2

student1

finalexam3exam2exam1paperhw

556070808088

10010090808090

757575757575

9096969895100

475660506550

918885807385

757963758073

928591939095

final

exam3

exam2

exam1

paper

hw

weight

0.3

0.15

0.15

0.15

0.1

0.15

student6

student7

student8

student5

student4

student3

student2

student1

average

74.0

91.2

0 + 73*0.15 + 80*0.1 + 75*0.15 + 63*0.15 + 79*0.15 + 75*0.3 = 74.0 
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Matrix Multiplication

student8

student7

student6

student5

student4

student3

student2

student1

finalexam3exam2exam1paperhw

556070808088

10010090808090

757575757575

9096969895100

475660506550

918885807385

757963758073

928591939095

final

exam3

exam2

exam1

paper

hw

weight

0.3

0.15

0.15

0.15

0.1

0.15

student6

student7

student8

student5

student4

student3

student2

student1

average

85.3

74.0

91.2

0 + 85*0.15 + 73*0.1 + 80*0.15 + 85*0.15 + 88*0.15 + 91*0.3 = 85.3

....and so on...
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Matrix Multiplication

student8

student7

student6

student5

student4

student3

student2

student1

finalexam3exam2exam1paperhw

556070808088

10010090808090

757575757575

9096969895100

475660506550

918885807385

757963758073

928591939095

final

exam3

exam2

exam1

paper

hw

weight

0.3

0.15

0.15

0.15

0.1

0.15

75.0student6

92.0student7

student8

student5

student4

student3

student2

student1

average

69.2

95.0

53.0

85.3

74.0

91.2

If each multiply/add takes 1 time unit,
this non-pipelined matrix multiplication takes 48 time units.
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Faster Matrix Multiplication
Using Pipelining

915696758088

758860987590

927985509575

85638065100

91757350

938085

9073

95

0.15 0.1 0.15 0.15 0.15 0.3

student6

student7

student8

student5

student4

student3

student2

student1

average

student1

student2

student3

student4

student5

student6

student7

student8

0

W

N

S

E=W+(N*S)

KEY:
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Faster Matrix Multiplication
Using Pipelining

915696758088

4796758080

758860987590

927985509575

85638065100

91757350

938085

9073

0.15 0.1 0.15 0.15 0.15 0.3

student6

student7

student8

student5

student4

student3

student2

student1

average

14.250

W

N

S

E=W+(N*S)

KEY:
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Faster Matrix Multiplication
Using Pipelining

4796758080

915696758088

90759080

758860987590

927985509575

85638065100

91757350

938085

0.15 0.1 0.15 0.15 0.15 0.3

student6

student7

student8

student5

student4

student3

student2

student1

average

10.95 23.250

W

N

S

E=W+(N*S)

KEY:
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Faster Matrix Multiplication
Using Pipelining

90759080

4796758080

915696758088

7510070

758860987590

927985509575

85638065100

91757350

0.15 0.1 0.15 0.15 0.15 0.3

student6

student7

student8

student5

student4

student3

student2

student1

average

12.75 18.95 37.20

W

N

S

E=W+(N*S)

KEY:
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Faster Matrix Multiplication
Using Pipelining

7510070

90759080

4796758080

915696758088

10060

758860987590

927985509575

85638065100

0.15 0.1 0.15 0.15 0.15 0.3

student6

student7

student8

student5

student4

student3

student2

student1

average

7.5 20.05 30.2 50.850

W

N

S

E=W+(N*S)

KEY:
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Faster Matrix Multiplication
Using Pipelining

10060

7510070

90759080

4796758080

915696758088

55

758860987590

927985509575

0.15 0.1 0.15 0.15 0.15 0.3

student6

student7

student8

student5

student4

student3

student2

student1

average

15.0 14.0 32.05 39.65 63.60

W

N

S

E=W+(N*S)

KEY:

15-105 Principles of Computation, Carnegie Mellon University - CORTINA 20

Faster Matrix Multiplication
Using Pipelining

55

10060

7510070

90759080

4796758080

915696758088

758860987590

0.15 0.1 0.15 0.15 0.15 0.3

student6

student7

student8

student5

student4

student3

student2

student1

average

11.25 24.5 21.5 44.8 51.5 91.20

W

N

S

E=W+(N*S)

KEY:
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Faster Matrix Multiplication
Using Pipelining

55

10060

7510070

90759080

4796758080

915696758088

0.15 0.1 0.15 0.15 0.15 0.3

student6

student7

student8

student5

student4

student3

student2

student1

average

91.2
13.5 18.75 39.2 30.5 58.0 74.00

W

N

S

E=W+(N*S)

KEY:
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Faster Matrix Multiplication
Using Pipelining

55

10060

7510070

90759080

4796758080

0.15 0.1 0.15 0.15 0.15 0.3

student6

student7

student8

student5

student4

student3

student2

student1

average

74.0

91.2
13.2 21.5 30.0 53.6 38.9 85.30

W

N

S

E=W+(N*S)

KEY:
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Faster Matrix Multiplication
Using Pipelining

55

10060

7510070

90759080

4796758080

0.15 0.1 0.15 0.15 0.15 0.3

student6

student7

student8

student5

student4

student3

student2

student1

average

85.3

74.0

91.2
21.2 33.5 41.25 68.0 53.00

W

N

S

E=W+(N*S)

KEY:

....and so on...
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Faster Matrix Multiplication
Using Pipelining

0.15 0.1 0.15 0.15 0.15 0.3

75.0student6

92.0student7

student8

student5

student4

student3

student2

student1

average

69.2

95.0

53.0

85.3

74.0

91.2
0

If each multiply/add takes 1 time unit,
this pipelined matrix multiplication takes only 13 time units.
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Sorting Sequentially

 Consider bubble sort with 4 items.
 How many comparisons must be made in

the worst case?
 Example: 58 37 44 19

37 58 44 19
37 44 58 19
37 44 19 58
37 44 19 58
37 19 44 58
19 37 44 58
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Sorting Network
2 input
values

smaller
value

larger
value

58

37

44

19

44

58

19

37

19

44

37

58

19

37

44

58

comparator

Plus, as one set of values are
being sorted, we can start another
set of values (pipelining)!
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Summary

 Pipelining allows us to start a new
computation while the current computation is
still in progress.

 The amount of speedup achieved depends
on the length of the longest substep of the
computation, if each of the substeps does
not take the same amount of time.

 Pipelining is often implemented in the
hardware of computers to make
computations faster.


