
Name: ______________________
Lab for ITSC 3181, Introduction to Computer Architecture, Spring 2023
Lab #13 and #14: Memory and Cache Access, Stride Access and Loop Ordering with Matrix Multiplication

Grade: 
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Task 1 and 2 (remove the following two figures, paste yours that have the solutions.)

[image: ]

[image: Chart, table, Excel, bar chart

Description automatically generated]

Task 3: 

1. Which ordering(s) perform best for these 1000-by-1000 matrices? Why?
2. Which ordering(s) perform the worst? Why?
3. How does the way we stride through the matrices with respect to the innermost loop affect performance?
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jik (multMat3)
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Task 2 (10%)

ikj (multMat2) jik (multMat3)jki (multMat4)kij (multMat5)kji (multMat6) Question 1Question 2Question 3

Percentage 15% 15% 15% 15% 15% 10%% 5% 5% 5%

Your grade

Task 1 (75%) Task 3 (15%)

Total


image2.emf
ijk (multMat1)
k=0 k=1 k=2 k=7 k=8 k=62 k=63 Summary
Array Element [Cache H/M|Element |Cache H/M|Element [Cache H/M|...| Element |Cache H/M| Element |Cache H/M]...| Element [Cache H/M| Element [Cache H/M| Stride |# Accesses |# Misses [Miss Rate [Notes
Load for A A[O] M A[n] M A[2n] M ... |A[7n] M A[8n] M ...|A[62n] [M A[63n] (M n 64 64 100% |Every access is Miss
Load for B B[O] M B[1] H B[2] H ...|B[7] H B[8] M ...|B[62] H B[63] H 1 64 8 0.13|1 out of 8 accesses is miss. Each memo
Load for C C[0] M C[0] H C[0] H ...|C[0] H C[0] H ...|C[0] H C[O] H 0 64 1 0.02(For all the 64 accesses, the first one is :
Store for C C[O] H C[O] H C[O] H ..|1C[0] H C[O] H ..|1C[0] H C[O] H 0 64 0 0|All 64 accesses are hit
Total

ikj (multMat2)

j=0 j=1 j=2 j=7 j=8 j=62 j=63 Summary

Array Element [Cache H/M|Element |Cache H/M|Element [Cache H/M|...| Element |Cache H/M| Element |Cache H/M]...| Element [Cache H/M| Element [Cache H/M| Stride |# Accesses |# Misses [Miss Rate [Notes
Load for A

Load for B

Load for C
Store for C

Total

jik (multMat3)

k=0 k=1 k=2 k=7 k=8 k=62 k=63 Summary
Array Element [Cache H/M|Element [Cache H/M|Element [Cache H/M|... | Element [Cache H/M| Element [Cache H/M| ... | Element [Cache H/M| Element [Cache H/M| Stride [# Accesses [# Misses |Miss Rate [Notes

Load for A

Load for B
Load for C

Store for C

Total

jki (multMat4)
i=0 i=1 i=2 i=7 i=8 i=62 i=63 Summary
Array Element [Cache H/M|Element |[Cache H/M|Element [Cache H/M|...| Element |Cache H/M| Element |Cache H/M]...| Element [Cache H/M| Element [Cache H/M| Stride |# Accesses |# Misses [Miss Rate [Notes
Load for A
Load for B
Load for C
Store for C

Total

kij (multMat5)
j=0 j=1 j=2 j=7 j=8 j=62 j=63 Summary
Array Element [Cache H/M|Element |[Cache H/M|Element [Cache H/M]|...| Element |Cache H/M| Element |Cache H/M]...| Element [Cache H/M| Element [Cache H/M| Stride |# Accesses |# Misses [Miss Rate [Notes
Load for A
Load for B
Load for C
Store for C

Total

kji (multMat6)
i=0 i=1 i=2 i=7 i=8 i=62 i=63 Summary
Array Element [Cache H/M|Element [Cache H/M|Element |[Cache H/M|... | Element [Cache H/M| Element [Cache H/M| ... | Element [Cache H/M| Element [Cache H/M| Stride [# Accesses [# Misses |Miss Rate [Notes
Load for A
Load for B
Load for C
Store for C

Total

Miss Rate

ijk (multMat1

ikj (multMat2

jik (multMat3

jki (multMat4

kij (multMat5

kji (multMat6

Task 3 |

Performance (Gflop/s)

ijk (multMat1 1

ikj (multMat2

jik (multMat3

jki (multMat4

kij (multMat5

(T = = =

kji (multMat6










… …

Array Element Cache H/MElementCache H/MElementCache H/M…ElementCache H/MElementCache H/M…ElementCache H/MElementCache H/MStride# Accesses# MissesMiss RateNotes

Load for A A[0] M A[n] M A[2n] M …A[7n] M A[8n] M …A[62n] M A[63n] M n 64 64 100%Every access is Miss

Load for B B[0] M B[1] H B[2] H …B[7] H B[8] M …B[62] H B[63] H 1 64 8 0.131 out of 8 accesses is miss. Each memo

r

y   a c c e s s   c a u s e   t h e   l o a d   o f   a   w h o l e   m e m o r y   b l o c k   t o   t h e   c a c h e   b l o c k

Load for C C[0] M C[0] H C[0] H …C[0] H C[0] H …C[0] H C[0] H 0 64 1 0.02For all the 64 accesses, the first one is a m i s s ,   t h e   r e s t   6 4   a r e   h i g

Store for C C[0] H C[0] H C[0] H …C[0] H C[0] H …C[0] H C[0] H 0 64 0 0All 64 accesses are hit

Total 256 73 0.29Miss Rate = # Misses / # Accesses

… …

Array Element Cache H/MElementCache H/MElementCache H/M…ElementCache H/MElementCache H/M…ElementCache H/MElementCache H/MStride# Accesses# MissesMiss RateNotes

Load for A

Load for B

Load for C

Store for C

Total 0 0 #DIV/0! Miss Rate = # Misses / # Accesses

… …

Array Element Cache H/MElementCache H/MElementCache H/M…ElementCache H/MElementCache H/M…ElementCache H/MElementCache H/MStride# Accesses# MissesMiss RateNotes

Load for A

Load for B

Load for C

Store for C

Total 0 0 #DIV/0! Miss Rate = # Misses / # Accesses

… …

Array Element Cache H/MElementCache H/MElementCache H/M…ElementCache H/MElementCache H/M…ElementCache H/MElementCache H/MStride# Accesses# MissesMiss RateNotes

Load for A

Load for B

Load for C

Store for C

Total 0 0 #DIV/0! Miss Rate = # Misses / # Accesses

… …

Array Element Cache H/MElementCache H/MElementCache H/M…ElementCache H/MElementCache H/M…ElementCache H/MElementCache H/MStride# Accesses# MissesMiss RateNotes

Load for A

Load for B

Load for C

Store for C

Total 0 0 #DIV/0! Miss Rate = # Misses / # Accesses

… …

Array Element Cache H/MElementCache H/MElementCache H/M…ElementCache H/MElementCache H/M…ElementCache H/MElementCache H/MStride# Accesses# MissesMiss RateNotes

Load for A

Load for B

Load for C

Store for C

Total 0 0 #DIV/0! Miss Rate = # Misses / # Accesses

Miss Rate

ijk (multMat1) 0.29

ikj (multMat2) #DIV/0!

jik (multMat3) #DIV/0!

jki (multMat4) #DIV/0!

kij (multMat5) #DIV/0!

kji (multMat6) #DIV/0!

Performance (Gflop/s)

ijk (multMat1) 1

ikj (multMat2) 1

jik (multMat3) 1

jki (multMat4) 1

kij (multMat5) 1

kji (multMat6) 1

Task 3

kji (multMat6)

i=0 i=1 i=2 i=7 i=8 i=62 i=63 Summary

kij (multMat5)

j=0 j=1 j=2 j=7 j=8 j=62 j=63 Summary

k=0 k=1 k=2 k=7 k=8

jki (multMat4)

i=0 i=1 i=2 i=7 i=8 i=62 i=63 Summary

j=62 j=63 Summary

k=63 Summary k=62

ijk (multMat1)

jik (multMat3)

k=8 k=62 k=63 Summary k=0 k=1 k=2 k=7

ikj (multMat2)

j=0 j=1 j=2 j=7 j=8
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Task 2: Performance (Gflop/s)
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