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Question 1a:

• Tag:                 
• Index:
• Block Offset:
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Question 1b:

• Tag:                 24 bits total: 31-8
• Index:                4 bits total:  7-4
• Block Offset:     4 bits total:  3-0
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Question 1b:

• Tag:                 24 bits total: 31-8
• Index:                4 bits total:  7-4
• Block Offset:     4 bits total:  3-0
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Question 1b:

• Tag:                 24 bits total: 31-8
• Index:                4 bits total:  7-4
• Block Offset:     4 bits total:  3-0

4 bits in the index field 
2^4 possible values 

16 sets
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Question 1c:
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Question 1c:
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Question 1d:
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Question 1d:
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Question 1e:
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Question 1e:
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Question 1f:

AMATDisk =  ?
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Question 1f:

AMATDisk =  AccessTime + AMATMissPenalty + TransferRate*TransferSize
=    50E6ns        +          0                    + (20ns/byte * 16Kbytes) 
=    ~~ 5E7ns
=      5E7ns/ (2ns/clock)  2.5E7 clocks
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Question 1f:

AMATDRAM =  AccessTime + AMATMiss + TransferRate*TransferSize
=    100ns          + 5E7ns*0.01    + (25ns/8bytes * 128bytes) =
=      ~~ 5E5ns 
=  5E5ns/ (2ns/clock)  2.5E5 clocks
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Question 1f:

AMATL2  =  AccessTime + AMATMiss + TransferRate*TransferSize
=    (20c*2ns/c)  + 5E5ns*0.02    + (2ns/8bytes * 64bytes) =
=      ~~ 1E4 ns 
=  1E4ns/ (2ns/clock)  5E3 clocks
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Question 1f:

AMATL1Inst  =  AccessTime + AMATMiss + TransferRate*TransferSize
=    (1c*2ns/c)  + (5E3ns * 0.01)    +                 0
=      ~~ 1E2 ns 
=    1E2ns/ (2ns/clock)  50 clocks (!!)
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Question 1f:

AMATL1Data  =  AccessTime + AMATMiss + TransferRate*TransferSize
=    (1c*2ns/c)  + (5E3ns * 0.04)    +                  0 
=      ~~ 4E2 ns 
=    4E2ns/ (2ns/clock)  200 clocks (!!)



CS 152 Review Jack Kang and Kurt Meinz

Question 1g:
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Question 1g:

CPI  =  MinCPI +  Σ [ CPI of exceptional events ]

=  MinCPI + CPIHazardStalls + CPIMemoryStalls
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Question 1g:

CPI  =  MinCPI +  Σ [ CPI of exceptional events ]

=  MinCPI + CPIHazardStalls + CPIMemoryStalls

=  1            +  Σ(InstTypeFreq*CPI)  + Σ(MemAccessFreq*AccessAMAT)
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Question 1g:

CPI  =  MinCPI +  Σ [ CPI of exceptional events ]

=  MinCPI + CPIHazardStalls + CPIMemoryStalls

=  1           +  Σ(InstTypeFreq*CPI) + Σ(MemAccessFreq*AccessAMAT)

=  1 + [ (FPFreq*FPCPI)                 
+ (BBranchFreq*BBCPI) ]
+ [ (MemInstFreq * AMATL1Inst/(2ns/clock))   
+   (DataInstFreq *AMATL1Data/(2ns/clock)) ]

= 1 +  0.15*0.7  + 0.2*0.05*0.3 + 1*100/2  + 0.35*400/2 124CPI (!!)
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Question 2a:
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Question 2a
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Question 2b



CS 152 Review Jack Kang and Kurt Meinz

Question 2b
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Question 2c
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Question 2c
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Question 2c
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Question 2d
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Question 2d



CS 152 Review Jack Kang and Kurt Meinz

Question 2e
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Question 2e
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Question 2g
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Question 2g

-We have to check to see if the 2nd instruction depends on the first one.

-We have to check the operands of the two instructions against any 
instructions still in the pipeline, and see if it can issue. This step is 
slightly complex because different instructions in the pipeline finish at 
different times.
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Question 3:
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Question 3:

Keys to Problem:

1) # of station entries needed = # of div instructions in flight at same time

2)
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Question 3:

Keys to Problem:

1) # of station entries needed = # of div instructions in flight at same time

2) We can trace through a few iterations of the loop to see how many divs
are active at any given time
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Question 3:

Keys to Problem:

1) # of station entries needed = # of div instructions in flight at same time

2) We can trace through a few iterations of the loop to see how many divs
are active at any given time

3) We need a table to trace the tomasulo!
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Question 3:

rt
1R10F20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   1:     First Few instructions

rt WBEFE1IrsrdN
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Question 3:

rt

2R10F10Ldf
4*21R10F20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   2:     First Few instructions

rt WBEFE1IrsrdN
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Question 3:

F1

rt

3F20F6multf
5*32R10F10Ldf
4*21R10F20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   3:     First Few instructions

rt WBEFE1IrsrdN
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Question 3:

F2
F1

rt

3F20F6multf
4F6F12addf

5*32R10F10Ldf
421R10F20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   4:     First Few instructions

rt WBEFE1IrsrdN
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Question 3:

F2
F1

rt

5R10R10addi

3F20F6multf
4F6F12addf

532R10F10Ldf
5421R10F20ldf
WBEFE1IrsrdN

Tomasulo Trace:                                               CC   5:     First Few instructions

rt WBEFE1IrsrdN
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Question 3:

F10

F2
F1

rt

665R10R10addi

9*63F20F6multf
4F6F12addf

6532R10F10Ldf

6F12F13divf

5421R10F20ldf
WBEFE1IrsrdN

Tomasulo Trace:                                               CC   6:     First Few instructions

rt WBEFE1IrsrdN
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Question 3:

F10

F2
F1

rt

7665R10R10addi

9*63F20F6multf

7R20R20addi

4F6F12addf

6532R10F10Ldf

6F12F13divf

5421R10F20ldf
WBEFE1IrsrdN

Tomasulo Trace:                                               CC   7:     First->Second Divf

rt WBEFE1IrsrdN
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Question 3:

8R1R1Subi

F10

F2
F1

rt

7665R10R10addi

9*63F20F6multf

887R20R20addi

4F6F12addf

6532R10F10Ldf

6F12F13divf

5421R10F20ldf
WBEFE1IrsrdN

Tomasulo Trace:                                               CC   8: First->Second Divf

rt WBEFE1IrsrdN
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Question 3:

9R1--bne
998R1R1Subi

F10

F2
F1

rt

7665R10R10addi

963F20F6multf

9887R20R20addi

4F6F12addf

6532R10F10Ldf

6F12F13divf

5421R10F20ldf
WBEFE1IrsrdN

Tomasulo Trace:                                               CC   9: First->Second Divf

rt WBEFE1IrsrdN
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Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

4f6f12addf

6532r10f10ldf

6f12f13divf

5421r10f20ldf
WBEFE1IrsrdN

Tomasulo Trace:                                               CC   10: First->Second Divf

rt WBEFE1IrsrdN
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Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

12*114f6f12addf

6532r10f10ldf

6f12f13divf

5421r10f20ldf

11r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   11: First->Second Divf

rt WBEFE1IrsrdN
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Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

12114f6f12addf

6532r10f10ldf

6f12f13divf

5421r10f20ldf

12r10f10ldf
14*1211r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   12: First->Second Divf

rt WBEFE1IrsrdN
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Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f1

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

1312114f6f12addf

6532r10f10ldf

6f12f13divf

5421r10f20ldf

13f20f6multf
15*1312r10f10ldf
14*1211r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   13: First->Second Divf

rt WBEFE1IrsrdN
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Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f1

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

1312114f6f12addf

6532r10f10ldf

22*146f12f13divf

5421r10f20ldf

13f20f6multf
15*1312r10f10ldf
141211r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   14: First->Second Divf

f2
rt

14f6f12addf
WBEFE1IrsrdN



CS 152 Review Jack Kang and Kurt Meinz

Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f1

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

1312114f6f12addf

6532r10f10ldf

22*146f12f13divf

5421r10f20ldf

13f20f6multf
151312r10f10ldf

15141211r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   15: First->Second Divf

f2
rt

15r10r10addi
14f6f12addf

WBEFE1IrsrdN
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Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f1

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

1312114f6f12addf

6532r10f10ldf

22*146f12f13divf

5421r10f20ldf

19*1613f20f6multf
16151312r10f10ldf
15141211r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   16: First->Second Divf

f10

f2
rt

16f12f13divf
161615r10r10addi

14f6f12addf
WBEFE1IrsrdN
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Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f1

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

1312114f6f12addf

6532r10f10ldf

22146f12f13divf

5421r10f20ldf

19*1613f20f6multf
16151312r10f10ldf
15141211r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   17: First->Second->Third Divf

f10

f2
rt

16f12f13divf
17r20r20addi

17161615r10r10addi
14f6f12addf

WBEFE1IrsrdN
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Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f1

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

1312114f6f12addf

6532r10f10ldf

22146f12f13divf

5421r10f20ldf

19*1613f20f6multf
16151312r10f10ldf
15141211r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   18: First->Second- >Third Divf

f10

f2
rt

18r1r1subi

16f12f13divf
181817r20r20addi

17161615r10r10addi
14f6f12addf

WBEFE1IrsrdN
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Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f1

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

1312114f6f12addf

6532r10f10ldf

22146f12f13divf

5421r10f20ldf

191613f20f6multf
16151312r10f10ldf
15141211r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   19: First->Second- >Third Divf

------19r1--bne

f10

f2
rt

191918r1r1subi

16f12f13divf
19181817r20r20addi

17161615r10r10addi
14f6f12addf

WBEFE1IrsrdN
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Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f1

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

1312114f6f12addf

6532r10f10ldf

22146f12f13divf

5421r10f20ldf

20191613f20f6multf
16151312r10f10ldf
15141211r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   20: First->Second- >Third Divf

20r20f13--stf
------19r1--bne

f10

f2
rt

20191918r1r1subi

16f12f13divf
19181817r20r20addi

17161615r10r10addi
14f6f12addf

WBEFE1IrsrdN
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Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f1

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

1312114f6f12addf

6532r10f10ldf

22146f12f13divf

5421r10f20ldf

20191613f20f6multf
16151312r10f10ldf
15141211r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   21: First->Second- >Third Divf

21r10f20ldf
20r20f13--stf

------19r1--bne

f10

f2
rt

20191918r1r1subi

16f12f13divf
19181817r20r20addi

17161615r10r10addi
222114f6f12addf

WBEFE1IrsrdN
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Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f1

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

1312114f6f12addf

6532r10f10ldf

22146f12f13divf

5421r10f20ldf

20191613f20f6multf
16151312r10f10ldf
15141211r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   22: First->Second- >Third Divf

24*2221r10f20ldf
20r20f13--stf

------19r1--bne

f10

f2
rt

20191918r1r1subi

16f12f13divf
19181817r20r20addi

17161615r10r10addi

22r10f10ldf

222114f6f12addf
WBEFE1IrsrdN
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Question 3:

10r20f13--stf
------9r1--bne
10998r1r1subi

f1

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

1312114f6f12addf

6532r10f10ldf

2322146f12f13divf

5421r10f20ldf

20191613f20f6multf
16151312r10f10ldf
15141211r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   23: First->Second- >Third Divf

24*2221r10f20ldf
20r20f13--stf

------19r1--bne

f1

f10

f2
rt

20191918r1r1subi

16f12f13divf

23f20f6multf

19181817r20r20addi

17161615r10r10addi

25*2322r10f10ldf

23222114f6f12addf
WBEFE1IrsrdN
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Question 3:

26*2410r20f13--stf
------9r1--bne
10998r1r1subi

f1

f10

f2
f1

rt

7665r10r10addi

10963f20f6multf

9887r20r20addi

1312114f6f12addf

6532r10f10ldf

2322146f12f13divf

5421r10f20ldf

20191613f20f6multf
16151312r10f10ldf
15141211r10f20ldf

WBEFE1IrsrdN

Tomasulo Trace:                                               CC   24: First->Second- >Third Divf

242221r10f20ldf
20r20f13--stf

------19r1--bne

f1

f10

f2
rt

20191918r1r1subi

32*2416f12f13divf

23f20f6multf

19181817r20r20addi

17161615r10r10addi

22r10f10ldf

23222114f6f12addf

…

WBEFE1IrsrdN
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Question 3:
Tomasulo Trace:                                               CC   23: First->Second- >Third Divf

Divf1: Issued 6 Finished 23
Divf2: Issued 16 Finished 33
Divf3: Issued ?? Finished ??

We’re Done!
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Question 3:
Tomasulo Trace:                                               CC   23: First->Second- >Third Divf

Divf1: Issued 6 Finished 23
Divf2: Issued 16 Finished 33
Divf3: Issued 26 Finished 43

We’re Done!

The second divf issues before the first finished, so we 
will need at least 2 entries.

The first finishes before the third issues, so we will 
need at most 2 entries.

Therefore, we need 2 entries.
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Question 4
TLB Page Cache Possible? If so, under what circumstance

table 
A. miss miss miss TLB misses and is followed by a page fault; after retry, 

data must miss in cache. 
B. miss miss hit Impossible: data cannot be allowed in cache if the page 

is not in memory.
C. miss hit miss TLB misses, but entry found in page table; after retry, 

data misses in cache.
D. miss hit hit TLB misses, but entry found in page table; after retry, 

data is found in cache.
E. hit miss miss Impossible: cannot have a translation in TLB if page is 

not present in memory.
F. hit miss hit Impossible: cannot have a translation in TLB if page is 

not present in memory.
G. hit hit miss Possible, although the page table is never really checked 

if TLB hits.
H. hit hit hit Possible, although the page table is never really checked 

if TLB hits.
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Question 4
TLB Page Cache Possible? If so, under what circumstance

table 
1. miss miss miss TLB misses and is followed by a page fault; after retry, 

data must miss in cache. 
2. miss miss hit Impossible: data cannot be allowed in cache if the page 

is not in memory.
3. miss hit miss TLB misses, but entry found in page table; after retry, 

data misses in cache.
4. miss hit hit TLB misses, but entry found in page table; after retry, 

data is found in cache.
5. hit miss miss Impossible: cannot have a translation in TLB if page is 

not present in memory.
6. hit miss hit Impossible: cannot have a translation in TLB if page is 

not present in memory.
7. hit hit miss Possible, although the page table is never really checked 

if TLB hits.
8. hit hit hit Possible, although the page table is never really checked 

if TLB hits.


