






  

Iteration Instruction IF ID EX WR

1 L.D F0, 0(R2) 1 2 3-4 5

1 L.D F1, 0(R3) 2 3 4-5 6

1 L.D F2, 0(R4) 3 4 5-6 7

1 MUL.D F3, F1, F2 4 5 6/7-10 11

1 ADD.D F4, F0, F2 5 6 7-10 11

1 DIV.D F5, F0, F2 6 7 8-11 12

1 ADD.D F6, F3, F4 7 8 9/11-14 15

1 SUB.D F7, F6, F5 8 9 10/15-18 19

1 S.D 0(R1), F7 9 10 11/18 19

1 DADDI R1, R1, #8 10 11 12 13

1 DADDI R2, R2, #8 11 12 13 14

1 DADDI R3, R3, #8 12 13 14 15

1 DADDI R4, R4, #8 13 14 15 16

1 DADDI R5, R5, #(-1)10 14 15 16 17

1 BNEZ R5, loop 15 16

2 L.D F0, 0(R2) 17 18 19-20 21

2 L.D F1, 0(R3) 18 19 20-21 22

2 L.D F2, 0(R4) 19 20 21-22 23

2 MUL.D F3, F1, F2 20 21 22/23-26 27

2 ADD.D F4, F0, F2 21 22 23-26 27

2 DIV.D F5, F0, F2 22 23 24-27 28

2 ADD.D F6, F3, F4 23 24 25/27-30 31

2 SUB.D F7, F6, F5 24 25 26/31-34 35

2 S.D 0(R1), F7 25 26 27/34 35

2 DADDI R1, R1, #8 26 27 28 29

2 DADDI R2, R2, #8 27 28 29 30

2 DADDI R3, R3, #8 28 29 30 31

loop :

loop :
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The second iteration of the loop ends at clock period 35.  Compared with the pipelined execution of the original loop 
on machine model number 1, this is 17 clock periods faster.  It is 8 clock periods slower than the loop unrolled twice.

Q2) Consider the following piece of MIPS code :

--- ---
LD R8, 0(R9) ; R8 is loaded 2 from the memory

loop : ADD.D F0, F2, F4 ; F2 and F4 are already initialized
DIV.D F6, F8, F10 ; F8 and F10 are already initialized
MUL.D F2, F14, F0 ; F14 is already initialized
DADDI R8, R8, #(-1)10 
SUB.D F8, F2, F6
BNEZ R8, loop
S.D F8, 0(R10) ; R10 is already initialized

The code is an old code, written for the unpipelined MIPS, i.e. there are no delayed branches : this is machine model 
number 0.    

The MIPS is implemented as the scalar hardware-speculative Tomasulo algorithm machine discussed in class :
Machine model number 4.  One (1) instruction can be committed per cycle. 

Assume that the functional unit timings are as listed on A-72 of the Hennessy book : ADD.D, MUL.D and DIV.D 
take 3, 11 and 41 clock periods, respectively ; FP functional units are pipelined and there are enough reservation sta-
tion buffers for FP operations ; there are enough number of CDB buses to eliminate bottlenecks ; there is a Branch 
Unit in the EX stage for calculating its effective address and determining the condition ; there is also additional 
branch prediction hardware in and out of the pipeline ; there are enough functional units for integer instructions not to 
cause stalls ; the L1 cache memories take one clock period each and there are no cache misses.

Show the execution of the code as we did in class.  That is, what is the last clock period in which the Commit stage of 
the last non-speculative instruction is done.  Do not show forwardings, but do show which instructions are flushed 
from the pipeline.

A2) Due to long FP latencies and back-to-back instruction dependencies, many instructions “accumulate” in the 
Reservation Stations and the ROB.  They are eventually flushed out of the ROB : an undesirable situation.  This MIPS 
ROB buffer has to have at least 81 entries not to stall any of the loop instructions in the ID stage due to the “ROB-
full” structural hazard.  Note that 81 is a large number!  A solution to the large ROB size seems to be that we retire 
more than one instruction at a time. But, unfortunately it will not help us in this application.  The only effective solu-
tion for this code is the reduction of the long FP latencies...  Try this code for the functional unit latencies listed on 
page 75 of the Hennessy book.   

2 DADDI R4, R4, #8 29 30 31 32

2 DADDI R5, R5, #(-1)10 30 31 32 33

2 BNEZ R5, loop 31 32

Iteration Instruction IF ID EX WR
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1 DADDI        Rindexa, Rindexa, #4 11 12 13 14 15/21

1 DADDI        Rb, Rb, #8 12 13 14 15 16/22

1 DADDI        Rc, Rc, #8 13 14 15 16 17/23

1 DADDI        Rd, Rd, #8 14 15 16 17 18/24

1 BNEZ           R1, loop 15 16 17 18 19/25

2 LD                Ra, 0(Rindexa) 16 17 18-19 20 21/26

2 L.D                F2, 0(Rb) 17 18 19-20 21 22/27

2 L.D                F4, 0(Rd) 18 19 20-21 22 23/28

2 DADD.D      F6, F2, F0 19 20 21-24 25 26/29

2 MUL.D          F8, F6, F4 20 21 22/25-28 29 30

2 S.D                F6, 0(Ra) 21 22 23 24 25/31

2 S.D                F8, 0(Rc) 22 23 24 25 26/32

2 DADDI         R1, R1, #(-1)10 23 24 25 26 27/33

2 DADDI        Rindexa, Rindexa, #4 24 25 26 27 28/34

2 DADDI        Rb, Rb, #8 25 26 27 28 29/35

2 DADDI        Rc, Rc, #8 26 27 28 29 30/36

2 DADDI        Rd, Rd, #8 27 28 29 30 31/37

2 BNEZ          R1, loop 28 29 30 31 32/38

3 LD           Ra, 0(Rindexa) 29 30 31-32 33 34/39

... .... ... ... ... ... ..

64 LD                Ra, 0(Rindexa) 822 823 824-825 826 827/832

64 L.D                F2, 0(Rb) 823 824 825-826 827 828/833

64 L.D                F4, 0(Rd) 824 825 826-827 828 829/834

64 DADD.D      F6, F2, F0 825 826 827-830 831 832/835

64 MUL.D          F8, F6, F4 826 827 828/831-834 835 836

64 S.D                F6, 0(Ra) 827 828 829 830 831/837

64 S.D                F8, 0(Rc) 828 829 830 831 832/838

64 DADDI         R1, R1, #(-1)10 829 830 831 832 833/839

64 DADDI       Rindexa, Rindexa, #4 830 831 832 833 834/840

64 DADDI       Rb, Rb, #8 831 832 833 834 835/841

64 DADDI       Rc, Rc, #8 832 833 834 835 836/842

64 DADDI       Rd, Rd, #8 833 834 835 836 837/843

64 BNEZ         R1, loop 834 835 836 837 838/844

 :
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Polytechnic Institute of NYU                                              Page 8  of  18                                       CS6143                                           Handout No : 5                                        September 23, 2009





loop

loop
ation is done ?  Do not show forwardings, but do show which instructions are flushed from the pipeline.  If a new sit-
uation is encountered, indicate the assumption made and/or how it is handled.

b) Repeat part (a), by assuming that the L1 cache memories take two (2) clock periods each and there are no cache 

misses.

A4) a) The execution of the loop for two iterations and the flushed out instructions are as follows :   

Iteration Instruction IF ID EX WR CM

1 L.D F0, 0(R2) 1 2 3-4 5 6

1 MUL.D F0, F0, F0 2 3 4/5-8 9 10

1 L.D F1, 0(R3) 3 4 5-6 7 8/11

1 L.D F2, 0(R4) 4 5 6-7 8 9/12

1 MUL.D F3, F1, F2 5 6 7/8-11 12 13

1 ADD.D F4, F0, F3 6 7 8/12-15 16 17

1 S.D F4, 0(R1) 7 8 9 10 11/18

1 DADDI R1, R1, #8 8 9 10 11 12/19

1 DADDI R2, R2, #8 9 10 11 12 13/20

1 DADDI R3, R3, #8 10 11 12 13 14/21

1 DADDI R4, R4, #8 11 12 13 14 15/22

1 DADDI R5, R5, #(-1)10 12 13 14 15 16/23

1 BNEZ               R5, loop 13 14 15 16 17/24

2 L.D F0, 0(R2) 14 15 16-17 18 19/25

2 MUL.D F0, F0, F0 15 16 17/18-21 22 23/26

2 L.D F1, 0(R3) 16 17 18-19 20 21/27

2 L.D F2, 0(R4) 17 18 19-20 21 22/28

2 MUL.D F3, F1, F2 18 19 20/21-24 25 26/29

2 ADD.D F4, F0, F3 19 20 21/25-28 29 30

2 S.D F4, 0(R1) 20 21 22 23 24/31

2 DADDI R1, R1, #8 21 22 23 24 25/32

2 DADDI R2, R2, #8 22 23 24 25 26/33

2 DADDI R3, R3, #8 23 24 25 26 27/34

2 DADDI R4, R4, #8 24 25 26 27 28/35

 :

 :
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The second iteration of the loop ends at clock period 37.  11 instructions of the third iteration are flushed out of the 
ROB when the loop completes.

Running the old code on the new processor shows why some old code runs slower than the new code for the same 
application : instructions wait for each other due to data dependencies (FP instructions above) while other instructions 
can be executed in the meantime (DADDI instructions above).  A contemporary compiler would move the DADDI 
instructions up between FP instructions so that both stall cycles are reduced and useful work is done.

b) The execution of the loop for two iterations and a different memory speed together with the flushed out instruc-
tions are as follows :   

2 DADDI R5, R5, #(-1)10 25 26 27 28 29/36

2 BNEZ               R5, loop 26 27 28 29 30/37

3 L.D F0, 0(R2) 27 28 29-30 31 32/37

3 MUL.D F0, F0, F0 28 29 30/31-34 35 36/37

3 L.D F1, 0(R3) 29 30 31-32 33 34/37

3 L.D F2, 0(R4) 30 31 32-33 34 35/37

3 MUL.D F3, F1, F2 31 32 33/34-37

3 ADD.D F4, F0, F3 32 33 34/37

3 S.D F4, 0(R1) 33 34 35 36 37

3 DADDI R1, R1, #8 34 35 36 37

3 DADDI R2, R2, #8 35 36 37

3 DADDI R3, R3, #8 36 37

3 DADDI R4, R4, #8 37

Iteration Instruction IF ID EX WR CM

1 L.D F0, 0(R2) 1-2 3 4-6 7 8

1 MUL.D F0, F0, F0 3-4 5 6/7-10 11 12

1 L.D F1, 0(R3) 5-6 7 8-10 11 12/13

1 L.D F2, 0(R4) 7-8 9 10-12 13 14

1 MUL.D F3, F1, F2 9-10 11 12/13-16 17 18

1 ADD.D F4, F0, F3 11-12 13 14/17-20 21 22

1 S.D F4, 0(R1) 13-14 15 16 17 18/23

1 DADDI R1, R1, #8 15-16 17 18 19 20/24

Iteration Instruction IF ID EX WR CM

:

 :
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loop
The second iteration of the loop ends at clock period 56.  2 instructions of the third iteration are flushed out of the 
ROB when the loop completes.

The old code on the new processor takes 56 clock periods.  Moving instructions around to reduce the dependencies 
would reduce the execution time only slightly !

Q5) Consider the old MIPS code for the unpipelined MIPS processor (machine model number 0) below.

The MIPS is implemented as the scalar hardware-speculative Tomasulo algorithm machine discussed in class :
Machine model number 4.  Two (2) instructions can be committed per cycle. 

1 DADDI R2, R2, #8 17-18 19 20 21 22/25

1 DADDI R3, R3, #8 19-20 21 22 23 24/26

1 DADDI R4, R4, #8 21-22 23 24 25 26/27

1 DADDI R5, R5, #(-1)10 23-24 25 26 27 28

1 BNEZ               R5, loop 25-26 27 28 29 30

2 L.D F0, 0(R2) 27-28 29 30-32 33 34

2 MUL.D F0, F0, F0 29-30 31 32/33-36 37 38

2 L.D F1, 0(R3) 31-32 33 34-36 37 38/39

2 L.D F2, 0(R4) 33-34 35 36-38 39 40

2 MUL.D F3, F1, F2 35-36 37 38/39-42 43 44

2 ADD.D F4, F0, F3 37-38 39 40/43-46 47 48

2 S.D F4, 0(R1) 39-40 41 42 43 44/49

2 DADDI R1, R1, #8 41-42 43 44 45 46/50

2 DADDI R2, R2, #8 43-44 45 46 47 48/51

2 DADDI R3, R3, #8 45-46 47 48 49 50/52

2 DADDI R4, R4, #8 47-48 49 50 51 52/53

2 DADDI R5, R5, #(-1)10 49-50 51 52 53 54

2 BNEZ               R5, loop 51-52 53 54 55 56

3 L.D F0, 0(R2) 53-54 55 56

3 MUL.D F0, F0, F0 55-56

Iteration Instruction IF ID EX WR CM

 :

 :
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