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clock Memory Dhrystone Arithmetic  Arithmetic Normalized Geometric Geometric Normalized
# of Memory Dhrystone . . .
frequency performance performance mean of mean of  arithmetic mean of mean of geometric
cores performance performance X X X )
(MHz) normalized normalized performances normalizd mean performances  normalized mean
Athlon 64 X2 4800+ 2 2,400 3,423 . 20,718 1.14 1.36 12071 1.25 1.32 8421.27 1.25 1.25
Pentium EE 840 2 2,200 3,228 18,893 1.08 1.24 11061 1.16 1.21 7809.39 1.16 1.16
Pentium D 820 2 3,000 3,000 15,220 1.00 1.00 9110 1.00 1.00 6757.22 1.00 1.060
Athlon 64 X2 3800+ 2 3,200 2,941 17,129 0.98 1.13 10035 1.05 1.10 7087.63 1.05 1.05
Pentium 4 1 2,800 2,731 7,621 0.91 0.50 5176 0.71 0.57 4562.12 0.68 0.68
Athlon 64 3000+ 1 1,800 2,953 7,628 0.98 0.50 5291 0.74 0.58 4746.10 0.70 0.70
Pentium 4 570 i 2,800 3,501 11,210 1.17 0.74 7356 0.95 0.81 6264.68 0.93 0.93
Processor X i 3,000 7,000 5,000 2.33 0.33 6000 1.33 0.66 5916.08 0.88 0.88
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120 Chapter Two Instruction-Level Parallelism and Its Exploitation
Memory

Issuesat Executesat  accessat Write CDB at
Iteration clockcycle clockcycle clock cycle clock cycle
number Instructions number number number number Comment
1 LD R2,0(R1) 1 2 3 4 First issue
1 DADDIU R2,RZ,#1 1 5 6 Wait for LW
1 SD R2,0(R1) 2 3 7 Wait for DADDIU
1 DADDIU R1,R1,#8 2 3 4 Execute directly
1 BNE R2,R3,L00P 3 7 Wait for DADDIU
2 LD R2,0(R1) 4 8 9 10 Wait for BNE
2 DADDIU R2,RZ,#1 4 11 12 Wait for LW
2 SD R2,0(R1) 5 9 13 Wait for DADDIU
2 DADDIU R1,R1,#8 5 8 9 Wait for BNE
2 BNE R2,R3,L00P 6 13 Wait for DADDIU
3 LD R2,0(R1) 7 14 15 16 Wait for BNE
3 DADDIU R2,RZ,#1 7 17 18 Wait for LW
3 SD R2,0(R1) 8 15 19 ‘Wait for DADDIU
3 DADDIU R1,R1,#8 8 14 15 Wait for BNE
3 BNE R2,R3,L00P 9 19 Wait for DADDIU

Figure 2.20 The time of issue, execution, and writing result for a dual-issue version of our pipeline without
speculation. Note that the LD following the BNE cannot start execution earlier because it must wait until the branch
outcome is determined. This type of program, with data-dependent branches that cannot be resolved earlier, shows
the strength of speculation. Separate functional units for address calculation, ALU operations, and branch-condition
evaluation allow multiple instructions to execute in the same cycle. Figure 2.21 shows this example with speculation,

the speculative processor executes in clock cycle 13, while it executes in clock
cycle 19 on the nonspeculative pipeline. Because the completion rate on the non-
speculative pipeline is falling behind the issue rate rapidly, the nonspeculative
pipeline will stall when a few more iterations are issued. The performance of the
nonspeculative processor could be improved by allowing load instructions to
complete effective address calculation before a branch is decided, but unless
speculative memory accesses are allowed, this improvement will gain only 1
clock per iteration.

This example clearly shows how speculation can be advantageous when there
are data-dependent branches, which otherwise would limit performance. This
advantage depends, however. on accurate branch prediction. Incorrect specula-
tion will not improve performance, but will, in fact, typically harm performance.
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Write

Issues  Executes Readaccess CDBat Commits
Iteration atclock  atclock at clock clock at clock
number Instructions number number number number  number Comment
1 LD R2,0(R1) 1 2 3 4 5 First issue
1 DADDIU R2,R2,#1 1 5 6 7 Wait for LW
1 SD R2,0(R1) 2 3 7 Wait for DADDIU
1 DADDIU R1,R1,#8 2 3 4 8 Commit in order
1 BNE R2,R3,L0O0P 3 7 8 Wait for DADDIU
2 LD R2,0(R1) 4 5 6 9 No exccute delay
2 DADDIU R2,R2,#1 4 8 10 Wait for LW
2 SD R2,0(R1) 5 6 10 Wait for DADDIU
2 DADDIU R1,R1,#8 5 6 7 11 Commit in order
2 BNE R2,R3,L00P 6 10 11 Wait for DADDIU
3 LD R2,0(R1) 7 8 9 10 12 Earliest possible
3 DADDIU R2,R2,#1 7 11 12 13 Wait for LW
3 SD R2,0(R1) 8 9 13 Wait for DADDIU
3 DADDIU R1,R1,#8 8 9 10 14 Executes earlier
3 BNE R2,R3,L00P 9 13 14 Wait for DADDIU

Figure 2.21 The time of issue, execution, and writing result for a dual-issue version of our pipeline with specula-
tion. Note that the LD following the BNE can start execution early because it is speculative.




