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PentiumPro

• 1995

• Superscalar processors starting to emerge

• In order superscalar processor

• Register renaming

• ROB and Reservation Stations

• Memory order buffer



PentiumPro



Pentium

• First superscalar from Intel

• In-order

• Two integer pipes (U-pipe and V-pipe)

• U- default pipeline to process all instr

• V- simpler pipeline for simple instrns only



• The following integer instructions are considered simple 

and may be paired:

• mov reg, reg/mem/imm

• mov mem, reg/imm

• alu reg, reg/mem/imm

• alu mem, reg/imm

• inc reg/mem

• dec reg/mem

• push reg/mem

• pop reg

• lea reg,mem

• jmp/call/jcc near

• nop



uops

• ADD [EBX+EAX], ECX

• Gets decomposed to

• MR1 <- EBX + EAX; effective address

• MR2 <- Mem[MR1]; load

• Flags, MR3 <- MR2 + ECX; add

• Mem[MR1] <- MR3; result store



Perf Monitoring on PentiumPro

• How many counters?

• 2

• Often an additional free-running cycle counter

• How are the counters accessed/controlled?

• Event select register controls what is counted

• Accessed using RDMSR and WRMSR 

instructions





Key concepts to understand this 

paper well

• What is dynamic execution?

• What does dataflow order mean?

• What are reservation stations?

• What is ROB?

• What is MOB?

• What does register renaming mean?

• What is non-blocking cache?

• MSHR (Miss Status Holding Register)



More questions 

• How long is the PPro pipeline?

• 8-3-3

• What is the issue width of PPro?

• 3

• How many RS entries?

• 20

• How many ROB entries?

• 40



• Add

• 1/1

• FPADD

• 3/1

• FPMUL

• 5/0.5

• IMUL

• 4/1

• LD

• 3 for L1 hit

• FDIV –

• 17/32/37 

(single/double/exten

ded)

What are instruction latencies/throughput

of PPro?



More questions 

• Which benchmarks (SPEC INT or FP) have better 

i-cache behavior? 

• Which benchmarks (SPEC INT or FP) have better 

L1D-cache behavior?

• Int – 5-45; fp – 10 -140 (MPKI)

• Which benchmarks (SPEC INT or FP) have better 

L2-cache behavior?

• Int -1-15; fp – 10 -150 (MPKI)

• What is speculative execution factor?

• A program has low spec factor. Is that bad?



More questions 

• What feature size was Ppro?

• 0.6 u

• Which benchmarks (SPEC INT or FP) have 

more TLB misses? 

• INT – 0.01 to 0.9 MPKI

• FP – 0.01 to 0.05 MPKI

• How many memory transactions per K 

instrn?

• Int – 1 to 10

• Fp – 1 to 70



More questions 

• In OOO processors, it is not always possible 

to find cause and effect relationships. Why?

• What metric is most correlated to CPI in this 

paper?

• L2 misses

• What is the average uop ratio for spec cpu 

programs?

• What is the average uop ratio for Excel?









Small Cache vs Bigger Cache




































