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Motiv ation

VM now mainstream (e ven embed ded)

Extremel y lar ge number of VM c hoices.
Is there reall y an ad vantage of c hoosing one
over another?

Compare diff erent VM systems w/o
implementation details

• Nagle , et al: Mac h vs. Ultrix on MIPS

• How much inherent in OS design?
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Goals

Understand behavior , not perf orm anal ysis
of diff erent HW design alternatives:

• direct-mapped cac hes

• individual benc hmarks, not a verage

Measure o verhead of VM system without
implementation-dependent inefficiencies

Compare to non-VM baseline system: cost
of VM-related cac he misses

Include cost of interrupts
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Evaluation

Simulated 5 Vir tual Memor y Designs:

• Ultrix/MIPS - SW-mgd TLB , par t.

• Mach/MIPS - SW-mgd TLB, par t.

• BSD/Intel - HW-mgd TLB, no par t.

• PA-RISC - SW-mgd TLB, no par t.

• NOTLB - No TLB

Trace-driven sim ulation:

• SPECint95

• PowerPC–AIX–xtrace

• Alpha–Digital Unix–A TOM
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ULTRIX VM-sim ulation

Root-le vel handler : 20 inst, 1 PTE load

User-level handler : 10 inst, 1 PTE load

2GB User Virtual Address Space

2MB User Page Table

Unmapped Physical Memory

Mapped Virtual Memory

2KB Root Page Table
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MACH VM-sim ulation

Root-le vel handler : 500 inst, 1 PTE load

Kernel-le vel handler : 20 inst, 1 PTE load

User-level handler : 10 inst, 1 PTE load

2GB User Virtual Address Space

4GB Kernel Virtual Address Space

2MB User Page Tables
4MB Kernel
Page Table

4MB Kernel Page Table

Unmapped Physical Memory

Mapped Virtual Memory

4KB Root Page Table

Base
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INTEL VM-sim ulation

User-level handler : 7 cycles, 2 PTE loads

2GB User Virtual Address Space

2MB User Page Table

Unmapped Physical Memory

Mapped Memory
addressed physically

2KB Root Page Table

Mapped Memory
addressed virtually
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PARISC VM-sim ulation

User-level handler : 20 inst, ≥ 1 PTE loads

PTEs are 4x siz e of PTEs in other tab les

Page Table
and

Collision
Resolution

Table

HP CRT

PTE
collisions

are chained
into the

Collision
Resolution

Table

HASHED
PAGE TABLE

Index into
the Hashed
Page Table

HASH
FUNCTION

Virtual Page Number

PHYSICAL
MEMORY

1:1 ratio of entries to
physical pages yields

average chain length 1.5

PTE
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NOTLB VM-sim ulation

Root-le vel handler : 20 inst, 1 PTE load

User-level handler : 10 inst, 1 PTE load

2GB User Virtual Address Space

2MB User Page Table

Unmapped Physical Memory

Mapped Virtual Memory

2KB Root Page Table
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Experiments

Benc hmarks: SPECint ’95  (gcc-alpha)

Trace-Driven Sim ulations:

• L1 Cache (20): 2–256 KByte

• L2 Cache (500): 1, 2, 4 MByte (4)

• Linesiz es: 16–128 Byte

• TLBs: 128/128-entr y split F A,
16/16 prot., random,
4KB pa ge size

• Interrupts: 10, 50, 200 cycle (200)

• Base CPI: 1
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VM Performance: GCC

1 2 4 8 16 32 64 128
L1 Cache Size - per side (KB)

L1 Linesize 16, L2 Linesize 16
L1 Linesize 16, L2 Linesize 32
L1 Linesize 16, L2 Linesize 64
L1 Linesize 16, L2 Linesize 128
L1 Linesize 32, L2 Linesize 32
L1 Linesize 32, L2 Linesize 64
L1 Linesize 32, L2 Linesize 128
L1 Linesize 64, L2 Linesize 64
L1 Linesize 64, L2 Linesize 128
L1 Linesize 128, L2 Linesize 128
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Bottom Line: GCC

ULTRIX MACH INTEL PARISC NOTLB BASE
VM Simulation
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32KB/32KB split level-1 caches

128KB/128KB split level-1 caches

L1i-miss
L1d-miss
L2i-miss
L2d-miss

interrupts

VM overhead
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Summar y

TLB siz e influences VM perf ormance
more than cac he siz e & or ganization

Hardware-mana ged TLBs are good

Inver ted tab les are good

SW-managed cac hes (no TLB) are good

Interrupts can become pr oblematic

No big diff erence between sc hemes:
argument f or standar dization of interfaces


