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(3)
FD
flash memory
SuperDisk,
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DVD Digital Versatile Disk RAM



(4) ROM
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EEPROM Electrically Erasable PROM
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TLB Miss

For S/370 and 4KB Pages:

Machine TLB Organization Entries Not-in-TLB rate
Amdahl V/6 128 x 2 256 0.3-0.4%
Amdahl V/8 256 x 2 512 (not available)
IBM 3081 128 x 1 128 1%
IBM 3033 64 x 2 128 (not available)
For VAX and 5128 Pages:
| VAX 11/780 64 X 2 128 4.5% |
1 ; Set . P. i
10 - et assocC. Fage size
- |1-
=Y 1 512
N - | 2-way
@ RN = | 1-way
g Pl 4
e 2-way
E \g__‘:‘ e o VAX11/780
g ~ (512B page, 64x2)
z \‘\, @ Amdahl V/6
(4KB page, 128x1)
A |BM 3081
1073 SEPPRSC/ NS S (4KB page, 128x2)
10] 102 103

TLRB entries (total number of address pairs stored)

Figure 5.46 Not-in-TLB rate.

M.J.Flynn:Computer
Architecture,Jones
Bartlett,1995
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Least Recently Used
4.3.3

(1) store through write through

(2) store In write back
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TABLE 1

Qualitative Comparison of Cache-Access/Address-Translation Mechanisms

Frequency of

Actions Performed by Hardware and Operating System

+ Memory access

Occurrence per Occurrence of Event
Event
: t TLB + Software-Mgd Addr
I;side D:siae Virtual cache Translation
4 96.7% 95.8% L1 access L1 access
TLB hit (w/ TLB access in parallel)
L1 hit, 0.01% 0.06% L1 access L1 access
TLB miss + page table access
+ TLB reload
L1 miss, L2 hit, 3.2% 3.9% L1 access L1 access
TLB hit + L2 access + L2 access
L1 miss, L2 hit, 0.03% 0.09% L1 access L1 access
TLB miss + page table access + L2 access
+ TLB reload
+ L2 access
L1 miss, L2 miss, 0.008% 0.12% L1 access L1 access
TLB hit + L2 access + L2 access
+ Memory access + page table access
+ memory access
L1 miss, L2 miss, 0.0001% 0.0009% L1 access L1 access
TLB miss + page table access + L2 access
+ TLB reload + page table access
+ L2 access + Mmemory access

B.Jacob,T.Mudge: Uniprocessor Virtual Memory without TLBS,
IEEE Trans Computers,50,5,pp.482-499,2001



TABLE 5
Level-2 Cache Misses per 1,000 Instructions

L2 icache misses

L2 dcache misses

Benchmark L2 Il cache size per 1000 instrs per 1000 instrs
GCC/Alpha 512K/512K 2.10 1.94
1024K/1024K Gy 1.88
2048K/2048K 1.18 1.85
VORTEX/PowerPC  512K/512K 1.8 8.80
1024K/1024K 0.83 7.96
2048K/2048K 0.71 7.54
WINWORD/X86 512K/512K 1.01 6.61
1024K/1024K 0.41 5.84
2048K/2048K 0.19 5.78
L2
L2
CPI

TLB
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4.2 XxvizIZbv FEEOFDEER, SZEIESE RS HELAE)
(a) v—%#2, 7oov 74X B DEEFBLEDNDI ZE v b=

%_J"/:y%: Xy vi o T P T MEXxr i
2 KB 0.0115 0.1708 0.0697
4 KB 0.0082 0.1400 0.0517
8 KB 0.0054 0.0942 0.0342
16 KB 0.0032 0.0454 0.0173
32 KB 0.0022 0.0289 0.0101
64 KB 0.0009 0.0215 0.0067
128 KB 0.0001 0.0164 0.0045
b)) Xrva2FEE64KB HAEX XY 2DBANDI 2L v b
377 | o—s%1 | o—#%2 | m—2%4 | v—%s8
16 B 0.0204 0.0160 0.0150 0.0145
32 B 0.0135 0.0096 0.0089 0.0086
64 B 0.0106 0.0067 0.0059 0.0057
128 B 0.0102 0.0054 0.0047 0.0046
256 B 0.0115 0.0050 0.0042 0.0040

e ETE (V)

- 132, 594,094, 021,
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Power4

Table 3: Storage hierarchy or

i

J
i\

anization and size

Direct map, 128-byte line
managed as 4 32-byte sectors

128 KB (64 KB per
ProCEsSor

2-way, 128-byte line

64 KB (32 KB per processor

8-way, 128-byte line ~1.5MB
8-way, 512-byte line managed as 32MB
28-byte sectors MB eDRAM
0-16 GB
Pentium4
L1 Data KB

L2 KB




Table 1. Features of the Itanium 2 processor. -

Design

?-_Frequency
Pipe stages
Issue/retire
_'.*Executlon un:ts
‘Silicon

1 GHz=z

8 in-order

6 instructions o
2 integer, 4 memory, 3 branch, 2 floating-point

='-'Technotogy
Core o
e c:ache -
Sie
-'_;'Caches

180 nm

40 million transistors
180 million transistors
421 rmm?2

_':,__1_1 mstructlon

| leat & .

_._Benchmark results

Size 16 Kbytes - -
Latency 1 cycle
Protection Parity o
Size 16 Kbytes .
Latency lecycle
Protection Parity .~ ..
Size 256 Kbytes S
Latency 5,7, 0r 9+ cycles
Protection Parity or ECC* .
Size 3 Mbytes
Latency 12+ cycles
Protection Ece -

Spec CPU2000 score
j'Spec FP2000 score

as IEEE Micro, March,2003

1,431



» Power4 Floor Plan and Images of the Instruction Fetch {IFU) & L2

Cache Control Units
U-E‘

IFU Image

Power4 .Ffoor Plan L

» Powerd4 Processor Chip Features - TR i
U O s e sl s o i Figure 2. Powerd chip (FXU = fivedkpoint execution untt, ISU

+ »30 GBfs {>500 MHz) interconnection fabric = Instruction sequencing unit, IDU = instruction decod unit,

» 2200 signal I/O; 170M transistors & : o : :
= Conflguied for Baway Sy=tern on MEM LSU = load/store untt, IFU = instruction fetch unit, FPU =

» CMOS 852-S0I technology & copper wiring floating-point unit, and MC = memory controler),

» Microprocessor core
» > 1GHz clock frequency; 64KB L1 instruction cache
» B4-bit PowerPC for RS6000 & AS400 systems
» Qut-of-order, speculative, 8-issue superscalar design

» Memory sub-system
» 1.5 MB shared L2 caches
» 32 MB off-chip L3 {on-chip control); Bandwidth > 10GB/s
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