64-bit PowerPC Microprocessors
Memory Management



Abbreviations

EA Effective Address 64-bit
VA Virtual Address 80-bit
PA Physical Address 62-bit
SDR1 Storage Description Register 1

MSR Machine State Register

PR[49]: Privilege level
If set, run in user mode

IR[58] / DR [59]: Instruction address translation / Data
address translation

If set, Instruction/Data address translation is enabled
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Feature Category

64-Bit Imple

Conventional

Address ranges

254 bytes of effective address

2" where 65 = n = 80 bytes of virtual address

< 2™ (m=62) bytes of physical address

4 Kbytes

Page size Some large page sizes
(2P where 13 = p < 28)
Segment size 256 Mbytes
Mot applicable
Block address translation
Mot applicable
Segments selectable as no-execute
Memory protection Pages selectable as user/supervisor and read-only
Blocks selectable as user/supervisor and read-only
Page history Heferenced and changed bits defined and main-

tained

Page address

Translations stored as PTEs in hashed page tables
in memory

translation Page table size determined by size programmed
into SDR1 register
TLEs Instructions for maintaining optional TLBs
Stored as STEs (explicit or implicit segment tables)
Segmeant
descriptors

Instructions for maintaining SLBs




Memory Addressing Overview

 PowerPC processors support two types of
address translation:

Real addressing mode
EA = PA
Page address translation
translates the EA to VA then to PA.



Real Addressing Mode

MSR[IR] =0 or MSR[DR] =0
e EAis treated as PA.

 Bypass all memory protection checks.

 Processor would set MSR[IR] = 0 and MSR[DR] =0
after exceptions occur. Must explicitly enable
translation if needed.

e Attempts to access PA not physically present will
cause a machine check exception



Page address translation

 The page translation proceeds in the following
two steps:

e 1. From effective address to the virtual
address, and

e 2. From virtual address to physical address.
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0 63

Effective Address

Address Translation Disabled

Segment Descriptor
Located

Page Address

l

Virtual Address

Y

Look Up in
Page Table

0 Y 63

Physical address

(MSR[IR] = 0, or MSR[DR] = 0)

Real aAddressing Mode

Effective Address = Physical Address

(see Section 7.3)

aQ L]

63

Physical Address




EA to VA

* Segment Lookaside Buffer (SLB)

Each SLB entry maps one ESID (Effective
Segment ID) to one VSID (Virtual Segment ID).

SLB entry format

ESID V V3D Kg|Kp{ N |L | C
» J 88 89 90 91 @2 9

0

e SLB Search
Success if
SLBE[V] = 1 and SLBE[ESID] = EA[0-35]
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35 36 63D 64-p 63
K=t ; Effective Segment ID Page Byte Offset
64-Bit Effective Address (36 Bl (28-p Bit (p Bit)
l  Page Index (16 Bit) |
| |
SLB/
Segment Table [*
80-Bit Virtual Address
0 ¥ 81 &2 ¥ 79p  BO-p Y 79
Virtual Segment 1D (VSI0) Page Index Byte Offset
(52 Bit) (28-p Bit) {p Bit)
Virtual Page Number (VPN) |
TLB/
Page Table
PTE Y
o : Physical Page Mumber (RPM) Byte Offset
62-Bit Physical Address (62-p Bil) (0 Bit)
61-p 62-p 62




VA to PA

Translation Lookaside Buffer (TLB)
 Holds PTEs that have recently been used.
* Prior to searching the page table.

* Needs to keep consistency with the page
table.

* Not required in 64-bit PowerPC architecture.



VA to PA cont.

Generate Virual
Address from Sagment
Descriptor

Compara Virtual
Addrass with TLE
Enirizs

TLB
Miss

Pariorm Page Table - 3
Search Operation (See Figure 7-15)

PTE Mot
Found

FTE Found

d Access Faulted \Jl
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T,_lﬁ? _ (Sea Figure 7-10)

meant Dascriptor
(no-executa)

ACCoss f’m" ACCOSS

- |

Parmittad Protectad
- 9
Translate saddress i Access Faulted )

| Load TLB Entry

Continue Accass
o Memory Subsystem

11



VA to PA cont.

 Hashed Page Tables
f the PTE we search is not resident in a TLB.
* Page table entry groups (PTEG)

The page table contains a number of PTEGs.

A PTEG contains eight page table entries (PTE).
* Page table Entry (PTE)

A PTE can reside in two possible PTEGs,
primary and secondary.




VA to PA cont.

e Locate PTEG

The address of PTEG is derived from the
HTABORG field of the SDR1 register and
output of hashing function of VA.

Page Table

—=| 16 by1ES |a—

PTED PTE1 PTE7 |PTEGO

PTEGaddr1 | PTED PTE1




VA to PA cont.

» Storage Description Register (SDR1)

SDR1 defines the physical base address of
page table and the size of the table.

|:| Resanvad

HTABORG 00 0000 0000 00O | HTABSIZE

a 45 46 58 50 63



VA to PA cont. (Hashing function)

Primary Hash:
Va3 VAas1
Lowar-COirder 39 Bits of VSID (from Segment Descripion)
X0R
52 =1
000... _ ...000 Page Indax
(23 fems) (from Effective Address)
Output of Hashing Function 1 Hash Value 1
0 27 28 38
I L] |
Secondary Hash:
0 38
Hash Value 1
One's Complement Function
Output of Hashing Function 2 Hash Value 2
O ay 28 38
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- 80-p - p .
&0-Bit Virtual Address Virual Page Mumbear (VPN) Hyta
a 13 51 52 Ta-p 20-p Fi
L I L I
Page Indax
39 Bits ' d |
ooo...000 I =
(11+p Bits) (28-p Bits)
[4] 3
Hash Function |
SDR1
a 2 45 45 58 59 &3 o 27 28 38
HTABORG 0000000 HTABSIZE Hﬂ,g’; ‘giﬂt',“E
! |
17,18 ] ] .
[ L
: : + 28 Bits L ttets
Decodea
Basza
Addrass o 57
MASK 000...011...11
AND |
Page Tabla
PTED PTET
OR _ l —-| |-—16 Bytes l
PTEGO
... L
- - . oo..o00|/ -
{16 Bit) (28 Bit) {11 Bit) (7 Bit) -
&2-Bit Physical Address of Page Table Entry Group
PTEGH
ge Table Eniry (PFTE) - 128 Byt ——————
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Given: SDR1 HTABSIFZE
) HTABORG 39 45 59 63
| | 1 [
o000 1441 0000 01041 4000 0400 OO0 0000 0000 14441 0000 QOO0 0000 0000 0000 0140
I
) F ) E 8 3 0 0 0 F decode §
mask (0...011
EA — 0xD027 0000 OOFF AQ1E:
o 35 51 &2 63
| o000 0000 0040 0444 0000 QOO0 0000 OO0 ':I'CI":H:'” o000 44441 1414 1':|‘||:l“':|":|":||:| 0004 4014
Segment Descriptor Search Page Index Byte Offsat
L2 g Sacond Doubleword of STE:
O 0 0 0 0 2 (0] i A T 0 1 i

0000 0000 0000 0000 Q000 00410 0000 1400 1040 0114

o000 0001 1100

Q00000

0
L

51

Virtual Addrass: VSID

| §

| Il 1l |
QOO0 0000 0O00 0000 0000 G010 0000 1100 1040 0111 0000 0004 1100 0000 11411111 10410 Q000 001 1011

12 13 51 52 &7
L §
Primary Hash:
Qo0 0000 0010 Q000 1100 4040 0444 0000 00041 14100
*OR

QGO0 0000 OO0 Q000 o000 DCI-Di}IDDDG 14441 4444 'I-IZHCII—-'

Hash Valua 1
Qo0 00o0 0010 0000 1100 1040 04441 441 1440 0140

[

Primnary PTEG Addrass: Start at PTED
0 HTABDORG 3o 40 l 45 45 58 57 63
I | T b 1

9/18/ 0000 1111 0000 04041 41000 O400 O©OO0O0 0000 0000 41144 | 004141 A4H1 44141 004141 OOO0 OO00

0 - 0 ) a8 4 0 0 0 - 3 F F 3 LA 0



VA to PA cont. (Secondary Hash fun.)

Hash Valua 1: (g oooD 0010 0000 1100 1010 o111 1111 1110 o110
L
Secondary Hash: OO 0000 D0 L] 1100 1010 o111 1111 1110 o0
Ona's Cnrlplemanl
Hash Valug 2- 111 1111 1101 1111 0o IZI-1EI]5 1030 g{iﬂﬂ 000 1001
1 ]
1 - I 11 Bits
28 Bits
Secondary PTEG Address: Start at FTED
57 &3
o 38 45 58
| HTABORG |4D qu “r——————j
N
o0DD 1111 0000 0101 1000 0100 0000 000D 0000 1111 1100 O ) D00 1100 1000 0000
a0 = LA 5 g 4 0 0 a F G 0 0 C ] a
Ox0F0S_2400_0FD0_0000 PTEGOD
1) First compars 8 PTEs
at Ox0F05_8400 0F3F_F300
——=|FTE0 e PTE7| PTEG oOx3F_Fao0
2} Then compara 8 PTEs
at Owx0F05_8400_0FC0_oCe0,
if necessany E—
- PTEG| | | - .| | |pT§? PTEG oOxCo_0C80
PTEG oxFF_FFa0
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VA to PA cont. (PTE)

Page Table Entry Format [] Reserved
58 57 61 62 &3
AVEN SW 0| H|V
APN oo (AC|R|C| WIMG |N| PP
a1 52 54 55 BB 5T 60 61 62 &3

Page Table Entry Search

PTE[H] = O for primary PTEG; PTE[H] = 1 for secondary PTEG
PTE[V] =1

PTE[VSID] = VA[0-51]

PTE[API] = VA[52-56]
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Summa

Eifactive Addrass

ry

Address Translation Disabled

L

Segment Descripior
Localed

Page addrass

l

Wirtual Addrass

¥

Look Up in
Page Table

L 63

Physical Address

[MSR[IR] = 0, or MSR[DA] = 0)

Heal Addrassing Mode
Efiective Address = Physical Addrass
[see Section 7.3)

Physical Address
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Summary

35 36 B3-p B4-p B3
n: . Effective Segment ID Page Byte Offset
64-Bit Effective Address (36 Bif) (28-p Bit (0 Bit
| Page Index (16 Bit) |
| |
SLB/
Segment Table ™
80-Bit Virtual Address
0 ¥ 51 52 ¥ 79-p BO-p Y 79
Virtual Segment ID (VSID) Page Index Byte Oifset
(52 Bit) {28-p Bit) (p Bit)
Virtual Page Number (VPN) |
TLB/
Page Table
v PTE v
o : Physical Page Mumber (RPM) Byte Oifset
62-Bit Physical Address (62-p Bit) (0 Bit)
61-p 62-p B2
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Reference

* “Programming Environments Manual for 64-
Bit Microprocessors” Chapter 7.



Thanks!



