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Bootstra

Where are we now?

m BIOS brought the system on
® BIST, POST, hooks
® First instruction fetched — 0x7c00
® | ots of

mp” so far, no calls, no stack
0 led to OS code

® Assemb

® Entered
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y code

® Loaded system code to RAM
e Initialized memory configuration — A20

protected mode — 32 bits

m Today class — The Setup
® Bring the machine into a usable state

(http://www.lisha.ufsc.br)
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What does setup do?

m |t “sets up” IA32-dependent data structures
® IDT — Interrupt Descriptor Table
e GDB — Global Descriptor Table
® EtC...
m Configures
® A basic memory model (flat)
® A basic thread model (exclusive task/thread)
o FPU
® Other devices

&
Q
o
/)]
-
)
(@)
c
=
©
-
Q
Q.
O
©
Q
o
®©
le
©
Q
Q

March 2011 (http://www.lisha.ufsc.br)



[a
fe

fuiies

System Information: Boot Map

)
"J; struct Boot Map
> {
m Phy Addr mem base; // Memory base
unsigned int mem size; // Memory size (in bytes)
O int cpu_type; // Processor type
c int cpu clock; // Processor clock frequency in Hz
" — int n_ threads; // Max number of threads
E int n_tasks; // Max number of tasks
e unsigned short host id; // The local host id (-1 => RARP)
() unsigned short n nodes; // Number of nodes in SAN
Q. int img size; // Boot image size in bytes
O int setup off; // SETUP offset in the boot image
int system off; // 0S offset in the boot image
© int loader off; // LOADER offset in the boot image
() int app off; // APPs offset in the boot image
E }i
le
O
a
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System Information: Phy Mem Map

struct Physical Memory Map

)
o
@ {
> Phy Addr app lo; // Application memory's lowest address
U) Phy Addr app hi; // Application memory's highest address
@) Phy Addr int vec; // Interrupt Vector
Phy Addr sys pt; // System Page Table
.E Phy Addr sys pd; // System Page Directory
= Phy Addr sys info; // System Info
m Phy Addr phy mem pts; // Page tables to map the whole phy memory
o Phy Addr io mem pts; // Page tables to map the IO address space
V Phy Addr sys code; // 0S Code Segment
Q Phy Addr sys data; // 0OS Data Segment
O Phy Addr sys_ stack; // 0S Stack Segment
Phy Addr free; // Free memory base
o unsigned int free size; // Free memory size (in frames)
() Phy Addr machl; // Machine specific entries
Yo Phy Addr mach2;
m Phy Addr mach3;
(& Phy Addr freel base; // First free memory chunk base address
'-E Phy Addr freel top; // First free memory chunk top address
Phy Addr free2 base; // Second free memory chunk base address
8 Phy Addr free2 top; // Second free memory chunk top address
March 2011 (http://www.lisha.ufsc.br)
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System Information: Log Mem Map

Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr
Log Addr

March 2011

base;

top;
app_lo;
app_entry;
app_code;
app_dataj;
app_hi;
phy mem;
io mem;
int vec;
sys_pt;
sys_pd;
sys_info;
sys_code;
sys_data;
sys_stack;
machl;
mach2;
mach3;

struct Logical Memory Map

//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//

Lowest valid logical address

Highest valid logical address
Application memory lowest address
First application's entry point

First application's code base address
First application's data base address
Application memory highest address
Whole physical memory (contiguous)

IO address space

Interrupt Vector

System Page Table

System Page Directory

System Info

OS Code Segment

OS Data Segment

OS Stack Segment

Machine specific entries

(http://www.lisha.ufsc.br)
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System Information: IO Mem Map

struct I0 Memory Map
{
int locator;
Phy Addr phy addr;
Log Addr log addr;
unsigned int size;

}i
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System Information

class System Info

{

public:
typedef unsigned int Log Addr;
typedef unsigned int Phy Addr;

unsigned int mem size; // Memory size (in pages)
unsigned int mem free; // Free memory (in pages)
unsigned int iomm size;

Boot Map bm;

Physical Memory Map pmm;

Logical Memory Map lmm;

IO Memory Map iomm[];

}i
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Starting the set-up

m Have access to system info

® Boot image at BOOT_IMAGE_ADDR
m Verify system image

e VValidate ELF image

® Check if ELF entry point is accessible
m Position the setup image

® Move boot image to after setup

® Setup a single-page stack for setup

m Call actual setup code (main)
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Setup PCI Bus

m Scan the PCI bus
® ook for devices with memory mapped regions

m Fill the IO_Memory Map in System_Info

for(unsigned int i = 0; i < si->iomm size; i++)
si->iomm[i].log addr =
MM::I0 MEM + (si->iomm[i].phy addr - base);
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Setup Interrupt Controller

Pentium 4 and Pentium and P&
Intel Xeon Processors Family Processors
Processor Core FProcessor Core
Local APIC Local APIC

Interrupt Local
Messages

Interrupt T Local

Interrupts Messages Interrupts

Interrupt| System Bus 3-Wire APIC Bus

Messages
Bridge VO APIC [T External
-€—— Interrupts
¢ PCI i
- * y System Chip Set
| J
B External
IO APIC
-€—— [nterrupts

System Chip Set

Figure 10-1. Relationship of Local APIC and I/0 APIC In Single-Processor Systems

Intel 3A
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E ® ! DATA/ADDR
E i Version Register = *| EOIRegister
Timer - »| Task Priority Register
Current Count
Registar +
Initial C . - | Processor Priarity
“;‘: Count - Register INTA Erom
gister I ——— CPU
Jd Divide Configuration ¥ v Lo
m Register __:__IMTR To
Prioritizer EXTINT  CPU
> Local Wector Table » Core
m > Timer ;' 1T T T T T T _________ ';
| In-Service Register (I5R) 1
LINTO1 —| Local ! !
m Interrupts 0,1 I - = Interrupt Raguast Registar (IRR) !
Ferf. Man. - ! !
{Imtermal —m= F_’mlfnrmanc:a 9 I Trigger Maode Register (TMR) !
Intarrupt) Manitoring Counters I i
I I
§ - Thermal A A
s Sonenc —m|  Thermal Sensor® e veer] | regiier
{Intarnal & TMR Bit Salacl
m Interrupt) Error AD. D Voot
. e cior
h FtEgiEtar“' Decoda
Error Status - Local Acceptanca
Q Register o Interrupts = Logic
Dest. Mode
& Vaclor
Ta
APIC ID Protocol L = PU
3 Registar Translation Logic I|||4\|p["|; Care
m Logical Destination ¢ SMI
H Register T Interrupt Command
Destination Format - = Raegister {ICR]
m Register T
o Spurio us Vector Processor System Bus®
o Register
ﬁ 1. Introduced in PG family processors.
2. Introduced in the Pentium 4 and Intel Xeon processors. I t 1 3A
w 3. Three-wire APIC bus in P& family and Pentium processors. n e
D 4. Mot implemented in Pentium 4 and Intel Xeon processors.

Figure 10-4. Local APIC Structure
March 2011 (http://www.lisha.ufsc.br)
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Setup IDT

IDTRE Register
47 16 13 0
IDT Base Address IDT Limit
Y Interrupt
Descriptor Table (IDT)
i
Gate for
Interrupt #n {n—1)+8

S S

Gata for

Interrupt #3 16
Gate for
Interrupt #2 o1
Gate for
. Interrupt #1 0
a1 a

Figure 6-1. Relationship of the IDTR and IDT
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Setup system memory

m Allocate (reserve) memory for all entities

we have to setup
e Start at the highest address
® Flat memory model

® Reserve memory for
e IDT — Interrupt Descriptor Table
e GDT — Global Descriptor Table
o SysPT
e SysPD
e Systemlinfo
® |O space
® OS code, data, and stack
e Mark rest of memory as free to applications
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L

E ¢ ! I?ljys!c?liddress > Code, Data or Stack
E i Control Register Linear Address Segment (Base =0)
CR8 5 Task-State
CR4 Segment Selector Segment (TSS)
CR3 ST >
CR2
E CR1
- CRO Global Descriptor
m Task Register Table (GDT)
Jd L ]
m | Segment Sel. | - »| Seg. Desc. Irge;rrupt Handler
NULL - — »Sode]
> |nterrupt TR - — P TSS Desc. L Stack
Vector
) r —— - | Seg. Desc.
Interrupt Descriptor |
Table (IDT) 'r — — »| Seg.Desc. | Interr. Handler
m 5 I c {TSS Code
Interrupt Gate — — - LDT Desc. |— urren
: ! = 1|2 Stack
N - Interrupt Gate | - — -
d I GDTR
» ST
m ‘> Trap Gate | — - - _
! Local Descriptor E)égeptlon Handler
PSS - Table (LDT) > Code |
NULL - — »
m I Stack
IDTR Call-Gate L Seg Desc. |_
Q Segment Selector
O ‘ |- > CallGate |~ - Protected Procedure
ffffff Code
XCRO (XFEM) Loy NULL - — >
] Stack
®
1 .

Linear Address Space Linear Address
J—> PML4 | Dir. Pointer | Directory | Table  |Offset |
Linear Addr. . .
PML4 Pg. Dir. Ptr.| Page Dir. Page Table Page
Physical
PML4. Pg. Dir. Page Thl Addr.
Entry Entry Entry
>
0 ' This page mapping example is for 4-KByte pages
and 40-bit physical address size.
March 2011 15
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Setup GDT

Figure 3-10. Global and Local Descriptor Tables

m Global Local
Jud Descriptor Descriptor
m Table (GDT) Table (LDT)
| . .
m I TI=0 TI=1
Segment
Selector

@) 56 56
c s a8
1 .
Jd
S “ .
- 3z 32
Q 24 24
O 16 16

8 8
3 First Descriptor in
m GOT is Mot Used L] i
o
(U GDTR Register LDTR Register
U [ Limit | Limit
" — | Base Address Base Address
ﬁ Seq. Sel. |
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GDT entries

Figure 5—3. General Segment—Descriptor Format
DESCRIPTORE USED FOR APPLICATIONS CODE AWD DATA SEGHMENTS
31 23 15 7

A
BASE 31..24 G|& |0 E %%HI}E P] DPL 1| T¥PE|A BASE 23..16

SEGMENT BASE 15..8 SEGMENT LIMIT 15..8

DESCRIPTORS USED FOR SPECIAL SYSTEM SEGMENTS

31 23 A5 7
A
BASE 31..24 Gl |Oo|V] LIMIT P|] DPL |8 TYPE BASE 23..16

L] 19..16

SEGMENT BASE 15..8 SEGMENT LIMIT 15..8

A — ACCESSED

AUL — AVAILABLE FOR USE BY SY¥STEMES PROGRAMMERE

DFPL — DESCRIPTOR PRIVILEGE LEUEL

G — GRANULARITY

P — SEGMENT PRESENT

March 2011 (http://www.lisha.ufsc.br)
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Paging

Logical Address
(or Far Pointer)

Seqgment l

Selectar Offset Linear Address
| | | | Space
, Linear Address
Global Descriptor .
———— Dir | Table | Offset | Physical
Table (GOT) Adirees
Space
Segment
Segment Page Table Page
. Descriptor -4 | |\ (| "1 1| """
_______ Page Directory
~» Lin Addr | Phy. Addr.
I"F Entry ——®=f - - — — — -
* - E nitry -
i
Segment j I"-.

Base Address \

[— Page

}— Segmentation I FPaging
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Figure 3-1. Segmentation and Paging
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Flat Memory Model

Linear Address Space
(or Physical Memory)

Segment =
Registors Code | FFFFFFFFH
CS Code- and Data-Segment
Descriptors
SS § Not Present
| |
DS = | Access Limit | Data and
ES |— Base Address | - Stack 0
FS 71
GS
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Page Tables

Figu»e 55—8._ Foyrmat of a Linear Address
31 22 21 12 11
DIR PAGE OFFS5ET
Figuy»e 5—18. Foyrmat of a Page Table Entryuy
31 12 11
UujR
PAGE FRAHME ADDRESE 231 . .12 AvAIL @B a|pajég a g ﬁ
r — PRESENT
R — READAWRITE
u.E — USER-SUPERUISOR
D — DIRTY
AVAIL — AVAILABLE FOR SY¥STEHMS PROGRAMMER UESE

HOTE: 8 IHNDICATES INWMTEL RESERUVED. DO HOT DEFIHE.
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Setup SysPT

m Page Table(s) to map system code, data,
and stack
m Addresses at the Physical Memory Map

m Mapping performed by MMU
e Memory Management Unit
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Setup SysPD

m System Page Directory

m First level page table
® Point to 2™ level page tables
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Finishing setup

m Make previous configuration active
e Set IDTR
e Set GDTR
® Set CR3 (page directory)
® Enable paging
® Break pre-fetch queue. Why?
® Reload segment registers (flat model)

® Remap pointers to their logical addresses
e Stack
e Systeminfo
e Flush TLB (MMU — make sure new config Is in use)

m | oad OS and application(s)
m Enable interrupts
m Call system/application

March 2011 (http://www.lisha.ufsc.br) 23
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