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6.828 Operating System Engineering: Fall 2004

Quiz I

Name: A) O12T3

All problems are open-ended questions. In order to receive credit you must answer the question
as precisely as possible. You have 80 minutes to answer this quiz.

Write your name on this cover sheet AND at the bottom of each page of this booklet.

Some questions may be much harder than others. Read them all through first and attack them in
the order that allows you to make the most progress. If you find a question ambiguous, be sure
to write down any assumptions you make. Be neat. If we can’t understand your answer, we can’t
give you credit!

THIS IS AN OPEN BOOK, OPEN NOTES QUIZ.
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I Virtual memory

1. [5 pointsj: The PDP-1 1 uses two bits in the Processor Status Word (PSW) to determine whether it

is currently running in kernel or user mode. Which bits in which register on the x86 determine whether

the processor is running in kernel or user mode, and what x86 instruction does the JOS kernel use to

enter user mode? (Explain briefly)
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2. [5 points]: The v6 kernel must copy values from user space with the special instruction mfpi

(push Onto the current stack the value of the designated word in the “previous” address space). What

instructions does the lOS kernel use to access user-level values? (Explain briefly)
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Here is the layout of virtual memory that you set up in lab 2.

1*
* Virtual memory map: Permissions

* kernel/user

*

* 4 Gig > + +

* I I RW/——

*

*

*

*

* RW/——

* I RW/——

* Physical Memory I RW/-

* I RW/——

* KERNEASE > + +

* Kernel Virtual Page Table I RW/-- PDP

* VPT,KSTACKTOP--> + + --+

* I Kernel Stack I RW/-- KSTKSIZE

* I I PDMAP

* I Invalid memory I --/--

* ULIM > + + ——+

* R/O User VPT R-/R- PDMAP

* UVPT ----> + +

* R/O PAGES I R-/R- PDMAP

* UPAGES - - - -> + +

* R/O ENVS R-/R- PDMAP

* UTOP,UEVS > + +

* UXSTACKTOP -/ user exception stack RW/RW BY2PG

* + +

* Invalid memory --I-- BY2PG

* USTACKTOP ----> + +

* normal user stack I RW/RW BY2PG

* + +

*

* I I
*

*

*

*

* I
* I
* UTEXT > + +

* I I 2*PDMAP

* 0 > + +

*/

Name:
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Also, here is the layout of physical memory in a PC:

+ + <- OxFFFFFFFF (4GB)

I 32—bit

memory mapped

devices I

/\/\/\/\/\/\/\/\/\/\

I Unused I

+ + <- depends on amount of RAM

Extended Memory I

+ + <— 0x00100000 (1MB)

I BIOS RON I
+ + <— Ox000F0000 (960KB)

16-bit devices,

expansion ROM5
+ + <— Ox000C0000 (768KB)

VGA Display
+ + <— Ox000A0000 (640KB)

Low Memory I

+ + <— Ox00000000

3. [5 points]: Why does the JOS kernel arrange that the virtual addresses from KEENBASE and

higher have read-write access in kernel mode and no access in user mode? (Explain briefly.)
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You completed the following function in lab 2:

//
// Initialize page structure and memory free list.

//
page_mit (void)

II The exaple code here marks all pages as free.

// However this is not truly the case. What memory is free?

// 1) Mark page 0 as in use(for good luck)

/7 2) Mark the rest of base memory as free.

// 3) Then comes the 10 hole [I0PHYSMEM, EXTPHYSMEM) => mark it as in u
se

// So that it can never be allocated.

/7 4) Then extended memory(ie. >= EXTPHYSMEM):
/7 > some of it’s in use some is free. Where is the kernel?

/7 Which pages are used for page tables and other data structures?

//
/7 Change the code to reflect this.
mt i;

LIST_INIT (&page_free_list);
for (i 0; i < npage; i++) {

pages[i] .pp_ref = 0;
LIST_INSERT_HEAD (&page_free_list, &pages [i], pp_link);

Name: ]AJ 3
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4. [10 points]: Which pages in extended memory should pageinit mark as in use? (Explain
briefly and feel free to refer to the virtual memory map.)
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5. [5 points]: Why should pageJn±t mark page 0 as in use for good luck? (Explain briefly.)
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In lab 3 you wrote the following code to setup the JDT for system calls in idt mit:

SETGATE (idt [T_SYSCALL], 1, GD_KT, handler_SYSCALL, 3);

6. [5 points]: Why must the descriptor protection level be set to 3 instead of 0 (as with most of the

other entries in the IDT)? (Explain briefly.)
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7. [5 points]: If the descriptor protection level is set to 0, what would happen if the processor

executes an “mt 30” instruction? (Explain briefly.)
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II Proccesses

8. [5 points]: In which structure does v6 allocate the kernel stack? (Explain briefly.)

H
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9. [5 points]: How many of these structures does v6 allocate? (Explain briefly.)
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10. [5 points]: The structure (and thus the kernel stack) is stored at the virtual address 140000 and
up. What must happen when the kernel switches to a different process? (Explain briefly.)
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11. [10 points]: In v6, the mit process, pid 1, inherits processes whose parent have exited. Sketch
out the required changes to the kernel so that children that have no parent anymore clean themselves
up on exit (sheet 32).
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III Calling conventions

Page 10 of 13

12. [5 pointsj: Assume a function f calls a function g using the C calling conventions of v6 on the

PDP-1 1. The callee function g takes two arguments, as follows:

void g(int x, mt y) {

}

Below is the stack at the point that f is about to call g. So far f’s own local variables and other

private state are already on the stack, but nothing related to its call to g. Draw the stack at the point

just before the processor executes the first instruction of g that does “real” work, after running g’s

function prologue. (The information on page 10-3 of the commentary might be helpful.)

f’s stack frame
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13. [5 pointsl: Annotate your picture by providing for each value a brief explanation why the value

is pushed on the stack.
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The following PDP-11 assembly function appears (with a different name) in the v6 C library:

_mystery:
mov r5,-(sp)
mov 2(r5),rl / PC of caller of caller
mov sp,r5
dr rO
cmp —4(rl)Jsrsd
bne 8f
mov $2,rO

8:

cinp (rl),tsti
bne lf
add $2,rO
hr 2f

1:
cmp (rl),cinpi
bne lf
add $4,rO
hr 2f

1:

cmp (rl),addi
bne II
add 2(rl),rO
hr 2f

1:
cmp (rl),jmpi
bne lf
add 2(rl),rl
add $4,rl
hr 8b

1:
cmpb l(rl),bri+l
bne 2f
mov rO,-(sp)
mov (rl),rO
swab rO
ash $-7,rO
add rO,rl
add $2,rl
mov (sp)+,rO
br 8b

2:

asr rO
mov (sp)+,r5
rts PC

data
jsrsd: jsr pc,*$O

tsti: tst (sp)+
cmpi: cmp (sp)+,(sp)+
addi: add $O,sp
jinpi: jmp 0
bri: hr

Name:
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For your convenience, Russ Cox has translated it into some equivalent pseudocode:

mystery:
CPC (r5+2) / CPC = pc of caller of caller /

n= 0
if inst[cpc—4] == jsr pc, *$“

n=2
again:

if inst[cpc] == tst
n += 2

else if inst[cpc] ==

n += 4
else if inst[cpc]

n + x

else if inst[cpc] ==

CPc += x

goto again
else if inst[cpc] == ‘br .+x”

CPC + X

goto again

return n/2

14. [15 points]: What the does the mystery function compute? (Please, give a brief explanation.)
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IV 6.828

15. [6 points]: Describe the most memorable error you have made so far in one of the labs. (Provide
enough detail that we can understand your answer.)
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We love to know what your experience is in 6.828. Please, answers the following two questions. (Any
answer, except no answer, will receive full credit!)

16. [2 points]: What is the best aspect of 6.828?
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17. [2 points]: What is the worst aspect of 6.828?

End of Quiz I
fl
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