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1) Any reasonable discussion of interface between o/s and user eg interactive
use, customization of unix session,programming (2). built-ins and execs (1).
& = backgrounding, | piping (1), implied redirection of input and output(1).

2) Can only change the directory of the currently executing process (1) there-
fore it must be built into the shell(1). Kill is an optional built-in (1), typically
built-in as if process table full(1) then cannot execute system /bin/kill(1) as
no space.

3) 1 mar k for reference to errno as global var. 1 mar k for explaining that it only
applies after using system calls . 1 mark for each of perror() & strerror(),
mar k for strerror_r being thread safe. 1 for errno.h. Any reasonable exp.

4) a) non preemptive, process runs till complete or blocks on I/O (2)
b) preemptive, process swapped out on time slice, or interr upt or block on
syscall or I/O (2)
c) cooperative, as non but checks at intervals to see if higher prior ity proc.
wants to run, if yes then release cpu. (1)

5) expect discussion of the number of context switches (2). 2 for unix, up to 6
for XP (2), need for message block with XP (1)
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6)
mar ks from:
i) pipes: unamed pipes, between related processes only, ker nel provides

mutex, one way only, blocking
mkfifo: named pipes, rel or unrelated processes, subject to access permis-
sions, one way, ker nel mutex, blocking
messages: one way, can have type, block or non-block,ker nel mutex, access
per ms, rel/unrel but need key id
shared mem: shm no mutex, related threads/processes, dangerous. mmap
unrelated processes, no mutex

ii) int of specified size, atomic inc & dec, handled by ker nel, sem_wait on
access, access will decrement flag, if not available then place process on q.
sem_signal on exit from access, if q then wake next else inc semaphore. etc.
posix provides sem_init, sem_wait, sem_trywait, sem_post sem_getvalue,
sem_destroy

7)
ii) marks for explaining FIFO (first-in first-out) and NRU (Not recently used) (2).
• FIFO: simplest, allocate pages sequentially, always replace oldest. (1), dis-

cussion of risk, eg loops and replacing page about to be used. (2)
• Modified FIFO: keep temporar y list of removed pages and write block of

pages out at intervals. AKA a cache of pages so check this list before swap-
ping in a page. (2)

• NRU: Circular search of page list, clear reference bit first time around, if still
clear on second pass then page out else leave . (2)

see attached diagrams.
iii) Indication as to how the 32 bit address is split up into 10 bits for index into
page directory + 10 bits for index into page table + 12 bits to identify byte within
page. (4). There should also be discussion of the entries within the page table
along the lines of ... high order 20 bits give page frame address (1) and low order
bits are used for infor mation about the page(1), present bit, read/write bit, privi-
lege bit, accessed bit, dirty bit etc (4)
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8)
i) see attached diagram
ii) Correct identification of parent & child, 1 mark. Explanation of pid value 2

mar ks.
up to (7) for explanation of execvp call, v = array of pointers(1),so need to
build the argument list before calling(1); p = will do path search(1) as per
shell’s $PATH (1), first arg is pointer to filename(1), second arg is is pointer
to array of args(1), shouldn’t ever (in principle) return to execute the perror. If
it does then it will call exit(1).
mar ks for blocking wait on specific child(pid)(1), get the exit status(1), no
options,WIFEXITED macro to test if child exited normally, via exit() or _exit()
or return from main()(2). WEXITSTATUS gets the return value that may have
been set by child(1). Can only be evaluated if WIFEXITED true(1).
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