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March 31, 2009



Name (Last, First):



This exam consists of 5 questions on 9 pages; be sure you have the entire exam before starting. The point value of each question is indicated at its beginning; the entire exam is worth 100 points. Individual parts of a multi-part question are generally assigned approximately the same point value: exceptions are noted. This exam is open text and notes. However, you may NOT share material with another student during the exam. Be concise and clearly indicate your answer. Presentation and simplicity of your answers may affect your grade. Answer each question in the space following the question. If you find it necessary to continue an answer elsewhere, clearly indicate the location of its continuation and label its continuation with the question number and subpart if appropriate. You should read through all the questions first, then pace yourself. The questions begin on the next page. Problem 1 2 3 4 5 Total



Possible 20 20 20 20 20 100
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The Process Model The process model is a long standing concept that is fundamental to modern operating systems. In this class we learned about processes in UNIX from the 1974 paper The UNIX Time Sharing System by Ritchie and Thompson. We also know that Android applications run in individual Linux processes. In fact, Google’s new Chrome web browser is designed to run individual browser tabs and plugins in separate processes. Explain why the process model remains pervasive today.
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Futexes We spent quite a bit of time in class understanding how futexes work. We looked at the implementation of Pthread mutexes within the Bionic C library for Android. I have provided the source code for normal_lock() and normal_unlock() below. This problem concerns the futex implementation of the semaphore operations: sem_wait() (same as sem_down() or P()) and sem_post() (same as sem_up() or V()). I have provided the implementation of sem_post(), you need to provide an implementation of sem_wait() that works with the sem_post() implementation. /* * Lock a non-recursive mutex. * * As noted above, there are three states: * 0 (unlocked, no contention) * 1 (locked, no contention) * 2 (locked, contention) */ static __inline__ void _normal_lock(pthread_mutex_t* mutex) { /* * The common case is an unlocked mutex, so we begin by trying to * change the lock’s state from 0 to 1. __atomic_cmpxchg() returns 0 * if it made the swap successfully. If the result is nonzero, this * lock is already held by another thread. */ if (__atomic_cmpxchg(0, 1, &mutex->value ) != 0) { /* * We want to go to sleep until the mutex is available, which * requires promoting it to state 2. We need to swap in the new * state value and then wait until somebody wakes us up. * * __atomic_swap() returns the previous value. We swap 2 in and * see if we got zero back; if so, we have acquired the lock. If * not, another thread still holds the lock and we wait again. * * The second argument to the __futex_wait() call is compared * against the current value. If it doesn’t match, __futex_wait() * returns immediately (otherwise, it sleeps for a time specified * by the third argument; 0 means sleep forever). This ensures * that the mutex is in state 2 when we go to sleep on it, which * guarantees a wake-up call. */ while (__atomic_swap(2, &mutex->value ) != 0) __futex_wait(&mutex->value, 2, 0); } }



Problem continued on next page.
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/* * Release a non-recursive mutex. The caller is responsible for determining * that we are in fact the owner of this lock. */ static __inline__ void _normal_unlock(pthread_mutex_t* mutex) { /* * The mutex value will be 1 or (rarely) 2. We use an atomic decrement * to release the lock. __atomic_dec() returns the previous value; * if it wasn’t 1 we have to do some additional work. */ if (__atomic_dec(&mutex->value) != 1) { /* * Start by releasing the lock. The decrement changed it from * "contended lock" to "uncontended lock", which means we still * hold it, and anybody who tries to sneak in will push it back * to state 2. * * Once we set it to zero the lock is up for grabs. We follow * this with a __futex_wake() to ensure that one of the waiting * threads has a chance to grab it. * * This doesn’t cause a race with the swap/wait pair in * _normal_lock(), because the __futex_wait() call there will * return immediately if the mutex value isn’t 2. */ mutex->value = 0; /* Wake up one waiting thread. We don’t know which thread will be * woken or when it’ll start executing -- futexes make no guarantees * here. There may not even be a thread waiting. * * The newly-woken thread will replace the 0 we just set above * with 2, which means that when it eventually releases the mutex * it will also call FUTEX_WAKE. This results in one extra wake * call whenever a lock is contended, but lets us avoid forgetting * anyone without requiring us to track the number of sleepers. * * It’s possible for another thread to sneak in and grab the lock * between the zero assignment above and the wake call below. If * the new thread is "slow" and holds the lock for a while, we’ll * wake up a sleeper, which will swap in a 2 and then go back to * sleep since the lock is still held. If the new thread is "fast", * running to completion before we call wake, the thread we * eventually wake will find an unlocked mutex and will execute. * Either way we have correct behavior and nobody is orphaned on * the wait queue. */ __futex_wake(&mutex->value, 1); } }



Problem continued on next page. 4
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/* * Increment semaphore count and wake up any sleeping threads if necessary */ int sem_post(sem_t *sem) { if (sem == NULL) return EINVAL; if (__atomic_inc((volatile int*)&sem->count) == 0) __futex_wake(&sem->count, 1); return 0; } Put you implementation of sem_wait() in the template below. Provide an English description of your solution. /* * Atomically decrement count. Block thread if count is 0. * Note: do not allow count to go negative, only decrement if positive. */ int sem_wait(sem_t *sem) { if (sem == NULL) { errno = EINVAL; return -1; } /* PUT YOUR CODE HERE */



return 0; } 5
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Mobile Computing and the Cloud Recall the paper Energy-aware adaptation for mobile applications by Flinn and Satyanarayanan. In this paper the authors make the case for having applications adapt to changing power usage requirements. How can emerging cloud computing services work with mobile applications in order to provide better energy efficiency (longer battery life)? Try to be specific and provide as much detail as possible in your answer. That is, more specific and detailed answers will receive higher scores.
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Interprocess Communication Systems that use the process model need an efficient way for processes to communicate with each other. What are the problems with using the UNIX pipe mechanism for interprocess communication?
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Android Programming Android requires the programmer to save state in response to various events. The idea is that the Android run-time system may choose to terminate a process in memory is running low. Why did Google decide to require the programmer to save and restore state explicitly rather than doing it automatically? Justify your answer.
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