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5. The following createAccount method is called from multiple threads

// Shared set of bank accounts and a shared mutex
std: :unordered_map<std::string, float> bank;
st mutex bankMutex;

// The following method is called from multiple threads
std::string createAccount(const std::string& acctNum, float amount) {
if (bank.find(acctNum) != bank.end()) {
// Add account in thread safe manner.
std::lock_guard<std: :mutex> lock(bankMutex);
bank [acctNum] = amoun
return "Account create
} else {
return “"Account already exists";

I

However, the above method suffers from a race condition. Briefly (1-to-2 sentences)
describe the source of the race condition. [2 points]

The race condition arises inside the £ind () method. —the £ind () method is
operating on the bank while another thread could be adding a new account to the
bank. This causes a race condition occur.

Briefly describe (you can describe in English or show revised source code) how the race
condition can be fixed [3 points]

The above race condition can be fixed by ensuring that the find() method also operates
inside a critical section by locking the mutex at the beginning of the method as shown
below:

// The following method is called from multiple threads
std::string createAccount(const std::string& acctNum, float amount) {
std:: lock_guard<std: :nutex> lock(bankMutex);

// Rest of the method is not shown for brevity
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Programming Questions [40 points]

6. A producer-consumer type solution
with exactly two threads is to be
used to process numbers from a
given input stream and print each
output. The implementation of
thread2 is shown below. All of the
input and output values are
guaranteed to be positive. So -1 is
used as a sentinel value. Implement
the corresponding functionality of
threadL, to- reads each number
from a given input stream, passes
input to thr=ad2, and print cach
output.

shared betueen threadl and threadz
1, output = -1;

utex ml,'m2;
condition_varisble condl, cond2;
ing Guard = std: sunique_lockestd: tmutexs;

1/ Helper method to process data on the GPU.
int gpuprocessor(int);

void thread2() {
int data;
do {
€ /7 get_input from thready
data = -1;
Guard guardi(m);
cond1.wait(guardi, [1{ return input :

n;
| sudissuaplinput, cata);
if (data 1= -1) (
dota = gpuProcessor(data); // process
data
Guard guardz(m2);
output = data; // send output to threadl
| comtzematibyonel);
} vhile (data 1= -1);

// Bssume all necessary headers are included.

using namespace std;

// Bdd global variables as needed.

void threadi(std: :istrean& is) {

// Read integers from is, until -1 is read.

// Wave thread2 process value.
7/ Print the output from thread2
for (int data

0; (is >> data);) {

{
Guard guardl(m1);
input = data; // send input to threadl
n condl.notify_one();
if (data == -1) {
break; // stop on sentinel value
3

{ // wait for thread2 to generate output.

Guard guard2(m2);

cond2.wait(guard2, [1{ return output !
// get output from thread2

I
wap(output, data);

-1 b

endl;
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7. A large company has payroll data in a many text files. Each file has 5 columns in the

ordr Employee ] Deporime] Tie] Saa] Name Fach ol i seared by

1-or-more spaces as illustrated in the example below:
335784 sales manager 67500 Maryanne E. Thomas
54 testing  engineer 55000 John Doe

5478 marketing designer 57350 Peng Liyuan

(10005 of such entries not shown for brevity)

(trying to load all pertinent data from all rows into memory is silly)

‘The company wants to rapidly figure out the total salary for each department by having
multiple threads updating various entries in the unordered_map shown below.

17 shared (between multiple threads) map containing salary for each department
nitialized to include all the departments in the company.

ordered_nap<std: :string, int> deptSalary =

"sales”, 0}, {"narketing", 8}, // more departments not shown here for brevity };

/7 Shared mutéxs to ensure MT-safe ccess.

std::vectorsstd: snutex- depthutex(deptsalary.size());

Complete the following threaciMain to process each line of data (one line at a time) in
a given payroll file and update the salary for each department in deptSalary. Your
solution must allow multiple threads to update salaries for each department in an efficient
‘manner by suitably using deptMutex.

// Assume all necessary headers are included.
using namespace std;

// Add global variables and/or helper methods as needed
void threadMain(const std::string& fileName) {

// Create a local unordered map to ease mapping department name to an
index
std: :unordered_map<std: :string, int> deptlds;
int id = 0;
for (const auto entry : deptSalary) {
deptIds [entry. first] = id++; // Assing unique ID to each department

while (file >> dumny >> dept >> dunmy >> salary) {
std::getline(file, dummy); // Read rest of the line
std: : Lock_guardestd: :mutex> Lock (nutex[deptIds [dept]]);
deptSalaryldept] += salary;
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8. Multithread the following inciex0Z method to operate using  threads, via the reduction
approach — i.e., must not use any synchronization (or std: :async). Of course, the
‘multithreaded solution must produce the same output as the given implementation below.
‘Hint: Each thread operates on a substring.

// Assume all the necessary includes are already present
using namespace std;

11 You may add any global variables and helper methods as you see fit

size t index0f (const std:
return str.find(c

string& str, const char c, int k) {

size_t find(const std

tringg str, const char ¢, int k) {

/7 The index positions from each thread that did find on a substring

Std::vector<size_t> pos(k, std:istring::npos);

// Compute the range that each thread should inspect

const int count = str.size() / ki

/7 Spin up the threads

std::vectorsstd::thread> thrs;

for (int start =0, i = 0; (i< k) is+, start += count) {

thrs.push_back(std: : thread([=, &str, &os] {

aiito end = (i == k - 1 7 str.size() - count : count);
pos(i] = str.substr(start, end).find(c) + star

s

// Mait for the threads to finish
for (autos t : thrs) {
t.join();

// Return the minimum value reported by all of the threads.
return xmin_element(pos.begin(), pos.end());




