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–  C&

•  ]1<9&)?&91,&X<6<==,=)?F_&
–  %:`C&a&A&

Problem Q2-1 MIT 6.197 Fall 2008 Quiz 2 — December 3, 2008 1

Problem Q2-1. Parallelism (3 parts) [15 points]

Consider the following dag representing a multithreaded computation, where each circle denotes a serially
executing strand that takes unit time to execute:

(a) What is the work of the computation?

(b) What is the span of the computation?

(c) What is the parallelism of the computation?

Name:
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83"&'C/034#D' E0*/&'F0G+"HI'JK'LGH&'F4#&)'
•  U(=YX=,&X608,??06?&.<29&

<88,??&90&?<F,&F,F06O&
=08<Y02&

•  5608,??06&)?&802?9<29=O&
[068,H&90&?O281602)*,&,<81&
X608,??06b?&8<81,&

&

< I J 3 c ; d e L I J 3 c ; d e

L I J 3 c ; d e L I J 3 c ; d e

L I J 3 c ; d e L I J 3 c ; d e
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M0F)&'C/034#D' E0*/&'F0G+"HI'JK'LGH&'F4#&)'
•  U(=YX=,&X608,??06?&.<29&

<88,??&90&H)g,6,29&F,F06O&
=08<Y02?&

•  3(,&90&8<81,&=<O0(9M&91,?,&
1<XX,2&90&=),&)2&91,&?<F,&
8<81,&=)2,&

•  5608,??06&)?&802?9<29=O&
[068,H&90&?O281602)*,&,<81&
X608,??06b?&8<81,&

< I J N c ; d e L I J 3 c ; d e

L I J 3 c ; d e L I J 3 c ; d e

L I J 3 c ; d e L I J 3 c ; d e

f



5,6[06F<28,&h??(,?&)2&5<6<==,=)?F!

struct Foo{ !
  volatile int a, b, c, …; !
} bar[N]; !
void a() !
{ !
  for(int i=0; i < N; i++) !
    bar[i].a=i; !
} !
void b() !
{ !
  for(int i=0; i < N; i++) !
    bar[i].b=i; !
} !
… !
 cilk_spawn a(); !
 cilk_spawn b(); !
… !
 !
!
!
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#define LEFT(i) chopstick[i] !
!
#define RIGHT(i) chopstick
[(i+1)%n]!
!
while(1) !
{ !
"// Pick up 2 chopsticks!
"eat(); !
"// Put down 2 chopsticks!
"!
"think(); !

} !

Dining philosophers image © source unknown. All rights reserved.
This content is excluded from our Creative Commons license.
For more information, see http://ocw.mit.edu/fairuse.

http://ocw.mit.edu/fairuse


>O281602)*<Y02&J066,892,??&

while(1) !
{ !
"LOCK(LEFT(i)); !
"LOCK(RIGHT(i)]); !
"eat(); !
"UNLOCK(LEFT(i)); !
"UNLOCK(RIGHT(i)); !

"!
"think();"!

} !

•  I(4G&&
–  L9&91,&?<F,&YF,M&
,-,6O02,&96),?&90&X)8^&(X&
91,)6&=,i&810X?Y8^"&

–  N1,2M&,-,6O02,&.<)9?&
[06,-,6&90&<8Z()6,&91,&6)419&
810X?Y8^"&

•  N1)?&)?&<&,&0,F+*QG&L==&
X608,??,?&<6,&?9(8^&
.<)Y24&02&<&6,?0(68,&
91<9b==&2,-,6&P,&<-<)=<P=,"&
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while(1) !
{ !

"chopstick* first = &LEFT(i);!
"chopstick* second = &RIGHT(i); !
"while(1){ !
" "LOCK(*first); !
" "if(TRY_LOCK(*second)) !
" " "goto got_locks; !
" "else!
" " "swap(first, second); !
"} !

got_locks: !
"eat(); !
"UNLOCK(LEFT(i)); !
"UNLOCK(RIGHT(i)); !
" "think(); !

}&

•  I(4G&
–  L9&91,&?<F,&YF,M&
,-,6O02,&96),?&90&X)8^&(X&
91,)6&=,i&810X?Y8^"&

–  c-,6O02,&8<2b9&4,9&6)419&
810X?Y8^M&?0&91,O&6,9(62&
91,&=,i&02,"&

–  E0.M&,-,6O02,&96),?&90&X)8^&
(X&91,)6&6)419&810X?Y8^f&

•  N1)?&)?&<&F4R&F+*QG&E0&
X608,??&)?&?9(8^&.<)Y24&
[06&<&=08^M&P(9&20P0HO&)?&
F<^)24&X6046,??&



\91,6&>O281602)*<Y02&h??(,?&
#pragma really_low_priority!
void send_logs() !
{ !

"LOCK(radio); !
"// Transmit 1000MB of logs!
"UNLOCK(radio); !

} !
!
#pragma really_high_priority!
void send_pictures_of_rocks() !
{ !

"LOCK(radio); !
"// Transmit 1MB of pictures!
"UNLOCK(radio); !

}&

•  CH03R0$+#'(@34+34HG'
7#R&3)4+#-I&>(XX0?,&
?81,H(=,6&?(?X,2H?&
send_logs 90&6(2&
send_pictures_of_rocks!

•  h[&send_logs h<H&91,&6<H)0&
=08^,HM&20&X)89(6,?&8<2&P,&
?,29j&
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]1<9b?&<&1OX,6X0)29_&

!
#include <cilk/hyperobject.h> !
struct point { !

"int x, y; !
"void set(int px, int py){ x=px; y=py; } !
"int get_x(){ return x; } !
"int get_y(){ return y; } !

}; !

class hyperpoint!
{ !

"struct PointMonoid: cilk::monoid_base<point> !
"{ !
" "static void reduce (point *L, point *R) { }!
"}; !
"cilk::reducer<PointMonoid> my_reducer; !
"!

public: !
"void set(int x, int y) { !
" "point &p = my_reducer(); !
" "p.set(x, y); !
"} !
"int get_x() { return my_reducer().get_x(); } !
"!
"int get_y() { return my_reducer().get_y(); } !

}; !
&

•  I<?)8&?96(89(6,&[06&<&
X0)29&QA&F,910H?T&

•  L&l1OX,6X0)29R&
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]1<9b?&<&1OX,6X0)29_&

class hyperpoint!
{ !

"struct PointMonoid: cilk::monoid_base<point> !
"{ !
" "static void reduce (point *L, point *R) { } !
"}; !
"cilk::reducer<PointMonoid> my_reducer; !
"!

public: !
"void copy(int x, int y) { !
" "point &p = my_reducer(); !
" "p.set(x, y); !
"} !
"int get_x() { return my_reducer().get_x(); } !
"!
"int get_y() { return my_reducer().get_y(); } !

}; !
!
point tmp; !
void reverse() !
{ !

"point array[100]; !
"for(int i = 0; i < 100 / 2; i++) !
"{ !
" "tmp.set(array[i].get_x(), array[i].get_y()); !
" "array[i].set(array[100-i-1].get_x(), !

                        array[100-i-1].get_y()); !
" "array[100-i-1].set (tmp.get_x(), tmp.get_y()); !
"} "!

}'

•  6,-,6?,QTG&+,-,6?,?&<2&
<66<O&0[&X0)29?&)2m
X=<8,&
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]1<9b?&<&1OX,6X0)29_&

class hyperpoint!
{ !

"struct PointMonoid: cilk::monoid_base<point> !
"{ !
" "static void reduce (point *L, point *R) { } !
"}; !
"cilk::reducer<PointMonoid> my_reducer; !
"!

public: !
"void copy(int x, int y) { !
" "point &p = my_reducer(); !
" "p.set(x, y); !
"} !
"int get_x() { return my_reducer().get_x(); } !
"!
"int get_y() { return my_reducer().get_y(); } !

}; !
!
point tmp; !
void parallel_reverse() !
{ !

"point array[100]; !
"cilk_for(int i = 0; i < 100 / 2; i++) !
"{ !
" "tmp.set(array[i].get_x(), array[i].get_y()); !
" "array[i].set(array[100-i-1].get_x(), !

                        array[100-i-1].get_y()); !
" "array[100-i-1].set (tmp.get_x(), tmp.get_y()); !
"} "!

}&
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+,-,6?,?&<2&<66<O&0[&
X0)29?&)2mX=<8,M&4#'
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]1<9b?&<&1OX,6X0)29_&

class hyperpoint!
{ !

"struct PointMonoid: cilk::monoid_base<point> !
"{ !
" "static void reduce (point *L, point *R) { } !
"}; !
"cilk::reducer<PointMonoid> my_reducer; !
"!

public: !
"void copy(int x, int y) { !
" "point &p = my_reducer(); !
" "p.set(x, y); !
"} !
"int get_x() { return my_reducer().get_x(); } !
"!
"int get_y() { return my_reducer().get_y(); } !

}; !
!
hyperpoint tmp; !
void parallel_reverse() !
{ !

"point array[100]; !
"cilk_for(int i = 0; i < 100 / 2; i++) !
"{ !
" "tmp.set(array[i].get_x(), array[i].get_y()); !
" "array[i].set(array[100-i-1].get_x(), !

                        array[100-i-1].get_y()); !
" "array[100-i-1].set (tmp.get_x(), tmp.get_y()); !
"} "!

}&
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2,.&=08<=&-),.&.)91&
)9?&0.2&X0)29&

–  \91,6.)?,G&
eOX,6X0)29&802Y2(,?&
(?)24&)9?&,S)?Y24&
X0)29&

•  E0&F<o,6&.1<9&8)=^&
H0,?M&20&6<8,?&02&9FX&

•  cS<FX=,&0[&"#$%&'(
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.S&30$+#' )H,IIF4)HX4#HY' )H,IIR&*H+3X4#HY' )H,II,&Z"&X4#HY'

h2?,69`+,F0-,&<9&,2H&

h2?,69`+,F0-,&<9&[6029&

h2?,69`+,F0-,&<9&
<6P)96<6O&0g?,9&

J1,8^&?)*,&

h2mX=<8,&+,-,6?<=&

h2mX=<8,&>069&
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.S&30$+#' )H,IIF4)HX4#HY' )H,IIR&*H+3X4#HY' )H,II,&Z"&X4#HY'

h2?,69`+,F0-,&<9&,2H& \Q#T& \Q#T&LF06Y*,H& \Q#T&LF06Y*,H&

h2?,69`+,F0-,&<9&[6029& \Q#T& \QET& \Q#T&LF06Y*,H&

h2?,69`+,F0-,&<9&
<6P)96<6O&0g?,9&

\QET& \QET& \QET&

J1,8^&?)*,& \QET& \Q#T& \Q#T&

h2mX=<8,&+,-,6?<=& \QET& \QET& \QET&
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]1<9b?&P<H&<P0(9&91)?&80H,_&
size_t get_slack(vector<int> vec) !
{ !

"return vec.capacity() - vec.size(); !
}&



]1<9b?&P<H&<P0(9&91)?&80H,_&
size_t get_slack(vector<int> vec) !
{ !

"return vec.capacity() - vec.size(); !
}&

•  <#)2&3I'-,8&)?&X<??,H&)2&01!2&,3%&q&91,&,2Y6,&-,8906&)?&80X),H&,-,6O&YF,&91)?&
[(28Y02&)?&8<==,H" !



5<??&PO&6,[,6,28,&-?&X<??&PO&-<=(,&

TG'[0F"&'
int get_slack(vector<int> vec) !
{ !

"return vec.capacity() - 
vec.size(); !
}&

TG'!&P&3&#*&'
int get_slack!
     (vector<int>& vec) !
{ !

"return vec.capacity() - 
vec.size(); !
} !
!
int get_slack!
     (vector<int>* vec) !
{ !

"return vec->capacity() – 
vec->size(); !
}&
&
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<??,FP=O&Q[06&,S<FX=,M&gcc -O0T&

•  3,9,6F)2,&)[&91,&0XYF)*<Y02&)?f&
–  =&D0FG&30,?&91,&0XYF)*,H&-,6?)02&<=.<O?&<81),-,&91,&
?<F,&6,?(=9&<?&91,&06)4)2<=_&
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uint64_t !
   mod256(uint64_t input) !
{ !
"return input % 256; !

} !
!
uint64_t !
   mod256(uint64_t input) !
{ !
"return input & 0xFF; !

}&
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J0FX)=,6&\XYF)*<Y02&W#&
uint64_t !
   mod256(uint64_t input) !
{ !
"return input % 256; !

} !
!
uint64_t !
   mod256(uint64_t input) !
{ !
"return input & 0xFF; !

}&

=&D0FO' >AC"&r<=)H&P)91<8^&[06&
F0H(=0&PO&X0.,6m0[m%"'

M0)H&3O' >AC\&I)9.)?,&LE3&)?&F(81&
[<?9,6&80FX<6,H&90&
DIVMOD 0[&<&!:mP)9&
0X,6<2H'

<"H+%0$*O' >AC\&h9b?&-,6O&6,<?02<P=,&
90&<??(F,&<2&0XYF)*)24&
80FX)=,6&^20.?&91)?&
)H,2Y9O'
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!
int foo() !
{ !

"list<int> foo; !
"foo.push_back(42); !
"foo.push_back(42); !
"return foo.pop_front() -     !

           foo.pop_back(); !
} !
!
int foo() !
{ !

"return 0; !
} !

=&D0FO'

M0)H&3O'

<"H+%0$*O'



J0FX)=,6&\XYF)*<Y02&W%&
!
int foo() !
{ !

"list<int> foo; !
"foo.push_back(42); !
"foo.push_back(42); !
"return foo.pop_front() -     !

           foo.pop_back(); !
} !
!
int foo() !
{ !

"return 0; !
} !

=&D0FO' >AC"&N1,&=)?9&.)==&<=.<O?&
8029<)2&Q:%M&:%TM&<2H&91,&
6,9(62&,-<=(<9,?&90&:%m:%&
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6,<?02&9160(41&O0(6&80H,&
<9&?(81&<&1)41&=,-,="'
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static int helper(int i !
) !
{return i*2;} !
!
void dbl(vector<int>& foo) !
{ !

"for(int i=0; i < foo.size(); i++) !
" "foo[i]=helper(foo[i]); !
" "!

} !
!
!
!
!
void dbl(vector<int>& foo) !
{ !

"for(int i=0; i < foo.size(); i++) !
" "foo[i]=foo[i]*2; !
"!

} !
!

=&D0FO'
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J0FX)=,6&\XYF)*<Y02&WA&
static int helper(int i !
) !
{return i*2;} !
!
void dbl(vector<int>& foo) !
{ !

"for(int i=0; i < foo.size(); i++) !
" "foo[i]=helper(foo[i]); !
" "!

} !
!
!
!
!
void dbl(vector<int>& foo) !
{ !

"for(int i=0; i < foo.size(); i++) !
" "foo[i]=foo[i]*2; !
"!

} !
!

=&D0FO' >AC"&e<2Hm)2=)2,H&
[(28Y02&P0HO&H0,?&91,&
?<F,&91)24"'

M0)H&3O' >AC\&c=)F)2<9,?&[(28Y02&
8<==&0-,61,<H"'

<"H+%0$*O' >AC\&L9&q\A&.)91&dJJM&<&
02,m=)2,6&?9<Y8&[(28Y02&)?&
<&X6)F,&8<2H)H<9,&[06&
<(90F<Y8&)2=)2)24"'
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template<typename T> !
  swap(T& a, T& b) !
{ !

"T tmp = a; !
"a = b; !
"b = tmp; !

} !
!
template<typename T> !
swap(T& a, T& b) !
{ !

"a = a ^ b; !
"b = a ^ b; !
"a = a ^ b; !

} !

=&D0FO'

M0)H&3O'
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J0FX)=,6&\XYF)*<Y02&W:&
template<typename T> !
  swap(T& a, T& b) !
{ !

"T tmp = a; !
"a = b; !
"b = tmp; !

} !
!
template<typename T> !
swap(T& a, T& b) !
{ !

"a = a ^ b; !
"b = a ^ b; !
"a = a ^ b; !

} !

=&D0FO' 9.j&p26,<?02<P=O&
<??(F,?&,S)?9,28,&0[&s\+&
[06&9OX,2<F,&N&.)91&
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void swap(int& a, int& b) !
{ !

"int tmp = a; !
"a = b; !
"b = tmp; !

} !
!
void swap(int& a, int& b) !
{ !

"a = a ^ b; !
"b = a ^ b; !
"a = a ^ b; !

} !

=&D0FO'
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void swap(int& a, int& b) !
{ !

"int tmp = a; !
"a = b; !
"b = tmp; !

} !
!
void swap(int& a, int& b) !
{ !

"a = a ^ b; !
"b = a ^ b; !
"a = a ^ b; !

} !

=&D0FO' 9.j&L2091,6&96)8^&
Z(,?Y02&!"&lLi,6R&
H0,?2b9&.06^&[06&.1,2&
X<??)24&91,&?<F,&
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0X,6<2H?&QP091&<&<2H&P&
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M0)H&3O' 9;<'
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void swap(int& a, int& b) !
{ !

"int tmp = a; !
"a = b; !
"b = tmp; !

} !
!
void swap(int& a, int& b) !
{ !

"if(&a == &b) return; !
"a = a ^ b; !
"b = a ^ b; !
"a = a ^ b; !

} !

=&D0FO' >AC]&N1)?&P)91<8^&[06&
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void swap(int& a, int& b) !
{ !

"int tmp = a; !
"a = b; !
"b = tmp; !

} !
!
void swap(int& a, int& b) !
{ !

"if(&a == &b) return; !
"a = a ^ b; !
"b = a ^ b; !
"a = a ^ b; !

} !

=&D0FO' >AC]&N1)?&P)91<8^&[06&
?.<XX)24"'

M0)H&3O' 9.\'cS96<&H<9<&
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