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ABSTRACT

7@&4"6 8%$A%"- 8*%B$%-"/@* ', /$/C'/&4'&'0*? +&%$4,&%48= &D* "4&D$%
$B 5EE= '/@64)*) -*",4%*-*/&, '/ " &"6F B$% $%)*%*) '/,*%&'$/ '/ 5EE
0*@&$%, "/) 6',&,? G* -*",4%*) &D* ,"-* ',,4* 4,'/A 5 '/ H6"/ I= >"@
J+ K= "/) !'/4L= "/) 5EE '/ >"@ J+ K? MD', )$@4-*/& )*,@%'#*, &D*
%*,46&,?

1. Which is faster, a list or a vector?

N/ " %*@*/& &"6F #2 +&%$4,&%48 '/ >")%')= '& O", 8$'/&*) $4& &D"& '& ', /$& '/&4'&'0* 'B " 6',&
$% " 0*@&$% ', " #*&&*% )"&" ,&%4@&4%* B$% $%)*%*) '/,*%&'$/ B$% " A'0*/ /4-#*% $B *6*P
-*/&,? N/ 8%'/@'86*= "@@$%)'/A &$ #'#6'$A%"8D2= &D* 6',& ,D$46) O'/ B$% @$/&"'/*% ,'Q*,
A%*"&*% &D"/ &O$ R$% " @6$,* /4-#*%S? T$O*0*%= " ,6')* 8%*,*/&*) %*,46&, B%$- "/ *L8*%'P
-*/&=(OD'@D(O* %*8%$)4@* '/(B'A4%* <?

H*%D"8, ,4%8%','/A62= '/ &D* *L8*%'-*/& ,D$O/ '/ &D* &"6F= &D* 0*@&$% %*-"'/, " #*&P
&*% )"&" ,&%4@&4%* B$% &D', 84%8$,* 4/&'6 U;?;;; *6*-*/&, D"0* #**/ '/,*%&*) R$% " @6$,*
/4-#*%S?(MD',(O",(B$%(,-"66 *6*-*/& ,'Q*,?

T$O*0*%= &D'/A, "%* *0*/ #*&&*% RO$%,*VS? G* %*8%$)4@*) &D* *L8*%'-*/& '/ H6"/ I
B%$- W*66 !"#, R'/ 5S= >"@ J+ K R'/ 5 "/) 5EES "/) !'/4L R'/ 5S? 7/) O* $#&"'/*) ,$-*
@$/&%")'@&$%2(%*,46&,(B%$-(&D* %*,46&'/A(-*",4%*,X

N& ,**-, &D"& *BB*@&, 6'F* D"%)O"%* @"@D*,= $8*%"&'/A ,2,&*- -*-$%2 -"/"A*-*/&=
,&"/)"%) 6'#%"%2 '-86*-*/&"&'$/, B$% &D* 6"/A4"A* 4,*)= *&@? @"/ '/ B"@& )$-'/"&* OD"&
D"88*/,('/(&D* */)(&$(&D* 8*%B$%-"/@* $B &D* 8%$A%"-?

MD"& ',= '/ 8%"@&'@*= %*,46&, B%$- @$-86*L'&2 &D*$%2 ,**-, &$ #* &$&"662 /*A6*@&*)?
N/ $4% $8'/'$/= OD"& D"88*/, ', &D"& ,$B&O"%* ', ,$ @$-86*L= "/) &D*%* "%* ,$ -"/2 6"2P
*%, $B ,$B&O"%* 4/)*%/*"&D &D* "886'@"&'$/ @$)*= &D"& '& ', /$& *0*/ @6*"% OD'@D )"&"
,&%4@&4%*,("%* #*&&*%Y("& 6*",& B$%(&D* ,'-86* @",* O* )*,@%'#* D*%*?

__________________
MD', O$%F ,488$%&*) '/ 8"%& #2 +8"/',D 57> +:;;IZMN5C<[I:



Figure 1 J%)*%*) '/,*%&'$/ &'-*, B$% 5EE 0*@&$% "/) 6',& R+&%$4,&%48=
>")%')(:;<<(&"6FS?

2. Reproducing the experiment

2.1. C program on Plan 9

G* &%'*) &$ %*8%$)4@* &D* *L8*%'-*/&= 4,'/A H6"/ I B%$- W*66 !"#, ", &D* $8*%"&'/A ,2,P
&*- %4//'/A $/ " \4")%486* 8%$@*,,$% 7>][U HD*/$- :?:^TQ O'&D U^'W $B -*-$%2
'/,&"66*)? MD* -"@D'/* D", [U #'&, 8*% O$%)= #4& &D* $8*%"&'/A ,2,&*- "/) @$-8'6*%,
'/,&"66*) F**8 '& %4//'/A '/ _: #'&, ROD'@D ', @$/,')*%*) " -"@D'/* O$%) '/ OD"& B$6P
6$O,S?

7 5 8%$A%"- O", 4,*) &$ 8*%B$%- '/,*%&'$/, $/ $/* $B &D%** )'BB*%*/& )"&" ,&%4@P
&4%*,? MD* 8%$A%"- ', %*8%$)4@*) '/ "88*/)'L 7? MD* &D%** )"&" ,&%4@&4%*, "%*` 7 %*A4P
6"% "%%"2 $B *6*-*/&, RArrySY 7 6'/F*) 6',& $B *6*-*/&, RListSY "/) "/ "%%"2 $B 8$'/&*%, &$
*6*-*/&,(RPtrsS?(+** B'A4%* :?

a"@D *6*-*/& ', %*8%*,*/&*) ", "/ '/&*A*% 864, ,$-* $8&'$/"6 ,8"@*= ,$ &D"& O*
@$46) %*8%$)4@* &D* *L8*%'-*/& B$% )'BB*%*/& *6*-*/& ,'Q*, R"66 $B &D*- -46&'86*, $B &D*
-"@D'/* O$%)S?

:b struct El

:I {

_; int n; /* element value */

_< int dummy[];

_: };

MD* "%%"2 A%$O, ", *6*-*/&, "%* "))*)= A%$O'/A B$% " @4,&$-'Q"#6* /4-#*% $B /*O *6*P
-*/&,(*"@D(&'-*?



7%%"2

!',&

H&%,

Figure 2 ]"&" ,&%4@&4%*, 4,*) B$% &D* *L8*%'-*/&` "%%"2 RArryS= 6',&
RNode*S=("/)("%%"2($B(8$'/&*%,(RPtrsS?(c'66*)(#$L*,("%*(*6*-*/&,?

_U struct Arry

_9 {

_[ int nels; /* number of elements used */

_d int naels; /* number of elements allocated */

_b El *els; /* array of elements */

_I };

a"@D(6'/F*)(6',& /$)* ',(",(*L8*@&*)`

U< struct Node

U: {

U_ Node *next; /* element in list */

UU int n; /* element value */

U9 int dummy[];

U[ };

MD* "%%"2 $B 8$'/&*%, ', ,'-'6"% &$ &D* "%%"2 "#$0*= #4& %*B*%, &$ *L&*%/"6 *6*-*/&,
'/,&*")($B @$/&"'/'/A(&D*-`

Ub struct Ptrs

UI {

9; int nels; /* number of elements used */

9< int naels; /* number of elements allocated */

9: El **els; /* array of elements */

9_ };

2.2. C++ program on Mac OS X

G* 4,*) >"@ J+ K %4//'/A $/ " :?U^TQ 5$%* : ]4$ Mdd;; O'&D :^'W $B -*-$%2
'/,&"66*)? MD* 5EE @$-8'6*% O", AEE 0*%,'$/ U?:?<= "/) &D* 6'#%"%'*, O*%* 6'#,&)@EE
d?I?;("/)(6'#+2,&*-(<:9?:?<?

MD* )"&" ,&%4@&4%*, 4,*) &$ @$-8"%* 6',&, "/) "%%"2, "%* &D* +M! '-86*-*/&"&'$/,
B$% list<int> "/) vector<int>? MD* ,$4%@* @$)* B$% &D* 8%$A%"- ', '/@64)*) '/
"88*/)'L(W?



2.3. C program on Mac OS X

G* 4,*) &D* ,"-* >"@ J+ K -"@D'/* &D"/ '/ &D* 5EE ,*&C48? MD* @$-8'6*% O", A@@
0*%,'$/ U?:?<= "/) &D* ,&"/)"%) 6'#%"%2 O", 6'#+2,&*- <:9?:?<? MD* 5 8%$A%"- ', " 8$%&
$B &D* 4,*)('/(&D* H6"/(I(*L8*%'-*/&=(4,'/A(&D* ,"-* )"&" ,&%4@&4%*,?

2.4. C program on Linux

c$% &D* *L8*%'-*/&, $/ !'/4L= O* 4,*) "/$&D*% -"@D'/*= "/ N/&*6 H*/&'4- U 5H.
:?U;^TQ O'&D 9<: >'W $B 17>? MD* @$-8'6*% O", A@@ 0*%,'$/ U?U?<= "/) &D* ,&"/)"%) 5
6'#%"%2 O", A6'#@ :?<;?<? MD* 5 8%$A%"- ', " 8$%& $B &D* $/* 4,*) '/ &D* H6"/ I *L8*%'P
-*/&=(4,'/A(&D* ,"-* )"&" ,&%4@&4%*,?

2.5. Experimental set up

a"@D *L8*%'-*/& @$/,',&*) $/ -*",4%'/A &D* '/,*%&'$/ $B " A'0*/ /4-#*% $B *6*-*/&,
'/&$ $/* $B &D* &D%** )"&" ,&%4@&4%*,= O'&D " B'L*) *6*-*/& ,'Q* R"/) B'L*) '/@%*-*/&
,'Q* B$% 5 "%%"2,S? MD* *6*-*/&, '/,*%&*) OD*%* '/&*A*%, R864, ,$-* $8&'$/"6 ,8"@* 'B
%*\4'%*)S &"F*/ '/ ",@*/)'/A $%)*%= '/ )*,@*/)'/A $%)*%= $% '/ R8,*4)$CS%"/)$-'Q*)
$%)*%?(N/ &D* 6",& @",*= &D* ,*\4*/@* $B %"/)$-'Q*) '/&*A*%, O", &D* ,"-* B$% "66 *L8*%'P
-*/&,=(&$(-"F* '& B"'%?

W*@"4,* &D*,* )"&" ,&%4@&4%*, "%* /$& ',$6"&*) B%$- &D* %*,& $B &D* "886'@"&'$/ OD*/
4,*) '/ 8%"@&'@*= [U #2&*, $B )2/"-'@ -*-$%2 "%* "66$@"&*) #*&O**/ *"@D '/,*%&'$/ '/
"66 &D* *L8*%'-*/&,?(MD',(-*-$%2(',(/*0*%(%*6*",*)?

>*",4%*, $B &'-* "%* &"F*/ 4,'/A nsecR:S '/ H6"/ I "/) clockR_S '/ 5EE "/) 5 $/
>"@ J+ K "/) !'/4L? MD*2 '/@64)* &D* '/,*%&'$/ '/ &D* )"&" ,&%4@&4%* "/) &D* "66$@"&'$/
$B -*-$%2 B$% *6*-*/&, R"66$@"&'$/ $B *6*-*/&, '/ &D* @",* $B &D* 6'/F*) 6',& "/) &D*
"%%"2 $B 8$'/&*%,= "/) %*"66$@"&'$/ B$% &D* "%%"2,S? MD*2 )$ /$& '/@64)* 6$$8,= *L&%" "66$P
@"&'$/,(4,*)(#2(&D* 8%$A%"-=("/)(R8,*4)$CS%"/)$-(/4-#*%,(A*/*%"&'$/?

3. Effect of increment in arrays

N/ &D* 5 '-86*-*/&"&'$/= &D* 0"64* B$% &D* '/@%*-*/& '/ A%$O'/A "%%"2, -"2 #* '-8$%P
&"/&? MD', ,*@&'$/ &%'*, &$ -*",4%* &D"& *BB*@&? G* '/,*%&*) <;;;; *6*-*/&, '/ %"/)$-P
'Q*) $%)*% '/&$ &D* "%%"2= B$% "/ *6*-*/& ,'Q* $B U #2&*, R< '/&*A*% '/ $4% *L8*%'-*/&S`
$/@* A%$O'/A &D* "%%"2 < *6*-*/& "& " &'-*= &D*/ A%$O'/A '& <[ *6*-*/&, "& " &'-*= "/)
B'/"662 A%$O'/A '& <:b *6*-*/&, "& " &'-*? c'A4%* _ ,D$O, &D* &'-* &"F*/ B$% &D* &D%**
*L8*%'-*/&, '/ /"/$,*@$/),= B$% H6"/ I= >"@ J+ K= "/) !'/4L %*,8*@&'0*62? MD* %*6*0"/&
8$%&'$/($B @$)* ',(",(,D$O/('/(&D',(*L@*%8& B%$-("88*/)'L(7`

IU if((a−>naels%incr) == 0){

I9 a−>naels += incr;

I[ a−>els = realloc(a−>els, a−>naels*elsz);

Id if(a−>els == nil)

Ib return −1;

II }

c'A4%* U ,D$O, &D* %*,46&, $B &D* ,"-* *L8*%'-*/&= 4,'/A "/ *6*-*/& ,'Q* $B [U
#2&*,('/,&*")($B U(#2&*,=("A"'/=(B$%(H6"/(I=(>"@(J+(K=("/)(!'/4L(%*,8*@&'0*62?

c$% UC#2&* *6*-*/&,= &D* A%"8D, )$ /$& ,D$O ,'A/'B'@"/& )'BB*%*/@* %*A"%)'/A &'-*
R)4* &$ &D* ,@"6*S? T$O*0*%= &D*%* @"/ #* ,**/ '-8$%&"/& )'BB*%*/@*, 'B &D* A%$O'/A
)*6&" B$% &D* "%%"2 ', <:b? c$% *L"-86*= &D* H6"/ I 8%$A%"-= B$% "%%"2, 48 &$ U;; *6*P
-*/&,= ', b_e B",&*% O'&D incr=1 &D"/ O'&D incr=128 R-*"/ $B :9 '/)*8*/)*/& *L*@4P
&'$/, '/@%*-*/&'/A &D* "%%"2 ,'Q* #2 <[ *6*-*/&, *"@D &'-*= B%$- <[ &$ U;; *6*-*/&,S?



c$% &D* ,"-* "%%"2 ,'Q*,= &D* >"@ J+ K 5 8%$A%"- ', <<9e B",&*% O'&D incr=1 &D"/ O'&D
incr=128? MD', ', )*B'/'&*62 /$/C'/&4'&'0*X N& ,**-, &D"& '& ', #*&&*% &$ A%$O &D* "%%"2
*"@D &'-* &D"/ '& ', &$ A%$O '& B%$- &'-* &$ &'-*? MD', ', \4'&* ,4%8%','/A= ,'/@*
realloc ', @"66*) '/ *"@D '/,*%&'$/ OD*/ incr=1. N/&4'&'0*62= $/* @$46) *L8*@& &$
$#,*%0* &D"& &D* 8%$A%"- 8*%B$%-, #*&&*% R"& 6*",&= *\4"662S O'&D 6"%A* '/@%*-*/&,? MD',
',(/$& &D* @",*?

c'A4%* U ,D$O, &D* &'-*, B$% [UC#2&* *6*-*/&,? G'&D incr=128= &D* H6"/ I 8%$A%"-
%4/, \4'@F62 $4& $B -*-$%2 RB6"&C)$&&*) 6'/* '/ &D* A%"8D "#$0* $B B'A4%* US? c$% '/@%*P
-*/&, $B < "/) <[= &D* 8%$A%"- @"/ %4/ B$% " 6$/A*% /4-#*% $B *6*-*/&,? N/ H6"/ I=
incr=1 8*%B$%-, O$%,* &D"/ O'&D incr=16= #4& '& ', ,&'66 %*",$/"#6* B$% [UC#2&* *6*-*/&,?
N/ >"@ J+ K= incr=1 %*,46&, #*&&*%= #4& @$-8"%"#6*? N/ !'/4L R%4//'/A $/ "/ $6)*%
-"@D'/*S= %*,46&, "%* @$-8"%"#6* R#4& "A"'/= 6"%A*% 0"64*, $B incr )$ /$& 6*") &$ #*&&*%
%*,46&,S?

c$%(&D* /*L& *L8*%'-*/&,=(O* 4,* "/('/@%*-*/& $B <=(A%$O'/A(&D* "%%"2(*"@D(&'-*?

3.1. Memory usage

76&D$4AD B'A4%*, "%* /$& ,D$O/ D*%*= &D* "-$4/& $B -*-$%2 4,*) '/ &D*,* *L8*%'-*/&,
$0*% H6"/ I ', \4'&* )'BB*%*/& )*8*/)'/A $/ &D* '/@%*-*/& B$% "%%"2 A%$O&D? N/ 8"%&'@4P
6"%= O'&D incr=1 RA%$O'/A &D* "%%"2 $/* *6*-*/& "& " &'-*S &D* 8%$A%"- @$/,4-*, " 6$&
6*,, -*-$%2 '/ &D* %*,46&'/A 8%$@*,, '-"A* R"& &D* */) $B &D* *L8*%'-*/&S &D"/ '& @$/P
,4-*, A%$O'/A &D* "%%"2 <:b *6*-*/&, "& " &'-*? 7/ '/@%*-*/& $B <[ @"4,*, <U &'-*,
-$%* -*-$%2 &$ #* @$/,4-*) O'&D %*,8*@& &$ &D* '/@%*-*/& $B <? 7/ '/@%*-*/& $B <:b
@"4,*, <U< -$%* -*-$%2 @$/,4-8&'$/? 76,$= 4,'/A [UC#2&* *6*-*/&, "/) "/ '/@%*P
-*/& $B <:b -"F*, &D* 8%$A%"- %4/ $4& $B R0'%&4"6S -*-$%2 '/ $4% H6"/ I ,2,&*-? MD4,=
&D* *BB*@& '/(-*-$%2(B$$&8%'/& ',(/$& &$(#* 4/)*%*,&'-"&*)?

N/(OD"& B$66$O,(O* @$/,')*%($/62(*L*@4&'$/(&'-*=("/)(/$& -*-$%2(@$/,4-8&'$/?

4. Forward insertion experiment

c'A4%* 9 ,D$O, &D* *BB*@& $B B$%O"%) '/,*%&'$/ $B UC#2&* *6*-*/&, R<= := _= *&@?S '/ &D*
)"&" ,&%4@&4%*,= 4,'/A 5 '/ H6"/ I? N/,*%&'/A UC#2&* *6*-*/&, '/ Arry &"F*, -4@D 6*,,
&'-* &D"/ '/,*%&'/A $/ &D* $&D*% &O$ )"&" ,&%4@&4%*, '/ &D* 6$/A %4/? c$% B*O *6*-*/&,
R,** &D* #$&&$- A%"8DS 4,'/A Ptrs ', O$%,* &D"/ 4,'/A List? T$O*0*%= B$% " /4-#*%
$B *6*-*/&,(#*&O**/(<;;;("/)(:;;;(*6*-*/&, Ptrs #*@$-*,(#*&&*%(&D"/ List?

c'A4%* [ ,D$O, &D* &'-*, B$% [UC#2&* *6*-*/&, 4,'/A &D* H6"/ I 5 8%$A%"-? c$%
[UC#2&* *6*-*/&, &D'/A, @D"/A*? N/,&*") $B #*'/A B",&*%= Arry #*@$-*, ,6$O*%= "/)
Ptrs ', /$& "BB*@&*) ", -4@D ", &D* $&D*% &O$ )"&" ,&%4@&4%*,? 76,$= &D*%* ', " D4A*
f4-8 '/ *L*@4&'$/ &'-* "B&*% '/,*%&'/A '/ &D* "%%"2 "#$4& _;;; *6*-*/&,= OD'@D )') /$&
D"88*/ O'&D UC#2&* *6*-*/&, R8%$#"#62 O$46) D"88*/ O'&D " D'AD*% /4-#*% $B *6*P
-*/&,= /$& -*",4%*)S? 76,$= $/62 B$% [UC#2&* *6*-*/&,= List ', #*&&*% &D"/ Arry B$%
6*,, &D"/ d;; *6*-*/&, '/ &D* )"&" ,&%4@&4%* R"8%$LS? g$ @%$,,'/A 8$'/& D", #**/ B$4/)
B$%(UC#2&* *6*-*/&,`($/* ',(*'&D*%(#*&&*%($%(O$%,* &D"/(&D* $&D*%?

N/,*%&'/A UC#2&* *6*-*/&, 4,'/A 5EE '/ >"@ J+ K 6*"), &$ &D* %*,46&, ,D$O/ '/ B'AP
4%* d? 5$-8"%* O'&D B'A4%* 9 R&D* ,"-* *L8*%'-*/& 4,'/A 5 '/ H6"/ IS? 1*,46&, "%* &D*
$88$,'&*X

M'-*, B$% '/,*%&'/A UC#2&* "/) [UC#2&* *6*-*/&, 4,'/A 5 '/ >"@ J+ K "%* ,D$O/ '/
B'A4%*, b "/) I %*,8*@&'0*662? M'-*, B$% !'/4L "%* )*8'@&*) '/ B'A4%*, <; "/) <<? c$% "66
&D*,* *L8*%'-*/&,= Arry %*,46&,(#*&&*%(&D"/ Ptrs "/) List=('/(&D',($%)*%?



1*,46&, B$% 5 "/) 5EE "%* &D* $88$,'&*? >$%*$0*%= %*,46&, $B [UC#2&* *6*-*/&, )'BP
B*%(B%$-(&D* 5 8%$A%"-($0*%(H6"/(I("/)(&D* 5 8%$A%"-($0*%(!'/4L("/)(>"@(J+(K?

+$=(OD'@D()"&" ,&%4@&4%* ,D$46)(O* 4,*V

5. Backward insertion

c'A4%* <: ,D$O, &D* *BB*@& $B #"@FO"%) '/,*%&'$/ $B UC#2&* *6*-*/&, R)*,@*/)'/A $%)*%S
'/ &D* )"&" ,&%4@&4%*, 4,'/A 5 '/ H6"/ I? MD', &'-* &D* 6',& O'/, $/ &D* 6$/A %4/= ",
*L8*@&*) R'/ #"@FO"%) '/,*%&'$/= *6*-*/&, "%* "6O"2, '/,*%&*) '/ &D* D*") $B &D* 6',&S?
MD* ,"-* *L8*%'-*/&= 4,'/A [UC#2&* *6*-*/&,= 6*"), &$ %*,46&, ,D$O/ '/ B'A4%* <_?
1*,46&, "%* &D* *\4'0"6*/&= $/62 &D"& &D* 0*@&$% A*&, O$%,* )4* &$ &D* '/@%*",* '/ *6*P
-*/& ,'Q*?

.,'/A 5EE B$% UC#2&* *6*-*/&,= O* $#&"'/ &D* %*,46&, ,D$O/ '/ B'A4%* <U? c'A4%*,
<9 "/) <[ ,D$O &D* %*,46&, $B '/,*%&'/A UC#2&* "/) [UC#2&* *6*-*/&, 4,'/A 5 '/ >"@
J+(K? 1*,46&, $B '/,*%&'/A UC#2&* "/) [UC#2&* *6*-*/&, 4,'/A 5 '/ !'/4L "%* )*8'@&*) '/
B'A4%*,(<d("/)(<b(%*,8*@&'0*662?

c$% @$66*@&'$/, 48 &$ U;; UC#2&* *6*-*/&,= Arry "/) List "%* @$-8"%"#6*? c$%
6"%A*%(@$66*@&'$/,("/)(6"%A*%(*6*-*/&,= List O'/,=(",(*L8*@&*)?

6. Randomized insertion

G* @$-* &$(&D* *L8*%'-*/& &D"& -$&'0"&*)(&D',(O$%F?(MD',(@$46)(#* @$-8"%*) &$ &D* $/*
,D$O/(#2(+&%$4,&%48(R#4& ,D$46)/"&S?

G* '/,*%&*) UC#2&* *6*-*/&, '/ %"/)$-'Q*) $%)*% '/&$ &D* )"&" ,&%4@&4%*,= 4,'/A 5
$/ H6"/ I? Arry ', #*&&*% '/ &D* 6$/A %4/ R#4& /$&* &D* -*-$%2 *BB*@&, )*,@%'#*)
"#$0*S? c$% B*O*% *6*-*/&, R'?*?= "#$4& <9;; $% 6*,,S List #*@$-*, #*&&*%? J/ &D*
$&D*%(D"/)= Ptrs ,**-,(&$(@$-8*&* O*66 O'&D(&D* $&D*%(&O$($/*,? +** B'A4%* <I?

N/ H6"/ I= 4,'/A [UC#2&* *6*-*/&, '/,&*")= &D* %*,46&, "%* &D$,* ,D$O/ '/ B'A4%* :;?
N/,&*") $B #*'/A B",&*%= Arry #*@$-*, ,6$O*%? MD* '/@%*",* '/ *6*-*/& ,'Q* -"F*, &D*
"%%"2 &"F* 6$/A*%? c$% 6"%A* @$66*@&'$/,= Ptrs ', " A$$) @"/)')"&* '/ &D', @",* R#*&&*%
&D"/(&D* 6',& '/(&D* 6$/A(%4/S?

5$-8"%* /$O B'A4%* <I O'&D %*,46&, 4,'/A 5EE= ,D$O/ '/ B'A4%* :<? +4%8%','/A62=
$4% %*,46& ', &D* $88$,'&* $/@* -$%*? 76,$= @$/,')*%'/A &D* /4-#*% $B *6*-*/&,= &D*
%*,46& ', "6,$ &D* $88$,'&* $B &D* %*,46& ,D$O/ #2 +&%$4,&%48 '/ D', &"6F? c'A4%* :[ ,D$O,
$4%(%*,46&,(B$%(&D* ,@"6* 4,*)('/(&D* +&%$4,&%48",(A%"8D?

M'-*, B$% '/,*%&'/A UC#2&* "/) [UC#2&* *6*-*/&, 4,'/A 5 '/ >"@ J+ K %*,46&, '/ &D*
A%"8D, )*8'@&*) '/ B'A4%*, :: "/) :_? !'F* '/(H6"/(I=(B$%(6"%A* @$66*@&'$/,= Arry O'/,(B$%
UC#2&* *6*-*/&,=("/) Ptrs O'/,(B$%([UC#2&* *6*-*/&,?

MD* %*,46&,($B '/,*%&'/A(" 6"%A* /4-#*% $B UC#2&* "/) [UC#2&* *6*-*/&, 4,'/A 5 '/
!'/4L "%* )*8'@&*) '/ B'A4%*, :9 "/) :[ %*,8*@&'0*662? c$% D4A* @$66*@&'$/,= &D* "%%"2
O'/,('/(&D',(,*& 48?

7. Summary

MD*%* ', &$$ -4@D @$-86*L'&2? MD* @"@D* D'*%"%@D'*, '/ &D* D"%)O"%*= &D* $8*%"&'/A ,2,P
&*- 4,*)= &D* 5 6'#%"%2 "/) &D* ,&"/)"%) 6'#%"%2 B$% &D* 6"/A4"A* 4,*)Y "66 $B &D*- @$/P
,8'%* &$ '/&%$)4@* *BB*@&, &D"& -"2 *0*/ '/0*%& &D* %*,46&, &D"& 2$4 @$46) *L8*@&?
56*"%62= '/ &D* */)= &D* %*,46&, $#&"'/*) -"2 #* f4,&'B'*) #2 )'BB*%*/& 8D2,'@"6 R&D"& ',=
8%"@&'@"6S *BB*@&, "/) &D*$%2 O$46) #* '/ "@@$%)"/@* O'&D &D* *L8*%'-*/&, 'B O* @$/,')*%
,4@D *BB*@&,? T$O*0*%= '& ,**-, &D"& O* ,D$46) 4,* &D* ,'-86*,& )"&" ,&%4@&4%*, &D"&
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Appendix A: Plan 9 C source code

⎜listarry.c⎜__________
< #include <u.h>

: #include <libc.h>

U /*

9 * Measure insertion into ordered sequences

[ */

b enum

I {

<; Incr = 16,

<< Num = 1000,

<: I2LN = 16,

<U Fwd = 0,

<9 Bck = 1,

<[ Rnd = −1,

<b Tarry = 0,

<I Tlist,

:; Tptrs,

:< };

:_ typedef struct Arry Arry;

:U typedef struct Ptrs Ptrs;

:9 typedef struct Node Node;

:[ typedef struct El El;

:b struct El

:I {

_; int n; /* element value */

_< int dummy[];

_: };

_U struct Arry

_9 {

_[ int nels; /* number of elements used */

_d int naels; /* number of elements allocated */

_b El *els; /* array of elements */

_I };

U< struct Node

U: {

U_ Node *next; /* element in list */

UU int n; /* element value */

U9 int dummy[];

U[ };

Ub struct Ptrs

UI {

9; int nels; /* number of elements used */

9< int naels; /* number of elements allocated */

9: El **els; /* array of elements */

9_ };



99 #pragma varargck type "A" Arry*

9[ #pragma varargck type "L" Node**

9d #pragma varargck type "P" Ptrs*

9I static int incr = Incr; /* in array realloc */

[; static int elsz = sizeof(int); /* number of bytes in element */

[< static int otherallocs; /* do mallocs to pollute space */

[_ static void

[U usage(void)

[9 {

[[ fprint(2, "usage: %s [−malpfbrvw] [−e nwords] [−i incr] [−n num]\n", argv0);

[d exits("usage");

[b }

d; static void*

d< anew(void)

d: {

d_ return mallocz(sizeof(Arry), 1);

dU }

d[ static void*

dd lnew(void)

db {

dI return mallocz(sizeof(Node**), 1);

b; }

b: static void*

b_ pnew(void)

bU {

b9 return mallocz(sizeof(Ptrs), 1);

b[ }

bb static int

bI ains(void *x, int el)

I; {

I< int i;

I: Arry *a = x;

IU if((a−>naels%incr) == 0){

I9 a−>naels += incr;

I[ a−>els = realloc(a−>els, a−>naels*elsz);

Id if(a−>els == nil)

Ib return −1;

II }

<;; for(i = 0; i < a−>nels && a−>els[i].n < el; i++)

<;< ;

<;: if(i < a−>nels)

<;_ memmove(&a−>els[i+1], &a−>els[i], elsz*(a−>nels−i));

<;U a−>els[i].n = el;

<;9 a−>nels++;

<;[ return 0;

<;d }

<;I static int

<<; lins(void *x, int el)

<<< {

<<: Node **l, *n;



<<U l = x;

<<9 for(; (n = *l) != nil && n−>n < el; l = &n−>next)

<<[ ;

<<d n = malloc(sizeof(Node*)+elsz);

<<b if(n == nil)

<<I return −1;

<:; n−>n = el;

<:< n−>next = *l;

<:: *l = n;

<:_ return 0;

<:U }

<:[ static int

<:d pins(void *x, int el)

<:b {

<:I int i;

<_; Ptrs *a = x;

<_: if((a−>naels%incr) == 0){

<__ a−>naels += incr;

<_U a−>els = realloc(a−>els, a−>naels*sizeof(El*));

<_9 if(a−>els == nil)

<_[ return −1;

<_d }

<_b for(i = 0; i < a−>nels && a−>els[i]−>n < el; i++)

<_I ;

<U; if(i < a−>nels)

<U< memmove(&a−>els[i+1], &a−>els[i], sizeof(El*)*(a−>nels−i));

<U: a−>els[i] = malloc(elsz);

<U_ if(a−>els[i] == nil)

<UU return −1;

<U9 a−>els[i]−>n = el;

<U[ a−>nels++;

<Ud return 0;

<Ub }

<9; static int

<9< Afmt(Fmt *f)

<9: {

<9_ Arry *a;

<9U int i;

<9[ a = va_arg(f−>args, Arry*);

<9d if(a == nil)

<9b return fmtprint(f, "<nilarry>");

<9I fmtprint(f, "[");

<[; for(i = 0; i < a−>nels; i++){

<[< if(i > 0){

<[: fmtprint(f, ", ");

<[_ if(i < a−>nels−1 && (i%I2LN) == 0)

<[U fmtprint(f, "\n");

<[9 }

<[[ fmtprint(f, "%d", a−>els[i].n);

<[d }

<[b return fmtprint(f, "]");

<[I }



<d< static int

<d: Lfmt(Fmt *f)

<d_ {

<dU Node **x, *l;

<d9 int i;

<dd x = va_arg(f−>args, Node**);

<db l = *x;

<dI fmtprint(f, "(");

<b; for(i = 0; l != nil; l = l−>next){

<b< if(i++ > 0){

<b: fmtprint(f, ", ");

<b_ if((i%I2LN) == 0)

<bU fmtprint(f, "\n");

<b9 }

<b[ fmtprint(f, "%d", l−>n);

<bd }

<bb return fmtprint(f, ")");

<bI }

<I< static int

<I: Pfmt(Fmt *f)

<I_ {

<IU Ptrs *a;

<I9 int i;

<Id a = va_arg(f−>args, Ptrs*);

<Ib fmtprint(f, "[");

<II for(i = 0; i < a−>nels; i++){

:;; if(i > 0){

:;< fmtprint(f, ", ");

:;: if(i < a−>nels−1 && (i%I2LN) == 0)

:;_ fmtprint(f, "\n");

:;U }

:;9 fmtprint(f, "%d", a−>els[i]−>n);

:;[ }

:;d return fmtprint(f, "]");

:;b }

:<; static vlong

:<< test(int (*ins)(void*, int), void *a, int n, int dir)

:<: {

:<_ vlong t0, t1, tot;

:<U int i, r;

:<9 char *s;



:<d tot = 0LL;

:<b for(i = 0; i < n; i++){

:<I r = nrand(n);

::; t0 = nsec();

::< switch(dir){

::: case Fwd:

::_ r = ins(a, i);

::U break;

::9 case Bck:

::[ r = ins(a, n−i);

::d break;

::b default:

::I r = ins(a, r);

:_; }

:_< if(r < 0){

:_: print("no memory");

:__ exits(nil);

:_U }

:_9 t1 = nsec();

:_[ tot += (t1 − t0);

:_d if(otherallocs){

:_b s = malloc(64);

:_I USED(s);

:U; }

:U< }

:U: return tot;

:U_ }

:U9 static void

:U[ afree(void *x)

:Ud {

:Ub Arry *a;

:9; a = x;

:9< free(a−>els);

:9: free(a);

:9_ }

:99 static void

:9[ lfree(void *x)

:9d {

:9b Node **a, *l, *n;

:[; a = x;

:[< l = *a;

:[: while(l != nil){

:[_ n = l;

:[U l = l−>next;

:[9 free(n);

:[[ }

:[d free(a);

:[b }

:d; static void

:d< pfree(void *x)

:d: {

:d_ Ptrs *a;

:dU int i;



:d[ a = x;

:dd for(i = 0; i < a−>nels; i++)

:db free(a−>els[i]);

:dI free(a−>els);

:b; free(a);

:b< }

:b_ static void

:bU adump(void *x)

:b9 {

:b[ print("%A\n", x);

:bd }

:bI static void

:I; ldump(void *x)

:I< {

:I: print("%L\n", x);

:I_ }

:I9 static void

:I[ pdump(void *x)

:Id {

:Ib print("%P\n", x);

:II }

_;: void

_;_ main(int argc, char*argv[])

_;U {

_;9 void *x;

_;[ int dir, adt, n, vflag, wflag;

_;d vlong ∂;
_;b struct{

_;I void*(*new)(void);

_<; int(*ins)(void*,int);

_<< void(*free)(void*);

_<: void(*dump)(void*);

_<_ } fns[] = {

_<U [Tarry] {anew, ains, afree, adump},

_<9 [Tlist] {lnew, lins, lfree, ldump},

_<[ [Tptrs] {pnew, pins, pfree, pdump},

_<d };



_<I dir = Fwd;

_:; adt = Tarry;

_:< n = Num;

_:: ∂ = 0;

_:_ vflag = wflag = 0;

_:U ARGBEGIN{

_:9 case ’a’:

_:[ break;

_:d case ’l’:

_:b adt = Tlist;

_:I break;

__; case ’p’:

__< adt = Tptrs;

__: break;

___ case ’f’:

__U break;

__9 case ’b’:

__[ dir = Bck;

__d break;

__b case ’r’:

__I dir = Rnd;

_U; break;

_U< case ’i’:

_U: incr = atoi(EARGF(usage()));

_U_ if(incr < 1)

_UU sysfatal("incr < 1");

_U9 break;

_U[ case ’n’:

_Ud n = atoi(EARGF(usage()));

_Ub if(n < 1)

_UI sysfatal("n < 1");

_9; break;

_9< case ’e’:

_9: elsz = atoi(EARGF(usage()));

_9_ if(elsz < sizeof(int))

_9U sysfatal("elsz < 1");

_99 if(elsz%sizeof(int))

_9[ sysfatal("elsz is not a sizeof(int) multiple");

_9d break;

_9b case ’m’:

_9I otherallocs = 1;

_[; break;

_[< case ’v’:

_[: vflag = 1;

_[_ break;

_[U case ’w’:

_[9 wflag = 1;

_[[ break;

_[d default:

_[b usage();

_[I }ARGEND;

_d; if(argc != 0)

_d< usage();

_d: fmtinstall(’A’, Afmt);

_d_ fmtinstall(’L’, Lfmt);

_dU fmtinstall(’P’, Pfmt);

_d9 srand(13);

_d[ x = fns[adt].new();

_dd ∂ = test(fns[adt].ins, x, n, dir);



_db if(vflag)

_dI fns[adt].dump(x);

_b; print("%lld\n", ∂);
_b< if(wflag){

_b: print("waiting...\n");

_b_ sleep(3600 * 1000);

_bU }

_b9 if(0) fns[adt].free(x);

_b[ exits(nil);

_bd }

!



Appendix B: C++ Source code

⎜listarry.cpp⎜_____________
< #include <iostream>

: #include <vector>

_ #include <list>

9 enum

[ {

d Num = 1000,

I Fwd = 0,

<; Bck = 1,

<< Rnd = −1,

<_ Tarry = 0,

<U Tlist,

<9 };

<b using namespace std;

:; const long long CLK2MS = CLOCKS_PER_SEC / 1000000;

:< const int N = 500;

:_ /*

:U * Definition of ARGBEGIN, ARGEND, ... omitted.

:9 */

:d void usage()

:b {

:I cerr << "usage: " << argv0 << " [−alfbr] [−n num]" << endl;

_; exit(1);

_< }

__ int

_U main(int argc, char *argv[])

_9 {

_[ vector<int> arry;

_d vector<int>::iterator vi;

_b list<int> lst;

_I list<int>::iterator li;

U; int i, r;

U< clock_t t0, t1;

U: long long tot;

U_ void *s;

UU int adt, dir, n, otherallocs, vflag;



U[ dir = Fwd;

Ud adt = Tarry;

Ub n = Num;

UI otherallocs = vflag = 0;

9; ARGBEGIN{

9< case ’a’:

9: break;

9_ case ’l’:

9U adt = Tlist;

99 break;

9[ case ’f’:

9d break;

9b case ’b’:

9I dir = Bck;

[; break;

[< case ’r’:

[: dir = Rnd;

[_ break;

[9 case ’n’:

[[ n = atoi(EARGF(usage()));

[d if(n < 1){

[b cerr << "n < 1" << endl;

[I return 1;

d; }

d< break;

d: case ’m’:

d_ otherallocs = 1;

dU break;

d9 case ’v’:

d[ vflag = 1;

dd break;

db }ARGEND;

dI if(argc != 0)

b; usage();

b: tot = 0;

b_ srand(13);

bU for(i = 0; i < n; i++){

b9 switch(dir){

b[ case Fwd:

bd r = i;

bb break;

bI case Bck:

I; r = n−i;

I< break;

I: default:

I_ r = rand() % n;

IU }



I[ t0 = clock();

Id /* No dispatching here */

Ib if(adt == Tarry){

II for(vi = arry.begin(); vi != arry.end(); vi++)

<;; if(*vi >= r){

<;< arry.insert(vi, r);

<;: break;

<;_ }

<;U if(vi == arry.end())

<;9 arry.push_back(r);

<;d }else{

<;b for(li = lst.begin(); li != lst.end(); li++)

<;I if(*li >= r){

<<; lst.insert(li, r);

<<< break;

<<: }

<<_ if(li == lst.end())

<<U lst.push_back(r);

<<9 }

<<[ t1 = clock();

<<d tot += t1 − t0;

<<b if(otherallocs)

<<I s = malloc(64);

<:; }

<:: if(vflag){

<:_ cout << "{";

<:U if(adt == Tarry)

<:9 for(vi = arry.begin(); vi != arry.end(); vi++)

<:[ cout << " " << *vi;

<:d else

<:b for(li = lst.begin(); li != lst.end(); li++)

<:I cout << " " << *li;

<_; cout << "}" << endl;

<_< }

<_: cout << tot * CLK2MS << "000" << endl;

<__ return 0;

<_U }

!


