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public void m()
{
  ...             // BB1
  do {
    ...           // BB2
    while (...) { // BB3
      ...         // BB4
      if (...)
        return;   // BB5
    }
    ...
  } while (...)   // BB6
  ...             // BB7
}

(a) An example of a method
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(b) Reordering
without

restructuring

(a) Our goal (c) Restructuring
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Entry
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Exit

prof[r+3]++,
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pcounter++
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instrumentation code
for path profiling

profile counter code

prof[r]++ incrementing path
counter prof[r]

r path register

pcounter profile counter
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a hot path detected by BPP

x online count of a path profile
a hot path missed by BPP
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b,U^q�r�\�f�qot�\}P.p7q�U£P.p7qoP8v�b�f�ç�áJá-�-X�pW\�Y[U7N.PQf�M7Z!\�U"P.qoP.Yeb,U£a@bl�W\��Odebla.¹{Y[N8Y�U7NQ\�f.PQ\��{v�b�f�Y[UOYeP.Y[q�d[Ye¤�Y�UWt
b�f8MWc4�7qoP.Y[U7t6P.pW\�cOqoP.p{f.\�t,Y�NQPQ\�f�j4b�f8Y[U7a@f�\�Z!\�U>P.Y�UWt«P.p7\�czqoP.p£a@b,M7U>PQ\�f��!àláJáÏUW\�\��7N�Z!b�f.\�Y�U7NQPQf�MlR
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X�qo�Ode\5myâ�àyPQb�f�qot�\5f�\��"M7Y[f.\�Z!\�U"P.N��
þO��®�­��)Ú7ÑlÛ6û������Sø

þO��®�­��)Ú7ÑlÛ6û������Sø Ù�Ú7�¥®��¥ÑyÛ6��ÚO®�­�®�Ù��oÚ
�l­�®�¯,� Ð����>��û��&��Ð@ù��b A:A ?óA�A b A:A ?óA�A

àláJ°`^)äQrlZ6¸�· Z5PQf�P kyj ´li�¶ myj m,¶2º ¸oº,¸ ·oº>¶
äS\�N�N §Wj m�m�k ²yj ²�m2§ ioj ´2§>k ioj³§>koº
a@b,Z!c7f.\�N�N kyj[i@§>k kyj ·�k�¸ ´�k,¶ ²�´oº
�W� kyj m�k2§ kyj ¸2§>m ¶o²�² ´,¶yi
Z!c
\�t,q�M7�7Yeb kyj ´,¶om myj k�²�² ioj�º,kli ·,¶o¸
äQq�a�¹ §Wj m,¶o¸ ²yj[i�¸,¶ ioj m�´�² ioj k�k2§
äQq�r2q�a i�kyj k�m2§ i�myj ²�´�m §Wj m,¶o´ myj�¶o·oº

àláJ°`^)äQ�7�zkoº�º�º ¶"j ¸li�k ¸yj m�kli kyj�¶�§�§ kyj k�k2§
ä.ç:»�X�°JZ�qof.¹ ¨`N�N.Yet,U7Z!\�U"P ioj�º,m,¶ ioj�¶o·li ²oº�º m�´li

ç�YeP�~O\�d[��ã�czN ·�²li ioj m�m2§ m�´�´ k,¶o²
ÓÁÓ�X ·li�´ ioj k�¸,¶ m�²�² k�´�m
ÓÁáÖ°0Z�M7d[qoP.Y[b,U ioj k�m�² ioj�¶�¶�§ ²�koº §>k2§

`MWØ
Z�q�UOU ¸�m�m ioj ´oº�º §7i�¸ moº,²
T�Ê�°J¨ ·�²li ioj m�m�m m,¶�¶ k,¶�¶
êCL ¸�²�´ ioj ²�²�m §>m�m mli@§
E�\�M7f�q�dµE`\�P ¸�m�´ ioj³§7i�m §>m2§ mli�m
E`MOZ àyb�f.P ·�´2§ ioj m�k�² ioj m�k�² k,¶2º
àyPQf�Y[U7t�àlb�f.P ·�¸�k ioj m�¸�m m�¸,¶ k�¸oº

X-b�P.q�d §"¶"j ¸�´�´ ´oºlj ·li�² i�·yj ²�´�² i@§Wj ´�²,¶

x�j
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Entry

1

2

3

4

5

Exit

 1: Entry-1-2-3-4-5-Exit
 2: Entry-1-2-3-4-5-(3)
 3: Entry-1-2-3-5-Exit
 4: Entry-1-2-3-5-(3)
 5: Entry-1-3-4-5-Exit
 6: Entry-1-3-4-5-(3)
 7: Entry-1-3-5-Exit
 8: Entry-1-3-5-(3)
 9: (5)-3-4-5-Exit
10: (5)-3-4-5-(3)
11: (5)-3-5-Exit
12: (5)-3-5-(3)

E1

1

2

3

X1

3

4

5

X2

E2
 1: E1-1-2-(3)-X1
 2: E1-1-(3)-X1
 3: E2-3-4-5-X2
 4: E2-3-4-5-(3)
 5: E2-3-5-X2
 6: E2-3-5-(3)
 7: (5)-3-4-5-X2
 8: (5)-3-4-5-(3)
 9: (5)-3-5-X2
10: (5)-3-5-(3)

(a) control flow graph (b) path list of BPP

(c) structure graphs for (a) (d) path list of SPP

Ó�Y[t,MWf.\�i@§Wâ�Ê�Y&Ø
\�f.\�U7a@\�N`Y[UuP.pW\5UyM7Z���\�f�NJb�vÁcOqoP.pON¢�
\�P� �\�\�UsàláJáÖq�U7��ç�á0á��

Z!\�U"P.qoP.Yeb,U�a@bl�W\w�Odebla.¹lN�P.p7q�U�ç�á0á��WX�p7Y[N�Y[N��
\�a�q�M7NQ\5àlá0áÎZ�M7NQP¢Y[UOYeP.Y[q�d[Ye¤�\�q�U7�uMWc4�7qoPQ\�P.pW\�cOqoP.p
f.\�t,Y[N.PQ\�f�v�b�f�\�q�a�pÎNQPQf�M7a@P.MWf.\}t�f�qocOp¡NQ\�cOqof�qoPQ\�d[��j� �p7Y[d[\6ç�á0áÍUW\�\��7N�YeP�b,U7de�£b,UOa@\}v�b�f�P.pW\u �pWb,de\
Z!\�P.pWbl�4�{ÓWb�f�\@xlq�Z�cOde\�jHv�b�f�P.pW\uZ!\�P.pWbl�µY[U^ÓÁYet,M7f.\siojJàWá0á UW\�\��7N�PQ\�UµY[U7NQPQf�MOZ!\�U>P.qoP.Y[b,U#a@bl�W\
�Odebla.¹lN5q�N�N.p7b� �U#Y[U^ÓÁYet,MWf�\|i�iojH �p7Y�de\�ç�á0á UW\�\��7N�b,U7de�s~Or�\}Y[U7NQPQf�MOZ!\�U>P.qoP.Y[b,U^a@bl�W\6�Od[bya�¹yN�q�N
N.pWb� �UhY[U�ÓÁYet,M7f.\w§W�

¾e(µgBA h
h �0/��2h.Y
ã�MWf�t�b,q�d�v�b�f�czqoP.p#cOf.bo~zd[Y[U7thY[N5PQb{b��7P.q�Y�U#f�\�d[Y[qo�Ode\«Y[UWv�b�f�Z�qoP.Yeb,U#v�b�f��
b�P.p¡pWb�P�cOqoP.p7N�q�U7�¡f�qof.\
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\�MONQ\��sPQb}\�N.P.Y[Z�qoPQ\!P.pW\�a@b,NQP8q�U7�s�
\�UW\@~OP`b�v0b�c7P.Y[Z6Ye¤�qoP.Yeb,U7N��wX�p7\�f.\�v�b�f�\� �\
UW\�\��£PQb�\�roq�d[M7qoPQ\6P.pW\�q�a�a�MWf�q�a@�{b�v�P.pW\!b�r�\�f�q�d�d�cOqoP.p{c7f�bo~zde\�N�P.pW\�Z�N.\�der�\�Nwf�qoP.pW\�f5P.p7q�U«äQMONQPwP.pW\
a@b�r�\�f�qot�\�b�vHpWb�P�czqoP.p7N5g³k�m2n��

X-b�\�roq�d[M7qoPQ\8P.pW\8q�a�a�M7f�q�a@��b�v-P.p7\8b,U7d[Y[U7\�cOf.bo~zde\�N�a@b,Z!cOqof�\��hPQb�P.pW\wbo½}Y[UW\wr�\�f�N.Y[b,U4jW J\�M7NQ\��
P.pW\{�oìo�����e­��£�W���SÐ¥�@ÚO®�­��y�ug&i�k2n�jÁP.pW\6N.q�Z�\«Z!\�PQf�Y�a�q�N�MONQ\��¦�y�£¨�f�U7b,d[�¦q�U7�¦Ü��y�7\�f}g&i�m2n���X�p7qoP�Y[N�j
 �\|\�roq�d[M7qoPQ\| �p7qoP6c
\�f�a@\�U"P.qot�\{b�vwP.pW\sc7f.bo~zde\�N6a@b,d[de\�a@PQ\��æ�"�¼àWá0áëb�f}ç�á0á¾b�r�\�f�d[qocON} �YeP.p¼YeP.N
f.\�NQc
\�a@P.Yer�\wbo½}Y[UW\wa@b,Z!cOde\�PQ\5c7f.bo~zde\�N��ÁÓ7b�f�\@xWq�Z!cOde\�jWP.pW\wb�r�\�f�d[qochc
\�f�a@\�U"P.qot�\5b�v�àláJá×Y[U�X�qo�Ode\5k
Y[N�¸�¸y��¶�í}j�q�U7��P.pW\5b�r�\�f�d[qoc|c
\�f�a@\�U>P.qot�\5b�vÁç�áJáÖY[U�X�qo�Ode\�i8Y�N�´�¸y��¶�í}�

ÓÁYet,MWf�\«i�²«N.pWb� `N�P.pW\�b�r�\�f�d�qocsc
\�f�a@\�U"P.qot�\�N�v�b�f�P.pW\�àlá0°_^)äQryZ6¸�·!��\�UOa�p7Z�qof�¹� �pW\�Uhroqof.�lY[UWt
P.pW\!P.pWf�\�N.pWb,d[�sroq�d[MW\!b�v�P.pW\!PQb�P.q�dHc7f.bo~�de\!a@b,M7U>Pwv�b�f8\�q�a�p^pWb�P8Z!\�P.p7by�4��ÓWb�f�a@b,Z!c7f.\�N.N5q�U7�£�W�¬j
P.pW\}b�r�\�f�d�qocÎc�\�f�a@\�U>P.qot�\ub�v�àWá0á Y[N�N.Yet,U7Y&~�a�q�U>P.de�£p7Y[t,pW\�f�P.pOq�U#P.pOqoP�b�v`ç�áJá f.\�t,qof��7d[\�N.N5b�v`P.pW\
t,Yer�\�U|P.pWf.\�N.p7b,d[�hroq�d[MW\8b�v0P.pW\5PQb�P.q�d�c7f.bo~�de\5a@b,M7U"P���X�pW\�N.\5P� �b}��\�UOa�p7Z�qof�¹yN�qof.\�d[b"b�csY[U>PQ\�UON.Yer�\�j
q�U7��ç�á0áÖv�q�Y�d[N�PQb!c7f.bo~zde\wNQb,Z�\8pWb�P�debyb�cON�Y[U�NQ\�r�\�f�q�d¬p7b�P�Z�\�P.pWby�ON¢q�N��W\�N.a@f�Y[��\��uY[Uhày\�a@P.Y[b,U�ky� ky�
ÓWb�f�Z!c
\�t,q�M7�7YebWjzàláJá×q�a�pOYe\�r�\�N`q!pOYet,pW\�f¢b�r�\�f�d[qoc�c
\�f�a@\�U"P.qot�\5 �Y[P.p�q�N.Z�q�d[d[\�f¢P.pWf.\�N.pWb,d���a@b,M7U>P��
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