
/DQJXDJH#/DQJXDJH#
(QYLURQPHQW(QYLURQPHQW
(GXFDWLRQ(GXFDWLRQ

6WDFN#DQG#+HDS#SURFHVVLQJ6WDFN#DQG#+HDS#SURFHVVLQJ

-RKQ#0RQWL#0#0DUFK#4<<<-RKQ#0RQWL#0#0DUFK#4<<<
,%0#3RXJKNHHSVLH,%0#3RXJKNHHSVLH
MPRQWL#XV1LEP1FRPMPRQWL#XV1LEP1FRP

�
�
�
����
���
��
�



,WV#QRW#HDV\$,WV#QRW#HDV\$

%6FLHQFH#LV#EXLOW#XS#RI#IDFWV/#
DV#D#KRXVH#LV#EXLOW#RI#VWRQHV>#
EXW#DQ#DFFXPXODWLRQ#RI#IDFWV#
LV#QR#PRUH#D#VFLHQFH#WKDQ#D#
KHDS#RI#VWRQHV#LV#D#KRXVH1%#
0+HQUL#3RLQFDUH#0)UHQFK#
0DWKHPDWLFLDQ



$JHQGD$JHQGD

,QWURGXFWLRQ
2YHUYLHZ#RI#/(#6WDFNV

'DWD
/D\RXW
3URFHVVLQJ

2YHUYLHZ#RI#/(#+HDS
'DWD
/D\RXW
3URFHVVLQJ

+HDS#HUURUV#LQ#&(('803V
+HDS#HUURUV#LQ#6<67(0#'803V
6XPPDU\
6RXUFHV#DQG#$GGLWLRQDO#,QIRUPDWLRQ



,QWURGXFWLRQ,QWURGXFWLRQ

/DQJXDJH#(QYLURQPHQW
6WRUDJH#0DQDJHPHQW
6WDFNV
/DVW#LQ#ILUVW#RXW
$OORZV#SURJUDPV#WR#EH#UHHQWUDQW

+HDSV
&RPSOHWHO\#UDQGRP#DFFHVV
$OORZV#VWRUDJH#WR#EH#G\QDPLFDOO\#DOORFDWHG#DW#UXQWLPH1

(QFODYH#OHYHO#FRQWURO#VWUXFWXUHV
(DFK#*PDLQ*#KDV#D#VHSDUDWH#VWDFN#DQG#KHDS
(DFK#*OLQN*#FDXVHV#D#VHSDUDWH#VWDFN#DQG#KHDS
SWKUHDGV#VKDUH#D#VLQJOH#KHDS#EXW#KDYH#VHSDUDWH#VWDFNV1



/(#6WDFNV/(#6WDFNV

2YHUYLHZ
/(#VXSSRUWV#5#LQGHSHQGHQW#VWDFNV
8VHU#VWDFN#0#PRVW#RIWHQ#XVHG
/LEUDU\#VWDFN#0#RQO\#XVHG#ZKHQ#/(#LWVHOI#
QHHGV#%EHORZ#WKH#OLQH%#VWDFN1

5XQWLPH#RSWLRQV#GHDOLQJ#ZLWK#WKH#VWDFNV
67$&.+LQLW/LQF/$1<_%(/2:/.((3_)5((,
/,%67$&.+LQLW/LQF/.((3_)5((,
6725$*(+111/111/GVDBDOORF/111,
53767*+21_2)),



/(#6WDFNV/(#6WDFNV

'DWD
'6$
'\QDPLF#VDYH#DUHD#+VWDFN#IUDPH,
5HJLVWHU#VDYH#DUHD
1$%#+QH[W#DYDLODEOH#E\WH,
DXWRPDWLF#+ORFDO,#YDULDEOHV
&#0#LQW#L>
3/24#0#'&/#,#),;('>
127#XVHG#IRU#&2%2/#ZRUNLQJ#VWRUDJH



/(#6WDFNV/(#6WDFNV

/D\RXW#0#VLPSOH#VWDFN#VHJPHQW

8VHU#6WDFN +HDGHU#,QIR

'6$#4

'6$#5

'6$#6

)UHH#6SDFH



/(#6WDFNV/(#6WDFNV

/D\RXW#0#VLPSOH#VWDFN#VHJPHQW#0#KHDGHU#LQIR
8VHU#6WDFN

+HDGHU#,QIR

'6$#4

'6$#5

'6$#6

)UHH#6SDFH

*67.8*
3RLQWHU#WR#QH[W#
VHJPHQW

3RLQWHU#WR#SUHYLRXV#
VHJPHQW

6HJPHQW#/HQJWK

+LJK#:0#0#QRUPDOO\#
3

5HVHUYHG#0#3

(\HFDWFKHU#ZLOO#EH#*67./*#IRU#
/,%67$&.
,I#QR#QH[W#DQG2RU#SUHY#VHJPHQW#
SRLQWHUV#SRLQW#WR#60&%#
+HDGHU#LQIR#LV#[*4;*#E\WHV
6HJPHQW#OHQJWK#FRQWDLQV#KHDGHU

)URP#67$&.#RU#/,%67$&.#
,I#UHTXHVW#LV#ELJJHU#WKDQ#UXQWLPH#
RSWLRQ#HQRXJK#VWRUDJH#LV#
REWDLQHG1



/(#6WDFNV/(#6WDFNV

/D\RXW#0#VLPSOH#VWDFN#VHJPHQW#0#'6$#OD\RXW
8VHU#6WDFN

+HDGHU#,QIR

'6$#4

'6$#5

'6$#6

)UHH#6SDFH

6WDUWV#ZLWK#D#VWDQGDUG#VDYH#DUHD
)ZGFKDLQ#PD\#QRW#EH#ILOOHG#LQ

1$%#0#QH[W#DYDLODEOH#E\WH#+[*7&*,
SRLQWV#WR#IUHH#VSDFH#LQ#VHJPHQW#
ZKHQ#'6$#REWDLQHG1

/RFDO#YDULDEOHV#DUH#PDSSHG#E\#XVHU

)ODJV %DFNFKDLQ )ZGFKDLQ 547

1$%545544

5435<5;5:

59585756

555453548

$GGLWLRQDO#UHVHUYHG#DUHD#DQG#YDULDEOH#
OHQJWK#DUHD#IRU#ORFDO#YDULDEOHV1

'6$6

Go over the chart:
Then draw point from NAB in DSA3 blow-up to FREE 
SPACE
Then draw in other NABs in DSA2 and DSA1 which point to 
beginning of the next DSAs.

Keep chart available to possibly draw a DSA4 to explain 
questions



/(#6WDFNV/(#6WDFNV

/D\RXW#0#VLPSOH#VWDFN#VHJPHQW#0#'6$#OD\RXW
8VHU#6WDFN

+HDGHU#,QIR

'6$#4

'6$#5

'6$#6

)UHH#6SDFH

6WDUWV#ZLWK#D#VWDQGDUG#VDYH#DUHD
)ZGFKDLQ#PD\#QRW#EH#ILOOHG#LQ

1$%#0#QH[W#DYDLODEOH#E\WH#+[*7&*,
SRLQWV#WR#IUHH#VSDFH#LQ#VHJPHQW#
ZKHQ#'6$#REWDLQHG1

/RFDO#YDULDEOHV#DUH#PDSSHG#E\#XVHU

)ODJV %DFNFKDLQ )ZGFKDLQ 547

1$%545544

5435<5;5:

59585756

555453548

$GGLWLRQDO#UHVHUYHG#DUHD#DQG#YDULDEOH#
OHQJWK#DUHD#IRU#ORFDO#YDULDEOHV1

'6$6

.7&

Go over the chart:
Then draw point from NAB in DSA3 blow-up to FREE 
SPACE
Then draw in other NABs in DSA2 and DSA1 which point to 
beginning of the next DSAs.

Keep chart available to possibly draw a DSA4 to explain 
questions



/(#6WDFNV/(#6WDFNV

/D\RXW#0#VLPSOH#VWDFN#VHJPHQW#0#'6$#OD\RXW
8VHU#6WDFN

+HDGHU#,QIR

'6$#4

'6$#5

'6$#6

)UHH#6SDFH

6WDUWV#ZLWK#D#VWDQGDUG#VDYH#DUHD
)ZGFKDLQ#PD\#QRW#EH#ILOOHG#LQ

1$%#0#QH[W#DYDLODEOH#E\WH#+[*7&*,
SRLQWV#WR#IUHH#VSDFH#LQ#VHJPHQW#
ZKHQ#'6$#REWDLQHG1

/RFDO#YDULDEOHV#DUH#PDSSHG#E\#XVHU

)ODJV %DFNFKDLQ )ZGFKDLQ 547

1$%545544

5435<5;5:

59585756

555453548

$GGLWLRQDO#UHVHUYHG#DUHD#DQG#YDULDEOH#
OHQJWK#DUHD#IRU#ORFDO#YDULDEOHV1

'6$6

.7&

Go over the chart:
Then draw point from NAB in DSA3 blow-up to FREE 
SPACE
Then draw in other NABs in DSA2 and DSA1 which point to 
beginning of the next DSAs.

Keep chart available to possibly draw a DSA4 to explain 
questions



/(#6WDFNV/(#6WDFNV

/D\RXW#0#VLPSOH#VWDFN#VHJPHQW#0#'6$#OD\RXW
8VHU#6WDFN

+HDGHU#,QIR

'6$#4

'6$#5

'6$#6

)UHH#6SDFH

6WDUWV#ZLWK#D#VWDQGDUG#VDYH#DUHD
)ZGFKDLQ#PD\#QRW#EH#ILOOHG#LQ

1$%#0#QH[W#DYDLODEOH#E\WH#+[*7&*,
SRLQWV#WR#IUHH#VSDFH#LQ#VHJPHQW#
ZKHQ#'6$#REWDLQHG1

/RFDO#YDULDEOHV#DUH#PDSSHG#E\#XVHU

)ODJV %DFNFKDLQ )ZGFKDLQ 547

1$%545544

5435<5;5:

59585756

555453548

$GGLWLRQDO#UHVHUYHG#DUHD#DQG#YDULDEOH#
OHQJWK#DUHD#IRU#ORFDO#YDULDEOHV1

'6$6

.7&.7&

Go over the chart:
Then draw point from NAB in DSA3 blow-up to FREE 
SPACE
Then draw in other NABs in DSA2 and DSA1 which point to 
beginning of the next DSAs.

Keep chart available to possibly draw a DSA4 to explain 
questions



/(#6WDFNV/(#6WDFNV

/D\RXW#0#VLPSOH#VWDFN#VHJPHQW#0#'6$#OD\RXW
8VHU#6WDFN

+HDGHU#,QIR

'6$#4

'6$#5

'6$#6

)UHH#6SDFH

6WDUWV#ZLWK#D#VWDQGDUG#VDYH#DUHD
)ZGFKDLQ#PD\#QRW#EH#ILOOHG#LQ

1$%#0#QH[W#DYDLODEOH#E\WH#+[*7&*,
SRLQWV#WR#IUHH#VSDFH#LQ#VHJPHQW#
ZKHQ#'6$#REWDLQHG1

/RFDO#YDULDEOHV#DUH#PDSSHG#E\#XVHU

)ODJV %DFNFKDLQ )ZGFKDLQ 547

1$%545544

5435<5;5:

59585756

555453548

$GGLWLRQDO#UHVHUYHG#DUHD#DQG#YDULDEOH#
OHQJWK#DUHD#IRU#ORFDO#YDULDEOHV1

'6$6

.7&.7&

.7&

Go over the chart:
Then draw point from NAB in DSA3 blow-up to FREE 
SPACE
Then draw in other NABs in DSA2 and DSA1 which point to 
beginning of the next DSAs.

Keep chart available to possibly draw a DSA4 to explain 
questions



/(#6WDFNV/(#6WDFNV

3URFHVVLQJ#0#6LPSOH#FDVH
3URJUDP#+RU#IXQFWLRQ,#$#FDOOV#3URJUDP#%

546#PXVW#SRLQW#WR#3URJ#$*V#'6$

%3URORJ#&RGH%#LQ#3URJUDP#%#H[HFXWHV
6DYHV#5HJV#LQ#3URJ#$*V#'6$
'HWHUPLQHV#VL]H#RI#'6$#3URJ#%#UHTXLUHV
&KHFNV#1$%#LQ#3URJ#$*V#'6$#WR#GHWHUPLQH#LI#
VWDFN#VHJPHQW#FDQ#FRQWDLQ#3URJ#%*V#'6$
8VHV#DUHD#SRLQWHG#WR#E\#1$%#DV#3URJ#%*V#'6$
8SGDWHV#%DFNFKDLQ#LQ#QHZ#'6$
6WRUHV#QHZ#1$%#LQ#QHZ#'6$



/(#6WDFNV/(#6WDFNV

3URFHVVLQJ#0#6LPSOH#FDVH#0#FRQWLQXHG
%(SLORJ#&RGH%#H[HFXWHV#WR#UHWXUQ#WR#3URJ#$1
546#XSGDWHG#IURP#EDFNFKDLQ#SRLQWHU
5HJLVWHUV#ORDGHG#IURP#3URJ#$*V#'6$#+546,
&RQWURO#UHWXUQHG#WR#3URJ#$#YLD#547

127(6=
3URJ#%*V#VDYH#DUHD#QRW#FOHDUHG
0D\#EH#XVHIXO#IRU#GHEXJ#SXUSRVHV1

1R#1$%#SURFHVVLQJ#WDNHV#SODFH
1$%#LQ#352*#$*V#'6$#DJDLQ#YDOLG

If question arises you may want to create a DSA4 on the 
earlier STACK chart and show how DSA3's NAB becomes 
the active NAB again.



/(#6WDFNV/(#6WDFNV

3URFHVVLQJ#0#6LPSOH#FDVH#0#FRQWLQXHG
6DPSOH#3URORJ#&RGH=

00028E  90E6  D00C  STM   r14,r6,12(r13)   Save registers we will be using in caller's DSA
000292  58E0  D04C  L     r14,76(,r13)     Get the NAB from callers save area
000296  4100  E0A8  LA    r0,168(,r14)     Add the size we need (x'A8')
00029A  5500  C314  CL    r0,788(,r12)     Is this still within this segment
00029E  4720  F014  BH    20(,r15)         If not, go get another segment
0002A2  58F0  C280  L     r15,640(,r12)    Return to here. R14=new DSA, R0=new NAB
0002A6  90F0  E048  STM   r15,r0,72(r14)   Update new NAB
0002AA  9210  E000  MVI   0(r14),16        Update flags in DSA
0002AE  50D0  E004  ST    r13,4(,r14)      Update backchain pointer
0002B2  18DE        LR    r13,r14          Set R13 to be the current DSA
0002B4  0530        BALR  r3,r0            Set addressability and go...
0002B6        End of Prolog                                 

547#0#QHZ#'6$#
53#0#QHZ#1$%



/(#6WDFNV/(#6WDFNV

3URFHVVLQJ#0#/HVV#6LPSOH#FDVH
3URJUDP#+RU#IXQFWLRQ,#$#FDOOV#3URJUDP#%

546#PXVW#SRLQW#WR#3URJ#$*V#'6$

%3URORJ#&RGH%#LQ#3URJUDP#%#H[HFXWHV
6DYHV#5HJV#LQ#3URJ#$*V#'6$
'HWHUPLQHV#VL]H#RI#'6$#3URJ#%#UHTXLUHV
&KHFNV#1$%#LQ#3URJ#$*V#'6$#WR#GHWHUPLQH#LI#
VWDFN#VHJPHQW#FDQ#FRQWDLQ#3URJ#%*V#'6$
127#(128*+#5220$
2QH#RI#/(*V#VWDFN#RYHUIORZ#URXWLQHV#JHWV#FDOOHG
$#QHZ#VWDFN#VHJPHQW#LV#FUHDWHG
([WUD#'6$#PD\#EH#LQVHUWHG#LQWR#QHZ#VHJPHQW



/(#6WDFNV/(#6WDFNV

3URFHVVLQJ#0#/HVV#6LPSOH#FDVH#+FRQWLQXHG111,
%3URORJ#&RGH%#LQ#3URJUDP#%#H[HFXWLRQ111
,QVHUWHG#'6$#ZLOO#EH#IRU#PRGXOH#&((966)5
8VHG#WR#XSGDWH#60&%#LQIRUPDWLRQ
8VHG#WR#)5((0$,1#VWDFN#ZLWK#)5((#RSWLRQ

8VHV#DGGUHVV#UHWXUQHG#IURP#VWDFN#RYHUIORZ#
URXWLQH#DV#3URJ#%*V#'6$
8SGDWHV#%DFNFKDLQ#LQ#QHZ#'6$
6WRUHV#QHZ#1$%#LQ#QHZ#'6$#UHVLGLQJ#LQ#QHZ#
VHJPHQW



/(#6WDFNV/(#6WDFNV

3URFHVVLQJ#0#/HVV#6LPSOH#FDVH#0#FRQWLQXHG
%(SLORJ#&RGH%#H[HFXWHV#WR#UHWXUQ#WR#3URJ#$1
546#XSGDWHG#IURP#EDFNFKDLQ#SRLQWHU
5HJV#ORDGHG#IURP#SUHYLRXV#VDYH#DUHD#+546,
&RQWURO#LV#UHWXUQHG#YLD#547
5HWXUQ#WR#&((966)5/#VHJPHQW#LV#FROODSVHG1
546#XSGDWHG#IURP#EDFNFKDLQ#SRLQWHU
5HJLVWHUV#ORDGHG#IURP#3URJ#$*V#'6$#+546,
&RQWURO#UHWXUQHG#WR#3URJ#$#YLD#547

127(6=
3URJ#%*V#VDYH#DUHD#QRW#FOHDUHG#EXW#SRVVLEO\#IUHHG
1R#1$%#SURFHVVLQJ#WDNHV#SODFH

That's it for STACKs - ask for questions...



/(#+HDSV/(#+HDSV

2YHUYLHZ
)RXU#LQGHSHQGHQWO\#PDLQWDLQHG#VHWV#RI#KHDS#VHJPHQWV#
DOO#ZLWK#VLPLODU#OD\RXWV=

8VHU#+HDS#
&2%2/#:26
&#DQG#3/24#G\QDPLF#VWRUDJH#+PDOORF2DOORFDWH,

/(#$Q\ZKHUH#+HDS
&2%2/#DQG#/(#DERYH#WKH#OLQH#&%V

/(#%HORZ#+HDS
&2%2/#DQG#/(#EHORZ#WKH#OLQH#&%V

$GGLWLRQDO#+HDS
'HILQHG#E\#WKH#XVHU



/(#+HDSV/(#+HDSV
2YHUYLHZ
5XQWLPH#RSWLRQV=

+($3+LQLW/LQF/$1<_%(/2:/.((3_)5((/111,
+($3&+.+21_2))/IUHT/GHOD\,
+($3322/6+21_2))/111,
$1<+($3+LQLW/LQF/.((3_)5((,
%(/2:+($3+LQLW/LQF/.((3_)5((,
6725$*(+KHDSBDOORF/KHDSBIUHH/111,
53767*+21_2)),

'$7$
8VHU#UHTXHVWHG#VWRUDJH#ZLWK#D#XVHU#
UHTXHVWHG#OD\RXW



/(#+HDSV/(#+HDSV

/D\RXW
0XFK#PRUH#FRPSOLFDWHG#WKDQ#6WDFN
%DVHG#RQ#DOJRULWKP#IURP#:DWVRQ#5HVHDUFK

)$67#467$$$/#6WRUDJH#(II#5QG/#(UURU#FKHFNV#6UG#

+HDGHU
[*53*#E\WH#KHDGHU#+;#IXOOZRUGV#RI#GDWD,
(\HFDWFKHU#*+$1&*
3RLQWHU#WR#SUHYLRXV#+HDS#VHJPHQW#RU#+3&%
3RLQWHU#WR#QH[W#+HDS#VHJPHQW#RU#+3&%
+HDSLG#+XVHU#KHDS# #3,
3RLQWHU#WR#EHJLQQLQJ#RI#VHJPHQW
5RRW#DGGUHVV#+ODUJHVW#IUHH#HOHPHQW#LQ#VHJPHQW,
+HDS#6HJPHQW#/HQJWK
5RRW#HOHPHQW#OHQJWK#+VL]H#RI#ODUJHVW#IUHH#HOHPHQW,

Emphasis the the algorithm is FAST FIRST! This will play in 
later when we see the error may not be detected immediately

Explain the header - promise a picture later



/(#+HDSV/(#+HDSV

/D\RXW#FRQWLQXHG111
$OORFDWHG#HOHPHQW
;#E\WH#KHDGHU
3RLQWHU#WR#EHJLQQLQJ#RI#KHDS#VHJPHQW#++$1&,
6L]H#RI#HOHPHQW#LQFOXGLQJ#KHDGHU

8VHU#SRUWLRQ
$GGUHVV#UHWXUQHG#WR#XVHU

3RLQWHU#WR#
+$1&

7RWDO#VL]H#RI
(OHPHQW

8VHU#GDWD

The simple stuff first



/D\RXW#FRQWLQXHG111
)UHH#HOHPHQWV

0DLQWDLQHG#LQ#D#&DUWHVLDQ#7UHH
/DUJHU#HOHPHQWV#WRZDUG#WKH#URRW
6PDOOHU#HOHPHQWV#WRZDUG#WKH#OHDYHV
/RZHU#DGGUHVVHV#WR#WKH#OHIW
+LJKHU#DGGUHVVHV#WR#WKH#ULJKW

(DFK#IUHH#DUHD#FRQWDLQV#[*43*#E\WHV#RI#
LQIRUPDWLRQ#DERXW#27+(5#IUHH#HOHPHQWV1
/HIW#%VRQ%#DGGUHVV
5LJKW#%VRQ%#DGGUHVV
/HIW#%VRQ%#VL]H
5LJKW#%VRQ%#VL]H

/(#+HDSV/(#+HDSV

Free elements are complicated - Don't dwell on them, just 
explain them at a high level. Pictures are coming....



/(#+HDSV/(#+HDSV

3WU#IUHH#HOHP%3WU#IUHH#HOHP#$ (OHPHQW#%#VL]H(OHPHQW#$#VL]H

3WU#IUHH#HOHP'3WU#IUHH#HOHP#& (OHPHQW#'#VL]H(OHPHQW#&#VL]H

3WU#IUHH#HOHP)3WU#IUHH#HOHP#( (OHPHQW#)#VL]H(OHPHQW#(#VL]H

(OHPHQW#$#KDV#VPDOOHU#DGGUHVV#WKDQ#%
$OO#HOHPHQWV#EHORZ#$#DUH#VPDOOHU#WKDQ#$

/D\RXW#FRQWLQXHG111
)UHH#HOHPHQWV#+FRQWLQXHG,

6RPH#IUHH#HOHPHQW
5RRW#(OHPHQW

(OHPHQW#%

(OHPHQW#$

(OHPHQW#%#KDV#ODUJHU#DGGUHVV#WKDQ#$
$OO#HOHPHQWV#EHORZ#%#DUH#VPDOOHU#WKDQ#%$GGLWLRQDO#IUHH#VSDFH#ZLWKLQ#WKLV#IUHH#

HOHPHQW#LV#XQXVHG1#7KLV#LV#WKH#ODUJHVW#
IUHH#HOHPHQW1

)UHH#HOHPHQWV#SRLQWLQJ#WR#]HUR#
HQG#WKDW#EUDQFK
)UHH#HOHPHQWV#SRLQWLQJ#WR#;#
E\WH#HOHPHQWV#HQG#WKDW#EUDQFK

Explain the pointers and sizes. Stress the info in a free node 
is about some OTHER free node. Mention both endings to a 
branch.



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

*+$1&*

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

1(;7#6(*

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

35(9#6(*

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

+($3,'#0#3

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

6(*#$''5

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

5RRW#$''5

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

6HJ#/HQJWK

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

5RRW#/HQJWK

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

3WU#WR#6HJ

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

6L]H#RI#(OHP

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK3WU#WR#6(*

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK6L]H#RI#(OHP

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

3WU#OHIW#VRQ

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

3WU#UJKW#VRQ

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

/HIW#VRQ#VL]H

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#6HJ 6L]H#RI#HOHP

$OORFDWHG#(OHPHQW

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

3WU#WR#OHIW#VRQ 3WU#WR#UJKW#VRQ /HIW#VRQ#VL]H 5LJKW#VRQ#VL]H

5RRW=#/DUJHVW#)UHH#HOHPHQW

)UHH#HOHPHQW

+HDS
+HDGHU

$OORFDWHG
(OHPHQW

)UHH#
(OHPHQW

$OORFDWHG
(OHPHQW

5RRW=
)UHH#
(OHPHQW

6HJPHQW
/HQJWK

57#6RQ#6L]H

Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



/D\RXW#FRQWLQXHG111#7\SLFDO#6LPSOH#+HDS

/(#+HDSV/(#+HDSV

*+$1&* 1(;7#6(* 35(9#6(* +($3,'

6(*#$''5 5RRW#$''5 6(*#/HQJWK 5RRW#/HQJWK

3WU#WR#6HJ 6L]H#RI#HOHP
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Highlight the HEADER in RED

Highlight each allocated element in BLUE

Highlight each free element in GREEN

Take your time!



3URFHVVLQJ
$OORFDWLRQ

7KH#)UHH#(OHPHQW#WUHH#RI#WKH#ODWHVW#KHDS#VHJPHQW#LV#
VHDUFK#VWDUWLQJ#DW#WKH#URRW#IRU#WKH#VPDOOHVW#HOHPHQW#
ZKLFK#ZLOO#VDWLVI\#WKH#UHTXHVW1
,I#QR#IUHH#HOHPHQW#IRXQG#LQ#WKDW#VHJPHQW#HDUOLHU#
VHJPHQWV#DUH#VHDUFKHG1
,I#QR#IUHH#HOHPHQW#LV#ODUJH#HQRXJK#WR#VDWLVI\#WKH#UHTXHVW/#
DQ#DGGLWLRQ#KHDS#VHJPHQW#LV#DOORFDWHG#YLD#*(70$,11
7KH#QHHGHG#VWRUDJH#IURP#WKH#IUHH#HOHPHQW#LV#WKHQ#
DOORFDWHG#+;#E\WH#KHDGHU#ILOOHG#RXW,1
,I#DGGLWLRQ#VWRUDJH#LV#OHIW#RYHU#LQ#WKH#HOHPHQW#LW#LV#
DGGHG#WR#WKH#IUHH#WUHH#DV#D#QHZ#IUHH#HOHPHQW1

$#SRLQWHU#WR#WKH#XVHU#VWRUDJH#+DIWHU#WKH#;#E\WH#KHDGHU,#
LV#UHWXUQHG#WR#WKH#XVHU1

/(#+HDSV/(#+HDSV

Very high level. Explain that it makes sense at a high level

Search the free tree to find a fit
If not fit search other free trees
If no fit do a GETMAIN

Allocate the space and return unused portion to free tree

It makes sense...



3URFHVVLQJ
)UHH

6L]H#RI#HOHPHQW#LV#GHWHUPLQHG#IURP#WKH#;#E\WH#KHDGHU1
(OHPHQW#+LQFOXGLQJ#KHDGHU,#LV#UHWXUQHG#WR#WKH#IUHH#WUHH
,I#IUHH#HOHPHQW#LV#DGMDFHQW#WR#DQ#H[LVWLQJ#IUHH#HOHPHQW#
WKH#HOHPHQWV#DUH#FRPELQHG#LQWR#D#ODUJHU#IUHH#HOHPHQW
7KH#IUHH#WUHH#ZLOO#EH#UHVWUXFWXUHG#DV#QHFHVVDU\1

,I#WKH#HQWLUH#KHDS#LV#QRZ#IUHH#WKH#VHJPHQW#ZLOO#EH#
)5((0$,1HG#LI#)5((#LV#VSHFLILHG1

/(#+HDSV/(#+HDSV

Again it makes sense.

Use the header to determine where the node belongs and 
free it. 

If adjacent nodes they are combined. 

Simple



+HDS#(UURUV#LQ#&(('803V+HDS#(UURUV#LQ#&(('803V

6DPSOH#3URJUDP#WR#FDXVH#KHDS#GDPDJH
-0217,17(671&+7(67('86,

000001 #include <string.h>                                                       
000002 void frst_func_called();         /* Function prototypes               
*/  
000003 void main(int argc, char *argv  )/* Main Program                      
*/  
000004 {                                                                         
000005     frst_func_called();                                                   
000006     return;                                                               
000007  }                                                                        
000008 void frst_func_called()          /* Function: frst_func_called()      
*/  
000009 {                                                                         
000010   char *p1, *p2;                 /* Declare 2 char pointers to use    
*/  
000011   p1 = (char *)malloc(16);       /* Malloc 16 bytes of storage for    
*/  
000012   p2 = (char *)malloc(16);       /*   each of the 2 pointers          
*/  
000013   free(p1);                      /* Free the first pointer            
*/  
000014   strcpy(p2,"This string - 16"); /* Initialize the second pointer     
*/  
000015   p1 = (char *)malloc(8);        /* Malloc 8 bytes for the 1st 
pointer*/  
000016   free(p1);                      /* Free both pointers                
*/  
000017 free(p2);



+HDS#(UURUV#LQ#&(('803V+HDS#(UURUV#LQ#&(('803V

6DPSOH#FRPSLOH#RXWSXW#IURP#7(67('861
                           00008 |      *  void frst_func_called()          /* Function: frst_func_called()      */ 
 0002B6  5850  ****        00008 |                 L     r5,=A(@STATICC)                                            
                           00009 |      *  {                                                                        
 0002BA  4400  C1B0        00008 |                 EX    r0,HOOK..PGM-ENTRY                                         
                                        *    char *p1, *p2;                 /* Declare 2 char pointers to use    */ 
                           00011 |      *    p1 = (char *)malloc(16);       /* Malloc 16 bytes of storage for    */ 
 0002BE  4400  C1AC        00011 |                 EX    r0,HOOK..STMT                                              
 0002C2  4160  0010        00011 |                 LA    r6,16                                                      
 0002C6  5060  D0A0        00011 |                 ST    r6,160(,r13)                                               
 0002CA  4110  D0A0        00011 |                 LA    r1,160(,r13)                                               
 0002CE  58F0  ****        00011 |                 L     r15,=V(malloc)                                             
 0002D2  4400  C1C0        00011 |                 EX    r0,HOOK..CALLBGN                                           
 0002D6  05EF              00011 |                 BALR  r14,r15                                                    
 0002D8  4400  C1C4        00011 |                 EX    r0,HOOK..CALLRET                                           

 0002DC  50F0  D098        00011 |                 ST    r15,152(,r13)      ***NOTE:Local variable stored in DSA              
                           00012 |      *    p2 = (char *)malloc(16);       /*   each of the 2 pointers          */ 
 0002E0  4400  C1AC        00012 |                 EX    r0,HOOK..STMT                                              
 0002E4  4160  0010        00012 |                 LA    r6,16                                                      
 0002E8  5060  D0A0        00012 |                 ST    r6,160(,r13)                                               
 0002EC  4110  D0A0        00012 |                 LA    r1,160(,r13)                                               
 0002F0  58F0  ****        00012 |                 L     r15,=V(malloc)                                             
 0002F4  4400  C1C0        00012 |                 EX    r0,HOOK..CALLBGN                                           
 0002F8  05EF              00012 |                 BALR  r14,r15                                                    
 0002FA  4400  C1C4        00012 |                 EX    r0,HOOK..CALLRET                                           

 0002FE  50F0  D09C        00012 |                 ST    r15,156(,r13)      ***NOTE:Local variable stored in DSA              
 

Chart just to show C local variables are backed in the stack



+HDS#(UURUV#LQ#&(('803V+HDS#(UURUV#LQ#&(('803V

-RE#/RJ#IURP#SURJUDP
- ======================================================================
-                                    REGION        --- STEP TIMINGS --- 
- STEPNAME PROCSTEP PGMNAME     CC     USED      CPU TIME  ELAPSED TIME 
- CLG      COMPILE  CBCDRVR     00     176K   00:00:00.60   00:00:19.70 
- CLG      LKED     HEWL        00     204K   00:00:00.16   00:00:02.26 
IEA995I SYMPTOM DUMP OUTPUT                                             
  USER COMPLETION CODE=4039 REASON CODE=00000000                        
 TIME=14.11.27  SEQ=03246  CPU=0000  ASID=0206                          
 PSW AT TIME OF ERROR  478D1400   92B7FA1A  ILC 2  INTC 0D              
   ACTIVE LOAD MODULE           ADDRESS=12B19AB8  OFFSET=00065F62       
   NAME=CEEPLPKA                                                        
   DATA AT PSW  12B7FA14 - 00181610  0A0D58D0  D00498EC                 
   GPR  0-3  84000000  84000FC7  00020478  12B7FA1A                     
   GPR  4-7  12B148A0  00000000  000203D0  00021017                     
   GPR  8-11 12B2A345  12B29346  000203D0  92B7F950                     
   GPR 12-15 00015910  000225C8  92B299EE  00000000                     
 END OF SYMPTOM DUMP                                                    
IEA993I SYSMDUMP TAKEN TO JMONTI.LEEDU3.SYSMDUMP                        
IEF450I JMONTI@C GO CLG - ABEND=S000 U4038 REASON=00000001              
        TIME=14.12.14                                                   
- CLG      GO       PGM=*.DD U4038     296K   00:00:17.34   00:00:49.98 
IEF404I JMONTI@C - ENDED - TIME=14.12.14                                

U4039 in CEEPLPKA - DON'T JUST CALL LE!!!!



+HDS#(UURUV#LQ#&(('803V+HDS#(UURUV#LQ#&(('803V

2XWSXW#IURP#WKH#MRE
CEE3703I In HANC Control Block, the Eye Catcher is damaged.                                                             
CEE3704I Expected data at 00022278 : HANC                                                                               
  00022258: 01000000 00000000 00000000 00000000  00000000 00000000 00000000 00000004 |................................|
  00022278: 10000000 000221E0 00022320 8001CDAE  92B72BC8 00022320 00022318 92D5C64A |................k..H........kNF.|
CEE0802C Heap storage control information was damaged.                                                                  
         From compile unit JMONTI.TEST.C(TESTEDU3) at entry point frst_func_called at statement 15 at compile unit      
         offset +000000DE at address 12B013B6.                                                                          

&((6:[[,#PHVVDJHV#DUH#QHZ
1RW#GHVLJQHG#IRU#WKLV#XVH1
$WWHPSW#WR#KHOS#ZLWK#GHEXJ/#EXW#RIWHQ#QRW#
PHDQLQJIXO1
:H#FDQ#PDNH#WKHP#PHDQLQJIXO#+ODWHU111,

&((3;35&#PHVVDJH#LQGLFDWHV#KHDS#GDPDJH#
DV#ZHOO#DV#LQGLFDWHV#ZKHUH#FDOO#ZDV#PDGH#WR#
VWRUDJH#URXWLQHV1#

Show them the 37xx messages are not useful but hint that 
we can make them meaningful later...



+HDS#(UURUV#LQ#&(('803V+HDS#(UURUV#LQ#&(('803V

&(('803
CEE3DMP V1 R8.0: Condition processing resulted in the unhandled condition.         10/02/98 2:11:27 PM                  Page:  1 
                                                                                                                                  
Information for enclave main                                                                                                      
                                                                                                                                  
  Information for thread 8000000000000000                                                                                         
                                                                                                                                  
  Traceback:                                                                                                                      
    DSA Addr  Program Unit  PU Addr   PU Offset  Entry         E Addr    E  Offset   Statement  Load Mod  Service  Status         
    00020018  CEEHDSP       12B27348  +0000264E  CEEHDSP       12B27348  +0000264E              CEEPLPKA  UQ19695  Call           
    00022438  CEEHSGLT      12B9C020  +0000005C  CEEHSGLT      12B9C020  +0000005C              CEEPLPKA  UQ09246  Exception      
    00022320  CEEV#GH       12B72BC8  +0000055C  CEEV#GH       12B72BC8  +0000055C              CEEPLPKA  UQ13761  Call           
    00022278  JMONTI.TEST.C(TESTEDU3)                                                                                             
                            12B012D8  +000000DE  frst_func_called                                                                 
                                                               12B012D8  +000000DE          15  TESTEDU            Call           
    000221E0  JMONTI.TEST.C(TESTEDU3)                                                                                             
                            12B01070  +0000005E  main          12B01070  +0000005E           5  TESTEDU            Call           
    000220C8                12D5C596  -12D461F8  EDCZMINV      12D5C596  -12D461F8              CEEEV003           Call           
    00022018  CEEBBEXT      0000E690  +0000013C  CEEBBEXT      0000E690  +0000013C              CEEBINIT  UQ09246  Call           
                                                                                                                                  

1RW#UHSRUWHG#DV#D#SURJUDP#FKHFN#+VRIWZDUH#
GHWHFWHG,
&((9&*+#UHSRUWHG#&((3;35#FRQGLWLRQ#WR#KDQGOHU
IUVWBIXQFBFDOOHG#FDOOHG#+YLD#PDOORF,#%JHW#KHDS%

Emphasis that CEEDUMPs are not the way to go. Explain 
what we see here from that point of view. Its somewhat 
confusing and sometimes misleading. We need the SYSTEM 
DUMP with he formatters!!!!



+HDS#(UURUV#LQ#&(('803V+HDS#(UURUV#LQ#&(('803V

&(('803#0#FRQWLQXHG
Condition Information for Active Routines                                                                                         
  Condition Information for CEEHSGLT (DSA address 00022438)                                                                       
    CIB Address: 00020478                                                                                                         
    Current Condition:                                                                                                            
      CEE0198S The termination of a thread was signaled due to an unhandled condition.                                            
    Original Condition:                                                                                                           
      CEE0802C Heap storage control information was damaged.                                                                      
    Location:                                                                                                                     
      Program Unit: CEEHSGLT Entry: CEEHSGLT Statement:  Offset: +0000005C                                                        
  Storage dump near condition, beginning at location: 12B9C06C                                                                    
    +000000 12B9C06C  F010D20B D0801000 58A0C2B8 58F0A01C  05EFD20B D098B108 41A0D098 50A0D08C  |0.K.......B..0....K..q.....q&. ..|
                                                                                                                                  

&RQGLWLRQ#LQIRUPDWLRQ#QRW#DV#XVHIXO#IRU#VRIWZDUH#
GHWHFWHG#HUURUV
1R#0DFKLQH#6WDWH#LQIRUPDWLRQ#+QR#SURJUDP#FKHFN,



+HDS#(UURUV#LQ#&(('803V+HDS#(UURUV#LQ#&(('803V

&(('803#0#FRQWLQXHG
Initial (User) Heap                                         : 12E77000                                                          
  +000000 12E77000  C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20  
|HANC..(...(......X...X........".|
  +000020 12E77020  12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018  
|.X.......................X......|
  +000040 12E77040  00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A  
|.....X...X.......X..............|
  +000060 12E77060  12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038  
|.X......TESTEDU..........X......|
  +000080 12E77080  C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000  |CDLL.... 
..........0............|
  +0000A0 12E770A0  00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000  
|................................|
  +0000C0 12E770C0  00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6  |.........X......This string - 
16|
  +0000E0 12E770E0  00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000  
|.X..............................|

(UURUV#QRUPDOO\#LQ#8VHU#+HDS#VR#FKHFN#WKHUH#ILUVW
)LUVW#[*53*#E\WHV#DUH#WKH#KHDGHU
5RRW#DW#45(::3(3
[*4;*#E\WH#HOHPHQW#DW#45(::353
[*4;*#E\WH#HOHPHQW#DW#45(::36;
[*43*#E\WH#HOHPHQW#DW#45(::383
[*4;*#E\WH#HOHPHQW#DW#45(::393
[*6;*#E\WH#HOHPHQW#DW#45(::3:;
[*4;*#E\WH#HOHPHQW#DW#45(::3&;#+S5,
)UHH#HOHPHQW#DW#45(::3(3#SRLQWV#WR#DQRWKHU#IUHH#HOHPHQW#DW#33(::3%3#RI#VL]H#
[*4;*
7KH#IUHH#HOHPHQW#KDV#EHHQ#RYHUODLG$$$$$$$$$$

Go through and mark the header in RED - draw in pointers

Find the allocated elements and highlight in BLUE
(Indicate the element we miss is probably a free element)

Run the FREE tree and find the error - Ask why???



+HDS#(UURUV#LQ#&(('803V+HDS#(UURUV#LQ#&(('803V

&(('803#0#FRQWLQXHG
Initial (User) Heap                                         : 12E77000                                                          
  +000000 12E77000  C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20  
|HANC..(...(......X...X........".|
  +000020 12E77020  12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018  
|.X.......................X......|
  +000040 12E77040  00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A  
|.....X...X.......X..............|
  +000060 12E77060  12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038  
|.X......TESTEDU..........X......|
  +000080 12E77080  C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000  |CDLL.... 
..........0............|
  +0000A0 12E770A0  00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000  
|................................|
  +0000C0 12E770C0  00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6  |.........X......This string - 
16|
  +0000E0 12E770E0  00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000  
|.X..............................|

(UURUV#QRUPDOO\#LQ#8VHU#+HDS#VR#FKHFN#WKHUH#ILUVW
)LUVW#[*53*#E\WHV#DUH#WKH#KHDGHU
5RRW#DW#45(::3(3
[*4;*#E\WH#HOHPHQW#DW#45(::353
[*4;*#E\WH#HOHPHQW#DW#45(::36;
[*43*#E\WH#HOHPHQW#DW#45(::383
[*4;*#E\WH#HOHPHQW#DW#45(::393
[*6;*#E\WH#HOHPHQW#DW#45(::3:;
[*4;*#E\WH#HOHPHQW#DW#45(::3&;#+S5,
)UHH#HOHPHQW#DW#45(::3(3#SRLQWV#WR#DQRWKHU#IUHH#HOHPHQW#DW#33(::3%3#RI#VL]H#
[*4;*
7KH#IUHH#HOHPHQW#KDV#EHHQ#RYHUODLG$$$$$$$$$$

Go through and mark the header in RED - draw in pointers

Find the allocated elements and highlight in BLUE
(Indicate the element we miss is probably a free element)

Run the FREE tree and find the error - Ask why???



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1&



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,'



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,'



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



+HDS#(UURUV#LQ#&(('803V+HDS#(UURUV#LQ#&(('803V
&(('803#0#FRQWLQXHG

Initial (User) Heap                                         : 12E77000                                                          
  +000000 12E77000  C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20  |HANC..(...(......X...X........". |
  +000020 12E77020  12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018  |.X.......................X...... |
  +000040 12E77040  00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A  |.....X...X.......X.............. |
  +000060 12E77060  12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038  |.X......TESTEDU..........X...... |
  +000080 12E77080  C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000  |CDLL.... ..........0............ |
  +0000A0 12E770A0  00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000  |................................ |
  +0000C0 12E770C0  00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6   |.........X......This string - 16|
  +0000E0 12E770E0  00E770B0 00000000 00000018 00000000   00000000 00000000 00000000 00000000  |.X..............................|

&ODVVLF#%&2&..%#SUREOHP1
$OORFDWLRQ#IRU#35#GLG#QRW#LQFOXGH#URRP#IRU#18//#
WHUPLQDWRU1#VWUFS\+,#RYHUODLG#WKH#IUHH#QRGH#LQIR1

7KH#RYHUOD\#UHVXOWHG#LQ#WKH#&((3;35&#HUURU1
7KLV#LV#D#VLPSOH#FDVH#ZLWK#D#VLQJOH#VPDOO#KHDS1#
/DUJH#KHDSV#DQG2RU#PXOWLSOH#KHDSV#DUH#GLIILFXOW#WR#
GLDJQRVH#E\#KDQG1
3UREOHP#4$$$$

Explain problem 1 - Error difficult to find by hand.

Seen dumps with 40 Heaps of 64K each.

Promise a solution.



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E770E0 00008000 00007F20

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E77120 00008000 00007EE0

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E77120 00008000 00007EE0

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E77120 00008000 00007EE0

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E77120 00008000 00007EE0

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]

00E770B0 00000000 00000018 00000000



C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E77120 00008000 00007EE0

12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018

00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A

12E77000 00000018 E3C5E2E3 C5C4E400  00000000 00000000 12E77000 00000038

C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000

00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000

00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6

12E77000 00000040 00000018 00000000  00000000 00000000 00000000 00000000

+$1& 1(;7 35(9 +HDS#,' 3WU#6HJ 5RRW##+$1& 1(;7 35(9 +HDS#,' 6HJ#6L]H 5RRW#6]

00E770B0 00000000 00000018 00000000



+HDS#(UURUV#LQ#&(('803V+HDS#(UURUV#LQ#&(('803V
&(('803#0#FRQWLQXHG

+000000 12E77000  C8C1D5C3 00014D48 00014D48 00000000  12E77000 12E77120 00008000 00007EE0  |HANC..(...(......X...X........=.|
+000020 12E77020  12E77000 00000018 00000000 00000000  00000000 00000000 12E77000 00000018  |.X.......................X......|
+000040 12E77040  00000001 12E77048 12E77068 00000000  12E77000 00000010 00000000 0001380A  |.....X...X.......X..............|
+000060 12E77060  12E77000 00000018 C7D60000 00000000  00000000 00000000 12E77000 00000038  |.X......GO...............X......|
+000080 12E77080  C3C4D3D3 00000000 40000000 00000000  12B00F78 12B01670 00000000 00000000  |CDLL.... .......................|
+0000A0 12E770A0  00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000  |................................|
+0000C0 12E770C0  00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6  |.........X......This string - 16|
+0000E0 12E770E0  12E77000 00000040  00000018 00000000  00000000 00000000 00000000 00000000  |.X..... ........................|
+000100 12E77100  00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000  |................................|
+000120 12E77120  00E770B0  00000000 00000018 00000000   00000000 00000000 00000000 00000000   |.X..............................|
+000140 12E77140  00000000 00000000 00000000 00000000  00000000 00000000 00000000 00000000  |................................|

,Q#WKLV#FDVH#DIWHU#GDPDJH#LV#FDXVHG#ZH#DOORFDWH#[*6;*#
E\WHV1#7KHQ#DOORFDWH#[*;*#E\WHV1
'DPDJHG#QRZ#PRYHG#WR#45(::4531
$Q#DOORFDWHG#HOHPHQW#LV#EHWZHHQ#WKH#LQFRUUHFW#VWULQJ#
DQG#WKH#KHDS#GDPDJH1
3UREOHP#5$$$#+$QG#KDUGHU#WR#VROYH$$$,

Explain problem 2. Algorithm is fast first. We don't always 
check immediately...



6<67(0#'803V6<67(0#'803V

9(5%;#/('$7$#*67$&.*#0#VDPSOH
 Stack Storage Control Blocks                                                
                                                                             
      SMCB:  00015FF0                                                        
    +000000  EYE_CATCHER:SMCB  US_EYE_CATCHER:USTK     USFIRST:00022000      
    +00000C  USLAST:00022000   USBOS:00022000    USEOS:00042000              
    +000018  USNAB:F0F00000    USINITSZ:00020000       USINCRSZ:00020000     
    +000024  USANYBELOW:80000000     USKEEPFREE:00000000     USPOOL:80000002 
    +000030  USPREALLOC:00000001     US_BYTES_ALLOC:00000000                 
    +000038  US_CURR_ALLOC:00000000        US_GETMAINS:00000000              
    +000040  US_FREEMAINS:00000000   US_OPLINK:00      LS_THIS_IS:LSTK       
    +00004C  LSFIRST:00020000        LSLAST:00020000   LSBOS:00020000        
    +000058  LSEOS:00022000    LSNAB:00021F40    LSINITSZ:00002000           
    +000064  LSINCRSZ:00001000       LSANYBELOW:80000000                     
    +00006C  LSKEEPFREE:00000001     LSPOOL:80000001   LSPREALLOC:00000001   
    +000078  LS_BYTES_ALLOC:00000000       LS_CURR_ALLOC:00000000            
    +000080  LS_GETMAINS:00000000    LS_FREEMAINS:00000000   LS_OPLINK:00    

6WRUDJH#0DQDJHPHQW#&RQWURO#%ORFN
3RLQWV#WR#8VHU#DQG#/LEUDU\#VWDFNV



6<67(0#'803V6<67(0#'803V

9(5%;#/('$7$#*67$&.*#0#VDPSOH
 DSA backchain                                                                                                         
                                                                                                                       
    DSA:  000225C8                                                                                                     
 +000000  FLAGS:0000  MEMD:C64A   BKC:00020018      FWC:00022A28                                                       
 +00000C  R14:8001806A      R15:92BC3268      R0:00000000                                                              
 +000018  R1:00022654       R2:00020FA4       R3:00020FA4                                                              
 +000024  R4:00017038       R5:12B62FBA       R6:12B61FBB                                                              
 +000030  R7:12B60FBC       R8:12B5FFBD       R9:12B5EFBE                                                              
 +00003C  R10:12B5DFBF      R11:92B5CFC0      R12:00015910                                                             
 +000048  LWS:000163B0      NAB:00022650      PNAB:F840F0F0                                                            
 +000064  RENT:F9F2C4F5     MODE:92B5FB18     RMR:4B4B4B4B                                                             
                                                                                                                       
 Contents of DSA  at location 000225C8:                                                                                
                                                                                                                       
 +00000000  0000C64A 00020018 00022A28 8001806A  92BC3268 00000000 00022654 00020FA4 ...F.............k..............u.
 +00000020  00020FA4 00017038 12B62FBA 12B61FBB  12B60FBC 12B5FFBD 12B5EFBE 12B5DFBF ....u.............................
 +00000040  92B5CFC0 00015910 000163B0 00022650  F840F0F0 F0F2F2F3 F2F040F0 F0F0F2F2 .k..............&8 00022320 00022.
 +00000060  F3F1F840 F9F2C4F5 C3F6F4C1 92B5FB18  4B4B4B4B 4B4B4B4B 4B4B4B4B 4B4B4B92 .318 92D5C64Ak..................k.
 +00000080  000203D0 000210E7                                                        ........X                        .
                                                                                                                       

1H[W#HDFK#'6$#LQ#EDFNFKDLQ#LV#IRUPDWWHG1
6RPHZKDW#OLNH#D#&(('803
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9(5%;#/('$7$#*+($3*#0#VDPSOH
 Heap Storage Control Blocks                                                  
                                                                              
      ENSM:  00014D30                                                         
    +0000A8  ENSM_ADDL_HEAPS:12E80C48                                         
                                                                              
    User Heap Control Blocks                                                  
                                                                              
      HPCB:  00014D48                                                         
    +000000  EYE_CATCHER:HPCB  FIRST:12E77000    LAST:12E77000                
                                                                              
      HANC:  12E77000                                                         
    +000000  EYE_CATCHER:HANC  NEXT:00014D48     PREV:00014D48                
    +00000C  HEAPID:00000000   SEG_ADDR:12E77000       ROOT_ADDR:12E770E0     
    +000018  SEG_LEN:00008000        ROOT_LEN:00007F20                        
                                                                              
    This is the last heap segment in the current heap.                        

'LVSOD\V#+3&%#IRU#XVHU#KHDS#ILUVW
+HDS#&RQWURO#%ORFN

7KHQ#+$1&#KHDGHU#IRU#HDFK#KHDS#VHJPHQW#LQ#XVHU#
KHDS
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9(5%;#/('$7$#*+($3*#0#VDPSOH
   Free Storage Tree for Heap Segment 12E77000                                 
                                                                               
          Node      Node     Parent     Left      Right     Left     Right     
 Depth  Address    Length     Node      Node      Node     Length    Length    
     0  12E770E0  00007F20  00000000  00E770B0  00000000  00000018  00000000   
*ERROR*  The left node address does not fall within the current heap segment   
                                                                               

1H[W#HDFK#KHDS#VHJPHQW#LV#GHWDLOHG1
)UHH#WUHH#ILUVW
7KHQ#DOORFDWHG#HOHPHQWV

$Q\#HUURUV#ZLWK#WKH#FRQWURO#LQIRUPDWLRQ#DUH#
LQGLFDWHG#ZLWK#-(5525-
,Q#ODUJH#GXPSV#\RX#FDQ#MXVW#VHDUFK#IRU#-(5525-
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9(5%;#/('$7$#*+($3*#0#VDPSOH
   Map of Heap Segment 12E77000                                                                                       
                                                                                                                      
 To display entire segment: IP LIST 12E77000 LEN(X'00008000') ASID(X'0206')                                           
                                                                                                                      
 12E77020: Allocated storage element, length=00000018. To display: IP LIST 12E77020 LEN(X'00000018') ASID(X'0206')    
 12E77028: 00000000 00000000 00000000 00000000                                      |................                |
                                                                                                                      
 12E77038: Allocated storage element, length=00000018. To display: IP LIST 12E77038 LEN(X'00000018') ASID(X'0206')    
 12E77040: 00000001 12E77048 12E77068 00000000                                      |.....X...X......                |
                                                                                                                      
 12E77050: Allocated storage element, length=00000010. To display: IP LIST 12E77050 LEN(X'00000010') ASID(X'0206')    
 12E77058: 00000000 0001380A                                                        |........                        |
                                                                                                                      
 12E77060: Allocated storage element, length=00000018. To display: IP LIST 12E77060 LEN(X'00000018') ASID(X'0206')    
 12E77068: E3C5E2E3 C5C4E400 00000000 00000000                                      |TESTEDU.........                |
                                                                                                                      
 12E77078: Allocated storage element, length=00000038. To display: IP LIST 12E77078 LEN(X'00000038') ASID(X'0206')    
 12E77080: C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000 |CDLL.... ..........0............|
                                                                                                                      
    

7KH#DOORFDWHG#HOHPHQWV#DUH#GLVSOD\HG1
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 12E77078: Allocated storage element, length=00000038. To display: IP LIST 12E77078 LEN(X'00000038') ASID(X'0206')     
 12E77080: C3C4D3D3 00000000 40000000 00000000  12B00FF0 12B01670 00000000 00000000 |CDLL.... ..........0............| 
                                                                                                                       
 12E770B0: Allocated storage element, length=00000000. To display: IP LIST 12E770B0 LEN(X'00000008') ASID(X'0206')     
 12E770B8: 00000000 00000000                                                        |........                        | 
*ERROR*  The heap segment address in the allocated storage element header is not valid                                 
WARNING  This storage element may be a free storage node not found during free storage tree validation                 
*ERROR*  The length of this storage element is zero                                                                    
WARNING  Attempting to identify a resume location after encountering a storage element validation error                
                                                                                                                       
 12E770C8: Allocated storage element, length=00000018. To display: IP LIST 12E770C8 LEN(X'00000018') ASID(X'0206')     
 12E770D0: E38889A2 40A2A399 89958740 6040F1F6                                      |This string - 16                | 
                                                                                                                       
 12E770E0: Free storage element, length=00007F20. To display: IP LIST 12E770E0 LEN(X'00007F20') ASID(X'0206')          
                                                                                                                       
 Summary of analysis for Heap Segment 12E77000:                                                                        
    Amounts of identified storage:  Free:00007F20  Allocated:000000A8  Total:00007FC8                                  
    Number of identified areas   :  Free:       1  Allocated:       7  Total:       8                                  
    00000018 bytes of storage were not accounted for.                                                                  
    Errors were found while processing this heap segment.                                                              
    This is the last heap segment in the current heap.                                                                 
                                                                                                                       

:KHQ#HUURUV#DUH#GHWHFWHG#WKH\#DUH#GLVSOD\HG
0XFK#VLPSOHU#WR#ILQG#GDPDJHG#KHDS#XVLQJ#/('$7$$
3UREOHP#4#6ROYHG$$$
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+($3&+.#UXQWLPH#RSWLRQ#+/(#41;#DQG#8S$,
5XQWLPH#GHEXJ#WRRO#WR#KHOS#GLDJQRVH#D#KHDS#GDPDJH#
SUREOHP
,Q#QRUPDO#FDVHV#DQ\#KHDS#GDPDJH#PD\#QRW#EH#
QRWLFHG#XQWLO#VLJQLILFDQW#WLPH#KDV#SDVVHG#+SUREOHP#5,
7KH#+($3&+.#UXQWLPH#RSWLRQ#IRUFHV#DOO#WKH#KHDS#
VHJPHQWV#WR#EH#YDOLGDWHG#RQ#D#UHJXODU#EDVLV1
*HWV#D#GXPS#FORVHU#WR#WKH#UHDO#FDXVHU1
*HQHUDWHV#D#87375#$%(1'
6HW#6<60'803#''#FDUG
6HW#6/,3
6HW#&(07
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+($3&+.#UXQWLPH#RSWLRQ#111
6\QWD[
+($3&+.+21_2))/IUHT/GHOD\,
21#0#WXUQV#+($3&+.#RQ#+SHUIRUPDQFH#GRJ,
2))#0#QRUPDO#SURFHVVLQJ
IUHT
'HIDXOWV#WR#4/#LQGLFDWHV#HYHU\#FDOO#WR#D#KHDS#
URXWLQH#+JHW#RU#IUHH,#YDOLGDWHV#WKH#KHDS
2WKHU#YDOXHV#IRU#OHVV#IUHTXHQW#FKHFNV

GHOD\
$OORZV#VRPH#QXPEHU#RI#FDOOV#WR#RFFXU#SULRU#WR#
*IUHT*#EHLQJ#XVHG1

Don't ever use a FREQ > 1 - If you are going to close the 
window close it all the way

DELAY maybe. If you have a long running program...
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-RE#/RJ#UXQQLQJ#ZLWK#+($3&+.
- ======================================================================
-                                    REGION        --- STEP TIMINGS --- 
- STEPNAME PROCSTEP PGMNAME     CC     USED      CPU TIME  ELAPSED TIME 
- CLG      COMPILE  CBCDRVR     00     176K   00:00:00.57   00:00:11.23 
- CLG      LKED     HEWL        00     204K   00:00:00.17   00:00:01.38 
IEA995I SYMPTOM DUMP OUTPUT                                             
  USER COMPLETION CODE=4042 REASON CODE=00000000                        
 TIME=17.15.14  SEQ=04471  CPU=0000  ASID=01E0                          
 PSW AT TIME OF ERROR  478D1400   92B9B0E0  ILC 2  INTC 0D              
   ACTIVE LOAD MODULE           ADDRESS=12B19AB8  OFFSET=00081628       
   NAME=CEEPLPKA                                                        
   DATA AT PSW  12B9B0DA - 00181610  0A0D47F0  B0F01811                 
   GPR  0-3  84000000  84000FCA  00000000  00000000                     
   GPR  4-7  00000000  12B01648  00014558  000148B0                     
   GPR  8-11 12B9FEDD  12B9EEDE  00000001  12B9B028                     
   GPR 12-15 00015910  00022438  00000000  00000000                     
 END OF SYMPTOM DUMP                                                    
IEA993I SYSMDUMP TAKEN TO JMONTI.LEEDU3.SYSMDUMP                        
IEF450I JMONTI@C GO CLG - ABEND=S000 U4042 REASON=00000000              
        TIME=17.15.43                                                   
- CLG      GO       PGM=*.DD U4042     276K   00:00:14.51   00:00:30.28 



+($3&+.+($3&+.

-RE#2XWSXW#UXQQLQJ#ZLWK#+($3&+.
CEE3701W Heap damage found by HEAPCHK Run-time option                                      
CEE3707I Left  pointer is bad in the Free Tree at 12E770E0 in the Heap Segment 
beginning at 12E77000                     
  12E770C0: 00000000 00000000 12E77000 00000018  E38889A2 40A2A399 89958740 6040F1F6  
|.........X......This string - 16| 
  12E770E0: 00E770B0 00000000 00000018 00000000  00000000 00000000 00000000 00000000  
|.X..............................| 
CEE3702S Program terminating due to Heap damage.                                           

1RWH#LQ#WKLV#FDVH#&((6:[[#PHVVDJHV#DUH#TXLWH#
PHDQLQJIXO$
7KLV#ZDV#ZKDW#WKH\#ZHUH#GHVLJQHG#IRU$

)XOO#GHEXJ#VWLOO#QHHGV#WR#EH#GRQH#ZLWK#WKH#
87375#6<60'803
3UREOHP#5#6ROYHG$

Read the CEE3707I message!

It doesn't get any better than this!
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6RXUFHV#RI#$GGLWLRQDO#,QIRUPDWLRQ6RXUFHV#RI#$GGLWLRQDO#,QIRUPDWLRQ

$OO#/(#GRFXPHQWDWLRQ#DYDLODEOH#RQ#',6.#4#RI#
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/(#'HEXJ#*XLGH#DQG#5XQWLPH#0HVVDJHV
/(#3URJUDPPLQJ#5HIHUHQFH
/(#3URJUDPPLQJ#*XLGH
/(#&XVWRPL]DWLRQ
/(#0LJUDWLRQ#*XLGH
/(#:ULWLQJ#,/&#$SSOLFDWLRQV
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