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1. AIX 编译器以及线程方式
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编译器命令何其多！

 vac 不同形式的命令的配置： /etc/vac.cfg
 各种类型的编译命令：
cc       cc_r      cc_r4      cc_r7
c89      c89_r     c89_r4     c89_r7
c99      c99_r     c99_r4     c99_r7
xlc      xlc_r     xlc_r4     xlc_r7

// 支持 128 位数据
cc128    cc128_r   cc128_r4   cc128_r7
c89_128  c89_128_r c89_128_r4 c89_128_r7
c99_128  c99_128_r c99_128_r4 c99_128_r7
xlc128   xlc128_r  xlc128_r4  xlc128_r7
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编译器命令何其多！ ( 续 )

 编译器分类举例
xlc – 单线程

xlc_r - POSIX threads

xlc_r4 - Version 4 draft of the POSIX threads standard (DCE)

xlc_r7 - Version 7 draft of the POSIX threads standard

Note: /usr/include/pthread.h 和 /usr/lib/libpthreads.a

 编译器的最常用的命令行选项
-c ， -D ，– g ，– I ， -L ， -o ， -q64( 支持 64 位，默认 -q32) ， -qcpluscmt( 支
持 C++ 注释 )
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线程要点

 POSIX threads (Pthreads) Standard - IEEE POSIX 1003.1c standard.2
“/usr/include/pthread.h” and “/usr/lib/libpthreads.a”.

 老版本 AIX 的限制
 非可重入函数，例如：

char *asctime (const struct tm *Tm);
char *ctime (const time_t *Clock); 
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libc 中的非可重入子例程

asctime getgrent gsignal setkey auditread getgrgid hcreate setlogmask closelog 
getgrnam hdestroy setnetent crypt getgroupsbyuser hsearch setnetgrent ctime getgrset 
inet_ntoa setprotoent dirname gethostbyaddr initstate setpwent drand48 
gethostbyname innetgr setpwfile ecvt gethostent iso_addr setrpcent endttyent getlogin 
iso_ntoa setservent encrypt getnetbyaddr jrand48 setstate asctime getnetbyname l64a 
setttyent endfsent getnetent lcong48 setutent endfsent getnetgrent link_ntoa setutxent 
endgrent getopt localtime srand48 endhostent getprotobyname lrand48 srandom 
endnetent getprotobynumber mrand48 ssignal endnetgrent getprotoent mtime strerror 
endprotoent getpwent ndutent strtok endpwent getpwnam nrand48 syslog endrpcent 
getpwuid ns_ntoa ttyname endservent getrpcbyname openlog utmpname endttyent 
getrpcbynumber pututline wcstok endutxent getrpcent pututxline  erand48 
getservbyname rand  ether_aton getservbyport random  ether_ntoa getservent rcmd  
fcvt fgetgrent getttyent rcmd2  fgetpwent getttynam readdir  getdate getuinfo rexec  
getfsent getutent re_comp  getfsent getutid re_exec  getfsfile getutline seed48  getfsfile 
getutxent setfsent  getfsspec getutxid setgrent  getfstype getutxline sethostent 
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2. AIX 内存管理
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系统调用 free 并不释放内存页！

 C free 与 C++ delete 做什么？
 为什么长期运行的进程，比如 cicsas 进程可能造成整机

的内存紧张。
 释放进程不再使用的内存页。

mallopt(M_DISCLAIM, 0);
其它办法包括使用 disclaim 函数
或者使用环境变量：
“ MALLOCOPTIONS=disclaim” 或
者“ MALLOCDISCLAIM=true” 。
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系统调用 free 并不释放内存页！ ( 续 )
#define BUF_SIZE 200000000

int main(){
 char *p;

 p= malloc( BUF_SIZE );
 if(p){
  puts( "Malloc OK!" );
  memset( p, 6, BUF_SIZE );
  free(p);
  mallopt(M_DISCLAIM, 0);
 }
 else{
  puts( "Malloc failed!" );
 }

 while(1){
  p= malloc(100);
  free(p);

  sleep(1);
 }
 return 0;
}
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想分配大块的数据怎么办？

 ulimit 的双重限制
– 系统的默认设置记录在 /etc/security/limits 文件 ( 单位 512byte) 。
– ulimit 命令

例如 ( 默认是 131072 Kbyte) ： ulimit -d unlimited

 对 32 位的程序，如果数据大于一个段 (256M) ，需要设置 MAXDATA 参数
– 设置环境变量

export LDR_CNTRL=MAXDATA=0x20000000
./testmalloc
unset LDR_CNTRL
或者：
LDR_CNTRL=MAXDATA=0x20000000 ./testmalloc  300000000

– 使用编译参数 bmaxdata
cc -o testmalloc -bmaxdata:0x20000000 testmalloc.c
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想分配大块的数据怎么办？ ( 续 )

 LDR_CNTRL environment variable
export LDR_CNTRL=MAXDATA=0x20000000
start_process
unset LDR_CNTRL

 LDR_CNTRL Settings LDP_CNTRL Setting Total Number of Segments 
Process Memory Limit 
Unset                                                  0(default) 256 MB 
LDR_CNTRL=MAXDATA=0x10000000 1          256 MB 
LDR_CNTRL=MAXDATA=0x20000000 2          512 MB 
LDR_CNTRL=MAXDATA=0x30000000 3          768 MB 
LDR_CNTRL=MAXDATA=0x40000000 4          1 GB 
LDR_CNTRL=MAXDATA=0x50000000 5          1.24 GB 
LDR_CNTRL=MAXDATA=0x60000000 6          1.5 GB 
LDR_CNTRL=MAXDATA=0x70000000 7          1.75 GB 
LDR_CNTRL=MAXDATA=0x80000000 8          2 GB 

 If an invalid setting is used for the LDR_CNTRL environment variable, it 
will be ignored and the default one-segment usage will be defined.



IBM Software Group  |  WebSphere software

© 2008 IBM Corporation

AIX 32 位进程的默认内存模式的分段结构
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AIX 32 位进程的大内存模式的分段结构
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32 位进程的共享库代码怎样被共享

 共享库的代码都放在 => 系统的 D 段！
好处：性能高，省内存。

 多系统的机器怎样充分利用 D 段？
使用命名共享库的内存段！
例如： LDR_CNTRL=NAMEDSHLIB=CICS

 何谓“ private shared objects” ？
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32 位进程分配共享内存时 (shmat) 遇到的麻烦

在默认情况下的段对齐 => 最多分配 11 块！
设置 EXTSHM=ON ，注意兼容性！
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与共享库的内存使用相关的常用命令

 观察系统加载的共享库所占的地址空间：
genkld

 观察当前运行的进程加载的共享库所占的地址空间：
genld -l

 观察进程的内存使用：
svmon -P <pid>

 观察进程的共享模块内存使用：
procmap  <pid>

 清除共享内存段：
slibclean
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命令 genkld 的输出举例
 Text address     Size File

        d22be100    36732 /usr/lib/libptools.a[shr.o]
        d22f5080    297de /usr/lib/libtrace.a[shr.o]
        d22938a0    2a34e /usr/lib/libsm.a[shr.o]
        d21cd100    44bd0 /usr/lib/libdiag.a[shr.o]
        d2212100    1a8f1 /usr/lib/libasl.a[shr.o]
        d222d100    17a4d /usr/lib/libcur.a[shr.o]
        d2278fc0    1a011 /usr/lib/libcur.a[shr32c.o]
        d0873100     36b9 /usr/lib/liberrlog.a[shr.o]
        d1420100     6801 /usr/lib/libssa.a[shr.o]
        d217c000    1fb0f /usr/lpp/cics/lib/libcicsencsa.o
        d219c108    306de /usr/lpp/cics/lib/libEncClient.a[EncClient_shr.o]
        d2008100   1735e9 /usr/lib/libdbx.a[shr.o]
        d088e100     5b2b /usr/lib/libcdebug.a[shr.o]
        d0b8e200    14dd2 /usr/lib/libdbx.a[coredebug.o]
        … …
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命令 genld -l 的输出举例
... ...
Proc_pid: 344110    Proc_name: aioserver

Proc_pid: 348258    Proc_name: cicsas
         10000000    608b  cicsas
         d0343100    2514  /home/db2inst1/sqllib/security32/plugin/IBM/client/IBMOSauthclient.a[shr.o]
         d48e4000  15723f  /home/db2inst1/sqllib/lib32/icc/osslib/libcrypto.so.0.9.7
         d03250f8     1e0  /usr/lib/libdl.a[shr.o]
         d13b7000   1d160  /home/db2inst1/sqllib/lib32/icc/icclib/libicclib.so
         d24f8100  12d96f  /usr/lpp/cics/lib/libEncSfs.a[EncSfs_shr.o]
         d09b6100   32830  /usr/lpp/cics/lib/libdamfsrt.a[libdamfs_shr.o]
         30351000     f36  /usr/lpp/cics/bin/cicsswsfs
         d139a100   1c110  /opt/IBM/db2/V9.5/lib32/libdb2dascmn.a[shr.o]
         d1386100   13953  /opt/IBM/db2/V9.5/lib32/libdb2locale.a[shr.o]
         d09e9100    8261  /opt/IBM/db2/V9.5/lib32/libdb2trcapi.a[shr.o]
         d0904100    4b20  /opt/IBM/db2/V9.5/lib32/libdb2install.a[shr.o]
         d4293100  650064  /opt/IBM/db2/V9.5/lib32/libdb2g11n.a[shr.o]
... ...
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命令 svmon -P 的输出举例
# svmon -P 348258

-------------------------------------------------------------------------------
     Pid Command          Inuse      Pin     Pgsp  Virtual 64-bit Mthrd  16MB
  348258 cicsas           77852    65556        0    76315      N     Y     N

    Vsid      Esid Type Description              PSize  Inuse   Pin Pgsp Virtual
       0         0 work kernel segment (lgpg_vsid=0) L     16    16    0    16 
  1d309d         d work shared library text          s   7917     0    0  7917 
   f1f8e         c work shared memory segment        s   1537     0    0  1537 
  1413b5         - clnt /dev/hd9var:103082           s   1410     0    -     - 
   60787         f work shared library data          s    544     0    0   544 
  1f075e         3 work working storage              s    432     0    0   432 
  141235         a work shared memory segment        s    196     0    0   196 
   71fc6         - clnt /dev/hd2:134562              s     73     0    -     - 
   91108         7 work shared memory segment        s     58     0    0    58 
   e07af         - work                              s     53    17    0    53 
   10760         2 work process private              s     38     3    0    38 
   e13cf         - clnt /dev/hd9var:103098           s     35     0    -     - 
   713a6         1 clnt code,/dev/hd2:133928         s     13     0    -     - 
  141075         - clnt /dev/hd9var:102501           s      3     0    -     - 
  150074         - clnt /dev/hd2:20374               s      2     0    -     - 
   211c3         8 work shared memory segment        s      2     0    0     2 
   31062         b work shared memory segment        s      2     0    0     2 
  101fd1         - clnt /dev/hd9var:102449           s      1     0    -     - 
   611c7         6 work working storage              s      0     0    0     0 
  151034         4 work working storage              s      0     0    0     0 
   20743         5 work working storage              s      0     0    0     0 
  1b1fba         - clnt /dev/hd9var:99729            s      0     0    -     - 
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命令 procmap 的输出举例
# procmap 348258
348258 : cicsas CICS01 7340042 101 a0000000 b0000000  
10000000          24K  read/exec         cicsas
30000398           1K  read/write        cicsas
d0343100           9K  read/exec         /home/db2inst1/sqllib/security32/plugin/IBM/client/IBMOSauthclient.a[shr.o]
f12b3ce5           1K  read/write        /home/db2inst1/sqllib/security32/plugin/IBM/client/IBMOSauthclient.a[shr.o]
d48e4000        1372K  read/exec         /home/db2inst1/sqllib/lib32/icc/osslib/libcrypto.so.0.9.7
f1278988         231K  read/write        /home/db2inst1/sqllib/lib32/icc/osslib/libcrypto.so.0.9.7
d03250f8           0K  read/exec         /usr/lib/libdl.a[shr.o]
f03be0f8           0K  read/write        /usr/lib/libdl.a[shr.o]
d13b7000         116K  read/exec         /home/db2inst1/sqllib/lib32/icc/icclib/libicclib.so
f1273ab8          15K  read/write        /home/db2inst1/sqllib/lib32/icc/icclib/libicclib.so
d24f8100        1206K  read/exec         /usr/lpp/cics/lib/libEncSfs.a[EncSfs_shr.o]
f060cf00          74K  read/write        /usr/lpp/cics/lib/libEncSfs.a[EncSfs_shr.o]
d09b6100         202K  read/exec         /usr/lpp/cics/lib/libdamfsrt.a[libdamfs_shr.o]
f0620d00          11K  read/write        /usr/lpp/cics/lib/libdamfsrt.a[libdamfs_shr.o]
30351000           3K  read/exec         /usr/lpp/cics/bin/cicsswsfs
30352150           0K  read/write        /usr/lpp/cics/bin/cicsswsfs
d139a100         112K  read/exec         /opt/IBM/db2/V9.5/lib32/libdb2dascmn.a[shr.o]
f062db04           8K  read/write        /opt/IBM/db2/V9.5/lib32/libdb2dascmn.a[shr.o]
d1386100          78K  read/exec         /opt/IBM/db2/V9.5/lib32/libdb2locale.a[shr.o]
f076c720          19K  read/write        /opt/IBM/db2/V9.5/lib32/libdb2locale.a[shr.o]
d09e9100          32K  read/exec         /opt/IBM/db2/V9.5/lib32/libdb2trcapi.a[shr.o]
f0348088           2K  read/write        /opt/IBM/db2/V9.5/lib32/libdb2trcapi.a[shr.o]
d0904100          18K  read/exec         /opt/IBM/db2/V9.5/lib32/libdb2install.a[shr.o]
f062982e           3K  read/write        /opt/IBM/db2/V9.5/lib32/libdb2install.a[shr.o]
d4293100        6464K  read/exec         /opt/IBM/db2/V9.5/lib32/libdb2g11n.a[shr.o]
f0de7009          89K  read/write        /opt/IBM/db2/V9.5/lib32/libdb2g11n.a[shr.o]
… …
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3. AIX 的函数库
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千万不要被文件名称后缀搞晕！— AIX 不一样

搞清楚这些后缀：
– .o 文件？
– .a 文件？
– .so 文件？

搞清楚这些概念
– Static object

– Shared object

– Library
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一般的共享库编译 / 链接方式

 编译 / 链接共享库 ( 注意 -bM:SRE 选项 )
xlc -c subs1.c
xlc -c subs2.c
ld -o shrsub.so subs1.o subs2.o -bM:SRE -bE:shrsub.exp -bnoentry –lc
注意这里特意把后缀写成 .so ，实际上 AIX 上普遍使用的后缀是 .o 。

 ( 可选 ) 创建存档库
ar ruv libsub.a shrsub.so

 附录： shrsub.exp
! /opt/lr/shlib/shrsub.so
*
* Above, we have the full pathname to the shared library object file
* Below, we have the list of symbols to be exported:
*
func1
func2
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静态库 ? 共享库 ?

 注意 Flags 中的 SHROBJ
# dump -ov /opt/IBM/db2/V9.5/lib32/libdb2.a

/opt/IBM/db2/V9.5/lib32/libdb2.a[shr.o]:

                        ***Object Module Header***
# Sections      Symbol Ptr      # Symbols       Opt Hdr Len     Flags
         7      0x012fabae          51003                72     0x3002
Flags=( EXEC DYNLOAD SHROBJ DEP_SYSTEM )
Timestamp = "Mar 28 17:00:39 2008"
Magic = 0x1df  (32-bit XCOFF)

                        ***Optional Header***
Tsize        Dsize       Bsize       Tstart      Dstart
0x00caa1ec  0x001f7f18  0x0027a0b4  0x10000178  0x20000364
… …
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AIX 共享库一些特殊用法

Private shared objects
Lazy loading

-blazy linker option
Dynamic Loading

dlopen(), dlsym(), dlclose()…
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使用共享库编程序

 以下方式都能编译成功：
xlc -o main main.o -L/opt/lr/shlib –lsub
xlc -o main main.o /opt/lr/shlib/shrsub.so
xlc -o main main.o /opt/lr/shlib/libsub.so

 共享库也可以支持静态联编，例如：
xlc -o main main.o -bstatic -lx -Lnewpath –bdynamic
注意这种做法在版本升级后可能导致的兼容性问题
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共享库的符号解析和库定位规则

联编时定位符号所属的库：
– 默认的库路经 (/usr/lib:/lib)

– -L 参数的作用
执行时如何定位共享库？

– 默认的库路经 (/usr/lib:/lib)

– LIBPATH 环境变量
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共享库的符号解析和库定位规则举例 ( 一 )

# xlc -o main main.o /opt/lr/shlib/shrsub.so
# dump -Hv main

main:

                        ***Loader Section***
                      Loader Header Information
VERSION#         #SYMtableENT     #RELOCent        LENidSTR
0x00000001       0x00000009       0x00000012       0x00000044       

#IMPfilID        OFFidSTR         LENstrTBL        OFFstrTBL
0x00000003       0x000001d0       0x0000002a       0x00000214       

                        ***Import File Strings***
INDEX  PATH                          BASE                MEMBER              
0      /usr/vac/lib:/usr/lib:/lib                                            
1                                    libc.a              shr.o               
2      /opt/lr/shlib                 shrsub.so
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共享库的符号解析和库定位规则举例 (二 )

# xlc -o main main.o -L/opt/lr/shlib -lsub
# dump -Hv main

main:

                        ***Loader Section***
                      Loader Header Information
VERSION#         #SYMtableENT     #RELOCent        LENidSTR
0x00000001       0x00000009       0x00000012       0x0000004d       

#IMPfilID        OFFidSTR         LENstrTBL        OFFstrTBL
0x00000003       0x000001d0       0x0000002a       0x0000021d       

                        ***Import File Strings***
INDEX  PATH                          BASE                MEMBER              
0      /opt/lr/shlib:/usr/vac/lib:/usr/lib:/lib                                         
1                                    libc.a              shr.o               
2                                    libsub.a            shrsub.so



IBM Software Group  |  WebSphere software

© 2008 IBM Corporation

令人头痛的 AIX Runtime Linking (RTL) 联编方式

开发方法的抉择 - 一个哲学问题
 什么是 RTL (Runtime Linking) ？

Run-time linking enables a program to resolve its 
referenced symbols at the program load-time rather 
than link-time (However, in some other UNIX operating 
systems, resolution of function symbols is deferred until 
the function is first called). It is the ability to resolve 
undefined and non-deferred symbols in shared modules 
after the program execution has already began. 



IBM Software Group  |  WebSphere software

© 2008 IBM Corporation

链接支持 RTL 的共享对象的标准方式

 ld -o shrsub.so subs1.o subs2.o -G -bE:shrsub.exp –bnoentry
或：
ld -o main.so main.o -G -bexpall -bnoentry

 -G = -bM:SRE -brtl -bnortllib   -berok   -bnosymbolic –bnoautoexp
-brtl Enables run-time linking.
-bnortllib Removes the reference to the run-time linker library.
-berok Produces the object file even if there are unresolved references. 
-bnosymbolic Assigns this attribute to most symbols exported without an 
explicit attribute.
-bnoautoexp Prevents automatic exportation of any symbol.
-bexpall exports all of its symbols for other shared objects to use
-bnoentry does not contain any entry points

 ( 可选 ) 创建存档库
ar ruv libsub.a shrsub.so
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使用支持 RTL 的共享对象 ( 库 )

 联编应用程序 ( 注意 -brtl 是必须的 )
xlc -o main -brtl main.so /opt/lr/shlib/shrsub.so
或：
xlc -o main -brtl main.so -L/opt/lr/shlib –lsub
注意：在使用 -brtl 时， libxxx.so 这种“库模式”也能被
AIX 编译器识别。

 支持 RTL 的模块的符号如果重绑定：
– 关键是联编命令行的库的顺序
– LIBPATH 的作用
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观察一个支持 RTL 的共享对象的符号表

# dump -Tv main.so 

main.so:

                        ***Loader Section***

                        ***Loader Symbol Table Information***
[Index]      Value      Scn     IMEX Sclass   Type           IMPid Name

[0]     0x00000000    .data      EXP     DS SECdef        [noIMid] func0
[1]     0x0000000c    .data      EXP     DS SECdef        [noIMid] main
[2]     0x00000000    undef      IMP     DS EXTref              .. puts
[3]     0x00000000    undef      IMP     DS EXTref              .. func1
[4]     0x00000000    undef      IMP     DS EXTref              .. func2
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使用 dump 命令研究程序的设置
# dump -HoTv main.so

main.so:

                        ***Object Module Header***
# Sections      Symbol Ptr      # Symbols       Opt Hdr Len     Flags
         4      0x00000502             62                72     0x3002
Flags=( EXEC DYNLOAD SHROBJ DEP_SYSTEM )
Timestamp = "Oct 26 13:43:37 2008"
Magic = 0x1df  (32-bit XCOFF)

                        ***Optional Header***
Tsize        Dsize       Bsize       Tstart      Dstart
0x0000018c  0x00000030  0x00000000  0x00000000  0x00000000

SNloader     SNentry     SNtext      SNtoc       SNdata
0x0004      0x0000      0x0001      0x0002      0x0002    

TXTalign     DATAalign   TOC         vstamp      entry
0x0003      0x0002      0x00000018  0x0001      0xffffffff

maxSTACK     maxDATA     SNbss       magic       modtype
0x00000000  0x00000000  0x0003      0x010b        RE
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使用 dump 命令研究程序的设置 ( 续 )
 ***Loader Section***
                      Loader Header Information
VERSION#         #SYMtableENT     #RELOCent        LENidSTR
0x00000001       0x00000005       0x0000000a       0x0000003b       

#IMPfilID        OFFidSTR         LENstrTBL        OFFstrTBL
0x00000002       0x00000110       0x00000000       0x00000000       

                        ***Import File Strings***
INDEX  PATH                          BASE                MEMBER              
0      /usr/lpp/cics/lib:/usr/lpp/cicssm/lib:/opt/lr/shlib                                         
1                                    ..                                      

                        ***Loader Symbol Table Information***
[Index]      Value      Scn     IMEX Sclass   Type           IMPid Name

[0]     0x00000000    .data      EXP     DS SECdef        [noIMid] func0
[1]     0x0000000c    .data      EXP     DS SECdef        [noIMid] main
[2]     0x00000000    undef      IMP     DS EXTref              .. puts
[3]     0x00000000    undef      IMP     DS EXTref              .. func1
[4]     0x00000000    undef      IMP     DS EXTref              .. func2
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一些有关共享库的命令

 查询依赖的共享库
– ldd <file>

– dump -Hv <file>

– 使用 dbx 的子命令 map
 判断目标文件是 64 位还是 32 位

– file <file>

– dump -X32_64 -ov <file>
 清除装入内存的共享库： slibclean
 转换共享库为支持 RTL ： rtl_enable <file>
 得到符号

– nm <目标文件 >

– dump -Tv <目标文件 >

– dump -tv a.o | c++filt
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Thank You!

谢谢各位！


