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mandatory !

buffer dope

send dope describes the layout of the message to be sent

describes the layout of the message buffer

direct string

indirect strings

1st

2nd
...

1st

2nd
...

flex pages

1st
...

dataspaces

1st
...

These two are
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L3 kernel

start send

sending task receiving task

start receive

establish temporary mapping

copy message into receive buffer

receive finishedsend finished

(synchronization)

u�����¥%���1iM� i´qà���C¯�¯������[�������%¯ÛÅA�C� ���8�
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FlushFPage

Page Fault

Client Task Memory ManagerL3 Kernel

Send(page_fault)

Send(flexpage)
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send rights

receive right
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port rights

out-of-line data
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Mach kernel

start send

lookup queue

copy message into this struct

manipulate port rights to
be transferred

create queue message struct

lookup queue

get queue message struct

sending task receiving task

send finished

start receive

copy message into this buffer

manipulate port rights to
be transferred

receive finished
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Memory Manager

cache_ctl

abstr_mo

abstr_mo

Page Fault

memory_object_
data_request

resolve page fault

memory_object_
data_supply(data, access)

memory_object_
data_return(data)

Client Task Mach Kernel
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establish(mo_repr,

Mach Kernel Memory Manager

memory_object_

vm_map(mo_repr)
memory_object_

notify(host, cache_ctl)

cache_ctl, abstr_mo)KERN_SUCCESS

mo_repr

Client Task
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receive right

kernel

memory mgr

user task

memory mgr

kernel

user task

= currently paged in (cached in main memory)

= mapped data

memory object representative port

abstract memory object

memory cache object

virtual address space

kernel cache

data space

address space

Mach L3

send right
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tuples <name - ipc_object

ipc_object

port port_set

device host

(one instance per task)

no. of references

ipc_space

reference counting

send/receive messages

rights, containing port_set contained ports

receive messages

data

methods

data

methods

etc.

(references)

association management

rights>
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portset

port_object

rights

right manipulation

port_object_wellknown

system-wide name

port_remote port_local

receive messages

contained ports, mqueue

receive messagessend messages

remote refs, mqueue

ipc_object

name

association management

association management

methods

data

device

methods

data

host

etc.

°P±0²p³�´Jµ`¶o·<¶o¸º¹7»½¼p¾J¾�¿�±0µ*´J¼p´@ÀlÁoÂ�Ã�Ä�Å,±0Æ�Ç�¼pÀDÁÉÈ	¼ËÊ�ÌXÍaÃp´JÎlÏ7ÐPÇÑ³�»0¼pÎJ±0ÃËÊ,·

°P±½²p³�´Jµ]¶o·<Ò�¾JÁ�Ã�Óe¾ÕÔ�¼p´JÎ`ÃªÄ�ÎJÁ�µ�À*»0¼p¾J¾ÕÁ�±0µ*´J¼p´JÀDÁoÂÉ¼Ë¾G±½Ç]Ô�»0µ*Ç�µ*ÊoÎJµ*Ì1±0Ê�ÎJÁ�µ�Ö1¼pÀlÁ+×pµ*´JÊ�µ*»g·ÉØ�µ�¾Jµ*µ
ÎJÁ�¼pÎÑÎJÁ�µ�ÎJ¼p¾J×o¾*ÙPÔ�ÃË´JÎ�Ê�¼pÇ�µ]¾@Ô�¼pÀ*µ*¾XÈ�Ú�Û�Ü Ý*Û ¹ Ü º ÏMÀ*ÃpÊoÎJ¼p±0Ê#´@µDÄÞµ*´Jµ*Ê�À*µ*¾�ÎJÃ1Ç�µ*Ç�Æ�µ*´J¾MÃ�Ä�Ú�Û�Ü ß î,$tº Ü�à
È	Ãp´S¾J³�Æ�À*»0¼p¾J¾Jµ*¾SÎJÁ�µ*´Jµ*ÃªÄáÏD·�Ú�Û�Ü ß î,$tº Ü�àM±0¾SÎJÁ�µM±0ÊoÎJµ*´JÊ�¼p»kÊ�ÃËÎJ±0ÃpÊ�Ã�Ä�ÃËÆ�âJµ*À*Î@¾�ÓeÁ�±½ÀlÁz¼p´Jµ`Ê�¼ËÇ]µ*ÌzÆ�Â�Ô�Ãp´JÎ
Ê�¼pÇ�µ*¾ � ÎJÁ�µ*ÂãÀ*¼pÊäÆ�µ�ÛPß�å�à*¾MÃp´MÛPß�å�à Ý º à*¾*·ÉæS»0»nÃpÎJÁ�µ*´M×pµ*´JÊ�µ*»7ÃpÆ�â@µ*À*ÎJ¾�È	Ì�µ*ç�±½À*µ*¾*è�Á�Ãp¾JÎ@¾`¼pÊ�Ì#¾JÃzÃpÊ�Ï
¼p´JµÑÆ�¼p¾J±0À*¼p»½»0Â1±0Ç]Ô�»½µ*Ç]µ*ÊoÎJµ*ÌX¼Ë¾`¾J³�Æ�ÎCÂoÔ�µ*¾�Ã�ÄeÔ�Ãp´JÎJ¾ � ÎJÁ�µ*Â�ÙA´Jµ�À*ÃpÊoÎJ´JÃp»½»0µ*Ì1Óe±0ÎJÁ�¾@Ô�µ*À*±0¼p»½±0é*¼pÎJ±0ÃËÊ�¾`Ã�ÄeÎJÁ�µ
²pµ*Ê�µ*´J±½À�ÖÉ¼ËÀlÁ�êCÍ�¹ë±0ÊoÎJµ*´CÄ	¼pÀ*µ�·

ìOÁ�µ�À*»0¼Ë¾J¾7Á�±0µ*´J¼p´JÀDÁoÂ�¼p¾7±0Ç�Ô�»0µ*Ç]µ*ÊoÎJµ*ÌM±0Ê�ÎJÁ�µ�Å,±0Æ�Ç�¼pÀDÁ]µ*ÇÑ³�»0¼pÎJ±0ÃËÊG±½¾b¾@Á�Ã
Ó�Ê]±0ÊÑí�²p³�´Jµ`¶î·>¶o·�ì7Á�µ*´Jµ
¼p´Jµ�¾@µ*çpµ*´J¼p»,Ì�±<ïkµ*´Jµ*Ê�À*µ*¾SÎJÃMÖ1¼pÀlÁ,Ù9¾bÁ�±½µ*´J¼p´JÀDÁ�Â�¸

ðòñ µ*À*¼Ë³�¾JµX¼p»½»bÌ�¼ËÎJ¼�¾JÎJ´@³�À*ÎJ³�´Jµ*¾�¼p´@µX»0ÃoÀ*¼p»7ÎJÃ�ÎJÁ�µz¼pÔ�Ô�»0±0À*¼ËÎJ±0ÃpÊëÈ	¼p¾�ÃËÔ�Ô�Ãp¾Jµ*ÌòÎJÃ�Ö1¼pÀDÁ,ÙA¾�À*µ*ÊoÎJ´J¼p»
Ç]¼pÊ�¼Ë²pµ*Ç]µ*ÊoÎlÏDèDÎJÁ�µ*´Jµ�ÙA¾ Ê�ÃeÊ�µ*µ*Ì`ÎJÃ�Ç]¼pÔ�Ä	´JÃpÇv¼eÔ�µ*´Có�ÎJ¼p¾@×�Ê�¼pÇ�µP¾JÔ�¼pÀ*µPÎ@Ã�Ú�Û�Ü ß�ô,õ º Ü�à*¾*·Pê�Ê�¾@ÎJµ*¼pÌ,è
ÎJÁ�µ�Ô�Ãp´@ÎeÊ�¼pÇ�µ�Ç�¼pÊ�¼p²pµ*Ç�µ*ÊoÎPÀ*¼pÊXÆ�µ`Ì�ÃpÊ�µ�Óe±½ÎJÁ�±0Ê�ÎJÁ�µ`Ú�Û�Ü ß�ô,õ º Ü�àÕÀ*»0¼p¾J¾�·

ð Ø�µ`Ê�µ*µ*Ì1ÎJÃ�Ì�±0¾JÎJ±½Ê�²p³�±0¾JÁ�Æ�µ*Î®Ó7µ*µ*Ê1»0ÃoÀ*¼p»kÔ�Ãp´JÎJ¾MÈ	ÎJÁ�Ãp¾@µ`¼�ÎJ¼p¾J×�Ã�ÓeÊ�¾�Î@Á�µ`´Jµ*À*µ*±0çËµ`´J±0²ËÁ�Î7Ä	Ãp´lÏ�¼pÊ�Ì
´Jµ*Ç]ÃËÎJµ`Ô�Ãp´JÎJ¾*·�°�³�´JÎJÁ�µ*´JÇ�Ãp´Jµ�è,Ó7µ�Óe±0¾JÁãÎJÃXÌ�±0¾@ÎJ±0Ê�²p³�±0¾@ÁÉÆ�µ*ÎCÓbµ*µ*ÊãÔ�Ãp´JÎÕÃpÆ�â@µ*À*ÎJ¾`Ó�Á�±0ÀlÁãÊ�µ*µ*ÌäÎJÃ
Æ�µ�×oÊ�Ã
Ó�Êä¾JÂo¾JÎJµ*ÇÑó�Óe±0Ì�µM¼pÊ�Ì#Î@Á�Ãp¾Jµ�ÓeÁ�±0ÀDÁäÌ�ÃpÊ,Ù9Î*·äì7Á�±0¾Õ»0µ*¼pÌ�¾MÎJÃ1ÎJÁ�µ�ç:¼p´J±½Ãp³�¾M¾J³�Æoó�À*»0¼p¾J¾@µ*¾GÃªÄ
ÛPß�å�à ß�ô,õ º Ü�à�·
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ð ìkÃ ´Jµ*¾JÃp»½çpµ ´JµDÄ	µ*´Jµ*Ê�À*µ*¾�ÎJÃ Ô�Ãp´JÎJ¾¦Æ�µ*ÎCÓ7µ*µ*Ê¢´Jµ*Ç�ÃpÎJµ�ÎJ¼p¾@×�¾*èòÓbµ Ê�µ*µ*Ì ¼ Ê�¼pÇ]±½Ê�² ¾JÀDÁ�µ*Ç�µ
ÓeÁ�±0ÀDÁ¤±0¾ çQ¼p»0±0Ì ¾JÂo¾JÎJµ*ÇÑó�Óe±0Ì�µ�· ì7Á�±0¾ Ê�¼pÇ�±0Ê�²£¾JÀDÁ�µ*Ç�µ ÃpÔ�µ*´J¼pÎJµ*¾ ÃpÊ ÃpÆ�â@µ*À*ÎJ¾ Ã�Ä¨ÎCÂoÔ�µ
ÛPß�å�à ß�ô,õ º Ü�à � º
	�	
��� ß
� � ·��eÊ�±���³�µ�¾JÂo¾JÎJµ*ÇÑó�Óe±0Ì�µSÊ�¼pÇ�µ*¾7¼p´Jµ�À*´Jµ*¼pÎ@µ*Ì�¼p»0ÃpÊ�²MÓe±0Î@Á�Ê�µ*ÓvÔ�Ãp´@ÎJ¾*·

ð ÖÉ¼ËÀlÁz¾JÂ�¾@ÎJµ*Ç ÃpÆ�â@µ*À*ÎJ¾S»0±0×pµÕÖÉ¼ËÀlÁ1Ì�µ*ço±0À*µ*¾�À*¼pÊ1Æ�µ�µ*ÇÑ³�»0¼pÎJµ*Ìz»0Ã�À*¼Ë»0»0Â�· ñ µ*À*¼p³�¾Jµ�Ó7µMÌ�ÃpÊ,ÙAÎSÊ�µ*µ*ÌÎJÃ�¼p»0»0Ã�Ó¦´Jµ*Ç�ÃpÎJµM¼pÀ*À*µ*¾J¾ÕÎJÃ�ÎJÁ�µ�Ì�µ*ço±0À*µ�±0Ê�Î@µ*´CÄÞ¼ËÀ*µ�èkÓbµÑÌ�ÃpÊ,ÙAÎ�Ê�µ*µ*Ì+ÎJÃ�À*ÃpÊoÎJ´JÃp»PÎJÁ�µ*Ç ç�±½¼�ÖÉ¼ËÀlÁ
ê®Í�¹ è�¼pÊ�ÌXÀ*ÃËÊ�¾Jµ���³�µ*ÊoÎJ»0Â�Ó7µ`Ì�ÃpÊ,Ù9Îe´Jµ��o³�±0´Jµ�ÎJÁ�µ*±0´SÀ*»0¼p¾@¾e±0Ç�Ô�»0µ*Ç]µ*ÊoÎJ¼pÎC±0ÃËÊ�¾PÎJÃ�Æ�µM±0ÊoÄ	µ*´J±0ÃË´bÎ@Ã�¼pÊoÂ
Ã�ÄkÎJÁ�µ�ÛPß�å�à ��À*»0¼p¾J¾Jµ*¾�·ºê)Î7±0¾7¾J³��]À*±0µ*ÊoÎ7ÎJÃ`Ç�¼p×pµeÎ@Á�µ*Ç�±½ÊoÄÞµ*´J±½Ãp´�ÎJÃÕÀ*»0¼p¾J¾eÚ�Û�Ü ß�ô,õ º Ü�àS¼p¾7ÎJÁ�µ*Â�ÙA´Jµ
¾JÎJ±0»0»,Ê�¼pÇ�µ*Ì�±0ÊzÎJÁ�µ`¾J¼ËÇ]µ�Ó7¼�Â�¼p¾SÔ�Ãp´@ÎJ¾GÈgÎJÁ�¼pÎ7±0¾*è,ÎJÁ�Ãp¾Jµ�ÃËÆ�âJµ*À*Î@¾�¼p´@µ�Ê�¼pÇ]µ*Ì�Ó�±0ÎJÁXÔ�Ãp´JÎeÊ�¼ËÇ]µ*¾*è
Æ�³�ÎeÎJÁ�µ*Â�ÙA´Jµ�Ê�ÃpÎe´@µ*¼p»0»0Â�Ô�Ãp´JÎJ¾DÏD·
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( ·�ì7Á�µ �?¹ Ü�� � Ý � »½±0Æ�´J¼p´JÂzÄ	³�Ê�À*ÎJ±0ÃpÊ#Î@´J¼pÊ�¾JÇ�±0ÎJ¾ÕÇ]µ*¾J¾@¼p²pµ*¾`Î@Ã�´Jµ*Ç�ÃpÎJµ�Ô�Ãp´JÎ�¾Jµ*´@ç�±0À*µ�Î@Á�´Jµ*¼pÌ�¾M¼p¾
ÄÞÃp»½»0Ã�Óe¾*¸
ð �e¾J±½Ê�²�ÎJÁ�µeÔ�ÃË´JÎPÊ�¼pÇ�µb¾@Ô�µ*À*±<í�µ*Ì�ÎJÃ �?¹ Ü�� � Ý � è�»0ÃoÃp×`³�Ô�ÎJÁ�µeÀ*ÃË´J´Jµ*¾JÔ�ÃpÊ�Ì�±0Ê�²�Ô�ÃË´JÎ ´@µ*Ç]ÃpÎ@µ
µ*»0µ*Ç]µ*ÊoÎ*·

ð ÐPÊ�À*¼pÔ�¾J³�»½¼pÎJµ�ÎJÁ�µÕÖÉ¼ËÀlÁzÇ]µ*¾J¾@¼p²pµS±0ÊX¼pÊ1Åk¶ÑÇ]µ*¾J¾@¼p²pµ�è�¼pÌ�Ì�´Jµ*¾J¾S±0ÎSÓe±0ÎJÁ�Î@Á�µ`Ô�ÃË´JÎ ´@µ*Ç]ÃpÎ@µ�ÙA¾
¾JÂ�¾@ÎJµ*Ç�ó�Ó�±0Ì�µ�Ê�¼pÇ�µ�¼ËÊ�ÌG¾@µ*Ê�Ì�±0ÎPÎJÃSÎJÁ�µeÔ�Ãp´JÎP¾Jµ*´Jço±0À*µ7ÎJÁ�´Jµ*¼ËÌG±½Ê�Ì�±0À*¼pÎJµ*ÌM±0ÊMÎJÁ�µ7Ô�ÃË´JÎ ´@µ*Ç]ÃpÎ@µ
ÃpÆ�â@µ*À*Î*·

Òî·eæ Ô�ÃË´JÎ�¾Jµ*´Jço±0À*µ�ÎJÁ�´@µ*¼pÌ1ÓeÁ�±0ÀDÁÉÁ�¼Ë¾`´Jµ*À*µ*±0çËµ*Ì�ÎJÁ�µMµ*Ê�À*¼pÔ�¾J³�»0¼ËÎJµ*Ì�Ö1¼pÀDÁÉÇ�µ*¾J¾J¼Ë²pµ`³�¾J±½Ê�²XÅk¶�êCÍ�¹
Ê�µ*µ*Ì�¾�ÎJÃM¼pÔ�Ô�µ*Ê�Ì1ÎJÁ�µ�Ç]µ*¾@¾J¼p²pµSÎJÃMÎJÁ�µ�¼pÔ�Ô�´JÃËÔ�´J±0¼pÎJµ�Ç�µ*¾J¾J¼Ë²pµ)�o³�µ*³�µ�¸
ð Ð+*�ÎJ´J¼pÀ*ÎnÎJÁ�µ�¼ËÌ�Ì�´Jµ*¾J¾Jµ*µSÄ	´JÃpÇ ÎJÁ�µSÇ]µ*¾@¾J¼p²pµ�,oÎJÁ�±0¾7±0¾7ÎJÁ�µS¾JÂ�¾@ÎJµ*Ç�ó�Ó�±0Ì�µeÊ�¼pÇ�µeÃ�Ä[Î@Á�µ�Ô�Ãp´JÎ7ÎJÃ
ÓeÁ�±0ÀDÁ�ÎJÁ�µ�Ç]µ*¾@¾J¼p²pµSÁ�¼p¾eÆ�µ*µ*ÊX¼pÌ�Ì�´Jµ*¾@¾Jµ*Ì,·

ð ìk´JÂzÎJÃÑí�Ê�Ìä¼�À*Ãp´@´Jµ*¾JÔ�ÃËÊ�Ì�±0Ê�²�Ô�Ãp´@Î »0ÃoÀ*¼p»aÌ�¼pÎJ¼�¾JÎ@´J³�À*ÎJ³�´JµM³�¾J±0Ê�²�Î@Á�µ�¼pÔ�Ô�´JÃpÔ�´@±0¼pÎJµÕ»0Ã�ÃË×�³�Ô
ÄÞ³�Ê�À*ÎJ±½ÃpÊ,·

ð ê	ÄP±0Î7í�Ê�Ì�¾eÃpÊ�µ�è�ÀlÁ�µ*ÀD×�±<Ä[ÎJÁ�µÕ¾Jµ*Ê�Ì�µ*´SÁ�Ãp»0Ì�¾e¼pÊ�¼ËÔ�Ô�´JÃpÔ�´J±0¼ËÎJµ�´@±0²pÁoÎbÎ@ÃG¾@µ*Ê�ÌX±0ÊoÎJÃMÎJÁ�±0¾eÔ�Ãp´JÎ*·
ð ¹7Á�µ*Àl×z±<ÄbÎ@Á�µ�Ô�Ãp´@Î�Æ�µ*»0ÃpÊ�²Ë¾`±0ÊoÎJÃ�¼XÔ�ÃË´JÎ�¾Jµ*Î*·�êgÄO¾@Ã�è-��³�µ*³�µÑÎJÁ�µ�Ç�µ*¾J¾J¼p²pµÕ±0Ê�ÎJÁ�µMÇ�µ*¾J¾J¼p²Ëµ

��³�µ*³�µÕ¼pÎJÎJ¼pÀDÁ�µ*Ì�ÎJÃ�ÎJÁ�µ�Ô�Ãp´JÎe¾Jµ*Î�è�ÃpÎJÁ�µ*´JÓ�±0¾JµS±0Ê�ÎJÁ�µ�Ô�ÃË´JÎ »½Ã�À*¼p»gÙA¾.��³�µ*³�µ�·
¶î·�ìkÃ�Ì�µ��o³�µ*³�µ]Î@Á�µGÇ�µ*¾J¾J¼Ë²pµ�èkÎJÁ�µ �?¹ Ü�� � Ý � »0±0Æ�´J¼p´@Â�´JÃp³�ÎJ±0Ê�µMÊ�µ*µ*Ì�¾MÎJÃ�»0ÃoÃp×�³�ÔãÎJÁ�µMÔ�Ãp´JÎ@¾Jµ*Î�Ãp´

Ô�Ãp´JÎ »0ÃoÀ*¼p»,µ*»0µ*Ç�µ*Ê�Î7À*Ãp´J´@µ*¾JÔ�ÃpÊ�Ì�±½Ê�²]ÎJÃMÎJÁ�µÕÔ�Ãp´@ÎeÊ�¼pÇ�µ�±0Î7Ó7¼p¾e¾@Ô�µ*À*±<í�µ*Ì,è,¼pÊ�ÌXÀ*¼ËÊ�ÎJÁ�µ*ÊX´Jµ*Ç�Ã�çpµ
ÎJÁ�µ�Ç]µ*¾@¾J¼p²pµ�ÄÞ´@ÃpÇ ÎJÁ�µ�¼pÎJÎJ¼ËÀlÁ�µ*Ì/�o³�µ*³�µ�·

ö ·eæ Ç�¼
â@Ãp´�Ö1¼pÀDÁ#À*ÃpÊ�À*µ*Ô�Î]µ*ÇÑ³�»0¼pÎJµ*Ì�ÆoÂ+ÎJÁ�µ�Ô�Ãp´@Î�µ*Ç�³�»0¼pÎ@±0ÃpÊ�»0±½Æ�´J¼p´JÂ�±½¾GÎ@Á�µ�ÎJ´J¼pÊ�¾CÄ	µ*´�Ã�ÄS¾Jµ*Ê�Ì
´J±0²pÁoÎJ¾eÎJÃ�Ö1¼pÀDÁÉÔ�Ãp´JÎJ¾Sço±0¼]Ö1¼pÀDÁ1Ç]µ*¾@¾J¼p²pµ*¾*·�ì7Á�±0¾S±0¾�¼pÀ*À*ÃpÇ�Ô�»0±0¾@Á�µ*Ì�³�¾J±0Ê�²�¼�¶Qó�Ô�Á�¼p¾JµDó�À*ÃpÇ�Ç�±0ÎCó
»0±0×pµ7Ô�´JÃpÎ@Ã�À*Ãp»g¸kê�Ê�Ãp´JÌ�µ*´�Î@Ã�Ô�´Jµ*çpµ*ÊoÎ�´J¼pÀ*µ�À*ÃpÊ�Ì�±0ÎJ±0ÃËÊ�¾*èpÓ7µeÁ�¼�çpµ7ÎJÃ`Ç�¼p×pµn¾J³�´JµeÊ�µ*±0Î@Á�µ*´�ÎJÁ�µe¾@µ*Ê�Ì�µ*´
Ê�Ãp´�Î@Á�µG´@µ*À*µ*±0çpµ*´SÃ�Ä�ÎJÁ�µM¾Jµ*Ê�Ì1´J±0²pÁoÎeÀ*¼pÊ1³�¾JµMÎJÁ�µÕ¾Jµ*Ê�Ì1´J±0²pÁoÎSÆ�µDÄ	Ãp´JµMÎJÁ�µ`Î@´J¼pÊ�¾CÄ	µ*´�Ç�µ*¾J¾J¼Ë²pµ�Á�¼p¾
Æ�µ*µ*ÊX¾@³�À*À*µ*¾J¾CÄ	³�»0»0Â�¾Jµ*Ê�Î�·
ð Ø Á�µ*Ê�Î@Á�µ �?¹ Ü�� � Ý � ´JÃp³�ÎJ±0Ê�µaÌ�µ*ÎJµ*À*ÎJ¾aÎJÁ�¼pÎ,¼e¾@µ*Ê�Ì`´J±0²ËÁ�Î,¾JÁ�Ãp³�»½Ì�Æ�µ�À*ÃËÔ�±0µ*Ì`Ãp´,Ç�Ã�çpµ*Ì,è:ÎJÁ�µ
À*Ãp´J´Jµ*¾JÔ�ÃpÊ�Ì�±0Ê�²�Ô�Ãp´JÎ*ÙA¾SÔ�ÃË´JÎ »½Ã�À*¼p»PÃËÆ�âJµ*À*ÎS±0¾�Ê�ÃpÎ@±<í�µ*Ì1Ã�ÄbÎJÁ�µMÔ�»0¼ËÊ�Ê�µ*Ì�ÎJ´J¼pÊ�¾ ÄÞµ*´SÃpÔ�µ*´@¼pÎJ±0ÃpÊ,·
ê	ÄeÎJÁ�µ�À*³�´J´Jµ*ÊoÎ`ÎJ¼p¾@× ÈgÎJÁ�¼pÎ`Ó�±0¾JÁ�µ*¾`Î@ÃXÎJ´J¼ËÊ�¾CÄÞµ*´�Î@Á�µ]´J±½²pÁ�ÎDÏS¼p»0¾JÃ�Ã�ÓeÊ�¾ÕÎJÁ�µ]À*ÃË´J´Jµ*¾JÔ�ÃpÊ�Ì�±0Ê�²
Ô�Ãp´JÎ�ÙA¾[´@µ*À*µ*±0çpµ7´J±0²pÁoÎ�È	±g·Aµ�·[ÎJÁ�µ7Ô�Ãp´JÎ »0Ã�À*¼Ë»�ÃpÆ�â@µ*À*Î[±0Ê0�o³�µ*¾JÎJ±0ÃËÊ`±0¾P»0ÃoÀ*¼p»oÎJÃSÎJÁ�µ7ÎJ¼p¾J×�ÏDè�ÎJÁ�±0¾PÀ*¼pÊ
Æ�µ`Ì�ÃËÊ�µ`ÆoÂ]Ì�±0´@µ*À*ÎJ»0Â�±0Ê�çËÃp×�±½Ê�²G¼Ñ´JÃp³�ÎJ±0Ê�µ�Ô�´@Ã
ço±0Ì�µ*Ì�ÆoÂ�ÎJÁ�µ�ÛPß�å�à 	 ßkÜ ¹�	 À*»0¼Ë¾J¾*·21SÎJÁ�µ*´@Óe±0¾Jµ
È	ÎJÁ�µ�Ô�Ãp´JÎ »0Ã�À*¼Ë»bÃËÆ�âJµ*À*ÎÕ±0¾`´@µ*Ç]ÃpÎ@µ:ÏDè[¼pÊ43eÍn¹ ±½¾G¾@µ*Ê�ÎÕÎJÃ1ÎJÁ�µ]Ô�Ãp´JÎÕÃ
Ó�Ê�µ*´*ÙA¾`Ô�Ãp´JÎM¾Jµ*´Jço±0À*µ
ÎJÁ�´Jµ*¼pÌ�´Jµ��o³�µ*¾JÎJ±½Ê�²�±0Î7ÎJÃ�´J³�Ê�Î@Á�µ�´JÃp³�ÎJ±0Ê�µ�ÃËÊ�Æ�µ*Á�¼p»<ÄPÃ�ÄPÎJÁ�µ`À*³�´@´Jµ*Ê�Î�ÎJ¼p¾J×�·
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ð ì7Á�µ�Ô�Ãp´JÎ »0Ã�À*¼Ë»�ÃpÆoâJµ*À*ÎkÀDÁ�µ*ÀD×�¾PÎJÁ�µn´Jµ��o³�µ*¾JÎP¼pÊ�Ì`¾@ÎJÃp´Jµ*¾a±0Î,Ä	Ãp´a»0¼pÎJµ*´kµ:*�µ*À*³�ÎJ±0ÃËÊ,èpÆ�³�ÎPÌ�Ã�µ*¾aÊ�ÃpÎ
¼pÀ*ÎJ³�¼p»0»½Â�³�Ô�Ì�¼pÎJµ�±0ÎJ¾a´JµDÄÞµ*´@µ*Ê�À*µe»0±0¾JÎ@¾PÂpµ*Î*·ºìOÁ�±0¾P±0¾PÌ�ÃpÊ�µe¾@Ã�ÎJÁ�¼pÎ �?¹ Ü;� � Ý � À*¼ËÊGÀ*¼ËÊ�À*µ*»�ÎJÁ�µ
ÎJ´J¼pÊ�¾CÄ	µ*´�ÃªÄ[´J±0²pÁoÎJ¾n¾JÁ�Ãp³�»0Ì�ÎJÁ�µSÇ�µ*¾J¾J¼p²pµ�ÎJ´J¼pÊ�¾CÄ	µ*´7ÎJÃMÎJÁ�µSÎJ¼p´J²pµ*ÎnÎJ¼p¾J× ÄÞ¼p±½»	·ºì7Á�µ*Ê�±½Îb´@µ*ÎJ³�´JÊ�¾
ÎJÃ`ÎJÁ�µ�±½Ê�çpÃË×�±0Ê�² �?¹ Ü�� � Ý � ´JÃp³�Î@±0Ê�µ�è�±0Ê�Ì�±½À*¼pÎJ±0Ê�²MÓeÁ�µ*ÎJÁ�µ*´7ÎJÁ�µ�ÃËÔ�µ*´J¼pÎ@±0ÃpÊ�Ó7¼p¾7¼pÔ�Ô�´JÃ�çpµ*Ì,è
¼pÊ�ÌX¼p»½¾JÃ]´@µ*ÎJ³�´JÊ�±0Ê�²�¼�Á�¼ËÊ�Ì�»0µ`ÓeÁ�±½ÀlÁzÀ*¼pÊ1»0¼pÎJµ*´eÆ�µM³�¾Jµ*Ì1ÎJÃ]À*ÃËÇ]Ç�±0Î�ÃË´�À*¼pÊ�À*µ*»PÎ@Á�µ`´J±0²ËÁ�ÎJ¾
ÎJ´J¼pÊ�¾CÄ	µ*´*·

ð ê	Ä�ÎJÁ�µ�Ô�Ãp´JÎ »0Ã�À*¼Ë»kÃpÆ�â@µ*À*ÎeÁ�¼p¾S¼pÔ�Ô�´JÃ�çpµ*Ì�ÎJÁ�µÕÇ]ÃoÌ�±<í�À*¼pÎ@±0ÃpÊ,è�Î@Á�µ �?¹ Ü�� � Ý � ´JÃp³�Î@±0Ê�µ�ÎJ´J±0µ*¾
ÎJÃ�¾Jµ*Ê�ÌòÎJÁ�µXÇ�µ*¾J¾J¼p²Ëµ�¼pÊ�Ì�ÎJÁ�µ�À*ÃËÇ]Ç�±0Î`Á�¼ËÊ�Ì�»0µXÎJÃ+ÎJÁ�µ�ÎJ¼Ë´J²pµ*Î�ÎJ¼Ë¾J×ä¼Ë¾]³�¾J³�¼Ë»	· Ègê	Ä`ÎJÁ�µ
ÎJ´J¼pÊ�¾CÄ	µ*´aÄ	¼p±0»0¾*èp±½ÎP±0Ê�çËÃp×pµ*¾PÎJÁ�µSÔ�Ãp´@Î »0ÃoÀ*¼p»�ÃpÆoâJµ*À*În¼p²p¼p±0ÊMÎJÃ�À*¼ËÊ�À*µ*»%Î@Á�µe´J±0²pÁoÎJ¾PÎJ´@¼pÊ�¾CÄ	µ*´P³�¾J±0Ê�²
ÎJÁ�µ�À*ÃpÇ�Ç]±0ÎPÁ�¼ËÊ�Ì�»0µ�·>Ï

ð ê	Ä�ÎJÁ�µÕÇ]µ*¾J¾@¼p²pµ�Á�¼p¾SÆ�µ*µ*Ê1¾Jµ*ÊoÎ�¾@³�À*À*µ*¾J¾CÄ	³�»0»0Â�è,ÎJÁ�µ`´Jµ*À*µ*±½çpµ*´�±½Ê�çpÃË×pµ*¾7ÎJÁ�µMÔ�Ãp´JÎ »0ÃoÀ*¼p»kÃpÆoâJµ*À*Î*è
¾J³�Ô�Ô�»0Âo±0Ê�²�ÎJÁ�µMÀ*ÃpÇ�Ç]±0Î7Á�¼pÊ�Ì�»½µ�èkÎJÃ�À*ÃpÇ�Ç]±0Î7ÎJÁ�µM´J±½²pÁ�Î@¾�ÎJ´@¼pÊ�¾CÄ	µ*´*·Gì7Á�µMÔ�ÃË´JÎ »½Ã�À*¼p»aÃpÆ�â@µ*À*Î
³�Ô�Ì�¼pÎJµ*¾a±0Îk»½±0¾JÎ,Ã�Ä�´J±0²ËÁ�ÎJ¾�è:Æ�ÂS±0Ê�¾Jµ*´@ÎJ±0Ê�²eÊ�µ*Ó+´J±0²pÁoÎJ¾*èQÌ�µ*»0µ*ÎJ±0Ê�²e´@±0²pÁoÎJ¾k¼pÊ�ÌÕ³�Ô�Ì�¼pÎJ±½Ê�²e´JµDÄ	µ*´Jµ*Ê�À*µ
À*Ãp³�Ê�Î@µ*´J¾*è�¼p¾e´Jµ��o³�µ*¾JÎJµ*Ì,·
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Ô�Ãp´JÎn±0Ê<��³�µ*¾JÎ@±0ÃpÊ,è�ÎJÁ�±0¾nÔ�´JÃpÎJÃoÀ*Ãp»�À*¼ËÊ�Æ�µS¾JÁ�Ãp´JÎCó�À*±½´JÀ*³�±0ÎJµ*Ì�Æ�ÂÑ¼`Ê�Ãp´JÇ�¼p»�Ç�µ*¾J¾J¼p²Ëµe¾Jµ*Ê�Ì�ÃpÔ�µ*´J¼pÎJ±0ÃËÊ
È	¼p¾7»0ÃpÊ�²�¼Ë¾bÎ@Á�µ`Ô�ÃË´JÎeÌ�¼pÎJ¼M¾JÎ@´J³�À*ÎJ³�´Jµ*¾e´@µ*Ç]¼p±½Ê]»0ÃoÀD×pµ*Ì�Æ�Â�ÎJÁ�µ�¾Jµ*Ê�Ì�±½Ê�²�ÎJÁ�´Jµ*¼pÌ�Ïá·
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port rights to unique names

sending task receiving task

receive thread main thread

start mach_msg (receiving)

start send start receive

transfer L3 message

receive finishedsend finished

mach_msg finished lookup message queue

kernel (L3)

allocate message struct

start mach_msg (sending)

append message struct to queue

lookup message queue

dequeue message

copy message into receive buffer

mach_msg finished

parse message and convert
unique names to port rights

parse message and convert

°P±½²p³�´Jµ�¶o·Aö�¸PÖ1µ*¾J¾J¼p²Ëµ�ÎJ´J¼pÊ�¾JÇ�±0¾J¾@±0ÃpÊM±0Ê�ÎJÁ�µÕÇ]¼pÀDÁ Ç�¾J²Mµ*Ç�³�»0¼pÎJ±½ÃpÊ,·

ìOÁ�µ*´Jµe¾Jµ*µ*Ç�¾PÎJÃ`Æ�µ�Ê�ÃÕµ*Ê�Ãp´JÇ�Ãp³�¾PÌ�±<ïkµ*´Jµ*Ê�À*µS±0Ê�ÎJÁ�µ�¼pÇ]ÃË³�Ê�ÎaÃ�ÄkÌ�¼pÎJ¼ÕÎJÁ�¼pÎPÁ�¼p¾7ÎJÃ�Æ�µ�À*ÃpÔ�±½µ*Ì�,îÆ�ÃpÎJÁ
Ç�µ*ÎJÁ�Ã�Ì�¾7À*¼pÊzÎJ¼p×pµS¼pÌ�çQ¼pÊ�Î@¼p²pµ�Ã�ÄPÔ�¼p¾J¾J±½Ê�²G´@µDÄÞµ*´Jµ*Ê�À*µ*¾S±0Ê�¾JÎ@µ*¼pÌ�Ã�ÄPÀ*ÃpÔ�Âo±0Ê�²Mµ*çpµ*´JÂoÎJÁ�±0Ê�² ·

Øãµ�Ì�µ*À*±0Ì�µ*Ì#ÎJÃz±0Ç]Ô�»½µ*Ç]µ*ÊoÎ�Ç�µ*¾J¾J¼Ë²pµMµ*Ê�À*¼pÔ�¾J³�»0¼pÎ@±0ÃpÊ�Æ�µ*À*¼p³�¾Jµ�ÎJÁ�µ�Ô�´@µ*ç�±0ÃË³�¾GÌ�µ*À*±½¾J±0ÃpÊ�ÃªÄOÓ�´J±0ÎJ±0Ê�²
¼ �?¹ Ü�� � Ý � µ*Ç�³�»½¼pÎJ±0ÃpÊ+È	¼pÊ�Ì�Î@Á�µ�¼pÆ�Ã�çpµDó�Ì�µ*¾@À*´J±0Æ�µ*Ì+´Jµ*À*µ*±0çËµDó�Æ�³oï µ*´MÔ�´JÃËÆ�»0µ*Ç.Ï�µ*ÊoÄ	Ãp´JÀ*µ*Ì+ÎJÁ�±0¾*·Xì7Á�µ
Ä	Ãp»0»0Ã�Óe±0Ê�²ÕÌ�µ*¾J±0²pÊ�Ì�µ*¾@À*´J±0Æ�µ*¾S¾JÃpÇ�µSÌ�µ*ÎJ¼p±0»0¾�·

æSÊ1¼p»0ÎJµ*´@Ê�¼pÎJ±0çpµ�Ì�µ*¾@±0²pÊ1³�¾J±0Ê�²�¼�¾JÎ@³�ÆÉ²Ëµ*Ê�µ*´J¼pÎJÃp´�¼ËÊ�ÌÉÇ�µ*¾J¾J¼Ë²pµ`ÎJ´@¼pÊ�¾CÄ	Ãp´JÇ�¼pÎJ±<ÃpÊ�±0¾�Ãp³�ÎJ»0±½Ê�µ*ÌÉ¼ªÄÞÎJµ*´
ÎJÁ�¼pÎ�·

G�H
I�H�G h~O�WwU���Q
æ�²pµ*Ê�µ*´J¼Ë»[Ô�±0À*Î@³�´JµMÃ�Ä�ÎJÁ�µ`Ì�µ*¾@±0²pÊX±½¾�Ô�´JÃ�ço±0Ì�µ*ÌX±½ÊXí�²Ë³�´JµG¶o·9ö�· ¹7ÃËÇ]Ô�¼p´@µ*Ì�ÎJÃ�ÎJÁ�µ�Åk¶zÈ�í�²p³�´Jµ�Òo·<ÒpÏ7¼pÊ�Ì
Ö1¼pÀDÁ�È�í�²p³�´JµMÒo·�8pÏn¼p´JÀDÁ�±0ÎJµ*À*Î@³�´Jµ�ÎJÁ�µ`Á�±½²pÁ�µ*´eÀ*ÃpÇ�Ô�»0µ:*�±0ÎCÂ�±0¾eÌ�³�µÕÎJÃ�ÎCÓ7Ã�´Jµ*¼p¾JÃËÊ�¾*¸�ÎJÁ�µÕÔ�Ãp´JÎ�´J±0²pÁoÎJ¾7¼p´Jµ
Á�¼pÊ�Ì�»0µ*ÌÑ±0ÊM³�¾Jµ*´�¾JÔ�¼ËÀ*µe¼pÊ�Ì�ÎJÁ�µ*´@µDÄÞÃp´@µb´@µ���³�±0´@µb¼ËÌ�Ì�±0ÎJ±0ÃpÊ�¼Ë»�À*ÃpÊoçpµ*´J¾@±0ÃpÊ�¾*èp¼pÊ�ÌÑÖÉ¼ËÀlÁ,ÙA¾PÇ�µ*¾J¾J¼Ë²pµS�o³�µ*³�±0Ê�²
±0¾PÇ�Ã�çpµ*Ì`±0ÊoÎJÃ�³�¾Jµ*´n¾JÔ�¼pÀ*µ�·�ì7Á�µe¼Ë¾JÂ�Ê�ÀDÁ�´JÃpÊ�±½Î®Â�±½¾�Ô�´JÃ�ço±0Ì�µ*ÌMÆ�ÂM¼pÊM¼pÌ�Ì�±0Î@±0ÃpÊ�¼p»oÎJÁ�´Jµ*¼pÌ,èoÎJÁ�µeÔ�Ãp´JÎP¾Jµ*´Jço±0À*µ
ÎJÁ�´Jµ*¼ËÌ,·

� º Ý:Ý ¹
�]ºdc�� Ü ¹ ÛºÝw_ 	|¹ à:Ú�ß �
æSÊäµ:*�¼pÇ�Ô�»0µMÃ�Äe¼XÖ1¼pÀDÁ�Ç]µ*¾@¾J¼p²pµM¼pÊ�Ì+±0ÎJ¾`Åk¶zÀ*Ãp³�ÊoÎJµ*´JÔ�¼Ë´JÎ�À*´Jµ*¼pÎJµ*Ì+ÆoÂÉµ*Ê�À*¼ËÔ�¾J³�»0¼pÎJ±½ÃpÊ�±0¾Õ¾JÁ�Ã�ÓeÊ�±0Ê
í�²p³�´Jµ`¶î·�8o·
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copying the message buffer verbatim

buffer dope

send dope

direct string

1st

2nd

3nd

4th

indirect strings

1st

2nd

dataspaces

1st

destination port name

reply port name

message

data

integer

string

port

memory object

integer

creating auxiliary (converted) information

creating a converted memory object

°P±0²p³�´Jµ`¶o·�8o¸PÖÉµ*¾@¾J¼p²pµSµ*Ê�À*¼pÔ�¾J³�»0¼ËÎJ±0ÃpÊ�µ:*�¼pÇ�Ô�»0µ�·

ìOÁ�µ�Ô�Ãp´@Î`Ê�¼pÇ�µ*¾�Ç�³�¾JÎ�Æ�µ]À*ÃpÊoçpµ*´JÎ@µ*Ì�ÎJÃ�²p»0ÃËÆ�¼p»P³�Ê�±r�o³�µ]Ê�¼pÇ�µ*¾*èkÆ�µ*À*¼p³�¾Jµ�Ô�Ãp´JÎÕÊ�¼pÇ�µ*¾�¼p´Jµ�ÃpÊ�»½Â
ç:¼Ë»0±0Ì�±0Ê�¾J±0Ì�µeÎ@Á�µ�ÎJ¼Ë¾J×�Ù9¾�¾JÀ*ÃpÔ�µ�·b¹7³�´J´@µ*Ê�ÎJ»½ÂGÎ@Á�µ�¾J±½é*µ�Ã�Äk¾J³�ÀDÁ�¼G³�Ê�±���³�µSÊ�¼pÇ�µe±0¾ ( Ò�ÆoÂoÎJµ�è�ÎJÁ�µ*´JµDÄ	Ãp´Jµe±0În±0¾
¾JÎJÃË´Jµ*ÌX±0Ê1¶MÌ�±0´Jµ*À*ÎS¾JÎJ´@±0Ê�²�µ*»0µ*Ç�µ*Ê�Î@¾*·eê	Ä�¼�³�Ê�±r�o³�µ`Ê�¼pÇ�µ�Ó7µ*´Jµ`Ç�³�ÀDÁ�»0¼p´@²pµ*´e±0ÎSÓ7Ãp³�»0Ì�Æ�µM¼pÔ�Ô�´@ÃpÔ�´J±0¼pÎ@µ
ÎJÃ�³�¾@µ�¼�±0Ê�Ì�±0´Jµ*À*Î�¾JÎJ´J±0Ê�²M±0Ê�¾@ÎJµ*¼pÌ,·��

ìOÁ�µÉÇ�Ãp¾JÎ�¾J±0Ç�±0»0¼Ë´GÀ*ÃËÇ]Ô�ÃpÊ�µ*Ê�Î�Ä	Ãp´�¼#Ö1¼pÀlÁëÇ�µ*Ç]ÃË´JÂäÃËÆ�âJµ*À*Î�±½¾�¼�Åk¶+Ì�¼pÎJ¼p¾@Ô�¼pÀ*µ�· ìOÁ�±0¾�±0¾JÊ,ÙAÎ
±0Ç�Ô�»0µ*Ç�µ*Ê�ÎJµ*Ì1Æ�µ*À*¼p³�¾Jµ�Ó7µ]Ì�±½Ì�Ê,ÙAÎMµ*Ç�³�»0¼pÎJµÑÖÉ¼ËÀlÁ,ÙA¾ ��Ö ¾J³�Æ�¾JÂo¾JÎJµ*ÇM,�´Jµ*¼p¾@ÃpÊ�¾M¼p´Jµ�Ì�µ*¾JÀ*´J±0Æ�µ*Ì#Æ�µ*»0Ã�Ó
È	¾Jµ*À*Î@±0ÃpÊ�¶o·�8pÏD·

! ß�å�à<� º å�¡[Ú	Ü ºvz �kå º�¢�£
ê�ÊÕÖ1¼pÀlÁ�Æ�³oïkµ*´J±½Ê�²e±0¾,Ì�ÃpÊ�µ�±½Ê�ÎJÁ�µ�×pµ*´@Ê�µ*»�È	¾Jµ*µaí�²p³�´@µ�Òo·�8pÏD·kê)ÊGÅk¶�ÎJÁ�µPÇ�µ*¾J¾J¼p²Ëµ[ÎJ´@¼pÊ�¾CÄ	µ*´%±½¾k¾JÂoÊ�ÀlÁ�´JÃËÊ�Ãp³�¾*è
ÎJÁ�µ*´JµDÄ	Ãp´JµSÇ�µ*¾J¾J¼p²pµ�Æ�³oï µ*´@±0Ê�²M¼pÊ�Ì/��³�µ*³�±½Ê�²GÁ�¼Ë¾bÎ@ÃGÆ�µ�Ô�´JÃ�ç�±½Ì�µ*Ì]±0Ê�³�¾@µ*´bÇ�ÃoÌ�µ�·¤eo±½Ç]±0»½¼p´PÎJÃMÎJÁ�µS¾J±0²pÊ�¼p»
Á�¼pÊ�Ì�»0±½Ê�²�ÎJÁ�´Jµ*¼pÌ�±½ÊXÅ,±0ÎJµ*¾?s ( ÒwukÓ7µ�Ì�µ*¾J±0²pÊ�µ*Ì�¼�Ô�Ãp´JÎe¾@µ*´Jç�±½À*µ�ÎJÁ�´Jµ*¼pÌ,·

ìOÁ�±0¾�ÎJÁ�´Jµ*¼pÌ1´Jµ*À*µ*±½çpµ*¾�¼p»0»Pµ*Ê�À*¼pÔ�¾@³�»0¼pÎJµ*Ì1Ö1¼pÀDÁÉÇ�µ*¾J¾J¼Ë²pµ*¾*·Mæ�À*À*Ãp´@Ì�±0Ê�²�ÎJÃ�ÎJÁ�µ*±0´�Ì�µ*¾@ÎJ±0Ê�¼pÎJ±½ÃpÊXÔ�Ãp´JÎ
ÎJÁ�µ�Ç�µ*¾J¾J¼p²Ëµ*¾b¼Ë´Jµ�À*ÃpÔ�±0µ*Ì�±0ÊoÎJÃMÎJÁ�µÕ¼pÔ�Ô�´JÃpÔ�´J±½¼pÎJµ���³�µ*³�µÕ¼pÊ�Ì�ÎJÁ�µ`Î@Á�´Jµ*¼pÌ�¾JÎJ¼Ë´JÎJ¾7´Jµ*À*µ*±0ço±0Ê�²M¼p²p¼p±½Ê,·

ìOÁ�µq�o³�µ*³�µ*¾e¼p´JµSÔ�¼p´JÎ7Ã�ÄaÎJÁ�µ�´@µ*À*µ*±0ç�±½Ê�²GÎ@¼p¾J×�¼pÊ�Ì�¼p´JµS¾JÁ�¼p´@µ*Ì]ÆoÂ]Î@Á�µ�Ô�Ãp´JÎ7¾Jµ*´Jço±0À*µSÎJÁ�´Jµ*¼pÌ�¼pÊ�Ì�ÎJÁ�µ
Ç�¼p±0Ê�ÎJÁ�´Jµ*¼pÌ,·PæSÀ*À*µ*¾J¾�Î@Ã�ÎJÁ�µ¥�o³�µ*³�µ*¾�±0¾�Ç]µ*Ì�±0¼ËÎJµ*Ì]ÆoÂ�¼�²p»0ÃpÆ�¼Ë»�»0ÃoÀl×�·

ìOÁ�µGÇ�¼p±0Ê�Î@Á�´Jµ*¼pÌ1¼pÊ�Ì1ÎJÁ�µMÔ�Ãp´@Î�¾Jµ*´Jço±0À*µMÎJÁ�´Jµ*¼pÌ1Ç�¼
Â�Æ�µM¾JÂoÊ�ÀDÁ�´JÃpÊ�±0é*µ*Ì�ÆoÂXÀ*ÃËÊ�Ì�±0ÎJ±0ÃpÊzç:¼p´@±0¼pÆ�»0µ*¾*·
ÐP¼ËÀlÁ�Ç�µ*¾J¾J¼Ë²pµ0��³�µ*³�µ�Á�¼p¾`¼zÀ*ÃpÊ�Ì�±0ÎJ±½ÃpÊ�ç:¼Ë´J±0¼pÆ�»0µÑÎJÁ�¼pÎ�´Jµ*Ô�´Jµ*¾@µ*Ê�ÎJ¾MÎJÁ�µÑÀ*ÃpÊ�Ì�±0ÎJ±0ÃËÊ�ÎJÁ�¼pÎ�¼1Ç�µ*¾J¾J¼p²pµÕ±0¾
¼�ç:¼p±½»0¼pÆ�»0µ�±0ÊòÎJÁ�±0¾$�o³�µ*³�µ�·¨ØëÁ�µ*ÊëÎJÁ�µzÇ]¼p±½Ê#ÎJÁ�´Jµ*¼pÌò±0Ê�çËÃp×pµ*¾ �¦¢ Ü�� � Ý � è7±0ÎMí�Ê�Ì�¾�ÎJÁ�µz¼p¾J¾JÃoÀ*±0¼pÎ@µ*Ì
À*ÃpÊ�Ì�±0Î@±0ÃpÊ�ç:¼Ë´J±0¼pÆ�»0µ�¼ËÊ�ÌX¾JÎJ¼Ë´JÎJ¾eÓ7¼p±0Î@±0Ê�²ÕÄÞÃp´�ÎJÁ�µ`À*ÃpÊ�Ì�±½ÎJ±0ÃpÊ,·7ØëÁ�µ*ÊÉÎ@Á�µ`Ô�ÃË´JÎe¾Jµ*´Jço±0À*µÕÎJÁ�´Jµ*¼pÌz´Jµ*À*µ*±0çpµ*Ì
¼pÊ�Ì��o³�µ*³�µ*Ì�¼]Ç�µ*¾J¾J¼Ë²pµSÄÞÃË´�ÎJÁ�±½¾¥��³�µ*³�µM±0ÎS´J¼p±0¾@µ*¾�¼�¾J±0²pÊ�¼Ë»kÄ	Ãp´SÎJÁ�µ0��³�µ*³�µ�ÙA¾�À*ÃËÊ�Ì�±0ÎJ±0ÃpÊzç:¼p´@±0¼pÆ�»0µ�·`ì7Á�µ
Ç�¼p±0Ê�ÎJÁ�´Jµ*¼pÌ�ÎJÁ�µ*Ê�Ó7¼p×Ëµ*¾e³�Ô�¼pÊ�ÌXÌ�µ��o³�µ*³�µ*¾SÎJÁ�µ�Ç]µ*¾@¾J¼p²pµ�·

§F¨�©;ª�«AªF¬®­�¯7°)±w­�ª²°qª²³ ´�¬�´
¯�µt³�¯�¶�·¸¯7¹9ª²«AªA³ ´Fº�´
©�ª-»w³ ¯�¼:»�ª�³;¬®°qª�¯�¶
¶�´�µt«AªF·)¬:´�´
©�ª�½9ªF¾t¯¿³ ³ ¯¿³;¾�µtÀ�´
©�ª-¶�ªFÁFµt³�·.¯7³�·�¯7«AªFÁF´�¶�´
«�¯¿³;¾wÂ
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buffer dope

send dope

direct string

1st

2nd

3nd

4th

indirect strings

1st

dataspaces

1st

5th

6th

7th

destination port name

reply port name

message

data

integer

string

port

memory object

integer

°P±0²p³�´Jµ`¶î·�fo¸PÖ1µ*¾J¾J¼p²pµSÎJ´J¼ËÊ�¾CÄÞÃË´JÇ]¼ËÎJ±0ÃpÊMµ:*�¼pÇ]Ô�»½µ�·

ìOÁ�µ�´Jµ*À*µ*±0çpµ�Æ�³oïkµ*´SÁ�¼p¾eÎJÃ�Æ�µ`Ô�´JÃ�ço±0Ì�µ*Ì�Æ�µDÄ	Ãp´Jµ�Î@Á�µ`Ç�µ*¾J¾J¼p²pµSÁ�¼p¾eÆ�µ*µ*ÊX´Jµ*À*µ*±½çpµ*Ì,·OìOÁ�µ*´JµDÄÞÃË´Jµ�±0Î7±0¾
±0Ç�Ô�Ãp¾@¾J±0Æ�»0µSÎJÃ�ÀlÁ�ÃoÃp¾JµÕ±0ÎJ¾e¾J±½é*µ`¼pÀ*À*Ãp´@Ì�±0Ê�²�ÎJÃ�ÎJÁ�µ`¾@±0é*µ`Ã�ÄPÎJÁ�µÕÇ]µ*¾J¾@¼p²pµ�·eì7Á�µ`±0Ì�µ*¼Ë»[¾JÃË»0³�ÎJ±0ÃpÊ�Ç�±0²pÁoÎbÆ�µ
ÎJÃ�¼Ë»0»0ÃoÀ*¼pÎJµe¼�çËµ*´JÂ]»½¼p´J²pµSÆ�³oïkµ*´�¼pÊ�Ì�Î@´J³�Ê�À*¼pÎJµ�±0Î7¼�Ä	ÎJµ*´eÎ@Á�µ�Ç]µ*¾J¾@¼p²pµSÁ�¼p¾eÆ�µ*µ*Êz´Jµ*À*µ*±0çpµ*Ì,·

G�H
I�H�I KML�N9O
P�QSRTN�U�V�O4h"O�WwU���Q

[ !0\ �,à _ ôa` º%��º å ¢ à:Ú�ß �
æ¦Ê�µ*Ó¨¾JÎ@³�Æ�²pµ*Ê�µ*´J¼pÎJÃË´b´@µ*Ô�»0¼pÀ*µ*¾eÖ1êbE ¼pÊ�ÌX±½ÎJ¾7¾J³�Ô�Ô�Ãp´@Îe»0±0Æ�´J¼Ë´JÂ�·

� º Ý:Ý ¢
�]ºdz å ¢�� Ý¸{�ß�å �¦¢ à:Ú�ß �
æSÊ]µ:*�¼pÇ�Ô�»0µeÃ�Äk¼MÖ1¼pÀlÁÑÇ]µ*¾J¾@¼p²pµ7¼pÊ�Ì�±0ÎJ¾bÅ ¶`À*ÃË³�Ê�ÎJµ*´@Ô�¼p´JÎ�À*´@µ*¼pÎJµ*Ì�Æ�Â�Î@´J¼pÊ�¾J»0¼ËÎJ±0ÃpÊÕ±0¾7¾JÁ�Ã�ÓeÊ�±0ÊÑí�²p³�´Jµ
¶o·�fî·

ìOÁ�µeÇ]¼ËÔ�Ô�±0Ê�²�Ã�ÄkÎJÁ�µSÖÉ¼ËÀlÁ�Ç�µ*¾J¾J¼Ë²pµ7À*ÃpÇ]Ô�ÃpÊ�µ*ÊoÎJ¾�ÎJÃ`Å ¶`Ç�µ*¾J¾J¼Ë²pµ7À*ÃpÇ]Ô�ÃpÊ�µ*ÊoÎJ¾�±0¾��o³�±0ÎJµS¾JÎJ´@¼p±0²pÁoÎCó
Ä	Ãp´JÓ7¼p´JÌ,¸P¼p»0»,±0ÊoÎJµ*²pµ*´�èîÀDÁ�¼p´J¼ËÀ*ÎJµ*´e¼pÊ�Ì�Æ�Ã�Ãp»½µ*¼pÊXçQ¼p»0³�µ*¾e¼p´@µ�Ç]¼pÔ�Ô�µ*Ì�ÎJÃ�Ì�±0´@µ*À*Îe¾JÎJ´J±½Ê�²p¾*è�ÎJÁ�µ�¾JÎJ´@±0Ê�²p¾7¼p´Jµ
Ç�¼pÔ�Ô�µ*Ì�ÎJÃÑ±0Ê�Ì�±0´Jµ*À*Î7¾JÎJ´@±0Ê�²p¾*·

\ ß � ôPÚ � Ú ��� [ !]\ Ý�à _kô �]º%��º å ¢ à:Ú�ß �4¢��+£ � º Ý:Ý ¢
��º�z å ¢�� Ý�{)ß�å �¦¢ à:Ú�ß �
Ö1µ*¾J¾J¼p²Ëµ]ÎJ´@¼pÊ�¾CÄ	Ãp´JÇ�¼pÎJ±0Ã�Ê1À*¼p³�¾Jµ*¾�Î@Á�µ]´Jµ*¾@³�»0ÎJ±0Ê�²1Ç�µ*¾J¾J¼p²pµ*¾ÕÎJÃXÁ�¼�çpµ�¼1çQ¼p´J±0¼pÆ�»½µ]Êo³�Ç�Æ�µ*´ÕÃ�Ä�Ç�µ*¾J¾J¼p²Ëµ
µ*»0µ*Ç�µ*Ê�Î@¾*· ì7Á�µ*´@µDÄÞÃp´@µGêCÍ�¹¦¾JÎ@³�ÆÉ²Ëµ*Ê�µ*´J¼pÎJ±0ÃËÊX¾JÁ�Ãp³�»½ÌÉÆ�µM³�¾Jµ*Ì,·`æS»0»Pê®Ín¹¦Ì�µDí�Ê�±0ÎJÃpÊ�¾SÄ	Ãp´SÃpÊ�µM±0Ê�Î@µ*´CÄÞ¼ËÀ*µ
È	¼p»½»[Ç�µ*¾J¾J¼p²Ëµ*¾eÎJÁ�¼pÎS¼�ÎJÁ�´Jµ*¼pÌz¾JÁ�Ãp³�»0Ì1Æ�µ�¼pÆ�»0µÕÎJÃ�´Jµ*À*µ*±0çpµ:Ï�Ç�³�¾JÎSÆ�µM×oÊ�Ã�ÓeÊ1ÎJÃ]Î@Á�µG¾@ÎJ³�Æ1À*ÃpÇ]Ô�±½»0µ*´e±0Ê
Ãp´JÌ�µ*´�ÎJÃMÀ*ÃpÇ]Ô�³�Î@µ�ÎJÁ�µ�Ç]¼y*î±0Ç�¼p»�Êo³�Ç�Æ�µ*´7Ã�ÄPµ*¼pÀDÁ�Ç]µ*¾@¾J¼p²pµSÀ*ÃpÇ�Ô�ÃpÊ�µ*ÊoÎ7Î®ÂoÔ�µ*¾�·

¹OÃpÊ�çËµ*´JÎJ±0Ê�²MÇ�µ*¾J¾J¼p²pµ*¾7ÆoÂ]Î@´J¼pÊ�¾CÄ	Ãp´JÇ�¼pÎJ±0ÃËÊ�±0¾eÇ�Ãp´JµSÀ*ÃpÇ�Ô�»0µ:*%·.eoÎJ³�ÆX²pµ*Ê�µ*´@¼pÎJ±0ÃpÊ�Ç�Ã�çpµ*¾7ÎJÁ�±0¾eÃ�çpµ*´ ó
Á�µ*¼pÌ ÄÞ´JÃËÇ�´@³�Êoó�ÎJ±0Ç�µ�ÎJÃÑÀ*ÃpÇ]Ô�±½»0µDó�ÎJ±0Ç�µ�èp¾@Ã�ÎJÁ�µ`±½Ç]Ô�¼pÀ*ÎnÃpÊ�ê®Ín¹ëÔ�µ*´ ÄÞÃp´@Ç]¼pÊ�À*µ�±½¾e»0Ã�Ó7µ*´Jµ*Ì,·
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