
DSM-JAVA: FOUNDATION OF A LEAN DISTRIBUTED 
OPERATING SYSTEM 
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Abstract `b]NcdS�O ^�O ^&g�HLQ9]NcfO \dQ9R�H%^�P!HL\LQ9O ]N^�P!K�M&O�P!Q9R�O S&T�Q9ULMkP�j�HLR�ULM�cfU%cf]&Rle<m CED�Fon)H%^�M<HdQ�eLZ�U�P!H�plUq[�H%^&g�T�H%gNUEm GIH%J&H_n cfO g�j�Q
P!O cdZ�O [�O�p9eqQ�j�Ua\L]N^�P!Q9RlT�\LQ9O ]N^E]�p�O ^�Q9R�H%^�ULQlP!K&]�p�Q9U%[�UL\L]&]NZ�ULR�HLQ9O ]N^�P�e�P!Q9U%cEP!K&]�p�Z�HLR�H%[ [�U%[�\L]NcdZ&T�Q9HLQ9O ]N^�PrH%^�MfO ^fgNU%^�ULR�H%[
Q�j�UE\L]N^�P!O�P!Q9U%^�QscfH%^�H%gNU%cfU%^�Q
]�paM&O�P!Q9R�O S&T�Q9ULM@M&HLQ9H�P!Q9RlT�\LQ�T�R�U�P%t�CED�Fu^�]&Q
]N^&[ e<P!O cdZ&[�O�plO U�PqQ�j�Uf\L]NcdcdT&^�O \LHLQ9O ]N^
cfUL\%j�H%^�O�P�cEPaS�ULQ v0ULU%^kZ�R�]NgNR�H%cEPqH%^�M<Z�R�]NgNR�H%cwcf]&MNT&[�U�PaS&T�QsH%[9P!]kQ�j�UEP!Q9RlT�\LQ�T�R�Ud]�psQ�j�UWT&^�M&ULRl[ e�O ^&g�RlT&^�XlQ9O cfU
U%^&J&O R�]N^&cfU%^�Q�t�xrULHLM�yBv0R�O Q9UE\L]N^�p9[�O \LQlPqS�ULQ v0ULU%^�\L]N^�\%T�R�R�U%^�Q
Q9R�H%^�P!HL\LQ9O ]N^�PW]N^�M&O�p�plULR�U%^�Qs^�ULQ v0]&R�z<^�]&M&U�PW\LH%^@S�U
H%T�Q9]NcfHLQ9O \LH%[ [ efR�U�P!]N[ J&ULM�S&efQ�j�Ud]NZ�ULR�HLQ9O ^&g<P�e�P!Q9U%c�tNCED�F<X GIH%J&HWO�P
Q�j�UW\L]&R�UdplHL\LO [�O Q�ed]�pr]NT�Rr^�HLQ9O J&UW]NZ�ULR�HLQ9O ^&g�P�e�X
P!Q9U%c|{�[ T�R�O })v~j�O \%jfcfO g�j�Q�P!ULRlJ&UaH�PrH
Z�R�]&Q9]&Q�eLZ�Uqpl]&R����dUL}�Q��WU%^�ULR�HLQ9O ]N^dCfO�P!Q9R�O S&T�Q9ULMfhWZ�ULR�HLQ9O ^&gdD�e�P!Q9U%cEP��NtLYqPbH
\L]NcdZ�H%^�O ]N^fQ9]dQ�j�Us^�HLQ9O J&UsCED�F<X GIH%J&H
U%^&J&O R�]N^&cfU%^�Q�HsZ&[ T&gNXlO ^Epl]&R�v0U%S�X9S�H�P!ULMWCED�F<X GIH%J&H
O�P�Z&[�H%^&^�ULM�t

1. Research targets 

Operating System for Distributed Applications CED�F<X GIH%J&H
]�p�plULR!PbO ^�Q9R�O ^�P!O \aP�T&Z&Z�]&R�Q�pl]&R�M&O�P!Q9R�O S&T�Q9ULMqJ&O R�Q�T�H%[�P!Q9]&R�H%gNU�t%Y-M&]&\%T&cfU%^�Q�O ^WCED�F<X�P!Q9]&R�H%gNUsO�P�HL\L\LU�P�P!O S&[�U
J&O HaR�U%g�T&[�HLR�[�]&HLM&X�H%^�MEP!Q9]&R�U
cfHL\%j�O ^�UaO ^�P!Q9RlT�\LQ9O ]N^�P%t i j�U
Z�R�]NgNR�H%cdcfO ^&gd]�p�M&O�P!Q9R�O S&T�Q9ULMfH%Z&Z&[�O \LHLQ9O ]N^�PbO�PbQ�j�ULR�U�pl]&R�U
P!O cdZ&[�O�plO ULM�O ^<\L]NcdZ�HLR�O�P!]N^<Q9]�Q9R�HLM&O Q9O ]N^�H%[�H%Z&Z�R�]&HL\%j�U�P�v~j�O \%j�O ^&J&]N[ J&UacfU�P�P!H%gNUaZ�H�P�P!O ^&gfH%^�MER�U%cf]&Q9UaZ�R�]&\LULMNT�R�U
\LH%[ [9PaHLQrQ�j�UdH%Z&Z&[�O \LHLQ9O ]N^<[�U%J&U%[lt��d]&Q9H%S&[ efQ�j�O�PaH%Z&Z&[�O U�PaQ9]<Q9U%[�UL\L]&]NZ�ULR�HLQ9O ]N^@P!\LU%^�HLR�O ]�P%�Iv~j�U%^kP!U%J&ULR�H%[�Z�HLR�Q9O \LO Z�H%^�QlP
v0O�P�j�Q9]�P!O cdT&[�Q9H%^�UL]NT�P�[ eWHL\L\LU�P�PsHWP�j�HLR�ULMEM&]&\%T&cfU%^�Q�Q�j�Uq\L]N^�P!O�P!Q9U%^�\%eW]�pbQ�j�UqM&]&\%T&cfU%^�Q�cfH%eaS�U
g�T�HLR�H%^�Q9ULULMdS&e
Q�j�Ua]NZ�ULR�HLQ9O ^&gfP�e�P!Q9U%c�H%^�Md^�]&Q�S&eacfULH%^�Pr]�pbP�Z�UL\LO�plO \aR�U%Z&[�O \LHLQ9O ]N^fZ�R�]&Q9]&\L]N[9PrO ^fQ�j�U
H%Z&Z&[�O \LHLQ9O ]N^dZ�R�]NgNR�H%c�tLCED�F<X
GIH%J&HqcfH%edH%[9P!]ES�UqS&T�O [�Qb]N^<Q9]NZ<]�prUL}�O�P!Q9O ^&gE]NZ�ULR�HLQ9O ^&g�P�e�P!Q9U%cEP
H%^�MES�R�]Iv�P!ULR!PsS&T�Q�O ^�Q�j�O�Ps\LH�P!UqO QbP�T�p�plULR!P
plR�]Nc
Q�j�U�v0ULO g�j�Q�]�p�Q�j�U
O cdZ�]&R�Q9ULMdRlT&^�XlQ9O cfUaP�e�P!Q9U%c�t

Data Storage in the Network Y
[ [�M&HLQ9Ha]NS�� UL\LQlPrR�U�P!O M&UaO ^f^�ULQ v0]&R�zNULMdCED�F�P!Q9]&R�H%gNUaH%^�MWT�P!ULR�\LH%^fHL\L\LU�P�PbQ�j�ULO R�M&HLQ9H�v0O Q�j�]NT�Q�H_v0z*v0HLR�M�PbR�UL\L]N^�X
\LO [�O HLQ9O ]N^EcfUL\%j�H%^�O�P�cEPqm `b]&M&H*��K�Q�j�Uq�bR�O U�pl\LH�P!UqO ^EV�O ^�M&]Iv�P�n�t i j�Uacf]�P!Q�\%T�R�R�U%^�Q�J&ULR!P!O ]N^�]�pbH%^�]NS�� UL\LQ�O�PrH%T�Q9]&X
cfHLQ9O \LH%[ [ eaZ�R�U�P!U%^�Q9ULM�t i j�O�PsplHL\LO [�O Q�eacfH%eaS�Ua]�p�O ^�Q9ULR�U�P!Q�Q9]fP!]�plQ v0HLR�U
M&U%J&U%[�]NZ&cfU%^�Q�Q9ULH%cEP!K&pl]&R�O ^&J&U%^�Q9]&Rle
[�O�P!QlPbO ^fH
P�cfH%[ [bS&T�P!O ^�U�P�PqU%^&J&O R�]N^&cfU%^�Q9Kbpl]&RaQ9U%[�U%Z&j�]N^�UfM&O R�UL\LQ9]&R�O U�PqH%^�MkH%Z&Z�]&O ^�Q�cfU%^�Q
P!\%j�ULMNT&[�O ^&g�Z&[�H%^�PqO ^@]�p�plO \LUfU%^&J&O X
R�]N^&cfU%^�QlPdH%^�M@cfH%^&e<]&Q�j�ULRqHLR�ULH�P%t���paM&HLQ9HE]NS�� UL\LQlPWHLR�UE\LHLR�U�p9T&[ [ eEZ�HLR�Q9O Q9O ]N^&^�ULM�P�T&S�P!Q9H%^�Q9O H%[s\L]NcdZ&T�Q9HLQ9O ]N^�PWHLR�U
plULH�P!O S&[�U
O ^fQ�j�Us^�ULQ v0]&R�zW]�p�v0]&R�z&P!Q9HLQ9O ]N^�P%t

Lean System hWZ�ULR�HLQ9O ^&g�P�e�P!Q9U%cEP
H%[�]N^&gfQ�j�Ua[�O ^�U�Ps]�p�CED�F<X GIH%J&Hq\LH%^�]NcfO Q�cfH%^&edp9T&^�\LQ9O ]N^�PsH%^�ME\L]N^�\LU%Z�QlP�v~j�O \%jEcfHLzNUq\L]N^�X
Q9U%cdZ�]&R�HLRleq]NZ�ULR�HLQ9O ^&gfP�e�P!Q9U%cEPbJ&]N[ T&cfO ^�]NT�PrH%^�Mf\%[ T&cEP�eNt���^fZ�HLR�Q9O \%T&[�HLR#v0Ua]NcfO Q�M&O�P!zqS�H�P!ULMfplO [�U
]NZ�ULR�HLQ9O ]N^�PbH%^�M
Q�j�Ua[�]&HLM&O ^&gfH%^�Mf[�O ^�zNO ^&gf]�p�Z�R�]NgNR�H%c|cf]&MNT&[�U�PrH%^�Mf\%[�H�P�P!U�P%t�Y
Z&Z&[�O \LHLQ9O ]N^�P�v~j�O \%jE]N^&[ eacfH%^�O Z&T&[�HLQ9U
Z�R�O J&HLQ9UaM&HLQ9H
]NS�� UL\LQlPbHLR�Us^�]&Q�Z�U%^�H%[�O ��ULMWS&eaQ�j�UscfH%^�H%gNU%cfU%^�Q�]�p�M&O�P!Q9R�O S&T�Q9ULMfP!Q9]&R�H%gNU�t���eaR�U_v0R�O Q9O ^&gWHs^�HLQ9O J&U
]NZ�ULR�HLQ9O ^&gWP�e�P!Q9U%c
plR�]Nc�P!\LR�HLQ9\%jEH%^EU�p�plO \LO U%^�Q�cfH%^�H%gNU%cfU%^�Q�pl]&RrP!Q9]&R�H%gNULXlK&RlT&^�Q9O cfULX�H%^�MdQ9R�H%^�P!HL\LQ9O ]N^�P#v0H�PbHL\%j�O U%J&ULM�t i j�U#GIH%J&H
\%[�H�P!X
P!U�PWR�UL�NT�O R�ULM�pl]&RqQ�j�UE]NZ�ULR�HLQ9O ^&g@P�e�P!Q9U%c�zNULRl^�U%[rHLR�Uf\L]NcdZ�HL\LQsH%^�M<e�O U%[�M@P�j�]&R�QsQ9R�H%^�P!HL\LQ9O ]N^@Q9O cfU�PqH%^�MkHEP�cfH%[ [
v0]&R�zNO ^&g�P!ULQ�tNYaQbQ�j�Ud`bUL�bO Q9X�plHLO Rq���N�N�fHq{b`bXl\%[ T�P!Q9ULR�v0H�PsM&U%cf]N^�P!Q9R�HLQ9ULMEQ9HLzNO ^&gd[�U�P�PsQ�j�H%^<�N�dz�S&e�Q9Uq]�p�Z�R�]NgNR�H%c
cfU%cf]&RleNt



2. Operating System for Distributed Applications 

Transparent Resource Distribution xrU�P!]NT�R�\LU�Ps]�pbO ^�M&O J&O MNT�H%[�^�]&M&U�P
P�j�]NT&[�MfS�UqO ^�Q9U%gNR�HLQ9ULMEQ9]dZ�R�U�P!U%^�Q�HqP!O ^&g�[�UaO cfH%gNUa]�p�Q�j�UaQ�j�UaQ9]&Q9H%[�O Q�eq]�p�R�U�P!]NT�R�X
\LU�P
O ^<Q�j�Uq^�ULQ v0]&R�z�t��qP!ULRrZ�ULR�\LULO J&UWQ�j�UdP!H%cfUdP!Q9HLQ9UW]�prQ�j�ULO RsM&HLQ9Hq]NS�� UL\LQlP
plR�]Nc�H%^&e)v0]&R�z&P!Q9HLQ9O ]N^�Q�j�U%eqcfH%eq[�]&X
gN]N^kplR�]Nc�t�`b]N^�P!O�P!Q9U%^�\%ed]�prM&]&\%T&cfU%^�QlPsH%^�MEM&HLQ9HaS�H�P!U�PsO�Prg�T�HLR�H%^�Q9ULULMEU%J&U%^�O�prP!U%J&ULR�H%[�T�P!ULR!PrcfH%^�O Z&T&[�HLQ9UqHqM&]&X
\%T&cfU%^�Qb\L]N^�\%T�R�R�U%^�Q�[ eNt���HLRlgNUWH%^�ME^�ULQ v0]&R�z�P�Z�H%^&^�O ^&gEQ9H�P!z&PaP�j�]NT&[�MES�UqZ�ULR!pl]&RlcfULMfS&eqcfHLzNO ^&gfU�p�plO \LO U%^�Q�T�P!Uq]�p
Z�]&]N[�ULMdR�U�P!]NT�R�\LU�PbO ^fQ�j�U�v0]&R�z&P!Q9HLQ9O ]N^f\%[ T�P!Q9ULR�t

Sockets and Pipes YaQ�Q�j�UaQ9R�H%^�P�Z�]&R�Q�[�U%J&U%[�Q�j�UaM&HLQ9HaUL}�\%j�H%^&gNU
S�ULQ v0ULU%^�P!Q9HLQ9O ]N^�PbcfH%eaT�P!UqP!]&\LzNULQlP!K�P!Q9R�ULH%cEPr]&R�Z�O Z�U�P%tN`b]NcdcdT&^�O \LHLX
Q9O ^&gqZ�R�]&\LU�P�P!U�PbQ9R�H%^�P�cfO Q�cfU�P�P!H%gNU�Pb\LH%[ [�O ^&gqZ�R�O cfO Q9O J&U�PrP�T�\%jfH�PrP!U%^�MdH%^�MdR�UL\LULO J&UWm Q�eLZ�O \LH%[ [ e i `�{<]&R��
Cd{�n�tLF<U�P!X
P!H%gNU�P
cf]�P!Q�[ ef\L]N^�Q9HLO ^kQ9UL}�Q�T�H%[bM&HLQ9HWS&T�QbcfH%efH%[9P!]<O ^�\%[ T�M&Ud\L]NcdZ&[�O \LHLQ9ULM<M&HLQ9HdP!Q9RlT�\LQ�T�R�U�P%t i j�U�P!UdP!Q9RlT�\LQ�T�R�U�P
HLR�U
UL}�Z&[�O \LO Q�[ eqP!ULR�O H%[�O ��ULMWS�U�pl]&R�UsS�ULULO ^&gWQ9R�H%^�P�cfO Q9Q9ULM�t

RPC and RMI `bH%[ [�O ^&g�cfULQ�j�]&M�Pq]&R
Z�R�]&\LULMNT�R�U�PqR�U%cf]&Q9U%[ ekm xbF<�qO ^ GIH%J&H��6K�xb{b`���n)]�p�plULR!P
gNR�ULHLQ9ULRsZ�R�]NgNR�H%cdcfO ^&g�\L]N^&J&U%^�O U%^�\LU
Q�j�H%^@P!]&\LzNULQlPaH%^�MkP!Q9R�ULH%cEP%t�xrU%cf]&Q9UWZ�R�]&\LULMNT�R�Ud\LH%[ [9PaHLR�UWJ&ULRleEP!O cfO [�HLR
Q9]<Q�j�UdO ^&J&]&\LHLQ9O ]N^k]�pb[�]&\LH%[�Z�R�]&\LULMNT�R�U�P
m CfO�P!R�U%gNHLR�M&O ^&gEHdplU_v O ^�U%J&O Q9H%S&[�UdP!U%cfH%^�Q9O \qR�U�P!Q9R�O \LQ9O ]N^�P�n�t&D�ULR�O H%[�O�P!HLQ9O ]N^�]�p�Z�HLR�H%cfULQ9ULR!PsH%^�MEQ�j�UacfH%Z&Z�O ^&gfO ^�Q9]EH%^
UL}�Q9ULRl^�H%[�M&HLQ9H
R�U%Z�R�U�P!U%^�Q9HLQ9O ]N^<m cfHLR!P�j�H%[ [�O ^&g*n�O�PbH%T�Q9]NcfHLQ9O \�t
	f]Iv0U%J&ULR�KNQ�j�UsZ�R�]NgNR�H%cdcfULR�cdT�P!Q�S�U
O ^d\L]NcdcfH%^�MW]�p
Hf\L]NcdZ&[�O \LHLQ9ULM@P!ULQs]�p
M&U%J&U%[�]NZ&cfU%^�QsQ9]&]N[9P%t�xb{b`rPqH%^�MkxbF<�
gNU%^�ULR�HLQ9UfP�T&S�P!Q9H%^�Q9O H%[b]NJ&ULRlj�ULHLM<H%^�M<HLR�UdQ�eLZ�O \LH%[ [ e
P�[�]Iv0ULR�Q�j�H%^EP!]&\LzNULQlPbH%^�MfP!Q9R�ULH%cEP%t

Distributed Shared Memory hWS�� UL\LQlP
O ^<M&O�P!Q9R�O S&T�Q9ULM<P�j�HLR�ULMEcfU%cf]&Rle�m CED�Fon \LH%^ES�UqM&O R�UL\LQ�[ eWHL\L\LU�P�P!ULMfS&eqZ�]&O ^�Q9ULR!PsH%^�MfcfHL\%j�O ^�UqO ^�P!Q9RlT�\LQ9O X
]N^�P
plR�]Nc�O ^�M&O J&O MNT�H%[�^�]&M&U�Pqm ��O g�t��_n
�EU%J&U%^EO�p�O ^�O Q9O H%[ [ eqQ�j�Ua]NS�� UL\LQlPrHLR�U
^�]&Q�[�]&\LH%[ [ eaZ�R�U�P!U%^�Q�tND�U%J&ULR�H%[�H%[�Q9ULRl^�HLQ9O J&U
P!Q9R�HLQ9U%gNO U�PbHLR�UaP�T&g�gNU�P!Q9ULMdO ^fQ�j�Us[�O Q9ULR�HLQ�T�R�U���Q9]Wg�T�HLR�H%^�Q9ULU
Q�j�U
\L]N^�P!O�P!Q9U%^�\%ea]�p�Q�j�UaP�j�HLR�ULMfP!Q9]&R�H%gNU�t

DSM-Heap
MMU CPU
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CfO�P!Q9R�O S&T�Q9ULM�P�j�HLR�ULMkJ&O R�Q�T�H%[sP!Q9]&R�H%gNUdcfH%efS�Uf\LR�ULHLQ9ULMkULO Q�j�ULR
S&eEQ�j�Udj�HLR�MIv0HLR�UfH%[�]N^�Uf]&R
S&eEHf\L]NcdS�O ^�HLQ9O ]N^@]�p
j�HLR�MIv0HLR�UqH%^�M�P!]�plQ v0HLR�U�t"4s}�H%cdZ&[�U�Ps]�p�CED�F P�e�P!Q9U%cEPsHLR�U65�7�8_t�Y GIH%J&H�y�CED�F P�e�P!Q9U%c v0O Q�j�H
cf]&M&O�plO ULMdJ&O R�Q�T�H%[
cfHL\%j�O ^�UaO�PbZ�R�U�P!U%^�Q9ULMfO ^:9 t���^E]NT�R�{�[ T�R�O }W]NZ�ULR�HLQ9O ^&gdP�e�P!Q9U%c J&O R�Q�T�H%[�P!Q9]&R�H%gNU
O�PbO cdZ&[�U%cfU%^�Q9ULMdQ�j�R�]NT&g�jfQ�j�UsF�F;�
O ^@ULHL\%jk^�]&M&U�<_t i eLZ�U�P!H�plUd[�H%^&g�T�H%gNU�PWP�T�\%j@H�P�GIH%J&Hf]�p�plULRaQ�j�UdZ�]&Q9U%^�Q9O H%[rQ9]kR�UL]&RlgNH%^�O ��UEP!Q9]&R�H%gNUfH%^�M<Q9]�Z�R�]&Q9UL\LQ
Z�R�]&\LU�P�P!U�PrplR�]Nc|ULHL\%jf]&Q�j�ULR�t

Services, especially name services �dH%cfUWP!ULRlJ&O \LU�PsHLR�UaZ�R�]NJ&O M&ULM�pl]&RrUL}�H%cdZ&[�UaS&eaV��!�fD ��=6K�`b]&RlS�HaH%^�MfQ�j�U
Cf]NcfHLO ^E�dH%cfUqD�e�P!Q9U%co�l��O ^EQ�j�Ua��^�Q9ULR�X
^�ULQ�t�hWS�� UL\LQlPqO ^@Q�j�Ud^�ULQ v0]&R�z�cfH%eE\LHLR�RleEHd^�H%cfUdQ9]NgNULQ�j�ULR�v0O Q�jkH%Z�R�]NZ�R�O HLQ9UdHLQ9Q9R�O S&T�Q9U�PaH%^�M�cfH%edS�Ufpl]NT&^�M�S&e
T�P!ULR!PsH%^�ME\%[�O U%^�QlPsO R�R�U�P�Z�UL\LQ9O J&Uq]�pbQ�j�ULO RbZ&j&e�P!O \LH%[�[�]&\LHLQ9O ]N^�H%^�MEHLM&M&R�U�P�P%t i eLZ�O \LH%[�]NS�� UL\LQlPrHLR�UqP!ULRlJ&ULR!PrO ^EQ�j�U
^�ULQ9X



v0]&R�zNK�P�T&S�M&O R�UL\LQ9]&R�O U�P!K�plO [�U�P!K&S&T�Q�H%[9P!]�P!O ^&g�[�UaJ&HLR�O H%S&[�U�PrUL}�Z�]&R�Q9ULMdS&eaZ�R�]NgNR�H%cdcEPrH%^�Mf\%[�H�P�P!U�P%t ����]�p�plULR!PrH%^E]NJ&ULR�X
J&O U_v ]�p�]N[�MfH%^�Md^�U_v1^�H%cfUsS�O ^�M&O ^&gdP!ULRlJ&O \LU�PbH%^�Md\L]N^�\LU%Z�QlP%t�D�UL\%T�R�O Q�eqP!ULRlJ&O \LU�P�cdT�P!Q�Z�R�]&Q9UL\LQ�M&HLQ9H
H%^�MdQ�j�U
]NZ�ULX
R�HLQ9O ^&g�P�e�P!Q9U%cwplR�]Nc�T&^�H%T�Q�j�]&R�O ��ULM�HL\L\LU�P�P
H%^�MEcfH%^�O Z&T&[�HLQ9O ]N^�t i j�UWM&O�P!Q9R�O S&T�Q9ULME^�HLQ�T�R�UW]�pbQ�j�UWP�e�P!Q9U%c�cfHLzNU�PsO Q
cf]&R�U
JNT&[ ^�ULR�H%S&[�UaQ9]fHLQ9Q9HL\Lz&PrH%^�Mf\L]&R�RlT&Z�Q9O ]N^�t"�
[�Q9O cfHLQ9U%[ eWP!UL\%T�R�UaM&O�P!Q9R�O S&T�Q9ULMEP�e�P!Q9U%cEP�v0O [ [�U%cfULRlgNUqplR�]Nc|H
\L]NcfX
S�O ^�HLQ9O ]N^f]�p�\LRleLZ�Q9]NgNR�H%Z&j&e�KN]NZ�ULR�HLQ9O ^&gdP�e�P!Q9U%cEPbQ9UL\%j&^�]N[�]Ng�eaH%^�Md\L]NcdZ&T�Q9ULR�HLR�\%j�O Q9UL\LQ�T�R�U*���_t

Client-Server Szenarios ��^�M&O J&O MNT�H%[�P!ULRlJ&O \LU�PsHLR�Uq]�plQ9U%^EZ�R�]NJ&O M&ULMf]N^EHqP!U%Z�HLR�HLQ9U
cfHL\%j�O ^�U�tNhW^EHqP!U%Z�HLR�HLQ9U
cfHL\%j�O ^�UaQ�j�Ua\L]N^�P!O�P!Q9U%^�\%eq]�p�H
M&HLQ9HWS�H�P!UdH%^�M�Z�R�]&Q9UL\LQ9O ]N^@plR�]Nc T&^�H%T�Q�j�]&R�O ��ULM<HL\L\LU�P�PaO�P
cf]&R�UdR�ULHLM&O [ efHL\%j�O U%J&H%S&[�UdQ�j�H%^kO ^<Hdp9T&[ [ edM&O�P!Q9R�O S&T�Q9ULM
P�e�P!Q9U%c�t&��edzNULU%Z�O ^&gfQ�j�UaZ�HLR�Q9O Q9O ]N^�Ps]�pbHqM&HLQ9H%S�H�P!Uq]N^<P!U%Z�HLR�HLQ9UacfHL\%j�O ^�U�P�v0UqHLR�R�O J&UqHqM&O�P!Q9R�O S&T�Q9ULMEM&HLQ9H%S�H�P!UWP�e�X
P!Q9U%c1v0O Q�jfH%[ [�Q�j�U
R�U%g�T&[�HLR�Yq`b��C Z�R�]NZ�ULR�Q9O U�P%t

3. Lean Systems and not really lean Systems 

Not really lean Systems YaQ�Z�R�U�P!U%^�QbQ�j�UqcfHLR�zNULQbO�P
M&]NcfO ^�HLQ9ULMES&eWV�O ^�M&]Iv�P!K �
^�O }fH%^�M�Q�j�UqF<HL\�hfD&t��
^�pl]&R�Q�T&^�HLQ9U%[ eWQ�j�U�P!UWP�e�P!Q9U%cEPsHLR�U
P�[�]Iv0KNzN]NcdZ&[�UL}qH%^�MWj�ULH%JNe�X v0ULO g�j�Q�pl]&R�Hs^&T&cdS�ULR�]�p�R�ULH�P!]N^�P%�
XqY-Z&[�ULQ�j�]&R�H
]�p�Z�ULR�O Z&j�ULR�H%[9PbH%^�MdM&R�O J&ULR�\L]N^�plO g�T�R�HLQ9O ]N^�PbO�PrP�T&Z&Z�]&R�Q9ULM
XW�dU_v1O ^�Q9ULR!plHL\LU�PbHLR�Us[�H%e�ULR�ULMd]N^fQ9]NZf]�p�J&U%^�ULR�H%S&[�U
H%^�Md]N[�MdO ^�Q9ULR!plHL\LU�P
XqCfU%J&O ]NT�Pb\L]NcdcdT&^�O \LHLQ9O ]N^dcfUL\%j�H%^�O�P�cEPbHLR�UsT�P!ULMWS�ULQ v0ULU%^fU%^�Q9O Q9O U�Pb]�p�Q�j�UaP�e�P!Q9U%c
X �qP!ULR�HL\LU�P�PbR�O g�j�QlP�cdT�P!Q�S�U
U%^�pl]&R�\LULM
XW�dULQ v0]&R�zWHLR�\%j�O Q9UL\LQ�T�R�U
O�P�^�]&Q�M&U�P!O g�^�ULMdO ^�Q9]dQ�j�U
]NZ�ULR�HLQ9O ^&gdP�e�P!Q9U%c
XqCfO�p�plULR�U%^�Q�]NZ�ULR�HLQ9O ^&gdP�e�P!Q9U%cEP�cdT�P!Q�S�U
O ^�Q9U%gNR�HLQ9ULMdO ^�Q9]dHaP!O ^&g�[�UaP�e�P!Q9U%c
X ��R�H%cfU_v0]&R�z&P!KN\L]NcdZ�O [�ULR�K�[�O ^�zNULR!P�gNU%^�ULR�HLQ9UsJ&]N[ T&cfO ^�]NT�P�cf]&MNT&[�U�P
XqF<]&MNT&[�U�PbHLR�U
R�U%Z&[�O \LHLQ9ULMdO ^dcfU%cf]&R�O U�P!KNO ^f\LHL\%j�U�PbH%^�Md]N^fM&O�P!z
X��aO�P�T�H%[ [ eaO ^�Q9ULR�U�P!Q9O ^&gqT�P!ULR�O ^�Q9ULR!plHL\LU�PbH%S�P!]&RlSdZ�R�]&\LU�P�P!O ^&gqZ�]Iv0ULR�t

V�UaM&]d^�]&Q��NT�U�P!Q9O ]N^EQ�j�U
Z�R�]�plU�P�P!O ]N^�H%[�O Q�eq]�pbP!]�plQ v0HLR�UaU%^&gNO ^�ULULR!PrHLQ�[�HLRlgNU�t�xrHLQ�j�ULR#v0UsS�U%[�O U%J&U
Q�j�HLQ�Q�j�Uapl]&R�\LU�Pb]�p
Q�j�U
cfHLR�zNULQ�Z�R�U%J&U%^�Q�Q�j�U
M&O�P!\LHLR�M&O ^&gW]�p�\L]NcdZ&T�Q9HLQ9O ]N^�H%[�Q9R�HLM&O Q9O ]N^�PbH%^�MdH
R�HLM&O \LH%[ [ e
^�U_v1H%Z&Z�R�]&HL\%jEpl]&R�M&O�P!Q9R�O S&T�Q9ULM
P�e�P!Q9U%cEPsM&U�P!O g�^�t i j�Uq\L]NcdZ&[�UL}�O Q�eW]�pb\L]N^�Q9U%cdZ�]&R�HLRleW]NZ�ULR�HLQ9O ^&gEP�e�P!Q9U%cEPsH%^�MfQ9]&]N[�zNO QlPbcfHLzNU�PbZ�R�]NgNR�H%c�M&U%J&U%[�]NZ�X
cfU%^�Q�j�HLR�M�t&hW^&[ eWHWP�cfH%[ [�^&T&cdS�ULRr]�pbUL}�Z�ULR�QlPsO�Ps\LH%Z�H%S&[�Uq]�p�T�P!O ^&gfQ�j�UqH%S&T&^�M&H%^�Q�P�Z�UL\LQ9RlT&c�]�p�S�H�P!O \LH%[ [ eaT�P!U�p9T&[
p9T&^�\LQ9O ]N^�PbR�U%[�O H%S&[ eaH%^�MdU�p�plO \LO U%^�Q�[ eNt 4sMNT�\LHLQ9O ]N^dH%^�MWM&]&\%T&cfU%^�Q9HLQ9O ]N^fpl]&R�Z�R�]NgNR�H%cdcfULR!P�H%^�MWH%^�H%[ e�P!QlP�O�P�UL}�Z�U%^�P!O J&U
H%^�MdQ9O cfU
\L]N^�P�T&cfO ^&g�t

Oberon & Java, examples for lean Systems �!QsO�Pacf]&R�Ud^�HLQ�T�R�H%[spl]&RaHdT&^�O J&ULR!P!O Q�eEQ�j�H%^�pl]&RaH%^@O ^�MNT�P!Q9R�O H%[r\L]NcdZ�H%^&eEQ9]<HLQ9Q9U%cdZ�QrHfplR�U�P�j@P!Q9HLR�Q�t i j�UfhWS�ULR�]N^
D�e�P!Q9U%co��� M&U%J&U%[ Z�ULM<HLQrQ�j�U'��ULM&ULR�H%[b��^�P!Q9O Q�T�Q9Ud]�p i UL\%j&^�]N[�]Ng�efO ^��bT�R�O \%jkO�PaHWgN]&]&M<UL}�H%cdZ&[�UW]�prHq[�ULH%^kP�e�P!Q9U%c�t
��T�O [�M&O ^&g<]N^@HEplU_v S�H�P!O \fQ�eLZ�U�Pfm CfO�P�Z&[�H%e ��R�H%cfULK i UL}�Q9Kb�WHLMNgNULQ���5�n~HdJ&ULRle�plH�P!Qs]NZ�ULR�HLQ9O ^&gkP�e�P!Q9U%c�O�PaZ�R�]NJ&O M&ULM&K
v~j�O \%jkpl]&RrcfH%^&edQ9H�P!z&P
R�UL�NT�O R�U�PsT&Z�Q9]EQ v0]fcfH%g�^�O Q�T�M&U�Pr[�U�P�PsR�U�P!]NT�R�\LU�PsQ�j�H%^E[�ULHLM&O ^&gf]NZ�ULR�HLQ9O ^&gEP�e�P!Q9U%cEP%t�V�O Q�j
Q�j�U
UL}�\LU%Z�Q9O ]N^f]�p�O QlP�J&O�P�T�H%[�H%Z&Z�ULHLR�H%^�\LU
Q�j�Uap9T&^�\LQ9O ]N^�H%[�O Q�ea]�p�Q�j�UahWS�ULR�]N^EP�e�P!Q9U%c|O�P�J&ULRleaR�O \%j�t

GIH%J&HqH%Z&Z&[�ULQlPsH%^�MfZ�R�]NgNR�H%cEPsR�UL�NT�O R�Uq]N^&[ eWHa[�O cfO Q9ULM�P!ULQ�]�pbRlT&^�XlQ9O cfUWP�T&Z&Z�]&R�Q�H%^�ME\LHLR�RleWH%[9P!]EQ�j�UaZ�]&Q9U%^�Q9O H%[�]�p�H
[�ULH%^@P�e�P!Q9U%cwH%^�M<]�psU�p�plO \LO U%^�QrR�U�P!]NT�R�\LUWT�Q9O [�O ��HLQ9O ]N^kO�psH%Z&Z�R�]NZ�R�O HLQ9U%[ ef\L]NcdZ�O [�ULM�t i j�Ud\L]N^�\LU%Z�Qr]�psMNeL^�H%cfO \WS�O ^�X
M&O ^&gW[�]&HLM�Pr]N^&[ eqQ�j�]�P!Ua\%[�H�P�P!U�P�v~j�O \%jEHLR�UaHL\LQ�T�H%[ [ eqR�U�plULR�U%^�\LULMdS&eqQ�j�U
Z�R�]NgNR�H%c�t���^EHLM&M&O Q9O ]N^)GIH%J&H
]�p�plULR!PbHaP�Z�UL\LX
Q9RlT&c�]�p�v0U%[ [�M&U�P!O g�^�ULMf\L]NcdcdT&^�O \LHLQ9O ]N^�plHL\LO [�O Q9O U�P%t i j�UqP!ULQ�]�p�H%J&HLO [�H%S&[�U#GIH%J&H
\%[�H�P�P!U�PbO�PbO cdZ�R�U�P�P!O J&U
H%^�MfP!]NcfULQ9O X
cfU�Pa]NJ&ULR v~j�U%[ cfO ^&gES&T�QrQ�j�ULO RsO ^�\%[ T�P!O ]N^<O�P
]NZ�Q9O ]N^�H%[�H%^�M�Q�j�UqZ�]�P�P!O S�O [�O Q�ed]�pbS&T�O [�M&O ^&gf[�O g�j�Q#v0ULO g�j�QrP�e�P!Q9U%cEP
R�ULX
cfHLO ^�P%t

��]&RsQ�j�O�P
R�ULH�P!]N^ov0UdP!U%[�UL\LQ GIH%J&HWH%^�M�HaZ�]&R�Q9O ]N^�]�pbQ�j�UqRlT&^�Q9O cfUa[�O S�R�HLRleWQ9]fS&T�O [�MEHa^�U_v [�ULH%^�]NZ�ULR�HLQ9O ^&gEP�e�P!Q9U%c
H%^�MdQ9]dQ9RleaQ9]WZ�R�]NJ&O M&U
H%^fH%[�Q9ULRl^�HLQ9O J&UscfULQ�j�]&Mfpl]&R�S&T�O [�M&O ^&gWM&O�P!Q9R�O S&T�Q9ULMfP�e�P!Q9U%cEP%t

4. Java Objets in a DSM-Heap i j�UdS�H�P!O \fO M&ULHEpl]&R
S&T�O [�M&O ^&g<Hd[�ULH%^@M&O�P!Q9R�O S&T�Q9ULMk]NZ�ULR�HLQ9O ^&gkP�e�P!Q9U%c�O�PqQ9]kH%[ [�]&\LHLQ9UfH%[ [b]NS�� UL\LQlPaO ^kHdM&O�P!Q9R�O S&T�Q9ULM
P�j�HLR�ULMdcfU%cf]&RleNtNhW^����WS�O Q�{b`rPrHscfHL}�O cdT&c|]�p�pl]NT�R�gNO gNH%S&e�Q9U�P�CED�F<X�P!Q9]&R�H%gNU
HLR�UscfH%^�H%gNULMWcdT�\%jd[�O zNU
Hs[�]&\LH%[



j�ULH%Z�t&Y
T�Q�j�]&R�O ��ULM�^�]&M&U�P
T�P!UdR�U%g�T&[�HLRs]NS�� UL\LQbR�U�plULR�U%^�\LU�PWm Z�]&O ^�Q9ULR!P�n Q9]�HL\L\LU�P�P
Q�j�UqCED�F<X9j�ULH%Z�t&��^�O Q9O H%[ [ e~v0UWH�P!X
P�T&cfU
Q�j�HLQ�Z�R�]NgNR�H%cEPbHLR�Us^�]&Q�\LH%Z�H%S&[�U
]�p�pl]&RlgNO ^&gW]NS�� UL\LQ�R�U�plULR�U%^�\LU�P%t

Restartable Transactions `b]N^�P!O�P!Q9U%^�\%ed]�prM&HLQ9HWP!Q9RlT�\LQ�T�R�U�PsO ^�Q�j�UaCED�F<X9j�ULH%Z�\LH%^�]N^&[ eqS�UaZ�R�U�P!ULRlJ&ULMEO�p�^�]EQ�j�R�ULHLMEO�PrgNO J&U%^ET&^�\L]N^�Q9R�]N[ [�ULM
j�ULH%Z HL\L\LU�P�P%t�Y
[ [aHL\L\LU�P�P!U�PWcdT�P!Qa]&\L\%T�RWO ^-Q�j�U�\L]N^�Q9UL}�Qa]�pqH�R�U�P!Q9HLR�Q9H%S&[�U�Q9R�H%^�P!HL\LQ9O ]N^���7_t�V�R�O Q9U�]NZ�ULR�HLQ9O ]N^�PdQ9]
CED�F<X9Z�H%gNU�Pb]&\L\%T�R�Q9]W[�]&\LH%[�\L]NZ�O U�PbHLQ�plO R!P!Q�tLY Q9R�H%^�P!HL\LQ9O ]N^0v0O [ [�ULO Q�j�ULR�\L]NcdZ&[�ULQ9U
H%[ [�O QlP�HL\LQ9O ]N^�P�]&R�O Q&cfH%esS�UsR�U�P!ULQ
O�p�Ha\L]N^�p9[�O \LQ�v0O Q�jEHaH%^�]&Q�j�ULR�Q9R�H%^�P!HL\LQ9O ]N^fO�PbM&ULQ9UL\LQ9ULM�tLY \L]N^�p9[�O \LQ v0O Q�jfH%^�]&Q�j�ULR�Q9R�H%^�P!HL\LQ9O ]N^fHLR�O�P!U�Pb]�p�ULO Q�j�ULR�S�]&Q�j
Q9R�H%^�P!HL\LQ9O ]N^�P�v0R�O Q9UqQ9]fQ�j�UqP!H%cfU
Z�H%gNUa]&RbO�p�HaQ9R�H%^�P!HL\LQ9O ]N^ER�ULHLM�PrH
Z�H%gNU v~j�O \%jEO�P�v0R�O Q9Q9U%^fS&eqH%^�]&Q�j�ULR�t�Y [�]&]�P!O ^&g
Q9R�H%^�P!HL\LQ9O ]N^ O�PfH%T�Q9]NcfHLQ9O \LH%[ [ ekR�U�P!Q9HLR�Q9ULM�t i j�U<R�ULHLM�yBv0R�O Q9U<HL\L\LU�P�PdZ�HLQ9Q9ULRl^ O�Pf\L]N^�Q9O ^&T�]NT�P�[ e<cf]N^�O Q9]&R�ULM�S&ekQ�j�U
F�F;� H%^�MdR�UL\L]&R�M&ULMdO ^fH
R�ULHLM&X�P!ULQ�H%^�MdH�v0R�O Q9ULX�P!ULQ�t

D�j�]&R�QsQ9R�H%^�P!HL\LQ9O ]N^�PqHLR�Ud[�U�P�Pa[�O zNU%[ eEQ9]k\L]N[ [�O M&U~v0O Q�jk]&Q�j�ULR
Q9R�H%^�P!HL\LQ9O ]N^�P
S�UL\LH%T�P!UdQ9U%cdZ�]&R�H%[b]NJ&ULRl[�H%ZkO�PaR�ULMNT�\LULM�t
V�UaQ�j�ULR�U�pl]&R�UaU%^�\L]NT�R�H%gNUqP�j�]&R�Q�Q9R�H%^�P!HL\LQ9O ]N^�PsP�T�\%jfH�PbH
zNU%eLS�]&HLR�MdU%^�Q9Rle�KNHscf]NT�P!U
\%[�O \LzW]&R�Q�j�U
\L]NcdZ�O [�HLQ9O ]N^f]�p�H
cf]&MNT&[�UEm�� n�tNY
[ [�]&\LHLQ9O ]N^<]�pb[�]&\LH%[�\L]NZ�O U�Papl]&Rrcf]&M&O�plO ULMEZ�H%gNU�P!K�P�j�]&R�QbQ9R�H%^�P!HL\LQ9O ]N^<Q9O cfU�P
H%^�M�P�cfH%[ [�v0]&R�zNO ^&gEP!ULQlP
HLR�Uq]N^&[ edplULH�P!O S&[�UqO ^�Ha[�ULH%^�]NZ�ULR�HLQ9O ^&gfU%^&J&O R�]N^&cfU%^�Q�t i j�O�P
plHL\LQ�H%cf]N^&gf]&Q�j�ULR!PbcfHLM&UaO Q�O cdZ�ULR�HLQ9O J&UaQ9]0v0R�O Q9Ua]NT�R
CED�F ]NZ�ULR�HLQ9O ^&gdP�e�P!Q9U%c�pl]&R�Q�j�Us^�HLQ9O J&Us{b`<j�HLR�MIv0HLR�UsZ&[�HLQlpl]&Rlc�t

Relocation of Objects and global Garbage Collection hWS�� UL\LQlP
O ^<Q�j�UqCED�F<X�	fULH%Z<HLR�UWR�U%[�]&\LHLQ9H%S&[�UWQ9]EZ�ULRlcfO Q�cfU%cf]&RleW\L]NcdZ�HL\LQ9O ]N^�H%^�MEQ9]ER�ULMNT�\LUWplR�H%g�cfU%^�Q9HLQ9O ]N^�]�p
Q�j�Uaj�ULH%Z�t�Y
[ [�g�[�]NS�H%[�Z�]&O ^�Q9ULRrR�U�plULR�U%^�\LU�PsQ9]EH
j�ULH%Z�X9S&[�]&\LzdHLR�Ua\%j�HLO ^�ULMfQ9]NgNULQ�j�ULRbH%^�MfR�ULHL\%j�H%S&[�UqplR�]Nc�Q�j�U
j�ULH%Z�X
S&[�]&\Lz<O QlP!U%[9pWm ��O g�t �*n�t�YqplQ9ULR
cf]NJ&O ^&g<Hdj�ULH%Z�X9S&[�]&\Lz<H%[ [rR�U�plULR�U%^�\LU�Pq\LH%^kS�UfHLM&� T�P!Q9ULM�t i j�O�PaS�HL\LzN\%j�HLO ^<cdT�P!QbS�U
T&Z�M&HLQ9ULMfpl]&R�ULHL\%jdg�[�]NS�H%[&Z�]&O ^�Q9ULR�H�P�P!O g�^&cfU%^�Q�H%^�Mfpl]&R�ULHL\%jdZ�]&O ^�Q9ULR�J&HLR�O H%S&[�U�v~j�O \%jfO�P�gNHLRlS�H%gNU
\L]N[ [�UL\LQ9ULM�t
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5. The Compiler for DSM-Java 

Lean Compiler 
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Proprietary Runtime Data Structures 
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6. Operating Systems Kernel 
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7. Programming the Hardware in Java 
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9. Work in Progress 
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