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(57) ABSTRACT 

In the method for sharing encrypted data region among tWo 
or more processes on a tamper resistant processor, one 

process creates the encrypted data region to be shared 
according to the common key generated as a result of the 
safe key exchange, and the other process maps that region to 
its oWn address space or process space. The address infor 
mation of the shared encrypted data region and the common 
key of each process are set in relation in the encrypted 
attribute register inside the tamper resistant processor, so 
that it is possible to share the encrypted data region safely. 

SPECIFY Ekp[KX] TO ENCRYPTED EXECUTION 
CODE/DATA REGION. PROCESSOR SETS START 
& END ADDRESSES & DECRYPTED KEY Kx IN 
ENCRYPTED ATTRIBUTE REGISTER. 

SPECIFY Ekp[Ky] TO ENCRYPTED EXECUTION 
CODE/DATA REGION. PROCESSOR SETS START 
& END ADDRESSES & DECRYPT ED KEY Ky IN 
ENCRYPTED ATTRIBUTE REGISTER. 

& KEY Kha IN ENCRYPTED ATTRIBUTE REGISTER 
WHILE HIDDEN DATA REGION Ha IS CREATED. 

v S82 v 
SPECIFY KEY Kha FOR HIDDEN DATA REGION Ha. SPECIFY KEY Khb FOR HIDDEN DATA REGION Hb. 
PROCESSOR SETS START & END ADDRESSES S92 PROCESSOR SETS START & END ADDRESSES 

‘\ & KEY Khb IN ENCRYPTED ATTRIBUTE REGISTER 
WHILE HIDDEN DATA REGION Hb IS CREATED. 

v S83 * 
CALCULATE KEYS Ka & Xa NECESSARY FOR CALCULATE KEYS Kb & Xb NECESSARY FOR 
KEY EXCHANGE PROCEDURE BY D-H SCHEME. S93 KEY EXCHANGE PROCEDURE BY D-l-I SCHEME. 
KEY Xa IS STORED IN HIDDEN DATA REGION Ha. \ KEY Xb IS STORED IN HIDDEN DATA REGION Hb. 
KEY Ka CAN BE STORED IN ORDINARY DATA KEY Kb CAN BE STORED IN ORDINARY DATA 
REGION Da. S84 REGION Db. 

V V 
SEND KEY Ka TO PROCESS B BY USING INTER- S94 SEND KEY Kb TO PROCESS A BY USING INTER 
PROCESS COMMUNICATION FUNCTION (FOR \ PROCESS COMMUNICATION FUNCTION (FOR 
PLAINTEXT) PROVIDED BY OS. S85 PLAINTEXT) PROVIDED BY OS. 

8/9 

V 
RECEIVE KEY Kb FROM PROCESS B, & CALCULATE S95 RECEIVE KEY Ka FROM PROCESS A, & CALCULATE 
COMMON KEY Kab BY USING Kb & Xa. S86 COMMON KEY Kab BY USING Ka & Xb, 

- V 

CREATE SHARED ENCRYPTED DATA REGION Sab TO CREATE SHARED ENCRYPTED DATA REGION Sab' 
BE SHARED BETWEEN PROCESSES A & B, & REGISTER BY MAPPING Sab TO ADDRESS SPACE OF PROCESS 
Sab AS SHARED MEMORY IN OS. PROCESSOR SETS 
START & END ADDRESSES & COMMON KEY Kab IN 
ENCRYPTED ATTRIBUTE REGISTER. 

\ B USING SHARING METHOD (attach) OF SHARED 
MEMORY PROVIDED BY OS. PROCESSOR SETS START 
& END ADDRESSES & COMMON KEY KabIN 
ENCRYPTED ATTRIBUTE REGISTER 

OPERATIONS WITH RESPECT TO SHARED 
ENCRYPTED DATA REGION (READ, WRITE, ETCJF‘QIOO 
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FIG.6 

PROCESS A SENT BY USING PROCESS B 
METHOD 
PROVIDED 

/ VERIFY \ BY OS / SEND RANDOM \ 
COMPLETENESS / NUMBER Bn & 
OF Bcert CERTIFICATE 

Bcert 
SEND RANDOM 
NUMBER An & \ VERIFY 
CERTIFICATE COMPLETENESS 
Acert OF AceIt 

CALCULATE KEY CALCULATE KEY 
EXCHANGE 1ST EXCHANGE 1ST 
PHASE Av PHASE Bv 

SEND Av BY VERIFY 
ATTACHING \ COMPLETENESS 
SIGNATURE OF Av 

VERIFY / SEND BV BY COMPLETENESS ATTACHING 
OF BV SIGNATURE 

CALCULATE CALCULATE 
COMMON KEY COMMON KEY 

\ Kab } \ Kab ) 

VERIFICATION, Av/BV CALCULATION, 
_ SIGNATURE ATTACHING & COMMON __ 

KEY CALCULATION ALGORITHM . 
EXECUTION ARE CARRIED OUT IN 
ENCRYPTED INSTRUCTION EXECUTION MODE, 

' & TEMPORARY DATA ARE CREATED & 
STORED IN ENCRYPTED DATA REGION. 
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METHOD FOR SHARING ENCRYPTED DATA 
REGION AMONG PROCESSES IN TAMPER 

RESISTANT PROCESSOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a microprocessor 
having a function for assisting a multi-task program execu 
tion environment, and more particularly, to a microprocessor 
having a function for encrypting/decrypting programs and 
data Which is capable of sharing hidden programs or hidden 
data among a plurality of processes safely. 

[0003] 2. Description of the Related Art 

[0004] In recent years, the performance of a microproces 
sor has improved considerably such that the microprocessor 
is capable of realiZing reproduction and editing of video 
images and audio sounds, in addition to the conventional 
functions such as computations and graphics. By imple 
menting such a microprocessor in a system designed for 
end-user (Which Will be referred to as PC hereafter), the 
users can enjoy various video images and audio sounds on 
monitors. Also, by combing the function for reproducing 
video images and audio sounds With the computational 
poWer of the PC, the applicability to games or the like can 
be improved. Such a microprocessor is not designed for any 
speci?c hardWare and can be implemented in a variety of 
hardWares so that there is an advantage that the users Who 
already possess PCs can enjoy reproduction and editing of 
video images and audio sounds inexpensively. 

[0005] In the case of handling video images and audio 
sounds on PCs, there arises a problem of a protection of the 
copyright of original images or music. In particular, in order 
to prevent alteration or illegal copying of a softWare for 
handling image data or music data on the PC, a technique 
called tamper resistant softWare technique has been used 
(see David Aucsmith et al., “Tamper Resistant SoftWare: An 
Implementation”, Proceedings of the 1996 Intel SoftWare 
Developer’s Conference). The tamper resistant softWare 
technique is a technique for protecting knoW-hoW or the like 
contained in the softWare from analysis and preventing 
analysis and alternation of the softWare by encrypting the 
softWare. 

[0006] HoWever, the tamper resistant softWare technique 
is basically a technique Which makes analysis using tools 
such as de-assembler or debugger difficult by encrypting a 
portion of the program that requires protection before the 
execution of the program starts, decrypting that portion 
immediately before executing that portion and encrypting 
that portion again immediately after the execution of that 
portion is completed. Consequently, as along as the program 
is executable by a processor, it is alWays possible to analyZe 
the program by carrying out the analysis step by step starting 
from the start of the program. This fact has been an obstacle 
for providing copyright protected contents or sophisticated 
information services through the PC or applying programs 
containing knoW-hoW of an enterprise or individual to the 
PC. 

[0007] In addition, as a problem on the hardWare side, the 
PC is an open platform so that there is also a possibility of 
an attack by altering the operating system (OS) Which is 
intended to be a basis of the system’s softWare con?guration. 
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Namely, a skilled and malicious user can alter the OS of his 
oWn PC to carry out operations to invalidate or analyZe the 
copyright protection mechanisms incorporated in applica 
tion programs by utiliZing privileges given to the OS, instead 
of carrying out the normal operations of the OS. 

[0008] The current OS realiZes the multi-task environment 
for seemingly processing a plurality of tasks in parallel by 
utiliZing a privileged operation function With respect to a 
memory and an execution control function provided in CPU. 
Namely, the OS carries out an allocation of resources 
necessary for the execution of a program, i.e., an allocation 
of a CPU time to the execution of the program and an 
allocation of a memory space necessary for the execution of 
the program, and controls accesses to devices, netWork and 
application QoS that are under the control of the computer. 
For this purpose, the OS has the folloWing tWo privileges. 

[0009] The ?rst privilege is that the OS can interrupt or 
restart an application program at arbitrary timing in order to 
carry out the CPU time allocation. 

[0010] The second privilege is that the OS can move a 
content of a memory space allocated to an application 
program to a memory of a different hierarchical level at 
arbitrary timing, such that the OS can provide a ?at memory 
space to the application by concealing normally hierarchical 
memory systems With different access speeds and capacities 
from the application. 

[0011] Using these tWo privileges, the OS can interrupt an 
execution state of the application and take a snap shot of it 
at arbitrary timing, and restart it after making a copy of it or 
reWriting it. This function can also be used as a tool for 
analyZing secrets hidden in the application. 

[0012] In order to prevent an analysis of the application on 
a computer, there are several knoWn techniques for encrypt 
ing programs or data (Hampson, US. Pat. No. 4,847,902; 
Hartman, US. Pat. No. 5,224,166; Davis, US. Pat. No. 
5,806,706; Takahashi et al., US. Pat. No. 5,825,878; Buer et 
al., US. Pat. No. 6,003,117; Japanese Patent Application 
Laid Open No. 11-282667 (1999), for example). The 
encrypted execution codes can be decrypted only by the 
microprocessor Which knoWs the secret key. The decrypted 
state is alloWed to exist only inside the microprocessor and 
no process or OS other than the executed process is alloWed 
to carry out the decryption. 

[0013] HoWever, these knoWn techniques do not account 
for the protection of the program operation and the data 
secrecy from the above described privileged operations of 
the OS. Consequently, the system employing the conven 
tional encryption technique has a draWback in that the 
analysis of the program becomes possible by utiliZing a 
privilege of the OS called a context sWitching, Without 
decrypting the encrypted execution codes. 

[0014] The context sWitching is carried out to sWitch some 
processes by the OS When the execution of the program is 
stopped by the interruption or When the program voluntarily 
calls up a softWare interruption command due to the system 
call up. Namely, for the purpose of the execution of the other 
program, the OS stores an execution state (Which Will be 
referred to as a context information hereafter) of the pro 
gram indicating a set of register values at that point into a 
memory, and restores the context information of another 
program stored in the memory in advance into the registers. 
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The context switching is an indispensable function in order 
to operate a plurality of programs in parallel. The OS can 
read the register values at a time of the context switching, so 
that it is possible to guess most of the operations made by the 
programs, according to hoW the execution state of that 
program has changed. 

[0015] Apart from the interruption of the execution and 
the analysis of the program, the OS can also arbitrarily 
reWrite the register information that has been moved to the 
memory. The OS can store arbitrary state of the application 
so that it is possible to analyZe the operation of the program 
by reWriting the register values and operating the program 
repeatedly. 

[0016] In vieW of these problems, the present inventors 
have proposed a technique for automatically encrypting a 
part or Whole of the context information in the registers 
Within the microprocessor and saving it to a memory exter 
nal of the processor at a time of the context sWitching, as 
disclosed in the commonly assigned co-pending US. patent 
application Ser. No. 09/781,284. Using this technique, the 
attacks by the OS at a time of the context sWitching can be 
prevented. 

[0017] On the other hand, there is also a proposition of a 
technique in Which each one of a plurality of applications 
and program providers maintains secrets independently 
from the OS. In US. Pat. No. 5,123,045, Ostrovsky et al. 
disclose a system that presupposes the use of sub-processors 
having a unique secret key for each application, in Which the 
operation of the program cannot be guessed from the access 
pattern by Which these sub-processors are accessing pro 
grams placed on a main memory. This system is based on a 
mechanism for carrying out random memory accesses by 
converting the instruction system for carrying out operations 
With respect to the memory into another instruction system 
different from that. 

[0018] HoWever, this technique requires different sub 
processors for different applications so that it requires a high 
cost, and the implementation and fast realiZation of the 
compiler and processor hardWare for processing such 
instruction system are quite different from those of the 
currently used processors, so that the realiZation of this 
system is expected to be very dif?cult at present. Also, in this 
type of processor, it becomes dif?cult to comprehend cor 
respondences among the data contents and the operations 
even When the data and the operations of the actually 
operated codes are observed and traced so that the debug 
ging of the program becomes very dif?cult, and therefore 
this technique has many practical problems, compared With 
the other conventional techniques described above in Which 
the program codes and the data are simply encrypted, such 
as those of US. Pat. No. 5,224,166 and Japanese Patent 
Application Laid Open No. 11-282667. 

[0019] The development of techniques for protecting 
encrypted programs and their processing target data is still 
in progress currently, but the current development is basi 
cally focused on the prevention of eavesdropping of pro 
grams and data from the other process by invalidating the 
analysis and tracing of the executed process. 

[0020] On the other hand, there are demands for mutually 
sharing programs and data even in the encrypted state 
among properly permitted processes (programs). Namely, 
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there are demands for sharing the encrypted programs and 
hidden data among processes in a similar manner as using an 
existing non-encrypted library or an inter-process shared 
memory provided by the OS. In order to share the encrypted 
programs or data among different processes, hoW to share 
the key information safely among proper processes can be a 
problem. 

[0021] In the processor in Which the decrypted state of the 
encrypted program or data is alloWed only Within the 
processor, When it is desired to share the encrypted memory 
region created by some process With the other process, the 
meaningful data sharing cannot be realiZed by simply uti 
liZing the memory sharing mechanism provided by the OS, 
because the other process that requests the sharing of the 
encrypted memory region does not knoW the key necessary 
for this region. 

[0022] The read/Write of the encrypted memory region is 
carried out by using the key corresponding to this memory 
region. The key is maintained secretly Within the processor. 
For this reason, if the same key can be shared Within the 
processor by the other process as Well, the meaningful 
read/Write becomes possible. Here, hoWever, it is necessary 
to carry out this key sharing safely betWeen tWo processes. 

[0023] The safe key sharing betWeen processes Which 
knoW the key in advance can be realiZed by embedding the 
key in the encrypted state Within the program. HoWever, if 
the key cannot be embedded in advance or if the key is to be 
shared betWeen processes (programs) to Which the key 
should not be noti?ed in advance, there is a need to establish 
a safe key exchange sequence betWeen processes. 

[0024] Up to noW, there are many techniques aimed at 
establishing a safe key exchange sequence via a netWork in 
conjunction With the development of the public key cryp 
tosystem. The key information to be exchanged on the 
netWork itself can be eavesdropped, but the attacks are 
dif?cult unless the secret key maintained Within each com 
puter is knoWn. In the case of the key exchange via a 
netWork, the temporary data to be used for the key exchange 
or key calculation Within the computer are handled in the 
plaintext form under the presumption that the temporary 
data cannot be leaked to the netWork or cannot be eaves 
dropped from the netWork. 

[0025] HoWever, the present invention is directed to the 
case Where there is a need to carry out the key exchange 
betWeen processes Within the computer, separately from the 
key exchange sequence via a netWork, and it is presupposed 
that the temporary data to be used for the key exchange or 
key calculation are also to be placed Within the computer. 

BRIEF SUMMARY OF THE INVENTION 

[0026] It is therefore an object of the present invention to 
provide a method for sharing the encrypted data region 
safely betWeen tWo processes in a processor (tamper resis 
tant processor) Which is capable of protecting the secret of 
the executed process from the analysis and the intentional 
alteration. 

[0027] It is another object of the present invention to 
provide a method for sharing the encrypted data region 
among three or more processes by utiliZing safe communi 
cation paths. 
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[0028] According to one aspect of the present invention 
there is provided a method for sharing encrypted data region 
among tWo or more processes on a tamper resistant proces 

sor having a program and data encryption/decryption func 
tion, the method comprising: giving a common key to each 
one of the tWo or more processes in advance; shifting an 
execution mode of the tamper resistant processor to an 
encrypted instruction execution mode; operating an oWner 
process among the tWo or more processes to generate a 
shared encrypted data region valid only With respect to the 
common key in a process space of the oWner process; 
operating each client process other than the oWner process 
among the tWo or more processes to map the shared 
encrypted data region generated by the oWner process to a 
process space of the each client process; and setting address 
information of the shared encrypted data region for each 
process among the tWo or more processes in relation to the 
common key in an encrypted attribute register inside the 
tamper resistant processor. 

[0029] According to another aspect of the present inven 
tion there is provided a method for sharing encrypted data 
region among tWo processes on a tamper resistant processor 
having a program and data encryption/decryption function, 
the method comprising: (a) shifting an execution mode of 
the tamper resistant processor to an encrypted instruction 
execution mode; (b) operating each process among the tWo 
processes to generate a hidden data region of the each 
process in a process space of the each process; (c) operating 
the tWo processes to generate mutually different key pairs to 
be used in a key exchange and carry out the key exchange 
betWeen the tWo processes; (d) operating the each process to 
generate a common key according to the key exchange; (e) 
generating a shared encrypted data region to be shared by the 
tWo processes Which is valid only With respect to the 
common key; and storing the common key and data used 
in a course of the key exchange in the hidden data region of 
the each process. 

[0030] According to another aspect of the present inven 
tion there is provided a method for sharing encrypted data 
region among three or more processes on a tamper resistant 
processor having a program and data encryption/decryption 
function, the method comprising: (a) shifting an execution 
mode of the tamper resistant processor to an encrypted 
instruction execution mode; (b) operating an oWner process 
among the three or more processes to generate a shared 
encrypted data region to be shared among the three or more 
processes; (c) operating the oWner process to specify a 
common key for the shared encrypted data region; (d) 
operating the three or more processes to generate an 
encrypted key noti?cation region for each client process 
other than the oWner process among the three or more 
processes, the encrypted key noti?cation region being 
shared only betWeen the oWner process and the each client 
process; (e) operating the oWner process to notify the 
common key to the each client process through the 
encrypted key noti?cation region for the each client process; 
(f) operating the each client process to map the shared 
encrypted data region generated by the oWner process to a 
process space of the each client process; and (g) setting 
address information of the shared encrypted data region for 
each process among the three or more processes in relation 
to the common key in an encrypted attribute register inside 
the tamper resistant processor. 
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[0031] According to another aspect of the present inven 
tion there is provided a tamper resistant processor having a 
program and data encryption/decryption function and a 
memory that stores computer readable program codes for 
sharing encrypted data region among tWo or more processes, 
the computer readable program codes include: a ?rst com 
puter readable program code for causing said computer to 
give a common key to each one of the tWo or more processes 
in advance; a second computer readable program code for 
causing said computer to shift an execution mode of the 
tamper resistant processor to an encrypted instruction execu 
tion mode; a third computer readable program code for 
causing said computer to operate an oWner process among 
the tWo or more processes to generate a shared encrypted 
data region valid only With respect to the common key in a 
process space of the oWner process; a fourth computer 
readable program code for causing said computer to operate 
each client process other than the oWner process among the 
tWo or more processes to map the shared encrypted data 
region generated by the oWner process to a process space of 
the each client process; and a ?fth computer readable 
program code for causing said computer to set address 
information of the shared encrypted data region for each 
process among the tWo or more processes in relation to the 
common key in an encrypted attribute register inside the 
tamper resistant processor. 

[0032] According to another aspect of the present inven 
tion there is provided a tamper resistant processor having a 
program and data encryption/decryption function and a 
memory that stores computer readable program codes for 
sharing encrypted data region among tWo processes, the 
computer readable program codes include: a ?rst computer 
readable program code for causing said computer to shift an 
execution mode of the tamper resistant processor to an 
encrypted instruction execution mode; a second computer 
readable program code for causing said computer to operate 
each process among the tWo processes to generate a hidden 
data region of the each process in a process space of the each 
process; a third computer readable program code for causing 
said computer to operate the tWo processes to generate 
mutually different key pairs to be used in a key exchange and 
carry out the key exchange betWeen the tWo processes; a 
fourth computer readable program code for causing said 
computer to operate the each process to generate a common 
key according to the key exchange; a ?fth computer readable 
program code for causing said computer to generate a shared 
encrypted data region to be shared by the tWo processes 
Which is valid only With respect to the common key; and a 
sixth computer readable program code for causing said 
computer to store the common key and data used in a course 
of the key exchange in the hidden data region of the each 
process. 

[0033] According to another aspect of the present inven 
tion there is provided a tamper resistant processor a having 
program and data encryption/decryption function and a 
memory that stores computer readable program codes for 
sharing encrypted data region among three or more pro 
cesses, the computer readable program codes include: a ?rst 
computer readable program code for causing said computer 
to shift an execution mode of the tamper resistant processor 
to an encrypted instruction execution mode; a second com 
puter readable program code for causing said computer to 
operate an oWner process among the three or more processes 
to generate a shared encrypted data region to be shared 
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among the three or more processes; a third computer read 
able program code for causing said computer to operate the 
oWner process to specify a common key for the shared 
encrypted data region; a fourth computer readable program 
code for causing said computer to operate the three or more 
processes to generate an encrypted key noti?cation region 
for each client process other than the oWner process among 
the three or more processes, the encrypted key noti?cation 
region being shared only betWeen the oWner process and the 
each client process; a ?fth computer readable program code 
for causing said computer to operate the oWner process to 
notify the common key to the each client process through the 
encrypted key noti?cation region for the each client process; 
a sixth computer readable program code for causing said 
computer to operate the each client process to map the 
shared encrypted data region generated by the oWner process 
to a process space of the each client process; and a seventh 
computer readable program code for causing said computer 
to set address information of the shared encrypted data 
region for each process among the three or more processes 
in relation to the common key in an encrypted attribute 
register inside the tamper resistant processor. 

[0034] Other features and advantages of the present inven 
tion Will become apparent from the folloWing description 
taken in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 is a block diagram shoWing an exemplary 
con?guration of a microprocessor presupposed in the 
method for sharing encrypted data region among processes 
according to the present invention. 

[0036] FIG. 2 is an exemplary con?guration of an 
encrypted attribute register and a key storage data inside the 
microprocessor of FIG. 1. 

[0037] FIG. 3 is a diagram shoWing an exemplary rela 
tionship among encrypted regions generated in a process, 
keys used in generating these regions, and an encrypted 
attribute register in the microprocessor of FIG. 1. 

[0038] FIG. 4 is a diagram shoWing an outline of the 
method for sharing an encrypted data region betWeen tWo 
processes and corresponding encrypted attribute registers 
according to the ?rst embodiment of the present invention. 

[0039] FIG. 5 is a How chart shoWing a processing pro 
cedure of the method for sharing an encrypted data region 
betWeen tWo processes according to the ?rst embodiment of 
the present invention. 

[0040] FIG. 6 is a sequence chart shoWing an authentica 
tion procedure used in the method for sharing an encrypted 
data region betWeen tWo processes according to the second 
embodiment of the present invention. 

[0041] FIG. 7 is a diagram shoWing an outline of the 
method for sharing an encrypted data region among three 
processes according to the third embodiment of the present 
invention. 

[0042] FIG. 8 is a diagram shoWing exemplary con?gu 
ration of encrypted attribute registers used in the method for 
sharing an encrypted data region among three processes 
according to the third embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0043] Referring noW to FIG. 1 to FIG. 8, embodiments 
of a method for sharing encrypted data region among 
processes according to the present invention Will be 
described in detail. 

[0044] First, the major features of the present invention 
Will be brie?y summariZed. 

[0045] The present invention presupposes the use of a 
tamper resistant microprocessor With an execution environ 
ment in Which the execution codes of the encrypted program 
and the encrypted data processed by that program can be 
utiliZed only by proper execution processes. 

[0046] In order to realiZe the method for sharing the 
encrypted data region betWeen tWo processes on the tamper 
resistant microprocessor, a method for giving a common key 
to the tWo processes in advance and a method for generating 
a common key at a time of creating the encrypted data region 
to be shared and notifying the generated common key to the 
sharing partner process are available. 

[0047] In the former method, the common key is given in 
advance to each process involved in the inter-process shar 
ing, so that this method can be extended to the sharing of the 
encrypted data region among arbitrary number of processes. 
This method contains a step of giving the common key in 
advance to each one of tWo or more processes for sharing the 
encrypted data region on a processor having a program and 
data encryption/decryption function, and a step of shifting 
the execution mode of the processor to the encrypted 
instruction execution mode. Then, the ?rst process among 
the tWo or more processes generates a shared encrypted 
region valid only for the given common key in its oWn 
process space and the other process maps the shared 
encrypted region generated by the ?rst process to its oWn 
process space. In addition, an address of the shared 
encrypted region of each process is registered in an 
encrypted attribute register inside the processor in relation to 
the respectively given common key. 

[0048] In the latter method, When the key information for 
the encrypted data region to be shared betWeen tWo pro 
cesses cannot be shared in advance by these tWo processes, 
a process Which created the encrypted data region generates 
the common key and noti?es this common key to the other 
process at each occasion of creating the encrypted data 
region. In this method, the execution mode of the processor 
is shifted to the encrypted instruction execution mode on a 
processor having a program and data encryption/decryption 
function ?rst. 

[0049] Then, each process generates its oWn hidden data 
region in its oWn process space. An address of each hidden 
data region is registered in the encrypted attribute register 
inside the processor in relation to a respectively correspond 
ing key for that hidden data region. In addition, each process 
generates a key pair to be used for the key exchange Which 
is different for different processes, and the key exchange is 
carried out betWeen the tWo processes. Each process gen 
erates the common key according to the key exchange. Then, 
a shared encrypted region to be shared betWeen the tWo 
processes Which is valid only for this common key is 
generated. Finally, the common key and the data used in a 
course of the key exchange are stored in the hidden data 
region of each process. 
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[0050] The shared encrypted region is generated in such a 
manner that one process (oWner process) among the tWo 
processes generates the shared encrypted region in its oWn 
process space, and the other process (client process) that 
requests the sharing maps this shared encrypted region to its 
oWn process space. In this case, each process registers an 
address of the shared encrypted region in the encrypted 
attribute register inside the processor in relation to the 
respective common key. 

[0051] In this method, the common key is generated in a 
secret state, and the data used for it as Well as the common 
key itself are stored in the hidden data region, so that the 
shared encrypted region cannot be accessed by any pro 
cesses other than the tWo processes Which knoW the com 
mon key or even by the OS. 

[0052] In the case Where it is desired to further improve 
the reliability of the encrypted data region sharing, the key 
exchange betWeen the tWo processes is carried out according 
to the veri?cation of the message signature. More speci? 
cally, each process generates a random number and requests 
the authentication to the other process by sending this 
random number and a certi?cate produced by a public 
organiZation. When the authentication is successful, each 
process calculates a phase value for the key exchange, 
attaches a signature to this phase value and sends it to the 
other process. Each process generates the common key by 
using the received phase value and the authenticated random 
number generated by each process itself. 

[0053] According to this method, even in the case Where 
there is a malicious program intervening betWeen the tWo 
processes, it is possible to prevent attacks from such a 
malicious program. 

[0054] In order to realiZe the method for sharing the 
encrypted data region among three or more processes on a 
processor having a program and data encryption/decryption 
function, the execution mode of the processor is shifted to 
the encrypted instruction execution mode ?rst. Then, the 
?rst process among the three or more processes generates a 
shared encrypted data region to be shared among all these 
processes. In addition, the ?rst process speci?es a common 
key for the generated shared encrypted data region. Then, an 
encrypted key noti?cation region to be shared only betWeen 
the ?rst process and the other arbitrary one process is 
generated for each one of the other processes. The common 
key is noti?ed to the other process through the encrypted key 
noti?cation region shared betWeen tWo processes. Then, 
each one of the other processes maps the shared encrypted 
data region generated by the ?rst process to its oWn process 
space. Finally, an address of the shared encrypted data 
region mapped by each process is registered in the corre 
sponding encrypted attribute register Within the processor in 
relation to the noti?ed common key. 

[0055] The generation of the encrypted key noti?cation 
region to be shared betWeen the ?rst process and the other 
arbitrary one process can be realiZed by utiliZing the sharing 
method betWeen the tWo processes described above. 

[0056] In this Way, the key noti?cation region shared 
betWeen tWo processes functions as a safe communication 
path betWeen these processes, and the common key for the 
shared encrypted data region to be shared eventually by all 
the processes can be noti?ed to each process through the safe 
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communication path, so that it is possible to share one 
encrypted data region safely even among three or more 
processes. 

[0057] NoW, an architecture of the microprocessor presup 
posed in the present invention Will be described. The micro 
processor to Which the present invention is to be applied has 
an architecture capable of handling the execution programs 
and data in both plaintext form and encrypted form, and it 
is assumed to be the tamper resistant processor in Which the 
execution codes of the encrypted programs and the process 
ing target encrypted data can be utiliZed only by proper 
execution processes. From a vieWpoint of the security, it is 
possible to consider the use of a dedicated microprocessor in 
Which the execution of plaintext programs is not alloWed, 
but the use of such a dedicated microprocessor is not 
preferable because it has a poor portability and it eliminates 
a possibility for introducing a program for creating/debug 
ging programs before the encryption or a program for 
decryption. 
[0058] FIG. 1 shoWs a basic con?guration of the micro 
processor to Which the present invention is to be applied. 
This microprocessor 1 has an instruction TLB (Table Look 
up Buffer) 2, a processor core 3, an exception processing 
unit 8, a data TLB 9, and a secondary cache 10. The 
processor core 3 has an instruction execution unit 4, a 
primary cache 5, a code and data encryption/decryption unit 
6, and a bus interface unit 7. The code and data encryption/ 
decryption unit 6 has an encrypted attribute register 20. 

[0059] This microprocessor 1 differs signi?cantly from the 
ordinary processor in that the code and data encryption/ 
decryption unit 6 is provided inside the processor core 3. The 
encrypted execution codes and data Will ?oW through the 
bus in the encrypted state. The execution codes and data 
entered into the processor core 3 are decrypted by the code 
and data encryption/decryption unit 6 before being fetched 
into the primary cache 5. When these execution codes and 
data are to be outputted to the bus again, they are outputted 
in the encrypted state. 

[0060] The instruction execution unit 4 has a register set 
(not shoWn), and the plaintext data are processed inside the 
register. In the case of the OS supporting the multitask, 
attacks for eavesdropping the register information by force 
fully causing the context sWitching by a faked OS or the like 
can be considered. HoWever, by adopting the scheme dis 
closed in the commonly assigned co-pending US. patent 
application Ser. No. 09/781,284, it is possible to prevent 
such attacks as the encryption/decryption function is auto 
matically activated at times of saving and recovering the 
context. 

[0061] Inside the code and data encryption/decryption unit 
6, a secret key speci?c to the processor according to the 
public key cryptosystem is maintained in such a manner that 
it cannot be read out by any privileged program. This secret 
key is used inside the processor automatically at a time of 
decrypting the program or data encrypted by using the 
corresponding public key. 
[0062] By adopting the microprocessor architecture of 
FIG. 1, it is possible to protect programs from the analysis 
and the alteration by malicious users or programmers, 
because the codes and data of the encrypted programs 
cannot be decrypted and utiliZed by anything other than the 
proper processor Which knoWs the speci?c key. 
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[0063] The codes and data to be protected are in the 
encrypted form While they are existing on an external 
memory device or memory, and decrypted only While they 
are read into the primary cache and the registers inside the 
processor. When there is a need to Write them back from the 
cache to the memory, the encryption processing is automati 
cally applied inside the processor as already mentioned 
above. In this Way, the decrypted (plaintext) form of the 
encrypted instruction codes and data is con?ned inside the 
processor so as to prevent a disclosure of the plaintext data 
on the registers at a time of the context sWitching. 

[0064] FIG. 2 shoWs an exemplary con?guration of the 
encrypted attribute register 20. The encrypted attribute reg 
ister 20 comprises a plurality of hidden registers for storing 
a key corresponding to each program or data to be decrypted 
(encrypted) separately inside the processor, in such a manner 
that any privileged program cannot read the encrypted 
attribute register 20 and the microprocessor 1 can utiliZe the 
encrypted attribute register 20 only during the execution of 
the proper program. 

[0065] The encrypted attribute register 20 registers infor 
mation such as a start address and an end address (or a region 
siZe) of the encrypted region, an applied encryption algo 
rithm, an offset to a key storage data 30, a key siZe, etc. The 
key storage data 30 contains a key value and a signature. 

[0066] When the microprocessor 1 executes the encrypted 
execution code, the execution mode is shifted to a mode 
called encrypted instruction execution mode. In the 
encrypted instruction execution mode, the microprocessor I 
automatically decrypts the encrypted execution code by 
utiliZing the decryption key registered in the corresponding 
encrypted attribute register 20 and carries out the instruction 
execution. At this point, data to be piled up in the stack and 
data to be Written into the other data regions are also 
automatically encrypted and then automatically decrypted at 
a time of reading. Data in the decrypted plaintext state exist 
only on the register and the primary cache lines of the 
instruction execution unit 4, and data are put in the 
encrypted state again When data are to be outputted to an 
external memory through the bus. 

[0067] An access to the encrypted data is normally made 
in the encrypted instruction execution mode, but it is also 
possible to make an access to the encrypted data from the 
plaintext instruction execution mode (normal instruction 
execution mode) and automatically carry out read/Write of 
data in the encrypted form on an external memory. HoWever, 
in general, an access to data that should be encrypted should 
preferably be made after shifting to the encrypted instruction 
execution mode for the purpose of making the analysis 
dif?cult by preventing a tracing of the instruction execution 
sequence by the processor. 

[0068] At a time of carrying out the context sWitching, the 
context (the register information, etc.) of the executed 
process is saved in an external memory, and Within this 
context, the encrypted attribute register information, etc., 
that should be hidden from the other processes are saved on 
the memory after the microprocessor 1 carried out the 
encryption processing. 

[0069] Alternatively, it is also possible to use a con?gu 
ration in Which the encrypted attribute register 20 is accom 
panied by an execution target process ID and the information 
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of the encrypted attribute register 20 is maintained inside the 
microprocessor 1 even after the context sWitching. In this 
case, the context sWitching processing is carried out in a 
form Which guarantees that it is not available to the proces 
sor except at a time of the execution of this process (i.e., not 
available at a time of the execution of an other process). 

[0070] The microprocessor With the above described fea 
tures Will be referred to as the tamper resistant processor in 
the present invention. 

[0071] Next, the program execution operation on the 
tamper resistant processor presupposed by the present inven 
tion Will be described. 

[0072] First, the procedure for executing the protected 
program on a computer having the microprocessor (tamper 
resistant processor) 1 inside Will be described. It is assumed 
that the protection target program is already installed in this 
computer prior to the program execution. It is also assumed 
that the key necessary for the processor 1 to decrypt the 
encrypted execution code is encrypted by using the public 
key corresponding to the secret key speci?c to the processor 
by a creator, a provider or the like of the program and 
doWnloaded and installed in the computer in advance via the 
Internet or by means of the distribution medium. There can 
also be cases Where the decryption key necessary for the 
program execution is encrypted by using the public key 
corresponding to the processor oWned by the user by a 
creator, a provider or the like of the program and embedded 
inside the protection target program. 

[0073] At a time of decrypting the encrypted execution 
code, the microprocessor 1 utiliZes this key. For this reason, 
there is a need to set this execution code decryption key in 
the plaintext state into the encrypted attribute register 20 
inside the processor at an early stage of the protected 
program execution and before entering the encrypted execu 
tion code section. The decryption key is encrypted by using 
the public key speci?c to the processor, but it can be 
decrypted by using the secret key of the processor inside the 
processor and safely set in the plaintext state into the 
encrypted attribute register 20 by issuing the folloWing 
instruction. 

setck decryption key data encrypted by using the 
public key of the processor 

[0074] The above example shoWs an exemplary instruc 
tion targeting at a system capable of setting only one 
decryption key With respect to the currently executed pro 
cess. Namely, in this system, the same decryption key Will 
be shared even When a plurality of plaintext execution codes 
and encrypted execution codes coexist inside the program. 

[0075] There can be cases Where the program is con 
structed by combining plural types of execution codes 
(object codes) created separately by a plurality of creators. 
In recent years, it has become popular to carry out the 
programming in this form, and in such cases, there is a need 
to provide a system Which is capable of handling the state in 
Which various types of execution codes are encrypted by 
different encryption keys. Namely, there is a need to sepa 
rately provide the decryption keys necessary for decrypting 
and executing the program that is created by applying 
different encryption processings to different execution code 
regions. 
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[0076] In this case, the instruction for setting the execution 
code decryption key into the encrypted attribute register 20 
becomes as follows. 

setk segment ID decryption key encrypted by using the 
public key of the processor (1) 

[0077] Here, the information of the encrypted region is 
speci?ed by using a region ID given in a form of the segment 
ID. 

[0078] The segment ID is an ID by Which the micropro 
cessor 1 identi?es a region, Which corresponds to an iden 
ti?er of a segment information storing a top address of the 
region or a combination of a top address and a region siZe 
(or an end address) of the region. 

[0079] In general, the program is constructed by linking 
various execution codes (object codes) including libraries. 
The execution code (object code) contains an instruction 
section, a data section, and a link information section (Which 
may also contain a debugging information at a time of 
debugging), and the encryption using the same key or the 
encryption using different keys can be applied With respect 
to these sections. 

[0080] At a time of executing the program, a stack region 
and a dynamically allocated data region are set up by the 
assistance of the OS, the program loader and the dynamic 
linker, so as to put the program in an execution possible 
state. 

[0081] In order to start the program execution, the pro 
gram is loaded (mapped) onto the memory by the program 
loader (and the OS) ?rst, and initial setting of the execution 
codes and regions for stack and data is made. At a time of 
using a dynamic library, the preliminary processing is car 
ried out such that the dynamic linker and the dynamic library 
Will be called up appropriately at a time of the execution. 

[0082] In the case of specifying the encryption/decryption 
With respect to the execution codes and regions for stack and 
data, the key corresponding to each region is speci?ed and 
set in the plaintext state into the encrypted attribute register 
20 inside the microprocessor 1 in advance, as described 
above. 

[0083] The encryption related information of the region 
(siZe, mapping target, attribute, etc. of each region) may be 
embedded inside the program by a creator, a provider or the 
like of the program, or may be doWnloaded into the com 
puter separately from the program. In the case Where the 
encryption related information is embedded inside the pro 
gram, the storing position depends on the execution binary 
format. 

[0084] The key corresponding to each region is set into the 
encrypted attribute register 20 by using the instruction (1), 
and this setting is carried out at a time of the program 
loading and the mapping to the address space by the program 
loader (and the OS). 
[0085] In the case of neWly creating an encryption target 
data region dynamically, the setting into the encrypted 
attribute register 20 by using the instruction (1) is carried out 
at that point. This operation Will be described in further 
detail in relation to the inter-process sharing of the encrypted 
data region to be described beloW. 

[0086] FIG. 3 shoWs an exemplary key setting in the 
encrypted attribute register 20 at a time of executing the 
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program in Which plural types of execution codes are 
combined. In FIG. 3, there are key entries 11 to 14 for keys 
(Ekp[Kx]) of the execution codes (object codes), each of 
Which is encrypted by using the public key Kp speci?c to the 
processor, and the execution code regions of the program 
that are encrypted by using these keys Kx are arranged in the 
process space 31. The encrypted attribute register 20 stores 
the start address, the end address and the key of the 
corresponding region in the plaintext state. The con?gura 
tion of the encrypted attribute register 20 is simpli?ed here 
for the sake of explanation. 

[0087] In the example of FIG. 3, the program is con 
structed from: 

[0088] an execution text region Ta and a data region 
Da Which are encrypted by using the key Ka; 

[0089] an execution text region Tb Which is 
encrypted by using the key Kb; 

[0090] a data region Dc Which is encrypted by using 
the key Kc; and 

[0091] an (encrypted) stack region S for storing data 
Which is encrypted by using the key Kd under the 
encrypted instruction execution mode. 

[0092] Here, the key entries 11 to 14 encrypted by using 
the public key of the processor are supplied from an external 
of the program. By using the instruction (1), the keys Ka, 
Kb, Kc and Kd are decrypted from the key entries 11 to 14 
and the region information, the key information, etc. are 
registered into entries 22 to 26 of the encrypted attribute 
register 20 in correspondence to the respective encrypted 
regions arranged in the process space, inside the micropro 
cessor 1. 

[0093] Next, the processing for shifting from the plaintext 
instruction execution mode to the encrypted instruction 
execution mode Will be described. There are tWo methods 
for realiZing this shifting processing, including an explicit 
shifting processing instruction describing method and an 
automatic shifting processing method. 

[0094] (1) Explicit shifting processing instruction describ 
ing method: 

[0095] First, as the instructions are sequentially executed 
from the top of the program, there is a case Where an 
instruction for shifting the execution mode of the processor 
to the encrypted instruction execution mode is explicitly 
described Within codes immediately before the protection 
target execution code. When the microprocessor 1 executes 
this shifting instruction, the subsequent execution codes are 
regarded as the encrypted execution codes so that these 
execution codes are decoded and executed by decrypting 
them. 

[0096] An example of the instruction for shifting to the 
encrypted instruction execution mode is as folloWs. 

mode shifting instruction: cryptomode (target address 
to jump) 

[0097] Similarly, an instruction for returning to the ordi 
nary plaintext instruction execution mode from the 
encrypted instruction execution mode is as folloWs. 

mode releasing instruction: retmode (target address to 
return) 
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[0098] The jumping target address and the returning target 
address can be omitted, and When they are omitted, the mode 
shifting processing is carried out immediately before the 
instruction next to the mode shifting instruction or the mode 
releasing instruction. 

[0099] During a period since the instruction for shifting to 
the encrypted mode is issued until the mode releasing 
instruction is issued, the microprocessor 1 continues the 
decryption and the execution by regarding the execution 
code indicated by the program counter as an encrypted one. 

[0100] In this method, once the processing enters the 
encrypted instruction execution mode and When there is a 
jump/call to a function Within the execution code encrypted 
by the other encryption key in the course of the processing, 
there is a need to describe the similar instruction for shifting 
to the encrypted instruction execution mode at the calling 
target as Well. 

[0101] In addition, in the case of returning from the calling 
target, there is also a need to describe the mode releasing 
instruction, but the shifting to the execution mode of the 
calling source cannot be carried out automatically in this 
Way. For this reason, at a time of shifting to another 
encrypted instruction execution mode (or the plaintext 
instruction execution mode) after entering one encrypted 
instruction execution mode (i.e., at a time of calling), the ID 
of the original encrypted attribute register 20 of the calling 
source is added to the stack in addition to the returning 
address. Else, it is maintained inside the processor as a back 
link information and a ?ag is set up such that the original 
instruction execution mode is recovered according to this 
information at a time of returning. 

[0102] In this method, there is also a need to automatically 
insert the above described instruction execution mode shift 
ing instruction immediately before/immediately after the 
region speci?ed as the encrypted region Within the execution 
program so as to properly manage the mode shifting, by 
using the program development tools (containing compiler, 
linker, and encryption tool) or the like. 

[0103] In this method, it is possible to specify the granu 
larity of the encrypted region rather minutely by inserting 
the explicit mode shifting instruction at arbitrary position, 
but the position for shifting to the encrypted instruction 
execution mode is explicitly described in the program so that 
it is equivalent to teaching the attacking target code position 
to the hackers or the like. It may be effective in the case 
Where the mode shifting is to be carried out only at portions 
that really need to be encrypted and the high speed program 
execution in the plaintext execution mode is to be expected 
as much as possible at the other portions, but there is a 
draWback that the strength against the analysis is going to be 
loWered. Note that, in this case, there is no need to set up the 
encrypted attribute register for the encrypted region in 
advance. 

[0104] (2) Automatic shifting processing method accord 
ing to the encrypted attribute at a time of the region access: 

[0105] On the other hand, there is also a method in Which 
the encrypted attribute register is set up in advance at a time 
of mapping the encrypted region to the memory and the 
shifting of the execution mode is automatically judged at a 
time of the execution in the encryption target code region or 
the reading/Writing With respect to the encryption target data 

Jul. 3, 2003 

region or the stack region, and the shifting of the execution 
mode is carried out Whenever necessary, Without using the 
explicit mode shifting instruction described above. 

[0106] In this case, the information on a region in Which 
the execution code is encrypted is to be stored into the 
encrypted attribute register 20 Within the processor in 
advance by using the instruction 

[0107] There are no explicit mode shifting instruction or 
mode releasing instruction, and the mode shifting is carried 
out automatically When the execution enters the speci?ed 
region or the execution proceeds to the execution code 
section other than the speci?ed regions. In the case Where 
the execution code to Which the execution is to be proceeded 
from the currently executed encrypted execution code is in 
a region encrypted by using the other encryption key, the 
mode shifting corresponding to the proceeding target 
encrypted execution code is automatically carried out. The 
similar judgement and execution are also carried out With 
respect to the encryption target data region and the stack 
region. 
[0108] Presupposing the tamper resistant processor 
(microprocessor 1) having the above described con?gura 
tion, embodiments of the method for sharing encrypted data 
region among processes according to the present invention 
Will noW be described in detail. 

[0109] <First Embodiment> 

[0110] In the ?rst embodiment, the method for sharing the 
encrypted data region that is available only betWeen tWo 
processes Will be described. 

[0111] Here, data to be read/Write With respect to the 
shared data region to be generated here is encrypted/de 
crypted by a hardWare inside the microprocessor and hidden 
from the other processes Which do not knoW the key. 

[0112] In order to share some encrypted data region 
betWeen different processes, there is a need for a function for 
sharing the encryption/decryption key to be used With 
respect to that data region betWeen the tWo processes, in 
addition to the function for sharing the memory supported 
by the ordinary OS. There are tWo methods for realiZing this. 

[0113] The ?rst method is the simplest method in Which 
the programs for the inter-process sharing are put in a state 
of knoWing the key for the encrypted data region to be 
shared in advance or a state capable of sharing the key for 
the encrypted data region to be shared. 

[0114] The second method is a method for safely notifying 
the key information to a proper process that requests the 
sharing of the encrypted data, in the case Where the key 
cannot be shared in advance. 

[0115] In the ?rst method, i.e., the method for sharing the 
key in advance, the encrypted data is shared among a 
plurality of processes as far as the same program is con 
cerned so that the encryption/decryption key for the 
encrypted data region can be set up to be identical in 
advance. The key set up method can be a method for 
directly storing the key in the encrypted data region Within 
the execution code, or (ii) a method for determining the key 
uniquely by utiliZing the initial value and the algorithm such 
that the same key can alWays be generated, and setting the 
key in the encrypted attribute register corresponding to the 
encrypted data region. 
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[0116] The setting of the key in the encrypted attribute 
register can be realized by the instruction (1) described 
above. In the instruction (1), the key to be speci?ed in the 
encrypted attribute register is encrypted by using the public 
key speci?c to the processor, but in the case of setting the 
common key betWeen processes, the instruction execution 
code and the decryption key themselves are already 
encrypted, so that it is also possible to set the decryption key 
directly by the folloWing instruction. 

setik segment ID decryption key (2) 

[0117] Thereafter, it suf?ces to carry out the encrypted 
data region allocation and attaching from the other process 
by utiliZing the memory sharing function provided by the 
OS. The other process that requests the memory sharing 
already knoWs the key corresponding to the target encrypted 
data region, so that once the access right With respect to the 
region can be obtained, the memory access With respect to 
this encrypted data region becomes possible similarly as the 
creating source process (oWner process) of the encrypted 
data region. 

[0118] In the second method, i.e., in the case Where the key 
information for the encrypted data region cannot be shared 
in advance at a time of creating programs, there is a need for 
a process (oWner process) that created the encrypted data 
region to determine the key information to be used for the 
encryption/decryption and safely notify the key information 
to the other proper process (client process) that requests the 
data sharing. 

[0119] In this case, there is a need for the oWner process 
that generates the region to determine (the initial value of) 
the key for the encrypted data region ?rst. 

[0120] For this key initial value determination, the initial 
value of the key directly stored in the encrypted data region 
Within the execution code can be utiliZed, or the same initial 
value of the key can be used every occasion by determining 
the key uniquely by utiliZing the initial value and the 
algorithm such that the same key can alWays be generated, 
similarly as in the case of the ?rst method described above, 
but besides these, it is also possible to generate the initial 
value of the key dynamically by setting the initial value by 
calling up a random number generation routine (softWare) or 
a random number generator (hardWare). In this case, by 
generating/using the different keys at different occasions of 
the program execution, the strength against the analysis can 
be improved. This key initial value determination sequence 
should preferably be carried out in the encrypted instruction 
execution mode. 

[0121] When the oWner process determines the initial 
value of the key, the key for the encrypted data region that 
is available only betWeen tWo processes is obtained by 
carrying out the key exchange With the other process that 
requests the sharing of the encrypted data region, 

[0122] FIG. 4 and FIG. 5 shoW the processing procedure 
in the case of sharing the encrypted data region by gener 
ating the common key at each occasion. In the example 
shoWn in FIG. 4 and FIG. 5, the Dif?e-Hellman (D-H) key 
exchange sequence is utiliZed. In the D-H scheme, it is 
possible to generate the key that is available qnly betWeen 
tWo parties by utiliZing the feature that Kab=(ot a)Xb=KaXb= 
KbXa cannot be calculated from f(ka, kb). Here, Kab denotes 
the common key, Which is calculated from the values of Ka 
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and Kb by the exponential calculation using the keys Xa and 
Xb for the key exchange as exponents. 

[0123] In FIG. 4 and FIG. 5, the oWner process A and the 
client process B are currently executed. The oWner process 
A is a process that generates the shared encrypted data 
region Sab to be shared betWeen processes, and the client 
process B is a process that requests the sharing of the shared 
encrypted data region Sab. 

[0124] First, the oWner process A generates an encrypted 
execution code/data region 42 in an execution process space 
(or address space) and speci?es a key Ekp[Kx] that is stored 
in an encrypted state in an external memory, for example, so 
as to make a shift to the encrypted instruction execution 
mode (step S81). The key Kx is decrypted by using the 
secret key Kp speci?c to the microprocessor 1, and the 
decrypted key Kx is set in relation to the start address and 
the end address of the encrypted execution code/data region 
42 in the encrypted attribute register 52. 

[0125] The oWner process A also independently allocates 
a hidden data region Ha for the encrypted data to be hidden 
from other processes to its oWn process space, and speci?es 
a key Kha for the hidden data region With respect to this 
hidden data region Ha (step S82). In the case Where the key 
Kha for the hidden data region is embedded in the encrypted 
program in advance, this key Will be used, but it is also 
possible to generate an initial value by a random number 
generator and produce the key Kha dynamically. In the case 
Where the key Kha is produced dynamically, the key Kha is 
maintained in the encrypted execution code/data region 42 
of the oWner process A. The start address and the end 
address of the hidden data region Ha is set in relation to the 
key Kha for this region in the encrypted attribute register 53. 

[0126] Next, the oWner process A calculates the keys Ka 
and Xa necessary for the key exchange according to the D-H 
scheme (step S83). More speci?cally, information (0. and q) 
necessary in calculating the key Ka of the process A is 
generated ?rst. Arbitrary method such as that using a random 
number generation is determined in advance as a method for 
generating these values. In addition, another key Xa neces 
sary for the key exchange is determined and this key is 
stored in the hidden data region Ha 44. Using these, the key 
Ka (=otXa mod q) of the oWner process A is calculated, and 
this key Ka is stored in an ordinary non-encrypted data 
region Da 43. All the data used in the course of this 
calculation are placed in the encrypted stack region (not 
shoWn) or the hidden data region Ha. 

[0127] The key Ka of the process A is handled similarly as 
the public key and exchanged in a plaintext form through 
bus and memory beyond the process space. On the other 
hand, the key Xa for the key exchange is handled similarly 
as the secret key and placed in the encrypted hidden data 
region Ha. 

[0128] The above described steps are also carried out at 
the client process B. Namely, the process B speci?es an 
encrypted execution code/data region 62 in the correspond 
ing process space (step S91), and independently generates a 
hidden data region Hb 64 and speci?es a key Khb for the 
hidden data region Hb 64 (step S92). The addresses and the 
corresponding key for these regions are set in corresponding 
entries 72 and 73 in the encrypted attribute register 71. In 
addition, the keys Kb and Xb necessary for the key exchange 
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With the process A are calculated according to the D-H 
scheme (step S93). The key Kb is placed in an ordinary data 
region Db 63 in a plaintext state, While the key Xb is placed 
in the hidden data region Hb 64. 

[0129] Next, the oWner process A transmits the key Ka to 
the process B (step S84). The key Ka is handled similarly as 
the public key, so that it can be transmitted by utiliZing 
arbitrary inter-process communication function such as API 
provided by the library or the OS. On the other hand, the 
client process B also transmits the key Kb to the process A 
by utiliZing the similar inter-process communication func 
tion (step S94). 
[0130] The oWner process A calculates the common key 
Kab (=KbXa) by using the key Kb received from the process 
B and its oWn key Xa, and stores this common key in the 
hidden data region Ha (step S85). 

[0131] Similarly, the client process B calculates the com 
mon key Kab (=KaXb) by using the key Ka received from the 
process A and its oWn key Xb, and stores this common key 
in the hidden data region Hb (step S95). 

[0132] Next, the oWner process A generates the shared 
encrypted data region Sab for Which accesses are permitted 
only from the processes A and B (step S86). The shared 
encrypted data region Sab is created by utiliZing a memory 
allocation function provided by the library or the OS. The 
start address and the end address of the shared encrypted 
data region Sab are set in relation to the common key Kab 
stored at the process Ain the encrypted attribute register 54. 

[0133] The client process B maps the shared encrypted 
data region Sab created by the oWner process A to its oWn 
process space by utiliZing the memory sharing function 
provided by the OS (step S96). There is no need to encrypt 
the memory sharing information to be exchanged here. For 
the shared encrypted data region Sab‘ mapped to the process 
space of the process B, the start address and the end address 
are set in relation to the common key Kab stored at the 
process B in the encrypted attribute register 74. 

[0134] After reaching this state, the processes A and B can 
freely carry out read/Write With respect to the shared 
encrypted data region Sab (or Sab‘) (step S100). Accesses to 
the shared encrypted data region are made through the 
encrypted attribute register of the microprocessor (tamper 
resistant processor) 1, so that only the processes Aand B that 
knoW the common key can make accesses. Any other 
processes Which do not knoW the common key cannot make 
accesses, so that the sharing of the encrypted data region 
only betWeen tWo processes can be realiZed safely. 

[0135] Also, When each process carries out read/Write of 
data With respect to the shared encrypted data region, the 
encryption/decryption of data is automatically carried out 
betWeen the primary cache and the external memory by 
referring to the information of the encrypted attribute reg 
ister inside the processor core. In this Way, the secret of the 
processing data for the encrypted program can also be 
protected. 

[0136] <Second Embodiment> 

[0137] In the ?rst embodiment, the shared encrypted data 
region is realiZed by carrying out the key exchange betWeen 
tWo processes and registering the common key in the 
respective encrypted attribute registers. The second embodi 
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ment provides the method for sharing the encrypted data 
region more safely by carrying out the authentication in the 
key exchange. 

[0138] In the method of the ?rst embodiment, When there 
is a malicious program such as altered OS intervening 
betWeen tWo processes that carry out the key exchange, there 
is a possibility for an attack called “man in the middle 
attack”. Namely, there is a possibility for the intervening 
program to forge the information necessary for the key 
generation and freely eavesdrop or alter the encrypted data 
by manipulating the keys arbitrarily. 

[0139] If it is a system for Which there is no Way of having 
a malicious altered program inserted into the system, the 
application of the key exchange scheme of the ?rst embodi 
ment Will cause no problem, but if it is a system to Which a 
program can be freely added such as a general purpose OS 
on the PC, there is a possibility of receiving the attack. 

[0140] In order to protect the key exchange sequence from 
such an attack, it is possible to use a scheme in Which a 
certi?cate for certifying that information such as the public 
key to be used by the program is authenticated/issued 
through a public organiZation or the like is provided and it 
is guaranteed that the proper exchange cannot be carried out 
unless the proper public key With the certi?cate is used. 

[0141] In the folloWing, the protection method using an 
electronic signature algorithm Which is the public key 
encryption technique and the D-H key exchange algorithm 
Will be described With reference to FIG. 6. The encryption 
algorithm to be used in the key exchange sequence can be 
arbitrary. 

[0142] While executing this method, it is assumed that the 
executed process is shifted to the encrypted instruction 
execution mode, and data to be created/used during the key 
exchange sequence are to be placed in the hidden data 
regions Ha and Hb provided Within the respective processes. 

[0143] In FIG. 6, the client process B that requests the 
sharing of the encrypted data region sends a challenge 
random number Bn generated by a random number genera 
tor and a certi?cate Bcert produced by the public organiZa 
tion, to the oWner process A so as to request the authenti 
cation. 

[0144] Here, the certi?cate Bcert is a certi?cate produced 
by the public organiZation by using a secret key Ksg, in 
Which the public key Kab of the client process B issued by 
the public organiZation is embedded, and from Which this 
public key Kab can be extracted by using the public key Kpg 
of the public organiZation. 

[0145] There is no need to encrypt the certi?cate to be 
transmitted to the oWner process A, and the system call or 
API provided by the OS or the library can be utiliZed. 
Hereafter, the service routine of the ordinary OS or library 
can be utiliZed for the transmission and reception of data 
such as the certi?cate betWeen processes, unless otherWise 
speci?ed. 

[0146] The oWner process A carries out the veri?cation of 
the completeness of the received certi?cate Bcert by using 
the public key Kpg of the public organiZation. When it is 
judged that the signature by the public organiZation is proper 
as a result of the veri?cation, the oWner process A calculates 
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a key exchange ?rst phase value Av. At this point, the public 
key Kpb of the client process B is also obtained. 

[0147] At the same time, the oWner process A sends a 
challenge random number An and a certi?cate Acert to the 
client process B so as to request the authentication. The 
client process B veri?es the completeness of the received 
certi?cate Acert, and When it is judged that the signature by 
the public organiZation is proper, a key exchange ?rst phase 
value Bv is calculated. At this point, the public key Kpa of 
the oWner process A is also obtained. 

[0148] The oWner process Aproduces a message signature 
for the key exchange ?rst phase value Av and the challenge 
random number Bn of the process B, and sends it to the 
client process B. 

[0149] The client process B similarly produces a message 
signature for the key exchange ?rst phase value Bv and the 
challenge random number An of the process A, and sends it 
to the oWner process A. 

[0150] The oWner processAchecks the message signature 
received from the client process B by using the public key 
Kpb of the client process B, and veri?es that this message 
signature is not changed. 

[0151] The oWner process A calculates the authenticated 
common key Kab (or Kauth) betWeen the processes A and B 
by using a random number and the veri?ed phase value Bv. 

[0152] The client process B similarly checks the message 
signature received from the oWner process A by using the 
public key Kpa of the oWner process A, and veri?es that this 
message signature is not changed. 

[0153] The client process B calculates the authenticated 
common key Kab (or Kauth) betWeen the processes A and B 
by using a random number and the veri?ed phase value Av. 

[0154] By using such an authentication method, in the 
case of exchanging the key information on the non-en 
crypted communication path betWeen tWo processes, it it 
possible to prevent a situation in Which a malicious program 
(including an altered OS) that is intervening betWeen tWo 
processes alters the authenticated key or breaks the key 
itself. 

[0155] Next, the oWner process A creates the shared 
encrypted data region Sab to be accessed only from the 
processes A and B that knoW the common key Kab (or 
Kauth), similarly as in the step S86 of FIG. 5 (the ?rst 
embodiment). The shared encrypted data region Sab is 
created by utiliZing the memory allocation function provided 
by the library or the OS. The start address, the region siZe (or 
the end address), the attribute value, etc. of the shared 
encrypted data region Sab are placed under the memory 
resource management of the OS. the common key Kab (or 
Kauth) is set in relation to the region addresses in the 
encrypted attribute register. 

[0156] Next, the client process B maps the shared 
encrypted data region Sab created by the oWner process A to 
its oWn process space by utiliZing the memory sharing 
function provided by the OS, similarly as in the step S96 of 
FIG. 5 (the ?rst embodiment). There is no need to encrypt 
this memory sharing information to be exchanged here. For 
the process B, information including the common key Kab 

Jul. 3, 2003 

(or Kauth) is also set in the encrypted attribute register for 
the region Sab‘ of the process B. 

[0157] Thereafter, accesses to the shared encrypted data 
region Sab are made by the processes A and B through the 
encrypted attribute register of the microprocessor (tamper 
resistant processor) 1, so that only the processesA and B that 
knoW the common key Kab (or Kauth) can make accesses 
safely. 
[0158] <Third Embodiment> 

[0159] The ?rst and second embodiments are directed to 
the method for sharing the shared encrypted data region 
betWeen tWo processes. In the third embodiment, a proce 
dure for constructing a shared encrypted data region Hshare 
to be shared among three or more processes Will be 
described. 

[0160] FIG. 7 shoWs respective address spaces of the 
processes A, B and C, and an exemplary con?guration of the 
shared encrypted data region to be shared by these pro 
cesses. In the example of FIG. 7, the process A is an oWner 
process Which is a creator of the shared encrypted data 
region Hshare. FIG. 8 shoWs an exemplary con?guration of 
the encrypted attribute registers of the respective processes 
for the purpose of creating the shared encrypted data region. 

[0161] First, the oWner process A is shifted to the 
encrypted instruction execution mode, and creates the 
shared encrypted data region Hshare 106 in its oWn address 
space. Akey Kshare for the region Hshare may be embedded 
in the program code in advance, or an initial value can be 
generated by using a random number generator or the like 
and the key can be generated by utiliZing this initial value. 
In the case Where the key Kshare is generated dynamically, 
this key is maintained in the hidden data region. The 
addresses of the shared encrypted data region Hshare 106 
and the key Kshare for this region are set in the encrypted 
attribute register 216 inside the microprocessor 1. 

[0162] Next, the oWner process A creates the shared 
encrypted data region Sab 104 to be shared only betWeen the 
processes A and B in its oWn address space according to the 
method of the ?rst embodiment. Similarly, the oWner pro 
cess A also creates the shared encrypted data region Sac to 
be shared only betWeen the processes A and C. Namely, 
placing the oWner processA at a center, the shared encrypted 
data region Sax to be shared in a one-to-one fashion With 
each process With Which the encrypted data region Hshare 
should be shared is created. The addresses of the shared 
encrypted data regions Sab and Sac of the oWner process A 
in the example of FIG. 7 and the common keys Kab and Kac 
for making accesses to these regions are set in relation in the 
encrypted attribute registers 214 and 215 respectively. 

[0163] The shared encrypted data region Sax to be shared 
in a one-to-one fashion betWeen the oWner process A and 
each client process Will function as a communication path 
for safely notifying the key Kshare for the eventual shared 
encrypted data region Hshare among processes. In this 
sense, the shared encrypted data region Sax betWeen tWo 
processes can be referred to as a key noti?cation region. 
More speci?cally, the process A Writes the key Kshare for 
the shared encrypted data region Hshare into the shared 
encrypted data region Sab With respect to the process B. The 
process B creates the shared encrypted data region Sab‘ 
virtually in its oWn address space, and reads the key Kshare 










