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AUDIT

(57) Various embodiments relate to a method for
health record audit verification, the method including the
steps of creating an audit trail and sending the audit trail
to a plurality of roles, computing, by each of the plurality
of roles, a plurality of weighted credible numbers by mul-
tiplying a weighted credit by a total number of individuals

for each of the plurality of roles, determining, by each of
the plurality of roles, whether the sum of the plurality of
weighted credible numbers is greater than a predeter-
mined threshold and updating, by each of the plurality of
roles, an audit trail chain on a Merkle tree.
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Description

FIELD OF THE INVENTION

[0001] This disclosure relates generally to a method
for verifying data, and more specifically, but not exclu-
sively, to a method for health records audit verification.

BACKGROUND OF THE INVENTION

[0002] Distributed Management Task Force ("DMTF")
Cloud Auditing Data Federation ("CADF") provides an
audit trail collecting architecture.
[0003] Blockchain provides a method for a decentral-
ized system based on peer-to-peer network and anony-
mous roles.

SUMMARY OF THE INVENTION

[0004] A brief summary of various embodiments is pre-
sented below. Embodiments address a method and ap-
paratus for hybrid trust management for health records
audit.
[0005] A brief summary of various example embodi-
ments is presented. Some simplifications and omissions
may be made in the following summary, which is intended
to highlight and introduce some aspects of the various
example embodiments, but not to limit the scope of the
invention.
[0006] Detailed descriptions of example embodiments
adequate to allow those of ordinary skill in the art to make
and use the inventive concepts will follow in later sec-
tions.
[0007] Various embodiments relate to a method for
health record audit verification, the method including the
steps of creating an audit trail and sending the audit trail
to a plurality of roles, computing, by each of the plurality
of roles, a plurality of weighted credible numbers by mul-
tiplying a weighted credit by a total number of individuals
for each of the plurality of roles, determining, by each of
the plurality of roles, whether the sum of the plurality of
weighted credible numbers is greater than a predeter-
mined threshold and updating, by each of the plurality of
roles, an audit trail chain on a Merkle tree.
[0008] In an embodiment of the present disclosure, the
plurality of roles are a medical facility, a medical authority,
an insurance company, an auditor and a patient.
[0009] In an embodiment of the present disclosure, the
time for verifying the audit trail decreases when the
weighted credit increases and the time for verifying the
audit trail increases when the weighted credit decreases.
[0010] In an embodiment of the present disclosure, the
auditor and the patient generate a public key and a private
key.
[0011] In an embodiment of the present disclosure, the
medical facility, the medical authority and the insurance
company have a private key generated and signed by a
certificate authority.

[0012] In an embodiment of the present disclosure, the
verified audit trails are stored in a Merkle root and indexed
by a patient identifier.
[0013] In an embodiment of the present disclosure, for
the medical facility, a computational capability of the
medical facility is limited by an upper threshold, NUVMP
of a total number of staff verifying the audit trail, NMP
being less than the predetermined threshold.
[0014] In an embodiment of the present disclosure, for
the medical facility, a weighted credible number, NCMP
is less than the predetermined threshold such that when
NMP is less than or equal to NUVMP, then NCMP is equal
to NMP and when NMP is greater than or equal to NUVMP,
then NCMP is equal to NUVMP.
[0015] In an embodiment of the present disclosure, for
the insurance company, the weighted credit for the in-
surance company, CWI is equal to a weighted credible
number, Nci.
[0016] In an embodiment of the present disclosure, for
the medical authority, the weighted credit for the medical
authority, CWA is equal to a weighted credible number,
NCA.
[0017] In an embodiment of the present disclosure, for
the auditor, a computational capability of the auditor is
limited by an upper threshold, NUVAD of a total number
of auditors verifying the audit trail, NMAD being less than
the predetermined threshold.
[0018] In an embodiment of the present disclosure, for
the auditor, a weighted credible number, NCAD is less
than the predetermined threshold such that when NAD is
less than or equal to NUVAD, then NCAD is equal to NAD
and when NAD is greater than or equal to NUVAD, then
NCAD is equal to NUVAD.
[0019] In an embodiment of the present disclosure, for
the patient, the weighted credit for the patient, CWP is
equal to a weighted credible number, NCP.
[0020] In an embodiment of the present disclosure,
when NCMP + NCI + NCA + NUVMP is greater than or equal
to the predetermined threshold, the verification is valid.
[0021] In an embodiment of the present disclosure,
when NCMP + CWI + NCAD + CWP is greater than or equal
to the predetermined threshold, the verification is valid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying figures, where like refer-
ence numerals refer to identical or functionally similar
elements throughout the separate views, together with
the detailed description below, are incorporated in and
form part of the specification, and serve to further illus-
trate example embodiments of concepts found in the
claims and explain various principles and advantages of
those embodiments.
[0023] These and other more detailed and specific fea-
tures are more fully disclosed in the following specifica-
tion, reference being had to the accompanying drawings,
in which:
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FIG. 1 illustrates a block diagram of a hybrid trust
management system architecture of the current em-
bodiment;
FIG. 2 illustrates a data structure of an audit trail of
the current embodiment;
FIG. 3 illustrates a block diagram of a method for
adding an audit record to an audit trial chain of the
current embodiment;
FIG. 4 illustrates the relationship of the Merkle root
and each audit trails of the current embodiment;
FIG. 5 illustrates a data structure of a signature of a
verified audit trail of the current embodiment; and
FIG. 6 illustrates a block diagram of a real-time data
processing system of the current embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] It should be understood that the figures are
merely schematic and are not drawn to scale. It should
also be understood that the same reference numerals
are used throughout the figures to indicate the same or
similar parts.
[0025] The descriptions and drawings illustrate the
principles of various example embodiments. It will thus
be appreciated that those skilled in the art will be able to
devise various arrangements that, although not explicitly
described or shown herein, embody the principles of the
invention and are included within its scope. Furthermore,
all examples recited herein are principally intended ex-
pressly to be for pedagogical purposes to aid the reader
in understanding the principles of the invention and the
concepts contributed by the inventor to furthering the art
and are to be construed as being without limitation to
such specifically recited examples and conditions. Addi-
tionally, the term, "or," as used herein, refers to a non-
exclusive or (i.e., and/or), unless otherwise indicated
(e.g., "or else" or "or in the alternative"). Also, the various
embodiments described herein are not necessarily mu-
tually exclusive, as some embodiments can be combined
with one or more other embodiments to form new em-
bodiments. Descriptors such as "first," "second," "third,"
etc., are not meant to limit the order of elements dis-
cussed, are used to distinguish one element from the
next, and are generally interchangeable.
[0026] When there is medical dispute, medical facilities
need to provide evidence to support their claims. These
medical facilities have their own health IT systems and
use audit trails to record actions on health records. How
to make the public trust their evidence and enhance the
transparency of their operation is a problem.
[0027] Maintenance of medical records has become
necessary in the health care field. For example, when
there is medical dispute, medical facilities, such as a hos-
pital, may be required to provide evidence to support their
claims to insurance companies or other parties. These
medical facilities often have their own health information
technology ("IT") systems and use audit trails to record
actions on health records. However, public trust in these

health records from these medical facilities is often low
and enhancements to the transparency of the medical
facilities operations of medical recording is required.
[0028] Therefore, to enhance the transparency of med-
ical facilities and increase the public’s trust in the medical
recording of these medical facilities, these embodiments
provide a method for an audit trail chain based on an
audit trail management system, which allows the public
to verify the audit trail using computing efforts.
[0029] Specifically, these embodiments provide a de-
centralized audit trail verification system. In these em-
bodiments, all of the audit trails produced by a medical
facility are stored in an audit trail chain, which can be
verified by different departments of this medical facility,
medical authorities, insurance companies, professional
auditors, patients registered at this medical facility, and
other stakeholders in the records.
[0030] The medical facility, the medical authorities or
insurance companies may have their digital certificates,
but patients, auditors, or employees of the medical facility
may or may not have their own digital certificates. All of
these roles may take part in the audit trail verification
process, which builds transparency and trust of the med-
ical recording of the medical facility.
[0031] The embodiments describe herein provide a dy-
namic M-conformation method based on peers’ credits.
[0032] FIG. 1 illustrates a block diagram of a hybrid
trust management system architecture 100 of the current
embodiment.
[0033] All roles involved in the audit trail generation
and verification process are illustrated in FIG. 1.
[0034] The hybrid trust management system 100 in-
cludes a medical facility 101, an insurance company 102,
a medical authority 103, auditors 104 and patients 105.
Medical personnel 106 may be involved in generating
and verifying audit trails.
[0035] The insurance company 102 provides payment
to the medical facility 101 for patients 105. However,
when medical disputes or fraud occur, the income of the
insurance company 101 is affected. Medical disputes and
fraud damage the benefits of other patients 105 because
the insurance company 101 may increase the insurance
fee to mitigate the money loss caused by medical dis-
putes and fraud. Therefore, the insurance company 101
may be motivated to verify the audit trails and decrease
health records mistakes in order to prevent medical dis-
putes or fraud.
[0036] Similarly, as a patient 105 seeks to protect
themselves from any medical mistake, the patient 105
may need to ensure all audit trails about their medical
records are correct and accurate. Patients 105 registered
at the medical facility 101 also may be motivated to pre-
vent medical fraud which may decrease their medical
cost, on average, therefore they have the motivation to
verify audit trails.
[0037] Similarly, a medical authority has a responsibil-
ity to minimize medical mistakes and medical fraud, im-
prove the quality of medical services, and verify audit
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trails. Further, professional auditors 104 may also join
the process of verifying the audit trails.
[0038] FIG. 1 is a hybrid trust management system ar-
chitecture 101 which is not a peer-to-peer network be-
cause the credibility of an insurance company, a medical
authority, professional auditors, a medical facility and its
medical personal and patients are different. The cost in-
curred by damaging their credibility is different for each
entity, and their computing capability is different. Further-
more, the responsibility to maintain a trusted ecosystem
is different for each entity. If the credit of a role is high,
the required number of times of verification is low.
[0039] In the current embodiment, a threshold M is
used. If the total creditable verification for an audit trail
is greater than threshold M, then the audit trail is valid.
[0040] The number of individuals for each entity par-
ticipating in the verification computation is a value, N.
Each N value is weighted by multiplying the N value by
a weighted credit, C. The product of this calculation is
known as the weighted credible number.
[0041] A medical facility 101 generates an audit trail
and has an interest in verifying the audit trail is correct
by engaging the staff of the medical facility 101 to par-
ticipate in the verification computation.
[0042] The total number of staff participating in a ver-
ification computation is defined as NMP.
[0043] The upper threshold of a total number of staff
participating in a verification computation is NUVMP,
where NUVMP < M, which is used to limit the computation
capability of a medical facility 101.
[0044] The weighted credible number is NCMP, where
NCMP < M. If, NMP ≤ NUVMP, NCMP = NMP; else NCMP =
NUVMP. The weighted credible number, for example, is
calculated by the total number of staff participating in a
verification computation, NMP multiplied by a weighted
credit, C.
[0045] An insurance company 102 may also join the
audit trail verification process. The valid number of insur-
ance companies which are participating in the verification
computation may be 1. If the weighted credit for insurance
company 101 is CWI, assuming there is only one insur-
ance company participating in the verification computa-
tion then, the weighted creditable number of verification
for the insurance company is Nci which is equal CWI.
[0046] A medical authority 103 may also join the audit
trail verification process. There may be one or more au-
thorities involved in the audit trail verification, however,
if there is only one medical authority 103, the valid
number of medical authorities which are participating in
the verification computation is 1. If the weighted credit
for the medical authority 103 is CWA, assuming there is
only one medical authority participating in the verification
computation then, the weighted creditable number of ver-
ification for the medical authority is NCA which is equal
to CWA.
[0047] For auditors 104, audit trail verification may in-
crease their credit and may join the verification compu-
tation. The total number of auditors 104 joining a verifi-

cation computation is denoted by NMAD. The upper
threshold of the valid number is NUVAD, where NUVAD <
M, which is used to limit the computation capability of a
medical facility 101. The weighted credible number is
NCAD, where, NCAD < M. If, NAD ≤ NUVAD, NCAD = NAD;
else NCAD = NUVAD.
[0048] For patients 105, if the audit trail involves a pa-
tient 105, the patient 105 may have a level of background
knowledge and may join the verification computation,
however, there may be other patients 105 who may not
have enough knowledge or may not be permitted to join
the verification computation process because of privacy
concerns. Therefore, the valid number of patients who
are participating in the verification computation is 1. If the
weighted credit for the patient 105 is CWP, assuming
there is only one patient participating in the verification
computation then, the weighted creditable number of ver-
ification is NCP which is equal to CWP.
[0049] The relationship between these weighted cred-
itable numbers of verification is shown by the following
inequality:
[0050] NCMP + NCI + NCA + NUVMP ≥ M, or NCMP + CWI
+ NCAD + CWP ≥ M, which means that if the sum of all
the creditable numbers is greater than or equal to M, the
verification is valid. The second inequality assumes that
the number of auditors, insurance companies and med-
ical authorities is equal to 1.
[0051] When the sum of all of the weighted credible
numbers, which indicates each of the entities which par-
ticipated in the verification computation, is greater than
or equal to a threshold value, then the verification com-
putation is valid. If the sum of all of the weighted credible
numbers is less than a threshold value, then the verifi-
cation computation is not valid.
[0052] When the verification computation is valid, the
audit trail may be added to the Merkle tree.
[0053] The medical facility 101, the medical authority
103 and the insurance company 102 may acquire certif-
icates from a public Certificate Authority. The medical
facility 101 may encourage medical personnel from the
medical facility 101 to join the audit trail verification proc-
ess to show operational transparency and trust.
[0054] Anonymity of the medical personnel of the med-
ical facility 101, the medical authority 103 or the insurance
company 102 in the verification process may not be kept.
[0055] Therefore, the medical facility 101, the medical
authority 103 and the insurance company 102 may sign
the audit trail with their private key granted by a public
Certificate Authority, after they verify the audit trail.
[0056] However, for auditors 104 and patients 105, it
may be necessary to maintain their anonymity in the ver-
ification process, therefore auditors 104 and patients 105
may solve a proof of work computation to ensure that the
verification process remains secure.
[0057] Therefore, when there are changes to a pa-
tient’s medical records, one of the medical personnel will
generate one audit trail as illustrated in FIG. 2.
[0058] FIG. 2 illustrates a data structure 200 of an audit
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trail 203 of the current embodiment.
[0059] The version 201 is used to denote the protocol
version, the audit trial identifier 202 is used to link this
audit trail to an audit trail chain, and the signature 204 is
generated by one of the medical personnel of the medical
facility.
[0060] If an audit trail 203 is valid, the audit trail 203 is
added to an audit trail chain as illustrated in FIG. 3.
[0061] FIG. 3 illustrates a block diagram of a method
for adding an audit record to an audit trial chain 300 of
the current embodiment.
[0062] The Patient identification ("ID") 301 is used to
index a patient. A Merkle root 302 is used to store all
audit trails. The verified audit trails 303 stores all verified
audit trails.
[0063] FIG. 4 illustrates the relationship 400 of the
Merkle root and each audit trail of the current embodi-
ment. By using a Merkle root, a user may calculate a
hashed result as a branch node from the leaf node, how-
ever, the reverse calculation cannot be performed.
Therefore, once an audit trail has been verified and added
to the Merkle tree, this audit trail cannot be changed.
[0064] The relationship 400 may be used to prevent
any verified audit trial from being tampered.
[0065] In FIG. 4, audit trails 1-8 401 are identified.
[0066] Hash(x) 402, where x = 1, ..., 8, are a hash value
of each audit trail x 401. For example, hash(1) 402 is a
hash value for audit trail 1 401.
[0067] Hash(hash(x)+hash(x+1)) 403, where x = 1, 3,
5, and 7, is a hash value of the previous hash(x) values
402. For example, hash(hash(1)+hash(2)) 403 is a hash
value of the previous hash(1) 402 and hash (2) 402.
[0068] Hash((Hash 0-0)+(Hash 0-1)) and Hash((Hash
0-1)+(Hash 1-1)) 404 are hash values of the previous
hash values 403. For example, hash((Hash 0-0)+Hash
0-1)) is a hash value of the previous Hash 0-0 403 and
Hash 0-1 403.
[0069] Hash((Hash 0)+(Hash 1)) 405 is known as the
Hash root or Merkle root and is a hash value of the pre-
vious hash values 404. For example, Hash(Hash
0)+(Hash 1) 405 is a hash value for the previous Hash 0
404 and Hash 1 404.
[0070] The audit trail identifier is a hashed value of the
patient ID and the Merkle root as illustrated in FIG. 2.
[0071] For example, if a node verifies the audit trail (as
illustrated in FIG. 2), the audit trail is claimed by that per-
son, and that person signs the claim as illustrated in FIG.
5.
[0072] FIG. 5 illustrates a data structure 500 of a sig-
nature of a verified audit trail of the current embodiment.
[0073] The data structure 500 includes the identity of
the verifier 501 which is the name or some of ID of the
person who verified the audit trail, the audit trail 502, the
string 503 from the Merkle root, and the signature 504,
which is the signature of the verifier (i.e., the Certificate
Authority certificate).
[0074] Medical personnel, the insurance company,
and the medical authority who own their Certificate Au-

thority certificate may sign the verified audit trail with their
private keys.
[0075] Auditors and patients, who do not disclose their
identities may sign the verified audit trail by solving a
proof of work computation.
[0076] For the nodes which verify an audit trail anon-
ymously, to prevent any of these nodes from generating
false audit trail chain, a method of Blockchain may be
used by providing an audit trail with a proof-of-work. Any
user who solves the proof-of-work computation is con-
sidered to be trusted and may anonymously verify the
audit trail. The proof-of-work is used to decrease the
number of false audit trail by increasing the computing
cost in the proof-of-work. If the user cannot solve the
proof-of-work computation.
[0077] After receiving a verified audit trail, a node may
compute if the total number of received verified audit trail
is greater than or equal to M. If number is greater than
or equal to M, the node will update the local stored audit
trail chain.
[0078] FIG. 6 illustrates an exemplary hardware dia-
gram 600 for implementing a method for hybrid trust man-
agement for health records audit. As shown, the device
600 includes a processor 620, memory 630, user inter-
face 640, network interface 650, and storage 660 inter-
connected via one or more system buses 610. It will be
understood that FIG. 1 constitutes, in some respects, an
abstraction and that the actual organization of the com-
ponents of the device 600 may be more complex than
illustrated.
[0079] The processor 620 may be any hardware device
capable of executing instructions stored in memory 630
or storage 660 or otherwise processing data. As such,
the processor may include a microprocessor, field pro-
grammable gate array (FPGA), application-specific inte-
grated circuit (ASIC), or other similar devices.
[0080] The memory 630 may include various memo-
ries such as, for example L1, L2, or L3 cache or system
memory. As such, the memory 630 may include static
random access memory (SRAM), dynamic RAM
(DRAM), flash memory, read only memory (ROM), or oth-
er similar memory devices.
[0081] The user interface 640 may include one or more
devices for enabling communication with a user such as
an administrator. For example, the user interface 340
may include a display, a mouse, and a keyboard for re-
ceiving user commands. In some embodiments, the user
interface 640 may include a command line interface or
graphical user interface that may be presented to a re-
mote terminal via the network interface 650.
[0082] The network interface 650 may include one or
more devices for enabling communication with other
hardware devices. For example, the network interface
650 may include a network interface card (NIC) config-
ured to communicate according to the Ethernet protocol.
Additionally, the network interface 650 may implement a
TCP/IP stack for communication according to the TCP/IP
protocols. Various alternative or additional hardware or
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configurations for the network interface 650 will be ap-
parent.
[0083] The storage 660 may include one or more ma-
chine-readable storage media such as read-only mem-
ory (ROM), random-access memory (RAM), magnetic
disk storage media, optical storage media, flash-memory
devices, or similar storage media. In various embodi-
ments, the storage 660 may store instructions for execu-
tion by the processor 620 or data upon with the processor
620 may operate. For example, the storage 660 may
store a base operating system 661 for controlling various
basic operations of the hardware 600 and instructions
for implementing the method for hybrid trust manage-
ment for health records audit 662.
[0084] It will be apparent that various information de-
scribed as stored in the storage 660 may be additionally
or alternatively stored in the memory 630. In this respect,
the memory 630 may also be considered to constitute a
"storage device" and the storage 660 may be considered
a "memory." Various other arrangements will be appar-
ent. Further, the memory 630 and storage 660 may both
be considered "non-transitory machine-readable media."
As used herein, the term "non-transitory" will be under-
stood to exclude transitory signals but to include all forms
of storage, including both volatile and non-volatile mem-
ories.
[0085] While the host device 600 is shown as including
one of each described component, the various compo-
nents may be duplicated in various embodiments. For
example, the processor 620 may include multiple micro-
processors that are configured to independently execute
the methods described herein or are configured to per-
form steps or subroutines of the methods described here-
in such that the multiple processors cooperate to achieve
the functionality described herein. Further, where the de-
vice 600 is implemented in a cloud computing system,
the various hardware components may belong to sepa-
rate physical systems. For example, the processor 620
may include a first processor in a first server and a second
processor in a second server.
[0086] It should be apparent from the foregoing de-
scription that various exemplary embodiments of the in-
vention may be implemented in hardware. Furthermore,
various exemplary embodiments may be implemented
as instructions stored on a non-transitory machine-read-
able storage medium, such as a volatile or non-volatile
memory, which may be read and executed by at least
one processor to perform the operations described in de-
tail herein. A non-transitory machine-readable storage
medium may include any mechanism for storing informa-
tion in a form readable by a machine, such as a personal
or laptop computer, a server, or other computing device.
Thus, a non-transitory machine-readable storage medi-
um may include read-only memory (ROM), random-ac-
cess memory (RAM), magnetic disk storage media, op-
tical storage media, flash-memory devices, and similar
storage media and excludes transitory signals.
[0087] It should be appreciated by those skilled in the

art that any blocks and block diagrams herein represent
conceptual views of illustrative circuitry embodying the
principles of the invention. Implementation of particular
blocks can vary while they can be implemented in the
hardware or software domain without limiting the scope
of the invention. Similarly, it will be appreciated that any
flow charts, flow diagrams, state transition diagrams,
pseudo code, and the like represent various processes
which may be substantially represented in machine read-
able media and so executed by a computer or processor,
whether or not such computer or processor is explicitly
shown.
[0088] Accordingly, it is to be understood that the
above description is intended to be illustrative and not
restrictive. Many embodiments and applications other
than the examples provided would be apparent upon
reading the above description. The scope should be de-
termined, not with reference to the above description or
Abstract below, but should instead be determined with
reference to the appended claims, along with the full
scope of equivalents to which such claims are entitled.
It is anticipated and intended that future developments
will occur in the technologies discussed herein, and that
the disclosed systems and methods will be incorporated
into such future embodiments. In sum, it should be un-
derstood that the application is capable of modification
and variation.
[0089] The benefits, advantages, solutions to prob-
lems, and any element(s) that may cause any benefit,
advantage, or solution to occur or become more pro-
nounced are not to be construed as a critical, required,
or essential features or elements of any or all the claims.
The invention is defined solely by the appended claims
including any amendments made during the pendency
of this application and all equivalents of those claims as
issued.
[0090] All terms used in the claims are intended to be
given their broadest reasonable constructions and their
ordinary meanings as understood by those knowledge-
able in the technologies described herein unless an ex-
plicit indication to the contrary in made herein. In partic-
ular, use of the singular articles such as "a," "the," "said,"
etc. should be read to recite one or more of the indicated
elements unless a claim recites an explicit limitation to
the contrary.
[0091] The Abstract of the Disclosure is provided to
allow the reader to quickly ascertain the nature of the
technical disclosure. It is submitted with the understand-
ing that it will not be used to interpret or limit the scope
or meaning of the claims. In addition, in the foregoing
Detailed Description, it can be seen that various features
are grouped together in various embodiments for the pur-
pose of streamlining the disclosure. This method of dis-
closure is not to be interpreted as reflecting an intention
that the claimed embodiments require more features than
are expressly recited in each claim. Rather, as the fol-
lowing claims reflect, inventive subject matter lies in less
than all features of a single disclosed embodiment. Thus
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the following claims are hereby incorporated into the De-
tailed Description, with each claim standing on its own
as a separately claimed subject matter.

Claims

1. A method for health record audit verification, the
method comprising the steps of:

creating an audit trail and sending the audit trail
to a plurality of roles;
computing, by each of the plurality of roles, a
plurality of weighted credible numbers by multi-
plying a weighted credit by a total number of
individuals for each of the plurality of roles;
determining, by each of the plurality of roles,
whether the sum of the plurality of weighted
credible numbers is greater than a predeter-
mined threshold; and
updating, by each of the plurality of roles, an
audit trail chain on a Merkle tree..

2. The method for health record audit verification of
claim 1, wherein the plurality of roles are a medical
facility, a medical authority, an insurance company,
an auditor and a patient.

3. The method for health record audit verification of
claim 1, wherein the time for verifying the audit trail
decreases when the weighted credit increases and
the time for verifying the audit trail increases when
the weighted credit decreases.

4. The method for health record audit verification of
claim 2, wherein the auditor and the patient generate
a public key and a private key.

5. The method for health record audit verification of
claim 2, wherein the medical facility, the medical au-
thority and the insurance company have a private
key generated and signed by a certificate authority.

6. The method for health record audit verification of
claim 1, wherein the verified audit trails are stored in
a Merkle root and indexed by a patient identifier.

7. The method for health record audit verification of
claim 2, wherein for the medical facility, a computa-
tional capability of the medical facility is limited by
an upper threshold, NUVMP of a total number of staff
verifying the audit trail, NMP being less than the pre-
determined threshold.

8. The method for health record audit verification of
claim 7, wherein for the medical facility, a weighted
credible number, NCMP is less than the predeter-
mined threshold such that when NMP is less than or

equal to NUVMP, then NCMP is equal to NMP and when
NMP is greater than or equal to NUVMP, then NCMP is
equal to NUVMP.

9. The method for health record audit verification of
claim 8, wherein for the insurance company, the
weighted credit for the insurance company, CWI is
equal to a weighted credible number, NCI.

10. The method for health record audit verification of
claim 9, wherein for the medical authority, the weight-
ed credit for the medical authority, CWA is equal to
a weighted credible number, NCA.

11. The method for health record audit verification of
claim 10, wherein for the auditor, a computational
capability of the auditor is limited by an upper thresh-
old, NUVAD of a total number of auditors verifying the
audit trail, NMAD being less than the predetermined
threshold.

12. The method for health record audit verification of
claim 11, wherein for the auditor, a weighted credible
number, NCAD is less than the predetermined
threshold such that when NAD is less than or equal
to NUVAD, then NCAD is equal to NAD and when NAD
is greater than or equal to NUVAD, then NCAD is equal
to NUVAD.

13. The method for health record audit verification of
claim 12, wherein for the patient, the weighted credit
for the patient, CWP is equal to a weighted credible
number, NCP.

14. The method for health record audit verification of
claim 13, wherein when NCMP + NCI + NCA + NUVMP
is greater than or equal to the predetermined thresh-
old, the verification is valid.

15. The method for health record audit verification of
claim 13, wherein when NCMP + CWI + NCAD + CWP
is greater than or equal to the predetermined thresh-
old, the verification is valid.
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