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ABSTRACT

The main purpose of this study is to provide big enterprises or publicly owned institutions with an architecture of
an accounting information system which possesses internal audit functions; to fulfill this purpose, this study proposes
tree-structured file algorithms which can be used in the industry or publicly owned ingtitutions for developing account
subsystems. To deal with the accounts in an accounting system, the design and data access methods - based on a
triply-linked tree structure, which has to maintain correctness of the tree indices and file integrity - have been explored
in detail. The results show that the file structure and data access methods of the accounts in an accounting
information system based on a tree structure linked in a triple manner, should be of practical value.
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RESEARCH MOTIVATION AND PURPOSES

American Production and Inventory Control SociedyP[CS)defines “enterprise resource planning” (ERPils
eighth edition dictionary published in 1995 as &tounting-oriented information system used totifieand plan the
required overall enterprise resources and makegnatted planning for manufacturing, delivery and liteg with
customer orders.” However, in developing modulé$ Aoftware of account management subsystem, thigrdef
accounting files is a very important subject (L&ahuo, 2006).

Today, the financial status and operating resuitaroenterprise are aggregated in an accountirgnvtion
system, thus the computerized accounting accousbban a major backbone of enterprise resourceniprfYuan,
2004). The foundation of account manipulation irBAikes in the establishment of the account cod&gginning with
transcribing vouchers, every debit/credit ledgdryehas to be endowed with a specific account cérdep then on, this
code will substitute for the traditional accountmeand form the basis of journalizing and postinn other words,
inside computer operation, the most important ttadkeep is account codes.

The foundation of today's accounting informatiosteyn lies in the establishment of computerized actcoodes,
and in big enterprises or publicly-owned institasp the account codes (mainly according to the dudgcount code
which is made and published by Directorate-Genefr&@udget, Accounting and Statistics, Executive iuR.O.C. for
publicly-owned business institutions) often adogimty classification numbering, and consist of agus in general
and subsidiary ledgers; the former are encompassiogunts while the latter are subordinate accounts

In order to show the relationship between the emamsing and the subordinate accounts, there igd todink
up these various accounts. Not only account recofgame levels, but account records of diffelevitls are linked
with pointers; and these pointers are requirecateetboth downward (child) reference ability to fiogv-level accounts
from high-level accounts, and upward (father) refiee ability to find high-level accounts from loew&l accounts.
Moreover, accounts of the same level can also Isdye@entified one by one by rightward referenagbling).
Therefore, three pointers are needed to link witbrder to indicate the data structure relationstifevel precedence
between any accounting account and those in the $awel or different levels. In order to presethie correctness
and integrity of overall accounting account datahi@ process of journaling and posting various heus, the amounts
in accounting accounts of each level must be \@lyiand horizontally consistent. The triple titeucture contains
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tree indexes (Father, Sibling, Child) and hencesaisfy the above requirements. In other wondjslettree structure
design has the following three advantages. (1) Whput data is entered based on the lowest lesaunt, it will
automatically be aggregated into a ledger accoufhe subtotal account can be obtained from thedrgtbinter of the
lowest level account, then via the Father poinfethe subtotal account, the accounts can be aggegad updated
level by level so as to keep the account amountsagh level vertically and horizontally consistant preserve the
integrity of the master accounting file. (2) Topess online query or audit the master accountiegvfe need only to
know the encompassing account code of the accou tqueried or audited; based on the pointereetame level
and the subordinate level and applying depth-fiestrch method, the needed data can be obtainedyooee. The
processing sequence using this method is very eledithe end users can have good sense at a glaf®eNhen the
Indexed Sequential Access File (ISAM) is adoptetdlie master accounting file, the accounts candomected by the
network structure without constructing many indigesf thereby obtaining relevant data (Lin, 1996).

The above cognitions motivated this study, andntlaén purpose of this study is to apply the desifytriple tree
structure and the associated tree operations gceount addition, deletion, renaming, querying, aodliting) to
efficiently and correctly build an architecture faccounting information systems that possessesnadteuditing
functions.

LITERATURE REVIEW

Concerning internal audit literature, many scholasge previously engaged in this area of reseanclst of them
explored manual accounting system processes, artti€astudy of applying computer-assisted audinéques, Chen
(1995) indicated whether the internal control meisim can effectively and continuously operate ddpesn how the
internal audit function works; in that study seveariables, which comprised computer-assisted atgdibniques,
auditing staff’s involvement in system developmeaote conflict, role ambiguity, management’s sugpobjectivity
and competence, were set as independent varialleseas the internal audit quality was the dependanable and
seven research hypotheses were established resheclihe study results showed that the use of caenmssisted
audit techniques, audit staff's involvement in systdevelopment, as well as audit staff's competdramk positive
influence on the quality of internal audit; the sbagesults inspired this study significantly.

Wu (1991) believed that internal audit is particiylamportant for high-level management; it canghblgh-level
management to find serious deficiencies which vwdskberately neglected by other superintendentd,tha internal
auditors can substitute high-level management tmnsonicate with organization members as well. ldeorto
maintain a more independent, detached standingntbenal auditors should be responsible to higiellenanagement,
whereas high-level management also has to assesff¢ictiveness of the internal audit to see wheath&ources should
be allocated to it. The study tried to explore watiecting factors should be considered in assgsia efficacy of
internal audit in views of the opinions of high#gwnanagers. Wu’s study suggested concrete thirdinegtions for the
design of network structured files and data acoesthods of accounts in accounting information systéor this study.

Huang (2001) explored computerization of accounéind internal control of small and medium-sizecegprises;
he deemed that when business in the environmemhafual operation has a sound internal control nrasha
computerization would not change the original opegaprocedures. The benefit of computerizationnsy to make
processing more efficient. In contrast, when tigitess in the environment of manual operation dm¢shave a
sound internal control mechanism, computerizatidhcause the enterprises to standardize or ralimnshe operation
processes, in the meantime to establish or strengtihe internal control mechanism. The results oarfy’s study
helped to illuminate the direction of researchtfas study.

Chen, Q. (2002), having examined corporate goveman the United States, Germany, Japan, and Taiwan
realized that internal control is the cornerstoriecarporate governance, and internal audit has eoeffectively
implemented. After having collected relevant datel analyzed/summarized such data, he came upcwitbrete
proposals as the basis for the proper implememtatian internal audit in order to strengthen tinecfion of corporate
governance. The content of Q. Chen’s has impoitdinience in forming the purpose of this study.
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Xu (2003) applied Hay’s (1996) Data Model Patteiméind out the possible deficiencies of the REA@mting
model: he then used these patterns to strengtherREA accounting model (McCathy, 1982), so that RieA
accounting model can more adequately reflect tis#nless processes of the organization; but the nedselidd not make
in-depth study in designing internal audit mechanfer modernization of accounting information syste However,
Xu’s study formed the basis of this research amdiged a deeper thought direction.

RESEARCH METHODS
According to the above literature review, in thisidy, triply-linked tree algorithms are proposed design

network structured files and data access methodscobunts in an accounting information system dred design
process is shown in Figure 1.

Accounting bookkeeping

subsystem

v

Specify accounting accounts

Design triply linked tree
structured file using
(Father Sibling> Child) pointers

Design triply linked-tree operations
( Query, Add, Delete, Rename)

A4

Using tree structure network file of
accounts to establish master

accounting file

Audit master accounting file

Figure 1. Design Process of Triply-linked Tree
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Applying Triply-Linked Treeto the Design of Accounting Accounts

In order to show the tree data structure relatigmsii level precedence between any accounting adcand
those it encompasses and is subordinated to, tai@estructures, namely, list, tree (with leftldhkind right sibling
pointers), and threaded tree (Horowitz & Sahni,3)98an be employed in file design. In the appiacaof the first
two data structures, there exists the ability ofidavard reference; besides, the accounts at the kawelecan be easily
accessed one by one with the ability of rightwaetemrence. However, they lack the ability of upwaeference.
Threaded tree, while having the ability of upwagterence, cannot directly provide the locationhef father to any leaf
node; thus, there is a need to design a third go{ffather) that can refer upward to the fatheenod

There are two kinds of the most common organization tree-structured files: Index Sequential Ascietethod
(ISAM) and Virtual Storage Access Method (VSAM)thair organization can be employed in designing end#ée for
accounting accounts. When querying the accountiagten file or needing to find the data in encomipastower level
accounts from higher level accounts, we need anknbw the account code of the encompassing actour® queried.
Using stack and last-in-first-out (LIFO) operatiand the pointers at the same account level andeidower account

level, data can be accessed one at a time; thegsiog sequence using this method is very cleathandnd users can
have good sense at a glance (Chen, H. 1998).

Thedata structure

There are 5 items in a recoofl account file: department code, account codaigdebit bit (D/C), addition or
deduction (+/), and account level. Account code is assignedrdou to classification numbering; it can be uplt
bits and mainly consists of general ledger acco(fhtdasses) and subsidiary ledger accounts. Tageuaccount code
within the account code is assigned general ledgeount code to show their affiliations. For thetfbit of account
code, 1 means asset, 2 means liability, 3 meansmsvaquity, 4 means revenue, and 5 means expehsvel denotes

the layer sequencing of the account. As an exgmpuben data contents of the input account file @andered by
departments, accounting code, and level, it cashbgvn as in table 1.

Table 1. Accounts of asset class
Department Account Code Credit/Debit +/- Level
01 1
11-12
110
1101
110190
1102
110210
110220
1105
110510
110520
110590

O|o|o|0|o|o|O|g|C|0O|0|0
+ |+ +[ |+ +| [+
alala|dlala|d|la|d|WIN|F

Triply-Linked Tree Network Structured File of Accounting Accounts

The account file, having been audited to be emee-fis ranked according to department, accourg,cant level.
In the beginning, account tables of level 1 to leM@ are established, the table can be regardexhasrray and the
processed accounts are linked together in suchyahed every account record contains three fiefdspper level link,
same level link, and lower level link and has dapant code and account code as its primary kepnsteuct network
structured file of accounts; according to this stineed file, accounting master file can be builtngsISAM file
structure, the record format of accounting accdilats shown in Table 2.
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Table 2: Data Structure of Accounting Account File

Field Name Data Type Length Description

Dept Char 2 Department Code
Actho Char 10 Account Code

DC Char 1 Debit/Credit

AS Char 1 Addition/Subtraction(#/)
Level Char 1 Account Level

Father Char 10 Upper level pointer
Sibling Char 10 Same level pointer
Child Char 10 Lower level pointer

The algorithm to build a triply-linked tree is asléws:
[ * T is Triply-Link Tree, Input: Acn, Deg, Outpugctno, Father, Sibling, Child
I is New input Account No Level, K is Oldpat Account No Level * /
PROCEDURE BUILDT
DIM ACT (10), FAT (10), SBL (10), CHD (10);
INPUT ACN, DEG;
FAT (1) =*; Q = ACN; K = DEG; ACT (DEG) = ACN;
REPEAT
INPUT ACN, DEG;
P = ACN; | = DEG;
CASE
| = K: CHD (K) =", SBL (K) = P;
ACTNO = ACT (K);
FATHER = FAT (K);
SIBLING = SBL (K);
CHILD = CHD (K);
WRITE T; ACT (I) = P;
FAT (1) = FAT (K); K=1;
I> K: CHD (K) = P;
ACT (I) = P; FAT () = Q;
K=1,
| <K: CHD (K) ="
SBL (K )=""
ACTNO = ACT (K);
FATHER = FAT (K);
WRITE T;
IF K-I>1 THEN
FORJ=K-1
TO | +1 STEP -1
SBL (3 )=
ACTNO = ACT (J);
FATHER = FAT (J);
SIBLING == SBL (J);
CHILD = CHD (J);
WRITE T;
NEXT
ELSE
CHD () = P;
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ACTNO = ACT (I);
FATHER = FAT (I);
SIBLING = SBL (l);
CHILD = CHD (I));
WRITE T;
TEMP = FAT (I);
END IF
ACT (I) = P; FAT (I) = TEMP;
K=1,
END CASE
UNTIL ACN ="
END BUILDT

An example account file content of the network-stinved file using the above algorithm to build ialyrlinked
tree is shown in Table 3.

Table 3: Network structured file of asset account

Department code Account code DIC +/—+ level Uppeelle | Same level Lower level
01 1 D + 1 * * 11-12
11-12 D + 2 1 * 110
110 D + 3 11-12 * 1101
1101 D + 4 110 1102 110190
110190 D + 5 1101 * *
1102 D + 4 110 1105 110210
110210 D + 5 1102 110220 *
110220 D + 5 1102 * *
1105 D + 4 110 * 110510
110510 D + 5 1105 110520 *
110520 D + 5 1105 110590 *
110590 D + 5 1105 * *

Accounting Account Operation of Triply-Linked Tree and Design of File Auditing
1. Query of Accounting Account files

Traversal of tree structure can be categorizedtimtee processing types: depth-first, symmetrid, laottom-up.
For big enterprises or public-owned institutiorg iccount codes mainly adopt classification numpewhich, when
represented in tree structure, is suitable for luéipgt traversal algorithm; As an example, wherenrying data with
department code No. 20 (Pingchen Town Factory, JaoyHsien, Taiwan), account code 514 (direct produc
expense), the data that can be accessed withih ofadts branched network account can be exhadgtfeeind using
recursive depth-first-search algorithm (Horowitz &ESahni, S., 1993) .

Querying algorithm using triply-linked tree is showelow.
[ * T is Triply-Link Tree */
PROCEDURE INQUIRET (DEPT, ACTNO)
TKEY = DEPT + ACTNO; READ T;
PUT DEPT, ACTNO, FATHER, SIBLING, CHILD;
INQUIRET (DEPT, CHILD);
INQUIRET (DEPT, SIBLING);
END INQUIRET

As an example, a network-structured file as a tesufjuerying direct production expense accountaguthe
above algorithm is shown in Table 4.
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Table 4: Network structured file output of querying direct production expense accounts

Department code Account code D/C+/— | level | Upper Same level account Lower
level account level account
20 514 D + 3 51 570 5142
5142 D + 4 514 5143 514220
514220 D + 5 5142 * *
5143 D + 4 514 * 514320
514320 D + 4 5143 * *
570 D + 3 57 * 5702
5702 D + 4 570 5703 570220
570220 D + 5 5702 * *
5703 D + 4 570 5704 570310
570310 D + 5 5703 570320 *
570320 D + 5 5703 570330 *
570330 D + 5 5703 * 57033010
57033010 D + 6 570330 57033020 *
57033020 D + 6 570330 * *
5704 D + 4 570 5705 570420
570420 D + 5 5704 570520 *
5705 D + 4 570 * 570520
570520 D 5 5705 * *

2. Adding accounting account
To add new accounts, the data structure of thet imprount file needs to be designed as

| Department

| New Account code

|  Upper account |

ModificaType (A) |

To add a new node with account code ACN, theredarein steps to consider: (1) If the tree is emibtg, new
node becomes the root. (2) If ACN = Ti (ACTNO), #uboh has failed, because the account alreadysiighe tree. (3)
If the ACN> Ti (ACTNO), we should search the righib-tree of Ti for the appropriate place for thevneode and
modify all relevant linking indexes. (4) If the ACX Ti (ACTNO), we should search the left sub-trdeTofor the
appropriate place for the new node and modifyedéivant linking indexes.

To exemplify, let the new accounts with codes 14068 110201 be added into the asset class accauimtsTable
1: their upper level account codes are 110 and.118% applying the addition algorithm, the followjinntermediate
files can be obtained (Lee, Chang, Tseng & Ts&9).9
I. Partial content of original file before adding 118&ount:

Department Account D/C | +/1 | Level Upper Level Same Level Lower Level
Code code Account Account Account
01 1101 D + 4 110 1102 110190
1102 D + 4 110 1105 110210
II. File contents change as a result of adding 1108usxtc
Department Code| Account codeD/C +— Level Upper Level| Same Level | Lower Level
Account Account Account
01 1101 D + 4 110 1102 110190
1102 D + 4 110 1103 110210
1103 D + 4 110 1105 *
[ll. Partial content of original file before adding 10Q2account:
Department Code| Account codeD/C +/— Level Upper Level [ Same Level | Lower Level
Account Account Account
01 1102 D + 4 110 1103 110210
110210 D + 5 1102 110220 *
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IV. File content change as a result of adding 1103wattco

Department Code | Account codeD/C +— Level Upper Level| Same Level | Lower Level
Account Account Account
01 1102 D + 4 110 1103 110201
110201 D + 5 1102 110210 *

The algorithm using triply-linked tree to add neeecaunting account is as follows:
PROCEDURE ADDT (DEPT, ACN, NFATHER)

SW=1;
REPEAT
CASE

NFATHER =*": TKEY =1, READ T,
DO WHILE SIBLING <ACN OR SIBLING ="'

TKEY = DEPT + SIBLING; TEMP = ACTNGO;

READ T;
LOOP

TKEY = DEPT + TEMP; READ T,

SIBLING = ACN; REWRITE T;
ACTNO = ACN; FATHER =",
SIBLING ="'; CHILD = ™*; WRITE T;

NFATHER <> "*: TKEY = DEPT + NFACTHER,;
READ T; TKEY = DEPT + CHILD;

READ T;

IF ACN = ACTNO THEN INSERT

ERROR
DO

DO WHILE ACN> ACTNO
SW =0; TKEY = DEPT + SIBLING;
TEMP = ACTNO; READ T;

LOOP

IF SW =0 THEN
TKEY = DEPT + TEMP; READ T,
TEMP = SIBLING;

SIBLING = ACN; REWRITE T,
ACTNO =

ACN;

FATHER = NFATHER,;

SIBLING = TEMP;

CHILD =™, WRITE T,
SW = 1; EXIT DO;

ELSE

EXIT DO;

END IF
LOOP

IF ACN <ACTNO THEN
TKEY = DEPT + NFATHER,;

READ T; TEMP = CHILD;

CHILD = ACN; REWRITE T,
ACTNO = ACN;

FATHER =

NFATHER;
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SIBLING = TEMP;

CHILD
END IF
END CASE
UNTIL ACN ="
END ADDT

=* WRITE T,

3. Deletion of accounts from accounting file
To delete an accounting account, the data strucfuilee input account file is designed as

| Department

| New Account code

|  Modification Type (D)

To delete a node with account code ACN, we canrcetids node as a root and delete all traversedragbfrom
the node to its leaves and modify all relevantiigkindexes.

to be deleted from the Table 4 direct expense atepby applying the deletion algorithm, the foliog intermediate
files can be obtained.

I. Partial content of original file before deletingcaant 5703:

As an example, suppose the accouhtogsde 5703 is

Department Codg Account code | D/C +/— Level Upper LevglSame Level Lower Level
Account Account Account
20 570 D + 3 57 * 5702
5702 D + 4 570 5703 570220
570220 D + 5 5702 * *
5703 D + 4 570 5704 570310
570310 D + 5 5703 570320 *
570320 D + 5 5703 570330 *
570330 D + 5 5703 * 57033010
57033010 D + 6 570330 57033020 *
57033020 D + 6 570330 * *
Il. After deleting account 5703, file content turns tmube:
Department Code| Accountcod¢ D/C +/+tevel Upper Level | Same Level | Lower Level
Account Account Account
20 570 D + 3 57 * 5702
5702 D + 4 570 5704 570220
570220 D + 5 5702 * *
5703 D + 4 570 5704 570310 D
570310 D + 5 5703 570320 * D
570320 D + 5 5703 570330 * D
570330 D + 5 5703 * 57033010 D
57033010 D + 6 570330 57033020 * [
57033020 D + 6 570330 * * D
lll. Partial content of original file before deletingcaant 570420:
Department Code | Account codeD/C +— Level Upper Level| Same Level | Lower Level
Account Account Account
20 5704 D + 4 570 5705 570420
570420 D + 5 5704 570520 *
IV. File content changes as a result of deleting 57@¢20unt:
Department Codg Account code D/C +/—| Level Upper LevglSame Level | Lower Level
Account Account Account
20 5704 D + 4 570 5705 *
570420 D + 5 5704 570520 * D

The Journal of International Management Sudies, Volume 4, Number 2, August, 2009

83



The algorithm using triply-linked tree to deleteaatounting account is as follows:
PROCEDURE DELETET (DEPT, ACN)
REPEAT

TKEY = DEPT + ACN;
READ T; TEMP1 = SIBLING;
TEMP2 = FATHER;
CASE
FATHER ="
DFSDLT (DEPT, ACTNO);
TKEY =1; READ T;
WHILE ACN <> SIBLING
TKEY = DEPT + SIBLING;
READ T;
WEND
SIBLING = TEMP1Z,
REWRITE T;
FATHER NOT ="
DFSDLT (DEPT, ACTNO);
TKEY = DEPT + TEMP2,;

READ T;

IF ACN = CHILD THEN
CHILD ="*; REWRITE T,

ELSE
TKEY = DEPT + CHILD;
READ T;

DO WHILE ACN <> SIBLING
TKEY = DEPT + SIBLING;
READ T;

LOOP
SIBLING = TEMP1Z,
REWRITE T;

END IF

END CASE
UNTIL ACN ="
END DELETET

PROCEDURE DFSDLT (SDEPT, SACN)
TKEY = SDEPT + SACN; READ T;
REMOVE T;

DFSDLT (SDEPT, CHILD);

DFSDLT (SDEPT, SIBLING);

END DFSDLT

4. Renaming an Accounting Account
To rename an accounting account, the data struofuhe input account file is designed as

Department Old Account code New Account code Modification &y(N)

84 The Journal of International Management Studies, Volume 4, Number 2, August, 2009




has been identified, and modify all linking indexetated with this account.
accounts in original master file is as follows:

To rename an account ACN as a new node, there amai3 steps to consider: (1) If ACN = Ti(ACTNO),
renaming has failed, because the account alreadfsén the tree. (2) If ACN = Ti(CHILD), indicatinthat the place of
the account to be renamed has been found; allaetdinking indexes with the account need to be iffextl (3) If the
ACN # Ti (CHILD), we should search the sub-tree of thee level to the right of Ti until the place of thiel account

For example, assuraectintent of the

01 214-217 C + 3 21-22 225-226 2145
2145 C + 4 214-217 2147 214501
2147 C + 4 214-217 2151 214710*
2151 C + 4 214-217 2162 215110
215110 C + 5 2151 215120 *
215120 C + 5 2151 * *
I. After renaming account 2151 to 2149, file contemhs$ out to be:
Department Code| Account codeD/C +/— Level Upper Level| Same Level Lower Level
Account Account Account
01 214-217 C + 3 21-22 225-226 2145
2145 C + 4 214-217 2147 214501
2147 C + 4 214-217 2149 214710*
2149 C + 4 214-217 2162 215110
215110 C + 5 2149 215120 *
215120 C + 5 2149 * *
II. After renaming account 215110 to 214910, 215122#9020, file content turns out to be:
Department Code| Account codeD/C +/— Level Upper Level| Same Level | Lower Level
Account Account Account
01 2149 C + 4 214-217 2162 214910
214910 C + 5 2149 214920 *
215120 C + 5 2149 * *

DO
REPEAT

The algorithm using triply-linked tree to renameaacounting account is as follows:
PROCEDURE RENAMET (DEPT, ACT, ACN)

TKEY = DEPT + ACN;
READ T NOT INVALID GOTO L1
DISPLAY "RENAME ERROR";

EXIT DO;

L1: TKEY = DEPT + ACT; READ T,
TFATHER = FATHER,;
TSIBLING = SIBLING;
TCHILD = CHILD;

TKEY = DEPT + FATHER; READ T,

IF ACT = CHILD THEN
CHILD = ACN; REWRITE T,
ACTNO = ACN; FATHER = TFATHER,;
SIBLING = TSIBLING,;
CHILD = TCHILD;

WRITE T,
ELSE
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TKEY = DEPT + CHILD; READ T,
WHILE ACT <> SIBLING
TKEY = DEPT + SIBLING;
READ T;
WEND
SIBLING = ACN; REWRITE T,
ACTNO = ACN;
FATHER = TFATHER,;
SIBLING = TSIBLING;
CHILD = TCHILD; WRITE T;
END IF
UNTIL ACT =™
LOOP
END RENAMET

Auditing Master Accounting File

In big private enterprises or public-owned instdns, each voucher transcribed by the accountantrious
departments is audited by management of differevels and certified by the chiefs; it then can tygutted into the
computer for editing. The items to be auditedadollows: (1) Code check: including checking @partment codes,
certification number, and account codes. (2) Chegkin voucher number to see if it is numbered ocowotiisly and by
date order. (3) Account code should be the lowsstlIsubsidiary ledger or general ledger accouhgravise it is not
processed (4) Subsidiary ledger should be consistiéh general ledger. (5) Amount in subsidiaryded should be
consistent with that in general ledger. (6) Chemkfalancing debit and credit. (7) Check for t@elount. (8) The
beginning and ending numbers of various vouchegosilshbe consistent with those recorded in delivests (Wu, J.
2005).

Utilizing the error-free modification data file, eran modify the master accounting file, post, sidgpreadsheet,
and close account; moreover, before making thenirecstatements or balance sheets, etc., one cak chébe master
accounting file for any abnormal account balancg(eredit balance in asset accounts, debit balandebt accounts,
or deficit occurred in expense accounts, etc.),consistence of accounts in each level (e.g. balamdest level
accounts should be equal to the sum of balancem@ompassing second level accounts, etc. to theslolevel
accounts), for purposes of internal control (Wu,2B7).

The auditing of triply-linked tree network file carse level-by-level method to check on the masteoanting
file: this method is classified as level sequencungliting and is suitable for depth-first-searctbogadth-first-search
processing (Cormen, Leiserson & Rivest, 1992). thia study depth-first-search algorithm is adopti@dt find the
very node to be audited (e.g. abnormal accounnbalanconsistent account balances) and treahtdds as a starting
position (i.e. root); along the search path from thot to the leaves (the last level accounts)y ma the contents of
each node when traversing, and continue to lookaliathe branch nodes until all nodes have beeretsed. Reading
account balances from the bottom up, aggregated afutine balances of the last level should be etmahose of
corresponding accounts in the previous level; &iedcheck can be recursively applied until the vesgle to be audited
is checked.

The algorithm using triply-linked tree to audit account is as follows:

PROCEDURE AUDITT (DEPT, ACN)

TKEY = DEPT + ACN; READ T;

PUT DEPT, ACTNO, FATHER, SLIBLING, CHILD;
AUDITT (DEPT, CHILD);

AUDITT (DEPT, SIBLING);

END AUDITT
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CONCLUSION

To summarize, the triply-linked tree algorithm pogpd in this study can provide any leaf node adcwaith its
parent node position in the tree data structuracabunting accounts; for this reason, there iseal e design a third
link that has upward referencing ability, hence titigly-linked tree structure is formed. Each naddehis tree has
Father, Sibling, and Child three pointers, desigimethis way, any account has the ability of upwaidghtward, and
downward references; therefore the accounting adsocan be linked in a network structure style,degimg the
account data in each level correct and complete.

Especially for the account management of an acawgiribformation system, the triply-linked tree nerk
structure and the associated data access methaghglied in processing accounting accounts an@éxpkred in depth
in this study. For example, “How to establish legequencing network structure for accounting aotsrl,
“Modification of tree indexes for account operaggiddition, Deletion, and Renaming)”, “How to keeprrectness of
the indexes?”, and “In the process of internallgiing the file, how to check if the balances irtle@account level are
consistent?” have been thoroughly explained. Traetjral value of this tree structure design areldhsociated data
access method is also exemplified with concretengias.
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