Unive rsityofNevada

Ren o

LargeScaleSoftwareTransitions:

A CaseStudy oftheFirst Halfof MFIRE

Apro fe ssiona lpa per s ubmitted in partial fu lfillme nt o fth e require ments for the degre e o fMaster ofSc ien ce with a major in Compu ter Scienc e by

Lingjia ng Che ng

Dr. Frederick C.Harris ,Jr., advis or

May20 00

Abstract

This paper presents a c ase study of large scale software transit ions.

This is t he firs t part our virt ual reality of mine vent ilations ystems project.

This proj ect is based on anexisting softwar e packag e called MFIRE.

^MFIRE is a computer s imulat io nprogram that performs normal vent ilat io n net work planning calculations and dyna mic transient s tate s imulat ionof ventilation net works under a variety of conditions . The prog ram is useful for the analys is of vent ilat ionnetworks under t hermaland mec hanical influe nce. MFIRE simulat es a mine’s ventilatio ns ystem and its res ponse to altered ventilation parameters : externalinfluences such as temperatures, and internalinfluences s uc has fires. ^[16]

MFIRE was wr itte n inFORTRAN. Modernvirtual reality s oftware a nd ut ilities are typically written in C++, an obj ect orientated prog ramming lang uage. Since communication between C++ and FORTRAN is diff ic ult and t he abilit yto modif y t he co de is vital, we needed to co nvert the existing

FORTRAN code to C++ withthe exact same func tionality.

This paper als o discusses the transit ionmethodologya nd t he debugging of the code.

Acknowledgements

I would lik e to express deepes t and sincerest gratit ude to myadv is or,

Dr. Fred Harris, for allhis he lp, g uidance and enc ourage throug hout m y academic c areer in Computer Sc ience at University of Nevada, Re no. His exc ellent class of CS 308 data struc tures inC++ sparked myinterest in

Computer Science s and enco uraged myf inald ecisiont o pursue a continuing educationinComputer Sc ience.

I also wis hto t hank Dr. Georg e Bebis and Dr. Br uce Johnsonfor being on mycommittee and their valuable time.

Finally, a spec ial tha nk to mywife, Jiali, for her enc ouragement and support.

Content s

Abs tract i

Acknowledge ments ii

List of F igures iv

List of Tables v

1. Introduction 1

2. The Backgrou nd of MFI RE 2

2.1 What is MFIRE ................................ ................................ ................................ . 2

2.2 The History Lead in g up to MFIRE Deve lopment ................................ ........... 3

3. Differences be tweenFORTRANa nd C++ Code 9

3.1 Data Types ................................ ................................ ................................ ........ 9

3.2 Inputand Output ................................ ................................ ............................... 9

3.3 SUBR OUTINES and func tion s ................................ ................................ 10

3.4 Arithmetic Opera tors ................................ ................................ ...................... 11

3.5 Relational Opera tors ................................ ................................ ...................... 11

3.6 Flo wof Con trol ................................ ................................ ............................... 12

4. The Code Tr ans ition 13

4.1 The SUBR OUTI NE struc ture ................................ ................................ ......... 14

4.2 Reg rouping Code into a Func tion ................................ ................................ . 14

4.3 Modify the IF statemen ts ................................ ................................ ............... 19

4.4 Res tructur ing GOTOS tatement into a Loop ................................ ................ 20

4.5 Use beak or cont inue Ins tead of GOTO State ments in a Loop ............. 23

4.6 GOTO State ments in Nested Loops ................................ ................................ 29

4.7 The Co mbinations ofS ituations ................................ ................................ ..... 31

5. Debug ging the Code 37

6. Concl us ions and F ut ure Wor k 38

6.1 Conc lusions ................................ ................................ ................................ ..... 38

6.2 Future Work ................................ ................................ ................................ .... 39

Reference s 39

List of Figures

1 Flow con trols ta te ments in MFIRE ................................ ................................ .......... 12

2 Flow con trols ta te ments in C++ ................................ ................................ ............... 13

3 Regrou p to a ne wsubroutine or func tion (FlowCh art ) ................................ ...... 16

4 FORTRAN co de to be regrouped as new function ................................ ............... 17

5 C++ code converted from FORTRAN code in Figure 4. ................................ .... 18

6 To revise the if s tatement (Flow chart) ................................ ................................ 19

7 To be revised IF s ta tement (FORTRAN) ................................ ............................... 19

8 Revised IF s ta te ment (C++ code afte r conversion ) ................................ .............. 20

9 Regrou p as a ne w do � while lo op (Flow chart) ................................ ........... 20

10 FORTRAN co de to be regrouped as do � while lo op ................................ . 21

11 Regrou ped as do � while lo op (C++ code ) ................................ ..................... 22

12 Regrou ped to while lo op (Flow Cha rt) ................................ ................................ 24

13 Regrou ps to while lo op (FORT RANc ode) ................................ ........................ 25

14 Regrou ped to while lo op (C++ code ). ................................ ................................ . 25

15 To be replaced by continue (Flow ch art) ................................ .......................... 26

16 To be replaced by continue statemen t (FORT RANc ode) ............................ 26

17 Rep laced with continue statemen t (C++ code ) ................................ ................ 27

18 Rep laced with break statemen t (Flow Cha rt) ................................ ..................... 28

19 To be Replaced with brea k statemen t (FORTRAN c ode) ............................... 28

20 Rep laced with break statemen t (C++ code ) ................................ ........................ 29

21 Nes ted lo ops case I(Flow cha rt) ................................ ................................ .............. 30

22 Nes ted loop case I(FORTRAN code) ................................ ................................ .... 31

23 Nes ted lo ops case I(C++ code) ................................ ................................ ................ 31

24 Nes ted lo ops Case II (Flow cha rt) ................................ ................................ ............ 32

25 Nes ted lo ops Case II (FORTRAN code) ................................ ................................ 33

26 Nes ted lo ops Case II (C++ c ode) ................................ ................................ ............. 33

27 Complicated GOTOstru cture .Asamp le flo w chart ................................ ............ 34

28 A complicate code con version (FORTRAN) ................................ ......................... 35

29 A complicate code c on version (C++ code ) ................................ ............................ 36

List of Ta bles

1 The relational operators in FORTRANa nd C++ ................................ .................. 12

2 The s ub rou tines and their relationship in Mfire1.for ................................ ... 15

1.Introduct ion

MFIRE is a compute r s imu la tion pro gram that pe rforms no rmal ventilation ne twork p la nning calculations , and d yna mic trans ient state simulation of ventilat ion networks under a varie ty of conditions . The programis u seful for the analys is o fven tila tion ne two rks unde r thermal and mechanica linfluence . MFIRE simulates a mine’s ve ntilation s ystem and its respons e to a ltered ventilation parameters, ex terna linfl ue nces such as temperatures , and internal in fluences such a s fires . Ex tensive output enables detailed quantita tive analys is of the effe cts of the p roposed altera tion to the ventilation system.

Network simu la tion us in g d igital c omputers has become widesprea d throughout the mining indus try. Howe ver, as the soph is tica tion ofth e simulator increases (MFIRE, for exa mple), t he co mplexity of input data requirements and interpre ta tions of results requires more skilland knowle dge fro mthe users . Perhaps the most difficult pa rt o fusing MFIRE is to construc t the data set desc ribing the mine’s physical layout and its ventilation p roperties . The initial a ttempts to get the data se t running ofte n revea lun known or ignored as pects of the mine ’s ventilation [ 16 ].

MFIRE was writte n in Fortran 77. Our pu rpose is to use the output of

MFIRE and displaythe min e and its ven tila tion three - dimens ionallyon a co mputer screen. This paper is the first part of the who le project. In Sec tion 2 we present a background on mine ven tila tion , software to do it, and the deve lopment of MFIRE. Sec tion 3 presents some of the differences between FORTRAN and

C++ that we had to deal with. Se ction 4 covers ou r code trans ition and debuggin g of our code is pr esented in Sec tion 5. Conc lus ion and Fu tu re work are discussed in

Se ction 6.

2.The Background of MFIRE

2.1 What is MFIRE

Mine ven tilation controland mine fire de tection and fightin g are inseparable. Mine fires produce gases and heat, which the venti lation s ystems transpo rt through the mines. Th ese gases can be poisonous and /or explosive [ 5 ,6,7]. The heat can cause ventilation disturbances, which ta ke the gases along u nexp ected routes o r affec t the fo rmation o fe xplosive metha ne mix tures .

The calculation ofthe airflow distribu tion in mine ve ntilation s ystems as a resu lt o f fans, thermal forces , and flo w resistances is a formid able mathematical problem [ 3 ,4]. It compris es the so lu tion of t wice as many equations as there are airwa ys; half of these equations are quad ra tic equations[4]. Th is sort o fproblem led to the de sign of s pec ia lana lo g compu ters in the 1950’s an d 60’s and, from th e ea rly 1960’s on, to the increas in g use o felectronic digital compu te rs [11 ]. With the rapidly inc reasing availability and capacity of d igital computers, a irflow ra te and pressure loss distribu tion calculations , c ommonly c alled ven tilation network ca lculations, have beco me routine, and a gr ea t number of compu te r programs exis t for th is pu rpose [13 ]. Practically all the programs are c apable ofperfo rming th e required calcu la tions , alth ough d iffe rences exist in how the square equations are linearized, the ma ss c onservation law is introduce d an d o bse rved, the fan characteris tics are simulated, and the thermal drafts a re considered . All of th e ea rlyprograms were bas ed on s tea dy - state co nditions .

Of gre atest conce rn in the past were the fire - ge nerated ventilation disturbances [ 8 ,9,10,11]. Ventila tion engineers de veloped a la rge number of method s, byma nua lcalculation, to de tectpotentiallyuns table airwa ys with airflow reve rsals in case ofa fire[5]. When the ana log and d igital co mputers became availab le for ventilation planning, they were a lmo st imme diately a pplie d to this problem. The expec ted fire - generated ventilating p ressu res we re ma nually inse rted in to the network simulations, with their values usua lly o btained from experience or fro m rough ca lc ulations. The mutual influence of fire intens ities and ventila tion co nditions we re not taken into account. If ga s concentrations were ca lculated at all, the ywere on ly ca lculated for the cases where no recirculation ex is ted [ 12 ,13]. All calcu la tions were, as in con ven tiona lnetwork calculations, based on s teady - state conditions o r based on the assump tion that no chan ges with time oc cur.

The U.S. Bureau of Mines and Michigan Techno lo gical Unive rsityfirst so lved th is problem with s teady - state ana lysis, a nd the resulting program became known as the MTU/BOM code. Because the mine fire p rocess is dynamic in na ture, wo rk on the transien t - state modelingproble m continued. The resulting program,MFIRE[16],ac commoda te s d yn amic s ta te mod elin go fthe fire [ 14 ].

MFIRE vers ion 2.20 [ 16 ], which was fin ished in 1995 , includes calcu la tions based on ma ss flow ra tes, natura lven tilation , spli ne or l east s qua res fan curve fitting a nd boundaryfixing, air reve rsal and recirc ulation ca lcula tions.

Condensation and evaporation in the ma ss flow and heat exchange ca lc ula tions was removed fro m MFIRE 2.20 b ut will hopefully be in corporated in a la ter ve rs ion . The program is useful for the analysis of ve ntilation networks under the influence of natura lve ntilation, fans , fire s, o r any co mbination o fth ese . MFIRE simulates a mine’s ven tila tion sys te m and its respo nse to alte red ventilation pa rame te rs such as the deve lopment of new mine workings or changes in ventilation con trol s truc tures , e xternal influences , and in te rnalinflu ences.

Extensive output enables de ta iled , quan titative analysis th at the a lteratio n will ca use in th e ven tila tion system.

2.2 The Hi st ory Leading up t o MFI REDevelopm ent

Ven tila tion netwo rk calculations ha ve been performed for several centuries [ 15 ]. Due to mathema tical d ifficu lties caused by diagonal a irways , the preferred me thod ofpractition ers was a trial and erro r app roach in wh ich junction and me sh equations were ma de co mpatib le . Since the beginning of this cen tu ry, airflow and pressu re loss distributions in a large numbe r ofmore frequently occurring subne tworks we re analytica lly and gra ph icallyde termined. These we re the subjects o fnu merous publications and were o fconside rable help to practitione rs [3,4,5,6,8,9].

Tria land e rror methods, which can be surpris in gly e ffic ient in one case ,can become frustratingly in efficient in another. A large number of methods o f success ive approximation we re consequen tly developed . Atkinson’s s olution in

1854 for a single dia gonal airwa yand Cross’s me thod because of its gene ral applicability a nd s imp licity became the widest known examples[3,4]. So me o f these methods we re based on the linearization of the quadratic resistance equation and used in electric analog compute rs . P ractica lly allof the methods were tes ted for their utilitywith digitalc omputers when thes e bec ame availab le .

The forerunne rs of a nalog co mputers we re flu id flow mode ls . Theywere used in several countries but never fo und wid e application . The similarity be tween node and mesh equa tions in ventilation netwo rks with Kircho ff’s laws of elec trical n etwo rks ma de the electrica lmode l s pe rsuas ive. The first pa tent for an elec tric analog compu te r for water and gas ne tworks was awa rded in 1941 in

Germany. This compu te r used fi lament bulb resistance to modelthe secon d power resistanc e fu nctio n in the network calcu la tions [8,9].

The id ea was ta ken up o r independently d iscove red in seve ral countries, but the li mited working ran ge of co mme rc ia lly - available filamen t bulbs made the m inflex ible and the nu mber ins ta lled re mained s ma ll. Deve lop ment o fa specially - constructed lo w vo ltage lamp in th e United States overcame this obstac le and in

1954 a "network analyz er"wa s ins ta lled at the U.S. Bureau of Mines , afte r six ea rlie r installa tions h ad sh own th eir use fu lne ss with wa te rworks [ 14 ].

In 1951 - 52 , the Un ivers ityof Nottingha m (UK) pioneered the idea to co mbine a n e lectrical n etwork simulation of the nodes and mesh equa tions of ventilation ne tworks with a manual approximation method fo r the resistance equation. T his led to the des ign o fth e commerci ally a vaila ble "National Co al

Boa rd Network Analyz er", which found a wide dis tribution[14]. Home - bu ilt mode ls and modifications , us ing different appro xima tion me th ods for the resistance equation , were used in a lmos t allmin ing countries . At s ome place s a nc illa ries for a dju stment s te ps with out c alculatio ns were in troduc ed.

An electromechanica lana lo g compu ter, in which the approximation o fth e resistance eq uation was automa tically performed, was first d eve loped in 1950 at a

German coal mine. It bec ame com mercially available in 1952. Thirteen o fth ese co mputers were ins ta lled in German coa lmin es and a la rge r numb er were installe d ab road and for gas and water compan ies. In 1959, e lectronic func tion generators for the simulation o fth e res is tance equa tion were in troduced in Japan; in 1960 th e

German manufac turer adopted th is principle, also. In 1964 , a British model became co mme rc ia llyava ilable and ma yb e the on ly one s tillon the ma rket. In

1962, the French c oal mines built an e lec tron ic mode lwhich has been used for se verald eca des [1 1].

Fully a utomatic analog comp uters for ventilation network calculations are excellent p lanning tools. The ir hand icap is tha t theyare single purpose mach ines.

All - pu rpose digita lcompu te rs became co mme rc ia lly available i n the late 1950’s an d p re dic ta blyrep la ced the majorityofthe an alog comp ute rs .

The literatu re reports that the first network ca lculations with digital co mputers we re performed fo r waterwo rks in the United States in 1957[1 0]. The first d igital ventilatio n network calcu la tions we re repo rted in Belgiu m in 1958 and in Ge rman yin 1959. Follo wing the lead of gas and water companies, e fforts to replace the expensive analog compute rs with d igital c omputers began in Ge rman y in 1958. The repla cement progressed q uite rapidlys ince many of the ana log co mputer users we re coope ra ting with th is effort. The litera tu re reports tha t the sa me coal co mpany that had pioneered the use of e lec tromechan ical analo g co mputers perfo rmed a lmos t allof the ir network calculations o n digita lcompute rs by the end of 1959 . By the end of 1969 the majorityo fana lo g computer users, representin g 80 % ofthe German coal productio n, had switched to digital co mp uters [1 0,11].

Since the first a ttempts with the Cross method o fbalancing pressu re losses ga ve poo r convergence most o the r kno wn approximation me thods were initia lly attempted. These were dropped when it was fo und that you cou ld overcome the conve rge nce p rob le mby a sse mbling meshes in such a waythat a irways with high resistance fac t ors (or even be tter, with high pro duc ts of airflow rates and resistance factors) occurred in as few mes hes as possible. The mesh asse mb ly wa s done in a systematic wa ybyarran gin g a tree in a sequence fro mtree tip to roo t, which allo ws the compu te r to el ec t correct move ments when assemblin g the mes hes [4,5].

From 1 961 on , it became cus to mary to include na tu ral ventila tion obtained from in formatio n on tempe ra tu res and eleva tions in eve ry mesh. Fix ed quantity airwa ys ha d a lwa ys been a fe atu re of analog com pu ters and we re included in the ea rliest applications o fd igital co mputers. Fan charac teristics we re trea te d in different wa ys as s torage a llowe d. A FORTRAN version ofa type ofstandard program b eca me a pa rt of the IBM program library in 1966; in 1967 i t was adopted by the British National Co al Board for ventilation plann ing purposes at its divisiona lcompu ter centers. It h as been used for instructional pu rposes at

Michigan Technological University(MTU) s ince 1967. Although man y enhancemen ts and atte m pts at improvements were ma de, it is bas ically still in its origin alforman d is the co re of the MFIRE pro gra m[2 ,3].

As th e a vaila bility of digita lcompute rs increased , the nu mber of users do ing crea tive work in ventilation plannin gincreased tremendously. Du e to pe rsonal, s ocietal, or companyrestraints, much work went un reporte d. Howeve r, by analyzing ava ilab le published litera tu re , it is clear tha t continen ta lEuropean ventilation en gineers cooperated c losely. An advanced program capa ble of pe rforming h igh - speed ca lculations for large networks was in us e in France in

1961. A stora ge savingprogrambased on the Cross me thod of flo wrate balancin g was introduced in 1967 . In Japan network ca lculations with d igital co mputers started in 1961. Con vergence - i mp ro vin g me sh asse mblies we re repo rted in 1969.

In Ru ssia, firs t atte mpts with d igital c omputers were ma de in 1963. In 1 965 and

1967, reports on different approximation methods we re pub lished. In Great

Britain, the firs t ne twork calcu la tions with the mes hes asse mbled manuallywere reported in 1964. A program with au to ma tic mesh asse mbly was desc ribed in

1965. In the Un ited States , the first p rogram to prove the usefulness o fdigital co mputers was describ ed in 1963; a n improved version allo wing the in clus ion o f fan cha racteristics was reported in 1964 . Bo th programs s till re quired the manual as semb lyof mesh es[12,13 ].

In 1967, a much more sophisticated program with mesh asse mblyan d assignme nt of initial airflo w rates pe rforme d by the computer was rep orted and in

1970 a new version of the program wh ich accommodated fix ed quantityairways was d esc ribed [9].

Ove r the past two decades efforts focused on: (1) replacing the Cross method with more e fficient app roxima tion me thods , (2) comb ining network ca lcula tion for optimiza tion purposes with operations research a pproaches , (3 ) making the programs more user friend ly in particu la r byus ing interactive graph ics,

(4) co mbin in g network calculations with temp era tu re and concentration ca lculations, and (5 ) extendin g ne tworkca lcula tions to transien t state co nditions [ 2 ].

The first objective has been a continual go al since the first days o fdigital co mputer use. So far, a ll resu lts seem to confirm that the Cross method for ne tworks ofordinarysize and complex ityis a s good o r bette r than othe r methods .

The second objective is a veryvalid one since ne twork calcu la tions are onlya mea ns to a n end. T he th ird objective is pro bablythe most impo rtant one[8].

The non - steady - state beha vior of ventilation systems has a ttracted research in connection with controlproblems s inc e the 1950 ’s . Stu dies concen trated upon the effe cts of explosions , ga s outbursts, and othe r mechanica ldisturbances [10 ]. A publica tion describin g the use of d igital compu te rs for th is pu rpose originated in

Poland in 1972 [9] a nd another one using ana lo g computers was publishe d in

Yugo slavia in 1 984 [13 ].

Efforts to co mb ine ventila tion ne twork calcu la tions with the precalculation of tempe ra tures and humiditystart ed in Japan in 1969. An ea rly pro gra m that included te mperatures, humid ity, me thane and dus t concentrations , plus a transient state methane s imulator originated at the University of Pittsburgh in 1972. In

1975, at the First In te rna tiona lMine Ventilation Con gress , reports on four programs from the Un ited Sta tes and Great Britain for combined ne two rk, temperatures and hu midity c alculations were given. At the Third Con gress in

1984, a program for te mperature , humidity, and radon concen trations was introdu c ed fro mAus tralia [1 3].

Litiga tion connec ted with the Sunshine mine fire in the mid - 1970’s showed that existing programs could onlyp artially s imulate the interaction of mine fire s and ven tila tion s ystems . Although manual non - stea dy - state tempe rature preca lculations had become a common feature and s teady - state fu me concentrations were eas yto a dd as lo ng a s no rec irculation occu rred, manual inse rtio ns of the rmal dra ft, and th rottling effe cts pro ved to be cu mbersome and the ha ndlin g ofre circ ula tion to be im po ssible[2].

This led to the de velopment of a ne w p rogram at MTU in 1975 and 1976.

The goals ofth is program were to determine the equilibrium between fires and ventilation s ys tems in steady - state cond itions at any give n time. The cruc ial hea t exchange be twe en rock and a ir we re ca lculated under non - steady - state co nditions .

The p rogram was based on ma ss flow ra tes and conside red natura lven tilation in all meshes and th ro ttling effec ts in a ll airwa ys. Air flow reve rs al and fume recirculation were also cal cu la ted. Th is program, s ometimes referred to as the

MTU/BOM cod e,was the p rimaryb uilding b loc k ofMFIRE[1 6].

3.Dif ferences bet weenFORTRAN and C++ Code

3.1 Data Types

In FORTRAN, the re are three bas ic da ta types , INTE GER , REAL , and

CHAR ACTER . Theya re c orresponding to the int , floa t , and char data types in C++. The INTE GER and REAL variables need not to be defined and can be used directly. Any variable begins with letter I - N is an intege r variable. Others are REAL variables. In our c ode transition, w e define all the varia bles be gin with

I - N as int .Others are defined as doubl e .

FORTRAN and C++ both support a rrays . The subsc ripts ofFORTRAN arra ys be gin a t 1 while C++ arra ys be gin a t 0. For simplific ation o four trans ition and a voiding artific ia lerror s, we defin e arrays in C++ one ele ment large r than the arra ys in FORTRAN and do not use the e le ment subscribed with 0. Thus the su bsc ripts are the s ame in FORTRANa nd C++.

3.2 Input and Output

FORTRAN uses READ statements to input da ta fro m conso le a nd da ta file;

and uses WRIT E s ta te ments to output informa tion to conso le and ou tpu t fi le .

FORTRAN re serves unit 5 for c onsole input and unit 6 for c onsole output. Data files and output files a re opened with OPEN statements and a re a ssociated with a un it numbe r at the time ofopen. The opened files a re good fo r in put and output at the same time . But you should be ca reful if you conside r doing both input and ou tpu t ope ra tions a gains t a sa me file .

FORTRAN in puts and o utputs are formatte d. Inco rrect for mat o f in pu t data will result in erro rs . List directed inpu ts and outputs are acceptab le and should be assigne d a t time of code des ign. List d irected c onsole inpu t and ou tput converts da ta to ASCII o r from ASCII au to ma tica lly. File in put and output in lis t direc te d f orm a re trea ted in bina rycode to s ave disc space and acce lerate the compu ta tion time. T he binaryform of data can be read only by FORTRAN c ode. OPEN ,

REWI ND , BACK SPACE , ENDF ILE , and CLOS E s tate ments are ava ilable fo r fi le op era tions .

C++ gene ra lly u ses i ostr eam instances to handle input and output opera tions. Two ins tance s cin and cout a re re served for console in put and ou tpu t. File input and ou tpu t are handled byuser - de fined ins tance s of ifst ream and ofstream classes. C++ input and output a re un formatte d. Spec ific forma ts are ma nipulated with iost reanm manipulators , such as setw (n), setp recision s (n). Bydefault, C++ iostreams commun ica te with a file in

ASCIImode .

Since the da ta forma ts a re differen t, it is difficult to co mmu nicate between

C++ code and FORTRAN code thought the use of intermediate data fi le. Direct function calls be tween C++ code and FORTRAN code are also d ifficu lt and troubleso me . And s ince we wanted to modify t he co de, it was necessaryto convert the existing FORTRAN cod e to C++.

3.3 SUBROUTI NES and function s

FORTRAN SUBROUTINES and FUNCTIONS a re corresponding to the functions in C++. FORTRAN SUBROUTINES a re functions that do no t re turn va lues and a re co rrespond ing void functions in C++. Bydefault, th e parameters of FORTRAN SUBROUTIN ES and FUNC TIONS a re passed byreference. If a

SUBR OUTINE or FUNCTION is ca lled with (a) value parameter(s ), th e pa rame te r(s) is/are tempo ra rily passed byvalue. By de fault, e veryvariable that appea rs in a FORTRAN SUBROUTINE o r FUNC TION is a local va riab l e, and every local variable is s tatic . This means that the value of a lo cal variab le is reta ined between SUBROUTINE and/or FUNC TION calls . The re are no ^ globa l~ va riables in FORTRAN. FORTRAN us es COMM ON statements to a llow variables in d iffe rent FUNCTIONS and SUBR OUTINES to share the sa me me mory s pace.

Since COMM ON variables in different SUBR OUTINES and FUNC TIONS occupy the sa me me morys pac e,the va riables can be c ons ide re d as globa lva riables .

In o ur code trans ition, we initially a llowed a ll the pa ra mete r s to be passed by reference . Since in C++, a co nstan t parame ter can no t be passed byre feren ce, we need to fix p ara meters tha t have to be passed by va lue . The situation was picked out a t comp ilatio n time. Allvariables declared in the COMMON statements are declared as global va riables . Others are declared as loca lvariables. It is not necessa ryto declare all the local variables to be stat ic . We had to fix a few of the variable a t debu gging time. In o ur code c onvers ion, we fo und only a few va riables tha t ne ed ed to b e declared a s stati c varia bles.

3.4 Arit hm et ic Operators

In FORT RAN an d C++, the arithmetic operators (+, - , *, /) are the same and h ave the sa me p recedence o rde r. FORTRAN h as an exponentia tion ope ra tor

(**). C++ has no corresponding opera to r. We chose to use a s tanda rd function pow ( do uble , do uble ) instea d.

3.5 Relational Operat ors

The relational o perators are d iffe ren t between FORTRAN a nd C++. There is a s imp le co rrespondence, or ma pping, fro m on e lan gua ge to the other and the op era to rs ha ve the s ame prece denc e ord er. Tab le 1 gives the op era to rs :

3.6 Flowof Control

The flowc ontro lstatemen ts o fFORTRAN and C++ a re qu ite different.The ba sic flow controls tateme nts tha t ap pea red in MFIRE are given in Figure 1 .

The IF() � and IF() THEN�ELS E�ENDIF statements are corresponding to the if�else� s tatements in C++. The DO�CONTINUE s tateme nts are equivalent to the for loops. Co de relatin g to these simple struc tu res is eas ily co nverted.

Table 1 : The relatio nalo perators in FORTRAN an d C++

FORTRAN C++

.EQ. ==

.NE. !=

.LT. <

.LE. <=

.GT. >

.GE. >=

.NOT. !

. OR. ||

.AND. &&

IF() �

IF()T HEN � EL SE � END IF

DO � C ONTIN UE

GOTO stateme nts

Figur e 1 : Flow con trols ta teme nts in MFIRE

We h ad a lot of trouble with the GOTO s tate ments in FORTRAN. The goto s tate ment is also available in C++, bu tit is ra re ly seen in C++ programs be cau se the fo llowing fe ature s are ava ilable ( Figure 2 ).

In o ur code trans ition, we use whil e loops and do � whil e loops and co mbined them with the s ta te ments in Figure 2 to handle all th e GOTO statements in the FORT RAN c ode. We will discuss the transition of GOTO statements in next se ctio n.

4.The Code Tra nsit ion

MFIRE co nsists ofth ree p ieces of code, Mfire0.for , Mfire1.for and Mfir e2.for . This work i s restricted in the firs t ha lf of MFIRE, e.g. the co de con version of Mfire 0.for and Mfire 1.for .

Mfir e0.for has just a few lines of c ode and has no co mp lica ted flo w control s truc tures . The c onve rs ion o fcode for this part has been d iscus sed in the previou s sec tion. Mfir e1.for has over 5000 lines o fcode and there are ma ny

SUBR OUTINES and GOTO statements. The following subsections will d is cuss th e co nversion of the SUBRO UTINES and GOTO statements.

ex it A function thatcauses immediatep rogram termination.

re tur n A statement that terminates theexecution ofafunction.

br eak A statement that terminates execution ofaloop or switch statement.

co nti nue A statement that causes an immediateb ranch to theloop test.

Figur e 2 : Flow con trols ta teme nts in C++

4.1 The SUBROUTI NE Structure

The re are to ta l25 SUBROUTINES in Mfire1.for . The yare calle d b y the main p rogra mand othe r SUBROUTINES . The subroutine call re lationship is given in Tab le 2 (p. 15 ).The re are onlysimple calls,n o rec urs ive calls.

In c onve rs ion, the SUBROUTINES we re conve rted to void functions in

C++. The main program was converted to the main function.The DAT A BLOCK was converted to a header fi le ( var. h ) whe re a ll the global variab les are dec lared an d initialized .

4.2 Regroupin g Code into a Function

This section focuses on a c ommon code structu re we fo und in MFIRE. A flow cha rt for this struc tu re is s hown in Figure 3 (p. 16 ). In our conversion, one function was broken down into two functio ns. Since the rear part of the function is execu ted b ye verybranch of the code, the rear pa rt is regrouped as a func tion.

When the co ndition is true, th e new fu nctio n is ca lled a nd re turne d.

Figure 5 (p. 17 ) provides a sample piece of the FORTRAN code tha t was ex tracted fro m Mfire1.for . In this code segment, there are many GOTO 300 statements . The labe l 300 is at the end of th e p ro gra m. We regrouped the code be twee n la bel 300 and labe l 350 as a ne wfunc tion.

The conve rted C++ code is listed in Figure 7 (p. 18 ). The code between labe l 300 and label 350 is re grouped as a ne w fu nction. Eve ry GOTO 300 statement is conve rted to a function call to th is ne w func tion.

( m_go_ to_300(m arky, ns top, opti on, md1, j, kv) ).

Table 2 : The su bro utine s and their relatio nship in Mfire 1.for main calls

� Sub s Theyc all �

ARR � --- �

BASE � --- �

CCDATA � READIN �

CDCH � READIN �

CDENDS � KALPHA �

CDJ UNC � --- �

CH4EVA � --- �

CHECK1 � --- �

LSFAN � CHSFIT � SPLINE �

FWCT � --- �

INPUT � READIN �

� ARR �

� BASE �

� LSFAN �

MBLNC � ITR � MSLIST �

� NVP1 �

� NVP2 �

� SPLINE �

MBLNC � --- �

MSLIST � --- �

NVP1 � --- �

SPLINE � OUTPUT � LSFAN �

RECIRC � CDJUNC �

RGLT � --- �

PREP � --- �

TEVAL � --- �

Figur e 3 : Regroup to a new su bro utine o r fu nctio n (Flow Chart )

�

CALL INPUT (1,NSTOP,MARKY,MAXNO,KV)

IF (NSTOP.GT.0) GO TO 300

CALL CHECK1 (NSTOP,MAXNO,KV)

IF (NSTOP.GT.0) GO TO 300

IF (NETW.NE.1) THEN

CALL INPUT (2,NSTOP,MARKY,MAXNO,KV)

IF (NSTOP.GT.0) GO TO 300

ENDIF

�

CALL INPUT (3,NSTOP,MARKY,MAXNO,KV)

IF (NSTOP.GT.0) GO TO 300

CALL CCDATA (MARKY,NSTOP)

IF (NSTOP.GT.0) GO TO 300

IF (MARKY.EQ.1) THEN

CALL CDCH (NSTOP)

IF (NSTOP.GT.0) GO TO 300

ENDIF

�

C

IF (NETW.GE.1.OR.NTEMP.GE.1) GO TO 300

IF (OPTION.EQ.’CONTINUE’) GO TO 350

�

C

C

300 IF (MARKY.LE.0) THEN

� �

350 STOP

Figur e 5 : FORTRAN co de to b e regrou ped as new fu nctio n

�

input (1,nstop,marky,maxno,kv);

if (nstop > 0)

m_go_to_300(marky,nstop,option,md1,j,kv);

check1 (nstop,maxno,kv);

if (nstop > 0)

m_go_to_300(marky,nstop,option,md1,j,kv);

assert(netw != 1);

if (netw != 1) {

input (2,nstop,marky,maxno,kv);

if (nstop > 0)

m_go_to_300(marky,nstop,option,md1,j,kv);

}

�

input (3,nstop,marky,maxno,kv);

if (nstop > 0)

m_go_to_300(marky,nstop,option,md1,j,kv);

ccdata (marky,nstop);

if (nstop > 0)

m_go_to_300(marky,nstop,option,md1,j,kv);

if (marky == 1)

cdch (nstop);

if (nstop > 0)

m_go_to_300(marky,nstop,option,md1,j,kv);

�

if (netw >= 1 || ntemp >= 1)

m_go_to_300(marky,nstop,option,md1,j,kv);

�

void m_go_to_300(int &marky,int& nstop,

char*option,char*md1,

int&j, int&kv){

int i=0,nnb=0,nnj=0,nnfnum=0,k=0,l=0;

�

}

Figur e 7 : C++ cod e converted fro mFORT RANco de in Figure 5 .

4.3 Modif y the IF statem ents

The re were se veral pieces of c ode made up with IF state ments that we re

structured in the flo w cha rt shown in Figure 9 , code2 is executed when the

condition is fa ls e. So , we reversed the if cond ition and include the code2 in the

ne w if block.

Figure 10 is a code se gment from Mfire1.for . Figure 12 (p. 20 ) is the

co rresp onding C++ c ode after co nversion .

Figur e 9 : To revise the if statement (Flow cha rt)

IF (MARKY.EQ.1) GO TO 100

NSTOP1=0

CALL CHSFIT (NSTO P1)

100 ITCT=0

IF (IOUT.LE.( - 1).AND.MARKY.LE.0)

Figur e 10 : To be revise d IF stateme nt (FORTRAN)

4.4 Rest ructuring GOTO St atement into a Loop

The re we re se veral s ec tions o fcode where there was a la bel b efore a bloc k

of c ode and an IF statement after it. Ifth e co nd ition chec ked b ythe IF statement

was true, the GOTO statement would trans fe r con trol to the labelbe fore the block

of code . We res tructured this as a do � while loop. The loop body is from the

labe lto the IF statement. The lo op bod yis to be executed a t least once. Figure 15

(p. 21 ) provides some sample code (from the function output ) fo r this case.

Figure 17 (p. 22 ) is th e corre spo nding C++ cod e afte r co nversion.

if (marky != 1) {

nstop1=0;

chsfit (nstop1);

}

itct=0;

if (iout <= ( - 1) && marky <= 0)

Figur e 12 : Revis ed IF s ta te me nt (C++ cod e afte r con version)

Figur e 9 : Regrou p as a ne w do � while lo op (Flow cha rt)

IZ= 0

LL= 0

15 30 II= 0

DO 154 0 I= 1,N B

IF (NO( I). GT. 0) THEN

IF ( TQR (I). GT. TSR .OR .II. EQ. 0) THE N

T SR= TQR (I)

I I=I

ENDI F

END IF

15 40 CON TIN UE

IF (II .EQ. 0) GO TO 1590

IF (LL .GT. 0) THE N

KK= 0

DO 1550 J= 1,L L

K=LS T(J )

IF ( TQR (II ).G T.TQ R(K )) KK=K K+1

15 50 CON TINU E

IF (KK.GE.(LL - 2).AND.TQR(II).GT.20.0) GO TO 1560

GO TO 1 590

END IF

15 60 LL= LL+ 1

L ST( LL)= II

NO( II) = - NO (II )

JSS =JS (II)

JFF =JF (II)

15 70 DO 158 0 I= 1,N B

IF (NO( I). GT. 0) THEN

IF((JS(I).EQ.JSS.OR.JF(I).EQ.JSS.OR.JS(I).EQ.JFF.OR.

. JF(I).EQ.JFF).AN D.(TQR(I).GT.20.0)) THEN

L L=L L+1

L ST( LL) =I

N O(I )= - NO (I)

I F ( JS( I). EQ.J SS) TH EN

J SS= JF( I)

E LSE IF (J F(I) .EQ .JS S) T HEN

J SS= JS(I )

E LSE IF (J S(I) .EQ .JF F) T HEN

J FF= JF( I)

E LSE

J FF= JS( I)

E NDI F

G O T O 1 570

ENDI F

END IF

15 80 CON TIN UE

IZ= IZ+ 1

IF (IZ .LE. 3) GO TO 153 0

15 90 CRT 1=0 .0

Figur e 15 : FORTRAN co de to b e regrou ped as do � while lo op do {

ii=0;

for ( i=1;i<=nb;i++)

if (no[i] > 0)

if (tqr[i] > tsr || ii == 0) {

tsr=tqr[i];

ii=i;

}

if (ii==0) break;//go_to_1590;

if (ll > 0) {

kk=0;

for ( j=1;j<=ll;j++){

k=lst[j];

if (tqr[ii] > tqr[k]) kk=kk+1;

}

if (kk < (ll - 2) || tqr[ii] < 20.0) break;

}

ll=ll+1;

lst[ll]=ii;

no[ii]= - no[ii];

jss=js[ii];

jff=jf[ii];

for ( i=1;i<=nb;i++){

if (no[i] > 0) {

if ((js[i] == jss || jf[i] == jss ||

js[i] == jff ||

jf[i] == jff) && (tqr[i] > 20.0)) {

ll=ll+1;

lst[l l]=i;

no[i]= - no[i];

if (js[i] == jss) {

jss=jf[i];

}else if (jf[i] == jss) {

jss=js[i];

}else if (js[i] == jff) {

jff=jf[i];

}else{

jff=js[i];

}

i= - 1;continue;//go_to_1570;

}

}

}

iz=iz+1;

} while (iz <= 3);// go_to_1530;

c rt1 =0.0 ;

Figur e 17 : Regrou ped a s do � while lo op (C++ c ode)

The flo w chart in Figure 12 (p. 24 ) presents a m ore complicated situation,

since the re is mo re than one GOTO s ta te ment that red irects the code back to a

previou s position . In this case, the GOTO sta te ment structure is regrouped as

another type of loop . We used an additiona lvariable to con trol the lo op. If the

loop needs to be con tinued, set the va riable to 1 , otherwise set it to 0. The GOTO

statements a re replaced with a control variable set statement and a continue

stateme nt.

Figure 14 (p. 25 ) give s so me sample code (from the fu nction ccdata ) for

this case. There a re two GOTO 10 statements. The code is converted to a while

loop. A new int varia ble ( i10 ) is introduced. Th is va riab le is set to 1 befo re

en trance into the loop . After the lo op begins, th e variable is se t to 0. The firs t

GOTO 10 s ta te ment is replace d with i10=1; and continue; the second is

replace d with i10=1; (see Figure 16 ,p . 25 ).

4.5 Use beak or continue Ins tead of GOTO Stat em ent s in a Loop

Anothe r common s ituation we encountered is wh ere GOTO s tate ments are

in the middle of a loop to fo rce the loop to end o r to continue on the next ite ra tion.

We used continue o r break s ta te ments a t th is situation, depend ing upon

which was d esire d.

Figure 18 is a flo w c hart where a GOTO statement forced the end of c urren t

ite ration. Figure 19 (p. 26 ) presents some sample c ode (from ch4eva function) for

this case where we used continue s ta te ments instead o f GOTO statements .

Figure 21 (p. 27 ) is th e corre spo nding C++ cod e afte r con version.

Figur e 12 : Regrou pe d to while lo op (Flow Cha rt)

�

10 CALL READIN (DAL,6,ISTOP,0)

IF (ISTOP.EQ.1) THEN

WRITE (8,240)

WRITE (8,250) (ROW(IE),IE=1,80)

NSTOP=5

RETURN

ENDIF

IF (MARKY.EQ.0) WRITE ( 6,260)

IF (DAL(15).LT.( - 1.E20)) GO TO 10

IF (NCOMTS.GT.NCOMT2) THEN

NCOMT2=NCOMTS

GO TO 10

END IF

Figur e 14 : Regrou ps to while lo op (FORT RANco de) i10=1;

while(i10){ i10= 0;

readin (dal,6,istop,0);

if (istop == 1) { assert(0);

of8<<str240;

of8<<str250;

for(ie=1;ie<=80;ie++)of8<<row[ie];

nstop=5;

return;

} if (marky == 0) cout <<str260;

if (dal[15] < ( - 1.e20)){ i1 0=1;

continue;

} if (ncomts > ncomt2) { ncomt2=ncomts;

i10=1;

}

}

Figur e 16 : Regrou ped to while lo op (C++ c ode).

Figur e 18 : To be replac ed by continue (Flow cha rt)

DO 40 I=1,NB

IF (CH4V(I).GT.0.0) GO TO 40

CH4V(I)=CH4PA(I)*LA(I)*O(I)

IF (CH4V(I).GT.0.0) GO TO 40

M=0

N=0

DO 30 L=1,NJ

IF (JS(I).EQ.JNO(L)) THEN

CH4S=CH4C(L)

M=1

ENDIF

IF (JF(I).EQ.JNO(L)) THEN

CH4F=CH4C(L)

N=1

ENDIF

IF (M+N.GT.1) THEN

IF (CH4F.GT.CH4S.AND.Q(I).GT.0.0) THEN

�

ENDIF

GO TO 40

ENDIF

30 CONTINUE

40 CONTINUE

Figur e 19 : To be re place d by continue statement (FORTRANco de)

Figure 23 (p. 28 ) is a flow cha rt o fthe other case tha t sho ws the GOTO s tatement forces the end ofa loop. Figure 25 (p. 28 ) pres ents some sample code

(from arr func tion ) for the case where a break s ta te ment is used. Figure 27

(p. 29 ) is th e corre spo nding C++ cod e afte r con version.

for ( i=1;i<=nb;i++){ if (ch4v[i] > 0.0) continue;

ch4v[i]=ch4pa[i ]*la[i]*o[i];

if (ch4v[i] > 0.0) continue;

m=0;

n=0;

for ( l=1;l<=nj;l++){ if (js[i] == jno[l]) { ch4s=ch4c[l];

m=1;

} if (jf[i] == jno[l]) { ch4f=ch4c[l];

n=1;

} if (m+n > 1) { if (ch4f > ch4s && q[i] > 0 .0) {

�

} break;

}

}

}

Figur e 21 : Rep la ced with continue statement (C++ c ode)

Figur e 23 : Rep la ced with break statement (Flow Cha rt)

DO 50 J=1,NB

IF (NCENT(I).EQ.NO(J)) THEN

NWTYP(J )=10

GO TO 60

ENDIF

50 CONTINUE

60 � � �

Figur e 25 : To be Re pla ced with break statement (FORTRANco de)

4.6 GOTO Stat em ent s in Nes ted Loops

Ifthe GOTO s ta te ment jumps with in a loop, it is the sa me as in the las t subsection. Here we discuss two - laye r nes ting. We discuss the case tha t the inner loop ends and forces the outer loop to the next iteration . In this case, the re a re two different situations. There is or is no t additiona lcode between the end of the inner loop and the end of outer loop .If the re is no t,jus t replace the GOTO st atement with a break statement. Ifthere is , we added an addition if clause and a continue stateme nt imme diatelya fter the inne r loop.

Figure 29 (p. 30 ) is a flow chart in the case tha t the GOTO statem en t ju mps the code from the inner loop to th e outer loop and there is no code b etween the en d of the inne r loop the end of the outer loop. Figure 31 (p. 31 ) presents so me sample code (fro m arr func tion ) fo r the case . Figure 33 (p. 31 ) is the C++ code after co nversion on e break statement is u sed .

Figure 35 (p. 32 ) is the othe r situa ti on whe re the re is so me code be tween end o fthe inne r lo op and the end of o ute r loop. Figure 37 (p. 33 ) is the sample

FORTRAN code in this case. Figure 39 (p. 33 ) is the converted C++ c ode. In this case, the GOTO statement is replaced by a break statement to exit the inner loop.

Since the re are some code after the in ner loop, an if clause is used afte r the end

for ( j=1;j<=nb;j++) if (ncent[i] == no[j]){ nwtyp[j]=10;

break;

}

Figur e 27 : Rep la ced with break statement (C++ c ode) of the in ner loop . If the inner loop is ended abnorm ally, continue s ta te ment ne ed to b e exec uted to force the outer loo p to the nex t ite ration.

Figur e 29 : Nes te d loo ps ca se I(Flowc hart)

4.7 The Com binations of Sit uations

In Mfire1.for , there are seve ral cases where exist mu ltip le situations discuss ed abov e. In this case, we need to be veryca re ful with the code convers ion.

We can eas ily make an erro r with complicated GOTO s ta te ment s tructures . We need to re group GOTO s ta te ment into a new do � while o r while loops, change GOTO s tatements to continue or brea k statements, and /or add ad ditional if claus es. Each d iffe ren t structure h as a differen t solution.

Figure 41 (p. 34 ) presents a sample flow c hart where GOTO s ta te ment is difficult to be regrouped . Figure 43 (p. 35 ) presents some sample code from function itr . The re are many GOTO s ta te ments. Figure 45 (p. 36 ) is th e

DO 60 I=1,INFLOW

DO 50 J=1,NB

IF ( NCENT(I).EQ.NO(J)) THEN

NWTYP(J)=10

GO TO 60

ENDIF

50 CONTINUE

60 CONTINUE

Figur e 31 : Nested loop c ase I (FORTRAN co de) for ( i=1;i<=inflow;i++){ for ( j=1;j<=nb;j+ +) if (ncent[i] == no[j]){ nwtyp[j]=10;

break;

}

}

Figur e 33 : Nes te d loo ps ca se I(C++ cod e) conve rted C++ code. We con ve rted GOTO 5 and GOTO 10 into two loops using the techn ique described above. Other GOTO statements are conve rted to break or continue statement. Since th e struc tu re is comp lica ted, we spent a lot oftime to ge t th e corre ct c ode co nve rsion .

�

Figur e 35 : Nes te d loo ps Cas e II (Flow cha rt)

DO 10 K=1,NB

IF (NWTYP(K).LT.0) THEN

INU(NBU)=K

NBU=NBU - 1

ELSE IF (NWTYP(K).EQ.0.OR.NWTYP(K).EQ.10) THEN

RQ(K)=ABS(R(K)* Q(K))

NWTYP(K)=2

ELSE

IF (NFNUM.GT.0) THEN

DO 5 J=1,NFNUM

IF (NOF(J).EQ.NO(K).AND.NWTYP(K).EQ.1) GOTO10

5 CONTINUE

ENDIF

INU(NBL)=K

NBL=NBL+1

ENDIF

10 CON TIN UE

Figur e 37 : Nes te d loo ps Cas e II (FORTRAN co de) for ( k=1; k<=nb;k++){ if (nwtyp[k] < 0) { inu[nbu]=k;

nbu=nbu - 1;

}else if (nwtyp[k] == 0 || nwtyp[k] == 10) { rq[k]=fab s(r[k]*q[k]);

nwtyp[k]=2;

}else{ if (nfnum > 0){ for ( j=1;j<=nfnum;j++) if (nof[j] == no[k] && nwtyp[k] == 1) break;

if(j<=nfnum)continue;

} inu[nbl]=k;

nbl=nbl+1;

}

}

Figur e 39 : Nes ted lo ops Ca se II(C++ c ode )

Figur e 41 : Complicated GOTO stru cture .Asample flo wch art

5 IT=0

10 DQSUM=0.

MBEGW=1

DO 50 K=1,MNO

�

IF (NWTYP(N).EQ.( - 1)) THEN

MBEGW=MENDW+1

GO TO 50

ENDIF

DO 30 J=MBEGW,MENDW

�

IF(NWTYP(N).EQ.1) THEN

IF (NFNUM.GT.0) THEN

DO 20 L=1,NFNUM

IF (NFREG(L).EQ.N) THEN

RQSUM=RQSUM - (RGRAD(L)*100000)

GO TO 25

ENDIF

20 CONTINUE

ENDIF

25 IF (IABS(JS(N)).NE.JSB(N)) FACT= - FACT

DPSUM=DPSUM - FACT*R(N)

ELSE

�

ENDIF

30 CONTINUE

�

�

50 CONTINUE

C

DO 100 KI=1,NB

IF (NWTYP(KI).EQ.1.AND.NFNUM.GT.0) THEN

DO 90 J=1,NFNUM

IF (NOF(J).EQ.NO(KI)) THEN

�

ELSE

NABF=JS(KI)

DO 70 L=1,NJ

IF (NABF.EQ.JNO(L)) THEN

TABF=T(L)

GO TO 80

ENDIF

70 CONTINUE

ENDIF

80 IF (NEGQ(J).EQ.0) THEN

�

GO TO 100

ELSE

�

ENDIF

ENDIF

90 CONT INUE

ENDIF

100 CONTINUE

�

IF (IT.LE.1) THEN

GO TO 10

ELSE IF ((DQSUM/FLOAT(MNO)).LT.10.) THEN

RETURN

ELSE

�

GO TO 5

ENDIF

GO TO 10

Figure 43 : A complicated code conversion (FORTRAN). FORTRAN code from ITR SUBROUTINE. There a re man y co mplica ted GOT O structures. For s aving space, s tructure un related s ta teme nts are o mitte d.

i5=1;while(i5){ it=0;

i10=1;while(i10){

� for ( k=1;k<=mno; k++){

� if (nwtyp[n] == ( - 1)) { mbegw=mendw+1;

continue;

} for ( j=mbegw;j<=mendw;j++){

� if(nwtyp[n] == 1) { if (nfnum > 0) { for ( l=1;l<=nfnum;l++) if (nfreg[l] == n) { rqsum=rqsum - (rgr ad[l]*100000);

break;

}

} if (abs(js[n]) != jsb[n]) fact= - fact;

dpsum=dpsum - fact*r[n];

}else{

�

}

}

�

} for ( ki=1;ki<=nb;ki++){ if (nwtyp[ki] == 1 && nfnum > 0) { for ( j=1;j<=nfnum;j++){ if (nof [j] == no[ki]) {

�

}else{ nabf=js[ki];

for ( l=1;l<=nj;l++){ if (nabf == jno[l]) { tabf=t[l];

break;

}

}

} if (negq[j] == 0) {

� break;

}else{

�

}

}

}

}

} it=it+1;

itct=itct+1;

if (it > 1){ continue;

}else if ((dqsum/double(mno)) < 10.) { return;

}else if (itct > 500) {

� break;

}

}

}

Figure 45 : A complicated code conve rsion (C++ code) . C++ c ode from itr function. The re a re man ycomplicated GOTO struc tu res.

For savin gs pac e,s truc ture unrelated stateme nts a re o mitte d.

000000000

5.Debugging the Co de

Through the compila tion process , most o fthe typ os of the C++ code after conve rs ion were picked out and fixed. We then we re able to run the C++ code afte r comp ilatio n, and the resu lt wa s n ot the sa me as the FORTRAN code. The differences were caused fro m ad ditiona ltypos a nd some logica lerrors. We spent approxima te ly the sa me amoun t o f time find in g and fixing the errors as we spent on the co de con version.

We wrote an add itional function void prnt() and SUBROUTINE

PRNT to help loca ting errors. This func tion outpu ts all th e g lo bal a rrays . The ou tpu t fo rmats of C++ and FORTRAN version we re d one as close to the same as po ssible,a nd when this fu nction is e xec ute d,the programexits.

The debu g p rocess begins in the main fun ction. The prnt () function call is inse rted imme dia te ly be fore a function call (the function input ). If the output va l ues o fthe a rrays of C++ code match that of the FORTRAN code , the code be fore the insertion point is correct. If n ot, we know some thing wrong with the code up to this part. Mo ve the prnt () function call bac kwards in order to locate the errors, th en fix th e m. If th e code before the insertion point is co rrect, mo ve the prnt () after the next function call. If the outpu t values ofthe arra ys of C++ c ode match that of the FORTRAN code, the code o ftha t function is correct. If no t, so methin g mu st be wrong in that function . Insert prnt () function ca ll into the function to loca te a nd fix erro rs in th e fun ction .

For loops, we have expe rienced that the o utput o f prnt () fun ction ma tches when prnt () in inse rted at anyplace within the loop and does not ma tch when prnt ( ) is inserted imme dia te ly a fter the loop. In this case, the first iteration o fth e loop is correct and so me th ing is wrong with a later ite ration. T o locate this kind of erro rs , we introduced an additiona lin te ger variab le to coun t the itera tion s o fthe loo p and insert an if clause before prnt () function call. Then, we could loca te in which ite ration th e error h app ens a nd fix th at e rror.

Now you move th e prnt () fun ction back to the main function and continue debuggin g. Byapp lyin g Testdata.dat as input data, we fix ed eve ry error of ou r code. We applied other tes t da ta files to our code. Using the same technique, additiona lerrors are de tected and fixed. Our C++ code now works co rrectly for a ll the data files we ha ve been given . The performance ofou r C++ cod e is exac tlyth e sa me as the origina lFORTRAN co de.

6.Conclusions andFut ure Work

6.1 Conclusions

MFIRE is a la rge mine ventilation sys te m. This system has been de veloped over dozens of years. It is a crystal fro m the wisdom o f man y e nginee rs and profe ss ionals. Computer languages and techniques are deve lop in g very fas t. The ou tpu t of MFIRE is in the form of tables o fnumbers and need to be interpre ta ted by profess ionals. Cu rrent computer techniques a llow us to virtua lly displayth e resu lt o f MFIRE as a three - dimens ional scene on an screen .The goal of ou r virtual reality project is to realize this possibilit y. MFIRE wa s written in FORTRAN code, a co mputer language tha t was de veloped in the ea rly 1950s and lacks most o fth e good fe atures (such as Object o rienta ted Pro gra mming, OOP) of mo dern advanced language s, such as C++. T he difference between FORT RAN and C++ is ve ry big, we modified the structure o fth e code . Myro le in this p rojec t was to convert the

FORTRAN code into C++ code and make sure the perfor mances of the code are exactly the same. We ha ve a fu nction to ou tput all the values of the globa larra ys.

This is re adyfor thre e - dimens io n des ign .

6.2 Future Work

This paper is th e first pa rt of ou r b ig project of virtua l rea lity min e ve ntilation s ys t em. We are readyto do the fo llowing:

1. Simulation mod ules

Based on our C++ code , the values of a rrays a t each stage of calculation will be output as the input o fVR inte rface. In o ur code conversion, we ha ve a function re adyfor this purpos e.

2. VR in terface d es ign

The VR interface cons is ts two parts: th e s ta tic mine sys te m and the dynamic ventila tion sys tem. The static part would not change o nce the program be gins, wh ile the dyna mic pa rt c han ges acco rding to the res ults of the ventilation ca lculation . The chan ges ofth e concentra tion of differen t type ofgases will be indicated with d iffe ren t colors. The critical s itua tion ca n then be displayed on the sc re en.

References

[ 1 ] Bastow, K.R., 1979, ^Real - Time Simulation of Contaminant Flow T h rough Mine Ventilation

Networks Under the In fluence of Mine Fires,~ M.S.Thesis ,MI Technol.Un iv., Houghton,MI.

[ 2 ] Chang, X., 1987, ^ Digital Simulation of T ransient Mine Ventilation,~ Ph .D. Thesis , MI

Technol.Univ.,Houghton, MI.

[ 3 ] Chang, X., and Greuer, R.E., 1985 , ^Simp lified Method T o Calculate the Heat Transfer

Between Mine Air and Mine Rock,~ Proceedings o f the 2nd U.S. Mine Ventilation

Sympo sium ,ed. byP. Mousset - Jones, A.A.Balkema,pp .4 29 - 43 8.

[ 4 ] Chang, X., and Greuer R.E., 1987, ^A Mathematical Model for Mine Fires,~ Proceedings o f the 3 rd U.S.Min e Ventilation Sympo sium.So c.Min.Eng .,AIME,Littleton,CO,pp.453 - 46 2.

[ 5 ] Gangal, M.K., Dainty, E.D. & Kunchu r, G., 1991 ,^CO2 as an Exhaust Emissions Surrogate in Small Dieselized Mines,~ Procs. 5 th U.S. Mine Ven tilation Symposium , West Virginia,

June 3 - 5, 199 1, pp 28 0 - 28 7,AIME.

[ 6 ] Gangal, M.K. & Daint y, E.D., 1 993, ^Development of a Diesel Vehicle Operator CO2

Exposure Meter,~ Procs. 6 th U.S . Mine Ventilation Sympo sium , Salt Lake City, Utah, June

21 - 23 ,19 93 ,pp 6 5 - 69 ,AIME.

[ 7 ] Gangal, M.K. & Pathak, J., 1992 , ^ A Case for Conservation of Electrical Energ yin Canadian

Un derground Mines~, Procs. 1 1th West Virginia University (WVU) International Mining

Electrotechn ology Conferen ce ,July29 - 30 ,19 92 ,Morgantown,West Virginia, pp 87 - 91 .

[ 8 ] Greuer, R.E., 1 977,^ Studyof Mine F ires and Mine Ventilation; Pa rt I. Comp uter Simu lation of Ventilation Systems Under the Influen ce of Mine F ires,~ (contract SO241032 ,MIT echnol.

Univ.) Bu Min es OFR 115 (1 ) - 78 ,16 5 pp .; NTIS PB 28 8 231 .

[ 9 ] Greuer, R.E., 1981 , ^Real - Time Precalculation of the Dist rib ution of Combustion Products and Other Contaminants in the Ventilation System of Mines,~ (Contract JO285002, MI

Technol.Univ.). BuMines OFR 2 2 - 82 ,26 3 pp .; NTIS PB 82 - 18 310 4.

[ 10 ] Greuer, R.E., 1983 , ^ A Studyof Precalculation o f E ffect of Fires on V entilation System of

Mines,~ (contract JO 285002 , MI Technol. Univ.) Bu Mines OFR 19 - 84 , 293 pp .; NTIS PB

84 - 15 997 9.

[ 11 ] Greuer, R.E., 1979 , ^A NewComputer Program for the Design of Ventilation Emergen cy

Plans,~ Proce ed ings o f 2nd. Interna tional Mine Ven tilation Congress , Reno, NV, p p. 129 -

13 4.

[ 12 ] Hardcastle, S.G., Gangal, M.K, Udd, E . J., G renier, M.G. & Klinowski, G.W., 1995, ^Mine

Ventilation and Op timization~, Procs. 26th Int. Conf. of Safety in Mines Research Institutes ,

Septemb er 1 99 5,Katowice,Poland,Vol.II, pp1 83 - 19 9.

[ 13 ] Hardcastle, S.G., 1 995,^3D - CANVENT: An Interactive Mine Ventilation Simu lator,~ Procs.

7th U.S. Min e Ventilation Sympo sium ,June 5 - 7, 199 5, Lex ingt on,Kentucky, AIME.

[ 14 ] McElroy, G.E., 1954, ^A Network Analyzer for Solving Mine - Ventilation - Distrib ution

Prob lems,~ Bu Min es IC 770 4, 13 pp .

[ 15 ] Sheng, J., 1 984, ^Determination of the Cu mulative Exhaust Effects of D ieselPowered

Eq uipment Underground,~ M.S.Thesis ,MI Technol.Univ., Houghton,MI.

[ 16 ] U.S. Bureau of Mines, 1995 , ^U.S. Bureau of Mines training workshop on the "MFIRE" mine fire and ventilation simulator, MFIRE users manualversi on 2 .20,~ August 1995 U. S.

Bureau of Mines,Twin Cities Research Center, Minneapolis,MN