Mumps Programming Language
Interpreter, Compiler,
&
MDH C++ Class Library
User's Guide

Kevin C. O'Kane

kc.okane@gmail.com
okane@uni.edu

http://threadsafebooks.com/
http://www.cs.uni.edu/~okane/

March 8, 2026




Table of Contents

1 Distribution INtroOAUCHION. . .....ceuveireieieireieereereceerersecsesessecssssssessssossessssssseses 12

1.1 DISTRO FILE STRUCTURE.....ituiitiettiet ettt et et e et e et e et e st e es e et e e e et eeaesneeaeenaesnrenesneesnrens 12
i A o {=To = N O BTN LT =3P 14
1.3 INTERPRETER VS COMPILER VS MDH TOOLKIT...uuiiiiiiiiiiii e e e e e e 14
1.4 SYSTEM SOFTWARE REQUIREMENTS. 1u.tuitititiaeteeaeeaeeeaeas et eaeeaseasea e ssnssnsssasseensensensansens 14
1.5 MUMPS LANGUAGE RESOURCES. ... cuuitiiitiiiiiieiteiiiet e etiese et e e e e et e s e e e et eaneeneeaesneeneanns 15
0 11151 €2 11 F: 1 0 () 1 DR RPPTRRt 16
2.0 USING AN INSTALLER. ... ttutttitteitetteeteeteesteeseetesteesestesasesneetssnsessesassnsesnssnaesnsesnesnaesnes 16
2.2 COMPILING FROM SOURCE CODE .. .uuuituiiuiitittiiteeieetesieetesnesassnessssnsesassnseassneetassneeaneenees 17
2.3 COMPILATION O PTIONS. 1tutttuettetteeteeteeteetestetsesneesesneesesnresaesneesaesnsesaesnresaesnestaesnsesnesnnes 18
Y O 1= T NI 18
2.4.1 Hardware BaSed IMaAth.......cccccveciiiciietieteerteeste et ste et s e s sesassess s e e e se s et se st ese st e e ssesassesesssnsssasessansssessssensesanes 18
2.4.2 EXtended PrecCiSION Math. ...ttt esteestees e ses e s e ses s e s s et ssessssessesessesassassssassssassssessesensesesenes 19
2.5 OTHER CONFIGURE OPTIONS. .1 ttutttitueetesnreteeteesnseseeseesnsesesnessnsssaesneessenaesneesneensesneerneens 19
3 Global Array Database.........ccceiiiiiiiiiimeniiiiiniiienieiieniieeenneessessnsesnssssssnns 21
G T = 7Y e3 (= To TU Y o F PPN 21
31T HISTOTY ettt ettt sttt sttt sttt bttt bttt bttt bbbttt ettt 21
3.1.2 The Tree Structured MediCal RECOIM........coecueeeieeeieeeieeeteeeteceete sttt ere st et e e seste e st e e se e sse s ese e ssessesesaesansesenes 21
3.1.3 GLoDAl ATTay REPIESENTATION. ...ccceteteirirerieteieieeeteeeieee ettt st et st aet st s e s e e e ettt sttt sttt essssssenas 23
3.1.4 Global Array IMPLemMentation.......coceererererererereririrerestseseresesestsestsesesestseseseseseseseseseseststesestsestsesestsesesesesesesesesesssene 23
3.2 NATIVE DATABASE GLOBAL ARRAY OPTION. .1 uituituiitiitittietetieeteitaesesneenertesseseeneeneesaesneeneens 23
3.2, 1 OVBTVIEW..ueiiuiereuerteestetsteststestsse st sse st sse st s et s e st ase st esastessssastssastesastasentasessasestesentansssessssessssensssentesetesessasentesessesensesessans 23
3.2.2 Native Database CONTIGUTATION........cccuerrereririrereirererieererrereseee ettt ase st aseesassesnseses 23
3.2.2.1 - With-MaXGloDALTVAL.....c.ciiieeeee ettt bbbt s bbbt eaetenas 24
3.2.2.2 —WITR-CACRETV ALttt sttt et et et st e et et e et e s e be s e ba s ebe st ebe st ese st esentesestesantasanss 24
3.2.2.3 —~WItN-DIOCKTDIKSIZE. ....c.veuieteieteieieteeetete et re e e e e e te e te e et e e b e e ba s e e e e e ba st esa b e e e santasassansesantanesanes 24

3.3 SQLITE3 DATABASE GLOBAL ARRAY O PTION . 1.t ttnitntnteenseenseenseesseesresasessstaearensesenseeensenes 25
3.3 OVETVIEWi..uecueeeeeeeeeeeeeeeeeee e e e stes e se st e sesae s e e esae s esaeseesessasb e b et et essessessensensassanseseesessessesseesessessensentensensensesanssesessassen 25
3.3.2 Global Array to Sqlite3 Relational Database MaPPINg......c.cccccereeerererrereneernereseesessesesssesesseseesessesessesesseseacns 25
3.3.3 Sqlite3 Database CONTIGUTATION. ....cccoctureeeeeeceeeeeee e e e s e sesenne 27
3.3.3.1 SqLite3 DAtADASE File.....ciiiiiiiiireiie ettt ettt ettt ettt ettt 27

3.3.4 SLite2 COMPILE OPLIONS.....cueuiiieeirererererererereseetererese ettt st sestses e et b s sssesebesesesenese e et astasatetsesesasesaens 27
3.3.4.1 —~With-0DNAIME=TIAIMNE. ....c.coteeeieieteeeeteeteete ettt e e te e st e s ese s e s et e sa s e e tesessesaesessetasaesanassansesessasansn 27
3.3.4.2 —~With-INAEX_SIZE=TIUIMIDIET ......c.cciiieeeteeeere ettt ettt et b e e st e e b e s ba e e e e sanes 28
3.3.4.3 —~WItN-AAtA_SIZETTIDT.c..ciiteiceerc ettt sttt et t e st e e st e e see e sbenssreseesansesansanens 28
3.3.4.4 —~WitR-INAEX-INAXTIIOT....c.ccveereereeetereereceereceerece et e et sesse e sse e sseseesessesessesessesessesessesessesensesensesersesersenenne 28
3.3.4.5 —~WitR-ODfAIESNAINE. ......ooeeeeeeeece ettt e s e b e e b e s e s e sese s ese s esesesseseneesensesansesensenan 28

3.3.5 Sqlite3 Performance TUNING. ... iierererenerererirtnentstsesesesesesieie e e e ettt st st st st st et st s st sesesebesenenenenenens 28
3.3.6 Sqlite3 COMMANA LIiNE INTEIPIEIET......cuieieeeeeeeeeeieieeeeeeeeeee ettt ettt nasesasaee 28
3.3.7 Sqlite3 Database Language EXTEISIONS. ....ccccveururueerurieieieieieeeieiereeeeseeietesesesesesesesesesese e seseseseseseesesesesesesesesesesene 28
3.3.7. 1 SZSLLE. .. bbb 29
3.3.7.2 $zSqlite(“hegin tranSaACIION). ..o 29
3.3.7.3 $zSqlite(“ComImit traNSACTION)...c.cccerirerreeirerieetstriereeesesseeesesseesasssseseeessssessssssssensnssssesesessssssesenssens 29




3.3.8 $zSqlite(“savepoint”[,SAVEPOINE_NAME] ... ssssssssesssssssaes 29

3.3.8.1 $zSqlite(“rollDack”[,SAVEPOINL]).....cvviiiriiriiririiiiiiriii s s s ssses 29
3.3.8.2 $ZSQLILE(“PLrAZINA” ,OPEIOTL..cueeeerererereirerereeeneeeeeeeee ettt ssas s ettt e e e e sasasesnene 29
3.3.8.3 SZSUIOPETN. .ttt ettt e et st e a ettt 29
3.3.8.4 SZINATIVE....eeeeeeeirirerereetetst sttt sttt sttt sttt sttt st sttt se st ettt st et s bttt e b et st et et e bt se st et et et ebebebebebebebesesetesesesnsnsnsas 29
3.3.9 Relational Database Interoperability EXampPIe.........cccoeeerieieerneneeeeeeisieieseeeee ettt aeseeesenes 29
3.3.9.1 Remove results of any prior execution of this script. Lines 5-8.......ccccceerrreeeicneneneneneneeesescnenenene 32
3.3.9.2 Create an empty sqlite3 database (mumps.sqlite). Lines 10-12.......cccccoeveeeereeveeeececeeeeenenene 32
3.3.9.3 Generate SQL statements to create the relational database. Lines 17-30.........cccoecevenrrrerererreerennnn 32
3.3.9.4 Reinitialize mumps.sqlite database. LINES 32-34.....ccvvveverennerenrnenenereneneeeneseseeesesesesesesesesesesesssssenes 32
3.3.9.5 Load relational database. LINeS 42-53..........ccourrrrrnicnreeeereeeeeesrerersseseneseseseseaesesesesesesesesesesesenes 32
3.3.9.6 Parse database schema create a mumps global database. Line 64...........cccoevevrerrerrnrereevererenenenens 33
3.3.9.7 From the Mumps global database, generate relational views. Line 72.........ccccceeeveveveveveneevevenenenens 34
3.3.9.8 Display final database schema. LINe 78..........cccceeerreeeieieeiceeeeieceesieieeseae e sese e 34
3.3.9.9 EXINIPLES...cueiieieeeeeeieicieieeiet ettt e e bbb bbb bbb e b a bbb b bbb b bbb R b e b e s s nenesene 35
3.3.9.9.1 Mumps Display PatientID L.......ccccceoerereneneninereeeeereseresereseseseeee e seseseseseeseseeeeseseesestsesessssssssssssssesesens 35
3.3.9.9.2 Mumps Display PatientID 2.........ccccererirerererininereneneneresereresesesee e seseseseseseseseeeesessesesesesesessssssssssssesesens 36

4 Mumps Interpreter & COmMpPIler..........cccoeeeiiiiiieenriiiireennceienneeneecceeeeeeness 39

4.1 IMIUMPS INTERPRETER. ...t ttuttuetneeuesneenesneenessnesnesnsenssnsensesnsensesnssneesnsensssnsenessnsensesnrensesns 39
4.1.1 Running the MUumMpPs CLI INTEIPIETET......cccccriereereeeeeeeeeeeeeeeeeseeeseseeeseeseseseseeeeseseseneseseseesenenesenens 39
4.1.2 Interpreting @ MUINPS PrOGTAIN......ccccouerrrreerereireeeeerteseeeeseeseeestseeesessaseenesessassaesensassasaenensnsasasacsenens 39

.2 IMIUMPS COMPILER. .. ttuttnetteeteet et eeseetessaeetset e saestssasssnsessansssnsssssnsssnsensesnresasensesnsernees 40
4.2.1 How to Compile and Run a MUMPS PrOZTAIM......c.ccoeiieeiieieieeeeieeieeeeseseseseesesesesesesesesesesesesesesesesenesenenes 40
4.2.2 COMPILET EXTOT MESSAZES. .. cueeeueneiiiieneeisitesetsesettsetstststetstststtsestststststsstststststssssststststssssstntssssntssssssssnes 411
4.2.3 Global Array Storage in Compiled PrOGramS......cccccueeerererenenenenenenentstneresesesesesieeseseeseseeeseseesesesesesesesesseens 411
4.2.4 Compiler Performance and INteroperability........cocceeceeeeeeeereeeiereeeiee et ssesaesesesesesenes 411

4.3 Muwmps INTERPRETER & CoOMPILER Z FUNCTIONS, AND SYSTEM VARIABLES. ... vuvuirieenineerenenenens 42
4.3.1 SYSTEIM VATIADLES......oieicieieecce ettt et ettt s e asnenes 42

4.3.1.1 SZPTOZTAINL.....cvueeireerereseaesetsesessesessesess e s s e st s st as e st s st s bbb bbb e s bt s b e s bt ae st aebenaesenassesassesacs 42
4.3.2 DAtabaSE FUINCTIOIS. ...cveuieteeieieieieieteterectetete e ete et e e teeese s te e ae et e e stssa st ese s esassasaesansesessesassesantesantessstasessanssansssansens 42
4.3.2.1 $ZGLODAL(SIIING)...cvuevineirierrierieieiei ettt sttt bbb bas s 42
4.3.2.2 SZDBIIL.....ceceeeteteeeet ettt ettt et et st b e e et e be R bbb se st et e be e st ebeseasetesesess s etebenaanenes 42
4.3.2.3 SZDBIAIME. ....cocueeeeerereeiretereeesteteeesastesesestesesessssssesesesasesasessssesesessssesesesssssesasessssesesessnsssesesenssetesessrsssesasenen 42
4.3.2.4 SZINAEKSIZE...ccueerireereeiereieteerteitste e et ste st s et st e et e et e e st e e sse s et esaesessesastese st esassese st asesessesaseesasaesansesantesansasentan 42
4.3.2.5 $ZINAEXKITIAX. .cvieerereereirrerirteistertsrestssestssestesessesessesessesessastesassssessesessesestesesesessesessessssessesessssensesessesensesessesessanes 42
4.3.2.6 SZDATASIZE.....cueeveeereeereeerece ettt ste e te et e et e e et e e s e saesesae s e e e b e s ese s e s e s Re b eRe b e Re s eRa s eRa b ese s e e ese e seneenenaerenaene 42
4.3.2.7 SZDATADASE......ceeeeteeeteeeteeeteceete ettt ettt ettt ebe e bt e ae s e Re s eRe b eRe s eRe et e Re et eRe et eneeae s sansese e sennene 42
4.3.3 BASH FUNCHIONIS.....coteieteeeieeeteiete ettt ettt e et et sbe st ebe st s be st ese st ese st e s et esa et ase et ans et enssbanassansasentasentesanteseatensssansasans 43
4.3.3.1 $zbasename(argl,arg2]).....cccc ettt 43
4.3.3.2 $ZALELES(ATZL,ATE2)....ccuicriecrieiiiiieisiese ettt bbbttt 43
4.3.4 MATR FUNCHIONS. ....cotiieteieteieteteteteeststest st e et e et st e et e e et e e st e e s b et sse st ssastesestesastasassassssansesessesassesansesansasansenensannasan 43
4.3.4.1 $7abs(arg) aDSOLULE VALUE.......cccvivirireiirtnreeeninieeesesisieesetsteseeeseesesesesessesessessesesssessssesenssessesenssssseseseses 43
4.3.4.2 $ZACOS(AIE) ATC COSINE....ururueererrrreerirtrreretstseeseetsesseseststssesestsssesesestsesseseststssesessssssssessnsssssesensessesensssssssesenes 43
4.3.4.3 $ZASIN(ATE) ATC SINC....cueurereiceeerereeereireeese sttt e sttt ettt bbb s s b s seaesenesses 43
4.3.4.4 3atAN(Arg) ATC LANZEIIE..c.cccurereercrereereeeree sttt bttt et a s seasesnans 44
4.3.4.5 $ZCOS(ATE) COSIME.....curuiiuiincrieirieteiesseeseie st es s bbbt bbbttt s bt se s s sesessesessnacs 44
4.3.4.6 $zeXp(arg) EXPONENTIAL ...ccccoviiviiiriiiiiciriictetcee sttt s s ses 44
4.3.4.7 $zexp2(arg) EXponential Dase 2. 44
4.3.4.8 $zexp10(arg) EXponential Dase 10.........iiiieesessssesssssenes 44
4.3.4.9 $7108(arg) NATUTALLOG....cucm i e e e e e sene 44




4.3.4.10 $Z1082(arE) BASE 2 10G......cuciriiiriiriiiiiiniiiciicieeiiese sttt 44

4.3.4.11 $z10810(arg) BaSe 10 10g.....ccoviiriiiiiriciiciiciiiicticice s 44
4.3.4.12 $zpow(arg1,arg2) POWET fUNCHION......ccvvvriririrererererestsesesesesesesesesesesssesesesssesssssesesessssssssssssssssssssssssssssssns 44
4.3.4.13 $ZSATT(ATZ) SQUATE TOOT....ceeeereereeeeeieeeeeeseeeesesesetsssssesessssssessssssssssssssessssssssssessssssssesessssssenes 44
4.3.4.14 $7SIN(Arg) SINE FUNCHIOTL.c..cceeererririecrreretcie ettt et ssenanaes 44
4.3.4.15 $ztan(arg) TanGeNt FUNCHION. ......ccoueueierrierriereieieiresetreie et s et s ssesens 44
4.3.5 DALE FUNCHIONS. ... e e e e b e e bese s e b e b ebesesesebebesesenesesesane 44
4.3.5.1 $zdate(or $zd ) formatted date SIIING.......c.cocirviiiinci s saeas 44
4.3.5.2 $2d1 nuMeriC INTEINAL AALE.....cccviiriiriiiii s sane 44
4.3.5.3 $zd2(InternalDate) date CONVETSION......cciiiiiiniiiiiiiiiieieseiisesssisesesssssssssssssssssesssssssseses 44
4.3.5.4 $zd3(Year,Month,Day) JULLAI AAte.........cceereeeerurrererenineirinisseeseseseeesesessssessessssesssssssssessessssensssssssessssns 45
4.3.5.5 $zd4(Year,DayOfYear) Julian tO GIEGOTIATL. ......cecvurerereererrrrereeeaeseresseseseseesesesesseseseasassesesssseseseasassesesees 45
4.3.5.6 $zd5(Year, Month, Day) comma liSted date........cocvvurerririririreneniririninisieisisisesesesesistsesesesssssesssassesesesssssnses 45
4.3.5.7 $ZA6 NOULIIMINULE.....ccvriiriiciicicteicrecc ettt s s 45
4.3.5.8 $2A7 NYPheNAted Aate.......cccoueeuriiririciriciicicc ettt es 45
4.3.5.9 $zd8 hyphenated date With tIIMe.......ccocccviiriiiniiiniciriiccee e ssesesaesnns 45
4.3.6 SPecCial PUIPOSE FUINCHIOIS. ....cceureeieirirereeeeieieertstreeiet sttt ses e ssesenene 45
4.3.6.1 $zb(arg) remMOVE DIANKS. ..ot s st ss s sns 45
4.3.6.2 $zchdir(directory_path) Change direCtOry........cccvvrererrirerereririeesenisesreeesesseseeesesseesesesseesssessesensens 45
4.3.6.3 $zCurrentFile Current MUMPS File........c.covirrnineeirreeesreece e seseseseseeens 45
4.3.6.4 $zdumpl[(filename)] dump glohal ArTAYS.......ccovvevierrrererriereirereeeereresetere et seesenasaes 45
4.3.6.5 $zrestore[(arg)] restore gloDals.......cco i nane 46
4.3.6.6 $Z1I1e(arg) £l EXISTS TEST....viiiriirriiieiriciricirc ettt 46
4.3.6.7 $zflush flush Btree DULTETS.....c.cociiiiiiiiciiccce et sees 46
4.3.6.8 $zgetenv(arg) get environment variable.......en 46
4.3.6.9 $zhtml(arg) encode HTML SIIINEG......cocociiiiiniiiniiriiiiieiiieessiesesesessisssssssessssesssssssssssssssssssssssesses 46
4.3.6.10 $zhit global array cache Dit Tati......ccoeciciereiririrenerinneerneeeree ettt esesssesesessesesesessenens 46
4.3.6.11 $z1oWer(String) CONVETt t0 IOWET CASE.....ccviemirrererererereerereirirereete et seseseseaesenens 46
4.3.6.12 $znormal(argi[,arg2]) word NOrmaliZatiOn.......ccccereeeeeerrirereneneerereiereeseseesereeseeesessesessaesesseseaesesees 46
4.3.6.13 $zNoBlanks(arg) remove all DIANKS.........coviininceceeeeeee e ssesesaesens 46
4.3.6.14 $zpad(argl,arg2) left justify With PAAAING........cocovviirrrnicinriine e 47
4.3.6.15 $ZSEEKI(ATE)....cuivemiiririniiieiieitet ettt bbbt sttt bbbt bbbt 47
4.3.6.16 $ZSTANA(ATE).....cvuevvrieiieciiciierieiee ettt bbbt bbb bbb bbb en i 47
4.3.6.17 SZSTEIM(ATE)...cvvuerircrircricrieieierstists st b s bbb bbb bbb bbb bbbt 47
4.3.6.18 SZSYSTEITL(ATE). .. eevevrerererererererererereseetre sttt sttt e e e e e e e e e e e e e e e saeeses 48
430619 BZEELL...oeecee et e e et 48
4.3.6.20 $ZU(EXPTIESSION). .eeucrerereuruerrirereesersesteseseesestaesessastesesesseseaesessestasae s sase s s s s seassesessetasaesesstasaesesseseassessesensas 48
4.3.6.21 SZWI(ATE) .. uverueerceriuciriciriet st asese e sttt st bt b bbbt n e 48
4.3.6.22 $zwn extract Words from DULTET ... 48
4.3.6.23 $zwp extract words from DU ... 48
4.3.6.24 $zws(string) initialize internal DULeT ..o 48
4.3.7 SCATL FUNCHIONS. ...t ese bbb se bbb sesesesesenesesesssesenenesssnas 49
4371 BZZSCANc.eeeeeeiierereree ettt ettt ettt ettt ettt ettt 49
4.3.7.2 $ZZSCANAINUINL......ceeuereereicreirereeese sttt sttt se e s s e st s st e s s s s seseaesesenn 49
4.3.7.3 BZZINPUL(VAT) ... ettt sttt sttt et as st aesesseeanans 49
4.3.8 Vector and MatTix FUNCHIONS. ....oiuiiirrieeeeeeceeeecccteestrtsestsest ettt sttt ettt s bbb e se e e nens 50
4.3.8.1 SZZAVE(VECTOT).c.eiuieiuerrierrierieisieseiesesese sttt tses st st st bbb bbbttt b st s b ensebenassesassnns 50
4.3.8.2 $zzCentroid(gbIMatrix,ghIREL)......ccccviiiviiiriiriiiricrcrcrc ettt st sssaenes 50
4.3.8.3 $ZZCOUNT(ZDIVECTOT)....coiiiiiiiiiriciiciicriccstte st ses bbbt sss s saesns 51
4.3.8.4 $ZZMAK(ZDD)..ucuiiiiiiiiciiciicic bbb 51
4.3.8.5 SZZMIN(EDL)...cueoirieeeeiirieeerinteeetnteeresest et sts e ettt sese st sseseseses s e e et sesesasa st ssenenasessesentrtssesensasssesenenarenss 51
4.3.8.6 $zzMultiply(gbl1,8D12,8D13)......ccocimiirireeereirreeerereeee ettt e 51

4.3.8.7 $ZZSUIMN(EDIVECTOT) ..o eieiuerririicretrireeereettie ettt et st naene 51




4.3.8.8 $zzTranspose(ghIMatrix1,ghIMatrIX2)......ccviiiiiiiiiiiiieieeessssssessssssssesesens 52

4.3.9 TexXt ProCeSSING FUINCHIONS. ....ceuvurereriririeeeieieieieeeeeeeetteretse st e ettt e e e e e esessssssene 52
4.3.9.1 SIMILATITY FUICTIONS. ...cotrtiuiirirerreeertnieeiststeseseestsseseesessesessassssessasssssesenssessesensstssssensssssssesessssssesenssssssenssans 52
4.3.9.1.1 $ZZC0oSINE(ZDL1,ED12)...cmimiiiieerrecerr e 52
4.3.9.1.2 $ZZSIMT(GDIT,EDI2)..c.cc ittt eeeisisestesese st tssss s st st sesessssssssssssssssssessssssssssssesssssnenssees 52
4.3.9.1.3 $ZZDICEIGDIT,EHI2) ...ttt ettt bttt et t s aes st s 52
4.3.9.1.4 $2zJacCard(DhL1,8DI2)......coimiiiiciiciieiieie ettt 52
4.3.9.2 $ZZBMGSEATCI(ATZL,ATE2)...cceuiviuiriucriinriiiciiersiesesree et s aese s sttt s s s s s sanas 53
4.3.9.3 $zReplace(string,pattern,rePlaCeImMent)..... . iiiiiiieeeeeeeeeerssssssesens 55
4.3.9.4 $zShred(String,Jength).......ccccviiiiniiic e 55
4.3.9.5 $zShredQuery(String,length).........cco ettt et esesessesesesessenens 55
4.3.9.6 $ZZSOUIAEX(ST).oeueuerrereiuererrereeeree sttt s s s et se s se st bbbt st e e s et sesstananaes 56
4.3.9.7 $zSmithWaterman(s1,s2,algn,mat,gap,noMatch,match).....ccccccceererererrrrrnnenerceeeerrseeeeeeenene 56
4.3.9.8 $ZZIDF(GloDAl,A0CCOUNT)...c.oeiueurtririeeiririeeeieestee ettt s st st stss e s bt sasessassstsessassessnnsasans 57
4.3.9.9 COTTElation FUNCHIONS. c...c.cueueereeeeieieieeeieteteieteteteieie sttt ettt bttt sttt se st st se et st a ettt st nesesaesens 58
4.3.9.9.1 $zzTermCorrelate(globall,global2)........cccciiiiiiiininiiiee s 58
4.3.9.9.2 $zzDocCorrelate(gblrefl,gblref2,mthd,thrshld)......cccccceovneverrreniernrereerrereceeeeee s 59
4.3.9.10 Stop and SYNONYIM FUNCHIONS.........covrerirererererererereresesestsesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesesasesenes 59
4.3.9.10.1 SZSTOPINILIATE)...cueeeerrerererrrrerirerreeeresreetsessesessesessessesestssssesssessssesssessesessssesessssssessssssesesssssensnsssesenssees 59
4.3.9.10.2 $ZStOPLOOKUP(WOTE)...c.cueeuereuiueneneeeieieueeeeeseseeeeseeeseeseseseseessesssesssesessssssssssnsssssssssnsssssssassnenenes 59
4.3.9.10.3 $ZSYNINILELENAIME).....cciuieereereiriecrerreee ettt st et ea e e seses 59
4.3.9.10.4 $ZSYNLOOKUP(WOTIM)....cccviuiriirirrierrieseieaessiessesesessesessasesssstasssesesessssessssssessesesssnessssssssssasssssssesesessenes 59
4.3.10 GTK Related FUNCHIOMNS. ...cccetetririreririririeeeieieiciceeeeeetts ettt seseses st se e ettt st sttt bbb bbb s s e e nenens 61
4.3.10.1 $z~mdh~toggle~button~set~active(ToggleButtonReference,intVal).........coceerrrrevcerrrnccrnnrence. 61
4.3.10.2 $z~mdh~dialog~new~with~buttons(ParentWindowRef,dialog)............cccoerurureerrrrircrrrrrrircrerrunenes 61
4.3.10.3 $z~mdh~entry~get~teXt(ENtryReferenCe).......cccoouiriiiriciriciricriciiciccceesse e sssesssesesaes 61
4.3.10.4 $z~mdh~entry~set~texXt(ENtryReference,value).......cooivieerererereninininenireereeeesenesssessssssssesesesesesesenes 61
4.3.10.5 $z~mdh~text~buffer~set~text(TextBufferReference,string).......c.ccecevrererrrrrrereeeeneneereresesesenens 61
4.3.10.6 $z~mdh~label~set~text(LabelReference,string)........c.coceerrerererererirerererenenesesesesesesesesesesesesesesesesesesenes 61
4.3.11 $z~mdh~tree~selection~get~selected(TreeModelReference,CoOlumn).........ccceceurureruereenenererererererereneenenene 61
4.3.11.1 $z~mdh~tree~store~clear(TreeStOreREfEIEIICE).....cccorurirueueeeeeerirererer ettt 61
4.3.11.2 $z~mdh~tree~level~add(TreeStoreReference,treeDepth,index,datal,...]).ccccceceverererererreencncncene 61
4.3.11.3 $z~mdh~spin~button~get~value(SpinButtonReference)..........ccceveeuvevrneernierneennecrnicrsieneienes 61
4.3.11.4 $z~mdh~spin~button~set~value(SpinButtonReference,number)..........ccccecveverreverrircrrrrevcrrincrennenes 61
4.3.11.5 $z~mdh~widget~hide(WidgetRELETEIICE)......ccceiirrrrirreeririeeerssieesiesrsseteresssssessssesssssssssesessssssses 61
4.3.11.6 $z~mdh~widget~ShOW(WidGEtREIETEIICE)....c.corrurimerrerereeiereirereeererete e seesesenees 61
4.4 INTERPRETER & COMPILER IMPLEMENTATION NOTES. ..t iiiiiiiiiiiieeiee et ee et e e e e e 62
4.4.1 SOUTCE COOE FOTINAL ...ttt ettt sttt s bbb e ettt se e sa s bbb e s senenane 62
4.4.2 PAtterTl MAtCI OPETATOT.....cceueieiereeeeeiteeereserereses et e e et ettt e e a s s e be e se e e e e e s s asasanaes 62
4.4.3 MOAULO OPETALOT...coueuieuietrrereineriereeesesseestsesseseseessssesesesessesessssssesessssssesesessssssesesssssesessssssesessssssssesesssssssensssssssessass 62
4.4.4 GOTO COMIMANA....ueuiururereneirreeeett ettt ettt ettt ettt ettt ettt ettt ettt enesasatatetasasasass 62
4.4.5 NOtes 0N ATITNIMETIC PrECISION. ...ccci et se e e e e e e e e e e e e e s e e esenes 62
4.4.5.1 STNUIMDET() e et st e s 62
4.4.5.2 Exponential format NUMDETS. .......c.cc i 62
4.4.5.3 Extended ArithmMetiC PrECISION. . ..ccccoiiririeeeererererirerertseeee ettt sttt st st se e e s bbb e e e e nn 63
4.4.5.4 F10atiNg POINT PrECISION. .ccoteteeeeeeeeeeteeeeeste e s e e et s e e et s e e e s s enesassasasasan 63

T R D =T o123 i ol 3 (o) o FO O 63
4.4.5.6 Extended Precision PerfOTrmMANCE..... ..o rrieurirerereeieireeeeteereeei st eeseesesesseseassessasessassesseeasasssesens 63
4.4.5.7 ROUINGIINIG. ...cveteveieiereeieerinteteetststesesetsesseestsessesesstssesesssssessesestsessesessssssesessssssssesensssssssesssssssessssssssesensssssssenes 63
4.4.6 NEW COIMIMATIA. ...ceeurmemreneneneneeeeeseseeeeeseeseeeseessssssesessssasssssssssssssssssssstsssssssssssssssssssestsssnssesssssssnesssenenes 63
4.4.6.1 RUntime SYMDOL TabIe.........oeiieereeerreeee et sases 63
4.4.6.2 Forms of the NeW COMIMANT.......ccceeieuiuiieeieeieeieeieeieie e ese e s e e s e s bbb ese s sene 63
4.4.6.3 New Command With NO ATSUINIENTS.......cccceeururririririrereeieieieeseseeisietetsesaststesessessesesesesssssesesesesssssesesessssssnns 64




4.4.6.4 New Command With ATSUITIENTS........cceeeueeuereeeereeeeteeeesesesesesesesesessssesesesesesesesesesesenesenensasssssesssssens 65

4.4.6.5 New Command with Comma List of Variable NaIMES.........ccccceeeverireerereersieeeenseseereeeseessssssesesennns 65
4.4.6.6 New Command with Parenthesized List of Variable Names........cceceevevererrerenrererereeecesreereseesenns 66

4.4.7 Kill COMMIMAIIA.....ceetitieeerrteeeiesterereieteesesestsseesesessessasssesessssssasesassssesesessssssesesenssnsesensssesesessssesesesensssesesssnsesasensnns 67
4.4.8 FOr COMIMANA EXTEIISIONS. ....cvereieeereeteeeterieteieteeesesaesesaesesaesesesessesassessesessesessesessesessesensesersesssensesessesessesensesensns 67
4.4.9 Break QI QUIt.....oeurereeeeieieirererteietetseststetetse st ettt et ettt et st sast st st se st st st b st st st st sttt st st st st et et st st st st ettt sbetsttstsereststnens 67
4.4.10 Lock Command WIth SQL.......ccccevereririereniriieneniereentsisesesteseesessesesessesesessssesessssssssessssssessssssssessesessssssssessssssesases 70
4.4.11 Lock Command in Native Database MOGE.......ccccceveriecereeieeeteiecreeee e resteseeste e stesae e saessssesessessesasssssssessssenes 70
4.4.12 NAKEA INAICATOT . c.cviueeiieereeeteieteieteieee e eststeste et s e ts et e e st eaeseae s e aesassesastesastasassanassasaesansesasaesassesessasessesansessnsansnes 70
4.4.13 JOD COMIMATIIA. .....oueeeeeerirereeieieeetreeeeeee sttt e s se e bbb bbb s bsa s e b b esessaesesesesessseseseresessesane 70
4.4.14 File Names Containing Directory INFOrMation........coceverereririrereniresniniesisseeeseeseseesesesesesssssessssssssssssssssssens 70
415 FILE NAIMIES.....cveteveeeeeeetereeetstsseesststeseesstesesssssssesessssssssansssssesesasessesssessssssesesessnsesesesssstesesenssnsasensssnsesesssnsssesasssnss 71
4.4.16 Array Index CoOllating SEQUEILCE. ......ccceueurirereeereirireeeeree sttt et se s 71
4.4.17 Subroutine & FUNCION CallS.......ccoeeiieeieieeeieeteeeteecteeeteeete e te e ete e ese e e se s ese st ese s e e s e et e et essssesassassesansssesssensene 71
4.4.18 STNUIMDET() FUNCHION....vceiereveteieteteteeeeetete et seteessesesesesesesesesssesesessssesesessasssesesessasssesesensnsesesensasesesessnssssesessane 72
4.4.19 $SEIECT() TUNCHION....cuceeveteiieteeietete et e etete e eeete e et e e e eese e s stebesassebesessesesasssssesessssesesssssesessesesansasssesensrsssassans 73
4.4.20 CoMPIlNG LA PrOZTAINIS. ...cucueuiuememeneieieneeeeieeneeeeneeeeeseseseeesesesesesesesesesesesesesesesesssesenesesssssesenenssensassenencacs 73
4.4.21 EMDEdded EXPIrESSIONS.....ccceueereeereririeeeeeieieneeeeeesetteteesesesesesesessssesesesesesesesessasasasassssssesesasessssssssesesssesenesenencnencns 73
4.4.22 Inline C++ Code (COMPILET ONLY)...cccvviiuiiriririreinirinieeineseetstseeseetsesseeesessesessassssesesesessssesesessssesesssssesessnssens 73
4.4.23 FUDNCHIONIS. c.cveieteerietstestsieststestssestesesteseseesestesassasessessssessssessssessssestasessesessessssesessassssessssessssentssessesentesessesessassssassssassssans 74
4.4.23.1 CAll DY VALUE....c.cueirieeeriririreeeesisistsess sttt sese s ssssstse s s s sssstsesssssssessssssssssssssssssssssssssssnssssssssessnes 74
4.4.23.2 Call DY REFETEIICE. ....ceiiiiiiiiiietet ettt ettt sttt sttt ettt ettt ettt ettt sttt et aen 75
4.4.24 SNEIl COMIMATIIAS. ....ccveeeieeeieieteieeteeeteieste st ste st eae st e e ste e te et e et esastasassassssassesassesansssansesantesansasastasantansssasassassssansesansnes 76
4240 SNEIL/P e e e e e e e e e e e e e 76
B.28.2 SNEIL/G.nieeee ettt ettt e et e e et e 76
e B 1= OO OO ORSR 76
4.4.25 DALADASE @XPT ccvveniitrreeieirieieetrestee ettt sse e essesese et sse e sastsssse et st sseseststssesestetssesesaatssssesensstssesentassesesssenese 77
SR A At L 2 0 g 0 1o < 77
5 The Multi-Dimensional and Hierarchical Database ToolKkit.................. 78
o T A 1N =T 0 T8 o 1 o] N PPN 78
T2 [N TSy VI T ) P 78
5.3 GLOBAL ARRAY DD AT ABASE . ...iuittiiteit ittt ttee et te et e et et et e et e it s et eea e s e ea e enseanseaaesneesneeanes 78
5.4 COMPILING PROGRAMS. ...utitiiitiitiet ettt e ee et e et e e et e e e et e e e ea e s e esaesn e et esnseaesneenesnresnesnnes 79
5.5 WRITING CH+ MDH PROGRAMS. .. cuuiitiiiiiiiiei ittt ee e e et e s e et st e e et s e e e eaeeans 79
D B CLASS GLOBAL. . etuttttrueeterteesneeteesteeseeneesaeessenesasessenssnsssssnsssnsstaesnsssnsensesnresneensesnsernees 79
5.6.1 Global Arrays as C++ Trees and MatTiCeS.......cccoeerrurirererererinieieieeeeeeeceeesesestsesesestses s bbb s e e senenenencn 80
5.6.1.1 TraditioNal IMaAtTiX.....occceieeeeeieeerieeteeeteeeteseeteeeteeesesaesesesessssessesesesessesesassssensesensesassesensesansesensessnsensesansasan 80
5.6.1.2 AIterNatiVe MatTiX VIEW.. .ottt te et e te s te s ste st sbe st s et ssestese st e et e et asastansstansssansssensasans 81

5.68.2 TTEE VIEBW..uciieetctetcete ettt e s e s te e ste st e e s ae st st e et e et e et e s e st e sa st e sa et eseesa st esa st asa st esastesastasestesastanestanassasessanessaneans 82
5.6.3 ACCESSINE GLODAL ATTAYS...c.ccetrrerieririrreeirisreeistsseseseesesseeestssssessssssesessssssssssessssssesessssssssesesssssssesenssessesensssssesessses 83
5.6.4 GLODAL ATTAY INAICES. .ccetrreeirirreeeetrerieeererteetts ettt e s e se et s s e et e s se et sessese et ssesessatssssesenssessesenssssssseneaes 83
5.6.5 NaVIGAtING GLODALS......cciuiireeeeeereireceerereer ettt et st se s s 84
5.6.6 Locking the Global ATTay Data@ BaSE.......cccevrririririninirinininieieieieeeeseeeeeeeseseeststseseststssssssssesesesesesesesenenenenens 87
5.6.7 class global Methods and OPEratOrsS...... ..o eeeerceeeueeeeeeeeeeesese e e e e se e e e e sesesesesesesesesensssnas 88
5.6.7.1 Assignment Operators 0N lODALS......ccovirrrrninnnnrrrrsesererreses ettt sttt et eeenes 88
5.6.7.2 Arithmetic Operators ON GlODALS.......ccovvrreririririeieeeeeeeeeeeee ettt enes 89
5.6.7.3 Accessing the Value Stored in a Global Array EIEMENT.......cccovvrrrereeeeeeeeceeeeeeeeeeseseseeenens 90
5.6.7.4 DITECEt DAtADASE ACCESS...ucctrreetireetiresteesteesteestesestesessestssessssessssassssessasessesessessssessssessssessesessssessesessssessessssasens 91
5.6.7.5 FUNCIONS O ClaSS BlODAL...cuiu ittt ettt e e ses s e e e e s e e st s ssaseneens 92
5.6.7.5.1 DALAD...ucucuerererererereereteretetetetesetetesesesesesasasesesasasasesesasasasesasesasasasesasesesesesasesasesesasesesasesesasasesesasesasesasasasesasasasass 92

5.B.7.5.2 TTEEPTINE ) .eccueevieriirieeeieteetceresteerestee e estesstessesstessesstesesatessesatessesnsessesrsessesnsesstensesstessesssessesntessesnsessesnsesses 93




BuB.7.5.3 UINLOCK....ccutiitieuiitiiiiitectestectesttcstesstesbeestesseesesseessessssasessssssesasessesssessesssessesssenssensesssensesssessesssessesssessessensen 94

5.6.7.5.4 COUNL..utiiiiiiiririeenesesesestessessestessesesessessessessessessessessessessessessasseseessessessssessessessessessessessessessessessessessssessaose 94
5.6.7.5.5 GlobalGet(), GlobalData(), GIODAISEL().......cceeeeereerereeererereeeeerereeeeeereseresereseeseresesesesesesessenesesessane 95
5.6.7.5.6 double HitRAtIO(VOIA).....ccccceeeerrreeeirirreeiristee st sseeests e e ssessesessssesessssssssessssssssesesssessssssssssesensnssnes 95
B.B.7.5.7 Kill.overereeeeereteeeeeeteeeeeeteteeeeetese st sse s ebe e st eses e s s et ebesessesebesessasesesessassesesensessesesersesesesensasesesensasessens 96
5.8.7.5.8 LBINGTN...uuiiiiniieieieeeeieie ittt ettt ettt sttt bttt a st st b bbbt st b et a bt e e aeantes 96
B.6.7.5.9 IMAX...eetereueerererereteeesesesesesesesssesesesessesesessssesesessasesesessssasesesessnsesesesensesesesensasesesessnsesetesensesesesessaseseseneassesesan 96
56.7.5. 10 MBI ...ttt ettt sttt e et s et s ettt b bRt se b e ettt e et benas 96
B.B.7.5. 11 IMI..ucuiieteeiieieeeteete ettt ettt s bt s s e bt e st e b e s e e ss et e b e s s et ebesess et e b ebessas et ebeseasesesesessrsetesaneastebasannns 97
5.6.7.5.12 MUITIPIY ..ottt 97
5.6.7.5.13 NAIMIE....ccvetiretetetetrteteeseseseseseessessestessessestessesessessesssesessessassassessessessessensesteseessesteseesessassessessassassassesses 98
RO TR A T 0 ) o 1 OO 98
5.B8.7.5.15 AV eiiureieeeeeeteirireesesestes s e tse st s s sttt a st st s st st A et E R A e AR A et e b et et ae bt e st s 99
B.6.7.5. 168 LIOCKS.c.cueteeerereeeeerereneeeteseesetesesesssesesessasesesessassesebessasesesessasssesesensasesesessasesesessnsnsesesessasesesessnssesesensnsesens 100
5.6.7.5.17 GLODAICIOSE......oceeteiereteeeteie et cte e te e te e te et e te e se st e esa s esa b ase s et esa st esessaneetansassesansesansasesansesanens 100
5.6.7.5.18 QUETY FUNCHIONS. c...cueuiuimiueeeeeneeeeeeeeeeeeeeee e ese e e e e et eaeaeaen 100
5.6.7.5.19 SIMIlATity fUNCIIOMS. c.cucurerericicieirteeieieireeeiee sttt sttt se st ettt bt stasas et steasasses 103
5.6.7.5.20 TTANSPOSE.....eiuiiiiirciiriireetteettr ettt ettt bbbttt s b st s b s b e e st b s e se b b sbebesens 106
5.6.7.5.21 CONITOLA...cueeteieeiirteirrertntectsestsesteesteesteeete e s te st sse e sse s sse st ese st esessesassasesasessassssessssansesensesensesensessssesessan 106
5.6.7.5.22 COrrelation FUNCHONS. .....ccccveeeeeteecceessts et e e et ssstssssssessstese e s se e sssssssesasssssesensssssesanennns 107
B.B.7.5.23 IDF....uiueeeeerereeetetereeeetere et e et ese e s s ese b e st ebes e st ebeseseas et et eseas s et ebese st eses e s s et et es s st ebese st eresesnasenes 111
5.6.7.5.24 SUIML......ecuererereeirererereeeteseseeesesesessesesesessasesesesessssesesessasesesessssasesesessasesesessssnsesesessasssesessassesesenssesesessssene 111
B.6.7.5.25 BIIE....eeveueueeerereteeeeeteteesteteseessesese s sese e e s sebesassesesesassas et esesaasesesesassassesessasesesebess st ebesenseseseseasasesesanen 112
5.6.7.5.26 Full List of Overloaded global OPerators......c.coccecererererenererereseereeeeeeesesesesesee e eseseseeeenes 114
5.6.7.5.27 ASSIGIIIMIEIL.....ecuveuememeneneneutceeeeseseseseses et se e e ettt bttt sesesesasa b b ebeseseseneseneneaenenenean 114
5.6.7.5.28 AQQITION....ccuiiereirreiirretrectrerts ettt et s et e e et e e e e et et e et e e b e e e sa e e baseeseseesessasessasasasasasasanessansasanes 114
5.6.7.5.29 SUDITACHION. ...cuciteetitieteeitectree ettt et re st ste s b et e e st e e sbe st ese st e e sbe st ese st asesbaneasansasessansesentansssensasens 114
5.6.7.5.30 MUITIPIICATION. ...cueuiuiuiueueueeeiteieeeeeieieeeeeteie e e s e se e e e sesesssesenesenssssns 115
5.6.7.5.30.1 DIVISIOIN....ucctieereeereeererieteiereseereseesetesesesesesaseseesesesessesessesensesessesessesersessssessesessesensesessesensesensesenes 115
5.6.7.5.31 INCreMENT/DECTEIMENT......oeeereeiereiereiereieretereetesesteseesessesesesessesassesassesestesesesesesssessesessesensesensesensens 116
5.68.7.5.32 UNATY-uuevreeueueererieueueintseeseaststesssssststsesssetstsessssetstsessssssttasassesstssassssststussssesatesassesesstnsussesstssssesessssassess 116
5.6.7.5.33 REIATIONAL....cucoveieieieieieieeteeete e te et e et et e e et et e e sse st e et e e e ba st ess et e s ssa st esssensesensesensansesansasansan 116
5.60.7.5.34 CASES.cuirtirrirrirrinriiteitiresiesesesesessessessessessessestessassesessesseesessessessessessessensessessestesteseessesessessessessessessessassessenes 117
T A XIS 5 1 =1 N T PPN 119
5.7.1 MSIIING FUINCHIONS. c...eiiueririeereire ettt ettt ettt as s s st ae s e eanans 119
5.7.1.1 ASCIL FUNCHION. c...citiieteeieeeteeeteeete e ceete e ete st ete e sae st te st e et et e e st e e et esa st esa et esa et e e benaesansesansesessesestesentesantasanes 119
5.7.1.2 DEGINS FUNCHION. . ettt et et nen 119
ST R TV S1 6 o 0 0 Ut (o ) VTR 119
5.7.1.4 dECOTATE FUNCHION......cctiieteeeteertcertcerte ettt sttt e st e et e e st e e s te e s te e s be e e be e e sa e eba st esesessastesessanansasanes 119
5.7.1.5 ENCOAEHTML FUNCHIOM....ccuiiiiiciiieteeetetieeteestetstesteestessesest e e ssesassesse e sesessessesessessesessesesensesensesessassesanses 119
5.7.1.6 ENAS FUINCTION....ccueciiteiiretieetieteesteesteesteseste e sse s sse st sse st sse st sse st e e s e e st e e sasessansssansssansesensesensesansasesensesanesses 120
5.7.1.7 EVAL FUINCHIOT.....ceiteeieteeeteteneeteeereeeteseereseesesesessesessesessesessesessessssessesessesensesensesessesessesensessnsesssesssessesensesenees 120
5.7.1.8 EXITACE FUINCHION. c...coveiiteieteteieteeteeete et te e ete e ese st e se st ese s ese s e e b e e seseesessesassesensesensesessesensessnsesssansesensasan 120
5.7.1.9 FINA FUNCHIOTN....vciiteieteteteietetete e eete e seet et ste st ste e sbe s ese et ese st ese s e et e e st essesessstansssansssansasansesentesensesensassnsanens 120
5.7.1.10 HOTOLOZ FUNCHION. ...ttt ettt ettt ettt sttt st se st sttt st st sttt st st st sttt st sesesasesene 120
5.7.1.171 JUSHEY FUNCHOMN. .ttt e e e aenen 121
5.7.1.12 LeNGth FUNCHON. ...t e e e e e e e se e sesesesne 121
5.7.1.13 INCVE FUINCHIOT. ccviieteieteirieertetseststetsestesesteest e e st e e sse s ste s ssessssessesessesessasessanssanssansssensesensesensesesesessenesn 121
5.7.1.14 PattelTl FUIICTIOT..cuiiiteieteieietitectiestetee et eseete et et ste e ssesssse s sse st ssessesessesessenessesessansssassssensesensesensesesesesen 121
5.7.1.15 PiECE FUNCHION.....ccveieteeereeereeeteeete et ceeteteeeereste e steesseseesesaese s esessesessesessesessesensesessesensessrsenssenssensesensene 122
5.7.1.16 REAALINE FUNCHIOT.....coiteciiteceiteceetecteeeteeete e esteeeteeeteseesesesessesesesessesesesessesesesassesasesssensesensesensesensene 122
5.7.1.17 TEPLACE FUNCHIOTN. ...ttt sttt sttt sttt sttt st sttt sttt st sttt sttt se sttt et ne st e et 122
5.7.1.18 SCANAINUIT FUNCHON.....iiiteieieictecirteteecte ettt ettt e e te e te s e e a et be s e et e et e e ste et ennssannens 123




ST O R IR o Yo B S0 0 Lot 0 (o) ST 123

5.7.1.20 SNredQUETY FUNCHION. .ottt ettt et sesesesesesesesesesesesesesesasasesesesesessseseseseseane 123
5.7.1.271 STEIM FUNCHION. c.cveuieiriereeerinieeiestereeesesseeesesteeseststsseseesesessesesesessesessssssssessssssssesensssssssensssssesessssssssssenes 124
5.7.1.22 Synonym Functions: SymMINit(), SYNQ...coceoecerrrrrerirerrreiererenenesesteeeesesseseesesessesesesessenessessesessssenss 124
5.7.1.23 SymGet SYMPUL FUNCHIONS.. ..ottt sssesessesesssesessesnasaes 125
B.7.1.24 S St FUINICTION. .cvieueetietetieteetteteeaeete st este st esses e essesssesseessesstensesstensesstessesssessesssessesnsessesnsesseensesssensesssensesns 125
5.7.1.25 TTANSIATE....c.ceetitieeetrieteetreeteeertstse et ste e et s ts e st st s e se et ssesa e e stebasa et ebasasassssesesassssssasansssesasasensssesesensrsns 125
5.7.1.26 TOKEI FUNCHIOM. c.cvitiueeirieieerinieieesentsisieesesessesesessssesesessssssesessssssesessssssesessssesssesessssssesesessssesesasssesesssessssens 125
5.7.1.27 Translate FUINCHION. ....cccoecirirnreeirininteesenesteeesessesesestssssesesessssesessssssesesessssssesessssssssesessssesesssssssesssenssssseses 125
5.7.2 BasiC MSIIING EXAIMPLES.......couriririeiereierrrerrtestrrtrese ettt se s se e bbb ses s ssssnnene 126
5.7.3 Assignment fTom Other Data TYPES.....cccccveereeiiereeireieeesisesesesesesesssssesesssssssesesesssssssesesssssssssesssesssssssesssssens 127
5.7.4 ArithmetiC OPerations OIN IMNSITING. ....ccccerurereerrereriereerereesereeseseese et seesessaesesseseesesssseseassessessasaesesseseasssssenes 128
5.7.5 Miscellaneous MSIIING RULES..........ccceerrririeerrieeeeesereeese ettt et ssesessassesesseses 130
5.7.6 Overloaded MSIIING OPETATOTS. ...cocoerurreeeeerererererirtrertrtreeteseseseseseseseseeeeeststststststsssessssssssesesesesensuenensasasasasnsncnes 130
B.7.8. 1 AQQITION. ... ettt ettt sttt a ettt st bttt sttt s bt bbbt s et et b bt eas 130
5.7.6.2 SUDITACTION. c.c.cetitiueeririeteerinteteetstsieeeststssesesesaeseesestssesesestssssesesessesesesesssesesestssesesesessssesesessssesesesesssssasensses 131
5.7.6.3 MUIIPIICATION. .. vttt sttt se e e sa st e e sa e e e sesesaeaeens 131
5.7.6.4 DIVISION....certrirriererirreeininieresesestsseseeststesesestssssesesessssssesessssssesesssssesessssssssesensssssesesssssssessssssssesessssssesesessssseses 131
5.7.6.5 INCTreMENt/DECTEIMENT.....c.cccererreeereereertreereestssesetssesestsessesesssssesssessesensssssesssssesesssssessssssssensssssesessssssenens 132
5.7.6.6 UNATY OPEIATIONS. ...cceetrreerirerieererreeerenseetseesetstssesestssesesssessesestsessessnsssssessssssessssssesessssssensssssssensessesenssesss 132
5.7.6.7 MOGULO. .. vttt e s e e se e s ese s e s e s e senene e s eaeseneaenenne 132
5.7.6.8 CONCATEINIATION....c.cotetiteiceeriteeeertrtsteete e e e et ststeeestsse e et st ese et st ssesessssssesasastesesasessstesssenessssssansressesasasesssans 132
5.7.6.9 RELAIONAL.....couiuieirieiceirteiceestetsc ettt ettt se st st s e st st s e e et s be e et s bese e e st sba e et ebasanaasssssasensssssanen 132
5.8 INVOKING THE MUMPS INTERPRETER. ... tttuttttetetesetneesttesesieeesnneeesneessnneessnsessnneessneeesnaenes 133
5.9 MiSCELLANEOUS FUNCTIONS AND SYSTEM VARIABLES. ...uuivvueiiniriteeiniesieeaneeesneesneesneeenneennns 134
5.9.1 GTK / Glade FUNCHIONS. ...c.ccetieiririiiererinieentnisiesestsiesesesseesestesesesessesesessssssessssesesessssesasssesesessesesessssesesassssesessssssesases 134
5.9.1.1 void mdh_tree_level_add(GtkTreeStore *tree, int depth, char * coll [, char *col2 ...]);............ 134
5.9.1.2 int mdh_dialog_new_with_buttons(GtkWindow *win, char * teXt).......cceceveeeererereerenrneresenenenene 134
5.9.1.3 int mdh_toggle_button_get_active(GtkToggleButton *h).......cccoeevererrrrererenireenenerinesenesesseneseseseenes 134
5.9.1.4 char * mdh_entry_get_text(GtKENIry *e, Char * tXt).....coceoeverrrrererenrenenirenenenenesesesesseeseseeseesessenenens 134
5.9.1.5 void mdh_toggle_button_set_active(GtkToggleButton *b, iNt V)........coceeveeereerrrrererenereererrererenenene 134
5.9.1.6 void mdh_entry_set_text(GIKENIry *€, Char * tX)....c.ccovererenereneneneeeeeeeeeeeeeeeeeese e 134
5.9.1.7 void mdh_text_buffer_set_text(GtkTextBuffer *t, Char * tXt).....ccccevrrrereereereeeeresreeereseesnees 134
5.9.1.8 void mdh_label set_text(GtRLabel *1, Char * tX)...cccciiiiiieiiiineireeeeerecsreseeeessreresssesesssessesssenns 134
5.9.1.9 void mdh_widget_hide(GtKWIdZet ™W).....cccereriierereeeeeeeeeeeeeeeeeeee e eee e e e eaenens 134
5.9.1.10 void mdh_widget_ShOW(GKWIAZET MW).....ceeurrreriririerereieieerereeeeteesesesee e eaeeeaesene 135
5.9.1.11 char * mdh_tree_selection_get_selected(GtkTreeSelection *t, int col, char *txt)..........cceceee. 135
5.9.1.12 void mdh_tree_store_clear(GtRKTIEeSTOre *1)....c.cccuvreieereneerrerererereerereeeeereeses e eeeeeeeees 135
5.9.1.13 double mdh_spin_button_get_value(GtkSpinButtOn *S)........cccceveveverererereririeiereerereneneresesessssesenenens 135
5.9.1.14 void mdh_spin_button_set_value(GtkSpinButton *s, double V).........ccccecevevevenininenennnnrerenenenenene 135
5.9.1.15 $z~mdh~toggle~button~get~active(ToggleButtonReference)...........ooceevevrvencerreseernrenencnes 135
5.9.2 BOYEr-MOOTre-GOSPET FUINCHIONS. c....cueueueeeecieieiceeeeeeeetettse sttt se e e ese ettt sttt se st e e snsebesne 135
5.9.3 CVED ueuertrrereentriereenentsteeesessesesesesseseseessssesesessssesesessssesesessnsssesesessssesesessssesesesessssesesestesesesesssesesesessssesesesssesesesessesesesenes 137
5.9.4 xecute() and COMIMATIAQ .....cceeerrereerererreererenreeesesssseresessssesesessssesesessssssssesssssesesessssesessssssssesessssssesesssssesesessssssens 137
5.9.5 EXTOTMESSAZE0)..cueueueerrrrererenireereeestssesentstssesessssssesessssssssessststssesessssssesesessssesensssssssesssssssesessssssesessssssssesessssssesesssssses 137
5.9.5.1 EXTOT EXCEPLIONS....cctrtrreueirirrerenitriereieesesteseesestssesestessssesssesessensstssssessssssssesessssssssenestessenensssssesessssssssesenssens 137
5.9.6 HITRATIO) ... cueueueueueueneeenineieereeseseeeeee e eeeseseseseseesesssesesesesesesesesesesesesesesesenssssesenssssssssesesenssssesesesenssssesesesesssssesens 138
5.9.7 HASHING FUINCIONS. .....coiieeiriieceirrcenercteeeeees ettt ettt aenene 139
5.9.8 DUmMP Global ATTAY Dat@hase......ccoeeiririririninirinirirertsertnistsesestststststsesest sttt st st sttt st sttt e st sttt s sesasestseses 139
5.9.9 Stream OUtPUt FUNCHION OSITEAIMN....c.c.cuiuieeeeeceeeeeeeeeeeeee e eee e e e e e ae e e eaeeneaen 139
5.9.10 Smith-Waterman AligNIMent FUNCHION. ...ttt eeseseeeeseesesesesesesasessssssssssssenas 139
5.9.11 Stop list functions: StOPINIT(), STOPLOOKUP(..eeueueurererermerrirereenerrereseeseeseseeaeseeseeesesseseessssssesesaesessesessenns 140

S 2 1 gL A3 (=T OO TSRRR SR 141




5.0.13 XECULE().uiueerienririetierectretecteste et esteestesseesse st e besssessaestesssestesseessesssessesasesbesssesbasssenssessasssensasssensesssessesasensesnsessesnsesseen 141

R I AT <T<) O A (=) 1 L TSRS 141
6 GTK DeSKtOP GUI APPS...cciteueicrirnnieniennieniennsersensssssennssssssnsssssssssssssssnssssss 142
6.1 GLADE GUI DESIGN TOO0L 1t iituiiiitieeitiieeei e ettt e et e e et e et e e et e e et e e et e e et e e eaa e e et e eeannaaees 142
A N S 7YY TN 143
6.2.1 Glade DESIGN TOOL.......ouoieereiirieeererrereeeere sttt nne 143
6.2.2 Building A Mumps App from The Glade XML File.......cccevrrrrrrriernrrieieisenisieieeeseeieieieseseee e sesesesene 145
B.2.2.1 BRIttt sttt ettt sttt sttt ettt se ettt e ettt e et bbbttt et ettt eseeetas 146
6.2.2.2 GERZ Nttt sttt sttt sttt ettt e e etk b bbbt et b et e et ettt etnete 146
B.2.2.3 BTR3N ettt b sttt 146
B.2.2.4 GERAN.....oooeervveeeeessseeee s sss s sss s ssss s s sss s sas e s AR A AR b R 147
6.2.2.5 BURINIPS. cuciirieieirerteieeintsteeentste ettt e sestssese et sessesesestssesesatssesesaatssssesensessesensstssesessasssesesensrtssesensnsssesensans 147
6.2.2.6 ON.LOZELET.tOBELEAITIPS. .c.evteeeueeiriereeirtreettrt ettt sttt sttt se e s sse e e et e e nasessesensans 147

7 Pattern MatChing.........ccoiiiveeiiiiiiiiennniiiiiiienneiientineenessessnsennsssssssssssnssssesss 148

7.1 MUMPS 1995 PATTERN IMATCHING . ..ttt ettt ettt 148
7.2 POSIX REGULAR EXPRESSIONS IN PATTERN MATCH. «.uieieieee e 148
8 MUMPS MaAN PAZEeS......ceuiieniiniiiniiieiiiniiieiiieiieeineecreecreesreesssassansssanes 149
8.1 MAN P AGE MUMPS. L. .o e e e 149
8.2 MAN PAGE MUMPS=SQL-DB-CREATE. L. .\ tuitiiiiiiiititiiee et et et et e et e et e s e ee e e s e eenseenens 152
8.3 MAN P AGE MUMPS=DOC. 7 . e eeeee e e e et e e et 155

O LIC IS S, aueueeieieeiereireieereereceeressecsesessecsssssssssssessessssnssessssssssssssnssessssnssessssnsselOD

O IR €] N O I I T = N =1 R 185
9.1.1 GNU General PUDIIC LICEIISE.......coivieecieeririeteesesteestesteetsessesaesesassssesaesesss e sassesessssessasessessessssessesassassssensesenes 185
9.1.2 GNU Free DoCUMENTAtION LICEINISE......cciiriecireecteieteerectsestertsrestsesteessesssesseessessssessesessessssessansesensasessansesensenes 190
9.1.3 GNU LESSER GENERAL PUBLIC LICENSE........oooseotitrteeeertrreetststeesessesssssesesesesssssssssssessssssessssssssssssssesessssesens 195

Index of Figures

Figure 1 Directory Map Of MUITIPS DISTIO.......cvreururererirereririrerereststreresesesestsesesesesesesesesesesesesesesesesesssesesesesssssesesesesssssssesesaenes 14
Figure 2 Tree Structured MediCal RECOTA......c.cociiiirrnererirrereeeieteteeeeeeeeeeeeeseseseses et e s s s e e e e e sasasenene 21
Figure 3 Relational Database MediCal RECOTA..........ccevrueirieirireieieiciceeeeeeeseeeeeeeeisse e sessne 22
Figure 4 Medical Database ER DIQZTAIMN.......cccecccivrrreirenirreererinieessesteieeatssssesesessssesssessssessssssssssesssssessenenssessesensssssesesssssnss 30
Figure 5 EXAIMPLE CHt COUE....cruimiiriencreirerieieireseeiese e eseasse et sesese s s et ssestas e st seseaesesseseasassesstasassessssenenssssneneas 41
FIGUTE 6 $ZD() EXAITMIPLES. ...ccuimiiriieirireecete ettt ettt sttt b s saanassesees 45
Figure 7 $ZSEEK() EXAIMPLES......coviurieeirieiietriet ettt siessese e ssese st s sttt st s bbb seasaesssaessnasnas 47
Figure 8 $ZWi() EXAIMPLES.....cuiiviuieriiirieisiciriesettieieie sttt bbb bbbttt bbb s senasnes 49
Figure 9 Scan FUNCHONS EXAIMPIES.......corrririririririeirirertrenesestseresesestse sttt e sesesesesesesesesesesesesesesesesesesesestsssesesesesesesesenesenenes 50
Figure 10 $ZZAVEZ() EXAIMPLE.....c.iciiiiiiciiciiciiciiciiesicises sttt bbb bbbt s st st s st b s s s sasnas 50
Figure 11 $zzCentroid() EXAIMPLE........cooiiiiiiiiiiiiiieiseseeieesssesssssssssesssssssssssssssssssissssssssssssssssssessses 50
Figure 12 $ZZCOUNT() EXAIMPLE.....c.ciiiiririeiiirieieeireneetststeeee sttt eeses s e sessstssssesesessssenesassssesessssssssesenssessensnsssssensnsssssene 51
Figure 13 $ZZMaX() EXAINPLE.......ccocrereeeieirereeneirereeie ettt st st se s ae s et asae st eessasacsees 51
Figure 14 $ZZMIN() EXAIMPLE......c.o ettt sttt ettt bbbt ssseanas 51
Figure 15 Similarity FOTTULAC........c.oiiiceec ettt esesebene 52




Figure 16 SIMiIlarity FUNCHIONS. ..ottt et seses et e eseses et s sseseststsssssesesessessesesesesssssssesesssnes 53

Figure 17 $zzBMGSearch() EXAIMPLE.......cciiiiiiiiiiiiiiiisesenesisessssssssssssssssssssssssssssssessssssssssssssssssseses 53
Figure 18 $ZZMUltIPIY() EXAIMPLE......cicecirerieeirinieieesenirtseeesteeeetsseseetsesseestsessesessessssessssssssesesssessssensssssssessssssssssensnsssssenes 54
Figure 19 $ZzSUM() EXAIMPIE.....o.ooiirieeieerreeeete ettt et s e e s e seaeaesenes 54
Figure 20 $ZzTranspoSe() EXAIMPLE. ...ttt sesessesesseseesesse et se s et sae s s sese e e asessassesssssasaeses 55
Figure 21 $ZRePlace() EXAIMPLE.......coiririuririrririeeireiciseieiseetseieisesessese et ssese sttt s s sesessens 55
Figure 22 $ZShred() EXAIMPLE......c.oiiiiciiicinicisiesieiies ettt sttt seneas 55
Figure 23 $ShredQUery() EXAIMPLE.......ccciiiiiiiiiiicciesiie ettt ssssssesesessasssesssssssasassessasssssessns 56
Figure 24 $zSmithWaterman() EXaMPIe........ccuiniiiiiiiiiissiseesssssssssssessssssssssssesssssssssaes 57
Figure 25 $ZZIDF() EXAIMPLE......coiiiiiiiiiiiiciiesie st s st bbb bbb bbb s ssssens 57
Figure 26 $zTermCorrelate() EXAIMPLE.....coocivrireeriririneeintseeetstereetsessesestsessesesssassssesestssssesenssessssensssssssesessssssssessnsssssens 59
Figure 27 $ZD0CCOITElateERAIMPLE. ..ottt eseeae sttt se e sssse s s esseseaesnnen 60
Figure 28 StOP LiSt FUNCHIOMS. ..ccuvuiiieicirreecretrireeet sttt sttt sttt et snanaene 61
Figure 29 new Command WithOUt ATGUIMENTS. ......ccoeueerriririeereteieiee ettt ae bbb sesesenas 65
Figure 30 new Command With COMIMA LiSt.....ccoeieeeiiieeeeeeeece e e e 66
Figure 31 new Command with Parenthesized LiST.......c.cooveeernnereeenenenereneereneneneeseseneeesese e eseesseesesessssesensassssssnenes 67
Figure 32 SUDbroutine/FUNCHION CallS.......ccoouririrririeiririrretesisrerenesireseseseste sttt seses s sesesasasssssesaseeas 72
FIigUure 33 LOCAl FUINCHIOIIS. c.coveieerereeeeeeirirerereree sttt sa e bbb s sasaeseseseasasene 74
Figure 34 Call DY Value FUNCHIONS.......ccccvriieiriririeeeineseeestsieeeststesesestsessesesssessesesssessesessssssssesesssessesensssssssesessssssssessnsssssens 75
Figure 35 Call by ReferencCe FUNCHIOMS. ...c.cv ittt ese st se s e s s assesseseasassesseseasnsnns 75
Figure 36 FUNCLON RETUITL VAIUES. ...ttt ese st s st sse s s ssssaennes 76
Figure 37 Shell Command EXAIMPLE.......ccovrrrnniniirinenenenesestenenesesestseeseses et eseseststsese sttt stsesesessetsesesesssssssessnsssssncnes 77
Figure 38 GloDal ATTAY S @ MATTIX ...cceieeeueeueeeeeieeeeeeeieee e e e e e e e e e e e e 81
Figure 39 Global Array as Matrix with NUMEeTriC SUDSCIIPLS....ccovrrrrirrirereniririrereresereseresesesestse s seseseseseseseseseseses 81
Figure 40 Global Array as Matrix with Additional NOGES.......ccccceeeereeeieeeeeeeeeee e nesene 82
Figure 41 Global ATTay s SPArSe MaALTIX . .cccevurerurererereriererereeeneeetteesestsesesesesesesssseseseseseseseseseseseneasssassssessssssssssssssssssesens 82
FIigure 42 TaDUIAT VIEW OF TTEE.....cccviireiririeieiesneieietesisieieieiese s sesesssesesesesssssesesesssssssssesesssssssssesesesssssssesesssssssssesesenssssens 82
FIGUTE 43 GLODAL ATTAY TIEE.....cu ettt sttt ettt s sttt s e as s se st s s ssesnanas 83
Figure 44 Navigating Global Arrays - DAt@()......ccecveeeerrerererererrirenenernereteseiseseesesetseseesesseseassessssessaesessesesssessesessassessassssenes 84
Figure 45 Navigating Global ATrays - OTAET().....ccceceururererurerururirieieieseieueueueeeeeesestststststststsssesassssssesesesenenenensnsnsasssssssssssene 85
Figure 46 Global Array Navigation EXAMPLE........ccoerreeirierreeieeetreeie ettt sttt bbbt ssaesne 85
Figure 47 Hierarchical Global Array EXQIMPIE.........cceereririrrninineririrenererereresesesesesesesesesesesesesesesesesesesesesesesesesesssssesesesesnes 87
FIGUTE 48 EXCEPTIONS. ....ecvieeerieieirteirereetetetetetstee ettt sttt se sttt sa bbb e e bbb e s s s s bbb e b e s e s sa st b e b e s eeebesebebesesesebebesesssessbesesessssssane 88
Figure 49 Example Global Array ATITRIMETIC. .....coeeueerreieieieeeeeeeereteeeeeeee st sessnesene 90
Figure 50 Accessing Global Array Data EXAmMPLE........cccvreerrinineneninineeenesisreneseseesesesesessesesssessssesesssessesesssessesssssssssseseses 90
Figure 51 BTREE EXAIMPLE.....coccuiiirieereretcie ettt sttt et ettt st eassessetanas 92
FIGUTE 52 TTEEPTINL. ..ottt ettt ettt bbbttt se et st ae e s neseas 93
FIigUTre 53 TTEEPTINT OULPUL...c.oiuiieieieirieieieieieieeeteteietete ettt ae sttt b s b bbb b bbb e sesesebebebeseaesesebesesesebesesesesesesesesesenenssas 94
FIigure 54 COUNT EXAIMPLE.....c.ciieeieiee ettt e bbb bbb bbb bbb e b e b e b e b bebebebebebebenesssnnas 95
FIGUTe 55 MAX EXAIMIPLE. ...t e e e e e e e e e e e e e e bbb e s s sesenenennas 96
Figure 56 MUItIPLY EXAIMIPIE......ccoiriiirririrerererieinererirerertst sttt sttt sese e e se e e e sesasa e e et e e e et e s sasesasesssssssenenenens 98
Figure 57 NAMeE EXAINPLE.......co ottt sttt s bbb se s s sesenenenanes 98
Figure 58 OTder EXAIMIPLE.....c.cciiririreeeriririeeertsieeetsteseeeststsseesesssesssessssesesesesessesesessssessssssssesessssssssessnssessesensasssesessasssssesenssenes 99
FIGUTE 59 AVE EXAINIPLE......cu ittt sttt sttt e s et s st s s aeses 100
Figure 60 MESH HEAGINGS.....ccceururirierereiririeereeriritese ettt asess s s astassesessastassesesseseasassesseseasassessaseasaenes 101
Figure 61 Query FUNCHONS EXAIMPIE.....c.coiiiieirieieeeeeeceeeiei ettt s e se bbb bbb sne 103
FIigure 62 SIMT EXAIMPLE......coiiiieeieeeeecetetete ettt sttt sttt sttt bt e et ettt sttt et st sb sttt st seneatntes 104
Figure 63 JacCard EXAIMPIE......cooririririeinieinerereeerereceee ettt ettt ettt et aens 105
FIGUTe 64 DIiC EXAIMIPLE. ... e e e e e e e bbb s s sennnes 105
Figure 65 COSINE EXAIMPIE. ..ottt e ettt sttt eas 106
Figure 66 TranSPOSE EXAIMPLE......ccovcerierieiiriririeeenenieesesesieeeesteseseesessesesssessssessssssssesessssssesenssessssessssssssessssssssesenssassesensanss 106
Figure 67 Centroid EXAIMPLE......ccccv ettt sseseesesesseseesessestasae e sesesssesssseseassessestasassesseseassssesessassesssssasnesees 107
Figure 68 TermCorrelate EXAIMPLE. ...ttt sese st se st s ssesassesssseassesesnes 110

10



Figure 69 DoCCOrrelate EXAIMPLE..... ..ottt se s ss s be s ssses e sssssssssesesesnsnnns 111

FIgure 70 IDF EXAIMPLE... .ottt eees s ese ettt s ettt ettt ettt ettt bttt ettt e et seseetanseas 111
FIigure 71 SUIM EXAIMIPLE....c.ccriiiiiririeeerininereinteee ettt e ettt e st st s s et sesseesesessssessssssssesessssssssenssessesensssssssesensnsssssenes 112
Figure 72 MUMPS PATtEITL COUES......courirereeirieieeeeeseeeseeeseseesesesesesesesesessssssesesssssssesesssssssssssssssssssssssssssssssssesssssssssssssenes 121
FIGUTE 73 SHIEA FUINCHION.c...v vttt ettt st s e stasacnens 123
FIGUTE 74 SNTEAQUETY.....cueeieeieieieieeeteteietctet ettt ettt a sttt ettt b bbb s b bbb e b e b et et e b e b e s e b et et et e b eb et ebebebesesebebebebesesebebesesesesnssas 124
Figure 75 MSIIING EXAIMPLES....c.cceuiieieeeeeeceeeeeeeee e e e e e e e e e e e e e e e e e e 126
Figure 76 mstring AsSighment EXAIMPLES.........ccoeeueerririeieirreeieieeeeeie ettt ss bbb ss bbb sesne 127
Figure 77 mstring ArithImetiC OPETatiONS......covrrrerererererererererereresesesereresesesesestsesesesesesesesesesesesesesesesesesesesesesesssesesasessssen 130
Figure 78 BOYer-MOOTre EXAIMNPLE.......cco ettt e seseseses e seses e esesesesesesssesesaseesssesesesessnsene 135
Figure 79 EXCEPLIONS EXAIMPLES......cccviririeriirireieirieeeisteieetstsesesttstssesesesessesessessesessssssesesssssessesenssessesensssssssessssssssenesssenes 138
Figure 80 Smith-Waterman EXAIMPLE.......ccccccrurrirerrirerereereirireeseeseseeeseeseseesesessesesessssesessaesesseseassessssessassssseseasassessessacseses 140
FIGUTE 81 GLAGE CANVAS...cuiuirrriecrerririinerresetesesseseesese st es st ae et s sttt se s s et sse st et se it s s s s seasacsesenn 142
Figure 82 TOZgle BUTOI SCIEEIL ...ttt sttt sttt sttt sttt sttt sttt sttt e st sttt sttt st sttt st st st sttt 143
Figure 83 TOZZle BULTOI SCIEEIL 2.......coueuiriririeeeiririrtrieestne sttt sttt sttt sttt sttt sttt e et sttt st st sttt se st ne et ntnene 144
Figure 84 TOZgle BULTOI SCIEEIL 3......ccoueiiiriririeerirerirereeesere sttt sttt st st se ettt se e et st se et se ettt seseseetsnnens 144
Figure 85 TOZGIE BULLOI SCIEEIL 4......coueuirerereeeerererereeesere sttt sesesese et sesesese st e sese e sese e et se et e et seseeesssesesasesesnsene 145

11



1 Distribution Introduction

The Mumps language portion of the distro:
mumps/Mumps-Language-Processors/

consists of two subdirectories:
Legacy-Mumps-Interpreter/
Mumps-Interpreter-Compiler-Library/

The first sub-directory contains the original version of this dialect of Mumps written around 1980 and is no
longer in use. The second sub-directory contains the current version of the code.

The current version contains three components:
1. The Mumps Interpreter
2. The Mumps Compiler

3. The Multi-Dimensional and Hierarchical (MDH) Toolkit

1.1 Distro File Structure

The Figure 1 gives the directory tree structure of the distribution. The main directory is named mumps and
contains two sub-directories:

1. Mumps-Language-Processors
Contains the Mumps interpreter source code and installers.

2. Mumps-Projects
Contains programming examples including:
+ A genetic sequence search tool;
« A compiler to generate GTK3 based GUIs with Mumps and Glade;
+ A collectio of information storage & retrieval modules and databases
+ An optimum binary tree example.

The directory Mumps-Language-Processors containss two parts:

1. Legacy-Mumps-Interpreter
Contains the original, unmaintained, Mumps iterpreter.

2. Mumps-Interpreter-Compiler-Library
Contains the current Mumps interpreter, compiler, MDH Toolkit and installers.

The Mumps-Interpreter-Compiler-Library contains directories:

1. Checkout
Contains code to check the interpreter, compiler, and toolkit.

2. Documentation
Contains several docymentaion files including this one.

3. Examples
Some short Mumps examples.

4. include
The include files for the source code.
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local_install
Contains a local version of the installed code used for building the installers.

mumps-native-single-user-amd64
Contains files needed to build a Debian installer for the native single user file system.

mumps-sqlite3-amd64
Contains files needed to build a Debian installer for the Sqlite3 version of the database.

The directory also contains source code, object files, installers. Makefiles, configure and Bash scripts.

mumps

— Mumps-Language-Processors
Legacy-Mumps-Interpreter
Mumps-Interpreter-Compiler-Library

— autom4te.cache

— Checkout
global-direct-interface
validate-compiler
validate-interpreter
validate-mdh

— Documentation

L— images

— Examples

— include

L— mumpsc

— local_install

bin

include

L— mumpsc

lib

share

L— mumpsc
L— examples
man
L— mani
— mumps-native-single-user-amdé64
DEBIAN
usr
bin
include
L— mumpsc
lib
share
doc
L— mumps-native-single-user
man
manil
man7
— mumps-sqlite3-amd64
DEBIAN
usr
bin
include
L— mumpsc
lib
share

L— Mumps-Projects

— Genome-Search
common-code
idf-calc
L— idf-code
indexing

— code

— doc

— sample-data

— Glade-Compiler

C-Examples

— Button-widgets

— Input-Widgets

— Slider-widgets
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Template
TreewWidgets

— CPP-Examples

— Button-widgets

— Input-Widgets

— Slider-widgets

— Template

— TreeWidgets

— MDH-Examples

— Button-Widgets

— Input-Widgets

— Mesh-Tree

— Slider-widgets

L— Mumps-Examples

— Mumps-Button-Widgets
— Mumps-Input-Widgets
— Mumps-Mesh-Tree

— Mumps-Slider-Widgets

— ISR
MDH-version
L— gtk-glade
Mumps-version
boolean-search
gtk-glade
— MEDDB
— OptBinaryTree
L— Algorithm

93 directories

Figure 1 Directory Map of Mumps Distro

1.2 Recent Changes

1. The PCRE library was removed and replace by REGEX functions from CLIB.
2. The pattern match operator now accepts POSIX regular expressions.

1.3 Interpreter vs Compiler vs MDH Toolkit

The interpreter executes code directly from source text parsing each line as it is executed. Mumps
source code to be dynamically created and executed.

On the other hand, the compiler translates your Mumps program to a C++ file which is subsequently
compiled and linked with Mumps run-time libraries to produce binary executables. The compiler supports
most of the features supported by the interpreter but not all. Compiler code is usually faster but, since both
use the same database engines, database intensive programs run at about the same speed whether compiled
or interpreted.

When the compiler translates Mumps to C++, the resulting C++ programs can be edited and other
additional code introduced which might not be available in original Mumps.

The MDH toolkit is a collection of C++ macros, objects, methods and tun-time libraries that permit you to
write and run C++ programs using many of the database and string processing features of Mumps.

1.4 System Software Requirements

Building mumps requires that your system have certain software packages installed. These packages are
standard libraries used by Mumps and are available through the Synaptic Package Manager, apt-get and
other sources. The build script and the installers provided automatically install these if they are not present
on your system.

The required software includes the following:
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1. Linux Debian based version such as Debian, Ubuntu or Mint. The Windows WSL (Windows

Subsystem for Linux) implementation with Ubuntu may also be used.

2. The g++/gcc compilers and related libraries.

3. The bash shell interpreter located in /bin.

4. The GNU readline and readline-dev packages.
5. autoconf

6. The following libraries are needed for the extended precision mathematics. If they are not

installed by default, you will need to do so. Be sure to install the development versions of the
libraries:

a) The GNU Multiple precision floating point computation library
http://www.mpfr.org/libmpfr-dev
b) The GNU Multiprecision arithmetic library development tools

https://gmplib.org/libgmp-dev

1.5 Mumps Language Resources

1.

Mumps by Example:
http://71.174.62.16/MDC/example/index.htm

The Mumps Programming Language
https://www.amazon.com/Mumps-Programming-Language-Kevin-OKane/dp/1438243383/
ref=tmm_pap_title_0?ie=UTF8&sr=1-1
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2 Installation

The Mumps interpreter, compiler and MDH Toolkit are all installed at the same time either by means of a
pre-built installer or compilation from source code. The options discussed below apply to all three versions
of the code.

In the pre-built installers, options are, for the most part, already set and may not be changed. If you build
the system from source code, you may change the options. The file build-mumps.script contains
invocations of configure which propagates option selections through the code prior to compilation. For the
most part, you will probably not want to alter these. But if you do, see the discussions below.

2.1 Using an Installer

Do not run configure/make. You must use the scripts provided and these will invoke configure and make
using the correct build parameters.

The software uses two database systems to store the Mumps global arrays. The main supported versions of
the interpreter, compiler, and MDH library use the Sqlite3 database. This is the default and the one
contained in the installers provided on the web sites. The old native installer, however, is still present.

If you have an old or incompatible version already installed, you may need to remove it prior to installing
the new version with one of the commands:

sudo dpkg --remove mumps-sqlite3 or
sudo dpkg --remove mumps-native-single-user

You may either build the interpreter/compiler/library from source code or use an installer. When you build
from source code, you may select options such as which database system to use. The Sqlite3 version
installer can be downloaded from the web page and also the distro. The native database installer is
provided as part of the distro.

Due to variations in libraries from one generation of Linux to the next, installers may be labeled with the
name and version of the Linux distro they were created with as needed.

Basically, the installers install the same code but one installs the Sqlite3 database while the other installs
the native b-tree database.

To install, use a command similar to the following. Use only one of these. If you previously installed with a
different database option, you will need to remove it first (see above).

sudo dpkg --install mumps-sqlite3-amd64.deb
sudo dpkg --install mumps-native-single-user-amd64.deb

If this is the first time you have installed the system, you may need to tun an additional command to update
system software. The distro uses a number of standard Unix libraries that are often not part of the a base
system install. The following command should install these in the even the install above gave missing
package error messages. If no messages, the following should be unnecessary.

sudo apt install -f

Alternatively, if the graphical installer gdebi is available, in an explorer window, double click on the
installed .deb file. The installer gdebi should automatically install missing packages.

If you use the Sqlite3 version, be sure to take note of the database creation script noted below.
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2.2 Compiling from Source Code

If you want to compile and build the system yourself, you need to first install any system libraries you may
be missing. The Mumps code uses a number of libraries that are not usually installed by default on many
systems. The script provided consists of apt statements that will install these"

sudo get-software.script
Next, configure, compile, and build (make) by running the following script :

build-mumps.script
This will compile and create an installer for the Sqlite3 version of the interpreter, compile, and MDH
libraries. The installer will be named mumps-sqlite3-amd64.deb. During execution of this script, you will
be asked for the root password.
Alternatively, if you want to build the legacy native system, type:

build-mumps.script native
The installer built will be named mumps-native-single-user-amd64.deb. The database used by this
version will be stored in a file named mumps.sqlite. During execution of this script, you will be asked for

the root password.

The native database version that uses the native b-tree database which is stored in files named key.dat and
data.dat).

The native data base is faster than the Sqlite3 database. For comparison, in a test involving extended
database activity, the native database version took 4-9 seconds while the disk based Sqlite3 database
version with default settings took 11,060 seconds. This was due to the many additional writes done by
Sqlite3 to enhance integrity.

However, very significant performance improvement of the Sqlite3 database may achieved by using
pragma statements (see below) which reduce integrity but increase speed. When using the pragma tuning
below, the Sqlite3 database performs at speeds comparable to the native database.

Without performance tuning, the Sqlite3 version is ACID compliant while the native version is not.

After you have installed the system, you need to create a Sqlite3 database if you are using the Sqlite3
version. The database will be automatically created at first use if you are using the legacy native version.

You create a Sqlite3 database with the command:
mumps-sqlite3-amd64.deb
This will create the file mumps.sqlite in the current directory.

The mumps.sqlite database or a symbolic link to it MUST be present in the
directory from which you run mumps.

The mumps.sqlite database may be moved to other directories and you may create symbolic
links to it.
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Multiple instances of mumps programs may access the same Sqlite3 database (or symbolic link to same)
concurrently.

However. only one instance may access the native database at once.

2.3 Compilation Options
The build-mumps.script script contains an invocation of the configure script with the basic options pre-
set. Other additional options are described below.

Do not run configure directly. Use the provided script.

2.4 Math Options
Arithmetic in this Mumps distribution can be performed either by hardware or by a library of extended
precision software.

In extended precision mode, the precision of both floating point and integer numbers can be significantly
larger than is the case with standard hardware arithmetic with minimal performance penalty.

In this version of Mumps, as is the case with many others, numeric values are stored in variables as
character strings. When a variable participates in an arithmetic operation, the value is converted to a
numeric format, the operation performed (for example, addition), and the result converted back to character
string. Not only are numeric values stored in variables as strings, but also, intermediate results are in string
format.

2.4.1 Hardware Based Math

In hardware math mode, integer and floating point numbers are processed by your machine's
arithmetic processing hardware. Floating point numbers are treated as either long double or double values
and integers are treated as either signed 64-bit long long or signed 32-bit long integer values.

To enable hardware math, you must specify the following as a configure option:
--with-hardware-math=yes

Integer arithmetic may be performed in int (32 bit) or long long (64 bits in the gcc compiler) mode. The
default is long long. The int mode may be turned on with the configure option:

--with-int-32
If the above is not specified, long long is used.

Floating point arithmetic may be performed in either long double or double mode. The long double mode
may be enabled with the configure option:

--with-long-double
If the above is not specified, floating point arithmetic will be performed in double mode.

All numeric values are stored internally as strings. They are converted to binary numeric integer or
floating point format just prior to an arithmetic operation and then converted back to strings.

By default, the string format of a floating point number will have with 8 digits of precision. This can be
altered by configure using the —-with-float_digits option (default is 8). For example, if you want 16 digits of
precision, add

--with-float-digits=16

to the configure parameters. The number of digits specified should be consistent with the hardware data
type (double or long double).
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On x86 architectures, long double is usually implemented as an 80 bit number with a sign bit, an 15 bit
exponent and 63 bit fractional part with a range of approximately 3.65x107**! to 1.18x10*** while double is
implemented as a 64 bit number.

2.4.2 Extended Precision Math

Extended precision is available through use of the GNU multiple precision arithmetic library' and the
GNU MPEFR library®. For integers, this means effectively unlimited precision. For floating point numbers, the
exponent is 64 bits and the fraction is user specified (default of 72 bits in Mumps - this option may be set by
configure).

Hardware arithmetic will be selected during compilation of the interpreter if specified as a configuration
option:

--with-hardware-math=no
If extended precision is used, the number of bits in the fraction of a floating point number can be set with:
--with-float-bits=value

where value is the number of bits. The default value is 72. The number of decimal digits for a given
number of bits (nbits) is approximately:

10gie (2711°)
Thus, 72 bits corresponds to approximately 21 decimal digits.
For extended precision floating point numbers, the number of digits of precision to print is controlled by:
--with-float-digits=value
where value is the number of digits. The default is 8.

The number of digits specified should be consistent with the number of bits in the fraction. If the
number of digits specified is too large, random low-order digits will appear in numbers.

If extended precision mode is in effect, integer numbers have no upper or lower bound.

2.5 Other Configure Options

The configure step as is typical contains many options. Specifying these causes modification to the source
code and changes the final product. These must be set correctly. Not all combinations work.

The distribution, as noted above, contains several bash script files with pre-configured configure
commands. For the most part, you probably don't want to write your own configure options except in
limited cases.

With the exception of global array database options which are discussed sperartely in Section 3, the set of
options to configure are:

configure prefix=

1 http://www.mpfr.org/
2 http://gmplib.org/manual/index.html
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The directory where the runtime modules will be stored. If this is not specified, the default location is in a
directory named local_install in the mumps distro directory.
--with-ibuf=
Maximum size of an interpreted program [default: 32000].
--with-strmax=
Maximum internal string size [default: 4096].
--with-locale=locale
Locale information [default: en_US.UTF-8].
--with-terminate-on-error
Halt interpreter on error [default: off]
--with-float-bits=val
Number of bits in an extended precision floating point fractional part (72).
--with-float-digits=val
Number of decimal digits to print in an extended precision floating point number (20).
--with-hardware-math={yes |no}
Use hardware arithmetic facilities.
--with-no-inline
Do not use inline functions.

--with-profile

Enable profiler (run gprof mumps gmon.out > stats).
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3 Global Array Database

3.1 Background

3.1.1 History

Global arrays are unique to Mumps. They are persistent, disk resident, tree structured data whose
elements and structure appear in programs as indexed arrays. The indices may be numeric or text and the
arrays are not declared. In an array, each successive index describes part of the path from root to a leaf
node. Data may ve stored at any node.

Mumps was developed in the late 1960s for use on small computers. It was originally an interpreted
language similar to BASIC which was also developed in the 1960s.

Unlike BASIC, Mumps was designed to be a medical database language. Its only basic data type was
string although strings containing numbers could be used with arithmetic operators.

The main challenge Mumps was designed to satisfy was the storage of hierarchical medical records.
Another hierarchical system developed at about the same time is IBM's Information Management System
(IMS) which is stull in use.

3.1.2 The Tree Structured Medical Record

The medical record structure, as envisioned by Mumps was a tree where contents were organized
hierarchically as shown in Figure 2.
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Figure 2 Tree Structured Medical Record

The alternative is usually a relational structure such as that exemplified by the entity-relationship
diagram given in Figure 3.
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Figure 3 Relational Database Medical Record

>

The essential philosophical difference is that tree structured data tends to be more patient and problem
centric while a relational approach is more data centric. That is, a tree structure organizes the data mainly
according to patient medical complaint (problem). Thus, the medications, lab tests, notes, procedures, etc.,
are connected to a clinical issue and greatly improve the ability to audit what what was done and why for

each condition.

The relational structure, however, loses the semantic connection between data and the purpose of the
data. This, regardless of problem being treated, all the lab tests, medications, notes, etc. for all patients are
lumped together so that it becomes difficult to connect the cause (clinical problem) with effect (clinical

procedure).

From a patient management point of view, the hierarchical view is better. From a financial management
point of view gross aggregation of the data is usually preferred.

Trees were implemented in Mumps in structures known as global arrays. Global arrays are sparse disk
resident trees represented in the language as string indexed arrays. Array notation follows the convention of
FORTRAN and consists of an array name followed by a parenthesized list of indices. Indices trace a path
through the global array tree for the named global array from the root to the final leaf. The height of the tree
is variable depending on the path.
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3.1.3 Global Array Representation

Global arrays are distinguished from ordinary volatile memory arrays by being preceded by a
circumflex () character. While memory resident arrays disappear when a program ends, global arrays
persist and are accessible to other programs in the system. A typical global array reference might appear as:

~patient(ptid, “hx"”, “PRR")
Data may be stored at any global array node either intermediate or terminal.

In this implementation of Mumps, global arrays may be stored either in an Sqlite3 relational database or
in a native, single user B-tree based file system.

In the distribution, there are two database options for storage of the global arrays. The legacy option is
called the native database. The other option is to use Sqlite3. Of the two, the Sqlite3 is the more reliable but
transactions, since it is ACID (atomicity, consistency, isolation, durability) compliant, can be much slower.

3.1.4 Global Array Implementation

This version of Mumps offers two implementations of global arrays. The first is a native btree
implementation which is fast but lacks protections against data loss due to program or system failure. The
second uses the ubiquitous Sqlite3 database API which provides ACID compliant database storage security
but is considerably slower’. Installers are provided for both versions.

The interface to the Sqlite3 database system can be adapted for other database systems such as PostgreSQL,
MySql and so forth. Usage of these systems is more complex.

The Sqlite3 option is the default install option.

Prior to running a Mumps program using Sqlite3 database, the database file (mumps.sqlite) must be
created with the mumps-sql-db-create command.

3.2 Native Database Global Array Option

3.2.1 Overview

The native database option is fast with a minimum of overhead and it can efficiently manage very large
databases however it lacks a number of features normally found on modern database systems:

1. Itis sensitive to system crashes and programming errors.
2. It does a minimum of checkpointing.
3. It maintains part of the global array tree in volatile memory.

If the host system crashes or the program using the global arrays terminates unexpectedly, the contents of
the entire global array database are likely to be lost.

However, in applications where speed is important and, in the event of a crash, the program can be re-run,
the native database works well.

3 Sqlite3 PRAGMA commands can greatly improve speed but they compromise data integrity. These are discussed
below.
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3.2.2 Native Database Configuration

The native database is a single user B-tree based global array facility where the global arrays are stored in
one directory, usually the one in which the Mumps program is itself running. In this mode, only one read-
write Mumps program may access the global arrays in a given directory at a time although other Mumps
programs may run concurrently in other directories operating on other global array data sets. This is the
fastest but most restrictive option. Globals arrays are stored in two files: key.dat and data.dat.

3.2.2.1 --with-maxglobal=val

Maximum length of a global array reference in the native database. A global reference length includes the
array name, all indices, plus parentheses and commas.

3.2.2.2 --with-cache=VAL

Native global database in-memory cache size. The number is the number of blocks (see: --with-block) to
maintain in memory. Not used by Sqlite3.

The only legal values for this parameter are:

9

17

33

65

129
257
513
1025
2049
4097
8193
16385
32769
65537
131073
262145
524289
1048577

3.2.2.3 --with-block=Dblksize

Native global Btree block size.

The native Btree database consists of two files: the tree file (key.dat) containing the actual Btree and the
data file (data.dat) containing stored data. The maximum size of the Btree file is dependent on the block
size. The block sizes listed below each have a PAGE_SHIFT value and this ultimately determines the
maximum file size as shown. The basic internal disk address is effectively 31 bits (signed 32 bit quantity)
but, depending upon the block size, some number of bits at the low-order end of a block address are always
zero. For example, if the block size is 1024, the final 10 bits of an address are always zeros. As only the
significant 31 bits are stored, the true address is not 31 bits but 41 bits thus a file size of 2 terabytes is
possible.

The only legal values for this parameter are:

1024
2048
4096
8192
16384
32768
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65536
131072
262144

The block size determines the internal PAGE_SHIFT factor:

1024 - PAGE_SHIFT 10
2048 - PAGE_SHIFT 11
4096 - PAGE SHIFT 12
8192 - PAGE_SHIFT 13
16384 - PAGE_SHIFT 14
32768 - PAGE_SHIFT 15
65536 - PAGE SHIFT 16
131072 - PAGE_SHIFT 17
262144 - PAGE_SHIFT 18
524288 - PAGE_SHIFT 19
1048576 - PAGE_SHIFT 20
2097152 - PAGE_SHIFT 21

PAGE_SHIFT 10 corresponds to MBLOCK 1024 and a max Btree file size of 2 TB
PAGE_SHIFT 11 corresponds to MBLOCK 2048 and a max Btree file size of 4 TB
PAGE_SHIFT 12 corresponds to MBLOCK 4096 and a max Btree file size of 8 TB
PAGE_SHIFT 13 corresponds to MBLOCK 8192 and a max Btree file size of 16 TB
PAGE_SHIFT 14 corresponds to MBLOCK 16384 and a max Btree file size of 32 TB
PAGE_SHIFT 15 corresponds to MBLOCK 32768 and a max Btree file size of 64 TB
PAGE_SHIFT 16 corresponds to MBLOCK 65536 and a max Btree file size of 128 TB

The separate data file may grow to a max of 2**64 bytes for all settings.

3.3 Sqlite3 Database Global Array Option

3.3.1 Overview

If data integrity, remote, and multi-user access are important, the Sqlite is better. In this option, the
interpreter and compiler will use Sqlite3 to store the global arrays.

While this option is slower than the native database option, due to relational data base system overhead,
using a relational database has significant advantages with regard to reliability and flexibility. These
include:

All database transactions are ACID (Atomicity, Consistency, Isolation, Durability) compliant.

SQL commands such as Begin Transaction, Commit and Rollback are available.

The Mumps global arrays can be queried with SQL commands from non-Mumps environments.
SQL views of the Mumps database may be constructed.

The Mumps global array database can be remote and distributed.

Mumps programs can execute SQL commands on any accessible database table.

Multiple concurrent Mumps programs may run at the same time.

N Uk W=

The Sqlite3 option requires the database file to be pre-formatted prior to use. All global array data stored in
global arrays is in character format. SQL comparisons between global array stored data and data
from another SQL table using another data type may require casting operators.

3.3.2 Global Array to Sqlite3 Relational Database Mapping

There are advantages and disadvantages to storing global arrays in a relational database. The primary
disadvantage is that the dynamic hierarchical nature of the Mumps database is not well suited to the
tabular structure of a relational database where overall access is usually slower and more rigidly
structured.
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On the other hand, the Sqlite3 relational database provides flexible multi-user, robust, is fully ACID
(Atomicity, Consistency, Isolation, Durability) compliant and provides a complete suite of transaction
processing functions not otherwise available in the Mumps language definition.

A further advantage is that global array data may be interrogated and manipulated by ordinary, standard
SQL commands.

When using the Sqlite3 option, the Mumps interpreter maps global array references to a multi-column
relational database table with the name mumps (this can be changed). The columns of the table are named
al, a2, ...* so forth. By default, there are 12 columns numbered a1 through a12.

The first column (a1) contains the name of the global array. Columns a2 through a11 contain global
array indices. The last column (a12) contains the value stored at the global array reference, if any.

Thus, by default, in this case, the maximum number of indices allowed in a global array reference is 10.
The name of the global array and each index may have up to 256 characters and the value stored may have
up to 512 characters®.

For example, the Mumps code:
set "birds(1,2,3,4,5)="ducks”

would map to the Sqlite3 database table named mumps as follows:

birds

e Hommm - e e e B s i T T te---- R +
| al | a2 | a3 | a4 | a5 | a6 | a7 | a8 | a9 | alo | all | al2 |
oo - o oo - Fommme- ommm - R R s - Fo-m-- +
| birds| 1 | 2 | 3 | 4 |5 | | | [ | |ducks |
e Hommm - e e e B s i T T te---- R +

Where the values for a6 through a9 are null.

In most modern database systems, the null columns do not seriously impact speed. Alternative methods to
implement trees in relational databases introduce very high levels of overhead. Further, the mumps table
is indexed by the global array name and the first index (that is, by the first two columns of the table) for
faster access.

Testing indicates that performance is, in fact, quite good.

If your program instantiates array elements as shown in the following Mumps code:

set ~birds(1l)="all”

set ~birds(1,2)="flying”

set ~birds(1,2,3)="water”

set ~birds(1,2,3,4)="1large”

set ~birds(1,2,3,4,5)="ducks”
set "birds(1,3)="flightless”

set ~birds(1,3,3)="water”

set ~birds(1,3,3,4)="1large”

set ~birds(1,3,3,4,5)="penguins”

The relational table will look like®:

4 The actual number of columns is set by a compile option discussed below in section 3.3.4.
5 The size limits for indices and data stored are also set by a compiler option.

6 Table row order may differ but this is not important.
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| al | a2 | a3 | a4 | a5 | a6 | ... | alo | all | al2 |
+o-mm-- +ommm - e +omm-- - +o-mm-- Fommmmm - R [------- [EEEEE T |
|birds | 1 | | | | | oo | |all |
I Fomm o +o-m- - - L R L A R [------- BRI |
|birds | 1 | 2 | | | | oo | | flying |
+o-mm-- +ommm - e +omm-- - +o-mm-- Fommmmm - R [------- [EEEEE T |
|birds | 1 | 2 | 3 | | | oo | |water

I Fomm o +o-m- - - L R L A R [------- BRI |
|birds | 1 | 2 | 3 | 3 | | oo | | large |
+o-mm-- +ommm - e +omm-- - +o-mm-- Fommmmm - A [------- [EEEEE T |
|birds | 1 | 3 | 3 | 4 | 5 | oo | | ducks |
- - +----- R R +------ e T [------- BRI
|birds | 1 | 3 | | | | oo | | flightless|
+o-mm-- +ommm - e +omm-- - +o-mm-- Fommmmm - R [------- [EEEEE T |
|birds | 1 | 3 | 3 | | | oo | |water |
I Fomm o +o-m- - - L R L A R [------- BRI |
|birds | 1 | 3 | 3 | | | oo | | large |
+o-mm-- +ommm - e +omm-- - +o-mm-- Fommmmm - R [------- [EEEEE T |
|birds | 1 | 3 | 3 | 5 | | oo | | penguins |
I Fomm o +o-m- - - L R L A R [------- BRI |

Mumps access requests produce the expected results:

write “birds(1) => all
write ~birds(1,2) => flying
write ~birds(1,2,3) => water
write ~birds(1,2,3,4) => large
write ~birds(1,2,3,4,5) => ducks
write $order(”~birds(1,2)) => 3

write $order(”~birds(1,2,"")) => 3

The row-wise index duplication seen in the above is also present in B-tree implementations.

3.3.3 Sqlite3 Database Configuration

3.3.3.1 Sqlite3 Database File

In order for Mumps to store and retrieve global arrays in Sqlite3, there must be a pre-existing database file
named (by default) mumps.sqlite which is accessible to the instance of Mumps being executed. Normally,

that means the file is in the directory where you started Mumps from. Links, however, may be used if the
database file is located in another directory.

You may create or re-initialize mumps.sqlite with the script file:

mumps-sql-db-create

which is installed by the installers. The file mumps.sqlite contains the Sqlite3 database and must be present

prior to starting Mumps if you are using the Sqlite3 database option. If not, Mumps will halt.

In previous releases, this file was named differently. The current installer should remove the older version

of this (hamed mumps-sql-db-create.script) but if not, type:

sudo rm /usr/bin/mumps-sql-db-create.script
3.3.4 Sqlite2 Compile Options

Options contained in install script build-mumps.script can be used to set the maximum number of

indices, the maximum number of characters per Mumps global array index, and the maximum number of

characters that can be stored at a node. These are:
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3.3.4.1 --with-dbname=name

Default name of the Sqlite3 mumps database table name [default: mumps].

3.3.4.2 --with-index_size=number

Maximum number of characters in each Sqlite3 global array index.

3.3.4.3 --with-data_size=nbr

Maximum number of data characters stored for an Sqlite3 global array reference (final column).
3.3.4.4 --with-index-max=nbr

Maximum number of database columns. Default is 14. Maximum is 32. A value of 14 permits a global array
name, 12 levels of indexing, and a data value.

3.3.4.5 --with-dbfile=name

Name of Sqlite3’s database file stored in the users directory [default: mumps.sqlite]

3.3.5 Sqlite3 Performance Tuning

By default, as is the case with all ACID compliant database systems, Sqlite3 journals and verifies all file
updates. This leads to considerable I/O overhead and reduction of the speed at which transactions that
alter the database take place. This insures that a system crash will not result in data loss.

In applications where data loss protection is not required, that is, those applications where the database
software can be re-run in the event of a crash without loss, the strict update policy of Sqlite3 can be
overridden with significant speed improvement.

To achieve this, executre the following Mumps commans prior to using the database:

s i=$zsqlite("pragma","journal mode=off")
s i=$zsqlite("pragma", "synchronous=off")

These will temporarily reduce overhead during database updates resulting in significat speed
improvement in operations altering the database.

3.3.6 Sqlite3 Command Line Interpreter

"sqlite3 is a terminal-based front-end to the SQLite library that can evaluate queries interactively and
display the results in multiple formats. sqlite3 can also be used within shell scripts and other applications
to provide batch processing features."’

If your global arrays are stored in sqlite3, they can be queried and manipulated by SQL commands using
the sqlite3 CLI. For example, using the example above:

sqlite3 mumps.sqlite
sqlite> select al0® from mumps where al='birds' and a2='1l’ and a3='2"';

flying
sqlite>

Similarly, SQL views may be established on the mumps table to facilitate access in other ways by other
SQL users.

7 From the Sqlite3 Linux man page.
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3.3.7 Sqlite3 Database Language Extensions

If Sqlite3 relational database storage for globals is enabled, the following functions and builtin variables
are available in the Mumps interpreter, compiler, and MDH Toolkit. If the native database is in use, these,
with the exception of $zNative, are ignored. Except as noted, a return value of zero (0) indicates success
while a non-zero result indicates failure.

3.3.7.1 $zSqlite

$zsqlite with no arguments returns true (1) if globals are being stored in Sqlite3, false (0) otherwise.
3.3.7.2 $zSqlite(“begin transaction”)

Sends a BEGIN TRANSACTION; command to Sqlite3.

3.3.7.3 $zSqlite(“commit transaction™)

Sends a COMMIT TRANSACTION; command to Sqlite3.

3.3.8 $zSqlite(“savepoint”[,savepoint_name])

If the second argument is omitted, send a SAVEPOINT default; command to Sqlite3. If the second
argument is present, send a SAVEPOINT savepoint; command to Sqlite3 where ‘savepoint’ is the value
passed as the second argument. See Sqlite3 documentation for details.

3.3.8.1 $zSqlite(“rollback”[,savepoint])

If the second argument is omitted, send a ROLLBACK TRANSACTION; to default; command to Sqlite3. If
the second argument is present, send a ROLLBACK TRANSACTION savepoint; command to Sqlite3 where
‘savepoint’ is the value passed as the second argument.

3.3.8.2 $zSqlite(“pragma”,option)

A PRAGMA command will be sent to Sqlite with option as its argument. If the PRAGMA results in a
returned value, it will be the returned result of the function. Otherwise, the function will return 0 (success)
or 1 (failure).

Some example PRAGMA commands:

i=$zsqlite("pragma", "mmap_size=20000000")
i=$zsqlite("pragma",'"cache_size=-1000000")
i=$zsqlite("pragma","journal_mode=off")
i=$zsqlite("pragma", "synchronous=off")

nunuon

Using the synchronous_mode=off and journal mode=off can improve speed considerably at the expense
of crash integrity. When the cache_size is preceded by a minus sign, the value is interpreted as kilobytes. A
positive value is interpreted as number of memory pages.

Memory-mapped I/O (mmap) allows the database file to be directly mapped into the process's address
space, eliminating the need for explicit read and write system calls and reducing data copying between
kernel and user space. This can significantly improve performance for read operations, especially when
the database is large and fits within available memory.

3.3.8.3 $zsqlOpen
Returns true if a connection to the SQL server is open, false otherwise.
3.3.8.4 $zNative

$znative returns true (1) if globals are being stored in the native global array. False (0) otherwise.
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3.3.9 Relational Database Interoperability Example

As noted above ( 3.3.6 ), Mumps globals arrays stored in Sqlite3 can be accessed by SQL statements using
the sqlite3 CLI. Additionally, Mumps globals may mapped as ordinary relational database views and
relational database tables may be converted to Mumps globals.

In the distro section:

mumps/Mumps-Projects/MEDDB

is an example medical database showing a number of examples. The database loosely follows the structure
in Figure 4. All data in the database is randomly created and none represents real patients.

icians v
_] probtab v I phys ] officeVisit ¥
physician_code INT 5
icd_code CHAR{10) ptid CHAR(10)
physician_name VARCHAR(100) .
diagnosis VARCHAR(100) > physician_code INT
»> date DATE
time TIME
wtrans INT

=

»>

———o
:
>
|
|
|

|
|
| problems ¥ | ¥
ptid CHAR(10) | I H
icd_code CHAR(10) PI——————
{:ns_et DATE " I j .omoe'o'lsltnx :
osolved DATE I 1] 7 ptid GHAR(10)
& physician_code INT | Physician_code INT
- | 1<) | date DATE
! time TIME
3| —] pationttd r 4| 7 icd_code CHAR(10)
| ptid CHAR(10) >
| antry_date DATE HO
I Ot antry_time TIME j vitals v
j e v I nam.e VARCHAR(100) ptid CHAR(10)
insurer_code CHAR(10) | prefix CHAR(S) date_taken DATE
insurer VARCHAR(100) | = [T~~~ ——— 77— —HS < suffic CHAR(3) time. taken TIME
. I s.Trem VARCHAR(100) sysiolicINT
| city_state VARCHAR(100) = diastolic INT
5| I ______ o 3P CHARIS) cuise NT
1 I I tel CHAR(20) g S respiration INT
N | | (» insurer_code CHAR(10) temperature INT
_|] insuranceBill ¥ I I > >
trans INT —
& ptid CHAR{10) ) medadmin ¥
date DATE - ptid CHAR{10)
time TIME o_lt--——————————————F = ————— —1< < onset DATE
amount FLOAT v medication_code INT
» insurer_code CHAHH:J o———————— .i plid CHAR(10) I dﬂ@ﬁ.‘lNT
| <] ¥ icd_code CHAR(10) admin_cate DATE
| onset DATE admin_time TIME
:
] tabtab v _j Vst o DATE | ———————————— T o oo CHAR(10)
test_code INT test_time TIME — 5
test_name VARCHAR(100) fest_code INT _| medtab v
low_limit INT f @ result INT medication_code INT
high, imit INT S trans INT R medication VARCHAR(100)
> low_dase INT
high_dose INT
>

Figure 4 Medical Database ER Diagram
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The Bash script RelationalDB.scriptis an exercise in converting between ordinary relational databases and
Mumps globals and back again when using the Sqlite3 option.

1.

Creates a relational database consisting of several tables similar to those in Figure 4,
2. Converting the tables in the relational database to a Mumps global database, and,
3. Converting the Mumps database back to relational database tables.

The script file RelationalDB.script does each of the above as follows:

HFHERFRFROONOULEA WN R

WNEF O — — — — — — — ~— —

(A e gy
~No Ul B~

#!/bin/bash

# Feb 26, 2026

rm -f al a2 a3 a4 a5 a6 a7 a8 a9 ald all al2
rm -f mumps.sqglite
rm -f tmp tmpl tmp2
rm -f MumpsView.sql

# Recreate sqlite3 database
echo "Initialize sqlite3 database"
echo "y" | mumps-sql-db-create

# Generate random data and sql stmts to load it.
# The order of the following is important.

randata.

mps

insurance.mps > al

patientid.mps 100 >a2

insbill.mps > al2
probtab.mps > a3
labtab.mps > a6

medtab.mps > a8

phys.mps > a9
probs.mps 100 > a4
labs.mps > a5
medadmin.mps > a7

vit.mps

officevisit.mps > all

> alo

# Recreate sqlite3 database
echo "Initialize sqlite3 database"
| mumps-sql-db-create

eChO ||y||

echo

echo "Load sql database"

echo

# Load generated data into sql tables

sqlite3
sqlite3
sqlite3
sqlite3
sqlite3
sqlite3
sqlite3
sqlite3
sqlite3
sqlite3
sqlite3
sgqlite3

mumps .
mumps .
mumps .
mumps .
.sqlite

mumps

mumps .
mumps .
mumps .
mumps .
.sqlite
mumps .
mumps .

mumps

sqlite
sqlite
sqlite
sglite

sqlite
sqlite
sglite
sqlite

sqlite
sglite

rm al a2 a3 a4 a5 a6

al
a2
a3
a4
ab
ab
a7
a8
a9
alo
all
al2

ANNNMANANANNANNANNANNANANNA

a7 a8 a9 alo all al2

31



57) echo

58) echo "Parse schema"

59) echo

60)

61) # Parse the relational schema and generate select stmts
62) # and create a mumps table from them.
63)

64) parse_schema.mps

65)

66) # Create SQL views of the mumps table
67)

68) echo

69) echo "Create SQL views from Mumps table"
70) echo

71)

72) MumpsToSQlViews.mps

73)

74) echo

75) echo "Display sqlite3 schema"

76) echo

77)

78) sqglite3 mumps.sglite ".schema"

3.3.9.1 Remove results of any prior execution of this script. Lines 5-8

Delete files created by a prior execution of this script (if any)

3.3.9.2 Create an empty sqlite3 database (mumps.sqlite). Lines 10-12

Delete any prior instance of mumps.sqlite and create a new instance.

3.3.9.3 Generate SQL statements to create the relational database. Lines 17-30

This section SQL statements to create and insert random data into the medical relational database tables.

This first part, line 17 above, randomly generates name, date, times, ICD codes, etc. and stores these in
global arrays for subsequent use.

The first instance where relational database tabe;s are generated is line 19. This program generates SQL
statements that are written to the fiole al. The contents of al look like:

pragma journal mode=off;

pragma synchronous=o0ff;

drop table if exists insurers;

create table insurers (insurer code char(10), insurer varchar(100), primary key
(insurer _code) );

begin transaction;

insert into insurers values ('Blue Cross Blue Shield',b '100');
insert into insurers values ('None','999');

insert into insurers values ('Mutual of Omaha',6 '110');

insert into insurers values ('John Deere', '120');

insert into insurers values ('United Health Care',6 '130');
insert into insurers values ('Self Insured',k '140');

insert into insurers values ('Medicare', '150');

insert into insurers values ('Medicaid', '160');

insert into insurers values ('ObamaCare','170');

insert into insurers values ('Self',6'180');

end transaction;

These statements create a two columns table named insurers whose columns are an isurer id code and the
name of the insurer.

The statements in al will be executed in a later step.
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3.3.9.4 Reinitialize mumps.sqlite database. Lines 32-34
Start nest step with a clean database.
3.3.9.5 Load relational database. Lines 42-53

Pass the SQL statements created in step 3.3.9.3 to the sqlite3 CLI This will execute the SQL statements and
build the relational database.

3.3.9.6 Parse database schema create a mumps global database. Line 64
The program in line 64, parse_schema.mps, execute the command:

sqlite3 mumps.sqlite .tables > tmp

which writed to file tmp a list of the tables known the to Sqlite3 database. The contents of file tmp look like the
following:

insuranceBill Tlabtab mumps physicians vitals
insurers medadmin officeVisit problems
labs medtab patientId probtab

For each table in tmp, the program builds a Bash command and executes the following:

. s x="sqlite3 mumps.sqlite "
s x=x_"""pragma table info(" table ");"" > tmpl"
. S %=$zsystem(x)

which looks like the following (for the table problems) to the shell creates by $zsystem():
sqlite3 mumps.sqlite "pragma table info("problems");" > tmpl

The command when executed writes to tmp1 information about the columns of the table. For example, for the table
problems, the command would be:

pragma table info("problems");
with the result:

O|ptid|char(10)|0] |0
1l|icd code|char(10)|0]| |0
2|onset|date|0]| |0

3| resolved|date|0]| |0
4|physician code|INT|0]| |0

where each row describes a column in the table. The original SQL command (from file a4) was:

create table problems (ptid char(10), icd code char(10), onset date, resolved date,
physician code int);

From the information in file tmp1, the program generates statements in file tmp2 such as the the following:

sqlite3 mumps. sqlite "insert into mumps (al,a2,a3,a4,a5,a6,a7,a8,a9,ald,all, a12 al3,al4)

select 'problems',ptid,icd code,onset, resolved,physician code, "' Y,
vyttt from problems limit 10;"

sqlite3 mumps.sqlite "1nsert into mumps (al a2 a3 a4 a5,a6,a7,a8,a9,al0,all,al2,al3,ald)
values ('problems','*', "', "', rr,nr v, rn, v, v, 'ptid, icd_code, onset,
resolved, phy51c1an7code )"

Lines in tmp2 are then executed. The limit 10 parameter is present to limit the size of the example database. This
creates a Mumps global array named ~problems and initializes it with 10 rows from the problems relation. The second
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line initializes the Mumps Aproblems global variable with a string containing the original probmes relation's column
headings as if the following Mumps command had been executed:

set “problems="ptid,icd code,onset, resolved,physician code"

Finally, the original relational tables are dropped by executing file tmp3 leaving only the mumps relation.
3.3.9.7 From the Mumps global database, generate relational views. Line 72

The program MumpsToSQlViews.mps reverses the process by creating relational table views from the mumps master
table. It writes the file MumpsView.sql: (blank lines added). The column headings in the created view are taken from
the global array variables without indices created in the prior step such as:

set “problems="ptid,icd code,onset, resolved,physician code"

drop view if exists mumps insuranceBill;
create view mumps_insuranceBill (ptid,date,time,amount) as select a2,a3,a4,a5 from mumps where
al='insuranceBill' and a2 != '"';

drop view if exists mumps_insurers;
create view mumps_insurers (insurer _code) as select a2 from mumps where al='insurers' and a2 !=
o,

’

drop view if exists mumps_ labs;
create view mumps labs (ptid,test date,test time,test name,result,icd code) as select
a2,a3,a4,a5,a6,a7 from mumps where al='labs' and a2 != '';

drop view if exists mumps labtab;
create view mumps labtab (test code,test name,low limit) as select a2,a3,a4 from mumps where
al='labtab' and a2 '= '"';

drop view if exists mumps medadmin;
create view mumps medadmin (ptid,medication_code,dose,admin_date,admin_time,trnsaction) as

select a2,a3,a4,a5,a6,a7 from mumps where al='medadmin' and a2 != '";

drop view if exists mumps medtab;
create view mumps medtab (medication code,medication,low_dose) as select a2,a3,a4 from mumps
where al='medtab' and a2 != '';

’

drop view if exists mumps officeVisit;
create view mumps officeVisit (ptid,physician _code,date,time) as select a2,a3,a4,a5 from mumps
where al='officeVisit' and a2 != '"';

drop view if exists mumps patientId;
create view mumps patientId (ptid,entry date,entry time,name,prefix,suffix,street,
city state,zip,tel) as select a2,a3,a4,a5,a6,a7,a8,a9,al0,all from mumps where

al='patientId' and a2 != ;

drop view if exists mumps physicians;
create view mumps physicians (physician code) as select a2 from mumps where al='physicians' and
a2 I="'";

drop view if exists mumps problems;
create view mumps problems (ptid,icd code,onset,resolved) as select a2,a3,a4,a5 from mumps
where al='problems' and a2 != '"';

drop view if exists mumps probtab;
create view mumps probtab (icd code) as select a2 from mumps where al='probtab' and a2 != '"';

drop view if exists mumps vitals;
create view mumps vitals (ptid,date taken,time_ take,systolic,diastolic,pulse,respiration) as
select a2,a3,a4,a5,a6,a7,a8 from mumps where al='vitals' and a2 != '';
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3.3.9.8 Display final database schema. Line 78

Finally, the line sqlite3 mumps.sqlite ".schema" results in a display of all internal schema to stdout
(additional blank lines and formatting added):

CREATE TABLE mumps (al varchar(256), a2 varchar(256), a3 varchar(256), a4 varchar(256), a5 varchar(256), a6
varchar(256), a7 varchar(256), a8 varchar(256), a9 varchar(256), al@ varchar(256), all varchar(256), al2
varchar(256), al3 varchar(256), al4 varchar(512));

CREATE INDEX MI on mumps (al, a2);

CREATE VIEW mumps insuranceBill (ptid,date,time,amount) as select a2,a3,a4,a5 from mumps where
al='insuranceBill' /* mumps insuranceBill(ptid,date,time,amount) */;

CREATE VIEW mumps insurers (insurer code) as select a2 from mumps where al='insurers'
/* mumps_insurers(insurer _code) */;

CREATE VIEW mumps labs (ptid,test date,test time,test name,result,icd code) as select a2,a3,a4,a5,a6,a7
from mumps where al='labs' /* mumps_ labs(ptid,test date,test time,test name,result,icd code) */;

CREATE VIEW mumps labtab (test code,test name,low limit) as select a2,a3,a4 from mumps where al='labtab'
/* mumps_ labtab(test code,test name,low limit) */;

CREATE VIEW mumps medadmin (ptid,medication code,dose,admin_date,admin_time,trnsaction) as select
a2,a3,a4,a5,a6,a7 from mumps where al='medadmin'’
/* mumps _medadmin(ptid,medication code,dose,admin date,admin time,trnsaction) */;

CREATE VIEW mumps medtab (medication code,medication,low dose) as select a2,a3,a4 from mumps where
al="medtab' /* mumps_medtab(medication code,medication,low dose) */;

CREATE VIEW mumps officeVisit (ptid,physician code,date,time) as select a2,a3,a4,a5 from mumps where
al='officeVisit' /* mumps officeVisit(ptid,physician code,date,time) */;

CREATE VIEW mumps patientId (ptid,entry date,entry time,name,prefix,suffix,street,city state,zip,tel) as
select a2,a3,a4,a5,a6,a7,a8,a9,al0,all from mumps where al='patientId'
/* mumps patientId(ptid,entry date,entry time,name,prefix,suffix,street,city state,zip,tel) */;

CREATE VIEW mumps physicians (physician code) as select a2 from mumps where al='physicians'
/* mumps_physicians(physician_code) */;

CREATE VIEW mumps problems (ptid,icd code,onset,resolved) as select a2,a3,a4,a5 from mumps where
al='problems' /* mumps problems(ptid,icd code,onset,resolved) */;

CREATE VIEW mumps probtab (icd code) as select a2 from mumps where al='probtab'
/* mumps probtab(icd code) */;

CREATE VIEW mumps vitals (ptid,date taken,time take,systolic,diastolic,pulse,respiration) as select
a2,a3,a4,a5,a6,a7,a8 from mumps where al='vitals'
/* mumps vitals(ptid,date taken,time take,systolic,diastolic,pulse,respiration) */

3.3.9.9 Exmples

3.3.9.9.1 Mumps Display patientID 1

exampll.mps
#!/usr/bin/mumps

# display patient info
# ptid,entry date,entry time,name,prefix,suffix,street,city state,zip,tel

for ptid=$order(~patientId(ptid)) do
. write "Patient id: ",ptid," "
for entrydate=$order(~patientIld(ptid,entrydate)) do
.. set entrytime=$order(~patientId(ptid,entrydate,""))
. write "Date: ",entrydate," Time: ",entrytime,!
set name=$order(~patientId(ptid,entrydate,entrytime,""))
set pre=$order(~patientld(ptid,entrydate,entrytime,name,""))
.. set suf=$order(~patientId(ptid,entrydate,entrytime,name,pre,""))
. write ?710,pre," ",name," ",suf,!
set str=$order(~patientId(ptid,entrydate,entrytime,name,pre,suf,""))
set cs=$order(~patientId(ptid,entrydate,entrytime,name,pre,suf,str,""))
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set zip=$order(~patientId(ptid,entrydate,entrytime,name,pre,suf,str,cs,""))
set tel=$order(~patientId(ptid,entrydate,entrytime,name,pre,suf,str,cs,zip,""))
. write ?710,str,!,?10,cs," ",zip,!,?10,"Tel: ", tel, !!

Output:

Patient id: 101000 Date: 1961-3-1 Time: 09:17
Ms. Tarquin Warren Jr.
607 Panda Lane
Washington Terrace, Utah 65671
Tel: (610) 464-1034

Patient id: 102000 Date: 1967-8-6 Time: 10:17
Mr. Dom Cook
878 Beacon Ave.
Washington Crossing, New Jersey 17193
Tel: (182) 334-6205

Patient id: 103000 Date: 1980-3-23 Time: 08:45
Mr. Gae Mitchell
118 Quail Ave.
St-Antoine, New Brunswick 43144
Tel: (499) 686-9804

Patient id: 104000 Date: 1974-8-17 Time: 22:46
Mr. Veronica Baum
586 Fox Lane
Burlington, Ontario 82262
Tel: (888) 667-8174

Patient id: 105000 Date: 1995-8-29 Time: 16:48
Ms. Sierra Barnes
240 Tawny Ave.
Nevada City, Nevada 13092
Tel: (195) 264-9124

Patient id: 106000 Date: 1988-4-26 Time: 10:34
Ms. Tania Kemble
322 Court Lane Apt 64
Cartwright, Manitoba 29651
Tel: (269) 749-5021

Patient id: 107000 Date: 1995-6-2 Time: 06:39
Mr. Rian Joghs
505 Glen Lane
Washingtonville, Pennsylvania 61988
Tel: (347) 100-1405

Patient id: 108000 Date: 1958-1-7 Time: 11:13
Mr. Cristal Keilbach
519 Valley Ave. Apt 81
Arizona City, Arizona 31637
Tel: (964) 865-8108

Patient id: 109000 Date: 1975-11-30 Time: 01:47
Mr. Beatrix Fraser
480 Island Lane
Washington, Iowa 91644
Tel: (628) 645-6038

Patient id: 110000 Date: 1957-9-29 Time: 12:38
Ms. Noreen Stough Jr.
856 Beacon Ave. Apt 8
Minto, Manitoba 18823
Tel: (501) 373-9759

3.3.9.9.2 Mumps Display patientID 2
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exampl2.mps
#!/usr/bin/mumps

# display patient info

# ptid,entry date,entry time,name,prefix,suffix,street,city state,zip,tel

set i=$query(~patientId("")) do
if i="" break

write "Patient id: ",$qsubscript(i,1)," "

write ?10,$qsubscript(i,7),!,?10,%$gsubscript(i,8)," ",$qsubscript(i,9),!,?10,"Tel:

write "Date: ",$qsubscript(i,2)," Time:

write ?10,$qsunscript(i,5)," ",$qsubscript(i,4)," ",$qsubscript(i,4),!
$qsubscript(i,10),!!

for do

. set i=$query(@i) do

. if i="" break

",$gsubscript(i,3),!

. write "Patient id: ",$qsubscript(i,1)," "

. write "Date: ",$qsubscript(i,2)," Time: ", $qgsubscript(i,3),!
. write 710, $qsunscript(i,5)," ",$qsubscript(i,4)," ",$qsubscript(i,4),!

. write 710, $qsubscript(i,7),!,?10,%$qsubscript(i,8)," ",$qsubscript(i,9),!,?10,"Tel:

$qsubscript(i,10),!!

Qutput:

Patient id: 101000 Date: 1961-3-1 Time:
Ms. Tarquin Warren Tarquin

607 Panda Lane

Washington Terrace, Utah 65671

Tel: (610) 464-1034

Patient id: 102000 Date: 1967-8-6 Time:

Mr. Dom Cook Dom Cook
878 Beacon Ave.

Washington Crossing, New Jersey 17193

Tel: (182) 334-6205

09:17
Warren

10:17

Patient id: 103000 Date: 1980-3-23 Time: 08:45

Mr. Gae Mitchell Gae Mitchell

118 Quail Ave.

St-Antoine, New Brunswick 43144

Tel: (499) 686-9804

Patient id: 104000 Date: 1974-8-17 Time: 22:46

Mr. Veronica Baum Veronica

586 Fox Lane
Burlington, Ontario 82262
Tel: (888) 667-8174

Baum

Patient id: 105000 Date: 1995-8-29 Time: 16:48

Ms. Sierra Barnes Sierra
240 Tawny Ave.

Nevada City, Nevada 13092
Tel: (195) 264-9124

Barnes

Patient id: 106000 Date: 1988-4-26 Time: 10:34
Ms. Tania Kemble Tania Kemble

322 Court Lane Apt 64
Cartwright, Manitoba 29651
Tel: (269) 749-5021

Patient id: 107000 Date: 1995-6-2 Time:
Mr. Rian Joghs Rian Joghs

505 Glen Lane

06:39

Washingtonville, Pennsylvania 61988

Tel: (347) 100-1405

’
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Patient id: 108000 Date: 1958-1-7 Time: 11:13
Mr. Cristal Keilbach Cristal Keilbach
519 Valley Ave. Apt 81
Arizona City, Arizona 31637
Tel: (964) 865-8108

Patient id: 109000 Date: 1975-11-30 Time: 01:47
Mr. Beatrix Fraser Beatrix Fraser
480 Island Lane
Washington, Iowa 91644
Tel: (628) 645-6038

Patient id: 110000 Date: 1957-9-29 Time: 12:38
Ms. Noreen Stough Noreen Stough
856 Beacon Ave. Apt 8
Minto, Manitoba 18823
Tel: (501) 373-9759
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4 Mumps Interpreter & Compiler

This version of Mumps includes a Mumps interpreter and a Mumps compiler. The interpreter translates
and executes Mumps source code directly while the compiler translates Mumps source code to C++ and
then compiles it to an executable binary. The compiler has a limited ability to dynamically execute the
indirection operator and the xecute command. Most other Mumps features are availablem, however.

4.1 Mumps Interpreter

4.1.1 Running the Mumps CLI Interpreter

To run the command line interpreter from a terminal window, type:
mumps

Any Mumps commands you enter will be executed immediately. To exit the interpreter, type H[alt] or
control-d.

In interactive mode, you will be presented with a prompt (>). Any Mumps command may be typed for
immediate execution (including a goto or do command with a file name reference pointing to a file to be
loaded and executed).

The keyboard up arrow and down arrow keys may be used to cycle through and display commands
previously entered during this session. Your may line edit previously entered commands. To execute, hit
enter.

Command line input to Mumps follows GNU readline conventions.
To exit the Mumps CLI. use the Halt (h or H or halt) command or Ad.
4.1.2 Interpreting a Mumps Program

Mumps source code programs are ASCII files that can be created by any ASCII text editor.

However, avoid using word processing editors as they may embed hidden formatting characters into the
text. These will cause errors.

One way to interpret a Mumps program is to pass the name of the program as an argument to the
Mumps interpreter:

mumps progname.mps

This will invoke the Mumps interpreter and pass the name of the program to it for execution. The
program file passed need only be readable - execute permission is not required.

Alternatively, you may run a Mumps program directly source file by identifying the Mumps interpreter
on the first source code line and making the file executable. In this case, the Mumps program will have the
following as its first line:

#!/usr/bin/mumps

The pound sign (#) makes the line a comment to Mumps but #! is recognized by the Linux shell as
introducing the name of the program (mumps in this case) to receive the source file text. The default
location of the Mumps interpreter is: /usr/bin/mumps .
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The Mumps source file must be made executable:

chmod u+x progname.mps
where progname.mps is the name of your mumps source file.
Example:

#!/usr/bin/mumps
for i=1:1:10 do
. write "Hello World ",i,!
halt

You may execute the program by typing progname.mps to your terminal prompt. The program above
will write Hello World, followed by a number ten times.

Lines beginning (column 1) with pound sign (#) are ignored by the Mumps Interpreter and compiler.

4.2 Mumps Compiler

The Mumps Compiler is invoked with the script file mumpsc. This executable script will translate a
Mumps program to an intermediate C++ file and compile the result using the Mumps runtime libraries. The
result will be an executable binary. The intermediate C++ file is not deleted and can be inspected or edited. If
available, the intermediate file will be processed by astyle by default to improve readability.

Most, but not all, Mumps language features are available in the compiler.

The mumpsc script may be used to compile a C++ intermediate file from a previous translation from
Mumps to C++. You may edit the intermediate file.

Compiled programs source code, in nearly all cases, must begin with the zmain command
as the first executable command. Omitting this line will result in many errors.

You may edit the C++ file created by the Mumps Compiler and include calls to other routines. You may
compile the result (the C++) file) to a binary executable also using mumpsc.

You should not pass a Mumps compiler generated C++ file directly to the C++ compiler because the C++
file needs access to libraries which the mumpsc script command automatically provides.

If you use the Mumps Compiler, you should avoid using the xecute command and the indirection
operator (@) as these invoke the Mumps interpreter and greatly increase overhead.

4.2.1 How to Compile and Run a Mumps Program
In order to be compiled, programs written in Mumps must have the extension .mps.

When you compile a Mumps program, a C++ translation of your program is created and written to the
disk with the same name but with the .cpp extension. The C++ translation is then compiled and linked with
run-time libraries to build an executable binary.

You may compile a Mumps program by using the executable script mumpsc. To compile a Mumps
program using the script, type:

mumpsc myprog.mps

The actual program that translates Mumps to C++ is named mumps2c. You may run this program
standalone:

mumps2c myprog.mps
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The result will be a file named myprog.cpp. You may edit or modify this file and then compile it to binary
executable with the mumpsc script.

Both ordinary C++ programs that use the MDH class libraries, and C++ programs created by the Mumps
compiler, make use of the same Mumps compile and runtime libraries. The mumpsc script passes libraries
these to the gpp compiler. Compiling Mumps related code with the gpp compiler without these libraries will
result in errors.

4.2.2 Compiler Error Messages

Generally speaking, in most cases you will receive syntax error messages from the Mumps compiler.
These will identify the error and the line number in the original Mumps program containing the error.

However, in some cases, an error may not be detected by the Mumps compiler but, instead, by the C++
compiler.

Consequently, if you get ++ compiler error messages, the line number on the error message will refer to
the line number in the C++ translation of your Mumps program. To connect this to a line number in your
Mumps program, look into the generated .cpp file at the line number given by the C++ error message and
then back track to the nearest prior commented Mumps source line - this shows the original in your Mumps
programs that caused the problem.

For example, if you get a message from the C++ compiler saying that you have an error at line 1234 in
the C++ module, open the C++ file and move to line 1234. At that location you may see something like®:

/* *
svPtr->LineNumber=4; // write "the sum is: ", total,!
/* */

if (svPtr->out file[svPtr->io]==NULL) ErrorMessage("Write to input file",svPtr->LineNumber);

svPtr->hor[svPtr->iol+=fprintf(svPtr->out file[svPtr->io], "%s","the sum is: ");

if (sym_ (SYMGET, (unsigned char *) "total", (unsigned char *) tmp@,svPtr)==NULL)
VariableNotFound(svPtr->LineNumber);

svPtr->hor[svPtr->io]+=fprintf(svPtr->out file[svPtr->io],"%s",tmp0);

fprintf(svPtr->out file[svPtr->io],"\n"); svPtr->hor[svPtr->iol=0; svPtr->ver[svPtr->io]++;

Figure 5 Example C++ Code

Note that each original line of Mumps code and its line number in the original Mumps file appear in a
comment prior to the C++ translation of the line. Note that the translation of a line of Mumps code normally
results in multiple lines of C++ code.

Generally speaking, you may receive C++ error messages if you reference non-existent labels or
subroutines, or incorrectly specify indented do blocks (see below).

4.2.3 Global Array Storage in Compiled Programs

Global arrays will be stored in Sqlite3 or the native Btree database depending on which installer you used
to build the interpreter. Global arrays created by compiled programs are interchangeable with global
arrays created by the interpreter.

4.2.4 Compiler Performance and Interoperability

Compiled modules, exclusive of database access, execute faster than the same code executing on the
interpreter. However, programs with large amounts of database or I/O activity will run at about the same
speed as interpreted versions of the same program.

8 The code in the example does not contain an error. It is for example purposes only.
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One advantage of full compilation is interoperability with other languages and with the host operating
system. Programs written in C++ have full access to all system features and can be manually edited to
improve performance.

4.3 Mumps Interpreter & Compiler Z Functions, and System Variables

$zfunctions and systems variables are extensions added by the implementer and not covered by the
standard. Thus, many if not all of the following extensions may not be supported, or supported differently, in
other implementations. These are available with few exceptions, in both the compiler and interpreter
version of Mumps. Several are available in the MDH Toolkit but usually with a different syntax.

Implementation note: you may add new $z functions by modifying the function zfen() located in the
source file interp-zfcns.cpp.in.

4.3.1 System Variables

4.3.1.1 $zProgram

Returns a string with the name of the currently executing program.

4.3.2 Database Functions

4.3.2.1 $zGlobal(string)

Returns the name of the global array alphabetically following the value in string. Returns an empty string if
there is none. Returns the name of the alphabetically first global array name if an empty string is passed.

4.3.2.2 $zDBfile
Returns the name of the file containing the Sqlite3 data base or an empty string if Sqlite3 is not in use.
4.3.2.3 $zDBname

Returns the name of the Sqlite3 table in which the global arrays are stored or an empty string is Sqlite3 is
not in use.

4.3.2.4 $zIndexsize

Returns the maximum number of indices permitted in a global array if Sqlite3 is in use. An empty string
otherwise.

4.3.2.5 $zIndexmax

Returns the maximum string length of a global array index element is Sqlite3 is in use or an empty string
otherwise.

4.3.2.6 $zDatasize

Returns the maximum string length of a data element that may be stored in a globale array if Sqlite3 is in
use or the empty string otherwise

4.3.2.7 $zDatabase
Returns a number indicating the database server:
1 Native database server with disk resident files

2 Sql database with disk resident files
3 Sql database with memory resident files (transient)
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4.3.3 Bash Functions

4.3.3.1 $zbasename(argl[,arg2])

Returns a result equivalent of the Bash function basename

$zbasename(“/home/jsmith/base.wiki”) yields base.wiki
$zbasename(“/home/jsmith/"”) yields jsmith
$zbasename(“/"”) yields /

$zbasename(“/home/jsmith/base.wiki”,”.wiki"”) yields base
$zbasename(“/home/jsmith/base.wikia”,”ki"”) yields base.wi
$zbasename(“/home/jsmith/base.wiki”,”base.wiki”) yields base.wiki

4.3.3.2 $zfiletest(argl,arg2)

Performs a Bash style check on a file name. The first argument is the name of a file and the second is a
parameter that determines the type for file check. If the check condition is true, a one (1) is returned, zero
(0) otherwise. The following are legal values for the second argument:

-a True if FILE exists.

-b True if FILE exists and is
-Cc True if FILE exists and is
-d True if FILE exists and is
-e True if FILE exists.

-f True if FILE exists and is a regular file.

-g True if FILE exists and its SGID bit is set.

-h True if FILE exists and is a symbolic link.

-k True if FILE exists and its sticky bit is set.

-p True if FILE exists and is a named pipe (FIFO).

-r True if FILE exists and is readable.

-s True if FILE exists and has a size greater than zero.

-t True if file descriptor FD is open and refers to a terminal.

-u True if FILE exists and its SUID (set user ID) bit is set.

-w True if FILE exists and is writable.

-x True if FILE exists and is executable.

-0 True if FILE exists and is owned by the effective user ID.

-G True if FILE exists and is owned by the effective group ID.

-L True if FILE exists and is a symbolic link.

-N True if FILE exists and has been modified since it was last read.
-S True if FILE exists and is a socket.

Q

block-special file.
character-special file.
directory.

QU Q

4.3.4 Math Functions

The following C/C++ math functions are available in M2. Their arguments and return values are the same
as the correspondingly named C++ functions.

4.3.4.1 $zabs(arg) absolute value
Function returns the absolute value of its numeric argument.
4.3.4.2 $zacos(arg) arc cosine

Computes the inverse cosine (arc cosine) of the input value. Arguments must be in the range -1 to 1.

4.3.4.3 $zasin(arg) Arc sine

Computes the inverse sine (arc sine) of the argument arg. Arguments must be in the range -1 to 1.
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4.3.4.4 $atan(arg) Arc tangent

Computes the inverse tangent (arc tangent) of the input value.

4.3.4.5 $zcos(arg) Cosine

Computes the cosine of the argument arg. Angles are specified in radians.

4.3.4.6 $zexp(arg) Exponential

Calculates the exponential of arg, that is, e raised to the power arg (where e is the base of the natural
system of logarithms, approximately 2.71828).

4.3.4.7 $zexp2(arg) Exponential base 2
Calculates 2 raised to the power arg.
4.3.4.8 $zexp10(arg) Exponential base 10
Calculates 10 raised to the power arg.

4.3.4.9 $zlog(arg) Natural log

Returns the natural logarithm of arg, that is, its logarithm base e (where e is the base of the natural system
of logarithms, 2.71828...).

4.3.4.10 $zlog2(arg) Base 2 log
Returns the base 2 logarithm of arg.
4.3.4.11 $zlogl0(arg) Base 10 log
Returns the base 10 logarithm of arg.
4.3.4.12 $zpow(argl,arg2) Power function
Calculates arg1 raised to the exponent arg2.
4.3.4.13 $zsqrt(arg) Square root
Function returns the square root of its numeric argument.
4.3.4.14 $zsin(arg) Sine function
Computes the sine of the argument arg. Angles are specified in radians.
4.3.4.15 $ztan(arg) Tangent function

Computes the tangent of arg.

4.3.5 Date functions

4.3.5.1 $zdate(or $zd ) formatted date string

Function returns the system date and time in standard system printable format. This includes: day of
week, month, day of month, time (hour:minute:second), and year (4 digits).

4.3.5.2 $zd1 numeric internal date

Returns the number of seconds since January 1, 1970 - a standard used in Linux. This number may be
used to accurately correlate events.

4.3.5.3 $zd2(InternalDate) date conversion

Translates the Linux time from $ZD1 into standard system printable format. The argument is a Linux
format time value.
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4.3.5.4 $zd3(Year;Month,Day) Julian date

Returns the day of the year (Julian date) for the Gregorian date argument.
4.3.5.5 $zd4(Year,DayOfYear) Julian to Gregorian

Returns the Gregorian date for the Julian date argument.
4.3.5.6 $zd5(Year; Month, Day) comma listed date

Returns a string consisting of the year, a comma, the day of year, and the number of days since Sunday
(Monday is 1).

4.3.5.7 $zd6 hour:minute
Returns a string consisting of the hour, a colon, and the minute.
4.3.5.8 $zd7 hyphenated date

Returns a string consisting of the year, hyphen, month, hyphen, and day of month. If an argument is
given in the form of the number of seconds since Jan 1, 1970, the result returned will reflect the argument
date.

4.3.5.9 $zd8 hyphenated date with time

Returns a string consisting of the year, hyphen, month, hyphen, and day of month, comma, and time in
HH:MM format. If an argument is given in the form of the number of seconds since Jan 1, 1970, the result
returned will reflect the argument date.

4.3.6 Special Purpose Functions
The following special purpose functions are available:
4.3.6.1 $zb(arg) remove blanks
Function returns a string in which all leading blanks have been removed and all multiple blanks have been

replaced by single blanks. See also $zNoBlanks(). Figure 6 gives examples.

1 #!/usr/bin/mumps
2 set a=" abc  xyz 123 "
3 write $zb(a), "***x", !

output:
abc xyz 123 ***

Figure 6 $Zb() Examples
4.3.6.2 $zchdir(directory_path) change directory

Function changes the current directory to the path specified. If the operation succeeds, a zero is
returned. If it fails, -1 is returned.

4.3.6.3 $zCurrentFile Current Mumps File
Returns the name of the currently executing Mumps program file (if any) ar blank.
4.3.6.4 $zdump|(filename)] dump global arrays

Function dumps the globals to a sequential ASCII file in the current directory. If an argument is given, it
is taken as the name of the file to which the globals will be written. If the argument is omitted, a file name is
constructed from the system date of the form number.dmp where number is the value of the C++ time()
function at the time of the dump.
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The dump file is a pure ASCII text file. Each entry in the global array is represented by two lines. The
first line is the global array reference and the second line is the store value. In the global array reference,
parentheses and commas are replaced by the "~" character. Thus, if you wish to use this facility, you may not
include the "~" character in a global array index.

The function $zrestore() reloads the global arrays from a dump file (see below).

$zdump and $zrestore do not work when SQL is used for the global array store.
4.3.6.5 $zrestore[(arg)] restore globals
Function restores the globals from a dump file produced by $zdump. If an argument is given, it is taken
as the name of the dump file otherwise, the default name dump is used.
$zdump and $zrestore do not work when SQL is used for the global array store.
4.3.6.6 $zfile(arg) file exists test
Function returns a zero or one indicating if the file given as the argument exists.
4.3.6.7 $zflush flush Btree buffers

Function flushes all modified native global array handler buffers to disk. The function should only be
used with the native globals. After flushing, all updates to the btree file system have been committed. In
cases where the internal buffers are very large, this function may take several seconds to execute. The
function returns the empty string. Flushing the buffers is a precaution against system failure which would
otherwise result in corruption of the global arrays.

4.3.6.8 $zgetenv(arg) get environment variable

Returns the contents of the environment variable specified as arg or the empty string if the variable is
not found.

4.3.6.9 $zhtml(arg) encode HTML string

Function encodes its argument in the form necessary to be a cgi-bin parameter. That is, alphabetics
remain unchanged, blanks become plus signs and all other characters become hexadecimal values, preceded
by a percent sign.

4.3.6.10 $zhit global array cache hit ratio

Function calculates and returns the native global array cache hit ratio. This number ranges between
zero and one. A value of one indicates all requests were satisfied from the cache while a value of zero
indicates no requests were satisfied from the cache. Calling this function resets the hit ratio to zero. A higher
value for the hit ratio indicates better database performance.

4.3.6.11 $zlower(string) convert to lower case
Function returns the input string with alphabetics converted to lower case.
4.3.6.12 $znormal(argi[,arg2]) word normalization

Function converts the word passed as argument 1 to lower case and removes any embedded
punctuation. If a second argument is given, the word is truncated to the length specified by this argument. If
no second argument is given, words are truncated to 25 characters if their length exceeds 25 characters.

4.3.6.13 $zNoBlanks(arg) remove all blanks

Returns arg with all blanks removed. See also: $zb.
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4.3.6.14 $zpad(argl,arg2) left justify with padding

Function left justifies the first argument in a string whose length is given by the second argument,
padding to the right with blanks.

4.3.6.15 $zseek(arg)

Function takes one argument (a positive integer) which is a byte offset in the currently active (use) file. The
command moves the file pointer to that location in the file. $zseek() may only be used on files opened with
old attribute. Figure 7 gives examples.

1 #!/usr/bin/mumps
2 open 1:"tdb,new"
3 for j=1:1:1000 do
4 . use 1

5 . set i=$ztell
6 . set "a(j)=1i

7 . write "xrckx U g
8

9

close 1
10 open 1l:"tdb,old"
11 for j="":$order("a(j)):"" do
12 . use 1
13 . set i=$%$zseek(™a(j))
14 . read a
15 . use 5
16 . write a,!

output:

Kkkxk ]
kkkk 10

kkkx 100
w0k 1000
kkkx 1091
kkxk 102
kkkkx 1093
*kxk 104
kkkx 1095
*kxk 106
kkxk 1097
**k*xk 108
kkxk 1099
kkkx 11
kkxk 170
kkkx 111

Figure 7 $Zseek() Examples

4.3.6.16 $zsrand(arg)

Seed the random number generator. The value passed as the argument will seed the internal random
number generator. If the random number generator is re-seeded with the same seed, the sequence of
random numbers produced by $random will be the same. The value passed must be a positive integer.

4.3.6.17 $zstem(arg)

Returns an word English word stem of the argument. This function attempts to remove common endings
from words and return a root stem.
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4.3.6.18 $zsystem(arg)

Executes "arg" in a system shell. Returns -1 (fork failed) or the return code of the execution of the
argument. See also the shell command.

4.3.6.19 $ztell

Function returns the byte offset in the currently open file. Similar to the C++ ftello function. Note: The
offset returned is for the file most recently made the default i/o file by the use command. $ztell may be used
on either a file opened as new, old or append. (See example under $zseek above)

4.3.6.20 $zu(expression)
Function returns 1 if the expression is numeric, 0 otherwise.
4.3.6.21 $zwi(arg)

Function loads an internal buffer with the string given as the argument. The alphabetic characters of the
argument are converted to lower case. The contents of this buffer are returned by the $zwn and $zwp
functions. Figure 8 gives examples.

4.3.6.22 $zwn extract words from buffer

Function returns successive words from the internal buffer delimited by blanks. When no more words
remain, it returns an empty string (string of length zero). Returned words are converted to lower case. See
$zwi.

4.3.6.23 $zwp extract words from buffer
Function returns successive words from an internal buffer delimited by blanks and punctuation

characters. When no more words remain, it returns an empty string (string of length 0). Returned words are
converted to lower case. See $zwi.

4.3.6.24 $zws(string) initialize internal buffer

Initializes the parse buffer but does not convert "string" to lower case as is the case with $zwi

1 #!/usr/bin/mumps

2 set i="now, is the time, for all good"
3 set %=%$zwi(1i)

4 for w=$zwp write w,!

5 write "------- ",

6 set %=$zwi(i)

7 for w=$zwn write w,!

output:

now
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good
Figure 8 $Zwi() Examples

4.3.7 Scan Functions
4.3.7.1 $zzScan
4.3.7.2 $zzScanAlnum

4.3.7.3 $zzInput(var)

The functions return the next word in the current input stream delimited by white space. Words are
restricted to a maximum length of 1023. Successive calls return successive words. When there are no more
input words, an empty string is returned and $test is set to false.

If only part of a line is scanned as a result of these functions, a subsequent read command will begin at
the white space following the last word returned.

If scanning input from stdin (i/o unit 5), you may signal end of file with a control-d on a separate line by
itself. This will result terminate the scan and $test will be set to false.

$zzScan returns all words delimited by whitespace with no conversion. Words may contain any
printable ASCII character.

$zzScanAlnum processes words before returning them according to the following rules:

- If aword begins with a number or punctuation, it is not returned.
« Non alpha-numeric characters are removed.
- Alpha characters are converted to lower case.

Both functions will advance to additional lines as needed. If a word exceeds 1023 bytes, the results are
undefined. See Figure 9 for an example.

for the input line:

now -- 7?7 l@#$%°&*() += IS 2for the time for

for set i=$zzScan quit:'$test write i,!
output:

now

??
l@#$%"&* () _+=
IS

2for

the

time

for

for set i=$zzScanAlnum quit:'$test write i,!

output:
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now
the
time
for

Figure 9 Scan Functions Examples

$zzInput(var) reads an entire input line, converts all characters to lower case, separates the words,
removes punctuation (as defined by the C ispunct() function except hyphen), and stores the words into a
numerically indexed array whose name is the value of the variable or constant passed as the argument.
The function returns the number of elements in the array. A return of zero indicates no input was obtained
(end of file). As the array created by the function could be quite large, you should probably kill it when no
it is longer needed. The maximum line length permitted is twice the system parameter MAX_STR (9,000
bytes by default).

4.3.8 Vector and Matrix Functions

4.3.8.1 $zzAvg(vector)
Computes and returns the average of the numeric values in the vector. For example, see Figure 10.

#!/usr/bin/mumps

for i=1:1:10 set ~a(99,1i)=1i
set i=$zzAvg(~a(99))

write "average=",1i,!

A WN B

Figure 10 $zzAvg() Example

The above writes 5.5
4.3.8.2 $zzCentroid(ghlMatrix,gblRef)

A centroid vector ghlRef is calculated for the invoking two dimensional global array ghlMatrix. The
centroid vector is the average value for each for each column of the matrix. Any previous contents of the
global array named to receive the centroid vector are lost. The global array gblMatrix must contain at least
two dimensions. See Figure 11 for an example. The matrix must be a top level global array.

1 #!/usr/bin/mumps

2 for 1i=0:1:10 do

3 for j=1:1:10 do

4 set ~A(i,j)=5

5 set %=$zzCentroid(~A,"B)
6 for i=1:1:10 write "B(i),!
output

5

5

5

5

5

5

5

5

5

5

Figure 11 $zzCentroid() Example
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4.3.8.3 $zzCount(gblVector)

Counts the number of nodes that contain a value in the global array reference and any descendants. For
example, see Figure 37.

1 #!/usr/bin/mumps

2 kill ~a

3 for i=1:1:10 set "a(99,i)=1i
4 set i=$zzCount(~a(99))

5 write "count=",1i,!

writes: count=10

Figure 12 $zzCount() Example

4.3.8.4 $zzMax(gbl)

Computes and returns the maximum numeric value in the vector and any descendants. See Figure 13 for
an example.

1 #!/usr/bin/mumps

1 for i=1:1:10 set ~a(99,i)=i
2 set i=%$zzMax(~a(99))

3 write "max=",1i,!

output:

10

Figure 13 $zzMax() Example

The above writes the largest value stored in the vector.
4.3.8.5 $zzMin(ghl)

Returns the minimum numeric value stored in the vector and any descendants. See Figure 14 for an
example.

1 #/usr/bin/mumps

2 for i=1:1:10 set "~a(99,i)=1i*2
3 set i=$zzMin(~a(99))

4 write "min=",1i,!

output:

2

Figure 14 $zzMin() Example
4.3.8.6 $zzMultiply(ghll,gbl2,gbl3)

Multiplies the first and second matrix leaving the result in the third. The ordinary rules of algebra apply.
Figure 18 gives an example. The arguments gbll and gbl2 must be top level, two dimensional arrays.

4.3.8.7 $zzSum(ghlVector)

Computes and returns the sum of the numeric values stored in the vector. For example, see Figure 19.
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4.3.8.8 $zzTranspose(gblMatrix1,gblMatrix2)

Transposes the first global array matrix leaving the result in the second. For example, see Figure 20. the
argument gblMatrix1 must be a top level, two dimensional array.

4.3.9 Text Processing Functions
The following functions are used in connection with experiments in information storage and retrieval.

4.3.9.1 Similarity Functions
4.3.9.1.1 $zzCosine(ghl1,gbl2)
4.3.9.1.2 $zzSim1(gbl1,gbl2)
4.3.9.1.3 $zzDice(gbl1,gbl2)

4.3.9.1.4 $zzJaccard(gblil,ghl2)

These compute the Cosine, Sim1, Dice and Jaccard similarity coefficients between document vectors
given as the first and second arguments. Both arguments are numeric global array vectors. The formulae are
given in Figure 15 and an example in code is given in Figure 16. The formulae calculate the similarities
between two global array vector gbll and global array vector gbl2. The vectors need not be of equal length.
Missing elements are interpreted as zero. The vectors should be top level vectors.

k=t
22 Term, -Term
k=1
t

Term,, +Z Term,,
1

Simularity 1, (i, j)=1

=
Il

=~
1l
o

Term, -Term
k

1]
—

SimUIarityJaccard(i’j): k=t k=t
Term, + Z Term; — Z (Term, - Term jk)
k=1

k=1

=
I

t

N

Term,-Term
1

=
=|u

k

SimUIarityCosine(i’j):
\/ Term,-zk~z Ter mi’k
1

>~

k=t
Simularity (i, j)= Z Term,,-Term,

k=1

Figure 15 Similarity Formulae

1 #!/usr/bin/mumps
2 kill "A

3 kill "B

4

5 set "A("1")=3

6 set "A("2")=2

7 set "A("3")=1




8 set "A("4")=0
9 set "A("5")=0
10 set ~A("6")=0
11 set ~A("7")=1
12 set ~A("8")=1
13

14 set "B("1")=1
15 set “B("2")=1
16 set “B("3")=1
17 set ~B("4")=0
18 set ~B("5")=0
19 set “B("6")=1
20 set "B("7")=0
21 set "B("8")=0
22

23 write "Cosine=",$zzCosine("A,”B),!
24 write "Siml=",$zzSiml(~A,”"B),!

25 write "Dice=",$zzDice(™A,"B),!

26 write "Jaccard=",$zzJaccard(™A,”B),!

output:

Cosine=0.75
Siml=6
Dice=1
Jaccard=1

Figure 16 Similarity Functions
4.3.9.2 $zzBMGSearch(argl,arg2)

Boyer-Moore-Gosper Function returns the number of non-overlapping occurrences of argl in arg2.

These functions, were obtained from
ftp://ftp.uu.net/usenet/comp.sources.unix/volume5/bmgsubs.Z

and were written by Jeffrey Mogul (Stanford University), based on code written by James A. Woods (NASA
Ames, an agency of the U.S. Government) and are thus believed to be in the public domain. Figure 17 gives
an example.

1 #!/usr/bin/mumps

2 set key="now”

3 set str="now is the now of the now in the know”
4 write $zBMGSearch(key,str),!

output:
4

Figure 17 $zzBMGSearch() Example
1 #/usr/bin/mumps
2 Se.t Ad(lllll’lllll)=2
3 set Ad(lllll’II2II)=3
4 Se.t Ad(II2II’II1II)=1
5 se.t /\d(ll2ll,ll2ll)=_1
6 Set Ad("3","1")=0
7 Se.t /\d(ll3ll,ll2ll)=4
8
9 Se.t Ae(lllll’lllll)=5
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set
set
set
set
set
set
set

set

for
. f

~e("1","2")=-2
~e("1","3")=4
ST, DA
~e("2","1")=-6
A2, U0 =]
(TR0, 020 =k
~e("2","4")=0

%=$zzMultiply(~d,"e,~f)

i="":$order(~f (i ))'"" do
or j="":$order(~f(i,j)):"" do

. write i," ",j," " Af(l,j),'

tput:

-8
-1
-1
14
11
-3
7

7
-24
4
-12
0

APWNEFEFRRWNREA,WNRE

#!/us
for
set
writ

tput:

#1/u
kil

set
set
set
set

set

Figure 18 $zzMultiply() Example

r/bin/mumps

i=1:1:10 set "a(99,i)=1i
1=$zzSum(~a(99))

e "sum=",1i,!

Figure 19 $zzSum() Example

sr/bin/mumps
1 ~f

~Ad(n1r, 1
~Ad(n1n, 2t
~d(n2", 1
~d(n2n, 2t

~— ~— ~— ~—

o~ WN

%=%$zzTranspose(~d,"f)

for i="":$order("~f (1 ))'"" do
. for j="":$order(~f(i,j)):"" do
. write i," ",j," " Af(l,j),'
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Figure 20 $zzTranspose() Example

4.3.9.3 $zReplace(string,pattern,replacement)

The regular expression in pattern is evaluated on string and, if there is a match, the matching section is
replaced by replacement. Figure 21 contains an example. In the first part, the word 'is' is replaced by 'IS'. In
the second part, a match is sought for any content between two sets of matching brackets ([[...]]). The
matched section is in back reference $2. This is then used as a pattern to be replaced.

4.3.9.4 $zShred(string,length)

4.3.9.5 $zShredQuery(string,length)

The $zShred() function segments the input argument string into fragments of length size upon
successive calls. The function returns a string of length zero when there are no more fragments of size
length remaining (thus, short fragments at the end of a string are not returned).

$zShred copies the input string to an internal buffer upon the first call. Subsequent calls retrieve from
this buffer. When the buffer is consumed, the function will copy the contents of the next string submitted to
the buffer. Figure 22 contains an example.

1 #!/usr/bin/mumps

2 set a="now is the time for all"

3 set a=$zReplace(a,"is","IS")

4 write a,!

5

6 set a="[[now is the time]]"

7 if $zPerlMatch(a," (\[\[)(.*)(\I\])") do
8 . set a=$zReplace(a,$2,"ABC")

9 . write a,!

output:

now IS the time for all
[[ABC]]

Figure 21 $zReplace() Example

1 #!/usr/bin/mumps

2 set a="now is the time for all good men to "
3 set a=a "come to the aid of the party"

4 for do quit:j=""

5 . set j=$zShred(a,5)

6 . if j="" quit
7 . write j,!

output:

nowis
theti
mefor
allgo
odmen
tocom
etoth
eaido
fthep

Figure 22 $zShred() Example

55



The $zShredQuery function segments length shifted copies of the input string into fragments of size
length upon successive calls. That is, the function first returns all the fragments of size length of the string
in the same manner as $zShred. However, it then shifts the starting point of the input string to the right by
one and returns all the fragments of size length relative to the shifted starting point. If repeatedly called, it
repeats this process a total of length times. When there are no more combinations, the empty string is
returned as shown in Figure 23.

1 #!/usr/bin/mumps

2 set a="now is the time for all good men to come to "
3 set a=a "the aid of the party"

4 for do quit:j=""

5 set j=$zShredQuery(a,5)

6

7

. if j="" quit
. write j,!
output:
nowis tothe goodm
theti aidof entoc
mefor thepa ometo
allgo wisth theai
odmen etime dofth
tocom foral epart
etoth lgood isthe
eaido mento timef
fthep comet orall
owist othea goodm
hetim idoft entoc
efora hepar ometo
11goo isthe theai
dment timef dofth
ocome orall epart
Figure 23 $ShredQuery() Example
4.3.9.6 $zzSoundex(s1)

Returns the Soundex code for the argument string as follows:

All letters are converted to lower case;

Non-alphabetic characters are removed;

Adjacent duplicate letters are replaced by a single occurrence;
The first letter is retained;

The letters b, f, p, and v are replaced by the number 1;

The letters ¢, g,j, Kk, q, s, X, and z are replaced by the number 2;
The letters d and t are replaced by the number 3;

The letter 1is replaced by the number 4;

The letters m and n are replaced by the letter 5;

10 the letter r is replaced by the number 6;

11. The is truncated to four characters.

O XNk W=

4.3.9.7 $zSmithWaterman(s1,s2,algn,mat,gap,noMatch,match)

Computes the Smith Waterman score between two strings. Result returned is the highest alignment score
achieved. String lengths are limited by STR_MAX in the interpreter. If you compare very long strings
(>100,000 characters), you may exceed stack space. This can be increased under Linux with the command:
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ulimit -s unlimited
Figure 24 gives an example.

1 #!/usr/bin/mumps

2 set sl="now is the time"

3 set s2="now i th time"

4 set i=$zSmithWaterman(sl,s2,1,0,-1,-1,2)
5 write "score=",i,!

output:

score=23

Figure 24 $zSmithWaterman() Example

Parameters:

If algn is zero, no printout of alignments is produced. If algn is not zero, a summary of the alternative
alignments will be printed.

If mat is zero, intermediate matrices will not be printed.

The parameters gap, noMatch and match are the gap and mismatch penalties (negative integers) and the
match reward (a positive integer).

If insufficient memory is available, a segmentation violation will be raised. Try increasing your stack
size.

4.3.9.8 $zzIDF(global,doccount)

Calculates the Inverse Document Frequency score of words contained in the argument global. The
parameter doccount is the total number of documents. The index of each element of the global vector is a
word and the value stored is the number of times the word occurs in the collection. Figure 25 gives and
example. The vector argument global must be a top level array.

1 #!/usr/bin/mumps

2 set "a("now")=2

3 set "a("is")=5

4 set "a("the")=6

5 set "a("time")=3

6 set j=4

7 set %=$zzIDF("a,j)

8 for i="":$order(”a(i)):"" write 1i," ",%a(i),!

output:
is 0.7
now 2.0
the 0.4
time 1.4

Figure 25 $zzIDF() Example
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4.3.9.9 Correlation Functions

4.3.9.9.1 $zzTermCorrelate(globall,global2)

Calculates the Term-Term co-occurrence matrix for the Document-Term matrix in globall. The result is
placed in global2.

A Term-Term matrix has terms (words) as the indices of its rows and columns. A Term-Term matrix
gives, for each position, the degree to which the term corresponding to the row is similar to the term
corresponding to the column. The diagonal, which is the degree a term is related to itself, is ignored. Both
operands must be top level arrays.

In both the doc-doc and term-term matrices, the upper and lower diagonal matrices are mirror images
of one another. Figure 26 gives an example. The order of words in the output will depend upon which data
base facility is in use and what it's collating settings are. The Native global array handler collates according
to ASCII-7.

1 #!/usr/bin/mumps

2 kill ~A,”B

3

4 set ~A("1","computer")=5

5 set "A("1","data")=2

6 set "A("1","program")=6

7 set “A("1","disk")=3

8 set ~A("1","laptop")=7

9 set ~A("1","monitor")=1

10

11 set ~A("2","computer")=5

12 set ~A("2","printer")=2

13 set AA("2","program")=6

14 set ~A("2","memory")=3

15 set ~A("2","laptop")=7

16 set ~A("2","language")=1

17

18 set ~A("3","computer")=5

19 set ~A("3","printer")=2

20 set ~A("3","disk")=6

21 set ~A("3","memory")=3

22 set ~A("3","laptop")=7

23 set ~A("3","USB")=1

24

25 set %=$zzTermCorrelate(™A,” B)
26

27 for i="":$order(”B(i)):"" do
28 . write i,!

29 . for j="":$order(”B(i,j)):"" do
30 . write ?10,j," ",”B(i,j),!
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output:

USB monitor 1 monitor
computer 1 printer 1 computer 1
disk 1 program 1  language data 1
laptop 1 computer 1 disk 1
memory 1 laptop 1 laptop 1
printer 1 memory 1 program 1
computer printer 1 printer
USB 1 program 1 USB 1
data 1 laptop computer 2
disk 2 USB 1 disk 1
language 1 computer 3 language 1
laptop 3 data 1 laptop 2
memory 2 disk 2 memory 2
monitor 1 language 1 program 1
printer 2 memory 2 program
program 2 monitor 1 computer 2
data printer 2 data 1
computer 1 program 2 disk 1
disk 1 memory language 1
laptop 1 USB 1 laptop 2
monitor 1 computer 2 memory 1
program 1 disk 1 monitor 1
disk language 1 printer 1
USB 1 laptop 2
computer 2 printer 2
data 1 program 1
laptop 2
memory 1

Figure 26 $zTermCorrelate() Example
4.3.9.9.2 $zzDocCorrelate(gblrefl,gblref2, mthd,thrshld)

A square Document-Document matrix gblref2 is calculated from the Document-Term matrix gblref1
according to method mthd (Cosine, Sim1, Dice, Jaccard). The value of elements in the Document-Document
matrix will not exceed threshold (thrshld) and the cells associated with coresponding document numbers
will not exist.

A Document-Document matrix has document id's as its row and column indices. A cell in the matrix

indicates the degree to which the row document is related to the column document. The diagonal is
ignored. Figure 27 gives an example.

4.3.9.10 Stop and Synonym Functions
4.3.9.10.1 $zStoplnit(arg)
4.3.9.10.2 $zStopLookup(word)
4.3.9.10.3 $zSynInit(fileName)

4.3.9.10.4 $zSynLookup(word)

A call to $zStopInit(file_name) will open and load a file of stop words into a C++ container. The file
should consist of one word per line. If the file cannot be opened or there is insufficient memory to hold the
list of words, the program will halt with an error message. $zStopInit() converts all words to lower case.

#!/usr/bin/mumps

1

2 kill ~A,”B

3

4 set “A("1","computer")=5
5 set "A("1","data")=2

6 set “A("1","program")=6
7 set "A("1","disk")=3
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8 set ~A("1","laptop")

=7
9 set "A("1","monitor")=

1

10
11 set ~A("2","computer")=5
12 set ~A("2","printer")=2
13 set ~A("2","program")=6
14 set ~A("2","memory")=3
15 set ~A("2","laptop")=7
16 set ~A("2","language")=1
17
18 set ~A("3","computer")=5
19 set ~A("3","printer")=2
20 set "~A("3","disk")=6
21 set ~A("3","memory")=3
22 set ~A("3","laptop")=7
23 set ~A("3","USB")=1
24
25 set %=%$zzDocCorrelate(”A,”B, "Cosine", .5)
26
27 for i="":$order(”B(i)):"" do
28 . write i,!
29 . for j="":$order(”B(i,j)):"" do
30 .. write ?10,j," ",”B(i,j),!
output:
1
2 0.887096774193548
3 0.741935483870968
2
1 0.887096774193548
3 0.701612903225806
3
1 0.741935483870968
2 0.701612903225806

Figure 27 $zDocCorrelate()Example

A call to $zStopLookup(word) will return 1 if word is in the stop list, 0 otherwise. Words presented to
$zStopLookup(word) should be in lower case.

$SynInit() opens a synonym file. The file should consist of two or more words per line separated by
from one another by one blank. The words are treated as synonyms with the first word on each line as the
primary synonym. The primary synonym may be a code or category number. This word or code will be
returned if any of the remaining words are passed as arguments to $SynLookup(). Figure 28 gives an
example.

These functions are peculiar to this implementation..'

Assume that the file “stop” contains the word “and”

set %=$zStopInit("stop")
if $zStopLookup("and") write "yes",!

Writes yes
Assume that the file “synonyms” contains a line with the text:

compression compressions compress compressed compresses
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set %=$zSynInit("synonyms")
write $zSynLookup("compressions"),!

output:
compression

Figure 28 Stop List Functions

4.3.10 GTK Related Functions

4.3.10.1 $z~mdh~toggle~button~set~active(ToggleButtonReference,intVal)
Sets the button to active if intVal is 1, inactive if the value is 0.
4.3.10.2 $z~mdh~dialog~new~with~buttons(ParentWindowRef,dialog)

Raises a Gtk Dialog window displaying the contents of dialog with buttons Yes and No. Returns 1 if Yes is
clicked; 0 if No is clicked; and -1 if the box is dismissed.

4.3.10.3 $z~mdh~entry~get~text(EntryReference)

Returns the current string contents of the referenced Entry box.

4.3.10.4 $z~mdh~entry~set~text(EntryReference,value)

Sets the contents of the named entry box to value.

4.3.10.5 $z~mdh~text~buffer~set~text(TextBufferReference,string)

Sets the contents of the referenced text buffer to the value of string.

4.3.10.6 $z~mdh-~label~set~text(LabelReference,string)

Sets the text contents of the label referenced to string. Triggers a value changed signal.
4.3.11 $z~mdh~tree~selection~get~selected(TreeModelReference,column)
Returns value in designated column of referenced TreeModel.

4.3.11.1 $z~mdh~tree~store~clear(TreeStoreReference)

Clears (deletes) the contents of the referenced TreeStore.

4.3.11.2 $z~mdh~tree~level~add(TreeStoreReference,treeDepth,index,datal,...])

Add index at tree level treeeDepth to column 1 of TreeStore. Add additional data items in successive
columns.

4.3.11.3 $z~mdh~spin~button~get~value(SpinButtonReference)

Returns the current value of the referenced SpinButton.

4.3.11.4 $z~mdh~spin~button~set~value(SpinButtonReference,number)
Sets the current value of the referenced spin button to number.

4.3.11.5 $z~mdh~widget~hide(widgetReference)

Hides the widget from view.

4.3.11.6 $z~mdh~widget~show(widgetReference)

Displays (un-hides) the widget.
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4.4 Interpreter & Compiler Implementation Notes

4.4.1 Source Code Format

C++ and C code were formatted using:

astyle -A6 -s6 *.cpp *.c
C++ generated by the Mumps compiler is formatted in the same manner if astyle is available.

4.4.2 Pattern Match Operator

The pattern match operator was previously implemented using the PCRE (Perl Compatible Regular
Expression library Version 3). This library is now end of life and has been replaced vy PCRE 2 and PCRE 3
has been renumbered to PCRE 1 (not my idea).

Consequently, the pattern match operator is now implements by the POSIX-compliant regular
expression interface (regex) which is normally part of Linux distributions.

The patterns accepted by the pattern match operator must conform to the 1977 Mumps standard. The 1995
standard attempted to get closer to full regular expression capability but this goal is now better served by
widely accepted POSIX notation where more complex regular expression patterns can be used.

To enter a POSIX regular expression into a pattern match operator, place the expression in quotes and
precede it with a tilde (~). For example:

> write "111"?"~[[:digit:]]{3}"

The result 1 will be printed.

4.4.3 Modulo Operator

The modulo operator (#) returns results that are the same as the C/C++ modulo operator (%). Some Mumps
documentation shows the Mumps modulo returning results that are different than what would be expected
from C/C++ modulo.

4.4.4 Goto Command

If you use a goto command, all do command pending returns are canceled. That is if you invoke a section
of code by means of a do and the section of code executes a goto command, the return to the line the do
was on is canceled as well as any other pending returns.

You may not use a goto in a compiled program block.

4.4.5 Notes on Arithmetic Precision
See section 2.4 on page 18 for additional details.
4.4.5.1 $fnumber()

The builtin function $fnumber() only works on numbers that can be represented in a 64 bit floating point
variable.

4.4.5.2 Exponential format numbers

All numbers represented in exponential format are treated as floating point numbers. If exponential
format constants are used in expressions, they must be enclosed in quotes:
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set 1="1.23e3"*5
4.4.5.3 Extended Arithmetic Precision

If enabled, Mumps will use the GNU bignum integer and MPFR floating point packages (this can be
enabled/disabled by a configure in the build... script).

4.4.5.4 Floating Point Precision

When using extended precision MPFR numbers, floating point values have a default fractional precision of
72 bits. This can be changed with the --with-float-bits=val configure option. The maximum number of
printed decimal digits is, by default, 20. This can be changed with the --with-float-digits=val configure
option. The number of meaningful decimal digits that can be printed depends upon the number of bits in
the fractional part of the floating point number. More bits mean more decimal digits can be printed.

If MPFR is not present, standard hardware double precision is used.

4.4.5.5 Integer Precision

There is no effective limit to integer precision except string length and memory when the extended
precision bignum package is in use. Otherwise, precision is the same as the hardware long.

4.4.5.6 Extended Precision Performance

Extended precision arithmetic results in slower performance. The amount is dependent on how much
arithmetic a program does, whether it is mainly integer or floating point (floating point is slower), and, in
the case of fixed length numbers, how large the numbers are. Larger numbers result in slower
computations.

4.4.5.7 Rounding

The $justify() function is useful to round lengthy repeating decimal floating point numbers to a more
reasonable value.

4.4.6 New Command
The new command functions differently than in the 1995 standard. The following details its behavior.
4.4.6.1 Runtime Symbol Table

The new command controls the internal run time symbol table. Upon entering a block by means of a do
command, a new layer of the symbol table is created. Upon exit, the layer is discarded and the previous
layer becomes the current layer.

When a program begins, an initial or base layer is created in the symbol table. In the absence of any new
commands, newly created variables are stored at this base or initial layer.

When a variable is retrieved, all layers are searched beginning with the most recently created layer and
progressing through to older layers until the initial layer is reached.

In the absence of any new commands, only the initial or base layer will contain variables.

4.4.6.2 Forms of the New Command

There are three forms of the new command based on the arguments provided. The first has no arguments,
the second has a list of arguments consisting of variable names separated from one another by commas,
and, finally, the third has an argument consisting of a parenthesized comma separated list of variable
names. For example:
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new
new a,b,c
new (a,b,c)

4.4.6.3 New Command with No Arguments

A new command with no arguments cause the system to copy all variables from all layers to the current
layer.

Until the current block is exited, all access to any variable known at the time of the new command will
access the copy of the variable, not the original. Upon exit from the block, the copies are deleted”’.

Any variable created whose name was not known when the new command was executed, will be created
and stored at the lowest base layer of the symbol table and, consequently, not deleted upon exit from the
block that contained the new command.

If a new command is executed in a block that invokes a block which itself executes a new command, the
new command in the second block makes of copy of the invoking block's variables along with any
variables created by the invoking block after executing its new command. If, in the symbol table stack, a
vriable appears at several layers, only the most recent version will be copied.

An example is given in Figure 29. In this example, variables i, j, and k are created at the beginning of the
program. The function test1 is then called.

Initially, in test1, the variables have the same values that they did in the main function. The variable i is
changed. The new command is executed and a copy of all the variable currently known (i,j,k) is made to
the current layer. The values of i, j, and k are altered the function test2 is called.

The values of the variables on entry to test2 are the same as they were in testl. Another new command is
executed making another copy of the variables. These are altered and a new variable, y, not previously
known at any level (and thus stored at the base level) is created. Return is made to test1.

In test1 the values of the variable are printed and it can be seen that they have reverted to the values they
had prior to entering test2. Return is made to the main function.

In the main function the variables have reverted to the values they had prior to the invocation of test1 with
the exception of i which was altered in test1 prior to execution of the new command. It retains the value it
received in test1.

Note also that the variable y now exists at the main function level since, when it was created in test1, it
was not in the group of variables copied to the symbol table level for test1. Thus, it was created at the base
level of the symbol table.

However, when y was altered in test2, only the copy made by the new command in test2 was altered, not
the original.

#!/usr/bin/mumps
set i=10
set j=20
set k=30
do testl
write "Main: expect 100 20 30 50: ",i," ",j," ",k," ",y,!
halt

9 A block is any sequence of code entered as a result of a do command.
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testl write "testl: expect 10 20 30: ",i," ",j," ",k,!

set i=100
new
set i=11,j=22,k=33,y=50
do test2
write "testl: expect 11 22 33 50 : ",i," ",j," ",k," ",y,!
quit
test2 write "test2: expect 11 22 33 50: ",i," ",j," ",k," ",y,!
new
set i=12,j=23,k=34,y=55
write "test2: expect 12 23 34 55 : ",i," ",j," ",k," ",y,!
quit

root@AMD6 validate new@1l.mps

testl: expect 10 20 30: 10 20 30

test2: expect 11 22 33 50: 11 22 33 50
test2: expect 12 23 34 55 : 12 23 34 55
testl: expect 11 22 33 50 : 11 22 33 50
Main: expect 100 20 30 50: 100 20 30 50

Figure 29 new Command without Arguments
4.4.6.4 New Command with Arguments

There are two forms of the new command that take arguments.

The first has a list of arguments consisting of variable names separated from one another by commas:
new a,b,c

The second has an argument consisting of a parenthesized, comma separated list of variable names:
new (a,b,c)

If a variable is named in the list that does not exist, it is created in the current symbol table layer with a
value of the empty string.

4.4.6.5 New Command with Comma List of Variable Names

If the new command argument is a list of one or more variable names, it means that the variables listed
will be copied to the current symbol table level and, eventually, discarded when the current block is
exited.

If a variable whose name appears in the list exists at several layers in the symbol table stack, only the most
recent will be copied.

Any reference to any variable not in the argument list will be satisfied by searching through the symbol
table stack for the most recent instance of it. See Figure 30.

If a variable is mentioned in the argument list that does not exist, it is ignored.

#!/usr/bin/mumps
set i=10
set j=20
set k=30
do testl

10 A block is any sequence of code entered as a result of a do command.
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write "Main: expect 100 20 30 50: ",i," ",j," ",k," ",y,!

halt
testl write "testl: expect 10 20 30: ",i," ",j," ",k,!
set i=100
new i, j
set i=11,j=22,k=33,y=50
do test2
write "testl: expect 11 23 34 55 : ",i," ",j," ",k," ",y,!
quit
test2 write "test2: expect 11 22 33 50: ",i," ",j," ",k," ",y,!
new i
set i=12,j=23,k=34,y=55
write "test2: expect 12 23 34 55 : ",i," ",j," ",k," ",y,!
quit

root@AMD6 validate # new02.mps

testl: expect 10 20 30: 10 20 30

test2: expect 11 22 33 50: 11 22 33 50
test2: expect 12 23 34 55 : 12 23 34 55
testl: expect 11 23 34 55 : 11 23 34 55
Main: expect 100 20 30 50: 100 20 34 55

Figure 30 new Command with Comma List
4.4.6.6 New Command with Parenthesized List of Variable Names

If the new command argument list consists of a parenthesized list of one or more variable names, it means

to make a copy of the most recent versions of all known variables except for the variable named in the list.

This is similar to the no-argument version except the one or more variables known at the time of command
execution will not be copied to the current symbol table layer.

When the block containing the new command is exited, the copies of the variables are discarded but any
changes to this variables given in the argument list are not*".

See Figure 31.

#1/usr/bin/mumps

set i=10
set j=20
set k=30
do testl
write "Main: expect 11 22 30 50: ",i," ",j," ",k," ",y,!
halt
testl write "testl: expect 10 20 30: ",i," ",j," ",k,!
new (i,j)
set i=11,j=22,k=33,y=50
do test2
write "testl: expect 11 23 34 55 : ",i," ",j," ",k," ",y,!
quit
test2 write "test2: expect 11 22 33 50: ",i," ",j," ",k," ",y,!
new i
set i=12,j=23,k=34,y=55
write "test2: expect 12 23 34 55 : ",i," ",3," ",k," ",y,!

11 Note: if one or more of the variables in the argument list are themselves copies from a lower layer but not the base
layer, they will eventually be discarded.
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quit
root@AMD6 validate # newO3.mps

testl: expect 10 20 30: 10 20 30

test2: expect 11 22 33 50: 11 22 33 50
test2: expect 12 23 34 55 : 12 23 34 55
testl: expect 11 23 34 55 : 11

Figure 31 new Command with Parenthesized List

4.4.7 Kill Command

For non-globals, the kill command operates only on the current symbol table level.
4.4.8 For Command Extensions
The for command accepts extensions such as the following:

for i=$order(~a(i))
for i=init:$order(”a(i)):final ...

In the first example, the variable i will assume all the index values of the global array in collating
sequence order.

In the second, the first value of i will be the next higher collating sequence value of the index above init
and subsequent values will be the values in collating sequence order of the global array up to but not
including final.

4.4.9 Break and Quit

In this version, the break command has a non-standard use. Originally intended as a means of
interrupting a program for debugging purposes, in this implementation is is used in loop control.

A quit in a single line for terminates processing of the for. If there are multiple for commands, it
terminates the nearest:

for i=1:1:10 write i,! if i>5 quit
writes 1 through 6 only.

for i=1:1:10 for j=1:1:10 write j,! if j>5 quit
writes 1 through 6 ten times.

A break may NOT be used in a single line for command. It may ONLY be used in an indented block that
was introduced by a do command.

In an indented block, quit and break have special meanings:

A quit ends further processing of the block in which it appears and returns control to the line containing
the invoking do at a point just after the do. Processing of the line containing the invoking do resumes. If
there are more commands on the line, they are executed.

A break ends further processing of the block in which it appears but does not return the line containing
the invoking do. Instead, execution moves to the line following the block which the do invoked.

Examples:
for i=1:1:10 do write " continuing"
. write !,1
. if i>5 quit
. write " ",1
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write !,"done",!
writes

continuing
continuing
continuing
continuing
continuing
continuing
continuing
continuing
continuing
10 continuing
done

U WNRE

OCoNOOUE,WNR

In this example, the block is invoked 10 times. After each

invocation, the remainder of the line

containing the for is executed producing the instances of the word "continuing". Each block invocation
prints the value of i. When the value of i is greater than 5, the block executes the quit command thus
returning to the invoking line early. When the value if "i" is 5 or less, the full block is executed and return is

made to the invoking line at block end. When the for comma
line following the for and "done" is printed

set i=9
if i>0 do write " continuing"
. write !,1
if i>5 quit
. write " ",1
write !,"done",!
writes:

9 continuing
done

nd finishes execution, control is passed to the

In this example, the block is entered, the value of "i" is printed but, because "i" is greater than 5, the quit
is executed and control is returned to the invoking do and the word "continuing" is printed. Now, the line
being completely executed, control passes to the line following the block and "done" is printed.

for i=1:1:10 do write " mark "
. write i

. if i>5 quit

. write "X"

writes:
of line

of line
of line

1X
2X
3X

mark 1X
mark 2X
mark 3X
4X mark 4X end of line
5X mark 5X end of line
6 mark 6 end of line
7 mark 7 end of line
8 mark 8 end of line
9 mark 9 end of line
10 mark 10 end of line

end
end
end

In this example, multiple do commands are show
invokes the block following the line containing the do

do write " end of line",!

n. Note the two blanks following each. Each do
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On the other hand, the break command terminates the the block in which it is contained but
execution does not return to the line containing the invoking do but, instead, continues with the line

following the block:
for i=1:1:10 do write " continuing"
. write !,1i
if i>5 break

. write " ",1i

write !,"done",!

writes:
1 1 continuing
2 2 continuing
3 3 continuing
4 4 continuing
5 5 continuing
6
done

set i=9

if i>0 do write " continuing"

. write !,1i

if i>5 break

. write " ",1i

write !,"done",!

writes:

9

done

for i=1:1:10 do write " mark " do write " end of line",!

. write i

if i>5 break
. write "X"
write !
writes:

1X mark 1X end of line
2X mark 2X end of line
3X mark 3X end of line
4X mark 4X end of line
5X mark 5X end of line
6

In these examples, execution of the break can be seen to terminate the current block and move to the
line following the block.
for i=1:1:10 do
for j=1:1:5 do
. write j,!
if j>3 break

The above write 1 through 4 ten times.

Note: the contents of $test revert to their former value when exiting an indented block by means of
break or quit:
if 1=1 do

. write "test 1: ",$test,!
if 1=2 write "wow",!
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else write "not wow",!
. write "test 2: ", $test,
write "test 3: ", $test,!

writes:
test 1: 1
not wow
test 2: 0
test 3: 1

If you exit a block with a goto, the value of $test is not restored.

4.4.10 Lock Command with SQL

Locks are not needed if you are using Sqlite3 for global array storage as SQL transaction commands can
achieve the same or better effect.

When using SQL for the backend global array store, the Lock should not be used. Instead, use the more
modern native SQL transaction processing commands (BEGIN, COMMIT, ROLLBACK, etc.) to achieve the
same effect with far greater integrity.

4.4.11 Lock Command in Native Database Mode

The lock command has no effect on the single user database as there are no other users to lock datya access
to.

4.4.12 Naked indicator

This version of Mumps does not support the naked indicator.

It was originally included in early versions of Mumps because of the binary mapping of an n-way tree
which was used at the time to store the global arrays. The naked indicator was a short-hand to the

interpreter to allow it to search for a global without stating at the top of the tree each time thus resulting in
faster access. That is no longer the case with B-tree based access methods.

4.4.13 Job command

The JOB command results in a C/C++ fork() function to be executed thus creating a child process. The child
process will attempt to execute the argument to the JOB command. The JOB command may be used in the
native B-tree user mode but only one process may access the globals. The Sqlite3 version has no such
restriction.

The child process must end with a HALT command or the child process will hang.

4.4.14 File Names Containing Directory Information

When invoking a file name containing directory information (forward slash in Linux) with the DO or
GOTO commands, the file name itself must be enclosed in quotes. For example:

set x="""~/home/user/xxx.mps""" goto @x
goto @""""~/home/user/xxx.mps"""

Note the extra quotes. These are required in order to embed the file name in quotes.
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4.4.15 File Names

File names should conform to variable naming conventions except that the first character of a file name
may not be the percent sign (%) character. The first character must be alphabetic. File names may only
contain letters, digits and the percent sign. The underscore character may not be used.

4.4.16 Array Index Collating Sequence

Array index collating sequences for both global and local array is ASCIL That is, for the $query() and
$order() functions, all array indices will be presented in the same order as ASCII strings. Thus, in an array
with 15 elements whose indices range from 1 to 15, the indices will be presented as:

11011 1213 141523456789
You may achieve numeric ordering by storing the indices padded to left with blanks such as:

for i=1:1:15 set "a($justify(

i,8))=1i
set i="" for set i=$order(”a(i)

) quit:i='"' write +i,

n "

the indices will now be presented as:
1234567891011 12 13 14 15

Note the the +i in the write command has the effect of converting the string to a number with no leading
blanks.

4.4.17 Subroutine & Function Calls

Subroutines and functions may be performed in several ways as shown in Figure 32. Values returned from
functions invoked by a do command are ignored. In standard Mumps, the $$ form is used only with
function invocations.

Caution: be certain to include a halt or other exit in your program prior to any functions that may appear
at the end of your code. If the halt is not present, function code will be entered and any passed variables
will be undefined.

#!/usr/bin/mumps
# calls.mps

set i=10

do fcn(i)

do fcn(5)

do $$fcn(i)

do $$fcn(5)

set k=$$fcn(5)

write "returned k=",k,!

set i=10

do fcn™ext.mps(i)

do fcn”ext.mps(5)

do $$fcn”ext.mps(i)

do $$fcn”ext.mps(5)

set k=$$fcn”~ext.mps(5)
write "returned k=",k,!

do fcn”extl.mps
do fcn™extl.mps
do $$fcn”extl.mps
do $$fcn”extl.mps
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set k=$$fcn”extl.mps
write "returned k=",Kk,!

halt

fcn(x) write "in fcn(x) value passed is ",x,!
quit x

#!/usr/bin/mumps
# ext.mps

fcn(x) write "in fcn(x) value passed is ",x,!
quit x

#!/usr/bin/mumps

# extl.mps

fcn write "in fcn extl.mps",!
set x=22
quit x

output results:

in fcn(x) value passed is 10
in fcn(x) value passed is 5
in fcn(x) value passed is 10
in fcn(x) value passed is 5

in fcn(x) value passed is 5
returned k=5

in fcn(x) value passed is 10
in fcn(x) value passed is 5
in fcn(x) value passed is 10
in fcn(x) value passed is 5
in fcn(x) value passed is 5
returned k=5

in fcn extl.mps

in fcn extl.mps

in fcn extl.mps

in fcn extl.mps

in fcn extl.mps

returned k=22

Figure 32 Subroutine/Function Calls

4.4.18 $Fnumber() Function

The $fnumber() is implemented via the C function strfmon() which provides much greater flexibility
when dealing with differing locales and, especially, currencies. The default locale is en_US.UTF-8 but this
can be set with the configure option:

--with-locale=location-information

You may use $fnumber() with the legacy Mumps parameters or use it with a pattern parameter designed
for strfmon().
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If you use the strfmon() parameter option, the function takes two arguments. The first must be a number
consisting of only numeric characters. The second is a character string conforming to a strfmon() pattern
but preceded by an asterisk to distinguish the pattern from those used by the legacy Mumps function of the
same name. The strfmon() function is well documented but here are some examples:

set x=12345.6789

write $fn(x,"”*%!n") ==> 12,345.68

write $fn(x,"”*%n") ==> $12,345.68

write $fn(x,"*%i") ==> USD 12,345.68

write $fn(x,"”*%n3") ==> $12,345.683

write $fn(x,"*%20n") ==> $12,345.68

4.4.19 $Select() Function

All arguments of the $select() function are evaluated. In standard Mumps, they are evaluated individually
until one is true or all are false.

4.4.20 Compiling Large Programs

When compiling™ large programs, especially if SQL is enabled, there may be a warning about variable
tracking from the gcc/g++ compiler. You may ignore this.

4.4.21 Embedded Expressions

In several extended Mumps commands, the figure &~exp~ may appear. The expression exp is evaluated
and the result replaces the figure. For example:

set x="1s -1h"
shell &x~

4.4.22 Inline C++ Code (Compiler Only)

Lines that begin with a plus (+) sign in column 1 are inserted as-is into C++ programs. Usually, these will be
lines of C++ code. For example, if you have a line of Mumps code you want to execute 1000 times, the
Mumps code would be:

for i=1:1:1000 do
. write “abc”,!

This could be written as:

+ for(int i=0; i < 1000; i++) {
write “abc”,!
+ }

The C++ for loop is considerably faster. Note the omission of the “.” indent.

Mumps code will not have access to the C++ variable unless you use a declared variable into which you
place the C++ variables value:

declare val

+ for(int i=0; i < 1000; i++) {
+ sprintf(val, “%s”, i);

write val,!
+ }

12 Using the compiler is not presently recommended.
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4.4.23 Functions

This is the form of subroutine was originally used in Mumps. There are no parameters passed to the
subroutine and the subroutine shares the same namespace as the calling program hence, as seen in the
example in Figure 33, the values of the variables i, j, and k are accessible to the subroutine and any changes
to them are available in the calling program.

Variables created in the subroutine in the normal manner by a set or read command, unless the subject
of a kill command, are available to the calling routine.

Variables created in the subroutine as a result of a new command are destroyed upon return and are
not available to the calling routine.

zmain

set i=10

set j=20

set k=30

write "main program:
do test

write "main program: ",i,
write "main program x=",x,!

write "main program $data(y)=",$data(y),
halt

Il’i'll Il’j’ll Il’k'!

’j’u ",k,!

test
write "sub-program: ",i," ",j," ",k,!
set i=11
set j=22
set k=33
set x=22
new y
set y=33
quit

which produces the following output:

main program: 10 20 30
sub-program: 10 20 30
main program: 11 22 33
main program x=22
main program $data(y)=0
Figure 33 Local Functions

4.4.23.1 Call by Value

This form of subroutine call was introduced later in the evolution of Mumps. It permits parameters to be
passed to the subroutine but the subroutine maintains a separate name space for values passed to it as
parameters. Variables from the calling program are visible to the called program. Variables created by the
called program become available to the calling program upon return (except if the are killed prior to return
or created by a new command). and variables created in the called program are deallocated upon return
and are thus not visible to the calling program. Changes to parameters passed to the called program do not
change the corresponding arguments in the calling program.

zmain

set i=10

set j=20

set k=30

write "main program:
do test(i,j, k)
write "main program:
halt

",i," II’J"II ",k,!

rir Ijl“ "rkr!
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test(a,b,c)
write "sub-program: ",a," ",b," ",c,!
set a=11
set b=22
set c=33
quit

which produces the following output:

main program: 10 20 30
sub-program: 10 20 30
main program: 10 20 30

Figure 34 Call by Value Functions

4.4.23.2 Call by Reference

Same as the above but 'call be reference' permitted. That is, changes to parameters made by the called
program cause changes to the corresponding arguments in the calling program. Note the "." in front of the
variables in the 'do’ command that are to be passed by reference. Both call by reference and call by value
arguments may be mixed in the same 'do’' statement.

#!/usr/bin/mumps
zmain
set i=10
set j=20
set k=30
write "main program: ",i," ",j," ",k,!
do test(.i,.j,.k)
write "main program: ",i," ",j," ",k,!
halt

test(a,b,c)
write "sub-program: ",a," ",b," ",c,!
set a=11
set b=22
set ¢=33
quit

which produces the following output:

main program: 10 20 30
sub-program: 10 20 30
main program: 11 22 33

Figure 35 Call by Reference Functions

In each of the examples, the subroutine and calling program are actually part of the same C++ function.
In effect, subroutines of the type shown above as similar to the old Basic gosub facility. Functions such as
shown above may also return values:

An example recursive factorial computation is shown in Figure 36.

#!/usr/bin/mumps
zmain
set i=$$factorial(5)
write "factorial=",1i,!
halt

factorial (a)

75



write "sub-program: a=",a,!
if a<2 quit 1

set b=$$factorial(a-1)
write "a=",a," b=",b,!

quit a*b

sub-program:
sub-program:
sub-program:
sub-program:
sub-program:
a=2 b=1

[V R R Vo]
| LI T (|
N WROU

a=3
a=4
a=5
fact

Figure 36 Function Return Values

4.4.24 Shell Commands

The shell command passes the remainder of the line to a shell for execution (sh in Linux). Shell output will
appear on stdout. The command sets $test to false if the fork() fails, true otherwise.

4.4.24.1 shell/p

The shell/p form passes the remainder of the line to a shell for execution but opens a pipe from the shell to
Mumps unit number 6. All stdout output from the shell is directed to unit number 6 and can be read with
any of the input commands or functions in association with the use command.

4.4.24.2 shell/g

The shell/g form passes the remainder of the line to a shell for execution (sh in Linux) and opens an output
pipe from the Mumps program to the shell as Mumps unit number 6. Data written to this unit becomes
stdin to the shell. Output from the shell is written to stdout. Remember to close unit number 6 to signal
end-of-file to the shell.

4.4.24.3 shell

With no qualifier, the shell command passes the remainder of the command line to a shell. Input or output
from the shell come from or go to stdin or stdout, respectively.

For example:

shell sort dictionary.tmp | uniq -c | sort -nr > dictionary.s

The Linux shell created will do the following:

1. The file dictionary.tmp, a collection of words, will be sorted by sort and the output piped to uniq

2. uniq counts duplicate entries and pipes its output consisting of a count and a word to sort

3. sort sorts the result numerically by number of duplicates in reverse order and writes its output to
dictionary.s.
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shell/p sort dictionary.tmp | uniq -c | sort -nr
open 1l:"dictionary.s,new"
for do
use 6
. read line
. if '$test break
use 1
. write line,!
close 1

CooNOULLEWN R

Figure 37 Shell Command Example

The above does the same but the output will be presented to Mumps unit 6 which reads and writes the
result to the file named dictionary.s

4.4.25 Database expr

By default, Native database file key.dat and data.dat are stored in the directory current when a program is
invoked.

The database command may be used to set the name of the files to be used to store the native global
arrays. The expression will be evaluated and the resulting name will become the name, suffixed .key and
.dat, of the files in which the native global arrays are stored. The expression may contain directory
information. For example:

database "/home/user/data/mumps"
will cause the system to access files:

/home/user/data/mumps.key
/home/user/data/mumps.dat

This command must be issued prior to any attempt to access the global arrays. It only works with the
native B-tree database option.

4.4.26 Zhalt Return_code

The zhalt command will terminate the current program with a return error code given by its argument.
Example:

if a=0 zhalt 99

The value of $? in the BASH environment will be 99.
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5 The Multi-Dimensional and Hierarchical Database Toolkit

5.1 Introduction

The MDH (Multi-Dimensional and Hierarchical) Database Toolkit is a C++ Linux-based, open sourced,
toolkit of software that supports fast, flexible, multi-dimensional and hierarchical storage, retrieval and
manipulation of information in data bases in a manner similar to the Mumps language.

The package is written in C and C++ and is available under the GNU GPL/LGPL licenses in source code
form.

The distribution kit contains demonstration implementations of text and sequence retrieval tools that
function with very large genomic data bases and illustrate the toolkit's capability to manipulate massive data
sets of genomic information.

The toolkit is distributed as part of the Mumps Compiler for Linux.

The toolKkit is a solution to the problem of manipulating very large, character string indexed, multi-
dimensional, sparse matrices. It is based on Mumps (also referred to as M), a general purpose programming
language that originated in the mid 60's at the Massachusetts General Hospital. The toolkit supports access to
the SQLite relational data base server, the Perl Compatible Regular Expression Library, and the Glade GUI
builder.

The principal database feature in this project is the global array which permits direct, efficient
manipulation of multi-dimensional arrays of effectively unlimited size.

A global array is a persistent, sparse, undeclared, multi-dimensional, string indexed data disk based
structure. A global array may appear anywhere an ordinary array reference is permitted and data may be
stored at leaf nodes as well as intermediate nodes in the data base array. The number of subscripts in an
array reference is limited only by the system’s maximum length array reference restriction with all
subscripts expanded to their string values. The toolkit includes several functions to traverse the data base
and manipulate the arrays.

The toolkit makes the data base and function set available as C++ classes and also permits execution of
legacy Mumps scripts. To use the toolkit, you install the MDH and Mumps distribution. kit and related code.

5.2 Installation

The class libraries and related functions along with the Mumps Compiler and Interpreter must be
installed before attempting to use the MDH package. See Section 2

The distribution contains a number of example programs written both in Mumps and C++/MDH.

5.3 Global Array Database

The global array database will be stored in either a Sqlite3 or native database depending on the selections
made during installation of the distro described in Section 3 above.

As is the case with the Mumps compiler and interpreter, ther database file will be stored either in files
named key.dat and data.dat (native database option) or mumps.sqlite for the Sqlite3 option. Database files
are normally local to the directory containgimng the running program but links to files in other directories
are permitted.

The file mumps.sqlite must be initialized prior to use as described in Section 3.3.3 above.
Sqlite3 database programs are subject to the same optimization as interpreter or compiler programs. See
Section 3.3.5 above.
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5.4 Compiling Programs

To compile a C++ program that uses the MDH (Multi-Dimensional and Hierarchical) library, use the
command:

mumpsc myprog.cpp
This will invoke the g++ compiler and make available the necessary libraries. The result will be a

program named myprog which is executable. The script mumpsc is part of the Mumps Compiler which must
be installed prior to using the toolkit.

Note: the mumpsc command is also used to compile Mumps source code to C++ and then to binary
executables so Mumps programs may be executed directly rather than by the Mumps interpreter. The file
ending (.cpp or .mps) determines behavior.

5.5 Writing C++ MDH Programs

In order to use global arrays or other MDH features, each C++ program must include the MDH header
file at the beginning of the program:

#include <mumpsc/libmpscpp.h>

This header and related library code is installed on your system when you install the Mumps
Compiler/Interpreter software.

The MDH toolkit implements two data types:

1 class global implements the Mumps global arrays as a C++ class. This implementation includes a
number of builtin functions to manipulate and traverse global arrays;

2 class mstring which imitates strings which behave like Mumps strings.

5.6 class global

Global arrays are undimensioned, string indexed, disk resident data structures whose size is limited
only by available disk space.

For example:

patient(“1234”, "Labs”, "hct”, "31 May 2022 03:05:56 PM EDT”) = 44;"

where a node or cell in the global array patient, indexed by the four strings shown, is assigned the value

The resulting global array patient node can be viewed either as a leaf node in a four level tree (wWhere
the array indices select the tree path) or as a cell in a four dimensional matrix.

Global arrays are derived from a C++ class. Instances must be declared in your C++ program as
instances of class global.

For example, to create the global array named gbl, use the following:

global gbl("gbl");

The instance consists of two parts: the name of the global array object and the name of the global array
on disk associated with this object. Normally, these are the same.

In the above example, they are both gbl. Note that the disk name of the global is enclosed in a
parenthesized character string expression following the object name.

13 Blanks in the Mumps code have been inserted for clarity. In actual Mumps, they would be errors. Where
appropriate, blanks are permitted in C++ code.
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The value in the expression need not (but usually does) match the name of the object. The name given in
the parenthesized character string is the disk name of the global array. The global array object is associated
with the disk name when the object is created. When the program object is destroyed (for example, at
program termination), the disk based global array persists.

Note: programs that use global arrays MUST close the array file system with the GlobalClose; command
before exiting. Failure to do so may corrupt the file system.

Global objects may be created through declarations as shown above or dynamically:

global *gptr;
gptr = new global ("gbl name");
(*gptr)(“1“'"2"’"3") = Iltestll;

which is equivalent to:
global g("gbl name");
g(lllll’llzll’ll3ll) = lltestll;

Each global declaration creates a global array as an object or instance of the global class. Each global
array you use must be first declared as an object of the global class. Global names can be any valid C/C++
variable name.

A global array will typically have one or more subscripts as discussed below. These will be of type
mstring, or a null terminated array of char. Subscripts of global arrays must evaluate to printable
characters in the range of decimal 32 (space) to, but not including, decimal 126 (tilde ~).

Note:

No data types other than mstring, or a null terminated array of char (i.e., char *) may be used
as subscripts. Numeric data types (int, short, long, float, double, etc.) may not be used as
global array subscripts.

In any given global array reference, all the indices must all be of the same data type (mstring
or char *)

mstring is a data type (class) whose behavior is similar to the basic typeless string data type used in
Mumps.

Objects of mstring are stored internally as strings and may contain text, integers and floating point
values.

Addition, multiplication, subtraction, division, modulo, and concatenation may be performed directly on
mstring objects (see details below). Many of the following examples use mstring objects.

5.6.1 Global Arrays as C++ Trees and Matrices

5.6.1.1 Traditional Matrix

Global arrays may be viewed either as sparse multi-dimensional matrices or as tree structured
hierarchies.

As matrices, data may be stored at fully subscripted matrix elements but also at other levels in the
manner used by many programming languages. For example, given a three dimensional matrix mat1, you
could initialize it as shown in Figure 38.

#include <mumpsc/libmpscpp.h>

global matl("matl");
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int main() {
mstring i, j, k;
for (1 =0; i < 100; i++)
for (j = 0; j < 100; j++)
for (k = 0; k < 100; k++) {
matl(i, j, k) = 0;
}
GlobalClose;
return 0;

}

Figure 38 Global Array as a Matrix

Alternatively, the above can be performed with int but the numeric indices must be converted to
mstring before use. See Figure 39

#include <mumpsc/libmpscpp.h>
global matl("matl");

int main() {
int i, j, k;
for (1 =0; i < 100; i++)
for (j = 0; j < 100; j++)
for (k = 0; k < 100; k++) {

matl(mcvt(i), mcvt(j), mcvt(k)) = 0O;
}

GlobalClose;

return 0;

}

Figure 39 Global Array as Matrix with Numeric Subscripts

In this example, all the elements of a three dimensional matrix of 100 rows, 100 columns and 100 planes
are initialized to zero. The function mcvt() converts from int to mstring.

In the view expressed by the code above, the matrix is a traditional three dimensional structure with
data stored at each fully indexed position or node.

5.6.1.2 Alternative Matrix View

Unlike other programming languages, however, there are additional nodes of the matrix which could
have been initialized as indicated by Figure 40.

#include <mumpsc/libmpscpp.h>
global matl("matl");

int main() {
j

mstring i, j, Kk;

for (1 =0; 1 < 100; i++) {
matl(i) = 1i;
for (j = 0; j < 100; j++) {

matl(i, j)=j;

for (k = 0; k < 100; k++) {
matl(i, j, k) = 0;
}
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}

return 0;

}

Figure 40 Global Array as Matrix with Additional Nodes

In effect, this means that mat1 can also be a single dimensional vector, a two dimensional matrix and a
three dimensional matrix simultaneously.

Furthermore, not all elements of a matrix need exist. That is, the matrix can be sparse as shown in
Figure 41.

#include <mumpsc/libmpscpp.h>
global matl("matl");

int main() {
v J

mstring i , K3
for (1 =0; 1 < 100; i=1+10)
for (j =0; j <100; j =3 + 10) {
for (k = 0; k < 100 k k + 10) {
mat2(i, j, k) =
}
}
}
return 0;
}

Figure 41 Global Array as Sparse Matrix

In the above, only index values 0, 10, 20, 30, 40, 50, 60, 70, 80, and 90 are used to create each of the
dimensions of the array and only those elements of the matrix are created. The omitted elements do not
exist.

For example, if you are running a drug protocol on a number of patients and are dosing with
medications M1, M2, M3, ... on patients P1, P2, P3, ... and collecting observations on days D1, D2, D3, ... you
could create a three dimensional matrix named protocol in which each plane consisted of the observations
for each patient on each medication for a given day as shown in Figure 42.

D1 D2 D3 D4
M1 M2 |[M3 |[M4 M5 M1 M2 |[M3 M4 M5 M1 |M2 [M3 |[M4 M5 M1 |M2 M3 [M4 M5
P1 P1 P1 P1 X
P2 P2 P2 P2
P3 P3 P3 P3
Figure 42 Tabular View of Tree

You could refer to patient P1, medication M2 on day D4 with the reference:
protocol ( IIPlII , IIM2II , IID4II )=llxll ;

5.6.2 Tree View

Alternatively, you can view the same data base as a tree structure with patient id at the root, followed
by medication, followed by day of study as shown in Figure 43.
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Figure 43 Global Array Tree

Note that at each node in the tree, a data box may appear containing information about the node.
Addressing a node is accomplished by giving its path description such as:

protocol("P2","M2",D2)

5.6.3 Accessing Global Arrays

Note: prior to exiting a program that accessed globals arrays, you should execute the GlobalClose macro
to shut down the global array facility. This flushes the system buffers to disk and insures that the file system
if properly closed. Failure to do this may result in data base errors. This appears in your program as:

GlobalClose;

You may assign global array elements to variables of type mstring using the assignment operator (=).

You may assign values of type int, float, double, mstring, string and char * to global array elements
using the assignment operator (=).

When global array references are passed to function, no more than one instance of the same global
object should be used in the argument list. Each global object maintains a private static string which
contains the most recent value fetched from the data base. When a global object is passed to a function, its
this string value is effectively passed. This means that, in a function reference where two references to the
same global object are passed, even though they have differing indices, the value passed will be the value
for the second instance of the global. This restriction only applies where there are two or more instances of
the same global.

If you use a reference to a global without a parenthesized list following the name of the global, the
reference will be to the most recent referenced global. Effectively, this is similar to the "naked indicator"
from Mumps.

5.6.4 Global Array Indices

Internally, the indices of global arrays are always stored as character strings. If you initialize a global
array with a loop, you must insure that the indices are represented as either values of type mstring or null
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terminated arrays of type char. Indices to globals may be either char* or mstring but MUST all be of the
same type (i.e. all char * or all mstring). For example:

mstring A, B, C;

for (A =0; A < 1000; A++)
for (B =0; B < 1000; B++)
for (C = 0; C < 1000; C++) {
arrayl(A, B, C) = "0";
}

The above initializes an array of 1 billion elements to zero.

5.6.5 Navigating Globals

There are several builtin functions used to navigate the globals. The two most important are the Data()
function and the Order() function. The Data() function tells you if a node exists and if it has descendants and
the Order() function gives you the next higher (or lower) index at a given level in the global array tree.

The Data() function returns an integer which indicates whether the global array node is defined:

0 if the global array node is undefined;
1 if it is defined and has no descendants;

10 if it is defined but has no value stored at the node (but does have descendants);
4. 11itis defined and has descendants.

wn e

A global is defined if data has been stored at it. A "10" is returned for a node at which nothing has been

stored but the node has descendants. For example, assuming the global array has only the contents created
in the example in Figure 44.

global arrayl("arrayl");
int result;

arrayl(“l“,“ll“) = ||.[:00||
arrayl(“l“,"11","21") = ||bar.||

result = arrayl("1").Data() ; // yields 10
result = arrayl("1","11").Data(); // yields 11
result = arrayl("1","11","21").Data(); // yields 1

Figure 44 Navigating Global Arrays - Data()

The other major navigation function is the Order() function. This gives you, for a given global array
index, the next ascending or descending value for the last index. If the parameter to Order() is 1 or missing,
the next ascending index is returned. If the parameter is -1, the next descending index is returned. To get the
first (or last if the parameter is -1) value of an index, start with a null (empty) string. See Figure 45.

mstring x, null;
global arrayl("arrayl");

arrayl("100") = "a"; // initialize the array with three entries
arrayl("200") = "b";
arrayl(ll300") = "C";

nu'L‘L = nn,

’
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x = arrayl(null).Order(); // get the first value of the first index: 100
X = arrayl(x).0rder(); // get the second value of the first index: 200
x = arrayl(x).0rder(); // get the third value of the first index: 300
X = arrayl(x).0rder(); // no more indices - returns empty string

x = arrayl(null).Order(-1); // get the last value of the first index: 300

x = arrayl(x).0rder(-1); // get the second value of the first index: 200
X = arrayl(x).0rder(-1); // get the first value of the first index: 100
X = arrayl(x).0rder(-1); // no more indices - returns empty string

for ( x = arrayl(null).Order(); x != null; x = arrayl(x).0rder())
cout x << endl; // writes 100 200 300 on separate lines

for ( x = arrayl(null).Order(-1); x !'= null; x = arrayl(x).0rder(-1))
cout x << endl; // writes 300 200 100 on separate lines

for ( x = 10; x < 100; x = x + 10) arrayl("200" , x) = X;

for ( x = arrayl("200", null).Order(); x !'= null; x = arrayl("200", x).0rder())
cout x << endl; // writes 10 20 30 ... 90 on separate lines

Figure 45 Navigating Global Arrays - Order()

Each call to Order() gives the next value of the last index. The numeric parameter indicates if the
direction is ascending (1) or descending (-1). If omitted, 1 is assumed. To get the first index, the empty string
is supplied and the function returns the first index of the global array. For subsequent calls, it returns the
next ascendant index value until there are no more indices. Then it returns the empty string.

In the following example, we build a global array vector from an input file consisting of keywords with
one keyword per line, keep a count of each time the keyword is used, and, at the end, print an alphabetized
list of the keywords followed by the number of times each occurs, do as shown in Figure 46.

#include <mumpsc/libmpscpp.h>
global key("key");

int main() {

mstring word, null;

long i;

null = "";

while (1) {
if ( ! word.ReadlLine(cin)) break;
if (key(word).Data()) // is word in vector?
key(word)++; // yes, increment count
else key(word) = 1; // not in vector - add
}

word = null;
while ((word = key(word).Order(1)) !'= null) // next word
cout << word << " " << key(word) << endl; // print word and count

return EXIT SUCCESS;
}

Figure 46 Global Array Navigation Example
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In the above, each line is read into the variable word until the end of file is reached. Each word is tested
with the Data() function of the global array to determine if word exists in the key vector. The Data() returns
zero if the element does not exist, non-zero if it does. In the case where the word is in the key global array
vector, the value stored in the vector for the word is extracted into the variable i, incremented and stored
back into the vector. If the word does not exist in the vector, it is added and its initial count is set to one.

When all the words have been read and stored into the vector, the program sequences through the word
entries and prints the words and the total number of times each one was present in the input file. Since
global arrays are stored in ascending key order, the display of words will be alphabetic.

Similarly, given a global array of patient lab data organized hierarchically first by patient id, then by lab
test, then by date, we can print a table of patient id's, labs, dates and results as shown in Figure 47.

#include <mumpsc/libmpscpp.h>
global Labs("labs");

int main() {

mstring null, ptid, lab test, date, rslt;
null = "";
// create dummy example data base
Labs("1000", "hct", "July 12, 2003") = "45";
Labs("1000", "hct", "July 13, 2003") = "46";
Labs("1000", "hct", "July 14, 2003") = "47";
Labs("1000", "hct", "July 15, 2003") = "48";
Labs("1000", "hgb", "July 12, 2003") = "15";
Labs("1000", "hgb", "July 15, 2003") = "14";
Labs("1001", "hct", "July 12, 2003") = "35";
Labs("1001", "hct", "July 13, 2003") = "36";
Labs("1001", "hct", "July 14, 2003") = "37";
Labs("1001", "hct", "July 15, 2003") = "38";
Labs("1001", "hgb", "July 13, 2003") = "15";
Labs("1001", "hgb", "July 14, 2003") = "15";
Labs("1002", "hct", "Sept 12, 2003") = "35";
Labs("1002", "hct", "Sept 13, 2003") = "36";
Labs("1002", "hct", "Sept 14, 2003") = "37";
Labs("1002", "hct", "Sept 15, 2003") = "38";
Labs("1002", "hgb", "Sept 13, 2003") = "15";
Labs("1002", "hgb", "Sept 14, 2003") = "15";
ptid = null;
while ( (ptid = Labs(ptid).Order(1l)) != null) {
lab test = null;
while ( (lab test = Labs(ptid,lab test).Order(1l)) != null) {
date = null;
while ( (date = Labs(ptid,lab test,date).Order(1l)) != null) {
cout << ptid << " " << lab test << " " << date;
cout << " " << Labs(ptid,lab test,date) << endl;
}
}
}
GlobalClose;
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return 1;

}
Output

1000 hct July 12, 2003 45
1000 hct July 13, 2003 46
1000 hct July 14, 2003 47
1000 hct July 15, 2003 48
1000 hgb July 12, 2003 15
1000 hgb July 15, 2003 14
1001 hct July 12, 2003 35
1001 hct July 13, 2003 36
1001 hct July 14, 2003 37
1001 hct July 15, 2003 38
1001 hgb July 13, 2003 15
1001 hgb July 14, 2003 15

Figure 47 Hierarchical Global Array Example

The example in Figure 47 begins with an empty string for patient id ptid. This is used at the outer loop
level to cycle through all the patient ids. At the first nexted loop, the program cycles through all the lab test
names (lab_test) then at the innermost level, it cycles through all the dates (date). The resulting table is of the
form:

5.6.6 Locking the Global Array Data Base
If you are using the Sqlite3 database, use the transaction processing functions instead of lock.

There are several functions for locking portions of the data base. Following legacy convention, a lock
does not prevent access to an element but merely flags the element as locked. Locking views a global array
as a tree structure. If an element is locked, its descendants are locked. An attempt to lock a locked element of
an element that has a locked parent or a locked descendant will fail. The primary locking functions are
$lock(), Lock() and UnLock():

if ($lock(gbl(a, b, c)) cout << "locked" << endl;
if (gbl(a, b, c).Lock()) cout << "locked" << endl;
gbl(a, b, c).UnLock();

The $lock() and Lock() functions test to see if the node can be locked and locks it if possible. It returns
true (1) if successful and false (0) otherwise ($test is set accordingly). A node can be locked if it itself is not
locked, if it has no descendants that are locked and if it is not the descendant of a locked node. The UnLock()
function releases a lock on a node.

Additionally, there are functions to release all locks for the current process and all locks for all
processes:

CleanLocks(); // release all locks for this process only
CleanAllLocks(); // release all locks for all processes
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5.6.7 class global Methods and Operators

Global arrays are represended as members of class global and the contents of a global reference may be
operated on by several overloaded operators and functions.

5.6.7.1 Assignment Operators on globals
Assignments to global arrays may be accomplished the assignment operator (=).

When you access a global array, the access may result in the thrown error exceptions
GlobalNotFoundException and/or ConversionException. The first can occur in any context that attempts to
retrieve data from a global array where none exists. The second occurs if you attempt to convert the
contents of a global to a numeric type where the contents of the global are not valid data for the conversion.

If uncaught, both exceptions will result in program termination. Both exceptions may be caught,
however, with code such as shown in Figure 48.

#include <mumpsc /libmpscpp.h>
global a("a");

int main() {

long i;
a.Kill();

a("1l") = "now is the time";
cout << "expect error message" << endl;
try {
i
}
catch ( ConversionException ce) {

cout << ce.what() << endl;

}

cout << "expect error message" << endl;

= a("1");

try {
i = a(uzzu);
}

catch (GlobalNotFoundException nf) {
cout << nf.what() << endl;

}
GlobalClose;

return 0;

}

Figure 48 Exceptions

You may assign data of the following types directly to global arrays: char *, int, string, mstring, double,
global, unsigned int, float, short, unsigned short, long, and unsigned long.

You may assign global arrays directly to variables of the following types: int, mstring, double, global,
unsigned int, float, short, unsigned short, long, and unsigned long.
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5.6.7.2 Arithmetic Operators on globals

The operations of add, subtract, multiply, divide, pre/post increment and pre/post decrement are defined
(overloaded) for global variables. The operations are defined for mstring, short, unsigned short, int,
unsigned int, long, unsigned long, float and double. Note: the contents of the global array node must be
compatible with the dominant data type of the operation. If the contents of a global are not compatible with
the operation (example, incrementing a string of text), the value of the global will be interpreted as zero. See
Figure 49 for examples.

#include <mumpsc /libmpscpp.h>
global gbl("gbl");

int main () {

int i, j = 10;
string a = "10", b = "20", ¢ = "30";
gbl.Kill();

gbl(a, b, c) = 10;

i =gbl(a, b, c) + 20;
cout << "expect 20 " << i << endl; // prints 30

i = 20 + gbl(a; bl C);
cout << "expect 30 " << i << endl; // prints 30

i =gbl(a, b, ¢) / j;
cout << "expect 1 " << i << endl; //prints 1

i =gbl(a, b, c) * 2;
cout << "expect 20 " << i << endl; // prints 20

gbl(a, b, c) ++;
cout << "expect 11 " << gbl(a, b, c) << endl; // prints 11

gbl(a, b, c) --;
cout << "expect 10 " << gbl(a, b, c) << endl; // prints 10

i = ++ gbl(a, b, c);

cout << "expect 11 11 " << i << " " << gbl(a, b, c) << endl; // prints
11

i =gbl(a, b, c) ++;

cout << "expect 11 12 " << i << " " << gbl(a, b, c) << endl; // prints
11 12

gbl(a, b, c) += 10;
cout << "expect 22 " << gbl(a, b, c) << endl; // prints 22

gbl(a, b, c) -= 10;
cout << "expect 12 " << gbl(a, b, c) << endl; // prints 12

gbl(a, b, c) *= 2;

cout << "expect 24 " << gbl(a, b, c) << endl; //prints 24

gbl(a, b, c) /= 2;
cout << "expect 12 " << gbl(a, b, c) << endl; // prints 12
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GlobalClose;
return 0;

}

Figure 49 Example Global Array Arithmetic

5.6.7.3 Accessing the Value Stored in a Global Array Element

int global::Int();

double global::Double();

mstring global::Mstring();

char * global::Char(char * buf, int max);

The functions return the content of the invoking global array object converted to the named data type.
The Char() function is passed the address of a character array. The null-terminated character string
contents of the global array element will be placed in the character array and the address of the array
returned.

The max argument for Char() limits the length of the string returned.

If the global array element does not exist, the GlobalNotFoundException exception is thrown. If there is an

error in converting the contents of the global to the named data type, a ConversionException is thrown. See
Figure 50 for examples.

#include <mumpsc/libmpscpp.h>
global t("t");
int main() {

int a;

float b;
mstring c;
mstring x;
char d[100];

t.Kill();
x = 50; t(x) = 99;
a = t(x).Int();

cout << "expect 99 " << a << endl;

b = t(x).Double();
cout << "expect 99 " << b << endl;

c = t(x).Mstring();
cout << "expect 99 " << ¢ << endl;

t(x).Char(d,100);
cout << "expect 99 " << d << endl;

GlobalClose;
}

Figure 50 Accessing Global Array Data Example
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5.6.7.4 Direct Database Access

Programmers may access the btree directly through the builtin BTREE macro. A number of examples
can be found in mumpsc/doc/examples/btree in the distribution.

To access the btree directly from a C++ program:

You must first install the Mumps compiler and MDH. Include at the beginning of your program. You can
now access the btree directly with the BTREE macro (see description below). Note: any keys you store in the
btree co-exist with Mumps/MDH keys. In rare cases, these can interfere with one another if a key you store
lies in the range of a global array key set.

For example, the following program stores NBR_ITERATIONS (defined in btree.h which is included by
libmpscpp.h usually with the value 100,000) of keys and data into the btree and then retrieves them (this
"btestl.cpp” from mumpsc/doc/examples/btree.cpp). See the other examples and the documentation below
for further details. See Figure 51.

o e R S T I T B O
*#+ Mumps Compiler Run-Time Support Functions

*#+ Copyright (c) 2001, 2002, 2003, 2004 by Kevin C. 0'Kane

*#+ okane@cs.uni.edu

*H+

*#+ This library is free software; you can redistribute it and/or

*#+ modify it under the terms of the GNU Lesser General Public

*#+ License as published by the Free Software Foundation; either

*#+ version 2.1 of the License, or (at your option) any later version.
*H#+

*#+ This library is distributed in the hope that it will be useful,

*#+ but WITHOUT ANY WARRANTY; without even the implied warranty of

*#+ MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU
*#+ Lesser General Public License for more details.

*H+

*#+  You should have received a copy of the GNU Lesser General Public
*#+ License along with this library; if not, write to the Free Software
*#+ Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA 02111-1307 USA
*H+

*#+ http://www.cs.uni.edu/~okane

*H#+

A 2 L L
*H#+

*#+ Some of this code was originally written in Fortran

*#+ which will explain the odd array and label usage,

*#+ especially arrays beginning at index 1.

*H#+

o L L L o T e

#include <mumpsc /libmpscpp.h>

int main() {
long i,j;
unsigned char key[1024],data[1024];
printf("Store sequentially ascending keys");
for (i = 0; i < NBR ITERATIONS; i++) {

sprintf( (char *) key, "key %ld", 1i);
sprintf( (char *) data,"%ld%c", i, 0);
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if (!BTREE(STORE, key, data)) {
printf("error\n");

return 1;

}
if (i%60000L == 0) { printf("\n %ld ",i); fflush(stdout); }
if (i%1000 == 0) { putchar('.'); fflush(stdout); }
}

printf("\nretrieve");
for (1 = 0; i < NBR _ITERATIONS; i++) {
sprintf( (char *) key,"key %ld",i);
if (!BTREE(RETRIEVE, key, data)) {
printf("error 1\n");

return 1;

}
sscanf( (char *) data, "%ld", &j);
if (j'=1) {

printf("error 2\n");
printf("sd !'= %d\n", i, j);

return 1;

}
if (i%60000L == 0) { printf("\n %ld ",i); fflush(stdout); }
if (i%1000 == 0) { putchar('.'); fflush(stdout); }

}
printf("\nlooks good!\n");

strcpy( (char *) key, "");
strcpy( (char *) data, "");

BTREE (CLOSE, key,data);
return 1;

}

Figure 51 BTREE Example

5.6.7.5 Functions on class global

5.6.7.5.1 Data()
int global::Data()
The function Data() returns an integer which indicates whether the global array node is defined. The
value returned is 0 if the global array node is undefined, 1 if it is defined and has no descendants; 10 if it is

defined but has no value stored at the node (but does have descendants); and 11 it is defined and has
descendants.

If a global array with no indices is passed to these functions, a value of "10" will be returned if the array
exists and "0" if the array does not exist. For example:

Given:

92



global gbl("gbl");

global non("non");

gb'L(lllll’ II11II) = llfooll;
gb'l-(lllll’ II11II, II21II) = Ilbarll;

Then:

gbl("1").Data() // 10 - node exists, has no data, has children
gbl("1", "11").Data() // 11 - node exists, has data and has children
gbtl("1", "11", "21").Data() // 1 - nodes exists, has data, no children

5.6.7.5.2 TreePrint()

void global::TreePrint([int indt [, const char indtchr]l]);

The invoking object is printed as an indented tree. If one argument is present (indt), it is the amount of
indentation. If the second argument is present (indtchr) it is the character used in the indentation. The
default indentation character is blank and the default amount of indentation is one. See Figures 52 and 53
for examples.

#include <mumpsc/libmpscpp.h>
global d("d");
int main() {

mstring a,b,c;

for (int i =1; 1 < 6; i++)

for (int j =1; j < 6; j++)
for (int k = 1; k < 6; k++) {

a = mcvt(i);
b = mcvt(j);
c = mevt(k);
d(a) = rand() % 100;
d(a,b) = rand() % 100;
d(a,b,c) = rand() % 100;
}

d().TreePrint(1, '."');

GlobalClose;

return 0;

}

Figure 52 TreePrint
Yields
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1=82 2=68 3=72 4=66 5=79

.1=59 .1=54 .1=28 .1=48 1=72

L 1=77 ..1=64 ..1=96 ..1=39 1=76
..2=35 ..2=87 ..2=45 ..2=69 2=7

..3=49 ..3=78 ..3=21 3=64 3=79
..4=27 ..4=3 . .4=88 ..4=55 4=12
..5=63 ..5=99 ..5=41 ..5=11 5=59
.2=67 .2=78 2=59 2=30 2=21

..1=26 ..1=76 1=0 .1=99 .1=10
..2=11 .. 2=12 2=24 .2=68 .2=6

..3=29 ..3=94 3=56 3=11 .3=72
..4=62 ..4=70 .. 4=27 4=1 .4=19
..5=35 . .5=67 ..5=36 ..5=78 ..5=4
.3=19 .3=44 .3=93 .3=62 3=69

.. 1=22 L. 1=2 ..1=37 ..1=36 .1=40
..2=67 .. 2=52 . 2=7 .. 2=22 .2=28
..3=11 ..3=80 ..3=58 ..3=16 .3=84
..4=73 . .4=65 ..4=37 ..4=24 .4=24
..5=84 ..5=19 ..5=18 ..5=24 .5=96
.4=96 .4=53 .4=4 .4=94 4=98

.. 1=24 .. 1=31 .. 1=11 .. 1=52 1=84
..2=13 .. 2=71 ..2=76 ..2=50 2=72
..3=80 ..3=9 ..3=63 ..3=73 .3=85
. .4=62 . .4=56 . .4=6 ..4=30 .4=40
..5=81 . .5=86 ..5=18 . .5=60 .5=13
.5=45 .5=8 .5=25 .5=84 5=69

..1=84 ..1=83 ..1=69 ..1=81 1=24
..2=5 ..2=28 ..2=96 ..2=59 2=81
..3=13 ..3=29 ..3=70 ..3=68 3=32
..4=95 ..4=70 ..4=99 . .4=26 .4=4
..5=14 ..5=15 .5=44 .5=40 5=73

Figure 53 TreePrint Output

5.6.7.5.3 UnLock
int global::UnLock()

UnLock() removes a lock from the designated node.

5.6.7.5.4 Count
long global::Count()

Returns the number of data bearing nodes beneath the given global array reference. See Figure 54 for
example.

#include <mumpsc/libmpscpp.h>
global A("A");
int main() {

mstring i, j;
for (1 =1; i < 11; i++)

for (j = 1; j < 11; j++) {
A(i,j) = 5;
}
cout << "Full count: " << A().Count() << endl;
cout << "A row count: " << A("5").Count() << endl;
return EXIT SUCCESS;

}
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Yields

Full count: 100
A row count: 10

Figure 54 Count Example

5.6.7.5.5 GlobalGet(), GlobalData(), GlobalSet()

mstring GlobalGet (mstring global ref)
char * GlobalGet (char * global ref)

mstring GlobalOrder (mstring global ref, int direction)
char * GlobalOrder (char * global ref, int direction)

int GlobalData (mstring global ref)
int GlobalData (char * global ref)

int GlobalSet (mstring global ref, mstring source)
int GlobalSet (mstring global_ref, char * source)
int GlobalSet (char * global ref, mstring source)

These function use the interpreter. These functions are used to permit run time construction and access
to global arrays. In both cases global_ref'is a string containing a global array reference. This string can be
dynamically constructed at run time or may be read from a file or another global. Note: as this facility uses
the interpreter, global array references must be preceded by the circumflex character (»).

In the case of the GlobalGet() functions, the string global array reference is interpreted and the value
stored at the reference returned. If the reference is invalid or no data is stored, the value returned is the
empty string and $test is set to false (zero). If a value is found, $test is set to true and the value is returned.

GlobalOrder() gives the next or prior value of the last index of the global array reference depending
upon if direction is 1 (next) or -1 (prior). $test is set to 0 in the event of an error and 1 if there is no error. See
Order().

GlobalData() returns a number indicating if the node exists and has descendants (see Data()). $test is set
to 0 if there i>s an error, 1 otherwise.

In the case of the GlobalSet() functions, the second argument is a string of data to be stored at the global
array reference. The runtime routines will interpret the global_ref and assign the source to it. The value
returned is one if successful ($test is set to 1), zero if not successful ($test set to 0). Examples:

mstring a,b;

a = IIAX(\Ill\II)II;

b = "test string";

if (GlobalSet(a,b) !'= 0) cout << "error\n";

These functions can be used to allow a program to create a text string global array reference and then
use the string to address the global. Note that the target must contain either quoted literals or variables
previously instantiated to the interpreter environment (see $SymSet() and SymGet()).

Generally speaking, these functions will be only used for dynamically constructed global array
references. Most access to globals will be by overloaded shift or assignment operators.

5.6.7.5.6 double HitRatio(void)

Calculates the native global array processor cache hit ratio since the beginning of the program or the
last call to HitRatio() The native global array file processor, as opposed to the Berkeley Data Base, keeps track
of how many file I/O requests are satisfied from data already in the file system's cache. This function gives
the percentage of cache hits. It only works with the native global array processor.

95



5.6.7.5.7 Kill
void global::Kill()
This function deletes a node and all its descendants. Examples:

gbl().Kill(); // kill entire global array "gbl"
gbl(a,b,c).Kill(); // kill stated node and all descendants

5.6.7.5.8 Length

int mstring::Length()
int mstring::Length(char * pattern string)
int mstring::Length(mstring pattern string)

The function returns the string length of the invoking mstring. For example:

x="ABC";
cout << x.Length() << endl; // writes 3

x = "abcabcabcabc";
cout << x.Length("abc") << endl; // writes 5

If an argument is given, the function returns the number of non-overlapping occurrences of
"pattern_string" in the source string plus 1.

5.6.7.5.9 Max
double global: :Max()

Returns the maximum numeric value of the data bearing nodes beneath the given reference. Non-
numeric values are treated as zeros. See Figure 55 for example.

#include <mumpsc/libmpscpp.h>
global A("A");

int main() {
mstring i, j;
for (i = 1; <
for (j 1;

i 11; i++)
A(i, j)

j < 11; j++) {
= rand()%1000;

cout << "Max value of all: " << A().Max() << endl;
cout << "Max value of row 10: " << A("10").Max() << endl;
return EXIT SUCCESS;

}
Yields:

Max value of all: 996
Max value of row 10: 932

Figure 55 Max Example

5.6.7.5.10 Merge
int global::Merge(global)

Copies the first global and its descendants to the second global. The Merge() function copies from one
array to another. Examples:

Xecute("for i=1:1:9 for j=1:1:9 set "~a(i,j)=i+j");
c().Merge(a()); // copies all of "a to "~c

Xecute("for i=100:1:109 s "~b(i)=i");
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b("103").Merge(a("3")); // copies "~a(3) to "b(103) and children of
// ~a(3) to be children of ~b(103)

d("").Merge(a("3")); // creates ~d="a(3); ~d(l)="a(3,1),...
5.6.7.5.11 Min
double global::Min()
Returns the minimum numeric value of the data bearing nodes beneath the given reference. Non-
numeric values are treated as zeros. Example:

#include <mumpsc /libmpscpp.h>
global A("A");

int main() {
mstring i, j;
for (1 = 1; 1 < 11; i++)

for (j =1; j < 11; j++) {
A(i,j) = rand() % 1000;
}
cout << "Min value of all: " << A().Min() << endl;
cout << "Min value of row 10: " << A("10").Min() << endl;
return EXIT SUCCESS;
}
Yields:
Min value of all: 11

Min value of row 10: 12
5.6.7.5.12 Multiply
void global::Multiply(global B,global ()

The invoking global is multiplied by B and the result is place in C. The number of columns of A must
equal the number of rows of B. The resulting matrix C will have "n" rows and "m" columns where "n" is the
number of rows of "A" and "m" is the number of columns of "B".

In all cases C will be deleted before the operation commences. The data stored at each node must be
numeric. All calculations are performed in double precision arithmetic. Each matrix must be two
dimensional. See Figure 56.

#include <mumpsc/libmpscpp.h>
#include <mumpsc/libmpsrdbms.h>

global d("d");
global e("e");
global f("f");

int main() {

d("1", "1") = 2;
d("1", "2") = 3;
d("2", "1") = 1;
d("2", "2") = -1;
d("3", "2") = 0;
d("3", "2") = 4;
e("1", "1") = 5;
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e("1", "2") = -2;
e("1", "3") = 4;
e("1", "4") = 7;
e("2", "1") = -6;
e("2", "2") = 1;
e("2", "3") = -3;
e("2", "4") = 0;

d().Multiply(e(),f());
PRINT(II.FII’ Illll);

return EXIT SUCCESS;
}

Yields:

WWWWNNNNNRFRE R R
AWNRPPWUNRPRWNRE
— — — — — — — — — — ~— ~—
1L | | | {1y (| O | | A

D0 > > > > > > > > > D>
— —h —h —h —h —h =h —h —h —h —h —h

Figure 56 Multiply Example

5.6.7.5.13 Name
mstring global::Name()

Returns a null terminated pointer to array of characters containing of the global reference with all
variables and expressions in the indices evaluated. See Figure 57.

#include <mumpsc/libmpscpp.h>
global a("a");

int main() {
mstring b = "1", ¢ = "2", d = "3";
cout << a(b, ¢, d, ¢ + d).Name() << endl;
return EXIT SUCCESS;
}

Yields:

a(“l“, "2“, II3II’ ||23||)

Figure 57 Name Example

5.6.7.5.14 Order
mstring global::Order([int direction])

The Order() function gives the next ascending or descending value of the last index in a global array
reference. The direction, ascending or descending, is given by either the name of the function or an integer
"direction" which is either 1 - next ascending index, or -1 - next descending index. If 'direction' is omitted,
ascending is assumed. See Figure 58.
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given:

global test("test");

test("1") = ";
test("1", "10") = "";
test("1", "20") = "";
test("5", "1") = "";
test("5", "5") = "";

Then Order() will return the following values:

test
test

'5" "2").0rder(1) yields "" (empty string)
" ) Order(1) yields "" (empty string)

test().0rder(1) yields "1"
test("1", "").0rder(1) yields "10"
test("1", "10").0rder(1) yields 20
test('l" "20").0rder(1) yields "" (empty string)
test("1").0rder(1) yields "5"
test("5", "").0rder(1) yields "1"
test("5", "1").0rder(1) yields "2"
(
("5

Similarly, a direction code of -1 will reverse the process:

test().0rder(-1) yields 5
test("5").0rder(-1) yields "1"
test("1").0rder(-1) yields "" (empty string)

Figure 58 Order Example

i

Use the empty string (
string is returned.

) to get the initial value of an index. When there are no further values, the empty

Note: all keys are stored in ASCII character collating order. This means that numeric keys are sorted
alphabetically rather than numerically.

5.6.7.5.15 Avg
double global::Avg()

Returns the average of the values of data bearing nodes beneath the given global array reference.
Example:

#include <mumpsc/libmpscpp.h>
global A("A");
int main() {

mstring 1i,j;

A.Kill();

for (1 =0; i < 1000; i++)
for (j = 1; j < 10; j++) {

A(i, j) =733

}
cout << A("100").Avg() << endl; // average of nodes below A("100")
cout << A().Avg() << endl; // average of all nodes
GlobalClose;
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return 0;

}

Figure 59 Avg Example

The above prints 5.5 - the average value of numeric data bearing nodes beneath A("100"). If there are
non-numeric data elements, they are treated as a zero values and contribute to the result.

The global array object must be specified with indices (i.e., a parenthesized list must follow the name of
the global array object. An empty list means the entire array.

5.6.7.5.16 Locks

void CleanLocks(void)
void CleanAllLocks(void)

"CleanLocks()" removes all locks for the current process. "CleanAllLocks()" removes all locks for all
processes for which the current directory is the default directory. Locks are implemented by entries in a file
named "Mumps.Locks" created and maintained in the current directory. This file must be read/write enabled
for the current process. You may also delete all locks by removing this file. Locks are discussed elsewhere
but, in brief, they are used to signal ownership of a portion of a global array. When a lock has been applied
to a node, no other process may lock this node, any descendant node or any parent node. Locking does not
actually prevent access, it merely marks a resource as locked.

int global::Lock()

Creates a lock on the named node. If successful, "$test" will be true (1), false (0) otherwise. Returns a 1 if
the lock succeeds and a 0 otherwise.

The "Lock()" function marks a portion of the data base for exclusive access for an individual user. The
"UnLock()" frees prior locks (see below). The locks are stored in a file named "Mumps.Locks" which is opened
for exclusive access by the locking/unlocking job. The contents of the file may be deleted to remove all locks.
Alock does not actually prevent access to a global but merely marks it as locked. If another task attempts to
place a lock on a locked node, the descendant of a locked node or a direct parent of a locked node, the lock
attempt will fail. Examples:

if (gbl(a, b, c).Lock()) { ..... } // locks gbl(a, b, c) and all children;
if ($lock(gbl(a, b, c)))

5.6.7.5.17 GlobalClose

This macro closes the global array files. The global arrays must be closed on exit or they will be corrupt.
The macro causes the file system to flush all its buffers and cache and close the file system. Normally, a
"GlobalClose" is executed automatically when your program ends except if your program is terminated by
SIGKILL or SIGSTOP (which cannot be trapped). If your program is using a large memory based cache
(cache's can be 1 GB or more, on some systems), there may be a noticeable delay in file system shutdown due
to the time required to write the cache to disk.

5.6.7.5.18 Query functions

mstring Query(string ref)
mstring Query(char * ref)

int Qlength(mstring ref)
int Qlength(char * ref)

mstring Qsubscript(mstring ref, mstring index)
mstring Qsubscript(mstring ref, int index)
mstring Qsubscript(char * ref, int index)
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Query() returns an mstring containing the next global array reference in the data base or the empty
string.

Qlength() returns the number of subscripts in the global array reference.
Qsubscript() returns the index'th subscript of a global array reference.

Each of these functions operates on a text representation of a global array reference. See also the Name()
function. The following example makes use of the MeSH subject headings ( National Library of Medicine).
The MeSH global array was constructed with statements such shown in Figure 60.

set "mesh("A01")="Body Regions"

set “mesh("AO1l","047")="Abdomen"

set "“mesh("A01","047","025")="Abdominal Cavity"

set “mesh("AQ1","047","025","600")="Peritoneum"

set “mesh("AQ1","047","025","600","225")="Douglas' Pouch"
set “mesh("AO1","047","025","600","451")="Mesentery"

set “mesh("AOl","047","025","600","451","535")="Mesocolon"
set “mesh("A01","047","025","600","573")="0mentum"

set “mesh("AOl","047","025","600","678")="Peritoneal Cavity"
set “mesh("AO1","047","025","750")="Retroperitoneal Space"
set “mesh("AQ1","047","050")="Abdominal Wall"

set “mesh("AO1","047","365")="Groin"

set “mesh("AQ1","047","412")="Inguinal Canal"

set "“mesh("A01","047","849")="Umbilicus"

set “mesh("AO1l","176")="Back"

set “mesh("AO1","176","519")="Lumbosacral Region"

set “mesh("AO@1l","176","780")="Sacrococcygeal Region"

set "mesh("AOQ1","236")="Breast"

set “mesh("A01","236","500")="Nipples"

set “mesh("A0l","378")="Extremities"

set “mesh("AO1","378","100")="Amputation Stumps"

set “mesh("AO@1l","378","610")="Lower Extremity"

set “mesh("A01","378","610","100")="Buttocks"

set “mesh("A01","378","610","250")="Foot"

set “mesh("A01","378","610","250","149")="Ankle"

set "mesh("A0O1","378","610","250","300")="Forefoot, Human"
set “mesh("A01","378","610","250","300","480")="Metatarsus"
set “mesh("A01","378","610","250","300","792")="Toes"

set “mesh("A01","378","610","250","300","792","380")="Hallux"

set “mesh("A01","378","610","250","510")="Heel"
set “mesh("A01","378","610","400")="Hip"

set “mesh("A01","378","610","450")="Knee"

set "“mesh("A01","378","610","500")="Leg"

set “mesh("AO01","378","610","750")="Thigh"

set “mesh("AO@1l","378","800")="Upper Extremity"
set “mesh("A01","378","800","075")="Arm"

set “mesh("AO1","378","800","090")="Axilla"
set “mesh("A01","378","800","420")="Elbow"
set “mesh("AO1","378","800","585")="Forearm"
set “mesh("AO1","378","800","667")="Hand"

set “mesh("A01","378","800","667","430")="Fingers"
set “mesh("A01","378","800","667","430","705")="Thumb"
set “mesh("AO1","378","800","667","715")="Wrist"
set “mesh("A01","378","800","750")="Shoulder"
Figure 60 MeSH Headings'*

14 The MeSH (Medical Subject Headings) is a controlled vocabulary hierarchical indexing and classification system
developed by the National Library of Medicine (NLM). The MeSH codes are used to code medical records and literature
as part of an ongoing research project at the NLM. The examples make use of the 2003 MeSH Tree Hierarchy. Newer
versions, essentially similar to these, are available from NLM. Note: for clinical purposes, the copy of the MeSH
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The MeSH headings can be printed as shown in Figure 61.

#include <mumpsc/libmpscpp.h>
// CompiledMtreel.cpp Feb 28, 2007
int main() {

global mesh("mesh");
mstring Xx;
int i,j;

x=Query(""mesh(0)");
while (1) {
x=Query(x);
if (x=="") break;
if (x.Piece("(",1)!'=""mesh") break;
i=Qlength(x);

for (j=0; j<i; j++) cout << " "

cout << Qsubscript(x,i) << " " << x.Eval() << endl;
}

return 0;

}

which yields:

047 Abdomen
025 Abdominal Cavity
600 Peritoneum
225 Douglas' Pouch
451 Mesentery
535 Mesocolon
573 Omentum
678 Peritoneal Cavity
750 Retroperitoneal Space
050 Abdominal Wall
365 Groin
412 Inguinal Canal
849 Umbilicus
176 Back
519 Lumbosacral Region
780 Sacrococcygeal Region
236 Breast
500 Nipples
378 Extremities
100 Amputation Stumps
610 Lower Extremity
100 Buttocks
250 Foot
149 Ankle
300 Forefoot, Human
480 Metatarsus
792 Toes
380 Hallux
510 Heel

hierarchy used here is out of date and should not be employed for clinical decision making. It is used here purely as an
example to illustrate a hierarchical index. The 2003 MeSH file contains approximately 40,000 entries. Each line consists
of text along with hierarchical codes describing the subject heading.
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400 Hip
450 Knee
500 Leg
750 Thigh
800 Upper Extremity
075 Arm
090 Axilla
420 Elbow
585 Forearm
667 Hand
430 Fingers
705 Thumb
715 Wrist
750 Shoulder

Figure 61 Query Functions Example

5.6.7.5.19 Similarity functions

double Siml(global A, global B)
double Cosine(global A, global B)
double Jaccard(global A, global B)
double Dice(global A, global B)

The global arrays referenced by the invoking object and the passed object are compared and a similarity
value is computed. The functions compute the similarities of the data bearing nodes beneath the global array
references.

These are some commonly used similarity metrics. (see Salton, G; and McGill, M, Introduction to Modern
Information Retrieval, McGraw Hill, 1983). See Figures 62 through 65.

#include <mumpsc/libmpscpp.h>

global A("A");
global B("B");

int main() {

A('1","1","1") = 1;
A('1","1","2") = 1,
A('1","1","3") = 1;
A("1","1","5") = 1,
B("1","1","1") = 1;
B("1","1","2") = 1;
B("1","1","4") = 1,
B("1","1","6") = 1;

cout << Siml(A(“1","”1"), B("1","1")) << endl;
GlobalClose;

return 0;

}
The above prints 2 since there are two nodes in common below the "1,1" levels.

Alternatively:

#include <mumpsc/libmpscpp.h>
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global A("A");
global B("B");

int main() {
A("1t,"1,"1")
A(II1II,II1II,II2II)
A("1","1","3")
A(II1II,II1II,II5II)

R E RN

’
’
’
’

“it,t1t, 1Y)
“it,t1v,r2")
“it,"1v,"4")
“1*,"1","6")

RN

.
’
’
.
’
’

cout << Siml(A(“1”,”1"), B("1","1")) << endl;
GlobalClose;
return 0;

}

The above prints 5 since there are two nodes in common below the "1,1" levels but one of the set of
nodes in common have a stored value of 2. (2*2+1%1)

Figure 62 Siml Example

#include <mumpsc /libmpscpp.h>

global A("A");
global B("B");

int main() {

A("1") = 3;
A("2") = 2;
A("3") = 1;
A("4") = 0;
A("5") = 0;
A("6") = 0;
AC'7") = 1;
A("8") = 1;
B("1") = 1;
B("2") = 1;
B("3") = 1;
B("4") = 0;
B("5") = 0;
B("6") = 1;
B("7") = 0;
B("8") = 0;

cout << Jaccard(A(), B()) << endl;
GlobalClose;

return 0;

}
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prints 1

Figure 63 Jaccard Example
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cout << Dice(A(), B()) << endl;

GlobalClose;
return 0;

#include <mumpsc/libmpscpp.h>
}

int main()

prints 1

Figure 64 Dice Example

#include <mumpsc/libmpscpp.h>
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global A
global B
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B(II7II)
B("8")

0;
0;

cout << Cosine(A(), B()) << endl;
GlobalClose;

return 0;

}
prints 0.75
Figure 65 Cosine Example

5.6.7.5.20 Transpose
void global::Transpose(global out)

The invoking object is transposed and the result is placed in out. Any prior contents of the array out are
deleted before the operation commences. See Figure 66.

#include <mumpsc/libmpscpp.h>
#include <mumpsc/libmpsrdbms.h>

global d("d");
global f("f");

int main() {

d("1","1")=2;
d("1","2")=3;
d("2","1")=4;
d("2","2")=0;

d().Transpose(f()); // transpose d() placing result in f()

Cout << f(lllll’lllll) << n n f(lllll’IIZIl) << endl;
COUt << f(llzll'lllll) << non f(||2||’||2||) << end-l.;
GlobalClose;
return EXIT SUCCESS;
}

Yields:

2 4

30

Figure 66 Transpose Example
5.6.7.5.21 Centroid
void global::Centroid(global B)

A centroid vector B is calculated for the invoking two dimensional global array. The centroid vector is
the average value for each for each column of the matrix. Any previous contents of the global array named
to receive the centroid vector are lost. The invoking global array (A) must contain at least two dimensions.
See Figure 67.

#include <mumpsc/libmpscpp.h>
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global A("A");
global B("B");

int main() {
mstring i,7j;
for (i=0; i<10; i++)
for (j=1; j<10; j++) {
A(i,j) = 5;
}

A().Centroid(B());
mstring a="";

) {
B(a).0rder(1);

while (1

a=

if (a=="") break;
co

}

ut << a << " --> " << B(a) << endl;
return 0;

}
Yields:

Coo~NOOULTE, WN B
1
1
\'

(OO, 0, RO, O, O, NO, N0, N0,

Figure 67 Centroid Example

The above yields a vector giving the average value of each named column of the matrix "A" (5 in this
case since each column is initialized with 5).

5.6.7.5.22 Correlation Functions

void global::TermCorrelate(global B)
void global::DocCorrelate(global B, mstring fcnname, double threshold)

These functions build document indexing correlation matrices. The invoking global is assumed to be a
two dimensional document-term matrix whose rows are documents and whose columns represent the
occurrence of terms in the documents (either weights or frequencies).

TermCorrelate() builds a square term-term correlation matrix in B from the invoking document-term
matrix.

DocCorrelate() builds a square document-document correlation matrix from the invoking document-
term matrix. The name of the function to be used in calculating the document-document similarity is given
in fcn and may be Cosine, Jaccard, Dice, or Sim1. The minimum correlation threshold is given in threshold
which defaults to 0.80 if omitted.

#include <mumpsc/libmpscpp.h>

global A("A");
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global B("B");

int main() {
long 1i,j;

A("1", "computer") = 5;
A("1", "data") = 2;
A("1", "program") = 6;
A("1", "disk") = 3;
A("1", "laptop") = 7;
A( 1;

"1", "monitor")

A("2", "computer") = 5;
A("2", "printer") = 2;
A("2", "program") = 6;
A("2", "memory") = 3;
A("2", "laptop") = 7;
A("2", "language") = 1;

A("3", "computer") = 5;
A("3", "printer") = 2;
A("3", "disk") = 6;
A("3", "memory") = 3;
A("3", "laptop") = 7;
A("3", "USB") = 1,

A().TermCorrelate(B());

mstring a;
mstring b;

a=l| n ;

while (1) {
a=B(a).0rder();
if (a == "") break;
cout << a << endl;
b="";
while (1) {
b=B(a, b).0Order(1);
if (b == "") break;
co
}

ut <<" " << b << "(" << B(a,

}

return 0;

}

Yields:

UsB
computer(1)
disk(1)
laptop(1)
memory (1)
printer(1)

computer
USB(1)
data(1l)
disk(2)
language(1)
laptop(3)
memory (2)

b) << ")" << endl;
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monitor(1l)
printer(2)
program(2)
data
computer(1)
disk(1)
laptop (1)
monitor(1)
program(1)
disk
USB(1)
computer(2)
data(1l)
laptop(2)
memory (1)
monitor(1)
printer(1)
program(1)
language
computer(1l)
laptop(1)
memory (1)
printer(1)
program(1)
laptop
USB(1)
computer(3)
data(1l)
disk(2)
language(1)
memory (2)
monitor(1)
printer(2)
program(2)
memory
USB(1)
computer(2)
disk(1)
language(1)
laptop(2)
printer(2)
program(1)
monitor
computer(1l)
data(1l)
disk(1)
laptop (1)
program(1)
printer
USB(1)
computer(2)
disk(1)
language(1)
laptop(2)
memory (2)
program(1l)
program
computer(2)
data(1l)
disk(1)
language(1)
laptop(2)
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memory (1)
monitor(1)
printer(1l)

Figure 68 TermCorrelate Example

The example in Figure 68 gives the number of co-occurences of each word with each other word. For
example, the words "computer" and "memory" co-occur in two vectors (2 nd 3) while the words "laptop” and
"computer" co-occur in all three vectors. If each vector is thought of as a document, the strength of the co-
occurences between words is a measure of similarity for indexing purposes.

#include <mumpsc/libmpscpp.h>

global A("A");
global B("B");

int main() {
long i,j;

(
A("1",
A("1","program")=6;
A(Illll’ ||disk||)_3_
A(
A(

II1II , Illaptopll )=7
“1","monitor")=1;
"2","computer")=5;
"2","printer")=2;
II2II , Ilprogramll )=6

A(

A(

A(
A("2","memory")=3;
A("2","laptop")=7;
A("2","language")=1;
("3","computer")=5;
("3","printer")=2;
("3","disk")=6;
("3","memory")=3;
("3","laptop")=7;
("3","UsB")=1;

A().DocCorrelate(B(),"Cosine",.5);

mstring a;
mstring b;
a=l|l|
while (1) {
a=B(a).0rder(1);
if (a == "") break;
cout << a << endl;
b = "";
while (1) {
b = B(a, b).0rder(1);
if (b == "") break;
cout <<" " << b << "(" << B(a, b) << ")" << endl;
}
}
return 0;
}
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Yields
1
2 0.887096774193548
3 0.741935483870968
2
1 0.887096774193548
3 0.701612903225806
3
1 0.741935483870968
2 0.701612903225806
Figure 69 DocCorrelate Example

The example in program in Figure 69 calculates the similarities between the document vectors
according to the Cosine method.

5.6.7.5.23 IDF
void global::IDF(double DocCount)

The IDF() function calculates for the global array vector provided the inverse document frequency weight
of each term. The vector should be indexed by words and have stored the number of documents in which
each word occurs. The document count will be replaced by the calculated IDF value. The IDF is
log2(DocCount/Wn)+1 where Wn is the number of documents in which a term appears (the document
frequency). The value DocCount is the total number of documents present in the collection. See Figure 70.

#include <mumpsc/libmpscpp.h>
global a("a");
int main() {

kill(a ()).
a(" now 'Y = 2;
a("is") = 5;
a("the") =6;
a("time") = 3;
a().IDF(4);
a().TreePrint();
return 0;

yields:

is=0.678072
now=2.000000
the=0.415037
time=1.415037

Figure 70 IDF Example

5.6.7.5.24 Sum
double global::Sum()

The global array nodes beneath the referenced global array are summed. Non numeric quantities are
treated as zero. See Figure 71.

#include <mumpsc/libmpscpp.h>
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global A("A");
int main() {

mstring i, j;

for (1 =1; i < 11; i++)
for (3 =1; j < 11, j++) {
A(i, j) =

}
cout << "Full sum: " << A().Sum() << endl;
cout << "A row sum: " << A("5").Sum() << endl;
GlobalClose;
return EXIT SUCCESS;
}
Yields

Full sum: 500
A row sum: 50

Figure 71 Sum Example

5.6.7.5.25 Btree
int BTREE(int code, unsigned char * key, unsigned char * data)

BTREE() is a macro permitting direct access to the underlying btree system. The first argument, "code" is
an integer indicating the operation to be performed (see below). The second argument is the key to be stored
consisting of a null-terminated array printable ASCII characters. The length of the key should be no greater
than one quarter of the btree block size whose default value is 8192 (i.e., max key length is about 2048 bytes
in the default case). The third argument is the data to be stored with the key. It is a null-terminated string of
printable ASCII characters not greater than the system defined limit STR_MAX (defaults to 4096). An empty
string is interpreted as no data to be stored. Note that the second and third arguments must be unsigned
char *. The macro returns an integer indicating success. It may also alter "key" or "data" to return values or
for other purposes. The contents of "key" and "data" are not preserved across in invocation of BTREE()
Examlples of using BTREE() are given in mumpsc/doc/examples/btree.

Permitted btree operations:

1. STORE - store a key and data value in the btree; retuns zero if successful, non-zero otherwise:

unsigned char key[] = "test key";

unsigned char data[] = "test data";

if ( BTREE(STORE, key, data) == ) cout << "stored" << endl;
else cout << "not stored" << endl;

2. RETRIEVE - retrieve data stored with a key; returns zero if successful, non-zero otherwise:

unsigned char key[] = "test key";
unsigned char data[STR MAX];

if (BTREE(RETRIEVE, key, data) == 0)

cout << "retrieved: " << data << endl;
else cout << "not retrieved." << endl;

3. CLOSE - close the btree data base; returns zero:
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unsigned char key[] = "";
unsigned char data[] = "";
BTREE (CLOSE, key, data);

4. XNEXT/PREVIOUS - retrieve next ascendina/descending key; returns one. Value of second and third
arguments become the value of the next ascendina/descendingg key. An initial value of the empty
string for the second argument will retrieve the first/last key and the value of the second argument
becomes the empty string when there are no more ascending/descending values. An initial value of
the empty string for the second argument will retrieve the first/last key.

unsigned char key[] = "";
unsigned char data[STR MAX];

printf("\nbegin retrieve...\n");

while(1l) { // rerteive keys in ascending order
i=BTREE (XNEXT, key, data);
if (strlen( (char *) data) == 0) break;
cout << key << endl;

}
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5.6.7.5.26 Full List of Overloaded global Operators

The following table shows the current list of operator overloads for class global. Additional overloads will

be added in time.

5.6.7.5.27 Assignment

global & operator=(const char *);
global & operator=(int);

global & operator=(double);

global & operator=(string);

global & operator=(global);

global & operator=(unsigned int);
global & operator=(float);

global & operator=(short);

global & operator=(unsigned short);
global & operator=(long);

global & operator=(unsigned long);
global & operator=(mstring);

5.6.7.5.28 Addition

int operator+(int);

unsigned int operator+(unsigned int);
long operator+(long);

unsigned long operator+(unsigned long);
short operator+(short);

float operator+(float);

unsigned short operator+(unsigned short);
double operator+(double);

double operator+(global);

int operator+=(int);

unsigned int operator+=(unsigned int);
short operator+=(short);

unsigned short operator+=(unsigned short);
long operator+=(long);

unsigned long operator+=(unsigned long);
float operator+=(float);

double operator+=(double);

friend int operator+(int,global);

friend unsigned int operator+(unsigned
int,global);

friend unsigned long operator+(unsigned
long,global);

friend long operator+(long,global);

friend short operator+(short,global);

friend unsigned short operator+(unsigned
short,global);

friend float operator+(float,global);

friend double operator+(double,global);

friend int operator+=(int &,global);

friend unsigned int operator+=(unsigned
int,global);

friend short operator+=(short,global);

friend unsigned short operator+=(unsigned
short,global);

friend long operator+=(long,global);

friend unsigned long operator+=(unsigned
long,global);

friend float operator+=(float,global);

friend double operator+=(double,global);

5.6.7.5.29 Subtraction

int operator-(int);

unsigned int operator-(unsigned int);
long operator-(long);

unsigned long operator-(unsigned long);
short operator-(short);

float operator-(float);

double operator-(double);

double operator-(global);

unsigned short operator-(unsigned short);

friend int operator-(int,global);
friend unsigned int operator-(unsigned
int,global);
friend unsigned long operator-(unsigned
long,global);
short operator-(short,global);
long operator-(long,global);
float operator-(float,global);
double operator-(double,global);
unsigned short operator-(unsigned
short,global);

friend
friend
friend
friend
friend
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int operator-=(int);

unsigned int operator-=(unsigned int);
short operator-=(short);

unsigned short operator-=(unsigned short);
long operator-=(long);

unsigned long operator-=(unsigned long);
float operator-=(float);

double operator-=(double);

friend int operator-=(int &,global);

friend unsigned int operator-=(unsigned
int,global);

friend short operator-=(short,global);

friend unsigned short operator-=(unsigned
short,global);

friend long operator-=(long,global);

friend unsigned long operator-=(unsigned
long,global);

friend float operator-=(float,global);

friend double operator-=(double,global);

5.6.7.5.30 Multiplication

int operator*(int);

unsigned int operator*(unsigned int);
long operator*(long);

unsigned long operator*(unsigned long);
short operator*(short);

float operator*(float);

double operator*(double);

double operator*(global);

unsigned short operator*(unsigned short);

int operator*=(int);

unsigned int operator*=(unsigned int);
short operator*=(short);

unsigned short operator*=(unsigned short);
long operator*=(long);

unsigned long operator*=(unsigned long);
float operator*=(float);

double operator*=(double);

friend int operator*(int,global);

friend unsigned int operator*(unsigned
int,global);

friend long operator*(long,global);

friend unsigned long operator*(unsigned
long,global);

friend short operator*(short,global);

friend float operator*(float,global);

friend double operator*(double,global);

friend unsigned short operator*(unsigned
short,global);

friend int operator*=(int &,global);

friend unsigned int operator*=(unsigned
int,global);

friend short operator*=(short,global);

friend unsigned short operator*=(unsigned
short,global);

friend long operator*=(long,global);

friend unsigned long operator*=(unsigned
long,global);

friend float operator*=(float,global);

friend double operator*=(double,global);

5.6.7.5.30.1 Division

int operator/(int);

unsigned int operator/(unsigned int);
long operator/(long);

unsigned long operator/(unsigned long);
short operator/(short);

unsigned short operator/(unsigned short);
float operator/(float);

double operator/(double);

double operator/(global);

int operator/=(int);

unsigned int operator/=(unsigned int);
short operator/=(short);

unsigned short operator/=(unsigned short);
long operator/=(long);

unsigned long operator/=(unsigned long);
float operator/=(float);

friend int operator/(int,global);

friend unsigned int operator/(unsigned
int,global);

friend long operator/(long,global);

friend unsigned long operator/(unsigned
long,global);

friend short operator/(short,global);

friend unsigned short operator/(unsigned
short,global);

friend float operator/(float,global);

friend double operator/(double,global);

friend int operator/=(int &,global);

friend unsigned int operator/=(unsigned
int,global);

friend short operator/=(short,global);

friend unsigned short operator/=(unsigned
short,global);

friend long operator/=(long,global);
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double operator/=(double);

friend unsigned long operator/=(unsigned
long,global);

friend float operator/=(float,global);

friend double operator/=(double,global);

5.6.7.5.31 Increment/Decrement

double operator++
double operator--
double operator++
double operator--

);
);

);
);
int
int

PRy

5.6.7.5.32 Unary

mstring operator+()
mstring operator-()

; // unary plus
; // unary minus

5.6.7.5.33 Relational

int
int
int
int
int
int
int
int
int
int
int

int
int
int
int
int
int
int
int
int
int
int
int

int
int
int
int
int
int
int
int
int
int
int

int

operator>(global);
operator>(int);

operator>(unsigned
operator>(long);
operator>(unsigned
operator>(short);

operator>(unsigned
operator>(float);
operator>(double)
operator>(char *)
operator>(string)

’
.

’
’

operator<(global);
operator<(int);
operator<(unsigned
operator<(long);
operator<(unsigned
operator<(short);
operator<(unsigned
operator<(float);
operator<(double);
operator<(char *);
operator<(string);
operator<(mstring);

operator<=(global);
operator<=(int);

int);
long);

short);

int);
long);

short);

operator<=(unsigned int);

operator<=(long);

operator<=(unsigned long);

operator<=(unsigned short);

operator<=(float);
operator<=(double);
operator<=(char *);

)

(

(

(

(

(
operator<=(short);
(

(

(

(
operator<=(string

’

operator>=(global);

friend int operator>(int,global);
friend int operator>(unsigned int,global);
friend int operator>(long,global);
friend int operator>(unsigned
long,global);
friend int operator>(short,global);
friend int operator>(unsigned
short,global);
friend int operator>(float,global);
friend int operator>(double,global);
friend int operator>(char *,global);
friend int operator>(string,global);

friend int operator<(int,global);
friend int operator<(unsigned int,global);
friend int operator<(long,global);
friend int operator<(unsigned
long,global);
friend int operator<(short,global);
friend int operator<(unsigned
short,global);
friend int operator<(float,global);
friend int operator<(double,global);
friend int operator<(char *,global);
friend int operator<(string,global);
friend int operator<(mstring,global);

friend int operator<=(int,global);

friend int operator<=(unsigned
int,global);

friend int operator<=(long,global);

friend int operator<=(unsigned
long,global);

friend int operator<=(short,global);

friend int operator<=(unsigned
short,global);

friend int operator<=(float,global);

friend int operator<=(double,global);

friend int operator<=(char *,global);

friend int operator<=(string,global);

friend int operator>=(int,global);
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int
int
int
int
int
int
int
int
int
int

int
int
int
int
int
int
int
int
int
int
int

int
int
int
int
int
int
int
int
int
int
int

operator>=(int);
operator>=(unsigned
operator>=(long);
operator>=(unsigned
operator>=(short);
operator>=(unsigned
operator>=(float);
operator>=(double);
operator>=(

(

char *);
operator>=(string);
operator=
operator==(int);

global);

operator=
operator=

=(

(
operator==(unsigned
operator==(long);
operator==(unsigned
operator==(short);
operator==(unsigned
operator==(float);
operator==(double);

=(

=(

char *);
string);

operator!=(global);
operator!=(int);
operator!=(unsigned
operator!=(long);
operator!=(unsigned
operator!=(short);
operator!=(unsigned
operator!=(float);
operator!=(double);
operator!=(char *);
operator!=(string);

int);

long);

short);

int);

long);

short);

int);

long);

short);

friend int operator>=(unsigned
int,global);

friend int operator>=(long,global);

friend int operator>=(unsigned
long,global);

friend int operator>=(short,global);

friend int operator>=(unsigned
short,global);

friend int operator>=(float,global);

friend int operator>=(double,global);

friend int operator>=(char *,global);

friend int operator>=(string,global);

friend int operator==(int,global);
friend int operator==(unsigned
int,global);
friend int operator==(long,global);
friend int operator==(unsigned
long,global);
friend int operator==
friend int operator==
short,global);
friend int operator==(float,global);
friend int operator==(double,global);
friend int operator==(char *,global);
friend int operator==(string,global);

(short,global);
(unsigned

friend int operator!=(int,global);

friend int operator!=(unsigned
int,global);

friend int operator!=(long,global);

friend int operator!=(unsigned
long,global);

friend int operator!=(short,global);

friend int operator!=(unsigned
short,global);

friend int operator!=(float,global);

friend int operator!=(double,global);

friend int operator!=(char *,global);

friend int operator!=(string,global);

5.6.7.5.34 Casts

operator char*() ;
operator int();

operator unsigned int();

operator short();
operator unsigned short();
operator long();
operator unsigned long();
operator float();

operator double();
operator mstring();
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5.7 class mstring

The mstring class provides Mumps-like strings that can be used to in C++ programs. They treat variable
in a manner similar to that of native Mumps strings.

mstring objects are based on C++ string strings on which arithmetic and other operations may be
performed. The mstring includes overloads for many operators as well provides many Mumps-like
functions.

A complete list of the overloaded mstring operators is given below.

5.7.1 mstring Functions

5.7.1.1 Ascii Function

int mstring::Ascii()
int mstring::Ascii(int start)
int mstring::Ascii(int start)

Returns the numeric value of an ASCII character. If no "start" is specified, the numeric values of the first
character of invoking mstring is used. If "start" is specified, the numeric value of "start™th character of
nvoking is chosen. If the empty string is given, -1 is returned.

mstring a;

a="ABC";

a.Ascii() yields 65
a.Ascii(1l) yields 65
a.Ascii(2) yields 66

5.7.1.2 begins Function

int mstring: :begins(mstring pattern)

Returns an integer which is the starting point in the string of pattern or -1 if the pattern is not found.
Throws: PatternException if the pattern is in error.

5.7.1.3 c_str Function
char * mstring::c str()
Returns a pointer to a null terminated <b>char</b> array containing the contents of the invoking
mstring object.

5.7.1.4 decorate Function

int mstring::decorate(mstring pattern, mstring prefix, mstring suffix)

Attempts to locates pattern in the invoking mstring and inserts prefix immediately to the left of the string
that matched the pattern and inserts suffix immediately to the right of the found pattern. Returns 1 if the
pattern was found and the insertions were made, -1 if the pattern was not found, and less than -1 for other
errors (see PCRE documentation concerning pcre_exec() return codes). Throws: PatternException().

5.7.1.5 EncodeHTML Function

char * mstring EncodeHTML(char * arg)
mstring EncodeHTML (mstring arg)

Encodes the argument string according to HTML rules and returns the result. Alphabetics and numbers
are unchanged. Blanks become plus signs and all other characters replaced by "%xx" where "xx" is the
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hexadecimal value of the character in the ASCII collating sequence. The function is used mainly in
connection with parameters passed with URL's which may not contain blanks or special characters. the code
in cgi.h is used to decode these strings. Example:

#include <mumpsc/libmpscpp.h>
int main() {
char x[]="now is =()$.& the time";
cout << EncodeHTML(x) << endl;
return EXIT SUCCESS;
}

Yields
Now+1s+%3D%28%29%24%2E%26+the+time

5.7.1.6 ends Function

int mstring::ends(mstring pattern)

Returns an integer giving the character position (relative to zero) immediately following the string that
matched pattern. Returns -1 if the string did not match. Throws: PatternException.

5.7.1.7 Eval Function

mstring mstring::Eval()

Evaluates the mumps expression of the invoking mstrin object and returns the result in an mstring. If an
error occurs, an InterpreterException is thrown. The invoking mstring object may contain a valid mumps
expression involving calling program mstring variables.

5.7.1.8 Extract Function

mstring mstring::Extract(int=1, int=-1)

Returns an mstring containing a substring substring of the first argument. The substring begins at the
position noted by the second operand. If the third operand is omitted, the substring consists only of the
"start" character of invoking source string. If the third argument is present, the substring begins at position
"start" and ends at position "end". If no argument is given, the function returns the first character of the
string. If "end" specifies a position beyond the end of source string, the substring ends at the end of source
string;. String position counting begins at one (not zero).

5.7.1.9 Find Function

int mstring::Find(const char *, int=1)
int mstring::Find(mstring, int=1)

Find() searches the first argument for an occurrence of the second argument. If one is found, the value
returned is one greater than the end position of the second argument in the first argument. If "start" is
specified, the search begins at position "start" in argument 1. If the second argument is not found, the value
returned is 0. String position counting begins at position one.

mstring x;

x="ABCDEF";

x.Extract(2) yields "B"
x.Extract(3,5) yields "CDE"

5.7.1.10 Horolog Function

mstring Horolog()
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Returns an mstring of the form "x,y" where x is the number of days since December
31, 1984 and y is the number of seconds since midnight.

5.7.1.11 Justify Function

mstring mstring: :Justify(int,int=-1)

Justify() right justifies the invoking mstring in an mstring field whose length is given by the first
argument. If the second argument is present and a positive integer, the invoking mstring is right justified in
a field whose length is given by the first argument with "precision" decimal places. The two argument form
imposes a numeric interpretation upon the first argument.

X=II39II ;
x.Justify(3) yields " 39"

x="TEST";
x.Justify(7) yields " TEST"

X=II39II ;
x.Justify(4,1) yields "39.0"

5.7.1.12 Length Function

int mstring: :Length()
int mstring::Length(mstring pattern_string)
int mstring::Length(char * pattern_string)

The function returns the string length of the invoking mstring.

5.7.1.13 mcvt Function

mstring mcvt(arg)

Converts the arg to mstring. Arg may be int, char *, float long or double.

5.7.1.14 Pattern Function

int mstring::Pattern(mstring &)
int mstring::Pattern(const char *)

Evaluates the invoking source string according to the pattern_string and returns 0 (does not match) or 1
(does match). Pattern_string rules are as as shown below but you must remember to place a backslash before
quotes in the pattern string (as per usual C++ rules). The pattern match function is used to determine if a
string conforms to a certain pattern. Pattern match operations are converted to Perl Compatible Regular
Expressions and are executed by functions in the PCRE library which must be present. You may access the
PCRE directly, using Perl expression format with the "perl pm(string, pattern, 1, svPtr)" function discussed in
Appendix D. The basic Mumps pattern codes are shown in Figure 72.

The Mumps pattern codes are:

for the entire upper and lower case alphabet.
for the 33 control characters.

for any of the 128 ASCII characters.

for the 26 lower case letters.

for the numerics

for the 33 punctuation characters.

for the 26 upper case characters.

literal string.

>Ccuozrmo>»

Figure 72 Mumps Pattern Codes
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A pattern code is made up of one or more of the those shown in Figure 72, each preceded by a count
specifier. The count specifier indicates how many of the named item must be present. Alternatively, an
indefinite specifier - a decimal point - may be used to indicate any count (including zero). For example:

mstring A;
A="123-45-6789";
if (A.Pattern(command("3N1"-"2N1"-"4N"))) cout << "OK" << endl;
A="JONES, J. L.";
if (A.Pattern(command(".A1",".A") )) cout << "OK" << endl;

Additionally, POSIX reculare expressions may be included if the first character is a tilde (~) character:

mtring test;
test = "123abc";
if (test.Pattern("~[[:digit:]]{3}[[:alpha:]]1{3}")) cout << "yes" << endl;

Full pattern matching syntax, including support for alternation, are supported as described in Appendix D of
the Compiler manual. The macro "command()" will handle the required backslash escape characters
required before quote marks.

5.7.1.15 Piece Function

mstring mstring::Piece(const char *, int, int=-1)
mstring mstring::Piece(mstring &, int, int=-1)

The Piece() function returns a substring of the invoking mstring delimited by the instances of the first
argument. The substring returned in the two argument case is that substring of the invoking mstring that
lies between the "start” minus one and "start" occurrence of the first argument. In the three argument form,
the string returned is that substring of the invoking mstring delimited by the "start" minus one instance of
the first argument and the end'th instance of the first argument. If only two arguments are given, end is
assumed to be start. For example:

x="aaa.bbb.ccc.eee.fff";

cout << x.Piece(".",1) << endl; // writes aaa
cout << x.Piece(".",2) << endl; // writes bbb
cout << x.Piece(".",5) << endl; // writes fff
cout << x.Piece(".",4,5) << endl; // writes eee.fff

Global arrays may be used in any argument position but only one instance of the same global may
appear (see note in Accessing global arrays) section.

5.7.1.16 ReadLine Function

bool mstring::ReadLine(FILE *)
bool mstring: :ReadLine(istream &)

The next line from the file designated by "unit" is read into the invoking object of mstring. Carriage-
returns and line-feeds are removed. The maximum length line that can be read is STR_MAX-1. Returns 'true'
if the operation succeeded, 'false’ otherwise or if end of file.

5.7.1.17 replace Function

int mstring::replace(mstring pattern, mstring replacement)

Replaces the string matching pattern with replacement. Returns 1 if successful, 01 if there was no match
and less than -1 on error (See PCRE documentation for pcre_exec()). Throws: PatternException.
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5.7.1.18 ScanAlnum Function

mstring ScanAlnum(FILE *, int min=3, int max=25)
mstring ScanAlnum(istream, int min=3, int max=25)

Returns the next token from the input file with all punctuation removed. Returns empty string on end of
file. If min and/or max are provided, only words whose length are less than min and greater than max are
discarded. The default values for these parameters are 3 and 25, respectively. Use stdin for file to scan
standard input.

5.7.1.19 shred Function
mstring Shred(mstring str, int size)

The Shred() function shreds the input string str into fragments of length size upon successive calls. The
function returns a string of length zero when there are no more fragments of length size remaining (thus,
short fragments at the end of a string are not returned). Shred() copies the input string to an internal buffer
upon the first call. Subsequent calls retrieve from this buffer. When the buffer is consumed, the function
will copy the contents of the next string submitted to the buffer. Figure 73 contains an example.

#include <mumpsc/libmpscpp.h>
int main() {

char x[] = "abcdefghijklmnopqrstuvwxyz";

char *p;
while(1) {
p = Shred(x, 5);
if (strlen(p) == 0) break;
cout << p << endl;
}
return 0;
}
yields:
abcde
fghij
klmno
pgrst
UvwXxy

Figure 73 Shred Function

5.7.1.20 ShredQuery Function
mstring ShredQuery(mstring str, int size)

The ShredQuery() function shreds size shifted copies of the input string str into fragments of length size
upon successive calls. That is, the function first returns all the size fragments of the string in the same
manner as Shred(). However, it then shifts the starting point of the input string to the right by one and
returns all the size length fragments relative to the shifted starting point. It repeats this process a total of size
times.

The function returns a string of length zero when there are no more fragments of length size remaining
(thus, short fragements at the end of a string are not returned). ShredQuery() nitially copies the input string
to an internal buffer upon the first call. Subsequent calls retrieve from this buffer. When the buffer is
consumed, the fuction will copy the contents of the next string submitted to the buffer. See Figure 74.
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#include <mumpsc/libmpscpp.h>
int main() {

char x[] = "abcdefghijklmnopqrstuvwxyz";
char *p;

while(1l) {
p = ShredQuery(x, 5);
if (strlen(p) == 0) break;
cout << p << endl;
}
return 0;

}
Yields:

abcde
fghij
klmno
pgrst
uvwxy

bcdef
ghijk
lmnop
qrstu

cdefg
hijkl
mnopq
rstuv

defgh
ijklm
nopqr
stuvw

efghi
jklmn
opgrs
tuvwx

Figure 74 ShredQuery

5.7.1.21 Stem Function
mstring stem(mstring & word)

Returns the original word or the English linguistic root stem of the word, if one can be found.

5.7.1.22 Synonym Functions: SymInit(), SYN()

int SynInit(mstring filename)
int SynInit(string filename)
int SynInit(char * filename)

mstring SYN(mstring word)
string SYN(string word)
char * SYN(char * word)

SysInit() opens and reads a synonym file and returns the number of 1lines read. The
maximum number of synonyms permitted is determined by "SYNMAX" in libmpscpp.h (default
is 20,000). Each line of the synonym file consists of multiple words, in lower case,
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separated from on another by a single blank. The first word is the root alias and the
remaining words are alternative synonyms. The function SYN() looks up a word. If the
word is an alternative synonym, the root alias is returned. If not, the original word
is returned.

5.7.1.23 SymGet SymPut Functions

mstring SymGet(mstring name)
mstring SymGet(char * name)
mstring SymGet (global name)
mstring SymPut(name, value)

These functions retrieve and store values from/to the run-time symbol table. In all, name is a a
string containing the name of the variable and value is the value to be stored. The SymPut()
functions return true if successful. A MumpsSymbolTableException exception is raised if
SymGet() fails. If SymPut() fails, the program terminates (out of memory). For SymPut(), name'
and 'value' may be any combination of mstring, global or null terminated char.

5.7.1.24 s_str Function
string mstring::s str()

Returns a string copy of the contents of the invoking mstring object.

5.7.1.25 Translate

mstring global::Translate(mstring)
mstring global::Translate(mstring, mstring)

If only one mstring argument is given, characters appearing in the argument mstring are removed from
the invoking global.

If two argument mstrings appear and the first and second argument mstring are of the same length,
characters from the invoking global that appear in the first argument mstring are replaced by their
counterparts from the second argument mstring.

If the first argument mstring is longer than the second argument mstring, the characters from the first
argument mstring which have no counterpart in the second argument mstring are removed.

A "counterpart" is a character equally offset in the second argument mstring to the character in the first
argument mstring.

5.7.1.26 Token Function

mstring Token()
mstring TokenInit(mstring)

Token() returns the next word token from the input string. Initially a line of text is passed to TokenInit().
For each subsequent call to Token(), the next lexical token from the original string is returned. Upper case
letters are converted to lower case letters. When there are no more words, the empty string is returned.
After the the empty string is returned (or when initially called), the function will accept and store a new line
of text.

5.7.1.27 Translate Function
mstring mstring::Translate(mstring)
mstring mstring::Translate(mstring, mstring)

If only one mstring argument is given, characters appearing in the argument mstring are removed from
the invoking mstring.
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If two argument mstrings appear and the first and second argument mstring are of the same length,
characters from the invoking mstring that appear in the first argument mstring are replaced by their
counterparts from the second argument mstring.

If the first argument mstring is longer than the second argument mstring, the characters from the first
argument mstring which have no counterpart in the second argument mstring are removed.

A "counterpart" is a character equally offset in the second argument mstring to the character in the first
argument mstring.

5.7.2 Basic mstring Examples

Figure 75 gives some examples of the data type mstring. In the Mumps language there is one basic data
type: string. All operations, including arithmetic calculations result in string values.

The mstring data type imitates the string data type in Mumps. It can be used as a traditional string or
ain mathematics.

In Figure 75 we see the mstring variab;s a, b, and ¢ being used as traditional strings with the MDH
concatenation operator (| |) to form the string hello world. The mstring variable a is then used as a numeric
counter to print zero through nine. It is then used to as a numeric index to a global array (x(a)) and finally in
several expressions accessing the global array.

#include <mumpsc/libmpscpp.h>
global x("x");
int main() {

mstring a, b, c;

a = "hello ";
b = "world";
cout << (a || b) << endl; // concatenation

// prints "hello world"
for (a = 0; a < 10; a++)

cout << a << endl; // prints 0 thru 9
for (a = 0; a < 10; a++)
x(a) = a; // sets global array elements
a = IIII;
while (1) {
a = x(a).0rder(1);
if (a == "") break;
cout << a << endl; // prints 0 thru 9
}
cout << x(a).Data() << endl; // prints 1

c = "123 elm street";
c=c¢c+ 1;
cout << ¢ << endl; // prints 124

return EXIT SUCCESS;
}

Figure 75 mstring Examples
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Note: the code "(a | | b)" in the cout expression is parenthesized. If not parenthesized, the C++ compiler

precedence will result in an error since the precedence of << is greater than | |.

5.7.3 Assignment from Other Data Types

Variables of type mstring may be assigned values from variables or constants of types char *, string,

global, mstring, float, int, long, or double as shown in Figure 76.

#include <mumpsc/libmpscpp.h>
int main() {
// examples of assignment to mstring

mstring x;

X = 10; cout << x << endl;
X = 10.99; cout << x << endl;
x = "test"; cout << x << endl;

string al="abcdef";

float a2=99.9;

double a3=99.8;

int a4=99;

short a5=98;

char a6[]="abcdef";

global a7("a7"); a7("1")=99;

X = ail; cout << x << endl;
X = a2; cout << x << endl;
X = a3; cout << x << endl;
X = a4; cout << x << endl;
X = ab; cout << x << endl;
X = a6; cout << x << endl;
x = ar("1"); cout << x << endl;
GlobalClose;

return EXIT_SUCCESS;

3

which writes:

10
10.99
test
abcdef
99.9
99.8
99

98
abcdef
99

Figure 76 mstring Assighment

Examples
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5.7.4 Arithmetic Operations on mstring

Figure 77 gives examples of arithmetic operations of mstring.

#include <mumpsc /libmpscpp.h>

int main() {

// examples mstring operators.

mstring
mstring
mstring

y =1;
X = 10,

cout <<
cout <<
cout <<
cout <<
cout <<
cout <<

cout <<

10,
10;
10;
10,
10,
10;
10,

X X X X X X X
{1 I I T | B T 1|

O
o
ey
[
A
N

[
© o

X X X X X

oo
(Y
XS]

=
[©)

cout <<

x=10,
x=10,;
x=10;
Xx=10;
x=10,

X X X X X

cout <<

10;
10,
10;
10;

X X X X
(I T

cout <<

10;

X
I u

X;

\Z

Z,

"expect 11 " << x
"expect 9 " << X
"expect 20 " << x
"expect 5 " << x
"expect 1 " << x
"expect 11 " << X
nw_o____ \nn,

X =X +1; co
X =X - 1; co
X =x * 2; co
X =X/ 2; co
X =X % 3; co
X =X +vy; co
X =y + X; co
n_o____ \nn,

X += 1; cout
X -=1; cout
X *= 2; cout
X /= 2; cout
X %= 3; cout
n_____ \n",

+= vy, cout <<
-=y; cout <<
*= y; cout <<
/=Y; cout <<
%=V; cout <<
n_____ \nII,

X =1+ X +vy;
x=1-X+Yy,
Xx=1*x+y,;
x=1/x+y;
nw_o____ \n"

X =

X = (x+y)

<< endl;
<< endl;
<< endl;
<< endl;
<< endl;
<< endl;

~N
< WNNPRE PR

ut << "expect
ut << "expect
ut << "expect
ut << "expect
ut << "expect
ut << "expect
ut << "expect

<< "expect 11

<< "expect

<< "expect 20

<< "expect
<< "expect

"expect 11
"expect 9
"expect 10
"expect 10
"expect 0

cout <<
cout <<
cout <<
cout <<

"expect
"expect
"expect
"expect

11

20

11
11

<<
<<
<<
<<
<<

1+ ( x+y ); cout << "expect

<<
<<
<<
<<
<<

X X X X X

<<
<<
<<
<<
<<
<<
<<

X X X X X

<<
<<
<<
<<
<<

12

<< endl;
<< endl;
<< endl;
<< endl;
<< endl;
<< endl;
<< endl;

X X X X X X X

<< endl;
<< endl;
<< endl;
<< endl;
<< endl;

endl;
endl;
endl;
endl;
endl;

<<
<<
<<
<<

X X X X

<<
<<
<<
<<

endl;
endl;
endl;
endl;

" << X << endl;

+ ( x +y ); cout << "expect 22 " << x << endl;
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X = 10; cout << "expect 11 " << ++x ;
cout << " expect 11 " << x << e
X = 10; cout << "expect 10 " << Xx++ ;
cout << " expect 11 " << X << en
X = 10; cout << "expect 9 " << --x ;
cout << " expect 9 " << x << en
X = 10; cout << "expect 10 " << Xx-- ;
cout << " expect 9 " << x << en
cout << "----- \n";
X = 10; cout << "expect yes "; if ( x ==
X = 10; cout << "expect yes "; if ( x >=
X = 10; cout << "expect yes "; if ( x <=
X = 10; cout << "expect yes "; if ( x >=
X = 10; cout << "expect yes "; if ( x >
X = 10; cout << "expect no ";
if ( x !'= 10 ) cout << "yes\n"; else cou

X = 10; cout << "expect no ";
if ( x > 10 ) cout << "yes\n"; else cout

X = 10; cout << "expect no ";
if ( x < 10 ) cout << "yes\n"; else cout

X = 10; cout << "expect no ";
if ( x <= 9 ) cout << "yes\n"; else cout

X = 10; cout << "expect no ";
if ( x < 9 ) cout << "yes\n"; else cout

cout << "----- \n";

x = "test message";
cout << "expect \'"test message\" " << X

cin >> x;
cout << "expect what you typed " << x <<

x = "test ";

y = "message";

z=x1ly;

cout << "expect \'"test message\" " << z
x=x || x| x;

cout << "expect \'"test test test\" " <<
X = "test";

z=y=(x||" test");

cout << "expect \'"test test test test\"

x = "test";

zZ=y=Xx=Xx ]| " test";

cout << "expect \'"test test test test\"
cout << "expect \'"test test\" " << x <<
GlobalClose;

return EXIT_SUCCESS;

ndl;
di;
di;

di;

10 ) cout << "yes\n";
10 ) cout << "yes\n";
10 ) cout << "yes\n";
9 ) cout << "yes\n";
9 ) cout << "yes\n";

t << "no\n";

<< "no\n";

<< "no\n";

<< "no\n";

<< llno\nll;

<< endl;

endl;

<< endl;

X << endl;

"<y << "Mz <<

"<y << "Mz <<
endl;

endl;

endl;
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Figure 77 mstring Arithmetic Operations

5.7.5Miscellaneous mstring Rules

1.
2.

Objects of mstring may be not initialized in declaration statements.

Obijects of type mstring may participate in add(+, +=), subtract(-, -=), multiply(*, *=), divide(/, /=),
modulo (%, %=) (integers values only) pre/post increment/decrement (++/--), and concatenation (| |)
operations. The mode of the operation will depend on the mode of the other operand.

Objects of type mstring may participate in relational expressions >, >=, <, <=. The mode of
comparison will depend on the mode of the other operand.

Objects of type mstring may participate in equality expressions == and !=. The mode of the
comparison will depend on the mode of the other operand.

Objects of type mstring may participate in input and output stream operations >> and <<.

Obijects of type mstring may not be assigned directly to ASCII null terminated string (char *) or
string.

Objects of type mstring may be declared as arrays or allocated/freed by the new/delete operators.
Only numeric subscripts permitted at this time.

If an object of type mstring is to be used in connection with the interpreter, it must be declared with
a string giving its name in the run time symbol table. For example:

mstring x("x");

If this is done, variables in the C++ program are linked to variables of the same name in the Mumps
interpreter. That is, values from variables in the C++ program are known by the same name to
interpreted programs invoked by the C++ program. Changes made to these variables in the
interpreter are changes to the variables in the C++ program. Variable names selected must be
compatible with the interpreter's naming conventions.

5.7.6 Overloaded mstring Operators

The operator overload for mstring are shown in Figure 88. Additional overloads may be added in time.

5.7.6.1 Addition

mstring operator+=(mstring);
mstring operator+=(int);

mstring operator+=(long);

mstring operator+=(double);
mstring operator+=(float);
mstring operator+=(string);
mstring operator+=(const char *);

mstring operator+(int); friend mstring operator+(int,mstring);
mstring operator+(long); friend mstring operator+(long,mstring);
mstring operator+(double); friend mstring operator+(double,mstring);
mstring operator+(float); friend mstring operator+(float,mstring);
mstring operator+(mstring); friend mstring operator+(string,mstring);
mstring operator+(string); friend mstring operator+(global,mstring);
mstring operator+(const char *); friend mstring operator+(const char
mstring operator+(char *); * mstring);

mstring operator+(global); friend mstring operator+(char *,mstring);
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mstring operator+=(global);

5.7.6.2 Subtraction

mstring operator-(int); mstring operator-(int);

mstring operator-(long); mstring operator-(long);

mstring operator-(double); mstring operator-(double);

mstring operator-(float); mstring operator-(float);

mstring operator-(mstring); mstring operator-(mstring);

mstring operator-(string); mstring operator-(string);

mstring operator-(const char *); mstring operator-(const char *);

mstring operator-(char *); mstring operator-(char *);

mstring operator-(global); mstring operator-(global);

mstring operator-=(mstring);

mstring operator-=(int);

mstring operator-=(long);

mstring operator-=(double);

mstring operator-=(float);

mstring operator-=(string);

mstring operator-=(const char *);

mstring operator-=(global);

5.7.6.3 Multiplication

mstring operator*(int);

mstring operator*(long);

mstring operator*(double);

mstring operator*(float); friend mstring operator*(int,mstring);

mstring operator*(mstring); friend mstring operator*(long,mstring);

mstring operator*(string); friend mstring operator*(double,mstring);

mstring operator*(global); friend mstring operator*(float,mstring);

mstring operator*(const char *); friend mstring operator*(string,mstring);
friend mstring operator*(global,mstring);

mstring operator*=(mstring); friend mstring operator*(const char

mstring operator*=(int); * mstring);

mstring operator*=(long);

mstring operator*=(double);

mstring operator*=(float);

mstring operator*=(string);

mstring operator*=(const char *);

mstring operator*=(global);

5.7.6.4 Division

mstring operator/(int);

mstring operator/(long);

mstring operator/(double);

mstring operator/(float); friend mstring operator/(int,mstring);

mstring operator/(mstring); friend mstring operator/(long,mstring);

mstring operator/(string); friend mstring operator/(double,mstring);

mstring operator/(global); friend mstring operator/(float,mstring);

mstring operator/(const char *); friend mstring operator/(string,mstring);
friend mstring operator/(global,mstring);

mstring operator/=(mstring); friend mstring operator/(const char

mstring operator/=(int); * mstring);

(

(

mstring operator/=(long);
mstring operator/=(double);
mstring operator/=(float);
mstring operator/=(string);
mstring operator/=(const char *);
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mstring operator/=(global);

5.7.6.5 Increment/Decrement

mstring operator++();
mstring operator--();
mstring operator++(int);
mstring operator--(int);

—~ o~~~

5.7.6.6 Unary Operations

mstring operator!(); // unary
mstring operator+(); // unary
mstring operator-(); // unary

5.7.6.7 Modulo

mstring operator%(long);
mstring operators(int);
mstring operator%s(mstring);
mstring operator%(string);
mstring operator%(const char *);
(

)
“©
%

friend mstring
friend mstring

operators(int,mstring);
operator%(long,mstring);
(string,mstring);
(

(

mstring operator%(global); friend mstring operators%
friend mstring operator%s(global,mstring);
mstring operator%s=(mstring); friend mstring operator%(const char
mstring operators=(int); *,mstring);
mstring operator%=(long);
mstring operator%s=(string);
mstring operator%=(const char *);
mstring operator%s=(global);
5.7.6.8 Concatenation
mstring operator||(mstring);
mstring operator||(string); friend mstring operator||(string,
mstring operator||(global); mstring);
mstring operator||(const char *); friend mstring operator]||(global,
mstring operator||(int); mstring);
mstring operator]||(long); friend mstring operator||(const char *,
mstring operator||(float); mstring);
mstring operator||(doub1e), friend mstring operator||(int, mstring);
friend mstring operator||(long, mstring);
mstring operator&(mstring); friend mstring operator||(float, mstring);
mstring operator&(char *); friend mstring operator|| (double,

(
(
mstring operator&(global);
mstring operator&(string);
mstring operator&(int);

mstring operator&(long);

mstring operator&(double);

mstring);

5.7.6.9 Relational

bool operator==(int);

bool operator==(long);

bool operator==(double);

bool operator==(float);

bool operator==(const char *);
bool operator==(char *);

bool operator==(string);

bool operator==(global);

bool operator==(mstring);
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bool operator!=(int);

bool operator!=(long);

bool operator!=(double);

bool operator!=(float);

bool operator!=(char *);

bool operator!=(const char *);
bool operator!=(string);

bool operator!=(global);

bool operator!=(mstring);

bool operator<(int);

bool operator<(long);

bool operator<(double);

bool operator<(float);

bool operator<(char *);

bool operator<(const char *);
bool operator<(string);

bool operator<(global);

bool operator<(mstring);

bool operator>(int);

bool operator>(long);

bool operator>(double);

bool operator>(float);

bool operator>(char *);

bool operator>(const char *);
bool operator>(string);

bool operator>(global);

bool operator>(mstring);

bool operator>=(int);

bool operator>=(long);

bool operator>=(double);

bool operator>=(float);

bool operator>=(char *);

bool operator>=(const char *);
bool operator>=(string);

bool operator>=(global);

bool operator>=(mstring);

bool operator<=(int);

bool operator<=(long);

bool operator<=(double);

bool operator<=(float);

bool operator<=(char *);

bool operator<=(const char *);
bool operator<=(string);

bool operator<=(global);

bool operator<=(mstring);

5.8 Invoking the Mumps Interpreter

The full facilities of the Mumps interpreter can be invoked from C++ programs. The interpreter reads,
parses and executes commands presented to it at run time. It may also read and execute text files containing
Mumps programs. The interpreter is invoked by means of the Xecute() macro and xecute() functions:

int Xecute("command")
int xecute(mstring command)
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int xecute(string command)
int xecute(char * command)

These functions and macro invoke the Mumps interpreter and execute the text replacing "command".
They return 1 of successful, 0 otherwise. With Xecute(), if the mumps command contains quotes or other
special symbols, they will be automatically prefixed with backslashes (e.g., quote becomer \").

Xecute("set i="test"));
Xecute("fors i=$order(~a(i)) quit:i="" set sum=sum+~a(i)");

Details on the Mumps Language are contained in the file compiler.html in the mumpsc/doc subdirectory
of the Mumps Compiler distribution. See also: mtring::Eval() for expression interpretation.

5.9 Miscellaneous Functions and System Variables

5.9.1 GTK / Glade functions
The following functions may be used with the GTK / Glade programming facility:
5.9.1.1 void mdh_tree_level add(GtkTreeStore *tree, int depth, char * coll [, char *col2 ...]);

Add the value in copll to the tree at level depth and populate the remaining columns of this row with col2,
col3, ... to a limit of five columns.

5.9.1.2 int mdh_dialog_new_with_buttons(GtkWindow *win, char * text)

Open a modal popup dialog box with the options “Yes” and “No”. The contents of text will be displayed.
Returns 0 if no is clicked and 1 if yes is clicked. The value -1 is returned if the box is dismissed without
selection.

5.9.1.3 int mdh_toggle_button_get_active(GtkToggleButton *b)
Returns 1 if the button is active; 0 otherwise.
5.9.1.4 char * mdh_entry_get_text(GtkEntry *e, char * txt)

Returns the text contents of the specified entry box. The return pointer points to the string pointed to by
txt. The user is responsible for providing a character array pointed to by txt large enough to contain the
text retrieved.

5.9.1.5 void mdh_toggle_button_set_active(GtkToggleButton *b, int v)

The named toggle button will be set to active if the value of v is non-zero; inactive otherwise. Triggers a
toggle signal.

5.9.1.6 void mdh_entry_set_text(GtkEntry *e, char * txt)

Sets the contents of the named entry box. Triggers a entry changed signal.
5.9.1.7 void mdh_text_buffer_set_text(GtkTextBuffer *t, char * txt)
Sets the contents of the named text buffer.

5.9.1.8 void mdh_label_set_text(GtkLabel *1, char * txt)

Sets the contents of the named label.

5.9.1.9 void mdh_widget_hide(GtkWidget *w)

Hides the named widget.
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5.9.1.10 void mdh_widget_show(GtkWidget *w)
Displays the named widget.
5.9.1.11 char * mdh_tree_selection_get_selected(GtkTreeSelection *t, int col, char *txt)
Returns the value in column 1 of the named tree.
5.9.1.12 void mdh_tree_store_clear(GtkTreeStore *t)
Clears the named tree store.
5.9.1.13 double mdh_spin_button_get_value(GtkSpinButton *s)
Returns the value in the named spin button.
5.9.1.14 void mdh_spin_button_set_value(GtkSpinButton *s, double v)
Sets the value of the named spin button.
5.9.1.15 $z~mdh~toggle~button~get~active(ToggleButtonReference)
Returns 0 if the button is inactive, 1 if active
5.9.2 Boyer-Moore-Gosper Functions
int bmg fullsearch(mstring search string, mstring buffer base)

Returns the number of non-overlapping instances of "search_string" in "buffer_base". See Figure 78.

#include <mumpsc/libmpscpp.h>

int main() {

mstring a = "now is the time for all good men to come to the aid of the
party";
mstring b = "to";

cout << bmg fullsearch(b, a) << endl;
return EXIT SUCCESS;

}
yields:

Figure 78 Boyer-Moore Example

These functions are publicly available from:
ftp://ftp.uu.net/usenet/comp.sources.unix/volume5/bmgsubs.Z

and are believed to be contributed source and are unrestricted with respect to use and redistribution,
and, that most, if not all, the code was written by employee(s) of the United States and thus in the public
domain. The distribution contains, in part, the following notes:

Here are routines to perform fast string searches using the
Boyer-Moore-Gosper algorithm; they can be used in any Unix program (and
should be portable to non-Unix systems). You can search either a file
or a buffer in memory.

The code is mostly due to James A. Woods (jaw@ames-aurora.arpa)
although I have modified it heavily, so all bugs are my fault. The
original code is from his sped-up version of egrep, recently posted on
mod.sources and available via anonymous FTP from ames-aurora.arpa as
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pub/egrep.one and pub/egrep.two. That code handles regular
expressions; mine does not.

These have only been tested on 4.2BSD Vax systems.

-Jeff Mogul

mogul@navajo.stanford.edu
decwrl!glacier!navajo!mogul
BMGSUBS (3L) BMGSUBS (3L)

NAME

(bmgsubs) bmg setup, bmg search, bmg fsearch - Boyer-Moore-Gosper
string search routines

SYNOPSIS

bmg setup(search string, case fold flag)
char *search string;
int case fold flag;

bmg fsearch(file des, action_func)
int file des;
int (*action_func)();

bmg search(buffer base, buffer length, action func)
char *buffer base;

int buffer length;

int (*action_func)();

DESCRIPTION

AUTHOR

BUGS

These routines perform fast searches for strings, wusing the Boyer-
Moore-Gosper algorithm. No meta-characters (such as “*' or ".') are
interpreted, and the search string cannot contain newlines.

Bmg setup must be called as the first step in performing a search. The
search string parameter is the string to be searched for.
Case _fold flag should be false (zero) if characters should match
exactly, and true (non-zero) if case should be ignored when checking
for matches.

Once a search string has been specified using bmg setup, one or more
searches for that string may be performed.

Bmg fsearch searches a file, open for reading on file descriptor
file des (this is not a stdio file.) For each line that contains the
search string, bmg fsearch will call the action func function specified
by the caller as action_ func(matching line, byte offset). The match-
ing line parameter 1is a (char *) pointer to a temporary copy of the
line; byte offset is the offset from the beginning of the file to the
first occurence of the search string in that line. Action func should
return true (non-zero) if the search should continue, or false (zero)
if the search should terminate at this point.

Bmg search 1is 1like bmg fsearch, except that instead of searching a
file, it searches the buffer pointed to by buffer _base; buffer length
specifies the number of bytes in the buffer. The byte offset parameter
to action func gives the offset from the beginning of the buffer.

If the user merely wants the matching lines printed on the standard
output, the action func parameter to bmg fsearch or bmg search can be
NULL.

Jeffrey Mogul (Stanford University), based on code written by James A.
Woods (NASA Ames)

Might be nice +to have a version of this that handles regular expres-
sions.
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There are large, but finite, limits on the T1length of both pattern
strings and text lines. When these limits are exceeded, all bets are
off.

The string pointer passed to action func points to a temporary copy of
the matching 1line, and must be copied elsewhere before action func
returns.

Bmg search does not permanently modify the buffer in any way, but dur-
ing 1its execution (and therefore when action func is called), the last
byte of the buffer may be temporarily changed.

The Boyer-Moore algorithm cannot find lines that do not contain a given
pattern (like "grep -v") or count lines ("grep -n"). Although it is
fast even for short search strings, it gets faster as the search string
length increases.

16 May 1986 BMGSUBS (3L)

5.9.3 cvt()

char *cvt(long 1)
char *cvt(double i)
char *cvt(float i)
char *cvt(int i)

These functions return a null terminated varying length character string containing in printable version
of the argument. The functions contain short static character arrays and, consequently, are not threadsafe.

5.9.4 xecute() and command()

command() is a macro that takes a quoted string constant argument. The macro surrounds the string
with an extra set of quotes and processes any embedded quotes to backslash-quote. It then invokes a
function (__command__()) which strips the extra surrounding quotes. The net effect of this is that you can
pass a quoted string containing quotes without the need for "leaning toothpick" notation. Example:

xecute(command("for i=1:1:10 "test ",i,!"));
strcpy(target, command("for i=1:1:10 write "test ",i,!"))

The argument must be a character string constant.

5.9.5 ErrorMessage()
void ErrorMessage(char * message, int line number)

This function (written in C and part of the underlying legacy library) will print and error message, close
the global array files and terminate the program. The integer "line_number" will be printed with the
message. The pre-processor predefined macro "__LINE_ " can be used here. Example:

ErrorMessage("Cannot locate patient", _ LINE_);
5.9.5.1 Error Exceptions

The toolkit generates (throws) exceptions for certain conditions. For example, when you access global
arrays with the toolkit, the accesses may result in the thrown error exceptions:

1. ConversionException.

2. GlobalNotFoundException

3. MumpsSymbolTableException.
4. NumericRangeException.
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The first can occur in any context that attempts to retrieve data from a global array where none exists.
The second occurs if you attempt to convert the contents of a global to a numeric type where the contents of
the global are not valid data for the conversion.

If uncaught, both exceptions will result in program termination.
The following are the exceptions thrown by the toolKkit:

1. ConversionException() - usually occurs when you attempt to store a value from a global array into a
numeric variable but the string in the global is not a valid number.

2. GlobalNotFoundException() - thrown by an attempt to reference non-existent global array data.

3. MumpsSymbolTableException() - thrown by an attempt to fetch the value of a non-esistent variable
from the Mumps runtime symbol table.

4. NumericRangeException() - thrown by attempts to divide by zero or using arguments with values less
that or equal to zero to log functions.

See Figure 79.

#include <mumpsc/libmpscpp.h>
global a("a");

int main() {
long i;
a().Kill();
mstring A;
a("1l") = "now is the time";
try {
i
}
catch ( ConversionException ce) {
cout << ce.what() << endl;
}
try {
i=a("22");
}
catch (GlobalNotFoundException nf) {
cout << nf.what() << endl;

}

= a(lllll);

try {
A=SymGet ("abc");

}
catch (MumpsSymbolTableException st) {
cout << nf.what() << endl;

}

return 0;

Figure 79 Exceptions Examples

5.9.6 HitRatio()
double HitRatio(void)

Calculates the native global array processor cache hit ratio since the beginning of the program or the
last call to HitRatio() The native global array file processor, as opposed to the Berkeley Data Base, keeps track
of how many file I/O requests are satisfied from data already in the file system's cache. This function gives
the percentage of cache hits. It only works with the native global array processor.
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5.9.7 Hashing functions

char * hash(char * str)
long lhash(char * str)

hash() returns either a null terminated character string up to 10 characters in length containing a
numeric hash code of the string passed as an argument. The argument may be up to STR_MAX characters in
length. lhash() returns an unsigned long value of the hash value.

5.9.8 Dump Global Array Database

void Dump(char * filename)
void Dump(mstring filename)
void Dump(string filename)

void Restore(char * filename)
void Restore(mstring filename)
void Restore(string filename)

The global array data base is dumped (written in its entirety) to filename or read and restored from
filename (null terminated array of chars). Both operations must not be done from the same program.

5.9.9 Stream Output Function ostream
friend ostream & operator << (ostream&, global)
A global array may participate in stream output. For example:

gb1l("A", "B", "C") << "test test test";
cout << gbl("A", "B", "C") << endl;

The above will print "test test test" (without quotes) followed by the newline character. Alternatively:
cout << gb1l("A", "B", "C").Get() << endl;

will do the same thing (the Get() function returns "char *".

5.9.10 Smith-Waterman Alignment Function

int sw(mstring s, mstring t, [int show aligns=0, int show mat=0, int gap=-1, int
mismatch=-1, int match=2])

int sw(string s, string t, [int show aligns=0, int show mat=0, int gap=-1, int
mismatch=-1, int match=2])

int sw(char *s, char *t, [int show aligns=0, int show mat=0, int gap=-1, int
mismatch=-1, int match=2])

Calculate the Smith-Waterman Alignment between strings "s" and "t". Result returned is the highest
alignment score achieved. Parameters other than the first two are optional. If only some of the optional
parameters are supplied, only trailing parameters may be omitted, as per C/C++ rules.

If you compare very long strings (>100,000 character), you may exceed stack space. This can be
increased under Linux with the command:

ulimit -s unlimited
(Other options are ulimit -a and ulimit -aH to show limits).

If "show_aligns" is zero, no printout of alternative alignments is produced (default). If "show_aligns" is
not zero, a summary of the alternative alignments will be printed. If "show_mat" is zero, intermediate
matrices will not be printed (default). The gap and mismatch penalties are -1 and the match reward is +2.
The parameters "gap", "mismatch" and "match" are the gap and mismatch penalties (negative integers) and
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the match reward (a positive integer). These values default to -1, -1 and 2 respectively. If insufficient memory
is available, a segmentation violation will be raised. ]

The first character of each sequence string MUST be blank.

See Figure 80.

#include <mumpsc/libmpscpp.h>
int main() {

" now is the time for all good men to come to the aid of the party";
" time for good men";

char s[]
char t[]

int i = sw(s, t, 1, 0, -1, -1, 3);

return 0;

}
results in:

S-W Alignments for:
64 now is the time for all good men to come to the aid of the party
22 time for good men

29 men 32

19 men 22
score=12

29 - men 32

18 men 22
score=11

11 good men 22
score=24

11 - good men 22
score=23

6 for -- good .ﬁéﬁ 22

1 time for -- good men 22
score=48

Figure 80 Smith-Waterman Example

5.9.11 Stop list functions: StopINIT(), StopLookup()

void StopInit(mstring file)
void StopInit(string file)
void StopInit(char * file)

int StopLookup(mstring word)
int StopLookup(string word)
int StopLookup(char * word)

StoplInit() reads the sorted file "file" of stoplist words into the stoplist container (one word per line).
StopLookup() returns 0 if "word" is not found and 1 if "word" is found in the stoplist.
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5.9.12 int $test

Returns integer 1 or 0 indicating the success or failure of certain previous commands. Some, but not all,
commands set "$test".

5.9.13 Xecute()

int Xecute
int Xecute
int Xecute
int Xecute

char * command)
mstring command)
string command)
char * command)

—~ o~~~

These functions invoke the Mumps interpreter which executes command. Returns 1 of successful, 0
otherwise.

The macro Xecute() is a special case. It is used with character string constants. It will pre-process a
character string constant command and insert the backslash escape character prior to any embedded quotes
thus permitting more normal appearing text (see similar macro command()).

Examples:
mstring c;
Xecute("for i=$0rder(~a(i)) q:i="" s sum=sum+~a(i)");
c = "for i=1:1:10 write 1i,!";
xecute(c);

c = command("for i=1:1:10 write "ans=",i,!");
xecute(c);

5.9.14 Zseek(), Ztell()

bool Zseek(FILE *file, offset)
bool Ztell(FILE *file, offset)

These functions are used in connection with direct access files opened with FILE pointers (see: fopen()).
They are compatible with 64 bit file pointer systems. Zseek() positions the file designated by file to the offset
specified in offset, a positive integer contained in a variable of type mstring or global.

Ztell() places the current file offset in the file designated by file into the mstring or global variable
represented by offset.

Both functions return 'true’ if successful. Ordinarily, file offesets will be obtained by Ztell() and these will
be stored in a data base. These values will be subsequently used in connection wit Zseek() to reposition the
file to the point it was at whe the Ztell() was performed. After re-positioning, the next input or output
operation on the file will occur at the point designated by offset. All offsets are relative to the start of the file.
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6 GTK Desktop GUI Apps

Several simplified GTK functions are included. These will alow you to create desktop GUI applications.
These are functions that control GTK widgets in a graphical application.

6.1 Glade GUI Design Tool

The open source program Glade allows the user to design the layout of a desktop GUI app by dragging and
dropping GUI widgets (buttons, text boxes, etc.) onto a canvas. Figure 81 gives an example that includes
several widget types.

Open - [»] 6 | o mumps.glade i sve [Ellpll=

~Desktop/mumpsc/gtk-glade

& Q Toplevels Containers, Control pisplay | v | ¢ General | Packing | Common | signals | @

»3 adjustment1
= textbuffer1

1D: treel

Private Ubuntu extension: o

= treeStore G © radio1

. iSualeszanls [ Tree View Attributes
y L X o2 TreeView 5
~ [ fixed1 Es checkbutton ool treeStore Ei}
G2 clearstore Fevel
D togglel ndices separated by a space e st | |
™ entryl Tooltip _1 —
» LB scrolledrwindow1  Gekscr Clear Treestore Find show/Hide Tree Column: |
2 Enable Grid
""" label1 Load Treestore Load Table i None =
@- checkl
Test label Enable Search
~ [B scrolledwindow?  GtkScro Boenrch it =
= i Global Array Subject heading Terminal Code
! Show Bt =
= select] “'Expanders  Column: =
T s o) ol { @He%eS  Eeaders clickable
Visible

= color
29 colt
B colir
2 colz Gtk
col2r
@ FfindButton
©- radiol
®- radio2 G
@=- radie3 G
0l spin1
= loadTree
loadTable
E show Gt/

Reorderable [_|Fixed Height Mode
Rules Hint Enable Tree Lines

Hover
Selection

Rubber
Banding

Scrolling Attributes

Horizontal: [ | Policy: | Minimur~

Hover Expand

single Click Activate

Vertical: [ | Policy: | Minimur~

Figure 81 Glade Canvas
When you save a Glade canvas it appears in your directory as a file with the .glade extension. This is an
XML file giving the details on your design.

Included with the Mumps distribution in the directory gtk-glade is a script file named appBuild,script
and a Mumps program named extractWidgets.mps. The script file:

1. runs the Mumps file which reads the file .glade file from above and builds several files;

2. compiles (using the Mumps compiler) the file gtk.mps which includes the files from the previous step
and creates an executable named gtk which will render the GUI application on the screen.

Among the files created by extractWidgets.mps are several files containing Mumps programs to service
the actions to be performed by interacting with the on-screen GUI. There will be a file for each signal defined
for each widget. The files will have names of the form:

on.widgetName.clicked.mps

where widgetName is the name of the widget as given in the ID field in the glade app and clicked is a
signal established for that widget. The file will be invoked if the action associated with the signal is detected
(for example, a button is clicked).
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6.2 GTK Example

6.2.1 Glade Design Tool

mumps.glade ‘ =
ceen il DR S ~/Desktop/mumpsc/gtk-glade save | QY=

Q Toplevels | Containers | Control | Display | v || i || General | Packing | Common || signals | @

ID: | toggle1

+3 adjustment1

= textbuffer1 Activatable / Actionable

-t O radiol | rggle example o — |+
v [0 window ¢ radio2
- B fixedt radio3 GLLERICL Use Action Appearance: /& 1
= clearStore
= array indices separated by a space Action Name:
O entryl G Button Attributes
Clear TreeStore Find Show/Hide Tree
»
B soeleuis Border relief: Normal =
""" labeld Load TreeStore Load Table i
B chead child alignments:
Test label
= [F scrolledwindow2 ro - Horzontal & 0 =
CHkT Global Array | Subject heading Terminal Code
0.50 ik

= treel
= selectt vertis)
~ cold Gtk
&l color
52 col1
col1r
~ col2
& colar
= findButton
@- radiol
@- radio2
©- radio3
OB spin1
= loadTree
= loadTable
B show Gt

[E)Focus on click Active
Inconsistent Draw Indicator
Button Content

Add custom content

Stock Button

© Label with optional image

foagle example

Image: [# | [Juse underline

Always show

Position: | Left v s
image

Figure 82 Toggle Button Screen 1

In Figure 82 you see the a Glade layout page. The center panel is the layout for the on-screen app that is
being built. The various entities (widgets) have been dragged and dropped into their positions from widgets
available in dropdown menus shown at the top named Toplevel, Containers, Control, and Display.

The leftmost panel contains the user assigned names (IDs) of the widgets along with an indication of
their data types.

Some widgets are nested within others according to the display hierarchy. This, the GtkToggleButton
named togglel is contained within the GtkFixed container named fixed1 which in turn is contained within

the GtkWindow named window.

The rightmost panel contains tabs which show options for a selected widget. In this case, the selected
widget is the toggle1 button which is highlighted in green in upper left of center panel and also as a row in

panel one.

As can be seen in panels 1 and 3, the ID of the widget is toggle1 (user assigned), The widget is a
GtkToggleButton (as seen in panel 1).

The text displayed in the button is set in panel 3 under Label with Optional Image. No image is assigned
in this case.

Except for assigning the ID name of the widget and entering the text to appear in the button, the
remainder of the options are defaults which are suitable for most ordinary applications.
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mumps.glade
~fDesktop/mumpsc/gtk-glade
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Figure 83 Toggle Button Screen 2

In Figure 83 the second tab of panel 3 has been selected. This panel determines the location of the widget
within the window. Changing these numbers moves the widget accordingly.

mumps.glade = i
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Figure 84 Toggle Button Screen 3
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In the third tab of panel 3 are many adjustments all of which are defaults except for the height and
width settings. These determine the size of the button. The height and width request boxes have been
unchecked which causes the button to be sized to fit the contained text.

mumps.glade =
open v Q3 ® —/Desktopjmumpsc/gtk-glade ‘ save R =
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Figure 85 Toggle Button Screen 4

In Figure 85 we see the last tab of panel 3. This is the panel where you select the signals to be emitted for
actions on the widget. Since this is a toggle button, the primary action is to click the button using the left
button on your mouse. This action can emit a toggled signal.

If you want your program to process this signal, you enter the name of the routine to be called should
the signal emit. In this case, the function named on_togglel_toggled will be called if the button is clicked. The
GTK GUI manager will cause the button to appear depressed or not depressed after successive clicks. Your
function can determine the state of the button by using a system function.

When you save a Glade layout, it is saved as an XML file with the extension .glade.

6.2.2 Building A Mumps App from The Glade XML File

The disk representation of a Glade design is a XML file. For purposes of building a Mumps program from
this file, the file needs to be named mumps.glade.

In the above we highlighted the toggl1 toggle button. The Glade XML for that button looks like:

<child>
<object class="GtkToggleButton" id="togglel">
<property name="label" translatable="yes">toggle example</property>
<property name="visible">True</property>
<property name="can focus">True</property>
<property name="receives default">True</property>
<signal name="toggled" handler="on togglel toggled" swapped="no"/>
</object>
<packing>
<property name="x">80</property>
<property name="y">12</property>
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</packing>
</child>

The above is a fragment of the larger Glade file which is 299 lines in length. The XML tells us that the
name of the widget (togglel), its data type (GtkToggleButton), its label contents (toggle example), any signals
it emits (toggled) and the name of the signal handlers (on_toggle1_toggled). It also gives the location of the
button on the app window and other information concerning its appearance and performance.

The distro program extractWidgets.mps reads the XML file and generates files that are used to compile
and service an application. These are:

6.2.2.1 gtkLh

This file contains C declarations for all the widgets defined in the XML file. It also includes the relevant GTK
header files. In the case of the toggle one widget, the line:

GtkToggleButton *togglel;

appears, among others.
6.2.2.2 gtk2.h

This file contains code that will invoke a Mumps signal handler (see below) for each signal emitted for a
widget. In the case of the toggle1 widget, this code looks like:

togglel=GTK TOGGLE BUTTON(gtk builder get object(builder, "togglel"));
{ char tmp[128]; sprintf(tmp,"%p", togglel);
SymPut("togglel",tmp); fprintf(f," set togglel=\"%s\"\n",tmp); }

The above code fragment which will be compiled into the base program gtk.mps builds the internal data
structure and screen representation associated with the widget by means of gtk_builder_object(). This
function reads the mumps.glade XML file information for the parameter togglel. The function returns a
pointer to the object which is stored in the GtkToggleButton pointer togglel (the names of the widgets and
the internal pointers as usually the same, both are togglel in this case).

The string value of the pointer is stored in the Mumps symbol table (SymPut()) and a string containing
the Mumps command or the form: set toggle1=0x123456 is written to the file gtk4.mps.

6.2.2.3 gtk3.h

This file contains the basic signal handlers (written in C) which are used to invoke the corresponding
Mumps programs which will actuall handle the signal. The code for the toggle1 widget looks like:

extern "C" void on togglel toggled(GtkWidget *w)

{struct MSV * Ptr = AllocSV(); char tmp[512];
sprintf(tmp,"set widget=\"%p\" g ~on.togglel.toggled.mps",w);
Interpret((const char *) tmp, Ptr); free(Ptr);}

This fragment establishes the signal handler (on_togglel_toggled()), creates an instance of the Mumps
state vector (MSV *Ptr), creates a string consisting of Mumps set and goto (g) commands with the string value
of the widget w as the right hand side of the set command.

The subject of the goto command is a file named *on.togglel.clicked.mps which will contain the Mumps
code to process the signal.

Next, it then invokes the mumps interpreter (Interpret()) which executes the commands in tmp.
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The first line specifies that the calling conventions for this function will follow C language rules. This is
because the Mumps interpreter is actually a collection of C++ programs and the basic GTK library is written
in C.

6.2.2.4 gtkd.h

This file is created when the actual application is run. It writes, for each widget, a Mumps set command
that establishes the address of the data structure for the widget. In the case of the togglel example, this
looks like:

set togglel="0x55ab6337e230"

When the Mumps signal handler is invoked, the file containing this information will be run by the signal
handler thus giving the signal handler the memory references of all widgets in the application.

6.2.2.5 gtk.mps

This is the main routine that is compiled by the Mumps compiler. It will start the GTK GUI system. It looks
like:

# Jan 30, 2022
+ #include "gtkl.h"
zmain
+ #include "gtk2.h"
do ~gtk4.h
+ gtk main();
write "Goodbye!",!
zexit
+ #include "gtk3.h"

The lines that begin with a plus sign are passed directly to the C++ compiler. The function gtk_main()
passes control to the GTK runtime routines. Return is only made upon program termination.

The first #include brings in the global widget declarations (in C++). The second #include incorporates all
the builder calls which create the widgets on the screen and their associated data structured. The third
#include brings in the C++ signal handlers for all signals used by the widgets.

6.2.2.6 on.togglel.toggled.mps

The actual Mumps signal handler created by extractWidgets.mps, named on.togglel.toggled. mps looks like:

#!/usr/bin/mumps

# Mumps GTK Signal Handler
do ~gtk4.h
write "on.togglel.toggled.mps"," ",widget,!

write $z~mdh~toggle~button~get~active(togglel),!

The function $z~mdh~toggle~button~get~active(togglel) returns 0 or 1 depending if the button is not
depressed or depressed. In this case of the function, it’s Mumps reference (toggle1) was used but the variable
widget is also present which contains a pointer to the data structure of the widget (toggle1 in this case) which
emitted the signal.

You’re on your own from here.
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7 Pattern Matching

7.1 Mumps 1995 Pattern Matching
Author: Matthew Lockner

Mumps 95 compliant pattern matching (the '?" operator) is implemented in this compiler/interpreter as
given by the following grammar:

pattern = {pattern atom}

pattern_atom = count pattern_element

count =int | '." | '." int | int '." | int '.' int
pattern_element ::= pattern_code {pattern code} | string | alternation
pattern code = 'A* | 'C" | ‘E" | 'L" | 'N" | "P" | 'U'
alternation = '(' pattern_atom {',' pattern atom} ')’

The largest difference between the current and previous standard (1977) is the introduction of the
alternation construct, an extension that works as in other popular regular expressions implementations. It
allows for one of many possible pattern fragments to match a given portion of subject text.

A string literal must be quoted. Also note that alternations are only allowed to contain pattern atoms
and not full patterns; while this is a possible shortcoming, it is in accordance with the standard. It is a trivial
matter to extend alternations to the ability to contain full patterns, and this may be implemented upon
sufficient demand.

Pattern matching is supported by CLIB Regex functions. Mumps patterns are translated via a recursive-
descent parser in the Mumps library into a form consistent with Posix regular expressions, where regexec
then does the actual work of matching. Pattern code sequences are supported using POSIX character classes
supported in regexec and are mostly intuitive, with the possible exception of 'E', which is substituted with
[[:print][:cntrl:]]. Currently, this construct should cover the ASCII 7-bit character set (lower ASCII).

For example, the Mumps pattern match code: 3n3a internally becomes the POSIX expression:
[[:digit:]]{3}[[:alpha:]1]1{3}
7.2 POSIX Regular Expressions in Pattern Match

Additionally, you may include POSIX regular expressions directly in the pattern match operator as a
quoted string the first character of which is a tilde (~):

write "123aaa"?"~[[:digit:]11{3}[[:alpha:]11{3}"
which is the same as
write "123aaa"?3n3a
A more complex example:
write "(123) 345-6789"?"~(1-)?2(\(?[[:digit:]11{3}\)?)?(-| )?[[:digit:]]1{3}-7?[[:digit:]1]{4}"
Which matches phone numbers (answer written is 1).

This feature is not in standard Mumps.
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8 Mumps Man Pages

8.1 Man Page mumps.1

MUMPS (1) User Commands MUMPS (1)
NAME

mumps - Mumps Programming Language Interpreter and Compiler
SYNOPSIS

mumps

mumps PROGRAM

DESCRIPTION
You may start the Mumps programming language interpreter in interactive
mode or run a Mumps program contained in the ASCII text file PROGRAM.

To start in interactive mode, type mumps to a terminal command prompt.
This will start the interpreter. You will see some introductory
information followed by an interactive prompt (>). You may now enter
Mumps commands for immediate execution. Note: if you are wusing the
Sqlite3 database, the database file (usually mumps.sqlite) must exist
before you start Mumps. See: mumps-sql-db-create.

Mumps programs can be stored as ordinary ASCII text files. These may be
interpreted by the Mumps interpreter or compiled to executable by the
Mumps compiler (see: mumpsc).

You can run a program source file with the interpreter by (1) providing
the filename of the program as an argument to the mumps command, (2) by
invoking a program from the Mumps interpreter, or (3) by adding a
shebang (#!) at the start of the source code file, making the file
executable, and 1invoking the file directly from a terminal prompt.
(The shebang is #!/usr/bin/mumps)

Examples
mumps progname.mps

Execute the Mumps interpreter on the Mumps source code program
contained in the ASCII file progname.mps

progname.mps
If progname.mps begins with:
#!/usr/bin/mumps

And progname.mps has been made executable (see: chmod), the
contents of progname.mps will be executed by the Mumps
interpreter as a Mumps program.

mumpsc progname.mps followed by progname

The Mumps program in progname.mps will be compiled to an
executable binary named progname. The source code file must
begin with a zmain command (see documentation). A file named
progname.cpp will also be created containing the translation of
progname.mps to C++. This file may be edited and recompiled
using the mumpsc command.
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DATABASES

The global array database will be stored in the directory that was the
current working directory when the interpreter or program was started.

The database for the native version is stored in files named data.dat
and key.dat in the directory curent when the interpreter was started.
These are automatically created. Only one instance of Mumps may
operate on these at a time.

The database for the Sqlite3 version is stored (by default) in the file
mumps.sqlite in the directory current when the interpreter was
started. The file mumps.sqlite must be created by the command mumps-
sql-db-create before a Mumps program is invoked and it must be in the
directory from which the Mumps program is executed or, alternatively,
there may be a link from the directory from which a Mumps program was
invoked to an instance of mumps.sqlite in another directory. The
command mumps-sqgl-de-create is installed when the interpreter is
installed. Multiple instances of Mumps may access an instance of this
database file database concurrently.

RELATED COMMANDS

mumps-sql-db-create.script

This is installed with the Sqlite3 interpreter and is used to
create the Sqlite3 database. This command has no options. It
must be run before any instance of the Sqlite version of Mumps.

mumpsc

This command compiles Mumps source code programs to binary
executables. It is also used to compile C++ programs written by
the Mumps compiler and with the MDH (Multi-Dimensional and
Hierarchical) Toolkit.

SEE ALSO

FILES

AUTHOR

mumps-doc - mumps documentation man page (7)

mumps-sql-db-create man - page (1)

Files installed associated with Mumps are: /share/man/man7/mumps -
doc.7.9z
/share/man/manl/mumps.l.gz
/include/mumpsc/*.h
/lib/1libmpscpp.a
/lib/libmumps.a
/lib/libmpsglobal native.a
/bin/mumps2c
/bin/mumps-sql-db-create.script
/bin/mumpslib

/bin/mumpsc

/bin/mumps

Written by Kevin C. 0'Kane.

REPORTING BUGS

Online help: <https://www.cs.uni.edu/~okane/

COPYRIGHT

Copyright (C) 2026 Kevin C. 0'Kane
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Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.3 or
any later version published by the Free Software Foundation; with no
Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.

A copy of the license is available at
https://www.gnu.org/licenses/fdl-1.3.en.html

Full documentation <https://https://www.cs.uni.edu/~okane/>

SGR coreutils 1.0 3 February, 2026 MUMPS (1)
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8.2 Man Page mumps-sql-db-create.1
MUMPS-SQL-DB-CREATE(1) User Commands MUMPS -SQL-DB-CREATE(1)

NAME

mumps-sq-db-create Sqlite3 Database Initializer

SYNOPSIS

mumps-sql-db-create

DESCRIPTION

Creates and initializes the Mumps Sqlite3 database. Any existing
database is deleted. The name of the databse will normally be
mumps.sglite but this can be changed by a configure option.

The database will be initialized by default to hold global arrays with
up to 30 indices of up to 64 characters each with a data item up to 128
characters in length. These values can be changed by configure options.
The actual number of indices is determined when the system is compiled.
At present, that number is 12.

The database will have a page size of 4096.

The default database journal mode will be set to MEMORY (other options
include DELETE, TRUNCATE, PERSIST, and OFF). The default can be changed
by an option to configure.

By default, the database 1is stored on disk. A memory resident
(transient) database can be created by an option to configure.

DATABASE

The database once created may be accessed by multiple instances of the
mumps interpreter.

Each instance of mumps looks for the database in the directory current
when the interpreter was invoked. For a database shared among multiple
instances started from multiple directories, create one instance of the
database 1in one directory (need not be a directory from which a mumps
instance was started). Then in other directories, make a soft 1link to
the directory containg the main mumps.sqlite database. For example:

ln -s ~/Desktop/mumps.sglite mumps.sqlite

The above creates a link named mumps.sqlite in the current directory to
a real file named mumps.sqlite in the users Desktop directory.

Multiple links in multiple directories may point to the same file.

The Sgqlite3 database can be accessed through Sqlite3 by the command
sqlite3 mumps.sqlite

assuming the default database name has not been altered. Standard
Sglite3 and SQL command my be used to search, alter, or modify the
database.

By default, the clobal array names are in column al. The indices of the
array are stored in columns a2 through a9 and the data stored, if any,

is in column al®. So, in a global array created with:

for 1=1:1:10000 set "a(i)=1i
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the SQL command to see the data from array elements ~a(9000) to

~a(9010) would be:

sqlite> .separator " "

sqlite> select """,al,"(",a2,") =",ald from mumps where
cast (a2 as integer) >= 9000 and

cast (a2 as integer) <= 9010;

~ a (9000 ) = 9000
~a (9001 ) = 9001
~a (9002 ) = 9002
~a (9003 ) = 9003
~ a (9004 ) = 9004
~a (9005 ) = 9005
~ a (9006 ) = 9006
~a (9007 ) = 9007
~ a (9008 ) = 9008
~a (9009 ) = 9009
~a (9010 ) = 9010
sqlite>

Note: By default, this version of mumps stores numbers as character
strings so conversion is necessary when numeric ranges are wused. The
Sglite3 command decoration.

RELATED COMMANDS

FILES

AUTHOR

mumps
sqlite3

Files installed associated with mumps are:

/share/man/man7/mumps-doc.7.g9z
/share/man/man7/mumps-sql-db-create.l.gz
/share/man/manl/mumps.l.gz
/include/mumpsc/*.h
/lib/libmpscpp.a
/lib/libmumps.a
/lib/libmpsglobal native.a
/bin/mumps2c
/bin/mumps-sql-db-create.script
/bin/mumpslib

/bin/mumpsc

/bin/mumps

Written by Kevin C. 0'Kane.

REPORTING BUGS

Online help: <https://www.cs.uni.edu/~okane/

COPYRIGHT

Copyright (C) 2025 Kevin C. 0'Kane

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.3 or
any later version published by the Free Software Foundation; with no
Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.

A copy of the license is available at
https://www.gnu.org/licenses/fdl-1.3.en.html
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Full documentation <https://https://www.cs.uni.edu/~okane/>

SGR coreutils 1.0 February 3, 2026 MUMPS-SQL-DB-CREATE(1)
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8.3 Man Page mumps-doc.7

MUMPS-DOC(7) Miscellaneous Information Manual MUMPS-DOC(7)
NAME
mumps-doc - Mumps Programming Language Interpreter and Compiler Docu-
mentation
AUTHOR

Kevin C. 0'Kane

Professor Emeritus

Department of Computer Science
University of Northern Iowa
Cedar Falls, IA 50614
kc.okane@gmail.com

A full text on this topic in both print and ebook formats are available
from Amazon.com

Videos are available on youtube.com:
https://www.youtube.com/@kevin_okane/playlists
Copies of the software used in this tutorial are are available at:

http://www.cs.uni.edu/~okane/ http://threadsafebooks.com/

COPYRIGHT

Copyright (C) 2026 Kevin C. 0'Kane

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.3 or
any later version published by the Free Software Foundation; with no
Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.

A copy of the license is available at

https://www.gnu.org/licenses/fdl-1.3.en.html

Mumps History

Beginning in 1966, Mumps (also sometimes referred to as M), was devel-
oped by Neil Pappalardo and others in Dr. Octo Barnett's 1lab at the
Massachusetts General Hospital on a PDP-7. It was later ported to a
number of machines including the then widely used PDP-11 and VAX, among
others.

Mumps is a general purpose programming language that supports a native,
multi-dimensional and hierarchical database facility.

The acronym stands for the Massachusetts General Hospital Utility
Multi-programming System. It is widely used in financial and clinical
applications and remains to this day.

Mumps Implementations

The implementations currently available are:

Intersystems (Caché)
http://www.intersystems.com/ (called Caché®)

FIS (GT.M)
https://github.com/ChristyVv/fis-gtm

Open Mumps Interpreter and Compiler
http://www.cs.uni.edu/~okane/ https://threadsafebooks.com/
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MUMPS Database and Language by Ray Newman
http://sourceforge.net/projects/mumps/

The dialects and extensions accepted by these implementations vary so
you should consult the documentation of the version you are using for
further details. The examples used here are drawn from Open Mumps.
Open Mumps Interpreter and Compiler

The examples in this tutorial are designed to run in the Open Mumps In-
terpreter. Written in C/C++, it is an open source distribution 1i-
censed under the GPL V2 License. The distribution is available at:

http://www.cs.uni.edu/~okane/
https://threadsafebooks.com/

Once 1installed, the interpreter may be executed in interactive command
line mode by typing:

mumps
To exit, type halt.

Mumps commands may be entered and executed immediately. To execute a
program contained in a file, to the mumps prompt type:

goto Afilename.mps

You may also execute a file from a Linux terminal prompt with a command
like:

mumps filename.mps

Alternatively, a file of Mumps code may be executed directly if you set
the file's protections to executable and have on its first line:

#!/usr/bin/mumps

The program may now be executed by typing the file name to the command
prompt.

Mumps Syntax Overview

Mumps syntax will be discussed in detail below but it is important at
this time to point out that standard Mumps code may not contain embed-
ded blanks except within quoted strings.

In Mumps, a blank is a delimiter.

set var=3*x+y ; correct
set var = 3 * x +y ; wrong - blanks not allowed in expressions

Variables

Mumps has two types of variables: local and global.

Global variables are stored on disk and continue to exist when the pro-
gram that created them terminates.

Local variables are stored in memory and disappear when the program
that created them terminates.

A Mumps variable name must begin with a letter or percent sign (%) and
may be followed by letters, percent signs, or numbers.

Variable names are case sensitive. The underscore (_) and dollar sign
($) characters are not legal in variable names.

Global variable names are always preceded by a circumflex (2), local
variables are not.
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The contents of all Mumps variables are stored as varying length char-
acter strings. The maximum string length permitted is determined by
the implementation but this number is usually at least 512 and often
far larger (normally 4096 in Open Mumps).

In Mumps there are no data declaration statements. Variables are cre-
ated as needed when a value is assigned to a variable name for the
first time.

Values may be assigned to variables by either a set, merge or read com-
mand .

Variables may also be created if they appear as arguments to the new
command.

Once created, local variables normally persist until the program ends
or they are destroyed by a kill command. Global variables persist until
destroyed by a kill command.

In its original implementation, Mumps did not have a means to pass pa-
rameters to invoked routines. Consequently, to this day, variables are,
ordinarily, known to all routines.

Mumps variables are not typed. The basic data type is string although
integer, floating point and logical (true/false) operations can be per-
formed on variables if their contents are appropriate.

The values in a string are, at a minimum, any ASCII character code be-
tween 32 to 127 (decimal) inclusive. Some implementations permit addi-
tional character codings for other languages.

In Open Mumps, some characters outside this range can be generated in
write commands with the $char() function.

Array references are formed by adding a parenthesized list of indices
to the variable name such as:

name('"abc", 2, 3)

Indices may evaluate to numbers or strings or both. String constants
must be quoted, numeric constants need not be quoted.

Example Variables

set %=123 ; a scalar local variable

set Ax1("ducks")=123 Aducks is a global array

set fido="123" Local variable

set Fido="dog" Names are case sensitive

set x("PI")=3.1414 x is a local array reference

read Ax(100) read value into global array element
read %%123 read value into scalar

set input_dat=123 wrong - underscore not permitted

NE NE Ns Ns Ns Ns Ns Ns N= N~

set 1x=123 wrong - must begin with letter or %
set $x=123 wrong - $ sign not permitted
read _A wrong - underscore error

String Constants
String constants are enclosed in double quote marks (").

A double quote mark itself can be inserted into a string by placing two
immediately adjacent double quote marks ("") in the string.

The single quote mark (') is the not operator with no special meaning
within quoted strings.

The C/C++/Java convention of preceding some special characters by a
backslash does not apply in Mumps.

"The seas divide and many a tide"
"123.45" (means the same as 123.45)
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"Bridget 0'Shaunessey? You're not making that up?"
"""The time has come,"" the walrus said."

\"the time has come\" (wrong - no backslash quotes)
'now is the time' (wrong - single quote means NOT)

Numeric Constants
Numbers can be integers or floating point. Quotes are optional.

100

1.23
-123
-1.23
"3.1415"

Some implementations permit scientific notation. Each implementation
has 1limits on accuracy and size. Consult implementation documentation
for details.

In Open Mumps, constants in scientific notation are a special case of
strings and must be enclosed in quotes as strings and a numeric opera-
tor (such as unary +) is needed to impose a numeric interpretation on
the contents:

> set 1="123E4" set j="100E4"
> write i+j," ", +i," ", +j,!
2.23e+06 1.23e+06 1e+06

Mixed Strings & Numeric Constants

Mumps has some peculiar ways of handling strings when they participate
in numeric calculations.

If a string begins with a number but ends with trailing non-numeric
characters and it is used as an operand in an arithmetic operation,
only the leading numeric portion will participate in the operation. The
trailing non-numeric portion will be ignored.

A string not beginning with a numeric character is interpreted numeri-
cally as having the value of zero.

Numeric Interpretation of Strings

1+2 is evaluated as 3
"ABC"+2 is evaluated as 2
"1AB"+2 is evaluated as 3
"AA1"+2 is evaluated as 2
"r4+2n is evaluated as 3
" is evaluated as ©
+"-12AB" is evaluated as -12

+"123.45e4" is evaluated as 1.2345e+06
Logical Values
Logical values in Mumps are special cases of strings.

A numeric value of zero, any string beginning with a non-numeric char-
acter, or a string of length zero is interpreted as false.

Any numeric string value other than zero is interpreted as true.

Logical expressions yield either the digit zero (for false) or one (for
true).

The result of any expression can be used as a logical operand.
Logical Expressions

Logical expressions yield either zero (for false) or one (for true).
The result of any numeric expression can be used as a logical operand.
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Arrays

The not operator is the single quote: '

1 true '1 false
0 false 'O true
nn false rmn true
"A" false AT true
"99" true ''gg" false
"1A" true 'TAY false
"oe0" false '"eEO" true
"-000" false '"-000" true
"+000" false '"+000" true
"Qee1" true '"e01" false

Arrays in Mumps come in two varieties: local and global.

Global array names are always prefixed by a circumflex (7~) and are
stored on disk. They retain their values when a program terminates and,
once set, can be accessed by other programs operating at the same time.
They can only be deleted by the kill command.

Local arrays are destroyed when the program creating them terminates or
when they are the subject of a kill command. Local arrays are not ac-
cessible to other programs unless the other programs were invoked by
the program which created the array.

Arrays (both global and local) are not declared or pre-dimensioned.

Array (both global and 1local) elements are created by set, merge or
read statements.

The indices of an array (both global and 1local) are specified by a
comma separated list of numbers or strings or both surrounded by paren-
theses.

wrong - Arrays (both local and global) are sparse. That is, if you cre-
ate an element of an array, let us say element 10, it does not mean
that Mumps has created any other elements. In other words, it does not
imply that there exist elements 1 through 9. You must explicitly create
these it you want them.

Array indices may be positive or negative numbers, character strings,
or a combination of both.

Arrays in Mumps may have multiple dimensions 1limited by the maximum
line length (at least 512 characters).

Arrays may be viewed as either matrices or trees.

When viewed as trees, each successive index is part of a path descrip-
tion from the root to an internal or leaf node.

Data may be stored (or not stored) at any node along the path of a
tree.

Global array names are prefixed with the circumflex character (2A) and
local arrays are not.

Local arrays are destroyed when the program ends while global arrays,
being disk resident, persist.

set a(1,2,3)="text value" ; local array
set Ab(1,2,3)="text value" ; global array
set a("text string")=100 ; local array
set Ab("text string")=100 ; global array

set i="testing" set a(i)=1001 ; local array
set i="testing" set Ab(i)=1001 ; global array
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set a("Iowa","Black Hawk County", "Cedar Falls")="UNI"
set Ab("Iowa","Black Hawk County","Cedar Falls")="UNI"

set a("Iowa","Black Hawk County",Waterloo")="John Deere"
set Ab("Iowa","Black Hawk County",Waterloo")="John Deere"

set a[1][2][3]=123 ; wrong - brackets not allowed
set a(1, 2, 3)=123 ; wrong - embedded blanks
set a[1,2,3]=123 ; wrong - brackets again

Array Examples

set a="1ST FLEET”

set b="BOSTON”

set c="FLAG"”

set Aship(a,b,c)="CONSTITUTION"

set Acaptain(Aship(a,b,c))="JONES"

set Ahome(~captain(Aship(a,b,c)))="PORTSMOUTH"
write Aship(a,b,c) — CONSTITUTION

write Acaptain("CONSTITUTION") — JONES

write Ahome("JONES") — PORTSMOUTH

write Ahome(Acaptain("CONSTITUTION")) — PORTSMOUTH
write Ahome(~captain(Aship(a,b,c))) - PORTSMOUTH

Hierarchical Data

Arrays

String

Mumps was originally written to manage medical records which are often
viewed as hierarchically organized. For that reason, the designers
needed a convenient means to store data in a tree structure and devel-
oped the notion of global arrays as a result.

As Trees

In Mumps, both global and local arrays can be viewed as trees. When
viewed as a tree, each successive index in an array reference is inter-
preted as part of a path description from the root of the array to a
node. Nodes along the path may (or may not) contain data. In the dia-
gram below, the array is named root. Numeric indices have been used
for simplicity but string indices are also legal.

Data may be inserted into the tree by assignment statements. Not all
nodes need have data.

set Aroot(1,37)=1
set Aroot(1,92,77)=2
set Aroot(1,92,177)=3
set Aroot(5)=4

set Aroot(8,1)=5

set Aroot(8,100)=6
set Aroot(15)=7

set Aroot(32,5)=8
set Aroot(32,5,3)=9
set Aroot(32,5,8)=10
set Aroot(32,123)=11

Indices
Strings are permitted as indices in Mumps:

set Alab(1234,”hct”,”05/10/2008”,38)=""
set Alab(1234,”hct”,”05/12/2008",42)=""
set Alab(1234,”hct”,”05/15/2008”,35)=""
set Alab(1234,”hct”,”05/19/2008",41)=""

Mumps permits both numeric and string indices.

Sometimes the indices themselves are the data and nothing ("" is the
empty string) is actually stored at the node. That is the case 1in the
above where the last index value is the actual test result. Using the
functions $data() and $order() it is easy to navigate through nodes at
any level of a tree.
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Access

Global

In the code above, the Hematocrit (hct) results for patient 1234 are
stored for several dates. The actual hct results for each observation
are the last index value.

to Mumps Arrays

Mumps array nodes can be accessed directly if you know all the indices.

Alternatively, you can navigate through an array tree by means of the
$data() and $order() builtin functions.

The first of these, $data(), tells you if a node exists, if it has
data, and if it has descendants.

The second, $order(), is used to navigate, at a given level of a tree,
from one sibling node to the next node having an alphabetically higher
(or lower) index value.

For example, given:

set Ma(1)=100,7a(2)=200,ra(3)=300, a(2,1)=210,ra(4,1)=410
$data(ra(l)) is 1 (node exists, has no descendant)
$data(”ra(1,1)) is ® (node does not exist)
$data(”ra(2)) is 11 (node exists, has data, has descendant)
$data(nra(4)) is 10 (node exists, has no data, has descendant)

$order(ra(”")) is 1 (first index at level 1)

$order(Ma(1)) is 2 (next higher index)
$order(na(2,””)) is 1 (first index at level 2 beneath index 2)
$order(ra(4)) is “"” (no more indices)

Array Examples

for i=1:1:100 do ; store values only at leaf nodes
for j=1:1:100 do
for k=1:1:1600 do
set Mmati(i,j,k)=0

This would be similar to a traditional three dimensional matrix in C or
Fortran. There are 1,000,000 cells (nodes) each with a value of zero.
The global array may be thought of as 100 planes of matrices each 100
by 100.

Access to each element of the matrix requires three indices: 7Ma(i, j, k).

mat(1,1,1)
mat(1,1,2)
mat(1,2,3)

mat(1,2,1)
mat(1,2,2)

Alternatively:

for i=1:1:100 do ; store values at all node levels
set Amat(i)=i
for j=1:1:100 do
set Mmat (i, j)=j
for k=1:1:100 do
set Mmati(i,j, k)=k

This example is best thought of as a tree of depth three. At the first
level wunder the root, there are 100 cells (nodes) at each of which is
stored a value from 1 to 100, inclusive. For each node at level 1,
there are 100 descendant cells (nodes) at level two each containing a
value from 1 to 100. Finally for each node at level two, there are 100
descendant cells (nodes) at level 3 likewise containing values between
1 and 100.
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In total, there are 100 level one nodes, 10,000 level two nodes, and
1,000,000 1level three nodes. The tree contains 1,010,100 values in
total (100 + 10,000 + 1,000,000).

mat (1)
mat(1,1)
mat(1,1,1)
mat(1,1,2)
mat(1,2)
mat(1,2,1)
mat(1,2,3)

mat(2)
mat(2,1)
mat(2,1,1)

Access to a node requires one, two or three indices depending on the
location of the level of the tree at which the node sought is stored.

for i=10:10:100 do ; sparse matrix - elements missing
for j=10:10:100 do
for k=10:10:100 do
set Amati(i, j, k)=0

Note: for 1=10:10:100 means iterate with i beginning at 10 and incre-
menting by 10 up to and including 100. Thus, I will have the values 10,
20 ... 100.

The do without an argument causes the block following the command to be
executed. Inner blocks have leading decimal points to indicate their
level of depth.

In this example, the array is also a tree but, unlike the first exam-
ple, many elements do not exist. At level one, there are only ten nodes
(10, 20, 30, ... 90, 100). Each level one node has ten descendants and
each level two node has ten descendants.

In total, the tree has 10,110 (10 + 100 + 10,000) nodes.

For example, the node 7Ma(15,15,15) does not exist. You may, however,
create it with something of the form:

set na(15,15,15)=15

Now the tree has 10,111 nodes.

Mumps Commands

A Mumps program consists of a sequence of commands. Most commands have
arguments to be executed. Some commands, however, do not have argu-
ments.

In most cases, more than one command may appear on a line.
Some of the common commands that have arguments are set (assignment),
for (loop control), if (conditional execution), read (input), write

(output), and so forth.

The halt command, on the other hand, does not have an argument (if it
does, it becomes the hang command).

Each Mumps command begins with a keyword that may, in most cases, be
abbreviated. Most abbreviations are a single letter. Excessively ab-
breviated Mumps code is compact but difficult to read.

The complete list is given below.

Postconditionals
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Mumps commands may optionally be followed by what is known as a post-
conditional.

Postconditionals are expressions that immediately follow a command.
There are no spaces between a command and a postconditional. A postcon-
ditional 1is delimited from the command word (or abbreviation) by a
colon.

If the postconditional expression is true, the command and its argu-
ments are executed. If the expression is false, the command and all of
its arguments are skipped and execution advances to the next command.

The following is an example of a post-conditional applied to the set
command:

set:a=b 1i=2

The set command argument (assign 2 to variable i) will be executed only
if a equals b.

Some commands permit individual arguments to be postconditionalized.

One use of postconditionals of Mumps is for loop control. Unless blocks
and the do command are used, the scope of a for command is the current
line only.

This creates a problem if a loop needs to terminate for a condition not
established in the loop control expression if you attempt to use an if
command because the scope of an if command is also the remainder of the
line on which it appears.

For example, assume you have a global array named ~a which has an un-
known number of nodes. Assume that each node 1is indexed sequentially
beginning with 1 (1, 2 , 3, ...). If you attempt to print out the
values in the nodes with the following:

for i=1:1 write Ma(i),!

You encounter an error when you attempt to access a node of the array
that does not exist.

If you add an if command:
for i=1:1 if ‘$data(”a(i)) quit write 7a(i),!
you still have a problem (single quote is the NOT operator in Mumps).

The expression ‘$data(na(i)) is TRUE if the node 7Ma(i) does NOT exist
and false otherwise. The intent is to quit the loop when there are no
more nodes in Aa (note the two blanks after the quit command - since it
has no arguments, two blanks are required). However, the if command
has scope of the remainder of the line on which it occurs. Thus the
write will not execute if a node does exist because the expression in
the if will be false ($data(na(i)) is true which is then made false by
the not operator). Consequently, the remainder of the line is skipped.
Likewise, if the node does not exist ($data(”ra(i)) is false but becomes
true because of the not operator), the 1loop will terminate. Thus,
nothing at all will be printed.

An else command will not help since it will still be on the same line
following the if and will be ignored if the if expression is false:

for i=1:1 if ‘$data(”a(i)) quit else write 7ra(i),!

(Note the two blanks after the else). If Ma(i) exists, the remainder
of the 1line 1is skipped. If Aa(i) does not exist, the loop is termi-
nated. Hence the postconditional was invented.

for i=1:1 quit:‘$data(”a(i)) write Aa(i),!

The quit will execute only when the postconditional expression is true
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which occurs when there are no more nodes of the array.

Problem solved!

Operator Precedence

Expressions in Mumps are evaluated strictly left-to-right without
precedence. If you want a different order of evaluation, you must use
parentheses.

This 1is true for all Mumps expressions in all Mumps commands. It is a
common source of error, especially in if commands with compound predi-
cates.

For example, a<10&b>20 really means (((a<10)&b)>20) when you probably
wanted (a<10)&(b>20) or, equivalently, a<10&(b>20).

Operators

Basic Operators

Assignment: =
Unary Arithmetic: + -
Binary Arithmetic: + addition
- subtraction
* multiplication
/  full division
\ integer division
# modulo
*

* exponentiation

Arithmetic Relational

> greater than

< less than

'> not greater / less than or equal
'< not less / greater than or equal

String Binary

concatenate

String relational operators

= equal

[ contains - left operand contains right

1 follows - left alphabetically follows right operand
? pattern

11 Sorts after

'= not equal

'L not contains

| not follows

'? not pattern

'11] not sorts after

Pattern Match Operator

for the entire upper and lower case alphabet.
for the 33 control characters.

for any of the 128 ASCII characters.

for the 26 lower case letters.

for the numerics

for the 33 punctuation characters.

for the 26 upper case characters.

literal string.

>CUOUZrmo>»

The letters are preceded by a repetition count. A dot means any number.
Consult documentation for more detail.
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set A="123-45-6789"
if A?3N1"-"2N1"-"4N write "OK" ; writes OK
if A'?3N1"-"2N1"-"4N write "OK" ; writes nothing

set A="JONES, J. L."
if A?.A1",".A write "OK" ; writes OK
if A'?.A1",".A write "OK" ; writes nothing

Logical Operators

& and

! or

! not

1&1 yields 1

2&1 yields 1

1&0 yields 0

1&(0<1) yields 1

111 yields 1

110 yields 1

0'0 yields 0

210 yields 1

'0 yields 1

'1 yields 0

'99 yields 0 ; any non-zero value 1is true
tmn yields 1 ; empty strings are false

Indirection Operator

The indirection operator (@) causes the value of the expression to its
right to be executed and the result replaces the indirect expression.

set a="2+2"
write @a, ! ; writes 4

kill Ax

set Ax(1)=99
set Ax(5)=999
set v="Ax(y)"

set y=1
set x=$order (@v ; equivalent to Ax(1)
write x,! ; writes next index of Ax(1): 5

set vi="Ax"
set x=$order(@(v1_"("_y_")")) ;
write x, ! ; writes 5

Syntax Rules

A line may begin with a label. If so, the label must begin in column
one.

If column one has a semicolon, the line is a comment. If a semicolon
appears 1in a position where a command word could appear, the remainder
of the 1line is a comment.

After a label there must be at least one blank or a <tab> character be-
fore the first command.

If there is no label, column one must be a blank or a <tab> character
followed by some number of blanks, possibly zero, before the first com-
mand.

After most command words or abbreviations there may be an optional
post-conditional. No blanks or <tab> characters are permitted between
the command word and the post-conditional.

If a command has an argument, there must be at least one blank after
the command word and its post-conditional, if present, and the argu-
ment.
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Expressions (both in arguments and post-conditionals) may not contain
embedded blanks except within double-quoted strings.

If a command has no argument and it is the final command on a line, it
is followed by the new 1line character.

If a command has an argument and it is the final command on a 1line, its
last argument is followed by a new line character.

If a command has an argument and it is not the last command on a line,
it is followed by at least one blank before the next command word.

If a command has no argument, there must be two blanks after the com-
mand word if there is another command on the line. If it is the last
command on a line, it is followed by the new line character.

Open Mumps Syntax Extensions
In Open Mumps:

If a line begins with a pound-sign (#) or two forward slashes (//), the
remainder of the line is taken to be a comment (non-standard exten-
sion).

If a line begins with a plus-sign (+), the remainder of the line is in-
terpreted to be an in-line C/C++ statement (non-standard compiler ex-
tension).

After the last argument on a line and at least one blank (two if the
command has no arguments), a double-slash (//) causes the remainder of
the 1line to be interpreted as a comment (non-standard extension).

Line Syntax Examples

label set a=123
set a=123
set a=123 set b=345
set:i=j a=123

; standard comment
set a=123 ; standard comment
# non-standard comment
set a=123 // non-standard comment
+ printf("hello world®); // non-standard C/C++ embed

set a=123 ; wrong no commands in in col 1
label set a=123 wrong - label must be in col 1
set a = 123 wrong - no blanks allowed in arguments
halt:a=b set a=123 wrong - Halt needs 2 blanks after postconditional

R

Blocks

Originally, all Mumps commands only had line scope. That is, no command
extended beyond the line on which it appeared. In later years, however,
a block structure facility was added to the language.

This lead to the introduction of the argumentless do command. Origi-
nally, all do commands had arguments consisting of either a label, off-
set, file name or combination of these that addressed a block of code
to be invoked as a subroutine.

An argumentless do command also invokes a block of code. The code 1in-
voked consists of the lines immediately following the 1line containing
the do command if they are at a line level one greater than the 1line
level of the do. The block ends when the declines to the line level of
the do or below.

Mumps lines are normally at line level one. A higher 1line 1level is
achieved by preceding the code on a line with one or more periods. A
line with one period is at line level two, one with two periods is at
level three and so on.
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Execution of a Mumps program normally proceeds from one level one line
to the next except as if, else, and goto commands may dictate other-
wise. If execution encounters a line at a level greater than the cur-
rent level, the line is skipped unless entered by means of a do command
on the preceding line with a level one lower.

For example:

set a=1

if a=1 do

. write "a is 1",! ; block dependent on do
write "hello",!

The do on line 2, at line level one, if executed, invokes the one line
block on line 3 which is at 1line level two. If the do is not executed,
the block consisting of line 3 is skipped and line 4 is executed after
line 2.

Code at line levels greater than one may be entered by means of an ar-
gumentless do command. The goto command should not be used to enter or
exit Dblocks of code with line levels greater than one.

set a=1

if a=1 do

. write "a is 1",!
set a=a*3

else do

. write "a is not 1",!
set a=a*4

write "a is ", a,!

Because a has a value of 1, lines 3 & 4 will be executed and lines 6 &
7 will not be executed.

if a’=0 do
. write "a is 1",!
set a=a*3
if a>10 do
. write "a is greater than 10",!
set a=a/2
set a=a+ta
write "a is ", a,!

The block beginning on line 2 is entered if variable a 1is not zero.
Otherwise, execution skips to line 8

The block beginning at line 5 is entered if variable a is greater than
10. Otherwise 1line 5 & 6 are skipped and execution resumes at line 7.

Blocks and $Test

$test is a builtin system variable that indicates if certain operations
succeeded (true) or failed (false).

For example, if a read command fails to read data (end of file, for ex-
ample), $test will be false after the read command, otherwise, true.

The open command sets $test to be true if a file 1is successfully
opened, false otherwise. The if is another command sets $test based on
the result of its predicate.

Both the if and else commands have an argumentless form where execution
of the command is determined by the current value in $test.

An oddity in Mumps is that the else command is not necessarily con-
nected with a preceding if command. The else command can be standalone.
If the value in $test is false, the remainder of the 1line on which the
else appears is executed. If the value is true, execution skips to the
next line.
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Quit

For example:

read x
else write "end of file",! halt

The else executes based on the value of $test that was set as the re-
sult of the read command. If the read failed, the code on the line fol-
lowing the else will execute and the program will halt. If the read
succeeded, the program will not halt.

However, in practice, an else command is often used with a preceding if
command where $test is set by the if’s predicate.

In the case of an argumentless if command, the value of $test deter-
mines if the remainder of the line is executed.

Both the argumentless if and else require at least two blanks following
the command word or abbreviation.

The value of $test is restored upon exit from a block:

set a=1,b=2
if a=1 do ; $test becomes true
set a=0
if b=3 do ; $test becomes false
set b=0 ; not executed
else do ; executed
set b=10 ; executed
write $test," ",b,! ; $test is false
write $test," ",b,! ; $test restored to true

In the above, line 2 sets $test to be 1 (the predicate is true). Lines
3 & 4 are executed. Line 4 sets $test to be 0 (the predicate is false).
Line 5 is not executed.

Line 6 1is executed and, since $test is false, the do is executed and
line 7 is executed. Line 8 is executed with $test as 0 and b as 10.

Line 9 is executed. $test is restored to the value it had in 1line 2
(true). The value of b is 10.

A quit command in standard Mumps causes:
A single-1line scope for command to terminate, or
A subroutine to return, or

A code block to be exited with execution resuming on the line contain-
ing the invoking do command.

A quit command without arguments requires at least two blanks after it
if there are more commands on the line (the case where a quit has a
postconditional).

Using quit to terminate a for command:

for i=1:1 quit:i>100 write i," ",i*i,!

When i becomes 101, the loop will terminate.

; read and write until no more input ($test is 0).

set f=0

for do quit:f=1 ; this quit, when executed, terminates the loop
read a
if '$test set f=1 quit ; this quit returns to the do

. write a,!

The for without arguments (note the two blanks following it) loops for-
ever. The do invokes the block where data is read. When there is no
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more data, f is set to 1 and return is made to the 1line containing the
for command. The for terminates when f becomes 1. If the read succeeds,
the value read is written and the loop iterates.

Using quit to return form a legacy subroutine. Mumps originally used
the do command to invoke a local or remote block of code which, when
completed, would return the the 1line containing the invoking do com-
mand. This was similar to the early BASIC gosub statement. The original
Mumps do command did not allow arguments to be passed.

The argument for a do command was either a label, a label with offset,
a file name, or a combination of all three (some systems used different
syntax):

do labi ; execute beginning at label lab1l

do lab1+3 ; execute beginning at the 3rd line following lab1l
do Afile.mps ; execute the contents of file.mps

do labinfile.mps ; execute contents of file.mps beginning at lab1l
do labi1+3Afile.mps ; execute file.mps beginning at 3rd line from lab1l

In each case, when the code block thus invoked ended or encountered a
quit command, return was made to the invoking do command. Note: if the
invoking do command had additional arguments, they would now be exe-
cuted in sequence.

; using quit as a return from a subroutine
do top
top set page=page+l
write #,?70,"Page ", page,!
quit ; return to invoking do command

; non-standard use of break instead of quit in Open Mumps
for do
read a
if '$test break ; exits the loop and the block
. write a,!

; Loop while elements of array a exist
for i=1:1 quit:'$data(a(i)) write a(i),!

; display all nodes at level one
set i="" for set i=$order(Ma(i)) quit:i="" write Ma(i),!

; inner loop quits if an element of array b has the value 99 but
; outer loop continues to next value of i.

set x=0

for i=1:1:10 for j=1:1:10 if b(i, j)=99 set x=x+1 quit

; outer loop terminates when f becomes 1 in the block
set =0
for i=1:1:10 do quit:f=1
if a(i)=99 set f=1

; The last line of the block is not executed when i>50
set f=1
for i=1:1:100 do
set a(i)=i
set b(i)=i*2
if i>50 quit
set c(i)=1i*i

Later versions of Mumps permitted functions and subroutines that could
pass parameters and return, in the case of functions, values. Thus, the
quit command can also have an argument:

; returning a value from a function
set i=$$aaa(2)

write i,! ; writes 4
halt
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aaa(x) set x=x*x
quit x

Commands

Break

Originally, break was wused as an aid in debugging. See documentation
for your system to see if it is implemented.

In the Open Mumps dialect, a break command is used to terminate a block
(non-standard). Execution continues at the first statement following
the block.

; non-standard use of break (Open Mumps)

for do

read a

if '$test break ; exits the loop and the block
. write a,!

Close Command

Closes and disconnects one or more I/O0 units. May be implementation de-
fined. All buffers are written to output files and released. No further
I/0 may take place to closed unit numbers until a successful open com-
mand has been issued on the unit. The syntax of the arguments to this
command varies depending on implementation.

close 1,2 ; closes units 1 and 2

Do Command

Executes a dependent block, or a labeled block of code either in the
current program or a program on disk.

if a=b do ; executes the dependent block that follows
set x=1
write x

do abc ; executes the code block beginning at abc
... intervening code
abc set x=1
write x
quit ; returns to invoking do

do abc(123) ; invokes code at label abc passing an argument

Else Command
The remainder of the line is executed if $test is false (0).

$test is builtin system variable which is set by several commands to
indicate success. No preceding if command is required. Two blanks must
follow the command.
else write "error",! halt ; executed if $test is false
else do
. write "error",!
halt

For Command

The for command can be iterative with the basic format:

for variable=start:increment:limit
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For

for i=1:1:10 write 1i,! ; writes 1,2,...9,10

for i=10:-1:0 write i,! ; writes 10,9,...2,1,0

for i=1:2:10 write 1i,! ; writes 1,3,5,...9

for i=1:1 write 1i,! ; no upper limit - endless

The for commands can be nested:
for i=1:1:10 write !,i,": " for j=1:1:5 write j," "

output:

A comma list of values may also be used:
for i=1,3,22,99 write i,! ;0 1,3,22,99
Both modes may be mixed:

for i=3,22,99:1:110 write i,! ; 3,22,99,100,...110
for 1=3,22,99:1 write 1i,! ; 3,22,99,100, ...

With no arguments, the command becomes loop forever (two blanks
quired after for):

set i=1
for write i,! set i=1+1 quit:i>5 // 1,2,3,4,5

with Quit
Note: two blanks after for and do
set i=1
for do quit:i>5
. write 1i,!
set i=i+1
writes 1 through 5

for i=1:1:10 do

. write i
if i>5 write ! quit
.owrite " ", i*i,!
output:
11
2 4
39
4 16
5 25
6
7
8
9
10

Nested For with Quit

for i=1:1:10 do

. write i,": "
for j=1:1 do quit:j>5
. write j," "

. write !

output:

re-
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0: 123456

Goto Command

Transfer of control to a local or remote label. Return is not made.

goto abc ; go to label abc in current routine
goto abcAxyz.mps ; go to label abc in file xyz.mps

goto abc:i=10,xyz:i=11 ; multiple postconditionals
Note: the arguments of both the do and goto commands may be individu-

ally postconditionalized as seen above. The commands themselves may be
postconditionalized as well.

Halt Command

Terminate a program.
halt

The program terminates. Halt takes no arguments but may be postcondi-
tionalized.

Two blanks are required after the command if there is another command
on the line (meaningful only if the halt is postconditionalized).

Hang Command

Pause the program for a fixed number of seconds. Both halt and hang
have the same abbreviation (h) but the hang has an argument and the
halt does not. Both may be postconditionalized.

hang 10 ; pause for 10 seconds

If Command

set i=1,j=2,k=3

if i=1 write "yes",! ; yes
if i<j write "yes",! ; yes
if i<j,k>j write "yes",! ; yes
if i<j&k>j write "yes",! ; does not write
if i<j&(k>j) write "yes",! ; yes
if i write "yes",! ; yes
if 'i write "yes",! ; does not write
if '(i=0) write "yes",! ; yes
if i=0!(j=2) write "yes",! ; yes

if a>b open 1:"file,old" else write "error",! halt

; the else clause never

; executes

; executes if S$test is 1
; executes if S$test is 0

if write "hello world",!
else write "goodbye world",!

If and Else Commands

If the keyword if 1is followed by an expression and if expression is
true (evaluates to a non-zero number), the remainder of 1line 1is exe-
cuted. If false, next line executed.

if a>b open 1:"file,old"

If sets $test. If the predicate is true, $test is 1, 0 otherwise.

An if with no arguments executes the remainder of the line if $test is
true. An if with no arguments must be followed by two blanks.

The else command is not directly related to the if command. An else
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command executes the remainder of the line if $test is false (0). An
else requires no preceding if command. An else command following an if
command on the same line will not normally execute unless an interven-
ing command between the if and else changes $test to false.

Job Command

Creates a concurrently executing independent process. Implementation
defined.

Kill Command
The kill command deletes local and global variables.

kill 1,3,k ; removes i, j and k from the local
; symbol table
kill (1i,3j, k) ; removes all variables except i, j and k

kill a(1,2) ; deletes node a(1,2) and any descendants
; of a(1,2)
kill Ma ; deletes the entire global array "a

kill na(1,2) ; deletes 7Ma(1,2) and any descendants
; of na(1,2)

Lock Command
Locks for exclusive access a global array node and its descendants.
lock Ma(1,2)
Requests 7a(1,2) and descendants for exclusive access.

Lock may have a timeout which, if the lock is not granted, will termi-
nate the command and report failure/success in $test.

Implementations vary. Lock is a voluntary signaling mechanism and does
not necessarily prevent access. Consult documentation. See also: trans-
action processing. In the native single user database, lock has no
meaning. In the Sqlite3 version, you should use the transaction pro-
cessing commands.

Merge Command
Copies one array and its descendants to another.

merge Ma(1,2)=Ab ; global array Ab and its
; descendants are copied
; as descendants of 7a(1,2)

New Command

Creates a new copy of one or more variables pushing previous copies
onto the stack. The previous copies will be restored when the block
containing the new command ends.

if a=b do
new a,b ; variables local to this block
set a=10.2,b=20

. write a,b,!

The previous values and a and b are restored at exit.
Open, Use and Unit Numbers

The format of the open command is implementation dependent. In Open
Mumps, unit numbers are used. Unit 5 is always open and considered to
be the console and is always open for both input and output. In Linux
terms, unit 5 is stdin and stdout. Other unit numbers are available for
assignment by the open command.

In Open Mumps, the format of the argument to an open command is the
unit number followed by a colon followed by a string. The string must
contain the file name followed by a comma followed by one of the key-
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words old, new, or append.
old means that the file exists and is being opened for input.

new means that the file is to be created and is being opened for out-
put.

append means that the file is being opened for output and new data will
be appended to existing data.

Open arguments vary widely depending on implementation.
Open Mumps Open & Use Examples

open 1:"aaa.dat,old" ; existing file
if '$test write "aaa.dat not found",! halt

open 2:"bbb.dat,new" ; new means create (or re-create)
if '$test write "error writing bbb.dat",! halt

write "copying ...",!
for do
use 1 ; switch to unit 1
read rec ; read from unit 1
if '$test break
use 2 ; switch to unit 2
. write rec,! ; write to unit 2
close 1,2 ; close the open files
use 5 ; revert to console i/o0

write "done",!

Open Mumps Open with Variables

set in="aaa.dat,old"
set out="bbb.dat, new"
open 1:in
if '$test write "error on ",in,! halt
open 2:out
if '$test write "error on ",out,! halt
write "copying ...",!
for do
use 1
read rec
if '$test break
use 2
. write rec,!
close 1,2
use 5
write "done",!

I/0 Format Codes

The read and write commands have basic format controls for output in-
tended to be displayed or printed. These codes are embedded among com-
mand arguments. While they are mainly used with the write command, the
read command permits a a written prompt.

' - new line (!! means two new lines, etc.)

# - new page

?Xx - advance to column "x" (newline generated if needed).

Read Command

The read command reads an entire line into the variable. It may include
a prompt. Reading takes place from the current I/0 unit (see $io).
Variables are created if they do not exist.

read a ; read a line into a




read a,”"b(1),c ; read 3 lines
read !, '"Name:", X ; write prompt then read into x
; prompts: constant strings, !, ?

read *a ; read ASCII code of char typed
read a#10 ; read maximum of 10 characters
read a:5 ; read with a 5 second timeout

; $test will indicate if anything was read
Set Command
The set command is the basic assignment statement. each argument con-
sists of a variable or function reference to the left of the = operator
and an expression to the right. The expression is evaluated and as-
signed to the variable or passed to the function.
set a=10, b=20,c=30
Expressions of the form:
set a=b=c=10
are not permitted in Mumps.
Database Transaction Commands
Some versions of Mumps permit database transaction commands. The imple-
mentation of these varies so the following commands may or may not be
implemented. Check your implementation's documentation for details.
TCommit
TREstart
TRO1llback
TSTART
In Open Mumps these are not implemented. However, when used with a SQL
backend store (MySQL or PostgreSQL), the full range of SQL transaction
controls are available.
Use Command
The wuse command selects the I/0 unit to be used by the next read or
write command. This unit remains in effect for subsequent I/0 activity
until change by another use command.
Implementation of this command will be vendor specific.

At any given time, one I/O0 unit is in effect. All read and write opera-
tions default to the current unit until explicitly changed.

use 2 ; unit 2 must be open
View Command

The view command is vendor defined. It is often used for debugging or
similar activities. It is not implemented in Open Mumps.

Write Command

The write command write text lines to the current I/0 unit.
The format codes !, # and ?exp may be used to skip lines (!), skip to
the top of a page (#), or indent to a specific column (?exp), respec-
tively.

write "hello world",!

set i="hello", j="world" write i," ",j,!

set i="hello", j="world" write i,!,j,!

write 1,?10,2,?20,3,730,4,!!

Xecute Command
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The xecute command is wused to dynamically execute strings as though
they were code.

set a="set b=10+456 write b"
xecute a ; 466 is written

set a="set c=""1+1"" write @c"

xecute a ; 2 1is written

set b="a"

xecute @b ; 2 1is written

for read x xecute Xx ; read and xecute input
Commands

Commands that begin with the letter Z are implementation defined and
have no standard meaning.

Navigating Arrays

Global (and 1local) arrays are navigated by means of the $data() and
$order () functions.

The $data() function can determine if a node exists, whether it has
data assigned to it, and if it has descendants.

The $order() permits you to move from one sibling to another at a given
level of a global array tree.

The function $data() returns a 0 if the array reference passed as a pa-
rameter to it does not exist. It returns 1 if the node exists but has
no descendants, 10 if it exists, has no data but has descendants, and
11 if it exists, has data and has descendants.

The $order() function returns the next higher (or lower) value of the
last index in the array reference passed to the function.

Function $order(), by default, returns indices in ascending collating
sequence order unless a second argument of -1 is given. In this case,
the indices are presented in descending collating sequence order.

$order (“"”) returns the first value (or last value when a second argu-
ment of -1 is given) if the value of the last index of the array refer-
ence passed to it is the empty string. It returns an empty string when
there are no more nodes at this level of the tree.

kill Aa ; all prior values deleted
for i=1:1:9 set 7Ma(i)=1 ; initialize
write $data(”ra(l)) ; writes

write $order(nra(""))
write $order(Ma(l1))
write $order(na(9))

writes

1
writes 1
2
writes t

Ns Ns Ns N

he empty string (nothing)

set 1i=5
for j=1:1:5 set 7Ma(i,j)=j ;initialize at level 2

write $data(”a(5)) ; writes 11
write $data(”a(5,1)) ; writes 1
write $data(”a(5,15)) ; writes O
write $order(na(5,"")) ; writes 1
write $order(nra(5,2)) ; writes 3
set MNa(10)=10

write $order(na(1)) ; writes 10
write $order(na(10)) ; writes 2
set Na(11,1)=11

write $data(nra(11)) ; writes 10
write $data(na(11,1)) ; writes 1
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The following writes 1 through 5 (see data initializations on previous
slide)

set j=llll
for set j=$order(na(5,j)) quit:j="" write j,!

The following writes one row per line:

set i=""

for do
set i=$order(ra(i))
if i="" break

. write "row ",i," "
if $data(na(i))>1 set j="" do
set j=$order(ra(i,j))
if j="" break
. write j," " ;, elements of the row on the same line
. write ! ; end of row: write new line

Indirection
Indirection is indicated by means of the unary indirection operator (@)
which causes the string expression to its right to be executed as a
code expression.
Indirection permits strings created by your program, read from a file,
or loaded from a database can be interpretively evaluated and executed
at runtime as expressions.
Note: The xecute command permits commands to be executed.

The indirection operator (@) is for expressions.

set i1=2,x="2+i"

write @x, ! ; 4 is written
set a=123

set b="a"

write @b, ! ; 123 is written
set c="b"

write @@c, ! ; 123 is written
set d="@@c+@@c"

write @d, ! ; 246 1is written

246 is written

equiv to 7Ma(a)=789

789 is written

xecute the input expr as code
routine ml.mps is executed
123 is assigned to variable b

write @"a+a", !

set @("~a("_a_")")=789
write Ma(123),!

read x write @x

set a=""ml1.mps" do @a
set a="b=123" set @a

Ns Ns Ns N Ns Ns N

Subroutines

Originally, subroutines were ordinary local blocks of code in the cur-
rent routine or in files of code on disk. These were (and still can be)
invoked by a do command whose argument is a label indicating the first
line of the code block or the name of a file or some combination of
these.

with this form of subroutine invocation, there are no parameters or re-
turn values.

However, the full symbol table is accessible to such a subroutine and
any changes to a variable made in a subroutine block are visible upon
return. This form of subroutine call is similar to the early BASIC GO-
SUB statement.

Later versions of Mumps permitted parameters and return values (for
functions) including call by value and call by name.

These later changes to Mumps also permit the programmer to create vari-
ables local to the subroutine (using the new command) which are deleted
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upon exit.

In most cases, the full symbol table of variables, remains accessible
to a subroutine.

In all cases, all global variables are available to all routines.
; original style of Mumps block invocation

set i=100

write i,! ; writes 100

do blockli ; invoke local code block

write i,! ; writes 200

halt

blockl set i=i+i
quit ; returns to invocation point

Invoking a subroutine original style:

do labi ; call local code block
do Afilel.mps ; call file containing program
do lab2Afilel.mps ; call file, entry point lab2

Invoking a subroutine with parameters (call by value):

do lab2(a,b,c) ; call local label with params

do Afile2.mps(a,b,c) ; call file program with params

do lab2Afile2.mps(a,b,c) ; call file with params, at entry point
; lab2

If you pass parameters, they are call by value unless you precede their
names with a dot:

do lab3(.a, .b,.c) ; call local call by name
do Afile3.mps(.a,.b,.c) ; call file call by name

The following subroutine creates a variable that is not destroyed on
exit. The variable is accessible after return is made.

do two
write "expect 99 1 -> ",x," ", $data(x),!
halt

two
set x=99
quit

Similar to the original style but this subroutine uses the new command
to create new copy of x which is deleted upon exit from the routine.
The variable x is not available after return is made.

set y=99

do one

write "expect 99 0 -> ",y," ", $data(x),!
halt

one new X
set x=100
write "expect 99 100 -> ",y," ", x,!
quit

Call be value example. Parameter variable d only exists in the subrou-
tine. The variable and any changes to it are lost on exit. The vari-
able d does not exist after return is made.

do three(101)
write "expect 0 -> ",$d(d),! ; d only exists in the subroutine

three(d)
write "expect 101 -> ",d,!
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quit

Call by name example. Modification of z in the subroutine changes x in
the caller. Note the .x in the call. This signifies call by name.

kill

set x=33

do four(.x)

write "expect 44 -> ", x,!

four(z)
write "expect 33 -> ",z,!
set z=44
quit

Using the new command. Subroutine one creates x and subroutine two uses
it. Changes to x in two are seen upon return to one. Variable x is de-
stroyed upon return from subroutine one.

set y=99
do one
write "expect 99 06 -> ",y," ", $data(x),!

one new X
set x=100
write "expect 99 100 -> ",y," ", x,!
do two
write "expect 99 99 -> ",y," ", x,!
quit

two set x=99
quit

Functions

A function with returns a value. The calling code variable i 1is not
changed by the subroutine (call by value). The variable i in the func-
tion is a temporary copy.

set i=100

set x=$$sub(i)

write x," ",i,! ; writes 500 100
halt

sub(i)
set i=i*5
quit i

Builtin Functions & Variables
Mumps has many builtin functions, called intrinsic functions, and sys-
tem variables, called intrinsic variables. These handle string manipu-

lation, tree navigation and so on.

Each function and system variable begins with a dollar sign. Some sys-
tem variables are read-only while others can be set.

While most functions appear in expressions only and yield a result,
some functions may appear on the left hand side of an assignment opera-
tor or in read statements.
Intrinsic Functions
$Ascii(arg[, pos])
$Ascii() returns the numeric equivalent of the character argument. If a
second argument is given, it it the position of the character in the

first argument.

SA("A") yields 65 - the ASCII code for A
$A("Boston") yields 66 - the ASCII code for B
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$A("Boston", 2) yields 98 - the ASCII code for o

$Char(nbr[, ...1)

$Char () returns a string of characters corresponding to the ASCII codes
given as arguments.

$C(65) yields A - the ASCII equivalent of 65

$C(65,66,67) yields ABC

$C(65,-1,66) yields AB - invalid codes are ignored
$Data(var)

$Data() returns an integer which indicates whether the argument exists,
has data, and descendants. The value returned is 0 if var is undefined,
1 if var 1is defined and has no associated array descendants; 10 if var
is defined but has no associated value (but does have descendants); and
11 is var 1is defined and has descendants. The argument var may be ei-
ther a local or scalar or global variable.

set A(1,11)="foo"

set A(1,11,21)="bar"
$data(A(1)) ; yields 10
$data(A(1,11)) ; yields 11
$data(A(1,11,21)) ; yields 1
$data(A(1,11,22) ; yields ©

$Extract(el,i2[,1i3])

$Extract() returns a substring of the first argument. The substring be-
gins at the position noted by the second operand. Position counting be-
gins at one.

If the third operand is omitted, the substring consists only of the
i2'th character of el. If the third argument is present, the substring
begins at position i2 and ends at position 1i3.

If only el is given, the function returns the first character of the
string e1l.

If i3 specifies a position beyond the end of el, the substring ends at
the end of el.

$extract("ABC",2) YIELDS "B"
$extract ("ABCDEF",3,5) YIELDS "CDE"

$Find(el,e2[,1i3])

$Find() searches the first argument for an occurrence of the second ar-
gument. If one is found, the integer returned is one greater than the
end position of the second argument in the first argument.

If i3 is specified, the search begins at position i3 in argument el.
Position counting begins with one.

If the second argument is not found, the value returned is 0.

$find("ABC","B") YIELDS 3
$find("ABCABC","A",3) YIELDS 5

$FNumber(a,b[,c])

$Fnumber() is a function used to format numbers based on codes based on
local currency flags. See your documentation for details.

$FN(100, "P") yields 100
$FN(-100, "P") yields (100)
$FN(-100,"T") yields 100-
$FN(10000,",2") yields 10,000.00
$FN(100, "+") yields +100

180



$Get (var[,default])

$get() returns the -current value of a variable or a default value if
the variable is undefined. If a default value 1is not specified, the
empty string is used.

kill x

$get(x,"?") yields ?
set x=123

$get(x,"?") yields 123
kill x

$get(x) yields “”
$Justify(str,fld[,dec]))

$Justify() returns a string in which the first argument is right justi-
fied in a field whose length is given by the second argument.

In the three argument form, the first argument is right justified in a
field whose length is given by the second argument rounded to dec deci-
mal places.

The three argument form imposes a numeric interpretation upon the first
argument. If the field length is too small, it will be extended.

$justify(39,7) yields " 39"
$justify("test",7) yields " test"
$justify(39,7,1) yields " 39.0"

$justify(“test”,7,2) yields “ 0.00”
$justify(123.45,3) yields “123.45"

$Length(exp[,str])

$Length() returns the length of the string (in the 1 argument form) or
the number of pieces in the string delimited by the second argument.

set x="1234 x 5678 x 9999"
$length(x) yields 18
$length(x, "x") yields 3 (number parts)

$NAme (arrayVar[,int])

$Name() Returns a string containing an evaluated representation of all
or part of the array variable reference. It does not check to see if
the array variable exists. If a second argument is given, it specifies
the portion of the representation to return: if zero, the name of the
array, otherwise the indices 1 through the value of the integer. If no
second argument is provided or if it exceeds the number of indices, the
entire representation is returned.

set x=10,y=20,z=30,a="abc(x,y,z)"”

$na(abc(x,y,z)) yields abc("10","20","30")
$na(abc(x,y,z),1) yields abc("10")
$na(abc(x,y,z),2) yields abc("10","20")
$na(abc(10,20,25+5)) yields abc(“10”,"20","30")
$na(@a) yields abc(“10”,"20","30")

abc() need not exist
$order(vn[, -1])

The $0rder() function returns the next ascending or descending index at
a given level of an array reference. The function traverses an array
from one sibling node to the next in key ascending or descending order.
The result returned is the next value of the last index of the global
or local array given as the first argument to $Order().

The default traversal is in key ascending order except if the optional
second argument is present and evaluates to "-1" in which case the tra-
versal is in descending key order.
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If the second argument is present and has a value of "1", the traversal
will be in ascending key order which is the default. In Open Mumps, nu-
meric 1indices are retrieved in ASCII collating sequence order. Other
systems may retrieve subscripts in numeric order. Check your documenta-
tion.

for i=1:1:9 s Ma(i)=1i

set Ab(1)=1

set Ab(2)=-1

write "expect (next higher) 1 ",$order(”a("")),!
write "expect (next lower) 9 ",$order(na(""),-1),!
write "expect 1 ",$order(nra(""),Ab(1)),!

write "expect 9 ", $order(Ma(""),Mb(2)),!

set i=0,j=1

write "expect 1 ",$order(na(""),j),!

write "expect 9 ", $order(ra(""),-j),!

write "expect 1 ", $order(na(""),i+j),!

write "expect 9 ", $order(ra(""),i-j),!

Set i:" n

write "expect 1 2 3 ... 9",!

for set i=$order(Ma(i)) quit:i="" write i,!
Set i:" n

write "expect 9 8 7 ... 1",!

for set i=$order(ra(i),-1) quit:i="" write 1i,!

$Piece(str,pat[,i3[,1i4]])

The $Piece() function returns a substring of the first argument delim-
ited by the instances of the second argument.

The substring returned in the three argument case is that substring of
the first argument that lies between the i3 minus one and the i3 occur-
rence of the second argument.

In the four argument form, the string returned is that substring of the
first argument delimited by the i3 minus one instance of the second ar-
gument and the i4 instance of the second argument. If only two argu-
ments are given, i3 is assumed to be 1.

The function may appear on the left hand side of an assignment operator
in which case the substring addressed by i3 and i4 (if present) is re-
placed by the result of the right hand side of the assignment operator.

$piece("A.BX.Y",".",2) yields "BX"
$piece("A.BX.Y",".",1) yields "A"
$piece("A.BX.Y",".") yields "A"

$piece("A.BX.Y",".",2,3) yields "BX.Y"

set x="abc.def.ghi"
set $piece(x,".",2)="xxx" causes x to be "abc.xxx.ghi"

$QLength(string)

$QLength() returns the number of subscripts contained in the in the ar-
ray reference in the string argument

set x="a(1,2,3)"”

write $qglength(x)

write $qlength(“ra(i,j)”),!
write $qglength(“a”),!

writes 3, 2 and 0

$QSubscript(string, int)

The $QSubscript(string,int) function returns a portion of the array
reference given by the first string. If the second integer argument is
-1, the environment is returned (if defined in your implementation), if
0, the name of the global array is returned. In Open Mumps, subscripts
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of arrays are evaluated before being returned.

For values greater than 0, the value returned is that of the associated
subscript.

If a value exceeds the number of indices, an empty string is returned.

set i=10, j=20, k=30

set x="Ma(i,j, k)"

write $qsubscript(x,0),!

write $qsubscript(x,1),!

write $qsubscript(x,2),!

write $qsubscript(“ra(i,j, k)”,3),!

writes Ma, 10, 20, and 30 respectively.

Note that in Open Mumps, unlike other versions, the indices of the ar-
ray are evaluated.

$QUery()

The $QUery(string) function returns the next array element in the array
space denoted by the string argument.

The argument to $query(string) is a global or Tlocal array reference
(not a string like the other $q... functions). The value returned is a
string containing the next ascending entry in the array space or, if
there are no more, the empty string.

set a(1,2,3)=99

set a(1,2,4)=98

set a(1,2,5)=97

set x="a"

set x=$query(@x)

write "expect a(1,2,3) ",x,!

set x=$query(@x)
write "expect a(1,2,4) ",x,!

set x=$query(@x)

write "expect a(1,2,5) ",x,!

write “expect a(1,2,3) “,$query(a(1)),!
$Random(int)

$Random() returns a random number between zero and one less than the
integer argument.

$random(10) yields a random number between 0
and 9

$REverse(str)
$Reverse() returns the string passed as the argument in reverse order.
$reverse("abc") yields cbha

$Select(texpl:expl[,...])
$Select() evaluates each truth valued expression (texpl, ...) 1in se-
quence and for the first one found to be true, returns the result of
the corresponding expression following the colon (:). If none are true,
the empty string is returned.
set x=10
$select(x=9:"A",x=10:"B",x=11:"C",1:"”") yields B
set x=22
$select(x=9:"A",x=10:"B",x=11:"C",1:"") yields “”

$STack(intexpl[, ...])

$Stack() returns information concerning the Mumps stack environment
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based on the numeric codes supplied. Consult your documentation for de-
tails as the relate to your implementation. Not implemented in Open
Mumps .

$Test(entryRef)

$Test() returns a string a line of code from the the routine at the 1lo-
cation given by the entry reference (label, offset, and/or routine).

Assume the program code:

L1 set a=10

set b=20

set c=30
; line of comment
$text(L1) yields "L1 set a=10"
$text(L1+1) yields " set b=20"
$text(4) yields "; line of comment"

$TRanslate() $TRanslate(expil[,exp2[,exp3)
Returns expl after dropping or substituting characters. If the second
and third operands are omitted, the original string is returned. Char-
acters from the first operand are selected if they occur in the second
and (1) replaced by the character from the third operand which posi-
tionaly correspond to the second operand or, (2) dropped if there is no
corresponding third operand character (third operands is shorter than
second).
set x="arma virumque cano"

$tr(x,"a") yields "rm virumque cno"
$tr(x,"a","A") yields "ArmA virumque cAno"

$View()
$View() is implementation defined.
$Z...0)

$Z...() functions are added by the implementer and are, thus, implemen-
tation defined. See your documentation.

Documentation February 3, 2026 MUMPS-DOC(7)

184



9 Licenses

9.1 GNU Licenses

9.1.1 GNU General Public License

GNU GENERAL PUBLIC LICENSE
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.

59 Temple Place, Suite 330, Boston, MA 02111-1307 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

The licenses for most software are designed to take away your

freedom to share and change it. By contrast, the GNU General Public
License is intended to guarantee your freedom to share and change free
software--to make sure the software is free for all its users. This
General Public License applies to most of the Free Software
Foundation's software and to any other program whose authors commit to
using it. (Some other Free Software Foundation software is covered by
the GNU Library General Public License instead.) You can apply it to
your programs, too.

When we speak of free software, we are referring to freedom, not
price. Our General Public Licenses are designed to make sure that you
have the freedom to distribute copies of free software (and charge for
this service if you wish), that you receive source code or can get it
if you want it, that you can change the software or use pieces of it
in new free programs; and that you know you can do these things.

To protect your rights, we need to make restrictions that forbid
anyone to deny you these rights or to ask you to surrender the rights.
These restrictions translate to certain responsibilities for you if you
distribute copies of the software, or if you modify it.

For example, if you distribute copies of such a program, whether
gratis or for a fee, you must give the recipients all the rights that
you have. You must make sure that they, too, receive or can get the
source code. And you must show them these terms so they know their
rights.

We protect your rights with two steps: (1) copyright the software, and
(2) offer you this license which gives you legal permission to copy,
distribute and/or modify the software.

Also, for each author's protection and ours, we want to make certain
that everyone understands that there is no warranty for this free
software. If the software is modified by someone else and passed on, we
want its recipients to know that what they have is not the original, so
that any problems introduced by others will not reflect on the original
authors' reputations.

Finally, any free program is threatened constantly by software
patents. We wish to avoid the danger that redistributors of a free
program will individually obtain patent licenses, in effect making the
program proprietary. To prevent this, we have made it clear that any
patent must be licensed for everyone's free use or not licensed at all.

The precise terms and conditions for copying, distribution and
modification follow.
<>
GNU GENERAL PUBLIC LICENSE
TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION
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0. This License applies to any program or other work which contains

a notice placed by the copyright holder saying it may be distributed
under the terms of this General Public License. The "Program", below,
refers to any such program or work, and a "work based on the Program"
means either the Program or any derivative work under copyright law:
that is to say, a work containing the Program or a portion of it,
either verbatim or with modifications and/or translated into another
language. (Hereinafter, translation is included without limitation in
the term "modification".) Each licensee is addressed as "you".

Activities other than copying, distribution and modification are not
covered by this License; they are outside its scope. The act of
running the Program is not restricted, and the output from the Program
is covered only if its contents constitute a work based on the

Program (independent of having been made by running the Program).
Whether that is true depends on what the Program does.

1. You may copy and distribute verbatim copies of the Program's
source code as you receive it, in any medium, provided that you
conspicuously and appropriately publish on each copy an appropriate
copyright notice and disclaimer of warranty; keep intact all the
notices that refer to this License and to the absence of any warranty;
and give any other recipients of the Program a copy of this License
along with the Program.

You may charge a fee for the physical act of transferring a copy, and
you may at your option offer warranty protection in exchange for a fee.

2. You may modify your copy or copies of the Program or any portion
of it, thus forming a work based on the Program, and copy and
distribute such modifications or work under the terms of Section 1
above, provided that you also meet all of these conditions:

a) You must cause the modified files to carry prominent notices
stating that you changed the files and the date of any change.

b) You must cause any work that you distribute or publish, that in
whole or in part contains or is derived from the Program or any
part thereof, to be licensed as a whole at no charge to all third
parties under the terms of this License.

c) If the modified program normally reads commands interactively
when run, you must cause it, when started running for such
interactive use in the most ordinary way, to print or display an
announcement including an appropriate copyright notice and a
notice that there is no warranty (or else, saying that you provide
a warranty) and that users may redistribute the program under
these conditions, and telling the user how to view a copy of this
License. (Exception: if the Program itself is interactive but
does not normally print such an announcement, your work based on
the Program is not required to print an announcement.)
<>
These requirements apply to the modified work as a whole. If
identifiable sections of that work are not derived from the Program,
and can be reasonably considered independent and separate works in
themselves, then this License, and its terms, do not apply to those
sections when you distribute them as separate works. But when you
distribute the same sections as part of a whole which is a work based
on the Program, the distribution of the whole must be on the terms of
this License, whose permissions for other licensees extend to the
entire whole, and thus to each and every part regardless of who wrote it.

Thus, it is not the intent of this section to claim rights or contest
your rights to work written entirely by you; rather, the intent is to
exercise the right to control the distribution of derivative or
collective works based on the Program.

In addition, mere aggregation of another work not based on the Program
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with the Program (or with a work based on the Program) on a volume of
a storage or distribution medium does not bring the other work under
the scope of this License.

3. You may copy and distribute the Program (or a work based on it,
under Section 2) in object code or executable form under the terms of
Sections 1 and 2 above provided that you also do one of the following:

a) Accompany it with the complete corresponding machine-readable
source code, which must be distributed under the terms of Sections

1 and 2 above on a medium customarily used for software interchange; or,

b) Accompany it with a written offer, valid for at least three
years, to give any third party, for a charge no more than your
cost of physically performing source distribution, a complete
machine-readable copy of the corresponding source code, to be
distributed under the terms of Sections 1 and 2 above on a medium
customarily used for software interchange; or,

c) Accompany it with the information you received as to the offer
to distribute corresponding source code. (This alternative is
allowed only for noncommercial distribution and only if you
received the program in object code or executable form with such
an offer, in accord with Subsection b above.)

The source code for a work means the preferred form of the work for
making modifications to it. For an executable work, complete source
code means all the source code for all modules it contains, plus any
associated interface definition files, plus the scripts used to
control compilation and installation of the executable. However, as a
special exception, the source code distributed need not include
anything that is normally distributed (in either source or binary
form) with the major components (compiler, kernel, and so on) of the
operating system on which the executable runs, unless that component
itself accompanies the executable.

If distribution of executable or object code is made by offering
access to copy from a designated place, then offering equivalent
access to copy the source code from the same place counts as
distribution of the source code, even though third parties are not
compelled to copy the source along with the object code.

<>

4. You may not copy, modify, sublicense, or distribute the Program
except as expressly provided under this License. Any attempt
otherwise to copy, modify, sublicense or distribute the Program is
void, and will automatically terminate your rights under this License.
However, parties who have received copies, or rights, from you under
this License will not have their licenses terminated so long as such
parties remain in full compliance.

5. You are not required to accept this License, since you have not
signed it. However, nothing else grants you permission to modify or
distribute the Program or its derivative works. These actions are
prohibited by law if you do not accept this License. Therefore, by
modifying or distributing the Program (or any work based on the
Program), you indicate your acceptance of this License to do so, and
all its terms and conditions for copying, distributing or modifying
the Program or works based on it.

6. Each time you redistribute the Program (or any work based on the
Program), the recipient automatically receives a license from the
original licensor to copy, distribute or modify the Program subject to
these terms and conditions. You may not impose any further
restrictions on the recipients' exercise of the rights granted herein.
You are not responsible for enforcing compliance by third parties to
this License.

7. If, as a consequence of a court judgment or allegation of patent
infringement or for any other reason (not limited to patent issues),
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conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License. If you cannot
distribute so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you
may not distribute the Program at all. For example, if a patent
license would not permit royalty-free redistribution of the Program by
all those who receive copies directly or indirectly through you, then
the only way you could satisfy both it and this License would be to
refrain entirely from distribution of the Program.

If any portion of this section is held invalid or unenforceable under
any particular circumstance, the balance of the section is intended to
apply and the section as a whole is intended to apply in other
circumstances.

It is not the purpose of this section to induce you to infringe any
patents or other property right claims or to contest validity of any
such claims; this section has the sole purpose of protecting the
integrity of the free software distribution system, which is
implemented by public license practices. Many people have made
generous contributions to the wide range of software distributed
through that system in reliance on consistent application of that
system; it is up to the author/donor to decide if he or she is willing
to distribute software through any other system and a licensee cannot
impose that choice.

This section is intended to make thoroughly clear what is believed to
be a consequence of the rest of this License.

<>

8. If the distribution and/or use of the Program is restricted in
certain countries either by patents or by copyrighted interfaces, the
original copyright holder who places the Program under this License
may add an explicit geographical distribution limitation excluding
those countries, so that distribution is permitted only in or among
countries not thus excluded. 1In such case, this License incorporates
the limitation as if written in the body of this License.

9. The Free Software Foundation may publish revised and/or new versions
of the General Public License from time to time. Such new versions will
be similar in spirit to the present version, but may differ in detail to
address new problems or concerns.

Each version is given a distinguishing version number. If the Program
specifies a version number of this License which applies to it and "any
later version", you have the option of following the terms and conditions
either of that version or of any later version published by the Free
Software Foundation. If the Program does not specify a version number of
this License, you may choose any version ever published by the Free Software
Foundation.

10. If you wish to incorporate parts of the Program into other free
programs whose distribution conditions are different, write to the author
to ask for permission. For software which is copyrighted by the Free
Software Foundation, write to the Free Software Foundation; we sometimes
make exceptions for this. Our decision will be guided by the two goals
of preserving the free status of all derivatives of our free software and
of promoting the sharing and reuse of software generally.

NO WARRANTY

11. BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN
OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES
PROVIDE THE PROGRAM "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED
OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS
TO THE QUALITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE
PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING,
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REPAIR OR CORRECTION.

12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES,
INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING
OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED
TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY
YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER
PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS
<>

How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest
possible use to the public, the best way to achieve this is to make it
free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest
to attach them to the start of each source file to most effectively
convey the exclusion of warranty; and each file should have at least
the "copyright" line and a pointer to where the full notice is found.

<one line to give the program's name and a brief idea of what it does.>
Copyright (C) 19yy <name of author>

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation; either version 2 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program; if not, write to the Free Software
Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA 02111-1307 USA

Also add information on how to contact you by electronic and paper mail.

If the program is interactive, make it output a short notice like this
when it starts in an interactive mode:

Gnomovision version 69, Copyright (C) 19yy name of author

Gnomovision comes with ABSOLUTELY NO WARRANTY; for details type “show w'.
This is free software, and you are welcome to redistribute it

under certain conditions; type “show c¢' for details.

The hypothetical commands “show w' and “show c¢' should show the appropriate
parts of the General Public License. Of course, the commands you use may
be called something other than “show w' and “show c'; they could even be
mouse-clicks or menu items--whatever suits your program.

You should also get your employer (if you work as a programmer) or your
school, if any, to sign a "copyright disclaimer" for the program, if
necessary. Here is a sample; alter the names:

Yoyodyne, Inc., hereby disclaims all copyright interest in the program
“Gnomovision' (which makes passes at compilers) written by James Hacker.

<signature of Ty Coon>, 1 April 1989
Ty Coon, President of Vice

This General Public License does not permit incorporating your program into
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proprietary programs. If your program is a subroutine library, you may
consider it more useful to permit linking proprietary applications with the
library. If this is what you want to do, use the GNU Library General
Public License instead of this License.

9.1.2 GNU Free Documentation License

GNU Free Documentation License
Version 1.1, March 2000

Copyright (C) 2000 Free Software Foundation, Inc.

59 Temple Place, Suite 330, Boston, MA 02111-1307 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other
written document "free" in the sense of freedom: to assure everyone
the effective freedom to copy and redistribute it, with or without
modifying it, either commercially or noncommercially. Secondarily,
this License preserves for the author and publisher a way to get
credit for their work, while not being considered responsible for
modifications made by others.

This License is a kind of "copyleft", which means that derivative
works of the document must themselves be free in the same sense. It
complements the GNU General Public License, which is a copyleft
license designed for free software.

We have designed this License in order to use it for manuals for free
software, because free software needs free documentation: a free
program should come with manuals providing the same freedoms that the
software does. But this License is not limited to software manuals;
it can be used for any textual work, regardless of subject matter or
whether it is published as a printed book. We recommend this License
principally for works whose purpose is instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work that contains a
notice placed by the copyright holder saying it can be distributed
under the terms of this License. The "Document", below, refers to any
such manual or work. Any member of the public is a licensee, and is
addressed as "you".

A "Modified Version" of the Document means any work containing the
Document or a portion of it, either copied verbatim, or with
modifications and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter section of
the Document that deals exclusively with the relationship of the
publishers or authors of the Document to the Document's overall subject
(or to related matters) and contains nothing that could fall directly
within that overall subject. (For example, if the Document is in part a
textbook of mathematics, a Secondary Section may not explain any
mathematics.) The relationship could be a matter of historical
connection with the subject or with related matters, or of legal,
commercial, philosophical, ethical or political position regarding

them.

The "Invariant Sections" are certain Secondary Sections whose titles
are designated, as being those of Invariant Sections, in the notice
that says that the Document is released under this License.

The "Cover Texts" are certain short passages of text that are listed,
as Front-Cover Texts or Back-Cover Texts, in the notice that says that
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the Document is released under this License.

A "Transparent" copy of the Document means a machine-readable copy,
represented in a format whose specification is available to the
general public, whose contents can be viewed and edited directly and
straightforwardly with generic text editors or (for images composed of
pixels) generic paint programs or (for drawings) some widely available
drawing editor, and that is suitable for input to text formatters or
for automatic translation to a variety of formats suitable for input
to text formatters. A copy made in an otherwise Transparent file
format whose markup has been designed to thwart or discourage
subsequent modification by readers is not Transparent. A copy that is
not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain
ASCII without markup, Texinfo input format, LaTeX input format, SGML
or XML using a publicly available DTD, and standard-conforming simple
HTML designed for human modification. Opaque formats include
PostScript, PDF, proprietary formats that can be read and edited only
by proprietary word processors, SGML or XML for which the DTD and/or
processing tools are not generally available, and the
machine-generated HTML produced by some word processors for output
purposes only.

The "Title Page" means, for a printed book, the title page itself,
plus such following pages as are needed to hold, legibly, the material
this License requires to appear in the title page. For works in
formats which do not have any title page as such, "Title Page" means
the text near the most prominent appearance of the work's title,
preceding the beginning of the body of the text.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either
commercially or noncommercially, provided that this License, the
copyright notices, and the license notice saying this License applies
to the Document are reproduced in all copies, and that you add no other
conditions whatsoever to those of this License. You may not use
technical measures to obstruct or control the reading or further
copying of the copies you make or distribute. However, you may accept
compensation in exchange for copies. If you distribute a large enough
number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and
you may publicly display copies.

3. COPYING IN QUANTITY

If you publish printed copies of the Document numbering more than 100,
and the Document's license notice requires Cover Texts, you must enclose
the copies in covers that carry, clearly and legibly, all these Cover
Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on
the back cover. Both covers must also clearly and legibly identify
you as the publisher of these copies. The front cover must present
the full title with all words of the title equally prominent and
visible. You may add other material on the covers in addition.
Copying with changes limited to the covers, as long as they preserve
the title of the Document and satisfy these conditions, can be treated
as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit
legibly, you should put the first ones listed (as many as fit
reasonably) on the actual cover, and continue the rest onto adjacent
pages.

If you publish or distribute Opaque copies of the Document numbering
more than 100, you must either include a machine-readable Transparent
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copy along with each Opaque copy, or state in or with each Opaque copy
a publicly-accessible computer-network location containing a complete
Transparent copy of the Document, free of added material, which the
general network-using public has access to download anonymously at no
charge using public-standard network protocols. If you use the latter
option, you must take reasonably prudent steps, when you begin
distribution of Opaque copies in quantity, to ensure that this
Transparent copy will remain thus accessible at the stated location
until at least one year after the last time you distribute an Opaque
copy (directly or through your agents or retailers) of that edition to
the public.

It is requested, but not required, that you contact the authors of the
Document well before redistributing any large number of copies, to give
them a chance to provide you with an updated version of the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under
the conditions of sections 2 and 3 above, provided that you release
the Modified Version under precisely this License, with the Modified
Version filling the role of the Document, thus licensing distribution
and modification of the Modified Version to whoever possesses a copy
of it. 1In addition, you must do these things in the Modified Version:

A. Use in the Title Page (and on the covers, if any) a title distinct
from that of the Document, and from those of previous versions
(which should, if there were any, be listed in the History section
of the Document). You may use the same title as a previous version
if the original publisher of that version gives permission.

B. List on the Title Page, as authors, one or more persons or entities
responsible for authorship of the modifications in the Modified
Version, together with at least five of the principal authors of the
Document (all of its principal authors, if it has less than five).

C. State on the Title page the name of the publisher of the
Modified Version, as the publisher.

D. Preserve all the copyright notices of the Document.

E. Add an appropriate copyright notice for your modifications
adjacent to the other copyright notices.

F. Include, immediately after the copyright notices, a license notice
giving the public permission to use the Modified Version under the
terms of this License, in the form shown in the Addendum below.

G. Preserve in that license notice the full lists of Invariant Sections
and required Cover Texts given in the Document's license notice.

H. Include an unaltered copy of this License.

I. Preserve the section entitled "History", and its title, and add to
it an item stating at least the title, year, new authors, and
publisher of the Modified Version as given on the Title Page. If
there is no section entitled "History" in the Document, create one
stating the title, year, authors, and publisher of the Document as
given on its Title Page, then add an item describing the Modified
Version as stated in the previous sentence.

J. Preserve the network location, if any, given in the Document for
public access to a Transparent copy of the Document, and likewise
the network locations given in the Document for previous versions
it was based on. These may be placed in the "History" section.
You may omit a network location for a work that was published at
least four years before the Document itself, or if the original
publisher of the version it refers to gives permission.

K. In any section entitled "Acknowledgements" or "Dedications",
preserve the section's title, and preserve in the section all the
substance and tone of each of the contributor acknowledgements
and/or dedications given therein.

L. Preserve all the Invariant Sections of the Document,
unaltered in their text and in their titles. Section numbers
or the equivalent are not considered part of the section titles.

M. Delete any section entitled "Endorsements". Such a section
may not be included in the Modified Version.
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N. Do not retitle any existing section as "Endorsements"
or to conflict in title with any Invariant Section.

If the Modified Version includes new front-matter sections or
appendices that qualify as Secondary Sections and contain no material
copied from the Document, you may at your option designate some or all
of these sections as invariant. To do this, add their titles to the
list of Invariant Sections in the Modified Version's license notice.
These titles must be distinct from any other section titles.

You may add a section entitled "Endorsements", provided it contains
nothing but endorsements of your Modified Version by various
parties--for example, statements of peer review or that the text has
been approved by an organization as the authoritative definition of a
standard.

You may add a passage of up to five words as a Front-Cover Text, and a
passage of up to 25 words as a Back-Cover Text, to the end of the list
of Cover Texts in the Modified Version. Only one passage of
Front-Cover Text and one of Back-Cover Text may be added by (or
through arrangements made by) any one entity. If the Document already
includes a cover text for the same cover, previously added by you or
by arrangement made by the same entity you are acting on behalf of,
you may not add another; but you may replace the old one, on explicit
permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License
give permission to use their names for publicity for or to assert or
imply endorsement of any Modified Version.

5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this
License, under the terms defined in section 4 above for modified
versions, provided that you include in the combination all of the
Invariant Sections of all of the original documents, unmodified, and
list them all as Invariant Sections of your combined work in its
license notice.

The combined work need only contain one copy of this License, and
multiple identical Invariant Sections may be replaced with a single
copy. If there are multiple Invariant Sections with the same name but
different contents, make the title of each such section unique by
adding at the end of it, in parentheses, the name of the original
author or publisher of that section if known, or else a unique number.
Make the same adjustment to the section titles in the list of
Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections entitled "History"
in the various original documents, forming one section entitled
"History"; likewise combine any sections entitled "Acknowledgements",
and any sections entitled "Dedications". You must delete all sections
entitled "Endorsements."

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents
released under this License, and replace the individual copies of this
License in the various documents with a single copy that is included in
the collection, provided that you follow the rules of this License for
verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute
it individually under this License, provided you insert a copy of this
License into the extracted document, and follow this License in all
other respects regarding verbatim copying of that document.
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7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate
and independent documents or works, in or on a volume of a storage or
distribution medium, does not as a whole count as a Modified Version
of the Document, provided no compilation copyright is claimed for the
compilation. Such a compilation is called an "aggregate", and this
License does not apply to the other self-contained works thus compiled
with the Document, on account of their being thus compiled, if they
are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these
copies of the Document, then if the Document is less than one quarter
of the entire aggregate, the Document's Cover Texts may be placed on
covers that surround only the Document within the aggregate.
Otherwise they must appear on covers around the whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification, so you may
distribute translations of the Document under the terms of section 4.
Replacing Invariant Sections with translations requires special
permission from their copyright holders, but you may include
translations of some or all Invariant Sections in addition to the
original versions of these Invariant Sections. You may include a
translation of this License provided that you also include the
original English version of this License. 1In case of a disagreement
between the translation and the original English version of this
License, the original English version will prevail.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except
as expressly provided for under this License. Any other attempt to
copy, modify, sublicense or distribute the Document is void, and will
automatically terminate your rights under this License. However,
parties who have received copies, or rights, from you under this
License will not have their licenses terminated so long as such

parties remain in full compliance.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions

of the GNU Free Documentation License from time to time. Such new
versions will be similar in spirit to the present version, but may
differ in detail to address new problems or concerns. See
http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number.
If the Document specifies that a particular numbered version of this
License "or any later version" applies to it, you have the option of
following the terms and conditions either of that specified version or
of any later version that has been published (not as a draft) by the
Free Software Foundation. If the Document does not specify a version
number of this License, you may choose any version ever published (not
as a draft) by the Free Software Foundation.

ADDENDUM: How to use this License for your documents
To use this License in a document you have written, include a copy of
the License in the document and put the following copyright and

license notices just after the title page:

Copyright (c) YEAR YOUR NAME.
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Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.1

or any later version published by the Free Software Foundation;

with the Invariant Sections being LIST THEIR TITLES, with the

Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.

A copy of the license is included in the section entitled "GNU
Free Documentation License".

If you have no Invariant Sections, write "with no Invariant Sections"
instead of saying which ones are invariant. If you have no
Front-Cover Texts, write "no Front-Cover Texts" instead of
"Front-Cover Texts being LIST"; likewise for Back-Cover Texts.

If your document contains nontrivial examples of program code, we
recommend releasing these examples in parallel under your choice of
free software license, such as the GNU General Public License,

to permit their use in free software.

9.1.3 GNU LESSER GENERAL PUBLIC LICENSE

GNU LESSER GENERAL PUBLIC LICENSE
Version 2.1, February 1999

Copyright (C) 1991, 1999 Free Software Foundation, Inc.

59 Temple Place, Suite 330, Boston, MA 02111-1307 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

[This is the first released version of the Lesser GPL. It also counts
as the successor of the GNU Library Public License, version 2, hence
the version number 2.1.]

Preamble

The licenses for most software are designed to take away your
freedom to share and change it. By contrast, the GNU General Public
Licenses are intended to guarantee your freedom to share and change
free software--to make sure the software is free for all its users.

This license, the Lesser General Public License, applies to some
specially designated software packages--typically libraries--of the
Free Software Foundation and other authors who decide to use it. You
can use it too, but we suggest you first think carefully about whether
this license or the ordinary General Public License is the better
strategy to use in any particular case, based on the explanations below.

When we speak of free software, we are referring to freedom of use,
not price. Our General Public Licenses are designed to make sure that
you have the freedom to distribute copies of free software (and charge
for this service if you wish); that you receive source code or can get
it if you want it; that you can change the software and use pieces of
it in new free programs; and that you are informed that you can do
these things.

To protect your rights, we need to make restrictions that forbid
distributors to deny you these rights or to ask you to surrender these
rights. These restrictions translate to certain responsibilities for
you if you distribute copies of the library or if you modify it.

For example, if you distribute copies of the library, whether gratis
or for a fee, you must give the recipients all the rights that we gave
you. You must make sure that they, too, receive or can get the source
code. If you link other code with the library, you must provide
complete object files to the recipients, so that they can relink them
with the library after making changes to the library and recompiling
it. And you must show them these terms so they know their rights.
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We protect your rights with a two-step method: (1) we copyright the
library, and (2) we offer you this license, which gives you legal
permission to copy, distribute and/or modify the library.

To protect each distributor, we want to make it very clear that
there is no warranty for the free library. Also, if the library is
modified by someone else and passed on, the recipients should know
that what they have is not the original version, so that the original
author's reputation will not be affected by problems that might be
introduced by others.

Finally, software patents pose a constant threat to the existence of
any free program. We wish to make sure that a company cannot
effectively restrict the users of a free program by obtaining a
restrictive license from a patent holder. Therefore, we insist that
any patent license obtained for a version of the library must be
consistent with the full freedom of use specified in this license.

Most GNU software, including some libraries, is covered by the
ordinary GNU General Public License. This license, the GNU Lesser
General Public License, applies to certain designated libraries, and
is quite different from the ordinary General Public License. We use
this license for certain libraries in order to permit linking those
libraries into non-free programs.

When a program is linked with a library, whether statically or using
a shared library, the combination of the two is legally speaking a
combined work, a derivative of the original library. The ordinary
General Public License therefore permits such linking only if the
entire combination fits its criteria of freedom. The Lesser General
Public License permits more lax criteria for linking other code with
the library.

We call this license the "Lesser" General Public License because it
does Less to protect the user's freedom than the ordinary General
Public License. It also provides other free software developers Less
of an advantage over competing non-free programs. These disadvantages
are the reason we use the ordinary General Public License for many
libraries. However, the Lesser license provides advantages in certain
special circumstances.

For example, on rare occasions, there may be a special need to
encourage the widest possible use of a certain library, so that it becomes
a de-facto standard. To achieve this, non-free programs must be
allowed to use the library. A more frequent case is that a free
library does the same job as widely used non-free libraries. In this
case, there is little to gain by limiting the free library to free
software only, so we use the Lesser General Public License.

In other cases, permission to use a particular library in non-free
programs enables a greater number of people to use a large body of
free software. For example, permission to use the GNU C Library in
non-free programs enables many more people to use the whole GNU
operating system, as well as its variant, the GNU/Linux operating
system.

Although the Lesser General Public License is Less protective of the
users' freedom, it does ensure that the user of a program that is
linked with the Library has the freedom and the wherewithal to run
that program using a modified version of the Library.

The precise terms and conditions for copying, distribution and
modification follow. Pay close attention to the difference between a
"work based on the library" and a "work that uses the library". The
former contains code derived from the library, whereas the latter must
be combined with the library in order to run.

GNU LESSER GENERAL PUBLIC LICENSE
TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION
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0. This License Agreement applies to any software library or other
program which contains a notice placed by the copyright holder or
other authorized party saying it may be distributed under the terms of
this Lesser General Public License (also called "this License").

Each licensee is addressed as "you".

A "library" means a collection of software functions and/or data
prepared so as to be conveniently linked with application programs
(which use some of those functions and data) to form executables.

The "Library", below, refers to any such software library or work
which has been distributed under these terms. A "work based on the
Library" means either the Library or any derivative work under
copyright law: that is to say, a work containing the Library or a
portion of it, either verbatim or with modifications and/or translated
straightforwardly into another language. (Hereinafter, translation is
included without limitation in the term "modification".)

"Source code" for a work means the preferred form of the work for
making modifications to it. For a library, complete source code means
all the source code for all modules it contains, plus any associated
interface definition files, plus the scripts used to control compilation
and installation of the library.

Activities other than copying, distribution and modification are not
covered by this License; they are outside its scope. The act of
running a program using the Library is not restricted, and output from
such a program is covered only if its contents constitute a work based
on the Library (independent of the use of the Library in a tool for
writing it). Whether that is true depends on what the Library does
and what the program that uses the Library does.

1. You may copy and distribute verbatim copies of the Library's
complete source code as you receive it, in any medium, provided that
you conspicuously and appropriately publish on each copy an
appropriate copyright notice and disclaimer of warranty; keep intact
all the notices that refer to this License and to the absence of any
warranty; and distribute a copy of this License along with the
Library.

You may charge a fee for the physical act of transferring a copy,
and you may at your option offer warranty protection in exchange for a
fee.

2. You may modify your copy or copies of the Library or any portion
of it, thus forming a work based on the Library, and copy and
distribute such modifications or work under the terms of Section 1
above, provided that you also meet all of these conditions:

a) The modified work must itself be a software library.

b) You must cause the files modified to carry prominent notices
stating that you changed the files and the date of any change.

c) You must cause the whole of the work to be licensed at no
charge to all third parties under the terms of this License.

d) If a facility in the modified Library refers to a function or a
table of data to be supplied by an application program that uses
the facility, other than as an argument passed when the facility
is invoked, then you must make a good faith effort to ensure that,
in the event an application does not supply such function or
table, the facility still operates, and performs whatever part of
its purpose remains meaningful.

(For example, a function in a library to compute square roots has
a purpose that is entirely well-defined independent of the
application. Therefore, Subsection 2d requires that any
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application-supplied function or table used by this function must
be optional: if the application does not supply it, the square
root function must still compute square roots.)

These requirements apply to the modified work as a whole. If
identifiable sections of that work are not derived from the Library,
and can be reasonably considered independent and separate works in
themselves, then this License, and its terms, do not apply to those
sections when you distribute them as separate works. But when you
distribute the same sections as part of a whole which is a work based
on the Library, the distribution of the whole must be on the terms of
this License, whose permissions for other licensees extend to the
entire whole, and thus to each and every part regardless of who wrote
it.

Thus, it is not the intent of this section to claim rights or contest
your rights to work written entirely by you; rather, the intent is to
exercise the right to control the distribution of derivative or
collective works based on the Library.

In addition, mere aggregation of another work not based on the Library
with the Library (or with a work based on the Library) on a volume of
a storage or distribution medium does not bring the other work under
the scope of this License.

3. You may opt to apply the terms of the ordinary GNU General Public
License instead of this License to a given copy of the Library. To do
this, you must alter all the notices that refer to this License, so
that they refer to the ordinary GNU General Public License, version 2,
instead of to this License. (If a newer version than version 2 of the
ordinary GNU General Public License has appeared, then you can specify
that version instead if you wish.) Do not make any other change in
these notices.

Once this change is made in a given copy, it is irreversible for
that copy, so the ordinary GNU General Public License applies to all
subsequent copies and derivative works made from that copy.

This option is useful when you wish to copy part of the code of
the Library into a program that is not a library.

4. You may copy and distribute the Library (or a portion or
derivative of it, under Section 2) in object code or executable form
under the terms of Sections 1 and 2 above provided that you accompany
it with the complete corresponding machine-readable source code, which
must be distributed under the terms of Sections 1 and 2 above on a
medium customarily used for software interchange.

If distribution of object code is made by offering access to copy
from a designated place, then offering equivalent access to copy the
source code from the same place satisfies the requirement to
distribute the source code, even though third parties are not
compelled to copy the source along with the object code.

5. A program that contains no derivative of any portion of the
Library, but is designed to work with the Library by being compiled or
linked with it, is called a "work that uses the Library". Such a
work, in isolation, is not a derivative work of the Library, and
therefore falls outside the scope of this License.

However, linking a "work that uses the Library" with the Library
creates an executable that is a derivative of the Library (because it
contains portions of the Library), rather than a "work that uses the
library". The executable is therefore covered by this License.
Section 6 states terms for distribution of such executables.

When a "work that uses the Library" uses material from a header file
that is part of the Library, the object code for the work may be a
derivative work of the Library even though the source code is not.
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Whether this is true is especially significant if the work can be
linked without the Library, or if the work is itself a library. The
threshold for this to be true is not precisely defined by law.

If such an object file uses only numerical parameters, data
structure layouts and accessors, and small macros and small inline
functions (ten lines or less in length), then the use of the object
file is unrestricted, regardless of whether it is legally a derivative
work. (Executables containing this object code plus portions of the
Library will still fall under Section 6.)

Otherwise, if the work is a derivative of the Library, you may
distribute the object code for the work under the terms of Section 6.
Any executables containing that work also fall under Section 6,
whether or not they are linked directly with the Library itself.

6. As an exception to the Sections above, you may also combine or
link a "work that uses the Library" with the Library to produce a
work containing portions of the Library, and distribute that work
under terms of your choice, provided that the terms permit
modification of the work for the customer's own use and reverse
engineering for debugging such modifications.

You must give prominent notice with each copy of the work that the
Library is used in it and that the Library and its use are covered by
this License. You must supply a copy of this License. If the work
during execution displays copyright notices, you must include the
copyright notice for the Library among them, as well as a reference
directing the user to the copy of this License. Also, you must do one
of these things:

a) Accompany the work with the complete corresponding
machine-readable source code for the Library including whatever
changes were used in the work (which must be distributed under
Sections 1 and 2 above); and, if the work is an executable linked
with the Library, with the complete machine-readable "work that
uses the Library", as object code and/or source code, so that the
user can modify the Library and then relink to produce a modified
executable containing the modified Library. (It is understood
that the user who changes the contents of definitions files in the
Library will not necessarily be able to recompile the application
to use the modified definitions.)

b) Use a suitable shared library mechanism for linking with the
Library. A suitable mechanism is one that (1) uses at run time a
copy of the library already present on the user's computer system,
rather than copying library functions into the executable, and (2)
will operate properly with a modified version of the library, if
the user installs one, as long as the modified version is
interface-compatible with the version that the work was made with.

c) Accompany the work with a written offer, valid for at
least three years, to give the same user the materials
specified in Subsection 6a, above, for a charge no more
than the cost of performing this distribution.

d) If distribution of the work is made by offering access to copy
from a designated place, offer equivalent access to copy the above
specified materials from the same place.

e) Verify that the user has already received a copy of these
materials or that you have already sent this user a copy.

For an executable, the required form of the "work that uses the
Library" must include any data and utility programs needed for
reproducing the executable from it. However, as a special exception,
the materials to be distributed need not include anything that is
normally distributed (in either source or binary form) with the major
components (compiler, kernel, and so on) of the operating system on
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which the executable runs, unless that component itself accompanies
the executable.

It may happen that this requirement contradicts the license
restrictions of other proprietary libraries that do not normally
accompany the operating system. Such a contradiction means you cannot
use both them and the Library together in an executable that you
distribute.

7. You may place library facilities that are a work based on the
Library side-by-side in a single library together with other library
facilities not covered by this License, and distribute such a combined
library, provided that the separate distribution of the work based on
the Library and of the other library facilities is otherwise
permitted, and provided that you do these two things:

a) Accompany the combined library with a copy of the same work
based on the Library, uncombined with any other library
facilities. This must be distributed under the terms of the
Sections above.

b) Give prominent notice with the combined library of the fact
that part of it is a work based on the Library, and explaining
where to find the accompanying uncombined form of the same work.

8. You may not copy, modify, sublicense, link with, or distribute
the Library except as expressly provided under this License. Any
attempt otherwise to copy, modify, sublicense, link with, or
distribute the Library is void, and will automatically terminate your
rights under this License. However, parties who have received copies,
or rights, from you under this License will not have their licenses
terminated so long as such parties remain in full compliance.

9. You are not required to accept this License, since you have not
signed it. However, nothing else grants you permission to modify or
distribute the Library or its derivative works. These actions are
prohibited by law if you do not accept this License. Therefore, by
modifying or distributing the Library (or any work based on the
Library), you indicate your acceptance of this License to do so, and
all its terms and conditions for copying, distributing or modifying
the Library or works based on it.

10. Each time you redistribute the Library (or any work based on the
Library), the recipient automatically receives a license from the
original licensor to copy, distribute, link with or modify the Library
subject to these terms and conditions. You may not impose any further
restrictions on the recipients' exercise of the rights granted herein.
You are not responsible for enforcing compliance by third parties with
this License.

11. If, as a consequence of a court judgment or allegation of patent
infringement or for any other reason (not limited to patent issues),
conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License. If you cannot
distribute so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you
may not distribute the Library at all. For example, if a patent
license would not permit royalty-free redistribution of the Library by
all those who receive copies directly or indirectly through you, then
the only way you could satisfy both it and this License would be to
refrain entirely from distribution of the Library.

If any portion of this section is held invalid or unenforceable under any
particular circumstance, the balance of the section is intended to apply,
and the section as a whole is intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any
patents or other property right claims or to contest validity of any
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such claims; this section has the sole purpose of protecting the
integrity of the free software distribution system which is
implemented by public license practices. Many people have made
generous contributions to the wide range of software distributed
through that system in reliance on consistent application of that
system; it is up to the author/donor to decide if he or she is willing
to distribute software through any other system and a licensee cannot
impose that choice.

This section is intended to make thoroughly clear what is believed to
be a consequence of the rest of this License.

12. If the distribution and/or use of the Library is restricted in
certain countries either by patents or by copyrighted interfaces, the

original copyright holder who places the Library under this License may add
an explicit geographical distribution limitation excluding those countries,

so that distribution is permitted only in or among countries not thus

excluded. In such case, this License incorporates the limitation as if

written in the body of this License.

13. The Free Software Foundation may publish revised and/or new
versions of the Lesser General Public License from time to time.
Such new versions will be similar in spirit to the present version,
but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Library
specifies a version number of this License which applies to it and
"any later version", you have the option of following the terms and
conditions either of that version or of any later version published by
the Free Software Foundation. If the Library does not specify a
license version number, you may choose any version ever published by
the Free Software Foundation.

14. If you wish to incorporate parts of the Library into other free
programs whose distribution conditions are incompatible with these,
write to the author to ask for permission. For software which is
copyrighted by the Free Software Foundation, write to the Free
Software Foundation; we sometimes make exceptions for this. Our
decision will be guided by the two goals of preserving the free status
of all derivatives of our free software and of promoting the sharing
and reuse of software generally.

NO WARRANTY

15. BECAUSE THE LIBRARY IS LICENSED FREE OF CHARGE, THERE IS NO
WARRANTY FOR THE LIBRARY, TO THE EXTENT PERMITTED BY APPLICABLE LAW.
EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR
OTHER PARTIES PROVIDE THE LIBRARY "AS IS" WITHOUT WARRANTY OF ANY
KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE
LIBRARY IS WITH YOU. SHOULD THE LIBRARY PROVE DEFECTIVE, YOU ASSUME
THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

16. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN
WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY
AND/OR REDISTRIBUTE THE LIBRARY AS PERMITTED ABOVE, BE LIABLE TO YOU
FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE
LIBRARY (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING
RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A
FAILURE OF THE LIBRARY TO OPERATE WITH ANY OTHER SOFTWARE), EVEN IF
SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES.

END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Libraries
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If you develop a new library, and you want it to be of the greatest
possible use to the public, we recommend making it free software that
everyone can redistribute and change. You can do so by permitting
redistribution under these terms (or, alternatively, under the terms of the
ordinary General Public License).

To apply these terms, attach the following notices to the library. It is
safest to attach them to the start of each source file to most effectively
convey the exclusion of warranty; and each file should have at least the
"copyright" line and a pointer to where the full notice is found.

Copyright (C)

This library is free software; you can redistribute it and/or
modify it under the terms of the GNU Lesser General Public
License as published by the Free Software Foundation; either
version 2.1 of the License, or (at your option) any later version.

This library is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU
Lesser General Public License for more details.

You should have received a copy of the GNU Lesser General Public
License along with this library; if not, write to the Free Software
Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA 02111-1307 USA

Also add information on how to contact you by electronic and paper mail.
You should also get your employer (if you work as a programmer) or your
school, if any, to sign a "copyright disclaimer" for the library, if
necessary. Here is a sample; alter the names:

Yoyodyne, Inc., hereby disclaims all copyright interest in the
library “Frob' (a library for tweaking knobs) written by James Random Hacker.

, 1 April 1990
Ty Coon, President of Vice

That's all there is to it!

202



Alphabetical Index

ADSOLULE VALUE.. ...t ssssssans 43 dump file 46
ACID ettt eae e ess s s ese s ssese s sessnseseseasesesannanes 17, 25, 26 Embedded Expressions 73
ALGNIMENL ...ttt s s sessssaeaenessasessaenes 56 EncodeHTML Function 119
arc cosine 43 ends Function 120
ATC SINE...ic bt 43 ength Function 121
Arc tangent 44 EVAl FUNCHOMN .ttt ssesessessasessesssssssssasns 120
Array Index Collating SEQUENCE.........ccccureveerrerenienrrereerreeeneeeeeeseeseesens 71 eXAMPLLINIPS..ccieririieiereereee et s e sessanasnes
ASCILceieeeeeeieeeenerseseeaesessesesesesetseesessasssesessasessaessssestassessssesssssessssessssssssneses 46 eXaMPI2.MPS...crrrrerrirereereirirereneesesesesesseseseaens
ASCIL FUNCHOM ettt ssese s ssesessessssesssssens 119 EXAMNPILES....ciriirirricrrieiriinieieeeisesessesesesseessesesenns
Assignment Operators on globals..........ccicicnicnicnieens 88 exponent
ASTYLC s 62 exXponential.......ceninninincineeeeneneienene
Base 10 log 44 Exponential
Base 2 log 44 Exponential base 10
DASENAIME. ...ttt ese e eaes 43 Exponential base 2.............
Bash Functions 43 exponential format....
BASIC..oiitiiiicc s as 21 Extended Arithmetic Precision
Begin TransSactioN.........ciciiiiisesee s 25 extended precision floating point numbers
BEGIN TRANSACTION; 29 Extended Precision Math.................
DEGINS FUNCHOML. ...ttt sesaenens 119 Extended Precision Performance.........ccooeeceeneeseneeneneeseneunescnsesensesennns
blanks 45, 46 extended precision software
bmg_fullsearch. .135 Extract Function 120
Boyer-Moore-Gosper FUNCHON. ... 53 8. ettt 46
Break and QUit......ccceveeueinineeieinineeeisiseseesesseseesessssesesesessesesessssssesssssssens 67 File Names 71
DELEE. ot 46 File Names Containing Directory Information 70
Btree block size 24 file pointer, 47
buffer 48 ISttt st e e 77
DUTETS oo 46 Find Function 120
build-mumps.script 17 floating point numbers 18
C_STT FUNCHION....ccveteeeteeeeteeeete ettt et e et sae e s sse e nesenens 119 Floating POint PreCiSiON.. ... ereeecrrereeeerrereeeerseeneeseseessssesesessesesesesseneas 63
C++ container. 59 For Command Extensions 67
CACRE NIT TALIO.c.ceveccetecet ettt 46 fractional precision 63
cache size 24 ftello 48
cache_size 29 Full List of Overloaded global Operators..........c.oceeveeerrereuneremerrererenne 114
Call by Reference 75 Function Calls 71
Call by Value T4 FUNCHONS. ccoovuviniiiiereeiesiettieses st ssesssssssessasssssasssssessessessasssssseses 74
CASTITIE o eerceeereeeiee ettt s e e e ssaeans 25 Global Array Database 21
CENLTOLA VECTOT ...evuirrinrnieicrincicricntiiensesesisestssssssssesessissssssessssessessens 50 Global Array Implementation 23
cgi-bin 46 Global Array Representation. ..o eeueeeuneserseuersenensenensenessesensesessesenne 23
CRECKOUL.....cueieeceeericeietetreectetteces et ssnsesessssnssasans 12 Global arrays...... .22
€lass GlODAL.......ccvivcrecieiicrccee e .79 global::Avg() 99
class mstring 119 global::Centroid(global B)........ccouviiiiriicrniciiciicicicisisinsnnes 106
collating sequence 71 global::DocCorrelate(global B, mstring fcnname, double threshold)
command line INterPreter...... i rerrerencereseserreseeeneane .39 107
Commuit 25 global::IDF(double DocCount) 111
COMMIT TRANSACTION; 29 global::Multiply(global B,global C) 97
Compiler EXror MeSSAZES.......ccvuimiminierineiisisssisssisssessesessssssessssns 41 global::Name() 98
Compiling Large Programs 73 global::Order([int direCtion]).......cccuceverurerurerrinernirersinerniseseisessiseseiseseanes 98
Compiling Programs 79 81oDaliiSUIMO. et seseaenes 111
Correlation FUNCHIONS.......ccoiiericrineiernieniesienisssssesessssessesessesessessases 58 global::TermCorrelate(global B) 107
Cosine 44, 52 global::Transpose(glohal OuL)........ccocevireniurenieneneeninienineeneeeeeeeeeseaseeens 106
Cosine(global A, global B) 103 GlODAICIOSE. ....eeeeueeenriereireenereiseeeseeseeenessesesaessasesese e easesessssssesensssseneaes 100
creating relational table VIEWS........ccocveverveeincrrinerrenennenne 234 GNU DIGNUIML....cuiiriiriiricinicireeitiieieseree e eseeessesessesesssasssssens .63
AATADASE....eo e s 77 GNU GPL/LGPL 78
Date functions 44 GNU MPFR library2 19
DEDIAN ottt 15 GNU multiple precision arithmetic libraryl........ccccocevirvencnencecenne 19
. ..119 Goto 62
.................................................................................................................... 52 Gregorian 45
Dice(global A, global B) 103 Gregorian date.........iciiissess 45
DocCorrelate() 107 GTK Desktop GUI Apps 142
document vectors 52 Hardware Based Math........ccccoevenennnrceirniccereeeeeseeessesesesesennene 18
Document-DOCUMENt MALTIX...ccvuerreerreerseerseerenerseensesensesessesersesesseseres 59 NELL/Gucuiiiiiiiiricrii s s sssaenae 76
DOCUIMENTATION. .. ..ceuceiiiencriritereretcereeer e sessaeasaens .12 HOTO0l0Z FUNCHOMN. c...cuieuiciricrrecirenicisecesteiseie et sesesseseeessesesseaees 120
double 18 HTML 46
dump 45 include 12

203



ININE CHt ottt ettt be s bt b ebe st et sebatesebesesesasane 73

int 18
Integer arithmetic..... 18
INteger PreCiSION. ..ttt seses 63
INternal DULLer ... 48
Interpreter & Compiler Implementation NOtes.......cccccveveuevreccrrurerennnne 62
Interpreting a Mumps Programi..........ns 39
Inverse Document FreqUeNCy SCOTE..........cocuiveniviriiiiieecinisnsninensncnenens 57
Jaccard 52
Jaccard(global A, global B) 103

January 1, 1970

Job command 70
JOUTNIAL IMNOE. ...ttt sessasessassssess st sssaesesenas 29
JULLAN ATE....eeceeecrcereiercrrereeet et s e asasaenes 45
JUSHEY FUNCHOTL .. viviieiiriciiiiciiciiesceseeseeesesessesessesessessssessesessens 121
Kill Command 67
left justifies 47
Legacy-Mumps-Interpreter 12
Length Functio 121
HBMPSCPP.Nlceiiiiiiiciici s ssese s 79
limit to integer precision 63
LINUX tIN€.ueiiiiiiiriciirieniciiienesnesissssssesesessessissssssssessessssessisesises 44
local_install .13
Lock Command in Native Database Mode 70

Lock Command with SQI

NALULALLOG....cuieiieriiiinieiicciicitiie et sessess st sasssssessessenes 44
Natural logarithm.......ccovcvrieencrrceereceree e eeseseeas 44
Navigating Globals 84
new command 63
New Command 63
New Command with Arguments 65
New Command with Comma List of Variable Names..........ccccecreuueeee 65
New Command with NO ATGUIMENTS......c.cceueeurererrininririemrenersisesensesensesenee 64
New Command with Parenthesized List of Variable Names............. 66
NLMuuotttiiieierienienisiessiesisesssesesesessssessesssesssssssisssssssssssessssens .101
v B4 OFFSEE .ttt .48
(03 613 ¢ OO 29
Other Configure OPLONS......c.ccveerreeireeirecieneieeieeseessesessesessesessesesens 19
Overloaded mMString OPErators......creereererererrerereresesesereeseseseseenens 130
PAAAING ...ttt sesssssssssssssasssssenes 47
PAGE_SHIFT 24
pattern 55
Pattern Function 121
Pattern MatCh OPerator...........iciiiiicicessesssenens 62
PCRE 62
Piece Function 122
POSIX regular expressions 148
POSIX-compliant regular expression interface 62
POWET FUNCHION....ceeuveeieireeirensiciseieteisee ettt seaessessessssssseasssenssssssenes 44

LOZATTIIML ...ttt saenens

logarithms. 44 precision

LONG AOUDIE......euiieicrierricertet ittt ses 18 Qlength(MSITing Fef).....cocierneericreereereereereeree et
Math Functions 43 Qsubscript(mstring ref, mstring index).
maximum NUMber Of INAICES......oerierrirririerieriereeeeeeceeeeaees 26 QUETY(SIIING Te)..cuiiriirricrieiricrriericreieeses e sesstessaeseanes
mcvt Function 121 Quit

mdh_dialog_new_with_buttons 134 radians......ceeeicnieinnenens

MAh_eNtry_get_teXL. . it sesees 134 random NUIMDET GENETATOT.......c.ciuvevereeereriicererrereteerereeseeesessesneesenes
IMNAO_ENTIY_SET_TEXT...cuiucieierrereceeerereeeeneeserereeaeressesesesesesessssesesessssssessassens 134 TEAALINE. ...ttt asese s ase s s asesssessensssssessasasens
IMNAN_1ADEL_SEE_TEXL..uccvivieirererereeereiceeeeee s sreessesesssesesesessesessasens 134 ReadLine Function

mdh_spin_button_get_value 135 Relational Database Medical ReCOT.........cocouveurererenemrererenersererecnnereenenne
mdh_spin_button_set_value 135 replace Function
mdh_text_DUfer_SEt_teXt.....vviiieceeeeeeeeeeeeeree s sresenens T34 TOSTOT....eeueeeeereereteeeteereeret et etete s e e ese s e b e s eseeseebessessessesesesessessesesensensenes
mdh_toggle_button_get_actiVe........ccoeneenecnecncennceincninesennenennes 134 RollbacK......cccovevuviervcrencrnenennces

mdh_toggle_button_set_active 134 ROLLBACK TRANSACTION,;.............

mdh_tree_level add 134 ROUNAING....cverrrreieererrereeenenrsereneenesesenenenne
mdh_tree_selection_get_selected 135 Running the MUmMps CLI INTEIPTELET....c.ccccuueriverrrrerrierseerenerenesenenenae
mdh_tree_store_clear. 135 Runtime Symbol Table
MAR_WIdZET_SNOW....civiiiiiiiiierieriece e sseseanes 135 S_Str FUNCHIO..c.cueericrencicricnrinenenns

mmap 29 SAVEPOINT......oviiiriteireieiseiseseieisssssassasssse s ssssssssssssssssassssssssnnns
Modulo Operator 62 Scan Functions

MPFR 63 ScanAlnum Function

MSIrING EXAMPLE....ciiiiiiiiiiiiicricisssessssesssesssessens 126 seed.......cvvcrricrninnnnnens

mstring Functions 119 shell

Multi-Dimensional and Hierarchical Database ToolKit............c.c....... 78 Shell COMMANAS......coveuerrereereerireeerrereeeserreeese st eseesssenseesessasnasaenes
multiple Dlanks.......cinicsnens .45 shell/p
Mumps-Interpreter-Compiler-Library........cccneenecnecereneeneens 12 shred Function

Mumps-Language-Processors 12 ShredQuery Function
mumps-native-single-user-amad64..........c.cceeeeernerninernesernenenneseisesseens 13 Sim1

MUMPS-PLOJECES....ciirieiiricricicnicsesiessssssssnens .12 Sim1(global A, global B)......ccccovriiiicriciciicesssssenens
mumps-sql-db-create 27 similarity coefficients

MUMPS-SL-AD-Create. L. 152 Similarity FUNCHONS. ...coviiriieccireeecrcirercrerreesesnseeeseseseesessasenenes
mumps-sqlite3-amd64 13 sine

mumps.sqlite 17, 27 Sine function
TILUITIPSZCoeeneeseseaesessesessaessssesesssesssenssssssssnsssssestassessssessassesssenssssessesessssasassens 40 Smith Waterman...........cecoveviveriivcnricnnenns

mumpsc 40 Source Code Format

NaKed INAICATOT.c...vreeerreriiieretreeeietreeseere et seasaesenees 70 source code programs

National Library of Medicine... ..101

Native Database Configuration.......... .24
Native Database Global Array Option.. .23
Native global ATTAYS.....cccveeurerireiririeiieiesietisie st ses e ssessesees 77

SQL comparisons

Sqlites..
Sqlite3 Command Line Interpreter

204



Sqlite3 Database Configuration

27 $justify()

Sqlite3 Performance TUNING........cccceeeureeeremeuremerrenersenensenessesessesessenessesenses 28 $random
square root 44 $select()..
SQUATE TOOT . cucveuierirerriseereseesesseteseaesetaeseeaessesesessesessesessesssssstassesasssssesssenne 44 $Select() Function 73
SEAIN oottt as 49 S$test 49
SEEIM FUNCHION. c.cvitirerieieecteeerereretereeeresenereesesessesesensessssesesesnenes .124 $z 29, 44, 45, 46
Stop and Synonym FUNCION.........cciciniciissssenes 59 $z~mdh~dialog~new~with~buttons 61
stop words 59 $z~mdh~entry~get~text 61
STR_UMAX e eteeteteteetecrerete et st sese s esssbe s esse s eseesessessessesensessesesensesensans 56 $Z~MAN~ENIIY~SEIMEER L. vt
strfmon() 72 $z~mdh~label~set~text
SIring aligNIMENT.....cvviereierieirecirenereneierseerseesseseaseesesens .56 $z~mdh~spin~button~get~value
string replacement 55 $z~mdh~spin~button~set~value...........
STTINEG SEATCH. ..cuieeiriciicttste et s e sene 53 $z~mdh~text~buffer~set~text
Subroutine & FUNCHON CallS........ccoceeemerrererreeriirreeeieeeeeseseeseereeeecsenens 71 $z~mdh~toggle~button~get~actiVe......coovrereeereerrenecreenseseneneereneeaes
sum 51 $z~mdh~toggle~button~set~active
SymGet SymPut Functions... .125 $z~mdh~tree~level~add................
SYNChIONOUS_IMOAE.....coiiiiriniiriciiiericirsessesisennes ....29 $z~mdh~tree~selection~get~selected
SYINIONIYIML.c..evveverernnncrenesesssessasesesessesesssssssssessesessesens ..60 $z~mdh~tree~store~clear............coc....
System Software Requirements 14 $z~mdh~widget~hide
LANZEN L. c.oceecvrerecereereeresseseseeseaeseaeseesess s ssessessessessssncs ...44 $z~mdh~widget~Show........ccccceeuvruiunce.
Tangent fuNCHON......ccceeuereererirerreerecrerereeeseeeeieeeies .44 $zabs
Term-Term matrix 58 $ZACOS....iri s
TermCorrelate() 107 $zasin
Text Processing FUNCIONS........cccvvricnicniiiiciiinsessnnnines 52 $zb
time() 45 $ZChAir.....iiiiiii s
Token Function 125 BZCOS ettt
Translate Function 125 $zCurrentFile
Tree Structured Medical RECOTA.......ccceueueeueureeuneeineeineeieeeneeseseeeeneaenns 21 $zd1
UL oo sa s 57 $zd2
Vector and Matrix FUNCHONS. ..o 50 $zd3
void mdh_widget_hide 134 $zd4.
WiIth-float_QIGILS....cvereeereereererrerrerreieieeieeieeiessese s ssenaees 18 $zd5
word stem 47 $zd6
Writing C++ MDH Programs 79 $zd7
xecute. .40 $zd8
ZDASENAIMIE. ... ses s sssaes 43 $zDatabase........cocoeveurivuinns
Zhalt 77 $zDatasize
zmain 40 FZAATE.... e
--with-ibuf. 20 $ZDBIIIE ...t bssaenes
CONFIGUTE PIEfiX. .ottt 19 $zDBname.......ccccocoeuverruennee

.19, 20 $zdump
--with-hardware-math=no.......ccccoeorrirrirnernrinninencnereesecesenns 19 $zexp
—WIH-LOCALE e 20 $ZEXPL0..ciiuiiriciricii s
fork( 70 $zexp2(arg)....
FSWETR ettt e e en 28 FZIAL ..ottt et et
--with-block. 24 $zfiletest
--with-cache 24 $zflush
--with-data_size 28 SZIUNCHIONS....cvcveveteeeretetereeeteeee ettt e be bbb e sesesenenan
--with-dbfile 28 $zgetenv(arg)
--with-dbname 28 $ZGlODAL(SIIING)..cuvuereriiecrirrireereireeeeresteereerere e sessaanaes
--with-float-bits...... 219,20 $ZNitouuueiiii s
--with-float-bits=val 63 $zhtml
~WIth-float-AiitS.....cevverererrereererrirereereeereeeeseeeseerseeneeseseesenenne 19, 20, 63 $ZINAEXMAK....cerevererrrrererererrereereeseseenesseseeaens
--with-hardware-math 18, 20 $ZINdEXSIZE..cocerererererererereeeeeeennns
--with-index_size 28 $zlog
--with-int-32 18 $z10810......cvivvcrciciiiiininns
--with-long-double L8 SZIOG2....eee et
--with-maxglobal 24 $zlower
~WIth-NO-ININE ..ttt ene 20 $znative
--with-profile 20 $ZNALIVE. ..ttt ns
--with-strmax 20 $zNoBlanks(arg).....
—-With-1ermMINAte-0N-€ITOT ......covreeeerrrreeereireeere e seaenaene 20 $znormal
#1/usr/bin/mumps 39 $zp
$atan 44 $ZPAAcc e
$fnumber() 62 SZPOW..euiuerereecrerreeeneieereeaeseeseeseeseseenesenne
SFNUMDEr() FUNCHOM. .ottt ssssesens 72 $zProgram




$zReplace 55 $zu 48
SZTESTOTE. ...ttt s e ssannas 46 $zwi 48
$zrestore[ 46 $zwn 48
$zseek A7, 48 FZWP . eueieiucirerrieerisseeietieisessis st bbbttt st bbb aes 48
BZSNTOM ..ot 0055 BZWS.iiii s 48
$zShredQuery 55 SZWS(SITING)...cruiuirmimirniireiniieisesesissssesssssssensessssssessssssssssssesssssssssseses 48
$zsin 44 $z7z 50
$zSmithWaterman 56 SZZAVG..oiireireinirsiissisessssssssssssssssssss s ssesssssssssssssssssasssssssaess 50
SZS QLT et 29 $ZZBMGSEATCI......cucmiiiieietccr e 53
$zSqlite(“begin transSaCtion™)......c.ccveeeerrerereererreseneeessssesesessesssesesssseseseaens 29 $zzCosine 52
$zSqlite(“commit transaction”) 29 $ZZCOUNL...ciieieiniit bbb bbb ses 51
$zSqlite(“pragma”,0pPtioN)......cccieriernieiicsicieieieeesssessans 29 $ZZDICE....uieiiiriiie s .52
$zSqlite(“rollback”[,SavVepOINt])......cccceuiiiiremvirnireiniiiinciniisciiiiininas 29 $zzDocCorrelate 59
$zSqlite(“savepoint”[,savepoint_Name])........ccocveeererrereereereserersereseenens 29 $ZZINPULIVATL).c..cuieerreenceerereereerereeeseerere e essssesnaesenees 49, 50
$zsqlOpen RSB A - Uo7 ) o« PO 52
$zsqrt 44 BZZIMAX ..cuerieeieneneeseaeieeaessese sttt ettt sttt bttt 51
BZSTANA....oovrcrcrcc s 47 $zzMin 51
BZSLOIMLucucerrererrrrere s 47 $zzMultiply 51
$zStoplnit 59 $zzScan 49
$zStopLookup 59 $zzScanAlnum 49
$zSynlnit 59 $zzSim1l 52
$zSynLookup..... 2059 $ZZSOUNAEX(SD).cuvriuiririirircrieiineisereee e sssessssessesense 56
BZSYSOIMLccvuerrresircteree st sa st se s nas 48 $zzSum 51
BZEATL e bbb 44 $zzTermCorrelate 38
$ztell 48 $zzTranspose 52

206



	1 Distribution Introduction
	1.1 Distro File Structure
	1.2 Recent Changes
	1.3 Interpreter vs Compiler vs MDH Toolkit
	1.4 System Software Requirements
	1.5 Mumps Language Resources

	2 Installation
	2.1 Using an Installer
	2.2 Compiling from Source Code
	2.3 Compilation Options
	2.4 Math Options
	2.4.1 Hardware Based Math
	2.4.2 Extended Precision Math

	2.5 Other Configure Options

	3 Global Array Database
	3.1 Background
	3.1.1 History
	3.1.2 The Tree Structured Medical Record
	3.1.3 Global Array Representation
	3.1.4 Global Array Implementation

	3.2 Native Database Global Array Option
	3.2.1 Overview
	3.2.2 Native Database Configuration
	3.2.2.1 --with-maxglobal=val
	3.2.2.2 --with-cache=VAL
	3.2.2.3 --with-block=blksize


	3.3 Sqlite3 Database Global Array Option
	3.3.1 Overview
	3.3.2 Global Array to Sqlite3 Relational Database Mapping
	3.3.3 Sqlite3 Database Configuration
	3.3.3.1 Sqlite3 Database File

	3.3.4 Sqlite2 Compile Options
	3.3.4.1 --with-dbname=name
	3.3.4.2 --with-index_size=number
	3.3.4.3 --with-data_size=nbr
	3.3.4.4 --with-index-max=nbr
	3.3.4.5 --with-dbfile=name

	3.3.5 Sqlite3 Performance Tuning
	3.3.6 Sqlite3 Command Line Interpreter
	3.3.7 Sqlite3 Database Language Extensions
	3.3.7.1 $zSqlite
	3.3.7.2 $zSqlite(“begin transaction”)
	3.3.7.3 $zSqlite(“commit transaction”)

	3.3.8 $zSqlite(“savepoint”[,savepoint_name])
	3.3.8.1 $zSqlite(“rollback”[,savepoint])
	3.3.8.2 $zSqlite(“pragma”,option)
	3.3.8.3 $zsqlOpen
	3.3.8.4 $zNative

	3.3.9 Relational Database Interoperability Example
	3.3.9.1 Remove results of any prior execution of this script. Lines 5-8
	3.3.9.2 Create an empty sqlite3 database (mumps.sqlite). Lines 10-12
	3.3.9.3 Generate SQL statements to create the relational database. Lines 17-30
	3.3.9.4 Reinitialize mumps.sqlite database. Lines 32-34
	3.3.9.5 Load relational database. Lines 42-53
	3.3.9.6 Parse database schema create a mumps global database. Line 64
	3.3.9.7 From the Mumps global database, generate relational views. Line 72
	3.3.9.8 Display final database schema. Line 78
	3.3.9.9 Exmples
	3.3.9.9.1 Mumps Display patientID 1
	3.3.9.9.2 Mumps Display patientID 2




	4 Mumps Interpreter & Compiler
	4.1 Mumps Interpreter
	4.1.1 Running the Mumps CLI Interpreter
	4.1.2 Interpreting a Mumps Program

	4.2 Mumps Compiler
	4.2.1 How to Compile and Run a Mumps Program
	4.2.2 Compiler Error Messages
	4.2.3 Global Array Storage in Compiled Programs
	4.2.4 Compiler Performance and Interoperability

	4.3 Mumps Interpreter & Compiler Z Functions, and System Variables
	4.3.1 System Variables
	4.3.1.1 $zProgram

	4.3.2 Database Functions
	4.3.2.1 $zGlobal(string)
	4.3.2.2 $zDBfile
	4.3.2.3 $zDBname
	4.3.2.4 $zIndexsize
	4.3.2.5 $zIndexmax
	4.3.2.6 $zDatasize
	4.3.2.7 $zDatabase

	4.3.3 Bash Functions
	4.3.3.1 $zbasename(arg1[,arg2])
	4.3.3.2 $zfiletest(arg1,arg2)

	4.3.4 Math Functions
	4.3.4.1 $zabs(arg) absolute value
	4.3.4.2 $zacos(arg) arc cosine
	4.3.4.3 $zasin(arg) Arc sine
	4.3.4.4 $atan(arg) Arc tangent
	4.3.4.5 $zcos(arg) Cosine
	4.3.4.6 $zexp(arg) Exponential
	4.3.4.7 $zexp2(arg) Exponential base 2
	4.3.4.8 $zexp10(arg) Exponential base 10
	4.3.4.9 $zlog(arg) Natural log
	4.3.4.10 $zlog2(arg) Base 2 log
	4.3.4.11 $zlog10(arg) Base 10 log
	4.3.4.12 $zpow(arg1,arg2) Power function
	4.3.4.13 $zsqrt(arg) Square root
	4.3.4.14 $zsin(arg) Sine function
	4.3.4.15 $ztan(arg) Tangent function

	4.3.5 Date functions
	4.3.5.1 $zdate(or $zd ) formatted date string
	4.3.5.2 $zd1 numeric internal date
	4.3.5.3 $zd2(InternalDate) date conversion
	4.3.5.4 $zd3(Year,Month,Day) Julian date
	4.3.5.5 $zd4(Year,DayOfYear) Julian to Gregorian
	4.3.5.6 $zd5(Year, Month, Day) comma listed date
	4.3.5.7 $zd6 hour:minute
	4.3.5.8 $zd7 hyphenated date
	4.3.5.9 $zd8 hyphenated date with time

	4.3.6 Special Purpose Functions
	4.3.6.1 $zb(arg) remove blanks
	4.3.6.2 $zchdir(directory_path) change directory
	4.3.6.3 $zCurrentFile Current Mumps File
	4.3.6.4 $zdump[(filename)] dump global arrays
	4.3.6.5 $zrestore[(arg)] restore globals
	4.3.6.6 $zfile(arg) file exists test
	4.3.6.7 $zflush flush Btree buffers
	4.3.6.8 $zgetenv(arg) get environment variable
	4.3.6.9 $zhtml(arg) encode HTML string
	4.3.6.10 $zhit global array cache hit ratio
	4.3.6.11 $zlower(string) convert to lower case
	4.3.6.12 $znormal(arg1[,arg2]) word normalization
	4.3.6.13 $zNoBlanks(arg) remove all blanks
	4.3.6.14 $zpad(arg1,arg2) left justify with padding
	4.3.6.15 $zseek(arg)
	4.3.6.16 $zsrand(arg)
	4.3.6.17 $zstem(arg)
	4.3.6.18 $zsystem(arg)
	4.3.6.19 $ztell
	4.3.6.20 $zu(expression)
	4.3.6.21 $zwi(arg)
	4.3.6.22 $zwn extract words from buffer
	4.3.6.23 $zwp extract words from buffer
	4.3.6.24 $zws(string) initialize internal buffer

	4.3.7 Scan Functions
	4.3.7.1 $zzScan
	4.3.7.2 $zzScanAlnum
	4.3.7.3 $zzInput(var)

	4.3.8 Vector and Matrix Functions
	4.3.8.1 $zzAvg(vector)
	4.3.8.2 $zzCentroid(gblMatrix,gblRef)
	4.3.8.3 $zzCount(gblVector)
	4.3.8.4 $zzMax(gbl)
	4.3.8.5 $zzMin(gbl)
	4.3.8.6 $zzMultiply(gbl1,gbl2,gbl3)
	4.3.8.7 $zzSum(gblVector)
	4.3.8.8 $zzTranspose(gblMatrix1,gblMatrix2)

	4.3.9 Text Processing Functions
	4.3.9.1 Similarity Functions
	4.3.9.1.1 $zzCosine(gbl1,gbl2)
	4.3.9.1.2 $zzSim1(gbl1,gbl2)
	4.3.9.1.3 $zzDice(gbl1,gbl2)
	4.3.9.1.4 $zzJaccard(gbl1,gbl2)

	4.3.9.2 $zzBMGSearch(arg1,arg2)
	4.3.9.3 $zReplace(string,pattern,replacement)
	4.3.9.4 $zShred(string,length)
	4.3.9.5 $zShredQuery(string,length)
	4.3.9.6 $zzSoundex(s1)
	4.3.9.7 $zSmithWaterman(s1,s2,algn,mat,gap,noMatch,match)
	4.3.9.8 $zzIDF(global,doccount)
	4.3.9.9 Correlation Functions
	4.3.9.9.1 $zzTermCorrelate(global1,global2)
	4.3.9.9.2 $zzDocCorrelate(gblref1,gblref2,mthd,thrshld)

	4.3.9.10 Stop and Synonym Functions
	4.3.9.10.1 $zStopInit(arg)
	4.3.9.10.2 $zStopLookup(word)
	4.3.9.10.3 $zSynInit(fileName)
	4.3.9.10.4 $zSynLookup(word)


	4.3.10 GTK Related Functions
	4.3.10.1 $z~mdh~toggle~button~set~active(ToggleButtonReference,intVal)
	4.3.10.2 $z~mdh~dialog~new~with~buttons(ParentWindowRef,dialog)
	4.3.10.3 $z~mdh~entry~get~text(EntryReference)
	4.3.10.4 $z~mdh~entry~set~text(EntryReference,value)
	4.3.10.5 $z~mdh~text~buffer~set~text(TextBufferReference,string)
	4.3.10.6 $z~mdh~label~set~text(LabelReference,string)

	4.3.11 $z~mdh~tree~selection~get~selected(TreeModelReference,column)
	4.3.11.1 $z~mdh~tree~store~clear(TreeStoreReference)
	4.3.11.2 $z~mdh~tree~level~add(TreeStoreReference,treeDepth,index,data[,...])
	4.3.11.3 $z~mdh~spin~button~get~value(SpinButtonReference)
	4.3.11.4 $z~mdh~spin~button~set~value(SpinButtonReference,number)
	4.3.11.5 $z~mdh~widget~hide(widgetReference)
	4.3.11.6 $z~mdh~widget~show(widgetReference)


	4.4 Interpreter & Compiler Implementation Notes
	4.4.1 Source Code Format
	4.4.2 Pattern Match Operator
	4.4.3 Modulo Operator
	4.4.4 Goto Command
	4.4.5 Notes on Arithmetic Precision
	4.4.5.1 $fnumber()
	4.4.5.2 Exponential format numbers
	4.4.5.3 Extended Arithmetic Precision
	4.4.5.4 Floating Point Precision
	4.4.5.5 Integer Precision
	4.4.5.6 Extended Precision Performance
	4.4.5.7 Rounding

	4.4.6 New Command
	4.4.6.1 Runtime Symbol Table
	4.4.6.2 Forms of the New Command
	4.4.6.3 New Command with No Arguments
	4.4.6.4 New Command with Arguments
	4.4.6.5 New Command with Comma List of Variable Names
	4.4.6.6 New Command with Parenthesized List of Variable Names

	4.4.7 Kill Command
	4.4.8 For Command Extensions
	4.4.9 Break and Quit
	4.4.10 Lock Command with SQL
	4.4.11 Lock Command in Native Database Mode
	4.4.12 Naked indicator
	4.4.13 Job command
	4.4.14 File Names Containing Directory Information
	4.4.15 File Names
	4.4.16 Array Index Collating Sequence
	4.4.17 Subroutine & Function Calls
	4.4.18 $Fnumber() Function
	4.4.19 $Select() Function
	4.4.20 Compiling Large Programs
	4.4.21 Embedded Expressions
	4.4.22 Inline C++ Code (Compiler Only)
	4.4.23 Functions
	4.4.23.1 Call by Value
	4.4.23.2 Call by Reference

	4.4.24 Shell Commands
	4.4.24.1 shell/p
	4.4.24.2 shell/g
	4.4.24.3 shell

	4.4.25 Database expr
	4.4.26 Zhalt Return_code


	5 The Multi-Dimensional and Hierarchical Database Toolkit
	5.1 Introduction
	5.2 Installation
	5.3 Global Array Database
	5.4 Compiling Programs
	5.5 Writing C++ MDH Programs
	5.6 class global
	5.6.1 Global Arrays as C++ Trees and Matrices
	5.6.1.1 Traditional Matrix
	5.6.1.2 Alternative Matrix View

	5.6.2 Tree View
	5.6.3 Accessing Global Arrays
	5.6.4 Global Array Indices
	5.6.5 Navigating Globals
	5.6.6 Locking the Global Array Data Base
	5.6.7 class global Methods and Operators
	5.6.7.1 Assignment Operators on globals
	5.6.7.2 Arithmetic Operators on globals
	5.6.7.3 Accessing the Value Stored in a Global Array Element
	5.6.7.4 Direct Database Access
	5.6.7.5 Functions on class global
	5.6.7.5.1 Data()
	5.6.7.5.2 TreePrint()
	5.6.7.5.3 UnLock
	5.6.7.5.4 Count
	5.6.7.5.5 GlobalGet(), GlobalData(), GlobalSet()
	5.6.7.5.6 double HitRatio(void)
	5.6.7.5.7 Kill
	5.6.7.5.8 Length
	5.6.7.5.9 Max
	5.6.7.5.10 Merge
	5.6.7.5.11 Min
	5.6.7.5.12 Multiply
	5.6.7.5.13 Name
	5.6.7.5.14 Order
	5.6.7.5.15 Avg
	5.6.7.5.16 Locks
	5.6.7.5.17 GlobalClose
	5.6.7.5.18 Query functions
	5.6.7.5.19 Similarity functions
	5.6.7.5.20 Transpose
	5.6.7.5.21 Centroid
	5.6.7.5.22 Correlation Functions
	5.6.7.5.23 IDF
	5.6.7.5.24 Sum
	5.6.7.5.25 Btree
	5.6.7.5.26 Full List of Overloaded global Operators
	5.6.7.5.27 Assignment
	5.6.7.5.28 Addition
	5.6.7.5.29 Subtraction
	5.6.7.5.30 Multiplication
	5.6.7.5.30.1 Division

	5.6.7.5.31 Increment/Decrement
	5.6.7.5.32 Unary
	5.6.7.5.33 Relational
	5.6.7.5.34 Casts



	5.7 class mstring
	5.7.1 mstring Functions
	5.7.1.1 Ascii Function
	5.7.1.2 begins Function
	5.7.1.3 c_str Function
	5.7.1.4 decorate Function
	5.7.1.5 EncodeHTML Function
	5.7.1.6 ends Function
	5.7.1.7 Eval Function
	5.7.1.8 Extract Function
	5.7.1.9 Find Function
	5.7.1.10 Horolog Function
	5.7.1.11 Justify Function
	5.7.1.12 Length Function
	5.7.1.13 mcvt Function
	5.7.1.14 Pattern Function
	5.7.1.15 Piece Function
	5.7.1.16 ReadLine Function
	5.7.1.17 replace Function
	5.7.1.18 ScanAlnum Function
	5.7.1.19 shred Function
	5.7.1.20 ShredQuery Function
	5.7.1.21 Stem Function
	5.7.1.22 Synonym Functions: SymInit(), SYN()
	5.7.1.23 SymGet SymPut Functions
	5.7.1.24 s_str Function
	5.7.1.25 Translate
	5.7.1.26 Token Function
	5.7.1.27 Translate Function

	5.7.2 Basic mstring Examples
	5.7.3 Assignment from Other Data Types
	5.7.4 Arithmetic Operations on mstring
	5.7.5 Miscellaneous mstring Rules
	5.7.6 Overloaded mstring Operators
	5.7.6.1 Addition
	5.7.6.2 Subtraction
	5.7.6.3 Multiplication
	5.7.6.4 Division
	5.7.6.5 Increment/Decrement
	5.7.6.6 Unary Operations
	5.7.6.7 Modulo
	5.7.6.8 Concatenation
	5.7.6.9 Relational


	5.8 Invoking the Mumps Interpreter
	5.9 Miscellaneous Functions and System Variables
	5.9.1 GTK / Glade functions
	5.9.1.1 void mdh_tree_level_add(GtkTreeStore *tree, int depth, char * col1 [, char *col2 ...]);
	5.9.1.2 int mdh_dialog_new_with_buttons(GtkWindow *win, char * text)
	5.9.1.3 int mdh_toggle_button_get_active(GtkToggleButton *b)
	5.9.1.4 char * mdh_entry_get_text(GtkEntry *e, char * txt)
	5.9.1.5 void mdh_toggle_button_set_active(GtkToggleButton *b, int v)
	5.9.1.6 void mdh_entry_set_text(GtkEntry *e, char * txt)
	5.9.1.7 void mdh_text_buffer_set_text(GtkTextBuffer *t, char * txt)
	5.9.1.8 void mdh_label_set_text(GtkLabel *l, char * txt)
	5.9.1.9 void mdh_widget_hide(GtkWidget *w)
	5.9.1.10 void mdh_widget_show(GtkWidget *w)
	5.9.1.11 char * mdh_tree_selection_get_selected(GtkTreeSelection *t, int col, char *txt)
	5.9.1.12 void mdh_tree_store_clear(GtkTreeStore *t)
	5.9.1.13 double mdh_spin_button_get_value(GtkSpinButton *s)
	5.9.1.14 void mdh_spin_button_set_value(GtkSpinButton *s, double v)
	5.9.1.15 $z~mdh~toggle~button~get~active(ToggleButtonReference)

	5.9.2 Boyer-Moore-Gosper Functions
	5.9.3 cvt()
	5.9.4 xecute() and command()
	5.9.5 ErrorMessage()
	5.9.5.1 Error Exceptions

	5.9.6 HitRatio()
	5.9.7 Hashing functions
	5.9.8 Dump Global Array Database
	5.9.9 Stream Output Function ostream
	5.9.10 Smith-Waterman Alignment Function
	5.9.11 Stop list functions: StopINIT(), StopLookup()
	5.9.12 int $test
	5.9.13 Xecute()
	5.9.14 Zseek(), Ztell()


	6 GTK Desktop GUI Apps
	6.1 Glade GUI Design Tool
	6.2 GTK Example
	6.2.1 Glade Design Tool
	6.2.2 Building A Mumps App from The Glade XML File
	6.2.2.1 gtk1.h
	6.2.2.2 gtk2.h
	6.2.2.3 gtk3.h
	6.2.2.4 gtk4.h
	6.2.2.5 gtk.mps
	6.2.2.6 on.toggle1.toggled.mps



	7 Pattern Matching
	7.1 Mumps 1995 Pattern Matching
	7.2 POSIX Regular Expressions in Pattern Match

	8 Mumps Man Pages
	8.1 Man Page mumps.1
	8.2 Man Page mumps-sql-db-create.1
	8.3 Man Page mumps-doc.7

	9 Licenses
	9.1 GNU Licenses
	9.1.1 GNU General Public License
	9.1.2 GNU Free Documentation License
	9.1.3 GNU LESSER GENERAL PUBLIC LICENSE



