
Appendix CModule InterfaceSpeci�cationsC.1 Global De�nitionsC.1.1 system.h#include <stdio.h>#include <string.h>/*****constants*****/#define SY_EXCFIL "SHAM.excfil"/*****types*****//*sham instructions*/typedef enum {SY_LOAD,SY_STORE,SY_ADD,SY_SUBTRACT,SY_BRANCH,SY_BRANCHZERO,SY_BRANCHPOS,SY_LOADCON,SY_PRINT,SY_HALT} sy_instr;/*****macros for number of operands*****/#define SY_OP0(cmd) \((int)cmd == (int)SY_PRINT || (int)cmd == (int)SY_HALT)#define SY_OP1(cmd) \((int)cmd >= (int)SY_LOAD && (int)cmd <= (int)SY_LOADCON)/*****variables*****/extern FILE *sy_excfilp; /*file for exception messages*/255



256 Appendix C MODULE INTERFACE SPECIFICATIONSC.2 BSHAM ModulesC.2.1 absmach MISC.2.1.1 Interface syntax#define AM MEMSIZ 100#define AM MAXINT 999typedef enum fAM NORMAL,AM HALT,AM PRINT,AM ARITHEXC,AM ADDREXC,AM OBJECTEXC,AM NOOPEXCg am stat;Routine names Inputs Outputs Exceptionsam s initam s acc int am intam g acc intam s pc int am addram g pc intam s mem int am addrint am intam g mem int int am addram sg exec am statC.2.1.2 Interface semanticsstate variablesmem : sequence [AM MEMSIZ] of [0::AM MAXINT]acc : [0::AM MAXINT]pc : [0::AM MEMSIZ� 1]state invariantnoneassumptionsam s init is called before any other access routine.access routine semanticsam s init:transition: acc; pc;mem := 0; 0;all zeroesexceptions: noneam s acc(i):transition: acc := iexceptions: exc := (i 62 [0::AM MAXINT]) am int)am g acc:output: out := accexceptions: noneam s pc(a):



C.2. BSHAM MODULES 257transition: pc := aexceptions: exc := (a 62 [0::AM MEMSIZ� 1]) am addr)am g pc:output: out := pcexceptions: noneam s mem(a; i):transition: mem[a] := iexceptions: exc := (a 62 [0::AM MEMSIZ � 1]) am addrj i 62 [0::AM MAXINT]) am int)am g mem(a):output: out := mem[a]exceptions: exc := (a 62 [0::AM MEMSIZ� 1]) am addr)am sg exec:transition-output:(an error is speci�ed in the Exec. Phase Exception Table )out := the error identi�erj mem[pc] = SY HALT ) out := AM HALTj mem[pc] = SY PRINT ) out; pc := AM PRINT; pc+ 1j true) out := AM NORMALacc; pc;mem := values speci�ed in the RS Lang. Sem. Table)exceptions: noneC.2.1.3 Header �le: absmach.h/*****constants*****/#define AM_MEMSIZ 100 /*memory size*/#define AM_MAXINT 999 /*maximum integer value*//*****types*****/typedef enum {AM_NORMAL,AM_HALT,AM_PRINT,AM_ARITHEXC,AM_ADDREXC,AM_OBJECTEXC,AM_NOOPEXC} am_stat;/*****access routines*****/void am_s_init();void am_s_acc();/* void am_s_acc(i)* int i;*/int am_g_acc();void am_s_pc();/* void am_s_pc(a)



258 Appendix C MODULE INTERFACE SPECIFICATIONS* int a;*/int am_g_pc();void am_s_mem();/* void am_s_mem(a,i)* int a,i;*/int am_g_mem();/* int am_g_mem(a)* int a;*/am_stat am_sg_exec();void am_g_dump(); /*for testing purposes only*//*****exception handlers*****/void am_addr();void am_int();C.2.2 exec MISC.2.2.1 Interface syntaxRoutine names Inputs Outputs Exceptionsex s initex s execC.2.2.2 Interface semanticsenvironment variablesscn the terminal screenstdoutUNIX standard outputstate variablesnonestate invariantnoneassumptions



C.2. BSHAM MODULES 259Before ex s exec is called, ex s init has been called andthe absmach module has been initialized.At compile time, exactly one of these preprocessor ags is de�ned:BSHAM, ISHAMaccess routine semanticsex s init:transition:if ag ISHAM is set theninitialize the screenexceptions: noneex s exec:transition:if ag BSHAM is set thenperform the execution phase as described in the BSHAM RSelse if ag ISHAM is set thenperform the execution phase as described in the ISHAM RSIn either case:� Use the mem, acc, and pc values stored in the absmach module� Invoke am sg exec to execute the next instruction� Use the am sg exec return value to determine whethera normal case or exception output is neededexceptions: noneC.2.2.3 Header �le: exec.h/*****constants*****//*****types*****//*****access routines*****/void ex_s_init();void ex_s_exec();/*****exception handlers*****/C.2.3 load MISC.2.3.1 Interface syntax#define typedef enum fLD NORMAL,LD ERRORg ld stat;Routine names Inputs Outputs Exceptionsld s initld sg load FILE� ld stat ld fil



260 Appendix C MODULE INTERFACE SPECIFICATIONSC.2.3.2 Interface semanticsenvironment variablesstdoutUNIX standard outputstate variablesnonestate invariantnoneassumptionsld s init is called before any other access routine.The absmach and token modules have been initialized.The argument to ld sg load points to an open �le control block.access routine semanticsld s init:transition: noneexceptions: noneld sg load(f): de�ned in terms of the SHAM Requirements Speci�cation.transition/output:(�le f has no load errors )absmach:mem := the object code version of the program in fout := LD NORMALj true)write the appropriate messages to stdoutout := LD ERROR)exceptions: exc := (error reading �le f ) ld fil)considerationsIn ld sg load(f), if f has load errors or if ld fil occurs,the value of absmach:mem is \dontcare."C.2.3.3 Header �le: load.h/*****constants*****//*****types*****/typedef enum {LD_NORMAL,LD_ERROR} ld_stat;typedef FILE *ld_filptr;/*****access routines*****/void ld_s_init();



C.2. BSHAM MODULES 261ld_stat ld_sg_load();/* ld_stat ld_sg_load(f);* ld_filptr f;*//*****exception handlers*****/void ld_fil();C.2.4 sham MISThere is no MIS for sham.C.2.5 token MISC.2.5.1 Interface syntax#define TK MAXSTRLEN 100#define TK MAXIDLEN 10#define TK MAXINTLEN 5typedef enum fTK ID,TK INT,TK BADTOKg tk toktyp;typedef struct fchar val[TK MAXSTRLEN+1];tk toktyp typ;g tk valtyp;Routine names Inputs Outputs Exceptionstk s inittk s str char� tk maxlentk sg next tk valtyp tk endtk g end booleanC.2.5.2 Interface semanticsstate variablestoklist : sequence of stringstate invariantnoneassumptionstk s init is called before any other access routine.All string parameters are legal C strings.access routine semanticstk s init:transition: toklist := hi



262 Appendix C MODULE INTERFACE SPECIFICATIONSexceptions: nonetk s str(s):transition: toklist := tokens(s)exceptions: exc := (jsj > TK MAXSTRLEN ) tk maxlen)tk sg next:transition/output: toklist; out :=toklist[1::jtoklistj � 1];htoklist[0]; toktyp(toklist[0])iexceptions: exc := (toklist = hi ) tk end)tk g end:output: out := (toklist = hi)exceptions: nonelocal typesidtoksetT = fs j s is a string of alphabetic or numeric characters ^s[0] is alphabetic ^ jsj 2 [1::TK MAXIDLEN]ginttoksetT = fs j s is a string of numeric characters ^ jsj 2 [1::TK MAXINTLEN]glocal functionstokens : string ! sequence of stringtokens(s) returns the sequence of tokens in s where1. a token is a non-empty subsequence s[i::j] of s2. s[i::j] contains no blanks3. (i = 0 _ s[i� 1] = ` ') ^ (j = jsj � 1 _ s[j + 1] = ` ')toktyp : string ! tk toktyptoktyp(s) :=(s 2 idtoksetT ) TK IDj s 2 inttoksetT ) TK INTj true) TK BADTOK)C.2.5.3 Header �le: token.h/*****constants*****/#define TK_MAXSTRLEN 100 /*maximum length of an input string*/#define TK_MAXIDLEN 10 /*maximum length of an id token*/#define TK_MAXINTLEN 5 /*maximum length of an integer token*//*****types*****/typedef enum {TK_ID,TK_INT,TK_BADTOK} tk_toktyp;typedef struct {char val[TK_MAXSTRLEN+1];tk_toktyp typ;} tk_valtyp;



C.3. ISHAM MODULES 263/*****access routines*****/void tk_s_init();void tk_s_str();/* void tk_s_str(str)* char *str;*/void tk_sg_next(); /*out value returned using call-by-reference*//* void tk_sg_next(valtyp);* tk_valtyp *valtyp; NOTE: caller must allocate *valtyp*//*boolean*/ int tk_g_end();void tk_g_dump(); /*for testing purposes only*//*****exception handlers*****/void tk_end();void tk_maxlen();C.3 ISHAM ModulesC.3.1 keybdin MISC.3.1.1 Interface syntaxRoutine names Inputs Outputs Exceptionski s initki sg next charki s endC.3.1.2 Interface semanticsenvironment variablesstdin : stringUNIX standard inputstate variablesnonestate invariantnone



264 Appendix C MODULE INTERFACE SPECIFICATIONSassumptionsThe curses module has been initialized.Calls to keybdin obey the following pattern:(ki s init:ki sg next � :ki s end)�, where X� indicates zero or more occurrences of Xaccess routine semanticski s init:transition: turn o� keystroke echoingexceptions: noneki sg next:transition-output: out := the next available characterexceptions: noneki s end:transition: turn on keystroke echoingexceptions: noneconsiderations� Keystrokes are returned by ki sg next in �rst-in{�rst-out order.� Characters are returned immediately, without waiting for a newline.� If, on entry, there is no new keystroke available, ki sg next will not return untilanother keystroke occurs.C.3.1.3 Header �le: keybdin.h/*****constants*****//*****types*****//*****access routines*****/void ki_s_init();char ki_sg_next();void ki_s_end();/*****exception handlers*****/



C.3. ISHAM MODULES 265C.3.2 scndr MISC.3.2.1 Interface syntaxRoutine names Inputs Outputs Exceptionssd s initsd s clrscnsd s consd s memsd s pcsd s accsd s prt intsd s msg char�sd s hlt intbooleanC.3.2.2 Interface semanticsenvironment variablesscn the terminal screenstate variablesnonestate invariantnoneassumptionssd s init is called before any other access routine.The absmach, scnstr, and scngeom modules have been initialized.The address passed to sd s hlt is a legal address.access routine semanticsNote: MEM , PC, ACC, PRT , and MSG are screen �elds from the ISHAM RS.sd s init:transition: noneexceptions: nonesd s clrscn:transition: clear terminal screenexceptions: nonesd s con:transition: display the �xed screen �eldsexceptions: nonesd s mem:transition:(8r; c 2 [0::9])MEM [r; c] := am g mem(10� r + c),converted to ASCII, right justi�ed and padded left with blanks



266 Appendix C MODULE INTERFACE SPECIFICATIONSexceptions: nonesd s pc:transition: PC := am g pc, converted to ASCII,right justi�ed and padded left with blanksexceptions: nonesd s acc:transition: ACC := am g acc, converted to ASCII,right justi�ed and padded left with blanksexceptions: nonesd s prt(x):transition: PRT := x, converted to ASCII,right justi�ed and padded left with blanksexceptions: nonesd s msg(s):transition: MSG := s, left justi�ed and padded right with blanksexceptions: nonesd s hlt(a; f):transition:(f = true) display MEM [a=10; a%10] in inverse videoj f = false) display MEM [a=10; a%10] normally)exceptions: noneconsiderationsFor each �eld displayed by scndr, the value is truncated to the �eldlength returned by scngeom.C.3.2.3 Header �le: scndr.h/*****constants*****//*****types*****//*****access routines*****/void sd_s_init();void sd_s_clrscn();void sd_s_con();void sd_s_mem();void sd_s_pc();void sd_s_acc();void sd_s_prt();/* void sd_s_prt(i)



C.3. ISHAM MODULES 267* int i;*/void sd_s_msg();/* void sd_s_msg(s)* char *s;*/void sd_s_hlt();/* void sd_s_hlt(a,f)* int a;* (boolean) int f;*//*****exception handlers*****/C.3.3 scngeom MISC.3.3.1 Interface syntax#define SG NUMROW 24#define SG NUMCOL 80typedef enum fSG MEM,SG PC,SG ACC,SG PRT,SG MSG,SG SCNTTL,SG MEMTTL1,SG MEMTTL2,SG MEMCOLHDR,SG MEMROWHDR,SG PCTTL,SG ACCTTL,SG PRTTTL,SG PROMPTTTL,SG MSGTTLg sg fldnam;typedef struct fsg fldnam nam;int row;int col;g sg fld;Routine names Inputs Outputs Exceptionssg s initsg g legfld sg fld booleansg g row sg fld int sg badfldsg g col sg fld int sg badfldsg g len sg fld int sg badfldsg g val sg fld char� sg badfld



268 Appendix C MODULE INTERFACE SPECIFICATIONSC.3.3.2 Interface semanticsLegal Legal Associated �eld inIdenti�er row values column values ISHAM RSVariable �eldsSG MEM [0::9] [0::9] MEMSG PC 0 0 PCSG ACC 0 0 ACCSG PRT 0 0 PRTSG MSG 0 0 MSGFixed �eldsSG SCNTTL 0 0 Screen titleSG MEMTTL1 0 0 MEM title line 1SG MEMTTL2 0 0 MEM title line 2SG MEMCOLHDR 0 [0::9] MEM column headerSG MEMROWHDR [0::9] 0 MEM row headerSG PCTTL 0 0 PC titleSG ACCTTL 0 0 ACC titleSG PRTTTL 0 0 PRT titleSG PROMPTTTL 0 0 Prompt titleSG MSGTTL 0 0 Error message titlestate variablesnonestate invariantnoneassumptionssg s init is called before any other access routineaccess routine semanticssg s init:transition: noneexceptions: nonesg g legfld(fld):output: out := (fld is a legal �eld identi�er)exceptions: nonesg g row(fld):output: out := starting screen row for fld, zero-relativeexceptions: exc := (fld is not a legal �eld identi�er ) sg badfld)sg g col(fld):output: out := starting screen column for fld, zero-relativeexceptions: exc := (fld is not a legal �eld identi�er ) sg badfld)sg g len(fld):output: out := length of fldexceptions: exc := (fld is not a legal �eld identi�er ) sg badfld)sg g val(fld):output: out :=



C.3. ISHAM MODULES 269(fld is a �xed screen �eld ) as shown in the RSj fld is a variable screen �eld ) "")exceptions: exc := (fld is not a legal �eld identi�er ) sg badfld)C.3.3.3 Header �le: scngeom.h/*****constants*****/#define SG_NUMROW 24 /*number of rows on the screen*/#define SG_NUMCOL 80 /*number of columns on the screen*//*****types*****/typedef enum {SG_MEM,SG_PC,SG_ACC,SG_PRT,SG_MSG,SG_SCNTTL,SG_MEMTTL1,SG_MEMTTL2,SG_MEMCOLHDR,SG_MEMROWHDR,SG_PCTTL,SG_ACCTTL,SG_PRTTTL,SG_PROMPTTTL,SG_MSGTTL} sg_fldnam;typedef struct {sg_fldnam nam;int row;int col;} sg_fld;/*****access routines*****/void sg_s_init();/*boolean*/ int sg_g_legfld();/* int sg_g_legfld(fld)* sg_fld fld;*/int sg_g_row();/* int sg_g_row(fld)* sg_fld fld;*/int sg_g_col();/* int sg_g_col(fld)* sg_fld fld;*/int sg_g_len();/* int sg_g_len(fld)* sg_fld fld;*/



270 Appendix C MODULE INTERFACE SPECIFICATIONSchar *sg_g_val();/* char *sg_g_val(fld)* sg_fld fld;*//*****exception handlers*****/void sg_badfld();C.3.4 scnstr MISC.3.4.1 Interface syntax#define SS NUMROW 24#define SS NUMCOL 80Routine names Inputs Outputs Exceptionsss s initss s clrscnss s str int ss rowint ss colchar� ss lenss s hlt int ss rowint ss colint ss lenbooleanss s cur int ss rowint ss colss s refss s endC.3.4.2 Interface semanticsenvironment variablesscn : sequence [SS NUMROW][SS NUMCOL] of charscn[r][c] is the character at screen row r and column c,with numbering zero-relative and beginning at the upper-left cornerhlt : sequence [SS NUMROW][SS NUMCOL] of booleanhlt[r][c] is true if the position at screen row r and column c is highlighted,with numbering zero-relative and beginning at the upper-left cornercur : tuple of (row : [0::SS NUMROW� 1]; col : [0::SS NUMCOL� 1])the terminal cursor is at screen row cur:row and column cur:colwith numbering zero-relative and beginning at the upper-left cornerstate variablesscnbuf : sequence [SS NUMROW][SS NUMCOL] of charhltbuf : sequence [SS NUMROW][SS NUMCOL] of boolean



C.3. ISHAM MODULES 271curbuf : tuple of (row : [0::SS NUMROW� 1]; col : [0::SS NUMCOL � 1])state invariantnoneassumptionsThe curses module has been initialized.Calls to scnstr obey the following pattern:(ss s init:T � :ss s end)�, whereT is any call other than ss s init or ss s endX� indicates zero or more occurrences of XString parameters are legal C strings.access routine semanticsss s init:transition: noneexceptions: noness s clrscn:transition: scnbuf; hltbuf; curbuf := all ' '; allfalse; h0; 0iexceptions: noness s str(row; col; s):transition: (jsj > 0) scnbuf [row][col::col + jsj � 1] := s)exceptions: exc :=(row 62 [0::SS NUMROW� 1]) ss rowj col 62 [0::SS NUMCOL � 1]) ss colj jsj 62 [0::SS NUMCOL� col]) ss len)ss s hlt(row; col; l; f):transition: (l > 0) hltbuf [row][col::col + l� 1] := f)exceptions: exc :=(row 62 [0::SS NUMROW� 1]) ss rowj col 62 [0::SS NUMCOL � 1]) ss colj l 62 [0::SS NUMCOL� col]) ss len)ss s cur(row; col):transition: curbuf := hrow; coliexceptions: exc :=(row 62 [0::SS NUMROW� 1]) ss rowj col 62 [0::SS NUMCOL � 1]) ss col)ss s ref:transition: scn; hlt; cur := scnbuf; hltbuf; curbufexceptions: noness s end:transition: noneexceptions: noneconsiderationsss s str and ss s hlt may alter the value of curbuf .



272 Appendix C MODULE INTERFACE SPECIFICATIONSC.3.4.3 Header �le: scnstr.h/*****constants*****/#define SS_NUMROW 24 /*number of rows on the screen*/#define SS_NUMCOL 80 /*number of columns on the screen*//*****types*****//*****access routines*****/void ss_s_init();void ss_s_clrscn();void ss_s_str();/* void ss_s_str(r,c,s)* int r,c;* char *s;*/void ss_s_hlt();/* void ss_s_hlt(r,c,l,f)* int r,c,l;* (boolean) int f;*/void ss_s_cur();/* void ss_s_cur(r,c)* int r,c;*/void ss_s_ref();void ss_s_end();/*****exception handlers*****/void ss_row();void ss_col();void ss_len();



C.4. DEMONSTRATION MODULES 273C.4 Demonstration ModulesC.4.1 stack MISC.4.1.1 Interface syntax#define PS MAXSIZ 100Routine names Inputs Outputs Exceptionsps s initps s push int ps fullps s pop ps emptyps g top int ps emptyps g depth intC.4.1.2 Interface semanticsstate variabless : sequence of integerstate invariantjsj � PS MAXSIZassumptionsps s init is called before any other access routine.access routine semanticsps s init:transition: s := hiexceptions: noneps s push(x):transition: s := s k hxiexceptions: exc := (jsj = PS MAXSIZ ) ps full)ps s pop:transition: s := s[0::jsj � 2]exceptions: exc := (jsj = 0) ps empty)ps g top:output: out := s[jsj � 1]exceptions: exc := (jsj = 0) ps empty)ps g depth:output: out := jsjexceptions: noneC.4.1.3 Header �le: stack.h/*****constants*****/#define PS_MAXSIZ 100 /*the maximum stack size*/



274 Appendix C MODULE INTERFACE SPECIFICATIONS/*****types*****//*****access routines*****/void ps_s_init();void ps_s_push();/* void ps_s_push(i);* int i;*/void ps_s_pop();int ps_g_top();int ps_g_depth();void ps_g_dump(); /*for testing purposes only*//*****exception handlers*****/void ps_empty();void ps_full();C.4.2 symtbl MISC.4.2.1 Interface syntax#define ST MAXSYMS 50#define ST MAXSYMLEN 20Routine names Inputs Outputs Exceptionsst s initst s add char� st maxlenint st exsymst fullst g exsym char� booleanst s loc char� st notexsymintst g loc char� int st notexsymst g siz intC.4.2.2 Interface semanticsstate variablestbl : set of tuple of (sym : string; loc : integer)



C.4. DEMONSTRATION MODULES 275state invariant1. jtblj � ST MAXSYMS2. (8t 2 tbl)(jt:symj � ST MAXSYMLEN)3. (8t1; t2 2 tbl)(t1 6= t2 ! t1:sym 6= t2:sym)assumptionsst s init is called before any other access routine.All string parameters are legal C strings.access routine semanticsst s init:transition: tbl := fgexceptions: nonest s add(sym; loc):transition: tbl := tbl [ fhsym; locigexceptions: exc := (jsymj > ST MAXSYMLEN ) st maxlenj (9loc1)(hsym; loc1i 2 tbl)) st exsymj jtblj = ST MAXSYMS ) st full)st g exsym(sym):output: out := (9loc)(hsym; loci 2 tbl)exceptions: nonest s loc(sym; loc):transition: tbl := (tbl� fhsym; loc1ig) [ fhsym; locig where hsym; loc1i 2 tblexceptions: exc := (:(9loc1)(hsym; loc1i 2 tbl)) st notexsym)st g loc(sym):output: out := loc, where hsym; loci 2 tblexceptions: exc := (:(9loc)(hsym; loci 2 tbl)) st notexsym)st g siz:output: out := jtbljexceptions: noneC.4.2.3 Header �le: symtbl.h/*****constants*****/#define ST_MAXSYMS 50 /*maximum number of symbols*/#define ST_MAXSYMLEN 20 /*maximum symbol length*//*****types*****//*****access routines*****/void st_s_init();void st_s_add();/* void st_s_add(sym,loc);* char *sym;* int loc;



276 Appendix C MODULE INTERFACE SPECIFICATIONS*/int st_g_siz();/*boolean*/ int st_g_exsym();/* int st_g_exsym(sym);* char *sym;*/void st_s_loc();/* void st_g_loc(sym,loc);* char *sym;* int loc;*/int st_g_loc();/* int st_g_loc(sym);* char *sym;*/void st_g_dump(); /*for testing purposes only*//*****exception handlers*****/void st_exsym();void st_maxlen();void st_notexsym();void st_full();


