
Appendix FTest Plans andImplementationsF.1 BSHAM ModulesF.1.1 absmach TP and TIF.1.1.1 Test planassumptionsAM MEMSIZ > 2AM MAXINT � 2� AM MEMSIZtest environmentPGMGEN driverno stubstest case selection strategyspecial valuesmodule statebased of content of mem, pc, and acc, test for:run-time exceptionsall exceptions for all instructions at least onceAM HALTHALT instruction with pc 2 f0; AM MEMSIZ� 1gAM PRINTPRINT instruction with pc 2 f0; AM MEMSIZ � 1gAM NORMALall instructions with one operand and pc = AM MEMSIZ � 2all instructions with address argument:interval rule on address: [0; AM MEMSIZ]each instruction at least once315



316 Appendix F TEST PLANS AND IMPLEMENTATIONSaccess routine parametersam s acc(i), am s pc(a), am s mem(a; i), and am g mem(a):interval rule for a: [0; AM MEMSIZ]interval rule for i: [0; AM MAXINT]test casesexceptionsam s mem and am g memgenerate am addram s acc, am s pc, and am s memgenerate am intnormal caseam s acc and am g accam g acc after am s init and after am s accam s pc and am g pcam g pc after am s init and after am s pcam s mem and am g memam g mem after am s init and after am s memam sg execall special module statesin each case, check pc and acc afterwardsfor commands that alter mem, check mem afterwardstest implementation strategystatement coverage measured using the UNIX utility tcovF.1.1.2 Test implementationPGMGEN script: absmach.scriptmoduleam_accprogs<s_init,s_acc,g_acc,s_pc,g_pc,s_mem,g_mem,sg_exec>exceptions<addr,int>globcod{%#include "system.h"#include "absmach.h"int cmd;%}cases/*****exceptions*****/



F.1. BSHAM MODULES 317/*addr*/<s_init().s_pc(-1000), addr, dc, dc, dc><s_init().s_pc(-1), addr, dc, dc, dc><s_init().s_pc(AM_MEMSIZ), addr, dc, dc, dc><s_init().s_pc(2*AM_MEMSIZ), addr, dc, dc, dc><s_init().s_mem(-1000,0), addr, dc, dc, dc><s_init().s_mem(-1,0), addr, dc, dc, dc><s_init().s_mem(AM_MEMSIZ,0), addr, dc, dc, dc><s_init().s_mem(2*AM_MEMSIZ,0), addr, dc, dc, dc><s_init().g_mem(-1000), addr, dc, dc, dc><s_init().g_mem(-1), addr, dc, dc, dc><s_init().g_mem(AM_MEMSIZ), addr, dc, dc, dc><s_init().g_mem(2*AM_MEMSIZ), addr, dc, dc, dc>/*int*/<s_init().s_acc(-1000), int, dc, dc, dc><s_init().s_acc(-1), int, dc, dc, dc><s_init().s_acc(AM_MAXINT+1), int, dc, dc, dc><s_init().s_acc(2*AM_MAXINT), int, dc, dc, dc><s_init().s_mem(0,-1000), int, dc, dc, dc><s_init().s_mem(0,-1), int, dc, dc, dc><s_init().s_mem(0,AM_MAXINT+1), int, dc, dc, dc><s_init().s_mem(0,2*AM_MAXINT), int, dc, dc, dc>/*****normal case*****//*s_acc and g_acc*/<s_init(), noexc, g_acc(), 0, int><s_init().s_acc(0), noexc, g_acc(), 0, int><s_init().s_acc(AM_MAXINT/2), noexc, g_acc(), AM_MAXINT/2, int><s_init().s_acc(AM_MAXINT), noexc, g_acc(), AM_MAXINT, int>/*s_pc and g_pc*/<s_init(), noexc, g_pc(), 0, int><s_init().s_pc(0), noexc, g_pc(), 0, int><s_init().s_pc(AM_MEMSIZ/2), noexc, g_pc(), AM_MEMSIZ/2, int><s_init().s_pc(AM_MEMSIZ-1), noexc, g_pc(), AM_MEMSIZ-1, int>/*s_mem and g_mem*/<s_init(), noexc, g_mem(0), 0, int><s_init(), noexc, g_mem(AM_MEMSIZ/2), 0, int><s_init(), noexc, g_mem(AM_MEMSIZ-1), 0, int><s_init().s_mem(0,0), noexc, g_mem(0), 0, int><s_init().s_mem(0,AM_MAXINT/2), noexc, g_mem(0), AM_MAXINT/2, int><s_init().s_mem(0,AM_MAXINT), noexc, g_mem(0), AM_MAXINT, int><s_init().s_mem(AM_MEMSIZ/2,3), noexc, g_mem(AM_MEMSIZ/2), 3, int><s_init().s_mem(AM_MEMSIZ-1,3), noexc, g_mem(AM_MEMSIZ-1), 3, int>/*sg_exec: run-time exceptions*/



318 Appendix F TEST PLANS AND IMPLEMENTATIONS<s_init.s_mem(0,10), noexc, sg_exec(), AM_OBJECTEXC, int><s_init.s_mem(0,AM_MAXINT), noexc, sg_exec(), AM_OBJECTEXC, int>{% for (cmd = 0; cmd <= 7; cmd++) %}<s_init.s_pc(AM_MEMSIZ-1).s_mem(AM_MEMSIZ-1,cmd),noexc, sg_exec(), AM_NOOPEXC, int>{% for (cmd = 0; cmd <= 6; cmd++) { %}<s_init.s_mem(0,cmd).s_mem(1,AM_MEMSIZ),noexc, sg_exec(), AM_ADDREXC, int><s_init.s_mem(0,cmd).s_mem(1,2*AM_MEMSIZ),noexc, sg_exec(), AM_ADDREXC, int>{% } %}<s_init.s_mem(0,SY_ADD).s_mem(1,2).s_mem(2,1).s_acc(AM_MAXINT),noexc, sg_exec(), AM_ARITHEXC, int><s_init.s_mem(0,SY_ADD).s_mem(1,2).s_mem(2,AM_MAXINT).s_acc(1),noexc, sg_exec(), AM_ARITHEXC, int><s_init.s_mem(0,SY_ADD).s_mem(1,2).s_mem(2,AM_MAXINT).s_acc(AM_MAXINT), noexc, sg_exec(), AM_ARITHEXC, int><s_init.s_mem(0,SY_SUBTRACT).s_mem(1,2).s_mem(2,1).s_acc(0),noexc, sg_exec(), AM_ARITHEXC, int><s_init.s_mem(0,SY_SUBTRACT).s_mem(1,2).s_mem(2,AM_MAXINT).s_acc(AM_MAXINT-1), noexc, sg_exec(), AM_ARITHEXC, int><s_init.s_mem(0,SY_SUBTRACT).s_mem(1,2).s_mem(2,AM_MAXINT).s_acc(0), noexc, sg_exec(), AM_ARITHEXC, int>/*sg_exec: AM_HALT*/<s_init().s_mem(0,SY_HALT), noexc, sg_exec(), AM_HALT, int>< , noexc, g_pc(), 0, int>< , noexc, g_acc(), 0, int><s_init().s_pc(AM_MEMSIZ-1).s_mem(AM_MEMSIZ-1,SY_HALT),noexc, sg_exec(), AM_HALT, int>< , noexc, g_pc(), AM_MEMSIZ-1, int>< , noexc, g_acc(), 0, int>/*sg_exec: AM_PRINT*/<s_init().s_mem(0,SY_PRINT), noexc, sg_exec(), AM_PRINT, int>< , noexc, g_pc(), 1, int>< , noexc, g_acc(), 0, int><s_init().s_pc(AM_MEMSIZ-1).s_mem(AM_MEMSIZ-1,SY_PRINT),noexc, sg_exec(), AM_PRINT, int>< , noexc, g_pc(), 0, int>< , noexc, g_acc(), 0, int>/*sg_exec: AM_NORMAL*//*maximal pc*/



F.1. BSHAM MODULES 319{% for (cmd = 0; cmd <= 7; cmd++) { %}<s_init().s_pc(AM_MEMSIZ-2).s_mem(AM_MEMSIZ-2,cmd),noexc, sg_exec(), AM_NORMAL, int>< ,noexc, g_pc(), 0, int>{% } %}/*full range of addresses*/{% for (cmd = 0; cmd <= 6; cmd++) { %}<s_init().s_pc(1).s_mem(1,cmd).s_mem(2,0),noexc, sg_exec(), AM_NORMAL, int><s_init().s_mem(0,cmd).s_mem(1,AM_MEMSIZ/2),noexc, sg_exec(), AM_NORMAL, int><s_init().s_mem(0,cmd).s_mem(1,AM_MEMSIZ-1),noexc, sg_exec(), AM_NORMAL, int>{% } %}/*load*/<s_init().s_mem(0,SY_LOAD).s_mem(1,2).s_mem(2,7),noexc, sg_exec(), AM_NORMAL, int>< , noexc, g_pc(), 2, int>< , noexc, g_acc(), 7, int>/*store*/<s_init().s_mem(0,SY_STORE).s_mem(1,2).s_acc(7),noexc, sg_exec(), AM_NORMAL, int>< , noexc, g_pc(), 2, int>< , noexc, g_acc(), 7, int>< , noexc, g_mem(2), 7, int>/*add*/<s_init().s_mem(0,SY_ADD).s_mem(1,2).s_mem(2,AM_MAXINT-7).s_acc(7),noexc, sg_exec(), AM_NORMAL, int>< , noexc, g_pc(), 2, int>< , noexc, g_acc(), AM_MAXINT, int>/*subtract*/<s_init().s_mem(0,SY_SUBTRACT).s_mem(1,2).s_mem(2,7).s_acc(7),noexc, sg_exec(), AM_NORMAL, int>< , noexc, g_pc(), 2, int>< , noexc, g_acc(), 0, int>/*branch*/<s_init().s_mem(0,SY_BRANCH).s_mem(1,7), noexc, sg_exec(), AM_NORMAL, int>< , noexc, g_pc(), 7, int>< , noexc, g_acc(), 0, int>/*branchzero*/<s_init().s_mem(0,SY_BRANCHZERO).s_mem(1,7),



320 Appendix F TEST PLANS AND IMPLEMENTATIONSnoexc, sg_exec(), AM_NORMAL, int>< , noexc, g_pc(), 7, int>< , noexc, g_acc(), 0, int><s_init().s_mem(0,SY_BRANCHZERO).s_mem(1,7).s_acc(1),noexc, sg_exec(), AM_NORMAL, int>< , noexc, g_pc(), 2, int>< , noexc, g_acc(), 1, int>/*branchpos*/<s_init().s_mem(0,SY_BRANCHPOS).s_mem(1,7),noexc, sg_exec(), AM_NORMAL, int>< , noexc, g_pc(), 2, int>< , noexc, g_acc(), 0, int><s_init().s_mem(0,SY_BRANCHPOS).s_mem(1,7).s_acc(1),noexc, sg_exec(), AM_NORMAL, int>< , noexc, g_pc(), 7, int>< , noexc, g_acc(), 1, int>/*loadcon*/<s_init().s_mem(0,SY_LOADCON).s_mem(1,7),noexc, sg_exec(), AM_NORMAL, int>< , noexc, g_pc(), 2, int>< , noexc, g_acc(), 7, int>Interactive driver: absmach i.c#include "system.h"#include "absmach.h"#define QUIT 0#define S_INIT 1#define S_PC 2#define G_PC 3#define S_ACC 4#define G_ACC 5#define S_MEM 6#define G_MEM 7#define SG_EXEC 8#define G_DUMP 9#define BUFLEN 80FILE *sy_excfilp = stderr;int nextcall(){ int reply;char s[81];



F.1. BSHAM MODULES 321do { printf("\nEnter command:\n");printf("\t0:quit\n");printf("\t1:s_init\n");printf("\t2:s_pc\n");printf("\t3:g_pc\n");printf("\t4:s_acc\n");printf("\t5:g_acc\n");printf("\t6:s_mem\n");printf("\t7:g_mem\n");printf("\t8:sg_exec\n");printf("\t9:g_dump:");gets(s);if (sscanf(s,"%d",&reply) != 1)reply = -1; /*user error - stay in loop*/;} while (reply < 0 || reply > G_DUMP);return(reply);}int readint(msg)char *msg;{ int reply,found;char s[BUFLEN];found = 0;while (!found) {printf(msg);gets(s);if (sscanf(s,"%d",&reply) == 1)found = 1;}return (reply);}main(){ int reply,i1,i2;while ((reply=nextcall()) != QUIT) {switch(reply) {case S_INIT:am_s_init();break;case S_PC:i1 = readint("Enter pc:");am_s_pc(i1);



322 Appendix F TEST PLANS AND IMPLEMENTATIONSbreak;case G_PC:i1 = am_g_pc();printf("returns %d\n",i1);break;case S_ACC:i1 = readint("Enter acc:");am_s_acc(i1);break;case G_ACC:i1 = am_g_acc();printf("returns %d\n",i1);break;case S_MEM:i1 = readint("Enter addr:");i2 = readint("Enter val:");am_s_mem(i1,i2);break;case G_MEM:i1 = readint("Enter addr:");i2 = am_g_mem(i1);printf("returns %d\n",i2);break;case SG_EXEC:i1 = (int)am_sg_exec();printf("returns %d\n",i1);break;case G_DUMP:am_g_dump();break;}}return(0);}F.1.2 exec TPF.1.2.1 Test planassumptionstest environmenttest case selection strategytest implementation strategyconsiderationsexec testing performed during SHAM system testing



F.1. BSHAM MODULES 323F.1.3 load TP and TIF.1.3.1 Test planassumptionsAM MAXINT = 999AM MEMSIZ = 100test environmentsham Coordinator used as driverstubs for absmach and exec, production code for sham and tokeninput stored in �lesoutput saved in �les, checked with delta testingdirectory structure:load/input/ - test cases stored one per �leexp/ - expected results of test case (same �le name)act/ - actual results of test case (same �le name)test case selection strategyspecial valuesmodule statenoneaccess routine parametersinput �le for ld sg load:every load-time exception for every instructionevery SHAM instruction at least onceinterval rule for instructions with an operandcompletely �ll up memorytest casesload-time exceptionsldexc1: all load-time exceptions except NOMEMEXCldexc2: NOMEMEXCnormal caseinstr: every SHAM instructionfill: completely �ll up memorytest implementation strategystubs print out name and parameters of access routinestarget runtest in Makefilefor each �le f in input/bsham f >act/fdiff act/f exp/fstatement coverage measured using the UNIX utility tcovF.1.3.2 Test implementationabsmach stubs: absmach s.c#include "system.h"



324 Appendix F TEST PLANS AND IMPLEMENTATIONS#include "absmach.h"/*****module state*****/static int mem[AM_MEMSIZ];/*****access routines*****/void am_s_init(){}void am_s_mem(a,i)int a,i;{ mem[a] = i;}int am_g_mem(a)int a;{ return(mem[a]);}exec stubs: exec s.c#include "system.h"#include "absmach.h"#include "exec.h"/*****access routines*****/void ex_s_init(){}void ex_s_exec(){ int i;for (i = 0; i < AM_MEMSIZ; i++) {printf("%4d",am_g_mem(i));if (i % 10 == 9)printf("\n");}}



F.1. BSHAM MODULES 325Input �le: input/fillstore 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2store 2



326 Appendix F TEST PLANS AND IMPLEMENTATIONSstore 2store 2store 2Expected output: exp/fill1 2 1 2 1 2 1 2 1 21 2 1 2 1 2 1 2 1 21 2 1 2 1 2 1 2 1 21 2 1 2 1 2 1 2 1 21 2 1 2 1 2 1 2 1 21 2 1 2 1 2 1 2 1 21 2 1 2 1 2 1 2 1 21 2 1 2 1 2 1 2 1 21 2 1 2 1 2 1 2 1 21 2 1 2 1 2 1 2 1 2Input �le: input/instrload 0load 50load 99store 0store 50store 99add 0add 50add 99sub 0sub 50sub 99br 0br 50br 99brz 0brz 50brz 99brp 0brp 50brp 99loadcon 0loadcon 500loadcon 999printhalt



F.1. BSHAM MODULES 327Expected output: exp/instr0 0 0 50 0 99 1 0 1 501 99 2 0 2 50 2 99 3 03 50 3 99 4 0 4 50 4 995 0 5 50 5 99 6 0 6 506 99 7 0 7 500 7 999 8 90 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0Input �le: input/ldexc1xxxloadstoreaddsubbrbrzbrploadconload xload 100load 200store xstore 100store 200add xadd 100add 200sub xsub 100sub 200br xbr 100br 200brz xbrz 100brz 200brp xbrp 100brp 200loadcon xloadcon 1000loadcon 2000



328 Appendix F TEST PLANS AND IMPLEMENTATIONSExpected output: exp/ldexc1Load exception at 1. Blank line illegalLoad exception at 2. Illegal instruction: xxxLoad exception at 3. Operand missingLoad exception at 4. Operand missingLoad exception at 5. Operand missingLoad exception at 6. Operand missingLoad exception at 7. Operand missingLoad exception at 8. Operand missingLoad exception at 9. Operand missingLoad exception at 10. Operand missingLoad exception at 11. Illegal operand: xLoad exception at 12. Illegal operand: 100Load exception at 13. Illegal operand: 200Load exception at 14. Illegal operand: xLoad exception at 15. Illegal operand: 100Load exception at 16. Illegal operand: 200Load exception at 17. Illegal operand: xLoad exception at 18. Illegal operand: 100Load exception at 19. Illegal operand: 200Load exception at 20. Illegal operand: xLoad exception at 21. Illegal operand: 100Load exception at 22. Illegal operand: 200Load exception at 23. Illegal operand: xLoad exception at 24. Illegal operand: 100Load exception at 25. Illegal operand: 200Load exception at 26. Illegal operand: xLoad exception at 27. Illegal operand: 100Load exception at 28. Illegal operand: 200Load exception at 29. Illegal operand: xLoad exception at 30. Illegal operand: 100Load exception at 31. Illegal operand: 200Load exception at 32. Illegal operand: xLoad exception at 33. Illegal operand: 1000Load exception at 34. Illegal operand: 2000Input �le: input/ldexc2load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0



F.1. BSHAM MODULES 329load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0load 0printExpected output: exp/ldexc2Load exception at 51. Program too large



330 Appendix F TEST PLANS AND IMPLEMENTATIONSF.1.4 sham TPF.1.4.1 Test planassumptionstest environmenttest case selection strategytest implementation strategyconsiderationssham module testing performed during SHAM system testingF.1.5 token TP and TIF.1.5.1 Test planassumptionsTK MAXSTRLEN � 9TK MAXIDLEN � 3TK MAXINTLEN � 3test environmentPGMGEN driverno stubstest case selection strategyspecial valuesmodule statenumber of tokens: f0; 1; 3gtypes of token:TK ID - minimum and maximum lengthTK INT - minimum and maximum lengthTK BADTOK -overlength TK ID and TK INT tokenstokens that are \almost" legal TK ID or TK INT tokensaccess routine parameterstk s str(s):interval rule on jsj: [0; TK MAXSTRLEN]number of blanks before/after tokens: f0; 1; 3gtest casesexceptionstk s strgenerate tk maxlentk sg nextgenerate tk end for special number of tokensnormal



F.1. BSHAM MODULES 331tk s str(s)special values jsjspecial values number of blankscheck using tk sg nextspecial number of tokenscheck using tk g endspecial token typescheck token value and type using tk sg nexttest implementation strategymkvaltyp(v; t): returns hv; ti as a structure of type tk valtypcmp valtyp(a; e) and prt valtyp(a; e): cmp and prt functions for tk valtypmkstring(n): returns a string of n *'smust be able to return a string much longer than TK MAXSTRLENmkid(n): returns a string with one alphabetic by n� 1 alphanumericsmkint(n): returns a string of n digitsstatement coverage measured using the UNIX utility tcovF.1.5.2 Test implementationPGMGEN script: token.scriptmoduletk_accprogs<s_init,s_str,g_end,sg_next>exceptions<end,maxlen>globcod{%#include "system.h"#include "token.h"/***tk_valtyp functions: creation; pgmgen cmp_, prt_*/static tk_valtyp valtyp1,valtyp2;static tk_valtyp *vtp = &valtyp1;tk_valtyp *mkvaltyp(val,typ)char *val;tk_toktyp typ;{ strcpy(valtyp2.val,val);valtyp2.typ = typ;return(&valtyp2);}



332 Appendix F TEST PLANS AND IMPLEMENTATIONSint cmp_valtyp(actvtp,expvtp)tk_valtyp *actvtp,*expvtp;{ if (!strcmp(actvtp->val,expvtp->val))return(actvtp->typ == expvtp->typ);else return(0);}void prt_valtyp(actvtp,expvtp)tk_valtyp *actvtp,*expvtp;{ printf("Expected value:<%s,%d>. Actual value:<%s,%d>\n",expvtp->val,expvtp->typ,actvtp->val,actvtp->typ);}static char s[TK_MAXSTRLEN+2];char *mkstr(n)int n;{ int i;for (i = 0; i < n; i++)s[i] = '*';s[n] = '\0';return(s);}char *mkid(n)int n;{ int i;for (i = 0; i < n; i++)s[i] = 'a';s[n] = '\0';return(s);}char *mkint(n)int n;{ int i;for (i = 0; i < n; i++)s[i] = '9';s[n] = '\0';return(s);



F.1. BSHAM MODULES 333}%}cases/*****exceptions*****//*maxlen*/<s_init().s_str(mkstr(TK_MAXSTRLEN+1)), maxlen, dc, dc, dc><s_init().s_str(mkstr(2*TK_MAXSTRLEN)), maxlen, dc, dc, dc>/*end*/<s_init().sg_next(vtp), end, dc, dc, dc><s_init().s_str("").sg_next(vtp), end, dc, dc, dc><s_init().s_str("abc").sg_next(vtp).sg_next(vtp), end, dc, dc, dc><s_init().s_str("a b c").sg_next(vtp).sg_next(vtp).sg_next(vtp).sg_next(vtp), end, dc, dc, dc>/*****normal case*****//*s_str - length of string*/<s_init().s_str(""), noexc, dc, dc, dc><s_init().s_str(mkstr(TK_MAXSTRLEN)), noexc, dc, dc, dc>/*s_str - blanks before and after token*/<s_init().s_str("abc").sg_next(vtp),noexc, vtp, mkvaltyp("abc",TK_ID), valtyp><s_init().s_str(" abc ").sg_next(vtp),noexc, vtp, mkvaltyp("abc",TK_ID), valtyp><s_init().s_str(" abc").sg_next(vtp),noexc, vtp, mkvaltyp("abc",TK_ID), valtyp><s_init().s_str("abc ").sg_next(vtp),noexc, vtp, mkvaltyp("abc",TK_ID), valtyp><s_init().s_str(" abc ").sg_next(vtp),noexc, vtp, mkvaltyp("abc",TK_ID), valtyp><s_init().s_str("abc def").sg_next(vtp),noexc, vtp, mkvaltyp("abc",TK_ID), valtyp><s_init().s_str("abc def").sg_next(vtp).sg_next(vtp),noexc, vtp, mkvaltyp("def",TK_ID), valtyp><s_init().s_str("abc def").sg_next(vtp),noexc, vtp, mkvaltyp("abc",TK_ID), valtyp><s_init().s_str("abc def").sg_next(vtp).sg_next(vtp),noexc, vtp, mkvaltyp("def",TK_ID), valtyp>/*special number of tokens*/<s_init(), noexc, g_end(), 1, bool><s_init().s_str(""), noexc, g_end(), 1, bool><s_init().s_str("abc"), noexc, g_end(), 0, bool><s_init().s_str("abc").sg_next(vtp), noexc, g_end(), 1, bool><s_init().s_str("a b c").sg_next(vtp).sg_next(vtp),



334 Appendix F TEST PLANS AND IMPLEMENTATIONSnoexc, g_end(), 0, bool><s_init().s_str("a b c").sg_next(vtp).sg_next(vtp).sg_next(vtp),noexc, g_end(), 1, bool>/*special token types: TK_ID*/<s_init().s_str("a").sg_next(vtp),noexc, vtp, mkvaltyp("a",TK_ID), valtyp><s_init().s_str(mkid(TK_MAXIDLEN)).sg_next(vtp),noexc, vtp, mkvaltyp(mkid(TK_MAXIDLEN),TK_ID), valtyp>/*special token types: TK_INT*/<s_init().s_str("1").sg_next(vtp),noexc, vtp, mkvaltyp("1",TK_INT), valtyp><s_init().s_str(mkint(TK_MAXINTLEN)).sg_next(vtp),noexc, vtp, mkvaltyp(mkint(TK_MAXINTLEN),TK_INT), valtyp>/*special token types: TK_BADTOK - overlength*//*TK_ID*/<s_init().s_str(mkid(TK_MAXIDLEN+1)).sg_next(vtp),noexc, vtp, mkvaltyp(mkid(TK_MAXIDLEN+1),TK_BADTOK), valtyp>/*TK_INT*/<s_init().s_str(mkint(TK_MAXINTLEN+1)).sg_next(vtp),noexc, vtp, mkvaltyp(mkint(TK_MAXINTLEN+1),TK_BADTOK), valtyp>/*special token types: TK_BADTOK - almost legal id or int*//*bad characters*/<s_init().s_str("!").sg_next(vtp),noexc, vtp, mkvaltyp("!",TK_BADTOK), valtyp>/*TK_ID*/<s_init().s_str("!bc").sg_next(vtp),noexc, vtp, mkvaltyp("!bc",TK_BADTOK), valtyp><s_init().s_str("a!c").sg_next(vtp),noexc, vtp, mkvaltyp("a!c",TK_BADTOK), valtyp><s_init().s_str("ab!").sg_next(vtp),noexc, vtp, mkvaltyp("ab!",TK_BADTOK), valtyp>/*TK_INT*/<s_init().s_str("!23").sg_next(vtp),noexc, vtp, mkvaltyp("!23",TK_BADTOK), valtyp><s_init().s_str("1!3").sg_next(vtp),noexc, vtp, mkvaltyp("1!3",TK_BADTOK), valtyp><s_init().s_str("12!").sg_next(vtp),noexc, vtp, mkvaltyp("12!",TK_BADTOK), valtyp>Interactive driver: token i.c#include "system.h"#include "token.h"#include <stdio.h>



F.1. BSHAM MODULES 335#define QUIT 0#define S_INIT 1#define S_STR 2#define G_END 3#define SG_NEXT 4#define G_DUMP 5FILE *sy_excfilp = stderr;int nextcall(){ int reply;char s[81];do { printf("\nEnter call name:\n");printf("\t0:quit\n");printf("\t1:s_init\n");printf("\t2:s_str\n");printf("\t3:g_end\n");printf("\t4:sg_next\n");printf("\t5:g_dump: ");gets(s);if (sscanf(s,"%d",&reply) != 1)reply = -1; /* user error - stay in loop */} while (reply < 0 || reply > G_DUMP);return(reply);}main(){ int reply;char s[80];tk_valtyp valtyp;while ((reply=nextcall()) != QUIT) {switch(reply) {case S_INIT:tk_s_init();break;case S_STR:printf("Enter string:");gets(s);tk_s_str(s);break;



336 Appendix F TEST PLANS AND IMPLEMENTATIONScase SG_NEXT:tk_sg_next(&valtyp);printf("val=%s!typ=%d\n",valtyp.val,valtyp.typ);break;case G_END:reply = tk_g_end();printf("returns!%d!\n",reply);break;case G_DUMP:tk_g_dump();}}return(0);}F.2 ISHAM ModulesF.2.1 keybdin TP and TIF.2.1.1 Test planassumptionstest environmentkeybdin i customized interactive driverno stubstest case selection strategyspecial valuesmodule statenoneaccess routine parametersreturn value for ki sg next:all valid ISHAM commandsat least one invalid ISHAM commandtest casesenter special values one at a timetest implementation strategykeybdin i:repetitively wait for input commandif command is 'q' then quitelse print commandstatement coverage measured using the UNIX utility tcovF.2.1.2 Test implementationCustomized interactive driver: keybdin i.c



F.2. ISHAM MODULES 337#include <curses.h>#include "system.h"#include "keybdin.h"main(){ char ch;/*initialize curses*/initscr();clear();refresh();ki_s_init();move(0,0);addstr("Enter character ('q' to quit).");move(1,0);addstr("Character entered: ");refresh();ch = ki_sg_next();while (ch != 'q') {move(1,strlen("Character entered: "));addch(ch);refresh();ch = ki_sg_next();}ki_s_end();/*terminate curses*/clear();refresh();endwin();return(0);}F.2.2 scndr TP and TIF.2.2.1 Test planassumptionsSY MAXINT � 990test environmentscndr pic customized driverstubs for absmach, production code for scngeom and scnstrtest case selection strategyspecial values



338 Appendix F TEST PLANS AND IMPLEMENTATIONSmodule stateISHAM screen, with the following valuesMEM(r; c) = 10 � (10 � r + c)MEM(0; 0) and MEM(9; 9) highlightedPC = 11ACC = 222PRT = 333MSG = "123456789012345678901234567890"access routine parametersnonetest casesexceptionsno exception testing donenormal caseISHAM screentest implementation strategystubs for absmachonly get calls implementedreturn values indicated above for ISHAM screenscndr pic: display ISHAM screenwait until return is hitclear screen and exitduring execution, no exceptions should be recorded in the �le SHAM.excfilstatement coverage measured using the UNIX utility tcovconsiderationsThe normal-case testing of scngeom is included in the testing of scndr.F.2.2.2 Test implementationCustomized driver: scndr pic.c#include <curses.h>#include "system.h"#include "scngeom.h"#include "scnstr.h"#include "scndr.h"FILE *sy_excfilp;main(){ char buf[80];/*initialize exception file pointer*/sy_excfilp = fopen(SY_EXCFIL,"a");/*initialize curses*/



F.2. ISHAM MODULES 339initscr();/*initialize modules*/ss_s_init();sg_s_init();sd_s_init();/*create screen*/sd_s_clrscn();sd_s_con();sd_s_mem();sd_s_pc();sd_s_acc();sd_s_prt(333);sd_s_msg("123456789012345678901234567890");sd_s_hlt(0,1);sd_s_hlt(50,1);sd_s_hlt(50,0);sd_s_hlt(99,1);/*leave picture up until return*/gets(buf);sd_s_clrscn();ss_s_end();/*terminate curses*/endwin();/*close exception file*/fclose(sy_excfilp);return(0);}absmach stubs: absmach s.c#include "system.h"#include "absmach.h"/*access routines*/int am_g_acc(){ return(222);}



340 Appendix F TEST PLANS AND IMPLEMENTATIONSint am_g_pc(){ return(11);}int am_g_mem(a)int a;{ return(10*a);}F.2.3 scngeom TP and TIF.2.3.1 Test planassumptionstest environmentPGMGEN driverno stubstest case selection strategyspecial valuesmodule statenoneaccess routine parameterssg g rowall �eld namesinterval rule for row and column numberssg g col, sg g len, and sg g valone illegal �eldtest casesexceptionssg g row, sg g col, sg g len, and sg g valgenerate sg badfldnormalnonetest implementation strategystatement coverage measured using the UNIX utility tcov100% statement coverage for exception-codeconsiderationsOnly exception testing is included.Normal-case testing is performed while testing scndr.



F.2. ISHAM MODULES 341F.2.3.2 Test implementationPGMGEN script: scngeom.scriptmodulesg_accprogs<s_init,g_legfld,g_row,g_col,g_len,g_val>exceptions<badfld>globcod{%#include "system.h"#include "scngeom.h"sg_fld fld;int nam;#define FLD(f,t,r,c) (f.nam = t, f.row = r, f.col = c)%}cases/*****exceptions for g_row, g_col, g_len, and g_val only*****//*****normal case handled elsewhere*****//*g_row*/{%for (nam = 0; nam <= SG_MSGTTL; nam++) {%} <s_init().FLD(fld,nam,-1,0).g_row(fld), badfld, dc, dc, dc><s_init().FLD(fld,nam,-100,0).g_row(fld), badfld, dc, dc, dc><s_init().FLD(fld,nam,0,-1).g_row(fld), badfld, dc, dc, dc><s_init().FLD(fld,nam,0,-100).g_row(fld), badfld, dc, dc, dc>{% if (nam == SG_MEM || nam == SG_MEMROWHDR) {%} <s_init().FLD(fld,nam,10,0).g_row(fld), badfld, dc, dc, dc>{% } else {%} <s_init().FLD(fld,nam,1,0).g_row(fld), badfld, dc, dc, dc>{% }%} <s_init().FLD(fld,nam,100,0).g_row(fld), badfld, dc, dc, dc>{%



342 Appendix F TEST PLANS AND IMPLEMENTATIONSif (nam == SG_MEM || nam == SG_MEMCOLHDR) {%} <s_init().FLD(fld,nam,0,10).g_row(fld), badfld, dc, dc, dc>{% } else {%} <s_init().FLD(fld,nam,0,1).g_row(fld), badfld, dc, dc, dc>{% }%} <s_init().FLD(fld,nam,0,100).g_row(fld), badfld, dc, dc, dc>{%}%}/*g_col, g_len, and g_val*/<s_init().FLD(fld,SG_MEM,-1,0).g_col(fld), badfld, dc, dc, dc><s_init().FLD(fld,SG_MEM,-1,0).g_len(fld), badfld, dc, dc, dc><s_init().FLD(fld,SG_MEM,-1,0).g_val(fld), badfld, dc, dc, dc>/*****g_legfld normal case*****/{%for (nam = 0; nam <= SG_MSGTTL; nam++) {%} <s_init().FLD(fld,nam,-1,0), noexc, g_legfld(fld), 0, bool><s_init().FLD(fld,nam,0,-1), noexc, g_legfld(fld), 0, bool><s_init().FLD(fld,nam,0,0), noexc, g_legfld(fld), 1, bool>{%}%}<s_init().FLD(fld,SG_MEM,10,0), noexc, g_legfld(fld), 0, bool><s_init().FLD(fld,SG_MEM,0,10), noexc, g_legfld(fld), 0, bool><s_init().FLD(fld,SG_MEM,9,9), noexc, g_legfld(fld), 1, bool><s_init().FLD(fld,SG_MEMROWHDR,10,0), noexc, g_legfld(fld), 0, bool><s_init().FLD(fld,SG_MEMROWHDR,9,0), noexc, g_legfld(fld), 1, bool><s_init().FLD(fld,SG_MEMCOLHDR,0,10), noexc, g_legfld(fld), 0, bool><s_init().FLD(fld,SG_MEMCOLHDR,0,9), noexc, g_legfld(fld), 1, bool>Interactive driver: scngeom i.c#include "system.h"#include "scngeom.h"#define QUIT 0#define S_INIT 1#define G_LEGFLD 2#define G_ROW 3#define G_COL 4



F.2. ISHAM MODULES 343#define G_LEN 5#define G_VAL 6#define BUFLEN 80FILE *sy_excfilp = stderr;int nextcall(){ int reply;char s[81];do { printf("\nEnter command:\n");printf("\t0:quit\n");printf("\t1:s_init\n");printf("\t2:g_legfld\n");printf("\t3:g_row\n");printf("\t4:g_col\n");printf("\t5:g_len\n");printf("\t6:g_val:");gets(s);if (sscanf(s,"%d",&reply) != 1)reply = -1; /*user error - stay in loop*/;} while (reply < 0 || reply > G_VAL);return(reply);}int readint(msg)char *msg;{ int reply,found;char s[BUFLEN];found = 0;while (!found) {printf(msg);gets(s);if (sscanf(s,"%d",&reply) == 1)found = 1;}return (reply);}sg_fld readfld(){ sg_fld fld;



344 Appendix F TEST PLANS AND IMPLEMENTATIONSfld.nam = (sg_fldnam)readint("Enter field name:");fld.row = readint("Enter row:");fld.col = readint("Enter column:");return(fld);}main(){ int reply;while ((reply=nextcall()) != QUIT) {switch(reply) {case S_INIT:sg_s_init();break;case G_LEGFLD:printf("returns %d\n",sg_g_legfld(readfld()));break;case G_ROW:printf("returns %d\n",sg_g_row(readfld()));break;case G_COL:printf("returns %d\n",sg_g_col(readfld()));break;case G_LEN:printf("returns %d\n",sg_g_len(readfld()));break;case G_VAL:printf("returns !%s!\n",sg_g_val(readfld()));break;}}return(0);}F.2.4 scnstr TP and TIF.2.4.1 Test planassumptionsSS NUMCOL � 9SS NUMROW > 0test environmentexception testing with PGMGEN drivernormal case testing performed with scnstr pic customized driverno stubs



F.2. ISHAM MODULES 345test case selection strategyspecial valuesmodule statenoneaccess routine parametersss s str(r; c; s), ss s hlt(r; c; l; f), and ss s cur(r; c)interval rule for r and css s str(r; c; s)interval rule for jsjss s hlt(r; c; l; f)interval rule for lturn highlighting on and o� againtest casesexceptionsss s str, ss s hlt, and ss s curgenerate ss row, ss col, and ss lennormal casepattern consisting ofletters A, B, C, and D in four cornersletter V going down vertically in the middleletter H going across horizontally in the middlestring YYYXXXYYY in center with the Y's highlightedcursor in center of the screentest implementation strategyscnstr pic:display pattern on the screenwait until return is hitclear screen and exitduring execution, no exceptions should be recorded in the �le SHAM.excfilstatement coverage measured using the UNIX utility tcovF.2.4.2 Test implementationPGMGEN script: scnstr.scriptmoduless_accprogs<s_init,s_clrscn,s_str,s_hlt,s_cur,s_ref,s_end>exceptions<row,col,len>globcod{%#include "system.h"#include "scnstr.h"



346 Appendix F TEST PLANS AND IMPLEMENTATIONS/*return an oversize string*/char s[2*SS_NUMCOL+1];char *str(l)int l;{ int i;for (i = 0; i < l; i++)s[i] = '*';s[l] = '\0';return(s);}%}cases/*****exceptions only - normal case handled elsewhere*****//*s_str*/<s_init().s_str(-100,0,""), row, dc, dc, dc><s_init().s_str(-1,0,""), row, dc, dc, dc><s_init().s_str(SS_NUMROW,0,""), row, dc, dc, dc><s_init().s_str(2*SS_NUMROW,0,""), row, dc, dc, dc><s_init().s_str(0,-100,""), col, dc, dc, dc><s_init().s_str(0,-1,""), col, dc, dc, dc><s_init().s_str(0,SS_NUMCOL,""), col, dc, dc, dc><s_init().s_str(0,2*SS_NUMCOL,""), col, dc, dc, dc><s_init().s_str(0,0,str(SS_NUMCOL+1)), len, dc, dc, dc><s_init().s_str(0,SS_NUMCOL-1,str(2)), len, dc, dc, dc><s_init().s_str(0,0,str(2*SS_NUMCOL)), len, dc, dc, dc>/*s_hlt*/<s_init().s_hlt(-100,0,0,0), row, dc, dc, dc><s_init().s_hlt(-1,0,0,0), row, dc, dc, dc><s_init().s_hlt(SS_NUMROW,0,0,0), row, dc, dc, dc><s_init().s_hlt(2*SS_NUMROW,0,0,0), row, dc, dc, dc><s_init().s_hlt(0,-100,0,0), col, dc, dc, dc><s_init().s_hlt(0,-1,0,0), col, dc, dc, dc><s_init().s_hlt(0,SS_NUMCOL,0,0), col, dc, dc, dc><s_init().s_hlt(0,2*SS_NUMCOL,0,0), col, dc, dc, dc><s_init().s_hlt(0,0,-100,0), len, dc, dc, dc><s_init().s_hlt(0,0,-1,0), len, dc, dc, dc><s_init().s_hlt(0,0,SS_NUMCOL+1,0), len, dc, dc, dc><s_init().s_hlt(0,SS_NUMCOL-1,2,0), len, dc, dc, dc>



F.2. ISHAM MODULES 347<s_init().s_hlt(0,0,2*SS_NUMCOL,0), len, dc, dc, dc>/*s_cur*/<s_init().s_cur(-100,0), row, dc, dc, dc><s_init().s_cur(-1,0), row, dc, dc, dc><s_init().s_cur(SS_NUMROW,0), row, dc, dc, dc><s_init().s_cur(2*SS_NUMROW,0), row, dc, dc, dc><s_init().s_cur(0,-100), col, dc, dc, dc><s_init().s_cur(0,-1), col, dc, dc, dc><s_init().s_cur(0,SS_NUMCOL), col, dc, dc, dc><s_init().s_cur(0,2*SS_NUMCOL), col, dc, dc, dc>Customized driver: scnstr pic.c#include <curses.h>#include "system.h"#include "scnstr.h"FILE *sy_excfilp;main(){ int i;char buf[SS_NUMCOL+1];/*initialize exception file pointer*/sy_excfilp = fopen(SY_EXCFIL,"a");/*initialize curses*/initscr();ss_s_init();ss_s_clrscn();ss_s_str(0,0,"A");ss_s_str(0,SS_NUMCOL-1,"B");ss_s_str(SS_NUMROW-1,SS_NUMCOL-1,"C");ss_s_str(SS_NUMROW-1,0,"D");for (i = 0; i < SS_NUMROW; i++)ss_s_str(i,SS_NUMCOL/2,"V");for (i = 0; i < SS_NUMCOL; i++)buf[i] = 'H';buf[SS_NUMCOL] = '\0';ss_s_str(SS_NUMROW/2,0,buf);ss_s_str(SS_NUMROW/2,SS_NUMCOL/2-4,"YYYXXXYYY");



348 Appendix F TEST PLANS AND IMPLEMENTATIONSss_s_hlt(SS_NUMROW/2,SS_NUMCOL/2-4,9,1);ss_s_hlt(SS_NUMROW/2,SS_NUMCOL/2-1,3,0);ss_s_cur(SS_NUMROW/2,SS_NUMCOL/2);ss_s_ref();/*leave picture up until return*/gets(buf);ss_s_clrscn();ss_s_ref();ss_s_end();/*terminate curses*/endwin();/*close exception file*/fclose(sy_excfilp);return(0);}F.3 System TestingF.3.1 BSHAM system TP and TIF.3.1.1 Test planassumptionsSY MAXINT = 999SY MEMSIZ = 100test environmententire BSHAM systeminput stored in �lesoutput saved in �les, checked with delta testingdirectory structure:sham/input/ - test cases stored one per �leexp/ - expected results of test case (same �le name)act/ - actual results of test case (same �le name)sham/cmdlin.exp - expected results for command-line test casessham/cmdlin.act - actual results for command-line test casestest case selection strategyspecial valuescommand-line errorseach command-line error once



F.3. SYSTEM TESTING 349content of input �leone load-time exceptionevery run-time exception onceSHAM instructionshalt with pc = f0; SY MEMSIZ=2; SY MEMSIZ � 1gprint with interval rule on content accumulatortest casescommand-line errorshardcoded in Makefileload-time exceptionsldexc: one load-time exceptionrun-time exceptionsaddrexc: mem[pc] = ADD:object, mem[pc+ 1] = 100arithexc: acc = 500 + 500noopexc: pc = 99, mem[pc] = LOADCON:objectobjectexc: mem[pc] = 10normal-casehalt[1-3]: HALT instruction, check with PRINT instructionprint: print special valuestwo+two,sum: programs from Appendix of RStest implementation strategytarget runtestb in Makefiletest cases for command-line errorsfor each �le f in input/bsham f >act/fdiff act/f exp/fstatement coverage for sham and exec measured using the UNIX utility tcov100% coverage for statements not associated with ISHAMF.3.1.2 Test implementationCommand-line test cases input commandsbsham >cmdlin.actbsham foo >>cmdlin.actCommand-line test cases expected output: cmdlin.expCommand line error. No file name specifiedCommand line error. Cannot open file: fooInput �le: input/addrexcloadcon 100 % store bad address 100 as operand of add instructionstore 5add 0



350 Appendix F TEST PLANS AND IMPLEMENTATIONSExpected output: exp/addrexcExecution exception at 4. Illegal operand: 100Input �le: input/arithexcloadcon 500store 10loadcon 500add 10 % 500+500Expected output: exp/arithexcExecution exception at 6. Arithmetic overflowInput �le: input/halt1haltExpected output: exp/halt1Input �le: input/halt2loadcon 8 % store "print, halt" in locations 50,51store 50loadcon 9store 51loadcon 5 % 5 should be printed oncebr 50Expected output: exp/halt25Input �le: input/halt3loadcon 8 % store "print, halt" in locations 98,99store 98loadcon 9store 99loadcon 5 % 5 should be printed oncebr 98Expected output: exp/halt35



F.3. SYSTEM TESTING 351Input �le: input/ldexcloadcon 5xxxhaltExpected output: exp/ldexcLoad exception at 2. Illegal instruction: xxxInput �le: input/noopexcloadcon 7 % store "loadcon" in location 99store 99br 99 % should cause NOOPERRExpected output: exp/noopexcExecution exception at 99. Operand not accessibleInput �le: input/objectexcloadcon 10 % store invalid command 10 in location 4store 4Expected output: exp/objectexcExecution exception at 4. Illegal instruction: 10Input �le: input/printprintloadcon 999printloadcon 500printloadcon 0printhaltExpected output: exp/print09995000



352 Appendix F TEST PLANS AND IMPLEMENTATIONSInput �le: input/sumloadcon 5 % value of nstore 40 % location 40: value of n, decremented each iterationloadcon 0store 41 % location 41: value of sumloadcon 1store 42 % location 42: 1, used for decrementingload 40brz 28 % check if 0add 41 % add to the sumstore 41load 40 % subtract 1 from nsub 42store 40br 14load 41 % print value of sumprinthaltExpected output: exp/sum15Input �le: input/two+twoloadcon 2store 20loadcon 2add 20printhaltExpected output: exp/two+two4F.3.2 ISHAM system TP and TIF.3.2.1 Test planassumptionsSY MAXINT = 999SY MEMSIZ = 100test environmententire ISHAM systemSHAM programs stored in �les, ISHAM commands entered manuallyoutput checked manually



F.4. DEMONSTRATION MODULES 353directory sham/input/ contains test cases, one per �letest case selection strategyspecial valuesone load-time exceptionone run-time exceptionuser commandsone invalid commandSTEP through entire programEXIT at beginning, in the middle, and at HALT instructiontest casesldexc: one load-time exceptionarithexc: one run-time exceptiontwo+two,sum: programs from Appendix of RStest implementation strategytest cases must be run manuallyrun four test cases described abovefor aritherr, step through program until run-time exceptionfor two+two and sum, step through entire programuse two+two to test special user commandsstatement coverage for sham and exec measured using the UNIX utility tcov100% coverage for statements associated with ISHAMtcov must be run manually after the test casesconsiderationsThe testing of the ISHAM version of exec is included in the testing of ISHAM.F.4 Demonstration ModulesF.4.1 stack TP and TIF.4.1.1 Test planassumptionsPS MAXSIZ > 2test environmentPGMGEN driverno stubstest case selection strategyspecial valuesmodule stateinterval rule on size of stack: [0; PS MAXSIZ]access routine parametersnonetest cases



354 Appendix F TEST PLANS AND IMPLEMENTATIONSfor each of the special module state values,call ps s push, ps s pop, ps g top, ps g depthcheck exception behaviorafter set calls, check get call valuestest implementation strategyload(n)loads stack with 10; 20; : : : ; 10� nstatement coverage measured using the UNIX utility tcovF.4.1.2 Test implementationPGMGEN script: stack.scriptmoduleps_accprogs<s_init,s_push,s_pop,g_top,g_depth>exceptions<empty,full>globcod{%#include "system.h"#include "stack.h"static void load(n)int n;{ int i;ps_s_init();for (i = 0; i < n; i++)ps_s_push((i+1)*10);}%}cases/*empty stack*/<load(0).s_push(10), noexc, g_top(), 10, int><load(0).s_push(10), noexc, g_depth(), 1, int><load(0).s_pop(), empty, dc, dc, dc><load(0).g_top(), empty, dc, dc, dc><load(0), noexc, g_depth(), 0, int>/*partially full stack*/



F.4. DEMONSTRATION MODULES 355<load(2).s_push(30), noexc, g_top(), 30, int><load(2).s_push(30), noexc, g_depth(), 3, int><load(2).s_pop(), noexc, g_top(), 10, int><load(2).s_pop(), noexc, g_depth(), 1, int><load(2), noexc, g_top(), 20, int><load(2), noexc, g_depth(), 2, int>/*full stack*/<load(PS_MAXSIZ).s_push(0), full, dc, dc, dc><load(PS_MAXSIZ).s_pop(), noexc, g_top(), (PS_MAXSIZ-1)*10, int><load(PS_MAXSIZ).s_pop(), noexc, g_depth(), PS_MAXSIZ-1, int><load(PS_MAXSIZ), noexc, g_top(), PS_MAXSIZ*10, int><load(PS_MAXSIZ), noexc, g_depth(), PS_MAXSIZ, int>Interactive driver: stack i.c#include "system.h"#include "stack.h"#define QUIT 0#define S_INIT 1#define S_PUSH 2#define S_POP 3#define G_TOP 4#define G_DEPTH 5#define G_DUMP 6#define BUFLEN 80FILE *sy_excfilp = stderr;int nextcall(){ int reply;char s[81];do { printf("\nEnter command:\n");printf("\t0:quit\n");printf("\t1:s_init\n");printf("\t2:s_push\n");printf("\t3:s_pop\n");printf("\t4:g_top\n");printf("\t5:g_depth\n");printf("\t6:g_dump:");gets(s);if (sscanf(s,"%d",&reply) != 1)reply = -1; /*user error - stay in loop*/;



356 Appendix F TEST PLANS AND IMPLEMENTATIONS} while (reply < 0 || reply > G_DUMP);return(reply);}int readint(msg)char *msg;{ int reply,found;char s[BUFLEN];found = 0;while (!found) {printf(msg);gets(s);if (sscanf(s,"%d",&reply) == 1)found = 1;}return (reply);}main(){ int reply,i;while ((reply=nextcall()) != QUIT) {switch(reply) {case S_INIT:ps_s_init();break;case S_PUSH:i = readint("Enter element:");ps_s_push(i);break;case S_POP:ps_s_pop();break;case G_TOP:i = ps_g_top();printf("returns %d\n",i);break;case G_DEPTH:i = ps_g_depth();printf("returns %d\n",i);break;case G_DUMP:ps_g_dump();break;}



F.4. DEMONSTRATION MODULES 357}return(0);}F.4.2 symtbl TP and TIF.4.2.1 Test planassumptionsST MAXSYMLEN � length of ST MAXSYMS � 1 in string formST MAXSYMS > 0assumptionsPGMGEN driverno stubstest case selection strategyspecial valuesmodule statenumber of symbols in table: f0; 1; ST MAXSYMS=2; ST MAXSYMSgsymbol length: short, ST MAXSYMLENaccess routine parametersst s add: strings of length f0; ST MAXSYMLEN + 1; 2� ST MAXSYMLENgst s add; st s loc; st g loc; st g exsym: empty stringtest casesexceptionsfor each special module stateadd overlength symbolsif the table is fulladd a symbol not in the tableset and get locations for symbols not in tableadd every symbol in the tablenormalcheck st g exsym for empty string in empty tableadd the empty string, check and change its locationfor each special module statecheck table lengthcheck that a very long symbol is not in tablefor each i in [0; ST MAXSYMS � 1]if i in [0; t siz � 1]check t sym(i) in table with correct locationcheck st s loc resets locationelse check t sym(i) not in tabletest implementation strategyC functions to support iterating over the special module states,viewed as a sequence:



358 Appendix F TEST PLANS AND IMPLEMENTATIONSvoid t init: initialize to the �rst statevoid t next: load next stateint t end: return true if no states remainC functions to generate and check symbols in current state:int t siz: number of symbols in current statechar *t sym(i): i-th symbol in current stateint t loc(i): location of i-th symbol in current statechar *t mksym(i; l): string consisting of i converted to ASCII,padded right with *'s to length lstatement coverage measured using the UNIX utility tcovF.4.2.2 Test implementationPGMGEN script: symtbl.scriptmodulest_accprogs<s_init,s_add,g_exsym,s_loc,g_loc,g_siz>exceptions<exsym,maxlen,notexsym,full>globcod{%#include "system.h"#include "symtbl.h"#define T_FILLCHAR '*'static int i,cur;static struct {int syms; /*number of symbols*/int symlen; /*symbol length*/} tbl[] = {{0,0},{1,0},{1,ST_MAXSYMLEN},{ST_MAXSYMS/2,0},{ST_MAXSYMS/2,ST_MAXSYMLEN},{ST_MAXSYMS,0},{ST_MAXSYMS,ST_MAXSYMLEN},{-1,0} /*sentinel*/};static void t_init(){



F.4. DEMONSTRATION MODULES 359cur = -1;}static char *t_mksym(i,len)int i,len;{ static char buf[2*ST_MAXSYMLEN+1];int j;sprintf(buf,"%d",i); /*convert i to ASCII*/if (len > strlen(buf)) {for (j = strlen(buf); j < len; j++) /*pad right with '*'*/buf[j] = T_FILLCHAR;buf[len] = '\0'; /*add string terminator*/}return(buf);}static void t_next(){ int i;cur++;st_s_init();for (i = 0; i < tbl[cur].syms; i++)st_s_add(t_mksym(i,tbl[cur].symlen),10*i);}static int t_end(){ return(tbl[cur].syms == -1);}static int t_siz(){ return(tbl[cur].syms);}static char *t_sym(i)int i;{ return(t_mksym(i,tbl[cur].symlen));}static int t_loc(i)int i;{ return(10*i);



360 Appendix F TEST PLANS AND IMPLEMENTATIONS}%}cases/*****exceptions*****/{%t_init();t_next();while (!t_end()) {%} /*add overlength symbols*/<s_add(t_mksym(0,ST_MAXSYMLEN+1),0), maxlen, dc, dc, dc><s_add(t_mksym(0,2*ST_MAXSYMLEN),0), maxlen, dc, dc, dc>/*if the table is full, add a symbol not in the table*/{% if (t_siz() == ST_MAXSYMS)%} <s_add("x",0), full, dc, dc, dc>/*set and get locations for symbols not in the table*/<s_loc(t_mksym(t_siz(),0),0), notexsym, dc, dc, dc><s_loc("",0), notexsym, dc, dc, dc><g_loc(t_mksym(t_siz(),0)), notexsym, dc, dc, dc><g_loc(""), notexsym, dc, dc, dc>/*add every symbol in the table*/{% for (i = 0; i < t_siz(); i++)%} <s_add(t_sym(i),0), exsym, dc, dc, dc>{% t_next();}%}/*****normal case*****//*check g_exsym for empty string in empty table*/<s_init(), noexc, g_exsym(""), 0, bool>/*add the empty string, check and change its location*/<s_init().s_add("",10), noexc, g_exsym(""), 1, bool>< , noexc, g_loc(""), 10, int><s_loc("",20), noexc, g_loc(""), 20, int>{%t_init();t_next();



F.4. DEMONSTRATION MODULES 361while (!t_end()) {%} /*check table length*/< , noexc, g_siz(), t_siz(), int>/*check that a very long symbol is not in table*/< , noexc, g_exsym(t_mksym(0,2*ST_MAXSYMLEN)), 0, bool>{% for (i = 0; i < ST_MAXSYMS; i++) {if (i < t_siz()) {%} /*check t_sym(i) in table with correct location*/< , noexc, g_exsym(t_sym(i)), 1, bool>< , noexc, g_loc(t_sym(i)), t_loc(i), int>/*check s_loc resets location*/<s_loc(t_sym(i),t_loc(-i)), noexc,g_loc(t_sym(i)), t_loc(-i), int>{% } else {%} /*check t_sym(i) not in table*/< , noexc, g_exsym(t_sym(i)), 0, bool>{% }}t_next();}%}Interactive driver: symtbl i.c#include "system.h"#include "symtbl.h"#define QUIT 0#define S_INIT 1#define S_ADD 2#define G_EXSYM 3#define S_LOC 4#define G_LOC 5#define G_SIZ 6#define G_DUMP 7#define BUFLEN 80FILE *sy_excfilp = stderr;int nextcall(){



362 Appendix F TEST PLANS AND IMPLEMENTATIONSint reply;char s[81];do { printf("\nEnter command:\n");printf("\t0:quit\n");printf("\t1:s_init\n");printf("\t2:s_add\n");printf("\t3:g_exsym\n");printf("\t4:s_loc\n");printf("\t5:g_loc\n");printf("\t6:g_siz\n");printf("\t7:g_dump:");gets(s);if (sscanf(s,"%d",&reply) != 1)reply = -1; /*user error - stay in loop*/;} while (reply < 0 || reply > G_DUMP);return(reply);}int readint(msg)char *msg;{ int reply,found;char s[BUFLEN];found = 0;while (!found) {printf(msg);gets(s);if (sscanf(s,"%d",&reply) == 1)found = 1;}return (reply);}main(){ int reply,i;char s[80];while ((reply=nextcall()) != QUIT) {switch(reply) {case S_INIT:st_s_init();break;case S_ADD:printf("Enter sym:");



F.4. DEMONSTRATION MODULES 363gets(s);sscanf(s,"%s",s);i = readint("Enter loc:");st_s_add(s,i);break;case G_EXSYM:printf("Enter sym:");gets(s);sscanf(s,"%s",s);i = st_g_exsym(s);printf("returns %d\n",i);break;case S_LOC:printf("Enter sym:");gets(s);sscanf(s,"%s",s);i = readint("Enter loc:");st_s_loc(s,i);break;case G_LOC:printf("Enter sym:");gets(s);sscanf(s,"%s",s);i = st_g_loc(s);printf("returns %d\n",i);break;case G_SIZ:i = st_g_siz();printf("returns %d\n",i);break;case G_DUMP:st_g_dump();break;}}return(0);}


