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Abstract

The thesis describes an application of fault tolerant system

~ design techniques to develop a public telephone exchange's building block for a
digital switching network. The combination of Duplication with Comparison and Standby
Sparing {DCSS) techniques were chosen for the switoh design. The building block was
designed in modules, each module composes of 2 blocks of identical 1,024 X 1,024 channels
timeslot interchange circuits. Its intended application is mainly for TDSS-1R digital
telephone exchange developed at the Computer Engineering Department. An error
detection circuit consisting of a comparator for comparing all parallel output bits of the 2
timeslot interchange cirouits. Error signal resulting from the differences bstween 2 outputs
-“will be sent to the controlling microprocessor via interfacing oircuits. In order to be fault
tolerant, 2 modules are required, the first one works as a main module and the second one
works as a spare module which will take over the main module’s operation when the main
module fails. All actions were controlled by software running on the controlling
microprocessor. A backplane was used to interface modules to the microprocessor. A
prototype- circuit developed has almost all the characteristics stated in the design
specifications. From the results of extensive testing, it can perform switching functions
correctly, the main module and the spare module can work together well and behave as a
fault tolerant subsystem with recovery time of 38 rf}icrosecond. The time was short enough

that noise generated caused by module switching could not be heard by human ears.
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#include <stdio.h>
#include <dos.h>
#include <conio.h>>
#include <ctype.h>

#define TRUE 0

#define FALSE -1
#define SWNWORK TRUE

#define SWNFAIL  FALSE

#define SWNPLUGGED TRUE
#define SWNUNPLUGGED FALSE
#define NORMALRETRY 20
#define QUICKRETRY 3

#define PADDR 0x280
#define PAM 0x282
#define PACTRL 0x283
#define PDATA 0x284

#define PDTA 0x286
#idefine PDCTRL x287
f#idefine PRAIL (0x288
#define PLOOP 0x289
#define PRW 0x28A

#define PFCTRL 0x28B

int $WNiist[4]={0,0,0,0};

int

SWNstatus{4]={ SWNFEAIL,SWNFAIL,
SWNFAIL,SWNFAIL};

int SWhcontrol[4]={6,6,6,6};

int mainCM[1024];

int $WNfailing,retry;

void Beep(void) {
printf(“%¢",7);
}

void Init8255(void) {

outportb(PACTRL,0x80),
outport(PADDR OxFFEF);
oulporth(PAM,255);
outportb(PDCTRL,0x9B);
outportb(PFCTRL.(x92);
outportb(PRW,255);

)

void Datain{void} {
outporth{PDCTRL,0x9B);
}

void DataOut(void) {
ouiportb(PDCTRL,0x89};
}

void WriteMem(int addr, int data) {

int am;
DataOus(),
ouiport(PDATA, data&0x7FF);
outporf(PADDR addr);
outportb(PRW,254);
am=0xFF A {1 << {addr>>12));
outporth(PAM,am);
oulportb(PAM,255);

}
int ReadMem(int addr) {
int am;

siacuaiuvasradud

int din;
Datain(};
outpori{(PADDR ,addc);
outportb(PRW,255);
am=0xFF A (I << (addr>>12));
outporth{(PAM,am);
din=inport(PDATA);
outport{PAM,255);
return{din&0x7FEF);

}

int WriteVerify(int addr,int data) {
int din;

WriteMem(addr,data);
din=ReadMem(addr);
if (datat=din) {
retamn{din+0x8000);
} else return{0);
!

int TestCM (int SWNno, int cm) {
int i,0ffs;

offs=(SWNno-1)*0x1000+(cm-1)*0x400;
printf("\n");
for (i=offs;i<offs+0x400; i++) {
gotoxy(l,wherey();
printf("%02XH",i);
if (WriteVerify(i,0)!=0)
{ printf(" Error at %0X (%0X,%0X)%
c\n"i,0,ReadMem(i),7); )
if (WriteVerify(i,0x7f0)}=0x7ff)
{ printf(" Error at %0X (%0X,%0X)%
cn® i,0x3FF, ReadMem(1),7); }
if (WriteVerify(i,0x555)!=0x555)
{ printf¢" Brror at %60X (%0X,%0X)%
c\n"i,0x155,ReadMem(D),7); }
if (WriteVerify(i,0x2aa}i=0x2aa)
{ prind(" Error at %0X (%0X,%0X)%
" i,0x2AA ReadMem(i),T); }

}
printf("w"}
return(0);
}
void FillCM (int SWNno, int ¢, int data) {
int i,0ffs;
offs=(SWNno-1y*0x 1000+{cm-1)*0x400;
for (i=offs;i<offs+0x400; i+4) {
: if (WriteVerify(i,data)!=data) { printf(" Error at
GOX %" 1,7 1
}
H
void ShowCMMem(int SWNno,int from, int to) {

int i,0ffs,ling;
offs=(S WNno- 1) ¥0x1300;
printf("n");
line=0;
for (i=from; i<=to; i++) {




printf("%5d = %4d " t+offs,ReadMem(i+ofis));
if(Fline==24*5) {

{ine=0;
if{getch(==27) { return; }
}

}
printf{"\nPress any key to continue. . "Y; geteh(;

}

void EnableQutput(int SWNnao) {

int offs,d;
offs=(SWNno-1)*0x 1000 + 0x800;
d=SWNcontrol[SWNno-11 & 5;
WriteMem{offs,d);
SWNeontrol{SWiNno-13=d;

}

void DisableQutput(int S\WNno) {

int offs,d;
offs=(SWNno-1)*0x1000 + 0x800;
d=SWNcontro![SWNno-1112;
WriteMem(offs,d);
SWicontrol[SWNno-1)=d;

}

void EnableCMP(int SWNno) {

int offs,d;
offs=(SWNno-1)*0x100J + 0x800;
d=SWNcontrol[SWNno-1] i 1;
WriteMem(offs,d);
SWhcontrol[SWNno-1}=d;

}

void DisableCMP(int SWiNno) {

int offs,d;
offs=(SWNno-1)*0x 1000 4 0x800;
d=$WNcontrol[$WNno-1} & 6;
WriteMem{ofis.d);
SWNcontrol{ SWiNno-1]=d;

}

int Switch(int SWNno, int ¢, int x, int ) {
int offs,result;

offs=(SWNno-1y*0x1000+{(cru-1)*0x400;

result=WriteVerify(offs+x.y)

if (result1=0) { printf("CM error! (Slot %d, CM %d)%
", SWiNno,cm,7); }

return (result);

1

it Cross{int SWNno, int cm, inf x, int y) {

Switch(SWNno.cm,x,y)
Switch(SWNno,cm,y,x);
retum (0);

}

int Tatk(int x, int ¥} {
int SWiNnoj;

mainCM[x)=y; mainCM([yl=x;
i=0;

while (SWNtist{i11=0) {
SWNno=SWNIist{il,
DisableCMP(SWNno);

78

Cross(SWNno,1,x,y);
Cross{SWhno,2,x.y);
EnableCMP(SWNno);
i

return{C);

}

int Init$ WHN (int SWNno} {
inti;

DisableCMP(SWNno);

for (i=0; i<i024; i++) {
Switch(SWNno,1,i,mainCMIil);
Switch(SWNno,2,i,mainCM{i});

}
delay(20);

i EnableCMP(SWNno};
retum (0);

}

int ChcckSWi{Slatus(int SWhno) {
inf mask;

mask = | << (SWNno-1);

if ((inportb(PFAIL) & mask)==0) {
retum (SWNFAIL),

} else return (SWINWORK);

}

int CheckSWNPresent(int SWNno) {
int mask;

mask = 1 << (SWNno-1);

if ((inportk(PLOOP) & mask)==0) {
refum (SWNPLUGGED);

} else retum (SWNUNPLUGGEDY),

}
int AddSWN(int SWNro) {
int i,

if ((SWNao<]) Il (SWNno>4)) { printf("No SWinol%
"7y retum (-1); }
if ((SWNHs[0}==S8WNno) il (§ WNIist[1)==5WNno) Il
(SWNIist{2J==S Wino) 1l (S WNIis([3}==SWNuo))

printf"SWN has already installed \n%c™, T}
}else {
while (Check$ WiNPresent(SWNno)==
SWNUNPLUGGED) {
if (kbhitQ) { getch(y; retum(0); }

}

delay(500);

DisableOutput(S¥WNno);

i=0,

while (SWNHst[il1=0) { i++; }

SWNIlist[i]=SWNno;

InitSWN(S WiNno);

if (i==0) { EnableOuiput(SWNno); } else
DisableOutput(SWNno);

EnableCMP{SWNno);

}
refurn (0);
}
int RemoveSWN(int $WNno) {

intij;




if ((SWiNno<1} I (SWhNno>4)) { printf("No SWNnol%
", 7y return (-1); }
if ((SWNIist{0]!=SWNno) && (SWNIist[1]1=SWNno) &&
(SWNList{2]1=SWNno} & & (SWiiist(3]!=
SWNnoj)} {
printf("No SWN installed at SWNno %dn%c",SWNno,73;
} else {

i=0;
while (SWNHS[[i]!:SWNno) {i++ ]
=0
‘while (SWNIist[jll=0) { j++ }
switch(j) {
case 1: SWNIist[0]=0;
preak;
case 2; DisableOutput(S WNist[0]);
EnableOutpul(SWNiist[l]);
SWNIist[0]=S WNiist] 1%
SWHLst[11=0;
break;
case 3: DisableQutput(SWNIist{01);
BrableQutput(S WhIist (23
SWiNList{01=SWNHst[2];
SWNIist[2}=0;
break;
case 4: DisableOu!pul(SWNUsl[O]);
EnableOutpul(SWNlisl[S]);

SWNIistf0}=S WNIist[3];
SWNIist[3]=0;
break;
} }
while (ChcckSWN?resent(SWNno)———-SWNPLUGGED) {:
delay(500);
EnableCMP{S WiNkst[0]);
retum {0);
}
void ShowFirstScreen(vold) {
= elmser;

printf(" SWN MNo. Present Status Output
Comparator Clock Testn");

P! e e e T T T
An);

gotoxy(1,10);

printf(" 1) Talkn');

printf(* 2) Insert SWNwW');

printi(" 3) Remove SWNw'");

printf(" 4) Show CM data\n");

printf(" 5) Show Main CM data\n"};

printf(" 9) Quitn");

gotoxy(1,17); printf(’ Command : ");

int GetCommand(void) {
char ch;

char s[50];

int x,y.done;

done=FALSE;
ch=toupper(getchO); printf("%c".ch);
switch{ciy) {
case 0%
case 'I"; window(1,19,80,25),
printf(“Channel VS Channel : *);
geis(s);
if (s1031=0) {
sscanf(s,"%d %d".&x,&y),
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Talk{x.y);

cleser(;

window(1,1,80,25);

break;

case ‘2 window(1,19,80,25);

printi("SWN No. to be added : ")

gets(s);

if (s[031=0) {
sscanf(s,"%d" &x);
AddSWN(x);

i
cirser(); -
window(1,1,80,25%

break;
case '3 window(1,19,80,25);
printf("SWN No. to be removed : *);
gets(s);
if (s[011=0) {
sscanf(s,"%d",8x);
RemoveSWN(x);

clrscr);
window(1,1,80,25);
break;

case 4" window(1,19,80,25);
printf("SWN No.: ™%

gels(s);
if (s10}1=0) {
sscanf(s,"%d" . &x),
ShowCMMem(x,0,2047);
elrser(y;
window(1,1,80,25%
ShowFirstScreen();
break;
case "5 y=0h
printf("™a'"};
~ for (x=0;x<1024;x++) {
printf("%dd:%‘id » x,mainCMIx]}
if (++y>=24*8) {if (getch()==27)
{break;} y=0;}
ShowFirsiScreen();
break;
case 9"
case 27 : done=TRUE;
break;
default :
retam{done);
}
void UpdateScreen(void) {
int §;
gotoxy(l,ﬂ);

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

printf(" Fd™i:

gotoxy(l4,i+2);

i ((SWMNlist{0l={) I (SWNIist[L]1=D) I

(SWNHst[2j=D Il (SWHlist[3}==1) ) {

printf("YES");

} else printf("NC "),

gotoxy(24,i+2);

if (SWNslatus[i-l]::SWNWORK) {
printfC"WORK");

} else printf("EAIL");

gotoxy(34,i42);

if ((SWNconwol[i-l}&‘Z)—-—O) {
printf("CN ");

} else printf("OFF");




gotoxy(45,i+2),

if ((SWNcontrol[i- 1N&D=1{
printf"ON "),

} else printf(“OFFRn");

gotoxy(58,i+2); '

if ((SWNcontrotfi- 1184)==4) {
printf("NO "%

} else printf("YES\n'");

}
gotoxy(32,17); clreol();

void main (void) {

int ij,imp;
int done,OneSWHN;

directvideo=1;

nit82550;

ShowFirstScreen();

for (i=0; i<1024; i+ {
mainCM{i]=i;

}

=0;

for (i=i; i<=4; i) {

if (CheckSWNPresent(i)==SWNPLUGGED) {
SWNiist{j++1=i;
DisableQutput(i);
DisableCMPQR);

]

1
for (i=0;i<jii++) {
TnitSWN(S WNIist[il);
SWNstatus{s WNlist[i}-11=CheckSWNStatus
(SWNIist[il);

}
EnableOutput(SWNIist{01);
EnableCMP(S WNist{01);
FnableCMP(SWNIist[1]);
done=FALSE;
white (done==FALSE} {

i=0;

if (SWNstams[SWNlist[l]-1]=SWNWORK) {

OneSWN=TRUE; } ¢lse OneSWN=FALSE;
if (OneSWN==TRUE} {
if (CheckSWNStarus(SWNlisi[0])==S\VNFAE)

SWNfailing=8 WNlist[0];
retry=QUICKRETRY;
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} else { SWiNfailing=0; retry={; }
}else {
i >28WN
if (CheckSWNStatus(SWN]ist[O]):
SWNFAIL) {
if (SWNstatus[SWNIist[1}-11=—=
SWNWORK) {
DisableOutpul(SWN'lisl[()]);
EnableOutpul(SWNlisl[l]);
tmp=8WNiist{0]:
SWHIist[0)=SWNlist[1};
SWNIist[1}=tmp;
SWNfailing=8 WNIist[1];
retry=NORMALRETRY;
}else {
SWNfailing=8 WiNlistf0};
retry=QUICKRETRY;
}

}
if ((SWNfailing=—=0) && (CheckSWNStatus
(SWRNHs[1])==SWNFRAILY) {
retry=NORMALRETRY;
SWiNfailing=SWNiist{1);
}

)
if ((SWNfailing!=0) && (retry!=0) &&
(SWNstatus[SWNt’aiiing—I]!:SWNFA]L)) {
DisableCMP(S WNfailing);
Beep(); |
InitSWN(SWNfailing);
EnableCMP(S WNfailing};

retry--;
if (ClieckS WNStatus(§ WNfailing)==
SWNWORK) {
retry=0;
SWNfailing=0;

}

if retry==0) {
SWiNstatus[SWNfailing-1}=S WNFAIL;

}

}
if (kbhit() {
done=GetCommand{};

}
UpdateScreen();
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