>p Js CN G= 9) 3X <B 83 I I CAD $H %7 %_ %e %l !< %7 %g %s ?@ 8M Bg 3X 9) 3X It >p Js CN G= 9) 3X 2J 1 <B 83 J} K! 1.1 4p K\ %2 !< %H $N 5- =R $H %7 %_ %e %l !< %7 %g %s 2< 5- $N 4p K\ %2 !< %H $K $D $$ $F !$ 0J 2< $N A‘ :n $r 9T $J $$ !$ F~ NO $H $7 $F !$ (in1 in2) = (0 0), (1 0), (0 1), (1 1) $r M? $( $? ;~ $N 7k 2L $r 8! >Z $7 $F !$ ?? M} CM I= $* $h $S %? %$ %_ %s %0 %A %c !< %H $r :n @. $; $h !% +++++++++++++++++++++++++++++++++++++++++++++++ media00% seconds SECONDS $N N) $A >e $2 SFL> sflread {and, or, nand, nor, eor, enor}.sfl SFL %= !< %9 $N FI $_ 9~ $_ SFL> gate.sim {and, or, nand, nor, eor, enor} +++++++++++++++++++++++++++++++++++++++++++++++ $? $@ $7 !$ %7 %_ %e %l !< %7 %g %s $r 9T $J $& ;~ $N %9 %/ %j %W %H %U %! %$ %k $O 0J 2< $K M? $( $k !% $J $* !$ %U %! %$ %k f $r forward +1 %U %! %$ %k p $r print "%d\n" $1 $H $7 $F !$ 4J N, 2= $7 $F $$ $k !% "gate.sim" ================== install $1 / p o1 set /i1 0 set /i2 0 hold /i1 hold /i2 f p o1 set /i1 0 set /i2 1 hold /i1 hold /i2 f p o1 set /i1 1 set /i2 0 hold /i1 hold /i2 f p o1 set /i1 1 set /i2 1 hold /i1 hold /i2 f p o1 ================== 1.1.1 AND %2 !< %H ############################ module and { input i1; input i2; output o1; o1 = i1 & i2; } ############################ 1.1.2 OR %2 !< %H ############################ module or { input i1; input i2; output o1; o1 = i1 | i2; } ############################ 1.1.3 NAND %2 !< %H ############################ module nand { input i1; input i2; output o1; o1 = ^(i1 & i2); } ############################ 1.1.4 NOR %2 !< %H ############################ module nor { input i1; input i2; output o1; o1 = ^(i1 | i2); } ############################ 1.1.5 X OR %2 !< %H ############################ module eor { input i1; input i2; output o1; o1 = i1 @ i2; } ############################ 1.1.6 XNOR %2 !< %H ############################ module enor { input i1; input i2; output o1; o1 = ^(i1 @ i2); } ############################ 1.2 %U %j %C %W %U %m %C %W 0J 2< A‘ :n $K $7 $? $, $$ !$ $N #D %U %j %C %W %U %m %C %W $N F0 :n $r %7 %_ %e %l !< %H $7 !$ F0 :n $r 3N G’ $; $h !% ++++++++++++++++++++++++++++ media00% seconds SFL> sflread dff.sfl SFL> dff.sim ++++++++++++++++++++++++++++ ############################ module dff { input in; output out; reg a; par { a := in; out = a; } } ############################ 1

"dff.sim" ============================ install dff / set /in 1 hold /in p out f p out set /in 0 hold /in p out f p out set /in 0 hold /in p out f p out set /in 1 hold /in p out f p out ============================ !N 2] Bj #1 !O $3 $N %U %! %$ %k $r 85 $K !$ #T !J %H %0 %k %U %j %C %W %U %m %C %W !K $* $h $S !$ #J #K %U %j %C %W %U %m %C %W $N F0 :n $r 5- =R $9 $k SFL $N %= !< %9 $r <( $; !% 1.3 %G %3 !< %@ 2s O) 0J 2< $N A‘ :n $K $7 $? $, $$ !$ 2< ?^ $K <( $9 2-4 %G %3 !< %@ $N F0 :n $r 3N G’ $; $h !% +++++++++++++++++++++++++++++++ media% seconds SFL> sflread decoder.sfl SFL> install decoder / SFL> set in ?? #2 ?J ?t $N F~ NO SFL> hold in SFL> forward +1 SFL> print "%b\n", out +++++++++++++++++++++++++++++++ $J $* !$ %U %! %$ %k pb $r print "%b\n" $1 $H $7 $F !$ >e 5- A‘ :n $r 4J N, 2= $9 $k $3 $H $, $G $- $k !% ####################################### module decoder { input in<2>; output out<4>; tmp cnv<4>; par { any { ^in<0> & ^in<1> : cnv = 0b1110; in<0> & ^in<1> : cnv = 0b1101; ^in<0> & in<1> : cnv = 0b1011; in<0> & in<1> : cnv = 0b0111; } out = cnv; } } ####################################### 1.4 #7 %; %0 %a %s %H #L #E #D $N %G %3 !< %@ 0J 2< $K !$ #7 %; %0 %a %s %H #L #E #D $r I= <( $9 $k $? $a $N %G %3 !< %@ 2s O) $r <( $9 !% %9 %/ %j %W %H $K $7 $? $, $C $F %7 %_ %e %l !< %7 %g %s $r 9T $J $$ F0 :n $r 3N G’ $; $h !% ++++++++++++++++++++++++++++++ media% seconds SFL> sflread seven_seg.sfl SFL> install seven_seg / SFL> test7seg.sim ???? ++++++++++++++++++++++++++++++ ######################################## module seven_seg { input in<4>; output out<7>; tmp cnv<7>; par { any { in == 0x0 : cnv = 0b1111110; in == 0x1 : cnv = 0b1100000; in == 0x2 : cnv = 0b1011011; in == 0x3 : cnv = 0b1110011; in == 0x4 : cnv = 0b1100101; in == 0x5 : cnv = 0b0110111; in == 0x6 : cnv = 0b0111111; in == 0x7 : cnv = 0b1100010; in == 0x8 : cnv = 0b1111111; in == 0x9 : cnv = 0b1110111; in == 0xa : cnv = 0b1101111; in == 0xb : cnv = 0b0111101; in == 0xc : cnv = 0b0011001; in == 0xd : cnv = 0b1111001; in == 0xe : cnv = 0b0011111; in == 0xf : cnv = 0b0001111; } out = cnv; } } ######################################## "test7seg.sim" ======================================== set in $1 hold in f speak 7seg.out pb out flush ======================================== #7 %; %0 %a %s %H $N #L #E #D $N F0 :n $r <( $9 %W %m %0 %i %‘ 7seg.c $r 0J 2< $K <( $9 !% #include <stdio.h> main() { FILE *fp; int seven_out = 0; char in[10]; int a, b, c, d, e, f, g; a = b = c = d = e = f = g = 0; while(1){ system("touch 7seg.out"); fp = fopen("7seg.out", "r"); while (fgets(in, sizeof(in), fp) != NULL); fclose(fp); seven_out = (in[0]-’0’)*64 + (in[1]-’0’)*32 + (in[2]-’0’)*16 + (in[3]-’0’)*8 + (in[4]-’0’)*4 + 2

(in[5]-’0’)*2 + (in[6]-’0’)*1 ; a = seven_out & 0x40; b = seven_out & 0x20; c = seven_out & 0x10; d = seven_out & 0x08; e = seven_out & 0x04; f = seven_out & 0x02; g = seven_out & 0x01; system("clear"); if(f) printf(" ====\n"); if(!f) printf(" \n"); if(a && e) printf(" // //\n"); if(a && !e) printf(" //\n"); if(!a && e) printf(" // \n"); if(!a && !e) printf(" \n"); if(g) printf(" ====\n"); if(!g) printf(" \n"); if(b && d) printf(" // //\n"); if(b && !d) printf(" //\n"); if(!b && d) printf(" // \n"); if(!b && !d) printf(" \n"); if(c) printf(" ====\n"); if(!c) printf(" \n"); sleep(1); } } 1.5 %+ %& %s %? 2s O) 0J 2< $K !$ #4 %S %C %H $N %+ %& %s %? 2s O) $r <( $9 !% %9 %/ %j %W %H $K $7 $? $, $C $F %7 %_ %e %l !< %7 %g %s $r 9T $J $$ F0 :n $r 3N G’ $; $h !% ++++++++++++++++++++++++++ media% seconds SFL> sflread counter.sfl SFL> install counter / SFL> set start 1 SFL> speak 7seg.out SFL> c.sim ++++++++++++++++++++++++++ "c.sim" ========================== f pb disp flush ========================== ############################################## /*******************************/ /* 4bit counter with 7seg LED */ /*******************************/ module counter { /* 2< 0L $N It IJ %? %$ %W $N Dj 5A */ circuit_type incre { input in <4> ; output out <4> ; instrin up ; instr_arg up (in) ; instruct up out = in + 0b1 ; /* @) 8f C< ;R $K $h $k F0 :n $N Dj 5A */ } circuit_type seven_seg { input ind<4>; output outd<7>; tmp cnv<7>; instrin dis; instruct_arg dis(ind); instruct dis par { any { ind == 0x0 : cnv = 0b1111110; ind == 0x1 : cnv = 0b1100000; ind == 0x2 : cnv = 0b1011011; ind == 0x3 : cnv = 0b1110011; ind == 0x4 : cnv = 0b1100101; ind == 0x5 : cnv = 0b0110111; ind == 0x6 : cnv = 0b0111111; ind == 0x7 : cnv = 0b1100010; ind == 0x8 : cnv = 0b1111111; ind == 0x9 : cnv = 0b1110111; ind == 0xa : cnv = 0b1101111; ind == 0xb : cnv = 0b0111101; ind == 0xc : cnv = 0b0011001; ind == 0xd : cnv = 0b1111001; ind == 0xe : cnv = 0b0011111; ind == 0xf : cnv = 0b0001111; } outd = cnv; } } /* 9= @. MW AG $N Dj 5A */ output out <4> ; /* %G !] %? =P NO C< ;R $N Dj 5A */ instrin start ; /* @) 8f F~ NO C< ;R $N Dj 5A */ reg counter <4> ; /* %l %8 %9 %? $N Dj 5A */ incre inc ; /* It IJ %? %$ %W incre $N ;H MQ Dj 5A */ seven_seg s_seg; /* It IJ %? %$ %W 7seg $N ;H MQ Dj 5A */ output disp <7> ; /* %G !] %? =P NO C< ;R $N Dj 5A */ /* F0 :n <j =g $N B8 :_ $H 0z ?t $N Dj 5A */ stage_name cnt { task run (counter) ; } /* F0 :n <j =g $N Dj 5A */ instruct start generate cnt.run(0b0000) ; /* @) 8f C< ;R $K $h $k F0 :n $N Dj 5A */ stage cnt { /* %9 %F !] %8 $N F0 :n <j =g $N Dj 5A */ state_name st1 ; state_name st2 ; first_state st1 ; /* =i 4| >u BV $N Dj 5A */ state st1 par { /* >u BV $N F0 :n $N Dj 5A */ counter := inc.up(counter).out ; out = counter ; disp = s_seg.dis(out).outd; goto st1 ; } } } ############################################## 1.6 #4 %S %C %H 2C ;; 4o !& 8: ;; 4o 0J 2< $K !$ #4 %S %C %H $N 2C ;; 2s O) $H 2C ;; 1i ;; $r 9T $J $& $? $a $K %9 %/ %j %W %H $r <( $9 !% ++++++++++++++++++++++++++++++++++++ media% seconds SFL> sflread 4adder.sfl SFL> install four_adder / SFL> add.sim ???? ???? #2 ?J ?t $K $h $k %G !< %? F~ NO ++++++++++++++++++++++++++++++++++++ "add.sim" ==================================== set ci 0 hold ci set in1 $1 hold in1 set in2 $2 hold in2 set ad 1 hold ad pb res ==================================== #################################### module four_adder { circuit_type HA { input a, b; output s, c; instrin do; instruct_arg do(a, b); instruct do par{ s = a @ b; 3 c = ^(a & b); } } input in1<4>, in2<4>, ci; output res<4>, co; instrin ad; tmp p0, p1, p2, p3, gp; tmp g0, g1, g2, g3, gg; HA ad0, ad1, ad2, ad3; instruct ad par { p0 = ad0.do(in1<0>,in2<0>).s; g0 = ^ad0.c; p1 = ad1.do(in1<1>,in2<1>).s; g1 = ^ad1.c; p2 = ad2.do(in1<2>,in2<2>).s; g2 = ^ad2.c; p3 = ad3.do(in1<3>,in2<3>).s; g3 = ^ad3.c; res = (p3@(g2|(p2&g1)|(p2&p1&g0)|(p2&p1&p0&ci)))|| (p2@(g1|(p1&g0)|(p1&p0&ci)))|| (p1@(g0|(p0&ci)))|| (p0@ci); gp=p3 & p2 & p1 & p0; gg=g3 |(p3 & g2)|(p3 & p2 & g1)|(p3 & p2 & p1 & g0); co=gg | (gp & ci); } } #################################### 1.6.1 Id 9f IU $- 1i ;; 0J 2< $K #4 %S %C %H $G I= 8= $G $- $k Id 9f $J $7 !$ Id 9f IU $- ?t CM $r <( $9 !% Id 9f $J $7 ?t CM Id 9f IU $- ?t CM 0000 0 0 0001 1 1 0010 2 2 0011 3 3 0100 4 4 0101 5 5 0110 6 6 0111 7 7 1000 8 -8 1001 9 -7 1010 10 -6 1011 11 -5 1100 12 -4 1101 13 -3 1110 14 -2 1111 15 -1 %3 %s %T %e !< %? $K $* $$ $F !$ Ii ?t $O Id 9f !\ @d BP CM !$ #1 $N Jd ?t !$ #2 $N Jd ?t $J $I $N J} K! $G I= $9 $3 $H $, $G $- !$ $3 $N $& $A !$ $I $N I= 8= J} K! $r MQ $$ $k $+ $K $h $C $F !$ 8: ;; 4o $N 9= @. $O 0[ $J $k !% #2 $N Jd ?t $r MQ $$ $F !$ >e 5- $N %= !< %9 %W %m %0 %i %‘ $r 2~ JT $7 $F !$ 8: ;; 4o $K :n $j 49 $( !$ 0J 2< $N 7W ;; $r 9T $J $C $F !$ 7k 2L $K $D $$ $F 9M ;! $; $h !% $J $* !$ #2 $N Jd ?t $O !$ 8: ?t $N 3F %S %C %H $r H? E> $5 $; !$ :G 2< 0L %S %C %H $K #1 $r 2C $( $k A‘ :n $G :n $l $k $, !$ $= $N A‘ :n $O ci $K #1 $r %; %C %H $9 $k $3 $H $G 2D G= $H $J $k !% !& Id 9f $J $7 1i ;; !’ (1) 1 + 2 (2) 3 + 5 (3) 4 + 5 (4) 8 + 7 (5) 15 + 1 (6) 5 - 3 (7) 1 - 2 (8) 8 - 7 (9) 7 - 8 (10) 1 - 15 !& Id 9f $D $- 1i ;; !’ (1) 2 + 3 (2) 3 + 5 (3) 4 + 5 (4) -8 + 8 (5) -1 + 1 (6) -3 +(-5) (7) 5 +(-3) (8) -4 +(-5) (9)-8 +(-7) (10) 5 - 3 (11) 1 - 2 (12) -8 - 7 (13) 7 -(-8) (14) 1 -(-1) (15) -3 - 5 (16) -4 - 5 !N 2] Bj #2 !O >e 5- 2C ;; 4o $H !$ :n @. $7 $? 8: ;; 4o $r 0l $D $K $^ $H $a !$ 2C 8: ;; 4o $r :n @. $; $h !% $? $@ $7 !$ 2C ;; $+ 8: ;; $r 7h $a $k %9 %$ %C %A $r 0l $D @_ $1 !$ $= $N %S %C %H $, #0 $J $i $P !$ 2C ;; 4o !$ #1 $J $i $P 8: ;; 4o $H $J $k $h $& $K $; $h !% !J !v %R %s %H Ex-OR $N F0 :n $r 9M $( $F $_ $h !K 1.6.2 %- %c %j !< %U %i %0 $H %* !< %P %U %m !< %U %i %0 %3 %s %T %e !< %? $G #2 $D $N @0 ?t CM $r Hf 3S $9 $k >l 9g $J $I $K %- %c %j !< %U %i %0 $, MQ $$ $i $l $k !% Nc $( $P !$ #4 %S %C %H $N 1i ;; $K $* $$ $F !$ $" $k JQ ?t $, #7 0J >e $+ $I $& $+ $r D4 $Y $k $? $a $K #9 $r 2C $( !$ 7e >e $, $j $, @8 $8 $? $H $- $K %- %c %j !< %U %i %0 $, N) $D !% $^ $? !$ $= $N JQ ?t $N CM $+ $i #8 $r 0z $- !$ 7e <Z $j $, @8 $8 $? >l 9g $K $b %- %c %j !< %U %i %0 $, N) $D !% $3 $N $h $& $K !$ HF MQ %3 %s %T %e !< %? $K $* $$ $F !$ 7e >e $, $j $H 7e <Z $j $O %- %c %j !< %U %i %0 $H $7 $F E} 0l E* $K 07 $C $F $$ $k >l 9g $, B? $$ !% >e 5- $N I= $+ $i !$ #4 %S %C %H $G I= 8= $G $- $k Id 9f IU $- ?t CM $O !] #8 $+ $i #7 $^ $G $N ?t $H $J $k !% 1i ;; $N 7k 2L $3 $N HO 0O $r 1[ $( $? >l 9g $K $O !$ %* !< %P %U %m !< $, N) $D !% Nc $( $P !$ #4 !\ #5 $r <B 9T $9 $k $H 7k 2L $O #9 $G $" $k $, !$ #2 ?J ?t $G $O 1001 $H $J $j !$ Id 9f IU $- $G $O !] #7 $H $J $k !% $3 $N 7k 2L $O Id 9f IU $- $N ?t CM $H $7 $F $O @5 $7 $/ $J $$ $N $G !$ %* !< %P %U %m !< %U %i %0 $K $h $j !$ %f !< %6 $K CN $i $; $k I, MW $, $" $k !% !N 2] Bj #3 !O :n @. $7 $? 2C 8: ;; 2s O) $K %- %c %j !< %U %i %0 !$ %* !< %P %U %m !< %U %i %0 $r 8! =P $9 $k 2s O) $r IU 2C $; $h !% $^ $? !$ $= $N 2s O) $r MQ $$ $F 0J 2< $K <( $9 1i ;; 7k 2L $K $D $$ $F !$ $= $l $> $l $I $N %U %i %0 $, N) $D $+ 9M ;! $; $h !% !& Id 9f $J $7 1i ;; !’ (1) 1 + 2 (2) 3 + 5 (3) 4 + 5 (4) 8 + 7 (5) 15 + 1 (6) 5 - 3 (7) 1 - 2 (8) 8 - 7 (9) 7 - 8 (10) 1 - 15 !& Id 9f $D $- 1i ;; !’ (1) 2 + 3 (2) 5 + 3 (3) 4 + 5 (4) -8 + 7 (5) -1 + 1 (6) -3 +(-5) (7) 5 +(-3) (8) 3 +(-5) (9) -8 +(-7) (10) 5 - 3 (11) 1 - 2 (12) -8 - 7 (13) 7 -(-8) (14) 1 -(-1) (15) -3 - 5 (16) -4 - 5 !N 2] Bj #4 !O HF MQ $N #C #P #U $K $O B> $K $b %U %i %0 $, B8 :_ $9 $k !% $3 $l $i $N %U %i %0 $K $D $$ $F D4 $Y !$ $I $N $h $& $K $9 $l $P <B 8= $G $- $k $+ $r 9M ;! $; $h !% 4