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:><0=40 2K?>;=O5B ?5@5E>4 : A;54CNI5<C >?5@0B>@C ?@>3@0<<K. �><?8;OB>@ ?><5AB8; 
B0< <5B:C Next. #OB0O :><0=40 ?@8A208205B 7=0G5=85 2 ?5@5<5==>9 :. 

�8AB8=3 4.5. #@>3@0<<0 87 ;8AB8=30 4.4 ?>A;5 B@0=A;OF88 =0 O7K: 0AA5<1;5@0 

   CMP i. 0 ; A@02=5=85 i A 0 
   BNE Else ; ?5@5E>4 : Else, 5A;8 >=8 =5 @02=K 

Then: MOV k, 1 : ?@8A20820=85 7=0G5=8O 1 ?5@5<5==>9 : 
   BR Next : 157CA;>2=K9 ?5@5E>4 : Next 
Else: MOV k, 2 ; ?@8A20820=85 7=0G5=8O 2 ?5@5<5==>9 : 
Next:          

 K 2848<, GB> 425 87 ?OB8 :><0=4 O2;ONBAO :><0=40<8 ?5@5E>40. �>;55 B>3>, >4=0 87 
=8E, BNE, - MB> :><0=40 CA;>2=>3> ?5@5E>40 (?5@5E>4, :>B>@K9 >ACI5AB2;O5BAO B>340 8 
B>;L:> B>340, :>340 2K?>;=O5BAO >?@545;5==>5 CA;>285, 2 40==>< A;CG05 - MB> @025=AB2> 
42CE >?5@0=4>2 ?@54K4CI59 :><0=4K % $). %0<K9 4;8==K9 ;8=59=K9 :>4 A>AB>8B 745AL 
87 42CE :><0=4, ?>MB><C >G5=L B@C4=> >@30=87>20BL 2KA>:>A:>@>AB=>9 :>=2595@. 
!0 ?5@2K9 273;O4 <>65B ?>:070BLAO, GB> 157CA;>2=K5 ?5@5E>4K, =0?@8<5@, :><0=40 BR 
Next 2 ;8AB8=35 4.5, =5 2;5:CB 70 A>1>9 =8:0:8E ?@>1;5<. �>>1I5 3>2>@O, 2 40==>< A;CG05 
=5B =8:0:>9 42CA<KA;5==>AB8 2 B><, :C40 40;LH5 84B8. #>G5<C 65 1;>: 2K1>@:8 :><0=4 
=5 <>65B ?@>AB> ?@>4>;60BL AG8BK20BL :><0=4K A F5;52>3> 04@5A0 (B> 5ABL A B>3> <5AB0, 
:C40 >ACI5AB2;O5BAO ?5@5E>4)? 
%;>6=>ABL >1JOA=O5BAO A0<>9 ?@8@>4>9 :>=2595@0. � 7=0G8B5;L=>9 G0AB8 
:>=2595@878@>20==KE <0H8= A=0G0;0 2K?>;=O5BAO :><0=40, A;54CNI0O ?>A;5 :><0=4K 
157CA;>2=>3> ?5@5E>40, E>BO ?> ;>38:5 25I59 B0: 1KBL =5 4>;6=>. #>78F8O ?>A;5 
?5@5E>40 =07K205BAO A;>B>< >BA@>G:8 (delay slot).  



 

 
13 

 

% CA;>2=K<8 ?5@5E>40<8 45;> >1AB>8B 5I5 EC65. �>-?5@2KE, >=8 B>65 A>45@60B A;>BK 
>BA@>G:8, 2>-2B>@KE, 1;>: 2K1>@:8 :><0=4 C7=05B, >B:C40 =C6=> AG8BK20BL :><0=4C, 
3>@074> ?>765. #5@2K5 :>=2595@878@>20==K5 <0H8=K ?@>AB> ?@>AB0820;8, ?>:0 
2KOA=O;>AL, =C6=> A>25@H0BL ?5@5E>4 8;8 =5B. #@>AB>9 ?> B@8 8;8 G5BK@5 F8:;0 ?@8 
:064>< CA;>2=>< ?5@5E>45, >A>15==> 5A;8 20 % :><0=4 O2;ONBAO :><0=40<8 CA;>2=>3> 
?5@5E>40, 7=0G8B5;L=> A=8605B ?@>872>48B5;L=>ABL. 
#>MB><C 1>;LH8=AB2> <0H8= ?@>3=>78@CNB, 1C45B 2K?>;=5= 2AB@5B82H89AO CA;>2=K9 
?5@5E>4 8;8 =5B. �;O MB>3>, =0?@8<5@, <>6=> ?@54?>;030BL, GB> 2A5 CA;>2=K5 ?5@5E>4K 
=0704 1C4CB 2K?>;=OBLAO, 0 2A5 CA;>2=K5 ?5@5E>4K 2?5@54 =5B. +B> :0A05BAO ?5@2>9 G0AB8 
?@54?>;>65=8O, B> :><0=4K ?5@5E>40 =0704 >1KG=> ?><5I0NBAO 2 :>=F5 F8:;>2, 0 
1>;LH8=AB2> F8:;>2 2K?>;=ONBAO <=>3>:@0B=>, ?>MB><C ?@54?>;>65=85 > ?5@5E>45 : 
=0G0;C F8:;0 G0I5 2A53> 1C45B ?@028;L=K<. 
%> 2B>@>9 G0ABLN ?@54?>;>65=8O 45;> >1AB>8B A;>6=55. !5:>B>@K5 ?5@5E>4K 2?5@54 
>ACI5AB2;ONBAO 2 A;CG05 >1=0@C65=8O >H81:8 2 ?@>3@0<<5 (=0?@8<5@, =52>7<>6=>ABL 
>B:@KB8O D09;0). "H81:8 A;CG0NBAO @54:>, ?>MB><C 2 1>;LH8=AB25 A;CG052 ?>4>1=K5 
?5@5E>4K =5 ?@>8AE>4OB. �AB5AB25==>, ACI5AB2C5B <=>65AB2> ?5@5E>4>2 2?5@54, =8:0: =5 
A2O70==KE A >H81:0<8, ?>MB><C ?@>F5=B CA?5E0 745AL =5 B0: 2KA>:, :0: 2 A;CG05 ?5@5E>40 
=0704. "4=0:> MB> 2A5 65 ;CGH5, G5< =8G53>. 
�A;8 ?5@5E>4 A?@>3=>78@>20= ?@028;L=>, B> =8G53> >A>15==>3> 45;0BL =5 =C6=>. #@>AB> 
?@>4>;605BAO 2K?>;=5=85 ?@>3@0<<K. #@>1;5<0 2>7=8:05B B>340, :>340 ?5@5E>4 
A?@>3=>78@>20= =5?@028;L=>. �KG8A;8BL, :C40 =C6=> ?5@59B8, 8 ?5@59B8 8<5==> BC40 
=5A;>6=>. %0<>5 A;>6=>5 - >B<5=8BL C65 2K?>;=5==K5 :><0=4K, :>B>@K5 =5 =C6=> 1K;> 
2K?>;=OBL. 

�8=0<8G5A:>5 ?@>3=>78@>20=85 25B2;5=89 

/A=>, GB> B>G=K5 ?@>3=>7K >G5=L F5==K, ?>A:>;L:C ?>72>;ONB ?@>F5AA>@C @01>B0BL A 
?>;=>9 A:>@>ABLN. "48= 87 ?>4E>4>2 - E@0=8BL (2 >A>1>< CAB@>9AB25) A?5F80;L=CN 
B01;8FC, 2 :>B>@CN F5=B@0;L=K9 ?@>F5AA>@ 1C45B 70?8AK20BL CA;>2=K5 ?5@5E>4K, :>340 
>=8 2AB@5BOBAO. �A;8 CA;>2=K9 ?5@5E>4 2AB@5B8BAO A=>20, 53> <>6=> 1C45B =09B8 2 MB>9 
B01;8F5. #@>AB59H0O 25@A8O B0:>9 AE5<K ?>:070=0 =0 @8A. 4.28, 0. � 40==>< A;CG05 
B01;8F0 A>45@68B ?> >4=>9 OG59:5 4;O :064>9 :><0=4K CA;>2=>3> ?5@5E>40. � OG59:5 
=0E>48BAO 04@5A :><0=4K ?5@5E>40, 0 B0:65 18B, :>B>@K9 C:07K205B, ?@>87>H5; ;8 
?5@5E>4, :>340 MB0 :><0=40 2AB@5B8;0AL 2 ?>A;54=89 @07. #@>3=>7 70:;NG05BAO 2 2K1>@5 
B>3> 65 ?CB8, ?> :>B>@><C ?@>3@0<<0 ?>H;0 2 ?@54K4CI89 @07 ?@8 2K?>;=5=88 :><0=4K 
?5@5E>40. �A;8 ?@>3=>7 >:07K205BAO =5?@028;L=K<, 18B 2 B01;8F5 <5=O5BAO. 

$8A. 4.28. &01;8F0 48=0<8:8 25B2;5=89 A >4=>@07@O4=K< C:070B5;5< ?5@5E>40 (0); B01;8F0 
48=0<8:8 25B2;5=89 A 2-@07@O4=K< C:070B5;5< ?5@5E>40 (1); A>>B25BAB285 <564C 04@5A>< 
:><0=4K ?5@5E>40 8 F5;52K< 04@5A>< (2) 
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%CI5AB2C5B =5A:>;L:> 20@80=B>2 >@30=870F88 40==>9 B01;8FK. (0:B8G5A:8 >=8 
?>;=>ABLN 0=0;>38G=K 20@80=B0< >@30=870F88 :MH-?0<OB8. $0AA<>B@8< <0H8=C A 32-
@07@O4=K<8 :><0=40<8, :>B>@K5 @0A?>;>65=K B0:8< >1@07><, GB> 420 <;04H8E 18B0 
:064>3> 04@5A0 ?0<OB8 @02=K 00. &01;8F0 A>45@68B 2O OG55: (AB@>:). �7 :><0=4K 
?5@5E>40 <>6=> 872;5GL ? + 2 <;04H8E 18B0 8 >ACI5AB28BL A4283 2?@02> =0 420 18B0. -B> 
33-@07@O4=>5 G8A;> <>6=> 8A?>;L7>20BL 2 :0G5AB25 8=45:A0 2 B01;8F5, ?@>25@OO, A>2?0405B 
;8 04@5A, A>E@0=5==K9 B0<, A 04@5A>< ?5@5E>40. �0: 8 2 A;CG05 A :MH-?0<OBLN, 745AL =5B 
=5>1E>48<>AB8 A>E@0=OBL ? + 2 <;04H8E 18B0, ?>MB><C 8E <>6=> >?CAB8BL (B> 5ABL 
A>E@0=ONBAO B>;L:> AB0@H85 04@5A=K5 18BK - B53). �A;8 04@5A0 A>2?0;8, 18B 
?@>3=>78@>20=8O 8A?>;L7C5BAO 4;O ?@>3=>78@>20=8O ?5@5E>40. �A;8 B53 =5?@028;L=K9 
8;8 M;5<5=B =5459AB28B5;5=, 7=0G8B, 8<55B <5AB> ?@><0E. � MB>< A;CG05 <>6=> 
?@8<5=OBL ?@028;> ?5@5E>40 2?5@54/=0704. 
�A;8 B01;8F0 48=0<8:8 ?5@5E>4>2 A>45@68B, A:065<, 4096 M;5<5=B>2, B> 04@5A0 0, 16384, 
32768 8 B. 4. 1C4CB :>=D;8:B>20BL; 0=0;>38G=0O ?@>1;5<0 2AB@5G05BAO 8 ?@8 @01>B5 A :MH-

?0<OBLN. �45AL 2>7<>6=> B0:>5 65 @5H5=85: 2-0;LB5@=0-B82=K9, 4-0;LB5@=0B82=K9 8;8 
33-0;LB5@=0B82=K9 0AA>F80B82=K9 M;5<5=B. �0: 8 2 A;CG05 :MH-?0<OB8, ?@545;L=K9 
A;CG09 - >48= //-0;LB5@=0B82=K9 0AA>F80B82=K9 M;5<5=B. 
#@8 4>AB0B>G=> 1>;LH>< @07<5@5 B01;8FK 8 4>AB0B>G=>9 AB5?5=8 0AA>F80B82=>AB8 MB0 
AE5<0 E>@>H> ?>4E>48B 4;O 1>;LH8=AB20 A8BC0F89. &5< =5 <5=55 A8AB5<0B8G5A:8 
?@8E>48BAO AB0;:820BLAO A ?@>1;5<>9. #@8 2KE>45 87 F8:;0 ?5@5E>4 ?@54A:07K205BAO 
=5?@028;L=>, 8, GB> 5I5 EC65, MB>B =5?@028;L=K9 ?@>3=>7 87<5=O5B 18B 2 B01;8F5, 
:>B>@K9 ?>A;5 MB>3> 1C45B ?>:07K20BL, GB> ?5@5E>4 A>25@H0BL =5 B@51C5BAO. &> 5ABL 2 
A;54CNI89 @07, :>340 >?OBL ?>B@51C5BAO 2K?>;=OBL F8:;, ?5@5E>4 2 :>=F5 ?5@2>3> 
?@>E>40 F8:;0 >:065BAO A?@>3=>78@>20==K< =5?@028;L=>. �A;8 F8:; =0E>48BAO 2=CB@8 
4@C3>3> F8:;0 8;8 2=CB@8 G0AB> 2K7K205<>9 ?@>F54C@K, MB0 >H81:0 1C45B ?>2B>@OBLAO 
4>AB0B>G=> G0AB>. 
�;O @5H5=8O ?@>1;5<K <>6=> =5<=>3> 87<5=8BL <5B>4 ?@>3=>78@>20=8O, GB>1K ?@>3=>7 
<5=O;AO =5 ?>A;5 >4=>3>, 0 B>;L:> ?>A;5 42CE ?>A;54>20B5;L=KE =5?@028;L=KE ?@>3=>7>2. 
&0:>9 ?>4E>4 B@51C5B =0;8G8O 2 B01;8F5 42CE 18B>2 ?@>3=>78@>20=8O ?5@5E>4>2 (@8A. 
4.28, 1): >48= 4>;65= C:07K20BL, ?@54?>;0305BAO A>25@H0BL ?5@5E>4 8;8 =5B, 0 2B>@>9 - 
1K; A45;0= ?5@5E>4 2 ?@>H;K9 @07 8;8 =5B. 
-B>B 0;3>@8B< <>6=> ?@54AB028BL 2 2845 :>=5G=>3> 02B><0B0 A G5BK@L<O A>AB>O=8O<8 
(@8A. 4.29). #>A;5 @O40 ?>A;54>20B5;L=KE CA?5H=KE ?@>3=>7>2 >BACBAB28O ?5@5E>40 
:>=5G=K9 02B><0B 1C45B =0E>48BLAO 2 A>AB>O=88 00 8 2 A;54CNI89 @07 B0:65 ?>:065B, GB> 
?5@5E>40 =5B. 

$8A. 4.29. 2-@07@O4=K9 :>=5G=K9 02B><0B 4;O ?@>3=>78@>20=8O ?5@5E>4>2 

�A;8 MB>B ?@>3=>7 >:065BAO =5?@028;L=K<, 02B><0B ?5@5945B 2 A>AB>O=85 01, => 2 
A;54CNI89 @07 >= 2A5 @02=> ?>:065B >BACBAB285 ?5@5E>40. &>;L:> 2 B>< A;CG05, 5A;8 MB>B 
?>A;54=89 ?@>3=>7 B>65 >:065BAO >H81>G=K<, :>=5G=K9 02B><0B ?5@5945B 2 A>AB>O=85 
11, ?@>3=>78@CO =0;8G85 ?5@5E>40. (0:B8G5A:8 ;52K9 18B - MB> ?@>3=>7, 0 ?@02K9 18B - B>, 
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GB> A;CG8;>AL 2 ?@>H;K9 @07 (B> 5ABL 1K; ;8 ?5@5E>4). � 40==>9 @07@01>B:5 
8A?>;L7CNBAO B>;L:> 2 18B0, => 2>7<>6=> ?@8<5=5=85 8 4, 8 8 18B. 
�> A8E ?>@ <K ?@54?>;030;8, GB> F5;L :064>3> CA;>2=>3> ?5@5E>40 8725AB=0. "1KG=> 
;81> 2 O2=>< 2845 4020;AO 04@5A, : :>B>@><C =C6=> ?5@59B8 (>= A>45@60;AO 
=5?>A@54AB25==> 2 :><0=45), ;81> 1K;> 8725AB=> A<5I5=85 >B=>A8B5;L=> B5:CI59 
:><0=4K (B> 5ABL G8A;> A> 7=0:><, :>B>@>5 =C6=> 1K;> ?@81028BL : AG5BG8:C :><0=4). 
+0AB> MB> ?@54?>;>65=85 8<55B A8;C, => =5:>B>@K5 :><0=4K CA;>2=>3> ?5@5E>40 
2KG8A;ONB F5;52>9 04@5A, ?@5420@8B5;L=> 2K?>;=OO >?@545;5==K5 0@8D<5B8G5A:85 
459AB28O =04 7=0G5=8O<8 @538AB@>2. �065 5A;8 27OBL :>=5G=K9 02B><0B, 87>1@065==K9 =0 
@8A. 4.29, :>B>@K9 B>G=> ?@>3=>78@C5B ?5@5E>4K, ?@>3=>7 >:065BAO =52>AB@51>20==K<, 
?>A:>;L:C =58725AB5= F5;52>9 04@5A. "48= 87 2>7<>6=KE 2KE>4>2 87 ?>4>1=>9 A8BC0F88 - 
A>E@0=8BL 2 B01;8F5 04@5A, : :>B>@><C 1K; >ACI5AB2;5= ?5@5E>4 2 ?@>H;K9 @07, :0: 
?>:070=> =0 @8A. 4.28, 5. &>340, 5A;8 2 B01;8F5 C:070=>, GB> 2 ?@>H;K9 @07, :>340 
2AB@5B8;0AL :><0=40 ?5@5E>40 ?> 04@5AC 516, ?5@5E>4 1K; A>25@H5= : 04@5AC 4000, 
F5;52K< A=>20 1C45B 04@5A 4000 (2 A;CG05, 5A;8 ?@54A:07K205BAO ?5@5E>4). 

�I5 >48= ?>4E>4 : ?@>3=>78@>20=8N ?5@5E>40 - A;548BL, 1K;8 ;8 A>25@H5=K 
?>A;54=85 k CA;>2=KE ?5@5E>4>2 =57028A8<> >B B>3>, :0:85 MB> 1K;8 :><0=4K. -B> ^-
@07@O4=>5 G8A;>, :>B>@>5 E@0=8BAO 2 A4283>2>< @538AB@5 48=0<8:8 ?5@5E>4>2, 70B5< 
A@02=8205BAO ?0@0;;5;L=> A> 2A5<8 M;5<5=B0<8 B01;8FK A ^-@07@O4=K< :;NG><, 8 2 
A;CG05 A>2?045=8O ?@8<5=O5BAO B>B ?@>3=>7, :>B>@K9 =0945= 2 MB>< M;5<5=B5. 
'4828B5;L=>, => MB0 B5E=>;>38O @01>B05B 4>AB0B>G=> E>@>H>. 
 

�040=85  
 

%>740BL 4-@07@O4=K9 02B><0B 4;O ?@>3=>78@>20=8O ?5@5E>4>2 ?> A;54CNI5<C ;8AB8=3C 
i=-4  

if(i>O) 

i=i+1 

:=1; 
el se :=2; 
 

� A40G5 ;01>@0B>@=>9 ?@54>AB02;SRBAS: �K?>;=5==>5 7040=85. 
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#@0:B8G5A:0S @01>B0 № 10 %>740=85 AE5<O 02B><0B0 4;S 
?@>3=>78@>20=8S 25B2;5=89. 

 

*5;L: �A6>8BP A>784=89 AE9<O 46B><4B4 8;S ?@>7=>78@>64=8S 69B6;9=89 

 

  5B>48G5A:85 C:070=8S 

 
#>SA=SRI0S 8=D>@<0F8S 

%B0B8G5A:>5 ?@>3=>78@>20=85 25B2;5=89 

�A5 B5E=>;>388 ?@>3=>78@>20=8O 25B2;5=89, :>B>@K5 >1AC640;8AL 4> A8E ?>@, O2;ONBAO 
48=0<8G5A:8<8, B> 5ABL 2K?>;=ONBAO 2> 2@5<O @01>BK ?@>3@0<<K. "=8 
?@8A?>A01;820NBAO : B5:CI5<C @568<C @01>BK ?@>3@0<<K, 8 MB> 8E ?>;>68B5;L=>5 
:0G5AB2>. "B@8F0B5;L=>9 AB>@>=>9 MB8E B5E=>;>389 O2;O5BAO B>, GB> >=8 B@51CNB 
A?5F80;878@>20==>9 8 4>@>3>AB>OI59 0??0@0BC@K, 8 <8:@>AE5<K 4;O @50;870F88 MB8E 
B5E=>;>389 ?>;CG0NBAO >G5=L A;>6=K<8. 
 >6=> ?>9B8 4@C38< ?CB5<, ?@87202 =0 ?><>IL :><?8;OB>@. "1@0B8B5 2=8<0=85 =0 
A;54CNI89 >?5@0B>@: 

for (I = 0: i < 1000000; i++) { ... } 

�>340 :><?8;OB>@ 2AB@5G05B B0:>9 >?5@0B>@, >= 7=05B, GB> ?5@5E>4 2 :>=F5 F8:;0 1C45B 
?@>8AE>48BL ?@0:B8G5A:8 2A5340. �A;8 1K 1K; A?>A>1 A>>1I8BL MB> 0??0@0BC@5, <>6=> 
1K;> 1K 871028BLAO >B >3@><=>3> >1J5<0 @01>BK. 
)>BO B0:>9 ?>4E>4 A2O70= A 87<5=5=85< 0@E8B5:BC@K, 2 =5:>B>@KE <0H8=0E, ?><8<> 
>1KG=KE :><0=4 CA;>2=>3> ?5@5E>40 (:>B>@K5 =C6=K 4;O >1@0B=>9 A>2<5AB8<>AB8), 
8<55BAO 5I5 >48= =01>@ :><0=4. !>2K5 :><0=4K A>45@60B 18B, ?> :>B>@><C :><?8;OB>@ 
>?@545;O5B, A>25@H0BL ?5@5E>4 8;8 =5 A>25@H0BL. �>340 2AB@5G05BAO B0:>9 18B, 1;>: 
2K1>@:8 :><0=4 ?@>AB> 45;05B B>, GB> 5<C ?>;>65=>. �>;55 B>3>, =5B =5>1E>48<>AB8 
B@0B8BL 4@03>F5==>5 ?@>AB@0=AB2> 2 B01;8F5 48=0<8:8 ?5@5E>4>2 4;O MB8E :><0=4, GB> 
A>:@0I05B :>;8G5AB2> :>=D;8:B=KE A8BC0F89. 
!0:>=5F, =0H0 ?>A;54=OO B5E=>;>38O ?@>3=>78@>20=8O 25B2;5=89 >A=>20=0 =0 
?@>D8;8@>20=8. -B> B>65 AB0B8G5A:0O B5E=>;>38O, B>;L:> 2 40==>< A;CG05 ?@>3@0<<0 =5 
70AB02;O5B :><?8;OB>@ 2KG8A;OBL, :0:85 ?5@5E>4K =C6=> A>25@H0BL, 0 :0:85 =5B. 
#@>3@0<<0 @50;L=> 2K?>;=O5BAO, 0 25B2;5=8O D8:A8@CNBAO, MB0 8=D>@<0F8O ?>ABC?05B 2 
:><?8;OB>@, :>B>@K9 70B5< 8A?>;L7C5B A?5F80;L=K5 :><0=4K CA;>2=>3> ?5@5E>40 4;O 
B>3>, GB>1K A>>1I8BL 0??0@0BC@5, GB> =C6=> 45;0BL. 
 

�040=85  
 

%>740BL 4-@07@O4=K9 02B><0B 4;O ?@>3=>78@>20=8O ?5@5E>4>2 ?> A;54CNI5<C ;8AB8=3C, A 
CA;>285<, GB> ?5@5E>4 70@0=55 8725AB5=. 
i=-4  

if(i>O) 

i=i+1 

:=1; 

el se :=2; 

 

� A40G5 ;01>@0B>@=>9 ?@54>AB02;SRBAS: �K?>;=5==>5 7040=85. 
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#@0:B8G5A:0S @01>B0 № 11 $5H5=85 7040G8 «%0=>9A:0S 10H=S» =0 0AA5<1;5@5. 
 

*5;L: �A6>8BP @45>BC @47;8G=OE B8?>6 :><4=8 =4 ?@8<9@9 @9H9=8S 7484G8 «Х4=>9A:4S 
54H=S» 

  5B>48G5A:85 C:070=8S 

 
#>SA=SRI0S 8=D>@<0F8S 

�>;>2>;><:0 ")0=>9A:85 10H=8" . 

�0=K B@8 AB5@6=O ((=) - =0G0;L=K9, (:)- :>=5G=K9, (4) - 4>?>;=8B5;L=K9) =0 AB5@65=L (=) 
=0=870=> =5:>B>@>5 :>;8G5AB2> 48A:>2 (1C45< ?>;030BL 53> @02=K< n) ?@8 MB>< 2A5 48A:8 
8<5NB @07=K9 480<5B@ 8 @0A?>;>65=K =0 AB5@6=5 (=) 2 ?>@O4:5 C<5=LH5=8O 480<5B@0 
A=87C 2 25@E (A<. @8A).  

 

!5>1E>48<> ?5@5<5AB8BL 2A5 48A:8 =0 AB5@65=L (:), B.5. 3>;>2>;><:0 4>;6=0 1KBL 
?@82545=0 : 284C:  

 

?@8 MB>< 70 >48= E>4 <>6=> ?5@5<5AB8BL B>;L:> >48= 48A:, 8 2 @57C;LB0B5 E>40 =5 4>;6=> 
2>7=8:=CBL A8BC0F88, :>340 48A: A 1>;LH8< 480<5B@>< 1C45B ?>;>65= =0 48A: A <5=LH8< 
480<5B@><.  

 

�K1>@ B>9 8;8 8=>9 AB@0B5388 ?5@5<5I5=8O 48A:>2 ?@82>48B : =>2><C 2>?@>AC, A:>;L:> 
=5>1E>48<> E>4>2 4;O B>3> GB>1K 3>;>2>;><:0 1K;0 ?>;=>ABLN @07@5H5=0. #@8G5< 
>G5284=> GB> :>;8G5AB2> E>4>2 @0AB5B A @>AB>< G8A;0 48A:>2, 8 65;0B5;L=> ?>;CG8BL 
=5:>B>@CN DC=:F8N f(n), :>B>@0O 2K4020;0 1K 4;O 40==>9 AB@0B5388 :>;8G5AB2> E>4>2 
=5>1E>48<KE 4;O @5H5=8O 7040G8 2 7028A8<>AB8 >B G8A;0 48A:>2. �=0G0;5 AB@0B538O 
?>;CG05BAO 2 2845 @5:C@A82=>3> 0;3>@8B<0, 0 70B5< ?@5>1@07C5BAO : =5 @5:C@A82=>9 D>@< 
$5:C@A82=0O AB@0B538O. 

�B0:, =0< =5>1E>48<> ?5@5=5AB8 n 48A:>2 A> AB5@6=O (=) =0 AB5@65=L (:). �>?CAB8< C =0A 
5ABL ?@>F54C@0 ?5@5=5A5=8O n-1 48A:0, >1>7=0G8< 55 )(n-1,(%B1),(%B2)), B>340 7040G0 ;53:> 
@07@5H8<0 4;O MB>3> 2=0G0;5 ?5@5=5A5< n-1 48A: A> AB5@6=O (=) =0 AB5@65=L (4), ?@8<5=OO 
?@>F54C@C ), 70B5< ?5@5=5A5< n-K9 48A: A> AB5@6=O (=) =0 AB5@65=L (:) (>1>7=0G8< MBC 
?@>F54C@C #((%B1),(%B2)) 8 =0:>=5F ?5@5=5A5< n-1 48A: A> AB5@6=O (4) =0 AB5@65=L (:). 
$01>B0 2K?>;=5=0. �;3>@8B< 2 MB>< A;CG05 <>6=> 70?8A0BL A;54CNI8< >1@07><:  
1. Х(n-1, (=), (8)) 
2. П((=),(>)) 
3. Х(n-1, (8), (>)) 
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&5?5@L =5>1E>48< G0AB=K9 A;CG09, =5 O2;ONI89AO @5:C@A82=K<. �A;8 48A: 2A53> >48=, 
B> <>6=> A@07C ?5@5=5AB8 53> A> AB5@6=O (=) =0 AB5@65=L (:), B0:8< >1@07><, 2K?>;=O5BAO 
B>645AB2> )(1, (%B1), (%B2))=#((%B1), (%B2)). &0:8< >1@07><, ?@>F54C@0 ) ?@54AB02;O5BAO 
2 2845 1;>:-AE5<K:  

�5@=5<AO : 2>?@>AC 2KG8A;5=8O DC=:F88 f(n). �;O ?@54JO2;5==>9 @5:C@A82=>9 
?@>F54C@K, ?@54AB02;5=85 f(n) 4>AB0B>G=> B@8280;L=>:  

f(1)=1 

f(n)=2* f(n-1)+1 

/2=K9 284 DC=:F88 f(n) =5B@C4=> =09B8 87 ?@82545==KE 2KH5 A>>B=>H5=89, ?>;L7COAL 
?@8=F8?>< <0B5<0B8G5A:>9 8=4C:F88: f(n)=2n

 -1.  

�>?>;=8B5;L=> : B><C, GB> C65 8<55BAO, 70<5B8< 5I5 >4=> A2>9AB2> ?5@5<5I05<KE 
48A:>2. #CABL =0H8 48A:8 ?@>=C<5@>20=K >B 1 4> n, B0:8< >1@07><, GB> 48A: A 
=08<5=LH8< 480<5B@>< 8<55B =><5@ 1, 2B>@>9 ?> 25;8G8=5 480<5B@0 48A: =><5@ 2, 8 B.4., 
=0:>=5F 48A: A =081>;LH8< 480<5B@>< 8<55B =><5@ n. &>340 <>6=> 70<5B8BL, 420 48A:0 A 
=><5@0<8 >48=0:>2>9 G5B=>AB8 =8:>340 =5 1C4CB ;560BL 4@C3 =0 4@C35 (B.5. 48A: A 
=><5@>< 2 =5 ;O65B =0 48A: A =><5@>< 4, 6 8;8 8). �>:065< GB> MB> A2>9AB2> 2K?>;=5=>. 
�>:070B5;LAB2> 1C45< ?@>2>48BL ?> 8=4C:F88, 4>?CAB8<, GB> A2>9AB2> 2K?>;=5=> 4;O 
?@>F54C@K )(p,(%B1),(%B2)), 345 p < n (4;O p=1 8 )(1,(%B1),(%B2)) A2>9AB2> 2K?>;=5=> 
02B><0B8G5A:8), 40;55 4>:065<, GB> B>340 A2>9AB2> 2K?>;=O5BAO 8 4;O )(n,(%B1),(%B2)). 
!0G=5< A ?5@5=>A0 (n-1) 48A:>2 =0 AB5@65=L (4). #>:0 =5 ?5@5428=CB (n-1)-K9 48A:, =8 
>48= 48A: =5 :;045BAO =5?>A@54AB25==> =0 48A: A =><5@>< n 8 7=0G8B B@51C5<>5 A2>9AB2> 
2K?>;=5=>. $0AA<>B@8< <><5=B, :>340 n-2 48A:>2 =0E>4OBAO =0 >4=>< AB5@6=5, 48A:8 A 
=><5@0<8 n-1 8 n - =0 4@C3>< AB5@6=5, 0 B@5B89 AB5@65=L ?CAB.  K ?5@5<5I05< 48A: A 
=><5@>< n-1. &5?5@L =C6=> ?5@5<5AB8BL ?5@2K5 n-2 48A:>2 =0 48A: A =><5@>< n-1, 

?>MB><C 48A:8 1C4CB >:07K20BLAO =0 48A:5 A =><5@>< n. �A;8 <K ?><5I05< 48A: A 
=><5@>< k =0 48A: A =><5@>< n, B> 4;O B>3>, GB>1K >1@07>20BL ?8@0<84C 48A:>2 A 
=><5@0<8 >B k 4> 1 8 8<5BL 2>7<>6=>ABL, ?5@5<5AB8BL 48A: A =><5@>< k+1 =0 48A: A 
=><5@>< n-1. !> ?>A:>;L:C B@51C5<>5 A2>9AB2> 2K?>;=O5BAO 4;O n-1 48A:>2, B> G5AB=>ABL 
k+1 48A:0 =5 <>65B A>2?040BL A G5B=>ABLN n-1. � 7=0G8B, >=0 A>2?0405B A G5B=>ABLN n, 8 
>BAN40 A;54C5B, GB> G5B=>ABL n 8 k @07;8G=0.  
 

�040=85  
 

%>3;0A=> ?>;CG5==><C 0;3>@8B<C A>7409B5 ?@>3@0<<C =0 0AA5<1;5@5. 
 

� A40G5 ;01>@0B>@=>9 ?@54>AB02;SRBAS: �K?>;=5==>5 7040=85. 
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#@0:B8G5A:0S @01>B0 № 12 $5H5=85 7040G =0 >?@545;5=85 @07<5@0 
AB@0=8F 28@BC0;P=>3> ?@>AB@0=AB20. 

 

*5;L: �A6>8BP @4AGTB @47<9@4 AB@4=8F 68@BC4;P=>7> ?@>AB@4=AB64 6 
7468A8<>AB8 >B @47=OE CA;>689. 

  5B>48G5A:85 C:070=8S 
 

#>SA=SRI0S 8=D>@<0F8S 
#@8 ?;0=8@>20=88 @07<5@0 28@BC0;L=>3> ?@>AB@0=AB20 CG8BK20NBAO B0:85 D0:B>@K: 

 �0@575@28@>20==>5 ?@>AB@0=AB2> 4;O >1I8E ?0?>: 8;8 B><>2 =0 ;>:0;L=>< C@>2=5. 
#@8<5@=> 12 % <5AB0 @575@28@C5BAO =0 ;>:0;L=>< C@>2=5 4;O :064>3> 
?>43>B>2;5==>3> <=>3>C@>2=52>3> B><0 8;8 >1I59 ?0?:8. #@8<5@=> 10 % <5AB0 
@575@28@C5BAO B0:65 4;O ;>:0;L=> 70:@5?;5==>3> B><0 4;O D09;>2>9 A8AB5<K. 

 #@>AB@0=AB2> 4;O <><5=B0;L=KE A=8<:>2. #@8<5@=> 15 % ?@>AB@0=AB20 =0 
;>:0;L=>< C@>2=5 @575@28@C5BAO 4;O <><5=B0;L=KE A=8<:>2. 

 !5>1E>48<>ABL 2 2>AAB0=>2;5=88. #@8 >?@545;5=88 @07<5@0 A;54C5B CG8BK20BL 
?@>AB@0=AB2>, =5>1E>48<>5 4;O 2>AAB0=>2;5=8O, 2K?>;=O5<>3> 2 :0G5AB25 =>2>9 
>?5@0F88. �>AAB0=>2;5=85 2K?>;=O5BAO 2 >1I89 @5AC@A 8;8 =0 B>< B0:>3> 65 
@07<5@0. 

 !5>1E>48<> 2K45;8BL =5:>B>@K9 >1J5< ?@>AB@0=AB20 =0 A;CG09 =5?@542845==>3> 
@>AB0. 

!0 >A=>25 ?@82545==KE 2KH5 D0:B>@>2 B@51>20=8O : @07<5@C <>6=> ?@54AB028BL A 
?><>ILN A;54CNI59 D>@<C;K: 

Total usable local disk size = (Total provisioned locally pinned volume/share 

size including space for file system) + (Max (local reservation for a 

volume/share) for all tiered volumes/share) + (Local reservation for all 

tiered volumes/shares) 

Data disk size = Total usable local disk size + Snapshot overhead + buffer 

for unexpected growth or new share or volume 

�040=85  
 

=5>1E>48<>:  
 ?>43>B>28BL <=>3>C@>2=52K9 B>< 8;8 >1ICN ?0?:C >1J5<>< 2 &�; 
 ?>43>B>28BL <=>3>C@>2=52K9 B>< 8;8 >1ICN ?0?:C >1J5<>< 1 &�; 
 ?>43>B>28BL ;>:0;L=> 70:@5?;5==K9 B>< 8;8 >1ICN ?0?:C >1J5<>< 300 ��. 

 

� A40G5 ;01>@0B>@=>9 ?@54>AB02;SRBAS: �K?>;=5==>5 7040=85. 
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 #@0:B8G5A:0S @01>B0 №13  $5H5=85 7040G =0 >?@545;5=85 @07<5@0 
AB@0=8F 28@BC0;P=>3> ?@>AB@0=AB20. 

 
*5;L: �A6>8BP @4AGTB @47<9@4 AB@4=8F 68@BC4;P=>7> ?@>AB@4=AB64 6 7468A8<>AB8 >B 
@47=OE CA;>689. 

  5B>48G5A:85 C:070=8S 

 
�040=85  
 

=5>1E>48<>:  

 ?>43>B>28BL <=>3>C@>2=52K9 B>< >1J5<>< 2 &�; 
 ?>43>B>28BL ;>:0;L=> 70:@5?;5==K9 B>< >1J5<>< 300 ��. 

 

� A40G5 ;01>@0B>@=>9 ?@54>AB02;SRBAS: �K?>;=5==>5 7040=85. 



 

 
21 

 

#@0:B8G5A:0S @01>B0 № 14 $5H5=85 7040G =0 @07@01>B:C <5B>4>2 
A8=E@>=870F88 A 8A?>;P7>20=85< A5<0D>@>2. 
 

*5;L: �A6>8BP @4AGTB @47<9@4 AB@4=8F 68@BC4;P=>7> ?@>AB@4=AB64 6 
7468A8<>AB8 >B @47=OE CA;>689. 

  5B>48G5A:85 C:070=8S 
 

#>SA=SRI0S 8=D>@<0F8S 

%8=E@>=870F8O =0 >A=>25 >1I8E A5<0D>@>2 
"1I89 A5<0D>@ (counting semaphore),?> -. �59:AB@5, - MB> F5;0O ?5@5<5==0O S, =04 
:>B>@>9 >?@545;5=K 425 0B><0@=KE A5<0D>@=KE >?5@0F88 wait (S) 8 signal (S) A> 
A;54CNI59 A5<0=B8:>9: 
wait (S): 

 while (S <= 0) do no-op; 

 S--; 

signal (S): 

 S++; 

(0:B8G5A:8, 5A;8 =0G0;L=>5 7=0G5=85 >1I53> A5<0D>@0 @02=> n (> 0), B> MB> G8A;> 70405B 
:>;8G5AB2> ?@>F5AA>2, :>B>@K5 <>3CB 15A?@5?OBAB25==> 2K?>;=8BL =04 A5<0D>@>< 
>?5@0F8N wait. 

%8=E@>=870F8O ?> :@8B8G5A:8< A5:F8O< A ?><>ILN >1I53> A5<0D>@0 >ACI5AB2;O5BAO 
A;54CNI8< >1@07><: 
/* >1I85 40==K5 */ 

semaphore mutex = 1; 

do { 

 wait (mutex); 

 :@8B8G5A:0O A5:F8O 
 signal (mutex); 

 >AB0;L=0O G0ABL :>40 
} while (1) 

$50;870F8O A5<0D>@>2 
%5<0D>@, ?> ACI5AB2C, O2;O5BAO AB@C:BC@>9 87 42CE ?>;59 3 F5;>3> 7=0G5=8O 8 C:070B5;O 
=0 A?8A>: 64CI8E ?@>F5AA>2: 
typedef struct { 

 int value; 

 struct process * L; 

} semaphore; 

#@8 @50;870F88 >?5@0F89 =04 A5<0D>@>< 1C45< ?@54?>;030BL =0;8G85 2 A8AB5<5 
A;54CNI8E ?@>AB59H8E ?@8<8B82>2 8 8A?>;L7>20BL 8E: 
block - 7045@68205B 8A?>;=5=85 ?@>F5AA0, 2K?>;=82H53> MBC >?5@0F8N; 
wakeup (P) 3 2>7>1=>2;O5B 8A?>;=5=85 ?@8>AB0=>2;5==>3> ?@>F5AA0 P. 

"?@545;8< A5<0D>@=K5 >?5@0F88 A;54CNI8< >1@07><: 
wait (S): 

 S.value--; 

 if (S.value < 0) { 

  8>546?9=89 B9>Cщ97> ?@>ц9AA4 > S.L; 
  block; 

 } 

signal (S): 

 S.value++; 

 if (S.value <= 0) { 

  C84?9=89 ?@>ц9AA4 P 87 S.L; 
  wakeup (P); 
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 } 

 

%5<0D>@K :0: >1I55 A@54AB2> A8=E@>=870F88 

!081>;55 ?@>AB>9 284 A8=E@>=870F88 459AB289, 2K?>;=O5<KE 2 42CE ?@>F5AA0E, - MB> 
8A?>;=5=85 459AB28O B 2 ?@>F5AA5 Pj ?>A;5 B>3>, :0: 459AB285 A 8A?>;=5=> 2 ?@>F5AA5 Pi . 

$0AA<>B@8<, :0: B0:CN A8=E@>=870F8N >ACI5AB28BL A ?><>ILN A5<0D>@>2. 
�A?>;L7C5< A5<0D>@ flag, 8=8F80;878@>20==K9 0. 
�>4 ?@>F5AA0 Pi: 

. . .  

 

A; 

signal (flag); 

�>4 ?@>F5AA0 Pj: 

. . .  

wait (flag); 

B; 

"1I85 8 42>8G=K5 A5<0D>@K 

�7 @0AA<>B@5==>3> OA=>, GB> 8<55BAO 420 2840 A5<0D>@>2: >1I89 - F5;0O ?5@5<5==0O A 
B5>@5B8G5A:8 =5>3@0=8G5==K< 7=0G5=85< - 8 42>8G=K9 - F5;0O ?5@5<5==0O, 7=0G5=8O<8 
:>B>@>9 <>3CB 1KBL B>;L:> 0 8;8 1. #@58<CI5AB2>< 42>8G=>3> A5<0D>@0 O2;O5BAO 53> 
2>7<>6=0O 1>;55 ?@>AB0O 0??0@0B=0O @50;870F8O. !0?@8<5@, 2 A8AB5<0E "-;L1@CA" 8 
Burroughs 5000 @50;87>20=K :><0=4K 0B><0@=>3> A5<0D>@=>3> AG8BK20=8O A ?@>25@:>9 
A5<0D>@=>3> 18B0. 
"G5284=>, GB> >1I89 A5<0D>@ <>65B 1KBL @50;87>20= A ?><>ILN 42>8G=>3> A5<0D>@0. 
�0@80=B >?5@0F88 wait (S) 4;O A8AB5<=KE ?@>F5AA>2 ("-;L1@CA") 
�;O A8AB5<=>3> ?@>F5AA0 ;8H=85 ?@5@K20=8O =565;0B5;L=K, 8 <>65B >:070BLAO 206=K< 
C45@6820BL ?@>F5AA>@ 70 A>1>9 =5:>B>@>5 2@5<O (=0?@8<5@, 4;O 1KAB@>3> 2K?>;=5=8O 
?;0=8@>20=8O 8 48A?5BG5@870F88 ?@>F5AA>2). % MB>9 F5;LN 2 A8AB5<5 "-;L1@CA" 
@50;87>20=0, 2 4>?>;=5=85 : >?5@0F88 640BL (S) @CA8D8F8@>20==>9 25@A88 
wait(S),>?5@0F8O 6C6(S) - "6C660BL" =0 ?@>F5AA>@5, B.5. 640BL =0 70:@KB>< A5<0D>@5, => 
=5 ?@5@K20BLAO 8 =5 >B4020BL ?@>F5AA>@, ?>:0 A5<0D>@ =5 1C45B >B:@KB >?5@0F859 
>B:@KBL(S) 
$50;870F8O >1I53> A5<0D>@0 A ?><>ILN 42>8G=KE A5<0D>@>2 
"1I89 A5<0D>@ <>65B 1KBL ?@54AB02;5= B@>9:>9 87 42CE 42>8G=KE A5<0D>@>2 8 F5;>9 
?5@5<5==>9: 
binary-semaphore S1 = 1; 

binary-semaphore S2 = 0; 

int C = =0G0;L=>5 7=0G5=85 >1I53> A5<0D>@0 S; 
"?5@0F8O wait: 

wait (S1); 

C--; 

if (C < 0) { 

 signal (S1); 

 wait (S2); 

} 

signal (S1); 

"?5@0F8O signal: 

wait (S1); 

C++; 

if (C >= 0) { 

 signal (S2); 

 }; 

signal (S1); 
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� 40==>9 @50;870F88 A5<0D>@ S1 8A?>;L7C5BAO 4;O 2708<=>3> 8A:;NG5=8O 4>ABC?0 : 
>1I59 F5;>9 ?5@5<5==>9 C. %5<0D>@ S2 8A?>;L7C5BAO 4;O E@0=5=8O >G5@548 64CI8E 
?@>F5AA>2 2 A;CG05, 5A;8 >1I89 A5<0D>@ ?5@5E>48B 2 70:@KB>5 A>AB>O=85. 
$5H5=85 :;0AA8G5A:8E 7040G A8=E@>=870F88 A ?><>ILN A5<0D>@>2 
�040G0 ">3@0=8G5==K9 1CD5@".�<5NBAO B@8 :;0AA8G5A:8E 7040G8 A8=E@>=870F88 
?@>F5AA>2, @5H5=8O :>B>@KE A ?><>ILN A5<0D>@>2 <K @0AA<>B@8<: 

 >3@0=8G5==K9 1CD5@ (bounded buffer problem) 

 G8B0B5;8 3 ?8A0B5;8 (readers 3 writers problem) 

 - >1540NI85 D8;>A>DK (dining philosophers problem). 

� 40==>< @0745;5 @0AA<>B@8< @50;870F8N A ?><>ILN A5<0D>@>2 7040G8 >3@0=8G5==K9 
1CD5@:8<5NBAO ?@>F5AA-?@>872>48B5;L 8 ?@>F5AA-?>B@518B5;L, 2708<>459AB2CNI85 A 
?><>ILN F8:;8G5A:>3> 1CD5@0 >3@0=8G5==>9 4;8=K; ?@>872>48B5;L 35=5@8@C5B M;5<5=BK 
8=D>@<0F88 8 70?8AK205B 2 1CD5@; ?>B@518B5;L 8A?>;L7C5B 8=D>@<0F8>==K5 M;5<5=BK 87 
1CD5@0 8 C40;O5B 8E. 
�C45< 8A?>;L7>20BL B@8 >1I8E A5<0D>@0: 
semaphore full = n; 

semaphore empty = 0; 

semaphore mutex = 1; 

%5<0D>@ full A83=0;878@C5B > ?5@5?>;=5=88 1CD5@0, empty 3 >1 8AG5@?0=88 1CD5@0, mutex 

3 8A?>;L7C5BAO 4;O 2708<=>3> 8A:;NG5=8O 459AB289 =04 1CD5@><. 
�>4 ?@>F5AA0-?@>872>48B5;O 8<55B 284: 
do { 

 . . .  

 A35=5@8@>20BL M;5<5=B 2 nextp 
 . . .  

 wait (full); 

 wait (mutex); 

 . . . 

 4>1028BL nextp : 1CD5@C 
 . . .  

 signal (mutex); 

 signal (empty); 

} while (1); 

�>4 ?@>F5AA0-?>B@518B5;O: 
do { 

 wait (empty); 

 wait (mutex); 

 . . . 

 27OBL 8 C40;8BL M;5<5=B 87 1CD5@0 2 nextc 
 . . .  

 signal (mutex); 

 signal (full); 

 . . . 

} while (1); 

#>OA=8< 8A?>;L7>20=85 A5<0D>@>2. %5<0D>@ mutex 8A?>;L7C5BAO "A8<<5B@8G=>"; =04 =8< 
2K?>;=O5BAO ?0@0 >?5@0F89: wait & signal 3 A5<0D>@=K5 A:>1:8. �3> @>;L 3 G8AB> 
2708<=>5 8A:;NG5=85 :@8B8G5A:8E A5:F89. %5<0D>@ empty A83=0;878@C5B >1 8AG5@?0=88 
1CD5@0. � =0G0;5 >= 70:@KB, B0: :0: M;5<5=B>2 2 1CD5@5 =5B. #>MB><C ?@8 70:@KB>< 
A5<0D>@5 empty ?>B@518B5;L 2K=C645= 640BL. "B:@K205B A5<0D>@ empty ?@>872>48B5;L, 
?>A;5 B>3>, :0: >= 70?8AK205B 2 1CD5@ >G5@54=>9 M;5<5=B. %5<0D>@ full A83=0;878@C5B > 
?5@5?>;=5=88 1CD5@0. � =0G0;5 >= @025= n 3 <0:A8<0;L=><C G8A;C M;5<5=B>2 2 1CD5@5. 
#@>872>48B5;L ?5@54 70?8ALN M;5<5=B0 2 1CD5@ 2K?>;=O5B >?5@0F8N wait 

(full),30@0=B8@CO, GB>, 5A;8 1CD5@ ?5@5?>;=5=, 70?8A8 =>2>3> M;5<5=B0 2 1CD5@ =5 1C45B. 
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"B:@K205B A5<0D>@ full ?>B@518B5;L, ?>A;5 B>3>, :0: >= >A2>1>48; >G5@54=>9 M;5<5=B 
1CD5@0. 
�0<5B8<, GB> 4065 2 B0:>9 A@02=8B5;L=> ?@>AB>9 7040G5 8A?>;L7>20=85 A5<0D>@>2 25AL<0 
=5B@8280;L=> 8 =5 2?>;=5 =0456=> 3 >G5=L ;53:> A45;0BL >H81:C. %B>8B 701KBL >B:@KBL 
A5<0D>@, ;81> ?5@5?CB0BL 420 A5<0D>@0 ?@8 >?5@0F8OE, 8 2 ?@>3@0<<5 <>65B 2>7=8:=CBL 
2708<=0O 1;>:8@>2:0 ?@>F5AA>2. 

$5H5=85 A ?><>ILN A5<0D>@>2 7040G8 "G8B0B5;8 3 ?8A0B5;8" 
%CBL 7040G8 G8B0B5;8-?8A0B5;8 2 A;54CNI5<: 8<55BAO >1I89 @5AC@A 8 425 3@C??K 
?@>F5AA>2: G8B0B5;8 (:>B>@K5 <>3CB B>;L:> G8B0BL @5AC@A, => =5 87<5=ONB 53>) 8 ?8A0B5;8 
(:>B>@K5 87<5=ONB @5AC@A). � :064K9 <><5=B @01>B0BL A @5AC@A>< <>65B A@07C =5A:>;L:> 
G8B0B5;59 (:>340 @5AC@A =5 87<5=O5BAO ?8A0B5;O<8), => =5 1>;55 >4=>3> ?8A0B5;O. 
!5>1E>48<> A8=E@>=878@>20BL 8E 459AB28O =04 @5AC@A>< 8 >15A?5G8BL 2708<=>5 
8A:;NG5=85 A>>B25BAB2CNI8E :@8B8G5A:8E A5:F89. 

�C45< 8A?>;L7>20BL 420 A5<0D>@0 8 F5;CN ?5@5<5==CN: 
semaphore mutex = 1; 

semaphore wrt = 1; 

int readcount = 0; 

%5<0D>@ mutex 8A?>;L7C5BAO G8B0B5;O<8 4;O 2708<=>3> 8A:;NG5=8O >?5@0F89 =04 
?5@5<5==>9 readcount (AG5BG8:>< G8B0B5;59). %5<0D>@ wrt 8A?>;L7C5BAO 4;O 2708<=>3> 
8A:;NG5=8O ?8A0B5;59. 
$50;870F8O ?@>F5AA0-?8A0B5;O >A>1KE :><<5=B0@852 =5 B@51C5B: 
wait (wrt); 

. . . 

87<5=5=85 @5AC@A0 
. . .  

signal (wrt); 

$50;870F8O ?@>F5AA0-G8B0B5;O =5A:>;L:> 1>;55 A;>6=0: 
wait (mutex); 

readcount++; 

if (readcount == 1) { 

 wait (wrt); 

} 

signal (mutex); 

. . . 

GB5=85 @5AC@A0  
. . . 

wait (mutex); 

readcount--; 

if (readcount == 0) { 

 signal (wrt); 

} 

#@>F5AA-G8B0B5;L, 2>-?5@2KE, 4>;65= C25;8G8BL 7=0G5=85 readcount, ?@8G5< >15A?5G8BL 
2708<=>5 8A:;NG5=85 4;O 459AB289 =04 readcount A ?><>ILN A5<0D>@0 mutex.�0;55, 5A;8 
?@>F5AA O2;O5BAO ?5@2K< G8B0B5;5<, >= 4>;65= 70:@KBL A5<0D>@ wrt, GB>1K 8A:;NG8BL 
>4=>2@5<5==>5 A GB5=85< 87<5=5=85 @5AC@A0 ?8A0B5;O<8. #> >:>=G0=88 GB5=8O @5AC@A0, 
G8B0B5;L 2 0=0;>38G=>< AB8;5 2=>2L C<5=LH05B readcount. �A;8 ?@8 MB>< >=> >1=C;O5BAO 
(B.5. MB> ?>A;54=89 =0 40==K9 <><5=B G8B0B5;L), B> G8B0B5;L >B:@K205B A5<0D>@ wrt, 

A83=0;878@CO ?8A0B5;O<, GB> >=8 <>3CB 87<5=OBL @5AC@A. 
 

�040=85  
$50;87C9B5 0;3>@8B< @5H5=8O 7040G8 G8B0B5;8-?8A0B5;8 A 8A?>;L7>20=85< A5<0D>@>2. 
 

� A40G5 ;01>@0B>@=>9 ?@54>AB02;SRBAS: �K?>;=5==>5 7040=85. 
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#@0:B8G5A:0S @01>B0 № 15 !0?8A0=85 ?@>3@0<< =0 S7O:5 
�AA5<1;5@ A 8A?>;P7>20=85< ?@S<>9 04@5A0F88. 

 

&5;P @01>BO: �>;CG9=89 ?@4:B8G9A:8E =46O:>6 @45>BO A ?@S<>9 
48@9A4F899 9T @47=>688=>ABS<8.  

 

 5B>48G5A:85 C:070=8S 

#>SA=SRI0S 8=D>@<0F8S  

$538AB@K @01>B0NI85 A ?@O<>9 04@5A0F859: 
$07CG8BL @538AB@K >1I53> =07=0G5=8O ��) 3 @538AB@-AC<<0B>@, ��) 3 107>2K9 
@538AB@, �%) - @538AB@-AG5BG8:, EDX - @538AB@ 40==KE. 
$07CG8BL :><0=4K Mov-?><5AB8BL, Sub-2KG5ABL, Add-A;>68BL, Mul-C<=>68BL,  Div-

45;8BL. !07=0G5=85 :204@0B=KE A:>1>:. 
- #@O<0O 04@5A0F8O - 5A;8 8725AB5= 04@5A >?5@0=40 @0A?>;030NI53>AO 2 ?0<OB8 

mov ax,es:0001 

mov ax, es:word_var 

- !5?>A@54AB25==0O 04@5A0F8O - 7=0G5=85 >?5@0=40 O2;O5BAO G0ABLN <0H8==>9 
:><0=4K. "?5@0=4 ?@54AB02;O5B A>1>9 :>=AB0=BC.  
mov al,5 

add bx,1234h 

mov dx,a 

- "B=>A8B5;L=0O ?@O<0O 04@5A0F8O - 8A?>;L7C5BAO 2 :><0=40E ?5@540G8 C?@02;5=8O. � 
<0H8==>9 :><0=45 A>45@68BAO A<5I5=85, :>B>@>5 ?@8102;O5BAO : 7=0G5=8N C:070B5;O 
:><0=4 IP. &> 5ABL C:07K205BAO =5 A0< 04@5A ?5@5E>40, 0 =0 A:>;L:> 109B>2 2?5@P4 8;8 
=0704 =04> ?5@59B8. metka: 

    ... 

    loop metka  

' B0:>3> @568<0 04@5A0F88 420 ?@58<CI5AB20. �>-?5@2KE, <0H8==0O :><0=40 AB0=>28BAO 
:>@>G5, B0: >=0 A>45@68B =5 ?>;=K9 04@5A, 0 B>;L:> A<5I5=85. �>-2B>@KE, B0:>9 :>4 =5 
7028A8B >B 04@5A0, ?> :>B>@><C >= @07<5I05BAO 2 ?0<OB8. 
 - $538AB@>20O 04@5A0F8O - "?5@0=4 =0E>48BAO 2 @538AB@5.  
add ax,bx 

- #@O<0O 04@5A0F8O 2 ?0<OB8 4 >?5@0=4K @0A?>;030NBAO 2 >?5@0B82=>9 ?0<OB8  ?> 
8725AB=><C =0 MB0?5 0AA5<1;8@>20=8O 04@5AC. &0:>9 04@5A >1KG=> 7040PBAO A ?><>ILN 
A8<2>;8G5A:>3> 8<5=8: «<5B:8».  
        MOV     AX, (x) 

        ADD     AX, (y) 

 

�040=85 
�KG8A;8B5 7=0G5=85 <=>3>G;5=0 2x^4 - 3x^2 + x - 5 2 B>G:5 x = 7 (7040=> 2 A53<5=B5 
40==KE). +5B2P@B0O AB5?5=L x 4>;6=0 2KG8A;OBLAO A ?><>ILN 2>72545=8O 2 :204@0B 
2B>@>9. 
�KG8A;8B5 7=0G5=85 2K@065=8O 3x^4 / 8 - x^3 \% 5 + x - 1 2 B>G:0E x = 3, 6, 9 (2 F8:;5 
LOOP). 

 

� A40G5 ;01>@0B>@=>9 ?@54>AB02;SRBAS: �K?>;=5==>5 7040=85.  
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#@0:B8G5A:0S @01>B0 № 16 !0?8A0=85 ?@>3@0<< =0 S7O:5 �AA5<1;5@ =0 
8A?>;P7>20=85 ;>38G5A:8E >?5@0F89. 

&5;P @01>BO: �>;CG9=89 ?@4:B8G9A:8E =46O:>6 @45>BO A ;>78G9A:8<8 
>?9@4F8S<8.  

 

 5B>48G5A:85 C:070=8S 
 

#>SA=SRI0S 8=D>@<0F8S  
$07CG8BL :><0=4K ;>38G5A:8E >?5@0F89: 
AND - �>38G5A:>5 � 

    and ax,bx            

    and cl,11111110b    ;"1=C;5=85 <;04H53> 18B0 CL 

    and dl,00001111b    ;"1=C;5=85 AB0@H59 B5B@04K DL 

OR - �>38G5A:>5 ��� 

    or al,dl             

    or bl,10000000b     ;'AB0=>28BL 7=0:>2K9 18B BL 

    or cl,00100101b     ;�:;NG8BL 18BK 0,2,5 CL 

NOT - �>38G5A:>5 !� 

not byte[bx] 

XOR - �>38G5A:>5 8A:;NG0NI55 ��� 

    xor si,di           ;SI = SI ^ DI 

    xor al,11110000b    ;�=25@A8O AB0@H59 B5B@04K AL 

    xor bp,8000h        ;�=25@A8O 7=0:>2>3> 18B0 BP 

 

За4ани5  
"1JO28B5 ?5@5<5==CN x :0: 42>9=>5 A;>2> A :0:8<-B> 7=0G5=85<. �=25@B8@C9B5 7-9, 15-9 
8 31-9 18B. "1=C;8B5 <;04H89 109B ?5@5<5==>9. #@8A2>9B5 548=8G=>5 7=0G5=85 18B0< 
11-14 8 28-30. $57C;LB0B A>E@0=8B5 2 ?5@5<5==>9 y (5AB5AB25==>, >=0 B>65 4>;6=0 1KBL 
>1JO2;5=0 :0: 42>9=>5 A;>2>). �=25@B8@C9B5 7=0G5=85 x. 
 

� A40G5 ;01>@0B>@=>9 ?@54>AB02;SRBAS: �K?>;=5==>5 7040=85. 
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#$��&�'Е%��/  $��"&� № 17 !0?8A0=85 ?@>3@0<< =0 S7O:5 
�AA5<1;5@ =0 8A?>;P7>20=85 ?5@5E>4>2. 

&5;P @01>BO: �>;CG9=89 ?@4:B8G9A:8E =46O:>6 @45>BO A ?9@9E>84<8.  

 

 5B>48G5A:85 C:070=8S 
 

#>SA=SRI0S 8=D>@<0F8S 

- JMP - :><0=40 157CA;>2=>3> ?5@5E>40. 
jmp metka       ;#5@5E>4 =0 <5B:C 
jmp bx             ;#5@5E>4 ?> 04@5AC 2 BX 

jmp word[bx]  ;#5@5E>4 ?> 04@5AC, A>45@60I5<CAO 2 ?0<OB8 ?> 04@5AC 2 BX 

- 'A;>2=K5 ?5@5E>4K  

�><0=40 #5@5E>4, 5A;8 'A;>285 ?5@5E>40 
JZ/JE =C;L 8;8 @02=> ZF=1 

JNZ/JNE =5 =C;L 8;8 =5 @02=> ZF=0 

JC/JNAE/JB 5ABL ?5@5?>;=5=85/=5 2KH5 8 =5 @02=>/=865 CF=1 

JNC/JAE/JNB =5B ?5@5?>;=5=8O/2KH5 8;8 @02=>/=5 =865 CF=0 

JP G8A;> 548=8G=KE 18B GPB=>5 PF=1 

JNP G8A;> 548=8G=KE 18B =5GPB=>5 PF=0 

JS 7=0: @025= 1 SF=1 

JNS 7=0: @025= 0 SF=0 

JO 5ABL ?5@5?>;=5=85 OF=1 

JNO =5B ?5@5?>;=5=8O OF=0 

JA/JNBE 2KH5/=5 =865 8 =5 @02=> CF=0 8 ZF=0 
JNA/JBE =5 2KH5/=865 8;8 @02=> CF=1 8;8 ZF=1 
JG/JNLE 1>;LH5/=5 <5=LH5 8 =5 @02=> ZF=0 8 SF=OF 

JGE/JNL 1>;LH5 8;8 @02=>/=5 <5=LH5 SF=OF 

JL/JNGE <5=LH5/=5 1>;LH5 8 =5 @02=> SF≠OF 

JLE/JNG <5=LH5 8;8 @02=>/=5 1>;LH5 ZF=1 8;8 SF≠OF 

JCXZ A>45@68<>5 CX @02=> =C;N CX=0 

  

�040=85 
 

!0?8H8B5 ?@>3@0<<C 4;O A@02=5=8O 42CE ?5@5<5==KE A> 7=0:>< a 8 b. � 7028A8<>AB8 >B 
@57C;LB0B>2 A@02=5=8O 2K2548B5 «a < b», «a > b» 8;8 «a = b».  
 

� A40G5 ;01>@0B>@=>9 ?@54>AB02;SRBAS: �K?>;=5==>5 7040=85. 

 

http://asmworld.ru/spravochnik-komand/jmp

