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1 Введение

�¯¥à�æ¨ï úã¬−®¦¥−¨¥ ¤¢ãå ®¯¥à�−¤®¢ ¨ á«®¦¥−¨¥ á âà¥âì¨¬ ®¯¥à�−¤®¬û
(Fused Multiply-Add, FMA) | ®¤−� ¨§ −�¨¡®«¥¥ ç�áâ® ¨á¯®«ì§ã¥¬ëå ¢ à�á-
¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨ïå. ‚ «¨â¥à�âãà¥ ¨§¢¥áâ−ë ¬−®£®ç¨á«¥−−ë¥ à¥�«¨§�æ¨¨
¤�−−®© ®¯¥à�æ¨¨, ®â−®áïé¨¥áï ª ª«�ááã á¨−åà®−−ëå áå¥¬ (á¬., −�¯à¨¬¥à, [1{7]).
�¤−�ª® −�¨«ãçè¥¥ á®ç¥â�−¨¥ ¯®âà¥¡¨â¥«ìáª¨å å�à�ªâ¥à¨áâ¨ª ¡«®ª� FMA ®¡¥á-
¯¥ç¨¢�¥âáï ¯à¨¬¥−¥−¨¥¬ á�¬®á¨−åà®−−ëå (‘‘) áå¥¬, −¥ §�¢¨áïé¨å ®â §�¤¥à¦¥ª
í«¥¬¥−â®¢ (Speed Independent, SI).
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‘�¬®á¨−åà®−−ë© ã¬−®¦¨â¥«ì á −�ª®¯«¥−¨¥¬: ¯à�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï

÷¨á. 1 ‚�à¨�−âë à¥�«¨§�æ¨¨ SIFMA: á �á¨−åà®−−ë¬ (�) ¨ á¨−åà®−−ë¬ (¡) ®ªàã¦¥−¨¥¬

–¥«ì ¤�−−®© áâ�âì¨ | à�§à�¡®âª� ¤¢ãå ¢�à¨�−â®¢ ãáâà®©áâ¢� ã¬−®¦¥-
−¨ï-á«®¦¥−¨ï (SIFMA), ¯à¥¤−�§−�ç¥−−ëå ¤«ï à�¡®âë á à�§−ë¬ ®ªàã¦¥−¨¥¬.
�¡� ¢�à¨�−â� á®®â¢¥âáâ¢ãîâ áâ�−¤�àâã IEEE 754 [8], ¯à¨−�¤«¥¦�â ª ª«�ááã
SI-ãáâà®©áâ¢ [9], ®¡«�¤�îâ à�áè¨à¥−−ë¬¨ äã−ªæ¨®−�«ì−ë¬¨ ¢®§¬®¦−®áâï¬¨
¨ ¨¬¥îâ á¡�«�−á¨à®¢�−−ë¥ å�à�ªâ¥à¨áâ¨ª¨. �¥à¢ë© ¢�à¨�−â SIFMA (¤�«¥¥
¯® â¥ªáâã | �á¨−åà®−−ë©) ¯à¥¤−�§−�ç¥− ¤«ï à�¡®âë á �á¨−åà®−−ë¬ ®ªàã¦¥-
−¨¥¬ ¨ ¯®§¢®«ï¥â ¢ ¬�ªá¨¬�«ì−®© áâ¥¯¥−¨ ¨á¯®«ì§®¢�âì ¯à¥¨¬ãé¥áâ¢� CC áå¥¬
(à¨á. 1, �). ‚â®à®© ¢�à¨�−â (á¨−åà®−−ë©) ãç¨âë¢�¥â −¥®¡å®¤¨¬®áâì á®£«�á®-
¢�−¨ï ¢å®¤−®£® ¨ ¢ëå®¤−®£® ¨−â¥àä¥©á� CC-ãáâà®©áâ¢� ã¬−®¦¥−¨ï-á«®¦¥−¨ï
á á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬ (à¨á. 1, ¡).

2 Структурная схема SIFMA

÷�áá¬�âà¨¢�¥¬ë¥ ¢�à¨�−âë SIFMA à�§à�¡®â�−ë −� ®á−®¢¥ ‘‘-ï¤à�. �¤−�-
ª® ¤¥â¥à¬¨−¨à®¢�−−®áâì ¯à®æ¥áá� ¯®¤�ç¨ ®¯¥à�−¤®¢ −� ¢å®¤ SIFMA (−� ª�¦¤®¬
â�ªâ¥ á¨áâ¥¬−®© ç�áâ®âë) ¯à¨ −�«¨ç¨¨ á¨−åà®−−®£® ®ªàã¦¥−¨ï −¥ ¯®§¢®«ï¥â
¢ ¯®«−®© ¬¥à¥ ¨á¯®«ì§®¢�âì â®â ä�ªâ, çâ® ¢à¥¬ï ¢ë¯®«−¥−¨ï ®¯¥à�æ¨¨ ¢ SIFMA
§�¢¨á¨â ®â â¨¯� ®¯¥à�æ¨¨ ¨ §−�ç¥−¨ï ®¯¥à�−¤®¢. �®íâ®¬ã ¤«ï ®¡¥á¯¥ç¥−¨ï
¬�ªá¨¬�«ì−®© íää¥ªâ¨¢−®áâ¨ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá� ¨ ¤®áâ¨¦¥−¨ï ¯à¥¤¥«ì-
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

−®£® ¡ëáâà®¤¥©áâ¢¨ï ¢�à¨�−â ¤«ï á¨−åà®−−®£® ®ªàã¦¥−¨ï á®¤¥à¦¨â ãáâà®©áâ¢�
á®¯àï¦¥−¨ï á á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬ | ¢å®¤−®¥ ¨ ¢ëå®¤−®¥ FIFO (first in,
first out), â�ª¦¥ ¢ë¯®«−¥−−ë¥ ¢ áâ¨«¥ SI-ãáâà®©áâ¢. ÷¥§ã«ìâ¨àãîé�ï áå¥¬�
ãáâà®©áâ¢� ¯®ª�§�−� −� à¨á. 1, ¡.

‚å®¤−ë¥ ¤�−−ë¥ §�¯¨áë¢�îâáï ¢ FIFO á¨−åà®−−® ¯® äà®−âã â�ªâ®¢®£®
á¨£−�«� Clk. ‘¨−åà®−−®¥ ®ªàã¦¥−¨¥ −¥ ¦¤¥â ¯®¤â¢¥à¦¤¥−¨ï ¯à¨¥¬� ¤�−−ëå
®â SIFMA, −® á«¥¤¨â §� ¤®¯®«−¨â¥«ì−ë¬ á¨£−�«®¬ Stop, á¢¨¤¥â¥«ìáâ¢ãîé¨¬
® §�¯®«−¥−¨¨ FIFO. ‚ëå®¤−ë¥ ¤�−−ë¥ â�ª¦¥ áç¨âë¢�îâáï á¨−åà®−−® ¯® äà®−âã
â�ªâ®¢®£® á¨£−�«� Clk, −® â®«ìª® ¯à¨ −�«¨ç¨¨ �ªâ¨¢−®£® ãà®¢−ï −� ¢ëå®¤¥
Ready. ‚ á¢®î ®ç¥à¥¤ì, á¨−åà®−−®¥ ®ªàã¦¥−¨¥ ¨−ä®à¬¨àã¥â ¢ëå®¤−®¥ FIFO
á¨£−�«®¬ Used ® â®¬, çâ® ®−® ¯à¨−ï«® â¥ªãé¨© à¥§ã«ìâ�â ¨ ¡®«ìè¥ −¥ −ã¦¤�¥âáï
¢ −¥¬. ‚ ª�ç¥áâ¢¥ â�ª®£® á¨£−�«� ¬®¦¥â ¨á¯®«ì§®¢�âìáï á¨−åà®á¨£−�« ¢ à¥£¨áâà¥
á¨−åà®−−®£® ®ªàã¦¥−¨ï, ä¨ªá¨àãîé¥¬ à¥§ã«ìâ�â ®¯¥à�æ¨¨.

‚ ª�ç¥áâ¢¥ FIFO ¨á¯®«ì§®¢�−ë ‘‘ ¯®«ã¯«®â−ë¥ à¥£¨áâàë á¤¢¨£� [10,
à¨á. 11.9] ¥¬ª®áâìî ç¥âëà¥ á«®¢� ¤�−−ëå. ‘å¥¬� ®¤−®£® FIFO ¯®ª�§�−� −�
à¨á. 2. �â¤¥«ì−ë¬¨ ®ââ¥−ª�¬¨ ¨§®¡à�¦¥−ë ¢å®¤−�ï £®«®¢ª�, ¢−ãâà¥−−¨© í«¥-
¬¥−â ¨ ¢ëå®¤−�ï £®«®¢ª� FIFO. ‡� áç¥â ¯¥à¥ªà¥áâ−ëå ®¡à�â−ëå á¢ï§¥© ª�¦¤ë©
à�§àï¤ ¤�−−®£® FIFO ú¯à®â�«ª¨¢�¥âû ¯à¨−ïâë© ¡¨â ¨−ä®à¬�æ¨¨ áà�§ã ¤® ¯®-
á«¥¤−¥© −¥§�−ïâ®© ïç¥©ª¨ FIFO. ‚å®¤−�ï £®«®¢ª� ¢å®¤−®£® FIFO ¯à¨−¨¬�¥â ®â
á¨−åà®−−®£® ®ªàã¦¥−¨ï ¨−ä®à¬�æ¨î ¢ âà�¤¨æ¨®−−®¬ ¤«ï á¨−åà®−−ëå áå¥¬ ¢¨¤¥:
¤�−−ë¥ ¯«îá á¨−åà®á¨£−�« | ¨ ¯à¥®¡à�§ã¥â ¥¥ ¢ ¯�à�ä�§−®¥ ¯à¥¤áâ�¢«¥−¨¥.

‚å®¤−�ï £®«®¢ª� ¢ëå®¤−®£® FIFO à�¡®â�¥â á ‘‘-ãáâà®©áâ¢�¬¨, −® ¥¥ áå¥¬�
¨¤¥−â¨ç−� ¢å®¤−®© £®«®¢ª¥ ¢å®¤−®£® FIFO: à®«ì á¨−åà®á¨£−�«� ¨£à�¥â ¯®à�§-
àï¤−ë© ¨−¤¨ª�â®à−ë© ¢ëå®¤ ¯à¥¤è¥áâ¢ãîé¥£® ¡«®ª� SIFMA.

Ÿ¤à®¬ ®¡®¨å ¢�à¨�−â®¢ SIFMA ï¢«ï¥âáï á®¡áâ¢¥−−® ¢ëç¨á«¨â¥«ì ®¯¥à�æ¨¨
ã¬−®¦¥−¨ï-á«®¦¥−¨ï, áâàãªâãà−�ï áå¥¬� ª®â®à®£® ¯®ª�§�−� −� à¨á. 3. …£® ¢å®¤-
−®© ¨ ¢ëå®¤−®© ¨−â¥àä¥©áë á®¤¥à¦�â ¢á¥ −¥®¡å®¤¨¬ë¥ á¨£−�«ë ¤«ï ®à£�−¨§�æ¨¨
¢§�¨¬®¤¥©áâ¢¨ï SIFMA á �á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬.

‚å®¤−ë¥ ®¯¥à�−¤ë | ®¡à�¡�âë¢�¥¬ë¥ ç¨á«� X, Y , Z ¨ ¯à¨§−�ª¨ ®¯¥à�æ¨¨ R

(â¨¯ ®ªàã£«¥−¨ï, â®ç−®áâì ¨ å�à�ªâ¥à ®¯¥à�æ¨¨) ¯®áâã¯�îâ −� ¢å®¤ SIFMA
�á¨−åà®−−®. ˆå £®â®¢−®áâì ¯®¤â¢¥à¦¤�¥âáï á¨£−�«®¬ RqI á® áâ®à®−ë ¨áâ®ç−¨ª�.
SIFMA §�¯®¬¨−�¥â ¤�−−ë¥ ¢® ¢å®¤−ëå à¥£¨áâà�å ¡«®ª®¢ ã¬−®¦¨â¥«ï ¨ ®¡à�¡®âª¨
íªá¯®−¥−â (“��1 ¨ “��2) ¨ ¨§¢¥é�¥â ®¡ ®ª®−ç�−¨¨ íâ®© ¯à®æ¥¤ãàë á¨£−�«®¬
AckI. ‚å®¤ Rst á«ã¦¨â ¤«ï −�ç�«ì−®£® á¡à®á� ãáâà®©áâ¢�.

�â¬¥â¨¬, çâ® SIFMA á¯®á®¡¥− ®¤−®¢à¥¬¥−−® ¢ë¯®«−¨âì ¤¢¥ ®¯¥à�æ¨¨:
úZ +X ∗ Y û ¨ úZ − X ∗ Y û | ¡«�£®¤�àï −�«¨ç¨î ¤¢ãå ¯�à�««¥«ì−ëå ¯ãâ¥©
®¡à�¡®âª¨ ¯à®¨§¢¥¤¥−¨ï ¨ âà¥âì¥£® ®¯¥à�−¤�.

�� ¢ëå®¤¥ SIFMA ä®à¬¨àã¥âáï áã¬¬� FMA ¨/¨«¨ à�§−®áâì FMS ¨ á®¯ãâ-
áâ¢ãîé¨¥ ä«�£¨ à¥§ã«ìâ�â� RFA ¨ RFS. ƒ®â®¢−®áâì à¥§ã«ìâ�â� ¨−¤¨æ¨àã¥âáï
á¨£−�«®¬ RqO. �ª®−ç�−¨¥ çâ¥−¨ï à¥§ã«ìâ�â� �á¨−åà®−−®¥ ®ªàã¦¥−¨¥ SIFMA
¯®¤â¢¥à¦¤�¥â á¨£−�«®¬ AckO.

��¨¡®«¥¥ á«®¦−ë¬ äã−ªæ¨®−�«ì−ë¬ ¡«®ª®¬ ¢ á®áâ�¢¥ SIFMA ï¢«ï¥âáï
ã¬−®¦¨â¥«ì ¬�−â¨áá 53× 53 (áâ�àè¨© à�§àï¤ | ¯®¤à�§ã¬¥¢�¥¬�ï, −® ®âáãâáâ¢ã-
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

÷¨á. 3 ‘âàãªâãà−�ï áå¥¬� ï¤à� SIFMA

îé�ï ¢ ä®à¬�â¥ ¯à¥¤áâ�¢«¥−¨ï ç¨á¥« ¯® áâ�−¤�àâã IEEE 754 ¥¤¨−¨æ� æ¥«ëå;
¬«�¤è¨¥ 52-à�§àï¤� | ¬�−â¨áá� ç¨á«�). �− à¥�«¨§®¢�− −� ®á−®¢¥ ¬®¤¨ä¨-
æ¨à®¢�−−®£® �«£®à¨â¬� �ãâ� (Booth) á ®á−®¢�−¨¥¬ Radix-2 ¨ ¤¥à¥¢� “®««¥á�
(Wallace) [11, 12]. ‚ëå®¤®¬ ¢á¥£® ¤¥à¥¢� “®««¥á� ï¢«ïîâáï ¤¢� 106-à�§àï¤−ëå
®¯¥à�−¤�: áã¬¬ë ¨ ¬¥¦à�§àï¤−®£® ¯¥à¥−®á�. „¢®¨ç−ë© à¥§ã«ìâ�â ¯¥à¥¬−®¦¥−¨ï
¤¢ãå ¢å®¤−ëå ®¯¥à�−¤®¢ ¯®«ãç�¥âáï á ¯®¬®éìî ¨å á«®¦¥−¨ï −� 106-à�§àï¤−®¬
áã¬¬�â®à¥ á à�á¯à®áâà�−¥−¨¥¬ ¯¥à¥−®á�.

ˆáá«¥¤®¢�−¨ï ¯®ª�§�«¨, çâ® ¯®¢ëè¥−¨¥ ¡ëáâà®¤¥©áâ¢¨ï ¯à¨ ¯à�ªâ¨ç¥áª¨
â�ª¨å ¦¥ �¯¯�à�âãà−ëå §�âà�â�å ¤®áâ¨£�¥âáï ¯à¨ ¨á¯®«ì§®¢�−¨¨ á¯¥æ¨�«ì−®£®
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

‘‘-ª®¤¨à®¢�−¨ï, ®á−®¢�−−®£® −� âà®¨ç−®¬ ¨§¡ëâ®ç−®¬ ¯à¥¤áâ�¢«¥−¨¨ ®¡à�¡�-
âë¢�¥¬ëå ®¯¥à�−¤®¢. ‘å¥¬� ®¤−®£® à�§àï¤� áã¬¬�â®à� â�ª¨å ®¯¥à�−¤®¢ ¯®ª�§�−�
−� à¨á. 4.

‘¯¥æ¨�«ì−®¥ ä®à¬�â¨à®¢�−¨¥ ¢å®¤−ëå ¤�−−ëå ¤«ï �«£®à¨â¬� �ãâ� ¯®§¢®«ï¥â
¢ à�¬ª�å ®¤−®£® ã¬−®¦¥−¨ï ¯®«ãç¨âì «¨¡® ®¤¨− à¥§ã«ìâ�â ®¯¥à�æ¨¨ ¤¢®©−®©
â®ç−®áâ¨, «¨¡® áà�§ã ¤¢� à¥§ã«ìâ�â� ¤¢ãå ®¯¥à�æ¨© ®¤¨−�à−®© â®ç−®áâ¨.

�à¥¤«�£�¥¬�ï à¥�«¨§�æ¨ï SIFMA ¢ª«îç�¥â ¤¢� ¡«®ª� “��, à�¡®â�îé¨å
¯�à�««¥«ì−®. �â® ®¡¥á¯¥ç¨¢�¥â ¬�ªá¨¬�«ì−®¥ ¡ëáâà®¤¥©áâ¢¨¥ ¨ á¡�«�−á¨à®-
¢�−−®áâì áâã¯¥−¥© ª®−¢¥©¥à� ¯à¨ à�§ã¬−ëå �¯¯�à�âãà−ëå §�âà�â�å. Š�¦¤ë©
¡«®ª “�� ¢ë¯®«−ï¥â ã¬−®¦¥−¨¥ ®¯¥à�−¤®¢ X ¨ Y , � â�ª¦¥ �−�«¨§ ¨ ®¡à�¡®âªã
íªá¯®−¥−â ¢á¥å âà¥å ®¯¥à�−¤®¢ ¨ ¢ëà�¢−¨¢�−¨¥ ®¯¥à�−¤� Z.

�ç¥à¥¤−®áâì ¯à¥¤®áâ�¢«¥−¨ï −®¢ëå ®¯¥à�−¤®¢ ¡«®ª�¬ “�� −¥ §�¢¨á¨â ®â
¢à¥¬¥−¨ ¢ëç¨á«¥−¨ï ª�¦¤®£® ¡«®ª� ¨ ®¯à¥¤¥«ï¥âáï ¯à®áâë¬ ç¥à¥¤®¢�−¨¥¬. �â®
¯®§¢®«ï¥â ®âª�§�âìáï ®â ¨á¯®«ì§®¢�−¨ï �à¡¨âà�¦� ª�ª −� ¢å®¤¥ ¡«®ª®¢ “��,
â�ª ¨ −� ¨å ¢ëå®¤¥ ¨ á®åà�−¨âì ¯®á«¥¤®¢�â¥«ì−®áâì ¯®ï¢«¥−¨ï à¥§ã«ìâ�â� −�
¢ëå®¤¥ SIFMA, á®®â¢¥âáâ¢ãîé¥© ¯®àï¤ªã §�¤�−¨ï ®¯¥à�−¤®¢ −� ¢å®¤¥. ’�ª¨¬
®¡à�§®¬, ®ªàã¦¥−¨¥ SIFMA ¢á¥£¤� §−�¥â, à¥§ã«ìâ�â ª�ª®© ¨¬¥−−® ®¯¥à�æ¨¨
¯à¨áãâáâ¢ã¥â −� ¥£® ¢ëå®¤¥: SIFMA ¯à¥¤áâ�¢«ï¥â á®¡®© ª�ª ¡ë ®¤−® FIFO á®
á«®¦−®© äã−ªæ¨®−�«ì−®© −�ç¨−ª®©.

�®á«¥¤ãîé¨¥ ¡«®ª¨ ï¤à� SIFMA ®¡à�¡�âë¢�îâ ¯®áâã¯�îé¨¥ ¤�−−ë¥ ¢ ‘‘-
à¥¦¨¬¥: ¯® ¬¥à¥ £®â®¢−®áâ¨ ¤�−−ë¥ ¯¥à¥¤�îâáï ¨§ â¥ªãé¥£® ¡«®ª� ¢ á«¥¤ãîé¨©.
�à¨ç¥¬ ¬ã«ìâ¨¯«¥ªá®à ¤�−−ëå −� ¢ëå®¤¥ ¡«®ª®¢ “�� ¢ë¡¨à�¥â ¯à®¨§¢¥¤¥−¨¥
¬�−â¨áá ¤¢ãå ®¯¥à�−¤®¢, ¢ëà�¢−¥−−ãî ¢ á®®â¢¥âáâ¢¨¨ á® §−�ç¥−¨¥¬ íªá¯®−¥−â
¢á¥å âà¥å ®¯¥à�−¤®¢ ¬�−â¨ááã âà¥âì¥£® ®¯¥à�−¤� ¨ íªá¯®−¥−âã à¥§ã«ìâ�â� −�
¢ëå®¤¥ �ªâ¨¢−®£® ¢ ¤�−−ë© ¬®¬¥−â ª�−�«� ¨ à�á¯�à�««¥«¨¢�¥â ¤�«ì−¥©è¨¥
¢ëç¨á«¥−¨ï. ‘ã¬¬ë ¨ à�§−®áâì ¢ëà�¢−¥−−®£® âà¥âì¥£® ®¯¥à�−¤� ¨ ¯à®¨§¢¥¤¥-
−¨ï ¯¥à¢ëå ¤¢ãå ®¯¥à�−¤®¢ ¢ëç¨á«ïîâáï ®¤−®¢à¥¬¥−−® ¤«ï ãáª®à¥−¨ï à�¡®âë
SIFMA.

÷¥§ã«ìâ�âë ¢ë¯®«−¥−¨ï ®¡¥¨å ®¯¥à�æ¨© §�¯¨áë¢�îâáï ¢ ¢ëå®¤−®¥ FIFO.
�¯¥à�æ¨ï áç¨â�¥âáï ¢ë¯®«−¥−−®©, ¥á«¨ à¥§ã«ìâ�âë ¨ á«®¦¥−¨ï, ¨ ¢ëç¨â�−¨ï
§�ä¨ªá¨à®¢�−ë ¢ ¢ëå®¤−®¬ FIFO. Œ�ªá¨¬�«ì−�ï ¯à®¨§¢®¤¨â¥«ì−®áâì ¢ ‘‘-
ãáâà®©áâ¢�å, ª�ª ¨ ¢ á¨−åà®−−ëå áå¥¬�å, ®¡¥á¯¥ç¨¢�¥âáï ª®−¢¥©¥à−®© �àå¨â¥ª-
âãà®©.

3 Конвейер SIFMA

Š®−¢¥©¥à ‘‘-ãáâà®©áâ¢� ®¡ëç−® áâà®¨âáï −� ®á−®¢¥ §�¯à®á-®â¢¥â−®£® ¢§�¨-
¬®¤¥©áâ¢¨ï ¬¥¦¤ã áâã¯¥−ï¬¨ (à¨á. 5). ƒ¨áâ¥à¥§¨á−ë¥ âà¨££¥àë (ƒ-âà¨££¥àë [10])
−� ®á−®¢¥ ¨−¤¨ª�â®à−ëå ¢ëå®¤®¢ ¯à¥¤ë¤ãé¥© ¨ ¯®á«¥¤ãîé¥© áâã¯¥−¥© ª®−¢¥©¥à�
ä®à¬¨àãîâ á¨£−�«ë ã¯à�¢«¥−¨ï, à�§à¥è�îé¨¥ ¯¥à¥ª«îç¥−¨¥ á®®â¢¥âáâ¢ãîé¥©
áâã¯¥−¨ ¨§ à�¡®ç¥© ä�§ë ¢ á¯¥©á¥à ¨ ®¡à�â−®.

‚ âà�¤¨æ¨®−−®© ‘‘-áå¥¬®â¥å−¨ª¥ ®¤−� áâã¯¥−ì ª®−¢¥©¥à� à¥�«¨§ã¥âáï áå¥-
¬®©, ¨§®¡à�¦¥−−®© −� à¨á. 6. ‡¤¥áì ¨−¤¨ª�â®à−ë¥ ¢ëå®¤ë ª®¬¡¨−�æ¨®−−®©
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‘�¬®á¨−åà®−−ë© ã¬−®¦¨â¥«ì á −�ª®¯«¥−¨¥¬: ¯à�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï

÷¨á. 5 ’à�¤¨æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ áâã¯¥−¥© ª®−¢¥©¥à�

÷¨á. 6 ‘âàãªâãà−�ï áå¥¬� ®¤−®© áâã¯¥−¨ âà�¤¨æ¨®−−®£® ª®−¢¥©¥à�

áå¥¬ë (Š‘) ¨ à¥£¨áâà� åà�−¥−¨ï (÷•) ®¡ê¥¤¨−ïîâáï ¢ ®¤¨− ¨−¤¨ª�â®à−ë©
¢ëå®¤−®© á¨£−�« ¢á¥© áâã¯¥−¨, ª®â®àë© ¨á¯®«ì§ã¥âáï ¤«ï ®à£�−¨§�æ¨¨ ¢§�¨¬®-
¤¥©áâ¢¨ï á ¯à¥¤ë¤ãé¥© ¨ ¯®á«¥¤ãîé¥© áâã¯¥−ï¬¨ ª®−¢¥©¥à�. �¤−�ª® ¢ àï¤¥
á«ãç�¥¢ ã¤�¥âáï ®¯â¨¬¨§¨à®¢�âì ¢§�¨¬®¤¥©áâ¢¨¥ áâã¯¥−¥© ª®−¢¥©¥à�, ¯®¢ëá¨¢
¥£® ¡ëáâà®¤¥©áâ¢¨¥ ¯ãâ¥¬ à�§¤¥«¥−¨ï ¨−¤¨ª�â®à−ëå á¨£−�«®¢, ã¯à�¢«ïîé¨å
¯à¥¤ë¤ãé¥© ¨ ¯®á«¥¤ãîé¥© áâã¯¥−ï¬¨ ª®−¢¥©¥à�. ‚ ¤�−−®¬ á«ãç�¥ íâ® ®ª�§�-
«®áì ¢®§¬®¦−ë¬ ¡«�£®¤�àï áâàãªâãà¥ ª�¦¤®© áâã¯¥−¨ ª®−¢¥©¥à�, ¨§®¡à�¦¥−−®©
−� à¨á. 7. ‚ëå®¤ë DGi ¨−¤¨æ¨àãîâ ¯®à�§àï¤−ë¥ ¨−¤¨ª�â®àë ¨ ¢¬¥áâ¥ á DPi

á®áâ�¢«ïîâ ®¡éãî á®¢®ªã¯−®áâì ¯�à�ä�§−ëå ¨−ä®à¬�æ¨®−−ëå ¢ëå®¤®¢ áâã¯¥−¨.
Š�¦¤�ï áâã¯¥−ì ª®−¢¥©¥à�, §� ¨áª«îç¥−¨¥¬ ¢å®¤−®£® ¨ ¢ëå®¤−®£® FIFO,

¢ª«îç�¥â âà¨ ¡«®ª�:

(1) ¢å®¤−®© ÷•;

(2) Š‘, à¥�«¨§ãîéãî �«£®à¨â¬ ®¡à�¡®âª¨ ¤�−−ëå ¢ â¥ªãé¥© áâã¯¥−¨;

(3) ¢ëå®¤−®© à¥£¨áâà ¨−¤¨ª�æ¨¨ ¨ åà�−¥−¨ï (÷ˆ•).

÷¨á. 7 ‘âàãªâãà−�ï áå¥¬� ®¤−®© áâã¯¥−¨ à¥�«¨§®¢�−−®£® ª®−¢¥©¥à�
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

÷¨á. 8 ‘å¥¬� ®¤−®£® à�§àï¤� à¥£¨áâà®¢ ÷• (�) ¨ ÷ˆ• (¡)

÷¥£¨áâ åà�−¥−¨ï ä®à¬¨àã¥â ¤¢� ¨−¤¨ª�â®à−ëå ¢ëå®¤�: Ai ¨ Ri, | ¯à¨ç¥¬
á¨£−�« Ai, ª�ª ¢ ¤�−−®© à¥�«¨§�æ¨¨, ¬®¦¥â ¨¬¥âì á¯¥ªã«ïâ¨¢−ãî ®á−®¢ã, ¯®§¢®-
«ïîéãî ãáª®à¨âì §�¯à®á-®â¢¥â−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¬−®£®à�§àï¤−ëå ãáâà®©áâ¢ ¢
á®áâ�¢¥ ª®−¢¥©¥à�. ‘¨£−�« ¦¥ Ri ï¢«ï¥âáï ¯®«−®æ¥−−ë¬ ¨−¤¨ª�â®à®¬ ÷•, ®¡¥á-
¯¥ç¨¢�ï áâà®£ãî á�¬®á¨−åà®−−®áâì ¯à¨¥¬� ¤�−−ëå íâ®© áâã¯¥−ìî ª®−¢¥©¥à�.

÷¥�«¨§�æ¨ï ÷• (à¨á. 8, �) ¨ ÷ˆ• (à¨á. 8, ¡) −� ®á−®¢¥ ƒ-âà¨££¥à� ¯®§¢®«ï¥â
®¯â¨¬¨§¨à®¢�âì ¯® ¡ëáâà®¤¥©áâ¢¨î ¨−¤¨ª�â®à−ãî ¯®¤áå¥¬ã SIFMA. ‡¤¥áì X

¨ XB | ¨−ä®à¬�æ¨®−−ë¥ ¯�à�ä�§−ë¥ ¢å®¤ë; E | ®¡é¨© ¤«ï ¢á¥å à�§àï¤®¢
÷• á¨£−�« ã¯à�¢«¥−¨ï; I | ¨−¤¨ª�â®à−ë© ¢ëå®¤ á®®â¢¥âáâ¢ãîé¥£® à�§àï¤� ÷•
¨«¨ ¯®à�§àï¤−ë© ¨−¤¨ª�â®à ª®¬¡¨−�æ¨®−−®© ç�áâ¨ ¤�−−®© áâã¯¥−¨ ¤«ï ÷ˆ•; Y

¨ YB | ¯�à�ä�§−ë¥ ¢ëå®¤ë á −ã«¥¢ë¬ á¯¥©á¥à®¬. ˆ−¤¨ª�â®à−ë¥ ¯®à�§àï¤−ë¥
¢ëå®¤ë ÷• úá¦¨¬�îâáïû ¢ ®¡é¨© ¨−¤¨ª�â®à−ë© ¢ëå®¤ Ri ÷• á ¯®¬®éìî
áâ�−¤�àâ−ëå áå¥¬ ¨−¤¨ª�æ¨¨ ‘‘-áå¥¬®â¥å−¨ª¨ [10].

÷¥£¨áâàë ÷• ¨ ÷ˆ• åà�−ïâ ª�ª à�¡®çãî ä�§ã, â�ª ¨ á¯¥©á¥à ¢å®¤−ëå á¨£−�-
«®¢ X, XB. �â® ¨§¡�¢«ï¥â ®â −¥®¡å®¤¨¬®áâ¨ ¨á¯®«ì§®¢�âì ¤®¯®«−¨â¥«ì−® ¡«®ª
¯à¥®¡à�§®¢�−¨ï ¡¨ä�§−®£® á¨£−�«� (¢ëå®¤� ¡¨áâ�¡¨«ì−®© ïç¥©ª¨ âà¨££¥à� |
à�§àï¤� âà�¤¨æ¨®−−®£® à¥£¨áâà� åà�−¥−¨ï) ¢ ¯�à�ä�§−ë© á¨£−�« á® á¯¥©á¥à®¬,
á ª®â®àë¬ à�¡®â�îâ ª®¬¡¨−�æ¨®−−ë¥ ‘‘-áå¥¬ë. Šà®¬¥ â®£®, ÷ˆ• ¨−¤¨æ¨àã¥â
á¢®¨¬¨ ¢ëå®¤�¬¨ ¯®à�§àï¤−ë¥ ¨−¤¨ª�â®àë I áå¥¬ë Š‘, � ÷• | −¥ª®â®àë©
á¨£−�« ã¯à�¢«¥−¨ï E, ä®à¬¨àã¥¬ë© ¨−¤¨ª�â®à−ë¬¨ ¢ëå®¤�¬¨ â¥ªãé¥© ¨ á«¥-
¤ãîé¥© áâã¯¥−¥© ª®−¢¥©¥à�. ’¥¬ á�¬ë¬ ã¯à®é�¥âáï ¨ ãáª®àï¥âáï ä®à¬¨à®¢�−¨¥
®¡é¥£® ¨−¤¨ª�â®à� Š‘. ÷¥§ã«ìâ¨àãîé�ï áå¥¬� ¢§�¨¬®¤¥©áâ¢¨ï áâã¯¥−¥© ª®−-
¢¥©¥à� ¯®ª�§�−� −� à¨á. 9. ��à�ä�§−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ¢ëå®¤ë DP ¨ DG
®¡ê¥¤¨−ïîâáï ¢ ®¤−ã è¨−ã ¨−ä®à¬�æ¨®−−ëå ¤�−−ëå.

Š�¦¤�ï áâã¯¥−ì ª®−¢¥©¥à� ¨¬¥¥â á¯¥ªã«ïâ¨¢−ë© (ã¯à®é¥−−ë© −� ®á−®¢¥
ªà¨â¨ç¥áª®£® ¯ãâ¨) ¨ ¯®«−ë© ¨−¤¨ª�â®à−ë© ¢ëå®¤. ‘¯¥ªã«ïâ¨¢−ë© ¨−¤¨ª�â®à-
−ë© ¢ëå®¤ áâã¯¥−¨ A ¨á¯®«ì§ã¥âáï ¤«ï ä®à¬¨à®¢�−¨ï á¨£−�«� E ã¯à�¢«¥−¨ï
¯à¥¤ë¤ãé¥© áâã¯¥−ìî ª®−¢¥©¥à�, � ¯®«−ë© ¨−¤¨ª�â®à−ë© ¢ëå®¤ R | ¤«ï
ä®à¬¨à®¢�−¨ï á¨£−�«� ã¯à�¢«¥−¨ï â¥ªãé¥© áâã¯¥−ìî.

’�ª�ï à¥�«¨§�æ¨ï ¯®§¢®«¨«� ¤®áâ¨çì ¯à¨ â¨¯®¢ëå ãá«®¢¨ïå áà¥¤−¥© ¯à®-
¨§¢®¤¨â¥«ì−®áâ¨ ª®−¢¥©¥à� 1 ƒä«®¯á ¨ ®¡¥á¯¥ç¨âì áà¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï
®¯¥à�æ¨¨ −¥ ¡®«¥¥ 6 −á.
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‘�¬®á¨−åà®−−ë© ã¬−®¦¨â¥«ì á −�ª®¯«¥−¨¥¬: ¯à�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï

÷¨á. 9 �¯â¨¬¨§¨à®¢�−−�ï áå¥¬� ¢§�¨¬®¤¥©áâ¢¨ï áâã¯¥−¥© ª®−¢¥©¥à� SIFMA

�¯¨á�−−�ï ®à£�−¨§�æ¨ï §�¯à®á-®â¢¥â−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã áâã¯¥−ï¬¨
ª®−¢¥©¥à� ¡ë«� ¯à®�−�«¨§¨à®¢�−� ¯à®£à�¬¬�¬¨ �−�«¨§� áå¥¬ë −� á�¬®á¨−åà®−-
−®áâì �‘�…Š’ [13] ¨ �‘ˆ�� [14], ª®â®àë¥ ¯®¤â¢¥à¤¨«¨ ¯à¨−�¤«¥¦−®áâì
áå¥¬ë ª®−¢¥©¥à� ª ª«�ááã SI-ãáâà®©áâ¢.

‘ ãç¥â®¬ −¥®¡å®¤¨¬®áâ¨ ¨ ¤®áâ�â®ç−®áâ¨ ¨−¤¨æ¨à®¢�−¨ï ¢ ¯®«−®¬ ®¡ê¥¬¥
â®«ìª® á¯¥©á¥à−®© ä�§ë SIFMA ¨−¤¨ª�â®à−�ï ¯®¤áå¥¬� Š‘ áâà®¨âáï á ¨á-
¯®«ì§®¢�−¨¥¬ â®«ìª® ª®¬¡¨−�æ¨®−−ëå «®£¨ç¥áª¨å í«¥¬¥−â®¢, ¡¥§ £¨áâ¥à¥§¨á−ëå
âà¨££¥à®¢, ¨ à¥�«¨§ã¥â «®£¨ç¥áªãî äã−ªæ¨î úˆû (¤«ï ¥¤¨−¨ç−®£® á¯¥©á¥à�) «¨¡®
úˆ‹ˆû (¤«ï −ã«¥¢®£® á¯¥©á¥à�). �â® á®ªà�é�¥â �¯¯�à�âãà−ë¥ §�âà�âë ¨ ãáª®-
àï¥â ä®à¬¨à®¢�−¨¥ ¨−¤¨ª�â®à−ëå á¨£−�«®¢, ãç�áâ¢ãîé¨å ¢ §�¯à®á-®â¢¥â−®¬
¢§�¨¬®¤¥©áâ¢¨¨ áâã¯¥−¥© ª®−¢¥©¥à�.

÷�§¡¨¥−¨¥ SIFMA −� áâã¯¥−¨ ª®−¢¥©¥à� ¢ë¯®«−ï«®áì ¨áå®¤ï ¨§ ¯à¨−æ¨¯�
®¡¥á¯¥ç¥−¨ï ¬�ªá¨¬�«ì−®£® ¡ëáâà®¤¥©áâ¢¨ï SIFMA á ãç¥â®¬ ¯à¨¥¬«¥¬ëå �¯¯�-
à�âãà−ëå §�âà�â ¨ á¡�«�−á¨à®¢�−−®áâ¨ ª®−¢¥©¥à�. ‚ æ¥«®¬ ®−® á®®â¢¥âáâ¢ã¥â
áâàãªâãà−®© áå¥¬¥ SIFMA −� à¨á. 3. ‚ ¢�à¨�−â¥ á á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬
¢å®¤−®¥ ¨ ¢ëå®¤−®¥ FIFO ï¢«ïîâáï ¤®¯®«−¨â¥«ì−ë¬¨ áâã¯¥−ï¬¨ ª®−¢¥©¥à�.

Š®−¢¥©¥à SIFMA ®¡¥á¯¥ç¨¢�¥â ¯à®¨§¢®¤¨â¥«ì−®áâì −� ãà®¢−¥ 1 ƒä«®¯á ¤«ï
áà¥¤−¥áâ�â¨áâ¨ç¥áª®© ª®¬¡¨−�æ¨¨ ¢å®¤−ëå ®¯¥à�−¤®¢ ¯à¨ â¨¯®¢®¬ −�¯àï¦¥−¨¨
¯¨â�−¨ï 1 ‚ ¨ â¥¬¯¥à�âãà¥ ®ªàã¦�îé¥© áà¥¤ë 25 ◦C. ‘à¥¤−¥¥ ¢à¥¬ï ¢ë¯®«-
−¥−¨ï ®¯¥à�æ¨¨ | −¥ ¡®«¥¥ 6 −á. �à¨ ®¡à�¡®âª¥ −�¨åã¤è¥© á â®çª¨ §à¥−¨ï
¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï ª®¬¡¨−�æ¨¨ ¢å®¤−ëå ®¯¥à�−¤®¢ ¯à®¨§¢®¤¨â¥«ì−®áâì ¬®¦¥â
á−¨¦�âìáï, −® ¢ áà¥¤−¥¬ ®−� ¡ã¤¥â −¥ åã¦¥ 1 ƒä«®¯á.

4 Характеристики SIFMA

•�à�ªâ¥à¨áâ¨ª¨ «î¡®£® ãáâà®©áâ¢� ¢® ¬−®£®¬ ®¯à¥¤¥«ïîâáï ¡�§¨á®¬ ¥£®
à¥�«¨§�æ¨¨. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¨§¢¥áâ−ë ¤¢� ®á−®¢−ëå ¡�§¨á� à¥�«¨§�æ¨¨
SI-áå¥¬:

(1) ¨§¡ëâ®ç−�ï NCL (NULL convention logic) «®£¨ª� [15], ®¡¥á¯¥ç¨¢�îé�ï
−¥§�¢¨á¨¬®áâì −¥ â®«ìª® ®â §�¤¥à¦¥ª í«¥¬¥−â®¢, −® ¨ ®â §�¤¥à¦¥ª ¢ æ¥¯ïå
¬¥¦á®¥¤¨−¥−¨©;
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

•�à�ªâ¥à¨áâ¨ª¨ ¢�à¨�−â®¢ SIFMA

ˆ−â¥àä¥©á
SIFMA

‘«®¦−®áâì
à¥�«¨§�æ¨¨,
âà�−§¨áâ®àë

�«®é�¤ì,
¬¬

�à®¨§¢®¤¨-
â¥«ì−®áâì,

ƒä«®¯á

‚à¥¬ï
¢ë¯®«−¥−¨ï
®¯¥à�æ¨¨, −á

�−¥à£®-
¯®âà¥¡«¥−¨¥,
¬„¦/ƒƒæ

� 639 000 0,78 1,0 5,95 970
‘ 724 000 0,96 1,0 6,90 1140

(2) −¥¨§¡ëâ®ç−�ï ŠŒ��-«®£¨ª� [16], ®¡¥á¯¥ç¨¢�îé�ï −¥§�¢¨á¨¬®áâì ®â §�-
¤¥à¦¥ª í«¥¬¥−â®¢, � ¢ ¯à¥¤¥«�å íª¢¨åà®−−®© §®−ë [10] | ¨ ®â §�¤¥à¦¥ª
¢ æ¥¯ïå ¬¥¦á®¥¤¨−¥−¨©.

�®á«¥ áà�¢−¥−¨ï ¯à¥¨¬ãé¥áâ¢ ¨ −¥¤®áâ�âª®¢ ®¡®¨å áå¥¬®â¥å−¨ç¥áª¨å ¡�-
§¨á®¢ [16] ¯à¥¤¯®çâ¥−¨¥ ¡ë«® ®â¤�−® −¥¨§¡ëâ®ç−®© ŠŒ��-«®£¨ª¥, â�ª ª�ª
®−� ®¡¥á¯¥ç¨¢�¥â ¬¥−ìè¨¥ �¯¯�à�âãà−ë¥ §�âà�âë (¢ 4,49 à�§� ¯à¨ à¥�«¨§�æ¨¨
¤¢®¨ç−®£® áç¥âç¨ª�, ¢ 1,13 à�§� ¯à¨ à¥�«¨§�æ¨¨ ã¬−®¦¨â¥«ï 4 × 4, ¤® 2 à�§
¯à¨ à¥�«¨§�æ¨¨ ¡®«¥¥ ¯à®áâëå «®£¨ç¥áª¨å áå¥¬), ¡‚®«ìèãî ¯à®¨§¢®¤¨â¥«ì−®áâì
¨ ¬¥−ìè¥¥ í−¥à£®¯®âà¥¡«¥−¨¥ ¯® áà�¢−¥−¨î á NCL-áå¥¬�¬¨.

�à¨ ¯à®¥ªâ¨à®¢�−¨¨ SIFMA ¨á¯®«ì§®¢�«�áì ¡¨¡«¨®â¥ª� í«¥¬¥−â®¢, à�§à�-
¡®â�−−�ï ¤«ï áâ�−¤�àâ−®© ŠŒ��-â¥å−®«®£¨¨ á ¯à®¥ªâ−ë¬¨ −®à¬�¬¨ 65 −¬.
„¢�¤æ�âì á¥¬ì í«¥¬¥−â®¢, ¢®è¥¤è¨å ¢ á®áâ�¢ ¡¨¡«¨®â¥ª¨, ï¢«ïîâáï ¯®¤¬−®¦¥-
áâ¢®¬ í«¥¬¥−â®¢ ¨§ ¡¨¡«¨®â¥ª¨ ¤«ï ¯à®¥ªâ¨à®¢�−¨ï ‘‘-áå¥¬ [17]. �−¨ ¡ë«¨
�¯à®¡¨à®¢�−ë ¯à¨ à�§à�¡®âª¥ ¨ ¨§£®â®¢«¥−¨¨ ¯® ŠŒ��-â¥å−®«®£¨¨ 65-−�−®-
¬¥âà®¢ë¬¨ ¯à®¥ªâ−ë¬¨ −®à¬�¬¨ SI-¢ëç¨á«¨â¥«ï [9].

•�à�ªâ¥à¨áâ¨ª¨ ¢�à¨�−â®¢ SIFMA ¤«ï �á¨−åà®−−®£® (�) ¨ á¨−åà®−−®£® (‘)
®ªàã¦¥−¨ï, ¢ë¯®«−¥−−ëå ¯® 65-−�−®¬¥âà®¢®© ŠŒ��-â¥å−®«®£¨¨ á è¥áâìî
á«®ï¬¨ ¬¥â�««¨§�æ¨¨, ¯à¨¢¥¤¥−ë ¢ â�¡«¨æ¥. �−¨ ï¢«ïîâáï ®æ¥−®ç−ë¬¨. �−¨
¯®«ãç¥−ë ¯ãâ¥¬ ¬®¤¥«¨à®¢�−¨ï áå¥¬ë SIFMA á ãç¥â®¬ ¯�à�§¨â−ëå ¯�à�¬¥âà®¢,
¨§¢«¥ç¥−−ëå ¨§ â®¯®«®£¨¨ ¡«®ª�. �ëáâà®¤¥©áâ¢¨¥ ®¯à¥¤¥«ï«®áì ¤«ï â¨¯®¢ëå
ãá«®¢¨© íªá¯«ã�â�æ¨¨, â�ª ª�ª ¯à®¨§¢®¤¨â¥«ì−®áâì SI-áå¥¬ ¢á¥£¤� á®®â¢¥âáâ¢ã¥â
â¥ªãé¨¬ ãá«®¢¨ï¬ íªá¯«ã�â�æ¨¨, � á�¬¨ SI-áå¥¬ë −¥ âà¥¡ãîâ ãç¥â� −�¨åã¤è¥£®
á«ãç�ï.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢�à¨�−â SIFMA ¤«ï á¨−åà®−−®£® ®ªàã¦¥−¨ï −�å®¤¨âáï
−� íâ�¯¥ §�¢¥àè¥−¨ï â®¯®«®£¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï ¨ £®â®¢¨âáï ª §�¯ãáªã
¢ á®áâ�¢¥ â¥áâ®¢®© �ˆ‘ (¡®«ìè®© ¨−â¥£à�«ì−®© áå¥¬ë).

5 Заключение

�à¥¤áâ�¢«¥−−ë¥ ¢�à¨�−âë ãáâà®©áâ¢�, ¢ë¯®«−ïîé¥£® ®¯¥à�æ¨î FMA ¢ á®-
®â¢¥âáâ¢¨¨ á® áâ�−¤�àâ®¬ IEEE 754, ®â−®áïâáï ª ª«�ááã ãáâà®©áâ¢, ¯®¢¥¤¥−¨¥
ª®â®àëå −¥ §�¢¨á¨â ®â §�¤¥à¦¥ª í«¥¬¥−â®¢ (SI-ãáâà®©áâ¢). �−¨ ¯®§¢®«ïîâ ¯®«ã-
ç¨âì áã¬¬ã ¨ à�§−®áâì âà¥âì¥£® ®¯¥à�−¤� ¨ ¯à®¨§¢¥¤¥−¨ï ¤¢ãå ¯¥à¢ëå ®¯¥à�−¤®¢
¤«ï ®¤−®© âà®©ª¨ ç¨á¥« ¤¢®©−®© â®ç−®áâ¨ ¨«¨ ¤«ï ¤¢ãå ã¯�ª®¢�−−ëå âà®¥ª ç¨á¥«
®¤¨−�à−®© â®ç−®áâ¨.
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‘�¬®á¨−åà®−−ë© ã¬−®¦¨â¥«ì á −�ª®¯«¥−¨¥¬: ¯à�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï

‚�à¨�−â á á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬ ®â«¨ç�¥âáï ®â ¢�à¨�−â� á �á¨−åà®−−ë¬
®ªàã¦¥−¨¥¬ −�«¨ç¨¥¬ ¢å®¤−®£® ¨ ¢ëå®¤−®£® FIFO ¥¬ª®áâìî ¢ 4 á«®¢� ¤�−−ëå
ª�¦¤®¥.

‘à¥¤−ïï ¯à®¨§¢®¤¨â¥«ì−®áâì ®¡®¨å ¢�à¨�−â®¢ ãáâà®©áâ¢� ¯à¨ â¨¯®¢ëå ãá«®-
¢¨ïå à�¢−� 1,0 ƒä«®¯á.

�−¥à£®¯®âà¥¡«¥−¨¥ SIFMA á®áâ�¢«ï¥â 970 ¨ 1140 ¬„¦/ƒƒæ ¤«ï ¢�à¨�−â®¢
á �á¨−åà®−−ë¬ ¨ á¨−åà®−−ë¬ ®ªàã¦¥−¨¥¬ á®®â¢¥âáâ¢¥−−®.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢�à¨�−â SIFMA ¤«ï á¨−åà®−−®£® ®ªàã¦¥−¨ï £®â®¢¨âáï
ª §�¯ãáªã ¢ á®áâ�¢¥ â¥áâ®¢®© �ˆ‘.
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SELF-TIMED FUSED MULTIPLY-ADD UNIT:
PRACTICAL IMPLEMENTATION
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Abstract: Paper presents the results of designing Speed-Independed Fused
Multiply-Add (SIFMA) variants compliant with the IEEE 754 Standard.
SIFMA performs either one double precision FMA operation or one or two
single precision operations simultaneously under three operands. SIFMA was
designed for the standard 65-nanometer CMOS (complementary metall{oxide{
semiconductor) technology. It uses both a standard cell library and a self-timed
cell library designed in IPI RAS. One SIFMA variant operates with a syn-
chronous environment, while another works with an asynchronous environment.
Both variants provide an average performance up to 1 GFlops for 1-volt supply
and environment temperature of 25 ◦C. At these conditions, energy consumption
does not exceed 970 mJ/GHz.

Keywords: self-timed circuit; ternary coding; multiplier; adder; subtracter;
pipeline; indication
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