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 ( ) [3],  B = {b0, bE}  B1  B2  
 E.  b0,  –  bE,  B1  B2  

.  
bq  {b0, bE}  Y(bq)  Y,  Y = {y1, …, yN} –  

, .  bp  
 X = {x1, …, xL}.  ( ) 

,  
 E. .  

,  [2]. ,  
 bq  {b0, bE}  MIq,  ( ) 

 A(bq). ,  
,  

 R = log2(M) , (1) 
 M – , (M = |B1|).  

 T = (T1, …, TR).  g  Fg  
 C = { 1, …, G}.  

 bq  
, : 

 A[(bq)i] = A[(bq)i-1] + 1, (2) 
 g = 1, …, G, i = 1, …, Fg. 

 
),  ( )  ( ),  

,  ( . 1). 
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: 

  = (T, X). (3) 
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.  Start  
,  Fetch = 1,  

. ,  
 Y(bq)  y0 = 1,  

 ( ).  
, ,  y0 ,  

, .  
,  yE, . 

 
 ( ) [2].  

,  
.  
. , ,  

. 
,  

1 = \ e,  C = { 1, …, G} – , e – 
,  bE  

 E. C = {B1, …, BI} 1 .  
 Bi C.  K(Bi)  RI,  

 RI = log2(I) . (5) 
 [9, 10]  K(Bi),  

 
. ,  FPGA,  

 LUT- ,  
 SL .  

 SL  R (6) 
 Z  T ( . 1).  

 PLA,  
 –  LUT- .  

 LUT- . 
 Bi C  Z = {z1, …, zRI}.  

 
  = (Z, X), (7) 

, , : 
  Y = Y(T); (8) 
 Z = Z(T); (9) 
 y0 = y0(T); (10) 
 yE = yE(T). (11) 

: 
1.  C, C1, . 
2.  Bi C. 
3.  (8)-(11). 
4. . 
5. . 

 
1, . 2. 
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 2 - 1  

1  = { 1, …, 7}  1 = \ 5.  
i  C1  B = {B1, …, B4},  B1={ 1}, B2={ 2, 6, 7}, B3 = { 3}, B4 = { 4}, 

 1 = <b1, b2>, 2 = <b3, b4>, 3 = <b5, b6, b7, b8>, 4 = <b9>, 5 = <b10, b11, b12, b13>, 
6 = <b14, b15, b16>, 7 = <b17, b18, b19>. , 1  M = 20,  

 R = 5 .  G = 7,  
 Bi  I = 4.  

 RI = 2 ,  Z = {z1, z2}. 
,  

 bi 1,  A(b0) = 00000, A(b1) = 00001, …, 
A(b19) = 10011.  (2). 

 FY, yE,  y0, FB,  FY  
 yk,  FB –  Bi ,  

,  
1 . 
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 FY  
.   y0  «1»,  

,  y0  «0»,  
 FB .  

1 . 1. 
 

 1 
1 

 FY y0 yE FB 
00000 – 1 0 * 
00001 y1, y2, y3 1 0 * 
00010 y2, y4, y5, y6 0 0 00 
00011 y1, y3 1 0 * 
00100 y1, y4, y6 0 0 01 
00101 y3, y5 1 0 * 

… … … … … 
01100 y2, y5 1 0 * 
01101 y1, y4, y6 * 1 * 
01110 y4, y6 1 0 * 
01111 y2, y5 1 0 * 
10000 y1, y4 0 0 10 
10001 y2, y3, y4, y6 1 0 * 
10010 y2, y3, y5 1 0 * 
10011 y1, y3, y4, y6 0 0 10 

 
. 2  FY .  

,  
. 

1: 

 

.
;

;
;

74

174314431033

82

921521311

bB
bxxbxxbxB

bB
bxxbxxbxB

 (12) 

 Bi, K(Bi), bq, A(bq), 
Xh, h, h. . 3,   B1,2 . 

 
 2 

 
Bi K(Bi) bq A(bq) Xh h h 

B1 00 
b3 00011 1x  D4, D5 1 
b5 00101 21 xx  D3, D5 2 
b9 01001 21xx  D2, D5 3 

B2 01 b8 01000 1 D2 4 

. 2  
 (12).  8. 
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A.N. Miroshkin 
Donetsk National Technical University 
Modification of microinstruction addressing system for control unit implementation in hybrid 
FPGA. While interpretation of a control algorithm with a little number of conditional shapes, a 
compositional microprogram control unit can be effectively used. Such device circuit includes a 
combinational part for the next microinstruction address formation, as well as a memory unit for 
output control signals generating. While interpretation of a large algorithms, complexity of the 
address formation unit is greatly increased, so hardware cost is increasing, as well as in time 
delays increasing during the microinstruction address formation. 
A synthesis method for compositional microprogram control unit realization in hybrid FPGA basis 
(which contain both look-up table elements and PLA macrocells) is proposed in the article. 
Combination part of the control unit is implemented using macrocells of PLA, and for output 
control signals generating LUT-elements are used. The proposed synthesis method is based on the 
usage of pseudoequivalent operational linear chains as the source for the next microinstruction 
address formation, thereby reducing the complexity of the corresponding functions formation unit. 
The paper presents a mathematical justification of the synthesis method appropriateness and the 
basic stages of the control units synthesis process, as well as an example of the synthesis method 
application for the interpretation of the test-chart of the control algorithm is proposed. 
Research showed up to 30 % of hardware resource decreasing in comparison to base control unit 
implementation for the same algorithm during the proposed approach realization. The number of 
cycles required for the control algorithm interpretation still the same. Thus the memory excitation 
functions simplification leads to levels number reducing in combination part of the control unit 
circuit, thereby the clock period of the device can be reduced.  
Keywords: compositional microprogram control unit, the hybrid FPGA, pseudoequivalent 
operational linear chains, LUT-element, hardware costs reducing. 
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