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Architecture of processing of flow control instruction capable of
prefetching of return address
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ABSTRACT

In this paper, we propose a method to reduce overhead of processing of flow control instruction in the
pipeline architecture by performing pre-fetching in the initial stage of pipeline processing. The basis of pipeline
processing is a four-stage configuration. In a program routine with subroutine call and return instructions, a
pre-return processing module reduces pipeline processing time by 25% as compared to the conventional processing
architecture. Each module of the proposed architecture of processing of flow control instruction is described in
VHDL structurally and behaviorally and whether it is working well or not is checked on V-System simulator of
Model Technology Inc. by processing a simple program with a call, a jump and a return instruction.
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SP(Stack Pointer)¥= )% dlo|e] mWiza] W] %
29 998 32 4 gle #u oJ=dHAE A%
k1 52, EP(Encoding Pointer)w 6H|E Zlo]E
25l wajo] 4] RSo| A= gl 28 o=
HaE YA 9% ¥k DP(Decoding
Pointer)i= EP$} Zro] RSY ol=# s &a3)r]
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& F3 e wWaelek 0¥ 2= RS 7EE B9
3 slck

PAB:= PCzlal-d7ds]e] qlv}t. & z} SE(Stack
Element)= 2j8l SA=#l~§ Atz ¢)7] Wil
wolol] e} A2 PCye] He 7ok SBY
7zt 2x Al3E DP, EP HEEe|dx] &¥se o
33 Aluel wEc)h SE 3L B 2™ o=
#x gh& AR s RTOSENE qJ8=l

B E=EAE CALLcond(conditional CALL),
JUMPcond(conditional JUMP), RETRETurn)& %
T Mol wgjois Mgl MufyE ¥5 viwje]
T oYY o Muggiozye] 2yl ousAg
diksle] Als) iAol RSof Agdicl =3 2|
2ol g tlade uf RSo| AHAY =2z ¢
ARy Aulg ok gepy] B7] A=lg delxa)
al 27] ARl Y3y dAel ez A
HER 2yl Pjel 4oz AW wolmell
Aoig A FY & ek AW SAA AR
gl o= 28] {H vjES] ‘0ol 9 AW v
22 8E AA g Hedag Yoselch

RSE 2o MEPRS S35 S8 3271
ledle] ~&g Zherk RS+ LIFO #R|~8 o}
o} FIIElL 6H|E =& JlA|x gles, 5H]
E LSB(Least Significant Bits)& SES Al=sle=dl
AHg-31H, 18] E MSB(Most Significant Bit)& 2
o] eWEFRS, AUEES-E ] P8 A8’
¥ 1L ¥9lE] F3hg 2w 9ok

k3 1. 29 ¥lE] Faf

Resetn p:js/ pointer(old) | pointernew) | OfU
1 bd X 11111)(empty) | none
0 |none Q Q none
0 |push{ 111111(empty) 000000 none
0 |push 000000 000001 none
0 |push| Ol111i(full) 100000 0]
0 |pop| O11111(full) 011110 none
0 |pop 000000 111111(empty) | mone
0

pop | 111111(empty) 111110 U

24 AeellA EQJEE HINTLR 2788k
2HERe AUEES $4L o 2L datk

28 7psElcl

O = (pointer{5]="1") AND (pointerf4:0]="00000) (1)
U = (poineea{5]="1") AND (pointer{4:01="11110")

2731 Aefe] 28 EQlEE Ade] Hl AE
& vEhiE 1Y e SR 9k 29 %2
Bl7} 11U 1111102 2 o) Ade ol
$597) =d, ‘011111764 *100000" 2 T 29
LERI7}F ok

H. NERE 5§ ¥ ¥ 28 Hdy =5

¥ 7o) wuje] ¥ule AA A zzo H
27} 7153 ZEAAC 388 ¢ URE R2ME
ZolE FiAz el a3 38 B FReld T3
g £ ole & Ao wWaje] xollojok

CALLcond®# o) A4 ZX(immediate mode)
oleAlutke Wi, 3120 EE Ao =
o] 232 ehils Rcoln, 28278 LT me]
th 2622 2L vehie, ¥ 2% WY 24
Yeu-g BodFEw 9lrk JUMPcond 3ol 7]
B HueaR 2y me g YAiE RER
zpo] 7}53,

gy ‘07, ‘U= RS 9MEz99] odrjg=
22 vehil= Vxde)th 2% 4+ CALLcond ®)
o] fafle] £EF HFT )k

31]30]29]28]27]26[25(24] 23] 22] 2120 19]18]17]16
ol o[ 1[0 0o Cond IEEEEE

15[14[13]12[11]10}9 |8 |7 |6 |5 |4 [3 |2 [1]o
immediate
(a) CALLcond wj&le] Z =i

31/30]29|28]27|26(25|24]23|22[21]20[19]18[17]16
oo 1o Cond IEEEEE

-3

[y

15/14[1312[11{10}9 [8 |7 |6 [5 |4 [3 [2 |1 |0
immediate

26]25]24]23]22[21[20 1181716
Cond -l - - | - -

31130/29,28|2
00 10

-3

—

—

15/14/13[12[11]10]9 [8 [7 |6 |5 |4 [3 [2 1 |0
Bs I EEEEREEEEE

(b) JUMPcond 3o X
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31/30]29]28[27]26]25]24]23]22]21]20]19[18]17]16
0l 0 1] 1] 0 Cond = el e e e

15{14/13|12[1110/9 8 |7 |6 |5 14 |3 |2 |1 |0

(c) RET ##o] ¥}
38 3. 5F o] o] 2o,

ki 2. w¥e] 27 ysd.

Code (Mnemonic| Flags Meaning
00000 AL Don’t care| ALways

00001 LT N Less Than

00010/ LE NVZ Less than or Equal to
00011y GT ~NA-~Z | Greater Than

o010l GE N greater than or Equal
00101| EQ 4 EQual

00110 NE ~Z Not Equal to

00111 Z Z Zero

01000) NZ ~Z Not Zero

01001 P ~NA~Z | Positive

01010 N N Negative

01011 NN ~N Not Negative

01100 NC -C Not Carry

01101 C C Carry

01110 v v oVerflow

01111} NV -V Not oVerflow

10000 0 (o] stack Overflow
10001| NO ~0 stack Not Overflow
10010 u U stack Underflow
10011| NU ~U stack Not Underflow

CALLcond #&el= D iAoz £7] g4 o
=25 Jehle A g tavdsia, DPE
A2AZI ol BYl 9#Ho1E D A4 AR
7] A 5 d=E 3] 4ol B SA6A
& v 2Rl o=l A RS ARl
old EPE ‘I'0] Zh4s}m, ABFEle] ¢ of )
W wEe)7} t)Fu =y DPE vjEHdsle] RS A
AR 2w o|uHxg Aok

A e B7] el AmHAE Akl
PCol| AAtsln, 28l ol=#A& PCe) ‘IS vid}
o] RTOS¢] A#Agc}t =3 AGUHA 2§l oj=7)
2 e AR 9% viwE] ouHAE AR
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7] Pl oj=ds, wEl ojudiel R dlojy
W 2ele] oo af Aldlshs 832 A7 E7]4
o7] Wil FAloll M7}t 7Hsslich

E wAlee 24e d&er weA Agdgt
o} wlefF 2218 wkEslA] ke vl ojz#lx g
< AAskIL gl RTOS 3& PColl AAbsle] e
Alolgel] 1% 2w wigelzte] we] g
S A3Y ¢ QA Yok wRe) 2L wEsiE
EPE ‘U'thg ZA2AA 2 oj=#HaAg AAEm:
9l RTOSZHE RS AARIc: 18l: & vE
£ ‘2 Ak =3 &) sl A=A AR
3L gl PCELe AgtAlA] ov] AlXlEglons
E WA e B 948 AFgck =3
RTOS & A WAl ALK 9% wime] ofx
Hleel] AL

instructlon data FETGH

¥

L CALLcond instruction DECODRING

o

v
——DP
v

h Brarnch target address CALCULATE
Maove to PC

h 4

A L Return address CALCUATE

IR iy I B N O

|

Move to RTOS

L 4

Stack memory address
CALCULATE

I iy

—bid

condltion coincigent?

Yes

R

]

Fusgh value ot RTOS to AS
Valld bit ‘1"

L 2

s 4 I;STDHE RTOS to stack In memory—|

Move value of RT]
to PC

e

END

38 4. CAlleond 3o 8 585

B T2 9% dlolE wuele) dFFdEeE &~
"oz AN & glied o] dmzle A" e
w227} op]r] wldel], 2 XA} wWe] So 9
e delHE ARl Heg z2aswr} delel
9 8o ANA WUEE Heldof Tk 13 5=
JUMPcond 8o 43 258 nojfy gl

JUMPcond ®3joji= CALLcond w=ele} A}
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LY olsdzg $4 AL e 28 A W) A T2

Bt 2|l ojmd~g RS9} QJT tﬂolﬁi w22l
e ek JEM g WERA] e 7
+ 2" oludag B7) sof stuz A dAlolA
27] B o=Hxe) 29 oj=aAE Zt PC,
RTOSe]| Ak} EgiA|o| i 5;74% ESVE
2% UFY mEaw 448 odE xgst
3, 2AE WEA Qgod #E o=HAE %
82 9l RTOS @& PColl AAR} 23 62
RET Boi53) sgzolc)®,

instruction data FETCH

v

JUMPcond instruction DECODING

v

Branch target address CALCULATE
A Move to PC

2

Return address CALCUATE
Move to RTOS

condition colncident?

Move value of RTOS
to PC

m

0
PO

—Pp—

¢

37 5. JUMPcond %3je] 8 B2w

RET w#jel= AuSglozyie] alel 38 4
yale, 2dle)] o] gl w¥ omdarz B
713k w¥elelct D siAllA+ DP7) rlEg)e
RSY & PCol AR} iz vha DP ke
‘"F7FAZI}. o]we] DPghe o|v] CALLcond =
#ole] DA 234 ‘1S ZAaAA B dF
o] CALLcond$] ExtAlelli] RSe| AA}8 e EP
W3 ZobA RSel| AR 2l" oj=da ghe PC
o] Al Ao 3l

A GAME 2% dloly WEe ojmdig F
8l7] $1¢ <d4ke- gk o)y RSOl AAse] gle
g8 oj=dar) AR dl=dart opd S oy
dloje} wlEelold] FRAHLr] $18k] B el
v zg)e] =Ag dPATE At

ExAlolA = RSUH) EP7} 71EF)E $1X19) glo)

f& BEZ} ‘1elxE ZArARIE W) 1'o]H DY
AellA Aelele] PCgro] Faghe Yrislez =
ZagE AE APAE Z2) 1e] oPd He
9% vimale A=) g Y oj=HA ke
PCol| A3l clg- Alelgel At 3}k 2
23 v} EPghE DPell EARgl}l 1 78 2§
Al Heele] wo)zalel FAb olF ReiFa g)

=
|
F ‘ Ingtruetlon data FETCH ‘I
v
’ RET instruction DECODING ?
v
’7 Pre—raturn fmm RS by DP to F‘C“
\b v
A Stack memeory address CALCULATE l
E ‘ Pop stack in memory &
to PC T+
2 2
valid bit ='Q' a
, Copy EP to DP 4
J23 6. RET W#¢] 44 3§x.
10: CALLNZ 30
11; ADD
12; MUL
13: AND
30: JUMPNZ 40
3L CMP
32: SUB
33: XOR
40: RET
41: AND
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PC F D A E

10 | CALLNZ

11 ADD CALLNZ

11 (nop) (nop) CALLNZ

30 | JUMPNZ (nop) (nop) | CALLNZ
31 CMP JUMPNZ (nop) (hop)
31 (nop) (nop) JUMPNZ (nop)
40 RET (nop) (nop) JUMPNZ
41 AND RET (nop) (nop)
11 ADD (nop) RET (nop)
12 MUL ADD (nop) RET

3 7. 5% Aol HEe] sejxeial At 4

T3 7E 7] Rl R} 2Ae] Yxsle]
sk Zles AAE #7] BHeIdE D
Aol vlzmegEls e A2 PCile] lH=
AR weeld kA fethk BB &) 24
ol whA] shol ¥/} delulx] g A9E wE
£7] ##ele] E dAp) Bk, ok Ale]del] =)
§ olzelael Ao Sl w@gels St

V. VHDL AlZ80M & 24

B =R ol 32 Ao wWade] 7 L=

£ AE3) Hged 4 mE £5-& VHDLS o4
sl A o 9 Qe aFM JEst F
7} 2E-& Model Technology Inc.2] V.-System PC
H4 445 o}g3lo] VHDL AlE#e)Adsigdck A}
43 glol¥elg): V-Systemelld] rjEoZ AE3}
= IEEE ge|dz]alihe Alasigcl®) ABde)d
< 9§ VHDL 3= 579 AXIERS, RSCU,
AGU, PCU, RTOS)Z 45| glth ABdHe|A
< 9% 8i¥ #;EL ¥ 74 CALLNZ,
JUMPNZ, RET ®#]& AlMggt mjol=elel E3b
AF ZAFEr] A8 LAY = e A$E zeE
o He)Elglel. 2 82 AlEHeld AANE BT
2 glek

inl A&+ DDBOZOI™, in2e A =z glo)
c} iot= DDBZlelw, outl Al3Z= DAB Flelch
fc_o, fc_u Al&+ Zhz} RS2 eH|E22-0] &
24E dehlle 4zelct 8% 4134l cke
100ns8 7|2 wWAgkc}. judful/pe_out A& PC
A7} gholrh

AlEdeld A3t gel 2d 7.9 A9l g
2eld 4 glvh =3k CALLNZ w=ie] <=4 &)
¥ o= HY ‘11§ RTOS A3} zhel t_rtosol)
41 AAsk(A), E @Ale] RSel| AAghkB). &
£ oW valid Al&(u0/ulsfse_ou= ‘1'e] Hr}
RET #3olE sf3isld RS sk 9l 2%
o]=#|2E RET "2joie] DA Bl ob-g o
A elzd 2z AHHNC). JUMPNZ =Hoie 2
B ojzd~rt agly] Wil RSel 2wl o=

fint T

/in2 Tig

flo T4

fout! |

b
WL N NS P

frst

{74 °% S T NN N Ty I g o oy ey Yy Ny Y N s

A_out

& _rtos 1o

Az b

oA

Ho_o

Ho_u

fep_ld Tt

Xe

Ml fapiptr_out Ta

) "

fuidplpte_out T8, ) £}

fu2ulisp_out Tiee

fudiuZipo_out T ie ST T

)} ST 7Y Aat

H0f3ise_out T

u0iu3bise_out

ST o ¥
w
I B

38 8. EF Ale] o] Az P3| VHDL AlEHe|4 A3t
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HER oudad $A AH7L 7l 2 Ae] HH Ay T2

2% AAY 98 girk wep F A4 2E o=
#2 32°(D)w RTOSe|t AAsk RSollw A4
&2 vk olmeijle] RE FARE AuHA
FE AAMTAE dlaAtask) 2 AL,
ZE AP]F Azlo] tpal K79 deo]Zelgleld n
M9 Blx=mE Y A9 A WA gage 5
4 gash] ds Kxpge] Azle]l dasy,
U4 (0-1) Hlead 538 HHeE sk =
237} Lfeka & 24 & selzulal Al A7,
So® ()¢} =l

So=Kxtp+ LxKxfp+(n—1—Lyxtp 2)

2z g7F 271 nd- Kol Hl3)] gho] 2=
Z K+n-13 nel] ZARE 5 glek K7} 40]R, So-
(XL + n)xtpolek. Teuh B EelAe 2d
oo i 2%te] olzzlal wWAE ARt 4
WLEZ ()9 F i oM L £7] ejae
ez B TR o9 50%c12E, #'l Bid
gl 382 Kdjalell K-27F e F A# A)7h 8y
< 33 2t

SI=K><tz>+% xther% (3)
X(K=Dxp+(n—1—-L)xtp

%
30

1

20

o Sk

15

10

o 3L ofy

5
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