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Abstract

In this paper, we described the Parwan CPU using a VHDL at the behavioral level and
then described by connecting CPU components at the dataflow level. Finally, we
simulated to verify of execution of a CPU processor using a test-bench method.

A presented design method was to enable information exchange of design and
representation of operation were very exact and simple. Also, a documentation of design
was available and it was easy that verify a operation of designed processor. The
behavioral description of VHDL aids designer as we verify our understanding of the
designed system, while the dataflow description can be used to verify the bussing and
register structure of the design.
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Fig.1 Page of offset parts of Parwan address

2.2 O ME

Parwan (Table. )oIX BojFRo] 37le] HEldA &
Ze 17709 wWEez FA¥9Hh Accumulator(AC) =
CPU9 Heolg #RAE2A 2E Wdn X2E ke o
AEH, V, C. 2% N 59 a8 2t o) 8
2o Zojz Zgo wWaol} ACE WAAE W
ola) 1 gho] WY EL)

(Table.1)olMe AHSHe Zzte] W3 Ee 234
Wze] HE £ we} 7 Full-address %#,
Page-address 2 A BRS dusin, ) 2 3§
A WRARA 4L dusin oo =3 ztzbe] W
APAae we} Fage] A3}E Hysin Uk

E.1 Parwan ¥ado| My
Table.1 Summary of Parwan instructions

Instruction Brief ADDRESSING FLAGS

Mnemonic Description Bits| Scheme | Indirect | use] set
LDA loc Load AC w/(loc) 12 | FULL YES = -2
AND loc AND AC w/(loc) 12 { FULL YES - | =-zn
ADD loc Add (loc) to AC 12 | FULL YES ¢ | vezn
SUB loc Sub (loc) from AC | 12 | FULL YES c|----
JMP adr | Jump to adr i2| FULL | YES - ---

STA loc Store AC in loc 12 | FULL YES bl
JSR tos Subroutine to tos 12 | PAGE NO I B
BRA_V adr | Branch to adr if V 8 PAGE NO v|----
BRA_C adr | Branch to adr if C 8 PAGE NO c|-—-
BRA_Z adr | Branch to adr if Z 8 PAGE NO z | ===
BRA_N adr | Branch to adr if N 8 PAGE NO n|----
NOP No operation 8 NONE NO - -
CLA Clear AC - NONE NO -
CMA Complement AC - | NONE NO ¢ | --2n
CMC Complement carry - NONE NO - c--
ASL Arith shift left NONE NO = | vezn
ASR Arith shift right - NONE NO = | --zn

2.3 HHO| A4
(Table.1)ellA BojFQRe] HHFL 9] aFe=
EF9r}t. 2ulo]|ES] Full-Address B3 v2EE o
Azat], 2bgeiA] AFdaE Zta gl 2ne|eS 7t
£ dHelx] WAAA dEe dA sHojAE AT &

slovt Al AR E AME = gidh A
WA 258 A gHely, WEeE oHBER AN
3tAle ¥eth (Table.2)9IM= Opcodest 37 1% B
ol gt M2]& HojRc)

2.2 Parwan ¥l xR
Table.2 Parwan instruction opcodes

Instructi Fields and Bits
nstruction
Mnemonic Opcode { D/ Bit7
765 3210
LDA loc 000 0/1 page adr
AND loc 001 0/1 page adr
ADD loc 010 0/1 page adr
SUB loc 011 0/1 page adr
JMP adr 100 0/1 page adr
STA loc 101 | oa page adr
JSR tos 110 - -=-
BRAYV 111 1 1000
BRA_C adr 111 1 0100
BRA Z 111 1 0010
BRA_N adr 111 1 0001
NOP 111 0 0000
CLA 111 [ 0001
CMA 111 [ 0010
CMC 111 0 0100
ASL 111 0 1000
ASR 111 0 1001

12l 2 Full-address®2io| HX|X|X
Fig.2 Addressing in full address instructions

2.3.1 Fuli-Address &

Full-Address %% 2 7483 Opcodews A
WA ulo|Ee] ¢l 3u|Ed] o A4slgt. 49 HE
= A3 9 R AFHAE R 2Eln Yo
A AEE Wl ow=ol wojx] WIS vehit)
Full-Address ®%¢] F ¥4 wlo|Ex #o]x] WA}
A ev@co] WRE BAShe SHE WAE 738
t}. (Fig.2)e Parwan W%9 #44% 129 E ¥xle]
Bl A& BoZd,

2.3.2 Ho|x| ¢x] Y

(Fig.3)>& JSR¥ £71%d] tigh A4 HojE)
o] HHEL HHE] ek Holr vlolre H=me]
& F=3t}. JSRE Opcodet ‘11070z, 3 WA ulo]
Eo| uUmz] SulEx FAldd. £71%439 Opcodes
1110tk ME 4 ¢ 10|z, He9 vEE ¥z
A& FA%. JSRI £719] £ A uwo|Ex dAle
HolA A H=Zg WA & AF g},

JSRO| A3 Fof HokE WUA|(M=eeA JSRY ¢
<9 e WRe wA)= ARgee] A WA AXZ v}
Ak, T AZe MEFE TR T B0l TS ¥



22 #H OABR® HGE(2002. 6.

339 3F0] o] FoAA @t

cosplete address

mitocrd (ol ]

123 page address Yae| Hx|XIH
Fig.3 Addressing in page address instructions
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YA PHEL (Table.2)olX HojF=o] 49 44
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Fig.4 An example for indirect addressing in Parwan
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o] AE3AE A 71EL A% AojAEe MzelE o
g ¥|ESF} databusE A&t QlE t=glo] S5

A olgolzie},

3.1 Elojdnt EHY
Behavioral 71&¢] 4&ddde ARHA g &
AzEr ¥FEoigln, o NFEL dAHA

dataflow =9l AMEEHU, Behavioral 2de] Elo]
g ZYe Fosln, dAH A PEs] 4
4 & = Ut old Eelue vz 2y vixe
£ R/W& W Behavioral 2ddx =€}

3.2 HF[X|
Behavioral #&9*] Parwan® 7]1€% 9 basic_
utility #7128 ARgsit}, o] #7141 CMOS 44 &
ojuzleld] glong Yoo ule} B AMGIE E 3}
vel par library Parwan® 7]1&¥ o) 87=He #
delE]E 71X Y] basic_utilityellE °lRe] gith

3.2.1 par_utility H7|x|

par_libraryell Yehde 2709] #7112 £ 3 WA A
2 par_utilitye]l 2 H71A] HALEE Ao BHojAn,
ket FRe FRAAE slagle o] #H71AE CMOS
glolBaleld basic_utility H712E AR}

7]ellA] 4, 8, 12 qitHol9| nibble, byte & twelve
£ qit_vector®] T wired_nibble, wired byte & wired_
twelves basic_utility #171212] Wiring(Oring) &8
ARg3H]  qit_vector® Fopdrh. par_utility ®71AW
9] =IEE qit_vector LATVEES 98 tgse ¢
€ basic_utility H7|AWE Z=%c} basic_utility
= qit 49 H¥=E 8 FFES e 71BAY
AAAE 2uditkn spgshd A

par_utility #7129 add_cve} sub_cv 59 e
Sz WS $%).  (Fig.5)€ par_utility #I71A
o] FAY 71&E FFA R

3.2.2 par_parameter H|7[X|

par_library®] ¥ t}Z #7]A+ par_parameter®]
t}. 9714+ OpcodeEs] ¥|E ~EYI we] OFE
& Aot

Parwan Behavioral 71€9] 43d4& CPUY A
AAQJQ Aol wet g8}t CPUSSR o7k 4
HEo] M= #4o| git, qit vector & 1ol F-3
she AEES At weiM o713 Parwand] 4
39 71&E UA solgitt

o] 71&& CMOS &elHelele] basic_utility Package
9} par_library #7129 par utility®} par_parameter®
AHgsla Slok o714 FRsRe AL wRe R/W gl
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7} Alo]E ElYlEolx, EE Parwan Y& #E
gl dole] WAg FAstR Yot o] HlolH Waxe
basic_utilities #71A¢] &HFATE AFAE o AHEsh
£ 4zl

3.4 Parwan Behavioral O}7|&x

Parwan®] Behavioral 71&<& w348 a9}
FoRRE A2®S 2dslsid AAG o] 2de] 7]
& Dataflows} Ao|E F=FolojA] AAAHQ st=sof
2 7legt

par_central_processing_unit®] Behavioral ©}7]1}
9] AvkAQl 7]&jt vyl #ge wgE M
3, AEHE 4ol To]d HdHe Z=E 7led
t} Ho|E 1 W47t o] ulolEd] oA9A AAHeAE
Zledtn WRele] 3 WA vlolErt ¢j8A wojE W
o d474€ ¥ g ¥W3E g4 THE ke B1E 7
i

wy

gggngECTURE behavioral OF par_central_processing_unit IS

o Do rii
eclare nes:. va e,
BEGIN i
IF interrupt = ‘1° THEN

Il Handle interrupt;

\l Read first byte into bytel, increment pc;
IF bytel (7 DOWNTO 4) = single_byte_instructions THEN
E Iilsgxecute Single-byte instructions;

Il Read second byte into byte2, increment pec;
IF bytel (7 DOWNTO 5) = jsr THEN
|| Execute jsr instruction, byte2 has address;
ELSEIF bytel (7 DOWNTO 4} = bra THEN
| Execute bra instruction, address in byte2;

ELSE
IF bytel (4) = indirect THEN
|| Use bytel and byte2 to get address;
END IF

IF bytel (7 DOWNTQ 5) = jmp THEN
|| Execute jmp instruction;

ELSEIF bytel (7 DOWNTO 5) = sta THEN
|| Execute sta instruction,write ac;

ELSE
|| Read memory onto databus;

|| Execute lda, and, add, and sub;
| Remove memory from databus;
END IF

END PROCESS;
END hehavioral;

2135 Feiol Parwan behavioral 71&
Fig.5 Outline of Parwan behavioral description

(Fig.5>9] Behavioral 7]&o|Xe HEe] A UA u}
olEE ¢& F 1719 vRe ulojERRS AN W
HEL Folir} o] FHES $3] Single Hlo|E B
Fo=7h g€k o] I=E CLA, CMA, CMC,
ASL 2 ASR®} 33 nlojES] (3~0MIEZ Akl
e TS Y. 2749 vine ulelEE AMgs)
B O 1Ho|Ee ve2RE g3 2}
olE iR X,

lo

e

JSR 2% 48 I=e PCY FHMERIE AEZY
o] Topell WA 7|E€rhe & BAF I39 44
Ex ¥ F ¥ ulo]EZRE dojn wiRa] $xjo]
©, PCo 8-S o] Y2 Agshd, HHEEl9] Eo}
& WA} dojzict,

27125 JSRY 43& byte 29 W&E 3uA PC
o] FAEHRe zZd] w} 2IeE FEr}. o7iA
EN1EZE dA HolAd daAd T o] Tzt

9ol 2ulolE wHo] JSR 32 #7] WFHo] oh
W, par_control_processing_unit®] Behavioral ©}7]
HAE WA ARE A 8.

AR A A 71golA Holxl M3l byte 19]
39l nibbleold oA 1A FHE byte 2uie]
124 E9] W& wRal g s ste) AR, A4
Aol FHEE ¢l AHETh A71A byte29] ol
W8S A2 gL vlolER diAEY,

Full-Address B#& $1% F=& (Fig.b)dlx Hed
& TANA AHe whel & JMPolz, 2 FHe] 4
P& AT 715N BAFE AHH 3L byte 1#
byte 2Z%FE wEold PCY HANE =&Iid
Full-Address ®® STA= byte 13} byte 29| 3319
nibbleo] oJ3l WE0izl WRe] Wx|o] ACE ARt
a1 53 H3A9 sta BHS A3 71gelM Bt

Full-Address =%el m}A|2 2§& LDA, ADD %
SUBEA, 44l exdee a2y 934 databus
o A€}

Parwan®| Behavioral 7]&<llq B39 A& 43
Hojk g AlolZ B9 ARRET, 2 B4 st
wEo] fH3] AP=m, e Ale]Ze] a7d
Parwn® €33% Behavioral 7]1€& EF HEAd XH
o7}, a8l of 7lEL (Fig.59] AFE Xl 4
pkil=3

V. A oA Jx

CPU9| 3l=slo] dAdAe 239 dA2Ee =8
ZA9 w2dd F2E Jledhe ook (Fig.6)&
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Parwan® 8|29 725 B9} o] toloaie
Parwan®| DataflowE 71€% 1 A}8E 4 ik

4.1 THAEY 420

Parwan®] F8 FA84% AC, IR, PC, MAR,
SR. ALU % SHU°It}. HeolHE H2ES 3t=siolof
Aoz AZPdl FH.AE AteldX A4Er). (Fig.6)
< 2o HA2ES =AY 28 R Aoz 3
A% vole A%S AT Y 9FS RAFH
T3€ Parwan®| VLSI 7@€ tFa Bl2oA9] b
olele] ME& A3 A Al|ES A

2.6 Parwan2} AN x
Fig.6 Parwan bussing structure

4.2 Parwan A9 7iQ

Parwan® 74824 % AC, IR, PC ¥ SR< A
2Elo|3, ALUS SLUE &§h=d] 322X o5& ¢
23 AES o e AoElE Zent

ACE ALUS 2H@=F Agshe SHE HA2Eo)
31, IR& ALUE %3 dbusdl] A=, o7l o3
FHUEE AF3lx, WA 2o Holx WAE AT
. 126]E9] pPC¥ 23 Upcounteroli, MARE 53
HAARE WA A(adbus)el AFH Frb MARH
PCE HolAjg} FAERE ZVIE J.

ALUE 2719] 8HIE 483 4709 Eela 4¥st 3
el AolPHE e =3z 2A, o] &2 8y
E o¥IcE Ztar H#4F AlZEsh: SHU FA
Qe dd€n, o] ALUS} SHUE S8 wEoid 4
B SR 4¥o] €rh.

v

4.3 Hao Ad
(Fig.6)8] W2QZTZE Parwan B8H< A3

e daF A 2E dolE A2E HdFm o
Aol7le FolR Wl A AP AF7] AF o]
213 e

o] W2gATz] M9S 3 LDA HHe 433
HAAA L 71 B ol A2d WEe ¥AES
Zte PCE mar_busol Ao} MARZ ¥z, s} 57}
AlZle2n AR, ojRle] 3i=d Aoj7]= MARS
abusdll A& read_mem AZE WSO} g7 UG
t}, o] 2 Hio|EVt W|REZHE databusd) dEx
2 §F0, Aloi7le databus_ondbus AHojANEE B4
3tal] w)22] 9L a_sideZ #W dbusd] Ao ALU
of Buls, SHUSA AZEQle] athz &Y== 3}
o obusE Z3| IRZEFE  ©] AL FAF Fo IR
o HEd we} Ao|7|7t Mol E wEe] 2o Fe
& AFa AAlE d8E AAEY T HAA
3 welA, Ao7le Aibs F8E] Mol iz 2y
H HzE YEE 3.

V. Dataflow Z|=

339l 4wE Behavioral 7142 Parwane 3&
& 532 FHR| = Rk F, o] AlzHle] =g
o 1AL dsiMe (Fig.hrd 7I¢=REe PR
goug AR s=dold ol ¥ Parwand] 71&%
dopgit, AwkAgl 714 diold #HAxE Y =2FA
o] 723 FZAEE k= FolH, AR 2B ET HAE
& B3l dHolelel 539 AE AHslm g7 wEd
Aq71ME aRE FEBAA Parwanel Dataflow 715
2 FHsz glet

Pate Stanale DATA SECTION

I

Data Components and Buses

T

COMTROL
SRCTION

Control Signals

8.7 Parwan CPU2| Hlole{2} mMojs
Fig.7 Data and control sections of Parwan CPU
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5.1 Hloje{et Mioje| 2e|S=

(Fig.7>& Parwan® Dataflow 71&< 918 AM-}
 Holgs olg FEI AWl dHolH¥E
CPU 74849 9473 < HoFn], 38427 3
et vzo 28 dojFe 3L 84 doh

AR 939 AT HolHRERREY VFE
AN, GAAH o2 Holee 21y g9t b
Hie] Wx £02 dojee &3S Aojske AEE T
Eof i},

(Table.3)& ®loJEly Wle] dlolH o5& Alo3l=
Aol o wEoR FAIES BTt o] B
& 4130 93 Aojde At wel =gt

2.3 Hojse| eia
Table.3 Inputs and outputs of Parwan control

section.
REI:I%TED SIGNAL CATEGORY AND NAME
Register control signals
load_ac, zero.ac

ac load_ir

PC increment_pc, load_page_pc, load_offset_pc,
MAR reset_pc

SR load_page_mar, load_offset_mar

load_sr. cm_carry_sr
Bus connection control signals

pc_on_mar_page_bus, ir_on_mar_page_bus
pc_on_mar_offset_bus,
dbus_on_mar_offset_bus

MAR_BUS

DBUS pc_offset_on_bus, obus_on_dbus,
ADBUS  [databus_on_dbus
DATABUS | mar_on_abus
dbus_on_databus
Logig unit function control signals
SHU arith_shift_left, arith_shift_right
ALU alu_code
Memory control and other external signals
Etc ] read_mem, write_mem., interrupt

5.2 tio|efe| Efo|An} HMo{e] Xz|

HolEje} Aol FEF NI o8 7
2, o] 28 F7] ¢ Aot HdclE dod|x,
Holelie] Hx|AE|Eo] 2=Hr} (Fig.8)< 2o &
ol HAE Aojaze Elo|l& HogFr}

e} AlNte SYY29 falling-edgedlr] 84
gl=lo], th& negative-edge W7 €438 fR|7)
AA 37}t g3kEo} de 5 wHolg Ry =X e
T3E 534e syan], o die 232 YR2H
Aol A $ A"

e —J L T1.
cotrot gt 1 —— L
control sigmat 2 ——————— L

128 HjojalEe| Elo|
Fig.8 Timing of control signals

5.3 YetEol 7=l 2AHY =AM

Parwan®] 71&& (Fig. )9 dlojelie} Aojie] ¢
Fol B} 71&5n (Fig.6)olM B slojelRe] +#
42452 Behavioralolyt Dataflow F&Eol4 Y3
o2 7l¢drt. rIM waTFzd wet aRe] FPes
5% dstn FHRAE S o] dFFo2H dlo|
EHEE Zedicl dojeie] &4 Fo Be Al e
F2o] Parwand AMolRe] 71€2 Y3 ARgEct AA
HQl 71eL Holels} AolRE FolFoZN gt

5.4 Parwane 4240 Il

ALU, SHU, SR, IR, AC, PC ¥ MARY #& H|
olHRE FTASAEL Fo|F ¢£AME ZFuA sieHd)
CMOS zlolBale] Mol basic_utility®t par_libraryi
9] par_utilities7} ©] FARAES 7145k u) AMRE
. o7lA, o] FHLAEL par dataflow VHDL A
A golHelE 2 Rolxn], IR JEEL ¥EBY B
T Bojzic}

5.4.1 MEoiM =2lFx|(ALU)

ALUE 2719] 8uE o¥d=sol 37io] MeMs} 470
o] Zdla d&dS e i A9 (Table.d)
o 2As] ALUY 3£ Agsie], ALUY 44k 9
@ ZPY e WEE BoFr)

.4 ALUS| S8} Zela

Table.4 Operations and flags of alu.
S2 81 80 OERATION FLAGS
000 a AND b zn
001 NOT b zn
100 a zn
101 b PLUS a vezn
110 zn
111 b MINUS a vezn

(Fig.9)« Parwan® ALU Wig =248-S Hy
Frh. o] ALUZE 383 8 WA ALUS B9 9
AL Hostn, ALU 2=8 44 aA=s] 98 o 7]
H7A7}  basic_utility<t

€dX  alu_operations
par_utilitiesol] A€t}
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2.9 Parwan alu.Library cmose] &=2/Als
Fig.9 Logic symbol for Parwan alu. Library cmos;

Parwan ALU®| i3 VHDLZ|&€2 #ERd| ReF
t} o] arithmetic logic unit®] Behavioral °o}71€l#
e HE F=o ZA ALUS Flo] A}

5.4.2 Shifter &x|
(Fig.10)2 AIZE Ao tF =eiEs BoFn,
MeH|E 4 QHZZHE F& nsld FHF AZEF
AL sle] Yo YR} o] SHUY 71gdA AT
E dilo] gi& v 19 HojEs Fevt SHUY &
gog utz Wit}

LU

BELLELSE)
TTTTTHT

3,10 Parwan shuel =2A&
Fig.10 Logic symbol of Parwan shu

5.4.3 Status Register(SR)

A HAAE = A EZA Negative-edge E2lA %}t
37159 it o7 FeaE 2EHE HolEHE load
AT cm _carry YFH A& F/1Ho=Z AojE. of
SRe] VHDL 71&& #5Bd) B,

5.4.4 Accumulator(AC)

Parwan®] ACE 443< 297 022 vee 9
g 2= QY| E #H2Holdh ACE FdolEE #A
2Bl 2=dhs 2L load Y=ol ¥A3SR, zero
Aol vjgysld o 229 falling-edgedlr +3E
o} ACH] 7]&& HEBd) Rojxich

5.4.5 Instruction register(IR)
3% HA2H IR load 48 30 7€ QUE
AR 2Holt}. load ¥ L sl 29 4H
9] falling-edgeclld #HAAE7} BEHEE dld [RY

T3] 71e¥h

5.4.6 Program counter(PC)

PCe 1709 #ixl2E9 2709 load UHE Z= 12
HE E714 7L2Elolt). load page 9 9 47
vEZ 47 doHlE F713o2 2Ta load offset
& HAzEe 439 8/) HER U dHolglg 2=
t}. 239 g VHDL 7]&2 $EBd 2oz

5.4.7 Memory address register(MAR)
MARZ 2709 5719 loadygE Zx= 12HE ##|
2Ho|t}. load_page 9E< IR 2E9 HA9] nibble
2 WEgz 2c3dly, load_offsetS A9 ek ulo]

ER 23, 239 36 wet MAR| 7]&dt

5.5 Parwang| G[o[E{5

Parwan®] tlolE¥+= A8 FH45e] 4398 ¢
TAe 1 Parwane] ¥AQATZE A3} o] A
9] YHEL dolEwx, AT E AojRzRE A
ZEo|t). AJAFTEL HolEF o] FYLLEY F
A5 sl 289 8-S Alojsld 48S doEy
2o AxE HEc) dolejte] 2HEL dolguxe)
HAW o] G249 Aoz IR HIESH 49 e &
ok

par data_path® structural °}1E|xel M)
NEL FARAEY FAT vlojE R FH8AE A
&1 gle} o] MR wolee THAES GF3t
7} 13 439 Wax Astm ok

par_data_path® structural o7 |€39] 71&& +
Aakel 2P, AxddH (Fig.6)olAe] A4S
BFohe 71€Eelth 94 dRl2EEe] AFS N1Ed e
Parwan®] #iX|2E F2o] e} AA& Fen, nix%
o2 ALUS SHUS 27152 ARk glen, (Fig.6)
9] Ao we} o] F AXSe] dFE FAsw Uk

control FP T
inputs

External —
Signals__

control FF 1

M1

Signal
Activating
Stat 1

systes
cloc

a1 "o FFe st=sdiod
Fig.11 Typical hardware surrounding a control FF

signal issuing control sigpals
coptrol signal to data section
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5.6 Parwan2| Hjoj%

Parwan®] Aoj¥-el 71&d FEs] 1-F7] B¢
gslsle Ade AoNEE e Aule] Wol2 ol F
oz}, o] AeieAle] 7lEdlXE multiple state_

machine®] 23 ¥]&3t F4& ANt o] Parwan
Aoi7lolM, E89] edge HEE vl Aejoir whERCE
714 71&% da9 sugo} P FFo] Ze] 4
el thedled olFolA). (Fig.11)2 AAAHY Ao
FF sledolg BoiEat

A7 =2Ede gYEL thE AHFFE Alojid
A Ageetolol] A T AR qHEINE U Aol
o, =elEEe] 2452 Aot Hu gelHRd F
o2& RS0t

Parwang] Aloj{e] ¢aAHL nlme] 979l 7]
AZEE AT AdwE Zndn, dole¥e] ir lines
o tig &3 dolelFaiels) Judd A Wz
g g AEHPE RIES 71edt

par_control_unit® Dataflow °o}71glxe] Ak
71E-& Ao1Fe] Aol AojEHE A dFE 435
& Mgk basic utilities Packageol $l& Oring®
T ARSI
par_control_unit®] Dataflow ©}7]1€]32] 7]&<iA
$EL par_control_unit® AAIHQ & Eoi7}

o|Z-& OR Al°|EESS] £ Alojie] 44 &3
dAsEct.
38 1904 A&FEL PCE mar W2 HdojFez
A Ajzksi, JAE-E ¢i3jo] EXslEly, PCrl gAE
o} Aol 4 12 HEoler}. CPU/ JHHESA]
23l e 271 ol Edsidr)

2 o2l data_bus on_dbusE ARg-sle] dlolE u]
22 Y85 IRE A$IEE ALUY a inputE 92
o}, 229 edgeclld AojAel 30 A8, IRE A
2 T A =9, tg 4N PCrt RIS
E e

A 29 $1& w MAR ¥AE A 1o 28] THEo
A AZE FE oS, o] 7lgo HoFRo|
adbus®l MARE& A1, read mem®& '#ArZo=y
Q&F2E g2

48] 3°) B3l 9 o] B sl & F 3
o] AEA 9 FHL R LAHY. 3 32 M=
2l2RE o HlolES ¢7) ARG s} FAle 4

2

R

8 3& dAle Wi ulejE 5 AR 2 bl
Welold, ol ulo|Es} W7} i, Ajojde 47} 2ut
olE W AP AL3r] A3 GAsidrt. w
Aol Heo] Fuix] wHolm F WA ulo]Er} Yag
o, e 3e RS 3 Fo, o HH S AE}
71 98 3e 28 gA3lEA |k

48] 4% Full-addresst} Page-address B3| 4
PG 9 o SspEch el 304, WA nlo|E(3
Hol F WA ulolE)E ¢S FHI7) =9, A 49 7]
294 °] 97 52AE 83T mare] FHAERS ¢
oA A2 Hlo|EE et

38} 4€ Full-address B39 23 2 154A A
AL AeEshe Y 54 68 758 oS 44 JSR
oji} BRA % tigh A8 7olu 98 FEet. A
58 F53hs 23 WA7t MARY 2=€n

del 59 71e WA ARWalE Ay, A3
WA AR Res A" A 49 o8 FEEE A
7 go] e 6 FEC

48 62 JMP, STA, LDA, AND, ADD ¥ SUBY%
#ol A8d o TFHL o] AH F¢ MARS &%
2HF= MAE 7195k T jm, st R rd BRE
< F3P317] A3 dele] 71EoiMe load pc7t MARS]
8ol PC2 REFHEE st o|AL2 PCI 93]
%€ vixe] JXZHE N2 wHE AEI] AP
238 2¢] 52 oa Jg Feloh

st B85S F¥& STAHHES Opcode’} ir_lines®)
MSBellM AAHE g43=n], d B85 AH) 622
975 LDA, AND, ADD ¥ SUBE He@th. 7]
oA Full-address H%¢ 3 we}l Ajole g ¥
4 &L 98 e 12 B3

Ae 79 71EL srol A4S ASAA PC UES
MARe &3] AFE AEF-S Topez 719A17]x,
2 Azl PCE 8] AHFRL] Tope WA(MARY
128 2)8 A% 24212 ARt FHA e 79
ool Yo g 89 71EL sro] 489S #83] 9
3 24slEd.

AAAN MEFEY F== top_of subroutine$ol
el A A1Z237] wEel] 8] 82 increment_pc A%
£ oz, ArgEle] 3 WA 93E A& 4
3 A4 1& 75

olgA H4d Aojx A= 99 Edeln, o A= 4
7t FEHm, £330 gt A 97t 7EE o

ﬂa‘-‘
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E71HA= MAR #X2Ho it 8 9% ¥714%
(3~0HIE) 3} A A 2H HE(v,z,s.n EI) Alo]
ol 2zlo] WEEW MARE PCE 2=3), ¥z
o] BEHA| goW PCe B g §43%k PC
WA #7198 ogol vdee dxe] 94XE AYse
2 Aele oF BRHE A g8 dH 12 =St
ot 2E 439 &8 ¥ par control_unit® Dataflow
olFlE R BE el 0& E33t
1]:‘7}1] Parwan #°{71¢] Dataflow 71&-< S43#
AL B5d BE Bt} oy]A AAE 71&0
FH 3]': 329 AukAel TAlE (Fig.12)0] RHojxjn,
o] 3|2 tholojaWe (Fig. 1104 AMR A3 FUdg
®718 e

2).12 Parwan Ho{7[9] clojoad
Fig.12 General outlin of the Parwan controller

5.7 Parwan2| & Clio|e{e} HojR
Parwan Z2AA9] 43 Dataflow 7|E2 par_
data_path$} par_control_unit® FA=o] glc}. o]
CPU9 984L (Fig.13)0] BAR|5], o] AL 9
HYE Az 71eolA 2R AT vjs3in}

ENTITY par_central_processing_unit 1S
PORT (clk: IN qit; interrupt: IN qit;
read_mem, write_mem: QUT qit;
databus: INQUT wxred_byte BUS :=
¥27Z7Z72777"; adbus: OUT
twelve );
ND par_central_processing_unit;

1313 DataflowZi=2 H3 g2idd

Fig.13 Entity declaration of the Parwan CPU for
it's dataflow description

par_ centrall _processing_unit®] Dataflow ©}7]%
9| o] 7]1%& par_data_path?l Structrural o}71¥
29} par_control_unit® Dataflow ol71€lHe] 434
Z2E FRsld AANHY $2E BoFr)

VI. Test-benchE 0| &%t Al2a0|M

(Fig.14)>= Parwan CPU®| Zt&t Test Bench&
HoFE o] 7]1€L par_central_processing unit&
ANEdta, oz JelPES Feilse g A
713, SRAMe| T74E& =4t}

ARCHITECUTRE input_output OF parwan_tester IS
COMPONENT parwan PORT (clk: IN qlt interrupt: IN qn
read_mem, write_mem: OUT qit;
tabus: INOUT wired_byte; adbus: OUT twelve);
END COMPONENT
SIGNAL clock, interrupt, rmd, write: qit;
SIGNAL data:wired_byte := "Z77ZZZZZZ", address:
BI;[‘G\I};E byte_memory IS ARRAY (INTEGER RANGE <> ) OF byte;

int interrupt < * AFTER
cIk clock <= NOT clock AF]'ER 1 US WHEN NOW <= 140 US ELSE

cpu parwan PORT MAP (clock, interrupt, read,
wirte, data, address)
mem: PROCESS -- <Fig 14-b>
VARIABLE memory: byte_memory (0 DOWNTO 63) =
-- ( (LDA 24, STA 25) (AND 26, ADD 27)
UB 28) (LDA i 29 JSR 36)
- EMSL NOP JMP 32) 0
-- (JMP 18) ( CMA JMPI 36) (24(HB'0")));
VARIABLE ia: INTEGER;
BEGIN
WAIT ON read write; qitZint(address, ia):
TF read = THEN
IF iag >= 64 THEN data <= "ZZ7Z2777Z";
ELSEnga'a <= wired_byte (memory(ia)}:

WAIT UNTIL read = '0";
data <= "ZZZZZ27Z";
ELSE write = '1" THEN
[F ia é‘ 64 THEN memory(ia} ;= byte(data);
WAIT UNTIL write =°0’;

END PROCESS mem;
END input_output;

(a) Assembly for Test-bench
V.‘(XRIABLE memory byle_mermxry @) DOWNTO 63 =

~00100000", (X)OHOI(Y, "01 . i
11100010, "11101001", "01100000", "00011100",
00010000, 00011101". "11 K

”111010007, "11100000”, "1
00000000, (XXXXW’, “ ,
000011007, “00011111", “00000000", "
~000011007, “00011111", "4 ~0101101
~100000007, "(XX)I(X)IO". K L
“00000000~, “11100010”, “10010000”, "00100100

00000000" :(XIX)O(]U’ "

REASENE

§§§§§§§§§

.............
.............

N xg £ 3 s
he A A A e

' "00000000";
(b) Binary code for Assembly

2714 2i68t Test-bench
Fig.14 A simple test bench for Parwan behavioral and
dataflow descriptions.

parwarn_tester®] input_output °oFIEFWe e
mem< Parwan®] 48 BHEE 27)3sd] gle 64
HolE wlg S Azldla gk 2 Hele vxs $2e
FPsl7] A8 R/W A3t To] 8 wWg 7gict. 3
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vl ES gl7] g3 2 Azie R g ddzshs WA

< AMgeld WRIRRE THE volEE datat] 2ol
Aol gt

o] dlo|el read’t 0'°] 8 W74 HFEED, mem
Aele 7' ZaA HolgdE 758 wWta] mFEc)
2zl doleld AAG F writert A3E o 2
Hele o R/WSAE AR &4 write Aol
39| AAE 7IdeA dt

(Fig.15)& Parwan CPU9 Behavioral 22
Dataflow 71&°] g (Fig.14)2] Test benchllAl
par_central_processing_unit®] CPU £#& HolF+
AAL B FET} 7| par_central_processing_

unit®] ¥ WAL d2E3p] A8 FYG oFIHAE A
g3t gt

(Fig.15>2] Behavioral® Dataflow 74d< A &%
oL Parwan TEAML 2719 7l&o) rHoE F
ditrhe Ae Fddta AUt

CONFIGURATION behavior OF parwan_tester IS
FORO }x‘nput _output

cpu: parwan
USE ENTITY
behavioral; l?gr -_central_processing_unit{behavioral);
R;

END FOR;
END behavior;

(a)

CONFIGURATION dataflow OF parwan_tester [S
FOR input_output

FOR cpu: parwan
USE ENTITY
par_dataflow.par_central_processing_unit(dataflow);
END FOR;
END FOR;
END datafow: ()

28,15 Parwan Tester2] &2 7o
(a) par_centeral_processing_unit2] behavioral EIAE (b)

Dataflow?] EIAE

Fig.15 Configuring input_output architecture of the
Parwan tester.

(a) for testing behavioral architecture of the
par_central_processing_unit, (b) for testing dataflow
architecture of the par_central_processing_unit

o714 (Fig. 6)°ﬂ"1 BgkRol o] HAAdd PR
Dataflow 71&<] A& F3ict.

(Fig.14)2] HAE T2l AL 9j7 AlEd o]
A 482 Parwan CPUS] Behavioral 2o thajiy
0.72 Z#R, Dataflow 2dd] e 442 4§
o} 58] BE AEHold AE dr] A7 ¥ES
CPUS] Ale]Zol] &2 gldich.

VLZ E

2 AFoME Parwan ZEAA9 CPUS VHDLE
o]43l] Behavioral Leveldld 71€3ka, Dataflow
Leveldlr] 4% dFsigion], FAE Z2AM 52
& B15l) Y3l Test-benchE o] &3k AlEao|M
stact.

o] oA, Alxelo] MA=7] Hel| Behavioral
LeveldlX Al2€lg 71€¥ o VHDLe] %A AHeH
€ A9 F A4 Aol AFE F Dataflow LevelolA
Alage] W2dRA YR2E F2E 7158 W) VHDL
o] oJE@A AgEE AE Hol Fglon,
AAE 437] d8lA Parwan Dataflow 2deiMe
ZHEFH AolEEY H5dde FHsA dH 7=
BT

THE ZZAME AlEFolAs] HdsiM odriMe
ZZA AN e HHIE AAE AEAA] 84
BlollA] Test-vector® ZTEAJMd) g&el Fasignt.
ojFgA gozH FAEL A w Axg)e] Y2y}
548 474 A4+ T, FA] 29 $Ad gE
38R0 hsEtsict

AZHoZ E AP VHDLS ol §3 AAxle] 4
At AgHeld Wi ohgat 2 FEE 4E F 3
ot

- J1Ed A z2"e] BN B 4ARE Alo] 9 A

AR & Ao)o) HR o] Lol3lyw,
- ARt A ke stedlelrt oj% A FRse A9
EHo] Fezta e,
- Z1eWae] FAzlsEle] QlolA AA Bl EA]
Bk Ao 7Fssisla,
E3) Algdo "*"1 43 AR

ozt $eld 49 Ag 2AZ B 9 B dF7=
AdAeMe] A Ada AEridele] ngT A3
Be =gl ° o= Be B3 o] A9 £
Mg 7433 oz dAagel dakd 43¢ gost
A g F U=E F ez 20

E3] Parwan
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mode simulation of

digital design

BZA (Behavioral Description)

LIBRARY cmos:
Use cmos.basic_utilities
PACKAGE par utilities IS
FUNCTION "XOR'(a, b : qit} RETURN ait;
FUNCTION “ANTY(a, b : git_vector) RETURN qit_vector:

FUCTION sub_cv (a, b : qit_vector: cin : git) RETURN qit_vector:
FUCTION set if zero (a : qit_vector: cin : qit) RETURN qit
END par_utilities

PACKAGE BODY par_utilities IS
FUNCTION "XOR'(a, b : qit) RETURN qit IS
CONSTANT qit_or_table : qit_2d := (('0",'1"."1"."X).
('1,0,0,'X), (1,70.0.’X), (X, X'XU','X'):
BEGIN RETURN qit_or_table (a, b):
END "XOR"
FUNCTION "ANDY'(a, b : ait_vector) RETURN qit_vector IS

FUNCTION "NOT(a : qit_vector) RETURN git_vector IS
VARIABLE r : git_vector (a'RANGE):
BEGIN

ELSE r(a’LEFT+2) := ‘0": END IF:
REURN r:
END add_cv:
FUNCTION “sub_¢v'{a, b : qit_vector: cin, git) RETURN qit_vector

RETURN zero:
END set_if zero:
END par_utilities:

LIBRARY cmos:
USE comos.basic_utilities, ALL:
PACKAGE par_parameters IS
CONSTANT single_byte_instructions : gir_vector (3 DOWNTO 0) :=

"1110"

CONSTANT add : qit_vector (2 DOWNTO 0} := "010":
CONSTANT sub : qit_vector (2 DOWNTO 0) := "011":
END par_parameters:

LIBRARY cmos:
USE comos.basic_utilities. ALL:
LIBRARY par library:

read_mem, write_mem : OUT git:
databus : INOUT wired byte BUS := "Z7Z7Z727": adbus :

OUT welve

)
END par_central_processing_unit:

VARIABLE pc : twelve:

VARIABLE ac bytel, byte2 : byte:
VARIABLE v, ¢, z n ! qit®

VARIABLE temp : git_vector (9 DOWNTO 0):
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pc = zero_12¢
Wait FOR cycle_time:

adbus (= pc:

read_mem (= 1" : WAIT FOR read_high_time:
bytel := byte(databus}:

read_mem (= '0"; WAIT FOR read low_time:c :=
WAIT FOR cycle_ime:

zero_12:

CASE bytel (3 DOWNTO 0) IS
WHEN cla =)
ac = zero 8
WHEN cma =)

IF ac = zero 8 THEN z := "1" END IF:
n = ac(7:
WHEN OTHERS =) NULL:

END CASE:

adbus {= pc:

read_mem {= "1 WAIT FOR read_high_time:
byte2 := byte(databus):

read_mem {= "1’ WAIT FOR read_low_time:
pe 1= incpe):

databus (= wired byte (pc (7 DOWNTO Q) ):

adbus (7 DOWNTO 0) (= byte2:

write_mem (= '1"; WAIT FOR write_high_time:
write_mem (= '0": WAIT FOR write_low_time:
databus (= "22227277"

pc (7 DOWNTO Q) := inc(byte2):

1F
(byte1(3) = '1" AND v = "1") OR
(byte1(2) = '1" AND ¢ = '1') OR
(bytel(1) = ‘1" AND z = "1') OR
(bytel(0) = '1” AND n = '1') OR
THEN
pe (7 DOWNTO 0) : = byte2
END IF:

adbus (11 DOWNTO 8) (= bytel (3 DOWNTO 0):
adbus (7 DOWNTO 0) (= byte2:

read_mem (= "1" WAIT FOR read_high_time:
byte2 := byte(databus:

read_mem ,= ‘0’: WAIT FOR read_low_tume:

pc := bytel(3 DOWNTO 0) & byte2:

adbus (= bytel (3 DOWNTO 0) & byte2:
databus (= wired_byte (ac):

write_mem (= "1" WAIT FOR write_high_time:
write_mem ,= '0’: WAIT FOR write_low_tume:
databus {= ‘22222227’

adbus (11 DOWNTO 8) (= bytel (3 DOWNTO 0):
adbus (7 DOWNTO 0) (= byte2:

read_mem {= WAIT FOR read_high_time:

CASE bytel (7 DOWNTO 5) IS

IF ac = zero_8 THEN z := "1’ END IF:
1= ac(?):
read_mem (= "1"” WAIT FOR read_low_time:

L 28 (Dataflow Description)

0):

USE cmos.basic_utilities.ALL:
PACKAGE alu_operations IS

CONSTANT a_and b : qit_vector (2 DOWNTO 0) := "000":
CONSTANT b_compl : git_vector (2 DOWNTO 0) := "001":
CONSTANT a_input : qit_vector (2 DOWNTO 0) := "100":
CONSTANT a_add_b ° qit_vector (2 DOWNTO 0) := "101":
CONSTANT b_input : git_vector (2 DOWNTO 0) := "110";
CONSTANT a_sub_b : qit_vector (2 DOWNTO 0) := "111":

END alu_operations:

Entity arithmetic_logic_unit IS
PORT (a_side, b_side :

IN byte: code: IN qit_vector (2 DOWNTO

in_flags: IN nibble: z out: OUT byte: out_flags: OUT nibble):

END airthmetic_logic_unit:

ARCHITECTURE behavioral OF arithmetic_logic_unit IS
BEGIN
coding: PROCESS(a_side, b_side. code)
VARIABLE t: git_vector(9 DOWNTO 0):
VARIABLE v, ¢, z. n’ qit:
ALIAS n_flag in: qit IS in_flags(0):
ALIAS z flag_in® qit IS in_flags(1):
ALIAS ¢_flag in: qit IS in_flags(2):
ALIAS v flag in® qit IS in_flags(3):
BEGIN
CASE code 1S
WHEN a_add b =)
t:= add_cv(b_side, a_side, c_flag in:
c:= t(8): vi= t(9):

END CASE:
ni= t(7):
z:= set_if_zero(t):
z_out {= t(7 DOWNTO 0):
out flags (=v&c&z&n:
END PROCESS coding:
END behavioral:

Entity shifter_unit IS
PORT (alu_side: IN byte: arith_shift_left,
arith_shift_right: IN qit: in_flags: IN nibble:

obus\kernlpt_side: QUT byte: out\kernlpt_flags: OUT nibble):

END shifter\kern1pt_unit:

ARCHITECTURE behavioral OF shifter_unit 1S
BEGIN

ALIAS v_flag in: dqit IS in_flags(3):
BEGIN
IF arith_shift_right = ‘1’ AND arith_shift_left = ‘0’ Then
t:= alu_side (7 DOWNTO 0):

:= v_flag in:
ENDIF:
obus_side {= t:
out_ flags (=v&c &z &n:
END PROCESS coding:
END behavioral:

ENTITY status_register_unit 1S
PORT (in_flags: IN nibble:
cm_carry, ck: IN qit);

END status_register_unit:

out_status:

ARCHTECTURE behavioral OF status_register_unit IS
BEGIN
PROCESS (ck)
VARIABLE internal_state: nibble:= "0000":
ALIAS internal ¢: qit IS internal_state(2):
BEGIN
IF (ck = ’0") THEN

QUT nibble:

load.
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END BLOCK clocking:
END BLOCK enable:
END dataflow:

ENTITY program_counter_unit IS

PORT (i12: IN byte: 012: OUT twelve: increment, load_page.

load_offset. reset, ck: IN qit):

END program_counter_unit:
ARCHTECTURE behavioral OF program_counter_unit IS
BEGIN

PROCESS (ck)

VARIABLE internal_state: twelve := zero_12:

012 (= internal_state:
END F:
END PROCESS:

ENTITY program_counter_unit IS
PORT (i12: IN byte: 012: QUT twelve: increment, load_page,
load_offset. reset, ck: IN qit):
END program_counter_unit:
ARCHTECTURE behavioral OF program_counter_unit IS
BEGIN
PROCESS (ck)

012 (= internal_state:
END IF:
END PROCESS:
END behavioral:

ENTITY par_data_path IS
PORT (databus: INOUT wired byte BUS: = "ZZZZ7Z77Z7":
adbus: OUT twelve: clk: IN qit: load_ac, zero_ac,
load_ir, increment_pc, load_page_pc, reset_pc,

ir_lines: OUT byte: status: QUT nibble:
)
END par_data_path:

ARCHITECTURE structural OF par_data_path IS
COMPONENT ac
PORT (i8: IN byte: o8: QUT byte: load, zero ck: IN qit):
END COMPONENT:
FOR rl: ac USE ENTITY WORK accumulator_unit (dataflow):
COMPONENT ir
PORT (i8: IN byte: 08: OUT byte: load, zero ck: IN git):

SIGNAL shu_glags, ar_out: nibble: mar_bus:wired_twelve BUS:
mar_inp: twelve

BEGIN
— bus connection
dbusl: alu_a_inp {= qit_vector (dbus):

mar bus (11 DOWNTO 8) (= GUARDED wired_git_vector
(ir_out (3 DOWNTO 0));
END BLOCK ir2:
r3: pc PORT MAP (mar out, pc_out, increment_pc, load offset_pc,
reset_pc. clk):
pcl: BLOCK (pc_on_mar_page_bus = 1)

12: shu PORT MAP (alu_out,
arith_shift_right, alu_flags, obus, shu_flags):
END structural:

arith_shift_left,

BEGIN
— implied or assignments to output signals.
load_ac (= load_ac_oi:

read_mem = read_mem _oi:

write_mem {= write_mem oi:
alu_code {= qit_vector (alu_code_oi):

s1: BLOCK (s(1) = 1)
BEGIN — start of fetch.
— pc to mar
pe_on_mar_page_bus_oi {= GUARDED "1":

5(2) (= GUARDED ‘1" WHEN interrupt /= 1" ELSE '0":
END BLOCK ck:
END BLOCK sl:

s2: BLOCK (s(2) = 1)
BEGIN - fetchin continue
— read memory into ir

ck: BLOCK ({ctk = 0" AND NOT clk'STABLE) AND GUARD)
BEGIN
s(3) (= GUARDED "1
END BLOCK ck:
END BLOCK s2:

33: BLOCK (s(3) = '1")

BEGIN
— pc to mar, for next read
pe_on_mar_page_bus_oi (= GUARDED '1":
pe_on_mar offset_bus_oi (= GUARDED 1"

BEGIN
5(2) (= GUARDED '1";
END BLOCK ck:
END BLOCK sb:
END BLOCK s3:

s4: BLOCK (s(4) = "1)
BEGIN — page from ir, offset from next memory makeup 12 — bit
address
— read memory into mar offset
mar_on_adbus_oi (= GUARDED '1":
read_mem_oi (= GUARD '1” AFTER ready_delay:

END BLOCK ck:
END BLOCK sp-
— increment pc
increment_pc_oi {= GUARDED ‘1":
END BLOCK s4:
END BLOCK sb:
END BLOCK s3:

s5: BLOCK (s(5) = 1)

BEGIN — indirect addressing
~— read actual operand from memory into mar offset
mar_on_adbus oi (= GUARDED '1";

—goto 1
ck: BLOCK ((clk="0" AND NOT clk’STABLE) AND GUARD)
BEGIN
s(1) (= GUARDED '1";

END BLOCK ck:

END BLOCK st:

rd: BLOCK (ir_lines(7)= '0") AND GUARD)

BEGIN
— mar on dbus, read memory for operand. perform
mar_on_adbus_oi (= GUARDED '1":
read_mem _oi (= GUARDED "1’ AFTER ready_delay:

— operation

ck: BLOCK ((clk="0" AND NOT clk’STABLE) AND GUARD)
BEGIN
s(1) (= GUARDED '1":
END BLOCK ck:
END BLOCK rd:
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END BLOCK s6:

s7: BLOCK (s(7) = '1")
BEGIN - jsr
— write pc offset to top of subroutine

mar_on_adbus_oi (= GUARDED '1": l:._vl» _f_ %
pe_offset_on_dbus_oi (= GUARDED "1":read_delay:
: 1980.2.: Foldigtm Fujcig}
s(8) (= GUARDED ‘1": ARz 29
Eg[l;ﬂ% Il?olé)cx7ck: 1982.2.: Foloigtm tiglgl
K s7:
F
8 BLOCK (&) =17 1989.8. Eoletm el
~ increment pc %Lg}g}}\}
i t_pc_oi {= GUARDED 1":
il 1985.3~ : B5Het s A
ck: BLOCK ((clk= ‘0" AND NOT clk’STABLE) AND GUARD) Flgol: - Computer H/W
; Descriptions.
BEGIN .
s(1) (= GUARDED 1’ - Computer Visions.
END BLOCK cki - Multimedia contents.
END BLOCK s9:

ARCHITECUTRE dataflow OF par._central_processing_unit IS
COMPONENT par_data_path
PORT (databus: INOUT wired_byte: adbus: OUTtwelve:
clk: IN qit: load_ac, zero_ac, ...

ir_lines. status):
ctrl: par_control_unit PORT MAP
(clk, load_ac, zero_ac. ... alu_code, ir_lines,
status, read_mem, write_mem, interrupt):
END dataflow:



