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Abstract

In this paper, we described the Parwan(PAR-1) CPU that be developed as a reduced
processor at Messachusetts Microelectronics Center using a VHDL at the behavioral level
and then described by connecting CPU components at the dataflow level. Finally, we
used Test-bench method to simulate and verify execution of CPU processor that was
designed using a VHDL

<F g >

Here, Presented 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, thus the
dataflow description can be used to verify the bussing and register structure of the design.
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E.1 Parwan H3e| MY
Table.1 Summary of Parwan instructions

B HAX S

Yol 7% kst Jle

Bitj Scheme | ZHY |use | set
LDA loc Load AC w/lloc) |12 FULL |YES| - |--zn
AND loc AND AC wflloc) [12] FULL {YES| - |--zn
ADD loc Add (loc) to AC |12 FULL |YES{ c¢ |vezn
SUB loc Sub (loc) from AC |12| FULL |YES| ¢ |[---—-
JMP adr Jump fo adr 12| FULL |YES| - |-——
STA loc Store AC in loc 12| FULL |YES| - |—
JSR tos Subroutine 10 tos |12| PAGE [ NO | - |-——-
BRA_V adr | Branch to adrif V|8 | PAGE [ NO [ v |—-
BRA_C adr | Branch to adr if C|8 | PAGE | NO c [—-
BRA_Z adr | Branch fo 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 c |--zn
CMC Complement carry {- | NONE | NO -
ASL Arith shift left - | NONE | NO ~ | vezn
ASR Arith shift right - | NONE | NO - |—2zn
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Table.2 Parwan instruction opcodes

oo HE

dEo 7E Opcode | DA Bits

765 4 3210
LDA loc 000 0N page adr
AND loc 001 on page adr
ADD loc 010 01 page adr
SUB loc 011 0/t page aadr
JMP adr 100 0/1 page adr
STA loc 101 on page adr
JSR tos 110 - -~ - -
BRA_V adr 111 1 1000
BRA_C adr 111 1 0100
BRA_Z adr 111 1 0010
BRA_N adr 111 1 0001
NOP 111 0 0000
CLA 111 0 0001
CMA 111 0 0010
CMC 111 0 0100
ASL 111 0 1000
ASR 111 0 1001
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<Table3>< HoEF Wel dolH o5&
Aojste Alojiol 3 LEAA ANIZE
& HAET. o] HAEL Az 98 Ay
© gt wat dedd.

E3 Hojfe A&z
Table.3 Inputs and outputs of Parwan
control section.

RELATED SIGNAL CATEGORY AND NAME
Register control signals
AC load_ac, zero_ac
IR load_ir

PC increment_pc, load_page_pc, load_offset_pc, reset pc
MAR load_page_mar, load_offset_mar
SR load_sr, cm_carry_sr

Bus connection control signals

MAR_BUS| pc_on_mar_page_bus, ir_on_mar_page_bus
pc_on_mar_offset_bus, dbus_on_mar_offset_bus
DBUS | pc_offset_on_bus, obus_on_dbus, databus_on_dbus
ADBUS | mar_on_abus
DATABUS! 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

52 do|g 9] o]} Ao)e] A

ol §9t Aol FUF FHAZ 9
8 FEH, o F3 FJ Fot AR A
H¥olE doym, dolgie] HAAEEC)
2" <Fig6>L 3z FYo ##" A
o}z 9] Elo|WE BAFET},

Bhte] AojA B 7t SHH A falling-edge
oA FA3s o], T negative-edge WA
g48E fA%g. AAqNEI A48E 9]
t ¢ HelEHEY =8ANEe gAY 57
TR, 1 AAs EFx HA2HY dY
of Al&2 4 A A

Sytaw clock JR |y E— T I—_
Control signel lrl—
Camtrel slanel 2 ———[_.i

a%.6 Aojilzy Eo)y
Fig.6 Timing of control signals

53 AwAQA 71&9 719 A
CPU Parwan®] 7|¢& <Fig5>¢] do]gl%

o} AojFo Fo] met 7|EH 1, g7]A 9
23z o# IR FAHLAES d4%n
TR 9 v2o AFFgoEH HolH
BE 7€dd dolgHRey g Fo e o
2 71& ¥2e] CPUY A9 7I&g S8
AHEE, AA A & HolE R AoRE
FolFozn gAdETh

54 CPUS #4849 71&

ALU, SHU, SR, IR, AC, PC. ¥ MAR %59
HolHE FAHRAEL Folzi £A4E ZtaA
719t} CMOS o] B 2} e
basic_utility®} par_library§¢] par_utilities7}
o] FAHLAES 7lgdsle dH AMgET. 97
A, o] A QA2EL par dataflow VHDL A
glol Bt 2 Holxt).

54.1 &4 = FA(ALU)

ALUE 2719 SH|E o ¥ @=9} 3719 AH
A3 4719 Ega g4&EE et A A
9H& <Tabled>d ©A3te] ALUY $3-&

AdEsts, ALUY datd o Zaiae] w3

g EoEth

E4 ALUS FZtat el
Table.4 Operations and flags of alu.

S2 S1 80 OERATION FLAGS
000 a AND b zn
0 0 1 NOT b zn
100 a n
101 b PLUS a vezn
110 b zn
111 b MINUS a vezn

<Fig.7>% CPU Parwan¢] ALUY d% =
HAES HAQET o] ALUE FE3t7] 93
WA ALU9 F&e H3& Hesly, ALU
=g GA A=FH7] A o] sigdAE
alu_operations #H 7| X 7} basic_utility 2+
par_utilitiesoll AR-& ¥t}

CPUY] ALU9 3 VHDL7] & A
arithmetic_logic_unit2] Behavioral ©}7] €] oj
MEe 3HE FE=d ZAsY ALUY FZo
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ALHIE R ewER HE F& 1ot
#Hg AZEFZE 39 FHoE YrUG.
o] SHUS| 7]&dA AZE dite] g€ o=
dg dojHe EYPIvt SHUY £He
2 43y,

54.3 48 #A42¥(SR)

AE] A28 E 48l EZ XA Negative-edge
EGAY 759 g oA ERIE B
¥ dolHE load Y& cm _carry 4
ol FriHo g Ay,

5.44 F2k71(AC)

CPUS ACE €44 291 Voeg W=
B Yge 2 gHE A At ACE ¢
BeHolHE dAA2Ho 2=3E $FL load
ol FAHHIL, zero YHo] H|BAIE
W 22 e falling-edged] A S},

545 93 HA2H(IR)

HE HAAEH RS load Y8 N3] F7]
#H oguE #Axeeltl load EE FYHE
gAgststa 29 489 falling-edgeol A #AA
2E7l REHLE 39 [RY F&o] 7&E
=

546 2219 71LH(PC)
PCE 1718 dAl2ge 2709 load 98€&

VHDLE OI8% SICa Jislt MEHIOI& 165

Zt= 1281 B F714 FhEEolth load_page $
e A9 47 vER 4 doEE F714
o7 FEFT load offsetd #HA2HY HIF
9 g/ HER Y8 HolHE 2=t

547 iz ol=# 2 #H A2 (MAR)

MARLS 2719 5719 load 2¥E ¥ 12
9lE g 2E otk load_page ¥HEL dAX
Be] #HAY nibblex WHER BRI,
load_offsete 2729 Fsle] uwlolEZ BE3F
w 2R 3] wel MARe|l 7ledth

55 CPU9 Holel 49 7l&

CPUY HelHRE o THRAES 4T
4Fde FAHL CPUY #2ad 72§ 4
Ja o #Ae YYFE HolHus, 29
A3 B AeFE FHY AsBolt Ao
552 Holg® W FHRLEY BHE 7
Asn 2ol 29 Acistel 9L Hold
Moo AEE dAFEth dolHyd FHES
doleimast fEse] d4” RoE IRY

HESH 4709 e ZH1solth

par_data_path®] structural o}7|El ] A<
Bol & FAHARAES FAI boleie
FHa~E Mdstzn gl o] AdFE Hel
e FALASS A4s7] A% s ¥
AE Adda At

par_data_path®] structural o}71€]X 9] 7|&
o pAeANe AN, AzdEH dZ2E
FA3E 7EEoth 9A HALHEY 4
S 71&% AL CPUY AA2E F3e) £y
9 A7 A, mtxgoz ALUS SHUY
2715844 AN gon, of F AAEY
A4 AR Udth

5.6 CPU9 Ao} 7l&
CPU Parwan? #Aoj¥ e 71&& AHEE 1-
837 ¢ 2AHEE AE9e Ao

E AtElY] Hol® o]Folxt) of A
71& o4 multiple_state_machine®] 2

Ao
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H| 528 P& AME-3t). o] CPU Ao 7] oA,
249 edge AEFL v AEolA wERHT o
714 71e3 HAe dEgo FAHL ZYZE
o] Ztzte] AHlo t&sle o] FojR}
<Fig.8>2 AAH<¢ Aol FF 3=doE By
Fu}

ioputs Exteroal
Blgmals_*

control BF 1

Stat 1 .
gystes Bignal issuing <ontrol sispals
—clo_cl—__l_ coptrol eignal to data section
1%.8 Ao FFe st=9) o]
Fig.8 Typical hardware surrounding a
control FF

Aq71A =#EY9 dHEL & A FF
I Ao FoA dEjEold JFE FE 9
HEEZHRH U2 Aoy, =&y &9
2 Ao]AdE7 Ha dHolg R Fojxe A
o]t}

CPU9 AlolF-9] d8gXdL vrg 47
27] AZEE AF Adge Zugdz, Hol
E]5-9] ir_linesol] tld &3 HogR2RE
o AHdE T 92 vz e JdHYE
HFAES 71

par_control_unit® Dataflow ©}7) €] A
AF9 7|eL AR ZZte AojEgE 9
g oJAE AITES MU basic_utilities
H71A e A= Oring¥+E AH& 3

par_control_unit®] Dataflow ©o}7193¢] 7]
solA ANFE-L par_control_unit®] A A7)
Yo £Eoi7tm, o]RAL OR AEEY &9
= AojRe dA 4oz dAHE

AH ‘1A AEFEFL PCE mar B2
HdojEo2 A AFsY, QIEHE ¢go] A
359, PCOt A ES o Aol A T2 H
Eot2th. CPU7l JEYPEHA ZEad, Ay
2'7y EYolA &A3igr,

1 th&ol data_bus_on_dbusE AML3td

t it e

dojg W2e YE& IRE A$3EE ALU
9] a_input® AZAFTH Y9 edgedlA Ao
AE ‘3ol &A38E T, RS M2 e A
e, ot 844 PCIt F718IEE d&EU.

e '2'0] 912 W MAR ®Bl2E A 19
o TR A2 FE LolEe|y, o 7]
€9 HoFXo] adbusdl MARE A3,
read_mem< YAANFLZR AEFIE &5
Eig= .

AH '3'0] AstE o o] RE 9 7EeA
g g% MEA g EHL R 2A=
o AE '3 HEIHZEEH gL volEE ¢
71 Azgtet. 29} A AE '3e #HA S
B o HlolE & ZHAI3lA 2ulo]E W o]
W, ot wio|EZl WA 7} HaL, AjojidE] 4
7} 2upolE gH 9 APS ALEr] 9 g4
ety we] HAe BHo] TR WHo
I F HA uolErt "Hagitd, MY '3
HEdds & Fd, g FHE A&7 4
3} 4y 2’5 gAssiA g

48] '4'E= Full-addressi} Page-address 9
Hol A1 & uw s, e '3
A, HA BlolE(YH 9 F WA ule|E)E ¢
S oY HE, A ‘49 JleolA o] 7]
TAE ¢8I mard JHEFY YHoA
A2 $ vl EE gt

A ‘4 Full-address 339 A 2 3+
HAA A4S Agste 4" 5’4 6’2
T&% & 247 JSRe|U BRA wWHol tig
AH ‘Tolv ‘&% TEIT HH 5E F53
E €944 ¥x7F MARY 2=%t}.

AH 5’8 71eL AR (FLAS X
o, AHUA A Z=rt ALEE o A
4ol o FEEHE AT 2o AH 6L T
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2 SUBH#Hel Aad o 7+l o] A
T MARS $A3% o¥dso HAE 79
3l gtk jm, st # rd 99 ES F937] §
3 Aee] 7)&oAE load_pc’t MARS W&
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st 29 ¥¥2 STAYHY Opcode’}
ir_lines$] MSBo| A Zj’\}ﬂ‘ﬂ g48Em, d
EE2 AH 6oz dZdFoe LDA, AND,
ADD % SUBE Hg@uh  of7loA
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‘HH &S A A" 1R B0

AE 7Y Ve sre APE AEAA
PCY W-&& MARY 93 g HRFH
Topl Z 7]9A17)31, 1 AlZte] PCE Y A

F829] Topd HA(MARY 124H|E)E A#
ER2 A3, F4d4 Ad 79 g
o Uew AH 89 71& sro Age 98
3t7] 93 gA3E o

AT

AA A A EFH IE=EE
top_of_subroutine¥-2] x|l A A &3}z W&
of A" '8 increment pc AZEE wEoly)

X, MEFEY A A PdHS A&7 Y6
AH 1UE FE3

olg@A HH Aoje ¥ 'y =z,
g e ‘47 FEHD, BrIWEe] 39
ok dE 97 52 W EU|HAE MAR 9
AzEo glth e ‘9 BN EFHE~0HE)
I e A 2EH HE(vzsn Z#:T) Alo)d
Al 27 wEFHtd MARS PCE 2E3
7|z ©EHHA goW PCE B
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it rfr de

o &2 2] ‘?—]f‘]% ]Zqo}“i Aol &
A=E3sH] & dH '1'E HEof it}
9 &8 F par_control_unit®] Dataflow

ol A e BE AVE] o] ‘0'& fia=a-aw

AF7A CPU Al91719) Dataflow 7%
Y. A7IA AANE 7w d-&de
29 AWAHA EAE <Fig9>d BoZAT,
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719.9 Parwan #A|°0]7]¢) tholo)l 1%
Fig.9 General outlin of the Parwan

controller

5.7 dojg ¢ AolF-9 A4 <

CPU Parwan Z2ZAA ¢ &4AE Dataflow
714 < par_data_path®} par_control_unit®Z
AEo] glth o] XAAL AHHE A 7]&d
A Hozl R v s

par_central_processing_unit®] Dataflow ©}
71 €3 & o] 7 &2 par_data_path®]
Structrural °}71€ A ¢ par_control_unit<}
Dataflow o}7|€lx o] H45dAE FAS Y A
A4A & HogFEo. '

6. Test-bench& ] &3 Al & ol
A

<Fig.10>€ CPU Parwan® & Test
BenchZ %3 A|EYolAE EO%—H:]- o] A&
ol g ks 7\& par_centrol_
processing_unitE Al &3, ZAY AHHE
9} F¥AF9 F¥e TAAIE, SRAMY
TAL 2dy3g,

ARCHITECUTRE input_output OF parwan_tester IS
COMPONENT parwan PORT (clk: IN qit: interrupt: IN qit;
read_mem, write_mem: OUT qit;
databus: INOUT wired_byte; adbus: OUT twelve);
END COMPONENT:
SIGNAL clock, interrupt, read write: qit'
SIGNAL data:wired_byte = "ZZZZZZZZ", address: iwelve;
B]::IE:YigE byte_memory 1S ARRAY (INTEGER RANGE <> ) OF byte;
int: interrupt <= 'l','0" AFTER 4500 NS;
cli: clock <= NOT ‘clock AFTER 1 US WHEN NOW <= 140 US
ELSE clock;
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 2 )(AND 26, ADD 27)

—— (CAC, ASR, SUB (LDA 1 29, JSR 36)
-~ (ASL, NOP, IMP 32) 4 HB )
—- (24, 25, 26, 27) (28, 29, 3D
-- (JMP 18) (, CMA, IMP i 36) (24(H8'0";
VARIABLE ia’ INTEGER;
BEGIN

WAIT ON read, write; qgit2int(address, ia);
IF read = 'I" THEN
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IF ia >= 64 THEN data <= "2ZZZZ772"
XEI,SF lgata <= wired.byte (memoryGa)h

WAIT UNTIL read = '0';
data <= "ZZZZ7777";
ELSE write = 'L THEN
]F ia Yi? THEN memory{ia) := byte(data};
WAIT UNTIL write ='0";
ND TF;

END PROCESS mem:
END input_outputi

{a) Assembly for Test-bench

VARIABLE memory: byte_memory (0 DOWNTO 63) =
(*C0000000", "00011000", 1000 "00011001",
"00100000%, " " 000000", .
*11100010%, "11101001", "01100000", "00011100",
00010000 L o, ", "00100100",
“11101000", "11100000", "10000000", "00100000"

"G0000000" N ",

10000000 00010010 . "00000000", * 00000
"00000000", "11100010", "10010000%, "00100100",
"00000000", "00000000", ", "00000000",

00000", "00000000", ™ 0000", "00000000",
“00000000°, "00000000", "00G00000", "00000000".
“00000000", "0000G000", ! ", ,
H0000000", "0DO0GOO0", "DO000000", *00000000",
"G0000000", “00000000", "B0COGO00", "00000000"):

{b) Binary code for Assembly
39.10 22§ Test-bench
Fig.10 A simple test bench for Parwan
behavioral and dataflow descriptions.

parwan_tester®] input_output ©}7] €3 o]
$¥E mem2 CPUS <17 PP ER ZVIsH
o] e 64ulolE wlg-E Aelda vk 2
Al d2g 53Ae #3387 98 /W A
37F Vel & W& 7|t & HolEE g
7] 918 2 A vWREgE QdastE ¥
&g Agste HE2gEREEH WE HlolEE
data®] 220 AojEth.

o] AlolElT read?t 0o B wiztA] ojg=
i, mem Age 28 #TA dolHME FE
g w7z B2 dEzgd dolgg AF
g 3, write’t €432 W 2 Hie "E
RWA3E HAEI70] 4A write Aol A3 9
AAE 7icEA "ok

<Fig.ll>2 CPU9 Behavioral o
Dataflow 71&9] ti§ <Fig.9>2 Test bench
Jl A par_central_processing_unit®] CPU ¥%
& HolFeE MAdL HAgFY dridE
par_central_processing_unit®] ¥ AL H2
E37] A FEE of7ldAHE AEdtn gl
).

<Fig.11>¢] Behavioral®} Dataflow 49
NEH )82 CPU Parwan ZZAA 9 279
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$o] 4oz FUdsTE A& EWz
sith.

CONFIGURATION behavior OF parwan_tester IS
FOR input_output
FOR cpu: parwan
USE ENTITY . .
behavioral.par_central_processing..unit(behavioral);
END FOR;

END FOR;
END behavior:

{a}
CONFIGURATION dataflow OF parwan_tester 1S
FOR input_output
FOR cpul parwan
USE EN&’I’I‘Y . .
par_dataflow.par_central_processing unit{dataflow);
END FOR;

END FOR:
END datafow;

)

19 .11 Parwan Tester® ¥%9 T4
(a) par_centeral_processing_unit9]
behavioral HI2E
(b) Dataflowd] HZEE
Fig.11 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

71ME o] WMadd FEA Dataflow
7lgd 2AHE FUG.

<Fig.10>2] "H2E Tz HA3ds 9T
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