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(An Implementation of Efficient Functional Verification Environment for

Microprocessor)
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Abstract

This paper proposes an efficient functional verification environment of microprocessor. This verification environment
consists of test vector generator part, simulator part, and comparator part. To enhance efficiency of verification, it use a
bias random test vector generator. In a part of simulation, retargetable instruction level simulator is used for reference
model. This verification environment is excellent to find error which is not detected by general test vector and will
become a good guide to find new error type
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Fig.. 1. A block diagram of verification environment

for microprocessor.
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Table 1. Pre-processor instruction of the random vector generator.
T %
[ lower, upper 1 B4 9} stepell U3 534,E FHE A A Ag  vlz
%DEVAR ‘identifier lower . upper : step ppet e P errT= . °r
2 Hrg 49
%DEVAR ‘identifier string stringS o2 3= FXE 39 w32 E HE F9
%DEVAR ‘identifier $'pre_defined_identifier oju] Aod rlaw WHE ¥ghele AEE dY ”}ii -’F 7b«]
& AEE 2 499 vlaz ¥4 Zd, @ A% 84 =34
o N
%DEVAR ‘identifier ( first, ..., last ) 293 Ay Az wes e
%DEVAR ‘identifi idth
" 1 1[ e;n 1e;. [ wi ]] HEY dY rlaz W4 Ao widths HEGY Zo], value, range
irol-value L ArslbiLrange 5 - e 717 AYSA 2o g vE Bo ot AR vdepad
last_value [ last_bit_range 1)
%DEVAR ‘identifier [ UNIQUE 1 g 7bsd viaE b 4y
%DEFUN ‘identifier [GUARD]
‘statements vtaz g4 Ao, g4 Axe Z2EEY] HANE 544 geth
%6ENDFUN
%SELECT
‘first_statements
%0R
‘second_statements F292 shye FEus HEsle 29k
%0R
%ENDSEL
%REPEAT number [GUARD]
‘statements FA92 198 numbertg vHEsle E8dt),
%ENDREP
$'identifier A vhas W 27)/97] HE
$'identifier ( first, ..., last ) Aod vlaz 49 3&
3249 oAz g My g5 JIAE A, 2= e 52 A
$'number R R
121e] £A41E eI
%EVAL ‘identifier ‘express nA2 HEel AER ojFojz A4S ALY nlas wigd g
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#DEFUN F

MOV $1, $2
%ENDFUN
% REPEAT 2 ->
$F(R$INDEX, R2)
%ENDREP

ojif mla g gy 3F S Al FUI HolEo] ¥
Fe5E BAVL S4P o] A% WY Wy 44
AAE 257 op olF ojageldl 28 ol 2
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%DEVAR OPCODE (STR, MOV)
$SOPCODE R3, [R4, R5] -> STR R3, [R4,R51}
or MOV R3,[R4,R5]
%DEVAR INDEX 0:15:2
MOVEQ R$SINDEX, R5 -> MOVEQ R6.R5
R FE
%REPEAT 2
MUL R$SINDEX, [R7] > MUL R2. [R7]
LDM R$INDEX, RO LDM R2, R9
%ENDREP  —--e-—-----oo-
MUL R4, [R7]
LDM R4, RO
/A Hd FEG HR TR
% REPEAT 4
% SELEC
ASR RO.R1 > ASR RO, R1
® OR  eemmme——o—oo-
MOV R1,R2 NoP
% OR  eeeeeeaeo—--
NOP MOV RI, R2
% ENDSEL  memmmm-o----
%ENDREP MOV RI1, R2
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Fig. 2. A example of pre—-processor instruction in the

HHO AL of

random vector generator.
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Table 2. A middle code of the random vector generator.
A A &
EXIT T8
JAL L dojEz 7z &7
IciaL FH-E C7F Q0] H¥E L& £7]
JR LA golE IAf LA T U2 T3 87
AC CONST ol FEH g 4 AF
AC RAND oJFEH g dY B A%
ENTER naE 34 g "é‘*é
BL L u3ag ¢ 3&
LEAVE nag e Y AA 2 gd
PUSH wAR g Azl 29 AR
AC ARG ol Ed e g A2 A%
OUT RAND 3y Mg &
OUT ARG B4 0RE 29
HTE 29, W A7) BH0E
OUT BUFFER | jyoat 220 A4

// GUARD 7191 =, LTEMPE ¥ #o| 2
%REPEAT 2 GUARD

LTEMP : MOV RO, R1 -> REPEAT_10_0:

%ENDREP LTEMP : MOV RO, R1
ENDREP_10_0:
REPEAT_10_1:

LTEMP : MOV RO, R1

ENDREP_10_1:

// UNIQUE 7191 =

%DEVAR X UNIQUE

%REPEAT 4 -> X_0:MOV RO, R1

$X : MOV RO, R1 X_1:MOV RO, R1

%ENDREP X_2:MOV RO, R1
X_3 : MOV RO, R1

28 4. HEEEo0|L # & A glolg 52 WK

Fig. 4. A preventive measure of label overlap in an
iteration statement.
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AREA test, CODE, READONLY
EXPORT main

main
BXVS R2
MOVGE R7, R10, LSL #4
TSTEQ R6, R13

CMPHI R7, R1, ASL R8
RSCGT R7, RO, R5

ADDVS R9, R2, R7, ASL R1
SUBGE Rt, R11, R8, LSR #5
MRSCS R9, SPSR

MSRMI CPSR, R11

MULEQ R4, R11, R12

MLALT R12, R10, R1, R6
MLAVCS R4, R12, R7, R10

UMULLGT R3, R4, R5, R6

LDRMI R6, [R1]

STRVC R3, [R11, #8]

STRCCB R13, [R5, #3]
LDRGEB R3, [R4, #1]!

LOMMID FH . {R11, R13, R2}
STME Q A R10, {R7, R13, R14}"
SWIPL 70

CDPHI p4, 4, c7, c1, c4

LDCGT p8, c4, [R2]

MCRVC p2, 5, R3, ¢5, ¢6
SWPHI R1, R9, [R9]

A e MMIE o]
HE o

Random test vector using random vector
generator.
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Type 1

/M%

STATEMENT

%)//

Type 2

//stimulus: ~ {SIGNAL_NAME} = [ {DELAY),

{DURATION} ] {VALUEO} : {VALUELl}

8L 715% AHA STATEMENT] 3

S7o] w3ty STATEMENT:
Az ojof gtrh S W o] $EA
Ag BAN] A% ALE2H
PC & HWALZ A71gr
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=<t SIGNAL_NAMES VALUEOL2.2 &
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H0l 7|5 48 ¥4 7d HRH 9
LINE 8 PC 100: LD RO [R1]
LINE 9 PC 100: /x%
LINE 10 PC 100: DBUS=$Y+$Z
LINE 11 PC 100: %x/
LINE 9 PC 104: LD R2 [R1, 4]
LINE 10 PC 108: ADD R3, RO, R2
[4,2]0:1

LINE 11 PC 108: //stimulus: nlRQ =
LINE 12 PC 10C: ST R3, [R1, 8]

(a) StE=E9O0l S &

integer Y_100, Z_100;
always@( posedge CLK))

begin
'h100)

argl

|
if( PC==

egin
DBUS=Y_100+Z_100:
end
end

always@( posedge CLK)
begin
integer Y_100, Z_100;
if( PC=="n108')

begin
#(4*PERIOD)
nlRQ=0;
#(2*PERIOD)
nlRQ=
end
end

(b) Mxeloroh 2o e HOL Tre

a8 6.
Fig. 6.
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An example of pre-processor instruction in
non-sequence of software.
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Table 3. A design specification of the SMART7 Micropro

—Cessor.
7 A A%

HE 32HE R.[SC npo] A 2 3L 2 A A

(32bit Data Bus, 32bit Address Bus)
Endian Big and Little Endian operating modes
To] Z el 3% (Fetch - Decode - Execution)
S AN HEE AF Fast AHHE

Response
IR 7 dEy Az A4
Software 7] =7 Excellent high-level Language support
#A] ~~F 3771¢] Banked Register 7%
o] & 17k 789 3409 gHAZ 74
Cache/MMU Cachet MMU A€
2z AN HEolg o] § ZEZIA A}

QE] Ao} A A

A7 Azt fEstm tA duF 2 T F5
B FE dAlel A 23E FoEA AAH Y
7\l dEAh w9 £E Ve AT T8
Aol ml¢ AR TG SoCE 2ol B F¥ AAst o
Fate Asde 2 Aad SZEYold thit &4
of W Atk WA AZEE FEH o] A} F
29 AAAA AZ 7k @ F540] Mg BER &
zEdol/st=dol FA A7 W$ @R o3l A
AAA AL 710ALY T2 2do2 835t
Bl 2ol olE sy A% Co-design 7%l
FE wa lEd olg fsiMe 2EAA B aE
AEHOE gl o3tk A £ AT &3
AR 7bs WH £ ABUHE ¥ ZdR
AHgste] A% Aol APAS wold ol &tk
71Ee] o] #& AEdolEHe Ag AL Byl
glo] C/C++3} 2& W8 Zaad ol o &3}
43 AAEAY HDLS-S ol&atglth 2y C/C+
7 22 e RO dofe & dolMe Hdd
u 2ol AAMel a17] Wl AA WAl v

ol

L

LI

ot 28T HDLE ol8% A& AA WA gol
St s $7k wenh gty B g2 a6l A

$8 A9 b5 Yol 7 AR o2l ¢
42 3% A2e Fue WP £7 NEdolHz
B 49 4% 715 43§ FA md2A AYsd
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front-end .
if( x==y )
ADL {
z=at+b:
Bytecode
back-end Compiler
LD x
LDy
CMPeq
LDa
Db
ADD
STz
END:
Load by des and fig
l Run simulation and

rofile results
Virtual P

Machine

Simulation

Load executables

Qutput

as software
a8 7. €™ £F AMEsoiMd Hi}
Fig. 7. An implementation flow of instruction level

simulator.
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