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Abstract

The functional testing of microprocessor comes to be time - consuming task with the
progress of technology of 1LSI/VLSI. In this paper, we present an efficient method to test
instruction decoding function of MC 68000 that is the reason of complicated functional
testing. This method is based on the analysis of operation word that is instruction decoding
information available to user with microprocessor’s manual.  The instruction is partitioned
into representative instructions and party instructions, Then 332 minimum test instruction
pairs are chosen from 69 basic instructions for detecting of instruction decoding function
faults and test procedure for these is discussed.
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Table 1. Operation code map for MC68000 wP.
cet r_epresenta- - .
number tive code operation basic Instruction
(bit 15~12)
Lo 0000 bit manipulation/immediate BTSTsr, BTSToy, BSETsr, BCHGsy, BCHGoy, BCLYsr, BCI.Ryy,
/move peripheral data MOVEP, ORI, ANDI, SUBI, ADDI, EORI, CMPI, BSET,y
I, 0001 move byte MOVEs
I, 0010 move long MOVE,
I, 0011 move word MOVEw
L. 0100 mi scellaneous NEGX, MOVE form SR, CLR, NEG, MOVE to CCR, NOT,
MOVE to SR, NBCD, PEA, SWAP, EXT, MOVEM, TST, TAS,
TRAP, LINK, UNLK, RESET, MOVE, USP, NOP, STOP, RTE,
RTS, TRAPV, RTR, JSR, JMP, CHK, LEA
Is 0101 add quick/subtract quick/ ADDQ, SUBQ, Scc, DBce
set conditionally/decrement
conditionally
Is 0110 branch conditionally Bee
I 0111 move quick MOVEQ
Is 1000 OR/divide/subtract decimal { OR, DIVU, DIVS, SBCD
I, 1001 subtract/subtract extended | SUB, SUBX
Lo 1010 (unassigned) é
L 1011 compare/exclusive OR CMP, CMPM, EOR
' 1100 AND/multiply/add decimal/ | AND, MULIJ, MULS, ABCD, EXG
exchange
Iys 1101 add/add extended ADD, ADDX
| 1110 shift/rotate ASdes,  ASdus, L.Sdss,  LSdus
ROdss,  ROdus, ROXdss, ROXdus
Lis 1111 (unassigned) @

ik) ST : static, DY :dynamic, B: byte, L

RS [ yegister shift,
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Algorithm 1

//choose test instruction pairs for chosen set lo//

procedure Test Instruction Pairs of Representative
Instruction declare
* —soperator of star product
QINST —result of star product
TB —test bit
TC ~test condition
1 begin
2 for j=0 to 15 do
3 take is . //test instruction//
4 for TB=12 to 15 do
5 for k=0 to 15 do
6 take ix . //detect instruction//
7 if i,=ix then go to 10:
8 QINST+=i, * iy
9 if only TB of QINST is ¢ then go to 12
10 end :

11 print i,/¢ > go to 14

12 print is/ i . //test instruction pair//
13 print TC: //test condition//

14 end :

15 end .

16 end:
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Table 2. Test instruction pairs for representative instructions.

Eozed #Ed ¥ RWL2YF

o] R 4E ol 53] RBmmHERS A A 3}
9&l‘4 RBeHES T4 s RSkl F7ts
of gleng olFd REEAE
o By sz aejsol gk

A& operation word

representative| test instruction test condition representative|  test instruction test condition
code pair (is/ix) of field code pair (is/ix) of field
0000 BTSTs:/OR register 100 0111 MOVEQ/MOVEw D-mode 0XX
OP-mode 001 MOVEQ/ADDQ )
BTSTst/NBCD ) MOVEQ/Bcc Condition XXX
BTSTst/MOVE, register 100 MOVEQ/Bcc Condition XXX
OP-mode 000 MOVEQ/¢ ¢
BTSTs+/MOVEs register 100 1000 OR/BTSTsw register 100
OP- mode 000 OP-mode 0XX
0001 MOVEs/SUB 3 OR/AND )
MOVE, /ADDQ D-mode 0XX OR/SUB ¢
MOVEs/MOVEw ) OR/¢ ¢
MOVEs/BTSTsr D-register 100 1001 SUB/MOVEs é
D-mode 000 SUB/ADD ¢
0010 MOVE./Bcc . [ SUB/CMP ¢
MOVEL/BTSTsr D-register 100 SUB/OR )
D-mode 000 1011 CMP/MOVEw [
MOVE./MOVEw ¢ CMP/SUB ]
MOVE.,/ ¢ [} CMP/¢ ¢
0011 MOVEw/CMP ) 1100 AND/NBCD register 100
MOVEWMOVEQ D-mode XX 0 OP-mode 000
MOVEw/MOVE; 3 AND/OR ¢
MOVEw/MOVE, '3 AND/ASLgs OP-mode 1XX
0100 NBCD/AND register 10 0—‘ EA-mode X00
OP-mode 000 AND/ADD [
NBCD/BTSTsy data 000 1101 ADD/ADDQ OP-mode 0XX
NBCD/Bcc Condition 1000 ADD/SUB )
DIS 00X XXXXX ADD/AND #
NBCD/ADDQ data 100 ADD/¢ [
size 000 1110 ASLgs/Bee Condition XXX
0101 ADDQ/ADD OP-mode 0XX ASLgs/AND OP-mode 1XX
ADDQ/MOVE, D -mode 0XX EA-mode X00
ADDQ/MOVEQ ¢ ASLas/¢ 3
ADDQ/NBCD register LOO | ) ST :static, EA:effective address, D : destination,
data 00XXXXXX DIS : displacement, B : byte, L : long,
0110 Bec/ASLgs Condition XXX 1 W : word, RS : register shift
Bee/MOVE,L [
Bee/NBCD Condition 1000
DIS 00XXXXXX
Bec/MOVEQ Condition XXX 0

2) BiBHAEA o3 R oie

REGSHE A3 BERB S 55t fLFcode
A4l ool 2‘°154°d # fFcode?l L%
o] v MiormsiE £he BGAEETY REcode
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of i dJzegds ¥R 4 9ok aaby A& 5 determine &, of i,
Moy il £ L(0<S <15 ol &3t MBHAE 6 for m=a to £ do
AF7re) WEERE T WA o] o2 9s) g 7 for k=10 to MAX do
code “lErO 2 B M4 ALE 7o REpTlciolmS 8 Vlak.e lkv . //detect instruction//
9 if =iy then go to 18 :

i &}, 10 i & & & then go (o 16

KA (0 8 P ol el A AEES A 11 determine &7 of i, -
7o P sl BEAAQ btk #I Ygomzg o 12 for n=a’ to £’ do
5 R&L A%bitz Al S48 1o Rbitol o) 13 print i,/ix I //test instruction pair for
& Wikp fAZE 1 2 ARk characteristic bit//

R 14 print TC © //test condition//

A4 7 :operation word®l Aifcodelv & HB& 5 ond *
HEBEES THE 4 A& bicdtel dlen o] Fg 1 16 QINST iy * i :

R4k FebEfE, L ot bic 5% HetEbit gefan 3 17 if only bit m of QINST is ¢ then go to 20 :
o} 18 end :

’ - . .
TS W HAIE ol HHbi £, ol il 8 (e, ;; primt uj:ﬁ/./go to 22
. print is/i test instruction pair for pseudo
CHentold i, E ol el ol Fbpfel ol o
characteristic bit//

=2 e O
=2 v o] bitEE i,Y ivoll cHah E{lFedEbi I 2} 21 print TC © //test condition//
I &o}, 22 end :

TRl A RwReleel e om0

en

o) itk & el dal YA on same 2 o
BBEg ol bitw A ABbits Hsixe K JB ofme)&o o 4#AR k3o wal ubek o] 6o

bitwhel 1 —bitzEel B SE7 1A #add o of WA Avaiol ool 332 ] Es e ofm S okl

Al e "Wb“;“] AL bk ERETE U e 10T L Leolt @i el

f(l//¢) 7}' E]U?‘ e Ap nuu Uo‘" iﬁ{uﬁﬁbﬂ 51 7}' o 2}12] ?%_9_0:‘ Il, Iz, I;, 11'(' 4‘]_{_7}‘ 1‘“';1",'12‘0]"7—_‘7_ f'}ﬂ%ﬁ
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s
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o s clttel mida, B hEsel i AmAIme Lol oot
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V. HEsHZ ool Chst HEs
Algorithm 2

//choose test instruction pairs for partial

e Rpdedol® /0 NE GHENZLA B
RSB (/)% fli/inF 2F BiLE 4+ U=

instruction set [ (0 <S8<15)// -
- T =9 operation word] HHE, RAEgWe ol AAdy
procedure Test Instruction Pairs of Party Instruction REg B o] BfE 2 A=A}

declare MAX —number of element of (0 <s <15) operation word®] HEKHEE MCB8000 wP2l effective
¢ ~wcharacteristic bit of 1 address mode ¥} F& iledalod i 2 modes A3
13 -+ps ado characteristic bit of [
a —bit number of LSB of ¢ of it Lo s addressing mode .
¥ —bit number of MSB of ¢ (R ] A 7}7";{?}‘:}'
a’ —+bit number of LSB of £’ Agdrelze oen 7o
B’ —+bit number of MSB of £’ Algorithm 3
* —soperator of star product

//processing of test for test instruction pairs//
QINST —result of star product

TB —test bit Procedure Test Processing
TC ~+iest condition declare TC —+test condition
1 begin OPW —operat'on word
2 for all partial instruction set Is do CM  —common mode of test instruction pair is/ix
3 for j= 0 to MAX do S(i) -+source of instruction i
4 take i, . //test instruction// D(i) —+destination of instruction i
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1 begin A 5 BTSTawuc® effective address field: data
2 for all test instruction pair do addressing mode ©]3. NBCD< data alterable addres-
3 take is/ix . //test instruction pair// . ol whabi] ol & 4 i di
1 load OPW with TC of i /iy - sing mode 1. = & data register direct
o .
5 choose CM: //determine value of addressing mode D1 & Ad=g,
mode field// <A 6 operation word® TAIEH o] g
6 building OPW of i,/ix : //assembler of is/iv// 2 REgHHe Adsio]® o) sssembler+ BTST
7 load S(is) with test vector X @ #data, D1/NBCD D17} 5ith
8 load S(ix) with test vector Y such that i, (X) Fic (Y) :
9 read S(is) © //expected value X// 1514131211109 8 7 6 5 4 3 2 1 0
10 read S{ix) 1 //expected value Y// BTSTswue [0]0]J0T0T1]0J00J0J0J0T0oT0T0 0 1]
11 load D(is) with test vector W such that W=i, (X) :
12 read D(is) : //expected value W// NBCD [oT1ToJoJ1]oJoJoJoJoJoJoJoTo]o]1]
13 execute iy .
d DGy >d value i, (X
4 e DO fepected velue 100/ %A 7 - 8 BTST #data, D13 NBCD DI # source
end : v o= AA---A
16 end 9l D1 ¥ dataol+ RBEHe 2z £% D1<—Tg.",
data«0138}3L condition code Zero?l CC(Z)l= CC
1 D AR ¥ BTSTswauc/NEGX et Rk (Z) « 0 &eh,
st 2ol deaF3 e & WAE Ao 2419 -10 D1 CC(Z) & read@eh. // 7190 &

A1 -3 HEguiviol® BTSTawnd/NEGX & 23 D1=AAA % CC(Z)=0//

=+ tA11-12 BTSTH Source®} destination®] #<
Al 4 operation wordell FRERHEHS o] ek o2 w1302 salch
13 @& 4dE BTST#S01,D1& Adfdc)
1514131211109 8 7 6 2
BTSTswue [0]0]0]0]1]0 [O]O]O]O[X]x]x[x{x[x] thA14 data register DI condition code register
2] CC(Z) & readdct. //71WH3E, D1=AA--A% CC
NBCD [o]1foJo]a]JoJo oo o [X[X[X]X]X][x] 2)=1//
duelE3 e F 332@9} Regdzjo| o) el 3
E:3 3. % Mudsask #ovol i RBREA® K sl X5w olF F & MoRhHE £hdA il
Table 3. Number of test instruction pairs for e Meulslo] AEpH oMl acsembler, REME

each partial instruction set .

o 7l S olA1E Aloloh dnElE: Sl
RESET, AND% 9 - ABé&4iEc o7l AR

set mombST number basic instruction | test instruction pair Wejolol gk e el 7} 5 o o] REp ol M
L 1 8 hHg Aage & & dsdeh
L ! 4 R dneE3e fhEYZeH Y swck-at
L ! W FolN RE GAETIZO WEENEE 1G,/4) o
: = o (/o) & IS 4 sieh
L 4 16 & uhd S4B Yol stuck-at HfEel &4
L 1 gohel otmaZ 39 whA 1 - 3ol A Hegda
5L 1 oMo} i dol TR 1ol o) wizA 2 R
L i 5 b 2gslol Aok 2T A4 - 6olA  HRH
I 2 6 &4 i, % i operation word®y HA&bitE A
Lo ¢ é sl Fdstmz =kl o sk ABbitolAd HEDD
L, 3 11 2ot W ste] G4EC TR BESE (Gu/k) 7t &
L: 5 25 A A4 i dAlel it A9E Aelmz A7
Lis 2 6 — 8ol S SG) %l L (X)*1u(Y) s+ A
Lo 8 20 g X% Y& $ol5a i, (X) shAlel i (Y) 7t DG Sl
L ¢ ¢ Z0191 e Holvh A9 -102 SG) % SG) <ol
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Table 4. Test instruction pairs for party instructions of I,.
test instruction test condition test instruction test condition test instructio test condition

pair (i,/ix) of field par (i;/ix) of field pair (is /i) of field
BCHGuv/BCHGsr | register © 100 BSETsr/BSETpy | register : 100 ANDI/EORI ¢
BCHGpy/BCEToy ] BSETs:/BCHGsy -] ANDI/ADDI '3
BCHGuy/BTSToy [} BSETs:/BCLRss '] ANDI /ORI )
BCHGs+/ORI size 01 BSETs:/¢ ] ANDI/MOVEP EA-mode: 001
BCHGs:/CMPI size 01 BCLRyy/BCLRst | register © 100 register . 001
BCHGs+/EORI size .01 BCLRyy/BTSToy ¢ SUBI/CMP1 '3
BCHGs+/MOVEP | EAmode. 001 BCLRpy/BSEToy [ SUB1/ORI )

register . 000 BCLRs:/ORI size 10 SUBI/ADDI ¢

OP-mode : 100 BCLRsr/CMPI size 10 AUBI/MOVEP EA-mode: 001
BCHGs:/BSETst -] BCLRs:/EORI size 10 register . 010
BCHGs+/BTSTsr [} BCLRst/MOVEP | EA-mode © 00 1 ADDI/ANDI ¢
BTSTu/BTSTsr [ OP-mode: 110 ADDI/SUBI ¢
BTSTu/BCLRoy ] BCLRsy/BTSTsr ] ADDI/MOVEP EA-mode: 001
BTSToy/BCHGoy -] BCLRst/BCHGst [} register | 011
BTSTs+/0ORI size 00 MOVEP/BCHGpy | OP-mode © 101 ADDI/¢ ¢
BTSTs:/CMPI size 00 EA-mode . 001 EDRI/ANDI )
BTSTs:/EORI size . 00 MOVEP/BSETsy | register 100 EORI/BCHGst size D01
BTSTs:/MOVEP | EA-mode: 001 EA-mode ', 001 EORI/MOVEP EA-mode: 001

register : 100 MOVEP/BTSTsy | registes | 100 register . 101

OP-mode: 101 FA-mode: 001 || FORI/g 8
BTSTst/BCLRsr ¢ ORI/BCHGsr size 0'1 CMPI/SUBL [
BTSTst/st/BCHGsr ¢ ORI/SUCI ) CMPL/BCHGsy size D01
BSETo/BSETsr | register : 100 ORI/ANDI ¢ CMPIMOVEP EA-mode: 001
BSETs/BCHGoy '3 ORI/MOVEP EA-mode: 001 CMPI/¢ MPI ']
BSET,y /BCLRsy ) register | 000
it) DY @dynamic, ST :static, EA:effective address
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Table 5. Example of test processing for test instruction pairs.
:j:nbl)r test ir(]:;r;i:(;n pair assembler test vector expected value
o BTST/NBCD BTST#data, DI/NBCD D1 D1+-AAAAAAAA; CC(Z)+0:data0001 | D1=AAAAAAAA;CC(Z)=1
, MOVE. B/SUB MOVE. B DO, D1/SI'B. B DO, D1 DO—AAAAAAAA; DI-FFFFFFFF D1=-FFFFFFAA
IR MOVE. L/MOVE. W | MOVE. B DO, DI/MOVE. W D0, D1 DO—AAAAAAAA; D1+-FFFFFFFF DI=AAAAAAAA
I, MOVE. W/CMP MOVE. W D0, D1/CMP. B Do, D1 D 0—AAAAAAAA; DI~FFFFFFFF D1=FFFFAAAA
L, CLR/NEGX CLR.B DO/NEGX.B DO D0+-55555555; CCCX><+0 D0="55555500
Is Sec/ADDQ Sce DO/BDDQ. Lt <data>, DO CC(C)« 1 :D0+-33333333; datas—$010 DO=FFFFFFFF
Is Bee/ASLreg BVS #S04/AS1.. B#100, D4 ¢ PC=PC+04
I, MOVE Q/ADDQ MOVEQ# S00,D1/ADDQ. B #001, D1 D1—-AAAAAAAA D1 =00000000
[s OR/DIVU OR. L Do, D1/DIVU DO, D1 0+-33333333; D1-66666666 D1=77777777
o | SUB/SUBX SUB.B D1, A0 @/SUBX. B D0, D1 ’“Qggﬂjggggg&g};gﬁgg;*iﬁg AD @-66666633
Tio [ [ [ [4
[ EOR/CMP EOR. B D1, DO/CMP. B Do, Il D1+-33333333; D0+-55555555 D0=55555566
I ABCD/EXG ABCD Do, D1/EXG D1, DO D0+-33333333; D1+-55655555 D1=55555588
Iis ADD/ADDX ADD. B D1, A0 ®@/ADDX. B D0, D1 11433333333 ; A0 @+55555555 A0 @=55555588
Lis ASR/LSR ASR.L # <dawa>, DO/LLSRL# <data>, D0| DO—AAAAAAAA; data—#001 D0 =D5555555
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