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A Design Approach to a Concurrent Self - Diagnosable Microprocessor
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Abstract-In this paper, a design approch is presented for a concurrent self-diagnosable microprocessor.
An efficient diagnostic procedure to dynamically test the processor functional units decomposed
by each instruction, concurrently with a program under execution is suggested. The basic goals of
the proposed design approach are the low hardware overhead, no increase in the pin count and the
minimal change of the initial design concepts on conventional microprocessors.

The results of the performance evaluation of the suggested self-diagnosing hardware for an 8080
type microprocessor show that the suggested diagnosis scheme would be efficiently applicable, since
diagnosing the processor functional units can be completed in a reasonably short time with the

execution of an arbitrarily chosen sample program.
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Fig. 3 Hardware block diagram of a self-diagnosable microprocessor.

A
& ligiel el

e 4 odeba sz,

4. MR MREROERC| MERERHE

A el oAl AR B rEh Siaa B 4N N
8B E ulo] 47 5 4 4]0 ;mJHLEhL o A%
o Slot A izl ) Mhol 4 B PEfS i gl
Z AL (Tke] Fob d Mgz 2l S %y
ghobar 3 o, ZaaA Ml % BiER B ol
G E S plyell o) = Ple] MeRE R oF ol
of 2|&7b sk NIEEA SEeE AL (ICTR © Com-

R ek sl steslol el gk kel 2t

plete Te%ting Ratio) & W f&8h 1,

el

/\,. s

0z

Oﬂ

MIH, 2 GRS .i‘l’ﬁ'iff*ﬁ}'
PEfEa = chgrel S B8lod (8ot
1) zﬂ‘ﬂ‘il/\ o % e el
Vogigh g fidlel 5 Fgho)
2) "?r*ﬂHJP FIEE (et g o
Wkt
3 MgE R aele) 5irol] BEIEE 1
g l“iu&ﬂ"z%i’ g 4 4 9l

£ PRI ol o 3ol
LA

Hirel sl

! (Concurrent Diagnosis Performance Index) &

Aol

vholrb = 2 4 4
gl o] g
| JINg 2 T i

B figk A ol



BRBE RS 38% 158 1989 1A

&5 %J}ﬁoloi # BhEf U E ol ol
3 CTRE ?'EL —T— 2leny, wald o] CTR EH

HEEe] g AMule] 2B BERUE
o] 4ol Ael= ZEI (DT; Diagnosis Ti-
me) % 5EEZE MBI (NCD;Number of Compl-
ete Diagnoses)& T3tet

4 1 ﬂﬂi‘r SERS| MEREIRIR
BERUES] A
tﬁ%ﬁt‘?r‘/]?— fuli) 9 ¥ (Testability) o3, fu
(e ol LEsh 2 farde o] ol Heked T-
EST, 4 fuliel Ve mmE + e
we @el R seh
= _TEST. sholl HipnE = I’ﬂj i Al e o

e Card(IV(fu(D)]
# [(TEST,./TVT)]

ko o3 714 Card(IVfuG)))E fuli) el & H#A
Wl el grolr),

(@) #r T

ese3 U E o] Hdrf HIEE (Availability) 8 3hv2]
4ol wirE W 2 BRERYES UUTE = fd
ol wifghet

o)A, HEEFUE fuli)e) Wil BHT F Ue
A& 4l LL(T% 1[fu<)]a¥ shaz, (fiEe 8 4@

4 ied] EiFHE REQ..2t st A M a,
= odgst wol 2 4 9
a;— 2 FREQie
alliee | [Su b
th, FREQe=
olwd, Ilfuli))v H% *i/«ﬂ*ﬁ«l ?& 4o H#

RS A e A 78 5 21 .

(3) CTR % CDPI

pgiz 2 ool Fipd (RIS g aypel HAT
o, % BEESUE ful)ol g CTR2 b3t
1=

CTR;=t,;%a;

wheb ], fuli)7b bR EH ek A sl ol
#El P AETY e C CTR & sgst 2ot

Sy, Z2AANe R ERER Y Eel Hg CD-

PIE o8 A o] et

corl- 2 otr; |- 4

=
t;¥a,;

4.2 BRA M
1) ZAAbae] o) E ARG

[ElRs AT 2HH0) BIEESH DlOj AR Z 2 MM 2) BtEo] RO

shobel A E o EIANEER TVTE 3-2. 85 o
tkgsle] o2 o] HiE® 7 Yok

L4 BEid UUTS &2 &5 3 kel il
ol TCUl 23l Fligell ol Fo] Aok B3 ofF
913 FRERERS ERESA eoh B3, TCUel 9
& FRsol %172 4 Ave HHBERH-S BEH
B orlzelzre e R/WE@ T states)S FRobsbaL
1 T state’t AFFZEgctn 2p3gebd, 3-2 ol
2 ulg} o] TVTE HA 7 T stateseh &
otk B3|, fiE2Ee TCU o8 &4 T
= A Byrmes #5E 57 denz Al
vZel kol A TS HEsES FiTel
mJgestch, wekd, TVTE o% G2 +5 3%
o] TVTE 7 T statesZ Hizdhe 2ol A3 F8
7} opet.

(2) fgizz oy

oz sl vlolaz zAlMol thste], 1A
o] ¥irshE Mgizeazlozy do|elER =
Z FsE %5z 2220 & Bubble sorting'® &
. Soirt. o gz e s gijd e EFL
3 b b, (R oS Bl Wzl B
HE atEsH AG A i<n)dl alfEslel Aot 3t
o RETS Zibsl d17) fel wid AVE Agel 2
EZigoz 5= AUe REL FEiFoletn Pt

Procedure Bubble Sort[(A)

For j=n-1 Step-1 Until 1 Do

For i=1 Step 1 Until j Do
If AG+1)<AG)
Then Interchange A(i) and Ali+1)
) HRd el A

ﬁ Aty 1o &3k 452 TEST..=
TVT S M-S festedol 8122 77T stateshlh
o] FITREHS ZE 4TSl lol &dch webs,
BEGadad Sl Wy s 25 BIHAR
% T3kd §z29Jr ek, w1, ol Ee gE EE
o # ng 20028 BY-Z wolm, o] Wl & &
A 9] F{ MBS 8n*+3=320003°] Hr}.

(4) el Haehie

Eilel Hedmeauas FHS T #IERE S
#re el 2 Fgeld & BAER U EC] N wmEEE
W, el EemAers K334 Rl 7
a4 Ut ~51 o 74 & L ukE s 9
A BAGAY ol & o} 2E &4l dhsked TE-
STieHol Eﬂmlﬂt ] HaE e BE 12 3
vt

75



E: 2 & s BIHE

Table 2 Test instructions and their frequency of

occurrences.
Mnemonic BN | B8 | mirHL
MVI B, #n 7T 2 0. 0000
MVIC, #1 7T 200 0. 0006
LXID, #n 10T 400 0.0013
LXIH, #n 10T 400 0.0013
MOV A, M 7T 19900 0. 0622
MOV M, A 7T 19900 0, 0622
J<C>addr 7/10T 40000 0. 1250
JMP  addr 10T 39800 0.1244
CMP M N 7T 19900 0.0622
LDAX D 7T 19900 0. 0622
LDAX B 7T 19900 0. 0622
STAX B 77T 19900 0. 0622
PUSH PSW 127 19900 0. 0622
POP PSW 10T 19900 0. 0622
RET 10T 1 0. 0000

F O3 BEEERYESY At mAeeliE B e

g 5d
Table 3 The testability, availability and CTR of

functional units,

BEERUE [ EN B | el | i

fuli) ty Miraf It CTRi | ¥ 2 #
ALU full) | 0.031 [0.6880 [ 0.019 32
Flag R : ful2) | 0.019 [0.5630| 0.011 20
Temp R : ful3) | 0.029 |0.6880 [ 0.020 34
Acc  fui3)[ 0.028 |0.2526| 0.007 36
B Reg : ful5)| 0.028 |0.6252 | 0.018 36
C Reg : ful6)| 0.028 [0.6867 | 0.018 36
D Reg . ful7) | 0.028 | 0.6867 | 0.019 36
E Reg : ful8)] 0.028 |0.5623 | 0.019 36
H Reg : fu9) ] 0.028 |0.5623 | 0.016 36
L Reg  full0 ] 0.028 0.5623| 0.016 36
SP full ] 0.014 [0.6258 | 0.009 70

upeba], Kol M= whoh ol 4nflt iR UE
ol gt CDPl& chg3 Fo| sl

CDPI= ¥ [C%—Ri]xm

ani

4.3 EE

Bih, ZRA NN BE RS UEY s CTR

76

Trans. KIEE, Vol 38. No. 1 JAN 1989

o] HEE 25 vg AR, FolAl iMiE e el o

= sl Holx e g
BirEE 78 5 Ak
ubebad, (1458l shvbel avdrel #{rsle Bl &
Ve 2 ek 10 T states ® haL E£3F Z g4
Ao AAEFH HEE 2MHzE  Bigob,
Z 2 A Hel R U E S e BB DT
= ovbe-p 3ol

> NS
DT = CDPI*10 T _E‘__at&.—793 * 10 %500 (nsec)

2 MHz
3. 97 (msec)
gk, ﬂi:LB"OI frEl Fokol A K
EFUEZ 2 A ) *-?'H 7R Bl S
o] Lu} 5L 2 Il'l@(( 3= 320003/793=403
[ofelch, wbabd, (149 I!ilﬁgiilaﬁ—g Firgah

hijipoll 7t BfE-fr
Ll sl

HESE #4001 A= ko]

L

5. % @&

Aol e A el 2 2 2 Al 7E i
el WS 2= g 31798 widh Ayl
st ol ik ke 2% HEstyl Y3 st
Aot dfy od elE 5 #sked et

Aol A il B S shkel iz
AAE ooz wHIE o, 2 st= o] overhead
= WArel Kol sl el 2x Ran, ol T
fRsz ghulgh i J (2 g suelol] e atod LIl s B
off 419 MEfES MET &% 94 M BEERFJE
b 1Y s eaEel A BE S BB ok 3
oul, KESE 2#nlE A 258 d 59
A e S raER & Ak
58], A oA Besh b C R A B

1

3
= = 47 eleh

o

“”Hn‘? v o e AEE
) Efpe) BgiE g asiele v !'ll'_l.i"/)ﬁi‘;‘jo]
é] o[REs e R Al yiiy % T el
H 01 wHE A geet

};L/J ﬂ [l BB NS st 2R A A R
O'HU} luJM‘éol‘X] La‘»l— ﬂ’kl’l’)‘d D"% ()L ]E—E»““’H"]
Bl 2 2o 2 faéskel st 71 Slceh
3) =ZRA el ANl HfmEl Mg &
Helglole] W& ) kg Ful OM gk o] & A
g A0 A E e s gl
4) McsEkes (’Jll*]?l/l Al forgk sl
Zlled Gl e, Bifrel N vhel AR 2 A4
off whE gHIEE 4 Slof MA WIHEAE A2l



BRAE RCE 38% 15 1989 18

EAl 712 etom e gt ES 29 4 Uk
5) TaAAM (&9 #E “ﬁ’r—"— w2 EERol 1%
frafl ¥ g E¥eb ot o BENIEE Abubs)
wmonga o ZLEAMNE wWEd 4 Aagaw
ol Aol i ol A HHE & glc)
2ejv, A R olAE Z2AA MY stedlel &
HERE BRETUES =ho] UUT7 sl 2l =
ZAA MBS 28R sl=slols Wl
slebe i Foll A WIBs RS2 S sl 7]
ul ol o] iirEel KAl steg Esl ok
& Flort,

-

1) V.P.Nelson and B.D.Carroll, Tutorial : Fault-Tlerant

2 1 =2 3

Computing, pp.1-4, IEEE Computer Society Press
(1987).

2) S.A. Elkind, “Reliability and Availability Techniques,”

Chp.3 of Reliable System Design : Theory and Prac-
tice, Digital Press(1982).

3) S.M.Thatte and J.A.Abraham, “Test Generation for
Microprocessors,” IEEE Trans, on Computers C-29
(6), pp.429-441 (Jun.1980)

4) W Barraclought, A.C.L.Chang and W Sohl, “Techni-
ques for Testing the Microcomputer Family,” Proc-
eedings of IEEE 64(6), pp.943-950 (1976).

5) /Mg A, v AT YHOTFRANTE T
A b BB HHEERE 25% 103, pp. 1125-1130
(Oct. 1984).

6) B.Koenamann. J. Mucha and G.Zwieoff, “Built-in-Test
for Complex Integrated Circuits,” IEEE J. of Solid-
States Circuits 15(3), pp.315-321 (Jun.1980).

7) D.R.Renick, “Real World Built-in Test for VLSI ~

COMPCON 86, 31th. IEEE Comp. Society Int. Conf,,
pp 436-440 (1986).

8) J Wakery, Error Detection Codes, Self-Checking
Circuits and Applications, Elsevier North Holland
(1978).

9) Y.Crouzet and C.Landrault, “Design of Self-Checking
MOS-LSI Circuits . Application to a Four-Bit Mic-
roprocessor,” IEEE Trans, on Computers C-29(6),
pp. 532-540 (Jun.1980).

10) a2, Wkt %M, “tA 7 F XL rFOL Y O
T A AR RS SREeR ik 68% 125, pp.2-
015-2026 (Nov.1985).

11) M.P.Halbert and S.M.Bose, “Design Approach for
a VLSI Self-Checking MIL-STD-1750A Micro-
processors,” FTCS-14, pp.254-259(Jun, 1984).

12) M.M.Tsao, D.P.Siewiorek and etc., “A Single Chip
Fault-Tolerant Microprocessor,” FTCS-12, pp.63-
69 (Jun.1980).

13) RMSedmak and H.L.Liebergot, “Fault-Tolerance
of a General Purpoes Computer lmplemented by
Very Large Scale Integration,” JEEE Trans. on
Computers C-29(6), pp.492-500 (Jun.1980).

14) A.C.L.Chiang and R.McCaskill, “Two Approaches
simplify Testing of Microprocessors,” “Electronics,
pp.100-105. (Jan, 1976).

15) M A Breuer and A D Friedman, Chp.3 of Diagnosis
and Reliable Design of Digital Systems, Computer
Science Press Inc. (1976).

16) Aho, Hopcroft, Ullman, The Design and Analysis
of Computer Algorithms, Addison-Wesely Pub. Co
(June 1976).

FIrE B D220 FTEESt 0| AR T2 MM 2| St=gllo] Mol B3t M7 77



