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Automatic Test Program Generation for Pipeline Controllers

Hiroaki lwashita, Tsuneo Nakata, and Fumiyasu Hirose
Fujitsu Laboratories Ltd.
1015 Kamikodanaka, Nakahara-ku, Kawasaki 211, Japan

Abstract

A method to generate test programs for verifying microprocessor pipeline controllers is described. It can be applied to super-
scalar pipelines with in-order execution and out-of-order completion. We defined a general pipeline model for target proces-
sors, made a form of pipeline specification, and implemented an automatic test program generation system. Our test program
leads pipeline status through various pipeline hazards. Experimental results show that our system generate test programs in
about fifteen to fifty seconds for several processors.
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#

# example.spec

#

ARESOURCE ~ GPR[1, FPR[], CC, PC

ASTAGE * 4

ALATENCY 1,1

%FUNCTION

<0>

*: @R PC

YSTAGE * 4

YLATENCY »1

%FUNCTION

<0>

read_rsl: @R GPRIRS1]

read_rs2: @R GPR[RS2]

read_fsi: @R FPR[RS1]

read_fs2: QR FPR[RS2]

read_cc: @R CC

STAGE B* 1

%LATENCY 1,1

AFUNCTION

<0>

‘take_br: @W PC

ASTAGE A* 4

%LATENCY 1,1

ASTAGE Mox 2

YLATENCY »2

ASTAGE FP * 2

YLATENCY 1,2

YSTAGE Wxa

LATENCY 1,1

AFUNCTION

<0>

write_rd:  @W GPR[RD]

write_cc: @ew CC

%STAGE FW x 2

WLATENCY 1,1

%FUNCTION

<0>

write_fd: @W FPR[RD]

%PIPELINE

nop._pipe: F -> D

br_pipe: F -> D - B

alu_pipe: F =-> D => & -> W

mem_pipe: F -> D > M > W

fmem_pipe: F -> D -> M -> FW

fpu_pipe: F -> D -> FP -> FW

INSTRUCTION

NOP: nop_pipe

BR: br_pipe(read_cc, take_br)

ADD: alu_pipe(read_rsi, read_rs2, write_rd)
ADDcc: alu_pipe(read_rsi, read_rs2, write_rd, write_cc)
MOVec: alu_pipe(read_cc, read_ rs2, write_rd)
LD: mem_pipe(read_rsi, read_rs2, write_rd)
FLD: fmem_pipe(read_rsl, read_rs2, write_fd)
FADD: fpu_pipe(read_fsl, read_fs2, write_fd)

6 fHiREET 7 1

I #  NBAAMLFF
2 #  ORDDODLA
3 # P DDV DD
4 cc D
5 # ce
6 # (11111111) <0.0> @X F
7 # (11111111) <1.0> @X D
& # (01000000) <2.0> QX B
9 # (00111000) <2.0> QX A
10 # (00000110} <2.0> @X M
11 #  (00000001) <2.0> @X FP
12 # (00111000) <3.0> @X W
13 # (00000100) <4.0> @X W
14 %  (00000011) <4.0> QX FW
i5 # (00110110) <1.0> @R GPR[RS1]
i6 # (00111110) <1.0> @R GPRRS2]
17 #  (00111000) <3.0> @W GPR[RD]
I8 #  (00000100) <4.0> @W GPRIRD]
19 # (00000001) <1.0> @R FPR[RS1]
20 # (00000001) <1.0> @R FPR[RS2]
21 # (00000011) <4.0> @W FPRIRD]
22 # (01001000) <1.0> @R CC
23 % (00010000) <3.0> @W CC
24 #  (11111111) <0.0> @R PC
25 # (01000000) <2.0> QW PC
26 #1
27 Structural hazard on M (2 x 2 x 2.= 8)
28 2 (00000110)
29 2 (00000110)
30 2 (00000110)
31 #2
32 Structural hazard on FP (1 x 1 x 1 = 1)
33 2 (00000001)
34 2 (00000001}
35 2 (00000001)
36 #5-35-35
37  Structural hazard on W (1 x 1x 2x2x 3 = 12)
38 4 (00000100)
39 4 (00000100)
40 3 (00101000)
41 3 (00101000)
42 3 (00111000)
43 #5-35-35-38
44 Structural hazard on W (1 x 1 x2x 1 x 1 =2)
45 4 (00000100)
46 4 (00000100)
47 3 (00101000)
48 3 (00010000)
49 3 (00100000)
50 #5-35-35-38-38
57 Structural hazard on W (1 x 1 x 1 x1x1=1)
52 4 (00000100}
53 4 (00000100)
54 3 (00010000)
55 3 (00100000)
56 3 (00100000)
57 #6-35-35-35
58 Structural hazard on W (1 x 2 x 2 x 2 x 3 = 24)
59 4 (00000100)
60 3 (00101000)
6/ 3 (00101000)
62 3 (00101000)
63 3 (00111000)
7N R RENK - (—)




Single

I A0 | ERITORMLESENS(TI1007
Ty HT, ETHOI=Z v DL AF Ui % | LIRE
L7:5a.

Normal

1H 170 1 RERITT, —RHEFOETLI= v+ &
RANSEE/ N SUTERER O = v b (FPU) #5270
¥ mEllL) FPUEERROL 17 Bk
595, FPUIEIAE T4 T 54 L3 hTwn5b

Superscalar
LA 7R 4 &8%ITT in-order EITD R —/3— A H
F7atE v, GHEILLIVETATF VDL AT
WRLEDLN, EfFAF—JRETIAT I 1 Lsn
TWwah,

Ihesn7ut v Hi2o0nT, SPARCstation2 FCTEE%
ThofEREF 1IIRT.

1 ERER

Single Normal Superscalar
AT N —T 65 65 65
mERTHR AN I 1 4
Eira= v b OEE 1 2 4
EfF1= v b O#HEK 1 2 9
A RERITH 194 199 211
N — R — R 34 143 156
HEFIDROK 7174 8292 3054107
FAVTUS 5 LE 104 796 2327

FEATHEH (sec.)
b — 2D 8.1 8.7 8.5
BN G AYIOBRE 0.7 6.4 18.9
R R AV 53 5.9 17.6 214
EfTRM AR 14.7 32.7 488

FEERCIE, "WF—FRESF— 2 121206457 1 188
FTORERLE. EROBEHTIE, REb648,/+x5 >
FEABATHEBROGSHEZERTAZELEZONS, &
DIFE, TAN7OT I LEBI UGS /T2 FER
BRI ZOHICHBAL TREC RS,

6 BHbhIZ

KT, 4771 EIETE7A 707 5 4
HEERK Y A7 LD, in-order 4T, out-of-order 527 D A —
IN=RAAF T Oty FANDIEI DN TR~z

A, HRETBENAT I 1 2 MBILLTRAENS
ETNEEZET, FNIETOTERIOLWEERS
HHEE 2 BELL. TA 707 7 LHBERDLDIC
&, N=FY 2 TEROBES LURE, FhENOGS
BEY A7 VL CHERFLREOEF Atk i kv,

TANTOT S LERTIE, T84T 400 HF—F
RISy -ARETHEL, RIZFLEFRIIHIET A6
SHEER LTV, RETE, & TONF—F5ksr—
AEFNIBETEFIEE L, SATTA0H—FELAL— LT
BT ER S MEPETTLARIIAN T - NP RETE L 4
WEFEERTAFRS IZOVTHRNL, Tk &, EE
WIZEBO N — FAEE LAWE S RENL&4F %3
FLTHRETEHEIIOWT LR~

W OPOT v FIIonTHEEZERL, #1561
DT SERICGERTRETHL I L 2HEALL:. 0
SOANIHLTTFAN O S LHBAERY AT LS E
BULHER, ISH ~SOMEE SS2) TFAMFur 54
FERTLIENTE,

L%, N —FBREOBRT 2 RIZBRETANF—F
ICHIETAZE, BLY, VFR—Yarx5—ars
DIFFR L EFO (LA RS L CGREDET VIZE) AR
B Z BT L DR out-of-order EfTD A —28— A H T
WIENREBE A EPEEL 2 >TWE.

SENXH

[11 H. 1washita, T. Nakata, and F. Hirose, “Behavioral Design
and Test Assistance for Pipelined Processors,” First Asian
Test Symposium, pp. 8-13, 1992.

[2] H. Iwashita, T. Nakata, and F. Hirose, “Integrated De-
sign and Test Assistance for Pipeline Controllers,” IEICE
Transactions on Information and Systems, pp. T47-754,
vol. E76-D, no. 7, 1993.

[3]1 M. Johnson, Superscalar Microprocessor Design, Prentice
Hall, 1991.

[4] J. L. Hennessy and D. A. Patterson, Computer Architec-
ture: A Quantitative Approach, Morgan Kaufmann, 1990.

[5] SPARC Version 9 Draft 1.0.3, SPARC International, 1992.

[6] L. Wall and R. L. Schwarts, Programming Perl, O’Reilly
& Associates, 1991,




