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Abstract: In this paper, a novel specification driven and constraints solving based method to automatically
generate test programs from simple to complex ones for advanced microprocessors is presented, and its prototype
sytem——MAZ?TG (microprocessor architectural automatic test program generator) is introduced. It can generate
not only random test programs but also a sequence of instructions target to specific constraints. The proposed
methodology makes three important contributions. First, it simplifies the microprocessor architecture modeling and
eases adoption of architecture modification via Architecture Description Language (ADL) specification. Second, it
generates test programs for specific constraints utilizing the power of state-of-art constraints solving techniques.
Finally, the size of the test program for microprocessor verification and the verification time are dramatically
reduced. MA®TG has been applied on DLX processor and the embedded microprocessor EStar to illustrate the
usefulness of the approach.
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VADL

MAZTG
2.2 (ITL)
ITL ADL

bool Add::overflow(int rs1_in, int rs2_in) const{
return rsl_in+rs2_in > OXFFFFFFFF;

}

ATL
cache

bool Mem::misalign(int memaddr,int aligntype) const{
return memaddr MOD (memaddr,aligntype)!=0;

}
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2.4.3
:PUSH/POP . MAZTG
PUSH/POP ,
CALL : CALL , ) ,
RETURN . ,
S x<&y, n . m ,
K x<n+tK+m<y,  x—(mtn)<K<y—(m+n).
2 ;
1) VADL
2) ,
3) VADL , ,
Forward (A) (B)
L1: ADD r2 r8 L1: ADD r2 r8
KPOP r23 R PUSH r23
Backward J L J 1
© (D)
J L1 J L1
/POP rl /PUSH r1
L1: ADD r2 r8 L1: ADD r2 r8
Fig.2 Severa casesfor jump destination
2
, 2 4 J
A) J , - L(B)

: (©) (D)

int procedure label_location(){
do{
randomly select alocation before j, supposeisK;
if (Jnumberof (PUSH)-numberof (POP)|<=STACK _size){
found the legal location for label instruction as jump destination;
}
}until (find legal location);
return(K);
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25

MAZTG DLX , DLX
cache MAZTG ADD/SUB
DLX 1 MAZTG DLX
)
Table1 Instruction number for verifying each architecture feature of DLX processor
1 DLX
Instruction Control Data hazard ) Memory hierarchy
WAW WAR RAW ALU exception Memory WAW
set hazard S
misalignment
54 +0 0 0 2 37 2 3
1 MAZTG 54
, ; , 2 “40
DLX WAW WAR 4
3 MAZTG
1 ADD R1, R23, R3 Ilverify RAW
2 SUB R4, R5, R1
3 SuB R14, R1,R1
4 LHI R14, OxFFFF
5 ADDUI R14, R14, 0x0078
6 SUB R15, R6, R6
7 LHI R15, OxFFFF
8 ADDUI R15, R15, OXFFFF
9 ADDU R2, R14,R15 IIverify the overflow of ADDU
10 SuB R28, R1, R1
11 LHI R28, OxFFFF
12 ADDUI R28, R28, OxFFFF
13 ADDUI R2, R28, 45 IIverify the overflow of ADDUI
14 SuB R13, R7, R7,
15 LHI R13, Ox7FFF
16 ADDUI R13, R13, OXFFFE;
17 SUB R1, R4,R4;
18 LHI R1, 0x0000;
19 ADDUI R1, R1, 0x0005;
20 ADD R3, RI13R1; [Iverify the overflow of ADD
21 SuUB R14, R10, R10;
22 LHI R14, OX7FFF
23 ADDUI R14, R14, OXFFFE;
24 ADDI R4, R14,3; IIverify the overflow of ADDI
25 B R4, R13,R13
26 ADDUI R15, R4, 89
27 SUBU R2, R4,R15 [Iverify the underflow of SUBU
28 B R14, R25, R25
29 SuBUI R2, R14, 11 [Iverify the underflow of SUBUI
30 B R16, R7, R7;
31 ADDUI R15, R16, 67;
32 LHI R16, OxFFFF;
33 ADDUI R16, R16, OXFFFF;
34 B R3, RI16, R15 [Iverify the underflow of SUB
35 SUB R4, R23, R23;
36 LHI R4, OxFFFF;
37 ADDUI R4, R4, OxFFFF;
38 SuUBI R3, R4, 13 IIverify the underflow of SUBI
39 SUB R15, R1, R1
40 SW 25(R15), R6 IIverify the memory misalignment
41 SuUB R2, R1, R1
42 LW R16, 820 (R2)
43 LW R16, 1140 (R2) IIverify the Dcache
Fig.3 Part of test program from our tool
3
12 ADD SUB RAW , ,LADD
SUB 2 R1. 1 “RAW” 2. 3-38
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