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3.1 Cycle Equivalency
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// Pattern 1: read for 1000 times, increase x_1 by 8. (abc)”1000
// High-level style pseudocode

x_1 = 0;
Loop(1000){
[Activate(register x_1); // symbolized as "a"
e // perform read and precharge. Read "b", Prechar‘ge as "c"
x_1 += 8;
y 0|52 HRIAEE AL SR 2t

Equivalent cycle

// Pattern 2: same output with Pattern 1. (abcal /71500

// High-level style pseudocode

x_2 = 0;

Loop(500){

[Activate(register x_2); // symbolized as "a". x_2 here is @, 16, 32, ..]
// perform read and precharge. Read as "b", Precharge as "c"

X_2 += 8;
[Activate(register x_2); // this must be "a" too. x_2 here is 8, 24, 40, .|
/7 perform read and precharge

X_. 2 += 8;
}
2to ister 2 M=
// Pattern 3: looks similar with 2 but cannot be optimized (abcdbc)~500 f.BReglster EK_UT
// High-level style pseudocode E’E Command X| 2t
X2 =0; equivalent cycle 0| O}

Loop(500){
Activate(register x_2); // symbolized as “"a". x_2 here is @, 72, 144, ]f
// perform read and precharge. Read as "b", Precharge as "c"

X 2 += 8;
[Activate(register x_2); // this must be "d". x_2 here is 8, 80, 152, ..
77 perform read and precharge

1% 3.1: Cycle Equivalency of|A] o€l
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A47% 71

41 A= 7|5 W P4

Get bank address
and bank group —‘

| Read cycle > Check cycle N Check command type s|Get mode information N Make In.OTmatlon
command and store pin values dict
Get program context
informations
Store "Information
dict” and "Symbol” to {& Return new symbol
"Symbol map” \ PNy
new symbeol - .

Add node to tree

Return existing
o -

Z13] 4.1: Symbol conversion flow chart

existing symbol

4.1-2 symbol conversion®] A flow chartg H o311 @it} WA Ato]Z
o 7k-& B A5} o] it Alo]Z2] A E Q] (1-cycle-command, 2-cycle-command)
2 mesith 2-cycle-command @] 79 pair-command T ZFe 2 7ASHe}, AW E £
o H 2ke B Sl Ate]E A E.Ql bank address, bank group, ®. =, program
context5 0] JHE FEHA Hrt. FEd A AolE AHSS 7|El A6l
T AJo]Z symbolE2] Ato]Z A K 9} equivalent ruled 7]8F0 2 v wslo] s A}
o]Z2] symbol-2 F ottt Hojx symbold} Alo]E A H = thA] symbol Hof #]
%otal s symbola E]ofl 4F iRttt s B2 WHE9ho =4 IR symbolic

representation © 2 H3FF 4= QIT}.
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4.2 Equivalence Rule

3.19 4 7]&5}$5©] symbol conversion®] SHA-2 cycle equivalencyS o=

Zkolt}, Ato]Z22] output vector 7 H 2} program contextE E3HA 0 2 112 5}0]

= Aol2o] SUT A1 ST} 2k Bk 5 Ak 71ES WEA. oS
Equivalence Rule o]2tal & 940]—9&_1_ olof 7]dtsto] 3ThA o] A A symbol HEHO]
ol o] ck.

4.2.1 Concrete command name Ttk

A SA ) A= output bit vector & 454 AW E o] 55} ba
=4l ke 4 7153 mode7) Q191 ) SIS, AE 5

H,oAWE
] ]
A2

™ %

nk
TROde W
-cycle-command 91 Z|& Htshal oS0

P

ro

tu

& command”} 1-cycle-command <!
activate, write, pre-charge ‘52| 7MWt £52 &5 TdshA Hrt. 2-cycle-command 2]
Aol oF EX 50| AWE 917 ARZ T 0207 AWEo] ujet A1
%)= bank address, bank groupo] & x|5}=%] H| 1L
S AWME EAof utet AA 7155 modeZ} A x| 5H=X] &elgitt, AutA o 2 nfj &l
A Ao A AMEL] F72} bank address, bank group, mode JRH-E =
FH = ZHSH=H], & =wollAe= ol 2tt FH 9 FA2 concrete-command-name
olz2t A oJ5} 3 tt. o & 0] AWM E FH 7} Write©] 11 2-cycle-command 2] 9F 9] of

Slld S} al, bank address, bank group©| ZFZ} A, 0, auto-precharge-mode”} onE| 0] ¢l =

w gt} 18] 37 auto-precharge-mode

_4

©0
A AT Z Y1 =4 tool Q] visualization TA | A -8 =™, A--2L7} cycle

74-9-9] concrete-command-name-> AOWRA10 2 T AT 4= Qitt. o] 2 ¢F T & w4
o
HRE 20 2 olsfshr] E-go] Hrk.
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of| w}e} row address, column address 52] B| w7} = Q St
chEth 5% B a 1 3ol 0 E 19] 2)83k0] obd register B
Aol T2 73 context 118 TA oA &elstt}t. Command 57}

7+ © 2 AHg-5h= data g2 H] W ghe}. Data B Afofli=
burst modeoﬂ o2 g|o] g 2 1 8]5to] BA G| of gt}

]o

423 ZZ7% context 118

oz et @A = T2 73 context £ 118 5H= TAE cycle equivalency O] of
20|z} H]oltt. ThA] B3] ST cycle command 7} AF8-SF= register®] register
equivalencyE TWHSh= Zl o]t} Register equivalency WS cycle command©f] & 3F

11 Q= B.E register operation I} AW = ALo| 2 9] register state & £94 0 2

N

=
B ASH= 7 © 2 ZISY = T}, Register operation ] 514 © & = operator, operation loop
type, init value, delta value, specified value”} ¢Jt}. Register state + type, init value,
delta value 2 FLA] =T},

H 4.12 2719 A& o2 of|A] register operation "x_1 < x_1 + 171} "z_1 < 07
o] 744 Wgoll thel HolZeh "o 1 < 21+ 17 A vf Sxnjch A WelFe
%7} B FLAAFE 79 operator B + "L < 079} o] 7] gk w3
SHA| Ao 2 HASH= 749 = 2 E7|3It) =, + operator ]| 4= init value@}
delta value”7} 5 Q3+ ZFY Zo]al, = operator o] 4]+= specified value7} 5 Q3+ ZFY
Zdo]t}. Operation loop type-2 6H 3 register operation©] Jojif= R O] Q2| E
agch 53 AN 4o
o] A W&} st AWM E Ato] 2 9] register state S £ EA41SH0 2 program
contextS 118 S 4= 9t}

T 42014 54 Aol AMEC] FFS F+= A= ThHE 47} register opera-

tion set®] 31 W 2] register equivalency FEHof| Tt Zheet o A& &l &= .

= register operation< Z£3}5}9] register operation
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Register operation example | ”x_1 <x_1 + 17 | ”x_1 <0~
Operator + =
Operation loop type Inner Outer
Init value 0 -
Delta value 1 -
Specified value - 0

I 4.1: Register operation 9| A]

Used register operation

Inner loop Outer loop
Al 7xl<x1+1” Tyl <y 1+8”
B | "x.1 <x_1+4” Tyl <y 1+8”
Cycle command
C|7zl<zl1+1” Tyl <y 1+8”
D Px 1l <x 1+ 177y 1l <y 1+ 87

H 4.2: Register equivalecy THE of| A]

17
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OJA} inner loop} outer loop2] iteration 315~ x_1, y_1, 2_19] init value = 0 © &

11 register operation= loop2] Tpx|at Ato]Zof Qx|5) ttal 714 St A9t B

= inner loopo]| 4] 2] z_1¢f t§t register operationof| 4] ¥g}eFo] 13} 42 t}= 7] o
20 regiser equivalency 1] 9454 A%} Dz register operaion 2 2 ]3]tk 7.1
o thet register operation®] 1°f|4]+= inner, 4°j| A<= outer loop]l 91|33l regis-

ter equivalency S}2] &ITh A¥} Cx= register 0] 5-2 th 21 register operation Z+2}H2]

operator, operation loop type, init value, delta value 7} TF U x| S} 2 & register equiv-

alency PAJo] Qlrkar Teke 4= 9.

Register Register state
Symbol operation (type, init-value, delta-value)
g XB < XB+8 (Counter, 0, 8)

// Pattern 1: read A@(X,Y) for 1@e@ times
// High-level style pseudocode

ncrease X by 8. (abc)~1eee

XB = 0;
Loop(1088){
(AeAcT(xB); // symbolized as|"a"] )
// perform read and precharge. Read as[ﬂ, Precharge as
XB += 8;
i

XC = 9;
Loop(568){

// Pattern 2: same output with Pattern 1. (abcabc)”5ee
// High-level style pseudocode

E
r
2
2

|AGACT (XC);

XC += 8;

// symbolized as["a"] XC here is @, 16, :

// perform read and\v

charge. Read as|"

32, .. |
b", Precharge as

[ABACT (XC);

// this must be|"a"|tooy XC here is 8, 24, 4e, .. |

XC += 8;

rge. Read as|'b Precharge as

I/ perfor'ﬁ read and ecl
} ‘*“;\\:fzts\
™

Register Register state
Syl operation | (type, init-value, delta-value)
“d’ > “g” XC < XC + 8, (Counter, 0, 16),
XC<XC+8 (Counter, 8, 16)

719 4.2: Program context 112 of|A]

18
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1Y 4.2= 19 3.1 9] cycle equivalency S| A] &l & oj €l 1, 2 ]| 4] 9] program
context 11 2E A3ttt o€l 19] activate & Ato] -2 o] £ H X AH xb7} 8
A Z7}51= 17]9] register operation®] % k-2 ¥t Q] © ™ counter E}SY, init value
0, delta value 8 2] register state-2 7} 2t} typel X A7} v £ HS nj=
counter, A| % ZF o 2 A& wj+= buffer 2}17 & O] St parameter 2 4] register opera-
tion -/ Q4> 5 operator £} 21| 7} H| 5ok, 1j® 29] ACT g Aol 29] 73-%-2
71 €] register operation of] &S Tr=t|, ¥igto] ZsH | w2t o= oie 19]
register operation} register state 25 T}2 7] ofj2of ‘d’ 9] AJ2-& symbolZ FHZ}
ot Hgho] A& Aeggof wret, FHA ACT B3 Aro] 2 Hgha ohAl =™ of 4l
AOACT Ato| 23 cycle equivalency 1, 2 A7} A 2[5H7] wflzof]l A ‘d’ = ¥k
AEO] AR Wof HLolA Hrt. o] uff register operation®] XC < XC + 8% 2
N7t St 9loH 7]Eo] ¢ register state % HFZ] 2} state 2] init value2} & A
H3lo] 218 =] = Afo]= 9] register state, init value ] Z}-0]7} register operation A}2]
WSl 82 YA B ol £xs A0 T Azt wE 19} 2o 227} ne
242 ojulaly] TRl WE 19] 412 “wof sfehs A2 e e Ao}t
wek 4= Q13 BE “d” symbol-2 “a” symbol 2 update ST}

o] =7 register operation % H 2} H3lo] Y= o] utzt HS}ol= register state
BEE Foto] FAot= 2082 T2 4] contextE L H T 4 ot ol A<

register name ©] XB, XC 2 T+= X4t register context S 1183l T USH A=

Hu
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51 Ad 2%

1 initialize register values

2 for(i=1;1i<=64;i++):

3 x_1<-0

4 y1l<-y1+16

5 for(j=1;j<=4096; j++):

6 X 1<=-x1+1

7

8 Activate(1l) bank address @ and bank group @

9 Activate(2) bank address @ and bank group @

10 Activate(1l) bank address @ and bank group 1

11 Activate(2) bank address @ and bank group 1

12

13 Write(1) bank address @ and bank group ©

14 Write(2) bank address @ and bank group @

15 Write(1l) bank address @ and bank group 1

16 Write(2) bank address @ and bank group 1

17

18 module end

O 5.1: oA =2 131 9] C 7|5t pseudo F =
A #5937 HAE sid 22 3 Ao tisiA] At 249 gold-&

Jste] 22 725 F|NEo g F 21709) mﬂi o] SR A4 A9 A9
shleh. 19 5.1 Ao ARgR §F A ut a5 F3}sto] AR 9t oA wiE

T2 73 9] C-like pseudo FEo|th &l T2 78 EXAF AWE Afo] 7HA A|oF
Z7E50] YAskH=| o]& DES(De-select command) Ato]Z9] Al g2 A3t

[5]. 213 5.19] pseudo T A= ol DES Aol 2-& AeFalgiet.
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Cycle number Symbol Command
0 ox1 DES

1 ox1 DES
2 ox1 DES
3 ox1 DES
4 0x2 Activate(1) BA @ and BG @
4 ox3 Activate(2) BA @ and BG @
5 ox1 DES
6 ox1 DES
7 0x4 Activate(1) BA @ and BG 1
7 0x5 Activate(2) BA @ and BG 2
8 ox1 DES
9 ox1 DES
10 ox1 DES
11 0x6 Write-a(1) BA @ and BG 0
11 ox7 Wirite-a(2) BA @ and BG 0
12 ox1 DES
13 ox1 DES
14 0x8 Write-a(1) BA @ and BG 1
15 ox9 Write-a(2) BA @ and BG 1
16 ox1 DES
17 ox1 DES
18 ox1 DES
19 ox1 DES
20 ox1 DES
21 ox1 DES
22 ox1 DES
23 ox1 DES

O 52 oAlA] =] 7| e Ay

9 521 oA m2 e thste] 7] 5 WEHS et Axtolch. MOl bank
address+= BA, bank group-2 BS 2 E A 5}¥ . Bank group ] 2fo], Z|WiE £5 = 9]
Zpolz M2 thg 7|27 Rl 71 S Hgho] ¢huH Ed] H SRS 113 5.3
1} 7o Lot} Outer loop®] 648, inner loop©| 40961 iterationS}H inner loop
e 33 Ze AMESo] Aty oz AgES 1| 47 & 5= ik

£ WApl o] el 715 Aol Su1E HEHE FUe 4 gk T 51
ol HixntaE F 14709 ER B gt L2 | mtE ¥ 7|5 et V)&
& o} Qlet. s wHE s’ o] 79 271 9] THE 7} pair (ex, partl, part2) &2 A&

rl

ot Qi) Weke symbol ASE pairg] THEZ} 82 S 5 9T 7|
Mol Ll H9le-S SHe1g 4 9loieh
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or—

Inner Loop

OOO®®
S ®

OO®O
O o

719 5.3: oA =2 7138 9] symbolic representation tree

el T2 73
nE 1 | 2| 3| 4|5 ] 6|7
Symbol = | 129 | 129 | 129 | 129 | 129 | 129 | 193
TE 8 | 9 | 10 | 11 | 12 | 13 | 14
Symbol = | 193 | 161 | 161 | 129 | 129 | 193 | 193

FS5.1:eHAA Y T2 IO pE ¥ 7|5 4

23

A & Tl 8} 3



A6 A AT H SR EF AL

SIlAL 29 7] 27t GejS B8ste] HAE Wd D W SAEQ
PaTrane 75519t} PaTran AL8747} Wi o] Zato]dE A glo] ¢ Hats-

Aol 4] 28 7Hs stk
Client Server

HTTPS
Request
—
R -

Response

)

Simulator

Output-based
Intermediate

|
Representation

Rendering i .
WaveDrom,js \ n‘dc j

Synthesizer

7~

N
Pattern Tr;:;l:rt:d
Program

\ Web Browser / L 9 Server Storage Program

>

3% 61904 HlAE WE 2 a9o] Wek S AN 4 gk A Bl

)
simulator L&A A oiEl T2 WS = 7N S 2 JEE HIket
synthesizer - Zo| A &9 7|9 7+ BH FE|E target ATE 273 of 9t {153
t}. o] &3t I -2 Node.js[6] S 7|§Eo 2 L3 A z

S et ZHZ 9] visualizer 52 =8 7|HF S ES

A2t &k



sh Aol Aol A A e 2= 9]

API[8]2 £ RS =8 A5 0

Ir
=

]o

—_

B 2 H3tsl|F ). AF8-AF= WaveDrom.js
=
=

I A3HE waveform e 2 215 4= 9]},

=Oé
ol T
ol

6.2 SR & A

6.2.1 SR 7|4l Visualization &

Symbolic representation tree S 7|WF 0 2 5} Analysis 21 417 &S 4 =
Visualization & 7j3ro] Zei &1 Qitt. 718 6.2, 6.3, 6.4+= Prototype-=
QaFst g mgolt.

"reg1ster operation": [
{
f le_number": 33 e
cycle_nu H , "cycle_number":
"symbol": 0 Loop }.y -
"command_name" : {
"used_register_operation": "operation":

"cycle_number":

19 6.2: Visualization tool horizontal ver

AFEAH loop heade]] SFBHE node ML 1, S5 S0 T3t JH S
AFHAY 18 6.229] AZ 2 inner loop W 2] 0x3 symbole] g 5}H= node
E A A-S o g symbol2] Ato|F FH, AME o|Z, used-register-operation}
2o AHE AlFr-e 4~ ok Node ZH-2 symbol ©]2]o]| & ¢4 A 2]3t concrete-

command-name®] G e} 2 W9} 5 5l0] A PH o2 122 AR 4 9l
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Symbolic representation © = O] FHeF I of| A ZF Ato]Fof| A &3 AHES
g Ate] 2ol Mg symbolat @74 symbol mapell A5 =t], o] & &-&5HH &

o] o}t 7|55 visualization toolo]] F& S 4= Q1.

g
S

DO -
DO DEOD0O

&

8

9,0,0,0,0,0,0,0,0
9,0,0:0,0,0,6,0,0
0,0,0,0,0,0,0,0

g
g

g
&
£ 2
= E]

F%HZH )
g
g

13 6.3: Visualization tool vertical ver - specific command colored

o & 5o 19 6.37} o] Activate commandE 4-Y o=
command % Auto-precharge mode”} onH Alo| 22 H|AE gl T2 7130 Ao A

Mg Bxa 9A]a|9l=] 47 AZ8ksto] SH18 4= 9lrk. Ei= £ bank ad-
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dress, bank groupoll Al et Afo]Z o] BES Sholsto] o wEl ma13o)

|0 X =2], activate @} write7} A =
@A A oLl Fe|E 710 ool AL S| 72 weto] slsatu,
=7 B of Atele] AtelE BEjo)7t dutt Hl=2] 5o HHE Sl oA
Haslr] golar.

activate, write, pre-charge 7| =7} LA T2 0] F

Fll‘ _Q

K

0x2

0x3

| QOuter Loop H Inner Loop ‘

eo

0,0,0,0

0x7 0xb5

DOOOEDE
>

013 0xb8

2
R

Test pattern program A Test pattern program B
activate command colored activate command colored

19 6.4: Visualization tool vertical ver - comparison of two pattern programs

Z7lH oz M ohe el Z2 79 A, Bol| tfaA symbol mapS 293 A

2 symbolic representation H3HS 5111, obA 752 A gotthH 118 64004 & &

SR AE IFY 2Ee e T2 07 BoA &

T UL, ol & Foll 7 o 2] 7HO] RARE LY
Ea Z]3H] A

7} Qltt. Z1) AF8t o 2 = Symbolic Representa-

ol
=

tionZ} Analysis Data”} @71 json IS 7|HF 0 2 d3.js library2} VS Code?] Live
Server extension< £3f local 273 of| 4] H]| 3£ 5}¢] visualize & 4~ Q) t}. Visualization

tool2 6.1.12] PaTran o8] =2 72 Ml Z P23} A =5to] &85 4 QL2 A
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A7 EERIFT A

2 =7oAe HAE sigl T2 7750 9] HHgko] AME-E|S1H output based IR-S 2

op

7} AFo]Z-2- binary symbol 2 25t symbolic representation< 11915} T
Ato]Z:9] output bit vectorof| A FET 4= Ql= AEEW T2 X5 24

=
A FLe 2GS Yot Atol 22 -2 symbol 2 §IgHsIT Cycle equivale
S

N

M
o

=
Y=
o

nc
A 23t equivalence rules 7|5t

=
2t
fol
1o
4]
o>,
o
)
o,
=l
ol

=
APt T3 LA T2 S AU oIS H L2 I3 o] el gL F 5

abcbcbecdabcbebedabebcebed
{
(a(bc)3d)?a(bc)3d
{
(a(bc)3d)?3

719 7.1: loop nesting example

IR9] symbolic representation 22 mj&l-S symbolo] L}E 5 string© 2 H 3}
She 27 2k ol e m2agle] 2712 M skeld ¥
et A2 19 7.13}F o] symbolic representation © 2 FH 2} 2

nestingo] o] Eli= el & etoul7] golsict. ATEOlE Hd Z2 1918 gas
sk slme] 271of) Age] Q1] ThEe] WE Z2 ] & 45 o G BEs
Z10] w7} 9)ek,

287 A2 e % e Ze s 98 Ul T HHo] SUTA, fAksjeh
o] BHo] dupi} §AFGHR] £ string comparison 24| 2 x| &ksto] sfA S 4= Qltt.

] 4
o]t T AA H| W RHFY-L test coverage | TE E3F &% < HAE AP 7}

;

|t
i
E=)
il
rl
N
-~
o o
3
]
o
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ABSTRACT

Test pattern programs for testing DRAM memory have different programming lan-
guages depending on Automatic Test Equipment (ATE) and are low in readability. In
this paper, a new type of symbolic representation for the analysis of test pattern pro-
grams is presented. Each cycle pin value is analyzed from the output-based interme-
diate representation, which is the simulation result, to extract the corresponding cycle
information, and based on this, the cycle performing the same task is converted into
the same symbol. Symbol phenotype conversion was performed with 21 benchmarks
based on commercial test pattern programs, and it was confirmed that the intended re-
sult was derived. In addition, the analysis tool using the symbolic representation helps
users to intuitively understand the structure and work intention of the pattern program.
The symbolic representation of the test pattern program can be used for optimization
of the pattern program, equality test when converting the pattern program, and fault

model detection.

FQ0]: DRAM, Test Pattern Program, Symbolic Representation, Intermediate

Representation

SHH: 2021-22071
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