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Abstract

A debugging system (DS-11) that provides a new apprcach to the process of debugging
has been implemented on PDP-11, and in use.

DS-11 has various kinds of commands and requests which enable a programmer to make
effective use of the advanced debugging techniques as well as the usual ones such as post-
mortem dumps, snapshots, trace and breakpoints. That is, not only the traditional AT-
Both of

them specify a request point when the request should be served. The former specifies the

timing but also the newly introduced ON-timing is available in each request.

request point in terms of only an instruction address, whereas the latter does it in terms
of a program state. Thus the ON-timing can dynamically specity it, therefore the pro-

grammer is able to get the pertinent information about possible bugs and carry out the

debugging effectively and efficiently.
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Yyrxzx b3, LIST 2= F 3.3 8] iz&kb
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Table 1 Commands of DS-11

2= v FR [} # 1 ¥ =
DUMP WESNERREL TS DUMP FROM addrl TO addr2 [m1ic]
MODIFY fEEnr l BEETT S MODIFY addre—exp [c]
GET fsEans: TP 2o—-Vd 3 GET program-name
SAVE PROGRAM 7075 AORBOBBETD SAVE PROGRAM program-name
SAVE REQUEST PRy VHLOBTEETS SAVE REQUEST file-name
UNSAVE PROGRAM BB LIS LOUELETT S UNSAVE PROGRAM program-name
UNSAVE REQUEST BRELAY R MY YRLEETT S UNSAVE REQUEST filemame
TRACE Te—¥T TP LEMT3 TRACE [pcll,psTl/stepdl: pe']
RUN Re—¥T TP BT 3 RUN [pe]l.ps]C: pe']
JUMP HISTORY JUMP HISTORY %2t hi$ 5 JUMP HISTORY
FLOW HISTORY FLOW HISTORY %433 FLOW HISTORY
CONFIRM YAMEY VRN EFERDIDIENTZ CONFIRM
OUTPUT L a3y FESLRY 2D OUNKEEEET S OUTPUT {12} device
KIND | avv—nzA75450x3—%—FOUDBRAEHS | KIND
SYMBOL
CREATION VUENER=ABHIVRER Y yHALELTEETS (symbol-char)=exp(BASE,(CR}|
UPDATE YR NDIEEERE TS (symbol-char)=exp—exp{BASE,(CR}}
DELETION UKL ENET S (symbol-char)=exp DELETE(CR)
CONFIRNM Y YHENOEEREORYNATE (symbal-char)=exp(CR»
LIST
CREATION FLOY R MASERET S LIST list-char
" list-char 0: request 0
list-char 1: request 1
] list-char n: (CR) END
UPDATE JRPAETTS LIST list-char UPDATE
! list-char m: request m
list-char m: request m', (CR) END
ELIMINATION YR ENET S LIST list-char ELIMINATE (CR)
ATTACH LIST RNz Y 2 P2 ARIICT S LIST list-char ATTACH
DETACH LIST HEENLY R LA DRMICT S LIST list-char DETACH
CONFIRM YR PEEECIODNNTS LIST list-char CONFIRM

() 2—-¥RFTR\2AATS. [ ] BE&TELS LD, |
CR) BHIZRHKOHBZBEDBLILALTH 3.
[m] BRIEHBRfEE, [c] a2 v+ ThY; TREES.

) BEFOS BbLLOnEERT 5.
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Table 2 Requests of DS-11

Vs xR kA& [ ) EE # S
JUMP TABLE ' JUMP TABLE %73 JUMP TABLE
FLOW TABLE ' FLOW TABLE 2##¢ 5 FLOW TABLE
INTERRUPT SURVEILLANCE EEINARVALREL—F v bBHT INTERRUPT VECTOR=addr
DUMP frEsnEREHITS [d] timing DUMP FROM addr

: TO addr2 [m][c]

MODIFY T fsmEhik 1 EEEETS [d] timing MODIFY addreexp [c]
PAUSE . DS-11 % Cimicd 3 ! [d] timing PAUSE [c]
SWITCH | TeRz—roWbRREERTS [4] timing SWITCH [c]
ATTACH LIST L fEEAh Y X P EAREKT S [d] timing LIST list-char ATTACH [c]
DETACH LIST fEEEN; Y X FEDREICT S [d] timing LIST list-char DETACH [c]
COMMENT ing ; c B -

IrVIERDTS

ng ; comment

() 2—FEITRBEANTS. [ ] RERTELLO.

[d] R r%MokE, [m] BHARKROEE, [c] Bas ¥ THY; TRUES.
BOD300Y 7 xR ML, ThBBBINTOEY R IBARBEDOLER>VOOTHLH -2 &N,

C K % MoK
TRACE J7UK
EL 1ok =
P1,P2,P3.P4* S
%91%
RUNJ9/K RE-FK
3.9, 858

Fig.1 State transition diagram of DS-11

C RS M RE~DE®IZ TRACE $50i3
RUN a=v Ficky, #0EBIR P1~P4 3.9%
R oERickhiEz 3. #0BBN%. Fig. 1 IR
7.

3.3 y = &

YZ MR Y27z MOESTH S, )R MIEHRE
EHTE, ThThRIFEDOEXFICIDERZN
3. RYRMCIE, EOY R MCBBEINTNE Y 2
IXMSY—EROMRENL B A BEEE, dHLi
S D EBHEE NS ZO0BENDE. HLLEH
ANV M ABYBTH S, VX MOZ20EH
OPYH#;ZI, a<Y FTHS. &1, VIR
&Y DS-11 o MRRETHTZ3 (Fig. 2 B) ©
T, ARV 72X FOF->TOREINLNENZI 5K
BHEENTEE. EZXE, Y2+ A (Fig. 3)
MBEBINTED, T TP EF8NICY X+ ABC
BENENAADBHTH--ET2. TP 80E
HWHSIAEFTINTTL bosThild, TP OflE
b3 0~200 FEiiE 7212 300 FHLIFICH B E DAY
AFBRABHTHD, YR+ A 0~400 BihD
Lxic AB#HTHB. AT, TP OE#H 500 F
HcR7:EXICIRYR M ARDBHETHD, Lz

DETACH LIST J3vK

R
A
A
JENY
iy 77!
— ARH#
...... DR
*LIST A

A0: AT 200 LIST B DETACH
Al: AT 300 LIST B ATTACH
A2: AT 100 LIST C ATTACH
A3: AT 500 LIST C DETACH
A4: AT 400 LIST A DETACH
() AT-iK20Tit 3.4 B8R

Fig. 3 Attribute transition of LISTs by
the At-timing

*LIST D

DO: ON 100 .NE $0 LIST E ATTACH

D1: ON 100 .EQ %0 LIST E DETACH

D2: ON %2 .HI $100 & %2 .LOS #200 LIST F ATTACH

D3: ON %2 .LOS #77 LIST F DETACH

D4: ON %2 .HI $201 LIST F DETACH

() BUER8ERRINTHE.
OO TH AL, EOMAFOME
BMua¥id, a7 EC2oRTRINIBHOREERD
+b0&¥ 3. .NE,.EQ,.HI Xty .LOS i3, th¥
ho*,.=> BIU S 28KT 3.
ON--jc2Tid 3.4 B

Fig. 4 Attribute transition of LISTs by
the ON-timing

STYX A RBRBINTVLE Y7t A3 |3
#Hih, Y2+ C 2100 BHPIEA BiEDEETH
3. %7, Y2 b+ D (Fig. 4) £2ERL TEL &,

DO0:D1IO Y72 MCXD 100 FBHONEMSOT
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sneExns Y2 PERARY, D2, D3KXUF D4
DY 7R MCED %2* OffiH 100 X H K& LD
200 iFoLxns Y2+ FIZABBETHE.

3.4 $4zvy

E2AIVTIR, BV 7R M IREDE ORAL
TH—ERINEDEEETSDTHS. DS-11i
B, AVEAIVISET A4 I/ 7EFEINDS 2
BDF4 I v b s HfEs DS-11 ICh - 7ok
HBTE4IVIREPAPDELLLDEEES. Y
LA, TOBABED Y R PVCEERINTS
D, PDOEDEAIVISBHOBEAEBEEDAY—
h’z én%t**.

Va4 ISR, 2THRRET2HOTS 2#FICE
HT 50T, TORRNEI>EFOFENTHS.

ON cond**** [& cond]***** [& cond]

a4 ivsicky, T2 #E8BTXx5. & X
B, ¥7v—F vy OOR D it (RTS) 0317
bhd L EEigETBICIZ, DEFDLINAFVE1 3
vrEREZE L.

ON #200 .LOS @%7 & @%7 .LOS #205
T @UT 12, %THrrerx R, TN B HEHON
B, DEDOFICHRTENEHGLEERL, OtV
243 V7N @%T OfEH 200 PIE 205 PITF o & &,
DEDOFCETEINEH4H RTS L &ICHLEN
3. LOFELAEATHE, EERORHOGELBITD
NBLEAEETEAVEA I VIERETHTIEMN
Tx5.

AVEAI v EERHTIUETI QEBTE 503,

1 14

* PDP-11 K38 DORAV YR s 0 H b, EhdrEheh
%0, %1, -+, %7 E&EDT.

*aavadIvsR, TP T =— VOB s N 284CER
EhBCEEBELTNS.

» ABMOYZAMEDRBUHOV A TICE—Y 7R 3B
PIBA, MEBEDOVIZR MDA I Y BROMEENE, T
DY IR PRY—ERENS.

*+** cond {3, (A7 F1) .RE (#<35vF2) LHIHAT
&0, RE it RA/PMRFE & 2RTXFFIMAS. D cond
ickb, PDP-1l @7+ ¥ 7 Y TETORBKGETHETE S
S EEbTCINTES.

ek DL ] THINADOREBRAETHS. LiH-T, —
DDA VEAIVITZDETO cond ORBEE LA IV
LLTHEETES. X,

ON 200 .LOS %3 & %3 .LOS #300
EWVNSFVEAL I VL, %3 DffH200 P E 300 LIFOE &
DOHKEN B. &4, ATTACH LIST % & ¥ DETACH
LIST Y 7x 2 b 2T ACEICKD, {ERED cond DR
BROWEGDA VA IV I ERETHC EMAETH 2.

##s22% PDP-11 TREDEREORBY VX 2IGBBETHICKD,
RTS D4 a— Fid 200~205 &123

#xxexrx PDP-11 Cid, %7270/ 54802 PCELTHEALT
wa.

B A -2 EEBREELOBET N SV RT A 1205

ZRERBEENENDTT 44 37 E L Ty
ZEBELL. 20> E¥OHVTHS
AT ADDR* [JCOUNT*]

ZZ T, ADDR B3F@EEoFEM%E, COUNT i3
TEE4 I VIHREIZE S HOERCET 2%
WhWaEREMIEEEEDL TS, kEZIE,

AT 20000/5
2, ZOT A4 IVITIREINBZ Y722+ DOR
LT3 Y2 A BHICE-TH S, 20000 Fith
DOMENTEIEITEND & &, BYIOSRIIZTZO
Tra4IVvIBEELD, &1,

AT 20000/-5
3, BFo5MiIEHT, 6HMBEYBRIAENS.
COUNT ¢, gz hhidco 7t 24 3050
ADDR TiRah b EHMOMSE2ETT S -VICHE
123, O ki, COUNT ofsgic kb, v—7b
TOLELREKBICY 72X P EYy—EXLZYD, [
R0 75 ADBHIC AFIATE .

3.5 W DAHNERIBEEE

PDP-11 i3, FDAHME L — F v O HthE
5, BALBERICHLENENETOEL (<27 b
WETEIND) ICHRMENTNS.

DS-11 T2, INTERRUPT SURVEILLANCE Y
7R MZLYORY PAEEETHE, £OX7 M
ICHIET 3H O ALNEL —F v Oh LB TE 5.
DY s xR MzLY, T3 BERINTVS.

3.6 ZRFyTHICETEFNNvIFK

DS-11i3, T ®=— FTETEINTN S TP OEFTR
FoTEBEBAS 16 £y DA Y v 4 (STEPCT)
&, STEPCT 0ffh &1L OEKERZ S 16 £ v b
Dhvy v & (EXTSTEP) 2£-TW 3. ZDZ20
A vEEAVEA VI VI EFERLTCERT AL
ik, AR, BUMIC “24 2 2B TNy
7Y i EICRRITE, BAD R4 L v TIBEIER
Tx53.

TRACE = = ~ N3, Table 1 kiRTHLTH3
s, PC Tied 5 &FE HH» S, PS TIRET % E*%
PSW ORZEE L T*, STEP TiEET 227 v 7
720, PC ciegd sEHME ¢, TE=—FTCTP 2%

* ADDR & COUNT &i3, Y75y itk hDBARRE
heEhenBEETOlE LTR™

** PSW (3 16 &'y PTHISNTE YD, EhE2EMELNEED
HICk DiEET 5. L, WAL PRTEY bichiY, 20
oy bhA 73 &S5 NHEERELT, TRACE o= v FERT
BLLIIMBKTEH 3.
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fT¥&&EVS a7y FTHd* STEP #i5ELT

i, BROR T v 7HEEELL DL AL A,

PC 32 PS ofggsisdhid, 2hehzo%

ZORET TP BHETIN 3.

3.7 FLOW TABLE & JUMP TABLE y 4T
2 b

FLOW TABLE Y2 xx+ig, T€— FTCTP D
BRF 9 FCLELZOPCOWEES A V7Y v RIZH
NEEZHDTH 3.

JUMP TABLE Y7z 2 tit, MIRETTP 07
FUFTREAERL, TO075 v FRLOFHMET I
YFREOBHWEMILTSA v 7D v 2iciidE
BEDTH B

—iic, TP OHBEOFTNLBET 370 kE
THATHBL, BIBECHNRTS 4 v 7Y vy 2~DH
NBEMIEYDELES.

3.8 FLOW HISTORY & JUMP HISTORY

avv ek

FLOW HISTORY i & JUMP HISTORY a =
Y FizX 52 S h 2883, #hEhildo FLOW
TABLE &t JUMPTABLE 9y 7z 2 + L&D
SDTHBH, a7y FEREShABSICETZHE
RE (DS-1L{ERMCIEET 2) OBEDOHBMOEE
AHNXEZ80TH 3.

ThoDawy Ficky, CHRETZDOEEND TP
DHFEOFENBERTRIENEZ N3, 7
Ny JOBRIARTHS BN 3,

3.9 &EALXFA

DS-11 %5 C REEC L BAEHE L TOEFD 403 %
3.
P1. TRACE ==Y F@ STEP %7212 PC’ g
E 3.6 BH) 2l hiLl &,

P2 PAUSE Y/ xXt+D&4 3 v/ 5TCH -
fod X,

P3 a—%zky, avyv—n,zihps TP &
fTohAsiERIhic s &,

P4. TP #kE#kM4$ (illegal instruction) 73 &
EEFGLESIELIE X,

P1~P3i3, DS-11 it ¥ 2 2 — 40BN CR
EADOEBIETRICEE 30 TH 37, P4.2DS-11 H

* DS-11 (3, TP %t STEP TIERE LA X T v 7RI ETTEH,
PC' TIRE L BT THTT 2, €05 5D EBSIEIKL
LRtT CRMELB.

*RUTSVFOBRL, TOREMRILTICOFDENOSSHHE
TENBLERT 5V FABE P ERBBIENLL.
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FOERICEBHDTHS.

P3Ravy—anirdzxf vy FLozzoeT
Hovy b2REXEZCEICEDFAPIS. Ch
i, 7CE L TP R — FICEALI-E BN 2
E&RET, Pl PRICXha ML RIELR
WEEICERINS.

M 55 C RE~BBTZ & %13, EBLAER
(P1~P4), STEPCT o ff, HIIZ EfFehizad
DEHL, DECEFTINELSELTV2HL0EMH
BLUPSW ORHe y rORBEE2 Y -1 24 F
A4 FRTHHT. CRETR, Bxoa~r rnE
%2172, TRACE 2302 RUNa=v Figxbh M
RECEB T2 B.28K). cok>iz, DS-11
2 CREEE MARBEE OO BB A EBEIZTZ 2 L85
B RFLTHD. iz, P20 PAUSE ) 7 = =2 +
T, HRDPSTHONUTOERED EDBIELT b 2 4
IVIERWTITAZED, A4 I 72BN T
B DWRICIEUTCHRE~DEBEENITL 3 S455 /3
v S DBCHERTHAS.

3.10 MODIFY awv k&YX b

MODIFY 2= F&E3W0MI Y2 xxblzxh F3
OBEENTA 5. ThEFNCRES 32 MIREET,
T FURAER EOERDE, 2% DSt EERESR
BINREVL YR LDOHEEZEEOECEFE TS &
MTER. kEz2d, Fig.50DY 722+ G0LG1
L&D, BELIEA I VI BEILE 2126 %, 20D
EEDRL2 Yy JDEFRIZEDE XZOLHAL YR 2 %3
DEAF Y aT B EMNTES.

3.1 AHHEREE

IZYNBEBRNRY 2R MCEADBEREENT S
5a, TOHEE8E, 104, 2T 16 EEHTH
NTBIDTIEETES. /2, ZOHRE 4+ T
EDXAELT, 303 ASCI a— FE ol %
D ASCII XFELTHHT I ICHiEETX 3.
A5, BHoETHNTIEE, wMBEibe LT,
B3RP EBHENR—2* LLTEIHSOELE

*LIST G
G0: (44 3 v) MODIFY 9%6—9%6-2
Gl: (84 3 v7) MODIFY @%6~%3
() GO & Gloz4Ivs/RE—DLD.

PDP-11 TR %6XRF v 7 R4 v 2 L
LTRVLTHS.

Fig. 5 Dynamic stack modification by
the MODIFY-requests

*SYMBOL aw> Fizkd), ZOXINNR—Z5BETES.
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HELTHNT S LD ICHEETES. F/, a7V F
BY 7 TR MDIT A — 210 E BRI B
MEHT, T-8HEPIEEETANT S C & HT
x5,
COAHPERIEERER, 2. TR FS5 2R
L, 2—¥FNEHLERL LSS TCRELDF— 2K
RTHEBLUETE % (Table 1, Table 2 £M]).
3.12 SWITCH y4 X}

oYy s xzabE, Te—FERE—-FEOYDHE
=119
—iz, XTSRS G LR, DY TA—F V&
BESRAS, H b ATy Y RFLAERRLTALES
RENSOYTN—F BT TIZELLEKL &40
STWBZERLELIETHBL, e, by &Y
VICBHRLTHLBAIZRFNSDS T —F UHE
FKa—F 4 VTEZENTORNZ EMBL.
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Fig. 6 Change of the program mode in the
M-state by the SWITCH-requests
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