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DDT-I PROGRAM DESCRIPTION 

Usera of most computers, especially large-scale ones, wre familiar 

with the procedure of submitting a new program fo r  a run and re- 

ceivlng, along with the compilation and assembly listings, a dump 

and perhaps a atorage map of the symbols used, together with a few 

remsrks about the failure of the program to run properly. 1f the  

user I s  luclty enough to be present when his program I s  processed, 

he may get  additional Information from the console lights, motion 

of tapes, etc., but his correcting must be done away from the ma- 

chine, Getting a program to work under these conditions takes a 

long time. 

DDT helps shorten this  debugging time by allowing the user to w o ~ k  

on his program at the computer, to control i t a  operation, and to 

modify the program or its data at will, Tracking down a subtle ep- 

ror in a complex piece of coding I s  a laborious and frustrating 

Job by hand, but with Dm's breakpoint fac i l i ty ,  the user aan in- 
terrupt his program at any point and examine the s t a t e  of the ma- 

chine. In this way, he can quickly locate sources of trouble. 

The programmer may insert corrections and patches and t r y  them out 

immediately; those that work can be punched out on the spot in the 

form of loadable patch tapes, elSminating the necessity of crea- 

t i n g  new symbolic tapes and reassembling each time an er ror  l a  

found and remedied. DDT also maintains a symbol table, allowing 

a programmer to discuas matters with t h e  computer In the language 

of h i s  own program. 
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DDT occupies registers 6000 to 7750. The startlng address l a  6000. 

DDT carries nith it a permanent table, atartlng at 5777 and exten- 

d- toward 0, consisting of a l l  standard defined PDP-1 mnemonics. 

Thia may be augmented by symbol definitions from the userts program 

tape br  fro^^ the k8yboIUd. 

DEFINITIONS 

A symbol one three letters numerals. 

number I s  a atring of up t o  6 digits. - 
A n  expression is a string of symbols and numbers separated by the 

following characterst 

apace ar t l o n  character meaning arithmetic = tau87 

a e ar tion character meaning arithmetic + r n  p us B 
a e ara ion character meaning arithmetic - wnusr 
a se aration character meaning boolean ln- P clus ve or. 

a aeparatlon character meanlng boolean and 

All other characters are either used for control or are illegal, 

When a register is opened, its contents are printed out and become 

available for modiflcaetion. 

When a register i a  cloeed, any modifications requested are made 

and further access to the register I s  denled until, it is opened 
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Most DDT operations are specified by a slngle lettep In upper case, 

Typing such a symbol followed by a carriage return causes DDT t o  

pepf om $he operation. 

In the fallowing discussion, a l l  numbers are octal integers. In 

the examples. "ldc" "tab", and "begH are symbols in the user's 

hypothetical program. l1c ( r) " means "the contents of register 3 R" . 
A I L  underlined expressions in the examples are those typed by Dm; 

arpreselons without underllnlng are those typed by the uaer. Dm 

respMds to errors by typing a 9' and Ignoring the error. The 

uaer may canoe1 a line st any time before the carriage return, by 

typing x (mltipllcation sign). 

USMQ DDT 

"he user f i r a t  reads Dm into the computer. All subsequent ope- 

r a t k o ~ s ,  including loding  the program t o  be debugged, are per- 

formed through DDT on the typewriter. A l l  printed output appears 
on the t;~~,ewriter. 

Loading the Program 

A l l  of memory through the highest reglster not 

used by DDT (i.e., t o  the bottom of the symbol 

tablet is a e t  to zero. 



rqlaZ Zero memory between - fa and - la exaept that part, 

if any o c c ~ Z e d  by Dm. 

DDTI~ aymbol table ie restored t o  I t s  Ini t ia l  

list of permanent symbols. If any of theae have 

been modified, the orlginal value I s  not re- 
stored* 

A binary tape in the reader I s  read l n t o  

memory. No new symbols w i l l  be entered lnto 

Dm's table. The tape ia read i n t o  storage bet- 

ween the limits in register M+l  and w2. ff a 

checksum error I s  encountered, the prog~am will 

atop. It is then possible to move the tape back 

one block, restart the reader, and press Contlnue 

to eontime reading. 

R e a d  a Macro Symbol Table and merge it w i t h  the 

exlsting table, Definitions on tape take pre- 

cedence over deflnitiona in storage. The spe- 

cial symbols l a ,  28, up to gs, are not entered. 

The lowest register occupied by the symbol 

table I s  typed out upon completing reading 

the symbol aection of the tape. This number 

may be found in register F. Checksum erpors 

are handled as In Y. 



Punching Operation8 

DDT will punch a standard Macm format tape ni th  the title in read- 

able format, 

Put into the title punch 11plten mode. Charac- 

ters typed in are punched out in readable format 

on paper tape. Tenein3ting charaaters are tab, 

camiage return, or back-space, which do the fo l -  

lowing? 

tab r Sets DM! tonpunoh read-in+ode data blocks. 

carriage punches a standard input routine and seta 
returmr 

D m  t o  punch atandsrd checlcsum data  block^. 

back sets DPT to punch standard ahecksum data 
space: 

blocks but punches no Input routine. 

Pa<laD Punches data blocks from the flret address t o  the 

last adaresa in the fonaat speolfied by L above. 

The first addpeas and the last address are any sym- 

bolic expressions where fa is less than or equal t o  I$.. 

ada?J Punches the start (jmp) block to the address specified 

to denote the end of the binary tape. 

,. (laen- When a register is open, make the modif icatlon, if 
(tgr .&t) 

any, and p c h  it In the format specified by - L. 



example: punch out regZsters 4-10 and 100-350, in standard 

checks-ed blocks. The program@e name I s  MICRO and it 

starts at 100. 

L (carriage return) 

MICRO 

4<1m IOo(350D 

Program Exwination 

These operations dlow m y  register in memory to be exermined and 

modif led. 

/ This is the regia*i;er examhation character. The expres- 

sion typed inmredlately preceding the / is the addrese 
of the register to be opened. 

When the user types 

ldc 20/ D D T w i l l  lmediatelymove t o  the next 

tab stop, print  out the contents of the 

register ldc 20, and sklp to the fol- 

1owPng tab stop, The resulting line 

might look like this: 

zdc 201 add2653 

If the user wlshes t o  change the con- 

tents of the register, he types In 

the new infonnationf 

ldc 20/ add 2653 add 2663 
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Carriage Thia causes DDT to place the new infomation in the open 
R e t m t  

register and t o  close it. If no modifications were typed 

before the CR, the register is closed unchanged. 

/ - The alash may be uaed t o  open a register addM88ed by the 
ternate 
use) currently opened one. If in example 1 the user w i s h d  

to examine the contenta of location 2653, he would have 

typed a "/!I instead of the modifying instruction. The 

results may be looked l ike  tMa. 

ldc 20/ add 2653 / 

Here, isp 306E 1s the contents of register 2653, which 

is now open. The previously opened register, ldc E0, 

has been closed. 

The "greater than" s f@ w a r k s  like / except any modifi- 

cations t o  the opened rsglster w l 1 1  be made befom the 

register addressed by the new contents of the closed re- 

gister is opened. 

lac 201 add 2653 add 266s 

The aontenbs of register 2663 ie 7044. 
'Use of 9' does not alter the eequenae of loaations, 



Back 
Space: 

This has the same effect as a aarriage return, In that it 

closes an opened register. The next regtater in sequence 

i a  then opened. In Example 1, typing a backspace would 

cause register ldc 2i t o  be opened, thus: 

ldc 20/ add 2653 add2663 (backspace) 

Wkewiae In Example 2s 

ldc 211 

Note that the sequenoe of location8 established by loc 20 

l a  not altered by the use of t o  open a chain of suc- 

cessively addressed registers. 

Up arro;or has the same effwt aa bauk~pace except that the 

preceding register in the sequence is opened. 

ldc21/  - dac600 

1dc 20/ add 2653 

Thia cauaee an opened register t o  be closed after modi- 

floation if -3 the reglater ooh%eh is now addmaaed by 

i$a contents is opened, errtablishing a new sepuence. 

Substituting a tab for a bwkspace In Example 4 would 



Example 6 

ldo 20/ 

r663/ 

add 2653 - 
jda 235 

add 2663 (tab) 

a backspace would now result Snt 

add 26653 

Jda 235 

dm ldc 33 

add 2663 (tab) 

(backspace) 

The baclrapace may be used at any time. DM! away8 re- 

members the laet  register t o  be opened in normal sequence 

(that is, by 8ny method except the altemte use of 

"/" and 'I>") and will open the next sequential register 

arvy t h e  a backspace is typed. Intervening carriage re- 

tm8 or other operations have no effect on the sequence. 

Ver~flcation of f mgram ---- In Memow .- 

To discover if a program in memory 18 unchanged, core lllay be cheaked 

against the 'binary tape by use of: 

V reads a bbary tape in Macro binary block fomaat and oamr- 

p m s  It against memry between the locations speolfI& %XI 

y+i and M+2, No change La made t o  mmory. D&eomp~sloies 

are typed out I n  the fomt 

loea;tian/ memory tape 

Chejck$wm errors may be handled aa +in y .  



Mode Control 

The preceding examples show that infomtion may be entered and 

typed out in severel d i l f r e m t  rorms. ~ r e s a i o n s  may be symbolic o r  

absolute octal or dsoimal Integer83 register addresses may be rela- 

tlve or absolute. DM! cars be conditioned t o  prlnt infomatfon in any 
of these modes. The user, huwever, I s  never restricted and may al- 

ways use the representation most oonvenlent when typing input. 

The f i r a t  two operations below determine the form in which DDT 

typsa out re@ater addresses; the second two determine the foma for 

other III1Pormatlon. 

conditions DDT t o  type out locations In absolute octal - 

sets the mode t o  print location addmasea relatlve t o  a 

lac 211 
sets the Information mode t o  print octa l  Integers (con- - 

sets the information mode to print symbolic expreseionar 

d m  ldc+35 

putre Dm into the hootal mode. A l l  mrmefio printouts 
rr 

are In octal.  

U put8 D m  Snto the unhoctal dsc- mode. A l l  n-rL- - 
printouts are I n  decimal. 



causes the laat nmeria value typed to be taken a8 deol- 

m a l  on Input. The 8 must ~ e d i a t e l y  follow the rmmber* 

causes the last three charactera typed In t o  be taken aa 

their concise code value. m e  applies only to letters 

or. numbera. 

manrpla 7 

ldc SO/ 

l d c  50/ 

While operating in one mode, tha user sometimes wants in- 

forimation in another form, He can force this representa- 

tion wtthout leaving the current mode, by using the follo- 

a  operator^. 

causes the last p m i o u s  expression typed by DDT o r  the 

uger t o  be printed as an Integer. Its uae I s  illustrated 

belowe 

=ample 8 

Ida 201 add 2653 

types out the 1-t quantity as an Instruction 

l d c  20/ 402652 4 atid 2763 

types out the last quantity as concise code charaaters in 

the order, left, middle, right, Spaces are deleted. 

.* abc - JT= L I B R A R Y  
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the 8 a e  as /, but forces printout as an mtal oonstmt. 

Exanple 11 

ldc 201 

the same as / but forces printout as am Znatructlon, 

Example I 2  

2664 I . dzm ldc 35 

Speulal Registers - 

There are severa3. regidters in DDT that hold infomation of interest 

t o  the user. These registers may be opened and modified; they are the 

on ly  ones Zn D m  that be ao accessed.  he names for these regis- 

ters c m  be used lZke any other egmbolsj only remember that they w e  

always aapitallzed. 

holds the C(AC) any time DDT 2% running* 

holds the ~(10) any time DDT inr runnSng. 

contains the address of the lowest memow location occu- 

pled by Dm's Byrnbal table ,  Its contents w i l l  decrease 

by 2 evem tlme a new symbol is deftned. 

contains the mask used, in word aeamhea. The two regis- 

t e r ~  immedAately followiw M contan the lZmlts of the 

search. When DDT is firat read i n t o  memory, - M contain8 

777777# M+1 aontaina 0, a n d N + E  contains m. SaareMng 

s l w a y  termhatas the address specifi& by C(F) or a(-). 
I wwohever Zs smaller. Register & ~ e d h t e l y  f011m~ 



RUMnlslg the Program8 Breakpol.nt8 and maps 

The operatiom In this p u p  allow the uaer t o  oontml the running 

of M s  program by starting and intemugtirrg it whenever he wishes. 

kG twa command causes machine control t o  go to the location 

specified by the addresspart of expression - k. The C(AC) 

and the ~(10) are placed In the AC and I0 respectively 

and program flag I and the sequence break syatem sta- 

tus are restored. If a breakpoint has been requested, 

St w i l l  be inserted. 

The most common uae of G I s  to start the user's program 

be@ 

O alone is an error. 

This cozamand causes DMF to insert a breakpoint at - 

location & when control l a  passed to the progsm. ~t 

that t-e, the contents of & are saved, snd a & is 
subatftuted. When the userls program reaches the 

break location, control returns to DDT. The C(AC) , 
the ~ ( 1 0 ) ~  and the status of program flag 1 and the 

sequence break system are saved (DDT uees only prog- 

ram flag 1); the address of the break location 9s 

printed out, followed by a right parenthesis, tab, 

and the contents of the AC. The urjer may now ex- 

amine and modify kis program, and then return 

aontrol to It. 

Slnce there is only one bredqoinb, the location may be 

W e d  s a p l y  by requesting a new one. 

Xf I B I s  typed without an mgunent, my exiablng break 

goant 1s removed. 
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RESTFUCTIONSt 

The user m u s t  not place a breakpoint at an instruction 

which is modlfied during execution of the program, nor 

at any instruction which is us8d a8 data by the program, 

nor may he place a breakpoint at  a subroutine call which 

is followed by arguments t o  be picked by the subroutine, 

since the call will be executed from DDT. After break- 

Ing at s subroutine call(on a J& or a &) the user 

may not place the next breakpoint withln the sub- 

routine being called. Note that one may successfully 

break on sHpa as well aa no- eubroutfne jmps. 

after a breakpoint hgs occurred, this command allows 

the user t o  continue h i a  program from the point of 

the break. The C(AC) and ~ ( 1 0 ) ~  program flag 1 and 

aequence break status are restored, and i f  a new 

brewolnt  has been requested, it l a  Inserted. The 

InstructLon at the location of the original break- 

point is executed, and the program continues. 

Freqyently, the user w i l l  want to insert a b r e w o i n t  

in a loop in his program. If so, he probably w i l l  not 

want a break to occur every t-e the program passes 

through that location. He may delay the break until 

the program has encountered the break location a spe- 

cified number of times by typing an expression before 

the - P, thus: 
250'~ 

The break will then not occur until the location ha- r m  
been encountered 250 tlmes. 
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Example 13 

ldc 3- 

ldc 30) 

a*. 

e m *  

P 

( e t c .  ) 

. In this example, a breakpoint is requested for register 

loc  30. The user starts his program at beg, and when the 

break locatlon is reached, its address is printed out, 

followed by the C(AC). ( ~ o t e  that  I.&& is not opened. ) 

After any examination, the user asks the program to pro- 

ceed by typing a - P. The break at Ldc 30 1s still In ef- 

fect. 

Symbol Definition 

rn 
QuAte often, it Zs desireable to define new symbols f o r  program uses, 

for instance, in naming the first location of a patch. DDT will ac- a 
cept new definitions. appending each one to the lower end of the table. 

E c h  deflnltlon requires two registera of memory. Any e a t i n g  eym- 

bol may 'be redefined, Including those in the permanent table. 

Am location symbols m a y  be defined in a way similar 

her, 



The symbol- I s  assigned the value 2663, MYP types a 

tab t o  indicate that the symbol has been accepted1 the 

reglater remains open. 

when preceded by a legal eymbol, caurstss that symbol t o  

be defined as the address part of the l a ~ t  guantlby ty- 

ped by DDT or the uaer, 

her/ 3- 235 

her/ jda tern 

(def) New symbols may be defined at other times using par-- 

theass a8 follows: 

Exermple 16 

ldc 30( mg) 

The symbol, I 8  m~igned the value 02 the ex- 

presalon W2, where - must have bean previously de- 

fined. 

meae operatlone diacloae if a woM or addre86 is op is not present 

in a given aectlon of memory. They also allow a search for certaln 

parts of a word ( for  Instance, al l  a instructions, regardless of 
address). Ualng  the mask Sn - M and the l imit8 In the followfng two 

registers, the user may aemch any p& of memory except that occu- 

pled by DM! itself .  O n l y  those word positions which eorresgond t o  

those containing ones h~ M I me considered in the search.  he l m e ~  

l m t  is detemined by the C(M+~), the upper limit by the C(M+ 

or C @  ), whichever I s  s m a l l e ~ .  



DM! w 1 1 1  search for? regfatera whose content8 have the 

value of the expression &# maeked by the c(M). The lo- 

cation and contents of every such register are printed 

out. Using W wlthout an argument is an error. 

acts as W but searchea f o r  those registers whose con- 

tents are not equal to - k. 

causes DDT t o  search for those registerrs whose contents 

have an effective address equal to the expression k, For 

t h i a  purpose, i n d l ~ e o t  address- chains are followed to 

a depth of 100. The mask is in effect here also. 

Example 17 

Asaming that& contalrvl 777777, we w l a h  t o  search 

f o r  a l l  registers between 500 and 1000 which con- 

t a in  the instruction lac 650. First we set the li- 

mits; then we request the aeapch. 

(backspace) 

17777 1000 (cr) 

lac 6 5 0 ~  

% lac 650 
lac 650 



to search the same section of memory fo r  a l l *  In~truc- 

t ions  would now require a change of the mask, thust 

wL lap 1604 
6201 i s p  1107 

7271 isp 1604 

The mask cauaes only the instruction p a r t  of the words 

to be examined. 

Miscellaneous Operation 

The instruction& w i l l  be executed. If it is not a jump 

to some part of the user's program, control will remain 

w i t h  DDT. Any instructLon Including skips and sub- 

routine c a l l a  may be used with X. 

Example 18 

clax 

This away8 has the value of the last previous quantity 

typed. Its usefulness is best  illustrated by an exam- 

ple. 

~ g m p l e  ig 

 id^ S ~ J  ,dg  l i s t  e5 



Suppose we wished only to change the address to mt& 24. 

Instead of typing the whole eltpression Q can be used: 

E3Eample 20 

ldc 30/ add l ist  25 

uaed by Itself ,  that is, not as part of a symbol, the 

period always refers t o  the last location opened by DDT 

in the normal sequence. 

A c m o n  use is illustrated: 

E X ~ P L ~  e i  
ldc 20/ add 2653 add 2663 (cr) 

0 - l /  lac list 30 

The contents of l d c  17 I s  lac list 30. 

The period, like the bsckspace may be used at any time. 



m s  AND- 

E w i l l  find effective addrees of all lnstruotions except &. It is 

principally useful for locating imorr-t inatruatlons whlch am modi- 

fying the program. If a I s  suspemted, t r y  adrW In  addltlon - 
BreaQolnta 8re extremely use-1 for investigating misbehavior of long 

programs. Do not tw t o  break at p r o g r ~ ~ ~ ~ o B l f l e 8  instructions, or 

m ' s  or JgJab followed by program parameters t o  be picked up by sub- 

routines. You may break at sldp Instructions whether they skip or not. 

Do not break at an lnatructlon which l a  In the a d d l e  of a a w n  of 

Indireat add~esslng. A breakpoint addreaaed by an xct will oawe a - 
break, and prooeed w i l l  be from the xot, - 
If the operator types an tinUeffnd symbol, DDT will respond with a U, 

A l l  typed Input up t o  that p o w  is deleted autarmat1call.y. 

ff when attempting t o  type out a word as concise code, the typewriter 

~lhould hang, Mtting the $pace bar a11 ole= it. 

Symbols are stored in the following formatt 

word n -~mconclae eymbol 

nomi nt.1 . I t 0  value 



If it l a  desired to completely m v a  the las t  symbol defined, change 

reaster - F to its old value +2. F must never oontaln an even number, 

When trying t o  determine the best eymbol t o  f l t  a given value, and 

given two equally good symbols, w i l l  plck the one larst defined 

for its printout. 

To return t o  typing in black, type any illegal oharacter. 

There are  two ways to pr in t  a block of registers. Either set the 

mask to zero, set up =& and M-t.2 t o  enclose the area to be printed 

and search f o r  any value; or, If irrelevant parts of memory happen 

t o  contaln zero, merely do an N-search for zero. If you change the 

w k  or a e m h  llmlta, it 1s well t o  set them back to their usual 

value8 when you are through. 

DDT takes advantage of the status bits. m ~ - y p e ~ ~ t a  happen only If the 

typewriter statua b i t  is on, and PDT wlll compute during the typeout 

t h e .  When leaving Dm, the typewriter atatus blt will alwaye be on. 

The sequence break mode Indicator is preaemed upon entry to Dm, 

via a breakpoint or "x" return. When leaving, the sequence break 

system w i l l  always be cleared, and no breaka w 2 l l  occur as a 0011- 

sequence of leaving Dm. 



Character 

0-9 

tab 

carr ret 

UQ I IC 

apace 

Action 

octal or decimal numerals and/or symbol oon- 
stituenta 

aymbol cons tituenta 

take as decimaL 

take as conclae code 

print as concine oode 

define symbol as eddress typed 

inclusive o r  

and 

first argument delimiter In D and Z 

modify and open regirrter 

modify and.open previous register 

prlnt as Instruction 

set symbol definition value 

define symbol 

examine register aa o c t a l  constant 

examine register a8 instruction 

mlnua 

plua 

define symbol equal, to . 
pr in t  as integer 

currant location 

delete typed input 

examine register 

modify an open addressed register 

modify and open next register 

modify and close register 

aet case 



Action Character 

Mode Control 

S sets the mode in which DMI types out 
Worda to symbolic. - 
s e t s  the mode I n  which DDT types out 
worda to octal conatanta. 

sets the mode in which DDT t es out lo- 
cations to relative (spboi ic  "P . 
sets the mode In whloh DDT types out 
locatlons to octa l .  - 

U 

H 

Word Seamzhes 

W 

decimal mode output. 

Octal mode output. 

search for a l l  occurrences of the expression 
preceding W. 

search for a l l  words not equal t o  the pre- 
ceding expression, 

effective addresa searah, 

storage 

resets the symbol table to the I n i t i a l  list, 
Modified InLtial definitions a r e  not restored. 

olears memory from 0 to c(F). 

insert a breakpoint at the  locatlonrs apeci- 
fied before the B, or remove any breakpoint 
if no address is specified. 

proceed from a breakpoint. 

go to the location specified before the G. 



Loading Tapes 

Punching 

Action 

load a blnary tape* 

load the symbols only f'roen a binaPy tape. 

llsten f o r  tit le gunoh. 

pumh data block& 

punah a jmp block. 

execute the. preceding instruction. 

last quantity typed out by DDT, 

The following symbola have as thelr values the adaxlesse~ 

of certain registers in DMI whose ountentn are available 

accumulator atorage (for breakpoints). 

IO storage. 

mask used in aearcht && a n d H  contain first 
and last address of the area t o  be searched. 

contains the lower l i m i t  of DDT. 



APPENDIX: 
Extend DDT-1 

Note: The following desoription of the program containa only those 

detalls  whloh differ from DDT-I. Most of the work on this version 

of DMI was done by W i l l i a m  Mann of BoltJ Beranak and Newman, Cam- 

bridge. Massachusetts. 

a t e n d  Dm (DEC Debuggiw  ape) is a symbolic debugging prog3Pam 

for the PDP-1 with Memory Extension Control. ( ~ y p e  15) and up to 16 

Memory Module5 (Type 12). In addition extend DDT requires a PDP-1 

configuration having hardware multLply and divide routines, It oc- 

cupies the upper section any Memory Module starting at register 4600. 

In addition it may use registers 7765-7777 in o the l~  modules. The 

i n i t i a l  synbol table contalna a l l  basic PDP-1 instructions, The pro- 

g m m  fs loaded by a self-oontained loader oaaupyfng registera I 

7751-7777 (this I s  the standard MIDAS absolute loader). I 

Operation of DDT I s  from t h e  on-line typewriter. Lower case let- 

ters, numerals and period are symbol constituents3 other characters, 

and characters typed in upper 'case 'either are control characters or 

ape illegal. A symbol corwiata of a string of letters, numerals or 
f l .  periods, at least one of which must be a letter. only the first - six 

Li " are significant. A string of digits 8lone I s  an o o t a l  number. A > 

I I I  strlng of digits followed by a perlod I s  a d8cIm.l number, A perlod 

alone means the present location. This symbol syntax i s  t h e  same as 

thpt of MIDAS. DDT w i l l  read binary tapes and symbol punches produ- 

ced by M I D A 8  or MACRO* 
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While waiting for a type-in Extend DDT displays the current me- 

m o r y  module it i a  examining in the AC lights of the console. Extend 

DDT itself is located in the memory module indicated by the I/O lighta. 

Same as /, but takes a 16 bit address and resets the c u r  

rent memory module indicator (displayed in the AC while ' 

waiting f o r  type-2n). 

EVALUATING CHARACTER 

Types out the right 16 bi t s  of the last quantity as 

internal symbol format ( sqoze code aa used in the MIDAS 

~ssembler) . 

MODE CHANGING CHARACTERS 

- 
(overbar) Sets the word type-out mode to concise code characters. 

Sets the location type-out mode to relatlve symbolic 

addre~~ed. 

Sets the numeric type-out to radix a n. 
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PAPER TAPE COMMANDS 

Reads a MIDAS or MACRO binary tape into memory between 

the lults contained in M+l  and M+2.  Checksum errors 

oause a halt. 

Read a MACRO or MIDAS symbol table rnerglng it with the 

old table3 redefinitions may occur. The contents of F 

(lower bound of symbol table) are tyyed upon completing 

reading the symbol section of the tape. 

Symbols are defined only far the 4~ memory module with 
whlch D m  l a  concerned at the time the table is read. 

Symbols defined f o r  moaule 4 0 ~  are defined for - all mo- 

dulae. The module o a n  be specified using vertLca1 bar. 

For a MIDAS relocatable symbol table - n is the relocation 

constant. 

Punches following characters in readable format on paper 

tape. Terminates on: 

Sets DMI to pwlch Sn read-In 
mode. 

2) CAR*RET. Punches MIDAS In t routine and 
sets DDT to punc c h a c k s ~ e d  
data blocks. 

K" 

3) BACKSPACE Seta DDT to punch checksummed 
blocks. 
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Punch out reglater8 I a through I b sxcluslve, & and I b are 

16 bit addreaasa, 

The MIDAS cheoksummed loader ocouplea 7751-7777 and will 

load either MIDAS or MACRO tapea l n t o  a single 4~ memory 

module. The loader will load MIDAS blocks, using 16 b 2 t  

addresses, ln to  any memory module If the machine is In 

extend mode. 

OTHERS 

No argument, Clear the 4~ rnanory blouk DDT I s  currently 

examining. Memory containing DDT i t s e l f  is not affected. 

symK The symbol is removed from DDTts symbol table. 

The symbols l a  - 9s may be typed in and will be used 

for  typeout. 

A brewoint  m a y  be used at a JDA or JSP call to sub- 

routine whlch i py a cal l ing  sequence. 
.. 

The effective address seamh will find those locations 

where a JDA to the effective address exists. 
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B' 
I, 
a,, 
d: 
Qi . 
I * 

, II 
1. 
-1. 
1; - 

SUPIMAFE OF CQFITROL CHARACTERS 

Accumulator storage 

Tnse~t a breakpoint 

Set word p r l n t  mode to conetants 

Punch data blocks 

Effective address search 

Lowest locat lon in DDT 

Set number output mode to octa l  

I/O storage 

Punch start (jump) block 

Kill defined symbols 

Listen for title punch' 

Mask register 

Not-word search 

Set location prlnt mode to numeric 

Proceed 

Last quantity 

Set location prlnt mode to relative, or change output radlx 

Set word pr in t  mode to symbollc 

Read symbol table 

S e t  number output mode to decimal 

V e ~ f  f y  tape againat memory 

Execute as instruction 

Read blnary tape 

Zero memory 



0-9 

a-z 

!I 

Wber and/or symbol constituent a 

Symbol conatlkuents 

Take as concise code 

Prlnt as sqoze code 

Print  as ~oncise oode 

Define symbol a8 address typed 

Inclusive or 

And 

Argument setup character 

Modify and open addressed register 

Modify and open previous register 

P r i n t  as Instruction 

Bet symbol defin2tion value 

Daflne symbol 

Examlne register as conatant 

h 
3 gcamlne register as Lnstzluotfon 

-(overbar) Set word pr ln t  mode to conclse 

Set module and examine regfster 
- Minus 

+ Plus 

( center punch present location 
dot) 

Define eymbol as 

Print as number 

Cuprent location 

Delete typed Input 



/ M n e  register 

tab Modlf'y and open addressed register 

b b p  Modify and open next reglster 

carret Modifyandcloseregister 

uc,lo Set case 

space Plus 

all others ignored, but respond with a ? 
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