




MicroprogrUll1ing, with its structured, hardware design, replaced hard-wired 

control unlts that used the conventional logic techniques. 

Among the innovations dOTeloped in the 11/60 aodel was the availability 

of user-accessible JdcroprogrUlllliBg. The user could, in this way, custolllize 

the processor SOMewhat for performing specific needs. 

MicroprograMming solved any problema of incompatibility between older 

and nnar systems. Three optional foras of microprograJlllling could be used. 

The User Ccmtrol Store contained 1 K of RAM and allowed both storing and. 

writing. The Extended Control Store option offered 1,536 words of ROM for a 

microprogram. A Diagnostic Coatrol Store consisted of a ROM allowing 

isolation aDd aaal7sis of processor faults. 

Data FOl'lUts 

Word leJ&gth in. PDP-11 8)"steu vas 16-bit or 2-byte (8 bits coapr1sed 

a byte). Bytes could be precessed as well as wrds. A 2-bit parity 

extended word length to 18 bits. In8tructioJls were labelled ·variable 

length" siDce they could con.siat of 1,2, or 3 words (2 or 3 words are 

required for both the index mode mnd progra counter JIIOde.,). Floating

point operands, .32bita in length, vere divided into an B-bit exponent 

and a 24-'tlit fraction. Doubl. preciSion operands vere 64bitsJ 56 of 

these vere the fraction bits. 

Unique Processor Capabilities 

Reentrant code, a180 labelled Position Independent Code (PIC), was 

a very valuable feature found on all PDP-11 systems. This code enabled 

1 copy of a subroutine or program to be accessed by more than 1 process 

or task. Memory requirements vere, thereby, reduced for multi-task 

applications. A relocating loader (or "linking loadera ) relocated 

programs into different -.mary locations each time they vere executed. 
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As long as relative addre.ses r ... ined ide.tical, the 8 .. e offset. could 

be used for relocations. 

The "stack" was an area of -..or,y set aside for t.-porar.y storage and 

l1Dkage. The seventh general purpo.e register wa. predefined to be a 

hardware stack pointer. It was automatically implemented during subroutine 

linkage and interrupt .ervice. 

Corout.ines were alternatives for subroutine use. CoroutiD.e. referred 

to mnltipl. program .eg.aent. or routine. that were interactive, but no 

routine was subordinate to a.other. Control wa. passed bsck and forth 

between corout1ne., aDd each routine was ~Ddeda between executions. 

IBterrupt. are s1:ai1.ar to nbrout1De call., except that they were 

controlled by hardware. Shce the processor was required only upon 

device request, it could spud less t1.Jlle iJ'1 wa1 t loops ad more time in 

actual proc:e •• 1ag. 

Recursion was a feature usiDg the .tack facility. ! progrUl was 

able to call itself usiag recursion, just as it would eall s wbrout1Jle. 

The ataek stored interMediate variables and linkage 1a.f'or.ation associated 

with each recur.ive call. 

Traps vere actually interrupts'ge.erated by software. Errors and 

progrl .. 1ag conditions could automatically respond with certain trap 

routines. The priorities of executable traps were (fro. highest to lowest) 

bus error., instruction traps, trace traps, stack overflow traps, aad 

power failure traps. For other trap iaf'ormatioa, see AppeBdix 3 • 

Technilogical Changes 

In 1970, the first s.r.tems (the 11/15 and 11/20) contained processors 

consisting of 19 boards and hundreds of' integrated circuits. A second 

processor was developed in 1971 aDd had tre.ndou. iJlprov ... nts impl_nted 



in its architecture. This CPU, fOUDd in model. 11/45, 11/05, and 11/40, 

used the JIOdern Sohottky TTL logio and consisted of only 2 boards. A aev 

·cache" bipolar -.ory va. 1ategrated as n11 aa a Dev "MOSn (metal-oxide 

sen".icoJaduotor) ""17. Both ...eries, though .or. e%peuive thaD core, 

greatly enhanced proces80r pertonunee and speed •. 

The 11/04, introduced ill 1974, integrated MSI (JUdiua-scale iBtagration) 

components to reduce the processor size further to 1 hex board. This new 

processor had the nexibUi t,. to accept either core or MOS IftUlOries. A DeY 

power supply vas developed internally. Consequently, performance levels 

increased by 1 5 percent. 

The 11/60 i.JIIplaented a fourth processor. MicroprograJlllling was made 

accessible to the user. A hardware multiply and divide were staDdard features. 

Furthermore, single and double precision noating-point arithmetic were 

standardized. 

Options 

A Floating-Point Processor (FPP) made 64-bit operations and 17-digit 

precision available (8-digit preCision was standard for 32-bit operations). 

Arithmetic: operations were calculated MUch faster using the FPP. The FPP 

was able t~ referenee any memory location or processor register. It also 

used address IJOdes and meMOry unagement similar to those implemented by the 

processor., Finally, 6 64-bit noattng point registers were available. 

An Extended Instruction Set allowed hardware, fixed-point multiply, 

divide, and shift operations to be performed in general purpose registers. 

Double precision capabilities were also included. 

A Conmercial Instruction Set provided up to 1 0 extended instruction 

groups. Two types of groups, register and oft-line, determined how operands 

were to he delivered to an instruction. This option was implemented many 
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tt.es for en.bltag raster COBOL executions. 

Error Correction Code (ECC) .. " a reature included iJl MaS ~rie. 

vhereby certain bit. vere stored ill a wrd. 1.a a uaique coabiaatio_. The 

word" vere later ohecked for error" befere beiBg sent from aeJIOry to the 

proce.sor. Errors that were detected vere also corrected by ECC. ECC 

provided the best .ecurity for multiple, single-bit failures, the most common 

error type in MOS JIlUIOries. 

The bootstrap loader, very similar to that in the PDP-8,vas required 

to initially load a blank tape, a sector of disk, or other device. A 

bootstrap program loaded the status register of the device specified. 

Three clock types vere available for timing synchronization. These 

included real-time, line real-time, and l1ne-frequene.y clocks. These clocks 

vere very similar to those discussed in the PDP-8 processor options. 

~ORY 

Perhaps the most significant developments made in the PDP-11 family 

vere with meJllOry. Main m.emory was designed to handle both bytes and words. 

Basic memory space in an PDP-118 vas 32K words. The uppar 4,096 words 

were reseM'eel for I/O control and buffer registers (the "I/O block"). The 

lower 255 vords vere reserved for interrupt vectors, trap vectors, and 

floating vectors. The 11/70 used interleaving to improve proc.ssor-meJlOry 

transrer rates. Interleaving consisted of organizing consecutive memory 

locations in different m.emory modules. Error detection vas aided by both 

the parity and ECC features. 

The in.valuable memory managuaent system, added in 1971, enabled the 

start of vi.rtual addressing so that memories could be expanded without 

increasing address length. Virtual addresse" vere "mapped" onto physical 

addresses. The mapped MemOry r.ature limited the address space used by a 
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progr... Thi •• ecurity.easura aasured that several prograaa would BOt 

intrude with each other. 

Main ~ry '!)pe. 

Three .. ill m..,ry type" are available. T~ were core, MOS, aRd. 

cache MIIIOries. Thesa types, with their very different speed., vere an 

alternative athod of e.tablll!lb.iJag a ... ry hierarchy. III an ease., 

the higher the ...,ry speed, the higher the cost of the • .ory type. 

See Appudix 4 for a saury of aaory spaeds. 

Core -..ory vas the ollly type of JIl&in .emory 1:ap1Glanted until 1 971 • 

Its Don-volatility ad 10v cost vere particularly attractive features. Tha 

cora speed vas the slovest of the 3 types. 

11'1 197'1 J MOS ..-ory vas introduced as a substitute tor core lIlellOry. 

'Though JI!Ore expeJlsive, MOS offered better performance 1ev.1. and speeds. 

MOS was, in turn, slower than cache (the third type), but vas .ore aconowd

cal to Manufacture and operate. Because MOS va" volatile, backup batteries 

vere needed to prevent data loss. 

Cache menory wa" a very high spead memory that va" usually used in 

conjunction with either MOS or core .e.,ry. Cache, or bipolar, mamory 

increased proces"iDg speeds by lUIking data available to the CPU at a rapid 

rate. Sinee main • ..cry nor.ally slowed the processor down, cache was very 

eftectiva. Main -.mory contents ware copied as they vare required for 

processing" A cache "hit" sent the iat'onution to the processor. 

In 1975, cache was placed between the processor and .. in .amory for 

critical, :Lntarmediata storage. A FASTBUS was also developed especially for 

processor-eache aeaory transfers, allowing the UNIBUS to be bypassed. 
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Me1IIOry Management 

The ixportant d."elopwsent ot the "'1"1' manageMent syeteJI came about 

in 1971. This system allowed muaory capacities to be expanded and intro

duced virtual addressiDg. It waa actually part ot the op.ratiBg system to 

supervise data transters betwe.n memory devic.se ( .. in JIl81'r1ory, tape, disk, 

dru1Il, .te.). Th ... :1B objecti".s of the memory management system were to 

maxiaize comput.r cOMpOn.nt utilization and to allow tor .xpandable 

...aries without enlarging IIHJ8)ry addresses. 

The d1.rect address vas consid.r.d to be a virtual address rather than a 

physical one. Through the .. pping process, the processor could access more 

than 32K vords. Three f01'1ls of Jlemory mapping vere a"anable. These were 

16-bit, 18-bit, and 22-bit systems. See Appendix 6 for a diagram. Th. 

relocation of programs by aemory vas traneparGInt to both the user and the 

program through mapping onto atrrlliary etorage devices (disk or tape). 

The physical address vas extend.d in the following w~. A virtual 

address was combined with a corresponding Page Address Register (containing 

relocation information), to yield a physical address. The allocation of phy

sical memory was provided for all programs. System and user functions 

were 'physically separated. See Appendix 7 for a page mapping illustration. 

Three modes of operation were selectable. Each mode had its own set 

of active page registers and could access up to 8 pages of data and 

instructions (each page could range from 64 to 8,192 b,ytes). Th. K.rnal 

mod •• nabled a progrUl to up a uaer' s program anywhere in .emory (thia 

progr .. va.! controlled internally iB the system). Mor.o".r, us.rs' 

prograJIS, related regist.rs, and the PSW contents .... r. protected froJI the 

surromadiDg .Drlro .... t. 
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In both the U.er aacl SuperY1sor Modes, the user as~d cORtrol 

(versus the IITst.. progr .. ). In the User Mode, prograJU could be prevented 

froll modifying machine states relatiJag to maary _pping and protection. 

In the Supervisor Mode, a control program state was provided to "help make 

system management more efficient and secure. 

Addressi~ 

Memor,' reference addressing was accomplished using the 8 general 

purpose registers. These registe~s (instead of instructions, l1ke in PDP-8 

sy8tews) c.ontained addresses and operands as intermediate storage so that 

processing could be done faster. Each memory reference instruction specified 

the op code, the register{s) to be used, and the addressing modes (how the 

register was to be used). The variety of addressing modes available 

extended instruction set capabilities to provide for very efficient and 

fiexible data handling. The complexity of the addressing modes reduced the 

number of :tnstructioJUJ required to perform operations. Instruction formats 

were variable length in order to handle index mode and program control modes. 

Both byte and word addre8sing could be specified. Words were as!!igned 

even-numbered addresses. Five types of transfers were addressable: 

regi~ter to register, register to memory, memory to memory, memory to stack, 

and register to stack. 

Address Setup 

As previously mentioned, basic memory space consisted of 32K words. 

The upper h,096 words were predefined for I/O device registers. The lower 

255 words were reserved for various vectors. For a diagram, see Appendix Sh. 

Address Modes 

Three address mode types could be specified on all PDP-l1s. These 

included the direct, indirect, and program counter MOde types. Sets of 

three bits in each instruction contained the address mode and the register 

-35-



involved in searching for each operand. Addressing modes handled 3 type~ 

of addressing: two-address (for double operands), one-address (for 

single operands and branches), and zero-address (for control comm.nds). 

Each type of addressing had four individual modes available. Direct 

addressing modes included: register, autoincrement,' autodecrement, 

and index. Indirect addressing modes were comprised of: register deferred, 

auto increMent deterred, auto decrement deferred, and index deferred BOdes. 

The index and iadex deterred .odes used a second word in the instruction 

that was cOMbined with the PC to tOni ettective addresse.. Program counter 

addressing consisted ot: t..ediate, absolute, relative, .. d relative 

deterred lIOdes. Each of these )lOdes required either 2 or 3 word iastruc

tions to contain an operand, operand address, relative address, and relative 

deferred address, respectively. 

INPUT/OUTPUT 

A drastic change in input/output features took place with the intro

duction of the PDP-11 tamily. The UNIBUS was the means of communication 

between all system components tor program-controlled data transfers, data 

break transfers, program interrupts, and priority bus control. The 

UNIBUS also permitted a unified addressing structure so that peripheral 

device registers could be addressed directly as lfteJllOry locations. By using 

all Iftemory rererence instructions on device registers, I/O progra..tng had 

increased flexibility. Peripherals became programmable instead ot being 

accessible only b. special lOT instructions. Finally, the video and 

hardcopy terMinals replaced the teletype as the main I/O device. 
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UNIBUS 

The t~IBUS, the most distinguishing and unique feature on the PDP-11s, 

was actually patented by DEC in 1970. It was a !!lingle, high-speed, a!yll

chronous, bidirectional communications path that enabled components to 

communicate independently of the processor and without intermediate memory 

buffering. The UNIBUS was the £irst data bus in minicomputer history to 

provide these capabilities. 

The UNIBUS actually consi!!lted of a group of vires that pe~ormed 

simultaneous data transfers. A set of 56 signals comprised the bus; 51 

of these were bidirectional signals and 5 were unidirectional. This single 

set of signals ("single bus conceptn) ensured better overall control and 

easier sOUl'ce-desttnation interrogations. Each device had its own signals. 

Two vere required, one for actual data and one for control information. 

~O devices were addressed, as mentioned before, by the ssme method 

as memory. Specific u.mory addresses were reserved for only ~O use. 

Instructions processed on device registers, thus, no intermediate device 

data buffering in lIeJ10ry vas required. Each device contained its own 

control, status, and data registers. It also had a controller for reading 

or vri ting to MeMOry (just as the proces8or did). The UNIBUS had the 

capacity to accept a large number of I/O devices. Devices vere merely 

plugged into the UNIBUS to become active. within the system. 

A "master/slave" relationship ex1!!1ted in component communication. On. 

device always had control over the bus; it was labelled the "uster." The 

master co~nded the bus to communicate with the receiving device, referred 

to as the "slave." The .. ster/slave comaunication was dynamic. In other 

words, control va. easily passed froa device to device. All ca.ponents 

had the capab1l1ties of acting as either the .. ster or the slave. 
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Related to the .. ster/slave feature vas the Wbus interlocked" co..un

ication proeess. Each signal released fro. the .. ster had to be reepoBded 

to by the slave, or tn!or.atioa transfer would not occur. Physical bus 

length and JUster/s1a ... e response tille lutd, however, no efrect on bus cOJlllllUll

ication. ~le word vas transferred per bus ~cl.. An instruction cycle 

consisted of one or more bus cycles. 

Bus Requests (BRs) vere issued when a denee needed to interrupt the 

processor for performing a service routine for the device. The BR was not 

serviced until -the processor completed its current instruction processing. 

Interrupt handling was auto .. tic, and device polling vas not required. 

Bus Requests followed a eel"'t;ain sequence of steps. A device first issued 

a BR. A "Bus Arbitrator" per'llitted the device to take control only if its 

priority was highest. If' so, the Arbitrator issued a Bus Grant (BG). The 

device received the 00, inhibitt.d further grants, and cleared the BR. The 

Arbitrator, in turn, cleared the BG. The device then asserted the Bus Busy 

Signal (BBSY) and cleared the inhibit signal. Finally, the device actually 

issued the interrupt and its vector address. 

The processor re.ponded to the interrupt in the following way. It was 

directed to the proper service routine b.1 the given vector address. The 

current PSW and PC were stored onto the stack at the time of the interrupt 

request. New PSW and PC contents were taken at the vector interrupt address. 

Nesting of interrrupts was possible at any time arter the PSw and PC were 

loaded. Upon cOPlpletion, the old PSW and PC contents were restored. During 

an interrupt process, the processor and device always took on the master/slave 

role, the proce~sor always being the master. 

Non-processor request~ (NPRs) were issued for direct memory access 

without p~)cessor intervention. The processor was able to relinquish bus 
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control during NPR executions. NPRs had the highest priority on the UNIBUS. 

A s~1lar sequence of steps was required for the NPR executions that was 

followed by Bus Requests. The device issued a NPR. The Bue Arbitrator 

responded ,~th a non-processor grant (NPG). The device accepted the grant, 

inhibitted further grants, and cleared the NPR. The Arbitrator received the 

inhibit and cleared the NPG. The device issued, at this tiJne!, a Bus Busy 

(BBSY) and cleared the inhibit. nata transfer then took place. 

A priority system was implemented into the UNIBUS,processing. Priority 

circuj.ts decided which device became master when simultaneous UNIBUS requests 

occurred. Each device was assigned a priority level at the time of system 

installation. Priority assignMents were based on three faetors: the deviee's 

operating speed, service requirements, and data reeoTery abilities. 

The priority coatrol structure, displayed in Appendix 8b, comlisted 

of 2-diMasional (Tertieal and horizoJltal) levels. The fIve main levels, 

or lines, were vertical. If two devices with equal priority levels (on the 

same verti.cal line' requested the bus simultaneously, the device electrically 

closest to, the processor would gain control of the bus. After completion of 

a request, the device with the second highest priority was given control. 

Highest priority levels were assigned to high-speed devices, to prevent data 

loss. The processor was given lowest priority, since interI~ptions caused 

less sericlus consequences. 

The NPR line, connecting all direct memory access (data break) devices, 

was the highest priority line. The non-processor grant (issued by the Bus 

Arbitrator) was passed frOM device to device on the NPR line until the one 

that requested control was found. This device then took commend on the 

NPR line. 
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BR lines were on 4 vertical levels. High~r speed devices were placed 

on higher vertical lines. Each BR line had its own BG chain. Requests 

made on the same BR line were granted to the device electrically closest to 

the processor. 4 other interrupt lines. lower than both the NPR and BR 

lines, were not assigned devices. These levels were Wled by software only. 

MASSBUS 
II 

The MASSBUS vas first introduced in 1 971 (the 11/45 model) as • UNIBUS 

extension for interfacing the new bipolar and MOS memories. The ~~SSBUS 

especially enhanced faster lIO transfer performance. 

Interfacing 

Interface. were required in all lIO devices for efficient UNIBUS 

processing. Interface controllers supplied the data COmMUnication control 

information for a ~st... Four communication channels were available: the 

private pbo:ne. the dial-up phone. a telegraph line. and lIOdems. A variety 

of hardware interfaces were offered for the different I/O transfers types. 

Prog!"&JIIIl8d I/O 

All aanipulations for lIO operations were. as mentioJled previously. 

perfol"ll8d with • ..,ry refereBee instructions. lIO progr .... JAg was. thus. 

MUch MOre flexible thaD that done on the PDP-B. Because of predefined .e.cry 

locations and device registers. all infOrMation could be directly compared. 

No intermediate registers were needed for comparisons. 

All external devices required at least two registers. The first 

register contained both control and status information. A second held 

the actual data. More complex devices could have multiple registers. 

Control and Status Registers contained all information necessary to 

communicate with that device. At least one vas assigned per peripheral. 

Control/status bits held such iIltoraation as: the device unit nuaber. the 
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deTiceti function, current coDditioBS, error enable status, and done enable 

status. Dat. Buffer Registers transferred into1"ll&tion that vas traTelling 

into or oui; ot the ccaputer. The JlUllber od type of data re&ieters vas • 

fUnction ot the deTic •• 

A tendns1/keyboard reader waa an exaaple that described the interaction 

of device registers dur1n& prograBlled data input. The data vas held (a 

character at a t1.ae) 1Jt a butter register called the Terminal Keyboard 

Butter that vas contained within the device intertace. A second register, 

the Terminal Keyboard Status register, held read bu~, read done, and 

reader interrupt status information. The progr~er constructed a wait 

loop in the progr5m to check the TKS for when a character W8S available 

in the bur.fer. When one was ready, the character was moved from the TIm 

to the user-specified register. 

I/O Devices 

The types of I/O devices commonly used for user-accessible inputting 

and outputting changed greatly between 1970 and 1980. In 1970 the teletype) 

along with high-speed perforated tape readers and punehe~ was standard with 

all PDP-11 models. In 1980 video terminals and the DECwriter hardcopy 

terminals were the most popular and most efficient. Sophisticated line 

printer subsystem8, high volume disk packs, magnetic tape subsystems, 

and other mass storage units were orfered throughout the 19708. See 

Appendix 9b for an I/O device summar,y. 

INSTRUCTION SET 

In general, all instruetions were memory reference type and contained 

16 bits pe1r word. Either zero, one, or two-address instructions could be 

specified. Each operand was located through both an address mode and a 
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register. The address mode and register combination increased programming 

efficiency and flexibility. Instruction specifications included an op code, 

a general register, and an address mode that specified how to access the 

operand. Al~ systems had O'Yer 400 instructions in 1980J this vas a truuan

dous increaee over the 66 instructions available in 1970. All instructions 

were divided into 7 classes. See Appendix 10b for clas8 fOl"Jl8ts. 

Instruction Classes 

SiDgle operand. instruction length vas either one or two words. Two 

words vere needed to contain the following index and progru control mode 

information:: an index (that fOl"llled the effective address for the operand), 

an operand, an operand address, a relative address, ora deferred relative 

address. 6 bits held the regieter and address mode of the destination 

field, and 10 bits held the op code. Examples of single operand instructions 

included the clear, complement, increment, shift, rotate, and lI1Ultiple pre

cision operations. 

Double operand instructions first became available for PDP-11 systems 

(they vere no~nt in the PDP-8 family). These instructions could be 

up to 3 words in length since they contained both source and destination 

operands. Double operand instructions iDcreased the progr .... rts flexibility. 

The format leonsisted of 2 6-bit areas containing the registers and address modes 

of both a source and destination operand. 4 bits held the op code. Add, 

compare, move, and logical functions were examples of double operand operations. 

A third class of instructions was the branch type. The instruction 

included an 8-bit op code (a condition to be tested) and an 8-bit word 

offset. The offset determined the branch target address relative to the PC. 

It vas calculated using the folloving foNUla: 

WORD OFFSET. (TARGET ADDRESS - BRANCH INSTR ADDRESS - 2 )/2 • 
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The offset was thaD truncated to B bits. Unconditional,signed conditional, 

and unaigned conditio .. l braaches were performable. 

The subroutine class of instructions provided linkage operations for 

subroutine entries and e:rlts. The seventh register was predefined as both 

the link 8nd destination register during subroutine executions. 6 bits 

contained d.estination field intol"llatioa (register and address IIOde), 8 bits 

held the op' code, and 3 bits held the linkage poiater register. Examples 

vere the jUllp, jUlllp to subroutine, and return from subroutine Wtructiona. 

Operate instructions were sero address tn>e. thus, the format consisted 

of only a 16-bit op code. These instructions performed various control 

operatione, for instance processor halts, resets, and no-operations. further

more, e move could be made to a previous data space. 

The condition code class of instructions enabled the user to access the 

contents of. the PSW. Bits 5-15 held the op code, bit 4 indicated a set or 

clear operation, and bits 0-3 were the mask field. (each bit corresponded to 

the 4 condition code bits in the pm1). Bits ~3 reflected the contents of 

the PSW. The processor used this information to test conditions in programs. 

P~l bits could be checked for status or could be set or cleared by certain 

instructions. 

Traps and interrupts were also executable by issuing certain instructions. 

These were zero-address type, and contained a 16-bit op code. The Jrulin 

purpose for these instructions was for exiting from 8 program. Exiting 

could be a result of a subroutine call or a result of an error or fault. 

A trap exit consisted of internal hardware forcing entry into a trap routine. 

A software exit was specified in a program by a jump instruction. In the 

final method, the interrupt exit, external hardware forced entry into a 

service routine~ 
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Processor 

MAJOR CHAJrGES 01 THE PDP-11 FAMILY 

- Oyerall perforance of the processor greatly improved 

through more powerfUl and efficient processing capabi

lities aDd component interaction. 

- The CPU 8ise was drastically reduced through four versiona 

fro. 19 to 1 integrated circuit board. 

- Proce8sing speeds improved for arithmetic calculations 

aDd data transferring. 

- The blp18ll8lltation of IIdcroprogr ... ' ng in control logic 

enhanced control capabilities. The later availability 

of user-aecessible microprogra .. jug provided increased 

flexibility. 

- The Floating Point Processor contained sophisticated 

BOd1tications in later models. 

- CPU optional enhancements included: an extended instruction 

set, a camDercia1 instruction eet, and error correction 

code. 

- Memory IWUlgement provided an extremely' efficient means 

of expanding memory capacities and capabilities. 

- Cache and K)S II8lDOries enabled Jmlch faster I/o-mellOry 

and CPtJ-lD8IlOry transfers. 

- A FASTBUS was implemented to speed up Cache-CPU informa

tion transferring. 
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Input/Output 

- User I/O devices have changed troll the teletype to lIOn 

povertul Tideo aDd hardcopy teraiDals. 

- Mass storage devices vere .,dified to perto1"ll at higher 

speeds and more effectively through meMOry management. 

- A MlSSBUS was included in certain models for faster I/O 

transfers. 

-45-



1970 

1971 

1971 

1971 

1971 

PDP-11 MODEL HISTORY 

The PDP-11/20 vaa introduced. The 11/20 vaa a modular, 

real-time ST.te. that pertorMd data tranater_ control, and 

analy.1. hnctlon.. The larger 16-bi t vord length enabled 

larger .emor.y capacit1e. than with the PDP-8 model •• 

The PDP-11/15. an OEM veraion ot the 11/20, vaa deTeloped. 

The PDP-11/0$ replaced the 11/20 and 11/15. Thi • .xiel 

included DECta tirst major updates to the 11 taally. 

The unit vaa repackaged tor better coat-.ttectiTene.a and 

vaa an OEM .,del. 

The PDP-11/45 vaa similar to the 11/20, but contained 

extended capabilitie.. The 11/45 vas a core-only machine. 

MeIDor,r IIWUIgement .aa integrated tor the tirat time, a 

_jor enhanc_nt to the sy.teII., and rai.ad main MDIOry 

trom 56Kb to 248Kb. Schottky TTL logic waa incvrporated 

into a new proceasor. A MASSBUS was included tor ta.ter 

I/O transferring. Two nev typea ot _in ...ar.y, MOS and 

Cache, were developed during thi~ time period, but were 

un 8Ta1l&ble to the 11/45. 

The PDP.ll/50 vaa identical to the 11/45, except that it 

contained MOS memory instead ot Core. 
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1972 

1972 

1974 

1975 

The PDP-11/40 va. very similar to the 11/45 and 11/50, and 

was, in tact, labelled a af1ll-in-the-gap· lIOdel. Memory 

_nagement vas identical, 248Kb core MJIOr,y vas available, 

aDd integer operations .. re performed at twice the speod ot 

the 11/20. 

The PDP-11/35 vaa an OEM version of the 11/40, though 

JDeJDOr;y capabilities nra extended. 

The PDP-11/04 eontained a&nJ technilogical innovations 

that iJlproved syatem price and performaace. A no, lov-

end procesaor va. incorporated. MSI components reduced the 

CPU size fro. 2 to 1 board. Architecture could accept either 

Core or Jl)S IIeIIIOT.r. . Other 1mprovaents included: a new 

power supply, leas expensive memory modules, and 15% greater 

performance levels overall. 

The PDP-" nO was introduced tor very large system u.e. 

LSI was incorporated in the processor. For the tirat time 

a 32-bi t cache M8IOr.r wa. placed between _in memory and 

the procea80r. A new FASTBUS connected the two. units. 

Because ot "'17 manag8llent, 4 Jdllion bytes were address

able. The 11 nO had 75% of throughput capabilities ot the 

IBM 370. 
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1915 

1976 

1976 

1977 

1979 

The PDP-11/55 va. e.sentially a PDP~11/45 specialized 

for scientific applications. Faster operation vas due 

to 3 features I UN ot Cache -.ory. a unique 11/70 II1cro

code. aDd a naw and taeter Floating Point Proceasor. 

The PDP-11/03 was an OEM model tor single-terminal use or 

aa a IJIIAll distributed processing system. 

The PDP-1104 vaa an outgrowth ot the 11/04. CacM MmOry 

va. available and memory capabUities vere extended to 248Kb. 

The PDP.11/60. labelled a -FORTRAN machine." had capabilities 

betnen the 11134 and 11/70 melels. Memory features included 

an expandable 1II8IIOry. memory relocation. and mamry protec

tion. Microprogramming with user accessibility vas another 

s1gn1.ficant enhanceMnt. I/o-JUmOry and CPU-maory tranafers 

could be performed silmltaneously. .&. special diagnostic 

mdule vas included in the proces80r. and a hardware JIlOl. tiply. 

divide. and single and double-pr.c1sion floating-point 

arithmetic became standard features. A. Floating Point 

Processor Instruction Set vas made an available option. 

The PDP-11/44 vaa a Jlidrange model. So_ 11/70 teatures 

were &vailable. Performance vas twice that of the 11/34. 

One Mgaby'te of ECC MOO -.ory and 8Kb of Cache -.,r;y vas 

included. Options offered vere: an Ertended Instruction 

set. a CoDnet-olal Instruction Set. and a microprocessor

controlled progr.-er' a console. 
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GENERAL COMPUTER ARCHITECTURAL TRENDS, 1965-1980 

Processor 

Memory 

Input/Output 

- Integrated Circuits replaced discrete transistor 
circuits to substantially reduce ~stem size and cost. 

- Small, Medium, and Large Scale Integration were integrated 
into processors. 

- Microprogra.m1ng becaae widespread for better control 
unit operations. 

- Techniques for concurrent or parallel processing were 
developed to increase execution speeds. Examples 
included: pipelining, multiprogramming, and multi~ 
processing. 

- T1m. Sharing and Position Independent Code were implemented 
to improve resource uti1izatio~ 

_ The use of a Program Status Word becam. common. 

- Microprocessors were used as distributed, dedicated processors, 
an-alternative to the time sharing option. 

- Semiconductor memories (MOS and Cache) replaced core 
mel'l\Ories. 

- Memory managemant became a c_Ommon addi tion. MeJnOry 
space was, in this way, allocated dynamically in 
both Main and secondary memories. 

- Position Independent Code better utilized memory space. 

- A single bus wa~ orten integrated for component communication 
and to access I/O devices like memory. 

- Direct Memory access between memory and external devices 
relieved the processor of many duties and much time. 

- Microprocessors were used as I/O device interfaces for 
added control. 
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Instruction Set 

- The availability of different instruction for.ats in a 
single cODlpllter provided JI&Ximl.ml nexibility for the 
user al1d 1Iin1lmlIIl waste in aUlDry. 

- Variable length 1n8tructions were commonly available to 
utilize the index mode of addressing. 

- Instruction types usually offered were: register-to
register, register-to-lndex, register-to-storage, 
storage-to-~ediate J and storage-to-storage. 



CONCLUSION 

By comparing the PDP ~st.m changes with the general architectual 

trends. DEC's evolution of architectural structures clearly implemented 

current technology on a timely basis. Throughout the lives of the PDP-8 

and PDP-11 families in particular, DEC addressed limitations and inerricien-

cies. System performance continually improved. especially processing 

speeds, operational efficiency. and Memory capacities. The architecture 

WBS modified to provide these enhancements. DEC has. through the develop

ment of t.he PDP minicomputers. been the single greatest influence on the 

minico~lter industry. The tremendous success of these low-cost. small

scale ~stems has. to a large extent. caused the current computer revolution. 
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PDP-8 

PDP-l1 

*APPENDIX 2* 

ARITHMETIC/LOGICAL SPEEDS 
(in Microseconds) 

ADD SUBTRACT MULTIPLY DIVIDE 

1965 3.00 6.00 315.00 444.00 
1970 2.60 5.00 256.50 342.40 

1970 2.30 2.30 NA NA 
1980 0.30-1.20 0.30-1.20 6.12 7.65 

*APPENDIX 3* 

PDP-l1 TRAP INFORMATION 

Trap Priorities (from highest to lowest) 

1. Bus Errors 

2. Instruction Traps 

3. Trace Trap 

4. Stack Overflow Trap 

5. Power Failure Trap 

Vector Addresses and Trap Errors 

000 Reserved 

004 CPU Errors 

010 Illegal and reserved instructions 

014 Breakpoint Trap 

020 Input/Output Trap 

024 Power!ail 

030 Emulator Trap 

034 TRAP instruction 

A-L 



1965 

1970 

1980 

*APPENDIX 4* 

MEMORY CYCLE SPEEDS 
(in ~croseconds) 

Core 

1.50 

1.20 

0.97 

MOS Cache 

-
0.51 0.33 

*NOTE: Each major state used 1 memory cycle. 
Instruction Execution Time vas the sum 
ot states(cycle time) required. 
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*APPENDIX 58* 

PDP-8 ADDRESS MAP 

0 PC CONTENTS FOLLOWIBG I 
PROGRAM INTERRUPT I 

1 FIRST IRSTaUCTIOB EXECUTED 
FOLLOWING INTERRUPT 

10 
AUTOINDEIING 

17 r----------------------I 

DATA AND 
IKSTRUCTIONS 
(hK total) 

7777~--------------------~ 
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*APPE~mIX 5b* 

PDP-11 ADDRESS ~AP 
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*APPENDIX 8'0* 
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LINE 
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*APPENDU 9a* 

PDP-8 I/O DEVICE TRANSFER RATES 
(in characters per second) 

Device Input Rate Output Rate 

Telet;rP8 10 10 

High-Speed Paper 
Tape Reader 300 

High-Speed Paper 
Tape Punch 50 

Rando. Access Disk 125,000 125,000 

Magnetic Tape 33.000 33.000 

Magnetic Dr1Dl 30,000 30,000 

Line Printer 665 - 2,200 
(300-1,000 lines 

per minute) 
Card Reader 133 
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*APPENDIX 9b* 

PDP-11 I/O DEVICE TRANSFER RATES 
(in characters per ~econd) 

Device In12ut Rate 

Video Display 2 - 5 

Teleprinter 2 - 5 

Di~k Pack 300,000 -
2,000,000 

Flexible DilSk 30,000 -
60,000 

Magnetic Tepe 100,000 -
1,250,000 

Line Printer 

Microfilm 

A-13 

Out12ut Rate 

30 - 1,200 

10 - 30 

300,000 -
2,000,000 

30,000 -
60,000 

100,000 -
1,250,000 

665 - 6,650 
(300-3,000 lines 

per minute) 

22,000 - 66,500 
(10,000-30,000 
l1ne~ per minute) 



*APPENDIX 'Oa* 

PDP-8 INSTRUCTION FORMATS 

MEMORY REFERENCE lJ(S'l'RUCTIOHS 

OP CODE 0-5 
,----- ""------ ---- --.. 

~I 
I 

I 1 2 

MEMORY 
PAGE 
,"----"'---~ 

I 
3 I 4 

'---y--' 
INDIRECT 
ADDRESS 

I/O TRANSFER INSTRUCTIONS 

5 6 

'------....-------
ADDRESS 

7 8 9 10 I 11 I 

"~~~~~~ DEVICE OPERATION 

~~~ __ '~1_2~~3~1_4~1 __ 5~_6~_7~~8-+i'_~_----JI_'_:_--~I-_~1_-'j 
'---- -------- ~-- - -- -- -- - ---DEVICE SELECTION ------ ------

GROUP 1 OPERATE INSTRUCTIONS 

OP CODE 7 
r~ ----' '-- .-

- I 

CLA CM! 
'\ c--- - '.- \. /' ~--'-

i 
o 1 I 2 3 4 51 6 7 

'- --\ j '--- ....... --------
GROUP CLL CMI. 

1 

KEY: 
CLA .. Clear Aeeumulator 
CLL - Clear Link 
C~A .. CompleMent AccUMUlator 
CMt .. Complement Unk 
RAR .. Rotate AccUBUlator & Link Ri~ht 
RAL .. Rotate Accumulator & Link Left 
RTR .. Rotate Accu.ulator & Unk Right Twice 
RTL .. Rotate Accu.u!ator & Link Lett Twice 
lAC .. Increment Accu.ulator 
NOP .. No Operation (bits 3-11 cleared) 
STA .. Set AccUJlUlator (all bi,ts eet) 
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ROTATE 
RIGHT 

ROTATE 
1 OR 2 

ROTATE IAC 
LEFT 

LOGICAL 
SEQUENCE: 
1 - CLA,CLL 
2 .. CMA,CML 
3 .. IAC 
4 .. RAR,RAL,RTR, 

RTL 



PDP-8 INSTRUCTION FORMATS (cont.) 

GROUP 2 OPERATE INSTRUCTIONS 

KEY: ", 
CLA - Clear Accu.ulator 
SMA - Skip on Minus Accu.ulator 
SZA - Skip on Zero Accu.ulator 
SNL - Skip on Non-Zero Link 
SKP - Skip Unconditional (bit 8-1) 
SZL - Skip on Zero Link (bits 1,8-1) 
SRA - Skip on Non-Zero AccUMUlator (bits 6,8-1) 
SPA •. Skip on Positive AcetlllUlator (bits 5,8-1) 
OSR - Or with Switoh Register 
HLT - Halt 
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OSR 

LOGICAL 
SEQUENCE: 
1 - SMA,SZA,SBL 

SPA,SNA,SZL 
2 - CLA 
3 - OSR 
4 - HLT 

GROUP 
2 



*APPENDIX 10b" 

PDP-11 INSTRUCTION FORMATS 

SINGLE OPERAND INSTRUCTIONS 

El I 41, ~ 1'2]' 1 1, 0 1 91 8 1 7 ! 6 I ' 1 4 ! 3\ 2 I TOl 
~ COD~-- .------- ''---MoDE J '---aIDISTER 

DESTINATION 

DOUBLE OPERAND INSTRUCTIONS 

El:! nJ'~J:l:L91~ 10~~ I,' I,~I .~ L21 " IOJ 
OP CODE MODE REGISTER MODE REGISTER 

SOURCE DESTINATION 

BRANCH INSTUCTIONS 

~T; 1 131,2 1" 1 '0 1 91 8 I 7 [61 5 4] 3 ~r~-Jl ~ 
"------ ,,- '----y-~.-. - -. 

OP CODE BYTE OFFSET 

SUBROUTINE INSTRUCTIONS 

,51,41131,21" \10 I 91 8 I 7 I 6 J 5 14 1 3 121, i 0 1 
c------\.,-~- -. --- \...---- -',' .-- -. ~--'r· .,---. / 

OP CODE LINKAGE MODE REGISTER 
POINTER DESTINATION 
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PDP-11 INSTRUCTION FORMATS (cont.) 

OPERATE INS'I'UCTIONS 

GJ-14~1-:~~1-12~1'-1~\'-O~9~8-~17~i-6~I-S~I-4~3~1-2~1-'~I~ol 
'--~~'y 

OP CODE 

CONDITION CODE INSTRUCTIONS 

OPERATOR N Z V C 
MASK 

TRAP INSTRUCTIONS 

EI '4\ ' J ' ,21 " I '0 I 9 18 I 7 i 6 I S 4 I J I 21 ' I 0 I. 
L--- ,., 

y 

OP CODE 
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